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1. Scoepe

T-1+—FhisguideScop S

1.1 This test method covers procedures—fer ob testing estuarine or marine organisms in the laberatery—€ata—concerning to
evaluate the—shert-term—adverse—effects toxicity—ef-potentially—contaminated—sediment, contaminants associated with whole
sediments. Sediments may be collected from the field-er-of-a-test-material-experimentally added spiked with compounds in the
laboratory. General guidance is presented in Sections 1-15tte—eentaminated 15 for conducting sediment toxicity tests with
estuarine or-uneontaminated-sediment, on marine amphipods. Specific guidance for conducting 10-d sediment toxicity tests with
estuanne—rﬂ#atrﬁal or marine amphipeds-during-static-10-tday-exposures—Fhese-procedures is outlined in Annex Al and specific
guidance for conducting 28-d sediment toxicity tests wviigptocheirus plumulosus outlined in Annex A2.

1.2 Procedures are-tuseful described for testing estuarine or marine amphipod crustaceans in 10-d laboratory exposures tc
evaluate the-effeets toxicity ef-various-geochemical-charaeteristics of contaminants associated with whole sediments (Annex Al;
USEPA 199441)). Sediments may be collected from the field or spiked with compounds in the laboratory. A toxicity method is
outlined for four species of estuarine or marine sediment-burrowing amphipods found within United States coastal waters. The
species arddmpelisca abditaa marine species that inhabits marine and mesohaline portions of the Atlantic coast, the Gulf of
Mexico, and San Francisco Balgphaustorius estuariys Pacific coast estuarine-amphipods, spetieptocheirus plumulosus
an Atlantic coast estuarine species; -arf@hepoxynius abroniusa Pacific coast marine species. Generally, the method described
may be applied to all four species, although acclimation procedures and some test conditions (that is, temperature and salinity) will
be species-specific (Sections 12 and Annex Al). The toxicity test is conducted in 1-L glass chambers containing 175 mL of
sediment and 775 mL of overlying seawater. Exposure is static (that is, water is not renewed), and the animals are not fed over
the 10-d exposure period. The endpoint in the toxicity test is survival with reburial of surviving amphipods as an additional
measurement that can be used as an endpoint for some of the test spediesalfimmiusandE. estuariuy. Performance criteria
established for this test include the average survival of amphipods in negative control treatment must be greater than or equal to
90 %. Procedures are described for use with sediments with pore-water salinity ranging feéate@ully marine.

1.3 A procedure is also described for determining the chronic toxicity of contaminants associated with whole sediments with
the amphipodLeptocheirus plumulosuim laboratory exposures (Annex A2; USEPA-USACE 2()1). The toxicity test is
conducted for 28 d in 1-L glass chambers containing 175 mL of sediment and about 775 mL of overlying water. Test temperature
is 25° + 2°C, and the recommended overlying water salinity %&b+ 2 %o (for test sediment with pore water abdo to 10 %0)
or 20%o0 * 2 %0 (for test sediment with pore water >¥3.). Four hundred millilitres of overlying water is renewed three times
per week, at which times test organisms are fed. The endpoints in the toxicity test are survival, growth, and reproduction of
amphipods. Performance criteria established for this test include the average survival of amphipods in negative control treatment
must be greater than or equaHe-ether-infaunaltaxa,—altheugh-medifications 80 % and there must be measurable growth and
reproduction in all replicates of the-procedures-apprepriate negative control treatment. This test is applicable for use with sediments
from oligohaline to fully marine environments, with a silt content greater than 5 % and a clay content less than 85 %.

1.4 A salinity of 5 or 20000 is recommended for routine application of 28-d test with plumulosus(Annex AZ2;
USEPA-USACE 20012)) and a salinity of 2@%s0 is recommended for routine application of the 10-d test \Fitlestuariusor L.
plumulosugAnnex Al). However, the salinity of the overlying water for tests with these two speeies might can be adjusted to a
specific salinity of interest (for example, salinity representative of site of interest or the objective of the study may be to evaluate
the influence of salinity on the bioavailability of chemicals in sediment). More importantly, the salinity tested must be within the
tolerance range of the test organisms (as outlined in Annex Al and Annex-A2). P If tests are conducted with procedures different
from those described section 1.3 or in Table Al.1 (for example, different salinity, lighting, temperature, feeding conditions),
additional tests are required to determine comparability of results (section 1.10). If there is not a need to make comparisons among
studies, then the test could be conducted just at a selected salirity-for-10-day static the sediment of interest.

1.5 Future revisions of this standard may include additional annexes describing whole-sediment toxicity tests with other groups
of estuarine or marine invertebrates (for example, information presented in Guide E 1611 on sediment testing with polychaetes
could be added as an annex to future revisions to this standard). Future editions to this standard may also include methods for
conducting the toxicity tests in smaller chambers with less sediment (Ho et al.(2D0@erretti et al. 200Z4)).

1.6 Procedures outlined in this standard are based primarily on procedures described in the USEPAL]L99&E PA-

USACE (20012) ), Test Method E 1706, and Guides E 1391, E 1525, E 1688, Environment Canada($199PeWitt et al.
(1992a(6); 1997a(7)), Emery et al. (199718)), and Emery and Moore (199@®)), Swartz et al. (198%10)), DeWitt et al.
(198911)), Scott and Redmond (19892)), and Schlekat et al. (1994.3)).

1.7 Additional sediment toxicity research and methods development are now in progrébsrédine sediment spiking
procedures(2) refine sediment dilution procedurd8) refine sediment Toxicity Identification Evaluation (TIE) procedu(d$,
produce additional data on confirmation of responses in laboratory tests with natural populations of benthic organisms (that is, field

“Bofdface numbers M parentheses Tefer to the list
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validation studies), an¢b) evaluate relative sensitivity of endpoints measured in 10- and 28-d toxicity tests using estuarine or
marine amphipods. This information will be described in future editions of this standard.

1.8 Although standard procedures are described in Annex A2 of this standard for conducting chronic sediment tests with
plumulosusfurther investigation of certain issues could aid in the interpretation of test results. Some of these issues include furthe!
investigation to evaluate the relative-towxincological sensitivity of the lethal and sublethal endpoints to a wide variety of chemicals
spiked in s:ediment and to mixtures of chemicals in sediments from contamination gradients in the field (USEPA-USACE 2001
R(2)). Additional research is needed to evaluate the ability of the lethal and sublethal endpoints to estimate the responses ¢
populations and communities of benthic invertebrates to contaminated sediments. Research is also needed to link the toxicity te
endpoints to a field-validated population modeLoplumulosughat would then generate estimates of population-level responses
of the amphipod to test sediments and thereby provide additional ecologically relevant interpretive guidance for the laboratory
toxicity test.

1.9 This standard outlines specific test methods for evaluating the toxicity of sediment®\wéhdita EehaustoriusE.
estuarius Ampelisca-abdita;-Grandidierellajapenical. plumulosaadR. abronius While standard procedures are described in
this standard, further investigation of certain issues could aid in the interpretation of test results. Some of these issues include tt
effect of shipping on organism sensitivity, additional performance criteria for organism health, sensitivity of various populations
of the same test species, and confirmation of responses in laboratory tests with natural benthos populations.

1.10 General procedures described in this standard might be useful for conducting tests with other estuarine or marine organisr
(for example Corophium spp.Grandidierella japonical epidactylus dytiscystreblospio benedigtialthough modifications may
be necessary. Results of tests, even those with the same species, using procedures different from those described in the test me
may not be comparable and using these different procedures may alter bioavailability. Comparison of results obtained usin
modified versions of these procedures might provide useful information concerning new concepts and procedures for conductin
sediment tests with aguatic organisms. If tests are conducted with procedures different from those described in this test metho
additional tests are required to determine comparability of results. General procedures described in this test method might be usef
for conducting tests with other aquatic organisms; however, modifications may be necessary.

1.11 Selection of Toxicity Testing Organisms

1.11.1 The choice of a test organism has a major influence on the relevance, success, and interpretation of a test. Furthermo
no one organism is best suited for all sediments. The following criteria were considered when selecting test organisms to b
described in this standard (Table 1 and Guide E 1525). Ideally, a test organism sfiduidive a toxicological database
demonstrating relative sensitivity to a range of contaminants of interest in sedi(@gihiave a database for interlaboratory
comparisons of procedures (for example, round-robin studi@e in direct contact with sedimerit}) be readily available from
culture or through field collection(5) be easily maintained in the laboratof) be easily identified(7) be ecologically or
economically important(8) have a broad geographical distribution, be indigenous (either present or historical) to the site being
evaluated, or have a niche similar to organisms of concern (for example, similar feeding guild or behavior to the indigenous
organisms){9) be tolerant of a broad range of sediment physico-chemical characteristics (for example, grain sig&)) brd
compatible with selected exposure methods and endpoints (Guide E 1525). Methods utilizing selected organisms should also |
(11) peer reviewed (for example, journal articles) db@) confirmed with responses with natural populations of benthic organisms.

1.11.2 Of these criteria (Table 1), a database demonstrating relative sensitivity to contaminants, contact with sediment, ease
culture in the laboratory or availability for field-collection, ease of handling in the laboratory, tolerance to varying sediment
physico-chemical characteristics, and confirmation with responses with natural benthic populations were the primary criteria use
for selectingA. abditg E. estuariusL. plumulosusandR. abroniusfor the current edition of this standard for 10-d sediment tests
(Annex Al). The species chosen for this method are intimately associated with sediment, due to their tube- dwelling or
free-burrowing, and sediment ingesting nature. Amphipods have been used extensively to test the toxicity of marine, estuarine, ar
freshwater sediments (Swartz et al., 1988); DeWitt et al., 198911); Scott and Redmond, 19§92); DeWitt et al., 1992a;
Schlekat et al., 199¢13)). The selection of test species for this standard followed the consensus of experts in the field of sediment
toxicology who participated in a workshop entitled “Testing Issues for Freshwater and Marine Sediments”. The workshop was
sponsored by USEPA Office of Water, Office of Science and Technology, and Office of Research and Development, and was hel
in Washington, D.C. from 16-18 September 1992 (USEPA, 1@99). Of the candidate species discussed at the workshop,
abdita E. estuarius L. plumulosus and R. abroniusbest fulfilled the selection criteria, and presented the availability of a
combination of one estuarine and one marine species each for both the Atlantic (the estuphimaulosusand the mariné\.
abdita) and Pacific (the estuarirte. estuariusand the marindR. abroniu$ coasts Ampelisca abditas also native to portions of
the Gulf of Mexico and San Francisco Bay. Many other organisms that might be appropriate for sediment testing do not now mee
these selection criteria because little emphasis has been placed on developing standardized testing procedures for bent
organisms. For example, a fifth speci€andidierella japonicawvas not selected because workshop participants felt that the use
of this species was not sufficiently broad to warrant standardization of the method. Environment Canad#5[)L9&3
recommended the use of the following amphipod species for sediment toxicity te&timghiporeia virginiana, Corophium
volutator, Eohaustorius washingtonianugoxiphalus xiximeus andLeptocheirus pinguisA database similar to those available
for A. abditg E. estuariusL. plumulosusandR. abroniusmust be developed in order for these and other organisms to be included
in future editions of this standard.
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1.11.3 The primary criterion used for selectingplumulosudgor chronic testing of sediments was that this species is found in
both oligohaline and mesohaline regions of estuaries on the East Coast of the United States and is tolerant to a wide range of
sediment grain size distribution (USEPA-USACE 2@Q}, Annex Annex A2). This species is easily cultured in the laboratory and
has a relatively short generation time (that is, about 24 d at 23°C, DeWitt et al. {8PPthat makes this species adaptable to
chronic testing (Section 12).

