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Designation: E 1439-98 

IM#I IdnOlUL 

Standard Guide for 
Conducting the Frog Embryo Teratogenesis Assay-Xenopus 
(FETAX)~ 

Thi. smdnrd ir h c d  under the fixed designation E 1439: Ulc numbcr immediately following the designation indicates the yew of 
~tiginaladoption or. inme case of revirion, the ycar of last w i d o r  A number in p-thcss indicales (be year of b t  rxappmval. A 
aupncript cpailon (el indicam an cdimlial change since the last =vision m rrnppmval. 

1. Scope 
1.1 msguide covers procedures for obtaining laboratw 

data concerning the developmental toxicity of a test material. 
The test utilizesembryos of the South Africanclawedfrog, 
Xenopus laevis and is called FETAX (Frog Embryo Teratoge- 
nesis Assay-Xerwpus) Some of these procedures will be 
useful for conducting developmental toxicity tests with other 
species of frogs although numerous modifications might be 
necessary. A list of alternative a n m s  is presented in Appen- 
dix XI. 

1.2 A renewal exposure regimen and thecollection of the 
required mortality, malformation, and growth-inhibition data 
are described. Special needs or circumstances might require 
different types of exposure and data concerning other effects. 
Some of these modifications are listcd in Appendix X2 
although other modifications might also be necessary. When- 
ever these procedures are altered or other species used, the 
results of tests might not be comparable between modified and 
unmodified procedures. Any test that is conducted using 
modified procedures should be reported as having deviated 
from the guide. 
1:3 These procedures are applicable to all chemicals either 

individually or in formulations, commercial products or mix-
mres that can be measured accurately at the necessary concen- 
trations in water. With appropriate modification these proce- 
dures can be used to conduct tests on the effects of temperature. 
dissolved oxygen, pH, physical agents, and on materials such 
as aqueous effluents (see Guide E 1192), surface and ground 
waters, leachates, aqueous extracts of water-insoluble materi- 
als, and solid phase samples, such as soils and sediments, 
particulate matter, sediment, and whole bulk soils and sedi- 
ment. 

1.4 This standard does not Purpon 10 address ail of the 
safety concerns, if any, associated with its use. It is the 

'Thisguide in unda me jurisdiction of AS^ committee &47 on ~idogisai  
Effects and hvlmnmsolal Fate and is Ulc direct rrsponsibiliility of Submmi~tcc 
~47.01onAquatic ~ ~ and T O X ~ F O I O ~ .  ~ ~ is ~~ A ~ u n d d  doeumcnf . 
developed using the mMcnaus mechanisms d ASTM, that provides guidance for 
the sclectian of p d u n r  to acsomplinh sapceific lcsr bur whish d a r  nor stipular. 
specific pmcd-. 

cumnt edition apprOVcd June 10, 199s. ~ublishcdjunc 1999.otiginay 
publishad es E 1439- 91.J a r  previous diti.in E 1439-91. 

"Thc boldface numbem in pmihcacs refer to the list of refsrsncsrat the end of 
the ICXI. 

responsibility of the user of this standaiti to 
priate safety and health practices and determine the 
biiivof limitations prior to use. 
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(SI) (the Modernized Metric S y ~ t e m ) ~  
c,',_E729 Guide for Conducting Acute Toxicity Tests with 
. . : : Fishes, Macroinvmebrates and Amphibians5 
. : :.R943 Terminology Relating to Biological Effects and En- 

, . vbonmental ~ a & '  
I:,:.: R 1023 Guide for Assessine the Hazard of a Material to 

Aquatic Organisms and l%eir Uses" 
Guide for Conducting Acute Toxicity Tests on 

,. ... . -A~lueons Emnents with Rshes, Macroinvertebrates and ,.:,., .~ 

,I..i...r .hphibians's;,,,,~1391 Guide for Collection. Storage,Characterization,and 
.:;I::, ;Manipulation of Sediments for Toxicolopicai Testing? ,.<he 

?>::,;$E
1525 Guide for Designing Biological Tests with Sedi- 

Test Methods for Measuring the Toxicity of 
Contaminants withFreshwater Inver- 

T e r n  Specific to This Standard: 
"must," "should," "may,"" can," and 

" have very specific meanings in this guide. "Must" is 
express an absolute requirement, that is, to state that the 

igned to satisfy t h e  specified condition, 
of the test requires a different design. 
in connection with factors that directly 

ility of the test (see Section 14). "Should" 
used to state rdat the specified condition is recommended and 
nht to be met if oossible. Althoueh violanon of one "should" 

seri6us.'matter, violation-of several will often render 
questionable. T e r n  such as ' I s  desirable," "is often 

,' and "might be desirable" are.used in connection 
less imponantfactors. "May" is used to mean "is (are) 

owed to."" can" is used to mean "IS (are) able to," and 
isused to mean "could possibly." Thus the classic 

between "may" and "can"is preserved, and '*mightn 
as a synonym for either "may" or "can." 

A developmenti toxicant is a test material that affects 
nrocess. Therefore. a develonmental toxi- 

ty and malformation, and causes 
ratogen is a test material that causes 
s (malformation). The Teratogenic In- 

0 (malformation). 

tion of units and symbols, refer to Practice E 380. 

material hasbeen added is used to provide 1) a measure of the 
acceptability of the test by indicating the quality of embryos 
and the suitability of the FETAX solution, test conditions and 
handling procedures, and 2) a basis for interpreting data from 
other treatments. Each test consists of several different con- 
centrations of test material with two replicate dishes of each 
concentration. Each of the three tests is conducted using 
embryos .?om a ditferent maldfemale pair of Xenopus inevis. 
A reference toxicant (6-aminonicotinamide) should be used as 
a quality conuol measure. The 96-h LC50 and 96-h EC50 
(malformation) are determined by probit analysis and the TI 
(Teratogenic Index) is calculated by dividing the.96-h LC50 by 
the 96-h EC50. Growth inhibition is determined by measuring 
the head-tail length of each embryo and determining whether 
growth at a particular concentration is significantly different 
from that of the control. Other nseful data can be collected (for 
example, pigmentation, locomotion, and hatchabilityto ex-
pand the utility of the test. 

5. Significance and Use 
I:

5.1 FETAX is a rapid test for identifying developmental !;
toxicants. Data may be extrapolated to otherspecies including "'I! 
mammals. FETAX might be used to prioritize samples for 1;further tests which use mammals. Validation studies using i: 
compounds with known mammalian or human developmental 2 :  
toxicity, o r  both, suggest that the predictive accuracy will 1: 

i;;exceed 85 % (2). When evaluating a test.material for mamma- l!' 
lian developmental toxicity, FETAX must be used with and 1;
without a metabolic activation system (MAS). Use of this ',, 

exogenous MASshould increase the predictive accuracy of the /I:
$ ;assay to approximately 95 5%. The accuracy rate compares i,.

favorably with other currently available " in vitro teratogenesis ,,.I :  
screening assays" (3).Any .assay employing cells, parts of :,t
embryos, or whole embryos other than in viva mammalian I:: 
embryos is conaidered to be an in vitro assay. 

