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:,:<.;1.:Scope 
. - .<$:A I..*A 

.l;);,.l:l This guide (3)2.3describes procedures for obtaining 
:::$liboratory.., . . . data concerning the short-term adverse effects of . 

f$;btenfially .contaminated sediment, or of atest material experi- 
.;>!$pientally.added to contaminated o r  uncontaminated. sediment, 
&@;m@e or estuarine inf'aunal amphipods during static 10-day 
:@~e;nposures.These procedures are useful for testing the effects of 
$;&y@ops geochemical characteristics of sediments on marine 
::?;ind.estuarine amphipods, and could be used to assess sediment .:>;"?.* ' . ....;tox~cityto other infaunal taxa, although modifications of the ';$i-~,,3flocedures ,appropriate to the test species might be necessary. 
:<;$rocedures for 10-day static sediment toxicity tests are de- 
.><, ,.,. ,
<;$pnbed .for the following species: Rhepoxynius abronius, 
~E~2Eohaustoriusesruarius, Ampelisca abdita, Grandidierella 
&$g&iq,. and Leptocheirus plumulosus. 
.,i,,d!2,,-.... N o  documents (USEPA ,1994 .(I), USEPA-USACE 
'igf999 (2))provide additional guidance on methods for conduct- I*,., 

,:"hg:.iediment toxicity tests with estuarine and marine amphi- :,,-...
. >

.$:;;pods. This. additional guidanceincludes supplemental informa- 
:;j$$or:,on: l ; sediment collection and storage (Section 10.4). 2. 
. ~ .  
.i.;.!+ent: spiking (Section .10.6), ,3.collection, handling, and . ..,* 
$;:$~!!lturing of amphipods (Section 11.4), and 4. statistical analy- 
,j,?FSes:(Section .l6). 'USEPA-USACE (1999) also provides guid- 
=~.r~...
;%%ce:on .a method for conduction 2 8 4  sediment toxicity tests 
:y@th.the:amphipod Leptocheinrs plumulosus. .Endpoints mea- 
'':?$!?red in.this 2 8 4  test include survival, growth, and reproduc- 
'$tion: . , ,.>I , ,> . ,.. 


... Modificationsof these procedures might be appropriate 
::!;GI3- ..
:i;for,.otl!er sediment toxicity test procedures such as flow-
,.?hugh :or. partial life-cycle tests. Methods outlined in this 
:.?&de,shouid also be useful. for conducting sediment toxicity 
. . '.'!$stslwith other aquatic tam, although modifications might be 
:::aeCess~. Other test organisms might include other species of .... 

'am~hipods,.other crustaceans, polychaetes, and bivalves. ,.:: .,. 
::.;:>-1.4 :Other modifications of these procedures might be justi- .. .., 

, .. . .  . , ..-
. . ., 
, ,.,, :i,. 
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fied by special needs or circumstances. Although using appro- 
priate procedures is more important than following prescribed 
procedures, results of tests conducted using unusual procedures 
are not likely to be comparable to results of many other tests. 
Comparisons of results obtained using modified and unmodi- 
fied versions of these procedures might provide useful infor- 
mation concerning new concepts and procedures for conduct- 
ing sediment tests with infaunal organisms. 

1.5 These procedures are applicable to sediments containing 
most chemicals, either individually or in formulations, com- 
mercial products, and known or unlcnown mixtures. With 
appropriate modifications these procedures can be used to 
conduct sediment toxicity tests on factors such as temperature, 
salinity, dissolved oxygen, and natural sediment characteristics 
(for example, particle size distribution, organic carbon content, 
total solids). These methods can also beused to conduct 
bioconcentration tests and in situ tests, and t o  assess the 
toxicity of potentially contaminated field sediments, or of such 
materialsas sewage sludge, oils, particulate matter, and solu- 
tions of toxicants added to sediments. A median lethal concen- 
tration (LC50) or median sublethal effect concentration (EC50) 
of toxicants or of highly contaminated sediment mixed into 
uncontaminated sediment can be determined. Materials either 
adhering to sediment particles or dissolved in interstitial water 
can be tested. 

1.6 Results of short-term toxicity tests with test materials 
experimentally added to sediments may be reported in terms of 
an LC50, and sometimes an EC50 where "concentration" 
refers to dry or wet weight concentration in sediment. Results 
of a field survey with single samples to determine a spatial or 
temporal distribution of sediment toxicity may be reported in 
terms of percent mortality (see Section 16). Field surveys can 
be designed to provide either a qualitative reconnaissance. of 
the distribution of sediment toxicity or a quantitative statistical 
comparison of toxicity among stations. 

1.7 This guide is arranged as follows: 
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1.8 The values stated in SI units are to be regarded as 
standard. 

1.9 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safely and health practices and determine the applica- 
bility of regulatory limitations prior to use. While some safety 
considerations are presented in this guide, it is beyond the 
scope of this guide to encompass all safety requirements 
necessary to conduct sediment toxicity tests. Specific hazard 
statements are given in Section 8. 

2. Referenced Documeats 
2.1 ASTM Standards: 

D 1129 Tenninology Relating to W& 


'Annual Book of ASTM Stando&, Vol 11.01. 

1367 

D 3976 Practice for Preparation of Sediment Sampl 
Chemical AnalysisS 

D 4447 Guide for 'the Disposal of Laboratory Che 
and Samples6 

E 380 Practice for Use of the International System of U 
(SI) (the Modernized Metric System)' 

E729 Guide for Conducting Acute Toxicity Test 
Fishes, Macroinvertebrates and Amphibians6 

E 943 Tenninology Relating to Biological meets and 
vironrnental Fate6 

E 1023 Guide for Assessing the Hazard of a Material 
Aquatic Organisms and Their Uses6 

3. Terminology 
3.1 Definitions of Terms Specific to This Standa 

substrate within which the 

contain concentrations of toxicants that cause 
..,the test organisms or reduce their s u ~ v a l .  

3.1.1.2 solid-phase sedimentdistinguished from elutria 
and resuspended sediments in that the whole, intact s 
used to expose the organisms, not aform or derivativeo* 
sediment. . . . . *;.. 

3.1.2 toxiciQ-the property of a material or combinatio 
materials, to adversely affect organisms (see T-01 
E 943). , ' 

3.1.3 exposureAontact with a chemical or 
(see Terminology E943). 

3.1.4 interstitial water-the water within 'a wet.se 
that sumounds the sediment oarticles. The amount of interse 
water in sediment is expressed as the percent r&o 
weight of the water in thesediment to that of the wet se 

3.1.5 overlying.water-the water that is added to; 
chamber over thesolid phase of the sediment in a toxi 

3.1.6: -spiking. ofsediment, refers to the experimen 
tion of a test material such as a chemical or 
chemicals, sewage sludge, oil, particulate matte 
contaminated sediment to a clean negative control. 
sediment to determine the toxicity of the material a 
the test material is added, sometimes with a solvent cami 
sediment is thoroughly mixed to evenly disuibute tb 
materialthroughout the sediment. 

3.1.7 The LC50 is the statistically or graphical1y.de 
best esfimate of the concentration of test material added' 
contained in sediment that is expected to be lethal to 5@? 
the test organisms under specified conditions within. tbe:t 
period (see Terminology E 943). 

3.1.8 The EC50 is the statistically or graphically 
concentration of test material in sediment that is 
cause a measured sublethal effect (for example the 

Annunl Book ofASTMSurul(~rd*.Vol 11.02. 
Annul  Book ofASTM Standards. Vol 11.05. 

' A n n u t  BOORof ASTM Srandards, Val 14.02 (excerpt6 in ~ e l a d ' M  
Secdon of all volumss). 



pods to rebury in clean sediment at the end of the test 
), in 50 % of the test organisms under specified condi- 

e Terminology E 943). 
.1.9 The words "must," "should," "may," "can," and 
gbt" have very specific meanings in this guide. 
.1.9.1 "Must" is used to express an absolute requirement, 
.:is, to state that the test ought tobe designed to satisfy' the 

ed condition, unless the purpose of the test requires a 
.design. "Must" is only used in connection with factors 
tly relate to theacceptab'iiiiy of the test (see Section 

"Should" is used to state that the specified condition 

able," "is often desirable," and "might be desirable" 
connection.ivith less important factors. 
May" is used to mean "is (are) allowed to," "can" 

an "is (are) able to," and "might" is used to mean 
ly." Thus the classic distinction between "may" 

preserved, and "might" is never used as a 
ither "may" or "can." 

tious of other terms used in this guide,refer to 

gh a 10-day static test with solid phase 
ent.and.over1ying water in aerated l-L glass test cham- 

ethal effects such as emergence from 
bury in clean sediment are determined 
fic number (usually 20) of amphipods 

. Response of the amphipods to 
with response in control sedi- 

reference sediment is used to 
e acceptability of the test by 

and relativequality of the test 
of the overlying water, test 

s, etc., and (b)the basis for 

marine and estuarine sediments. 
5.2 Protection of a community oforganisms requires aven- 

ing detrimental contaminant related effects on the number and 
health of individuals and species within that population. 
Sediment toxicity tests provide information on the toxicity of 
test materials in sediments. Protectionof the most sensitive 
species within a community will theoretically protect the 
community as a whole. 

5.3 Amphipods are an abundant component of the soft 
bottom marine and estuarine benthic community. They k e  a 
principal prey of many fish, birds, and larger invertebrate 
species. Some species are predators of  smaller benthic inver- 
tebrates. Others ingest sediment particles and thus are directly 
exposed to contaminants. Amphipods are among the first taxa 
to disappear from benthic communities impacted by.pollution. 
and have been shown to be more sensitive to contaminated 
sediments than several other major taxa (4). The ecological 
importance of amphipods, their wide geographical distribution, 
ease of handling in the laboratory, and their sensitivity to 
contaminated sediments makc them appropriate species for 
sediment toxicity testing. 

5.4 .Anacute toxicity test is conducted to obtain information 
concerning the immediate effects on test organisms of a 
short-term exposure to a test material .under specific experi- 
mental conditions. An acute toxicity test does not necessarily 
provide information about whether delayed effects will occur, 
although a post exposure observation period, with appropriate 
feeding if necessary, could provide suchinfomtion. 

5.5 Results of acute sediment toxicity tests can be used to 
predict acute effects likely to occur on aquatic organisms in 
field situations as a result of exposure under comparable 
conditions, except that, (a) motile organisms might avoid 
exposure when possible and (b) toxicity to benthic. organisms 
can be dependent on sediment characteristics, dynamics of 
equilibrium partitioning, and the route of exposure to the 
benthic organisms. . , . .. 

5.6' The amphipod sediment toxicity test might be used to 
determine the temporal or spatial distribution of sediment 
toxicity. Test methods ca i~  be used to detect horizontal and 
vertical gradients in toxicity. Mortality data can be used to 
indicate the relative toxicity of field collected sediments. 

5.7 Results of acute tests with toxicants experimentally 
added.to sediments can be used'to compare the acute sensi- 
tivities of different species and the acute toxicities of different 
test materials, and to define the effects of various environmen- 
tal factors on results of such tests. 

5.8 Results of acute sediment toxicity tests are useful for 
studying biological availability of, and structure-activity rela- 
tionships between, test 'materials in sediment. 

5.9 Results of acute sediment toxicity tests might be an 
important consideration when assessing the hazards of materi- 
als to aquatic organisms (see Guide E 1023) or when deriving 
sediment quality criteria for aquatic organisms (5). Sediment 
toxicity tests mightbe useful in making decisions regarding the 
extent of remedial action needed for contaminated sites. 

6. Interferences 
6.1 Due to the limited time sediment toxicity rests have been 

practiced, the methodology continues to develop and evolve 



with time and research needs. Because of the developmental 
nature of sediment toxiciry testing, there are limitations to the 
methods described in this guide. 

6.2 Results of acute sediment toxicity tests will depend, in 
part, on the temperature, water quality, physical and chemical 
properties of the test sediment, condition of the test organisms, 
exposure technique, and other factors. Factors potentially 
affecting results from static sediment toxicity tests might 
include: 

6.2.1 Alteration of field sediments in preparation for labo- 
ratory testing. 

6.2.1.1 Maintaining the integrity of the sediment environ- 
ment during its removal, transport, and testing in the laboratory 
is extremely difficult. The sediment environment is composed 
of a myriad of microenvironments,.redoxgradients, and other 
interacting physiochemical and biological processes. Many of -
these characteristics i n f l h c e  sediment toxicity and'bioavail- 
ability to benthic and planktonic organisms, microbial degra- 
dation, and chemical sorption. Any disruption of this environ- 
ment complicates interpretations of treatment effects, causative 
factors, and in situ comparisons. 

6.2.1.2 Testing of sediments at temperatures or salinities 
other than those at which they were collected might atfect 
contaminant solubility, partitioning coefficients, and other 
physical and chemical characteristics. 