1.11.4 An important consideration in the selection of specific species for test method development is the existence of
information concerning relative sensitivity of the organisms both to single chemicals and complex mixtures. Several studies have
evaluated the sensitivities &. abdita E. estuarius L. plumulosusor R. abronius either relative to one another, or to other
commonly tested estuarine or marine species. For example, the sensitivity of marine amphipods was compared to other species
that were used in generating saltwater Water Quality Criteria. Seven amphipod genera, indudiedisca abditaand
Rhepoxynius abroniysvere among the test species used to generate saltwater Water Quality Criteria for 12 chemicals. Acute
amphipod toxicity data from 4-d water-only tests for each of the 12 chemicals was compared to dhyallavther specieq2)
other benthic species, ard) other infaunal species. Amphipods were generally of median sensitivity for each comparison. The
average percentile rank of amphipods among all species tested was 57 %; among all benthic species, 56 %; and, among all infauna
species, 54 %. Thus, amphipods are not uniquely sensitive relative to all species, benthic species, or even infaunal species (USEP/
1994a(1)). Additional research may be warranted to develop tests using species that are consistently more sensitive than
amphipods, thereby offering protection to less sensitive groups.

1.11.5 Williams et al. (198615)) compared the sensitivity of the. abronius10-d whole sediment test, the oyster embryo (
Crassostrea giggs48-h abnormality test, and the bacteriuvib(io fisher) 1-h luminescence inhibition test (that is, the Micrdtox
test) to sediments collected from 46 contaminated sites in Commencement Baghéffoxynius abroniusere exposed to whole
sediment, while the oyster and bacterium tests were conducted with sediment elutriates and extracts, respectfully? Whsrotox
the most sensitive test, with 63 % of the sites eliciting significant inhibition of luminescence. Significant mort&italoonius
was observed in 40 % of test sediments, and oyster abnormality occurred in 35 % of sediment elutriates. Complete concordance
(that is, sediments that were either toxic or not-toxic in all three tests) was observed in 41 % of the sediments. Possible sources
for the lack of concordance at other sites include interspecific differences in sensitivity among test organisms, heterogeneity in
contaminant types associated with test sediments, and differences in routes of exposure inherent in each toxicity test. These result:
highlight the importance of using multiple assays when performing sediment assessments.

1.11.6 Several studies have compared the sensitivity of combinations of the four amphipods to sediment contaminants. For
example, there are several comparisons betweeaabditaand R. abronius betweenE. estuariusandR. abronius and between
A. abditaandL. plumulosusThere are fewer examples of direct comparisons betviearstuariusand L. plumulosusand no
examples comparin. plumulosusandR. abronius There is some overlap in relative sensitivity from comparison to comparison
within each species combination, which appears to indicate that all four species are within the same range of relative sensitivity
to contaminated sediments.

1.11.6.1 Word et al. (198@16) ) compared the sensitivity d&. abditaand R. abroniusto contaminated sediments in a series
of experiments. Both species were tested at 15°C. Experiments were designed to compare the response of the organism rather tha
to provide a comparison of the sensitivity of the methods (th&nspelisca abditavould normally be tested at 20°C). Sediments
collected from Oakland Harbor, CA, were used for the comparisons. Twenty-six sediments were tested in one comparison, while
5 were tested in the other. Analysis of results using Kruskal Wallace rank sum test for both experiments demonstited that
abroniusexhibited greater sensitivity to the sediments thambditaat 15°C. Long and Buchman (19897)) also compared the
sensitivity ofA. abditaandR. abroniusto sediments from Oakland Harbor, CA. They also determinedAhabditashowed less
sensitivity tharR. abronius but they also showed that abditawas less sensitive to sediment grain size factors Baabronius

1.11.6.2 DeWitt et al. (198@11)) compared the sensitivity @&. estuariusandR. abroniugo sediment spiked with fluoranthene
and field-collected sediment from industrial waterways in Puget Sound, WA, in 10-d tests, and to aqueous cadmiynin(CdCl
a 4-d water-only test. The sensitivity Bf estuariusvas from two (to spiked-spiked sediment) to seven (to one Puget Sound, WA,
sediment) times less sensitive tHanabroniugn sediment tests, and ten times less sensitive to CidGhe water-only test. These
results are supported by the findings of Pastorok and Becker (I80who found the acute sensitivity &. estuariusandR.
abroniusto be generally comparable to each other, and both were more sensitivhléhathes arenaceodentatsurvival and
biomass endpointsPanope generosésurvival), andDendraster excentricugsurvival).

1.11.6.3 Leptocheirus plumulosugas as sensitive as the freshwater amphigdgdlella aztecdo an atrtificially created gradient
of sediment contamination when the latter was acclimated to oligohaline salinity (tha&tis,McGee et al., 199819)). DeWitt
et al. (1992120)) compared the sensitivity @f. plumulosusvith three other amphipod species, two mollusks, and one polychaete
to highly contaminated sediment collected from Baltimore Harbor, MD, that was serially diluted with clean setepémtheirus
plumulosusvas more sensitive than the amphipétisalella aztecaandLepidactylus dytiscuand exhibited equal sensitivity with
E. estuarius Schlekat et al. (199%21)) describe the results of an interlaboratory comparison of 10-d testsAwitbdita L.
plumulosusand E. estuariususing dilutions of sediments collected from Black Rock Harbor, CT. There was strong agreement
among species and laboratories in the ranking of sediment toxicity and the ability to discriminate between toxic and non-toxic
sediments.

1.11.6.4 Hartwell et al. (200(22)) evaluated the responselagptocheirus plumulosy40-d survival or growth) to the response
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of the amphipod_epidactylus dytiscu€l0-d survival or growth), the polychae8ireblospio benedictilO-d survival or growth),
and lettuce germination (Lactuca sativa in 3-d exposure) and observdd tilamulosusvas relatively insensitive compared to
the response of either L. dytiscus or S. benedicti in exposures to 4 sediments with elevated metal concentrations.

1.11.6.5 Ammonia is a naturally occurring compound in marine sediment that results from the degradation of organic debris.
Interstitial ammonia concentrations in test sediment can range from <1 mg/L to in excess of 400 mg/L (Word et 4230997
Some benthic infauna show toxicity to ammonia at concentrations of about 20 mg/L (Kohn et al(249)9Based on water-only
and spiked-sediment experiments with ammonia, threshold limits for test initiation and termination have been established for the
L. plumulosuschronic test. Smaller (younger) individuals are more sensitive to ammonia than larger (older) individuals (DeWitt
et al., 199747),b (25). Results of a 28-d test indicated that neonates can tolerate very high levels of pore-water ammonia (>300
mg/L total ammonia) for short periods of time with no apparent long-term effects (Moore et al.(2®RAt is not surprising_.
plumulosushas a high tolerance for ammonia given that these amphipods are often found in organic rich sediments in which
diagenesis can result in elevated pore-water ammonia concentrations. Insensitivity to ammionuioyulosusshould not be
construed as an indicator of the sensitivity of theplumulosussediment toxicity test to other chemicals of concern.

1.11.7 Limited comparative data is available for concurrent water-only exposures of all four species in single-chemical tests
Studies that do exist generally show that no one species is consistently the most sensitive.

1.11.7.1 The relative sensitivity of the four amphipod species to ammonia was determined in ten-d water only toxicity tests in
order to aid interpretation of results of tests on sediments where this toxicant is present (USEPAL]994%a&se tests were static
exposures that were generally conducted under conditions (for example, salinity, photoperiod) similar to those used for standar
10-d sediment tests. Departures from standard conditions included the absence of sediment and a test temperature lof 20°C for
plumulosusrather than 25°C as dictated in this standard. Sensitivity to total ammonia increased with increasing pH for all four
species. The rank sensitivity wés abronius= A. abdita> E. estuarius> L. plumulosusA similar study by Kohn et al. (1994
(24) ) showed a similar but slightly different relative sensitivity to ammonia withabdita> R. abronius= L. plumulosus> E.
estuarius.

1.11.7.2-FwCadmium chloride has been a common reference toxicant for all four species in 4-d exposures. DeWitt et al. (1992
(6)) reports the rank sensitivity d@. abronius> A. abdita> L. plumulosus> E. estuariusat a common temperature and salinity
of 15°C and 284 . A series of 4-d exposures to cadmium that were conducted at species-specific temperatures and salinitie:
showed the following rank sensitivit. abdita= L. plumulosus= R. abronius> E. estuariufUSEPA 199441)-USEPA-USACE
1999).

1.11.7.3 Relative species sensitivity frequently varies among contaminants; consequently, a battery of tests including organisn
representing different trophic levels may be needed to assess sediment quality (Craitg 7984lliams et al. 198§15); Long
et al., 199028); Ingersoll et al., 199029), Burton and Ingersoll, 199@1)). For example, Reish (19882))-p reported the relative
toxicity of six metals (arsenic, cadmium, chromium, copper, mercury, and zinc) to crustaceans, polychaetes, pelecypods, and fish
and concluded that no one species or group of test organisms was the most sensitive to all of the metals.

1.11.8 The sensitivity of an organism is related to route of exposure and biochemical response to contaminants. Sedimen
dwelling organisms can receive exposure from three primary sources: interstitial water, sediment particles, and overlying watel
Food type, feeding rate, assimilation efficiency, and clearance rate will control the dose of contaminants from sediment. Benthic
invertebrates often selectively consume different particle sizes (Harkey et al.(33P4r particles with higher organic carbon
concentrations which may have higher contaminant concentrations. Grazers and other collector-gatherers that feed on aufwuc
and detritus may receive most of their body burden directly from materials attached to sediment or from actual sediment ingestior
In some amphipods (Landrum, 198%4)) and clams (Boese et al., 19985)) uptake through the gut can exceed uptake across
the gills for-eenducting certain hydrophobic compounds. Organisms in direct contact with sediment may also accumulate
contaminants by direct adsorption to the body wall or by absorption through the integument (Knezovich et §86)987

1.11.9 Despite the potential complexities in estimating the dose that an animal receives from sediment, the toxicity anc
bioaccumulation of many contaminants in sediment such as Képdhmranthene, organochlorines, and metals have been
correlated with either the concentration of these chemicals in interstitial water or in the case of non-ionic organic chemicals,
concentrations in sediment on an organic carbon normalized basis (Di Toro et a[3739Di Toro et al. 1991(38)). The relative
importance of whole sediment and interstitial water routes of exposure depends on the test organism and the specific contamine
(Knezovich et al. 198736) ). Because benthic communities contain a diversity of organisms, many combinations of exposure
routes may be important. Therefore, behavior and feeding habits of a test organism can influence its ability to accumulate
contaminants from sediment and should be considered when selecting test organisms for sediment testing.

