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responsibility of the user of this standard to establish appro- 
priate safety and healthpractices and determine the applica- 

2. Referenced Documents 
2.1 ASTM Siandanls: 
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E 380 Practice for Use of the International System of Units 
(SI) (the Modernized Metric System)' 

E729 Guide for Conducting Acute Toxicity Tests with 
Fishes, Macroinvertebrates, and Amphibians3 

E 943 Terminology Relating to Biological Effects and En- 
vironmental Fate3 

E 1023 Guide for Assessing the Hazard of a Material to 
Aquatic Organisms and Their Uses3 
E 1192 Guide for Conducting Acute Toxicity Tests on 

Aqueous E5umts with Fishes, Macroinvertebrates, and 
.4mphibians3 

E 1203 Practice for Using Brine Shrimp Nauplii as Food for 
Test Animals in Aquatic Toxicology3 

3. Terminology 
3.1 The words "must," "should," "niay," "can," and "might" 

have vew specific meanings in this standard. "Must" is used to . . . 
express an absolute requirement, that is, to state that the test 
oueht to be designed to satisfi the speciEed condition, unless - -~~ -~ 

the purpose of the test requires a different design. "Must" is 
only used.in comection with factors that directly relate to the 
accmtabilitv of the test (see 13.1). "Should" is used to state 
that ;he specified condition is recommended and ought to be 
met ifoossible. Although violation of one "should" is rawly a 

~ 

serious matter, violatioi of several will often render the &shts 
questionable.Terms sucli as "is desirable," "is often desirable," 
and "might be desirable" are used in connection with less 
important factors. "May" is used to mean "is (are) allowed to," 
"can" is used to mean "is (are) able to," and "might" is used to 
mean "could possibly." Thus the classic distinction hemeen 
"may'bd "can" is preserved, and "might" is never used as a 
synonymfor either "may" M "can." 

3.2 For definitions of other terms used in this standard, refer 
to Guide E 729, Terminology.E 943, and Guide E 1023. For an 
explaiiation of units and symbols, refer to Piactice E 380: 

4. Summary of Guide 
4.1 In each of two or more treatments, embryos and the 

subsequent larvae of one species of fish are maintained in two 
or more test chambers in a flow-through system for 28 to 120 
days, depending upon species. In each of the one or more 
control treatments, the embryos and larvae are maintainedin 
dilution water to which no test mateal  has been added in order 
to provide (a) a measure of the acceptability of the test by 
giving an indication of the quality of the embryos and larvae 
and the suitability of the dilution water, food, test conditions, 
handling procedures, etc, and (b)the basis for interpreting data 
obtained from the other treatments. In each of the one or more 
other treatments, the embryos and larvae are maintained in 
dilunon water to whlch a selected concenuauon of test matenal 
has been added. Specified data on the concentrahon of test 
matenal and the survival and growth of the embryos and larvae 
in each test chamber are obtained and analyzed to determine -~~ ~ 

the effect(s) of the test material on the suwival and growth of 
the test organisms. 

'Annual B w k  of AS?'M Stmdords. VoI 14.02. 

'Annual B w k o f  AASM S~anddntr.Vol 11.05. 


5. Significance and Use 
5.1 Protection of a species requires prevention of un 

able effects on the number, weight, health, and uses 
individuals of that species. An early life-stage toxici 
provides information about the chronic toxicity of a' 
material to a species of fish. The primary adverse 
studied are reduced survival and growth. 

5.2 Results of w l y  life-stage toxicity tests are 
useful estimates of the results of comparable life-c 
with the same species However, results of early 
tests are sometimes under estimative of those obtained 
same species in the longer life-cycle tests (2). . ..;> 

5.3 Results of early life-stage toxicity tests might b 
predict long-term effects likely to occur on fish 
situations as a result of an exposure under comparab 
tions, except that motile organisms might avoid expo 
oossible. 
' 5.4 Results of early Me-stage toxic~ly tests might be 
comoare the chronic sensiUviUes of different fish 
the chronic toxicities of different materials, ihd 
effects of various environmental factors on results 

5.5 Results of early life-stage toxicity tests 
important cons id era^& when ;sessing &e hazards 
als to aouatic organisms (see Gu~de E 1023) or when ded 
water quality criteria for aquatic organisms (3). 

5.6 Results of an early life-stage test might b 
predicting the results of chronic tests on the same 
with the same species in another wateror with ano 

same conditions. 

for studying the biol 

5.8 Results of early life-stage toxicity tests 

temperature, composition of the dilu 

test organisms, and other factors. 


6. Hazards 
6.1 Many materials can &ect humans adverselyiif. 

means as wearing appropriate protective gloves 

special prccauuons. such as coveru~g rest 
venulatinr the area sulToun&ng the chambers, be 
when conducting tests on volatile materials. 1nfomd 
loxlcitv to humans (4). handlinc! proccdur -~ , ,.~~ ~ 

and chemical and physical properties of the test inaterid 
be studied before a test is begun. 

'Boidfasc numbws hp-rnescs to the iin of =formas a1 
pidc. 
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1-Wsmlng: Special procedures might be accessmy with radio- 
oar rnatcrials (6)and with test materials that arc, or arc suspected 

olutions, tesrsolutions, and 
blems in most cases, health 

licable regulations should be 
Removal or degradation of 

terial might be desirable before disposal of stock and 

Of quipment with a volatile solvent such as 
be petformcd only in a well-ventilated area in 

&!jinosmoldng is allowed and no open flame, such as a pilot 

:~ n 'acidic solution shauld not be mixed with a 
because hazardous fumes might be produced. 

diluw acid solutions, concentrated acid 

.'Salt water is such a good conductorthat vmtective -
strongly recommended. . , 

The tes t  chambers should be in a constant-
area or recirculating water bath. An elevated 

tem. Headboxes and holding, 

dpped for remperanuz control and aeration (see 8.3). Air 
edfor.aeration should be bee of fumes. oil. and water: filters 

n by test materials and other sub- 
ones) holding, acclimation, and 

the liehts eo on to reduce the -~-~ 

Fbility of Organisms being stressed by large, sudden 
in light intensity. A transition period when the lights 

a.ff.might QO be desirable. 
* ' ~ ~ f I ~ t r u c t i o n  and facilities that Materials-Equipment 

COnmt with stock solutions, tcst solutions, or any 
jnto which test organisms will be placed should not 
sU>tances that can be leached or dissolved by aqueous 

?tionsm amounts that adversely affect fish. In addition, 

equipment and facilities that contact stock solutions or test 
solutions should be chosen to minimize sorption of test 
materials from water. 

7.2.1 Glass, o p e  316 Stainless Steel, Nylon, and Fluoro-
carbon Plastics-Use whenever possible to minimize dissolu-
tion, leaching, and sorption, exceptthat stainless steel should 
not beused for tests:on metals in salt water. 

7.2.2 Concrete andRigid Plastics-May be used for hold- 
ing, acclimation, .and culture tanks and in the water-supply 
system, but these materials should be soaked, preferably in 
Rowing dilution water, for a week or more before use (9): Cast 
h dpipe should not be used with salt water and probably 
should not be used in a freshwater-supply system because 
colloidal iron will be added to the dilution water and strainers 
will be needed toremove rust particles. A specially designed 
system is usually necessary to obtain salt water from a natural 
water source (see Guide E 729). Dilution water, stock solu- 
tions,or test solutions should not contact brass, copper, ,lead, 
galvanized metal, and natural rubber before or d d g  the test. 
Items made of neoprene rubber or other materials 'not .men- 
tioned above shouldnot be used unless it has beenshown that 
their use will not adversely affect either survival or growth.of 
embtyos and larvae of the test species. 

7.3 Metering System: 
7.3.1 The metering system should be designed to accom- 

modate the type and concenaation(s) of the test material and 
the necessary flow r a m  of the test solutions. The system 
should mix the test matedal with the dilution water immedi- 
ately 'before the water and the test material enter the test 
chambers and this system should pennit the supply of the 
selected concentration(s)~ of test. material in n reproducible 
fashion (see 9.3, 11.1.1, and 11.9.3.4). Various metering 
systems, using Werent combinations of syringes, "dipping 
birds." siphons, pumps, saturators, solenoids, valves; etc., have 
been used successfully to control the concentrations of test 
material, and the Bow rates of test solutions (see Guide E 729). 

7.3.2 The metering system should be calibrated before the 
test by determining the flow rate through each test chamber and 
measuring either the concentration of test material in each test 
chamber or the volume of solution used in each portion of the 
metering system. The general operation of the metering system 
should be visually checked daily in the morning and a f t e~~~oon  
throughout the test. The metering system should be adjusted 
during the test if necessary. 

7.3.3 The flow rate through each test chamber should be at 
least 5 volume additions per 24 h depending on the test species 
(see Appendix XI-Appendix X9). It is usually desirable to 
construct the metering system so that it.canprovide at least 10 
volume additjonsper 24 h if desired, in case (a) the loading is 
high (see 11.5.4) or (b) there is rapid loss of test material due 
to microbial degradation, hydrolysis, oxidation, photolysis, 
reduction, sorption, or volatilization (see 11.4.2). At any 
particular time during the test, the Row rates thmugh any two 
test chambers should not W e r  by more than 10 'Pb. Flow rates 
through all test chambers may be equally changed simultad 
neously during the test as long as the test temperature (see 
11.3) and concentrations of test material (see 11.9.3) remain 
acceptable. 



7.4 Test Chambers and Incubation Cups: 
7.4.1 In a toxicity testwith aquatic organisms, test chambers 

are deiined as the smallest physical units between which there 
are no water connections. However, screens, cups, etc., may be 
used to create two or more compartments withineach chamber. 
Thus, test solution can flow from one comparrmeut to another 
within a test chamber but by definitioacannot flow from one 
chamber to another. Because. solution can flow from one. 
compattment to another in the same test chamber,,the.tempera- 
tun, concentration of test matnial,and.levels of pathogens and 
extpcous contaminants, are likely to be more similar between 
compartments in the same test chamber than between compart- 
ments in different test chambers in thesame treatment. Cham- 
bers should be covered or in an enclosure to keep out 
extraneous.contaminants and to reduce evaporation of test 
solution and test inaterial. Also, chambers filled to within 150 
mm of the top sometimes need to. be. covered to prevent 
organisms. from. jumping out. All chambers (and compart- 
ments) in a test must be identical. 

7.4:2 Test chambers may be constructed by welding @ t  not 
soldering) stainless steel, or gluing double-strength or stronger 
'window glass. with. clear silicone adhesive.. Stoppers and 
silicone adhesive sorb some organochlorine and'organophos- 
p h o ~ s  pesticides, which are then di!3icult to remove. There- 
fore, as few stoppers and as little adhesive as possible should 
be in contact with test solution.. If extra beads of adhesive an 
needed for strength, they should be on the outside of chambers 
rather than on the inside. 

7.4.3 Embryos andyoung fish should be exposed in glass 
incubation cups constructed by gluing (a): stainless steel or 
nylon screen bottoms to lengths of glass hlbing or bottles with 
the. bottoms cut off, or (b) nylon or stainless steel screen tubes 
(collars) to petri dishes. To ensure that test solution regularly 
flows into .and out of each cup, either (a) test solution should 
flow directly into the cups, or (b) the cups should be oscillated 
in the test solution bymeans of a rocker arm apparatus driven 
by a 1 to 6 rlmin electric motor, or (c) the water level in the test 
chamber should be varied by means of. a self-stnrting siphon. 
(Clogging ofthe screens on cups in some treatments might be 
greater than in others because of bacterial or algal growth 
caused by dilTerences in the concentration.of solvent. intensity 
of light, etc. If some cups must be changed, all cups in the test 
should be changed to minimize differences in growth not 
related to the test material.) The metering system, test cham 
bers, and incubation cups should be constructed so that test 
organisms remain submerged and q e  not unacceptably stressed 
by crowding or turbulence. 

