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E 729 Guide for Conducting Acute Toxicity Tests with -

Fishes, Macroinvertebrates, and Amphibians?

E 943 Terrmnology Rc]atmg to Biological Effects and En-
vironmentai Fate? .

E 1023 Guide for Assessing the Hazard of a Matenal to
Aquatic Organisms.and Their Uses®

E 1192 Guide for Conducting Acute Toxicity Tests on
Aqueous Effivents with Fishes, Macroinvertebrates, and
Amphibians®

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

3. Terminology

3.1 The words “must,” “should,” “may,” “can,” and “rmght“
have very specific meanings in this standard. “Must” is used to
express an absolute requirement, that is, to state that the test
ought to be designed to satisfy the specified condition, unless
the purpose of the test requires a different design. “Must” is
only used in connection with factors that directly relate to the
acceptability of the test (see 13.1). “Should” is used. o state
that the specified condition is recommended and ought to be

met if possible. Although violation of one “should” is rarely a,

serious matter, violation of several will often render the results
questionable. Terms such as “is desirable,” “is often desirable,”
and “might be desirable” are used in conmection 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 between
“may” and “can” is preserved, and “might” is never used as a
synonym for either “may” or “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
explanation of units and symbols, refer to Practice E 380:

4. Sumxﬁary 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 maintained.in
dilution water to which no test material 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,

- possible.

handling procedures, etc, and () the basis for interpreting data .

obtained from the other treatments. In-each of the one or more
other -treatments, the emibryos and larvae are maintained in
dilition water to which a selected concentration of test material
has been added. Specified data on the concentration of test
material 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 survival and growth of
the test organisms.

2 Annual Book of ASTM Standards, Vel 14.02.
* Annual Book of ASTM Standards, Vol 11.05.
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5, Significance and Use

individuals of that species. An early life-stage toxicity=
provides information about the chronic toxicity of a;
material to a species of fish. The primary -adverse ef
studied are reduced survival and growth.
5.2 Results of early life-stage toxicity tests are gen
useful estimates of the results of comparable life-cycle.
with the same species (1). 4 However, resuits of early Iify
tests are sometimes under estimative of those obtained Wiﬁx
same species in the longer life-cycle tests (2). .
- 5.3 Results of early life-stage toxicity tests might be useqy
predict long-term effects likely to occur on fish in'%
situations as a result of an exposure under compa:able
tions, except that motile organisms might avoid exposure

5.4 Results of early life-stage toxicity tests m1ght be se
compare the chronic sensitivities of different fish sp
the chronic toxicities of different materials, and to study
effects of various environmental factors on results of suchi

5.5 Results of early life-stage tox1c1ty tests might’
important consideration when assessing the hazards of m
als to aquatic organisms (see Guide E 1023} or when ded
water quality criteria for aquatic organisms (3). ;

5.6 Results of an early life-stage test might be usefi]
predicting the results of chronic tests on the same test mategal
with the same species in another water or with another,
in the same or a different water. Most such predictions takgmt
account the results of acute toxicity tests, and so the useft
of the results of an early life-stage test is greatly incréasex
reporting also the results of an acute toxicity test (
E 729) conducted with juveniles of the same specie;
same conditions. C

5.7 Results of early life-stage toxicity tests might’
for studying the biological availability of, and 3
activity relationships between, test materials.

5.8 Results of early life-stage toxicity tests will dep
temperature, composition of the dilution water, conditi
test organisms, and other factors. '

. Hazards

6 1 Many materials can affect humans adverselyuf
tions are inadequate. Therefore, skin contact with Al
materials and solutions of them should be minimizedb
means as wearing appropriate protective gloves {esp
when washing equipment or putting hands in test §
laboratory coats, aprons, and glasses, and by using QP
forceps, or tubes, to remove orgamsms from test solutl
Special precautions, such as covering test chambe!
ventilating the area surroundmg the chambers, shouldbe
when conducting tests on volatile materials. Inform
toxicity to humans (4), recommended handling procedurcs
and chemical and physwal properties of the test materlal sl
be studied before a test is begun.

“ Baldface numbers in parentheses refer to the list of references at the
guide.
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ors* 1—Warning: Special procedures might be necessary with radio-
heled test materials (6) and with test materials that are, or are suspected
Hising carcinogenic (7). 7
y:Although disposal of stock solutions, test solutions, and
anisma poses nospecial problems in most cases, health
gafety. precautions. and applicable regulations should be
sdered before beginning a test. Removal or degradation of
material might be-desirable before disposal of stock and
wolutions. :

4:3:Cleaning of equipment with a volatile solvent such as
ne-should be performed only in a well-ventilated area in

dracid and adding concentrated acid to water shoutd
«only in a fume hood.

ecavse dilution water and test solutions are usvally
nductors of electricity, use of ground fault systems and
etectors should be:considered to help avoid electrical
5. ’Salt water is such a good conductor that protective

ices:are strongly recommended.

aratus o

cilities—Flow-through tanks should be available for
t ood 'stock, and for holding- and acclimating test
miisms,. ‘The “test chambers should be in a constant-
eiatare area or recirculating- water bath, An elevated

holding, acclimation, and culture tanks, .and -the
Bering isystem.- (see 7.3). ‘Straipers and air traps should be
ded in the water-supply system. Headboxes and holding,
tion, .culture, and dilution-water tanks should be
+for :temperature control and aeration (see 8.3}, Air
eration should be free of fumes, oil, and water; filters
ve:oil and water are desirable. Filtration of air through
Wm bactesial filter might be desirable. The facility should
be-well ‘ventilated and free of fumes. To further reduce the
Postibility of contamination by test materials and other sub-
ialices (especially volatile ones) holding, acclimation, and
“tanks:should not be in a room in which toxicity tests are
Wucted, stock solutions or test solutions are prepared, or
Yipmentis. cleaned. During holding, acclimation, culture,
“ESUng, -organisms should be shielded from disturbances
Hourtsing or partitions to Prevent umnecessary stress. A
evice.should be used to control the photoperiod (see
. X1-Appendix X9), A 15- to 30-min trensition period
'8ht-be desirable whenever the lights go on to reduce the.
ivcrébﬂl-“fj 0? Organisms being stressed by large, sudden
-0 light intensity. A transition périod when the lights
mﬁ‘“‘lgl_lt‘ also be desirable.
ll‘le' Onstruction Materials—Equipment and facilities that
'{ér'l.n' Contact with stock solutions, test solutions, or any

Mo which test organisms will be placed should not

i 'Sl-l]:')stances that can be leached or dissolved by agueous
"8I amounts that adversely affect fish. In addition,
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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, Type 316 Stainless Steel, Nyior, and Fluoro-
carbon Plastics—Use whenever possible to minimize dissolu-
tion, leaching, and sorption, except that stainless steel shonid
not be used for tests.on metals in sait water. :

7.2.2 Concrete and Rigid Plastics—May be used for hold-
ing, acclimation, -and cuiture tanks and in the water-supply
system, but these materials should be soaked, preferably in
flowing dilution water, for a week or more before use (9). Cast
iron' pipe 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 to-remove 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, Iead,
galvanized metal, and natural rubber before or during the test.
Items made of neoprene rubber or other materials*not men-
tioned above should not be used uniess it has been.shown that
their use will not adversely affect either survival or growth.of
embryos 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 concentration(s) of the test inaterial and
the necessary flow rates of the test solutions. The system
should mix the test material with the dilution water immedi-
ately ‘before the water and the test material enter the test
chambers and this system should permit the :supply of the
selected - concentration(s) of test- material in a reproducible
fashion (see 9.3, 1L.1.1, and 11.9.3.4). Various metering
systems, using different combinations -of syringes, “dipping
birds,” siphons, pumps, saturators, solenoids, valves; etc., have
been used successfully to control the comcentrations of test
material, and the flow 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 tie 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 moming and afternoon
throughout the test. The metering system should be adjusted
during the test if necessary. B

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 X1-Appendix X9). It is usually desirable to
construct the metering system so that it'can provide at least 19
volume additions-per 24 h if desired, in case (g) the loading is
high (see 11.5.4) or (5) there is rapid loss of test material due
to microbial degradation, hydrolysis, oxidation, photolysis,
reduction, sorption, or volatilization (see 11.4.2). At any
particalar time during the test, the fiow rates through any two
test chambers should not differ by more than 10 %. Flow rates
through all test chambers may be equally changed simulta-
neously during the {est as long as the test temperature (see
11.3) and concentrations of test material (see 11.9.3) remain
acceptable,
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7.4 Test Chambers and Incubation Cups '
7.4.1 In atoxicity test with aguatic organisms, test chambers

are defined as the smailest physical units between which there

are no water connections. However, screens, cups, etc., may be
used to create two or more compartments within each chamber.
Thus, test solution can flow from one compartment to another
within a test chamber but, by definition,. cannot flow from one

chamber to another. Because-solution can flow from one.

compartment to another in the same test chamber, the: ‘tempera-
ture, concentration of test material, and levels of pathogens and
extraneous contaminants, are likely to be more similar between
compartments in the samne test chamber than between compart-
ments in different test chambers in the same treatment. Cham-
bers. should be covered: or in an enclosure to. keep out
extraneous . contaminants and to reduce evaporation of test
solution and test material, 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 weldmg (but 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-
phorus pesticides, which are then difficult 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 are
needed for strength,. they should be on the outsidé of chambers
rather than on the inside.

7.4.3 Embryos and young: ﬁsh should be exposed in glass
incubation cups. constructed by giuing (a): stainless steel or

_ rTemove metals and bases; detergent organic solvent, or.

nylon screen bottoms to lengths of glass tubing 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 (&) the cups should be oscillated
in the test solution by means of a rocker arm apparatus driven
by a 1 to 6 r/min electric motor, or (c) the water level in the test
chamber should be varied by means of.a self-starting siphon.
(Clogging of the screens on cups in some tréatments might be
greater than in others because of bacterial or algal growth
caused by differences in the concentration. of solvent, intensity
of Tight, 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, {est cham-
bers, and incubation cups should be constructed so that test
organisms remain subrnerged and are not unacceptab]y stressed
by crowding or turbulence.

7.4.4 Species-specific mformatlon on test chambers and
incubation cups is given in Appendix X1-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 average retention 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
ringed with water, a water-miscibie-organic solvent, water, acid
{(such as 10 % concentrated hydrochloric acid), and washed at

and larvae of the test species (see 13.1.8).
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‘least twice with deionized, distiiled, or dilution water. Ac1d,

.disinfection. (A. solution contammg about 200 mg ClO~

least twice- with delomzed distilled, or dilution water. (g
lots of some organic solvents piight leave a film: thyo
inscluble in water.) A dichromate-sulfuric acid*cleanin, 50
tion may be used in place of both the organic solvent ang
acid, but it might attack silicone adhesive. At the end:
test, all items that are to be used again should be mee&m
(g) emptied, ( b) rinsed with water, (¢) cleaned by a proc

appropriate for removing the test material (for example, acids

vated carbon to remove organic chemicals),, and (d): rmsgd_

often used to remove mineral deposits, and 200- g
hypochlorite/L is often used to-remove organic matter andy

be prepared by addmg 6 mL of liquid household. chl
bleach to 1 L of water.) However, hypochlorite is quite to
most fishes (10} and is difficult to remove from some cons
tion materials: It is often removed by soaking in a: sodj
thiosuifate, sodivm sulfite, or sodium bisuifite solution
autoclaving in distilled water for 20 niin, or by drying-
and letting it sit Tor at least 24 h before use. An item cleaned
disinfected with hypochlorite shouid not be used unles
been demonstrated-at least once that unfed larvae hilk
least 48 h in static dilution water in which the cleaned i
soaking, do not show more signs of stress, such as discolt
tion, umisnal behavior, or death, than do unfed larvae held
static dilution water containing a similar item that wa!
teeated with hypochlorite. The metering system, test cham
and incubation: cups should be- nnsed with dilution water:just
before use:

7.6 Acceprab:h:y— Before an early life-stage test. s
ducted in new test facilities, it is desirable to condiict
“non-toxicant” test, in which all test chambers contain. diluti
water without added test material. Determine before the
test, (@) whether-embryos and larvae will survive and gro
acceptably (see 13.1:8) in the new facilities, (b). whethe:
food, water,. handling procedures, etc., are acceptable, (&)
whether there are any location- effects on either surviv.
growth, and (d) the magnitudes of the within- chamber
between-chamber variances. :

8. Dllutlon Water

-8.1 Reguirements: -
8.1.1 Besides being available in adequate supply,. the dillL
tion water shouid {a) be acceptable to the test organisms, (5);
of uniform: quality, and. (¢) except as per 8,1.4, not unneccs
sarily affect resuits of the test.
8.1.2 To be acceptabls to the test organisms,. the dllutlo
water must allow satisfactory survival and growth of embr}'

8.1.3 The quality of the dilution water should be umeﬂﬂr-
during the test. During a test in fresh water, the range:
hardness shounld be less than 5 mg/L or 10 % of the avera
whichever is higher. During a test in salt water, the range:ob;
salinity should be less than 2 g/kg or 20 % of the average:
whichever is higher.

8.1.4 The dilution water should not unnecessarily afied
results of an early life-stage test because of such things &
sorption or complexation of test material. Therefore, except 8+
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211:5; concentrations of both total organic carbon (TOC)
articulate- matter should:be less. than 5 mg/L..