6.2.2 Interactions between the sediment particles, overlying 
water, interstitial water, and humic substances, and the sedi- 
ment to overlying water ratio. 

6.2.3 Interactions among chemicals that might be present in 
test sediment. 

6.2.4 Realism of using spiked sediment (that is, whether the 
spiked sediment is at equilibrium and evenly mixed). 

6.2.5 Photolysis and other processes degrading test chemi- 
cals; 

6.2.6 Maintaining acceptable quality of overlying water. 
6.2.7 Excess food might change sediment partitioning and 

water quality parameters. 
6.2.8 Resuspension of Sediment during the toxicity test. 
6.2.9 Limited opportunity for biological observations dur- 

ing the test because organisms bury in test sediment. 
6.2.10 Natural geochemical properties of test sediment col- 

lected from the field that might not be within the tolerance 
limits of the test organisms. 

6.2.11 Recovery of test organisms from t& test system. 
6.2.12 Endemic organisms which might be present in field 

collected sediments including (a) predators, (b) species that 
might be the same as or closely nlatedto the test species, (c) 
microorganisms (for example, bacteria, molds), and algae 
colonizing sediment and test chamber surfaces. 

6.3 Static tests might not be applicable to materials that are 
highly volatile or are rapidly biologically or chemically trans- 
formed. Furthermore, the overlying water quality mightchange 
considerably from the initial overlying water. Because the 
experimental chambers are aerated, the procedures can usually 
be applied to materials that have a high oxygen demand. 
Materials dissolved in interstitial waters might be removed 
from solution in substantial quantities by adsorption to sedi- 
ment particles and to the test chamber during the test. The 

dynamics of contaminant partitioning between solid and 
solved phases at the initiation of the test should therefore- 
considered, especially in relation to assumptions of chemi 
equilibrium. 

7.Apparatus 

field collection and prior to a test. The holding tanks 

bath to maintain the e 

remove oil and water are desirable. The area contain;ing 
chambers must be well ventilated and free of fumes, 
prevent contamination of test materials and to protect res 

ventilate the area surrounding test chambers. 

contact stock solutions, test solutions, or any water or s 
into which test organisms will be placed shouldnot 

addition, equipment and facilities 

sediment before or during the test. Tubing used in 
test sea water and in aerating the test chambers 
nontoxic vinyl? New tubing should be aged at least 

Tygon R-3603, a registered trademark ofNonon Co.. ~o fo rnanccp lG&~  
N Diamond St.. Ravenna, OH 44266, or equivalent, has been found auilablofo'! 
-~ .:.%~~~ 



to use. Separate sieves, dishes, containers, and other 
t should be used to handle test sediment or other toxic 
and these should be kept and stored separately from 

se used to handle live animals prior to testing. 
Test Chambers-Species specific information on test 

bers is given in Annex A2-Annex A5. The test chambers 
d be placed in water bath to minimize temperature 

mations, and should be aerated. Aeration can be provided 

chambers and other glassware, and -
used to store and prepare test sea water, stock 

test sediment should be cleaned before use. AU 
uld be cleaned before each use by washing with 

ent, followed by three distilled water rinses, 
,) or hydrochloric (HC1) acid rinse, and at 

e removed by a water-miscible organic solvent rinse 
ed water rinse, or by baking for 8 h at 300 
of hypochlorite solution is not recom-

to be used again.should be immediately 
with water, (c) cleaned by a procedure 
g the test material, and (d) rinsed at 

y for non-toxic sediments and water 
ith .clean sea water. They should be 

e cleaned using only clean distilled 
of detergents is sometimes detri-

cceptabiliry-The acceptability of new holding or 

and clean sea water. Survivalofthe test species will 
ate whether facilities, water, control sediment, and 

g techniques are adequate to result in acceptable 
%) control survival in the absence of toxicants. 

an^ materials can affect humans adversely if precau- 
e, skin contact with all toxicants, 

tting hands into test sediments 
aprons, and glasses. Special 
t chambers and ventilating the 

dling procedures (7), and 
f the test material should be 
ecial precautions might be 

als (8) and with mate- 

at can be pathogenic 
dealing with these 

sediments might include immunization prior to sampling and 
use of bactericidal soaps after working with the sediments. 

8.3 Sediments collected from the field might be contami- 
nated with unknown concentrations of many potentially toxic 
materials, and laboratory prepared sediments might be spiked 
with high concentrations of toxicants. Any potentially contami- 
nated sediments should be handled in a manner to minimize 
exposure of researchers to toxic compounds. Mixing of toxic 
sediments in open containers, spiking of laboratory prepared 
sediments, and loadiig of toxic sediments into test chambers 
should be done in a well-ventilated area, preferab1y.a chemical 
fume hood. Face shields or protective goggles shouldbeworn 
during any operations that might involve accidental splashing 
of sediments, such as sieving, mixing and loadiig into test 
chambers. . . 

8.4 Health and safety precautions and applicable regulations 
for disposal of stock solutions, overlying water from test 
chambers, test organisms, and sediments should be considered 
before beginning a test (see Guide D 4447). Consideration .of 
cost as well as detailed re-platory requirements might be 
necessary. For tests involving spiked sediments with known 
toxicants, removal or degradation.of toxicants before disposal 
of stock solutions, test sediments, and water is sometimes 
desirable. 

8.5 Cleaning of equipment with a volatile solvent such as 
acetone, should be performed only in a well-ventilated areain 
which no smoking is allowed and no open flame, such as a pilot 
light, is present. Cleaning equipment with acids should be done 
only in a well-ventilated area, and protective gloves and safety 
goggles should be worn. .. 

8.6 To prepare dilute acid solutions, concentrated acid 
should be added to water, not vice versa. Opening a bottle of 
concentrated acid and adding concentrated acid to water should 
be performed only in a well-ventilated area or a chemical fume 
hood. . . 

8.7 Use of ground fault systems and leak detectors is 
strongly recommended to help .prevent electrical shocks be- 
cause salt water is a good conductor of electricity. 

9. Toxicity Test Water 
9.1 General Requirements-Besides being available inad- 

equate supply, water used in toxicity tests should be acceptable 
to test organisms and the purpose of the test. The minimum 
requirement for acceptable water for use in acute toxicity tests 
is that healthy test organisms survive in the water, and in the 
water with sediment for the duration of holding and testing 
without showing signs of disease or apparent stress such as 
unusual behavior, changes in appearance, or death. The water 
in which the test organisms are held prior to the test should be 
uniform in quality in that the concentration of contaminants 
and the range of temperature and salinity encountered during 
the holding period do not adversely affect the survival of the 
test organisms in the holding tanks or in the control treatments 
during the test. 

9.2 Source: 
9.2.1 Natural Salt Water-If natural salt water is used, it 

should be obtained from an uncontaminated area known to 
support a healthy, reproducing population of the test species or 
a comparable sensitive species. The water intake should be 



positioned to minimize fluctuations in quality and the possi- 
bility of contamination, and to maximize the concentration of 
dissolved oxygen tohelp ensure low concentrations of sulfide 
and ir0n.A specially designed systemmight be necessary to 
obtain salt water from a natural water source. To ensure 
uniform quality, water should be monitored as  in 9.4. These 
precautions are intended to ensure that test organisms are not 
apparently stressed by water quality during holding, acclima- 
tion, and testing and that water quality does not unnecessarily 
afect test risults. 

9.2.2 Reconstituted Salt Water-Reconstihlted salt water 
can be prepared by adding a commercially available sea salt or 
specified amounts (see Guide E 729 and Table 1) of reagent- 
grade chemicals (13) to high-quality water with (a) conductiv- 
ity less than 1 pS/cm and (b)either total organiccarbon (TOC) 
less than 2 mg/L or chemical oxygen demand (COD) less than 
5 mgL. Acceptable water can usually be prepared using 
properly operated deionization or distillation units. Reconsti- 
tuted salt water should be intensively aerated before use, and 
aging for one to two weeks might be desirable. If a residue or 
precipitate is present, the solution should be filtered before use. 
The water should meet the criteria given in 9.1. 

9.2.3 Chlorinated water must never be used in the prepara- 
tion of water for toxicity tests, because residual chlorine-and 
chlorine-produced oxidants are highly toxic to many aquatic 
animals (12). Dechlorinated water shouldbe used only as a last 
resort because dechlorination is often incomplete. Municipal 
drinking water is not recommended for use because in addition 
to residual chlorine, it often containsunacceptably high con- 
centrations of metals, and quality is often highly variable (see 
Guide E 729). 

9.3 Preparation: 
9.3.1 Sea water used in the sediment toxicity test should be 

passed through a filter effective to 5 pm or less to remove 
suspended particles and organisms from the water. Water that 
might be. contaminated with facultative pathogens should be 
passed through a properly maintained ultraviolet sterilizer (16) 
or a filter effective to 0.45 pn or less. 

9.3.1.1 If necessary, IIie salinity should be reduced by 
diluting the sea water with high-quality deionized or distilled 
water (see 9.2.2). Salinity can be raised by addition of clean 

TABLE 1 Reconstituted Salt Water (14)for Marina and Estuarine 
Crustaceans 

Add the followlna reanenwrade 1131chemloals in me amounts and order 
11sted to 800 mL oiwatei E& chemical must be d~sso~ved before the next IS 

NaF 
srClp6H,o 

HsBO, 

KBr 


"If the resulting solullon lsdllutedto 1 L,thesallnlfyshould be34 t 0.5 gkg and 
the pH 8.0 r 0.2. The desired test sallnlfy Is analned by dilution attime of use. The 
recon611tuIed salt water should be stripped of trace metals (16). 

filtered oceanic water or prepared brine. Common practice 
use a 60 to 90-g/kg saltwater brine. Such brines have 
successfully prepared using slow, heat-concentration of 
salt water, or by the addition of artificial sea salts or r 
grade (13) salts to a natural salt water (see 9.2.2). 

9.3.2 Fresh sea w 

test chambers. It 

9.3.3 For certain applications the experimental design mi 
require use of sea water from the test sediment collection 
In other instances, experiment 

s u r d  at least twice each year and more often if such m 
ments have not been made semiannually for at least two 

9.4.1 Salinity or chlorinity, pH, particulate matter,. 

cyanide, sulfide, bromide, flu 
sulfate, calcium, magnesium 

lead, manganese, mercury, 
silver, and zinc. 

9.4.2 In estuarine areas, where large d 
seasonal variations in concentrations of organics 
and water quality might occur, more frequent mo 

trations. that have been shown to adversely afect the! 
species (17).. 

10. Test and Control Sediments 
10.1 General-Before the preparation or collection of 

sediment, an approved wriuen procedure should he prep 
for the handling of sediment that might contain unh 
quantities of many potentially toxic c o n b a n t s  (see 
8). 


10.2. Characterization-Sedimentschosen 
characterized and at least the following should b 
pH, organic carbon content (total organic c 
volatile solids), particle size distribution @ercent sand, 
clay), and percent water content. Other analyses on se 
might include biological oxygen demand, chemical OX 
demand, Eh or pE, total inorganic carbon, metals, 
organic compounds, oil and grease, organosilicones, 
troleum hydrocarbons. Interstitial water might also be 
as in 14.4. Toxicological results can identify sa 
should be subjected to more intensive physical, 
biological testing. 



.3 Control Sediment: 
ction--Control sediment should be collected 

another area that is 
ochemical requirements of the test species and 
de a nontoxic reference sediment for evaluation 
n of the test population subject to laboratory 

collecting basin. Any water overlying the sediment or 
sediment into the collecting basin should be 

d so that fine particles contained in the water can be 
mbined into the sediment. Any sediment that shows 
ence of contamination (for example, oil sheen) shouldbe 
arded. As the sediment is cvollected, bottom temperature 

ty and sediment tempera- should be recorded, and 
te sediment sample from all shovelsful, dredge hauls, 
should be collected for analysis of water content, 

separate clean container,shonld be set up 
e and contain the control sediment. Control sediment 
be sieved twice: first to remove individuals of the test 
and other macrobenthos, and' second, to adjust intersti- 

salinity if necessary. Water for' sieving 
e clean sea water prepared as in Section 9. The entire 
of the collecting basin, including waterand suspended 

example, through a 0.5-mm screen) 
culated to bring the interstitial water 
taking into account the estimated 

and the sediment should be thoroughly mixed to 
stribute fine particles that settle on the surface. 
Storage-The control sediment should be stored in 
rigid plastic containers at 4 t 3'C until the test 

s are prepared. The sediment should be stored in the 

atial or temporal distribution of 
ed by collecting potentially 

from the upper 2 cm, or 
s operation is facilitated 
so that the undisturbed 

should be transferred 
lyethylene or fiuoro- 
sirable as much as 

OSsible to avoid contact of the sample with metals, including 
ainles~ steel, and plastics including polypropylene and low- 

polyethylene as contaminant interactions might occur. 