7.4.4 Species-specific information on test chambers and 
incubation cups is given in Appendix XI-Appendix X9. Use of 
excessively large volumes of solution in test chambers will 
probably unnecessarily increase the amount of dilution water 
and test material used, and the averagentention time. 

7.5 Cleaning-The metering system, test chambers, incuba- 
tion cups, and equipment used to prepare and store dilution 
water, stock solutions, and test solutions should be cleaned 
before use: New items should be washed with detergent and 
linsed with water, a water-miscible.organic solvent, water, acid 
(such as 10 % concentrated hydrochloric acid), and washed at 

least twice with deionized, distilled, or dilution water.' 

lots of some organic solvents might leave a 

insoluble in water.) A dichromate-sulfudc acid 

tion may be used in place of both the organic s 

acid. but it might attack silicone adhesive. At 

test, all items that are to be used again 

(a) emptied, ( b) rinsed with water, (c) cleaned by apmc 

appropriate for removing the test materi 

remove metals and bases: detergent, organic 

vated carbon to remove organic chemicals) 

least twice with deionized, distilled, o r  dilu 

often used to remove mineral deposits, 

hypochloriten is often used to.remove organ~c matteran 

disinfection. (A solution containing about 200 mg C16-&. 

be prepared'by adding 6 mL of liquid household, c 

bleach to 1 L of water.) However, hypochlorite is quite 

most fishes (10) and is m c u l t  to remove from some co 

tion materialsi It is often removed by soaking in a so 

thiosnlfate, sodium sulfite, or sodium bisulfite so1ution:di 

autoclaving in distilled water for 20 min, or by 

and lenine it sit for at least 24 h before use. h 


~~ 

disinfected with hypochlorite should not be used unless: irh 

been demonstrated,at least once that unfed larvae he1d:fbr: 

least 48 h in static dilntion water in which the cleaned itenf 

soaking, do not show more signs of stress, such as dibcolbr$ 

tion, unusual behavior, or death, than do uofed larvae held".i 

static dilution water contnining a similar item that wasind 

mated wth hypochlorite. The metemg system, test 

and lncubahon CUDS should be rinsed wlth dilution 

before use: 


7.6 Acceprabilify- Before an early life-stage 

ducted in new test facilities,. it is desirable to 

"non-toxicant" test, in which all test chambers contain dilu 

water without added test material. Determine before ths  

test, (a) whether embryos and larvae will survive and gr 

acceptably (see 13.1;8) in the new facilities, lb) whether: 

food, water,, handling procedures, etc., are acceptable; 

whether there are any location effects on either s 

growth, and(d) the magnitudes of the within- 

between-chamber variances. 


8. Dilution Water 
8.1 Requiiements: 
8.1.1 Besides being available in adequate supply, the 


tion water should (a) be acceptable to the test organisms, ( 

of uniform quality,. and (c) except as per 8.1.4, 

sadly affect results of the test. 


8.1.2 To be acceptable to the test organisms, the d 

water must allow satisfactory survival and growth of 

and larvae of the test species (see 13.1.8). 


8.1.3 The quality of the dilutionwater should be 

during the test. During a test in fresh water, the 

hardness should be less than 5 mg/L or 10 % of the average;', 

whichever is higher. During a test in salt water, the range..of:.: 

snlinity should be less than 2 fie.- - or 20 % of the average.. 

whichever is higher. 


8.1.4 The dilution water should not unnecessarily &if@''::. 
results of an early life-stage test because of such things@; 
sorption or complexation of test material. Therefore, except.*' : 

I 
. ,I 
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that have been shown to adversely afect fish (19). 

, bring concentrations of dissolved oxygen and 9 . ~ 1 . 2so,,,bility masfability in dilution water,
jnto with air, lrnd minimize Oxygen 9.1.1.3 Acute toxicity to the test species, 

9.2 Stock Solution: 

,:. meRt befort ultraviolet sterilization or filtration through afiner '"Rcagsnt Chemicals. American Chemical Society Spceificstiona..'~ m s r i c ~ ~:,',,?.Werr. Chemical Smicty. Washingmn. DC. For suggcsdons on the *sting ofmngens nor. : ~  
,:% liatcdin lhcAmencnnChrmicnl Smicicty, scc"AnalnrStandanlr for Labomtory U.K 

>..,. ''8i3.3 Dilution water that might be contaminated with fac- Chcmicda. BDH ~ld.P ~ I SDomet. and U~Cunited Stater Phnrmasopia.'. 
.. ..... . 

,:., .. 



the dilution water in the metering system, but usually it is 
dissolved in a solvent to form a stock solution that is then 
added to the diluuon water in the metering system. If a stock 
solution is used, the concentration and stability of the test 
material in it should bc determined before the beginning of the 
test. If the test material is subject to photolysis, the stock 
solution should be shielded from light. 

9.2.2 Except possibly for tests on hydrolyzable, oxidizable, 
and reducible materials. the nrefmed solvent is dilution water, 
although filtration, or steril&tion, or both, of the water might 
be necessary. If.the hardness (or salinity) of the dilution.watcr 
will not be aEected, deionized or distilled water may be used. 
Several techniques have been specifically. developed for pre- 
paring aqueous stock solutions of slightly soluble. materials 
(20). Theminimumnecessary amovt  of a strong acidor base 
may be used in the preparation of an aqueous stock solution, 
but such.acid or base might affect thepH of test solutions 
appreciably..Use.of a more soluble f o r m ~ f  the test material, 
such as chloride or sulfate salts.or organicamines, sodium or 
potassium salts of phenols or organic acids, and chloride or 
nitrate salts of metals, mightdect thepH more than ihe use of 
minimum.necesssly amountsof strong acids and bases. 

9.2.3 If a solvent other than dilutionwater is used, its 
concentration in test solutions should be kept to a minimum 
and should beilow enough that it does not affect either survival 
or growth of the test organisms. Because of its low toxicity to 
aquaticanimals (Zl),low volatility,.and highabilitydo dissolve 
many organic chemicals, uiethylene glycol is often a good 
organic solvent for preparing stock solutions. Other water- 
miscible ,organic solvents such. as methanol, ethanol; and 
acetone.may also be nsed, (see Note 3) but they .*ght 
stimulate undesirable growths of microorganisms. If anoxanic 
solvent is used, it should be reagent gradeS or better and its 
concentration in any test solution should not exceed 0.1 mUL. 
A surfactant should not be nsed in the preoaration,of -a stock 
solution because it might affect the form-and toxicity of the test 
material in the test solutions. CThese limitations do not annlv to 
any inpredient of a mix&, formulation, or :coniier&al 
product unless .an extra 'amount of solvent is used -in the 
preparation of the stock solution.) 

N m  3--Wsmlng: Acetone is also quite volatile. 
, , 

9.2.4 If a solvent 0th; than wat&is used, ( a) at ldkt  one 
solvent control, using solvent from the same batch used to 
make the stock soludon, must be included in the test, and (b) 
a dilution-water control should be included in the test. If no 
solvent other than water is used, a dilution-water control must 
be included in the test. 

9.2.4.1 Ifthe concentration ofsolvent is the same in d t e s t  
solutions that contain test material, the solvent control must 
contain the same concentration of solvent. . . 

9.2.4.2 If the concentration of solvent is not the same in all 
test solutions that contain test material, either ( a) an early 
'life-stage test must beconducted to determine whether either 
survival and growth of the test organisms is related to the 
concentration of the solvent over the range used in the toxicity 
test, or ( b) such an early life-stage test must have been 
conducted on the solvent using the same dilution water and test 
species. If either survival or growth is found to be related to the 

concentration of solvent, an early life-stage test wi 
species in that water is unacceptable if any treatment con 
a concentration of solvent in that.range. If neither sunrival. 

early life-stage toxicity test with tha 

water may contain solvent concen 


may be used for meeting the re 

basis for calculation of res 


calculation of r i ~ u ~ t s .  -
9.2.5 If a solvent other than water is used to prenare 

solution, it might be desirable to conduct simultk~ous tes 
the test material using two chemically unrelated solve 
two different concentrations of the same solvent 'to o 
information concerning possible effects of solvent on' 
toxicitv of the test material or sensitiviw of the test specie 

9.3 Test Concentration(s):, . , 

9132 If the test is @tended to provide a good 
hikhest concentration of test material that will 
s e c t  survival or growth of the early life stages of 
snecies (see Section 14). the test concentrations (see 
shbulddbracket the best prediction of that conce&ation%" 
prediction is usually based on 'the results, of a Bow-
acute toxicity test (see Guide E 729) using the same 
water, test material, and species. If an acute-chronic r 
been determined for ihe @st  material with a specie 
comparable sensitivity, the result of the acute test c 
dividedby the.acute:chronic ratio. Except f6r a few mat 
acute-chronic ratios with sensitive species 'm 
five. Thus, if n o  other useful inf0111lation is 
highest concentration of test material in an early 
is often selected to be equal to the lowest wncen 
caused adverse effects in a comparable acute test. . :: 

'9.3.2 In some (usually regulatory) situations, it is'$ 
&ssary to determine whether one specific concentratio 
the test kterialreduces survival or growth. For exam 
snecific concentration might be the concentration.occu -
a-surface water, the concentration resulting from -the 

application-of the material to a body of water, or 

limit of thematerial water. When there is 

specific concentration, it is often only nece 

concentration (see 11.1.1:2). 


10. Test Organisms 
10.1 Species-Whenever possible and appropriate. 


should b e  conducted with species listed in Appendix 

Appendix X9 mainly because these species have been 

successfully in early life-stage tests. With 

cation of these procedures, other species can be us 

the species listed in the appendices is encouraged 

comparability of results and availability of much 


! 



ms in a test must be from the same 

endix'X9 for specific 

.,.. ry, a commercial, state, or fed& hatchery, or a wild 
;population in a relatively lullpolluted area. When a brood stock .:.. 

. 1s:bmueht into the laboratorv. it should be laced in a tank 
ng \;ith the water in whigh it was hnnsiorted. Then the 
ter:should be gradually changed to 100% dilution water 
er.a period of 2 or more days and the temperatureshould be 

at a rate not to exceed 3°C within 1 2  h. Also, 
ood fish are brought into a facility, they should be 
for 14 days or until they appear to be disease-free, 
s longer. No dip nets, brushes, other equipment, 

, or water should betransfemed from a quarantined 
any ofher tank without being sterilized or autoclaved in 

arantine, if mahue brood fish are not to he 
immediately, it might be desirable to hold some 
aquaria equipped with tempemhue and photoperiod 

s so that they are reproductively ,@active. Fish requiring 
tes for spawning should not have substrates available. 
uality during this period should be equal to that of 

dilution water (see Section 8). Water temperature 
freshwater brood fish during the holding period 

m for maintaining adult fish reproductively 
.. 

.4.3 The brood stock should be cked for properly (22) so 
not unnecessarily stressed. To maintain fish in good 

"ition and avoid unnecessary stress, they should not be 
wded and should not be subjected to rapid changes i n  
pemture or water quality. Fish should not be subjected to 

" 1  
**'a-t;.
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more than a 3'C change in water temperature in any 12-h 
period and preferably not more than 3°C in 72 h. The 
concentration of dissolved oxygen should be maintained he- 
tween 60 and 100 % saturation (16) and continuous gentle 
aeration is usually desirable. Supersahration by dissolved 
gases should be avoided to prevent gas-bubble disease (15,17). 
Water that might be contaminated with facultative pathogens 
may be passed through a properly maintained ultraviolet 
sterilizer (18) equipped with an inlensity meter and flow 
controls or passed through a filter with a pore size of 0.22 pn 
or less. The un-ionized ammonia concentration in holding and 
acclimation Ulnks should he less than 35 wg/L (23). 