1.11.10 The use dk. abdita E. estuariusR. abroniusandL. plumulosusn laboratory toxicity studies has been field validated
with natural populations of benthic organisms (Swartz et al. 1894 and Anderson et al. 2000) for E. estuarius Swartz et
al. 1982 and Anderson et al. 20(40) for R. abronius McGee et al. 199#41)and McGee and Fisher 19992) for L. plumulosus

1.11.10.1 Data from USEPA Office of Research and Development's Environmental Monitoring and Assessment program were
examined to evaluate the relationship between survivaAmipelisca abditan sediment toxicity tests and the presence of
amphipods, particularly ampeliscids, in field samples. Over 200 sediment samples from two years of sampling in the Virginian
Province (Cape Cod, MA, to Cape Henry, VA) were available for comparing synchronous measuremdergbdifasurvival in
toxicity tests to benthic community enumeration. Although species of this genus were among the more frequently occurring taxe
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in these samples, ampeliscids were totally absent from stations that exhbitdsitatest survival <60 % of that in control
samples Addltlonally, ampells0|ds were found in very low densities at statlons with amphipod-test suarvinval between 60 and
or on: 1. 80 % (USEPAIMY9Zhese data
|nd|cate that tests Wlth this spemes are predlctlve of contaminant effects on sensitive species under natural conditions.
1.11.10.2 Swartz et al. (19823)) compared sensitivity dR. abroniugo sediment collected from sites in Commencement Bay,
WA, to benthic community structure at each site. MortalityRofabroniuswas negatively correlated with amphipod density, and
storage-{Seetion-10-4); 2. phoxocephalid amphipods were ubiquitously absent from the most contaminated areas.
1.11.10.3 Sediment toxicity to amphipods in 10-d toxicity tests, field contamination, and field abundance of benthic amphipods

were examined along a sedimentspiking{Section-16-6);-3—colection;-handling, contamination gradient of DDT (Swartz et al. 1994

(39)). Survival of E. estuariusand—eufturingR. abroniusin laboratory toxicity tests was positively correlated to abundance of
amphipods{Seetion-11-4), in the field and-4—statistical-analyses{Section16)—YSERPA-USACE (1999) along with the survival of
H. azteca was negatively correlated to DDT concentrations. The threshold for 10-d sediment toxicity in laboratory studies was
about 300 ug DDT (+metabolites)/g organic carbon. The threshold for abundance of amphipods in the field was about 100 ng DDT
(+metabolites)/g organic carbon. Therefore, correlations between toxicity, contamination, and biology indicate that acute 10-d
sediment toxicity tests can provide reliable evidence of biologically adverse sediment contamination in the field.

1.11.10.4 As part of a comprehensive sediment quality assessment in Baltimore Harbor, MD, McGee et al411999
conducted 10-d toxicity tests with. plumulosus. Negative relationships were detected between amphipod survival and
concentrations of select sediment-associated contaminants, whereas a very strong positive association existed between survival il
laboratory exposures and field densityLoplumulosust test sites. A field validation study of the 10- and 2B-g¢lumulosugests
by McGee and Fisher (199¢2)) in Baltimore Harbor, also indicated good agreement between acute toxicity, sediment associated
contaminants and responses of thesitu benthic community. In this study, the chronic 28-d test was less sensitive to sediment
contamination than the acute 10-d test; however, the feeding regime used in this evaluation is different than the one currently
recommended in Annex A2 and may have influenced the test results. Field validation studies with the revised 28-d test outlined
in Annex A2 have not been conducted.

1.12 Chronic Sediment Methods with Leptocheirus plumulpsus

1.12.1 Most standard whole sediment toxicity tests have been developed to preduce-a method lethality endpoint (survival/
mortality) with potential for-eenduetion-28—d a sublethal endpoint (reburial) in some species (USEPA1RUBEPA-USACE
2001(2) ). Methods that measure sublethal effects have not been available or have not been routinely used to evaluate sediment
toxicity in marine or estuarine sediments (Scott and Redmond, (1989 Green and Chandler, 19984) ; Levin et al., 199645);
Ciarelli et al., 199846), Meador and Rice, 2007)). Most assessments of contaminated sediment rely on short-term lethality
tests (for example=10 d; USEPA-USACE, 199{48); 1998(49)). Short-term lethality tests are useful in identifying “hot spots”
of sediment contamination, but might not be sensitive enough to evaluate moderately contaminated areas. However, sediment
quality assessments using sublethal responses of benthic organisms, such as effects on growth and reproduction, have been ust
to successfully evaluate moderately contaminated areas (Ingersoll et al.(50998emble et al., 199451); McGee et al., 1995
(52) ; Scott, 198953)). The 28-d toxicity test with-the-amphipddeptocheirus pIumqusuEndeemts—measufed—m—thts—ES—d—test
nelude-survival-grewth, has two sublethal endpoints: growth-are-+eproduction.

H—Medmeaﬁens—ef—these—preeedﬂres reproductlon These subIethaI endpomts have potentlal to exhibit a toxic response from
chemicals that otherwise migh w-through not cause acute

effects or—pamaf—er—eyefe—tests—Metheds—eutlmed S|qn|f|cant mortallty—rn—thls—gwde—should a test Sublethal response to chronic
exposure is alse-be-useful valuabl A ations might

be—neeessary—ethef—test—efgamﬁns—m@ht—rnefude—ethef—spemes populatlon modemag—ef—mﬁpmpeds—ethef—erustaeeans—polychaete'
%&%ekmed#reaﬁens—ef—these—p*eeedwes—mmht contamlnant effects These data—ean—be—justlfred—by—speeral needs or

A MPo a ed es, results used for
e i i e ble to results benthic

populat|0n Ievel risk assessment
pollutant effects

1.12.2 An evaluat|on ef-many-other-tests—Comparisons the distributien—efresults-obtained-using-modified—and-unmodified
vefs+eﬁsL plumulosusn Chesapeake Bay |nd|cates that its d|stnbut|on is neqatlvely correlated with the degree-efthese-procedures

uctmg sedmeent—tests—mﬂth—mfaunal—organlsms
v ommercial

fa&em—sueh—a&emp&a&we—sam&y—dﬁsehmd—eﬂgﬂ,_bLMCGe&andnatural Fishef4@®» @9 Baltimore Harbor, indicated
qood aqreement between acute tOX|C|ty sedmen%eha*a&enst%ﬁeee*ampfe—p&ﬁefe—%d&nbtﬁm%e%g&m&e&bon content,

attfon tests associated contaminants and responses of the
snu—tests—andbentmc commumty In th|s study, the chromc 28 d test was less sensitivete assess sed|ment contamination than the
v ; v ulate matterl acute 10-d test
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{EC50)-oftoxicants-or-of-highly-contaminated therefore had a poorer association between sediment-mixed-inte-treontaminate
sediment-ean contaminants and benthic community health. It shouted-be-determinet—-Materials-eitheradhering-to-sediment particle
er-disselved noted that the feeding regime used-in-interstitial-water-can-be-tested.

1-6-Results-of shert-term-toxieity-tests this evaluation is different than the one currently recommended in Annex A2 and may
have influenced the test results. Field validation studies with the revised 28-eHestmaterials-experimentally-added-to-sediments m
be—repoetrted have not been conducted.

1.13 Limitations—While some safety considerations are includee-nterms this standard, it is beyond the seepe-efan-+C50, and
semetimes-an-EC50-where—concentration™refers this standard-to-dry-erwet-weight-concentrationin-sediment—Results of a fiel
su*vey—wﬁhﬁﬁg{e—samp}es encompass all safety reqwrements necess&ry—te—detem&e—a—spaﬁaker—temper&k&stnbuﬂon of condt

sed|me ovide eithe

1—7—'Fh|s—gwele tests.

1.14 This standard is arranged as follows:

Section
Referenced Documents
Terminology

Summary-of-Gtide
Summary of Standard
Significance and Use

Interferences

Hazards

Reagents and Materials
Apparatts

Hazards

Facilities, Equipment, and Supplies

Fest and Control Sediments
TestSample Collection, Storage, Manipulation, and
Characterization

Quality Assurance and Quality Control

—Speeies
—Age
——Seuree
——Cofleetion_and Handling
CollectionCollection, Culturing, and Maintaining
Test Organisms
—Quality
Experimental-Besign
——Ceontrols
Calculation

EEEEERERERSRERESE BEREECiIRREREEEE wmetdbdobbbbbdeonomason

Other-Measurements
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Analytica-Methodelogy 14
Aceeptability-of-Fest 15
Precision and Bias 15
Interpretation-of-Results 16
Keywords 16
Repert 7
Keywords 18
Annexes

Al. Procedure For Conducting A 10-d Sediment Sur- Annex Al

vival Test With the Amphipods Ampelisca abdita,
Eohaustorius estuarius, Leptocheirus plumulosus,,
or Rhepoxynius abronius
- .
A2. Procedure For Conducting A Leptocheirus plu- Annex A2
mulosus 28-d Sediment For Measuring Sublethal
Effects of Sediment-Associated Contaminants.