The sample must be cooled in the field to about 4"C, and stored 
at 4 2 3°C until the sediment is distributed to the rest 
chambers. Test sediient should be stored in the dark, no longer 
than two weeks before the initiation of the test, and must notbe 
fmzen or allowed to dry. Freezing .and longer storage might 
change sediment properties and have been shown to change the 
toxicity of stored sediment (18, 19). Field collected test 
sediments should not be wet sieved, but if obvious large 
predators or other large organisms are present, they should be 
removed by forceps. For some applications, it might be 
desirable to remove small objects by press sieving the sediient 
through a 2-mm sieve. If sediment is stored longer than two 
weeks, it should be retested to c o n h  that toxicity has not 
changed. 

10.4.1.1 If sediment is collected from multiple field samples 
and pooled to meet technical objectives, the sediment should 
be thoroughly homogenized by stining or mixing by hand, or 
with the aid of a rolling mill as in 10.8. 

10.4.2 Additional samples may be taken from the same grab 
for other kinds of sediment analyses (see 10.2). Sediment 
temperature, interstitial water salinity, pH, and Eh can be 
recorded in the field.'Qualitative description of the sediment 
might include' color, texture, depth of oxidized layer, and. 
presence of plants, animals, tracks, or burrows. Monitoring the 
odor of sediment samples should be avoided, especially if the 
odor is associated with potentially hazardous chemical con- 
taminants. A core or theremainder of the sediment in thegrab 
can be sieved to provide a macrobenthos sample. 

10.4.3 The nitural geochemical propekies of test sediment 
collected from the field must be within the tolerance limits of 
the test species. The limits for the test species should be 
determined experimentally in advance. Controls for such 
factors as size, organic content, salinity, etc: should be 
run if the limits are exceeded in the test sediments (20). 

10.5 Reference Sediment-A reference sediment is a clean 
sediment collected from the field. that represents the test 
sediments in sedimental characteristics (for example, TOC; 
particle size, pH, Eh, salinity). This provides a site-specific 
basis for comparison of potentially toec and non-toxic condi- 
tions. It should be handled in the same manner as field 
collected test sediment (see 12.2.1). 

10.6 Laboratory Spiked Test Sediment: 
10.6.1 Test sediment can also be prepared in the laboratory 

by manipulating the properties of control sediment. This can 
include adding various concentrations of toxic chemicals, 
highly toxic sediment, or complex waste mixtures (for ex- 
ample, sewage sludge) to the clean sediment (21). The toxicity 
of substances either dissolved in the interstitial water or 
adsorbed to sediment particles can be determined experimen- 
tally. 

10.6.2 Test Chemicals--Chemicals experimentally added to 
sediment should be reagent-grade (13) or better, unless a test 
on a formulation, commercial product, or technical-grade or 
use-grade material is specifically needed. Before a test is 
begun, the following should be kuown about the chemical 
used: identities of major ingredients and impurities, solubility 
and stability in test water, estimated toxicity to the test species 



and to humis ,  and recommended handling and disposal 
procedures. 

10.6.3 Stock Solution-Toxic chemicals to be tested in 
sediment are usually dissolved in asolvent to. form a stock 
solution that is then addedto the sediment. The concentration 
and. stability of the chemicalin the stock solution should be 
determined before the beginning of the test.. If the chemical.is 
subject to photolysis, the stock solution should be shielded 
from the light both before and during the process of mixing 
into the sediment. . . 

10.6.4 The preferred solvent is prepared toxicity test sea 
water at the test. salinity. If.a .  substance is insoluble in salt 
water, deionized water may be used, if salinity is adjusted 
accordingly if necessary. Several techniques have been specifi- 
cally develop'ed for preparing aqueous stock solutions of 
slightly soluble .materials (22). The minimum necessary 
amount of a strong acid or base may be usedin thepreparation 
of an aqueous stock solution, but such reagents might affect the 
pH of stock solutions appreciably. Use of a more soluble form 
of the testmaterial, such as chloride or sulfate salts of organic 
mines, sodium or potassium salts of phenols and organic 
acids, and chloride or nitrate salts of metals, might affect the 
pH more than the useof the necessary' minimum amount of a 
strong acid or base. 

10.6.5 If asolventother than water is used,' it should be of 
reagent grade.'~ts concentration in the sediment. should be kept 
to a pinhum, and should be low enough that it does not affect 
the test species. Trie,thylene glycol is often a good organic 
solvent for preparing stock solutions because of its low. toxicity 
to aquatic animnls, low ylatility, and high ability to dissolve 
many organic chemicals. Other water-miscible organic sol- 
vents such as methanol, ethanol, or acetone may be used, but 
they might affect total organ* carbon levels, introduce toxicity, 
alter.the geochemical.properties of the sediment, o r  stimulate 
undesireable gowths of microorganisms. Acetone is highly 
volatile at@might leave the system more~eadily than methanol 
or ethanol. A surfactant should not be used in the preparation of 
a stock solution because it might affect the bioavailability, 
form, and toxicity of the test material. 

105.6 If a solvent other than water is used, both a solvent 
control with control sediment and a clean sediment control 
must be included in the test. The solvent control must contain 
the highest concentration ofsolvent present in sediment in any 
other treatment and must use solvent from the same batch used 
to make thestock solution. The percentage of organisms that 
show signs of stress, such as inability to rebury at the end of the 
test, or death, must be 10 % or less in both controls. Greater 
than 10 % mortality in the controls or obvious sublethal stress 
in 10 % or more of the control animals invalidates the test.(see 
12.2.2). 

10.6.7 If the test contains both a clean sediment (negative) 
control and a solvent control, the suwival, reburial, or other 
endpoint determined.in the two controls should be compared. If 
a statistically significant difference in any endpoint is detected 
between the two controls, only the solvent control may be used 
for meeting the acceptability of the test and for calculation of 
results. The negative control might provide additional infor- 
mation on the general health of the organisms tested. If no 

statistically significant difference is detected, the data 
both controls may be pooled for meeting the acceptabii 
the test and as the basis for calculation of results. 

10.7 Test Concennation(s): 

effect level. The prediction might be based 

organisms are exposed to a control 
trations of the test material that di 

10.7.2 If necess 

canbe used because in 

exposed to concentrations above 


in sediments migh 

normalized to factors other 

concentrations of non-ionic 

normalized to organic carbon content: 


10.7.4 In some (usually regulatory) situati 

necessary to determine (a) whether a specific 


is only interest in a particular concentration 
necessary to test that concentration, and 

solvent controls. 


10.8 Addition of Test Material to Sediment: 
1'0.8.1 Test material such as an effluent, a 

a solution of a chemical can be added to sediment and 
distributed by thorough hand mixing, by use of a roUing 
or by adding the test material to a sluny of the test 
that is allowed to settle. The test material might also 
to water flowing over or through the sediments, and 
partition onto the sediment. Other methods of 
also be appropriate provided the test material is 
evenly distributed in the sediment. 

l0:8:2 Modifications of the mixing technique migb 
necessary to allow time for a test material to equilibrate 
sediment. If tests are repeated, mixing conditions s 
duration and temperature of mixing, and time of mixin 
the initiation.of the test should be 

to ensure that a test material added to sediment is thorn 

analyzed to determine degree of mixing and homoge 

' 11; Test Organisms 
11.1 Species-The species of infaunal amphipod 


in the sediment toxicity test should be selected 

availability, sensitivity to test materials, tolerance to 

conditions (for example, temperature, salinity, and 

ecological importance, and ease of handling in the 




and type of s c d i t  being tested or the type of test 
implemented might dictate selection of a particular 

s. Ideally, species or genera with wide geographical 
tions should be selected, so that test results can be 
d among laboratories with similar species. Species 
uld be identified with an appropriate taxonomic key, 

s listed in the annexes is encouraged to increase 

ronius is a free-burrowing amphipod 
y used :in sediment 'toxicity testing 
. The sensitivity of this species to 
g limits its use to testing sediments 
the latge data baie that 'has been 
se of R. abronius to a variety of 
establishes .its usefulness as a test 

ee Annex AZ),E. sencillus, 
succes~fully used in sedi- 

storids @ general are more 
the East and Gulf Coasts 
availability, ease of han-

The sensitivity of a prospective new test species of 
d should be compared with a reference species such as 

ronius before the new species is used inroutine toxicity 
96-h reference toxicity test using water only could 

te therelative effects of sediment particle size and other 
nt characteristics (see 11.5.4). The test should be set up 

'In Section 13, but without the addition of sediment. A 
"-ionic organic compound whose binding properties are not 
cted by salinity could be used to compare species at 

dierent salinity levels (example: polynuclear aromatic hydro- 
carbons such as Buoranthene). It might be desirable to also test 
a metal such as cadmium. Any factor (such as salinity, pH, 
redox state, carbonates, or sulfides) that might affect the 
toxicity or bioavailabiity of the reference toxicant should be 
held constant. 

11.1.6 If tube-building amphipods are used in sediment 
toxicity testing, it should be kept in mind that the amphipods 
might not be directly in contact with test sediment after their 
tubes are built, and they might pump overlying water through 
their Nbes rather than utilizing interstitial water. They might 
feed on particulate materials that either are suspended in the 
water column or have settled on the sediment surface, while 
bunowing species might feed on particles or meiofauna found 
within the sediment. Thus tube builders and burrowing species 
might have different routes of exposure to adsorbed or dis- 
solved sediment contaminants. Amphipods that emerge from 
the sediment and -either swim in overlying water or crawl on 
the sedimentsurface might not be continually exposed to the 
test sediment. 

11.2 Age-ADorganisrns shouldbe as uniform as possible 
in age and size. The age or size class for a particular species 
should be chosen so that sensitivity to test materials is not 
affected by state of maturity, reproduction, seasonality,etc. (see 
Annexes for species, specific lequirements). . ' 

11.3 Source-All individuals in a test should be Erom the 
same source, because dierent populations of the same species 
might have different. acute sensitivrties to contaminants. Ma: 
rine amphipods are usually obtainea directly from a wild 
population in a clean area, although attempts have been made 
to culture some species: Collecting permits for field collected 
amphipods might be required by some local snd state agencies. 

11.3.1 If test organisms are cultured or held f o r k  extended 
period of time in the labora'toly, the response of laboratory-held 
organisms to test materials should be compared to that of 
animals freshly collected from the field to assure that labora- 
tory stresses do not affect their sensitivity to test materials (19). 

11.4 Collection and Handling: 
11.4.1 Amphipods should be handled as little is possible. 

When handling is necessay, it should be done carefully, gently, 
and quickly so that organisms are not unnecessarily stressed. 
Amphipods that touch dry absorbent surfaces or are injured 
during handling should be discarded: 

11.4.2 Collection-Amphipods can be collected intertidally 
with a shovel or subtidally with a small biological dredge or a 
grab. Sediment containing amphipods can be gently sieved to 
separate the amphipods. The amphipods can then be collected 
with a dipnet and transferred to and allowed to bury in sieved 
sediment from the amphipod collection site. Sieves and con- 
tainers used to collect and transport amphipods should be 
marked" live only" and should never be used for working with 
formalin or any other toxic materials. Water used for sieving 
should be at the s h e  temperaNre and salinity as bottom water 
at the collection site. Infaunal amphipods should be held in 
sediment during transport to the laboratory, and should be kept 
at or near collection site temperature or below. During a long 
transport, it might be necessary to keep containers of sediment 
and amphipods in coolers h d  to provide aeration. CoUection 



site sediment.should be saved for control, acclimation, and 
reburial sediment. 

11.4.3 Holding-Amphipods should be fully acclimated to 
the test temperature and salinity by holding them in the 
laboratory prior to their use. in a toxicity test. Amphipods 
should be collected from the field three or four days before use, 
but field-collection animals should not be held in the laboratory 
for more than two weeks before the initiation of a test. 

11.4.3.1 In the laboratoty, amphipods can be counted into 
holding containers with clean; sieved sedim.int to ascertain 
whether sufficient numbers have been collected. Amphipods 
should be sieved from tnnsport sediment and gently washed 
into aclean dish for counting. Active, apparently healthy 
amphipods can be picked up and removed from detritus with a 
wide-mouthed bulb4pipette and transferred to-sieved collection 
site sediment, into which the amphipods should quickly bury. 
Enough amphipods should be collected to provide at least one 
third. more individuals than are required for  the. test. During 
counting, the temperature of the water containing the amphi- 
pods must not exceed the amphipods' tolerance limit, and 
should remain close to the holding temperature. The holding 
containers should be provided, with fiowing or aerated s e a  
water at or near the test temperatureand salinity. If changes in 
temperature and salinity. are necessary to bring. amphipods 
from the collection site conditions to the. test conditions. 
adjustments should be made gradually to,allow amphipods to 
acclimate. Healthy burrowing amphipods wiU usually remain 
in the holding sediment until the initiation of the test, and can 
be easily retrieved for setup. Supplementary feeding, during the 
acclimation period might or might not be necessary, as some 
amphipods will find food in the holding sediment (see species 
specific annexes). Any individuals that fail to bury or make 
tubes (if they are tube builders) in holding sediment or that 
appear unhealthy during holding should be discarded. The 
temperature and salinity of the water in the holding containers 
should be monitored daily. 