Nore &The value given is for 15.C at pH = 8.0 to 9.0. Other values 
might be more appmpdafc depending on fhe species, temperame, andpH. 

10.4.4 At least once a day,brood fishshould be fed a food 
that will suppon survival, growth, and reproduction (see 
Appendix XI-Appendix X9). Analysis of the food for the test 
material is desirable if the material might he present in the 
environment. 

10.4.5 Tanks should be scraped or brushed as needed. 
Between use with different groups of fish, tanks should.be 
sterilized by autoclaving or by treatment with an iodophor (24) 
or with Z X m g  of hypochloriteL for 1h, W h e d  well once 
during the hour, and then rinsed well. Although iodophors are 
not very acutely toxic to fish, hypochloride is (see 7.5 
concerning prcp&otlon and removalb? hypochlorite). 

10.4.6 Brood fish should he carefullv observed dailv during 
quarantine, holding, acclimation, and.&ture for signs ifstress, 
physical damage, momdity, .disease, and external parasites. 
Abnormal, dead; and injuredindividuals should he discarded. 
If visual examination of the behavior and external. appearance 
indicates that they are not eating or are flashing, upping, 
swimming erratically, emaciated, gasping at the surface, hy- 
perventilating, hemorraghing, producing excessive mucus, or 
showing abnormal color, the cause should be determined and 
eliminated If they show signs of disease or extemal parasites, 
appropriate action should be taken. 

10:4.7 Fish may be chemically treated to cure or prevent 
some diseases using appropriate treatments (see Guide E 729). 
If they are severely diseased, it is o k n  better to destroy the 
entire lot immediately. Fish with other diseases should be 
disc& immediately, because systemic bacterial infections 
usually cannot be treated efficiently, internal parasites cannot 
he removed without extensive treatment, and viral diseases 
cannot be treated. Generally, fish should not be treated during 
the first 16 h after anival at a facility because of possible stress 
or drug treatment during collection or transportation. However, 
immediate treatment is necessary in some situations, such as 
treatment of blue,@s for columnaris disease during hot 
weather. Gametes should not be obtained from treated fish for 
at least 14 days after treatment, and, organisms except for 
channel caffish embryos, must not be treated d u ~ g  the test. 

10.4.8 Mamrarion-Environmental conditions for brood 
fish during this period should be those optimal for the 
production of viable gametes (see Appendix XI-Appendix 
X9). Because optimal temperatures and photoperiods for hold- 
ing and maturation occasionally differ, changes from one 
condition to another should be made gradually (see 10.4.3). 

mailto:,@active


10.5 Handling-Embryos and fish should be handled as 
little as possible. When handling is necessary, it should be done 
gently, carefully, and quickly so that organisms are not unnec- 
essarily stressed. Organisms that are injured or dropped dunng 
handling or that touch dry surfaces should be discarded. 
~ m o o t h ~ a s srubes are best for handling embryos, whereas dip 
nets are best for handling fish that we~nh over 0.5 g each. Such 
nets are commercially &ailable, or c& be made-from small- 
mesh nylon netting, nylon or silk bolting cloth, planlaon 
netting, or similar knotless material. 'Nets coated with urethane 
resinare best. for handling cathsh. Equipment used to handle 
fish should he s t e d h d  between uses (see 10.4.5). Hands 
should be washed before and after handling or feeding fish. 

10.6 Brood stock and embryos shouldbe analyzed for the 
test material ifit might be present in the environment. 

11. Procedure 
11.1 Experimental Design: 
11.1.1 Decisions conceming~such aspects of experimental 

design as the dilution factor, number of treatments, and 
numbers o f  test chambers (and compartments) and embryos 
and larvae per treatmentshould be based on the purpose ofthe 
test andthe type of pmcedure. that is tobe  used to calculate 
results (see Sectionl4). One of the following two types of 
experimentaldesign will probably be appropriate in most 
cases. ... ; . . 

11.1.1.1 An early lifestage test intended .to..allow calcula- 
tion of an endpoint (see Appendix X.10.2) usually consists of 
one or more control treatments anda  geometric series of at 
least five concentrations of test material. In the dilution-water 
or solvent control(s), or both, (see 9.2.3), embryos and larvae 
are exposed to dilution water to which no test material has been 
added.Except.for the control(s) and the highest concentration, 
each concentration should be at least 50 % ofthe next higher 
one, unless info~mation concerning the concenaation-effect 
curve indicates that a dzerent dilution factor is more ammo- 
priate. At a dilution factor of 0.5, five properly &sen 
concentrations are a reasonablecompmmise between cost and 
the risk of a l l  concentrations being either too high or too low. 
If the estimate of chronic toxicity is particularly nebulous (see 
9.3.1), six or seven concentrations might be desirable. 

11.1.1.2 If it is only necessary to .determine whether a 
specific concentration causes, adverse effects on survival or 
growth (see 9.3.2), only that concentration and the control(s) 
are necessary. Two additional concentrations at about one-half 
and two times the specific concentration of concern are 
desirable to inmase confidence 'inthe results. 

11.1.2 The primary focus of the physical and experimental 
design of the test and the statistical analysis of the data is the 
experimentni unit, which is defined as the smallest physical 
entity to which treatments can he independently assigned (25). 
Because test solution can flow from one compartment to 
another, but not &om one-test chamber to another (see 7.4.1), 
the test chamber is the experimental unit. As the numbsof test. 
chambers (that is, experimental units) per treatment increases, 
the number of d e p s  of freedom increases, and, therefore, the 
width of the confidence interval on a point estimate decreases 
and the power.of a significance test increases. With respect to 
factors that might aiiect results. within test chambers and, 

11.1.3 The minimum desirable number of test chamb 
compartments, and test organisms per 

confidence interval on a point estimate, or the 
difference that is desired t0 be detectable us 
testing.(26).If such calculations are not made at 

to result in at least 40 embryos remaining after thinning in eai: 
treatment in which mortality is not amibutable to the 
material. Replicate test chambers (that is, experimental u 
are necessary in order lo allow esnmaoon of expenmend erm 
(25). If each concentration of test marenal 1s more than 50 
of the next higher one and if the results are t i  be analyze 
regression analysis, fewer test organisms per concentrati 
test material, but not the control treament(s), may be 
Because of the importance of the controls in the calculati 
results, it might he desirable to use more test cham 
compartments, and embryos for the control treatment(s): 
for each ofthe other treatments. 

11.2 Dissolved Oxygen- The concentration of dissolv 
oxygen in each test chamber should be between 60 and 100; 
of saturation (17) at all times during the test, and the 
weighted average measured concentration in each test ch 
at theend of the test must be between 60 and 100 
saturation. Because results are based on measured rathe 
calculated concentrations of test material, some loss of 
material by aeration is not necessarily detrimental and tes 
solutions may be aerated gently. lhrbulence, however, 
be avoided because it might stress test organisms, resu 
fecal matter, and greatly increase volatilization. Because 
tion readily occurs st the surface, efficient aeration can 
achieved with minimum tnrbulence by using .an air lift 't 
transfer solution from the bottom to the surface. Aeratid 
should be the same in all test chambers, including the co 
trol(s), at any particular time during the test. 

11.3 Temperature: 
11.3.1 Test temperature depends upon the species used (S 

Appendix XI-Appendix X9). Other temperatures may be us 
to study the effect of temperature on survival and growth 
embryos and larvae of the test species, or to study the effect4 
temperature on the results of an early life-stage test on the testi 



er in which tempera- 
e measured tem-

at the end of the test should be within 1°C of the 
st temperature. The difference between the highest 
tctime-weighted averages for the individual test 
must not be greater than 1°C. Each individual 

hue must bewithin 3OC of &e mean of the 

hues must not differby more than 2'C. 

re embryos' are placed in test chambers. 
The measured concentration of test material in each 

identified. Measurement of the concentration 

degradation, hydrolysis, oxidation, photolysis, re-
sorption, volatikation, and a faster flow .rate is 
desirable. (see 7.3.3). Measurement of degradation 

tion water and then randomly assign the cups to the 

114.5 The embryonic stage ar the beguming of the exposure k should be d  c  r  as oreciselv as wssible (27).. .  . 

ival through hatching 
wid* among species and 
and sperm. Although it is 

test organisms in which fertilization and 
rvival arc 100%, such success is rarely achievable. 
some species usually provide very good fertilization 
01 survival, other species, cextain seasons, and nec- 

SWy procedures may provide less than optimum fertilization 
s: this can occur even with 

s of fertilization suc- 
adequate number of 

. 	organisms for a statistically valid test, it is often necessary to 
begin a test with numbers of eggs or embryos greater than the 
number of fry needed. 

11.5.1.2 Where fertilization is the area of uncertainty, a 
large number of eggs can be started in each test chamber and 
then randomly thinned to a desired number of embryos within 
each -test chamber at such time as noticeable embryonic 
development, and the handling of the embryos will not damage 
them. This proredme is possible with salmonids, northern pike, 
fathead minnow, white sucker, and bluegill. 

.11.5.1.3 Thinning of embryos is impractical with channel, 
caffish and is unnecessary with gulf toadfish, sheepshead 
minnows, and silversides because fenilkation success is not an 
area of uncertainty. Therefore, thinning of these species to 
desired numbers should be done with newly hatched fry. 

11.5.1.4 Regardless of when thinning occurs, percent sur- 
vival fmm the start of the test to the time of thinning must be 
noted Overall test survival for each test chamber is calculated 
as the product of percent survival to the time of thinning times 
percent survival from thinningthrough the end ofthe 'test. 

11.5.2 It is best to determine the maximum number of 
organisms that can be in each test cup ortest chamber without 
causing a reduction in growth due to crowding (loading) and 
reducing to a number lower than the maximum at thinning. 
This maximum.number would have to be determined for the 
species, temperature, Bow rate, chamber or cup size, food, 
feeding regime, etc. used in the test 

11.5.3 In some apparatus designs .(for example, incubation 
cups) several groups of embryos orlarvae are held separately 
within a test chamber. Because these groups are not considered 
as separate treatment replicates, it is permissible to transfer 
organisms among such groups within a test chamber in order to 
achieve the desired number of organisms in each test chamber 
and have reasonably even disttibution of organisms among 
groups. It is never permissible to transfer organisms from one 
test chamber toanother because this would violate the statis- 
tical assumption of independence of test chambers, a necessary 
assumption of both regression analysis and hypothesis tesfing. 

11.5.4 The number of embryos or fry left 'in each test 
chamber after t h h h g  should not be so high that the'larvae 
will be crowded in the test chamber at the end of the test if they 
all sunrive and grow acceptably. Thus the number should be 
determined based.on the expected size of the larvae atrthe end 
of the rest, the volume of solution in h e  test chamber, and the 
flow rate of test solution throueh the rest chamber. Generdlv. ,.-~ 
at the end of the test, the loading (grams of organisms; wet 
weight; blotted dry) in each test chamber should not exceed 0.5 
g/LOf solution passing through the chamber in 24 hand should 
not exceed 5 g L  of solution in the chamber at any time. 

11.6 Feeding-Recommendedfood;ration, andmethod and 
frequency of feeding larvae are contained in Appendix XI- 
Appendix X9.Larvae of most test species grow acceptably on 
good quality live brine shrimp nauplii (see Practice E 1203). 
The food used should be &alyzed for the test material if it 
might be present in the environment. 

11.7 Duration of Test- The test begins when embryos (or 
gametes) are fist placed in test solution (Day 0) and continues 
for the minimum duration specified in the pertinent appendix. 
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The test should be extended, however. if previously maftected. 
fish are adversely affected near the intended end. of the test. 