If it 1% desired to study the effect of an environmental
ch ag: TOC, particulate matter; or dissolved oxygen on
of an early life-stage- test, it will be necessary to use
st 5 namrally or artificially high in TOC or
-matter or low in-dissofved oxygen. If such a ‘water
) ed, s important that adequate analyses be performed to
Apisrize the water and that.a comparable test be available
iicted’ in- 2 more- usual dilution: water to facilitate
etation of the rewlts in the specxa] watet.

though recoust:mted water (see C‘rundc E 729) may
in‘early life-stage toxicity tests, its use generally is not

ﬁéal Yecause of the large volume that is necessary for use.
2 ‘a ‘natural dilution water is used, it should be
ed-from an uncontaminated, uniférm quaiity source. The
“of water from a well or spring is usually more‘uniform
water from surface water. If surface water is used
ource of fresh or salt water, the intake should' be
gditioned to minimize fluctuations. in-quality and the possi-
il nta:mnauon, and to maximize the concentration of

orinated water should' not be used as, or in.the
"of, dilution water'because remdual’ chlorine 'and

ual! chiorine, mimi'cipal drinking water ofien contains
ptably high concentrations of copper, lead, zinc, and
and quality is often rathier variable. Excessive con-
s of most metals can. usually be removed with a
resin (13), but use of a different dilution water nught
ble.

i1 Dilution water should be aerated intensively by such
a3 air stones, surface aerators, or. column aerators (14

ot et ases mto equlhbnum with air, and minimize oxygen
and and concentratmns of volatiles. The concentration of

% of saturation (16} to help ensure that dissolved oxygen
Centrations are acceptable in test chambers. Supersaturation
issolved gases, which might be caused by heating the
asutlon water, should be avoided to prevent gas-bubble disease
7.
i 2 Filtration through bag, sand, sock, or depth-type
Grtridge filters may be used to keep the concentration of
Particulate matter acceptably low (see 8.1,3) and as a pretreat-
%ﬂﬂt before ultraviolet stertlization or filtration through a.finer
er:.

-3 Dilution water that might be contaminated with: fac-
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uitative pathogens may be passed tb.rough a properly main-
tained" ultraviolet sterilizer (18) equipped with an intensity
meter:and flow controls or passed through a filter with a. pore
size of 0:45 um or less.

8.3.4 Salt water from a surface water' source &hould he
passed. through a filter effective to 15 pm or less to remove
parasites and larval stages of predators. -

8.3.5 When: necessary, sea sait may be. added to prevent
excessive decreases in salinity, (see 8.1.2), if the salt has been
shown.to cause no adverse effects on ¢ither survival or: growth
of embryos and larvae of the. test species at the concentrauon
used. . :

8.4 Characrenzanon

8.4.1 Thefollowing items shouid be measured at least twice
each year and more often if such measurements have not been
made scxmannually for at Ieast two years orif a surface water
1s used:.

.84.1:1 All Water.r ‘'pH, particulate matter Total Orgamc
Carbon (TOC); .organophosphorus pesticides, organic chlorine
(or organochlorine: pesticides plus Polychlorinated Biphenyls,

- (PCBs)); chlorinated phenoxy herbicides, ammonia, cyanide,
- sulfide; bromide,. fluoride, iodide; nitrate, phosphate sulfate,

calcium; magnesium, potassium, aluminum, arsenic, beryl-
livm; boron, cadmium, chromium, cobalt; copper, iron, lead,
manganese, mercuty, molybdenum, mckcl selemum, s:.lver,
and zinc;

8:4.1.2" Fresh Warer hardness alkalmlty, conductlvuy so-
dium, and chloride. . _
- 8.4.1.3 Sait Water: sahmty or chlomuty

- 8.4.1.4 The methods used: (see 12.3) should: e:ther (a) be
acourate’ and''precise enough to’ adequately characterize: the:
dilution wateror (). have detection limits below concentrations
that have heen shown to adversely affect ﬁsh (19)

9, ’Ihst Matena!

9.1: Generai: . :

9.1.1. The test material should be reagent—grade5 or better
unless a- test on & formulation, commercial. product, or
techuical-grade or use-grade material is specifically needed.
Before a test is begun, the following should be known about
the test material: .

9.1.1.1 Identities and concentrations of major ingredients
and major impurities, for example, :mpunncs consututmg
more than-about I % of the material,

9.1.1.2 Solubility and stability in the dilution water,

9.1.1.3 Acute toxicity to the test species,

9.1.1.4 Measured or estimated chronic toxicity to the test
species, ‘

9.1.1.5 Precision and bias of the analytical method at the
planned concentration(s) of test material,

9.1.1.6 Estimate of toxicity to humans, and:

9.1.1.7 Recommended handling procedures (see 6.1).

9.2 Stock Solution:

9.2.1 Insome cases the test material can be added directly to

¥ "Reagent Chemicals, American Chernical Society Specifications,"” American
Chemical Society, Washington, DC. For suggestions on the testing of reagents nor
listed in the American Chemical Society, see “Anatar Standards for Laboratory UK,
Chemmicais, BDH Ltd., Poole; Dorset, and the United States Pharmacopeia.”
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the dijution water in the metering system, but usually it is
dissclved in a solvent to form a-stock solution that is then
added to the dilution:water in the metering system. If a stock
solution is used, the concentration and stability of the test
material in it should be 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 hydroiyzable, oxld:zable
and,reducxble materials, the preferred solvent is dilution water,
although filtration, or sterilization, or both, of the water might
be necessary. If:the hardness (or salinity) of the dilution- water
will not be affected, deionized or distilled water may be used.
Several techniques have been specifically. developed for pre-
paring agueous-stock. solutions of :slightly. soluble. materials
(20}. The-minimum: necessary amount of a strong acid-or base
may be used in the preparation of an aqueous stock solution,

‘but such.acid or base might affect thé pH of test solutions

appreciably.. Use .of a more soluble form of the itest material,
such as chioride or sulfate salts.or organic-amijnes, sodium or
potassium salts of phenols or organic acids, and chloride or
nitrate salts of metals, might-affect the:pH more than the use of
minimum.necessary amounts of strong acids and bases. -
9.2.3 If a solvent other than dilution water.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
aquatic-animals (21), low vclatility,.and high-ability:to.dissolve
many organic chemicals, triethylene glycol is.often a good
organic solvent for preparing stock solutions. .Other water-
miscible :organic solvents sucli-as methanol, -ethanol; and
acetone.-may. also be used, (see Note 3) but -they :might
stimulate undesirable growths of microo_rganisms.‘ If an organic
solvent is used, it should be reagent grade® or better and -its
concentration in any test solution should not exceed 0.1 mL/L.
A surfactant should not be used in the preparation-of ‘a stock
solution because it might affect the form and toxicity of the test
material in the test solutions. (These limitations do not apply to
any ingredient of a mixture, formulation, or .commercial
product unfess.an extra amount of solvent is used -im the
preparation of the stock solution.) :

Nore 3—anlng' Acetone is also qmr;e volatjle.

9.2.4 .If a solvent other than water is nsed, ( a) at. least one
solvent control, using solvent from the same batch used to
make the stock solution, 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 If the:concentration of solvent is the same in all test
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 be conducted 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

~ 10. Test Organisms

" comparability of resuits and availability of much inform?
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“~should ‘be conducted with species listed in Appendix

concentration of solvent, an early life-stage test with
species in that water is unacceptable if any treatment contain
a concentration of solvent in-that range. If neither survival;
growth is found to be related to the concentration.of solvent;
early life-stage toxicity: test with that same species in that-
water may contain solvent concentrations within the test
range, but the solvent control must contain.the highest congs
tration of solvent present in any of the other treatments..

9.2.4.3 If the test contains both a dilution-water control
a solvent control, the survival and growth of the organisms
the two controls -should be compared (see X10.6). .If)
statistically significant difference in either survival or growth
detected between the two controls, only the solvent co
may be used for meeting the requirements of 13.1.8 and as
basis for calculation of results. If no statistically siguifica
difference is detected, the data from. both controls sho
used for meeting the reqm.rements of 13.1.8 and as the basis’
calculation of results.

hxghest concenitration of test materjal that will not unaccép!
'affect survival or growth of ‘the early life stages of

divided by the. acute- chromc ratio. Exccpt for a few materi
acute-chronic ratios with sensitive species are often lé

highest concentration of test material in an early life-
is often selected to be equal to the lowest concentration
caused adverse effects in a comparable acute test,

'9.3.2 In some (usually regulatory) situations, it i
necessary to determine whether one specific concentration
the test material reduces survival or growth, For examp!
specific’ concentration might be the concentration-occu
a-surface  water, the concentration resulting from -the:d
application of the material to a body of water, or the soluh
limit of the material in water. When there is only interestill
specific concentration, it is-ofteir only’ necessary to test
concentration (see 11.1.1.2).

10.1 Species—Whenever poss1b1e and appropnate.

Appendix X9 mainly because these ‘species have heen
successfully in early life-stage tests. With appropriate mo
cation of these procedures, other species can be used.’
the species listed in the appendices is encouraged to incY



. " gbout a few species rather than a little information about many
- gpecies. Use of a specific strain should be specified only when
* jtis of special concem. The species used shouid be determined
+~using an appropriate taxonomic key.
. .10.2 Age—Except possibly with salmonids (see Appendix
- ‘f'_'x1) and with Gulf toadfish {see Appendix X7), tests should be
" “pegun with newly fertilized (uneyed) embryos (=24 h after
. fertilization) and must be begun with embryos less than 48 h
+ “gfter fertilization so that the exposure encompasses the early
stages. of organogenesis.
‘ 103 Source—aAll organisms in a test must be from the same
: "T-source Gametes or embryos may be obtained from: (a) brood
:ﬁsh cultured in the laboratory: (b) commercial, state or federal
tcheries; or (¢) wild populations from relatively unpolluted
as. Laboratory cultures of species such as fathead and
eepshead minnows and Atlantic and tidewater silversides
ually can provide at anytime of the year gametes whose
story, age, and quality are known. Whenever salmon or trout
¢ to be-used, gametes should be obtained from a hatchery that
‘been-certified disease-free, for example, free of infectious
ancreatic’ necrosis, furunculosis, kidney disease, enteric red-
outh; and whirling disease. Requirements for certification
ary-from state-to state and from species to species. Gametes of
other suggested species are usually obtained directly from
iid: ‘populations (see Appendix X1-Appendix' X9 for specific
ethods regarding care-of brood fish and obtaining gametes for
ting). Importing and collecting permits might be required by
al.and state agencies.
4. Brood Stock:
[0:471 Brood fish can be obtained from either another
Boratory, a commercial, state, or federal hatchery, or a wild
opulation in a relatively 'unpolluted area. When a brood stock
‘brought into-the laboratory, it should be placed in a tank
ong with the water in which it was transported. Then the
atershould be gradually changed to 100 % dilution water
et.4 period of 2 or more days and the temperature should be
hanged at a rate not to exceed 3°C within 12 h. Also,
henever brood fish are brought into a facility, they should be
uarantined for 14 days or until they appear to be disease-free,
hichever is longer. No dip nets, brushes, other equipment,
ganisms, or water should be transferred from a quarantined
lank t0 any.other tank without being sterilized or autoclaved in

10 42 After quarantine, if mature brood fish are not to be
spawned mmedmtely, it might be desirable to hold some
3pecies in aquaria equipped with temperature and photoperiod
ntrols so that they are reproductively inactive. Fish requiring

aler quality during this period should be equal to that of
ceptable dilution water (see Section 8). Water temperature
I.certain freshwater brood fish during the holding period
:l:ld ‘be optimum for maintaining adult fish reproductively
Clive,

10.4.3 The brood stock should be cared for properly (22} so
als ot unnecessarily stressed. To maintain fish i good
ition and aveid unnecessary stress, they should not be
OWded and should not be subjected to rapid changes ‘in
mPemlure or water quality. Fish should not be subjected to

bstrates for spawning shouid not have substrates available..
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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
conceniration of dissolved oxygen should be maintained be-
tween 60 and- 100 % saturation (16) and continuous gentle
aeration is usually desirable. Supersaturation by dissolved
gases should be aveided 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 intensity meter and flow
controls or passed through a filter with a pore size of 0.22 um
or less. The un-ionized ammonia concentration in holding and
acclimation tanks should be less than 35 pg/L (23).

Note 4—The value given is for 15°C at pH =8.0 t0 9.0. Other valuss
might be more appropriate dependmg on the specm:s temperature, and pH.

10.4.4 At least once a day, ‘brood fish should be fed a food
that will support survival, growth, and reproduction (see
Appendix X1-Appendix X9). Analysis of the food for the test
material is desuable if the matenal mJght be- 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 200 mg of hypochlorite/L for 1 h, brushed well once
during the hour, and then rinsed well. Although iodophors are
not very acutely toxic to fish, hypochloride is (see 7.5
concerning preparation and removal of hypochlorite).

10.4.6 Brood fish should be carefully observed daily during
quarantine, holding, acclimation, and culture for signs of stress,
pbysical damage, mortality, .disease, and external parasites.
Abnormal, dead, and injured individuals should be discarded.
If visual examination of the behavior and external appearance
indicates that they are not eating or are flashing, flipping,
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 external parasites,
appropriate action should be taken.