11.5 Quality-AU amphipods used in a. test must be of 
acceptable quality. A qualified amphipod taxonomist must be 
consultedto ensure that the animals in the test population are 
all of, the same species. 

11.5.1 Am~hipods in holding containers should be checked 
daily before the initiation. of a test. Individuals that emerge 
from the sediment and appear &ad,or unhealthy should be 
discarded. If greater than 5 % of the nmphipods emerge and 
appear unhealthy during.the 48 h preceding the test, the entire 
group should be discarded and not used in the test. 

11.5.2 Analysis of the test organisms for the test material. if 
it might be present in the environment, and other chemicals to 
which exposure might have occurred, isdesireable. Amphipods 
may be used without analysis of chemical concentration if the 
amphipods are obtained from an area that is monitored. for 
chemical contamination (see 10.2) and known to be free of 
toxicants, and they are hold in clean, uncontaminated water and 
facilities. Amphipods from contaminated weas should not be 
used in sediment toxicity tests unless the experimental design 
specifically requires use of that population. 

11.5.3 Survival of amphipods in control sediment during the 
test is an indication of the health of the population and other 

factors. If a mean of greater than 10% mortality occurs 
conmls, or if individual replicate control mortality 
exceed 20 9,the test must be considered invalid. 

11.5.4 Reference toxicants might be useful for asses 
quality and sensitivity of test organisms, and can b 
using 96& toxicity testa without sediment to gen 
values (see 11.1.4). 

11.5.4.1 Reference toxicants can be useful in asses 
sensitivity of different populations o r  species of amphipo 
seasonal variation in sensitivity of a field-collected popul 
Such assessment is usually conducted simultaneously wi&.t 
toxicity test. Many chemicals have been usedor 
reference toxicants for use as reference toxicants (28) 
has been proven to be a reliable indicator of the overall 
of any species or test results. Arefereuce toxicant is like 
more useful when used in conjunction with tests on ma 
that have the same mode of action as the reference 
However, frequent changing among reference toxic 
reduce the value of reference toxicant data if there is 
adequate history of use with each procedure, speci 
laboratory. -
12. Experimental Design 

. . 

12.1 Decisions concerning such nspects of expe 
design as concentiations of test materials added to se 
number of beatments, and'numbers of test c h e b  
treatment should be based on the purpose i f  the test an 
type of procedure to be used to calculate resulk 
16). The &uphipod sediment toxicity test can be us 
toxicity of sediment inthe field(see 12.3) or to ad 
variety of sediment and water quality manipulattons 
laboratory (see 12.4). Every test requires one or more co 
treatments (see 12.2). 

12.2 Controls-Every test requires's conad treatment c 
sisting of sediment from the amphipod collection site or o 
sediment known to 6e nontoxi6 to, and within the geoch 
reauirements of the test species (see 10.3). The same 
co&itions, pmcedures, and organisms are used is in the otlier ,.:! 
test treatments, except that none of'the test material is added to ; 
the control sediment or water. At least five laboratory replicates ,I..; 
of the controlsediment should be included in aU tests regard:. : :j 
less of whether test sediments are replicated. This allows ; 
comparisons among experiments and amdng laboratories of the- '~ 

validity of procedures used.h individual tests. .. . .. 
~ '12.2.1 In addition to the standard control, if a field sediment 

has properties such as grain size or organic content that might 
exceed the tolerance range of the test species, it is desirable to 
include nontoxic reference sediment controls for these charac. . ' 

teristics: The design of field surveys should include an addi-. 
tional field control involving five replicate samples from an 
area that is free from sediment contamination. This provides a, 
site-specific basis for comparison of potentidly toxic and 
nontoxic conditions, and con account for mortality associated. 
exclusively with subjecting the organisms to nonnative sedi- 
ments. The concentrations of chemical contaminants should be 
measured in these fieldcontrol sediments in order to justify the 
assumption that they are contaminant-free (see 10.3). 

12.2.2 If any solvent other than water is present in any of the 
test chambers, a solvent control is also required. The solvent 



control, except that the 
any other treatment is 

o this treatment; If the test material is a mixlure, 
commercial product; none of the ingredients is 

t unless.an extra amount is used to prepare 

eys can be designed to 

of a gUhlirativere~mBis~ance survey is 
potential toxic conditions that warrant 

. It is often conducted in areas where little is 
contamination patterns. To allow for maximum 

a t i i  coverage; the survey design might include only one 
le from each' station. The lack of replication precludes 

a quantitative statistical comparison is 
ignificant differences in effects g o n g  

ce sediments and. test sediments 
s (that is, separate samples from 

red to be true replicates for statistical. comparisons 
stations (29, 30). 

ght be distributed among a 

. . 'ii..; 
if:,::1213.4 If no,amphipods survive in sediment from a pmicu- 
Plar:field location, it might be useful to conduct toxicity tests 
@with dilutions of the. field sediment mixed with control sedi- 
Gment. Concentrations should be expressed as percent dilutions 
f$na,wet weight basis, that is, wet weight of field sedimentltotal , .. 
$:Yet weight of field and control sediment mixture. Experimental 
,~

;%signs for sediment dilution experiments are the same as those 
i;described in 12.4 for other laboratory experiments. 
; . . a  12.3.5 Sediment toxicity surveys are usually pmt of more 
LJcOmprehensive analyses of biological, chemical. geological, . . 

<.:and. hydrographic conditions. A useful summary of field 
-'sampling design is presented by Green (30). Statistical corre- 
'.:latiou can be increased and costs reduced if subsamples for 
.: sediment toxicity tests, geochemical analyses, and benthic 
community structure are taken simultaneously from the same 
grab o r  at the same station. 

12.3.6 The power of the toxicity test is a function of the 
number of replicates and the number of individuals and 

variability in the response measure. On the basis of historical 
control data with the species Rhepoxynius abronius, with five 
independent, replicates per treatment and 20 amphipods per 
replicate, there is a 75 % probability of detecting a significant 
difference (P<0.05) if the diierence in mean survival between 
control and test sediment. is 2.8. (see Table 2). For control 
sunitval of. 18.0 -(90 %), this corresponds to a testsediment 
mean surviva: of 15.2, about a 15% reduction. Since the 
number of survivors in test sediments is. oftenmuch less than 
15, this is-a reasonable level of precision for most applications. 

12.4 Laboratory Experiments-Sediment toxicity. tests can 
be applied in thelaboratory to provide information on avariety 
of.problems related. to the action of contaminants in sediment. 
The test can be used to determine natural limits such iis salinity, 
temperature. etc., to estimate the LC50 of a contaminant.in a 
particular sediment type, to study the. interaction among 
contaminants in sediment, and to assess the effect of complex 
waste mixtures on the test species in sediment. . .' ' 

12.4:1 An acute test used to calculate an LC50 or an EC50 
usually consists of one or: -more. control treatments and a 
geometric series of at least five concentrations or' test material. 
Except for the control(s) and the highest concentration, each 
concentration should be at least 60 % of the next higher one, 
unless information concerning the concentration-effect curve 
indicates that a different dilution factor is more appropriate: At 
least one concentration should give a p d a l  response below 
the LC50 or EC50 and one above the LC50 or EC50. If the 
estimate of acute toxicity is patticuIarly uncertain, six or more 
concentrations might bedesirable to increase the likelihood of 
covering the appropriate range: 

12.4.2 Ki t  is only necessary to determine ( a): whether a 
specific concentration is acutely toxicto the test species or (b) 
whether the LC50 or EC50 i s  above or below a specific 
concentration..(see 10.7.4). only that concentration and,. the 
controls are necessary. Two additional concentrations at,,about 
one half and two times. the specific concentration of concern 
aredesirable to increase eonfidence in the results, . .  , 

12.4.3 AnLC or EC near the extremes of toxicity, such.as 
an LC5 or an LC95 should not be calculated unless. at lenst one 
concentration of test materidkilled or affected apercentageof 

TABLE2 Precision 01 the Sediment Toxiclty Test Using 

Rhepoxynius abronius in Relation to Sample Size 


and Replication (3) 


Number of Amphipods per Replicate 

10 20 

Number of Number of 

Replicates 'a  ~eplioates 


2 71.6 

20 0 93 9.8 10 1.76 9 3  

s me olflerence oerueen the sum va means ror wn cn me to" ctry restls 75 % 
Ceneln 01 aetecrcna stal stlea. s$nn8l#cancsIP < 0 n5l 1311-~ - - . ~ . ~ ~ ~..-.,,,..,.~~~ ~..-,. 

s~cexpressesiheprecision estimate as a percent of the normal control survival 
in Rhepoxynius abronius( c r  18.0 for n =  20; c =  9.5 for n - lo). 



test organisms, other th& 0 or 100 %, near the percentage for 
which the LC or EC is ta be calculated. This requirement.might 
be met h a  test to determine an LC50 or EC50, but special tests 
with appropriate test concentrations and possibly more repli- 
cates per treatment might be necessary. Other ways of.provid- 
ing information concerning the extremes of toxicity are to 
report the highest concentration of test material that actually 
killed or affected.no greater a percentage of thedesi organisms 
than did .the.control treatment(s), o r  to report the lowest 
concentration of test material that actually killed or affected all 
test organisms exposed to it. These alternatives are normally 
more reliab1e:than reporting a calculated result such as report- 
ing an LC5 or LC95 unless two or more concentrations resulted 
in percent killed or affected close to 5 0 r  95. %. 

12.4.4'tThe primary focus of the physical and experimental 
design of thetest and the statistical analysis'of the data is the 
experimental unit, that is defined as the smallest physical entity 
to which treatmems can be independently assigned (see Guide 
E 729). Thus, the test chamber is the experimental unit. Wlth 
respect to factors that might.affect results within test chambers 
and, therefore, the results of the test, all chambers i n  the test 
should.be treated as similarly aspossible. For example, the 
temperature in all test chambers should be as similar as 
possible unlessthepurpose of the test is to study the effect of 
temperature. Test chambers are usuallyarranged in one or more 
rows. Treatments must be randomly assignedto individual test 
chamber locations. A randomized block design (with 'each 
treatment being present in each block, that might be crow or 
a rectangle) is preferable to *completely randomized design to 
reduce the probability of chancesegregation of treahnents: (27). 

12.4.5 The minimumdesirable number of test chambers and 
, 	 organisms per treatment should. be calculated from ( a ) the 

expected variance within test chambers, (b) the expected 
v a h m e  between test chambers within a treatment, and ( c) 
either the maximum acceptable width of the confidence inter-
val on a pointestimate (for example,. LC50 or EC50) or the 
minimum diierence'that is desired to  be detectable using 
hypothesis testing (32).As the number of test chambers &at 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. . . . . 

12.4.6 'Mean 'survival in control sediment must be 90 % or 
greater. A difference of about 15 % between mean survival in 
control and test sediments is usually significant when twenty 
amphipods are included in each of five replicate test chambers 
of control and test sediment (see 16.5). 

12.4.7 It is desirable to repeat the test at a later time to 
obtain information concerning the reproducibility of the re- 
sults. 

13. 	Procedure 
13.1 Dissolved Oxygen-The concentration of dissolved 

oxygen (DO) i n  the water overlying the sediment in the test 
chambers should be maintained at or near saturation by gently 
aerating the water (see annexes). Air should be bubbled into the 
test chambers at a rate that maintains a 290 % dissolved 
oxygen concentration, but does not cause turbulence or disturb 
the sediment surface. If air flow to the beakers is intempted for 

more than an hour, DOshould 

13.2 Temperature-The te 

3QC from the selected test 
average measured temp 
within 1°C of the selected test temperature. When 
is measured concurrently in more. than one test 
highest and lowesttemperatures should not diier by more 
2°C. 

13.3 Salinity-The 
sediment toxicity tests 
the selected test spec 

logical properties of the sediment. The s 
tial water of sedime 
with contaminants 

13.3.1 Jf test  sediments are collec 

isms to remain buried in the sediment, and thus 
exposed to the test material. For other species a 
photoperiod might be desired (see annexes). 