11.8 Biological Data: 
11.8.1 Unfertilized eggs and dead embryos are often dis-

cerned from living embryos. by a change in coloration or 
opacity. In embryos of some species, heartbeat and movement 
can be seen through the: chorion. For non-salmonid species, 
death of embryos should be recorded daily and dead embryos 
removed. when discovered to prevent. the. spread. of fungal 
infection. For salmonid.specics, deadembryos .inthe pre-eyed 
stage should be removed nt infcnrals dependent upon the 
species (Appendix Xl), age of the embryo,, extent of embryo 
mortality, and severity of any resultant fungal infection. 
Extreme care should be.used when removing dead salmonid 
embryos because healthy. embryos are very sensitive to distur- 
bance and might be damaged., 

11.8.2 When hatching commences, the number of embryos 
hatched and the number of physically abnormal fish (or 
embryos) in each incubation cup should be recorded daily. A 
written or photographic record of all deformedlawae should be 
kept throughout the entire post-hatch exposure. . . 

11.8.3 Fish should be observed daily; dead young fish 
should be counted, recorded. and removed when observed. The 
criteria for denth of young fish are usually immobility (espe- 
cially absence of respiratory movement in older individuals) 
and lack of reaction to gentle prodding. :, . ... . , . 

11.8.4 ~ t .the end of the test. all survivinp. fish must. be 
weighed as specified. (see pertinent ~ p p e u i x ) .  Individual 
weight of eachlish is preferred, but iffish& especially small, 
thcv mav be weinhed in mups.  Dry wciehts (dried ar 60°Cfor 
24 io 4 i  h or to constant-we;ght) &preferabie to wet weights 
(blotted dry) especially if the fish are edematous. Measure- 
ments of individual lengths (to the nearest 0.5 mm)is optional. 
Either standard, fork or total length may be measured. How- 
ever, if caudal fin rot or fin erosion occurs, standard lengths 
should be e m c s s u r e d .  It might be desirable to determine the size 
of fish that die during the test. 

11.8.5 Fish should be carefully observed regularly dunng 
the test for abnolmal development and nbberant behavior, such 
as inability to maintain position in the water column, uncoor- 
dinated swimmine. and cessation of feedine. Althoueh devel- 
opmental andbehaviornl effects are often d'acnlt toqnantify 
and might not provide suitable endpoints,they might be useful 
for iaterpreting effects on survival and growth and for deciding 
whether the test should be extended beyond the minimum 
duration (see 11.7). 

11.8.6 Morphological examination of fish dive at the end of 
the test in each treatment, before they are dried, might be 
desirable (28). Biological and histological examination and 
measurement of test material in exposed fish will probably not 
be possible unless.additional embryos and l w a e  rue exposed 
specifically for such pluposes. 

11.8.7 All organisms used in a test should be destroyed at 
the end of the test. 

11.9 Other Measurements: 
11.9.1 Water Quality- If a freshwater dilution water is 

used, its hardness, nlkalinity, conductivity, and pH should be 
measured at the beginning and end of the test and at least 

weekly in the control treatment(s). If a sal 
is.used, its salinity (or chlodnity) should 
dailyy and pH should be measwed atthe 

dissolved oxygen concentration must be measured 

tion is less than 60 % of saturation, 

end of the test; temperatme must be measured.as conc 
as possible in all test chambers. 

11.9.3 TestMaterial:.:: 

unde6nec~'mixhue, such as a,Ieachate or complex 
direct measurement is probably not possibl6 or 
Concentrationsof such test materials will probably h 
monitored by such indirect means as hubidity. or by meas 
ment of'onc or more components: 

11.9.3.2' The concentration of test material must 
surcdat least weekly in each treatment;'including 
trol(s), in which live test organisms arepresent. If a 

substantial concentrations of one or more 
tion, or reaction products (see 11.4.2). 
impurities and product is desirable. 

pipetting or siphoning through glass or fiuoro 
mbiig from a point midway between the top, bo 



,: 

+,?,;:, 

<.:.:. 
.!?;ill ,further characterize the exposure. Analysis of additional 
<.5!;' samples &er filtration or centrifugation t o  determine the5.r:.
.:i; pesenta-& of test material that is not dissolved or is associated 
!ti;i with particulate matter is desirable, especially if the concen- 
?.\;.'. bation of particulate matter present in the test solution is 

~ 

would ha& been found if temoerabm had been measuredmore 
o h .  

13.1.1 AU chambers (and compartments) were not identical. 
13.1.2 Treatments were not randomly assigned to test cham- . -

ber locations. i 

p a t e r  than 5 m a .  13.1.3 A required dilution-water control or solvent contml 
%:k.:?.:11.9.3.4 In each tnaiment, the measured concentration of 

because all results an based onmeasuredconcentrations. For 
s any impurities or 

from the pH, temperature, and concen- 

(see 13.1.12) in any one 
al. However, if tempera- 

number of times, one 

was not included in the test or, if the concentration ofsolvent 
was not the same in all treatments, the concentration of solvent 
in the range used affected survival or ,wwth of the test 
organisms (see 9.2:4.2,10.4, and 10.6). 

13.1.4 The. test was started using organismi older than 
specified in the appendix for the test species. 

13.1.5 The test organisms were not impartially or randomly 
assigned to test chambers or compartments. 

13.1.6 The test was terminated before the duration specified 
in the appropriate appendix for the test species. 

13.1.7 Dataon survival and growth were not obtained as 
specified in 11.81, 11.8.2, and 11.8.4. 

13.1.8 The control organisms did not survive or grow as 
specified in the appendix for the test species. 

13.1.9 Temperamre, dissolved oxygen, andconcentration of 
test material were not measured as specified in 11.9. 

13.l.lO.The time-weighted average-measured dissolved- 
oxygen concentration atthe end of the test for any test chamber 
was not between 60 and 100 % of saturntion; 

13.1.11 The difference between the time-weighted average 
measured temueratures for anv two. test chambers was more 
than 1°C. 

13.1.12 Any individual measured temperame in any test 
chamber was more than 3'C different from the mean of the 
time-weighted average measured temperatures for the indi-
vidual test chambers. 

13.1.13 At any one time, the difference between the mea-
sured temperatures in any two test chambers was more than 
2°C. 

13.1.14 The measured concentration of test material in any 
treatment was less than 50 % of the time-weighted average 
measured concentration for more than 10 % of the duration of 
the test. 

13.1.15 The measured concentration of test material in any 
treatment was more than 30 % higher than the time-weighted 
average concentration for more than 5 % of the duration of the 
test 

13.2 An assessment should be made of the significance of 
the concentration of test material in fish and in the water in the 
control treatment(s), in the food, and in the brood stock. 

14. Calculation of Results 
14.1 The primary data to be analyzed from an early life- 

stage test are those on (a) survival in each treatment (may be 
analyzed as embryo survival, fry survival, and overall sur- 
vival), (b)weight of the survivors in each treatment, and (c)the 
concentration of test material in the test solutions in each 
treatment. 

14.2 The variety of procedures that can be used to calculate 
results of early life-stage tests can be divided into two 
categories: those that test hypotheses, and those that provide 
point esumates. No procedure should be used without careful 
consideration of (a) the advantages and disadvantages of 



various.altemative procedures and (b) appropriate pre&w 
tests, such as those for outliers and for heterogeneity. The 
calculation pcedure(s) and interpretation of results should be 
appropriate to the experimental design (see 11.1). The major 
alternative procedures and points .to be considered when 
selecting and using procedures for calculating results of early 
life.stage tests are discussed in Appendix X10. 

15. Documentation. 
15.1 The record of .the results of an acceptable early 

life-stage test should include the following information either 
directly or by reference to available documents: 

15.1.1 Name of test and investigator(s), name.and location 
of laboratory, and dates of initiation and termination of test. 

15.1.2 Source of test.mateIial, its.lot number,.composition 
(identities agd concen~a~ons~o~majo r  ingredients and major 
impurities), known chemical and physicGpmpertieS; and the. 
identity and concentration(s) of any solvent used. 

15.1.3 Source of the dilution water, its chemical character- 
istics, a description of any pretreatment, and results of any 
demonstration of the ability of a species to survive, grow and 
reproduce in:the water. 

15.1.4 Source, history and age of test organisms, scientific 
name (and strain for salmonids when appropriate), name of 
person who identified the organisms and the taxonomic key 
used, history, and age; if a brood stock was used, observed 
diseascs,.disease treatments, holding, acclimation, and culture 
procedures (if appropriate), number of males and females or 
number of nests and .substrates used if natural spawning was 
used. If hormonal injections wexe used,,report the number of 
males and females used as well as type of hormone. and 
frequency and timing of injections. . , .  

15.1.5 Description o f  the experimental. design a n d  test 
chambers (and compartments), the depth and volume of 
solution in the chambers, number of organisms and test 
chambers.(and compartments) per treatment, procedure used 

for thinning, loading and lighting, a description of the mete* 
system, and the flow rate as volume additions per 24 h. 

15.1.6 Source and composition of food. concentrations. 
test material and other contaminants, feeding methods. 
quency, and ration. 

15.1.7 Range and time-weighted average measured con 
tration of dissolved oxygen<as % of saturation) for ea 
treatment and a description of any aeration performed on 
solutions before or during the test 

15.1.8 Range and me-weighted average measured ,3
temperature and the methods of measuring or 
both. .. 

15;l.g Schedule for obtainine samoles of test solutions: ~ ~ -. . 
methods used to obtain, prepare,.and store them.. . , 

. 15.1.10 Methods used for, and results (with standard 
tions or confidence limits) of, chemical analyses of 
qlialii 'md concentration of test material 
reaction axid degradation products, including 
and reagent blanks. 

15.1.11 A table of data on survivaland growth of th 
organisms in each test chamber (and compartment) in 
treaGen6 including the wntrol(s), in suf6cient detail to 
iodependent statistical analyses. 

15.1.12 Methods ubed for, and results of, statistical 
bfdata 	.. ., 

15.1.13-Summary ofbenerh observations on 
15.1.14 Results of all associated acute toxicity tests. :: 
15.1.15;A n w g  unusual about the test. any deviation 

th 'w procedures, and any othq relevant inform 
15.2 Published reports should include enou 

to clearly identify the proceduresused . and th . 
results. . . 
16. Keywords 

16.1 aquatic; chronic toxicity; cult& te~hniques;,; 
life-history; Morone saxatilis; shiped bass 

APPENDIXES.. 

(Nonmendaky Informstion) 

XI. SALMON,TROUT, kW CHAR 

X1.1 Obmining Embryos-Embryos of salmon (Oncorhyn- 
chus sp.), trout (Salmo sp.) and char ( Salvehnus sp.) can be 
o b m e d  in several ways: ( a) collecting ripe wild fish at the 
time of spawning and taking the amount of eggs and semen 
required; (b) procuring gametes or embryos from brood stock 
resident at or retuning to public or private hatcheries; or (c)  
providing fish with the pmper conditions for spawning in the 
laboratory. The l a m  procedure has been used successfully for 
brook trout ( 33,34), but gametes and embryos of other species 
are usually obtained from hatcheries. The investigator should 
obtain and report all pertinent data regarding brood stock, 
gametes, and embryos obtained from outside facilities. This 
information should include the strain or geographic race of the 
bmod stock, number of males and females used, age, and their 
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recent temperature, feeding anddisease history. 

X1.l . l  Removal of eggs usually is prece 
salmon or by anesthetizing trout or char in 
MS-22UL (36). Stripping of eggsfrom live fish 
conducted by experienced personnel. Eggs ate force 
vent by manual or air pressure techniques. The a u p  
technique, although requiring two persons, is the pre 
method because the possibility of damaging eggs 
anesthetized bmod fish i s  reduced. One person h d  
female fish diagonally, with the vent pointed down. 
round-bottom receiving vessel and the other inserts an 
gauge needle into the body cavity posterior to the pect 
and along the median ventral line. .The body of the fis 
be gently dried with a towel prior to inseRing the 



- - -  

); inserting the needle 
to the ventral surface of the Esh and 

anterior direction will greatly reduce the chance of 
ans.The needle is connected to a 
to 20.7 MPa (2 to 3 psi), and the air 

out the vent into the receiving 
the brood fish to 

embryos are in the test chambers for at least seven days before 
hatching. Because few data are available comparing results of 
tests begun with newly fertilized embryos and eyed embryos. 
whenever an early life-stage test is begun with newly fertilized 
embryos, it might be desirable to begin a simultaneous com- 
parable test with eyed embryos. 

