Designation: E 1367 - 99

~ Standard Guide for

Scope :

“1 This guide (3)*3 describes procedures for obtaining
ahoratory data concerning the short-term adverse effects of
otentially contaminated sediment, or of a test material experi-
nta]ly added to contaminated or uncontaminated sediment,
:marine or estuarine infaunal amphipods during static 10-day
xposures. These procedures are useful for testing the effects of
rious . geochemical - characteristics of sediments on marine
and 'cstuanne amphipods, and couid be used to assess sediment
xicity to other infaunal taxa, although modifications .of the
rocedures appropriate to the test species might be necessary.
ocedures for 10-day static sediment toxicity tests are de-
cribed for the following species: Rhepoxynius .abronius,
ohaustorius estuarius, Ampelisca abdita, Grandidierella
aponica,.and Leptocheirus plumulosus.

.2, Two - documents. (USEPA. 1994 (1), USEPA-USACE
; 5 (2)) provide additional guidance on methods for conduct-
g Sediment toxicity tests with estuarine and marine amphi-
ods This addir.ional guidance includes supplemental informa-

edunent‘ splkmg (Section .10.6), 3. collection, handhng, and

e:0n 4 method for conduction 28—d sediment toxicity tests
vith:the-amphipod Leptocheirus plumulosus. Endpoints mea-
ured in-this 28— test inchude survival, growth, and reproduc-

3 Mod.tﬁcatlons of these procedures mxght be appropnate
‘other sediment .toxicity test procedures such as flow-
through or. partial life-cycle tests. Methods outlined in this
guide should also be useful for conducting sediment toxicity
$ts-with .other aquatic taxa, although modifications might be
ecessary. Other test organisms might include other species.of
Anphipods, other crustaceans, polychaetes, and bivalves.

+Other modifications of these proccdure.s might be justi-
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ulturing: of amphipods (Section 11.4), and 4. statistical analy-
{Section .16). USEPA-USACE (1999) also provides guid-
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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 contmmng
most chemicals, either individually or in formulations, ¢om-
mercial products, and known or unknown 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 be used to conduct
bioconcentration tests and in situ tests, and ‘to. assess the
toxicity of potentially contaminated field sediments, or of such
materials. as sewage sludge, oils, particulate matter, and solu-
tions of toxicants added to sediments. A median Iethal concen-
tration (LC50) or median sublethal effect concentration (ECS0)
of toxicants or of highly contaminated sediment mixed into
uncontaminated sediment can be determined. Materials either
adhering to sediment particles or dlssolved in interstitial water
can be tested.

1.6 Results of short-term T.OXJ.CItY tests with - test matenals
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 cither 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 safety 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 Documents

2.1 ASTM Standards:
D 1129 Terminology Relating to Water*

* Annual Book of ASTM Standards, Vol 11.01.

" “occurring particulate material that bas ‘been tratsporte

~ described can also be applied using an experimentally prepa

D 3976 Practice for Preparation of Sediment Samples.
Chemical Analysis® ;

D 4447 Guide for the Disposal of Laboratory Chemlcal& ;
and Samples® .

E 380 Practice for Use of the International System of Um
(SI) (the Modernized Metric System)’

E 729 Guide for Conducting Acute T0x101ty Tests w1
Fishes, Macroinvertebrates and Amphibians®

E 943 Temminology Relatmg to Biological Effects and En
vironmental Fate®

E 1023 Guide for Assessing the Hazard of a Material
Agquatic Organisms and Their Uses®

3. Terminology

3.1 Definitions of Terms Specific to This Standard: =
3.1.1 The term “sediment” is used here to denote a natuf:

deposited at the bottom of a body of water. The proced

substrate within which the amphipods can burrow.
3.1.1.1 clean sediment— denotes sediment that doé =
contain concentrations of toxicants that cause apparent stressft ;
the test organisms or reduce their survival. =
3.1.1.2 solid-phase sediment—distinguished from elutn
and resuspended sediments in that the whole, intact sedimént)
used to-expose the orgamsms not a. form or denvauv
sediment. B

E%43).
3.1.3 - exposure—contact w1th a chemical or physm
(see Termmology E 943) : o

water in sediment is expressed as the percent ratio
weight of the water in the sediment to that of the wet se:
3.1.5 overlying water—-the water that is added to:

contaminaied sediment to a clean negative control or refe
sediment to determine the toxicity of the material added
the test material is added, sometimes with a solvent carriery
sediment is thoroughly mixed to evenly dmtnbute th e
material . throughout the sediment. :
3.1.7 The LC50 is the statstically or graphmally de
best estimate of the concentration of test material adde
contained in sediment that is expected to be lethal to 50
the test organisms under specified conditions within. th
period {see Terminology E 943).
3.1.8 The EC50 is the statistically or graplucally estlmﬂ,_
concentration of test material in sediment that is expected:
cause a measured sublethal effect (for example the mabﬂitY’ :

3 Annual Book of ASTM Standards, Vol 11.02.

8 Annual Book of ASTM Standards, Vol 11.05.

7 Annual Book af ASTM Standards, Vol 14.02 (excerpts in Relatcd
Secrion of all volumes).
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; pmpods to rebury in clean sediment at the end of the test’
<period), in 50 % of the test organisms under specified condi-
‘tions (see Terminology E 943},

3.1.9 The words “must,” “should,” “may
might” have very specific meanings in this guide.
.3.1.9.1 “Must” is used to express an absolute requirement,
atiis, to.state that the test ought to be designed to satisfy the
ecified condition, ualess the purpose of the test requires a
different.design. “Must” is only used in connection with factors
at‘duectly relate to the acceptability of the test (see Section

L1 “ ”

can,” and

3,1.9.2 “Should” is used to state that the specified condition
recommended and ought to be met if possible. Although
mliauon .of one “should” is rarely a serious matter, violation of
gveral - will often render the results qucsnonable Terms such
is.desirable,” “is often desirable,” and “might be desirable”
-used in connection Wwith less important factors.

1.9.3 “May” is used to mean “is (are) allowed to,” “can
sed to.mean “is (are) able to,” and “might” is used to mean
could poss1b1y ? Thus the classic distinction between “may”
n’ is preservecl and n:ught” is never used as a
m.for either “may” or “can.”

or. definitions of other terms used in this gmde refer to

" n ER]

ent.and inability to bury in clean sediment are determined
posure ofa speciﬁc number (usually 20) of amphipods

..A negative control or reference sediment is used to
e (a) a measure of the acceptability of the test by
ing evidence of the health and relative.quality of the test
'sms and the su:tablhty of the overlymg water, test

01‘11 ax:ed to those exposed to control sediment. The toxicity of
el ediments may also be assessed by testing dilutions of a
01y “toxic . test sediment with clean sediment to obtain
nformation on the toxicity of proportions of that sediment.

2 The toxicity of a toxicant experimentally added to
Edlments can be expressed by analyzing the mortality and
1eburial ‘data to determine an LCS50 and an BC50 for the
lcant for the duration of exposure.

Slgm]icance and Use

-1 The test procedure in this guide is not intended to
Xactly simulate the exposure of benthic amphipods to con-
MAinants under” natural” conditions, but rather to provide a
T.é;“’emently rapid, standard toxicity test procedure yielding a

Sonably sensitive indication of the toxicity of materials in
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marine and estuarine sediments.

3.2 Protection of a cornmunity of organisms requires avert-
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. Protection.of the most sensitive
species within, 2 community will theuretically protect the
community as a whole.

53 Amphxpods are an abundant component of the soft
bottom marine and estuarine benthic community. They ‘are 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 make them . appropnate ‘species for
sediment toxicity testing.

5.4.An acute toxicity test is conducted to obtain mformatmn
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 such information.

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) toxlcxty to benthic organisms
can be dependent on sediment characteristics, dynanucs of
equilibrium paruuomng, 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 can 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 might be 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 tests have been
practiced, the methodology continutes to develop and evolve
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with time and research needs. Because of the developmental
nature of sediment toxicity testing, there are limitations to the
methods described in this guide.

6.2 Results of acute sédiment 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 resuits from stauc sednnent toxicity tests. might
include:

6.2.1 Alteration of field sediments in prepa:auon 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 sedjiment environment is composed
of a myriad of microenvironments, redox gradients, and other
interacting physiochemical and biological processes. Many of
these characteristics influence sediment toxicity -and bioavail-
ability to benthic and planktonic organisms, microbial degra-
dation, and chemical sorption. Any disruption of this environ-
ment comphcates mterpretatlons 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 affect
contaminant solubility, partitioning coeﬂic1ents, and other
physical and chemical characteristics.

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

6.2.3 Interactions among chermcals that rmght 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 cheml-
cals;

6.2.6 Maintaining acceptable qua.hty of overlymg water _

6.2.7 Excess food might change sediment partitioning and
water quality parameters.

6.2.8 Resuspension of sediment during the toxicity tcst

6.2.9 Limited opportumty for biological observations dur-
ing the test because organisms bury in test sediment.

6.2.10 Natural geocheraical 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 the test sysiem.

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 related to the test species, (¢)
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 might change
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

" a well-lighted (at least 100 1X at the test sediment. surf

. nontoxic vmyl # New tubing should be aged at least ane

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

7. Apparatus

7.1 Faczlzt:es——Flow-through troughs or aquaria containiy
either clean (uncontaminated) natural sea water or recons
tuted sea water should be used for holding amphipods-
field coilection and prior to a test. The holding tanks an
areas used for manipulating live amphipods should be loe:
in a room or space separate from that in which toxicity tests
to be conducted, stock solutions or test materials are prepa
or equipment is cleaned. The water supply system should
equipped with salinity and teraperature control and aerati

7.1.1 Test chambers containing sediment should be hej

constant temperature room, incubator, or recirculating w
bath to maintain the experimental temperature. Air us
acration should be free of fumes, oil, and water; fil
remove oil and water are desirable. The area containing th
chambers must be well ventilated and free of fumes, botl
prevent contamination of test matenals and to protect resear

P

ve'ntilate the area surrounding test chambers,

7.1.2 The exposure room should be equipped with
device for photoperiod control. If a photoperiod other
continuous light is used, it might be desirable to incor
15 to 30-min transition period when lights go'on o
reduce stress to the organisms from sudden large change
light intensity (10). It is also desirable to have theur
temperature and light conirols and the aeration on'emergen
power to protect the experiment in case of-a power faill

7.2 Construction Materials—Equipment and facili
contact stock solutions, test solutions, or any water or sed
into which test organisms will be placed should ‘not cot
substances that can be leached or dissolved by
salutions in amounts that adversely affect test orgainsm
addition, equipment and facilities that contact stock £
solutions or sediment should be chosen to minimize sorptl i
test materials from water. Glass, Type 316 stainles
nylon, high-density polyethylene, polycarbonate and fluor
bon plastics should be used whenever possible to mi
dissolution, leaching, and sorption, except that stainless
should not be used in tests on'metais in salt water, Concred
rigid plastics may be used for holding tanks and-i
water-supply system, but they should be soaked, prefera
flowing sea water, for a week or more before use-(11)
copper, lead, cast iron pipe, galvanized metal, and Tall
rubber should not contact test sea water, stock solutions
sediment before or during the test. Tubing used in making}
test sea water and in aerating the test chambers she

& Tygon R-3603, a registered trademark of Nerton Co., Performance Plas .
N Diamond St., Ravenna, OH 44266, or equivalent, has been found suitable f

purpose.