13.5 Feeding-Infaunalamphip 
mentary feeding during the 10-day 
feeding might be required for long 

13.6 Beginning the Test: 
.:13:6<1 The toxicity test beginswhen test organisms are 

placed in test chambers containing test material. 
13.6:2 On the day before the test be,@ns, each test se 

simple should be thoroughly homogenized within its s 

weight of sediment to the other replicates within a tr 
The same procedure might.he applied to control se 
measuring the required weight for 
separately, because merent sediments might have 

loaded. For some experimental de 
test intact cores. 

settled by tapping the test chamb 



sheeting to fit the inside 

tion as prepared toxicity 

s of a treatment, and a 
treatment. The test 

bers should then be covered, put in numerical order into 
perature controlled water bath, and aerated overnight. The 
m should be left overnight to allow suspended particles to 

e and an equilibrium to be established between sediment 

,total volatile solids, 
with sediment and 
ose. Monitoring the 
pH, or for certain 

complished without 
the sediment, and may be done in the test chambers 

trol sediment but no amphipods. If more than one 
ath is used to contain the test chambers, a separate 
ture beaker should be included in each water bath (see 

ods to all test chambers at the same time, so 

ity at one time to provide about one third 
amphipods than are needed for one set of test chambers. 

allows selection of active, apparently healthy individuals. 
re ainphipods $ue ?moved, the temperature and salinity of 
water in the holding containers should be recorded. 
hipods should be sievcd from the 'holding sediment and 
f e n d  to a sorting tray containing water of the holding 
erature and salinity. The holding~sedient may be saved 

holding containers for use as reburial 

g them into a separate dish 

disk on the water surface, 
mphipods from the' sorting 

dish over the disk into the test chamber. Any amphipods 
remaining in the dish should be gently washed into the test 
chamber. The water level should be broughtup to the final test 
level in the test chamber, the disk removed, and the chamber 
replaced in the water bath, covered, andaerated. Any amphi- 
pods that do not bury withinthe time specified for the species 
(see annexes) should be removed andreplaced. 

13.7 Duration of Test-The test begins when amphipods m 
added to test chambers containing test sediment. Amphipods 
should be exposed to the test material' for ten days. There are 
no observed substantial effects of starvation or other laboratory 
artifacts in this amount of time (3). An exposure period of less 
than ten days is not generally recommended. Experiments with 
cadmium and field sediments have shown that many amphi- 
pods emerge from sediment and are alive but unable to rebury' 
after four days, but.most of theseamphipods are dead after ten 
days of exposure (3). For some experimental designs, such as 
comparison of a 96-h LC50 between species in the presence or 
absence of sediment, other exposure periods may be used. 

13.8 Biological Data-Response criteria indicating toxicity 
of test sediment include mortality and sublethal effects. Sub- 
lethal effects include (a) emergence from highly toxic sediment 
during:the course of the test, and (b)inability of survivingbut 
affected amphipods to rebury in clean, collection site sediment 
at the termination of the test. Response critiria must be 
monitored in a "blind" fashion, that is, the observedmust have 
no knowledge of the'treatment of ,the sediment in the test 
chambers. This i s  accomplished through randomization of 
sample numbers. 

13.8.1 Emergence-Since mostinfaunal amphipods remain 
buried during sediment toxicity tests, there is little opportunity 
to monitor temporal changes i n  mortality or  sublethal effects. 
An exception is the temporal pattern of emergence from'highly 
toxic sediment. The test should be monitored at least daily 
(including the day of initiation and the day of termination) for 
temperature, aeration,lights, and emergence of the amphipods 
from the test sediment. Each test chamber should beobserved 
by temporarily tuming off the air to the test chambers,. and 
gently removing the cover from individual chambers with 
minimal disturbance of the chamber. The number of ainphi- 
pods observed completely or partially out of the sediment, 
either on the sediment surface, swimming in the overlying 
water, or. floating at the water surface, should be recorded. 
Amphipods that are caught in the surface film should be gently 
pushed down into the water. Any pertinent observations on the 
appearance of the sediment (such as color, presence of non-test 
organisms, growth of moldor algae, or depth of oxidized layer) 
should be  recorded. 

13.8.2 Mortality-The primary effect of sediment toxicity is 
mortality of the test am~hipods, which is determined at the end 
of the exposure period. After daily observations have been 
made and any necessary samples have been taken, the contents 
of the test chambers should be sieved to remove the test 
species. Use of a larger screen size sieve-for initiation anda  
smaller screen size sieve for termination reduces the possibcity 
of losing s m d  amphipods through the screen at mmination. 
Screen sizes are specific for various test species (see annexes). 
~ ~ t e r i a lretained on the screen should be wasbed into a sorting 



tray with clean sea water. The total numbers of live and dead 
amphipods of the test species should be recorded. The sum of 
these numbers might be less than the number of amphipods at 
Tobecause of decomposition. If the. test species is naturally 
present in the test sediment, the total number of live and dead 
amphipods might exceed the number at T,.Ainphipods that are 
inactive but not obviously dead should be observed under a 
lowpower microscope and should be counted as alive if there 
is any sign of movement, such as a neuromuscular pleopod 
twitch. Gentle prodding may be used in an attempt to elicit 
movement. 

13.8.3.Reburial-Data on the ability of the amphipods to 
rebury in clean sediment at the termination of  the sediment 
toxicity test can be used to detect :biologically important 
sublethal effects. Amphipods that s w i v e  the test should be 
transferred to dishes containing a layer of c l e q  0.5 mni sieved 
control sediment. .Sediment saved from the pretest holdkg 
containers and kept either in flowing sea water or at 4°C might 
be appropriate for use.as reburial sediment The numbers of 
amphipods able to bury within the time period specified for the 
species should be recorded. These data =.used to document 
sublethal effects on behavior, and can be used to calculate an 
EC50. Infaunal amphipods unable to rebury are very unliely 
to survive in nature. Toxicity data can therefore be analyzed in 
relation to effective morraliry, that is, the sum of dead individu- 
als plus those survivors that are not able to rebury. EC50 
calculations can be made on the baskof effective mortality. In 
most cases, amphipods that survive in a ten-day test are able to 
rebury. 

13.9 Other Measurements: . . 

13.9.1 Field Sediment-I€ the sediment to be .tested i s  
collected from a potentially contaminated site i n the  field, 
sediment samples should be collectedfrom the same grab for 
analysis of various geochemical properties (see 10.2). A 
separate.sample forfaunal analyses is also desirable. These 
samples may bestored under appropriate conditions for pos- 
sible fume analysis, after the results ofthe sediment toxicity 
test are known. Sediment Eh and pH should be measured both 
in the field and in the test chambers at the beginning and at the 
end of the test. This is especially desirable forfield sediments, 

..that might contain highconcentrations of organic materials. AU 
measurements should also be taken in control samples. 

13.9.2 Laboratory Spiked Sediments-In experiments in 
which a latown test material is added to sediment, the concen- 
tration of the test material should be determined in stock 
solutions or mixlures added to sediment, and in test chambers 
at the beginning and at the end of the test. Sea water and 
sediment samples can be taken as test chambers are loaded, and 
small water samples can b e  taken frcim the test ~hambers 
containing amphipods. To monitor changes in sediment or 
interstitial water chemistry. during the course of the experi- 
ment, separate sediment chemistry beakers should be set up 
and sampled at the initiation and at the termination of the 
experiment. It is not necessary to add amphipods to chemistry 
chambers sampled at the initiation of the experiment, but 
amphipods should be added to those sampled later. Some 
sediment and water quality characteristics, such as pH, Eh, and 
dissolved oxygen, can be measured by inserting analytical 

probes into the test chambers containing ainphipods. If mdi 
labeled test compounds are used, separate chemistry beak 
might not be necessary. 

13.9.2.1 The concentration of test material in water: 
sediment should be measured at several concentrations an 
often as practicable .during the test. At a minimum., 
concentration of the test material should be measured.a 
beginning and at the end of the test in the control and at: 
medium, and high concentrations. Measurement of degrada 
products of the test material might also be desirable. ., 

13.9.2.2 Measurement of test material concentratio 

water. can be accomplished by pipetting water samples 

glass or fluorocarbon plastic tubing from a point 

between top, bottom, and sides of the test chambe 

samples should not contain any surface scum, any m 

from the sides of the test chamber, or any sediment. : 


- 13.9.2.3 Samples for measurement of concentrations.qf 
material in sediment can be taken by siphoning off. 
overlying water without disturbing the surface of the se 
and then taking appropriate aliquots of t he  sedim 
chemical analysis. 

13.9.2.4 Interstitial water can be sampled by using the 

that comes to the surface in a rolling mill jar or in a s 

container as the sediment settles, by centrifuging 

sample to separate the sediment particles from the 

water, or by using a filter apparatus to extract intershh 

froma sediment sample..Care should be taken to ens 

test materials do not undergo transformation. deerad 

volatilization during sample preparation. It shouid. be, 

mind that filtering can remove certain test materials. 

solution. .
, 

13.9.3 All Tests-Temperature should. be recorded, 

separate temperature beaker throughout the test. .If test. 

bers are in more than one temperature controlled water,b 

temperature beaker should be set up in e 

Temperature should be monitored at least 

recording thermometer or the daily maximum an 

temperatures should be monitored (see Guide E 7 

vidual temperature measurements should not v 

than P C  and the time-weighted average should 

more than 1°C from the designated test temperatur 


~ . . .  .. 

14. Analytical Methodology 

1 4 3  If samples of sediments or overlying .water 

chambers, stock solutions; test sediment, or inter 

are not tobe analyzedimrnediately, they should be 

stored appropriately (33) to minimize loss of test m 

contaminants through such processes as microbial de 

hydrolysis, oxidation, photolysis, reduction, sorption, 

tilization (see Practice D 3976). 


14.2 Chemical and vhvsical data should be obtaine 

appropriate ASTM standards whenever possible. 
. . 
measurements for which ASTM standards do not 

not sensitive enough, methods should be obtained from 

reliable sources (34). 


14.3 The analytical method used to measure the con 

tion of toxicant in test chambers should be validated 

beginning the test. The precision of the method She 




ns of test materials in interstitial water 
as well as the buk sediment concentra- 

of the apparent dissolved or free form 
desirable. The free form for organic 
h is not bound to either particulates or 
n, and for metals it is .theionic form 
atent dissolved" fraction is usually 

city test is unacceptable if more 
1 organisms die or show signs 

in an individual control test 
er exceeds 20 %. 

.,~f5A '10-day sediment toxicity test should usually be 
unacceptable if one or more o f  the following 

were not measured, or were not within the range 
ified in Section 13. 

specific annexes). 
'2;.11 The'analytiial method used to measure the concen- 
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16. Interpretation of Results 

16.1 The calculating procedure(s) and interpretation of the 
results should be appropriate to the experimental design. 
Procedures used to calculate results of toxicity tests can be 
divided into two categories: those that test hypotheses and 
those that provide point estimates. No procedure should be 
used without careful consideration of (a) the advantages and 
disadvantages of various alternative procedures and (b) appro- 
priate preliminary tests, such as those for outliers and for 
heterogeneity. Preprocessing of data might be required to meet 
the assumptions of the analyses. 

16.2 LC50 or EC50 and their 95 % confidence limits should 
be calculated on the basis of (a) the measured initial concen- 
trations of test material, if available, or the calculated initial 
concentrations, and (b) the mortality or" effective mortality" 
(see 13.8.3). If other LCs or ECs are calculated, their 95 % 
confidence limits should also be calculated (see Guide E 729). 

16.3 Most acute toxicity tests produce quantal data, that is, 
counts of the number of organisms in two mutually exclusive 
categories, such as alive or dead. Avariety of methods (35) can 
be used to calculate an LC50 or EC50 and its 95 % confidence 
limits from a set of quantal data that is binomially dishibuted 
and contains two or more concentrations at which the percent 
dead or affected is between 0 and 100, but the most widely 
used are the probit, moving average, trimmed Spearman- 
Karber and Litchiield-Wdcoxon methods (35). The method 
used should appropriately take into account the number of test 
chambers per treatment and the number of test organisms per 
chamber. The binomial test can usually be used to obtain 
statistically sound information about the LC50 or EC50 even 
when less than two concentrations kill or affect between 0 and 
100 %. The binomial test does not provide a point e s h a t e  of 
the LC50 or EC50, but it does provide a range within which the 
LC50 or EC50 should lie. 

16.4 The results of toxicity tests on field samples without 
replication may be reported in terms of swival  values. A 
sample should be considered to be toxic if the single sample 
value lies outside the 95 % tolerance limits of the survival of 
the controls. Alternately, the field result may be compared with 
the control survival data using outlier detection methods; the 
sample may be considered toxic d it would be rejected as an 
extreme value when considered as part of the control popula- 
tion. Another approach is to use the special case comparison of 
a single value against a sample, described by Sokal and Rohlf 
(36). It is strongly recommended that samples be replicated if 
comparisons among sites are desired (see 12.3.2). 

16.5 If samples from field stations are replicated, the mean 
survival at the stations and the mean control survival should be 
statistically compared by a one-tailed t-test or analysis of 
variance (ANOVA) followed by a multiple comparison test. 
Analysis of variance is used to determine whether any of the 
observed differences among the concentrations (or Samples) 
are statistically si,+ficant. This is a test of the null hypothesis 
of no difference among concentrations (or samples). If the 
F-test is not statistically significant (P > 0.05), it can be 
concluded that the effects observed m the toxicant treatments 
(or field station samples) were not large enough to be detected 



as statistically significant by the experimental design and 

hypothesis test used. 