—ARRex-A3—Ampelisca-abdita —AnRRex
L
; °
References —ARRex
—_— o
. ;
—AnRRex-AS—Leptocheirts-plamulosds

1.8 The values-stated-in-Slunits-are to-be regarded-as-standard.

%95 This standard does not purport to address all of the safety-problems, concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish approprlate safety and health practlces and determlne the applicability of
regulatory limitations prlor to useh y e is guide

I y - Speci |cSpeC|f|c hazard statements are given i

TABLE 1 Rating of SelectionstCrituted Srial for Est Wuater(4)—fine or Marine Amphipod Sediment Toxicity Testing
A"+ or “-" Rating Ind-Es&atugs a Positive or Negatinve C Attribustaceans
Ampeliscagent-gr Eohemiealus-nthe-amoriunts Ledpto-896-mi—ofwater—Each-ehemicarus  Rhe-dpoxyniussetred
—AddCrithe-fettewriong+ ab 3)ita-e estu - just plumulost-bus abefor 0 ius A
—Chemiecal Armeudht
Relative sensitivity toxicity data base + Ametht
NaF _3mg
* * +
SrEl-6H:0 —26-mg
Round-robin studies conducted + —20-mg
H3BO, _30 mg
b * +
KBt 1066-mg
Contact with sediment + 160-mg
Kcl 700 mg
* * *
CaChl2H,0 —147g
Laboratory culture +- —+47g
Na,SO, 4.00g
- + -
MgCh-6H,0 ¥ + +
Taxonomic identification + + + +
—10-78gica-impertance + + + +
Ecological importance + + + +
Nact PAC AT PAE
Geographical distribution ATL, PAC, GOM PAC ATL PAC
—23:50-gSediment-physicochemicat-tolerance + + + +
Sediment physicochemical tolerance + + + +
Negr +45i0-9H,0 —20-rag+ *
Response confirmed with benthos populations + +A + +
NaHco5 + + +
Peer rewewed + + + +
Endpomts monitored Survival Survival, reburial Survival Survival, reburial
“H4fth Anderesutting-sotution-is-eitut edte-t-the-s alinity-sheule-be-34—=-—0 5-glkg-ane-the-pH-8: (20-=0-2—TFhe-desired-test-salinity-is-attained-by-dilution-attime-of-use:
?he—feeeﬁe&&&ed—eatkwaier—ehetﬂd—be-etﬂpped-ef—&aee—metatsl (3540)).
B ATL = Atlantic Coast, PAC = Pacific Coast, GOM= Gulf of Mexico
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2. Referenced Documents

2.1 ASTM Standards®

D 1129 Terminology Relating to Water

D-3976—Practice 4387 Guide ferPreparation-efSediment-Samples Selecting Grab Sampling Devieesfor-Chemicdl Analysis
Collecting Benthic Macroinvertebrates

D 4447 Guide for the Disposal of Laboratory Chemicals and Samples

E 38029 Practice ferUse-of the-tnternational System-of Units{SH-(the-Modernized-Metrie-S§siemy Significant Digits
in Test Data to Determine Conformance with Spemﬂcauons

E-+#29-Guide 105 Practice
Sampling of Materials

E-943Terminolegy-Relating 122 Practice for Choice of Sampling Size-to-Bielogical-Effectsand-Environmerfi ffimate
a Measure of Quality for a Lot or Process

E-10623—-Guide 141 Practice for Acceptance of Evidence-Bassed on Results of Probability Sampling

E 177 Practice for Use of the-Hazard Terms Precision and Bias in ASTM Test Methods

E 178 Practice for Dealing with Outlying Observations

E 380 Practice for Use of the International System of Units (SI) (The Modernized Metric System)

E 456 Terminology Relating to Quality and Statistics

E 691 Practice for Conducting an Interlaboratory Study to Determine Precision of a Test Method

E 729 Guide for Conducting Acute Toxicity Tests with Fishes, Macroinvertebrates, and Amphibians

E 943 Terminology Relating to Biological Effects and Environmental Fate

E 1241 Guide for Conducting Early Life-Stage Toxicity Tests with Fishes

E 1325 Terminology Relating to Design of Experiments

E 1391 Guide for Collection, Storage, Characterization, and Manipulation of Sediments for Toxicological Testing

E 1402 Terminology Relating to Sampling

E 1525 Guide for Designing Biological Tests with Sediments

E 1611 Guide for Conducting Sediment Toxicity Tests with Polychaetous Agnnelids

E 1688 Guide for Determination of the Bioaccumulation of Sediment-Associated Contaminants by Benthic Invertebrates

E 1706 Test Method for Measuring the Toxicity of Sediment-Associated Contaminants with Freshwater Invertebrates

E 1847 Practice for Statistical Analysis of Toxicity Tests Conducted Under ASTM Guidelines

E 1850 Guide for Section of Resident Species at Test Organisms for Aquatic-ane-FhéiSddanent Tests

P iR pidnadility

3. Termlnology

e sedlment
icity test.

hemicals,
ediment t
ediment i

containe
eriod (se

ed to caus
period), i

LT ” o " o

should,

3.1 The words “must,
319-3—Must” standard. "“Must" is used to express an absolute requirement, that is, to state that the a test ought to be designe

may,” “can,” and “might” have very specific meanings in-this-guide.
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to satisfy the specified conditions, unless the purpose of the test requires a different design. “Must” is only used only in connection
with_the factors that-direetly relate directly to the acceptability-ef-the-test{see-Seection 15).

3-1:9-2—Sheuld” a test. “Should” is used to state that the specified condition is recommended and ought to be met if possible.
Although the violation of one “should” is rarely a serious matter, violation of several will often render the results questionable.
Terms such as “is desirable,” “is often desirable,” and “might be desirable” are used in connection with less impertant factors.

3+93—+May” factors. “May” is used to mean “is (are) allowed to,” “can” is used to mean “is (are) able to,” and “might” is
used to mean “could possibly.” Thus, the classic distinction between “may” and “can” is preserved, and “might” is never used as
a synonym for either “may” or “can.”

3.2 Definitions—For definitions of other terms used in this—guide, test method, refer to Guides E 729 and E 1241 and
Terminology-—bB-1129—GtideE+29—TFerminotegy—E943, E 943 -and-Guide—E-1023. D 1129. For an explanation of units and
symbols, refer to Practice E 380.

3.3 Definitions of Terms Specific to This Standard:

3.3.1 clean n—denotes a sediment or water that does not contain concentrations of test materials which cause apparent stress
to the test organisms or reduce their survival.

3.3.2 concentration n—the ratio of weight or volume of test material(s) to the weight or volume of sediment.

3.3.3 contaminated sediment—sediment containing chemical substances at concentrations that pose a known or suspected
threat to environmental or human health.

3.3.4 control sedimentn—a sediment that is essentially free of contaminants and is used routinely to assess the acceptability
of a test. Any contaminants in control sediment may originate from the global spread of pollutants and does not reflect any
substantial input from local or non-point sources. Comparing test sediments to control sediments is a measure of the toxicity of
a test sediment beyond inevitable background contamination.

3.3.5 EC5Q n—a statistically or graphically estimated concentration that is expected to cause one or more specified effects in
50 % of a group of organisms under specified conditions.

3.3.6 formulated sediment—mixtures of materials used to mimic the physical components of a natural sediment.

3.3.7 IC50, n—a point estimate of the toxicant concentration that would cause a 50 % reduction in a non-quantal measurement
such as fecundity or growth.

3.3.8 interstitial water or pore watern— water occupying space between sediment or soil particles.

3.3.9 LC50 n—a statistically or graphically estimated concentration that is expected to be lethal to 50 % of a group of
organisms under specified conditions.

3.3.10 lowest-observable-effect concentration (LOEG)-in a toxicity test, the lowest tested concentration of a material at
which organisms were adversely affected compared to control organisms as determined by statistical hypothesis tests-should be
accompanied by a description of the statistical tests and alternative hypotheses, levels of significance, and measures of
performance, for example, survival, growth, reproduction, or development-and must be above any other concentration not
producing statistically significant adverse effects.

3.3.11 no-observable-effect concentration (NOEG}-in a toxicity tesithe highest tested concentration of a material at which
organisms did as well as control organisms as determined by statistical hypothesis tests-should be accompanied by a descriptior
of the statistical tests and alternative hypotheses, levels of significance, and measures of performance, for example, survival,
growth, reproduction, or development-and must be below any other concentration producing statistically significant adverse
effects.

3.3.12 overlying water n—the water placed over sediment in a test chamber during a test.

3.3.13 reference sediment—a whole sediment near an area of concern used to assess sediment conditions exclusive of
material(s) of interest. The reference sediment may be used as an indicator of localized sediment conditions exclusive of the
specific pollutant input of concern. Such sediment would be collected near the site of concern and would represent the background
conditions resulting from any localized pollutant inputs as well as global pollutant input. This is the manner in which reference
sediment is used in dredge material evaluations.

3.3.14 reference-toxicity tesin—a test conducted with reagent-grade reference chemical to assess the sensitivity of the test
organisms. Deviations outside an established normal range may indicate a change in the sensitivity of the test organism population.
Reference-toxicity tests are most often performed in the absence of sediment.

3.3.15 sedimentn—particulate material that usually lies below water. Formulated particulate material that is intended to lie
below water in a test.

3.3.16 spiked sediment—a sediment to which a material has been added for experimental purposes.

3.3.17 whole sedimenn—sediment and associated pore water which have had minimal manipulation. The term bulk sediment
has been used synonymously with whole sediment.

4. Summary of-Guide

4-1—TFhe-relative Standard

4.1 Method Descriptior—Procedures are described for testing estuarine or marine amphipod crustaceans in the 10-d laboratory
exposures to evaluate the toxicity of contaminarnts associated with whole sediments. Sediments may be collected from the field
or spiked with compounds in the laboratory. A toxicity method is outlined for four species of estuarine-sediments-ean-be-determined

10
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thretgh or marine sediment-burrowing amphipods found within United States coastal waters. The speigsetisea abdita
a—16- marine species that inhabits marine and mesohaline portions of the Atlantic coast, the Gulf of Mexico, and San Francisc
Bay; Eohaustorius estuariys Pacific coast estuarine specikegptocheirus plumulosygan Atlantic coast estuarine species; and
Rhepoxynius abroniys Pacific coast marine species. Generally, the method described may be applied to all four species, althougt
acclimation procedures and some test w conditions (that iso, temperature and salidnity) will be species-specific (Sections 10 ar
11). The toxicity test is conducted in 1-L glass chambers containing 175 mL of sediment and 775 mL of overlying seawater.
Exposure is static (that is, water is not renewed), and the animals are not fed over the 10-d exposure period. The endpoint in tt
toxicity test is survival with reburial of surviving amphipods as an additional measurement that can be used as an endpoint for som
of the test species (fdR. abroniusandE. estuariuy. Performance criteria established for this test include the average survival of
amphipods in negative control treatment must be greater than or equal to 90 %. Procedures are described for use with sedimel
with pore-water salinity ranging from >0 % to fully marine.

4.2 A procedure is also described for determining the chronic toxicity of contaminants associated with whole sediments with
the amphipod_eptocheirus plumulosua laboratory exposures (USEPA-USACE 20@)). The toxicity test is conducted for 28
din 1-L glass chambers containing 175 mL of sediment and about 775 mL of overlying seawater. Four hundred millilitres of
overlying water is renewed three times per week, at which timetestehambers—Mortality organisms are fed. Tests are initiated witl
neonate amphipods that mature and-sublethateffeets such reproduce during the 28-d test period. The endpoints in the 28-d toxic
test are survival, growth rate, and reproduction of amphipods. Survival is calculated as the percentage of newly born (neonate
amphipods at test initiation that survive as adults at test termination. Growth rate is calculated as the mean dry weight gain pe
day per adult amphipod surviving at test termination. Reproduction is calculated as the number of offspring per surviving adult.
This test is applicable for use with sediment having pore-water salinity ranging fedatd 35%. . Typically, endpoint selection
for new toxicity tests is generally guided by methodologies for related toxicity tests (Gray et al(5BP&ediment toxicity tests
using macroinvertebrates often incorporate survival and growth endpoints (Ingersoll,(3B9k Gray et al. (1998(56))
recommend optimal endpoint measures for theplumulosussediment toxicity test based on four criteria: relevance of each
measure to its respective endpoint; signal-to-noise ratio (the ratio between the response to stresser—and inability the norm
variation in the response variable); redundancy to other measures of the same endpoint; and cost of labor, training, and equipme
Signal-to-noise ratios are independent of experiment design considerations (that is, Type | and Type Il errors, and sample size) ai
are positively correlated with power (Gray et al., 1998)).