10.4.7 Fish may be chemically treated to cure or prévent
some diseases uging appropriate treatments (see Guide E 729). -
I they are severely diseased, it is often better to destroy the

- entire ‘lot immediately. Fish with other diseases should be

13

discarded immediately, because systemic bacterial infections
usually cannot be treated efficiently, internal parasites cannot
be removed without extensive treatment, and viral diseases
caanot be treated, Generally, fish should not be treated during
the first 16 h after arrival 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 bluegills 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 catfish embryos, must not be treated during the test.
10.4.8 Maturation—Environmental conditions for broad
fish during this period should be those optimal for the
production of viable gametes (see Appendix X1-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). -

4516
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10.5 Handling—Embryos and fish should be handled as
little as possible. When handling is necessary, it should be done
gently, carefuily, and quickly so that crganisms are not unnec-
essarily stressed. Organisms that are injured or dropped during
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. handling or that touch dry surfaces .should be discarded.

Smoocth glass tubes are best for handling embryos, whereas dip
nets are best for handling fish that weigh over 0.5 g each, Such
nets are commercially available, or can be made from small-
mesh nylon netting; nylon or silk bolting cloth, plankton
netting, or similar knotless material. Nets coated with urethane
resin are best for handling catfish. Equipment used to handle
fish should be sterilized between uses (see :10.4.5). Hands
should be washed before and after handling or feeding fish.

10.6 Brood stock and embryos should be analyzed for the
tcst material if it might be present m the enviromment,

11 Procedure

11.1 Experimental Design: . : :
11.1.1 Decisions concerning “such aspccts of ;experimenta]

design as the dilution factor, number of treatments, ‘and -

numbers.of test chambers (and compartments) and embryos
and larvae per treatinent should be based on the purpose of the
test and the type of pracedure that is to-be used to calculate
reguits (see Section-14). One of the following two types of
experimental des:gn wﬂl probably be appropnate in most
cases.. -

11.1.1.1 ‘An ca:]y hfe-stage test- mtended to. a]low calcula—
tion of an endpoint (sec Appendix X10.2) usually consists of
one ‘or more contrel treatments and.a 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 % of the next higher -

one,: unless information concemning the concentration-effect
curve indicates that a different. dilution factor is more appro-
priate. At a dilution factor of 0.3, five properly chosen
concentrations ar€ a reasonable. compromise between cost and
the risk of all concentrations being either too high or too low.
If the estimate of chronic toxicity is particularly nebuious (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 increase confidence in.the 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
experimental unit, which is defined as the smallest physical
entity. to which treatments can be independently assigned (25).
Because test solution can flow from one compartment to
another, but not from one-test chamber to another (see 7.4.1),

- of saturation (17} at all times during the test, and the’

the test chamber is the experimental unit. As the numbasof test:

chambers (that is, experimental units) per treatment increases,
the number of degrees 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 affect resuits within test chambers and,
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test material, but not the control treatment(s), may be us

therefore, the results of the test, all chambers in the test shoy)
be treated as similarly as possible. For example, the tempem
ture in all test chambers should be as similar as possible un]es;
the purpose of the test is to study the effect of temperature, !
chambers are usually arranged in one or more rows, preferahl
on one level (tier), but they may be on two levels, Treahnen
must be randomly assigned to individual test chamber logg
tions. A randomized block -design (with each treatment bein
present in each block, which may be a row or a rectangle);
preferable to a completely randomized design. If chambe;
on two levels, a randomized block design must be used.

11.1.3 The minimum desirable number of test chambéry
compartmerits, and test organisms per treatment should
calculated from () the expected variance within test cham
( b) the expected variance between test chambers in a
ment, and (c) either the maximum acceptable width of
conﬁdcnce interval on a point estimate, or the muurnum
difference that is desired to be detectable using hypoth
testing (26). If such calculations are not made at the beginnin
of the te_st, for each treatment (test concentration and con
there must be .at least two test chambers and enough embrys
to result in at least 40 embryos remaining after thinning in
treatment in which mortality is not attributable to the |
material. Replicate test chambers.(that is, experimental uni
are necessary in order to allow estimation of experimental e
(25). If each conceniration of test material is more than
of the next higher one and if the results are to be analyzed us
regression analysis, fewer test organisms per concentration

Because of the importance of the controls in-the caleulatio
results, it mnight be desirable to use. more test chamb
compartments, and embryos for the control treatment(s)
for each of the other treatments.

11.2 Dissolved Oxygen— The concentration of dissol
oxygen in each test chamber should be between 60 and 100

weighted average measured concentration in each test cham|
at the end of the test must be between 60.-and 100 %
saturation. Because results are based on measured rather th
calculated concentrations of test material, some loss of tes
material by aeration is not necessarily detrimental and -
solutions may be aerated gently, Turbulence, however, should
be avoided because it might siress test organisms, resuspen
fecal matter, and greatly increase volatilization. Because aers
tion readily occurs at the surface, efficient aeration can 'bk
achieved with minimum turbulence by using an air lift
transfer solution from the bottom to the surface. Aeraticf
should be the same in all test chambers, including the « c
trol(s), at any particular time during the test. ’ '
11.3 Temperature:

11.3.1 Test temperature depends upon the species used (¢
Appendix X1-Appendix X9). Other temperatures may be used
to study the effect of temperature on survival and growth ©
embryos and larvae of the test species, or to study the effect @
temperature on the results of an early life-stage test on the {€8!
material.



mre-is measured, the time-weighted average measured tem-
perature 4t the end of the test should be within 1°C of the
selected test temperature. The difference between the highest
and. lowest. time-weighted averages for the individual test
chamibers must not be greater than 1°C. Each individual
meéasured temperature must be within 3°C of the mean of the
Jfime-weighted. averages. Whenever temperature is measured
conourrently in.more.than one test chamber, the highest and
west temperatures must not differ:by more than 2°C.

11:4- Beginning the Test: L
11:4:1" After test solutions have been flowing through the
liaiibers long encugh that the concentration(s) of test material
nave probably reached steady state, two sets of water samples
should'be taken at least 24 h apart. The analyses should verify
Hhiatithé concentration(s) of test material have reached steady
state before embryos’ are placed in test chambers.

4:2 ‘The measured concentration of test material in each
treatment should be no more than 30 % higher or lower than its
neminal concentration: If the difference is more than 30 %, the
sause should be identified. Measurement of the concentration
itést-material in the solution flowing into the test chamber
Wwill-inidicate whether the cause is in the metering system or test
thamber. If the concentration in the tést chamber is too high,
the stock solution might have been prepared incorrectly or the
metering system might not have been calibrated correctly. If
the :concentraticn is too low, additional possible canses are
“microbial .degradation, . hydrolysis, oxidation, photolysis, re-
duction,, sorption, volatilization, .and a faster flow .rate is
probably -desirable (see 7.3.3).. Measurement. of -degradation
and;reaction products is also desirable (see 11.9.3.2).

11.4:3 . The test begins. when embryos (or gametes) are first
placed.dn test.solution. . : o
“11.4.4 A representative sample of embryos must be either
i)/impartially distributed among- the cups by adding to each
ciipno more than 20 % of the number of embryos.to be placed
ireach cup and repeating the process until each cup contains
the..desired -number of embryos, or (b) assigned either by
yandom: assignment of one embryo to each cup, random
assignment .of. & second embryo to each cup eic., or by total
randomization, It might-be convenient to assign embryos to
cups in'dilution water and then randomly assign the cups to the
test:chambers.

should be determined as precisely as. possible (27).

=.11.3 -Thinning:

:11:5.1 Successfitl fertilization and survival through hatching

. - ‘&nd:larval .development can vary widely among species and

». ' ‘mong various batches of eggs and sperm. Although -it is
: Uesirable to have test organisms in which fertilization and

., .‘tontrol survival are 100 %, such success is rarely achievable,
. Although some species usually provide very good fertilization

nd. contro] survival, other species, certain seasons, and nec-

®asary procedures may provide less than optimum fertilization

_‘and survival under control conditions; this can oceur even with

Hate-of-the-art practices. : :

* 1L.5.1.1 Because of the uncertainties of fertilization suc-
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.111.3.2 ‘For each individual test chamber in which tempera- .

: “11.4.5 The embryonic stdge at the begﬁning of the exposure

:i:- °ess, control survival, and 1o provide an adeguate 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 fentilization 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 procedure is possible with salmonids, northern pike,
fathead minnow, white. sucker, and bluegill. o

11.5.1.3 Thinning of embryos is impractical with channel
catfish and is unnecessary with gulf toadfish, sheepshead
minnows, and silversides because fertilization 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 from 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 thinning through the end of the test.

11.5.2 It is best to determine the maximum number of
organisms that can be in each test cup or-test 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, flow 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 or-larvae 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 distribution of organisms among
groups. It is never permissible to transfer organisms from one
test chamber to -another because this would violate the statis-
tical assumption of independence of test chambers, a necessary
assumption of both regression analysis and hypothesis testing.

11.5.4 The number of embryos or fry left 'in each test
chamber after thinning should not be so high that the’larvae
will be crowded in the test chamber at the end of the test if they
all survive and grow acceptably, Thus the number should be
determined based -on the expected size of the larvae atithe end
of the test, the volume of solution in the test chamber, and the
flow rate of test solution through the test chamber, Generally,
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/L of solution passing through the chamber in 24 h and should
not exceed 5 g/L of solution in the chamber at any time.

11.6 Feeding—Recommended food, ration, and method and
frequency of feeding larvae are contained in Appendix X1-
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 HAnalyzed 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 first 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 cxtended however, if previously unaﬁ‘ected.

fish are adversely affected near the intended end of the test.

11.8 Biological Datra:

11.8.1 Unfertilized eggs and dead embryos are often dls~
cerned- from living embryos: by a change in coloration or
opacity, In smbryos of some species, heartbeat and movement
can bs seen through the: chorion. For non-salmonid species,

-daily, and pH should be measured at'the beginning and. end of:

death of embryos should be recorded daily and dead embryos

removed- when discovered to prevent. the' spread. of fungal
infection, For salmonid:species, dead embryos in the pre-eyed
stage should be removed: at intervals dependent upom the
species (Appendix X1), 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 dlstur-
bance and might be damaged..
~ 11.3.2 When hatching commences, the number of embryos
hatched and the number of physically abpnormal fish (or
embryos) in each incubation cup should be recorded daily. A
written or photographic record of all deformed larvae should be
kept throughout the entire post-hatch exposure. -

h :mght be too low. If a measured. dlssolved OXygen ¢oncentra-
tion is less than 60 % of saturation, corrective action should be:

- 1L.8.3 Fish should-be observed’ daily; dead. young ﬁsh .

_should be counted, recorded, and removed when observed. The
criteria for death of young fish are usually immobilify (espe-
cially absence of respiratory .movement in older mdmdua!s}
and lack of reaction to gentle prodding. = ..

11.8.4 At the end of the test, all survzvmg ﬁsh must be
weighed as specified. (see pertinent Appendix). Individual
weight of each fish is preferred, but if fish are especially small,
they. may be weighed in groups. Dry weights (dried at 60°C for
24 to 48 h or to.constant weight) are preferable to wet weights
(blotted dry) especially if the fish are edematous.. Mgasure-
menis of individual lengths (to the nearest.0.5 mm) is optional.
Either standard; fork ortotal length may be measured. How-
ever, if caudal fin rot or fin erosion occurs, standard lengths
should be measured. It might be desirable to determine the size
of fish that die during the test. -

-11.8.5 Fish should be. carefully observed regularly during
the test for abnormal development and abberant behavior, such
as inability to maintain position in the water column, uncoor-
dinated swimming, and cessation of feeding. Although. devel-
opmental and behavioral effects are often difficult to quantify
and might not provide suitable endpoints, they might be usefui
for interpreting 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 alive at the end of
the test in each treatment, before they are dried, might be
desirable (28). Biological and histological examination and
meagurement of test material In exposed fish will probably not
be possible unless. additional embryos and larvae are exposed
specifically for such purposes.

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

119 Other Measurements:

11.9.1 Warer Quality— If a freshwater dilution water is
used, its hardness, alkalinity, conductivity, and pH should be
measured at the beginning and. end of the test and at least
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of test solution, and (¢). whenever the behavior of the test?

weekly in the control treatment(s). If a saltwater dilution water
is.used, its salinity (or chlorinity) should be measured at least-

the test and at least weekly in- the. control treatment(s).
Alkalinity (in fresh water only) and. pH should also be-
measured in the highest test concentration at.least omce:to-
determine whether these are affected by the test material. The-
dissolved oxygen concentration must be measured in at least.
one test chamber in each treatment containing live test organ.-
isms (a) at.the beginning and end of the test and at least weekly
during the test, (b) whenever there is an interruption of the flow:

organisms indicates that.the dlssolvecl OXygen concentratmn,

taken and measurements must be performed at least daily: until
60 % is reached. Weekly determinations of un-ionized ammo-
nia, particulate matter, TOC (or chemical oxygen. dematid’
(COD) in fresh water) and total dxssoivad gas are desirable..

11.9.2 Temperature— Throughout the test in.at least one test-'
chamber, either. temperature must be measured or. monitored:at :
least hourly or the maximum and minimum temperatures must-
be measured daily, In addition, near the beginning, midde, and.
end of the test; temperature must be measured.as concurzently.
as possible in all test chambers .

11.9.3 Test-Material::. : :

11.93.1 The concentration of test matenal iy each treatmanti
must be-measured frequently enough during the test to estab
lisk- its average and vaiability: If the test-material: 1§ sl
undefinéd” mixture, such as a‘leachate or complex efftuén
direct measurement iz probably not possible or- practical
Concentrations-of such test materials will probably -have to be:
monitored by such indirect means as turbnhty or by measures
ment of'one or more components:

11.9.3.2 The concentration of test matenal must be- mea:
sured: at feast weekly in each treatment; incliuding the: ¢
trol(s), in which live test organisms are- present: If a malfune
tion: that could alter the concentration of the test materis
occurs in' the metering system, water samples must be take
immediately from affected test chambers and analyzed as-soof:-
as possible. If the test organisms are probably being exposed i
substantial concentrations of one or more impurities; degrada:
tion, or reaction products (see 11.4.2), measurement’ of th
impurities and product is desirable.