16.5.1 Following a significant F-test result, all exposure 

concentration effects (or field station samples) can be com- 

pared with .the control effects by using mean separation 

t e d q u e s  such as those explained by Chew (37) orthogonal 

contiasts, Fisher's methods, Dunnett's procedure and Will-

iam's method. The Dunnett's procedure is a multiple compari- 

son test specifically designed to compare several experimental 

samples to the concurrent control (38). A multiple comparison 

test is a technique that accounts for 'the fact that several 

comparisons are being made simultaneously. 


16.6 Daily observations on the numbers,of amphipods that 
have completely or'partially emerged.from the sediment, either 
lying on the sediment surface, swir&g inthe water column, 
or floating at the water surface, can be used to document? ~, 

apparent avoidance response to the sediment. Elmergencedata 
plotted against time can give the observer impression of the 
degree of toxicity of the sediment during the course of the 
toxicity test, as amphipods often emerge earlier and in greater 
numbers from more highly toxic sediment. . , ' 

17. Report 
17.1 The ieaord of the results of an acceptable sediment 


toxicity test should include, the foUowing information either 

directly or by reference to other available documents: 


17.1.1 Names of test and investigator(s). name and location 

of laboratory, anddates of initiation a@ termination of the test. 


17.1.2 Source of test material, Iot number if applicable, 

composition (identifies and concentrations of'majoringredients 

and impurities if known), known chemical &d.physical.prop- 

erties,, and the identity and concentration(s). of ,any solvent 

used. 


' 	 17.1.3 Source and method of of water used, its 
salinity, and any other pertinent chemical characteristics. 

17.1.4 Source of the control, reference and test sediments, 

dates and methods of collection, method of transport and 

storage of field sediments, method and dates of treatment of 

laboratory prepared sediment, and method of disnibution to 

test chambers. 


17.1.5 Source and date of collection of the test organisms, 

scientific name, name of person who identified the organisms 

and the taxonomic key used, age, life stage, means and ranges 

of weights and lengths, observed diseases or unusual appear- 

ance, treatments, holding and acclimation procedures. 
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water in the chambers, the date, time, and method of be 
the test, numbers of test organisms and chambers, temp 
salinity, and lighting regime. 

17.1.7 The average and range 
tures, and the method(s) of measuring or monitoring, 

prepare, and store them. 

quality and concentrations of test material, sediment 
cal analyses, and concentrations of test materials in 
including validation studies and reagent blanks. 

17.1.10 Definition(s) of the effects used to calculate L 

17;1.11 A table of the biolo 

nominal concentrations of the test material. 
17.1.13 Results of any other analyses that were 

same sediment, such as faba l  analyses, field notes 
collecting the sediment, 
chambers, or chemical 
of the sediment. 

17.1.14 Anythingu 
these procedures, and 

17.2 Published rep 
to clearly identify the procedures used and the qu 
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' ANNEXES 

(Mandatory Ioformation) 

Al. RHEPOXYNIUS ABRONZUS 


1.1 	Ecological Requirements- Rhepoxynius abronius (3) into the test substrate. Any amphipods that have not buried 
ng the West Coast of North .America from central within that timeor appear damaged should be replaced, unless 
to Puget Sound, Washington (39). It is the desired the amphipods are repeatedly burrowing into the sediment and 

t species where it is.available and when the salhity of the immediately emerging in an apparent avoidance response to 
titial water in the test sediment is 25 g/kg or greater. (see the test substrate. In that case amphipods are not replaced. 
Al.1). Rhepoxynius abmnius naturally inhabits clean, Amphipods are not removed from the surface of test sediments 
sandy sediments. In areas. where test sediments are during t@e course of the test even if they appear dead, since 

redominantly silts or clays, the experimental design should some amphipods that seem dead might actually bealive and 
-clay control treatment of cleansediment from an might later rebury in the test sediments. 
ted reference collection site near that of the test . A1.3.2 The toxicity test is terminated when amphipods are 

addition to the native sediment control. 	 - separated fromtest substrates using a 0.5-mm mesh-diameter 
screen. Amphipods are transferred to a sorting tray and 

1.2 	 Collection and Handling Techniques-R. abmnius numbers of live and dead amphipods are counted. Survivors 
bits clean, fine, sandy sediments from the lower intertidal are transferred to dishes containing a 2-cm deep layer of clean, 

at least 274 m. Amphipods can be collected from native sediment and allowed 1 h to rebury. The numbers of 
a small .biological dredge or a grab sampler. A survivors unable to rebury in clean sediment can be used to 
1.0-mm diameter mesh size can be used t o  calculate an EC50 for this sublethal effect. 

adult R. abmnius from their native sediment. Indi-
al amphipods can be transferred between sorting trays, A1.4 Zife Cycle and Age Class- Rhepoxynius abronius 

ation dishes, and test chambers by using a bulb pipette has an annual life cycle (40), with recruitment occurring 
itable size (for example, one with a 5-mm diameter primarily in the late winter through the spring months. Large 

. . immaNre and adult amphipods, 3 to 5 mm total length, should 
on,.R. abronius can be counted into be used in the toxicity test because they are available' year 

ter specimen dishes containing a 2-cm deep layer round, and their sensitivity to contaminatedsediments has been 
eved collection site sediment, at a density of 20 shown to be not greatly different from that of juveniles (19): 

se dishes can be transferred to holding They are also large enough to be easily handled and counted in 
d or flowing sea water at the test the toxic* test. Mature males and females,, even those 

days. are s a c i e n t  for carrying eggs, have been found to be equally sensitive to test 
sieve with a 1.0-mm materials, s o  it is possible to use a mixed population of both 

can be used to separate R. abronius from sexes, although very large mature individuals should not be 
ment immediately prior to the initiation of usedbecause they might be senescent. It is necessary to change 

year classes sometime during the summer, as old amphipods 
die out and are replaced by the maturing juveniles. . ,

ons-The toxicity test should 
overlying water in the test A1.5 Conirol Survival-Control survival using Rhep-

chamber is usually a standard 1-L glass oxynius is generally 95 % or greater, and must be at least 90 % 
m internal diameter. Beakers should be for the toxicity test to be considered valid. 

'e0vered.with an 11.4-cm diameter watch glass to reduce A1.6 Sensitivity-Rhepoxynius abronius has been shown to Contamination of the contents and evaporation of the water and 
material. Aeration can be provided to each test chamber be among the most sensitive of sediment toxicity test organ- 

ugh a 1-mL glass pipette that extends between the beaker isms to test materials, but is fmly tolerant of handling and to 

and the watchglass cover to a depth not closer than 2 cm a variety of physical characteristics of sediment (3). The genus 

the sediment surface. Sediment &ithe test chambers Rhepoxynrus is one of the first to disappear from benthic 

be 2 cm deen. and toxicity test water should be added communities impacted by pollution (3, 39). 

700-mL mark on the beakers. Sediment and water A1.7 Interpretation and Interferences-In interpreting the 
added to beakers the day before the amphipods are data from 10-day sediment toxicity tests with adult Rhep-
allow suspended sediment particles to settle, and to oxynius,it should be kept in mind that the very early life stages, 

OW time for equilibration of temperature and the sediment- the reproductive ability of amphipods, or their longterm 

3.1 After the overnight equilibration time, 20 amphipods 
distributed to,each of the test chambers, with additional 
ity test water to bring the water level up to the 950-mL 
. The amphipods should be allowed 5 to 10 min to bury .. 

survival might be affected by contaminants at lower concen- 
trations than those that produce a lethal or sublethal effect in 
mature amphipods in a short-term test. Rhepoxynius has been 
shown to be somewhat adversely affected by very line-grained 
sediments (20). Despite these limitations, the toxicity test using 



NIA--Field collected 
Maulre 3 to 5-mm amphlpods, mixed sexes (3) 

ual range at oollecting slte = 8 to 1B0C (3) standard tempsrature is 15%; (3) survhs 0 toat 
20°C 

Sedlment type . .Well-sorted fine sand to sandy silt (3) 86 % mean survival in sediments wlma 80 % silt-
up to 100 % in sand sediments (20) 

sediment depth Test sediment depth 2cm (3) 
Nutmlon Amphipods are not fed In thelaboratory (3) 
ught cycle 

-N/A-Field collected 


Standard salinity Is 2 to 528 g/kg (24. 

92 % mean survlval in sediments wlth 


2 om,(3,24) . 

Amphlpods are not fed in Me laboratory 


Natural light ,,. Contlnuous llght (S,24) 
Contml mortality 
Chmnlc test 

Ufe stage tested 
Temperature 

Fully marine to 10 g/kg (44) 
Fine sand and mud to sllt (46) 

Rhepoxynius abmnius has been demonstrated to be very useful research and regulatory applications. 
in detecting sediment toxicity, and can be used in a variety of 



TABLE A1.l Continued 

Aid Grsndldlenlla iaponka (Famlly Corophiidae) 


Field 	 Laboratory 

Japan, San Francisco Say (50). Southem California bays NIA 

lnfaunal tube dweller, mid-tidal to shallow subfltai (51) Coilectlon slte sediment. 1 ch (51) 
4 to 5 llfe cycles per year at 20°C 

N/A immature 3 to 6mm, no females csnying embryos 
(51) 

Collected In Callfomla from water temperatures ranging Standard test temperature Is 15 to 19'C: sausfactory 
from 9 to 26°C (51) survival at 15 to 23% (51) 

Full ocean eallnity to hyposallne waters of unknown Standard test sallnlty Is 30 to 35 gkg; survival at 16 to 
sallnlty (51) 34 gkg. 15 % monallty at 4 glkg (51) 


Mud-sand; occurs In sands, silts, clay (50, 52) Fine sand to silty clay (51) 

Upper 2 4  un (51) 2 cm (51) 

Algae, deftitus, sediment 	 Suspension of finely ground Tetrainin and Enteromor- 

Pha (51) 
Natural light Continuous light (51) 
NIA s l 0  % (51) 

pting through fsll in Chesapeake Multiple broods per year, llfe span 2 7 weeks (62) 
ads per female (54,56) 

Immature or mature 3 to 5-mm amphipods; mlxed 
sexes (56,5a62) 

Range at collsoting site = 0 lo 29'C (57) Rouflnely tested at 2OwC, has been tested at 25'C (56, 
59.61) 

Flne sand to dlty Clay (65-68) 
-.,

Uplo 100 % surv'mi with > 90 ?& slit-clay; 85 % mean 
sunrlval wnh > 95 % sandqravel(56,5M) 

, usually B upper 2 cm: rarely deeper than 5 cm 
Sutlace deposit and suspension feeder (57) 

2 cm (56, 59-61) 
Comblnatlon of "amphipod gorp" and micro-algae (62) 

N a N d  light l6heh 1lght:deh (56.5941) 
NIA % 10% 

ium water only exposure 
NIA 
NIA 

Under development 
1.06 m a  (0.85-1.33), one test B ZO'C. 20 gncg 

AZ. EOHAUSTORIUS ESTUARIUS 

1 Requirements Eohaustorius e~tuarius mation dishes,. and test chambers with a 5-mm diameter bulb 
al sands along the North American west pipette. 

tn at least central California A2.2.1 For acclimation, up to 20 E. estuarius can be held in 
3). It is a desirable test species for sediments which have 10-cm diameter specimen dishes containing a 2-cm deep layer 
tial salinities ranging between 2 and 28 gkg. Smce E. of native sediment served to 50.5 mm.These dishes should be 

abits sandy sediments, the experhental transferred to holding tanks supplied with aerated or flowing 
should include a fine-sediment control (in addition to sea water at the test temperature and salinity. Two to three days 
ve sediment control) if test sediments are predomi- are s a c i e n t  for acclimation to test conditions. The amphipods 

or.clays. This control sediment should Consist of should be separated from the acclimation sediments using a 
from an uncontaminated reference collection 1.0-mm mesh-diameter sieve immediately prior to initiating 

f the test sediment(s) and have a Sim..ar grain the toxicity test. 

on and Handling Techniques-E. estuarius A2.3 Toxicity Test Specijications-The toxicity test should 
e upper 10 cm of fine, intertidal, estuarine be run at 15 2 3°C with the overlying water composed of 

ove mean low low water (IvlL.LW). The toxicity test seawater diluted to the same salinity as the 
shovel at low tide and sieved interstitial water of the test substrate. The test chamber is 

a 1.0-mm mesh-diameter usually a standard 1-L glass beaker with a lo-cm internal 
e transferred between sorting trays, accli- diameter. Beakers should be covered with an 11.4-cm diameter 



watch glass to reduce contamination of the contents and 
evaporatron of the water and test material. Aeration can be 
provided to each test chamber through a 1-mLglass pipette that 
extends between the beaker spout and the watchglass cover to 
a depth not closer than 2 cm from the sediment surface. 
Sediment in the test chambers should be 2 cm deep, and 
toxicity test water should be added up to the 700-mL mark on 
the beakers. Sediment and water should be added to beakers 
the day before the amphipods are added, to allow suspended 
sediment parucles to settle, and to allow time for equilibration 
of temperature and the sediment-water interface. 