5.2 I t i s  i m p o m t  to measure developmental toxicity be- 
// 

/;
cause embryo mortality, malformation, and growth inhibition i!' 
can often occur at concentrations far less than those required to j:.
affect adult organisms. 

5.3 Because of the sensitivity of embryonic and early life f 
stages, FETAX provides information that might be useful in i: 

estimating the chronic. toxicity of a test material to aquatic 1
organisms. I,. 

5.4  Results from FETAX might be useful when deriving 
water quality criteria for aquatic organisms (4). 

. ,5.5 FETAX results might be useful for studying strucnue- i 
activity relationships between test materials and for studying I 

bioavailability. 

6. Safety Precautions 
6.1 Many materials can affect humans adversely if precan- 

tions are inadequate. Therefore, skin contact with all test 
materials and solutions of them should be minimized by such 
means as wearing appropriate protective gloves (especially 
when washing equipment or putting hands in test solutions), 
laboratory coats, aprons, and safety glasses, and using pipets to 
remove' organisms from test solutions. Special precautions, 
such as covering test chambers and ventilating the area 
surrounding the chambers and the use of fume hoods, should 



be taken when conducting tests on volatile materials. ~nfoina- 
tion in Material Safety Data Sheets on toxicity to 
humans (5), recommended handling procedures (6). and 
chemical and physical properties of the test material should be 
studied before a test is begun. Special procedures might be 
necessary with radiolabeled test materials (7) and with test 
materials that are, or are suspected of being, carcinogenic (8). 

6.2 Although disposal of stock solutions, test solutions, and 
test organisms poses no special problems in most cases, health 
and safety precautions and applicable regulations should be 
considered before heginning a test. Removal or degradation of 
test material might be desirable before disposal of stock and 
test solutions. 

6.3 Cleaning of equipment with a volatile solvent such as 
acetone should be performed only in a fume hood. 

6.4 To prepare dilute acid solutions, concentrated acid 
should be added to water, not vice versa. Opening a bottle of 
concenmted acid and adding concentrated acid to water should 
be performed only in a fume hood. 

6.5 Because FETAX solution and test solutions are usually 
good conductors of electricity, use of ground fault systems and 
leak derectors should be considered to help avoid electrical 
shocks. 

7. Apparatus 
7.1 Facilities for Maintaining and Breeding Xenopu* 

Adults should be kept in an animal room that is isolated from 
extraneous tight which .might interfere with a consistent 
photoperiod of 12-h dayIl2-h night. The. role that circadian 
rhythm plays in Xempur reproduction has not been investi- 
gated. A consistent photoperiod is therefore recommended so 
that Xenopur can be bred year-round. Adults can be kept in 
large aquaria or in fiberglass or stainless steel raceways at 
densities of 4 to 6 per 1800 cm2 of Water surface area. The 
sides of tanks should be opaque and at least 30 cm high. The. 
water depth should be between 7 and 14 em.Water temperafure 
for adults should be23 + 3°C. 

7.1.1 l b o  types of breeding aquaria have been used suc- 
cessfully. A 5 or 10-gal glass aquarium may be used if.fitted 
with a 1-cm mesh suspended about 3-cm from the bottom of 
the aquarium so that deposited eggs will lie undisturbed on the 
bottom of the aquarium. Hardware cloth or other metal mesh 
must not be used. Nylon or plastic mesh is recommended. The 
sides of the breeding aquarium should be opaque and an 
optional bubbler may be fitted to oxygenate the water. The top 
of the aquarium should be covered with an opaque porous 
material such as a fiberglass furnace film. Alternatively, an 
adequate breeding tank can be constructed from two plastic 
dish pans (at least 38 by 38 cm) stacked one in the other. The 
floor of the topmost pan is perforated. A cork borer can be used 
to create 1.5-cm holes for the eggs to fall through. 

7.2 Facilitiesfor Conduciing FElXx-A constant tempera- 
m e  room or a suitable incubator for embryos is required 
although a photoperiod is unnecessary. The incubator must be 
capable of holding 24 1 ZoC. Abnormal development will 
occnr at temperatures greater than 26°C. Covered 60-mrn glass 
Petri dishes be used test chambers except that 
disposable 55-mm polystyrene Petri dishes should be used if a 
substantial amount of the test material bmds to glass but not to 
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polystyrene. A 
magnifications up to 30X is required to 
abnormal embryos. A simple darkoom 
enlarge embryo images two to three times 
measurements. It is also possible to meas 
through the use of a map measurer or an 
However, the process is greatly facilitated 
interfaced to a microcomputer. Themicroc 
in data analysis. 

7.3 Construction Materials-Equip 
contact ' stock solutions, test solutions, or water in w 
embryos will be placed should not contain substances tha 
be leached or dissolved by. aqueous solutions in amounts 
would adversely affect embryo growth or development. A 

should be chosen to minimize sorption of most test materi 

from water. Glass, 5 p e  316 stainless steel, nylon, and fl 

carbon plastic should be used whenever possible to mini 

dissolution, leaching, and sorption. Rigid plastics maybe 

for holding, acclimation, and in the water supply system, 

they should be soaked for a week before use in water used.. 

adult maintenance. 


neoprene rubber or other.materials not mentioned above sho 

not be used unless it has been shown that their use will. 

adversely affect either survivalor 

larvae of the test species. 


7.4 Cleaning--At the end of 

procedure. 
7.4.1 Glarsware Washing Procedure: 
7.4.1.1 Soak 15 min, and s m b  with tissue cultnre com 

ible detergent iq tap water. 
7.4.1.2 Rinse twice with tap water. 

water (Specification D 1193). 
7.4.1.5 Rinse once with full streno% reagent-grade6 acet 

to m o v e  organic compounds. 
7.4.1.6 Rinse well with hot ASTM 5 p e  II water. . i 

7.4.1.7 Rinse well with ASTM Type I water or FB 
solution. 

drive off any nsidnal ac 
cm-red in expetiments 
was omitted. 

7.5 Acceptability-Before FETAX is conducted inn 
facilities it is desirable to conduct a "non-toxicant" 
which all test chambers contain FETAX solution with no 
test material. The embryos should grow, develop, and s 

"'Reagent Chemicals.Amcdcan ChemicalSociety Spccificntions."Am. 
cal sac,, Washington,DC. 


Chrmical 
chemicals." BDH~ t d . ,  



t.' 

' ' .innumbers consistent with an acceptable test (see 14.1). The 
rnagniNde of the chamber-to-chamber variation should be 1; :wluated. 

g. Water for Culturing Xenopas' Adults ,I 

> . ; .,..,g:l Requirements-Besides being available &adequate 
.supply, the water should-allow satisfactory sunrival and repro- 

% 	 duction ofthe adults, be of uniform quality, and not necessadly 
'affect results of the test. 