pﬁor to-use. Separate sieves, dishes, containers, and other
equipment should be used to handle test sediment or other toxic

ose used to handle live animals prior to testing.
7.3 Test Chambers—Species specific information on test
hambers is given in Annex A2-Annex AS. The test chambers
uld be placed in water bath to minimize temperature
uctuations, and should be aerated. Aeration can be provided
3.1
' Cleaning—Test chambers and other glassware, and
equi ment used to store and prepare test sea water, stock
aldtions, and test sediment should be cleaned before use. All
fassware should be cleaned before each use by washing with
laporatory -detergent, followed by three distilled water rinses,
nitric. (HNO,) or hydrochloric (HC) acid rinse, and at
sasi:two distilled water rinses. Metals, sulfides, and carbonate
gposits are removed .by the acid rinse. Organic chemicals
ould-be removed by a water-miscible organic solvent rinse
Gl ed by a distilled water rinse, or by baking for.8 h at 300
°C. The use of hypochlorite solution is not recom-
,nded because it is highly toxic to the test organisms (12)
and difficult to remove from some materials. At the end of each
|.itemns that are to be used again should be immediately
emptled (b) rinsed with water, (¢) cleaned by a procedure
ppropriate for removing the test material, and (d) rinsed at
wice with deionized, distilled, or-clean sea water. Large
;containers used only for non-toxic sediments and water
rinsed after use with clean sea water. They should be
nly for toxicity tests and stored in a room that is free
zic fumes. Glassware used only for live animals, not
osed:to-toxicants, may be cleaned using only clean distilled
ater, since the use of detergents is sometimes detri-
ntal 0 live organisms.
«Acceptability-—~The acceptablhty of new holding or
ting: facilities should be demonstrated by -conducting a
icant” test in which all test chambers contain control
ent.and clean sea water. Survival of the test species will
nstrate whether facilities, water, control sediment, and
diing - techniques are adequate to result in acceptable
9.0"%)'control survival in the absence of toxicants.

eng-are madequate Therefore skin contact with all toxicants,
ing water, and sediments should be minimized by such
ansias wearing appropriate protective gloves (especially
n'washing equipment or putting hands into test sediments
Oluttons), laboratory coats, aprons, and glasses. Special
autions, such as covering test chambers and ventilating the
4 S}lnoundmg the chambers, should be taken when conduct-
Sts:on volatile materials. Information on toxicity to
Mans - (6), recommended handling procedures (7), and
®Mmical and physical properties of the test material should be
deed before a test is begun. Special precautions might be
ﬁa‘;:ssary with radiolabeled test materials (8) and with mate-
] tt}ﬂt are, or are suspected of being, carcinogenic (9).

k&ﬂu “Field sediments to be tested, especially those from
- “lt.areas, might contain organisms that can be pathogenic
mans. Special precautions when dealing with these

e

€
‘ a;cnals and these should be kept and stored separately from
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sediments might include immunization prior to samplmg 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 loading of toxic sediments into test chambers
shouid be done in a well-ventilated area, preferably.a chemical
fume hood. Face shields or protective goggles should be worn
during any operations that might involve accidental splashing
of sediments, such as sieving, mixing and loading into test
chambers.

8.4 Health and safety precautions and apphcable regulatmns
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 regulatory requirements might be
necessary. For tests involving spiked sediments with known
toxicants, rernoval or degradation. of toxicants before disposal
of stock solutions, test sediments, and water is sometimes
desirable.

8.5 Cleaning of equlpment with a volatlle solvent such as
acetone, should be performed only in a well-ventilated area in
which no smoking is allowed and no open fiame, 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 soluttons, concentrated acxd
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—DBesides being available in ad-
equate supply, water used in toxicity tests should be acceptable
to test organisms and the purpose of the test. The minimum
Tequirement 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 dedth. 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
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positioned to minimize fiuctuations in quality and the possi-
bility of contamination, and to maximize the concentration of
dissoived oxygen to help ensure low concentrations of sulfide
and iron. A specially designed system might 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 upnecessarilty
affect test results.

9.2.2 Reconstituted Salt Water—Reconsututed 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 (@) conductiv-
ity less than 1 uS/cm and (b) either total organic carbon. (TOC)
iess than 2 mg/L or chemical oxygen demand (COD) less than
5 mg/L. ‘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 desirabie. 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 tdxic to many aquatic
animals (12). Dechlorinated water should be used only as a last
resort because dechldrination is often incomplete. Municipal
drinking water is not recommended for use because in addition
to residual chloxine, it often contains unacceptably high con-
centrations of metais, and quahty is often highly vanable (see
Guide E 729).

9.3 Preparation:

9.3.1 Sea water used in the sediment tox1c1ty test should be
passed through a filter effective to 5 wm 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 um or less.

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

TABLE 1 Heeonst]tuted Salt Water (14) for Marfne and Estuarine
Crustaceans .
Add the following reagent-grade (13) chemicals in the amounts and order

Iisted to 890 mi. of water, Each chemical must be dissolved before the next Is
added.*

Chemica! Amount
NaF 3 my
Srclz'eHao 20 mg
HaBO4 30 mg
KBr 100 mg
KCl 700 mg
CaCly2H,0 : 147 g
Na 80, 400 g
MgCly-8H,0 10.78 g
NaCl . 2350 g
NagSiO4-9H,0 20 mg
NaHCO; 200 mg

A f tha resulting solution is diluted to 1 L, the salinity should be 34 £ 0.5 g/kg and
the pH 8.0 x 0.2. The desired teet salinity Is attained by dilution at time of use. The
reconsiituted salt water should be sttipped of trace matals (15).

- require use of sea water from the test.sediment collection sif

" temperature, and pH, and quarterly monitoring of other par

. 10. Test and Control Sediments

filtered oceanic water or prepared brine. Common practice ig
use a 60 to 90-g/kg saltwater brine. Such brines have beeg
successfully prepared using slow, heat-concentration of na
salt water, or by the addition of artificial sea salts or reage
grade (13) salts to a patural salt water (see 9.2.2).
9.3.2 Fresh sea water used in the test should be prep
within two days of the test and stored in clean, covep
containers at-4 + 3°C until sediment and water are added to.th
test chambers. It might be necessary to age reconstituted ‘s
water for one to two weeks before use. Sufficient water shg
be prepared at one time for all test chambers. Additional wat
might be required for sieving control sediment to adjust sahm
or for holding the test amphipods prior to the test.
0.3.3 For certain applications the experimental design rnig

In - other instances, experimental treatments might mvol'
manipulation of the test sea water conditions.

0.4 -Characterization—The following items should be e
sured at least twice each year and more often if snch meastr:
ments have not been made semiannually for at least two ye

9.4.1 Salinity or chlorinity, pH, particuiate matter,:
organic carbon {TOC), organophosphorus pesticides, o
chlorine (or organic chlorine pesticides. plus polychlorin
biphenyl (PCBs)), chlorinated phenoxy herbicides, ammoni
cyanide, sulfide, bromide, fluoride, iodide, nitrate, phospha
sulfate, .calciuin, magnesium, potassium, aluminum, arse
beryllium, boron, cadmium, chromium, cobalt, copper,:iro
lead, manganese, mercury, molybdenum nickel, selem
silver, and zinc. B

9.4.2 In estuarine areas, where large dmmal tldal
seasonal variations in concentrations of organics, heavy mg
and water quality might occur, more frequent monitoring mi
be necessary. In particular, daily measurements,of salinif

eters over a tidal cycle might be desirable.

9.4.3 The methods used (see 14.2) should either a)_
accurate and precise enough to adequately characterize’
toxicity test water or (&) have detection limits below: CONCEL
trations. that have been shown to adversely affect th
species (17).

10.1 General—Before the preparation or collection ¢
sediment, an approved written procedure should be prepé
for the handling of sediment that might contain unkno
quantities of many potentially toxic contaminants (see.Se¢
8). : :
10.2 - Characterization—Sediments.chosen for use should
characterized and at least the following should be determi
pH, organic carbon content (total organic carbon or: “‘-0
volatile solids), particle size distribution (percent sand, sil
clay), and percent water content. Other analyses on sedim
might include biological oxygen demand, chemical oxy.
demand, Eh or pE, total inorganic carbon, metals, syntheﬁc &
organic compounds, oil and grease, organosilicones, and pe
troleum hydrocarbons. Interstitial water might also be analyZef
as in 14.4. Toxicological results can identify samples
should be subjected to more intensive physical, chemlc 1
biological testing,



R _;10,3 Control Sediment:
.10.3.1 Collection—Control sediment should be collected
.. fiom the amphipod collection site or from another area that is
" within the geochernical requirements of the test species and
! that can provide 2 nontoxic reference sediment for evaluation
‘of the condition of the test population subject to laboratory
. procedures, and for statistical comparison with test sediment.
“Control sediment should be brought to the sieving area in a
_tlean collecting basin. Any water overlying the sediment or
“used to rinse the sediment into the collecting basin should be
gaved so that fine particles contained in the water can be

‘evidence of contamination (for example, oil sheen) shouid be
idiscarded. As the sediment is cvollected, bottom temperature
and salinity and sediment temperature should be recorded, and
composite sediment sample from all shovelsful, dredge hauls,
1 grabs should be collected for analysis of water content
article size distribution, and organic content.
40:3.1.1 At least annually, control sediment should be
mpirically characterized as in 10.2.
1032 Sieving—A separate clean container should be set up
ieve and contain the control sediment. Control sediment
ld be sieved twice: fixst to remove individuals of the test
pécies and other macrobenthos, and second, to adjust intersti-
al ‘water to the test salinity if necessary Water for sieving
ould.be clean sea water prepared as in Section 9. The entire
c_mtents of the collecting basin, including water'and suspended
rticles, should be sieved (for example, through a 0.5-mm
reen) without. allowmg overflow from the sieving container.
fter the first sieving, sediment should be left undisturbed for
‘sufficient time to allow settling of fine particles (usually at
ast overnight). Overlying water should then be decanted and
e sediment resieved (for.example, through a 0.5-mm screen)
to-water of a salinity calculated to bring the interstitial water
alinity .to"the test level, taking into account the estimated
uantity and salinity of the interstitial water. Again, the
ediment should be allowed to settle, overlying water should be
ecanied, and the sediment should be thoroughly mixed to
venly distribute fine particles that settle on the surface.
0:3.3 Storage—The control sediment should be stored in
$ or rigid plastic containers at 4 = 3°C umtil the test
hambers are prepared. The sediment should be stored in the
dark and must not be frozen or allowed to dry during storage.
104 Field-Collected Test Sediment:
0:4.1 ‘Collection—The spatial or temporal dlstnbutlon of
“Sediment toxicity can be determined by collecting potentially
Ontaminated sediment from field sites. A benthic grab or core
should be used rather than a dredge to minimize disruption of
< -sample. If the sediment is collected with a grab, glass cores
should-be used to collect a sample from the upper 2 cm, or
desired jayer, of the test sediment. This operation is facilitated
the grab can be opened from the top so that the undisturbed
. dﬂnem surface is exposed. The sample should be transferred
‘0.4 clean (see 7.4) glass, hlghdenslty polyethylene or fluoro-
‘carbon plastic sampie container. It is desirabie as much as
.Possible to avoid contact of the sample with metals, including
Ztamless steel, and plastics including polypropylene and low-
(Uensity polyethylene as contaminant interactions might occur.

-recombined into the sediment. Any sediment that shows -
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The sample must be cooled in the ﬁeld to about 4°C, and stored

‘at 4 * 3°C until the sediment is distributed to the test

chambers. Test sediment should be stored in the dark, no longer
than two weeks before the initiation of the test, and must not be
frozen 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 sediment

through a 2-mm sieve. If sediment is stored longer than two

weeks, it should be retested to conﬁnn that tomczty has not

changed.

10.4.1.1 If sediment is collected from multlple field samples
and pooled to meet technical ‘objectives, the sediment should
be thoroughly homogenized by stirring 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 the remainder of the sediment in the grab
can be sieved to provide 2 macrobenthos sample.

10.4.3 The natural geochetmcal propemes 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 particle 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 toxic and non-toxic condi-
tions. §t 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 varions 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 detenmned expernmen-
taily.