A2.3.1 After the overnight equilibration time, 20 amphipods 
are distributed to each of the test chambers, with additional 
toxicity test water to bring the water level up to the 950-xnL 
level. The amplnpods should be allowed 5 to 10 min to bury 
into the test substrate. Any amphipods that have not buned 
within that time should be replaced, unless the amphipods are 
repeatedly burrowing into the sediment and immediately 
emergmg m an apparent avodance response to the test sub- 
strate. In that case, amphipods are not replaced. Amphipods are 
not removed from the surface of test sediments during the 
course of the toxicity test even if they appear dead, since some 
a m ~ h ~ o d s  -that seem dead might actuallv be alive and might 
1a;rrebury into the test substrate. 

A2.3.2 The toxicity test terminates when the 'amphipods are 
sieved from the test substrate using a 0.5-mm mesh-diameter 

, . ,  screen and the animals are transfmed to a sorting tray. After 
survivors are counted, the ability of surviving amphipods to , 
rebury into cl'ean native sediments may be used to determine an 
EC50 for this sublethal effect. Surviving E. estuarius should be 

. , 	 transferredto specimen dishes containing a 2-cm deep layer of 
native sediment sieved to 50.5 mm,andshould be allowed one 
hour to rebury. 

A2.4 Life Cycle and Age Classes- Eohaustorius estuari 
appears to have an annual life cycle, with reproductio 
occuning from Febmary through July (27). Large immature 
and adult amphipods, 3 to 5 mm total length, should beuse 
the toxicity test because they are available year round and 
easily handled and counted. Larger individuals should not; 
used as they might be senescent. Age, size, and sex-spec 
sensitivity of E. estuarius to contaminants has not 
examined, but mixed-sex populations of animals within 
recommended size range show highly replicable responses. 
laboratory-spiked and field-collected contaminated se 
(24). This strongly suggests that both sexes are co 
susceptible to contaminated sediments. 

A2.5 Contml Survival--Control survival using Eohaus 
nus must be at least 90 % for the toxicitv test to be conside 
valid. 

A2.6- Sensifiviry-Eohamtorius estuarius is only sligh 
less sensitive than Rhepoxynius to contaminants, and is fair1 
tolerant of handling. The species is less sensitive than 
oxynius to a variety of physical characteristics of sedime 
is tolerant of salinity levels ranging from about 2 g/kg to; 
least 35 glkg. 

A2.7 ~nterpretation-When interpreting the resultsof a 
toxicity tests, it should be kept in mind that the early lifestag 
the reproductive ability, or the long-term survival of.:, 
estuarius might be affected by contaminants at concentratio 
lower thanthose that produce a lethal or sublethal 
Despite these limitations, the toxicity test using 
estuurius has been demonstrated to be useful in 
detecting sediment toxicity in estuarine sediments of, WI 

varying interstitial saliity, and can he used in a variety;, 
research and regulatory applications. 

A3. AMPELISCA ABDZTA 


A3.1 Ecology-Ampelisca abdita is a tube-dwelling am- 
phipod belonging to the family Ampeliscidae, found mainly in 
protected areas from the low intertidal zone to depths of 60 m. 
It ranges from central Maine to south-central Florida and the 
eastern Gulf of Mexico (44,63), and has also been introduced 
into San Francisco Bay (45). It is euryhaline, and has been 
reported in waters that range from fully marine to 10 pans per 
thousand salinity (44). This species generally inhabits sedi- 
ments from fine sand to mud and silt without shell, although it 
can also be found in relatively coarser sediments with a sizable 
fine component (46). A. abdita is often abundant in sediments 
with a high organic content (47). 

A3.1.1 In the colder waters of its range, A. abditaproduces 
two generauons per year, an overwiqJering generation that 
breeds in the spring and a second that reproduces in mid to late 
summer (45, 46). In New England, breeding of the overwin- 
tering generation begins when the water temperature is about 
B0C, but in wanner waters south of Cape Hatteras, breeding 
might be continuous throughout the year. Adults mate in the 
water column, and intense breeding activity is correlated with 
the full moon and spring tides. Juveniles are released after 

approximatelytwo weeks in the brood pouch, at about 1.5 
in len'gth. It .then takes 40 to 80 days for newly rele 
juveniles to become breeding adults (46). When A. abdita 
present, they are often dominant members of the be 
community :with densities up to 110 000 m-2 (45, 4 
Ampelisca abdita is a panicle feeder. feeding both on 
in suspension and on those from the surface of the 
surrounding its tube. Gut contents of field-collected spec 
have been found to include algal material, sediment grains,: 
organic detritus (44, 45). 

A3.2 Collection and Handlin 
should be sieved from their native 
soon as possible after collection. 
over a 0.5-mm mesh sieve is useful for this 
desirable for the sediment containing the 
rinsed first through the upper, 2-mm sieve with a 
stream of seawater at the collection temperature and 
This will break up the sediment material and 
the amphipods out of their tubes. The mate* 
the 0.5-mm sieve should be vigorously sh 



..: 

' the fine sediments pass through and the amphipods are sepa-
rated from tubes, sediment, and detrital material. If the sieve is 
&en lifted from the water,' allowed to drain, and then slowly 
lowered into a shallow tray of seawater, the Ampelisca will be 
,aught on the water's surface tension and can be easily 
collected with a fine mesh dip net. The amphipods can be held 

, . 
kmporarily in large culture dishes in a constant temperature 

. . . 
I .  	 bath, and then separated into hvo size classes with the use of 

" ;&&d. . 1.0 and 0.5-mm sieves. 

,, '. .: , 

..: .:. A3.2.1 During 'acclimation, Ampelisca ban be held in l-gal 

1 ., glass,jars, each containing approximately a 4-cm deep layer of ~ 

. :~ieved.collection.sitesediment. Lf seawater is flowing through 
the holding containers, .a screened overflow must be used to . . 

. :  prevent loss of swimming amphipods. Amphipods should have 
:. 
,.

1:
. ,  

.food.available on a daily basisduring acclimation. Research is , . . .  , 

,. being conducted to determine optimal food sources .. . . 
:. . , . .'.'fo<,c.nlturingthis ainphipod. Reasonable growth andreproduc- 

.ti&':have been obtained when A. abdita has been fed the 
:;:: &im~~~haeodacry[umtricornutum daily in excess (a sug- 
;I., ; A .  . , . , . 
<;:::$qtedamount is 0.5 to 1 L of algae per gallon jar, or 3 X 10 
..; . , ,  ,,.
~-;:.;icells/mL). Skeletonema costaiurn has also been used success- '<?<.. 
;:iy;?%lly. Amphipod exposure to the food source will be increased . . ,.
..?..:::2,'f,:.aur$g the feeding period (for example, overnight), the .... .,. 
i???::h61'ding system is static, with aeration to circulate the algae. .. .... 
;:i$;.'~i6~mgupper sides on the holding containers will aid in 

"::c:bmovement of algae across the sediment surface. Care should be .>'",,.'.;
>t?!:?:tAken to ,maintain the temperature with a water bath when -3'. 
$;:$>!seawater is not flowing through the jars. Approximate density zz;t,;.'
w:;rnThe'holding jars should not exceed 300 amphipods. Accli- it:#>.<;.*:.:<'
%?:$dti6n.to the:,test temperature.should not exceed 3°C per day, :??:"'ti:...i;.!gJfa'am' 

. ptnpods should be used within 2 weeks after collection. 
. .. :.-.... ,,.:.. .& 

~%;;:&43:2:2.Ampelisca abdita may he shipped if this is 'done *:.. :;,,.,,, . :.
;~.;&.wthw:.one. day of collection. Small p1astic"sandwich" con- .5.,.;.. 

$$$.i*ers '(approximately 500 mL) can be used to hold the 
~;~2.!Uilphipods:"The containers are filled three quarters full with a p*.:;;,::..,- .
.?;:;~~$nunum depth of 2 cm of sieved collection site sediment and %:;:$;;:
%;;.&&?to the top with well-aerated seawater. No more than 200 y?'::..;,. ,
~~ir~.'~@JllQhipods;$~<>',. should be added' to each container: Amphipods 
#F;!h~uld-be allowed to burrow into the sediment and build tubes 
*2::;fFforethecontainersare capped. The capping must be done 
?i>,i::undkwater to eliminate any air pockets in the containers. a:!.;!. ..,...!p2;.!C~nfainerssho~ld:,*,..r:.. be shipped by means of overnight delivery ... 
:;2!<Y:ebolers with a few ice packs to prevent extreme temperature 
&;7::Qanges during transit, 
%-:. . . ,.,.73.,,.,,,,. 

Sediment Toxiciiy Test-The variation of 
vity to toxic materials under different physi- 
11 being examined. This species is routinely 

:2Ooc, but has been tested from 8 to 2S°C. In nature, 
d somatic growth occur at temperatures as low as 3 
). For comparison with other ~rnpel& abdita test 
C is recommended. Similarly, A. abdita is tolerant 

nity range, but most tests have been conducted at 
8 to 35 gkg. This amphipodinhabits fine-grained 

as with other physical conditions, if it is 
coarse grain size of a test sediment will stress 

n size control should be included. 
osure. chamber routinely used to test A. 

abdita is a quart-sized glass canning jar with a narrow mouth. 
This container was selected because it is inexpensive, easily 
available, easily drilled if a screened overflow is needed for 
fiow-through tests, and has sloping upper sides to improve 
circulation of algal material in experiments where growth or 
reproductive endpoints are measured and feeding is necessary. 
Ampelisca abdita has not been tested in the 1-L b d e r  
exposure chamber used in other amphipod tests, but it:is not 
anticipated that use of beakers would create any problems. 
With either exposure chamber, the water column should be 
gently aerated with a glass pipette inserted above the sediment 
surface. Sediment in the exposure chamber should be 4 cm 
deep. 

A3.3.2 A. abdita can be collected throughout the year. 
However, during certain times of the year, juvenile amphipods 
might be d i c u l t  to obtain. If mature animals are used, adult 
males must not be tested; they are very active swimmers and 
they die.shortly after mating. Ampelisca should be sievedfrom 
the holdig containers using a 0.5-mm sieve. Twenty to thiay 
amphipods should be. tested per replicate. For each replicate, 
the contents of a,sorting cup can he rinsed into a plastic cup 
with a400 or 500-micron screened base and fromthere into the 
exposure container. Any animals caught on the water's surface 
can be gently pushed under using a glass rod. Amphipods 
should be given 1 h to burrow into the sediment. If the lack of 
ability to burrow does not show adose-response, then the 
animals not burrowed can be replaced with others from the 
same sieved population. . . 

A3.3.3 The endpoint for the 10-day test is mortality, and 
dead animals should be counted and removed daily. An 
amphipod is considered dead iEit does not respond to gentle 
probing. It is also useful.to.note any animals out of their tubes 
on the sediment or  water surface, amphipods that are nearly 
dead and only exhibit a muscular pleopod twitch, the presence 
of molts, and the conditionof the tubes built. Emergence from 
the sediment and the inability to construct a proper tube are 
sublethal behavioral responses that would ulthktely result in 
death. 

A3.3.4 After checking the assay on the last day, the contents 
of each exposure container should he rinsed through a 0.5-mm 
sieve. (A smaller mesh sieve can be used for -the final sieving 
if there is concern about losing very small animals, but this will 
make the sieving process more time-consuming.) If the experi- 
ment is small, the material retained on the sieve can be 
examined that dav. If time does not ~ermitsame-dav exami- 
nation, the retainkd material from each jar can be preiemed in 
5 '3% buEered formalin with Rose Bengal stain for later exarni- 
nation. Any amphipods that are not accounted for when the 
sieved material is examined are presumed to have died during 
the test. Amphipods that have died in their tubes will generally 
decompose during the test or break apart dunng sieving. 
Rareiy, an individual that has died during the test will be 
recovered in the preserved material, and its appearance will be 
markedly different from those of the amphipods that were alive 
when preserved. For instance, there might be little tissue left 
within its exoskeleton, it might be contorted, etc. 

A3.4 Other Testing--Growth of Ampelisca abdita has been 
measured in 10-day tests. Small juveniles in a narrow size 



range should be selected, and when sorting for the initiation of 
the test at least one additional group of amphipods should be 
sorted. This extra group represents the initial size and should be 
preserved in.5 % buffered fonnalm for later measurement. The 
amphipods must be fed during the test. .Growth is measured by 
length fiom the base of the first antennae to the base-of the 
telson. Measurements are done after preservation and counting 
of test survivors. 