1 Natural water is preferred for adult culture. It should 
pined from an uncontaminated source that provides 

quality. The quality of water from a well or spring is 
y more uniform than that of a surface water. If a su'iface 
is used as a source of fresh water, the intake should be 

fluctuations in quality and the possi- 
and to maximize the concentration of 
pensure low concentrations of sulfide 

s acceptable for adult culnue. The 
make it suitable only for small 

. Water temperature should he  adjusted to 23 & 3'C 
eing used .to culture adults. 
Dechlorinated water can be used to culture adults as 

orine and its oxidants are reduced to levels 

often incomplete. Sodium biuhite is probably better for 
ating water than sodium suffite .and both are more 

oride, municipal drinking water often 

RFtio? 
high concentrations of copper, lead, and 

of most metals can usually be removed witha chelating 
*g.ssmi (11). 

continuous flow system f o r  culturing-adults is 
mmended although a staticsystem has proven successful. 

ter.for culturing adults should be aerated by the use of air 
eS,Or surface aerators. Air used for aeration should be free 
mes, oil, and water. Compressed air supplies might be 

contaminated with oil or water containing mst 01sludge.-some 
Compressed air supplies mizht also have a hnh level of carbon 

ow-pressure blower will provide high-quality air 
lems associated with a high-pressure air 

supply is uncontaminated. Adequate 
e pH, bring concentrations of dissolved 
s into equilibrium with air, and minimize 

entrations of volatiles. However, it is 
necessary to aerate thewater forxenopus adults 

.:!8.%2Filtration through bag, sand, sock, or depth-type 
c a d g e  filters may be used to keep the concentration of 

Culate mamr acceptably low and as a pretreatment before 
on through a Ener filter. Organics may be removed by 
n through activated charcoal filtration. Charcoal filters 
be changed on a monthly basis. 
Water that might be contaminated with facultative 

pathogens may be passed through a properly maintained 
ultraviolet sterilizer (13) equipped with an intensity meter and 
flow controls, or passed through a filter with a pore size of 0.45 
pm or less. 

8.4 Characrerization: 
8.4.1 The following items should be measured at least 

quarterly: pH, total dissolved solids (TDS), total organic 
carbon (TOC), organophosphorus pesticides, organic chlorine 
(01organochlorine pesticides plus PCBs), chlorinated phenoxy 
herbicides, ammoni* bromide, beryllium, cadmium, chm- 
mium, copper, iron, lead. manganese, mercury, nickel, sele- 
nium, silver, agd zinc. For each method used the detection limit 
should be below the concentration in the water or the lowest 
concentration that has been shown to adversely affect the test 
species., . 

8.4.2 Physical and chemical limits on water: pH should be 
between 6.5 and 9 (14). The TOC should be less than lOmglL, 
while alkalinity and hardness both should be between 16 and 
400 mg/L as CaCO, (IS).Table 1 shows the recommended 
maximum concentrations for some contaminants that have 
often been found to be in excess concentration in laboratory 
water supplies. The values reported are one !euth of the 
minimum concentration that inhibits growth. While these data 
are not indicative of the effect of long-term exposure of adults 
on reproductive success, they, nonetheless, serve as a guide for 
limiting adult exposure to these metals. The maximum quantity 
of the other contaminants listed in 8.4.1 should meet EPA 
freshwater chronic water quality criteria (14). 

9. FETAX Solution Water 

9.1 ~ q u i r e r n e n t ~ F E ~ A Xsolution should be used for 
breeding and static or renewal assays. FETAX solution should 
also be used for flow-through experiments whenever possible. 
However, should the need for a large volume preclude the use 
of FETAX solution, then water conforming to the specifica- 
tions listed .in Section 8 h y  be used. The water must allow 
embryonic .growth at the same rate as FETAX solution and 
there should be no diITereuces between control mortality and 
malformation rates. 

9.2 Formulation-FETAX solution is composed of 625 mg 
NaC1, 96 mg NaHC03, 30 mg KCl, 15 mg CaCl,, 60 mg 
CaS0,.2H2O, and 75 mg MgSO, per litre of deionized or 
distilled water. The pH of the final solution should be 7.6 to 
7.9. All chemicals should be reagent-grade6 or better. Deion- 
izedor distilled water must conform to %e I ASTM water 
(Specification D 1193). 

TABLE 1 Recommended Maximum Concentrations of Some 
Metals 

Recommended Maximum Concentration Metal* 
(PglL) 


Cadmium 12). . 10.0~.. 

Lead (2) 5.0 

Mercury (2) 

Nickel (2) 

Selenium lunoublishsd) 


*Tested in FETAX at 1W mgL hardness as CaCO,. Valuer reponed are one 
tenm of the minimum concentration to Inhibit g m M .  
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10. Test Material 
10.1 General-The test material should be reagent-grade6 

or better unless a specific test involves an unknown complex 
mixnue, formulation, commrrcial product, or technical-grade 
or use-gr8.de material. Before a test is begun, the following 
should be known about the test material: 

10.1.1 Identities and concentrations of major ingredients 
and major impurities, for example, impurities constituting 
more than about 196 of the material. 

10.1.2 Solubility and stability in water. 
10.1.3 Estimate of toxicity to humans. 
10.1.4 Recommended handling procedures (see Section 6). 
10.1.5 For unknown samples much of the information 

specified in 10.1.1-10.1.4 will be lacking, but thepH, hardness, 
alkalinity, and conductivity of the sainple should be measured. 

10.2 Stock Solution: 
10.2.1 If the test material can not be directly added to the 

test vessel, a stock solution should be prepared. Various 
dilutions of the stock solution should be prepared in a separate 
vessel prior to introduction to the Pehi dish so as to expose the 
embryos to a homogeneaus mixture without concentration 
gradients. 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. Stock solutions should be prepared 
daily unless analytical data indicate the solution is stable with 
time. If the test material is subject to photolysis, the stock 
solution should be shielded from light. 

10.2.2 Except possibly for tests on hydrolyzable, oxidn- 
able. and reducible materials. the m e f d  solvent is FET'AX. * 
solution. 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 the pH of test 
solutions appreciably. Use of a more soluble form of the test 
material, such as chloride'or sulfate salts of organic amines.. 
sodium or potassium salts o f  phenols or organic acids, and 
chloride or nitrate salts of metals, might affect the pH more 
than.the use of minimum necessary amount of a strong acid or 
base. Any adjustments of pH can sendthe test material through 
a transition to affect changes in such propexties as solubility or 
degree and type of dissociation, or both. Prior to testing, as 
much chemical and physical data as are available on the test 
material should be obtained and considered prior to making 
decisions on pH adjustments. 

10.2.2.1 If a solvent otherthanFETAX solution is used, its 
concentration in test solutions should be kept to a minimum 
and should be low enough that it does not affect Xenopus 
embryo growth and survi;al. Because of its low toxicity, low 
volatilitv. and hi& abilitv to dissolve manv oreanic chemicals. . -
hiethyl.&e glycoi is oft& a good organic solvent for preparing 
stock solutions. Other watcr-miscible organic solvents such as 
dimethyl sulfoxide and acetone also may be used as solvents. 
Concentrations of triethylene glycol, dimethyl sulfoxide, and 
acetone in test solutions should be c 1.6 %, < 1.1 %, and, 
< 1.1 % v h ,  respectively. These concentrations have been 
found not to cause any adverse effects in FETAX (16). At 
times, concentrations approaching 1 % solventare necessary to 
keep test materials in solution for FETAX. This is often the 
case when the assay is used in testing pure compounds for the 

purpose of comparing test results with mammalian data.: 
possible, it is desirable to perform the test using two 
solvents and compare the results. This will help 
oossible interactions between a solvent and test 

10.2.2.2 Ethanol is not recommended because its 
NC index fIl)in FETAX is ao~mximatelv 1.4. Methanol 
high toxicity kFETAX. ~ c e t g i e ' m i ~ h t  stiuulate the gro 
microorganisms and is quite volatile. If an organic sol 
used it should be reagent-grade6 or better. A surfac 
not be used in the preparation of a stock solution 
might affect thc form and toxicity of the test material 
solutions. 