4.3 Experimental Desigr-The following section is a general summary of experimental design. See Section 13 for additional
detail.

4.3.1 Control and Reference Sediment

4.3.1.1 Sediment tests include a control sediment (sometimes called a negative control). A control sediment is a sediment th:
is essentially free of contaminants and is used routinely to assess the acceptability of a test and is not necessarily collected ne
the site of concern. Any contaminants-a-elean control sediment-are-determined-after-exposure thought to originate from the globe
spread of pollutants and do not reflect any substantial inputs from local or non-point sources Ankley and Thomé&s8)1992
Comparing test sediments to control sediments-is-a-speeifiec-number{usually 20) measure-of-amphipods to the oxjdegto
sediment beyond inevitable background contamination and organism health Ankley and Thomg$819®2ontrol sediment
provides a measure of test-sediment—Response acceptability, evidence of test organism health, and a basis for interpreting d.
obtained from the-amphipods test sediments. A reference sediment is collected near an area of concern and is used to ass
sediment conditions exclusive of material(s) of interest. Testing a reference sediment provides a site-specific basis for evaluatin
toxicity.

4.3.1.2 In general, the performance of test organisms in thed regatimve control is c-used tom judge the acceptarbility of a tes
and-w either the negative control or reference sediment may be used to evaluate performansce in the experimental treatmen
depending on the purpose of the study. Any study in which organisms in the negative control do not meet performance criteria mus
be considered questionable because it suggests that adverse factors affected the response of test organisms. Key to avoiding
situation is using only control sediments that have a demonstrated record of performance using the same test-procedure. A Tt
includes testing of new collections from sediment sources that have previously provided suitable control sediment.

4.3.1.3 Because of the uncertainties introduced by poor performance in the negative control, such studies should be repeat
to insure accurate results. However, the scope or sampling associated with some studies may make it difficult or impossible t
repeat a study. Some researchers have reported cases where performance in the negative control is poor, but performance crit
are met in reference sediment included in the study design. In these cases, it might be reasonable to infer that other samples tl
show good performance are probably not toxic; however, any samples showing poor performance should not be judged to hay
shown toxicity, since it is unknown whether the adverse factors that caused poor control performance might have also caused po
performance in the test treatments.

4.3.1.4 Natural physico-chemical characteristics such as sediment texture may influence the response of test(&&)anisns
physico-chemical characteristics of test sediment need-to-preajdee(within the tolerance limits of the test organism. Ideally,
the limits of a test organism should be determined in advance; however, controls for factors including grain size and organic carbo
can be evaluated if the limits are exceeded in a test sediment. See section 12.1 and Annex Al and Annex A2 for information ol
physico-chemical requirements of test organisms. l{-the-aceeptability physico-chemical characteristics of a test sediment excee
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the tolerance range of the test-by-providing-evidence organism, a control sediment encompassing these characteristics can be
evaluated. The effects of sediment characteristics on the results of sediment tests can be addressed with regression equations Dew
et al. 1988,(59,) Ankley et al., 19960. The use of formulated sediment can also be used to evaluate physico-chemical
characteristics of sediment on test organisms Walsh et al., @9Suedel and Rodgers, 19942) Kembel et al(63) USEPA,

200064 (62 ) sectivon 7.2 and Guide E 1391).

4.3.2 The experimental design depends on the purpose of the study. Variables that need to be considered include the numbe
and type of control sediments, the number of treatments and replicates, and water quality characteristics. For instance, the purpose
of the-test-erganisms, study might be to determine a specific endpoint such as an LC50 and may include a control sediment, a
positive control, a solvent control, and several concentrations of sediment spiked with a chemical (see section 10.3.2). A useful
summary of field sampling design is presented by Green, (859See Section 13 for additional guidance on experimental design
and statistics.

4.3.2.1 The purpose of the study might be to determine if field-collected sediments are toxic and may include controls, reference
sediments, and test sediments. Controls are used to evaluate the acceptability-of-the-everlying watertest conditions (Table A1.3
in Annex Al and-handling-procedures;-etc., Table A2.3 in Annex A2)-Bjthé might include a control sediment or a formulated
sediment (section 7.2). Testing a reference sediment provides a site-specific basis-for-interpreting-data-ebtained from evaluating
toxicity of the test-sediments.

41 1TFhetoxieity sediments. Comparisons- of f test sediments te muldtiple reference or control sediments representative of the
physical characteristics of thed test sediment (that is, grain size, organic carbon) may be useful in these evaluations. A summary
of field sampling design is-indicated presented by Green, 185Q See Section 13 for additional guidance on experimental design
and statistics.

4.3.2.2 If the-percentmertality purpose-ef-amphipods-exposed the study-iste-that-sedimentcompared conduct a reconnaissance
field survey to identhify sites for further investigation, the experimental design might include only one-sampled from each site to
control-sediment. allow for sampling a larger area. -Fhe—toxicity lack of f replication at a site usually precludes statistical
comparisons (for example, analysis of variance (ANOVA)), but these surveys can be used to imdentify sites for further study or
may-also be-assessed-by-testing-dilutions evaluated using regression techniques.

4.3.2.3 In other instances, the purpose of the study might be to condueta-highly toxic quantitative sediment survey of chemistry
and toxicity to determine statistically significant differences between effects among control and test sediments from several sites.
The number of replicates/site should be based on the need for sensitivity or power (see Section 13). In a quantitative survey, field
replicates (separate samples from different grabs collected at the same site) would need to be taken at each site. Chemical an
physical characterizations of each of these grabs would be required for each of these field replicates used in sediment testing.
Separate subsamples might be used to determine within-sample variability or for comparisons of test procedures (for example,
comparative sensitivity among test organisms), but these subsamples cannot be considered to be true field replicates for statistica
comparisons among sites.

4.3.2.4 Sediments often exhibit high spatial and temporal varialf@@y Therefore, replicate samples may need to be collected
to determine variance in sediment characteristics. Sediment should be collected with c as little disruption as possible; however,
subsampling, compositing, or homogenization of sediment samples may be required for some experimental designs.

4.3.2.5 Site locations might be distributed along a known pollution gradient, in relatien-te-ebtain-infermation-en-the toxicity
boundary of a disposal site, or at sites identified as being contaminated in a reconnaissance survey. Comparisons can be made i
both space and time. In pre-dredging studioes, a sampling design can be prepared to assess the contamination-efthat sedimen

41 2TFhe-toxieity samples representative of the project area to be dredged.-Such-a-toxicant-experimentally added design may
include compositing cores collected to project depth from a specified dredged material management area.

4.3.2.6 The primary focus of the physical and experimental test design and statistical analysis of the data, is the experimental
unit, which is defined as the smallest physical entity to which treatments ean-be-expressed-by-analyzing independently assigned
(Guide E 1241). Because overlying water or air cannot flow from one test chamber to another the test chamober is the experimental
unit. The experimental unit is defined as the smallest physical entity to which treatments can be independently assigned and
reburial-data te-determine-an—+E€50 which air ang-an-EC50 for water exchange between test chambers are kept to a minimum.
Because of factors that might affect results within test chambers and results of a test, all test chambers should be treated as similarly
as possible. Treatments should be randomly assigned to individual test chamber locations. Assignment of test organisms to test
chambers should be impartial (Guide E 729). Asthe-texicant for number of test chambers/treatment increases;-the duration number
of dexgrees of freedom increases, and, therefore, the width of the confidence interval on a point estimate, such as an LC50,
decreases, and the power of a significance test increases (see Section 13).

5. Significance and Use

5-1—TFhe-testprocedure-in-this-guide
5.1 General
5.1. 1 Sedlment prowdes habltat for many aquat|c orqamsms andHs-netintended-te-exactly-simulate-the-expoesure of benthic

ovide-a-conveniently-rapid,-standard-toexicity-test-procedure
weldmg—a—reaseﬁabty—seﬁﬁfwe—mdﬁa{lon ma|or reposﬁory for many efthe-texicity of more persistent chemicals that are introduced
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into surface waters. In the aquatic environment, most anthropogenic chemicals and waste materials-in marine including toxi

organic and-estuarine-sediments.

5:2-Proteetion _inorganic chemicals eventually accumulate in sediment. Mounting evidences exists—of—a—cemmunity of
environmental degradation in areas where USEPA Water Quality Criteria (WQC; Stepha(6@)) @re not exceeded, yet
organisms-reguires-averting-detrimental-contaminantrelated-effects on in or near sediments are adversely affected Chapman, 1€
(68). The WQC were developed to protect orqamsms m—the—namber water columﬂ—aﬁd health were not d|rected toward protectin
organisms _in_sediment. Concentration provide
mfermaﬁeﬁ—eﬁ—the—teaﬂerty—et—test—mateﬁals contamlnants—rﬁ—sed+meﬂts—Pretect|on sed|ment may be several orders of magnitud

higher than in the-n

5—3—An=rphr|seds—are—aﬂ—abtmdaht—eencr|eenent overlqu water however whoIe sediment concentratlons have not been strong
correlated to bioavailability Burton, 19969). Partitioning or sorption efthe-seftbettem-marine-and-estuarine-benthie-eommunity.
Fhey-are aprineipal-prey-of compound between water and sediment may depend er-many-fish, birds, factors including: aqueot

solubility, pH, redox, affinity for sediment organic carbon andHarger-invertebrate-species—Seme-speeies-are predators dissolve
organic carbon, grain size -of-smaller-benthic-invertebrates—Others-ingest the sediment, sediment particles mineral constituen
(oxides of iron, manganese, and aluminum), and the quantity of acid volatile sulfides in sediment Di Toro et(@D)IOREyY
et al. 1988(71). Although certain chemicals are highly sorbed to sediment, these compounds may still be available to the biota.
Chemicals in sediments may be direetly-exposed toxie-to-contaminants-Amphipeds-are among aquatic life or can be a source ¢
chemicals for bioaccumulation in the-first-taxa food chain.