11.9.3.3 If the test material is uniformly d.lspersed through
out the test chamber, water samples should be: takeniby .
pipetting or siphoning through: glass. or fluorocarbon. plastic:
tubing from a point midway between the top, bottom, and-sides
of the test chamber and should not include any surface scum:of”
material stirred up from: the bottom or sides. If test material
might be: lost due to sorption onto the walls of the sample:
container; the container and siphon or pipetic should be: rinsed..
with test solution before collecting the sample: Water samples-
should be collected directly into appropriate-sized containers .
from which the test material ¢can be extracted or analyzﬁ'dg ]
directly. If the test material is not uniformiy dispersed in-the- "
test chamber, it may be desirable to collect and analy?®
additional water samples from selected areas of the chamber(s)



iw-furv‘.her characterize the exposure. Analysis of additional
samples after filtration or centrifugation to- determine the

with particulate matter is desirable, especially if the concen-
gation of particulate matter present in the test so]uuon is
greater than 5 mg/L.

:11.9.3.4 In each treatment, the measured concentration of
test material must not be Iess than 50 % of the time-weighted
average measured concentration for- more than 10 % of the
duration of the test. In addition, the measured concentration
must not be greater than 30 % higher: than the average
concentration for more than 5 % of the duration of the test. The
‘variability: of both the sampling and analytical procedures
should be determined before-the beginning of the test to
determine how many. samples should be taken and analyses
performed: at each sampling point to ensure that these require-
ments are not- violated: just because of samphng or analytlcal
wariability. .

12; Analytical Methodology. -

12.1 The methods used to analyze water samples for test
aterial might determine the usefulness of the test results
cause all resuits are based on measured concentrations. For

terials, and not for the parent material by itself, unless it is
monstrated that such impurities and products are not present.

lutions cannot be analyzed mmedlately, they should be
dled and stored’ apgropnately (29) to minimize loss of test
aterial by such things as microbial degradation, hydrolysis,
‘oxidation, photolysis, reduction, sorption, and volatilization.
12.3 Chemical and physical data should be obtained using
-appropriate ASTM standards whenever possible. For those
easurements for which ASTM standards do not exist or are
t sensitive enough, methods should be obtained from other
iable sources (30). The concentration of un-ionized ammo-
a may be calculated from the pH, temperature, and concen-
tion of totai ammonia (31).

'12.4 Methods used to analyze food (see 10.4.4 and 11.6) or
h (see 10.6 and 11.8.6) should be obtained from appropnate
urces (32).

12.5 The precision and bias of each analytical method used
ouid be determined in an appropriate matrix, for example, in
ater samples from culture tanks or control test chambers, in
od; and in.test organisms. When appropriate, reagent bianks,
ecoveries, and standards should be included whenever
Samples are analyzed.

ceptable if one or more of the following occurred, except
‘that if, for example, temperature was measured numerous
es, a deviation of more than 3°C (see 13.1.12) in any one
easurement might be inconsequential. However, if tempera-
re was measured only a minimal number of times, one
devranon of more than 3°C might mdreate that more deviations

iaterial, results can be caléulated only for thie whole group of

12.2 If samples of dilutiori water, stock solutions, or test
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would have been found if' temperature had been measured more

" often.

percentage of test material that is not digsolved or is associated -

. 13.1.1" All chambers (and compartments) were not 1denttca1 )

- 13.1.2 ‘Treatments were not randomly assigned to test cham-

. 'ber locations.

13.1.3. A required: dilution-water control or solvent control
was not included in the test or, if the concentration of soivent
was not the same in all treatments, the concentratzon of solvent

in’ the range used affected survival or’ * growth of the test

organisms (see 9.2:4.2, 10.4, and 10.6).

13.1.4 The test was started using orgamsms older t.ha.n
specified in the appendix for the test species.

13.1.5- The test organisms were not impartiafly or randomly
assrg'ned 0 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 Data:on survival and growth were not obtained as
specified in 11.8:1, 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 Temperature, dissolved oxygen, and concentration of
test material were not measured as specified in11.9.

13.1.10: The time-weighted average-measured dissolved-

_oxygen concentration-at the end of the test for any test chamber

was not between 60 and- 100 % -of saturation:
13.1.11 The difference between the time-weighted average
measured- temperatures for any two- test chambers- was more

© than: 1°C.
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13.1.12° Any individual measured temperature: in any test
chamber was. more than- 3°C different from the mean of the
time-weighted average measured- temperamres for the indi-
vidual test chambers. -

13.1:13° At any. one time, the chfference 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 duratlon 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
fest. o

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 om (@) 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 (¢) 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 estimates. No procedure should be used without careful
consideratdon of (a) the advantages and disadvantages of

4520
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various -alternative procedures and (b) appropriate prehmmaxy
tests, such as those for outliers and for heterogeneity. The
calculation procedure(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 Appendlx X1i0.

15. Documentatmn

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 initistion and termination of test,

15.1.2 Source of test material, its.lot number,. cc‘)mposition
(1dent1t1es and concentrations of major mgredrents and major
impurities), known chemical and physical properties, 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 survwe grow and
reproduce in‘the water.

-15.1.4 Source, history and age of test- orgamsms scientific
name (and strain for satmonids when appropriate), name of
person who identified the organisms and the taxonomic key
used, history, and.-age; if a brood. stock was used, observed
diseases, disease. treatments, holding, acclimation, and culture
procedures (if appropriate), number of males and females or
number of nests and subsirates used if natural spawning was
used. If hormonal injections were 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 -of the experimental desrgn and test
chambers (and compartments), the depth and volume of
solution in the chambers, number of organisms and test
chambers- (and compartinents) per treatinent, procedure used

APPENDIXES - '
- ‘(Nonmandatory Informaﬁon)

X1. SALMON, TROUT, AND CHAR

X1.1 Obtaining Embryos—Embryos of salmon (Oncorhyn-
chus 8p.), trout (Salmo sp.) and char { Salvelinus sp.) can be

" obtained 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 reuming to public or private hatcheries; or (¢)
providing fish with the proper conditions for spawning in the
_ Iaboratory. The latter procedure has been used successfully for
brook trout ( 33, 34), but gametes and embryos of other species
ate usually obtained from hatcheries. The investigator should
obtain and report all pertinent data regarding brood stock,
gametes, and embryos obtained from outside facilides, This
information should include the strain or geographic race of the
brood stock, number of males and females used, age, and their
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_ quency, and ration.

" and along the median ventral line. The body of the fish

for thinning, loading and lighting, a descnpuon of the meteripg
system, and the flow rate as volume additions per 24 h.

15.1.6 Source and composmon of food, concentrations
test material and other contaminants, feeding methods, it

15.1.7 Range and ume-welghted average measured con
tration of dissolved oxygen (as % of saturation) for eacf
treatient and a description of any aeration performed on:
solutions before or during the test.

15.1.8 Range and .time-weighted average measured
temperature and the methods. of measuring or momtonng
both. . :
15.1.9. Schedule for obtammg samples of test solutro
methods used to obtain, prepare, and store them., - :
. 15.1.10 Methods used for, and results (with standard devi
tions.or confidence limits) of, :.chemical analyses of wal
quality and concentration of test material, impurities,
reaction and degradation products, including validation st
and reagent blanks.

15.1.11 A table of data on survival-and. growth of th
organisms in each test chamber (and compartment) in
treatment, including the control(s}, in sufficient detail to all
independent statistical analyses.. .

. 13.1.12 Memods u-sed for, and rcsults of, statistical an
of data. L

15.1. 13 Summary of general observatrons on other sffe C

15.1.14 Results of ail associated acute toxicity tests..

15.1.15, Anything unusual about the test, any deviation
these procedures, and any other relevant information.

"15.2 Published reports should inchide encugh inforfa
to clearly identify the procedures used and the quality ¢
results. N

16. Keywords

16.1 aquatic; chronic toxicity; culture techniques;
life-history; Morone saxatilis; s’mped bass

recent temperature, feeding and.disease history,

"X1.1.1 Removal of eggs usually is preceded by ‘K
salmon or by anesthetizing trout or char in about-10
MS-222/L (36). Stripping of eggs from live fish shot
conducted by experienced personnel. Eggs are forced
vent by manual or air pressure techniques. The air pre
technique, aithough requiring two persons, is the pre 2
method because the possibility of damaging eggs' ancl
anesthetized brood fish .is reduced. One. person hal ¥
female fish diagonally, with the vent pointed down,
round-bottom receiving vessel and the other inserts an.184%
.gauge needle into the body cavity posterior to the pecto

be gently dried with a towel prior to inserting the n




{ _event any water from dripping into the receiving vessel.
i yoid inserting the needle so deeply that internal organs are
§  jamaged (usually =1.3 cm is satisfactory); inserting the needie
" at.an angle of about 30° to the ventral surface of the fish and
‘i «an -antesior direction will greatly reduce the chance of
. damaging the internal organs. The needle is comnected to a
.regulated air supply at 13.8 to 20.7 MPa (2 to 3 psi), and the air
ressure forces all Joose eggs out the vent into the receiving
'vessel. The fish bolder can gently sheke the brood fish to
“fgcilitate the expulsion of ripe eggs.
"X1.1.2 Ripe female salmon are usually killed with a blow to
.o'head and bled by slashing the caudal peduncle or slitting
& isthmus just anterior to the pectoral fins. An incision is then
made along the median ventral line from the vent to near the
ectoral fins. Care should be taken to keep the eggs free from
ucus ‘and blood. Only loose eggs which fall freely from the
‘pe taken (35). _
1.3 Eggs from at least three ‘females should be com-
jletely mixed and then fertilized with sperm from at least three
ales. The-embryos (fertilized eggs) from ali brood fish should
56 completely mixed to ensure randomness prior to ailocating
bryos to test chanibers. Brood fish should not be fed 48 h
to taking eggs to allow them to evacuate their lower

114 ‘Male salmon, trout, and char can be anesthesized
Wwith ‘4 solution of about 100 mg MS-222/L to facilitate
hiandling. Semen is collected by applying slight but firm

ssure fo the sides of a ripe male while aiming the vent at a
seaker ér.directly onto the eggs. The male should be gently
th a‘towel to help prevent water from dripping onto the
eggs:or into the semen collecting beaker. Semen can also be
llected with a “dual-tube suction apparatus” (36), Semen can
be'held on ice if collected prior to egg taking, Eggs and semen
shiould not be exposed to water before fertilization. Tests with
¢oho salinon and steelhead trout indicate that fertility exceeds
“when at least 0.25 mL of semen is used -per 50 mL of
5. Bggs and semen should be gently and thoroughly mixed
20 ensure: maximum fertilization. Enough water to cover the
cggymay be added after mixing eggs and semen. Eggs, semen,
and.water should sit for two to five minutes after mixing and
the- semnen, broken eggs. and any blood clets should be
sed from the eggs.

X1:1.5 Embryos may be shipped, but they can be killed by
andling. Eggs should be water hardened for one h prior
Shipping' and kept-at cool temperatures, generally less than
“C:(35). Severe jolts should be avoided and the sggs should
packed too deeply. If the shipping period exceeds a few
is':advisable to pack the eggs with ice (made from
thlorinated water), - :
X1'1.6 Unfertilized eggs and semen can. be transported for a
0d of 24 h after stripping if they are kept in plastic bags free
“lt. Unfertilized eggs may be chilled on ice. Using a 0.75 %
ater/volume) saline solution when miXing the eggs and
g"‘“ ay facilitate fertilization and reduce egg rupturing

gﬁ” Itis preferable to begin tests with embryos within 96
{ertilization, Tests may be begun with older embryos if the
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“indision -are taken; eggs still adhering to the ovaries should not

embryos are in the test chambers for at least seven days befora
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-
pazable test with eyed embryos. '

X1.2 Early Life-Stage Toxicity Tesi—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 distrbing remaining embryos. Cups can
hold one to three embryos per cm? 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 (=20 fc) or total
darkness (335), although eggs and embryos may be inspected
daily with a flashlight or brighter incandescent or fiuorescent
source. Embryos must not be subjected to prolonged exposure
to direct sunlight, fluorescent lighting, or high intensity incan-
descent lighting.. - , .

X1.2.1 The time required for hatching depends on species,
egg size, and water temperature. At 10°C, 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 (39), 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 shocking embryos
should be avoided during incubation, especially during the
sensitive pre-eyed stage. The sensitive period for handling
coho salmon and stzelbead trout embryos occurs from about 7 .
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 pre-eyed stage except for the very gentle removal of
infertile eggs and dead embryos. :

X1.2.3 Infertile eggs, dead embryos, and dead alevins
should be recorded and carefuily removed with a pipette whose
bore slightly exceeds the egg’diameter. Stage of development
or absence of development can be determined after clearing the
eggs in an appropriate clearing agent such as Stockard’s
Solution (an 85:6:5:4 mixture of water, glycerin, formalin, and
glacial acetic acid). Periodically, unfertilized eggs and extra
.control embryos can be cleared for comparison of develop-
ment. If more than about a third of the embryos in the control
treatment die within the first 48 h of the test, 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 will probably be cost-cffective
to restasi the test because all of the concentrations will
probably cause adverse effects during the test. '

X1.2.4 In actual practice, =80 % survival of control em-
bryos from 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
Rumber of factors such as age and condition of brood stock,
methods used, time elapsed in transporting gametes prior to
fertilization, and handking and transport of embryos can cause
considerably lower survival of embryos, particularly during the
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pre-eyed stage. Therefore, when the eyed stage is first discern- -

ible, all dead 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 live brine shrimp nauplii or a
starter-grade commercial salmon or trout food or both. Gener-
ally, moist diets are more palatable than dry diets at this stage
of development. If desired, food size or quantity or both may
be increased during 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 carefuily siphoned from
the test aquaria at least twice a week. Although many proce-
dures have been used for feeding fish in toxicity tests in which

growth is measured the followmg are recommended for early' o

hfe-stage tests with saimonids:

1) feed at a relatively high rate, such as >4 % food (dry

weight)/fish (wet weight)/day:

a) base the ration for each test chamber on the product of
the mean weight :0f control fish and the number of fish in the
test chamber; this provides a constant ration per individual fish.