10.2.3 If a solvent other than dilution-water or 
solution is used, at least one solvent control, using solven 
the same batch used to make the stock solution, 
included i n  the test and a dilution-water or FETAX 
conml should be included bithe test. If no solvent o 
dilution-water or FETAX solution is used, then a dilution- 
or FETAX soluuon control must be included in the 

10.2.3.1 The concentration of solvent must be the 
all test solutions.that contain test material and 
conml must contain the same concentration of 

10.2.3.2 If the test contains both a dilutio 
FETAX-solution control and a solvent control. 
malformation, and growrh inhibition should be 
a two-tailed I-test. If a statistically 
either mortality, malformation, 
between the two controls, only 
as the basis for comoarisou in the calculation of ~ s u l  

ll. Test Organisms 

nas infection. Care should be taken to ensure that- 

11.3 Adults: 
11.3.1 Selection-Xenopus males should b 



s. Females should be 10 to 12.5 cm in length and at 
years old. Females are always larger than males and 
tified by the presence of fleshy cloaca1 lips. 
iet-The minimum recommended diet for adults 

should be kept at 23 ? 3°C. 

has not been investig&ed. &s, a 
should be maintained. 

and females are bred as a single pair. 
be bred in the same water in which the &st is 
Water temoerature should be. held at 21 2 

amount of human cborionic 
on.the time of year and condi- 
are usually used in spring and 

with 1 N NaOH. The solution should be 

35. 

11.5.2 Staging of Embryos-Nieuwkoop and Faber mustbe 
used in all staging of embryos (19). 

11.5.3 Embryo Selection-Normally cleaving embryos 
must be selected for use in testing. The "Atlas of A b n o d -
ties"' should be  consulted in orderto determinewhich embryos 
are normal (19). It is best to use two levels of selection. In 
double selection, normally cleaving embryos IT h t  sorted 
into dishes containing fresh FETAX solutiou. Aftu a shon 
period. during which cleavage continues, embryos are again 
sorted ensuring that only normal embryos are selected. Abnor- 
mal pigmentation should be viewed as an indicator of bad 
embryos. Either Nieuwkoop and Faber (19) or the "Atlas of 
Abnormalities" c a n  be used as . a  reference to determine 
whether the cleavage pattern is normal. Mid blastula (stage 8) 
to early gastrula (stage 11) must be used to staa the test. 
Embryos chosen prior to stage 8 might develop abnormal 
cleavage patterns later whereas embryos selected after.stage 11 
have commenced organogenesis. A large bore blood bank 
Pasteur pipet can be used to transfer embryos at this stage 
without h m .  The .soaing should be done in 100-mm Peui 
dishes. 

12.' Procedure. . 

12.1 Experimental Design-FETAX is a 96-h renewal 
whole embryo assay that can be used to evaluate the develop- 
mental toxicity of a .  test material. Exposure is continuous 
throughout the test. For each concentration two dishes each 
containing 25 embryos and 10 mLof test solution are used. For 
each coutrol, four dishes o f  25 emblyos each are used. 
Embryos must be randomly assigned to test dishes except when 
a forced air incubator is used, in which there are no hot or cold 
locations. Dishes must be randomly assigned to their positions 
in the incubator. In order to properly evaluate developmental 
toxicity, mortality, malformation, and growth-inhibition, data 
must be collected. In most tests it will be possible to generate 
concentration-response curves for mortality, malformation, and 
growth inhibition. , The mortality a id  malformation 
concentration-response curves should then be used to estimate 
the concentration that would afTect 50 % of the 'exposed 
embryos. At least 90 % of the FETAX-solution controls must 
have attained stage 46 at 96 h (19). 

12.2 Temperature and pH Requirements: 
12.2.1 Temperature-24 2 2'C must be maintained 

throughout the 96-h test. Temperatures higher than 26°C cause 
malformation whereas low temperatures prevent the controls 
from reaching stage 46 in 96 h. 

12.2.2 pH-The pH of the stock and test solutions should be 
7.7 and must b e  betwecu 6.5 and 9.0 (14). The pH of a control 
dish and the pH of the highest test concentration shouldbe 
measured at the beginning ofthe test and every 24 h thereafter 
to determine if they have changed. 

12.3 Beginning the Test: 
12.3.1 ~ecommendedProroco~for Testing New Materials- 

The following sequence should be followed when testing a new 
test material to & t d e  the 96-h LC50 and the 96-h EC50 
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(malfomation)(termed the 96-h EC50). This procedure will below are established and the 
guide initial range-finding experiments and help reduce repli- response curves are taken into 
cate test variability. Theprocedure is iterative and designed to centrations between the EC16 
produce test concentrations for definitive experiments that will mended to ensure obtaining a 
yield 96h  LC5Oand 96-h EC50 values with narrow confidence However, the same conc 
intervals. This should be accomplished by defining sevkalal replicate (definitive) test. 
concentrations between the 16 and.84 % effect concentsations reduction in intralab 
(at least 3, preferably 5). .The procedure is designed to account procedures were used. For some test 
for digerent slopes of concentration-response curves. necessary to use the results of the first de 

12.3.1.1 Goal of Range-Finding and Defuurive Tests- another mge-finder and readjust thelest 

Range-finding tests are to be used whenever possible to find the 12.3.2 Replicate-DeJinitive Tests: 
best approximation of the 96-h LC50 and EC50 for definitive 12.3.2.1 Number of Tests and Data Collection 
testing. Once the data are collected from the rangefinding 
tests, the expected 96-hLC50 and EC50 are estimated using 
probit analysis, trimmed Spearman-Karber analysis, or the 
two-point graphical method. The graphical method is used only .endpoini determined above are used with and without 
when regular statisticalahalyses fail to generate useful data. If The experiments should yield acceptable MAS and NO 
the data &ow probit analysis ar W e d  Spearman-Karber 96-h LC50 and EC50 values. If they do not, the tests sbo 
methods to be used, then probit analysis may be used when the repeated. In some cases where test variability is extr 
data meet normal distribution and homogeneityof variance high, it may be necessary to determine whether th 
assumptions. Trimmed Spearman-Karber is used when the data material is rapidly de 
fail to meet these assumptiow. Range-finding tests may bypass solution. Remember 
the homogeneity of variance requirements here but not in mammalian devel 
definitive tests discussed in 12:3.2. Definitive test data are 12.3.2.2 Ensuring Adequate 
analyzed similarly but may not bypass homogeneity of vari- nance of Separate Clutches-To 
ancerequirements. Growth inhiiition data are not collected n o d  embryos for each test, 
from range-finding tests. Once the definitive test concentra- 
tions arc selected, three definitive tests are performed that will 
yield 96-h LC50 and ECSO infohation with acceptable 
repeatability (see 12.3.2). Prior testing suggests that intrabora- a p
tory variability should yield a coefficient of variation less than via 
100 %. 