5.1.2 The objective of a sediment test i i i AHAtes— i ave-been show
determine whether chemicals in sediment are harmful to or are bloaccumulated by benthrc organisms. The tests—ean be mo
sensitive_used to measure interactive tonxic effects of complex chemical mixtures ina sediment. Furthermore, knowledge o
specific pathways of interactions among sediments-than-several-other-major taxa and test organisms is not necessary to cond
the tests Kemp et al. 198872). Sediment tests can be used {@) determine the relationship between toxic effects and
b|oava|Iab|I|ty, (2) mvesthate mteractlons amonq chem|ca(13) compare the sensmvmes of dlfferent orqanlsn(té)—'Fhe

5—6—'Fhe—amph+ped—eed+meﬁt—teaﬂeﬁy—teet—ﬁﬁght—be—ueed to detem%ae—the—temporal or sgatlal and temporal distribution of

A-be used tc

) ensitivities
; S p § ; ; ai i al-factors ol

ationships

aterials
ganisms contar(ﬁr)ratlon
Sedmeeﬁt evaluate hazards of dredged mate(ﬁalmeasure tOX|C|ty as part of product Ilcensmq or safety testifigrank areas

for clean up, and8) estimate the effectiveness of remediation or management practices.

5.1.3 Avariety of methods have been developed for assessing the toxicity of chemicals in sediments using amphipods, midge
polychaetes, oligochaetes, mayflies, or cladocerans (Test Method E 1706, Guide E 1525, Guide E 1850; Annex Al, Annex A2
USEPA, 200Q(73), EPA 1994b(74), Environment Canada 1997&5), Enviroment Canada 199766) ). Several endpoints are
suggested in these methods to measure potential effects of contaminants in sediment including survival, growth, behavior, ¢
reproduction; however, survival of test organisms in 10-day exposures is the endpoint most commonly reported. These short-ter
exposures that only measure effects on survival can be used to identify high levels of contamination in sediments, but may not b
able to identify moderate levels of contamination in sediments (USEPA USEPA, (Z800Sibley et al.1996(77); Sibley et
al.1997a(78); Sibley et al.1997b(79); Benoit et al.1997(80); Ingersoll et al.1998(81)). Sublethal endpoints in sediment tests
might also prove to be-useful better estimates of responses of benthic communities to contaminants-in-making-deeisions regardil
the field, Kembel et al. 199482) . Insufficient information is available to determine if the long-term test conducted with
Leptocheirus plumulosugnnex A2) is more sensitive than 10-d toxicity tests conducted with this or other species.

5.1.3.1 The decision to conduct short-term or long-term toxicity tests depends on the goal of the assessment. In some instanct
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sufficient information may be gained by measuring sublethal endpoints in 10-day tests. In other instances, the 10-day tests could
be used to screen samples for toxicity before long-term tests are conducted. While the long-term tests are needed to determine
direct effects on reproduction, measurement of growth in these toxicity tests may serve as an indirect estimate of reproductive
effects of contaminants associated with sediments (Annex Al).

5.1.3.2 Use of sublethal endpoints for assessment of contaminant risk is not unique to toxicity testing with sediments. Numerous
regulatory programs require the use of sublethal endpoints in the decision-making process (Pittinger and Adan®3)1997,
including: (1) Water Quality Criteria (and State Standardg);National Pollution Discharge Elimination System (NPDES) effluent
monitoring (including chemical-specific limits and sublethal endpoints in toxicity te&pFederal Insecticide, Rodenticide and
Fungicide Act (FIFRA) and the Toxic Substances Control Act (TSCA, tiered assessment includes several sublethal endpoints with
fish and aquatic invertebrateq¥) Superfund (Comprehensive Environmental Responses, Compensation and Liability Act;
CERCLA); (5) Organization of Economic Cooperation and Development (OECD, sublethal toxicity testing with fish and
invertebrates)(6) European Economic Community (EC, sublethal toxicity testing with fish and invertebrateg))atheé Paris
Commission (behavioral endpoints).

5.1.4 Results of toxicity tests on sediments spiked at different concentrations of chemicals can be used to establish cause anc
effect relationships between chemicals and biological responses. Results of toxicity tests with test materials spiked into sediments
at different _concentrations may be reported in terms of an LC50 (median lethal concentration), an EC50 (median effect
concentration), an IC50 (inhibition concentration), or as a NOEC (no observed effect concentration) or LOEC (lowest observed
effect concentration). However, spiked sediment may not be representative of chemicals associated with sediment in the field.
Mixing time Stemmer et al. 1990K84), aging ( Landrum et al. 198985), Word et al. 1987(86), Landrum et al., 199287) ),
and the chemical form of the material can affect responses of test organisms in spiked sediment tests.

5.1.5 Evaluating effect concentrations for chemicals in sediment requires knowledge of factors controlling their bioavailability.
Similar concentrations of a chemical in units of mass of chemical per mass of sediment dry weight often exhibit a range in toxicity
in different sediments Di Toro et al. 199@®8) Di Toro et al. 1991(,70). Effect concentrations of chemicals in sediment have been
correlated to interstitial water concentrations, and effect concentrations in interstitial water are often similar to effect concentrations
in water-only exposures. The bioavailability of nonionic organic compounds in sediment is often inversely correlated with the
organic _carbon concentration. Whatever the route of exposure, these correlations of effect concentrations to interstitial water
concentrations indicate that predicted or measured concentrations in interstitial water can be used to quantify the exposure
concentration to an organism. Therefore, information on partitioning of chemicals between solid and liquid phases of sediment is
useful for establishing effect concentrations Di Toro et al. 19%0) .

5.1.6 Field surveys can be designed to provide either a qualitative reconnaissance of the distribution of sediment contamination
or a quantitative statistical comparison of contamination among sites.

5.1.7 Surveys of sediment toxicity are usually part of more comprehensive analyses of biological, chemical, geological, and
hydrographic data. Statistical correlations may be improved and sampling costs may be reduced if subsamples are taken
simultaneously for sediment tests, chemical analyses, and benthic community structure.

5.1.8 Table 2 lists several approaches the USEPA has considered for the assessment of sediment quality USES®), 1992,
These approaches includél) equilibrium partitioning,(2) tissue residues3) interstitial water toxicity,(4) whole-sediment
toxicity and sediment-spiking test§) benthic community structur€6) effect ranges (for example, effect range median, ERM),
and(7) sediment quality triad (see USEPA, 1989a, 1990a, 1990b and 19291, 92, 93and Wenning and Ingersoll (20¢24))
for a critique of these methods). The sediment assessment approaches listed in Table 2 can be classified as numeric (for example
equilibrium partitioning), descriptive (for example, whole-sediment toxicity tests), or a combination of numeric and descriptive
approaches (for example, ERM, USEPA, 199@&). Numeric methods can be used to derive chemical-specific sediment quality
guidelines (SQGs). Descriptive methods such as toxicity tests with field-collected sediment cannot be used alone to develop
numerical SQGs for individual chemicals. Although each approach can be used to make site-specific decisions, no one single
approach can adequately address sediment quality. Overall, an integration of several methods using the weight of evidence is the
most desirable approach for assessing the effects of contaminants associated with sediment, (Long €& M&&1onald et
al. 1996(97) Ingersoll et al. 199698) Ingersoll et al. 199799), Wenning and Ingersoll 20084)). Hazard evaluations integrating
data from laboratory exposures, chemical analyses, and benthic community assessments (the sediment quality triad) provide strong
complementary evidence of the degree of pollution-induced degradation in aguatic communities (Burtof®9)9@hapman
1992, 1997(100, 101))

5.2 Regulatory Applications-Test Method E 1706 provides information on the regulatory applications of sediment toxicity
tests.

5.3 Performance-based Criteria

5.3.1 The USEPA Environmental Monitoring Management Council (EMMC) recommended the use of performance-based
methods in developing standards, (Williams, 19282) Performance-based methods were defined by EMMC as a monitoring
approach which permits the use of appropriate methods that meet preestablished demonstrated performance standards (sectic
11.2).

5.3.2 The USEPA Office of Water, Office of Science and Technology, and Office of Research and Development held a workshop
to provide an opportunity for experts in the field of sediment toxicology and staff from the USEPA Regional and Headquarters
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TABLE 2 Precision of theSediment Tox QualicityTe Ast Using —Rhepoxymnius abromius iim Rmelationt Pro Sampifce Size——
and-Rurepts (Modicatfied fronmr USEPA (378))

NumbMer-of-Ampthipods-perReplicate 19 29
Nurber-of-Replicates 84 Type B h
Number of Replicates 8 Type o h
ApproacB
Number of Replicates 34 Rlies
Numeric DescriptiveCombination
—2 686 6
Equilibrium Partitioning * A sediment quality value for a given contaminant is determined by
calculating the sediment concentration of the contaminant that
corresponds to an interstitial water concentration equivalent to the
USEPA water-quality criterion for the contaminant.
—4 266 280 2 855 450
Tissue Residues * Safe sediment concentrations of specific chemicals are established 458
by determining the sediment chemical concentration that results in
acceptable tissue residues.55
—6 194 204 3 444 234
Interstitial Water Toxicity * * * Toxicity of interstitial water is quantified and identification evaluation 234
procedures are applied to identify and quantify chemical
components responsible for sediment toxicity.44
-8 160 168 4 335 176
Benthic Community Structure * Environmental degradation is measured by evaluating alterations in 176
benthic community structure.35
16 138 145 5 286 4.7
Whole-sediment Toxicity And Sediment Spiking * * * Test organisms are exposed to sediments that may contain known 44 At the end of a specified time pe
or unknown quantities of potentially toxic chemicals.88 organisms is examined in relation t
response relationships can be es
organisms to sediments that have be
of chemicals or mixture
12 125 132 6 245 2.9
Sediment Quality Triad * * * Sediment chemical contamination, sediment toxicity, and benthic 42 Correspondence between sedime
community structure are measured on the same sediment effects is used to determine sed
sample.45 discriminate conditions of minimal, u
effects.
14 44 120 7 220 16
Sediment Quality Guidelines * * * The sediment concentration of contaminants associated with toxic 16
responses measured in laboratory exposures or field assessments
(that is, Apparent Effects Threshold (AET), Effect Range Median
(ERM), Probable Effect Level (PEL).20
- 16-6
166
93

Program offices to discuss the development of standard freshwater, estuarine, and marine sediment testing procedures (USEF
1992a, 1994489,103)). Workgroup participants arrived at a consensus on several culturing and testing methods. In developing
guidance for culturing test organisms to be included in the USEPA methods manual for sediment tests, it was agreed that no or
method should be required to culture organisms. However, the consensus at the workshop was that success of a test depends
the health of the cultures. Therefore, having healthy test organisms of known quality and age for testing was determined to be th
key consideration relative to culturing methods. A performance-based criteria approach was selected in USEFER) 26G0e
preferred method through which individual laboratories could use unigue culturing methods rather than requiring use of one
culturing method.

5.3.3 This standard recommends the use of performance-based criteria to allow each laboratory to optimize culture methods au
minimize effects of test organism health on the reliability and comparability of test results. See Annex A1l and Annex A2 for a
listing of performance criteria for culturing or testing.