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

. e} adjust ration quantity at least weekly for ﬂsh 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 to ten control fish; or 3)

X2. NORTHERN PIKE

X2.1 ‘Obtaining Embryos—Gametés of northern pike (Esox

lucius) must be obtained from wild adults collected in the field
at their spawning time. Several states, such as Minnesota,
conduct collection programs soon after “ice-out” in the spring
and might help in obtaming embryos for experimental pur-
poses. Adults should be held in suitably large tanks that are
covered to minimizé disturbance and to prevent fish from
_;umpmg out. Adults are generally quiescent unless disturbed.

.X2.1.1 Bgg viability is increased by acclimating adults to
12°C for at Jeast 24 h before they are stripped. This tempera-
ture is near the optimum for normal hatch (40). Females should
be checked for ripeness daily by exerting pressure on their
abdomen in an anterior to posterior direction with fish held
vertically. Injection of hormones usually is not necessary.

X2.1.2 Sperm collection is somewhat difficult in the case of
escocidae and is best accomplished by sacrificing the fish. A

few drops of miit should be obtained by stroking the belly of

prospective males.-After microscopic confirmation of sperm
viability (motility), the chosen fish are then heavily anesthe-
tized or killed, the testes removed through a long incision in 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
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estimation of control fish weight based on historic.growth ray,
food conversion efficiency, and water temperature. data.
2) An alternative to weighing or growth rate estimation js
feed a constant amount of food per fish throughout the requj
30 days of feeding; this is acceptable only if the initial ratj
is sufficiently high (>8 %). In effect, the initial feeding lev
8 % gradually.decreases to about 2 % by 30 days, as th
double in weight approximately every 2 weeks. If this pro
dure is used, feed >8 % of the mean weight of the wy
hardened embryos at the start of the test. This weight appro;
mates the weight of the swim-up stage alevin (minus yolk)
X1.2.6 Salmonids do not normally feed prior to swmlm,
and a delay in swim-up may be a result of the experim
variable, When the first group of fish (usually controls). at
swim-up and feeding begins, food should be offered 4
fish in all treatments to determine their readiness to feed:
fish should not be fed during the 24 h precedmg terminati
the ‘test.
X1.2.7 Mortalities and' abnormalities should be reco
during the hatching period. The monitoring of mortalities;
be coordinated’ with the feeding schedule after hatc
complete and the experimental fish reach swim-up. The
should last at least 30 days post swim-up. At termma
weight of all survivors should be determined (weight
nearest 0.01 g); measurement of standard length (to the 5ie
0.5 mm) may be desirable. If edema is a possible 'toxw
effect, both wet and dry weights (dried at 60°C for 24 by
be determined.
X1.2.8 An early life-stage test with a salmon, trout,’
is unacceptable if survival of the controls is less thaf:J
frora thinning of the embryos (see 11.5) to test termin:

refngeratmn for up to five days. This and a non-destm
sperm collection. prccedure are described by Sorens
(41).

X2.1.3 Eggs from at least three females should be com
and dry-fertilized by gentle but thorough mixing with mil
at least three males for three minutes. Then about 17
water should be added and stirred for three more min

X2.2 Early Life-Stage Toxicity Test—Early life-s
with northern pike should begin three to four
fertilization and must begin within 48 h after fertilizati
distribution of embryos to the incubation cups, the
remain-motionless for four h. A rocker arm apparatus dii!
a slow speed motor assembly (42) should be used. 10
oscillate the incubation cups, However, mortality will °
embryos are jostled or rolled. The test begins Wh
efnbiyos are distributed to the incubation cups and.i
nated 32 days later, During the test, the temperature sHio
held at 15 £ 1°C and 16 h photoperiod.

X2.2.1 The test should be started with about 60 embl'}'
treatment, which should be randomly thinned to the:¢
number per treatment at 48 h, after removal of: ﬂ“d
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2 4mgused embryos (see 11.5). If more than about a third of the
gmbryos in the control treatment are discarded within the first
2'h of the test because they are dead or heavily fungused, it
wwill usually be cost-effective to restart the test because the

:roncentration-related effects on embryos occur in the first 48 h,
swill probably be cost-effective to restart the test because all
fithe concentrations are likely to cause adverse effects during
withe test. ’

L5 %2.2.2 Hatching will occur in about 6 days at 15°C. Larvae
vehould be retained in the incubation cups until day ten and then
nted and transferred to growth chambers. Live larvae that
yisibly (without the use of a dissecting scope or magnifying
wer) lethargic or grossly abnormal in éither swimming
avior.or physical appearance may be counted, but must not
discarded. The day hatching begins and ends in each cup
ould be recorded. .’ -: -

#%%22.3. Dead fish should be removed and recorded when
sserved, Hatched fish should be counted at least during the

Obtaining Embryos—Embryos of the fathead min-
Pimephales promelas) may be obtained from a brood

k- maintained in a pond when the water temperature is
gve 22°C, but culture in the laboratory is usually preferable

use 'embryos can be-available throughout the year and are
likely to- be diseased, ‘If brood stock are.obtained as
0s;they can develop into sexually mature fish in 3 to 6

ions. of-between 75 and 100 % saturation, flow rate of 2 to
water-volame additions per 24 h, and a 16-h photoperiod.
tine shrimp (Arfemia sp) nauplli =24-h old are accept-

‘Fathead minnows readily deposit embryos on the
of half-round ceramic substrates with an inside

laced on the bottom of a pond. In the laboratory,
an be obtained by placing three mature males and
Zare females in a 300 by 600 by 300 mm-deep glass
amber. containing 150 mm of water and 4 to 8 substrates.
vely, the chamber can be divided into quadrants with
steel screen and one male, one female, and one or two
Gles-placed in each quadrant.
Embryos should be rolled off the substrate with a
ular motion of an index finger (45) and visually
ed - nsing .a dissecting scope or magnifying viewer. If
1ha_n_~50 % of the eggs on a substrate are not fertile or are
4. Tingused, all embryos on that substrate probably
'be-discarded. Embryos from remaining substrates can
Combined. It is preferable to test single embryos with
EUs o partial shells attached, although embryos with

0
Wishells and clumps of two or three embryos (with or

pances for a successful test are smail. In addition, if
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"visibly (without the use of a dissecting scope or magnifying
viewer) lethargic and grossly abnommal in either swimming
behavior or physical appearance should also be counted.
X22.4 Feeding of live brine shrimp nauplii (=24-h post
hatch) should commence at the first indication of swim-up or at
about day 12. Larvae should be fed a minimum of three times
daily in order to maintain an excess of live food in growth
chambers. This is especially important toward the end of the
test period because northern pike become increasingly canni-
balistic if iive 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 60°C 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-
ceptabie if {a) the average survival of the-controls from 48 h to
32 days is less than 70 %; or (b) survival in any confrol
chamber from 48 .h to 32 days is less than 60 %. '

“X3. FATHEAD MINNOW

without separation) have been used successfully.

X3.2 Early Life-Stage 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 hatch of the controls. Several test chambers have been
used routinely, including: (a) Twenty fish have been tested in a
chamber that is 160 by 440 by 180 mm deep with a 160by 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 have been tested in a chamber that

.is 65 by 180 by 90 mm deep with-a 65 by 90 mm 40-mesh

of 75 mm and a length of 75 mm (44). Such substrates-
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stainless steel screen 25 mm from one end, with a water depth
of 45 mun and with a fiow rate of 12 mL/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 frem glass cylinders about 45 mm inside diameter
and about 70 mm high, by giuing 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 t00 vigorously. Self-starting siphons and a rocker
arm apparatus driven by a 2-r/min motor .and having a
vertical-travel distance of 25 to 40 mm, have been used
successfully 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 berween 2 and 24-h old and
must be less than 48-h old. With the incubation cups standing
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in dilution water within 3°C of the test temperature, the
embryos. should be randomly assigned to the incubation cups.
The cups should then be randomly placed in- the test chambers.
All floating embryos should be gently squirted with water 50
that they sink.. -~

X3.2.2 Ontest days 1 and2 the embryos should be counted
examined by placing the cups under a dissecting scope or
magnifying viewer, and dead or heavily fungused embryos
counted and discarded. The remaining embryos must not be
removed from the test solution, If the cups are not designed to
hold the solution, a small container must be placed under the
cup prior to removal from the test chamber for examination.
Embryos remaining after day 2 should be randomly thinned'to
the desired number (s¢e 11.5). The cup should be returned to
the test chamber and subsequent handling of the cup should be
minimized and done as gently as possible. Dead embryos may
be removed daily from the cup, but live eimbryos, even if
fungused, must not be removed.

X3.2.3 ¥ more. than about a third of the: embryos in 1 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
concentrations will cause effects, and it might be cost-effective
to restart the. test.

X4. WHITE SUCKER

X4 1 Obrammg Embryos——LmIe mformauon is avaﬂable
on the environmental conditions necessary to promote gonadal
development of the white sucker (Catostomus commersoni) in
the laboratory. Therefore, brood. fish must be obtained in the
spring.: just prior to. natral 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 tributary streams to spawn from March to June.
Two- to three-pound adults should be 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 jumping out. Water is maintained at the optimum hatch-
ing temperature of 15°C (46) and a 16-h photopenod is
desirable..

The males can be separated ﬂ'om the females by observing a
series-of tubercles on the first anal fin ray. The fish are checked
routinely for dpeness by applying pressure (anterior 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 fe;'.jilized with ‘milt from at least three males
according to the dry technique described by 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) Twenty fish have been
tested in a chamber which is 160 by 440 by 180-mm deep with
a 160 by 180-mm 40-mesh stainless steel screen 60 mm from

X3.2.4 In each treatment, when hatching is about 9
complete or 48 h after first hatch-in that treatment and ap
minimum on days 11, 18, 25, and 32, the live young fish shoyj;
be counted, The live fish that, to-an unaided eye, are letharg;
or grossly abnormal in swimming behavior or physical appear.
ance may be counted, but must not be discarded. All live fig
should be released into the test chambers. Unhatched embry,
should be left in the cups and released into the. test champ
when they hatch. The range of time-to-hatch {to the "nearés
day) in each cup shouid be recorded, . :

X3.2.5.In each treatment on days 2 to 5 after ﬁrst hatch & ani
at least:5 days. a week thereafter, each test chamber containin
live fish should be fed live newly-hatched brine shrimp: (<2
old) at least either (a) 2 times a day. at least 6 h apart or (
times a day about 4 h apart They must be fed at least onca
day on all other days.. -

X3.2.6 The fish should not be fed for the last 24 h: pnm;‘
termination on day 32. At termination, the weight of eag
surviving fish should be determined. If the fish exposed.to teg
material appear to be edematons compared to control fish; bo
dry (24 h at 60°C) weight and wet weight of all live fish shoul
be determined. :

X3.2.7 An early hfe—stage test with the fathead minnowsis,
unacceptabie if the average survival in any control chamber'
from 48 hours to 32 days is less than 70 %. i

one end with a water depth of 128 mm a.nd with a ﬂow Tate.o
190 mi/minute. (») Fifteen fish have been tested in a chiambe
which is 65 by 180 by 90-mm deep. with a 65 by 90-mm:
40-mesh stainless steel screen 25-mm:. from one: end, withi
water depth of 45 mm and with a flow rate of 12 mlL/minut
Water level is controlled by a standpipe in the smaller sereen
compartment with test solution entering at the other end'of th
chamber. A cylindrical screen over the drain can be use
instead of a screened compartment to prevent loss: ofifry
Incubation cups can be made.from glass cylinders about 45-mm
inside diameter and about 70 mm high by gluing a 40-mes
nylon or stainless steel screen to the bottom with clear silicon
adhesive. The cups should be suspended in the test chambers.s
as to ensure that the organisms are always submerged and that:
test solution regularly flows into and out of the cup w1r.h0u
agitating the organisms too vigorously. Self-starting mpho
and a rocker arm apparams driven by a 2-t/min motor-and’
having a vertical-travel distance of 25 to 40 mm have: been-
used successfully 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. i

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




atm‘ so that they sink.
4-;2 2 On test days 1 and 2, the embryos should be counted,
by placing the cups under a dissecting scope or
gnifying viewer, and dead or heavily fungused embryos
sunted and: discarded. The remaining eynbryos must not be
oved from the test solution for examination; if the cups are
‘designed to hold a small volume of test solution, a smail
ontainer must be placed under the-cup prior to the removal
om the test-chamber for examination: Embryos. remaining on
shouid be randomty: thinned to the desired number (see
The.cup- should be. returmed: to the. test chamber and
sequent handling of the cup should be mirimized ahd done
ently a8 possible. Dead embryos may be removed daily
onnthe: cup,.but live embryos, even if fungused must.not be
moved. :
%4.2.53 If more r.han about a third of the embxyos in- the
pl:fol treatment are discarded within the first 48 h, it will
ually be cost-effective to restart the test because the chances
¢ a successful test are small. In addition, if concentration-
fated effects occur in the first 48 h, it is likely that all

PRE concentrations will cause effects and it might be cost-effective.