123.1.2 selection of ~oncenwationr-~oncenaationselec-
tionis a multistep process depending on the nature of the test 
material and the results of the first test in this series. The 6n t  
test simply consists of a series of at least seven concentrations 
that differ by a factor of ten. If a metabolic activation system acceptable. This would cause all the embryos to be disc 

' 

(MAS) is to be used to assess possible effects on mammals or embryos mixed from different mating pairs. . 
for human health hazard asseqsment, all tests should be 
performed with and without the metabolic activation system. 
This is usually adequate to delineate the concenmtion range to 
establish the approximate MAS and No MAS 96-h LC50 and 

! EC50 values. The second range-finding test series is performed inhibition data, should consider the type of compoun 
uskg the sliding scale of concentrations presented in Appendix chemical mixture being evaluated and the limitations, 
XZ.The table presents concentration values from 0.001 to 100, 
in steps of 0.0005 between 0.001 and 0.1, steps of 0.05 statistical techniques (20). 
between 0.1 and 1, in steps of 0.5 between 1 and 10. and in 
steps of 5 between 10 and 100. Using the sliding scale, the 
value closest to the MAS and No MAS 96-h LC50 should be 
identified and then ihree values immediately below and three 
values immediately above the LC50 point chosen. The same 
method should be used to estimate concentrations smunding 
the 96-h EC50. A test is performed and the data collected. The 
96-h LC50 and EC50 values with confidence limits should then 
be calculated. From the data obtained above, the 96-h LC5, 
LC16, LC50, E 8 4  and LC95 and the EC5, EC16, EC50, 
EC84, and EC95 may be calculated. By determining these 
values, the concentrations to be tested in the definitive tests 
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g aTI of 446 (21).The MCIG was 1:15 
y concentration-responseexperiments 
e results of these tests compared with 
to judge the laboratory quality of 

toxicity testing procedures for 
iological responses related to 

considered in this analysis; 
d in regard to responses to 

enewal-The renewal procedure should be used for 
FETAX test. The renewal procedure entails fresh 
of test material every 24 h during the test. Just 

the attainment of stage 46 in controls. If 
have not reached stage 46 by 96h, then the 

tabolic Activation @stem (MSJ-An 
oinous MAS must be used when FETAX is used to 

developmental toxicity for human health hazard 
MAS is com~osed of rat liver microsomes and ..,, . . 

$;?$cotinamide adenine dinucieotide (reduced fom) FTADPHI 
!!:;enerator system which simulates mammalian metabolism. ~.,,.:::!S?e early Xenopur embryos have limited xenobiotic meta- 
i~~*;lircapabilities,4: ", particularly cytochrome P-450, the incorpo- 
::$ion of the exogenous spstem into the standard assay protowl 
:"?~an;mted. Amclor 1254 may be used as a broad-specmm 

m f + d ~ ~ i n ~ ~ ~ ~ ~ ~,and used ifl the majority of situations. ~ioniazid 
,-"~d~otion~orumduced those cases nucrosomes mav be used m 

1254 induction may kpress specific P-450 
nature of the test m a t e d  may suggest which 

to use. In cases where limitedinformation is 
:*;:WiU.ble test material biotransfomation, a set of 

1254 and isoniazid-induced rat liver microsomes 
d in equivalent activity ratios may be used. 
.6.1 Sterile plastic Peui dishes should be used to mini-

although the volume is only 8 
the 10 mL in the glass dishes. Antibiotics are 
bit bacterial growth and these may interact with 

substance. Microsomal protein can slow growth and 
ment at concentrations greater than 60 pg1mL. 
, which is required for microsomal activity, can also 
nonnal development and its concentration must also 
Ow. Despite these drawbacks, the MAS improves the 

7: 


predictive accuracy 6f FETAX and provides repeatable and 
reliable data. 

12.6.1.1 The P-450 activities of each lot of microsomes 
prepared will vary. The P-450 activity of each lot must be 
measured and a standard amount add@ to each dish. It is 
important to include a MAS-only (micmsomes and generator 
system without test material) negative control. The bioactiva- 
tion positive control is 4 mglmL cyclophosphamide with and 
without MAS. The MAS-only control should result in less than 
'10% mortality and malformation. The 4 mg1mL 
cyclophosphamide-only contiol should result in lessthan 10 % 
mortality. With MAS, bioactivated 4 mdmL cyclophospha- 
mide should kill 100 % of the embryos in 96 h while there 
should be less than 10 % mortality without MAS. A final 
control is needed to demonstrate that the cytochmme P-450 
system is responsible for the observed bioactivation. For this 
control, a small amount of dithionite may be added directly to 
the microsomes followed by bubbling carbon monoxide 
through the microsomal protein at a steady rate for 3 ruin to 
inactivate P-450. This procedure must be performed in a safety 
hood. . . 

12.6.2 Micmsome Preparation: 
12.6.2.1 Animnl Treafmeni-Male rats~ p r a ~ u e - ~ a w l e ~  

(200 to 250 g) should be used. For Aroclor 1254-induced 
micmsomes, an inwpenroned injection of 500 mg/kg body 
weinht should be riven five davs orior to isolation. The Amclor ~ ~-

1254 stock sdlugon shouldbe prepared in w m  oil (500 
mg/mL). Forisoniazid induction, 0:l % wlv isoniazid in 5 % 
sucrose may be 'idministered in the 'drinking water for ten 
consecutive days. 

12.6.2.2 Preparation-Rats aie killed by c&ical disloca- 
tion. AU buffers' and tissue samples should be maintained a t  
4°C. Livers are perfused using a peristaltic punip v ia the  
hepatic portal vein with 'Buffer 2 (Appendix X4). Perfusion 
takes place until the liver is well blanched (approximately 50 
UiL).The liver is excised and homogenized in seven volumes 
of Buffer 3 (Appendix X4.1) using a tissue homogenizer. 
Several styles of homogenizers may be used, but a motorized 
homogenizer with 'Teflon pestle is adequate for preparing 
microsomes *young rat livers. Centrifuge first a t  900 x g 
avg. for 10 min; then increase speed to 9000 x g avg. for an 
additional 15min. Remove S-9 su@ematant.to another tube and 
centrifuge the SPsupematant at 105 000 x g avg. for 1 h. 
Discard supernatant and resuspend pellet in Buffer 2. Cenui- 
fuge again at 105,000s g avg. for an additional h. Resuspend 
microsomal pellet in 20 to 30 mL of Buffer 1. A 1 r+ sample 
should be removed fofNash and protein content assays, snap 
frozen in liquid nitrogen and frozen at -80°C until analyzed. 
Homogenize again with two to Uxee strokes using a tissue 
homogenizer. Piliquot samples into microcentrifuge tubes or 
cryovials, and snap freeze in liquid nitrogen. Protein concen- 
uation and P-450 activities should he measured prior to use in 
testing. 