X1,2 Early Life-Stage Toxicity Tesr-Incubation cups 
should be of sufficient size that embryos are not stacked upon 
each other. This allows easy removal of dead embryos with 
minimal chance of disturbing remaining embryos. Cups can 
hold one to three embryos per cm2 depending on embryo size. 
Sixty embryos per treatment are recommended at the beginning 
of the test. Embryos should be incubated at 10°C (except lake 
trout at 7°C) under dim incandescent lighting (520 fc) or total 
darkness (335). although eggs and embryos may be inspected 
daily with a flashlight or brighter incandescent or fluorescent 
source. Embryos must not be subjected to prolonged exposure 

:Xl.l:3,> ;;. 
'bletelv mixed and then fertilized with sperm from at least three X1.2.1 The t&e required for hatching depends on species, r - ~, 

to direct sunlight, fluorescent lighting, or high intensity incan- 
Eggs from at least three 'females should be com- descent lighting. 

,;: 
' males. The embryos (fertilized eggs) from all brood fish should egg size, andwater temperature. At 1O0C, hatching occurs by 

about 52 days for coho (37), 56 days for chinook (38), 41 days 
for brown trout.(35), 44 days for brook trout (391, and 31 days 
for rainbow trout (35). Lake trout hatch in about 72 days at 7°C 
(35). 

X1.2.2 Jarring, moving, or otherwise s h o c h g  embryos 

he camoletelv mixed to ensure randomncss pnor to allocating 
sh should not be fed 48 h 

to evacuate their lower 

ar can be anesthesized 
out 100 mg MS-22UL to facilitate should be avoided during incubation, especially during the I! 

ected by applying slight but firm sensitive pre-eyed stage. The sensitive period for handling I:le aiming the vent at a 
e eggs. 'Ihc male should be gently 

vent water from dripping onto the 
beaker. Semen can also be 

coho salmon and steelhead trout embryos occurs from about 7 I! 

days to the eyed stage at 16. days after fertilization (36). 
Specific data for other species are not available and it is 
strongly recommended that salmonid embryos not be disturbed 
during the preieyed stage except for the very gentle removal of 
infertile eggs and dead embryos. 

apparatus" (36). Semen can 
. Eggs and semen 

should not be exposed to water before fertiiization. Tests with X1.2.3 Infertile eggs, dead embryos, and dead alevins 
should be recorded and carefully m o v e d  with a pipette whose 
bore slightly exceeds the egg'diameter. Stage of development 
or absence of development can be determined after clearing the 

.coho salmon and steelhead mu[  indicate that fcrriliry exceeds 
of semen is usedper 50 mL of 

should be gently and thoroughly mixed 
n. Enbugh water to cover the 
eggs and semen. Eggs, semen, 

eggs in an appropriate clearing agent such as Stockard's 
Solution (an 85:6:5:4 mixture of water, glycerin, formalin, and 

to five minutes after mixing and 
'the- semen, broken eggs; and any blood clots should be 

ay be shipped, but they can be !ded by 

glacial acetic acid). Periodically, unfertilized eggs and extra 
control embnos can be cleared for comparison of develop- 
ment. If more than about a third of the embryos in the control 
treatment die withinthe first 48 h of the test, it will usually be 

should be water hardened for one h prior cost-effective to restart the test because the chances for a 
~;!!!~%7qping.and kept.at cool temperatures, generally less than 

G?i"?~~(35).~evere --iolts shouldbe avoided and the eggs should 
shipping period exceeds a few 

eggs with ice (made from 

Eggs and semen can be transported for a 
ing if they are kept in plastic bags free 
ay be chilled on ice. Using a 0.75 % 

mixing the eggs and 
reduce egg rupturing 

g-,i>? .x 
P.::" '1.1.7 Itis preferable to begin tests with embryos within 96 


"'*fertilization., Tests may be begun with older embryos if the
!:. 

&.: ' 

irl! .
?>':
E>:;;:\.' 5 

successful test are small. In addition, if concentration-related 
effects occur in the 61st 48 h, it will probably be cost-effective 
to restart the test because all of the concenttations will 
probably cause adverse effects during the test. 

X1.2.4 In actual practice, 2 8 0  % sunrival of control em- 
bryos fmm fertilization to hatching is frequently achieved 
when gametes are obtained by experienced personnel, embryos 
are maintained under controlled conditions, and tests are 
initiated within a few h after the fish are stripped. However, a 
number of factors such as age and condition of brood stock, 
methods used, time elapsed in transporting gametes prior to 
fertilization, and handling and transport of embryos can cause 
considerably lower survival of embryos, particularly during the 



pre-eyed stage. Therefore, when the eyed stage is first discem- 
ible, alldead embryos should be counted and discarded. At this 
time, surviving embryos should be randomly thinned to the 
desired number per treatment (see 11.5). 

X1.2.5 Alevins should be counted and released to the larger 
exposure chamber at swim-up. Post swim-up alevins should be 
fed ad libitum at least four times daily (two times daily over 
weekends is acceptable) with Iive brine shdmp.nauplii or a 
starter-grade commercial salmon or trout food or both. Gener- 
ally, moist diets are mon palatable than dry diets at this stage 
of development. If desired, food size or quantity or both may 
be increased dudng the test on the basis of average fish size. 
Excessive quantities of uneaten food and feces should not be 
allowed to accumulate and should be carefully siphoned from 
'the test aquaria at least twice a week. Although many proce- 
dures have been used for feeding fishin toxicity tests in which 
growth is ~easured, the following are recommended . . for. . early. . . . 
life-stage tests with ~almonids: . . 

1) feed at a relatively high rate, such as >4 % food (dry 
weight)/fish (wet weight)/day: 

a) base the ration f 6 ~  each test chamber on the product of 
the mean weight of control fish and the number of fish in the 
ten chamber; this provides a constant ration per individual fish. 

b) if apprqpriate for the diet, it is convenient to weigh out 
a week's ration for each chamber and simply estimate daily 
feeding allotments. 

: c) adjust ration quantity at least weekly for fish numbers 
and at least semi-monthly for fish weight 

d)  mean control fish weight can be estimated by: 1 )  
periodic destructive sampling of several control fish; 2) peri-
odic nondestructive sampling of five toten'control fish; or 3) 

estimation of conrrol fish 
food conversion efficient 

8 % e u a l l y decreases to about 2 %' 
double in weight approximately every 
d m  is used, feed 28 % of the mean 

X1.2.7 Mortalities and 
dllling the hatching period 
be coordinated with the 

0.5 mm) may be desirable. If edema is a possible 
effect, both wet and dry weights (dried at 60°C for 24 h 
be determined 

: XZ. NORTHERN PKKE 

X2.l Obtaining Embryos--Gametes of northem pike (Esox 
lucius).must be obtained from wild adults collected in the field 
at their spawning time. Several states, such as Minoesota, 
conduct collection programs sodn after "ice-out" in the spring 
and might help'in obtaining embryos for experimental pur- 
poses. Adults should be held in suitably large tanks that are 
covered to minimize disturbance and to prevent fish from 
jumping out. Adults are generally quiescent unless disturbed. 

X2.l.l Egg viability is increased by acclimating adults to 
12°C for at least 24 h before they are stripped. This tempera- 
m is near the optimum for normal hatch (40). Females should 
be checked for ripeness daily by exemhg pressure on their 
abdomen in an anterior to posterior direction with fish held 
vatically. Injection of hormonu usually is not necessary. 

X2.1.2 Sperm collection is somewhat f i c u l t  in the case of 
escocidae and is best accomplished by sacrificing the fish. A 
few drops of milt should be obtained by stroking the belly of. 
prospective males. After microscopic confirmation of sperm 
viabiliry (motility), the chosen fish are then heavily anesthe- 
tized or killed, the testes removed through a long incision io the 
fish's side, placed in a double layer of clean cheesecloth, and 
squeezed to extrude milt. Care should be taken to avoid 
contaminating the sperm with urine, which severely reduces 

(41). 

and dry-fertilized by gentle but thorough mixing with 

disnibution of embryos to the incubation cups, 

remain motionlws for four h. Arocker am appara 


einbjos are distributed to the incuba 

nated 32 days later. During the test, th 

held at 15 -C 1Cand 16 h photoperiod. 


treatment, which should be randomly h e d  t 
number per treatment at 48 h, after removal 

1 



embryos (see 11.5). If more than about a third of the 
in the control treatment are discarded within the first 

heavily fungused, it 
thc test because the 

a successful test are small. In addition, if 
occur in the first 48 h, 

to restatt the test because all 
cause adverse effects during 

X2.2.2 Hatching will occur in about 6 days at l k .Larvae 
hbuld be retained in the incubation cupsuntil day ten and then 

haunted and transferred to growth chambers. Live larvae that 
.visibly (without the use of a dissecting scope or magnifying 

lethargic or grossly ,abnormal in either swimming 
or physical appearance may be co,unted, but must not 
ded. The day hatching begins and ends in each cup 

i2.3 Dead fish should be removed and recorded when 
wed. Hatched fisb should be counted at least during the 
ferfmm the incubation cupsto the test chambers and on 
118,25, and 32, after the begioning of the test. Fish that are 

'visibly (without the use of a dissecting scope or magnifying 
viewer) lethargic and grossly abnonnal in either swimming 
behavior or physical appearance should also be counted. 

m.2.4 ~ ~ j ~ ~~of live brine.dswna"bllii ( ~ 2 4 - hpost 
hatch) should commenceat the first indication of swjm-up or at 
about day 12. L~~~ be fed a of times 
daily in to maintain an excess of live food in growth
chambm. hi^ is imDonant he end of he . - -

test period because noahern pike become increasingly canni- 
balistic if live brine shrimp nauplii are not available. 

X2.2.5 Fish should not be fed for the last 24 h prior to 
termination on day 32. At termination, the weight of each 
surviving fish should be determined. If the fish exposed to test 
material appear to be edematous compared to control fish, both 
dry weight (dried at 6O0C for 24 h) and wet weight of all live 
fish should be determined. 

X2.2.6 An early life-stage test with northern pike is unac- 
ceptable if(a)'the average survival of the controls from 48 h to 
32 days is less than 70 %, or (b) survival in any control 
chamber from 48 h to 32 days isless than 60 %. 

'&$& ; X3. RATHEAD MINNOW 

od stock are obtained as 

and a length of 75 mm (44). Such substrates- 
the bottom of a pond. In the laboratory, 

hould be rolled off the subsaate with a 
of an index finger (45) and visually 

os from remaining substrates can 
e to test single embryos with 

without separation) have been used successfully. 

X3.2 Early Life-Stase Toxicity Test-Early life-stage tests 
with fathead minnows should be conducted at 25-C with a 16-h 
photoperiod and last at least 28 days duration beyond the mean 
day to batch of the contro1s:Several test chambers have been 
used routinely, including: (a) 'Rventy fish have been tested in a 
chamber that is 160 by 440 by 180 mm deep with a 160 by 180 
mm 40-mesh stainless.steel.screen 60 mm from one end, with 
a water depth of 128 mm and with a flow rate of 190 
mL'minute. ( b)Fifteen fish havebeen tested in a chamber that 

,is 65 by 180 by 90 mm deep witha 65 by 90 mm 40-mesh 
stainless steel screen 25 mm from one end, with a water depth 
of 45 mm and with a flow rate of 12 &minute. Water level is 
controlled by a standpipe in the smaller screened compartment 
with test solution entering at the other end of the chamber A 
cylindrical screen over the drain can be used instead of a 
screened compartment to prevent loss of fry. Incubation cups 
can be made fromglass cylinders about 45 mm inside diameter 
and about 70 mm high, by gluing 40-mesh nylon or stainless 
steel screen to the bottom with silicone adhesive. The cups 
should be suspended in the test chambers so as to ensure that 
the organisms are always submerged and that test solution 
regularly flows 'into and out of the cup without agitating the 
organisms too vigornusly. Self-starting siphons and a rocker 
ann apparams driven by a 2-rlmin motor and having a 
vertical-travel distance of 25 to 40 mm, have been used 
successfolly to create flow into and out of incubation cups. .The 
bottoms of the cups might need to be cleaned periodically to 
allow flow of test solution. 