‘restart the fest, _

4.2.4 Hatching occurs in about 7 days at 15°C. Live young
‘should be counted in each treatment when hatching is
out 90, % complete or 48 h after first hatch in that treatment.

.1
[ Tetalurus punctatus).can be obtained. from commercial, fed-
or state fish, hatcheries..If embryos less than 24-h old are
ded, it might be necessary to obtain them from. laboratory
uitures, Channel catfish can be induced to spawn naturally in
boratory by controlling day length and temperaturs. (47)

rionic gonadotropm (300 IU/454 g bodyweight) (48). To
hieve natural spawning aduit (2- to 3-year old) channel
sh should be obtained or reared.to maturity in the labora-
tory. They should be maintained at-26°C and 15 to 16-h day
Bisicugth. As they approach sexual maturity; males should be

ch other. At this time, each male to be used for spawning
e3eshould be provided a suitable spawning substrate, such as a
-L stainless steel milk can, It may also be necessary to divide
gdifomales into- groups of 2 to 3 individuals of approximately
braqual size if aggressive behavior occurs. Mature male channel
tfish can be distinguished from females by the somewhat
B2 liroader and flatter conformation of their head. Confirmation of
: sex of channel catfish should be obtained by gentle
ertion of a blunt probe into the urogenital papilla. With the
lemale, the probe should encounter no resistance, whereas it
i Wﬂl be directed anteriorly in the male.

p.-X5.1.1 When individual females are judged to be ready to
-Spawn (that is, distinguished by flaccid abdomen and biood-
Borged urogenital papilla), they should be individually paired
With males of approximately equal size. Bach pair of fish
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Thereafter, at 2 minimum fish should be counted on days 11,
18, 25, and 32. The live fish that, to the upnaided eye, are’
lethargic or grossly abnormal in either swimming behavior or
physical appearance should be counted, but must not be
discarded. All live fish must be released into 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 tréatment 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 brine shrimp (=24-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. 'I'hey should be fed at least once a day on
all other days.

X42.5 The fish shouid not be fed for the last 21 prior to
termination on day 32. At termination, the weight of each fish
should be determined. If the fish exposed to test material
appeat to be edematous compared to control fish, both dry (24
h at 60°C) weight and wet weight of all live fish should be
determined.

X4.2.6 An early life- stage test wn:h white sucker is unac-

- ceptable if the average survival of the controls from 48 h.to.32
. days s less than 80 % and'if survival'in any ontrol chamber

Obtaining, Embryos—Embryos of channel catfish.

ey may be stimulated to spawn by injection of human -

separated from females to avoid aggressive behavior. When the -
Malés become aggressive, it is necessary-to separate them from

523

is less than 70 %

' XS.. CHANNEL CATFISH

should be closely observed each day for aggrcssive behavior as
the female will often be killed if the pairing is not successful.
The tank should be checked for spawn each day, dlstm-bmg the
fish as little as possible. One channel catfish spawn, will contam
5000 to 20 000 cggs.

X5.1.2 If gonadal maturation must Be induced by hormonal
injection, females can be injected once every 3 or 4 days with
300 IU buman chorionic gonadotropin per 454 g of 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 the spawn. Attempts to induce fish. that have failed to
spawn naturally will usually be unsuccessiul,

X5.1.3. Separating the embryos from the substrate and from
each other shouid be done with extreme care. The émbryo mass
can be freed from the ‘inner surface of the can with a
bevelled-edgecl dry wall joint knife. Because channel catfish
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 to.separate individual
embryos will result in many damaged embryos. Instead, the
embryos. should be pulled’ apart into groups of four to ten
embryos.

X5.2 Early Life-Stage Toxicity Tesr—Early life-stage 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 successfuily 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
raceiving approximately 100 mL/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 b after fertilization .of the eggs.and must be begun
within 48 h after. fertilization. The cups should be aerated at a
rate sufficient to provide adequate-water 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 mairix, no attempt
should be made to. remove dead embryos, If fungus appears in
any treatment,.all .embryos should be treated with malachite
green at a concentration of 60 mg/L for 3 min once each day
until embryos are eyed. As soon as hatching begins (6 to.7 days
at 25°C), the air. flow must be decreased to a gentle stream so
. as.not to damage newly hatched larvae. Upon completion of
' 'hatchmg, the successfully hatched larvae should be counted,
randomly thinned (see 11.5) ‘to the desired nombcr,, and

X6. BLUEGILL

X6.1 Obtaining Embryos—Techniques for consistent, suc-
.cessful spawning of the bluegill (Lepomis macrochirus) in the
laboratory are not presently available. Therefore, both natural
and artificial methods for obtaining eggs are described.

X6.1.1 Using the natural methed, 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 brood stock for which historical records
relating age and sexual maturity are availabie. No more than
three substrates and male fish should be’ placed in water a ft or
50 deep and in a water volume of 500 L. Even if the depth is
greater, several square feet of bottom space:- should 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 ratic of males to females, Because the
embryos are difficult to see, substrates should be examined
carefully during the moming and evening hours by gently
rubbing a finger over the surface of ths substrate, - .

X6.1.2 The artificial method developed by Banner and Van
Arman (50) has the advantage of being able to provide eggs
from several femaies simultaneously. The procedure consxsts of
seven steps: '

(1) Fish are collected in the field and- retumed to the
laboratory, acclimated to captivity, and sexed as well as
possible on the basis of morphology, coloration, and behavior
(51).

(2) Males are kept at 16-h photoperiod at 26°C, w:th as many
as 20 fish per 2.9 kL aquarium. Ripening requires up to two
months for fish collected outside the spawiiing season,

(3) Females are kept isolated from males and ‘given a 16-h
photopenod at a temperature of 26 to 28°C. The pmductmn of
npe eggs might require up to three months, .

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

“unsuccessful if the average survival of the controls from-hg
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transferred 1o the test chambers. Newly hatched Jarvae can
carefully handled and transferred with a 6-mumn inside diame
glass.tube with a soft suction buib and should be fed newdy;
hatched brine shrimp nauplii-(=24-h cld) at least 3 times-
day beginning immediately after hatch. This ensures that food
will be available as soon as the fry begin feeding. Startings
swim-up, fry. should be fed.a commercial catfish.food at leag

2 times per day ad libitum in addition to the brine shrimp. {3

observed. The fish should'not be fed for the last 24-h- prio
termination on day 32. Individual fish should be weighed 4
measured to the nearest 0:5 mm (fork :lepgth). If the :figh
exposed:to the test material appear edematous compared-to: th
control fish, both dry (dried at 60°C for 24 h) weight and.;
weight of all surviving fish should be determined. g

X52.3 An early life-stage test ‘with chammel catfish:

beginning to the end of the test is Jess than 65 %:

(5) When a sufficient number of females has deve]
premature eggs, 20 to 30 such females are selected and injec
intramuscularly with 1 mg carp pituitary every four hot
Eggs are sampled at each injection interval and examined
size, appearance, adhesiveness, and fertilization-ability unl
several females have ripe eggs simultancously.

(6) Females which produced eggs with greater than 50
fertilization at the previous sampling interval are stripped'a
eggs fertilized with milt from four or more males. -

(7) Females and:then malés are stripped into a shallow:
or pan (large onough to accommodate eggs in a smglc lay
containiig at in. or less of water.

%6.1.2.1 - Bluegill embryos can be removed from subs. ;
by disiodging them witha paint brush (52) or by sucking the
into & tlpless p1pet (48 49).

X6.2 Early Life-Stage Toxicity Test—The early hf thg
toxicity test with bluegills shonld be conducted at 28
with a 16-h photoperiod and its duration should be 32 day:
the beginning of the test, the embryos should be between 2
24-h old and must be less than 48-h old. ‘With the incu
cups standing in-dilution water within 3°C of the test term
ture, the embryos must be randomly assigned to the incub
cups. The-cups should then be randomly placed in-the
chambers :so that there. are about 60 embryos per treatm
Both oscillating and stationary incubation cups have beent
successfully.

X6.2.1 On test days one and two, the embryos shoul
counted, examined by placing the cups under a dissec
scope or magnifying viewer, and dead or heavily fun
embryos should be counted and discarded. The rem
embryos must not be removed from the test sojution. bz
cups are not designed to hold some solution, & srnall con
must. be placed under the cup prior to removal from the!
chamber for examination. After 48 hours, embryos.remad”
on day 2 should be randomiy thinned to the desired numbe

¥
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I geatment (see 11.5). The cups should be returned to the test -
chambers and subsequent handling of the cup should be
¥ © minimized and done as gently as possible. Dead embryos
. ghould be removed dajly from the cup, but live embryos, even
- 4f fungused, must not-be removed,
: X6.2.2 Live young fish should be counted in each treatment
‘,when hatching is about 90 % compiete or 48 h after first hatch
“in that treatment (approximately 30 h at 28°C). Thereafter, ata
“ninimums, fish should be counted on days 11, 18, 25, and 32.
The live fish that, to the unaided eye, are lethargic or grossly
“sbnormal in either swimming behavior or physical appearance
‘may be counted, but must not be discarded. All live fish must
'-'be raleased into the test chambers. Unhatched embryos should
¢ left in the cups and released into the test chamber when they
atch. The range of time-to-hatch (to the nearest day) in each
up-should be recorded. :
1 X6.2. 3 In each trgatment, each test chamber contzumug

7.1 Obtaining. Embryes—Gulf toadfish (Opsanus beta)
0s can be collected from estuaries and coastal waters
_o Cape Sable, FL to Yucatan. This specles spawns in 20 to
water from April to August in cavities in shells, and on
Gcks or man-made objects. Drain tiles placed as toadfish
abitats prior to the spawning season provide a spawning site
lace of attachment. Male toadfish guard the nest which is
joved intact by divers and retumed to the Jaboratory
b erged in water obtained at the collection site. The
ibryos are gently dislodged and examined for. dévelopmental
"The test should begin within 24 h of collection and must

000-um nylon screen to the inside walls of a 9-cm LD. glass
petri 'dish bottom with clear silicone adhesive (53). Exchange
of water within the cup should be ensured by furnishing each
test chamber with a self-starting siphon that removes greater
than50 % of the volume of the test solution from the chamber
h. Test conditions used successfully include 12-h photo-
eriod, 25 and 30°C, and a salinity of 20 g/kg. Tests can
Probably be completed by placing embryos in incubation cups
rocker arm apparatus similar to that in Appendix X3.

2.1 At least 60 embryos, no more than 15 per cup,
$hould be used in each treatment at the beginning of the test;
their Stage.of development must be determined. Time to hatch
wm ary with developmental stage at test- initiation and test
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X7. GULF TOADFISH

swim-up fish should be supplied live newly hatched (=24-h-
old) brine shrimp 3 times a day about 4 h apart. Food should be
available to the larvae contihuously. After 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
rust be treated in a comparable manner.
X6.2.4 The fish should not be fed for the last 24 h prior to
termination on day 32. At termination, each live fish should be
. weighed. if the.fish exposed to test material appear to be
edematous compared to control fish, both dry (24 h-at 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 if the average survival of the controls from 48 h to 32 days
is less than 75 % and if survival in any control chamber is less
than 65 %.

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 haich, fry may be
randomly thinned to the desired number (see 11.5) 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 period before 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 after
first hatch in that treatment, Thereafter, at a minimum’ ﬁsh
should be counted on days 14, 21, 28, 35, and 42.

X7.23 Juvenile toadfish should be fed live brine shrimp
nauplii (=24-h old) twice daily to excess after the yolk seems
to be absorbed and the attachment disk is dropped. Care shonld
be taken not to overfeed (as evidenced by a large number of
nauplii from the previous feeding remaining) to prevent a
decrease 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
unacceptable if the average hatch of the contro} 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 %.

et e T
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X8. SHEEPSHEAD MINNOW

X8.1 Obtaining Embryos—The sheepshead minnow (Cyp-
rinodon variegatusj 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
minimize inbreeding. Fish can be reared to maturity in the
laboratory within 3 to 5 months after hatching if they are held
in flowing seawater at 25 to 30°C and at a salinity of 10 to 35
g/kg, with a photoperiod of 12 to 14 h. At a standard length of
approximately 27 mm, males begin to exhibit sexual dimor-
phism and initiate territorial behavior.

%8.1.1 Gametes can be obtained by hormonal injection or
by natural spawning. If hormonal ifjections are used, each
female should be injected interpertioneally with 50 IU of

human chorieni¢ gonadotropin (HCG) on 2 consecutive days; - -

Two days following the second injection, eggs are stripped
from femaies and mixed with sperm derived from excised
macerated testes, Usually, at least ten females and five males
shouid 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 microscopicaily verified (1 to
2 h). Embryos.should 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 life-stage test, four or. more spawning chambers are
recommended, each contanung five or more females and three
males.. , .