A3.4.1 Chronic tests have also been conducted with this 
species (48) and research is underway to determine the 
optimum conditions for those tests. 

A3.5 Interpretation-Ampelisca abdita has been shown to 
be sensitive to a variety of anthropogenic materials in the 
marine environment. For example, when exposed to dredged 
material from Black Rock Harbor, Connecticut, in the soIid 
phase, Ampelisca abdita was the most sensitive of 11 species of 
fish and invertebrates tested (65). This material was contami- 
nated primarily with polyaromatic hydrocarbons and heavy 
metals. At a concentration of 5 mg!L suspended Black Rock 
Harbor sediment, growth, and consequently sexual maturation, 
were delayed, and effects were seen m the laboratory popula- 

tion structure (48). A. abdita also showed sensitivity to a serie 

for A. abdita. Since it is a particle feeder, it will 
contaminated particles in suspension or on 
surface. This amphipod feeds ventral side up in its 
using its second antennae to pick up particles or by 
small particles carried to the mouth in $e curr 
the action of the pleopods and second antennae 
Ampelisca's feeding current exposes it to overlying water. 
water also enters the 'tube, and research is currently.unde 
to determine the extent to which A. abdita is 
interstitial water. In a flow-through system, it 
the sensitivity that this amphipod shows 
sediinents'is due primarily to exposure to p 
nants, since the overlying water contamin 

intoxicity tests. For information on cong 
(44) ind Mills (46, 63): 

A4. G W D I D I E RELLA JAPONICA . , 

, 

A4.1 ~ c o l o ~ i c a l  Grnndidierella japonica Requirements-
(52) was accidently introduced into San Francisco Bay and 
some other northern California bays by unknown means. It was 
first collected in 1971 .(SO). Later it was found i n  southern 
California where large populations are known from Upper 
Newport Bay and Shoreline Aquatic Park in LongBeach (52). 
It has proved to be a useful test species for environmental 
studies in southern California: The toxicity test should be 
conducted at 15 to 19'C using sea water with salinities between 
30 and 35 gkg. Grandidierella japonica lives in a variety of 
sediment types that makes it possible to conduct tests with a 
variety of sediment types 'sands, silts, or clays). 

A4.2 Collicting and ~ b n d i i n ~  species22>hniques-This 
can be, collected intertidally and subtidally from the localities 
listed above. The upper 2 to 4 cm of sediment should be 
collected and placed in a bucket with sea water. The contents 
should be gently ptirred and the supernatant fluid decanted into 
a 1.0-mm sieve. The material retained on the screen should be 
transfemed to a container for transport to thelaboratory. In the 
laboratory, the material should be placedin a sorting tray 
(white) containing sea water. Amphipods can be picked u p  
using a bulb pipette with a 5-mm diameter. Females carrying 
embryos in their marsupium should not be used. This stage in 
the life cycle canbe detected with the naked eye after some 
experience. These females can be set aside to establish cultures 
if so desired. 

A4.2.1 For acclimation, G. japonica can be placedin an 
aquarium containing a 1-cm deep layer of 0.5-mm sieved 
sediment from the collection site at a density of about 10 to 15 
amphipods per 100 cm2 of surface area. ' h o  to three days are 
sufficient for acclimation to the test environment. A sieve with 
a 1.0-mm diameter mesh size can be used to separate G. 

. . 

in the test .chambers. The test chamber is 

through a 1-mL glass pipetkthat extends between 

should be 2 cm deep, and toxicity test water should be 
up to the 700-mL mark on the beakers. Sediment and 
should be added to beakers the day before the amphipo 
added, to .allow suspended sed 
allow time for equilibration of temperature and the,se 
water intdace. 

A4.3.1 Afterthe overnight equilibration time, 20 

level. The amphipods shoul 
into the test substrate. 
within that time or appe 
the imphipods are repe 
imiediately emerging in an apparent avoidance m 
the test substrate. In that case amphipods are not 
Amphipods are not r 
during the course o 
some amphipods th 
re-bury in the test sediment. At the termination of the te 
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be used to determine an EC50 for a sublethal 

xicity test should be terminated and the 
overed using a 0.5-mm sieve. Swiving amphi- 

should be allowed 1h to re-bury in a 2-cm ,jeeplayer of 
collection site sediment. 

d Age Class- Grandidierelh japonica 
cle and is capable of completing four or five 

ar under laboratory conditions of 20°C. Imma- 
to 6 mm in total length, should be used in the 

ales carrying embryos in their marsupium 
in these tests..Animals.can.be cultured in the 

AS. LEPTOCHEZRI 


Ecological Requirements-Leptocheirus plumulosus 
Aoridae) is an infaunal amphipod distributed subtidally 

the east coast o f  the Unitedstates from Cape Cod, 
tts to northern Florida (54). In Chesapeake Bay, L. 
is indigenous to oligohaline and mesohaline re- 

, 57, 58), though it can tolerate an even broader 
ange, from near 0 to 33 gkg  (55,56,58). This species 
ts U-shaped burrows in sediments ranging from fine 
silty clay (56-58). Due to ,its broad salinity 'and 
,tolerances, it is a desirable test species for east coast 
sediments and has been usedsuccessfully in the 

sment of' contaminated sediments in Chesapeake Bay 

and Handlina Technioues-Leutocheirus 
er 2 cm of sediment, 

ow 5 cm (66). Amphipods can 
ers (for example, Peterson, 

from various tributaries of Chesapeake Bay. The 
of each grab are sieved through a 0.5-mm mesh screen 
retained material is gently rinsed into polyethylene 
containing collection site sediment and water. These 

hipods from transport sediment The material 
screen can be rinsed into sorting trays contain- 
site water. Healthy, active amphipods can be 

tus by using a bulb pipette of asuitable size 
a 5-.mm diameter bulb). 
on, L,plurnulosus can be placed in an 
40-L) containing a 1-2 cm deep layer 
ction site sediment at a density of 
0 per aquarium. Aeration should be 

,gomus:Two to three days are suEcient for acclimation to the 
al change from collection site water 
e. 	 This can be accomplished by 

test water in the tanks 

es are being refined. Presently, labo- 
ntained through. several genera- 

glass aquaria containing a 1-2 

laboratory on a diet of powdered fish flakes: 

initiate such a culture with females canying embryos. 


A4.5 Interpretation-In interpreting the data from acute 
toxicity tests. it should be kept in mind that the reproductive 
ability or long-term survival might beatfected by contaminants 
at lower concentrations than those that pmduce a lethal or 
sublethal effect in a short-term test Despite .these limitations, 
the toxicity. test using Grandidierella japonica has been used in 
detecting sediment toxicity or toxic elements. Its abiity to live 
in a burrow in a variety of sediment types gives broad 
application for the use of G.japonica in rese 
tory applications. 

. . 

cm layer of fine grained sediment from the.amphipod collec- 
tionsite or a texturally similar sediment (62); Water exchange 
is static-renewal, with 30 to 50 percent of water volume in each 
container-replaced, 2 to 4 times per week. Culture containers 
are aerated,' maintained at a temperature of approximately 
2OoC,..a salinity of 20 gkg and a photoperiod of 16h light:8h 
dark. Cultures receive a mixture of micro-algae (for example, 
Pseudoisochrysisparadona, Phaeodactylum tricornutum, Tet- 
raselmis suecica) and approximately 0.1 g of amphipod "gorp" 
(a mixture of fish food flakes,'.yeast, alfalfa powder, ground 
cereal leaves and shrimp maturation feed) 2-3times per week 
(62). Amphipods can be separated from a~climation or. culture 
sediments using a 0.5 mm sieveimmediately prior to initiating 
the toxicity test. 

. . 

, . , .,. . 

A5.3 Toxiciry Test Speci f ica t io~Thz iffects of different 
physical conditions on the sensitivity ofL. plurnulosus to toxic 
materials are currently under investigation. This ' species'is 
routinely tested at 20°C. buthas been tested at 25°C. Salinity 
of overlying water will depend on theobjectives of the study. 
Toxicity test seawater can be diluted to the same salinity as the 
interstitial water of the test sediment, the ambient bottom 
salinity at the test site or aselected test salinity in the range of 
2 to 32 gkg. Laboratory investigations indicate Leptocheirus is 
tolerant of a range of sediment types (56); however, a grain size 
reference should be included for coarse sediments since these 
may be somewhat stressful. Fine grained sediments from the 
amphipod collection site or laboratory cultures are desirable as 
the negative contro1:The exposure chamber routinely used to 
test L plumulosus is a 1-L glass container with an internal 
diameter of 10.0-cm (for example, standard 1-L beaker). The 
exposure chamber should be covered with a watch glassto 
reduce contamination of the contents and evaporation of the 
water and test materials. Aeration can be provided to each test 
chamber through a 1-mL glass pipette positioned not closer 
than 2 cm from the sediment surface. Each test chamber should 
contain a 2-cm deep layer of sediment and enough overlying 
water to create approximately a 4:1 (vlv) water to sediment 
ratio. Sediment and water should be added to the test chambers 
the day before the amphipods are.added to allow suspended 
sediment particles to settle, and to allow time for equilibration 
of temperature and the sediment-water interface. 



,453.1 After overnight equilibration of the test chambers, 
amphipods can be randomly distributed to each of the contain- 
ers. It is desirable to sacrifice a random sample of at least 20 
animals from those being sorted on day 0 to provide an initial 
size range estimate of test animals. 'Itventy amphipods should 
be tested per replicate. Animals caught on the water's surface 
can be gently pushed under using a glass rod. Amphipods 
should be allowed 5 to 10 min to burrow into the test 
sediments. Amphipods that have not burrowed within that time 
should be replaced with healthy animals, unless the amphipods 
are repeatedly burrowing into the sediment and immediately 
emerging in an apparent avoidance response. In that case, the 
amphipods are not replaced. Amphipods are not removed from 
the 'surface of test sediments duringthe course of the toxicity 
test even if they appear dead, since pome amphipods that seem 
dead might actually be alive and might laterrebury into test 

. . . . . . .  . .substrate. . . ' .. . 

A5.3.2 The toxicity.test can be terminated after 10 days. by 
sieving amphipodsfrom test sedimentswing a 0.5-mm mesh 
screen. Mortaiity .is the endpoint. for ihis short-term test. 
Burrows. generally disintegrate during sieving and animals. can 
be transferred to a sorting tray for enumeration. The abiity of 
surviving amphipods .to rebury into clean sediments can be 
used as a sublethal test endpoint 

A5.3:3 Other Testing- Partial life cycle tests (28 to 30 
days) initiated. with juveniles. are being conducted with this 
species, with amphipod length and survivorship as viable 
endpoints. Research is currently underway to determine the 
optimum.conditions for these tests. 

. . .. .  , . . . 

tions, females produce multiple broods and gravid females; 
available year round (62). Size range of field-collectec-te 
organisms might depend on the size structure of .the 
population, as the mean size of amphipods collec&d in 
spring is generally greater than those collected in the summ 
or fall. Size range of cultured amphipods .is less vari 
seasonally. Immature and adult amphipods, approximat 
5-mmas measured from the.base of the first antenna to 
of the third pleon segment along the dorsal surface, shou 
used in toxicity testsbecause they are easy to handle and co 
The potential effects of age, size, sex;and skasonal vari 
field-collected organisms on the sensitivity of L plu 
contaminants is currently being examined. Evidence to d 
indicates mixed-sex populations within the recommende 
range show consistent responses to field-collected 
nated sediments and 96 h water onlv exoosures to 

tocheims must be at least 90 % for the toxicity test tod 
considered valid. . . 

, .:A5.6 ~ensitiviry-~ejrocheirusplumubsus is toleran 
handling and a range .of sediment types and salinities. 
sensitivity of this species is comparable to Hyalella aztec5 
96 h water only .exposures to. cadmium(56, 61). A revie 
benthic surveys and sediment contamination in Chesape 
Bay indicates a negative correlation between the presence 
plumulosusand the degree of contamination (66,68). 

~5.4Life Cycle and Age ~ l a s s e s & ~ r o c h e i ~ s . ~ l u ~ u l o - A5.7 Interpretation-When interpreting the resul 
sus is an annual species capable of producing a least two toxicity tests, it.should be kept in mind that the e 
broods, with peak periods of reproduction in early to mid the reproductive ability, or .the long-term 
spring and in the fa11 (56, 67). Gravid females have been 
observed in Chesapeake;Bay as late as December and as early tions lower than those that 
as February, indicating that timing of reproduction varies life cycle sediment toxicity test prooe 
yearly depending on .climatic conditions. In cultured popula- ment for L plumulosus .and should resolve th 

. . . . . . .. . . . ,  . .  
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