6. Interferences

6.1 BuGeneral Interferences

6.1.1 An interference is a characteristic of a sediment or a test system that can potentially affect test organism response asi
from those related to sediment-associated contaminants. These interferences can potentially confound interpretation of test rest
in two ways:(1) toxicity is observed in the-imitee-time test sediment when contamination is low or there is more toxieity tests
have-beenpracticed, than expected, é2)cho toxicity is observed when contaminants are present at elevated concentrations or
there is less toxicity than expected.

6.1.2 Because of the—methodelogy—eontinues heterogeneity of natural sediments, extrapolation from laboratory studies t
develep the field can sometimes be difficult (Table 3; Burton, 1@®) ). Sediment collection, handling, anrd-evelve-with-time
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TABLE 3 Advantages and Disadvantages for Use of Sediment
Tests (Modified from Swartz (120))

Advantages
—Measure bioavailable fraction of contaminant(s).

—Provide a direct measure of benthic effects, assuming no field
adaptation or amelioration of effects.

—Limited special equipment is required.

—Methods are rapid and inexpensive.

—Legal and scientific precedence exist for use; ASTM standards are
available.

—Measure unigue information relative to chemical analyses or
benthic community analyses.

—Tests with spiked chemicals provide data on cause-effect
relationships.

—Sediment-toxicity tests can be applied to all chemicals of concern.
—Tests applied to field samples reflect cumulative effects of
contaminants and contaminant interactions.

—Toxicity tests are amenable to confirmation with natural benthos

populations.

Disadvantages
—Sediment collection, handling, and storage may alter

bioavailability.

—Spiked sediment may not be representative of field contaminated
sediment.

—Natural geochemical characteristics of sediment may affect the
response of test organisms.

—Indigenous animals may be present in field—collected sediments.
—Route of exposure may be uncertain and data generated in
sediment toxicity tests may be difficult to interpret if factors
controlling the bioavailability of contaminants in sediment are
unknown.

—Tests applied to field samples may not discriminate effects of
individual chemicals.

—Few comparisons have been made of methods or species.
—Only a few chronic methods for measuring sublethal effects have
been developed or extensively evaluated.

—Laboratory tests have inherent limitations in predicting ecological
effects.

—Tests do not directly address human health effects.

storage may alter bioavailability ane-researeh—-needs—Because concentration by changing the physical, chemical, or biological
characteristics of the-developmental-nature sediment. Maintaining the integrity of a field-collected sediment during removal,
transport, mixieing, styorage, and testing, is difficult and may complicate the interpretartien of e Iffects. See USEP#&42000

and Guide E 1391. An abundance of the same organism (McGee et atl.(4B9Por organisms taxonomically similar to the

methods-deseribed test organism-n-this-guide.
6-2Results-of-acute the sediment-toxicity-tests-will-depend,—n-part, on sample may make interpretation of treatment effects

difficult. In addition, the-temperature—water-quality,—physical-and-chemical-properties presence of predator may change the test
sediment-eondition outcome of a toxicity test. For example, Redmond and Scott(1138%howed that the polychaeiephtys
incisa can consumé\mpelisca abditaunder toxicity test-erganisms,—exposure-technigue—and-otherfactors—actors—peotentially
affectingresultsfrom-static-sediment conditions. Similarly, predatory isog@gstiiura polita have been observed to interfere
in 10-d toxicity tests-mightinelude:

6-2-1-Aleration conducted witheptocheirus plumulosuéPeter De Lisle, Coastal Bioanalysts, Gloucester, VA; personal

communication).
6.1.2.1 Althouqh disruptive effield natural sediment physical features, all test sediments-in-preparationfortaberatery testing.

the-integrity-ofthieeptocheirus plumulosuz8-d sediment-envirorment-during-its+removakh-transport, and
test should be press-sieved sometime before testing and re-homogenized immediately before introductien-te-the laboratory test
chambers if warranted (section 10.3 and Annex A2). Press-sieving is performed primarily to remove predatory organisms, large
debris, organisms used in testing (McGee et al., 1889 ) or organisms taxonomically similar to the test species. Certain
applications may recommend that sediments should not be press-sieved. Also, it may not be necessary to press-sieve sediment
if previous experience  has demonstrated the absence of potential interferences, including predatory or competitive organisms or
large debris, or if large debris or predators can be removed with forceps or other suitable tosis—Fhe-sediment-environment is

eemposed presence-ef-a-myriad an abundance-of-microenvironments,+edox-gradients, amphipods that are taxonomically similar
to the test species should prompt press-sieving. This is particularly true if endemic Ampeliscidae are present-and-ether interacting

physiochemical-and-biological-processes—Manyabditais the test species because it may be difficult to remove all of the reside

ent amphipods from their tubes. If sediments are sieved, it is desirable to perform select analyses (fori example, pore-water metals
or DOC, AVS, TOC) on samples before and after sieving to-docsument the influence of sieving on sediment toxicity chemistry
(USEPA, 199441)).
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6.1.3 Depletion of aqueous and sediment-sorbed chemicals resulting from uptake by an organism or test chamber may als
influence availability. In most cases, the organism is a minor sink for chemicals relative-te-benthic-and-planktenie-erganisms,
microbial-degradation;—and the sediment. However, within the burrow of an organism, sediment desorption kinetics may limit
uptake rates. Within minutes to hours, a major portion of the total chemicat-serption—Any-disruption may be inaccessible to the
organisms because -of-this—environment-complicates—interpretations depletion—of-treatment-effects,—causative factors, availab
residues. The desorption of a particular compound from sediment may range from easily reversible (labile; within minutes) to
irreversible (non-labile; within days or months, Karickhoff are-n-situ-cemparisons.

6-2-1-2—Festing Morris, 1988 05)). Interparticle diffusion or advection and the quality and quantity of sediment organic carbon
can also affect sorption kinetics.

6.1.4 Testing sediments at temperatures-er-salinities-otherthan-these-at-which-they-were-collected different from the field migh
affect contaminant solubility, partitioning coefficients;-and or other physical and chemical characteristies.6.2.2 Interactions
between-the sedimentparticles, and overlymg—wafe&rntefsfmm—water water-and-humie-substances, and the ratio of sediment:
overlying water—ratio.

6-2-3—Interactions-among-chemicals-that-might may influence bioavailability (Stemmer and Burton,(82PDb

6.1.5 Results of sediment tests canbe-present used to predict effects that may occur with aquatic organisms-in-test sedime

6-2-4Realism the field as a result-ef-using-spiked-sediment{thatis;-whether exposure under comparable conditions. Howeve
motile organisms might avoid exposure in the field. Photoinduced toxicity may be important for some compounds associkated witt
sedimentis-at-equilibrium (for example, polycyclic aromatic hydrocarbons (PAHs) Davenpert-and-evenrty mixed).

6-2-5—Photolysis-and-etherprocesses-degrading-test-chemicals.

6-2-6—Maintaining-aceeptable-guality Spacie, 19906)). However, lighting typically used to conduct laboratory tests does not
include the appropriate spectrum-ef-everlying-water.

6-2-7—Exeessfood-might-change-sedimentpartitioning ultraviolet radiation to photoactivate compounds (Sris-ane-water quality

parameters.
6-2-8—Resuspension Giesy, 1988)7) Ankley et al. 1994K(108)), and thus laboratory tests may not account for toxicity

expressed by this mode of action.
6.1. 6 Natural physico- chem|cal charactensncs such as sediment-during texture may influence-the-toxicity test.

8 the response of-testbecause organisms-bury-in-test sediment.
6—2—}9—Na%u1=al-geeehem+eal-pfepe|ﬂt|es (DeW|tt et aI 1998)). The physico-chemical characteristics of test sediment-eellected
from-the-fieldthat-might-not need to be within the tolerance limits of the-test-erganisms.

6-2-11Recovery organism. Ideally, the limits of the test organism s fhould be determined in advance; however, control sample
reflecting differences in factors such as grain size and organic carbon can be evaluated if the limits are exceeded-n-the-test syste

6212 Endemic sediment (section 12.1 and Annex Al and Annex A2). The effects of sediment characteristics can also b
addressed with regression equations Dewitt et al., 199B8Ankley et al., 199460). The use of formulated sediment can also be
used to evaluate physico-chemical characterlsncs of sediment on test organisms-which might (Walsh ef(@l), B3fdel and
Rodgers, 199462)).

6.1.7 The route of exposure may—be p uncertain and data from sed|ment tests may be d|fﬁcult to interpret if factors controlling
the bioavailability of chemicals i ) at sediment are unknown.
Whole-sediment chemical concentrations may be normahzed to factors other than dry welqht For example, concentrations
nonionic organic compounds might be normalized to sediment organic-carbon content, (USEPAQ3)99%nd certain metals
normalized to acid volatile sulfides, (DiToro, 19988)). Even with the-s appropriate normalizing factors, determination of toxic
effects from ingestion of sediment or from dissolved chemicalos in the interstitialy water can still be difficult, (Lamberson and
Swartz, 1998109).

6.1.8 The addition of food, water, or solvents to the test chambers might obscure the bioavailability of chemicals in sediment
or might provide a substrate for bacterial or fungal growth. Without addition of food, the test organisms may starve during
long-term exposures (Ankley et al., 1994, McNulty et al. 1989, 110). However, the addition of the food may alter the
availability of the chemicals in the sediment, (Harkey et al. 1994, Wiederholm et al.(198,412)-microorganisms depending
on the amount of food added, its composition (for exampte;bacteria,+nolds), total organic carbon (TOEC))and-algae-colonizing
the chemical(s) of interest.

6.1.9 Laboratory sediment testing with field-collected sediments may be useful in estimating cumulative effects and interaction:
of multiple contaminants in a sample. Tests with field sambples usually cannot discriminate between effects of individual
chemicals. Many sediment samples contain a complex _matrix _of inorganic and organic chemicals with many unidentified
compounds-6-3- S The use of Toxicity Identification Evaluations (TIE) procedures including sedimenttests-might not with spiked
chemicals may provide evidence of causal relationships and ean-be-applicable applied to matny chermicals of concern (Ankley an
Thomas, 1992(58)). Laboratory studies that test single compounds spiked into the sediment can be used to determine more
directly the speeigfic chemicaly vs causing a tolxic response (Swartz et al.(1993.

6.1.10 Sediment spiking can also be used to investigate additive, antagonistic;—er—are—rapidiy—biolegically—or—ehemically
transformed-—urthermere, synerqistic effects of specific chemical mixtures in a sediment sample (Swartz et @1.3)998
However, spiked sediment may not be representative of contaminated sediment in the field. Mixing time (Stemmer et al. 1990:
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(66)), and aging (Landrum 1999, Word et al. 1997, Landrum and Faust (B386, 87)of spiked sediment can affect responses

of organisms.
6.1.11 Salinity of the overlying water—guality-might-change—eonsiderably-from is an additional factor that can affect the

bioavailability of metals. Importantly, some metals (for example, cadmium) are more bioavailable at lower salinities. Therefore,
if a_ sediment sample from a low salinity location is tested with overlying-water—Because waters of high salinity, there is the
potential that metal toxicity may be reduced. The suite of species-provimded in this standard allow these tests to be conducted over
the range of pore-water salinities routinely encountered in field-collected sediments from North American estuarine or marine
environments (USEPA 1994d)). In addition, artificial sea salts may contain chelating agents (EDTA) that can potentially
influence the bioavailability of metals. Certain brands of artificial salts are available from manufactured,rs witheutthe-procedures
addition of sodium thiosulfate that can also influence the toxicity of contaminants.