X8.2 Early Life-Stage Toxicity Test—Embryos are placed
in test solutions within incubation cups constructed by attach-
ing.a 90-mm high collar of 450-um nylon screen to the inside

walls of a 90-mm LD. glass petri dish bottom with clear .

silicone adhesive (55). Alternatively, incubation cups can be
installed on a rocker arm apparatus similar & those described
in Appendix X3. If a rocker arm apparatus is not used, each
chamber must have a self-starting siphon to ensure exchange of

. ~-X9. SILVERSIDES

X9.1 Obraining Embryos—Sexually mature Atlantic silver-
sides (Menidia menidia) are generally available in Atlantic
estuaries froma March through Augnst, 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 tidewater silverside (Menidia peninsulae) is an
estuarine species typically found at salinities of about 20 g/kg.
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 species, females that do not readily release

~ dissolved oxygen and water quality.
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water in the incubation cups. The self-starting siphons sho
remove greater than 50 % of the volume of the test soluno
from the cups each hour.

X8.2.1 Embryos to be used in the test should be selectd
with the aid of & dissecting microscope and at least 60 embry '
should be used in each treatment; the embryos should be Jegi
than 24-h old and mwust be less than 48-h old, and their stag
development should be microscopically determined. No mozei
than 20 randomly assigned embryos should be added to eac: .
cup. Embryos should hatch in 4 days at 30°C, and in'7 day

25°C. After all fish hatch, they may be randomly thinned to'h
desired number (see 11.5) and either retained i in the mcuba
cup or released into the test chamber.

X8.2.2 Live young fish should be counted in each treattn
when hatching is about 90 % complete or 48 h after first hat
in that treatment. Thereafter, at a minimum, fish should
counted on days 11, 18, 25, and 28.

X8.2.3 Hatched sheepshead minnows should be fed
brine shrimp nauplii (=24-h old) to excess, beginnin
hatching and at least daily thereafter. Care should be taken
to overfeed (as evidenced by a large number of nat
remaining from the previous feeding) to prevent a decreas

X8.2.4 The test is terminated at the end of the 28th d Y8
exposure. Fish should not be fed for the last 24 h
termination. Individual fish are weighed and it might :
desirable to measure the standard lengths of fish (to the neargs
0.5 mm). If the fish exposed to test material appear 3
edematous compared to control fish, both dry (24 h at €
weight and wet weight of all live fish should be determi

X8.2.5 An early life-stage test with the sheepshead min
is unacceptable if less than 75 % of the control embryos hia
Iess than 80 % of the hatched control fish survive to the.
the test, and.overall control sumval from the begmm.ng to
end of the test is less than 65 %.

ripe eggs when gently squeezed should not be used. Eggs:
be stripped from fish either at the collection site or-
iaboratory. If the tirne required to transport the fish
laboratory is greater than one b, or if severe environm
conditions are likely during transport, field-stripping i
mended. Eggs are stripped into a glass culture dish con
salt water or onto a nylon screen (450 to 1000 pm-mesh)y;
placed in a vessel containing salt water from the collection
Milt from several males can then be stripped into the ¢t
dish or vessel and mixed. Upon contact with salt’
adhesive threads on mature eggs unceil, making enumer?
and separaticn difficult. If the culiure dish is used, one
a nylon string can be dipped into the dish and gently rolled:
the threads can adhere. If the nylon screen is used, embryosh
be separated and counted dlrectly Embryos on nylon strf
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screens may be shipped by placing them in insulated glass
> pottles. filled with salt water at the approximate temperature
. und-salinity of fertilization. Fish from which gametes were
. obtained should be preserved for taxonomic confirmation of
" the-species used.

x0:1.3. Adult Atlantic and tidewater silversides can be
spawned in the laboratory on a year-round basis. Procedures
described by Middaugh and Takita (58) and by Midd:ngh and
Hemmer-(59) provide for maintenance of a brood stock of 30
1050 fish at a sex ratio of 1:1 in a 1.3-m diameter circular
hoiding tank which is part of a recirculating saltwater system.
The: photoperiod shoutd be 13 h at 300 to 1700 Ix, and water
temiperaturs : should be maintained at 22 to 25°C. The fish
should:be fed 8 g of a flake food® of equivalent nutritional
-each morning and. afternoon, and I L of concenirated
brin .é’ahrimp nauplii (hatch obtained from approximately 15
nil.:of cysts after 48 h ofincubation at 25°C) in mid-afterncon.
iBxcess:food should be siphoned from the holding tanks at least
sweekly. Filter medium (activated charcoal) located in a reser-
woir-ray should be changed 1mmedxate1y after siphoning the

decreased current velocities during darkness (mid-

i -am.). A spawning substrate of spun polyester
“Aiguatiumifilter fiber (approximately 100 by 100 by 200 mm)
dfbe:suspended just below the surface of the water and in

ical:sgg. productlon ranges from 300 to 1200 per spawn.
jusnally will spawn 3 or 4 days or nights each week.

105 It is. essential that light-tight curtains surround the
ldmg nks. These curtains should remain closed except

Early sze-Srage Toxicity Test—The 28-day test
Gild begin within 36 h after fertilization and must be begun
ter ‘than 48 h after fertilization. Test conditions used
cessfully include 12-h photoperiod, 25 = 2°C, and salinity
¥veen. 15 and 27 g/kg (60, 61). After fertilization, embryos
Ould be gently teased apart and threads cut prior to randomly
‘them in incubation cups that are constructed by gluing

Téruin, available from Tetra Werke, Dr., D 452, Meile, West Germany, has
" fﬂ“nd uuuable for this purpose.
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a 100-mm high, 363-pm nylon mesh tube inside a $0-mm I.D.
glass petri dish bottom. At least 60 embryos should be used in
each treatment. Hatching usually occurs within eight days after
fertilization. After hatching is completed, fry may be randomly
thinned to -the desired number (see 11.5). Live young fish
should be counted in each treatment when hatching is about
90 % complete or 48 h after first hatch in that treatment.
Thereafter, at a minimum, fish should be counted on days 11,
18 25,and 28.

X92.1 Silverside larvae are injured easily, and are pameu-
larly susceptible to impingement on the mesh tube of incuba-
tion cups. Therefore, water flow into and out of the cups should
be at a slow rate and larvae should never be netted.. Successful
tests have been conducted by using a metering system that
delivered 1 L to each test chamber every 15 min through
splitter boxes. Two 2-mm inside diameter capillary tubes which
drained the water from the spiitter boxes delivered 500 mL of
salt water to each test chamber. Water depth in each chamber
(LD. = 210 by 220 mm) was varied between 45 and 65 mm in
approximately a 1-min period by the action of a 4-mm ID.
self-starting siphon. Prior fo removing cups containing larvae
from the chambers, the water level in the chamber should be
lowered slowly with a siphon to the top of the petri dish. Cups
should not be removed from the chamber for five days
following initial hatching. ‘

X9.2.2- Silverside larvae should be fed the rotifer Branchio-
nus plicatilis (62) for the first week post-hatch and live brine
shrimp nanplii (=24-h old) during the remainder of the test
except for a 2-day feeding transition period when both rotifers
and brine shrimp should be provided. Feeding (three times per
day for the first seven:days after hatching, two times per day
thereafter) should begin on the day of hatch. Successful tests
bave been conducted by using approximately 30 000 rotifers
per cup per feeding and approxzmate]y 12 000 brine shrimp
nauplii per cup per feeding. :

X9.2.3 The test should be terminated at the end of the 28th
day of exposure. Fish should not be fed for the last 24 h prior
to termination. Individual fish should be weighed and it might
be desirable to measure standard lengths of fish (to the nearest
0.5 mm). If the fish exposed to the test material appear to be
edematous compared to the control fish, both dry (24 h at
60°C) weight and wet weight of all live fish should be
determined. :

X9.2.4 An early life-stage test with the Atlantic or tidewater
silverside is unacceptable if average control embryo survival is
less than 80 %, average control survival from the beginning to
the end of the test is less than 60 %, and average wet weight for
control M. peninsulae is less than 12 mg/fish or for M. menidia
is less than 15 mgffish.
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X10. STATISTICAL GUIDANCE

X10,1 Introduction—The goals of statistical :inalysis are to

sumunerize, display, quantify, and provide objective yardsticks

for assessing the siructure, relations, and apomalies in data,
The data display and statistical techniques most commonly
used to achieve these goals are: () preliminary and diagnostic
graphical displays, (b) pairwise comparison technigues such.as
ttests and 2 by 2 contingency table tests, (c) analysis of
variance (ANOVA) and comresponding contingency table tests,
(d) multiple comparison techniques for simultaneous pairwise
cothparison of other Ireatment groups with contrel groups, (e)
‘concentration-effect curve analyses, and (f) muitiple regres-
sion. If used correctly, each of these techniques can provide
useful information about the results of an acceptable early
life-stage toxicity test. - -
X10.1.1 The three kinds of data that can be obtamed fnom
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 categorical data
are directly analogous ‘to those for analyzing count and
contimous data, However, for technical reasons arid because
they arose from different application areas, different ferminolo-
gies and computing tools were developed for analyzing the
three kinds of data. The con'espondmg procedures are consid-
ered together herem

X10 2 Endpomr—-’Ihe endpomt of early hfe—stage toxicity
tests generally has been defined in terms of whether differences
from control organisms are statistically significant at the 5%
level. One of ‘the main conceptual problems with such a
definition of the endpoint 15 that:the notions of.biclogical
importance apd statistical significance are logically 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 trivial
effects might be highly statistically significant if sample sizes
are large or effects are very reproducible. An endpoint based

solely on statistical significance might depend as much or more _

on sample sizes as on the magnitdes of the effects.

X10.2.1 An alternative is to define the endpoint in terms of
a specified absolute or relative amount of difference in a
biological attribute from the control treatment(s). A regression-
type model would be fitted to the data and the concentration
associated with a specified amount of difference from the
contro] treatment(s) would be estimated using the model. For
example, the concentration resulting in a specified percent
decrease in survival or weight might be estimated along with
confidence limits on the estimated concentration. The result of
an early life-stage test would then be reported as a:poimt
estirnate, preferably with confidence limits, of the concenira-
tion expected 10 cause an amount of effect that had been
preselected as being biologically unacceptable.

X102.2 In general, an endpoint defined in terms of a
statigtically significant difference is calculated using analysis of
variance, contingency tables, or other hypothesis testing pro~

“effect ‘curve analysis, and other point estimation procedireg?)

' . insights into the structure of the data and reveal the presen
. unanticipated relations or anomalies. Every time a regr

cedures. An endpoint defined in terms of a specified amouny
effect is calculated using regression analysis, concentrs

Regardless of the procedure used, sufficient data. shoul
presented in reports to permit calculation of endpoints’ oth
than those chosen by the authors and to allow other uses;:sy,

as modeliing,

X10.3 Preliminary Data Analysm'

X10.3.1 Graphical Displays—These should be perf
every time data for any biological attribute are analyzed.uyij
either regression .analysis or hypothesis. testing (63).: Prel
nary scatierpiots are desirable ‘because they might pro

type model is fitted to data, a graph of predicted andiobsé
values should be examined to assess the goodness of fitg
model; a graph of the residuals from the fit should be exa
to assess departures from the mode]. Histograms are use:
examining -the - distribution of the -data’ before hypofh
* testing. The advent of modern computers. and statistical
puting packages,’ (64), has made preparation of graphss
easy and inexpensive. Feder and Colling (65) iflustrate ‘the
of various types of preliminary and diagnostic grap
displays in analysis of data.from chronic toxicity: tes
X10.3.2 Ouilier Detection Procedures—Data -that d
appear to be in conformance with the substantial majority}
often referred to as:“outliers,” and might be due to-raiid
variation or to clerical or experimental errors. Statistic
detection procedures -are screeming ‘procedures that.
whether a datum ig extreme enough to-be cohsidered no
just.to random variation, Barnett.and Lewis (66) describe
outlier detection  procedures, and Feder :and Collins
illustrate the use.of several outlier ‘detettion procedures:
aquatic toxicological data. If outliers can be shown.to beid]
clerical or experimental error, they should be either cofre
or deleted from the data prior to analysis. If outliers-:
known to be erroneous values, the question of how to de
them is a matter of judgment. Data anaiyses should nsu
performed with and without questionable valies inor
assess their importance, because one or a few extreme
can sometimes greatly affect the outcome of an analysi
"X10.3.3 Dara Tran.y"ormanans-—Many standard sta
procedures such as regressjon analysis and ANOVA are
on the assumption that experimental vatiability is ho
neous across treatments. This assumption typically dot
hold for certain kinds of data. If data dispiays or te
heterogeneity demonstrate that variability is not homoge
across (reatments, variance stabifizing transformation

7 Stanistical computer packages such as Minitab, 3081 Enterprise Drii
College, PA, Statistical Analysis System, (SAS), SAS Instituce, Box 8000
Biomedical Departtnent Package, (BMDP), Statistical Softwars, Inc
Sepulveda Bivd,, Suite 316, Los Angeles, CA, and Statistical Package far 0°
Sciences, (SPSS), Suite 3000, 44 N Michigan Ave., Chicago, IL, have bet!
snitable for this purpose,

528



4 4

might be necessary. The arc sine, square root, and
sjogarithmic transformations are often used on dichotomous,
count, and continuous data, respectively (67). The question of
ether to transform raw data should be decided on a
ase-by-case basis after studying data displays, tests of hetero-
neity, and similar data from previous tests. In reality,
NOVA.-and regression are not. very sensitive to departures
“from nonmality. and small deviations from this assmnptmn are

10;4 Camparisan of Solvent Control and Dilution-Water
onirol—If both solvent and dilation-water controls are in-
uded in the test, they should be compared using a rtest for
unt.and continuous data and Fisher’s Exact Testor a2 by 2
satingency table test for categorical data (68). Adjustments
liamber-to-chambcr heterogeneity'might be necessary. The

ted: The test statistic, its significance level the minimum
e difference, and the power of the test should be

Analys:s of Variance and Contingency Table
Z}*.sw——ANOVA tests are often appropriate for untrans-
ontinuous data and for transformed count and cat-
ta.' Contingency table tests are usually appropriate
5 transformed categOnca] data. If evidence of chamber-to-
*’Eﬁmb "heterogeneity is found, standard contingency table
b might be inappropriate for categorical data. In this
ght be appropriate to apply an arc-sine variatce
ilizing transformation to the proportion déad within each
ntal unit and perform an ANOVA on the transformed
eder and Collins (65} illustrate transformation of
e of a contingency table ‘test. ’

.5 \ 6th contingency table tests a.ud ANOVA F-tests
_ts that do not assume any. parncular form for the

ndé hamctenstxcally observed in toxicity tests. Spe-
tests have been designed to be more senmsitive to
of 'this type. Some such tests are Lhe one-sided

"-ANOVA tests. are based on normal distribution
d assume (a) that the data within teatments are 2
ample from an appromte]y normal distribution and
the ‘error variance is constant between treatments. As
the ANOVA, residuals should be plotted against
ation to determine whether thers are any obvious
= of the assumptions of normality and homoscedastic-

onstant error variance. When results of an ANOVA
orted, the ANOVA. model and table, the F statistic and
Cance level, the minimum detectable difference, and
T of the test should he presented.