X3.2.1 The test should begin with at least 60 embryos per 
treatment. The embryos should be between 2 and 24-h old and 
must be less than 48-b old. With the incubation cups standing 
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in diiution water within 3'C of the test temperature, the 
embryosshould be randomly assigned to the incubation cups. 
The cups should then be nodomlyplaced in the @st chambm. 
AU floating embryos should be gently squirted with water so 
that they sink. 

X3.2.2 On test days1 and 2, the embryos should be counted. 
examined by placing the cups under a dissecting scope or 
magnifying viewer, and dead or heavily h g u s e d  embryos 
counted and discarded. The remaining embryos must not be 
removed from the test solution. If the cups are not designed to 
hold thesolution, a small con- must be placed under the 
cup prior to removal from the test chamber for examination. 
Embryos remaining atbr day 2 should be randomly thinnes to 
the desired number (see 113). The cup should be returned to 
the test chamber and subsequent handling of the cup should be 
minimized and done as gently aspossible. Deadembryos may 
be removed daily from the cup,but live einbryos, even if 
fungused, must not be removed. 

X3.2.3 If niore than a50ut.a third of. the.embryos in the 
control treatment. are discarded within the first 48 h, it will 
usually be cost-effective to restart the test because the chances 
for a successful test are small. In addition, if concentration-
related effects occur in the first 48 h, it is likely that all 
csncentrations will cause effects, and it might be cost-effective 
to restart the test. 

X3.2.4 In each treatment, when hatching is ab 
complete or 48 h after first hatchin that treatmen 
minimum on days 11.18.25, and 32, the live young 
be counted. The live fish that, to.an unaided eye. 
or grossly a b n d  in swimming behavior or phy 
ance may be counted, but must not be discarded. 
should be released into the test chambers. 

X3.2.5 In each aeatment on days 2 
at least5 daysa week thereafter, each 

times a day about 4 h apart. 

material appear to be edematous compared to control fis 
dry (24 hat  60°C) weight and wet weight of all live fish 
be determined. 

from 48 hours to 32 days is less than 70 %. 

X4. WHITE SUCKER 

X4.1 Obtaining Embryos-Little information is available 
on the environmental conditions necessary to promote gonadal 
development of the white sucker (Catostomw commersoni) in 
the laboptory. Therefore, brood flsh must be obtained in the 
spring just prior to natural spawning. The exact time of 
spawning will differ regionally: dates should be obtained from 
local fisheries experts. The fish should be netted or trapped as 
they move up uibutary streams to spawn from March to June. 
Two- to threepound adults should he selected and placed in 
large flow-through holding tanks, which are shaded to mini-
mize disturbance and covered with screen to prevent the fish 
from iumping out. Water is maintained at the optimum hatch- - . -
ing temperature of 15'C (46) and a 16-h photoperiod is 
desirable. 

The mules can be separated from the females by observing a 
series of tubercles on the first anal finray. The fish are checked 
routinely for ripeness by applying pressure ( a n ~ o r  to poste- 
rior) to the abdomen and watching for the presence of gametes. 
When the fish become ripe, eggs from at least three females are 
combined and ferdlized with milt from at least three males 
nccordiue to the dm techniaue described bv Hokanson et al. -
(40). The embryos are then placed in flowing water at 15'C. 

X4.2 Early Life-Stage Toxicity Test-Early life-stage tox- 
icity tests with white suckers should be conducted at 15°C with 
a 16-h photoperiod,and last 32 days. Several test chambers 
have been used routinely, including: (a) 'lkenty fish have been 
tested in a chamber which is 160 by 440 by 180-mm deep with 
a 160 by 180-mm 40-mesh stninless steel screen 60 mm from 

, 
~, ,.,~* .;.*,, *,,. :?1' 

one end, with a water depth of 128mm and with a flow.rate.af;;$ 
190 &minute. (b) Fifteen. 6sh have been tested in a chamber; .$$ 
which is 65 by 180 by 90-mm deep. with a 65 by 90-1nn~;i; 
40-mesh stainless steel screen 2 5  mm from one end, with?yi;!?i 
water depth of 45 mm and with a flow rate of 12 mWminute: ::!it 
Water level is controlled by a standpipe in the smaller screened,' -2:. 
compartment with test solution entering at the other endSof,ti?e .::$ 
chamber; A cylindrical screen over the drain can be us&,:?i, 
instead of a. screened compartment to prevent loss,.of;fry~?~3 
Incubation cups can be makfrom glass cylinders about 45m.:.:i3 
inside diameter and about 70 mm high by gluing a 40:mesh: ::-
nylon or stainless steel screen to the bottom with clear silicane: ' ::' I
akesive. The cups should be suspended in the test chan?bers.so <;:I
as to ensure that the oreanisms are alwavs submereed and that. .,... 

test solution regularly flows into and out of the cup with 
agitating the organisms too vigorously. Self-starting sip 
and a rocker arm apparatus driven by a 2-rlmin motor 
having a vertical-travel distance of 25 to 40 mm have. 
used successfully to create flow into and out ofincub 
cups. The bottoms of the cups might need to be clean 
periodically to allow flow of test solution. 

X4.2.1 Early life-stage tests .with white suckers should 
begin with embryos that have water hardened for at least 3 hat 
15'C and must be begun within 48 h after fertilization: The 
embryos should be gently separated from each other, gently 
mixed with those of other spawnings, andrandomly distributed 
to the incubation cups. The cups are then randomly placed in 
the exposure chambers so there are about 60 embryos per 
treatmenL AN Boating embryos should be gently squirted with 

. . 
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Id be randomly thinned to the desired number (see 

. ,  . 
.3 If more than about a third of the embryos in- the 
treatment are discarded within the first 48 h, it will 
be cost-effective to restart the test because the chances 

r a successful test are small. In addition, if concentration- 
W d  offects ocnu in the first 48 h, it is likely ,:that all 
ncentt~tion~will cause effects and it might be cost-effective 

y4.2.4 Hatching occurs in about 7days at lS°C. Live young 
E'should be counted in each tnatment when hatching is 
out 90,% complete or 48 h after first hatch in that treatment. 

.1 0btaining Embryos--Embryos of channel caffish. 
urns punctam) can be obtained %om commercial. fed- 

it might be necessary to obtain them from laboratory 
, Channel caffish can be iaduced to spawn n a W y  in 
ratory by contmUing day length and temperature (47) 

n i ~gonadotropin (300 lU1454 g bodyweight) (48). To 

o 3 individuals of approximately 

sex of channel caffish should be obtained by gentle 
rtion of a blunt probe into the urogenital papilla. With the 
ale, the probe should encounter no resistance, whereas it 
be directed anteriorly in the male. 

.1.1 When individual females are judged to be ready to 
(that is, disthguisbed by flaccid abdomen and blood- 

ed urogenital papilla), they should be individually paired 
males of approximately equal size. Each pair of fish 

Thereat%, at a minima fish should be counted on days 11, 
18, 25, and 32. The live L h  that, to the unaided eye, are 
lethnrgic or grossly abnormal in either swimming behavior or 
physical appearance should be counted, but must not be 
discatded.AU live fish must be releasedinto the test chambers. 
Unhatched embryos should be left in the cups and released into 
the test chamber when they hatch. The days on which the first 
and last embryos hatch in each cup should be recorded. 

In each treatment on days 7 and 8 after first hatch and at least 
5 days a week thereafter, each chamber containing live fish 
should be fed live newly hatched b m e  shrimp (524-h old) at 
least either (a) 2 times a day at least 6 h apart or (b)3 times a 
day about 4 h apart. They should be fed at least once a day on 
all other davs. 

X4.2.5 The fish should not be fed for the last 24 h prior to 
termination on day 32. At termination, the weight of each fish 
should be determined. If the fish exposed to test material 
appear to be edematous compared to conml fish, both dry (24 
h at 60°C) we~ght and wet we~ght of all live fish should be 
determined. 

X4.2.6 An early life-stage test wlth white sucker is unac- 
ceptable if the average survival of the controls from 48 h to 32 
days is less than 80 % and if surv~val in any control chamber 
is less than 70 %. 

CL CATFISH 

should be closely observed each day for aggressive behavior as 
the female will often be killed if the pairing is not successful. 
The uurk should be checked for spawn each day, dismrbing the 
fish as little as wssible. One channel caffish soawn will coorain

~~ ~.. 
5000 to 20 OM) eggs. 

'' . . 

X5.1.2 Ifgonadal maturation must be induced by hormonal 
injection, females can be injected once every 3 or 4 days with 
300 IU human chorionic gonadotropin per 454 g o f  body 
weight (48).The last few layers of eggs will be of poor quality 
in many cases, but no problems should be encountered with the 
rest of thespawn. Attempts to induce fish. that have f w d  to 
spawn naturally will usually be unsuccessful. 

X5.1.3. Separnting the embryos from the substrate and from 
each other should be done with extreme care. The embryo mass 
can be freed from the'inner surface of the can with a 
bevelled-edged dry wall joint lolife. Because channel caffish 
embryos are in an adhesive gelatinous matrix, the mass should 
first be split into four to eight clumps of embryos for 
distribution in the incubation cups. Each hatching cup should 
receive embryos from each clump, in order to avoid the 
possibility of an incubation cup receiving embryos from only 
one location in the egg mass. Attempts toseparate individual 
embryos will result in many damaged embryos. Instead, the 
embryos should be pulledapart into groups of four to ten 
embryos. 

X5.2 Early Life-Stage Toxicify Test-Early life-stnge tox- 
icity tests with channel catfish should be conducted at 25°C 
with a 16-h photoperiod and 32-days duration. Twenty larvae 
have been successfully tested in a chamber which is 160 mm 
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wide by 270 mm .long with a water depth of 200 mm,and 
receiving approximately 1M) &minute of test solution. 

X5.2.1 The test is begun by placing 20 embryos in each of 
2 incubation cups per test chamber. Tests should be begun 
within 24 h after fettilizationof the eggsand must be begun 
within 48 h afterfertilization. The cups should be aerated at a 
rate sufficient to provide adequatewater exchange and to 
vigorously.roll the embryo masses and keep them suspended in 
the water column. Because the embryos of channel catfish are 
held together by an adhesive gelatinous matrix, no attempt 
should be made to remove dead embryos. It fungus appears in 
any treatment,. all embryos should be .treated with malachite 
green at a concentration of 60m@ for 3 min once each day 
until embryos are eyed. As soon as hatching begins (6 to7 days 
at 25"C), the a i r . 0 0 ~  must be decreased to a gentle stream so 
as not to damage newly hatdhed larvae. Upon completion of 

hatching, thesucceufully hatched larvae should be counted. 
raidomiy thinned (see 11.5) t o  the desired number, and 

. . 
X6.1 Obtaining ~ m b r y o s ~ e c h n i ~ u e s f o rconsistent, snc- 

cessful spawning of the bluegill (Lepomis macrochi&) in the 
laboratory are not presently available. Therefore, both natural 
and artificial methods for obtaining eggs are described. 