10.6.2 Test Chemicals—Chemicals experimentally added to
sediment shouid 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 known about the chemical
used: identities of major ingredients and impurities, solubility
and stability in test water, estimated toxicity to the test speciss
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and to humans, and recommended handling and disposal
procedures.

10.6.3 Stock Solution—Toxic chexmcals {0 be tested in
sediment are usually dissolved in a-solvent to form a stock
solution that is then added:to the sediment. The concentration
and.stability of the chemical -in 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 tox.rc:ty 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 developed for preparing aqueous stock solutions of
slightly soluble materials (22). The minimum necessary
amount of a strong acid or base may be used in the preparation
of an aqueous stock solution, but such reagents might affect the
PH of stock solutions appreciably. Use of a more soluble form
of the test. material, such as chloride or sulfate salts of organic
amines, sodium or potassium salts of phenols and organic
~ acids, and chloride or nitrate salts of metals, might affect the

pH more than the use of the ‘necessary rmnnnum ‘amount of a
strong acid or base.

10.6.5 If a. solvent -other than water is used 1t should be. of
reagent grade. 1ts concentration in the sediment should be kept
to a minimum, and should be low enough that it does not affect
the test species. Triethylene. glycol is-often a good organic
solvent for preparing stock solutions because of its low toxicity
to aquatic animals, low volatility, 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 organic carbon levels, introduce toxicity,
alter the geochemical prbpérties of the sediment, or stimulate
undesireable growths of microorganisms. Acetone is highly
volatile and might leave the system more readily than methanol
or ethanol. A surfactant should not be used in the preparation of
a stock solution because it might affect the bxoav:ulablhty
form, and toxicity of the test material,

10.6.6 If a solvent other than water is used, both a solve'nt
control with control sediment and a clean sediment control
must be included in the test. The solvent control must contain
the highest concentration of solvent present in sediment in any
other treatment and must use solvent from the same batch used
to make the.stock 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 survival, 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. caleulation of
results. The negative control might provide additional infor-
mation on the general heaith-of the organisms tested. If no

. in sediments might be quite different from the tomcxty in

~11. Test Orgamsms

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

10.7 Test Concemranan(s}

10.7.1 If the test.is.designed to calculate an LCSO or oth
effect level, the test concentrations.should bracket the pred1 o
effect level. The prediction might be based on the results
test on the same or a similar test material on the same
similar species. If a-useful prediction is not available;
usually desirable to conduct a range-finding test in which
organisms are exposed to a control and three or more conce
trations of the test material that differ by a factor of ten.

10,7.2 If necessary, concenirations above aqueous solul
can be used because in the real world organisms are sometim
exposed to concentrations above solubility.and because.so
bility is often not well known. The toxicity of the test mate;

bome exposures. =
10.7.3 Bulk sediment. chexmcal concentrations mlgh
normahzecl to factors other than dry ‘weight, For examy

normatized to organic carbon content.
10.7.4 In some (usually regulatory) sitiations, i
necessary to determine () whether a specific concentranpn
test material is acutely toxic to the test species or ()
the 1.C50 15 above or below a specific concentration;
example, the specific concentration might be the concentr:
occurring in a particular sediment, or the concentrati
dredge material to be deposited at a disposal site. When the
is only interest in a particular concentration, it might onl
necessary to test that concentranon, and the negau' .
solvent controls.
" 10.8 Addition of Test Material to Sedzment
10.8.1 Test material such as an effluent, a toxic sedlme
a solution of a chemical can be added to sediment and &
distributed by thorough hand mixing, by use of a rollin
or by adding the test material to a slurry of the test se
that is allowed to settle. The test material might also be add
to water, flowing over or through the sediments, and allowed
partition onto the sediment. Other methods of mixing
also be appropriate provided the test matenal is shown i
evenly distributed in the sediment. 5
10.8.2 Modifications of the mixing technique mig
necessary to allow time for a test materjal to equilibra
sediment. If tests are repeated, mixing conditions suc
duration and temperature of mixing, and time of mixing befo
the initiation-of the test should be kept constant, unless it
after spiking is an experimental variable. Care shouid be tak
to ensure that a test material added to sediment is thorou
and evenly distributed within the sediment. If neces
sub-samples of the sediment within a mixing container ¢
analyzed to determuine degree of mixing and homogenelty

11.1 Species—The species of infaunal ampmpod to be. us
in the sediment toxicity test should be selected based
availability, sensitivity to test materials, tolerance to ecologl
conditions (for example, temperature, salinity, and grain size);
ecological importance, and ease of handling in the Jaboral
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,Thﬂ sourcc and type of sediment being tested or the type of test
"pe implemented rmght dictate selection of a particular
gpecies. Ideally, species or genera with wide geographical
dlsmbunons should be selected, so that test results can be
ompared ‘among laboratories with similar species. Spec1es
sed:should be identified with an appropriate taxonomic key,
didentifications should be verified by a taxonomic authority.
.sannexes to this guide give guidance as to requirements and
Z'e,theds of handlmg for various spec1es of amphipods. Use of
ihespecies listed in the apnexes is encouraged to increase
comparability of results.

- Rhepoxynius abronius isa free-burrowmg amphlpod
#kat-has ‘been successfully used in sediment toxicity testing
e late 1970’s.(3). The sensitivity of this species to
ties:less than 25 g/kg limits its use to testing sediments
sirorti -marine areas, but the large data base -that 'has been
eveloped for the response of R. abronius to a variety of
ents and chemicals establishes ‘ite usefulness as a test
5 28 well as a refcrence spec:es for compamlg the

present on the East Coast (23).
1 1,2 thaustanus estuarius (see Annex A2) E. senczllus

lcrance to a wide _rangc qf salinity- and temperature
ogical importance as probable prey of shorebirds and
#(27) make them good cand1dates for test species,

inicorne, and the freshwater amphlpods Hyalella azteca and
topore;a hoyz L -

ariations in sediment characteristics such as particle size
stribution, organic enrichment, and interstitial water salinity
uid. be established. before responses. can be ascribed to
ntaminant effects. Choice of the scale of the test chamber,
ensity. of test organisms, temperature, salinity,.and control
ediment. might have to be modified -to accommodate the
uirements. of the test species. Required modifications should
‘based.on conditions at the natural habitat of the species. -

115 The sensitivity of a prospective new test species of
hipod should be compared with a reference species such as
bronius before the new species is used in routine toxicity
Stlng A96-h reference toxicity test using water only-could
iminate the relative effects of sediment particle-size and other
“®diment characteristics (see 11.5.4). The test should be set up
8- Section 13, but without the addition of sediment. A
“Mn-ionic organic compound whose binding properties are not
“I&ted by salinity could be used to compare species at

different salinity levels (example: polynuclear aromatic hydro-
carbons such as fluoranthene). 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 bioavailability of the refe,rence toxicant should be
held constant.

11.1.6 If tube-building amplnpods are used in sednnent
toxicity testing, it should be kept in mind that the amphipods
might not be directly in contact with test sediment after their
tubes are bujlt, and they might purop overlying water through
their tubes 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
burrowing 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 sediment surface might not be continually cxposed to the
test sediment.

11.2 Age——AlI-orgamsms should .be 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 materity, reproduction, seasonality, etc. (see

Annexes for species, specific requiremenits).

11.3 Source—All individuals in a test should be from the
same source, because different populations of the same species
might have different acute sensitivities to contaminants. Maz
rine ‘amphipods are usually obtained directly from a wild
population in a cléan area, although attempts have been made
to culture some species. Collecting permits for field collected
amphipods might be required by some local and state agencies.

11.3.1 If test organisms are cultured or held for an extended
period of time in the laboratory, the response of laboratory-held
organisms to test materials showld be compared to that of
animals freshly collected from the field to assure that labora-
tory stresses do not affect their sensitivity to test matenals (19)

11.4 Collection and Handling:

11.4.1 ‘Amphipods should be handled as little as posmble :
When handling is necessary, it should be done carefully, gently,
and quickly so-that organisms are not unnecessarily stressed. .
Amphipods that touch dry absorbent surfaces or are mjurcd
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 same temperature 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 and to provide aeration. Collection
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_factors. If a mean of greater than 10 % mortality occurs m

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

11.4.3 Holding—Amphipods should be fully acchmated 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 befors the initiation of a test..

7 11.4.3.1 In the laboratory, amphipeds can be counted into
holding containers with clean: sieved sediment to ascertain
whether sufficient numbers have been collected. Amphipods
should be sieved from transport sediment and gently washed
into a clean dish for counting. Active, apparently healthy
amphipods can be picked up and removed from detritus with a
wide-mouthed bulb-pipette and transferred to-sieved collection
site- sediment, into which the amphipods shounld 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 timit, and
should remain close to the holding temperature. The holding
containers should be provided: with flowing or aerated sea
water at or near the test temperature and 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 will usually remain
in the holding sediment until the initiation of the test, and can
be easily retrieved for setup, Suppiementary 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 individuais 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—All amphipods usad in a. test must be of
acceptable quality. A qualified amphiped taxonomist must be
consulted to ensure that the animals in the test population are
all of the same species.

11.5.1 Ampl‘upocls in holding containers should bc checked
daily before the initiation of a test. Individuals that emerge
from the sediment and appear dead-or unhealthy should be
discarded. If greater than 5 % of the amphipods 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, is desireable. Amphipods
may be used without analysis of chemicai 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 held in clean, uncontaminated water and
facilities, Amphipods from contaminated areas 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

- site-specific basis for comparison of potentially toxic and

controfs, or if individual replicate control mortality. Vﬂlum
exceed 20 %, the fest must be considered invalid. © |
11.5.4 -Reference toxicants might be useful for assessing tf;
quality and sensitivity of test organisms, and can be employ,
using 96-h toxicity tests without sedunent 1o generate LCS
values (see 11.1.4);
11.5.4.1 Reference toxicants can be useful in assessmg
sensitivity of different populations or species of amphipods; op-
seasonal variation in sensitivity of a field-callected popuiatiop;
Such assessment is nsually conducted simultaneously witk: the.
toxicity tesi. Many chemicals have been used.or evaluated: g,
reference toxicants for use -as reference toxicants (28).. ;
has been proven to be a reliable indicator of the overail quatity
of any species or test results. A reference toxicant i likely to:he
more useful when used in conjunction with.tests on matert
that have the same mode. of action as the reference: toxicant,
However, frequent changing among reference: toxicanis: 'ca'u
reduce the value of reference toxicant data if there is not:an:
adequate mstury of use with each procedure, specms and
laboratory. - .