12.6.2.3 Additional MAS Components of FETAX-The vari-
ous concentrations of the test S O ~ U ~ ~ O I ~ Sshould be prepared in 
separate Erhlenmeyer flasks to avoid exposing the embryos to 
individual components of the system. The following order of 
the addition of MAS components should be observed to 
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maximize. the productivity of the MAS. To prepare 20 mL of 
test solution, place appropriate volume of FETAX solution (for, 
example, 19 mL) intr.a50 mLflask, add the MAS components 
and the appropriate volume of test material stock to give the 
desired concentration and,finally, adjust the Enal volume to 20 
mL withFETAX solution. This test mixture should then be 
divided between replicate Pehi dishes to which the embryos 
will be added (10 mL each for glass dishes, 8 mL each for 
plastic dishes. 

12,6.2.4 A penicillin-streptomycin antibiotic solution (100 
UImL each, 6nal concentration) NADPH generator stock (3.6 
mM glucose-&phosphate, 0.1 m M  NADP, and 7.0 ~IM 
NADPH End concentration), microsomes (0.4 U/mL 
N-demethylase activity, not to exceed60 p ! g d  protein, Enal 
concentration), and glucosed-phosphate dehydrogenase (0.31 
UImL final demethylase activity. Each test should consist of at 
least duplicate concentrations of test m a t e d  wi&and.without ' 

the exogenous MAS. 
12.7 Biological Data: . . 

12.7.1 Mor!ality--Dead embryos must be removed at the 
end of each 24-h period during the 96-h test at the time 
solutions are changed. If dead embryos are not removed, 
microbial growth can occur that might kill live embryos. Death 
at 24 h (stage 27) is ascertained by the .embryo's skin 
pigmentation, sauctural integrity, and irritability. At 48 h (stage 
35),72 b (stage 42), and 96 h (stage 46) the lack ofheartbeat 
serves as an unambiguous sign of death. At 96 h of exposure or 
stage 46 of controls, the number dead is recorded. Dead 
embryos removed and the remaining liye embryos Exed 
3 % formalin. 

12.7.2 Ma(fonnation-Malformations must be recorded at 
the end of 96 h. The "Atlas of Abnomalities" should be used 
in. scoring ,malfomations, particularly slight malformations. 
Embryos exposed to the test material should also be compared 
to appropriate controls. The numbq of malformations in each 
category should be reported in stcdard format for ease of 
interlaboratory comparison (Fig. 1). 

12.7.3 Growth Inhibition-The ability of a material to 
inhibit.embryonic.growth.isoften the most sensitive indicator 
of developmental toxicity. Head-tail length data (growth) must 
be collected at the end of each test. If the embryo is curved or 
kinked, then the measurement should follow the contour of the 
embryo (see 7.2). Measurement should be made after embryos 
are hxed m 3 % formalin. No sieniEcant lenmh reducuons due 
to formalin fixation have beenibserved. Tie  minimum con- 
centration to inhibit growth (MCIG) is the minimum concen- 
tration of test material that signiEcantly inhibits growth as 
determined by measurement of head-tail length. A significant 
difference in growth should be determined by the t-Test for 
grouped observations at the p = 0.05 level (22). 

12.7.4 Additional Data-DiEerent types of data have been 
collected in FETAX and may, at the u&r's option, be used in 
addition to the monalitv, malformation, and mowth inhibition -
data listed above (see Appendix XZ). 

12.7.5 Criteria for Estimating Developmental Toxicity and 
Teratogenic Hazard: 

12.7.5.1 FETAX provides concentration-response data for 
mortality, malformation and growth inhibition. These data can 

be compared with similar data on a molar basis using o 

mortality and malformation 

when compared to data from 6-aminonico 

control experiments. The TIs of ditferent tes 

compared to generate relative rankings. 


12.75.5 A 96 h-LC50 can be established for most ,i 

materials tested in FETAX. Nonteratogens only cause slight: 

moderati"mnlformations at concentrations u 

Teratogens generally cause moderate to. severe 

at these concentrations. Comparison can be 

positive control 6-aminonicotinamide which 


sigmEcant role in kmrnalian reratogenesis..it is ~ ~ r r e l a t e d ~  
reratoeenesis in PETAX. Endooints in in virro develoomen 
toxic& tests do not have to'emulate mamm 
only predict hazard. Teratogenic hazard be 

13. Analytical Methodology 
13.1 The methods used to analyze test soluti 


determine the usefulnessof the:test results. if the results; 

based on measured concentrations. For example, if th 

cal method measures any impurities or reaction or de  

products along with the parent test material, resul 


appropriately (23) to minimize loss of test material by 

things .as microbial degradation, hydrolysis, oxidation, 

tolysis, reduction, sorption, and volatilization. 


.. . 
measurements for which ASTM standards do not exist, me 
ods should be obtained from other reliable sources (24). 
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.The muitmi mresheet read8 like a hisicgram. 
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N m I-Dkcuions: Place a check in each box for each type of malformation. The multant sconsheet reads like a histogram. 
FIG. 1 Sooresheet of Malformations at 96 h 
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14. Acceptability of Test 
14.1 A test using embryos from a single mating pair should 

be considered unacceptable if one or more of the following 
occurred. 

14.1.1 .Embryos were used from more than one mating pair. 
14.1.2 Hardware cloth or metal mesh was used as a s u ~ w r t  

- A  


in the breeding aquarium. 
14.1.3 In the wntrols, either the mean survival is < 90 % or 


the mean malformation in embryos is > 10 %, or both. 

14.1.4 If 90 5% of the FETAX-solution-only controls do not 


reach stage 46 by the end of 96 to 99h. The primary cause of 

control embryos not reaching stage 46 is low temperature (see 

12.2.11. 

14.1.5 If hilutioii water was used in the test, arid it did not 

allow embryonic growth at the samp rate as FETAX solution. 


14.1;6 The demonize or distilled water does not conform to 
Type I ASTM standard. . . 

14.1.7 A required dilution-water, FETAX solution, or MAS 

control or solvent control was not included in the test. 


14.1.8 The concentration of solvent was not the same in all 
treatments, except for a dilution-water or FeTAX-solution 
control. 

1411.9 Staging of embryos was.perfomied using areference 
other than Nieuwkoop and Faber (19). 

14.1.10 The test eithuwas started with less-than stage 8 
blastulae or greater than stage 11 gastrnlae. . - .. 

14.1.11 AU.Petri dishes. were not physically. identical 
throughout the test. . .. 

14.1.12 Petri dishes were not randomly assignedto their 
positions in.a non-forced,au incubator. 

14.1.13 The embryos ,were not randomly assigned to the 
Petri dishes. . . 

14.1.14 Required dataconcerning mortality, malformation, 
qdgrowth wen not collected. 

14.1.15 The pH of the test solution was < 6.5 or > 9.0 in the.. 
~0IItr01or highest test concentration. 

14i1.16 Dead embiyos were not removed after each 24-h (C 
2 h) internal. ' .  

. . 
' 

14.1.'17 Consistently deviating from the temperature limits 
as stated in 12.2.1: A short-term deviation of more t h a  + 2OC 
might. be inconsequential.. . . 

14.1.18 If the reference.toxicant study produced significant 
variability (22 SD units from the historical mean values) 
compared to'historical data plotted on a control chart. 

15. Documentation 
15:l The reiord of the ~csults of an acceptable FETAX 

should include the following information either directly or by 
reference to existing publications. 