X6.1.1 Using the natural method, bluegills approaching 
completion of their second year, or older. should be provided 
with concrete substrates such as those described by Eaton (49). 
When possible, use b&d .stock for which historical records 
relating age and sexual maturity are available. No more than 
three substrates and male fish should be olaced in water a h or 
so deeliand i n a  water volume of 500i:Even if the'deptbis 
greater, several square fket of bottom space.shou1d be provided 
around each substrate. It might also be necessary to screen 
males visually from one another if interaction between them 
becomes too vigorous. The number of fish per tank should be 
no more than a 2:3 ratio of males to femdes: Because the 
embryos are ditficult to see, substrates should 'be examined 
carefully during the morning and evening hours by gently 
rubbing a finger over the surface of the substrate. 

X6.13 The artificial method developed by B q e r  and ,Van 
Arman (50) has the advantage of being able to provide eggs 
from several females simultaneously. The procedure consists of 
seven steps: ' ' 

(1) R s h  are collected in t h e  field and returned to the 
laboratory, acclimated to captivity, and sexed as well as 
possible on the basis of morphology, coloration, and behavior 
151).
\--, 

(2) Males are kept at 16-b photopenod at 26'C, with as many 
as 20 tish per 2.9 kL aquarium. Ripening requires up to two 
months for fish collected ouiside the spawning season. 

(3) Females are kept isolated from males and gven a 16-h 
photoperiod at a temperature of 26 to 28OC. The production of 
ripe eggs might require up to three months. 

(4) Females are injected inuaperitoneally with two mg caq  
pituitary every other day, and egg development is checked 
daily. 

transferred to the test chambers. Newly hatched larvae c 

carefully handled and transferred with a 6-mm inside di 

glass mbe with a sofi suction bulb and should be fed 

hatched brine shrimp nauplii (524-h old) at least 3 tim 

day beginning immediately after hatch. This ensures that 

will be available as soon as the fry begin feeding. Startin 

swim-up, fry should be fed.a commercial cattish.food at 

2 times per day ad libitum in .addition to the brine 


X5.2.2 Dead fish should be removed and reco 
observed The fish should nor be fed for the last 
termmation on dav 32. Indlvldual fish should be 
measured to the nearest 0!5 mm (fork length). Ifrthe a 
exposed ro the test material appear edemato~~com~ared to %m 
control fish, both drv (dried at 60°C for 24 h) weight and w. -
weight of all s w i v & ~fish should be determined. , : 


X5.2.3 An early life-stage test .with channel cams 

uns'uccessful if the average survival of the controls from~ 

beginning to the end of the test is less than 65 90: ,!! 

LUEGUL 

(5) When a sufficient number i f  females has 

premature eggs, 20 to 30 such females are selected 

intramuscularly with 1 mg carp pihlitary every 

Eggs are sampled at each injection interval and e x m n  

size, appearance, adhesiveness, and fertilization-ability 

several females have ripe eggs simultaneously. 


(6) Females which produced eggs with greater than 5 

fertilization at the previous sampling interval are stripped 

eggs fenilizcd with.milt frbm four or more males. ':. 


(7)Pemales and.then males are stripped into a shallow, 

or pan O w e  enough to accommodate eggs in a.single1 

containing an in. or less of water. 


X6.1.2.1 Bluegill embryos can be removed from 

bv dislodging them with a ~ a i n tbrush (52) or bv sucldne th 


successfully. 

X6.2.1 On test days 

counted, examined by placing the cups 


embryos must not be removed from the test 

on day 2 should be randomlitbinned to the desikd 
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tnatment (see 11.5). The cups should be returned to the test 
' chambers and subsequent handling of the cup should be 

'zed and done as gently as possible. Dead embryos 
hould be removed daily from the cup, but live embryos, even 

sed, must notbe removed 
Live young fish should be counted in each treatment 

g is about 90 % complete or 48 h after 6rst hatch 
cnt (approximately 30 h at 28'C). Thereafter, at a 
h should be counted on days 11, 18, 25, and 32. 
that, to the unaided eye, are lethargic or grossiy 

in either swimming behavior or physical appearance 
counted but must not be discarded. All live fish must 

test chambers. Unhatched embryos should 
d reIeased into the test chamber when they 
time-to-hatch (to the nearest day) in each 

ent, each test chamber containing 

X7. GULF 

an be collected from estuaries and coastal waters 
Yucatan. This species spawns in 20 to 
to August in cavities in shells, and on 

aaching a 9-cm high collar of 

st conditions used successfully include 12-h photo- 
and 30°C, and a salinity of 20 glkg. Tests can 

swim-up fish should be supplied live newly hatched (524-h 
old) brine shrimp 3 times a day about 4 h apart. Food should be 
available to the'larvae contitkously. m e ;  larvae have grown 
noticeably, brine shrimp older than 24-h old may be used. The 
amount of food provided to each chamber may be proportional 
to the number and size of fish in the chamber, but each chamber 
must be treated in a comparable manner. 

X6.2.4 The fish should not be fedfor the last 24 h prior to 
termination on day 32. At termination, each live fish should be 
weigbed If the. fish exposed to test material appear to be 
edematous compared to' control fish, both dry (24 h a t  60°C) 
weight and wet weight of all live fish should be determined. 

X6.2.5 An early life-stage test with the bluegill is unaccept- 
able ifthe average survival of the con&ols from 48 h to 32 days 
is less than 75 % and if sunrival in any control chamber is less 
than 65 %. 

TOADFISH 

temperature, Debris and dead. embryos must be removed daily 
to prevent fouling of the cup and spread of fungus from dead 
to developing embryos. After all embryos batch, fry may be 
randomly thinned to the desired number (see11.5) and either 
retained in the incubation cup or released into the test chamber. 
The hatched -yolk-sac fry require no feeding during the 
greater-than 1-week periodbefore yolk utilization is complete 
and the attachment disk is shed. The duration of embryonic 
development and yolk-sac larval stage, and the number of disks 
shed each day in each replicate should be recorded. 

X7.2.2 Live young fish should be counted in each test 
chamber.when hatching is about 90 % complete or 48 h afW 
first hatch in fhat Ueatment. Thereafter, at a minimum fish 
should be counted on days 14, 21, 28, 35, and 42. 

X7.2.3 Juvenile toadlish should be fed live brine shrimp 
nauplii (524-h old) twice daily to excess after the yolk seems 
to be absorbed and the attachment disk is dropped. Can? should 
be taken not to overfeed (as evidenced by a large number of 
nauplii from the previous feeding remaining) to prevent a 
.demase in dissolved oxygen and water quality.The fish should 
not be fed during the 24 h preceding termination of the test. 

X7.2.4 The test is terminated at the end of the 42nd day of 
exposure. Individual fish should be weighed, it might also be 
desirable to measure the standard length of each fish to the 
nearest 0.5 mm. 

X7.2.5 An early life-stage test with the gulf toadfish is 
unacceptableif the average hatch of the control embryos from 
the beginning to the end of the test is less than 75 % and overall 
survival at the end of the test is less than 70 %. 



X8. SHEEPSHEADMINNOW 

X8.1 Obtaining Embryos-The sheepshead minnow (CYP 
rinodon variegatus) can be cultured to maturity in the labora- 
tory or obtained from Gulf and Atlantic coast estuaries during 
most months of the year. Feral brood stock are preferred to 
minimizc inbreeding. Fish can be reared to maturity in the 
laboratory within 3 to 5 months afterhatching if they are held 
in flowing seawaterat 25 to 30'C and at a salinity of 10 to 35 
@g, with a photoperiod of 12 to 14 b. At a standard length Of 
approximately 27 mm, males begin to exhibit sexual dimor- 
phism and initiate territorial behavior. 

X8.1.1 Gametes can be obtained by hormonal injection or 
by natural spawning. If hormonal injections are used, each 
female should be injected interpertioneally with 50 IU of 
human chorionic gonadotropin (HCG)on 2 consecutive days:-.. 
Two days following the second injection, eggs are stripped 
from females and mixed with sperm derived from excised 
macerated testes. Usually, at least ten females and fivemales 
should be used to ensure that there are a sufficient number of 
genetically variable embryos. The early life-stage test can be 
started as soon as fertilization is microscopically verified (1 to 
2 h). Embryosshould not be agitated excessively. 

X8.1.2 If embryos are obtained from natural spawning in 
the laboratory, a 200 by 350 by 220 mm-deep spawning 
chamber is recommended (54). To obtain sufficient embryos 
for an early lifestage test, four or more spawning chambers are 
recommended, each containing five or more females and three 
males. 

X8.2 Early Life-Stage Toxicity Test-Emmos are placed 
in test solutions within incubation cups constructed by attach- 
ing.a 90-mm high collar of 4 5 0 - p  nylon screen to the inside 
walls of a 90-nun LD. glass petri dish bottom with clear 
silicone adhesive (55). Mtematively, incubation cups can be 
installed on a rocker arm apparams similar to those described 
in Appendix X3. If a rocker ann apparatus is not used each 
chamber must have a self-starting siphon to ensure exchange of 

X9.1 Obtaining Embryos-Sexually mahmAtlantic silver- 
sides (Menidia menidia) are generally available in Atlantic 
esmaries from March through August, depending upon the 
latitude. Recent evidence indicates that this estuarine fish is a 
cyclic spawner (56). The optimal time for collecting ripe fish is 
just prior to high tides occurring between 8:00 a.m. and noon, 
when pre-spawning schools move into the upper intertidal 
zone. 

X9.1.1 The udewater silverside (Menidia peninsulae) is an 
estuarine species typically found at salinities of about 20 gkg. 
It ranges from Daytona Beach, FL,to Horn Island, MS, and 
from Galveston Bay, TX,  to Tamiahua,Mexico (57). Sexually 
mature fish can be collected near shore in shallow waters 
during the late spring and summer months. 

X9.1.2 For either spccies, females that do not readily release 

from the cups each hour. 

cup or released into the test chamber. 

counted on days 11, 18, 25, and 28. 

dissolved oxygen and water quality. 

the test, andoverall control survival from the beginning t 
end of the test is less than 65 46. 

ripe eggs when gently squeezid should not be used. Eggs 
be shipped from fish either at the collection site o r a  
laboratory. If the time required to -sport the fish t 
laboratory is greater than one h, or if severe e 
conditions are likely during transport, field-stripp 
mended. Eggs are stripped into a glass culture dis 
salt water or onto a nylon screen (450 to 1000 p - m e  
placed in a vessel containing salt water from the collectio 
Milt from several males can then be stripped into the C 

dish or vessel and mixed. Upon contact with salt 
adhesive threads on mature eggs uncoil, making enum 
and separation dif6cult. If the culmre dish is used,one. 
a nylon string can be dipped into the dish and g 
the threads can adhere. If the nylon screen is used, embryo 
be separated and counted directly. Embryos on nylon s q  
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saecns may be shipped, by placing the& in insulated glass 
'bottles filled with salt water at the approximate temperature 

be 

'des in 
mid-
ester 
-1 

a 100-nun high, 363-pm nylon mesh Nbe inside a 90-mm 1.D. 
glass petri dish bottom. At l  ~60 embryos should be used in t 

thinned to the desired number (see 11.5). Live young fish 
should be counted in each treatment when hatching is about 
90 % complete 01 48 h after first batch in that treatment, 
Thereafter, at a minimum, fish should be counted on days 11, 
18, 25, and 28. 