12. Experimental Design o

12.1 Deczsmns concemmg such aspects of axpenmen‘
desxgn as ‘concentrations of test materials added to scdune
number of treatments, and numbers of test chambers p
treatment should be based on the purpose of the test an
type of procedure to be used to calenlate results (see’ Sec
16). The amphipod sediment toxicity test can be used to tes
toxicity of sediment in the field (see 12.3).or to address a grent
vatiety of sediment and water quahty manipulations if -the
laboratory (see 12.4). Every test requu‘es one or more comm
treatments (see 12.2). '

'12.2 Controls—Every test requires a control treatrnent )
sisting of sediment from the amphipod collection site or other
sediment known to He nontoxic to, and within the gecchemical
requirements of the test species (see 10.3). The same watet,
conditions, procedures, and organisms are used as in the other
test treatments, except that none of the test material is added to
the control sediment or water. At least five-laboratory replicates:
of the control sediment should be included in all tests regard-
less of whether test sediments are replicated. This allows. " :
comparisons among experiments and among laboratories of the
validity of procedures used:in individual tests. P

12.2.1 In addition to the standard contro}, if a field sedlment T
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 charace -
teristics: The design of field surveys should include an addi- -
tional field control involving five replicate sampies from an-
area that is free from sediment contamination. This provides:a:.

nontoxic: conditions, and .can account for mortality associated-
exclusively with subjecting the organisms to nonnative sedi:
ments. The concentrations of chemical contaminants should be
measured in these field control sediments in order to justify the
assumption that they are contaminaat-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
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ntrol maust be identical to the regular control, except that the
shest amount of solvent preseat in any other treatment is
“dded to this treatment. If the test material is a mixture,
“rmulation, or commercial product; none of the ingredients is
onsidered a solvent unless.an extra amount is used to prepare
‘e-stock solution (see 10.6.5). -
:12.3 Field Survey Design—TField surveys can be designed to
P;" ide either a qualitative reconnaissance of the distribution
iment toxicity ora quanmatwe statlstlcal companson of
city among stations.
3.1 The object of a-qualitative reconnaissance survey is
dentify sites of potential’ toxic conditions that warrant
er stody. It is often conducted im areas where litde is
known about contamination patterns. To allow for maximum
patial coverage, the survey design might include only one
ample from each’ station. The lack of replication precludes

iceeds the control range can be identified for further smdy.
2.3.2 The object of a quantitative statistical comparison is
fortest for statistically significant differences in effects among
negative control or reference sediments and test sediments’
om several sites. Replicates (that is, separate samples from
diffsrent grabs taken at the same site) should be taken at.each
tation' in' the: survey. The number of replicates needed -per
tion is a function of the need for sensitivity or power (see
:3:6). Separate subsamples. from the same grab may be used
est for within-grab variability, or split samples of compos~
tsediment from one or more grabs may be used for
mparisons of test procedures (such as comparative sensitiv-
¥ ity among test species), but these. subsamples. shouid not be
%.considered to be true replicates for stanstlcal comparisons
Fisamong stations (29, 30).
2.3.3 Station locations nught be distributed among a
lown pollution gradient, in relation to the boundary of a
sposal site, or at sites identified as being potentially toxi¢ in
recomnaissance  survey. Comparisons can be made in both
e and time. In pre-dredging studies, a sampling design can
repared to assess the toxicity of samples representative of
@ project area to be dredged. Such a design must include
bsampling cores taken to the project depth..
12.3.4 If no-amphipods survive in sediment from a particu-
+field location, it might be useful to conduct toxicity tests
ithi dilutions of the field sediment mixed with control sedi-
ent. Concentrations should be expressed as percent dilutions
:0n.a wet weight hasis, that is, wet weight of field sediment/total

et weight of field and control sediment mixture, Experimental
designs for sediment dilution experiments are the same as those
described in 12.4 for other laboratory experiments.
12,35 Sediment toxicity surveys are usually part of more
L comprehensive analyses of biological, chemical, geological,
and. hydrographic conditions. A useful summary of fietd
;- Sampling design is presented by Green (30). Statistical corre-
lation can be increased and costs reduced if subsamples for
sediment toxicity tests, geochemical analyses, and benthic
COmmunity structure are taken simuitaneously from the same
8rab or at the same station.

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

e
'\
&

atistical comparisons, but samples from sites where mortality

o

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 .75 % probability of detecting a significant
difference (P < 0.05) if the difference in mean survival between
control and test sediment. is 2.8 (see Table 2). For control
survival of 18.0 (90 %), this comesponds to a test-sediment
mean. survival-of 13.2, about a 15% . reduction.. Since the
number of survivors.in test sediments is often. much less than
15, this is-a reasonable level of precision for most applications.
12.4- Laboratory- Experiments—Sediment toxicity tests can
be applied in-the laboratory to provide information on a- variety
of problems related to the action of contaminants in sediment.
‘The test can be used to determine natural limits such as. salinity,
temperature, etc., to estimate the LC30 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. s

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 of test matarial.

“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 i3 more appropriate. At
least one concentration should give a partial response below
the LCS50 or EC50 and one above the LC50 or EC50. If the
estimate of acute toxicity is particuiarly uncertain, six or more.
concentrations might be desirable to increase the hkehhood of
covering the approptiate range:

12.4.2- If:it is only necessary to- determine { @) whether a
specific concentration is acutely toxic.to the test species or (by
whether the LC350 or EC50 ‘is: above or below a - specific
concentration- (see 10.7.4), only that concentration and- the
controls are necessary. Two additional concentrations at’ abouc
one half and two times. the specific concentration of concern
are- desirable to increase confidence in.the resuls. -

12.43 AnLC or EC near the extremes of toxicity; such-as
an LCS or an' EC95 should not be caiculated unless at least one
concentration of test matenal kﬂled or affected a percentage of

TABLE 2 Preclsfon of the Sedlment Toxleity Test Using-
Rhepoxynius abronius in Relation to Sample Size
and Repllcation (3)

Number of Amphipods per Replicate

16 . 20
Number of " ‘ Number of. A ’
Replicates Wef Replicates 3 alf
2 6.80 716 , .
4 2.68 28.0 2 8.55 45.0
5 1.94 20.4 3 4.44 234
8 1.8D 16.8 4 3.08 17.6
10 1.38 14,5 5 2.80 14.7
12 1.25 13.2 6 2.45 12.9
14 1.14 12.0 7 2.20 11.8
i6 1.05 1.0 8 2.02 10.6
18 0.98 10.3 9 1.89 10.0
20 0.83 2.8 10 1.78 2.3

“8 is the diffarenca between the survival means for which the toxicity testis 75 %
csrtain of detecting statistical significance (P < 0.05) (31).

5/ expresses the precision estimate as a percent of tha normai control survival
in Rhspoxynivs abronivs {c=19.0 for n=20; c= 9.5 for n=10}.
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14594




4l £ 1367

test organisms, other than O or 100 %, near the percentage for
which the LC or EC is to be calculated. This requirement might
be met in-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 the.test organisms
than did the -control treatment(s), -or to. report the lowest
concentration of test material that actually killed or affected all
test organisms exposed to it. These alternatives are normally
more reliable-than reporting & calculated result such as. report-
ing an LCS or LC95 unless two or more concentrations resulted
in percent killed or affected close to 5-or 95 %..

12.4.4:The primary focus of the physical and experimental
design of the-test and the statistical analysis of the data is the
experimental unit, that is defined as the smallest physical entity

E 729). Thus, the test chamber is the experimental unit. With
respect to-factors that might affect results within test chambers
and, therefore, the results of the test, all chambers in.the test
shouid. be treated as similarly as.possible. For exampie, the
temperature . in - all test ‘chambers . should be as similar. as
possible unless. the purpose of the test is to study the effect of
temperature, Test chambers are usually arranged in one or more
rows. Treatments must be randomly assigned-to individual test
- chamber locations. A randomized block design (with each
treatment being present in each block, that might be a row or
- arectangle) is preferable to a-completely randomized design-to

reduce the probability of chance-segregation of treatments: (27).-

12.4.5 The minimum desirable number of test chambers and
organisms . per treatment should:be calculated- from (a) the
expected variance within -test chambers, (b) the expected
variance between.test chambers within a treatment, and ( ¢)
either the maximum acceptable width of the confidence :inter-
val on 2 point estimate (for example, LC50 or EC50) or the
minimum differencethat is- desired to be detectable using
hypothesis testing (32)..As the number of test chambers (that is,
experimental units) per treatment increases, the number of
degrees of freedom increases, .and therefore, the swidth:of the
confidence interval on a pomt estimate decreases, and the

power of a significance test increases. - -

" . i2.4.6 “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 concemmg the reproducibility of the re-
sults. .

13. Procedure ‘ L
13.1 Dissolved Oxygen—The concentration of dissolved

oxygen (DO) in’ the water overlying the sediment in the test -

chambers should be maintained at or near saturation by gently
-aerating the water {see annexes). Ajr should be bubbled into the
test chambers at a rate that maintains a =90 % dissolved
oxygen concentration, but does not cause turbulence or disturb
the sediment surface. If air flow to the beakers is interrupted for

. within the natural range of terperatures in the area frorm whi
. the- amphipods occur in the field. Within an experime;

Cal enn - interstitial water of test sediments from the field should n
to which treatmerits can be independently assigned (see Guide -

sample should be thoroughly homogemzed within its sto

more than an hour, DO should be measured.in the beakers:
determine whether - dissolved oxygen concentrations Ha
dropped to less than 60 % of saturation (see 15.2.7). _
. 13.2 Temperature—The temperature selected should::

individual temperature readings should not vary by more th
3°C from the selected test temperature, and the time-weighi
average measured temperature at the end of the test should;
within 1°C of the selected test temnperature. When temperaty
is measured concurrently in more than one test.chamber,
highest and lowest temperatures should not differ by more th
2°C. : o

13.3 Salzmzy-—The ‘water overlymg the test sedime:
sediment toxicity tests must be within the tolerance ran
the selected test species-(see annexes). The salinity o

adjusted, because such an operation might change the toxig
logical properties of the sediment. The salinity of the inters
tial water of sediments experimentally sp1ked in the laboratg
with contaminants may be adjusted prior to spiking.
13,31 If . test sediments. are collected from low-salinj
areas, the sahmty .of the overlying water in the test chambg
should be approximately the same as the interstitial water or;
the water above the sediment at the collection site. Dependm
upon -experimental design, it might-be desirable to use
from the sediment collection site, or.to-adjust the salini
prepared salt water to the collection site salinity. (see 7.3
13.4 Ligh+—For sediment toxicity. tests involving:. sof
infaunal -amphipod species, lights are usually left on contir
ously. The. constant.light-increases: the tendency of the. org
isms to remain buried in the sediment, and thus to rema
exposed to the test material. For other species a differsn
photoperiod might be desired (see annexes). ‘
13.5 Feeding—Infaunal-amphipeds do not require-supp!
mentary feeding during the. 10-day toxicity test. Supplemen
feeding might be required for longe.r tests, (see Annex A3
13.6 Beginning the Test:
+13:6:1 The toxicity test begins when test orgamsms are fir
placed in test chambers containing test material.
- 13.6:2 On the day before the test begins, each test se im

container, and an aliquot added to a-test chamber to a d
specific for the test species (see -annexes). In the "cases
replicate sediment sampies, it might be desirable.to calculi
the net weight of sediment necessary to make- a layer-of:tii
desired depth in the first chamber, and then add the same:
weight of sediment to the other replicates within a treatme
The same procedure might-be applied to control sedimen
measuring the required weight for replicates of each treatme
separately, because different sediments might have . differe
densities. Treatments should be randomly assigned to prenu=s
bered test chambers. It is desirable to take subsamples o
test sediment for geochemical analyses as the test chamber
loaded. For some experimental designs it might be desirable
test intact cores. ‘
13.6.3 The sediment within the test chamber -should:
settled by tapping the test chamber against the side of the han!
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k.o by smoothing the sediment surface with 2 nylon, fluorocar-

* -pon, or polyethylene spatuia. A disk cut from 6 mil nylon,
;' TRE-fluorocarbon, or polyethylene sheeting to fit the inside
¢ ' diameter of the test chamber, and attacbed to a length of nylon
- monofilament for removal, can be placed on the sediment
- gurface t0 minimize sedlment disruption as prepared toxicity
“4est :'sea water is added up to the desired level in the.test
* chambers . (see annexes). The disk should be removed and
" sinsed-with sea water between replicates of a treatment, and a
[ igeparate disk should be used for each treatment. The -test
':".chambers should then be covered, put in numerical order into
- gtemperature controlled water bath, and aerated overnight. The
gystem should be left overnight to allow suspended particles to
“settte and an equilibrium to be ‘established between sediment
and: overlying water before the amphipods are added.