15.1.1 Name of test material, investigator(s) name, location 

of laboratory, and dates of initiation and termination of 
15.1.2Source of test material, its lot number, composl 

(identities and concentrations of major ingredients and 
impurities), h o w n  chemical 
identity and concentration(s) 
complex environmental mixtures a great deal of thi 
tion might be lacking. 

15.1.3 If a dilution water 

used, its chemical characteristics and a des 

pretreatment. 


15.1.4 Recent analyses of FETAX solution and adult c 

water. 


15.1.5 pH measurements of control and of 

concentrations at tpe end of each 24-h time p 

data on sample hardness, allralinity, conductiv 

carbon (TOC), concentration of dissolvedb 

content. 


152.6 The mortality, malformation rates, and .the 

embryo length at 96 h in the dilution-water, 

or solvent control. . . 


15.1.7 The mortality and malformation results obtain1 

the. 6-aminonicotinamide positive control. If a ,  

concentration-response curve was performed, 

LC50, the 96-h EC50 (malformation). and their confi 
.. 
limits should be reported. 
15.1.8 The 96-h LC50, the 96-h EC50 


TI (964 LC50196-h EC50 

concenuation to inhibit 

geometric means of these values and rheir 95 % 

limits: : Concentration-response data for mortality, 


-tion, and growth inhibitionmay be provided. 
15.1.9 A table for eich test that lists the 


percent malformation, and the head-tail length at each 

tranon tested. 


15.1.10 The names of the-statistical tests emplo 

alpha-levels of the tests, and some mea 

the hypothesis tested. . .. 


15.1.11 The types, frequency, and severity 
tions. The types .of malformations and their. s 
differ over the different coqcentrations tested. It 
to define ranges of concentrations teste 
table that lists the malformations that o 
tration range. 

15.1.12 Any deviations from standard FETAX (seeA 
dix Xl  and Appendix XZ). 

16. Keywords 

'~16.1 amphibia; developmental toxicity; FETAX; sCIeiz 
test; short-term chronic test: teratogenicity; Xenopw .,: 
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(~oludandatory Informadon) 

. . , . XI. LISTOF ALTERNAllT% SPECIES 

Use of Alternative Species-Although FETAX was 
expressly for the use of Xenopuslaevir, it might be 
to use endemic species when required by regulations 

er considerations. Users are cautioned that many endemic 
es of frogs are threatened by pollution and habitat loss and 

user should carefully consider the environmental conse- 
.of large-scale collection of local anuran species. 
ns from standard procedures must be reported (see 
15) and it will be dificult to compare data between 
FETAX and da@derived using an alternative species. . . . . . : .  , . ,. ,, 

. X1.2 ~ecommended Anurans-Members of t h e  family
2Ranidae (for example, Rana pipiens) and Bufonidae (for 
v:i.imnple, Bufo fowlerzl might be best suited for FETAX, 
i
~>...:., 

because the number of eggs or the seasonal availability, or 
both, are more limited for other species. Seasonal availability 
can be extended by two to three months using human chorionic 
gonadotropin injection. Rana catesbiena and Bufo mericanus 
are likely as well suited a s ~ a ~  pipiens and Bufo fowleri (25). 
High egg production, geographical range, short hatching.peri- 
ods, and other factors would indicate that these four species 
could serve as alternatives. Comparative sensitivities to inor-
ganic mercluy have been reported for some of 'these species 
(25). These stndies have reported a range in sensitivity to 
inorganic mercury which should be taken into account when 
comparing data with other amphibian species. 

1;
 . . 

X2. ADDITIONAL DATA AND ALTERNATIVE EXF'OSURES 

.1 Additional Data-Other types of data can be collected 
that increases its versatility. The types of data listed 
sent somethat have been collected in past experi- 
e case of pigmentation and locomotion, scoring is 

1 ~ i ~ m ~ n m t i o ~ - C o l l e c t i n ~  data on ~igmentation 
e useful for ineasuriog neural damage because it is 
that the size of the pigment patches is under nervous 

.Agents that atrcct these nerves cause smaller pigment 
and the overall color of the 96-h larvae will pale. 
son to the standard" Atlas of A b n o d t i e s "  and 

.controls must be made in order to determine abnormal 
on. Other causes of depigmentation are possible 
oss of melanin production. Acoucenuation-response 
..be generated and an EC50 (pigmentation) deter- 

1.2 Locomotion-Collecting locomotion data is poteo-
Y useful in measuring specific neural or muscle damage 

with substantial cellular damage swim poorly, 
not at all. The ability to swim properly should be 
by comparison to appropriate controls. A 

on-response curve can be generated and an EC50 
cornohon) determined (26). 

.1.3 Hatchabiliry-The embryos hatch from the fertiliza- 
Onmembrane between 18 and 30 h. The number failing to 
atch.at 48 h should be recorded. Delay or failure indicates a 

!]owing of developmental processes. Tbis is analogous to 
the embryos at the end of the 96-h time period except 

Ulat it is much easier to score hatching. A concentration- 
"Ponse curve cnn be generated and an EC50 (hatching) 
determhed. 

X2.2 Additzonal Exposures: 


X2.2.1 Addirio~l Exposure Length-In spectal circum. 


stances, exposure periods exceeding 96 h or pulse exposures, 
or both, may be performed. Data so collected should be 
reported as deviating from standard FETAX. 

X2.2.2 Static-In the static technique, the test material is 
added atthe beginning of the test and not changed. It should be 
recognized that many test materials will degrade in a short 
period of .time.The static technique should only be used for 
materials that are extremely stable and do not volatilize or sorb 
to the test dishes. The cost or the size of the sample might also 
dictate that the static technique be used. This variation in 
procedure must be reported as deviating from standard FE-
TAX. 

X2.2.3 Flow-Through-A toxicant-delivery system is used 
to coutinuously deliver toxicant and dilution water t o  the 
embryos. Small glass containers with bottom screening are 
used to contain the embryos in a larger diluter apparams. The 
flow-through technique is recommended for chemicals that 
degrade quickly or are volatile or for large volume euvimn- 
mental samples. Every attempt should be made to use FETAX 
solution as the diiuent. This variation in procedure must be 
reported as deviating from standard FETAX. 

X2.2.4 Solid Phase Sample Testing: 
X2.2.4.1 Sample Handling-Approximately 1 kg of soil or 

sediment should be collected and expediently sent to the 
laboliltoq to minimize holding time. Prior to testing, soil or 
sediment subsamples should be thoroughly homogenized. 
Composites usually consist of three to six grab samples. 
Subsamples are collected with a non-reactive sampling device 
and placed in a non-reactive storage container. Subsamples are 
mixed and stirred until the texture and color are unifo~lll (see 
9.7 of Guide E 1391). The samples are then stored at 4'C until 
FETAX testing is initiated. It is recommended that samples be 
tested within two weeks of receipt unless specific circum- 
stances delay testing (see 10.5 of Guide E 1391). 