"06 Mumple ‘Comparison Procedures—The usual ap-
° analyzing data from early life-stage tests is to
‘data for each concentration of the test material to data
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. for the controi(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 controi(s)
using the s-test. If the investigator desires to set an experiment-
wise a, rathier than 4 comparison-wise «, Dunnett’s procedure
{70, 71) can be nsed without the ANOVA F-test, Williams’
procedure (70, 72) also tests. the control(s) versus each. con-
centration, but makes the additional assumption that the. true
mean follows a monotonic relation with increasing concentra-
tion. The latter procedure is more powerful if the assumption is
. camrect. Alternatively, Tukey’s (73) No Statistical Significance
of Trend (NOSTASOT) test can be used with the same
assomptions as Williams’ procedure. Shirley (74) has devel-
. oped a.nonpatametric equivalent for Williams' test and Will-
iams (75) has modified and corrected Shirley’s procedure to
increase its power to detect the. alternative hypothesis. Care
must be taken when using any of these procedures that an
appropriate estimate of varability is used, incorporating any
chamber-to-chamber variation that is present. Presentation of
results of each comparison should include the test statistic, its
corresponding significance jevel, the minimum detectable dlf-
ference, and the. power of the test. : ‘ _—

"X10.7 Regressmn Analysis and Cancemranon—E_ﬂ"ect Curve
Estimation—An alternative to tests for statigtically significant
differences is to fit concentration-effect models or multiple
regression models to the data and estimate the concentration
that corresponds to a specified amount of. difference from the
control treatment(s) (76). Concentration-effect curve models,
such as probit and logit, are commonly used to describe trends
in dichotomous data on survival. Linear and quadratm-
polynomial regression models are commonly used to describe
trends in quantitative data on growth and reproduction. Toxic-
ity tests should be designed to avoid the need for extrapolauon
which can introduce biases into estimates.

X10.7.1 Pomt estlmates, such as the. E.ClO EC25 and ECSG
are examples of endpomts derived by using regression. When-
ever a point estimate is calculated, its 95 % confidence interval
should also be calculated. Finney (77) discusses the probit
model in considerable detail, and Draper and Smith (78) and
Neter, Wasserman, and Kutner (79) discuss most practical
-aspects of muitipie regression-analysis. 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 effecis or concentra-
tions differ by one or more orders of magnitude, a logarithmic
trapsformation of either concentration, or effect, or both might
be appropriate. On the basis of preliminary graphs, a regression
model should be postulated and fitted to the data using a linear
or nonlinear regressjon fitting technique. Residuais from the
model should: be calculated and plotted against appropriate
variables. Any systematic structure in the residuals indicates
lack of fit of the model and the mode] should be modified and
the procedure repeated. This cycling should continue until
there is no further structure in the residuals to be explained.
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Presentation of results of regression -or concentration-effect
curve apalysis should include the “intercept or other point

X11. STRIPED BASS

X11.1 Preliminary Note—Striped bass (Morone saxatilis)
" embryos and larvae are difficult to-work® with and typically
require learned -expertise. Handling and testing techniques
described in-this gnide might not be readily adaptable to all
laboratories. Further, an inherent variability is probably asso-
ciated with the quality of the gametes which will limiit the
success of a specific test (see test acceptability benchmarks in
X11.4). The allowable survival in controls is‘due to inherent
biological factors and may limit the applicability of the test;
methods to improve sumval should be cons1dered ’

" X11.2- Obtaining Embryos-—Embryos of stnped bass can
be obtained from commercial, federal, and state fish hatcheries.
Adult striped bass for spawning can be-collected ‘with nets-er
.electrofishing gear from estuaries, rivers,'and lakes from March
through June. There is a “maxiium 1:th window between
complete ovulation and ovempeness when the eggs must be
fertilized for maximum success (80, 81). Several references are
avm]able on the culturc of striped bass (80, 81, 82, 83, 84, 85).
Female broodfish can be injected with human chorionic gona-
dotropin (HCG) shortly after capture to discourage reabsorp-
tion of eggs and, to encourage ovulation (80). Dosages.of 125
to 150 Internauonal Units (1. U) of HCG per pound of fish are
usualiy divided amcmg two or more m_;ecnons and given along
both sides of the spine between the lateral line and dorsal fin
(81, .82). Captured fish should be transported in a fank large
enough to allow complete freedom of movement. To, reduce
stress and incidence of infections, fish should be u‘ansported in
2 to 5 g/kg salinity (from NaCl, sea water, or sea salts)
containing ‘an antibiotic' approved by the U.S. Food and Drug
Administration. Chlorine-free ice should be added if necessary
during transport so that water: temperature does not exceed
20°C; howevet, salinity should be not- a]lowed to drop below 2

glke.

X11.2.1 Hand].mg of ﬁsh in the hatche,ry should be kept toa
minimum.. Females should be checked.for ripeness by taking a
sample- of eggs and checkmg for development-at 20 to 28 h
(perhaps soomer) after hormone injection .(81). This can be
done by inserting a 3-mm OD (2-mm. ID) glass catheter
through the urogenital opening.(80). The time of ovulation can
be estimated after microscopic examination (81, 82). Ovulation

is.complete when eggs flow freely and separately under slight
manual pajpitation to the abdominal region.

X11.2.2 The V1ab1hty (mouhty) of the sperm shoulcl be
confirmed by microscopic examination prior to spawning.
Fresh sperm should be placed.on a glass slide and covered with
a coverslip. A drop of water should be added to one side of the
cover only so that it infiltrates the sperm by capiliary action.
Good sperm motility is defined by active swimming away from
the intruding water for 2 minimum of 30 s. )

X11.2.3 Wet-fertilization should begin by siripping eggs
from one or two ripe females into a clean plastic dish pan. 1 to

- approximately 120 to 140 mg/L. CaCO , are recommen

~ salts.
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estimate, the siope, and their 95 % confidence limits.

2 L of water should be added and mixed well for 30 s. ¥
from two or three males should then be added and mxxed‘
hand for 3 min.

X1]1.2.4 Following fertilization, embryos can be put i
7-L plexiglass McDonald jars, at a density not to
100 000 per jar (81). (McDonald jars might not work we!
highly buoyant eggs such as those from fish collsc
Chesapeake Bay For h1ghly buoyant eggs, cirgular tanks
a center drain pipe equipped with'a large ‘funnel cove;
500-pm mesh polypropylene or nylon net can be
continnous flow of oxygenated water sufficient to kee
bryos suspended at 18 % 1°C should be initroduced £
bottom of the jar. Dead embryos will usually overflow ou
the jar or can be carefully siphoned off’ Embryos shoul;
checked for normal development 24 h after fertilizati
batches with less than 50 % fertilization should not be-u:
testing. Embryos remaining alive and developing n
(80) afier 24 to 26 h may be used for testing, either as e
or as yolk-sac larvae (prolarvas). Hatching occurs fr
48 h after incubation at a. temperatu:e of 17 t0'19°C. Th
will swim over the lip of the jar into rearing chambers
Those not able to swim over the lip should be considere
and not used for testing. Initial Jarval density in the
should mot .exceed 2000 pet. L. Water flow
perforated bottom' of the rearing chamber should be suffi
to keep the larvae suspended. and ‘water quahty g00 @
The larvae can be kept in the chamabers until initia
toxicity tests and density should not exceed 100 per L
larvae are 13 days posthatch. '

'X11.2.5 Embryos may be shipped at 26 h after fertili
provided ‘that they are packaged in insulatéd containel
oXygen and transport does not exceed 24 h. Larvae hav
shipped successfully at less than 1 day or greater than
posthatch when transport does not exceed 12 h.

X113 " Early sze Stage Toxiciry Test—Tests are’begy
embryos 12 to 24 h prehatch (see X11.3.1) or with prolai
to 9 days posthatch (see X11.3.2). Tests which begin
with prolarvae are not entire early life-stage tests as def
this guide (sée 10.2). Tests which begin exposure
vae should be called larval tests as opposed to ear))
tests. Regardless, a description of when exposure be;
ended should be clearly indicated in the test docum
The test is terminated at day 45. Successful tests ha__
conducted at 16 to 19°C with a 16-h photoperiod an
intensity. Dilution waters with a hardness and alka

86) though other water qualities may be used (87).

2 10 10 g/kg has been shown to increase survival (84
and this can be achieved with the addition of sea watefs

X11.3.1 Embryos—Embryos are exposed begm ing



“ 24 h before hatching. At least 200 embryos should be used in
" each treatment. Embryos are best transferred to incubation
£ cups using small plastic spoons. Several flow-through incuba-
i - tion:cup designs have been used successfully (86, 88). The
[ embryos must be periodically suspended by gentle water
** " surrents during incubation for a complete hatch. Most embryos
“3.ateh within 48°h after incubation at 18°C. The embryo test
should: probably be reinitiated if control survival is less than
4, 48.h after initiation of the test. Information on the
emainder of the test is covered in X11.3.2. -~ ..

11:3.2 Prolarvae—Prolarvae are best transferred from
Glding tanks to test compartments with a small cup, moving 2
ew.individuals at a time. Density of prolarvae in the compart-
sents.should not exceed 23 per L (86) and should be thinned
4.60: prolarvae per treatment at 9 days posthatch. A compart-
ment'{2 per. treatment) can be a 3.8-L round glass jar 200 mm
deep containing 2.5 L of test solution with a center standpipe
edwith-500-um mesh polypropylene screen and painted
(86). Polycarbonate compartments (4 per treatment) with
screen covered windows (88) and 1.9 L glass jars with a

the retention of 1 L of test solution (87) have also proven
actory. The larvae are susceptible to impingement on
; uged for water discharge. The compartments are
ded inside glass aquaria. The larvae can be released

%o-people. Fish that are- visibly(without the use of a
‘scope or magnifying viewer) lethargic and grossly
in either swimming behavior or physical appearance
50 be counted. L L

2.2 Larvae should be fed a minimum of 3 times daily.
ing feeding regime is based on the number of days

No feeding requirad. Some ressarchets recommend Introducing

brine shrimp nauplll at 2 days posthatch for Imprinting of larvae on

prey.- ) ’ : ;

Brine shrimp naupfil (see Practice E 1203) at a minimum density of
0/mL. in compartments. L .

Btina shrimp nauplil.at a minimum density of. 10/mL in compariment
nd 1 mg of commercial small mesh food (for example, Blotrainer
#1% per fish. _ '

SR}
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diameter screen-covered hole drilled in the side to

Brine shrimp naupkii at & minimum density of 1O0/mL in compartment.
20 and 2 my of commerclal small mash food (for exampta, Blotrainer-
#1 and Biodlet #2%) per fish.-
2{t0  Brine shimp nauplll at a minimum denstty of B/mL and 4 mg of
25 commercial small mesh food {for exampls, Blodiet #2 and Salmon
Starter® per fish. :
2610 Commerciai smail maesh food (for exampla, Salmon Starter} at § to-
45. 9% of expected body weight per fish,

Food density must be maintained to discourage cannibalism.
The compartments and aquaria should be cleaned daily by
brushing and siphoning to prevent the buildup of nitrogenous
wastes from  the high feeding density. The diet may be
supplemented with additional brine shrimp nauplii if larvae are
having. difficuity in switching over-to dry, commercial-food.

¥11.3.2.3 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 weight of all fish
should be determined. Swim bladder inflation may affect the
survival and growth of larvae and should be 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). Apother method of determination is
microscopic examination, . ST

X11.4 Test Acceptability—Striped bass embryos and larvae
are difficult to' work with. Further, én inberent variability is
probably associated with the quality of the gametes which will
limit the success of a specific test. An early life-stage test with
striped bass is unacceptable if: ( I) the average overall survival
of controls from embryos to 48 h posthatch is less than 70 %
with a minimum in any control chamber of 60 %, (2) the
average overall survival of controls from 48 h (prolarval 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 controls from 9 days to 45 days posthatch (metamorphosis
and test termination) is less than 80 % with a minimum in any
contrel chamber of 70 %..

8 Bioproducts Incorporated, PO, Box 429, Warrenton, OR 97146
9 Nelson-Murray Blevators, 118 W. 4800 South, Murray, UT 84107.
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