13:6.4 If the experimental design: requires monitoring of
ediment chemisiry (for example, metals, total volatile solids,
pH; ‘Eh, etc.), additional test chambers with sediment and
amphipods should be set up for this purpose. Monitoring the
guality of the overlying water (for DO, pH, or for certain
-chemicals) in the test chambers can be accomplished without
isturbing the sediment, and may be done in the test chambers
ontaining the test amphipods. Temperature can be measured
ith-a: thermometer set in a simulated test beaker containing
sater-and control sediment but no amphipods. If more than one
water bath is used to contain the test chambers, a separate
temperature beaker should be included in each water bath (see
3.9:3).
3:6.5 The toxicity test is 1mt1ated (Day 0) when amplnpods
distributed to each test chamber. It is usually not possible to
tribute amphipods to all test chambers at the same time, so
necessary to select a set of test chambers (usually 10 to 15)
be processed together. If treatments are replicated, sach
treatment including controls, should be represented in each set
of tést-chambers to be processed together. If treatments are-not
eplicated, seléction should be random.
3.6.6 A sufficient number of amphipods should be removed
rom the holding facility at one time to provide about one third
'more amphipods than are needed for one set of test chambers.
- This allows selection of active, apparently healthy individuals.
Before amphipods are removed, the temperature and salinity of
the water in the holding containers should be recorded.
Amphipods should be sieved from the 'holding sediment and
transferred to a sorting tray containing water of the holding
emperature and salinity. The holding sediment may be saved
-and:returned .to the holding containers for use as reburial
" Sediment .at the termination of the test. Active, apparently
~"healthy amphipods should be impartially selected from the
 Sorting tray and sequentially distributed among dishes contain-
F - - INg.approximately 150 mL of prepared toxicity. test sea water
- - “imtil:each dish contains the required number (usuaily 20; see
;. @nnexes) of individuals. The number of amphipods in.each dish
;. should be verified by recounting them into a separate dish
y ‘_lcontaining toxicity test water.
¥~ '13.6.7 Amphipods should be added to test chambers with-
- ot disruption of the sediment by placing .a 6-mil nylon,
{.- - “TFB-fluorocarbon, or polyethyiene disk on the water surface,
;. 2d gently pouring the water and amphipods from the sorting
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dish over the disk into the test chamber. Any arnphip'dds '
remaining in the dish should be gently washed into the test -
chamber. The water level should be brought-up to the final test -

level in the test chamber, the disk removed, and the chamber

replaced in the water bath, covered, and aerated. Any amphl- :
pods that do not bury within-the time spec:ﬁed for the specles -
(see annexes) should be removed and:replaced. i
13.7 Duration of Test—The test begins when amphlpods are
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 these-amphipods 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 () emergence from highly toxic sediment
during the course of the test, and () inability- of surviving but
affected amphipods to rebury in clean, collection site sediment
at the termination of the test. Response critéria must be
monitored in a “blind” fashion, that is, the observed must have
no knowledge of the ‘treatment of the sediment in the test
chambers. This -is accomplished through random;zatmn of
sample numbers.

13.8.1 Emergence—Since ‘most infaunal amphipods remain
buried during sediment toxicity tests, there is little opportunity
to monitor temporal changes in 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 be-observed
by temporarily tnming off the air to the test chambers, and
gently removing the cover from individual chambers with
minimal disturbance of the chamber. The number of amphi--
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 mold or algae, or depth of oxidized layer)
should be recorded.

13.8.2 Mortality—The primary effect of sediment toxicity is
mortality of the test amphipods, 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 and-a
smaller screen size sieve for termination reduces the possibility
of losing small.amphipods through the screen at termination.
Screen sizes are specific for various test species (see annexes).
Material retained on the screen should be washed Into a sorting

44596
Il




4 € 1367

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
T, because 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 7. 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
movermernit,

13.8.3 . Reburial—Data on the ab111ty of the amp]:upods to
rebury in clean sediment at the termination -of the sediment
toxicity test can be used to detect :biologically important
sublethal effects. Amphipods that survive the test should be

transferred to dishes containing a layer of clean, 0.5 mm sieved

control sediment. Sediment saved from the pretest holding
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 are.used to document
sublethal effects on behavior, and can be used to calculate an
EC350. Infaunal amphipods unable to rebury are very unlikely
to survive in nature. Toxicity data can. therefore be apalyzed in
relation to effective mortality, that is, the sum of dead individu-
als plus those survivors that are.not able to rebury. EC50
calculations can be made on the basis of effective mortality. In
most cases, amphipods that survive ina ten-day test are able to
rebury. ;
13.9 Other Measurements:

13.9.1 Field Sediment—If the- sedlment to be tested 1is

collected from a potentially contaminated site in -the field,
sediment samples should be collected. from the same grab for
analysis of various .geochemical properties (see 10.2). A

separate - sample for faunal analyses is also desirable. These

samples may be.stored under appropriate conditions for pos-
sible future analysis, after the results of the 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 for field sediments,

-that might contain high concentrations of organic materials. All ™

measurements should also be taken in: control samples.

13.9.2 Laboratory Spiked Sediments—In experiments in
which a known test material is added to sediment, the concen-
tration of the test material should be determined -in stock
solutions or mixtures 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 be taken from the test chambers
containing amphipods. To monitor changes in sediment -or
interstitial water chemistry.during the course of the expen-
ment, separate sediment chemistry beakers should be set wp
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. Soine
sediment and water guality characteristics, such as pH, Eh, and
dissolved oxygen, can be measured by inserting analytical

material in sediment can be taken by siphoming off

probes into the test chambers containing amphipods. If rach
labeled test compounds are used, separate chcnustry beak
might not be necessary,
13.9.2.1 The concentration of test material in water:g
sediment should be measured at.several concentrations ang;
often as practicable -during the test. At a minimum
concentration of the test material should be measured
beginning and at the end of the test in the control and. at :
medium, and high concentrations. Measurement of degradatijss
products of the test material might also be desirable. -
13.9.2.2 Measurement of test material concentrations;
water.can be accomplished by pipetting water sarples throu;
glass or fluorocarbon plastic tubing from a point midw,
between top, bottom, and sides of the test chamber, Wal
samples should not contain any .surface scum, any ma
from the sides of the test chamber, or any sediment. .. =
-13.9.2.3 Samples for measurement of concentratxons o

overlying water without disturbing the surface of the se
and then taking appropriate aliquots of .the sedlmeut
chemical analysis.
-13.9.2.4 Interstitial water can be sampied by usmg the-
that comes to the surface in a rolling mill jar or in a sa
container as the sediment settles, by centrifuging a sed
sample to separate the sediment particles from the inters
water, or by using a filter apparatus to extract interstitial-w
from a sediment sample.Care should be taken to ens
test materials do not undergo transformation, degradati
valatilization during sample preparation. It should. be,
mind that filtering can remove certain test materials
solution. ..
13.9.3 All. Tests—Temperature shOLId be recorde,
separate temperature beaker throughout the test, If test
bers are in more than one temperature controlled wate
temperature beaker should be set up in each waters
Temperature should be monitored at Ieast hourly - usil
recording thermometer or the daily maximum and
temperatures should be monitored (see Guide E 72
vidual temperature measurements should not vary by
than 3°C and the time-weighted average should not
more than 1°C from the designated test temperature (see

14. Analytical Methodology

14.1' If samples of sediments or overlying :water fro
chambers, stock solutions, test sediment, or interstiti
are not to be analyzed imnediately, they should be handl
stored appropriately (33} to minimize loss of test.m
contaminants through such processes as microbial de
hydrolysis, oxidation, photolysis, reduction, sorpnon and?v
tilization (see Practice D 3976).

14.2 Chemical and physical data should be obtamﬂ
_appropriate ASTM standards whenever possible. For:
measurements for which ASTM standards do not exist:
not sensitive enough, methods should be obtained from
reliable sources (34),

-14.3 The analytical method used to measure the conc
tion of toxicant in test chambers should be validated b
beginning the test. The precision of the method shol_ﬂ‘




hgcked,using reference or split samples, interlaboratory com-
parisons, O alternative (preferably reference or corroborative)
ethods: of analysis.

4.4 Concentrations of test materials in interstitial water
hould be measured as well as the bulk sediment concentra-
:onis; In ‘addition to measuring the total concentration of test
. material in interstitial water or in the overlying water from test
hambers, measurement of the apparent dissolved or free form

e-test material is desirable. The free form for organic
contaminants is that which is not bound to either particulates or
dissolved.organic carbon, and for metals it is the-ionic form
the-element. The “apparent dissolved” fraction is wsually
sfined:and. determined as that which passes through & 0.45-yum
smbirane  filter. However, passing solutions through mem-
rane filters can result in significant sorptive losses that must
se:dccounted.for. .

cceptability of Test _

:A.10-day sediment toxicity test is unacceptable if more
otal of 10 % of the control organisms die or show signs
disease ot stress, or if mortality in an individual control test
mber exceeds 20 %. '

52 ‘A '10-day sediment toxicity test should usually be
‘unacceptable if one or more of the following

Treatments were not randomly assigned to test cham-

i3 “‘organisms were not randomly or impartially
sfibuted to test chambers. = '

Required negative, reference sediment, positive or
‘controls were not included in the test. =
1ltest animals were not from the same population,
of the same species, or were not of acceptable

olonged maintenance in the laboratory bas been shown to
‘00 significant effect on sensitivity.

The test organisms were not acclimated at the test

-and salinity at Ieast 48 h before they were placed

hambers. '

ch.that dissolved oxygen levels dropped to less than

f saturation.

0 The concentration of solvent in the range used

ccted survival, growth, or reproduction of the test species

Ecies specific annexes).

-11" The analytical method used to measure the concen-

. oon‘of toxicant in the test chamber was not validated before
-‘,g_mmng the test,

ééf;lZ:Rgsmnsc criteria were not monitored in a blind
d; n"th?t is, obzervers had knowledge of the treatment of

{ments in the test chambers.
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16. Interpretation of Results

16.1 The calculating procedure(s) and interprétation 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 (@) 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. = T
16.2 LC50 or BC50 and their 95 % confidence limits should
be caleulated on the basis of (#) 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 BCs are calculated, their 95.%
confidence limits should also be calculated (see Guide E 729).
16.3 Most acute. toxicity tests produce guantal data, that is,
counts of the number of organisms in two mutally exclusive
categories, such as alive or dead. A variety of methods (35) can
be used to calculate an L.CS50 or EC50 and its 95 % confidence
limits from a set of quantal data that is binomially distributed
and contains two Or more concentrations at which the percent

dead or affected is between O and 100, but the most widely

used are the ‘probit, moving average, trimmed Spearman-
Karber and Litchfield-Wilcoxon 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 esfimate of
the LC50 or EC50, but it does provide a range within which the
LC50 or EC50 should Lie. = o

16.4 The results of toxicity tests on field samples without
replication may be reported in terms of survival 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 if 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 Teplicated 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 r-test or analysis of
variance (ANOVA) followed by a muitiple comparison test.
Analysis of variance is used to determine. whether any of the
observed differences among the concentrations {or samples)
are statistically significant. This is a test of the null hypothesis
of no difference among concentrations (or samples). If the
F-test is not statistically significant (P > 0.03), it can be
concluded that the effects observed in the toxicant treatments
(or field station samples) were not large enough to be detected
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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
techniques such as those explained by Chew (37) orthogonal
contrasts, Fisher's methods, Dunnett’s procedure and Will-
jam’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 simuitaneously.

16.6 Daily observations on the numbers of amphipods that
have completely orpartiaily emerged from the sedirent, either
lying on the sediment surface, swimming in:the water column;

or floating at the ‘water surface, can be used to document-an
apparent avoidance response to the sediment. Emergence-data - -

plotted against time can give the observer an impression of the
degree of toxicity..of the sediment during the course of the
toxicity test, as amphipods. often emerge earlier and 1 in greater
numbers. from more mghly toxic sediment. -

17. Report

17.1 The rccord of tbe results of au acceptable sedxment
toxicity test should include the following . informaticn either
directly or by reference to other available documents:

17.1.1 Names of test-and investigator(s), name and location
of laboratory, and dates of initiation and termination of the test.