X9.2.1 Silverside lam= are injured easily, and are particu- 
susceptible to impingement on the mesh tube of incuba- 

s. Therefore, water flow into and out of the cups should 
low rate and larvae should never be netted..Successfut 
e been conducted by using a metekg system that 

1 L to each test chamber every 15 min through
xes. Two 2 - m  inside diameter capillary Nbes which 

water from the splitter boxes delivered 500 mL of 
each test chamber. Water depth in each chamber 

220 mm) was varied between 45 and 65 mm in 

ved from the chamber for five days 

X9.2.2 Silverside larvae should be fed the rotifer Bmnchio-
nus plicarilis (62) for the first week post-hatch and live brine 
shrimp nanplii (524-h old) during the remainder of the test 
except for a 2-day feeding transition period when both rotifers 

hatching, two times per day 
of hatch, Successful tests 
ximately 30 000 rotifers 
ly 12 000 brine 

d at the end of the 28th 

be desirable to measure standard lengths of fish (to the nearest 
material appear to be 
h, both dry (24 h at 

Atlantic or tidewater 

is less than 15 mg!fish. 



X10. STATISTICAL GUIDANCE 

X10.1 Introduction-The goals of statistical analysis arc to 
summarize, displsy, quantify, and provide objective yardsticks 
for assessing the shucnue, relations, and anomalies in data. 
The data display and statistical techniques most commonly 
used to achieve these goals are: (a) p r e b b ' y  and diagnostic 
pphical  displays, (b) pairwise comparison techniques suchas 
t-wts and 2 by 2 contingency table tests, (c) analysis of 
variance (ANOVA) and companding contingency table tests, 
(d)multiple comparison techniques for simultaneous pairwise 
comparison of other treatm&groups with control groups, (e) 
'concenaation-effect curve analyses, and V) multiple regres- 
sion. If used comctly, each of these techniques can provide 
useful information about the results of an acceptable early 
life-stage toxicity test. ~ . , ~ .. - . .. -. . , 

~ 

X1O.l.l T& rhree kinds of data that can be obtained from 
toxicity tests are dichotomous or categorical (for example, 
mortality), count or enumeration .(for example, number of 
young), and continuous (for example, weight). Statistical 
methods for analyzing dichotomous and other categodcal data 
are duectly analogous to those for analyzing count and 
continuousdata. However, for technical reasons and because 
they arose from different application areas,different ferminolo 
gies and computing tools were developed for analyzing the 
three kinds of data. The comsponding procedures . . are consid-
end togetha herein. 

. , 

X I 0 2  Endpoint--The endpoint of early life-stage toxicity 
tests generally has been deIinui in terns ofwhether ditrerences 
from control oraanisms are statisticdv sienificant at the 5 90 
level. One of .the main conceptual -problems with such a 
definition of the endpoint is that >the notions of.biologica1 
importance and statistical significance are logicdy distinct. 
Effects of considerable biological importance might not be 
statistically .significant if sample sizes are small or if effects are 
extremely variable or both. Conversely, biologically hivial 
effects might be highly statisticdy significant if sample sizes 
are large or effects are very reproducible. An esdDoint based 
solely on statistical signi6c&ice-might depend as mich or more 
on sample sizes as on the magnitudes of the effects. 

X10.2.1 An altemativeis to defme the endpoint in kmsof 
a specified absolute. a relative amount of difference in a 
biological athibute fmmthe control treatment(s). A regression-
type model would be fitted to the data and the concentration 
agociated with a specified amount of difference fmm the 
control treahnent(s) would be estimated using the model. For 
example, the concentration resulting in a speci6ed percent 
decrease in survival or weight might be estimated along with 
confidence limits on the esrimaied concentration. The result of 
an early life-stage test would then be reported as a-point 
estimate, preferably with confidence limits, of the concentra- 
tion expected to cause an amount of effect that had been 
preselected as being biologically unacceptable. 

X10.2.2 In general, an endpoint defined in terms of a 
statistically s i m c a n t  difference is calculated using analysis of 
variance, contingency tables, 61other hypothesis testing pro- 

effect , m e  analysi 
Regardless of the procedure used s a c i e n t  data 
presented in reports to permit calculation of endp 
than those chosen by the authon and to allow other 

X10.3 Preliminary Data Analysis: 

either regression analysis 
nary scatmplots are des 

unakicipated relations br anomabes. Every time a i e g r e s M  
m e  model is fined to data. a maoh of ~ndic ted  and obs 
values should be examined to&s'ess th;: goodness of 6t.o 
model; a graph of the residuals from the fit should bee 
to assess departureS from the model. Histogtams are use 
examining .the .dibtribution of the data .before 
testing. The advent of modem comouters and 

vadation or to clerical or 

whether a datum ia extreme enough 
just.@ random variation. Bam&.and. 
outlier detection pro 
illus3mte. the use. of s 

~ ~~ ~~~ ~ ~ ~ ~ ~.~ ., 
~coulvcda~lvd: 01.and Sra&ticsl Packace far&suii31.5.UsA n ~ c k .  -~~~~ ~ ~~ 

sckmx, (SPSS), Suia 3oba.44 N h f i c h i g ~Av*. Chicano. U.cave b m 
slugblc for #hispuwsc. 



Id be decided on a 

(65)iuustrate tramformation of 

:.Both contingency table tests and ANOVA F-tests 

continuous data (69). 

wts  are based on n  d  distribution 


ther there are any obvious 

for the control(s). In Fisher's Protected Test, that should be 
used only if the ANOVA F-test is significant (70), each 
concentration of the test material is compared to the conuol(s) 
using the r-test. If the investigator desiuw to set an experiment- 
wise a,rather than a comparison-wise a,Dunnett's procedure 
(70, 71) can be used without the ANOVA F-tcst. Williams' 
procedure (70,.72) also tests the conrrOl(s) versus each. con- 
centration, but makes the additional assumption that the:tme 
mean follows a monotonic relation with increasing concentra- 
tion. The latter procedure is more powerfuf if the assumption is 
correct Alternatively, Tukey's (73)NO Statistical Significance 
of Trend (NOSTASOT) test can be used with the same 
assumptions as Wfiams' procedure. Shirley (74) has devel- 
oped a .nonparametxic equivalent for Wflams' test and Will-
iams (75) has modiied and corrected Shirley's procedure to 
increase its power to detect the a l m t i v e  hypothesis. Care 
must be taken when using any of these procedures that an 
appropriate estimate of variability is used, incorporating any 
chamber-to-chamber variation that is present. Presentation oS 
results of each comparison should include the test statistic, its 
comsponding significance level, the minimum detectable dif-
ference, and thepower of the test. - , . 

X10.7 Regression Analysis and Concenrranon-Effect Curve 
Esrimarion-An alternative to tests for statisucallv sinruticant " - ~~ 

differences is to fit concentration-effect modeIs or multiple 
regression models to the data and estimate the concentration 
that corresponds to a specified amount of difference fromthe 
control treatment(s) (76). Concentration-effect curve models, 
such asprobitand logit, are commonly usedto describe trends 
in dichotomous data on survival. Linear and quadcatic- 
polynomial regression modeis are commonly ,@ed to 'describe 
trends in quantitative data on growth and reproduction. Toxi&- 
ity tests should be designed to avoid the need fo~,extrapoiatiou, 
which can i m d u c e  biases into estimates. 

. . . . . .  

X10.7.1 'poi; estimates, such as theEC10, ~ C 2 5a n d ~ d 5 0 ,  
arc examples of endpoints derived by using regression. When- 
ever a mint estimate is calculated, its 95 % confidence interval 
shouldalso be calcnla&d. (77) discusses the probit 
model in considerable detail, and Draper and Smith (78) and 
Neter, Wasserman, and Kutner (79) discuss most p*tical 
aspects of multiple regressionanalysis. Feder and Collins (65) 
discuss use of these techniques in aquatic toxicology. 

X10.7.2 ,When a regression model or. concentration-effect 
curve model 'is fitted, data for each experimental unit are 
plotted against concentration. If necessary, transformation of 
the effect data or concentration data or both should be 
performed to stabilize the variability across treatments and to 
produce a smooth trend. For example, if effects or concentra- 
tions differ by one or more orders of magnitude, a logarithmic 
transformation of either concentration, or effect, or both might 
be appropriate. On the basis of preliminary graphs, a regression 
model should be postdated and fitted to the data using a hear 
or nonlinear regression fitting technique. Residuals from the 
mode1 should be calculated and plotted against appropriate 
variables. Any systematic structure in the residuals indicates 
lack of fit of the model and the model should be modified and 
the procedure repeated. This cycling should continue until 
there is no fnrihir structure in the residuals to be explained. 
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Presentation of results of regression or concenaation-kffect estimate, the slope, and their 95 % confidence limits. 
curve analysis should include the intercept or other point 

XU. STRIPED BASS 

X1l.l prelimiMly NoteStripidbass (Momne saurtilis) 2 L of water should be added andmixed well for 30 
embryos and lmae arc difficuit to ,work with and typically from two or three males should then be added and mix 
require learned expertise. Handling and testing techniques hand for 3 min. 
described in this guide might not be readily adaptable to all X11.2.4 Following fertilization, embryos can be put 
laboratories. Fuaher, an inherent variability is probably asso- 7-L plexiglass McDonald jars, at a density not to ex 
ciated with the quality of the gametes which will limit the 100 000 per jar (81).(McDonald jars might not work weU 
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..24 h before hatching. At least 200 embryos should he used in :,
: each aeaunent Embryos are best aansfcned to incubation 

.wing small plastic spoons. Sevcral.flow-through incuba- 
r .tion cup designs have been used successfully (86, 88). The 

ity of prolarvae in the compart- 
L (86) and should be thinned 
9 days posthatch. A compart-
3.8-L round glass jar 200 mm 
lution with a center standpipe 
propylene screen and painted 

ts (4 per treatment)with 
d 1.9 L glass jars with a 

drilled in the side to 

and removed daily. 

16 m Brine shrimp navplii at a mlnimum denrny of lOhLin compamnent 
20 and 2 mg of wmmemlal small mesh food (for exempie, Blotralner 

nl and Wodlet X20)per flsh. 
21 m Bnns shrimp navplil st a m~nlmumdenrlty of 51mL and 4 mg 01 
25 commerold small mash food (for example, Bldlet Y2 and Sdmon 

stand) perflsh. 
26 to Commercial small mesh food (lor example. Sshnon Slam) ef 6 to 

45 9 % 01expected body weight Per flsh. 

Food density must be maintained to &scourage cannibalism. 
The compiurments and aquaria should be cleaned daily by 
brnshing and siphoning to prevent the buildup of nitrogenous 
wastes from the high feeding density. The diet may be 
supplemented with additional brine shrimp nauplii iflarvae are 
having dSiculty in switching over to dry, commercial food. 

X11.3.2.3 Fish should not be fed for the last 24 h prior to 
termination on day 45. At termination, determine weight of 
each surviving fish. If the fish exposed to the test material 
appear to be edematous compared to control fish, both dry 
weight (dried at 60°C for 24-h) and wet we~ght of all fish 
should he determined. Swim bladder inflation may atfect the 
survival and growth of larvae and should he reported (89). One 
method of determining swim bladder inflation is anesthesia 
with MS-222; fish without swim bladders lie on their sides on 
the bottom and waves of muscle contractions sweep from head 
to tail (90, 91, 92). Another method of determination is 
microscopic examination. 

X11.4 TestAcceptability-Striped bass embryos and larvae 
are di5icult to work with. Further, i r i n h m n t  variability is 
probably associated with the quality of the gametes which will 
limit the success. of a specific test. An e*y life-stage test with 
smped bass is unacceptable if: ( I)the average overall survival 
of controls from embryos to 48 hposthatch is less than 70 % 
with a minimum in any control chamber of 60 %, (2) the 
average overall survival of controls fmm 48 h @rolarval stage) 
to 9 days posthatch is less than 60 % with a minimum in any 
control chamber of 50 %, and (3) the average overall survival 
of conaols from 9 days to 45 days posthatch (metamorphosis 
and test termination) is less than 80 % with a minimum in any 
control chamber of 70 %. 

'Bxopradusls Ineorpamlcd, P.O. Box 429, W m t o n .  OR 97146.
'Nclaon-Munay Elevamrs. 118 W 4SW South, Mumy. Ul' 84107. 
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