X2.2.4.2 Assay MerhodS- FETAX studies should be per- 
formed in accordance with the methods cited in the previous 
sections with the following modifications for whole soil or 
sediment testing. Testing may be performd in 250 mL 
specimen bottles or similar capped vessels equipped with a55,  
inm glass tube with Teflon@ mesh insert as the exposure 
chamber. Stainless steel mesh (100 p pores) canbe substituted 
for Teflon@ mesh. For screening tests, 35 g of sediment (dry 
weight) should he placed in the bottom of the vessel, the 
exposure insert added,. and filled with 140 mL of FETAX 
Solution (dilution water)(see X2.2.5.1). It is essential that the 
dilution soil he non toxic and as chemically and physically 
similar to the .test soil as possible. Care must be taken in 
interpreting results of soiJ/sedime.nt diiution experiments in 
that toxicity results may bealtered because of the nature of the 
soillsediment used for dilution (27). The sample must be 
equilihrated.The top edge of the glass tube must be higher &an' 
the water level to prevent larvae sw-g out after day two. 
This represents four parts of dilution water to one part of soil 
or sediment. Blastulae stage embryos are placed directly on the 
mesh insert that rests directly over the top of the soil or 
sediment in the sedimentlwater interface region. The test 
consists of 25 embryos placed in each of foui replicates (total 
of 100 embryos exposed to FETAX Solution), a minimum 25 
embryos exposed to blasting sand (artificial sediment) in each 
of three replicates (minimum 50 total), and 25 embryos 
exposed to the soil or sediment sample ineach of three 
replicates (minimum 50 embryos total). Blasting or beach sand 
shouldbe extensively tested befo~hand.to enswthat  there is 
less than lo.% mortality or malformation after 96 h. There 
should also hea  reference soiVsediment tested that is. nontoxic 
but represents the soiVsedimcntcharacteristicsof the site (see 
Test Method E 1706). Dilutiomof the soil or sediment should 
be prepared by mixing the sample .with uncontaminated site 
soil or laboratory reference soil. Four to six dilutions ranging 
from 0 to 100 96 soil sample and a FETAX Solution control are 
typically tested. Screening tests (control.and 100 90sample) 
may be performed prior .to multi-concentration definitive 
testing. Each sample should he tested in triplicate. Solutions 
and soils or sediments should be changed every 24 h of the 4-d 
test by moving the insert containing the embryos to a fresh jar 
of diluent water and soiVsediment sample. Dead embryos are 
removed at this time. Dissolved oxygen and pH should be 
measured prior to renewal and in the waste solutionsfr6m each 
successive day. Dissolved oxygen, pH, conductivity, hardness, 
alkalinity. ammonia-nitrogen, and residual chlorine should be 
measured on separate aliquots of the batches of FETAX 
Solution used'during the study. The measurements must be 
conducted after the conclusion of the exposure period and 
oxygen content must be greater than 5.5 mgn. 

X2.2.4.3 Dara Analysis- At the conclusion of the test, 
embryos should be preserved in 3 % (wlv) formalin (pH 7.0) 
and morphological characteristics evaluated using a dissecting 
microscope. If only screening tests are performed, determina- 
tion of LC50 and EC50 (malformation) is not possible and 
responses may be reported as a percent effect. Growth achieved 
by the embryos may be determined using a digitizing software 
package. Statistical evaluation of differences in response be- 

tween the control and treated gmuis may be evalua 
parametric or non-parametric hypothesis tests for the 
and malformation responses, and a grouped t-tes 
growth data (P c 0.05 for all tests). 
. X2.2.5 Aqueous Extracts of Solid Samples: 

X2.2.5.1 Moisture Fractron Derennrnarion-The 
moisture content of the hulk soil samoles should be determin 
to calculate the dry weight of each &il sample. A 25 g aIiq"4-
of the bulk soil or sediment sample should be placed in a cle 
crvstallizing dish and ,we~ghed to obtain the initial wet wei 
fo; moisture content calcuiations. The combined weight ofi 
sample and dish equals the initial wet weight. The 
should he dried at 103 - 105°C for 24 h. After 
sample should be  placed into a desiccator to 
cooling, the dried sample should he weighed 
combmed weight of the dish and the dried sample equ 
final dry weight. The moisture fraction of the sample may: 
calculated using the following formula: 

where: ~ ?: 

M F  
I 
F 

= moisture fraction of bulk soil (in %), 
= initial wet weight of samole + crucible (in n). 
= final dry weighi 

:~: 

X2.2.5.2 Eairact Preparation-The foU 
may he usedto prepare the soil eluuiates. ASTM 
or FETAX Solution should he used to prepare 
from soil samples. If ASTM 5 p e  I water is used 
samples, a control (reference site) sample mus 
t r m  pH, hardness, a1kalinity;and con 
and controls tested in the FETAX &s 
extract contains sufficient minerals 

tion should first he tested in FETAX to show that it 

settle overnight in refrigerated (4 ? i"~) storage, 
and oH recorded. Place the mixture in a refneerated 
(dad) for about 20 min at 8000 rpm (5500 to 6000, 
or until supernatant is clear. The elutriate should not 
because filtering may remove particulate material 

he refrigerated (4 ? Z°C) with no he 

ate can he used in the presence of the m 
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1 system to bioactivate toxicants. See Gu~de E 1391 for addi- 
tional soillsediment preparation techniques. 

K 

TABLE X3.1 Concentration Steps tor Range Findlng Tests 
0.001 to 0.01 0.01 to 0.1 to 0 1 to 1 1 to 10 10 to 100 

Rmgs Range Range Range Rang8 

0.001 0.01 0.1 1.0 10 
0.0015 0.015 0.15 1.5 15 

X4. MICROSOME ISOLATION REAGENTS AND NADPH GENERATING SYSTEM COMPONENTS 

5 M Tris-HC1 -Adjust to pH 7.5. Store at 4'C. 
W/V KC1 in 0.05 M Tris-HCI: Adjust pH 

KC1 in 0.02 M Tds-HC1 with 0.5 % w/v 
pH to 7.5. Store at 4'C. 

~ ~~ ~Generator ,yysrem-me i follow-
be added individually to the p e h  dish or

&'- "aCOmbllled generator stock soluuon (see below). Forroume 
"Ork. h e  combined eenentor stock should be used 

~~ -

Component Concentration in Peld
~ i r h  

GIuoose-6-Phosphate 3.6 mM 
Glum&-phosphate Dehydmgenase 0.31 U/mL 
Nimtlnamide Adsnine Dinueleotlde (NADP) 0.1 mM 
Reduced Nlmtinmide Adsnlne Dinucleotldn (NADPH) 7.0 pM 

X4.2.1 To prepare the combined generator solution, 1.85 g 
of glucose-6-phosphate. 132 mg NADP, and 8.4 mg NADPH to 

~ ~ i ~ ~should be added 16.8 mL of EETAX solution. This will supply 
50 dishes. Glucose-phosphate dehydrogenase is added sepa- 
rately The generator stock should be stored at -20°C and 77 & 
of the generator stock preparation 1s iltpened to each dish 
which contains a total of 8 -mL of solu<oh. 

X4.3 Antibiotics-A stock solution of 10 000 U/mLpeni-
cillin G and 10,000 UImL streptomycin sulfate should be 
prepared in EETAX solution. A final concentration of 100 
U/mL of each antibiotic per Petri dish is recommended. The 
stock should be stored at 4°C. 
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