17.1.2. Source of test material, lot number if apphcab]c
composition (identifies and concentrations of major ingredients
and impurities if known), known chemical and physical prop-
erties, and the identity and concentrauon(s) of any solvent
used. ‘

" 17.1.3 Source and method of preparatton 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 sedimerits, method and dates of treatient of
laboratory prepared sediment, and method of dlstnbutwn 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.

salinity, and lighting regime.

* prepare, and store them.

" environments; experimental design; exposure tegts; grandi

17.1.6 Description of the experimental design, test cham
bers and covers, the depth, weight, and volume of sediment
water in the chambers, the date, time, and method of begingip,
the test, numbers of test orgamsms and chambers, temperamm,

17.1.7 The average: and range .of bolding and test temper
tures, and the method(s) of measuring or monitoring, or bd
17.1.8 Schedule for obtaining samples of sediment 4
watér for geochemical analyses, and methods used to ob

17.1.9 Methods used for, and results (with standard
tions or confidence limits) of, chemical analyses of - wak
quality and concentrations of test material, sediment geoch
cal analyses; and concentrations of test materials in sedim,
including validation studies and reagent blanks,

17.1.10 Definition(s) of the effects used to-calculate L¢
or EC50s and a summary of general observations of o
effects. '

17.1.11 ‘A table of the biological data for each test cham
for each treatment (including the control(s)) in sufficient d
to aliow independent statistical analyses. .

17.1.12 The 10-day LCS50s or EC50s and the mcthods 1
to calculate them, and their 95% confidence limits, ‘or
survival or mortality data and their significance relative
control(s); specify whether results are based on measur
nominal concentrations of the test material.

17.1.13 Results. of any other analyses that were made
same sediment, such as fatnal apalyses, field notes mad
collecting the sediment, chemical measurements made
chambers, or chemical and geological malyses.of sub
of the sediment.

17.1.14 Anything unusual about the test, any-devial
these procedures, and any other relevant information

17.2 Published reports should contain enough infy
to clearly identify the procedures used and the quali
rcsults. ‘
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Al.l Ecological Requirements— Rhepoxynius abronius (3)
occurs along the West: Coast of North ‘America from central
‘California to Puget Sound, Washington (39). It is the desired
fest species where it is.available and when the salinity of the
terstitial water in the test sediment is 25 g/kg or greater (see
‘Table Al.1). Rhepoxynius abronius naturally inhabits clean,
fine, sandy sediments. In areas where test sediments are
:predominantly silts or clays, the experimental design should

:sediments, in addition to the native sediment control.

Al2  Collection and Handling Techniques—R. abronius
abits clean, fine, sandy sediments from the lower intertidal
‘to'a-depth of at least 274 m. Amphipods can be collected from

eve with a 1.0-mm diameter mesh size can be used to
parate adult R. abronius from their native sediment. Indi-
dual amphipods can be transferred between sorting trays,
climation dishes, and test chambers by using a bulb pipette
‘4 -sujtabie size (for example, one w1th a 5-mm dm.meter
emng) . .

1.2.1 For acclimation, . R. abronius can be counted into

'0:5-mm sieved collection site sediment, at a density of 20
nphipods per dish. These dishes can be transferred to holding
tanks supplied with acrated or flowing sea water at the test
perature. and salinity, Two to three days.are sufficient.for
climation to, the test conditions. A sieve with a ‘1.0-mm
iameter mesh size can be used to separate R. abronius from
e-acclimation sediment immediately prior to the initiation of
tux1c1ty test,

'

H

‘be tun at 15 = 3°C using .28 g/kg overlying water in the test
‘thambers, The test-chamber is usually a standard I-L glass
aker with .a 10-cm internal diameter. Beakers should be
vered . with an 11.4-cm diameter watch glass to reduce
ontamination of the contents and evaporation of the water and
lest-material. Aeration can be provided to each test chamber
ough a 1-mL glass pipette that extends between the beaker
out.and the watchglass cover to a depth not closer than 2 cm
fom the sediment surface. Sediment in the test chambers
should be 2 cm deep, and toxicity test water should be added
1p:to the 700-mL mark on the beakers. Sediment and water
ould be added to beakers the day before the amphipods are
_added to allow suspended sediment particles to settle, and to
“tllow time for equilibration of temperature and the sediment-
Water interface. . :

. +AL3.1 After the overnight equilibration time, 20 amphipods
e distributed to each of the test chambers, with additional
T"i{;‘_’XiCity test water to bring the water level up o the 950-mL

include a silt-clay control treatment of clean sediment from an.
uncontaminated reference collection site near that of the test

boat using .a small biological dredge or a grab sampler. A

0-cm diameter specimen dishes containing a 2-cm deep layer

Al3 Toxicity Test Spec;ﬁcatmns—The toxicity test should

F_Vel. The amphipods should be aflowed 5 to 10 min to bury _
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-into the test substrate., Any émphipods that have not buried

within that time. or appear damaged should be replaced, unless
the amphipods are repeatedly burrowing into the sediment and
immediately emerging in an apparent avoidance .response to
the ‘test ‘substrate. In that case amphipods are not replaced.
Amphipods are not removed from the sutface of test sediments
during the course of the test even if they appear dead, since
some amphipods that seem dead might actually be-alive and
might later rebury in the test sediments.

. Al.3.2 The toxicity test is ferminated when amphjpods are
separated from test substrates using a 0.5-mm mesh-diameter
screen. Amphipods are transferred to a sorting .tray and
numbers of live and-dead amphipods are counted..Survivors

aretransferred to dishes containing a 2-cm deep layer of clean,

native sediment and allowed 1 h to rebury. The numbers of
survivors unable to rebury in clean sediment can be used to
calculate an ECSO forthis sublethal eﬁect .

Al4 Life Cycle and Age Clas.s'— Rhepoxynius abronius
has an annual life cycle (40), with recrnitment occurring
primarily in the Jate winter through the spring months. Large
immature and adult amphipods, 3 to 5 mm total length, should
be used in the toxicity test because they are available' year
round, and their sensitivity to contaminated sediments has been
shown to be not greatly different from that of juveniles (19).
They are also large enough to be easily handled and counted in
the toxicity test. Mature males and females, even -those
carrying eggs, have been found-to be equally sensmve to test

amaterials, ‘so it is posmble to use a mixed population of both

sexes, atthough very large mature individuals should not be

"used because 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.

"AlS  Control Survival—Control survival using. Rhep-

-oxynius is generally 95 % or greater, and must be at least 90 %

for the toxicity test to be considered valid.

Al.§ Sensitivity—Rhepoxynius abronius has been shown to
be among-the most sensitive of sediment toxicity test:organ-
isms to test materials, but is fairly tolerant of handling and to
a variety of physical characteristics of sediment (3). The genus
Rhepoxynius is one-of the first to disappear from- benthxc
communities impacted by poltution (3, 39). '

CALT Interpremtian and Interferences—In interpreting the
data from 10-day sediment toxicity tests with adult Rhep-
oxynius, it should be kept in mind that the very early life stages,
the reproductive ability of amphipods, or their longterm
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 fine-grained

_. sediments (20). Despite these limitations, the toxicity test using
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TABLE A1.1 Summary of Ecologlcai and Testing Conditions that Should Be Considered When Conducting Ten-Day Sediment Toxlc[ty :
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Tests with Amphipods

Note 1— See Annex for further explanation.
Note 2~N/A = not applicable; N.D, = no data published.at this time.

Ala Rhepoxynius abronius (Famity Phoxocapha“daa)

Fleld

Laboratory

Geographic range

Puget Sound to Southem Calffornia (23, 39)

N -
clean, fine sand, 2 cm (3)

Habftat ‘Free-burrowing sand. dweller. tow intertldal to 274 m (21,
: o 23) ) .
Life cycle ' " Annual (40) N/A—Fleld coliectad
Life stage tested - NA Mature 3'to 5-mm amphipods, mixed sexds (3)
Temperature Annual range at collammg slte = 8 to-16°C (3) ‘Standard temperature is 15°C; (3} survives 0 to at lea
. . ] - 20°C
Salinlty Annual range at coltecting site = near 0 to 35 g/kg (40) Standard sallnity is 28 g/kg, salinity effacts noted
) o Coe a 25 gikg (3)
Sediment typs - . Well-sorted fine sand to sandy silt (3) 86 % mean survival in sediments with= 80 % sllt-clay
. o T up to 100 % in sand sediments (20)
Sediment depth ‘Usually upper 2 cm, to 6 ¢m (36, 39) Test sediment depth 2 cm (3)
Nutrition - Meiofaunal pradator, algae, detritus (41) -Amphipods are not fed in the Iaboratory (3)
Light evcle - Naturai light ’ - Continuous fight (3} .
Control mortality N/A =10 % {3)
Chronlc test : NIA o L Mot developed :
86 h LC50, cadmiurn, water only exposurs N/A e ' 0.92 (0.68—1.25) mg/L (42)

* Fleld

Alb Eohaustorius estuarius (Famlly Haustotlidae)

Laboratory

Geographic range

‘Central British Columbia to Central Califomia (24, 27)

. Free-burrowing sand dweller, upper to mld-lntemdal shaltow Clean, fine sand 2 cm (24)

N/A

Habhtat
subtidat (24, 27)

Life cycle - . Probably annual (24). - ~N/A-Fiefd coligcted . : :
Life stage tested N/A - . Mature amphipods 3-5 mm, mlxed sexes (2 ):
Ternparalure ‘ v Approxima!ely 0 to 21°C (24 27) Standard temperature is 15‘0 3 24), mlera
: - at least 21°C (27} -
Sal[nlty . Annua] range at co!lecting site = near 0 to 35 glkg Standard salinity is 2 to =28 g/kg (24, 27)
Sediment type Clean fine to medlum sand (27, 43) 92 % mean survival in sediments with 280 9 sill

e : T o - clay, 87 % in sandy sediments (25)
Sediment depth - " Approximately top 5 ¢m 2 om (3, 24) .
Nutrition Probable deposit fesder.(24) Amphipods are not iad in the Iaboralnry (3 24])
Light cycle | Natural light . Continucus light (3, 24)
‘Control mortality NA T ‘=10%(3,24) -
Chrenlc test ’ N/A . Not developed
86 h LCE0, cadmium, water only. exposure N/A . . 9.33 (7.20~12.09) rngll. (24}

-Ale Ampellsca abdita (Family Ampaliscidae)

Fleld -

Laboratory

Geographlc range

Habitat
Life cycle

Life stage tested
Temperature

Sallnity
Sediment type

Sadiment depth

Nutrition -

Light cycle

Control mortality

Chronic test

96 h LCE0, cadmlum water oniy exposure
86 h LC50, fluoranthen watar only

Central Main-to Northemn Florida, eastemn Gulf of Mexico
(44), San Francisco Bay (45)
Infaunal iuhe dweller, low intertidal to 60 m {44, 46)
Tworto several generations per year, tempserature dspen-
dent, probably one brood per female (48}
N/A
" Coliscted In water lemperaturas from — 2 to 27°C (44)

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

- Tubes approximately 3.5 cm long (46)
Algaa, detritus, sediment gralns (48, 47)
Natural light
N/A
N/A
N/A
N/A

" “Has been tested from 20 to 35 g/kg (48)
4 cm (49)

- =10%

‘NfA

Collection site sadiment, 4 cm (33)
Life-cycle approximately 6 weeks at 20"0 (48)

Immature amphipods, or maiure females only -
Standard temperature is 20°C, has been testad
10-day tests at & to 25°C (48).

>84 % survival in 90 % slit-clay to 86 % coarse
medium sand, one 10-day test :

Diatom culturs daily in excess (48)
Continusus light .

Under development -
0.33 (0.29-0.38) my/L total cadmium, one tost

Rhepoxynius abronius has been deronstrated to be very useful
in detecting sediment toxicity, and can be used in a variety of

research and regulatory. applications.

By

3.3 to 8.9 py/L under laboratory lights, one test
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TABLE A1.1 Continued
Ald Grandidiereiis japonica (Family Corophiidas)

et

Fistd

Laboratory

phic range

Q@eogra

N &)
‘Habitat

) tife cyc]e N.D.
life stage tested NFA

3 m srature
315T‘s " from & to 26°C (51)

. salinity (61) .

Japan, San Francisco Bay (50), Southern California bays N/A

Collacted in California from water temperatures ranging
Full ocean salinity to hyposaline waters of unknown

Mud-sand; octurs in sands, silts, clay (50, 52)

Infaunal tube dweiler, mid-tidal to shallow subtital (§1) Collaction site sediment, 1 cm (51)

4 10 5 iife cyclas par year at 20°C .

Immature 3 to 6 mm, no females carrying embryos
{81) .

Standard test temperature Ie 15 to 19°C; satisfactory
survival at 15 to 23°C (51)

34 gikg, 15 % mortality at 4 g/kg (51)
Fine sand to slity clay (51)

Upper 2=4 cm (51) ‘2 em (51)
Algae, detritug, sediment Suspension of finely ground Tetramin and Entaromor-
pha {61)
Natural Hght Continuous light (57)
N/A =10% (51 -
Chronic test . N/A ‘Not developed )
- 88 h L.C50, cadmium, water-only expogure N/A 1.17 (0.94-1.46) ma/L (53)

Standard test salinfty Is 30 to 35 g/kg; survival at 16 to-

TABLE Ale Leptochelrus plumulosus (Family Aoridae) '

Fieid

Laboratory

low subtidal (54, 85)

N/A

Fine sar\d'tc siity clay (65-68)

Sadiment depth . v

Cape God, Massachusatts to Northem Florida (54) NIA - L S
U-shaped burrows in fine sand to muddy sediments; shal- Collection site. or culiure sediment, 2 cm (56, 58-62)

Annual; raproduction spring through tall in Chesapeake
Bay, at least two hroods per femals (54, 56)

Range at coliecling slte = 0 to 29°C {57}

Muitiple broods per year, life span = 7 weeks (62)

Immature or mature 3 to 5-mm arnphipods; mixed
sexes (56, 59-62) ’ o
" ‘Routinely tested at 20°C, has been tested at 25°C (56,
© 59-61)

‘Collected In wafsr ranging fram near 0 to' 33 g/kg (55, 58) > 90 % mean sutvival in salinities 2 t0.32 g/kg (56, 59-

61)
Upto 100 % survival with > 90 % siit-clay; 85 % mean
survival with > 95 % sand-grave! (56, 89-61)

Usually In upper 2 cm; rarely deeper than 5 em ' 2 cm (56, 59-81) B
lttftion * ’ : : Surface deposit and suspension feader {67} -Combination of “amphipod gorp” and micro-algae (62)
ht.cycle -Natural light - . 18h:8h light:dark {56, 58-61)
Cantrol moriality NIA =10%
ronlc test - NIA Under development
'LC50, cadmium water only exposure N/A 1.06 mg/l. {0.85-1.33), one test @ 20°C, 20 g/kg

A2 .Ecological Requirements— Eohaustorius estuarius
{24) lives in intertidal sands along the North American west

ast:from British Columbia south to at least central California
(26,-43), It is a desirable test species for sediments which have
interstitial salinities ranging between 2 and 28 g/kg. Since E.
Estuarius normally inhabits sandy sediments, the experimental
d?ﬁlgn:should include a fine-sediment -control (in addition to
E.native sediment conwmol) if test sediments are predomi-
atly'silts or .clays. This control sediment should consist of
®an:sediment from an uncontaminated reference collection
ie-near that of the test sediment(s) and have a similar grain
Ze-distribution.

22 Collection and Handling Technigues—E. estuarius
" found in the upper 10 cm of fine, intertidal, estuarine
md8‘+0.‘5 to.+2.0 m above mean low low water (MLLW), The
{-)Phlpﬂclls can be collected by shovel at low tide .and sieved
:scrm their native sediments with a 1.0-mm mesh-diameter

~1°en. They can be transferred between sorting trays, accli-

A2. EOHAUSTORIUS ESTUARIUS

mation dishes,. and test chambers with a 5-mm diameter bulb
pipette. S o

A2.2.1 For acclimation, up to 20 E. estuarius can be held in
10-cm diameter specimen dishes containing a 2-cm deep layer
of native sediment served to <0.5 mun. These dishes should be
transferred to holding tanks supplied with aerated or flowing
sea water at the test temperature and salinity. Two to three days
are sufficient for acclimation to test conditions. The amphipods
should be separated from the acclimation sediments using a
1.0-mm mesh-diameter sieve imimediately prior to initiating
the toxicity test.

A2.3 Toxicity Test Specifications—The toxicity test should
be run at 15 = 3°C with the overlying water composed of
toxicity test seawater diluted to the same salinity as the
interstitial water of the test substrate. The test chamber is
usually a standard 1-L glass beaker with a 10-cm internal
diameter, Beakers should be covered with an 11.4-cm diameter
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watch glass to reduce contamination of the contents and
evaporation of the water and test muaterial. Aeration can be
provided to each test chamber through a 1-mL glass 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 shouid be 2 cmr deep, and
toxicity test water should be added up to the 700-mL mark on
the beakers. Sediment and water shotild be added to beakers
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.

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-mL
level. The amphipods should be allowed 3 to 10 min to bury
into the test substrate, Any amphipods that have not buried

within that time should be replaced, unless the amphipods are . .

repeatedly burrowing into the sediment and immediately
emerging in an apparent avoidance response to the test sub-
strate. In that case, amphipods are not replaced. Amphipods are

not removed from the surface of test sediments duxing the

course of the toxicity test even if they appear dead, since-some
amphipods that seem dead might actually be ahve and rmght
later-rebury into the test substrate. -

A2.3.2 The toxicity test terminates when the ampmpods are
sieved from the test substrate using a 0.5-mm mesh-diameter
screen and the animals are transferred to a serting tray. After
survivors are counted, the ability of surviving amphipods to
rebury into clean native sediments may be used to determine an
EC50 for this sublethal effect. Surviving E. estuarius should be
transferred to specimen dishes containing a 2-cm deep layer of
native sediment sieved to =0.5 mm, and should be a.llomad one
hour to rebury.

‘A3, AMPELISCA ABDITA

A3l Ecology—Ampelisca abdita is a tube-dweiling 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 aiso been introduced
© into. San Francisco Bay (45)..It is euryhaline, and has been
reported in waters that range from fully marine to 10 parts 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 sedunents
with a high organic content (47).

A3.1.1 In the colder waters of its range, A. abdztaproduces
two generations per year, an overwintering 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

8°C, but in warmer 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

A2.4 Life Cycle and Age Classes— Echaustorius estuariyg:
appears to have an annual life cycle, with reproductiop;
occurring from February through July (27). Large immatu
and aduit amphipods, 3 to 5 mm total length, should be used.
the toxicity test because they are available year round and are®
easily handled and counted. Larger individuals should not'}
used as they might be senescent. Age, size, and sexX-specific
sensitivity of E. esmarius to contaminants has not bee
examined, but mixed-sex populations of animals within the
recommended size range show highly replicable responses:
laboratory-spiked and field-collected contaminated sedimen
(24). This strongly suggests that both sexes are comparabl
susceptible to contaminated sediments.

A2.5 Control Survival—Control survival using Echay
rius must be at least 30 % for the toxicity test to be c0n31dere
valid. ;

A2, 6 Sen.s'mwry—-thausronus estuarius is only shghtl
less sensitive than Rhepoxynius to contaminants, and is fair}
tolerant of handling. The species is less sensitive than Rhep
oxynius to a variety of physical characteristics of sediment an
is tolerant of salinity levels ranging from about 2 g/kg t
least 35 gfkg.

A27 Intemretanan-—When interpreting the results of acuf
toxicity tests, it should be kept in mind that the early life stage; 2
the reproductive ability, or the long-term survival - of
estuarius might be affected by contaminants at concentrati
lower than those that produce a Jethal or sublethal respons
Despite these limitations, the toxicity test using adult’
estuarius has been demonstrated to be useful in. qui
detecting sediment toxicity in estuarine sediments of Wi
varying inferstitial salinity, and can be used in a variety
research and regulatory applications. o

approximately two weeks in the brood pouch, at about 1.5:
in léngth. It -then takes 40 to 80 days for newly rele
juveniles to become breeding adults (46). When A, abdita
present, they are offen dominant members of the ben
community with densities up to 110 000 m™ (45, 47,1
Ampelisca abdita is a particle feeder, feeding both on partit
in suspension and on those from the surface of the sedim
surrounding itstube. Gut contents of field-collected specim
have been found to include algal material, sediment grmn
organic detritus (44, 45).

A32 Collection and Handling Techniques—-A.mpe_'{’:
should be sieved from their native (collection site) sedimen
soon as possible after collection. A 2-mm mesh sieve nest
over a 0.5-mm mesh sieve is useful for this procedure: Jt2
desirable for the sediment containing the amphipods .19
rinsed “first through the upper, 2-mm sieve with a forct
stream of seawater at the collection temperature and Sa]lm
This will break up the sediment material and also force- moshe
the amphipods out of their tubes. The material thus retained
the 0.5-mm sieve should be vigorously shaken and: switled
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he fine sediments pass through and the amphipods are sepa-
" rated from tubes, sediment, and detrital material. If the sieve is
. then lifted from the water, allowed to drain, and then slowly
Jowered into a shallow tray of seawater, the Ampelisca will be
" canght on the water's surface tension and can be easily
" collected with a fine mesh dip net. The amphipods can be held
" emporarily in large culture dishes in a constant temperature
path, and then separated into two size classes with the use of
nested 1.0 and 0.5-mm sieves. 7
A3.2.1 During acclimation, Ampelisca can be held in 1-gal
- glass jars, éach containing approximately a 4-cm deep layer of
sieved.collection site sediment. If seawater is flowing through
thie holding containers, .a. screened overflow must be used to
prevent loss of swimming amphipods. Amphipods should have
foodavailable on a daily basis during acclimation. Research is
urrently being conducted to determine optimal food sources
- cultiiring this amphipod. Reasonable growth and reproduc-
n have been obtained when A. abdita has been fed the
tom Phaeodactylum tricornutum daily in excess (a sug-
ted amount is 0.5 to 1 L of algae per gallon jar, or'3 X 10
ells/nL). Skeletonema costatum has also been used success-
#ully. Amphipod exposure to the food source will be increased
“during the feeding period (for example, overnight), the
ding system is static, with aeration to circulate the algae.
Sléping vpper sides on the holding containers will aid in
‘movement of algae across the sediment surface. Care should be
en to ‘maintain’ the temperatwe with a water ‘bath when
water is not flowing through the jars. Approximate density
the. ‘holding jars should not exceed 300 amphipods. Accli-
ition-to the:test temperature -should not exceed 3°C per day,
iiid‘amphipods should be used within 2 weeks after collection.
3.2.2. Ampelisca abdita may be shipped if this is done
thin:one day of ¢ollection. Small plastic” sandwich” con-
15 (approximately 500 mL) can be used to hold the
phipods. The containers are filled three guarters full with a
nimim depth-of 2 cm of sieved collection site sediment and
to the top  with  well-aerated seawater. No more than 200
phipods should be added to each container: Amphipods
hould-be allowed to burrow into the sediment and build tubes
before: the-containers are capped. The capping must be done
dérwater to eliminate any air pockets in the containers.
mtainers should be shipped by means of overnight delivery
coolers with a few ice packs to prevent extreme temperature
anges during transit. o :

3.3 Ten-Day Sediment Toxicity Test—The variation of
‘mpelisca’s sensitivity to toxic materials under different physi-
¢al.conditions is still being examined. This species is routinely
ted at.20°C, but has been tested from § to 25°C..In nature,
ding and somatic growth occur at temperatures as low as 3
5°C (44), For comparison with other Ampelisca abdita test
ults",: 20°C is recommended. Similarly, A. abdita is tolerant
f{‘}’}de 8alinity range, but most tests have been conducted at
< eﬁms of 28 to 35 g/kg. This amphipod inhabits fine-grained
. o C0t8, and as with other physical conditions, if it is

Spcqted that a coarse grain size of a test sediment will stress
- 8mals, a grain size control should be included.

FA3.3.1 The exposure . chamber routinely used to test A.
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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 I-L beaker
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. . g ‘
A3.3.2 A. abdita can be collected throughout the :year.
However, during certain times of the year, juvenile amphipods
might be difficult 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 sieved from
the holding containers using a (.5-mm sieve. Twenty to thirty
amphipods should be.tested per replicate. For each replicate,
the contents of a sorting cup can be rinsed into a plasiic cup
with 2400 or 500-micron screened base and from there 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 a dose-response, then the
animals not burrowed can be replaced with others from the
same sieved population. - . P -
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 if it does not respond te 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 condition of the tubes built. Emergence from
the sediment and the inability to construct a proper tube are
sublethal behavioral responses that would ultimately result in
death. . . ‘ .
A3.3.4 After checking the assay on the last day, the contents
of each exposure container shouid be rinsed through a 0.5-mm
sieve. (A smaller mesh sieve can be used for the final sicving
if there is concern about losing very small animats, 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 day. If time does not permit same-day exarni-
nation, the retained materjal from each jar can be preserved in

-5 % buffered formalin with Rose Bengal stain for later exami-

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 mbes will generally
decompose during the test or break apart during sieving.
Rarely, 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. Smaall juveniles in a narrow size
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range should be selected, and when sorting for the initiation of
the test at least one additional group of amphipods shouid be
sorted. This extra group represents the initial size and should be
preserved in.5 % buffered formalin for later measurement. The
amphipods must be fed during the test, Growth is measured by
length from 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
opt:mum condmons for those tests

A35 Interpretanon——Ampehsca 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 solid

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 in the laboratory popula-

Ad. GRANDIDIERELLA JAPONICA

A4.1  Ecological Reguirements— Grandidierella japonica
(52) was accidently introduced into San Francisco Bay and
some other northern California bays by unknown means. It was
first collected in 1971.(50). Later it was found in southern
California where large populations are known from Upper
Newport Bay and Shoreline Aquatic Park in Long Beach (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 g/kg. 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 Collecting and . Hana’fmg Techmques—-—'[‘lus spec:es
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 conients
should be géntly stirred and the supernatant fluid decanted into
a 1.0-mm sieve. The material retained on the screen shounld be
transferred to a container for transport to the Taboratory. In the
laboratory, the material should be placed in a sorting tray
{white) containing sea water. Amphipods can be picked up
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 can be detected with the naked eye after some
experience, These females can be set asmle to establish cultures
if so desired.

A4.2.1 For acclimation, G. japonica can bc placed in an 7
aguarium containing a l-cm deep layer of 0.5-mm sieved.

sediment from the collection site at a density of about 10 to 15
amphipods per 100 cm® of surface area. Two to three days are
sufficient for acclimation to the test enviromment. A sieve with
a 1.0-mm diameter mesh size can be used to separate G.

tion structure (48). A. abdita also showed sensitivity to a serie
of sediments from New Bedford Harbor, Massachusetts, -tha
were heavily contaminated with polychlorinated b1phenyls af
heavy metals. :

A3.5.1 All routes of exposure have not been fully examin"
for A. abdita. Since it is a particle feeder, it will be exposed
contaminated particles in suspension or on the sedimén
surface. This amphipod feeds ventral side up in its tube, byid
using its second antennae to pick up particles or by capturing$y
small particles carried to the mouth in the current created by
the action of the pleopods and second aniennae (46). Theref
Ampelisca’s feeding current exposes it to overlying water. Pon
water also enters the tube, and research is currently underwa
to determine the extent to which A. abdira is exposed to thig]
interstitial water. In a flow-through system, it is assumed ‘th?
the sensitivity that this amphipod shows to contarmnate
sediments is due primarily to exposure to pore water conta 1
nants, since the overlying water contaminants are continuali
removed. It might be possible to use other species of Amp
in toxicity tests. For mformauOn On congeners, see Bousﬁ
{44y and Mills 46,63

japonica from the acclimation sediment at the time of:
initiation of the sediment l:OXlClt'y test. ' -

A4 3 Tox:czry Test Specu‘icanons—The toxicity test shoil
be run at 15 to 19 = 3°C. using.30 to 35 g/kg overlying
in the test chambers. The test chamber is usually a standar
glass beaker with a 10-cm internal diameter. Beakers.sho
covered with an 11.4-.cm diameter watch glass to redut
contamination of the contents.and evaporation of the wat
test material, Aeration can be provided to each test.chani
through a 1-mL glass pipette that extends between the bea
spout and the watchgiass cover to.a depth-not.closer than,
from ‘the sediment surface. Sediment in the test cha
should be 2 cm deep, and toxicity test water should be ad
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 sediment particles to settle,:an
allow time for equilibration of temperature and the sedimg
water interface.

A4.3.1 After the overnight equilibration time, 20 amphipd8
are distributed to each of the test chambers, with additio
toxicity test water to bring the water level up to the 95
level. The amphipods should be allowed 5 to 10 min
into the test substrate, Any -amphipods that have not bl
within that time or appear damaged should be replaced, u}gl
the ampmpods are repeatedly burrowing into the sedime
immediately emerging in an apparent avoidance respon
the test substrate. In that case amphipods are not rep
Amphipods are not reémoved from the surface of test sed

- during the course of the test even if they appear dead’
some amphipods that seem dead are actually alive and’
re-bury in the test sediment. At the termination of the. tesl;_
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- ‘jn.,_bunal data can be used to detenmne an EC50 for a sublethal
’ msasuremcnt

amphipods recovered using a 0.5-mm sieve. Surviving amphi-
-pods should be aflowed 1 h to re-bury in a 2-cm- dcep laycr of
;?: clean, coliection site sediment.

A4 4 Llfe Cycle and Age Class— Grandidierella japonica
as a: short life cycle and is capable of completing four or five
¢ cycles a year under laboratory conditions of 20°C. Imma-
ire.amphipods, 3 to 6 mm in total length, should be used in the
xicity. test. No females carrying embryos in their marsupmm
_ould be used in these tests. Animals. can.be cultured in the

/AS5.1 Er:olagical Requirements——Leptocheirus plumulosus
amily Aoridae) is an infaunal amphipod distributed subtidally
ong the east coast-of the United States from Cape Cod,
_assachusetts to northern Florida (54). In Chesapeake Bay, L.
lumulosus is indigenous to oligohaline and mesohaline re-
1on' (85, 57, 58), though it can tolerate an even broader
dlinity range, from near 0 to 33 g/kg (55, 56, 58). This species
icts U-shaped burrows in sediments ranging from fine
and“to"silty clay (56-58). Due to ‘its broad salinity and
édiment tolerances, it is a desirable test species for east coast
ine sediments ‘and has been used- successfully in the
éssment of contaminated sediments in Chesapeake Bay

5.2.. Collecting and Handling Technigues—Leptocheirus
lumulosus is.most abundant in the upper 2 cm of sediment,
tarély:penetrating to depths below 5 cm (66). Amphipods can
g:collected with benthic grab samplers (for example, Peterson,
.onar) from various .tributaries of Chesapeake Bay. The
contenits of each grab are sieved through a 0.5-mm mesh screen
md the retained material is gently rinsed into polyethylene
uckets containing collection site sediment and water. These
ontainers are transported to the laboratory where they are
erated, It is desirable to sort amphipods from collection site
ebns_ within 12 hours. A0.5-mm mesh sieve can be used to
te amphipods from transport sediment. The material
_ ned on the screen can be rinsed into sorting trays contain-
; g collection site. water, Healthy, active amphipods can be
*Moved from detritus by using a bulb pipette of a suitable size
D Cxamplc one with a'5-mm diameter bulb).

2.1 For acclimation, L. plumulosus can be placed in an
*uarinm (for example, 40-L) containing a 1-2 cm deep layer
U:3-mm sieved collection site sediment at a density of
mmmately 200 to 300 per aquarium. Aeration should be
Tous.- Two to three days are sufficient for acclimation to the
nvironment. A gradual change from collection site water
St water is desirable. This can be accomphshed by
Bt ally i increasing the proportion of test water in the tanks
er.2 to0 3 days.
' *TatAj 2.2 Culture techniques are being refined. Presently, labo-
9Ty populations can be maintained through several genera-
" in shallow plastic tubs or glass aquaria containing a 1-2
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labaratory on a diet of powdered fish flakes; It is easier to IR

. . A4.3.2 The toxlcxty test should -be terminated and the

initiate such a culture with females carrying embzyos

AdS Interpremrzan—ln mterpretmg thc data from acute
toxicity tests, it should be kept in mind that the reproductive
ability or long-term survival might be affected by contaminants
at lower concentrations than those that produce a Jethal 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 ability to live
in-a burrow in a variety of sediment types gives .broad
application for the use of G. japonica in research and regula—
tory apphcauons D

AS. LEPTOCHEIRUS PLUMULOSUS

cm layer of fine grained sediment from the.amphipod collec-
tion site 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
20°C,.a salinity-of 20 g/kg and a photoperiod of 16h light:8h
dark. Cultures receive a mixture of micro-algae (for example,
Pseudoisochrysis:paradoxa, 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) 2-3 times per week
(62). Amphipods can be separated from acclimation. or culture *
sediments using a 0.5 mm smve unmedmtely pnor to uutlaung
the tox:c;ty test.’ N

A5.3 Toxicity Test Speczﬁcanons—Th., eﬁ‘ects of dlft'erent
physical conditions on the sensitivity of L. plumulosus to toxic
materials -are currently under invéstigation. This’ species'is .
routinely tested at 20°C, but'has been tested at 25°C. Salinity -
of overlying water will depend on the ‘objectives 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 a selected test salinity in the range of
2 to 32 g/kg. Laboratory investigations indicate Leptocheirus is
tolerant of a range of sediment types (§6); 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 control; 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 glass to
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 (v/v) 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.
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A5.3.] 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. Twenty amphipods skould
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 tepeatedly 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 during the course of the toxicity
test even if they appear dead, since gome amphipods that seem

dead rmght actually be alive and m.1ght later rebury mto test

substraté. -

~A5.3.2 The toxicity test can be terminated after 10 days by
sieving armphipods from test sediments-using a 0.5-mm mesh
screen. .Mortality-.is the endpoint- for this short-term :test.
Burrows generally disintegrate during sieving and animals. can
be transferred to a sorting tray for enumeration. The ability of
gurviving amphpods 10 rebury into clean sedxments can be
used as a sublethal test endpoint.

~A5.3:3 -Other Testing— Partial life- cyc]e r.ests (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 detennme the
optlmum conditions for these tests. Co

A54 sze Cycle and Age Classes;Leﬁtache;'ms. ;lurriulo- '

sus is an annual species capable of producing a least two
broods, with peak periods of reproduction in early to mid
spring and in the fall (56, 67), Gravid females have been
observed in Chesapeake Bay.as late as December and as early
as February, indicating that timing of .reproduction varies
yearly depending on .climatic conditions. In cultured popula-
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