6.1.12 Most assessments of contaminated sediment rely on acute-lethality testing methods (for example, <10 d; (USEPA-
USACE 1977, 1991, 1998114, 115, 116) Acute-lethality tests are useful in identifying “hot spots” of sediment contamination,
but may not be-apptied sensitive enough to evaluate moderately contaminated areas. Sediment quality assessments using subleth
responses of benthlc orqanlsms such as effects on qrovvth and reproduct|eﬂ—have—a—h|g4+e*ygen—demaﬂd—MateHa45—d|ssolved in

y rption been used—te—sediment particles

successfully evaluate moderately contammated areas (D|IIon et al. 1994, Kemble et al. 1994, Ingersoll and Brungth71998,
82, 81) Annex A2). Insufficient information is available to determine if the long-term-test-chamber-during conducted with
Leptocheirus plumulosu®nnex A2) is more sensitive than 10-d toxicity tests conducted with this or other species.

6.1.13 Despite the—test—TFhe—dynamics interferences previously listed, existing sediment testing methods that include
measurement ef-centaminantpartitioning-between-solid sublethal endpoints may be used to provide a-+apid-and-disselved phases
at-the-nitiation direct measure-efthe-test-should-therefore effects of contaminants on benthic communities (for example, Canfield
et al.. (118)). Laboratory tests with field-collected sediment can alse—be—censidered,—especially used to determine temporal,
horizontal, or vertical distribution of contaminants-in—+etation sediment. Most tests can be completed withir-twe-te-assumptions
four weeks. Legal and scientific precedence exist for use of sediment tests in regulatory decision making (for example, USEPA
1986a, Swartz 1989119, 120). Furthermore, sediment tests with caomplegx contaminant mixtures are important tools for making
decisions about the extent of remedial action for contaminated aquatic sites and for evaluating the success of remediation activities.

6.2 Species-specific Interfereneesinterferences of tests for each species are described in Annex A1l and Annex A2.

7. App&r—a%us—Reaqents and Materials

: i Jral seaWater:
7.1.1 Requwements—Sea water-oer+econstituted used to test and culture orqanlsms should be uniform in quality. Acceptable sea
water should allow satisfactory survival, growth, or reproduction of the test organisms. Test organisms should not show signs of
disease or apparent stress (for example, discoloration, unusual behavior). If problems are observed in the culturing or testing of
organisms, it is desirable to evaluate the characteristics of the water. See USEPA12293nd Guide E 729 for-helding
amphipods-afterfield-eollection a recommended list of chemical analyses of the water supply.

7.1.2 Source

7.1.2.1 Culture an¢ p testing water can be natural or synthetic seawater (USEPA-USACE2001

7.1.2.2 The source of natural water will depend-te-a—test—Fhe-helding tanks some extent on the objective of the-test and any
areas-used-for-maniputating-live-amphipods the test organism that is being used. All natural waters sheuld-be-leeated in a room
er-space-separate obtained from an uncontaminated surface-water source beyond the influence of known discharges. It may be
desirable to collect water at slack high tide, or within one h after high tide. Suitable surface water sources should have intakes that
n-which-toxicity-tests are positioned t¢t) minimize fluctuations in quality and contaminatid®) maximize the concentration
of dissolved oxygen (DO), an@) ensure low concentrations of sulfide and iron. For estuarine tests, water having a salinity as near
as possible to the desired test salinity should be conllected from an uncontaminated area.

7.1.2.3 Alternatively, it may be desirable to dilute full strength sea water with an appropriate fresh water sourcke. Sources of
fresh water (that is, @00) for dilutions include deionized water, uncontaminated well or spring water, or an uncontaminated
surface-water source. Municipal-water supplies may be variable and may contain unacceptably high concentrations of materials
are-prepared, such as copper, lead, zinc, fluoride, chlorire;-or-egtipmentis-eleaned. The chloramines. Chlorinated-water supply
system should not be-egtipped-with-satinity used to dilute water utilized for culturing or testing because residual chlorine and
temperature-control-and-aeration.

+11Testechamberseontaining-sediment chlorine- produced oxidants are toxic to many aquatic organisms. Dechlorinated water
should only be-held-in used as-a-wel-lighted-{atdeast-20@t last resort for diluting sea water to the-test-sediment-surface),
eeﬁet&m—tempera%ufe—reem—meubator desired salinity since dechlorination is often incomplete (Guide E 729; USERR&1)993
It might be desirable er+ecirettating-water-bath necessary-to ma dilute full strength seawater with an appropriate freshwater source
to achieve 5 % or 20 % (or the-experimenta-temperature. Air selected salinity; section 14yused-fer-aeration should in culturing
or testing ofL. plumulosu§USEPA-USACE 200%2), Section 12.

7.1.2.4 For site-specific investigations, it may-be f desirable to have the water-quality characteristies-effumes;-oi-and water;
filters the overlying water (that is, salinity) as similar as posab’:e—te—remeve—en and the site-water-are-desirable—Fhe-area-containing
(section 1.4). For certain applications the experimentat-dest cign _might require use of water fromb the site where sediment is
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collected. In estuarine systems, however, the pore-water salinity of sediments may not be the same as the overlying water at tl
time of collection (Sanders et al., 196522)).

7.1.2.5 Water that might be contaminated with facultative pathogens may be passed through a properly maintained ultraviole
sterilizer equipped with an intensity meter and flow controls or passed through a filter with a pore-size-effumes;beth-to prevent
eontamination 0.45 um or less.

7.1.2.6 Natural sea water might need aeration using air stones, surface aerators, or column aerators. Adequate aeration v
stabilize pH, bring concentrations-eftest-materials DO and other gases into equilibrium with air, and minimize oxygen demand
and concentrations of volatiles. The concentration of DO in source water should be between-90-te—protectresearchers fror
expostre 100 % saturation-to-texic-votatitle-materials help ensure-thatmightbereteased-from the DO concentrations are acceptal
in testsediments—Enelosures-may chambers. Natural sea water used for holding or acclimating, culturing, and testing amphipo
should be-reeded filtered (<5 um) shortly before use-te-ventilate-the-area-surrounding-testchambers.

+12-TFhe-exposure-reom remove suspended particles and organisms.

7.1.2.7 Water that is prepared from natural sea water shoute-be-eguippet-with-a-timing device stored in clean, covered containe
at 4°C. USEPA-USACE (20(@2)) states that natural sea water should be usedwithl for-pheteperiod-contrott-aphotoperiod
etherthan-continueusiight larval toxicity tests (Woelke, 19683)1972(124); Cardwell et al., 1977125),1979(126)). However,
investigators have found that when sea water is continuously aerated;-it ﬂght—eaﬂ—be—desrrable held-fer-up-te-incerporate a 1
month before use with certain species (David Moore, MEC Analytical, Carlsbad, CA; personal communication).

7.1.3 Reconstituted/Synthetic Seawater

7.1.3.1 Although reconstituted water is acceptable, natural seawater is preferable, especially for tests involving chemicals whos
bioavailability is affected by seawater chemistry. Reconstituted water can be prepared by adding specified amounts of reagen
grade chemicals t6-30-min-transition-periot-whenlights-go on high-purity deionized water (Guide E 729; USEP#, 211993
Acceptable high-purity water can be prepared using deionization or reverse-osmosis units (section 7.1; USER2&]1)9%8st
water can also be prepared by diluting natural water with deionized water (Kemble et al.(51994

7.1.3.2 Deionized water should be obtained from a system capable of producing at le&s{rhdda-ohms) water. If large
quantities of high quality deionized water are needed, it may be advisablete+educe-stress to supphy-the-organisms laboratory gra
water deionizer with preconditioned water frem-suddentarge-changes-inlightint€®itit a mixed-bed water treatment system.

7.1.3.3 Reconstituted sea water is prepared by adding specified amounts of a suitable salt reagent to high-purity deionized wat
(Guide E 729, USEPA, 199127)). Suitable salt reagents can be reagent grade chemicals, or commercial sea salts. Pre-formulatec
brine (for example, 60 to 90 %), prepared with dry ocean salts or heat-concentrated natural sea water, can also be used. (USEF
1994 (1) USEPA -USACE 2001(2))

7.1.3.4 A synthetic sea formulation called GP2 is prepared with reagent grade chemicals that can be diluted with a suitabl
high-quality water te-have the+reem-temperature desired salinity (USEPA, 199248)).

7.1.3.5 The suitability ang-ight-controls consistency of a particular salt formulation for use in holding and testing should be
verified by laboratory tests because some formulations can produce unwanted toxic effects or sequester contaminants (Environme
Canada, 199%5) ; USEPA-USACE 200@)). In controlled tests with the saelt formulations mentioned above, Emergy et al. (1997
(8)) found differeneypes in survival, growth, and reproduetio pn, and that laboratories can have acceptable performance (that is
survival) with any of the-experiment salts evaluated. Because of higher growth rates observed in c the Crystal Sea Blarinemix
seasalt, they recommended its use for culturing and testihg pliumulosugEmery et al., 19978); Annex A2).

7.1.3.6 _To obtain the desired holding or acclimation salinity, sea salts or a hypersaline solution (USERA2199%ine can
be added to a suitable freshwater, deionized water, estuarine water, or the laboratory’s sea water supply may be diluted with
suitable freshwater or deionized water.

7.1.3.7 Salinity, pH, and DO should be measured on each batch of reconstituted water. The reconstituted water should be aerat
before use to adjust pH and DO to the acceptable ranges (for example, section 7.1). The artificial sea salts should be held for
least two week before use to allow pH to become more stable and reduce the activity of chelating agents (Environment Canac

1992 (5)).

7.2 i i i i i i i ediment
mteFormuIated Sedrment—FormuIated sedlments are mrxtures of materlals—whreh—tes{—efgamems—wﬁl—be—plaeed should mimic the
physical components of natural sediments. Formulated sediments have-ret-contain-substanees that can been routinely appliec
evaluate sediment contamination. A primary use of formulated sediment cowldbe-1eached as a control sediment. Formulate
sediments allow for standardization of sediment testing or provide a basis for conducting sediment research. Formulvated sedime

provides a basis by-agueous-selutions-inamounts-that-adversely-affeettest-erganisms. which any testing program can assess
acceptability of their procedures and facilities. In additien,—egtipment-and-facilities-that-contact-stock or formulated sediment

provides a consrstent measure evaluating performance based crrterla necessary—fertest-selutions or acceptability. The use

Id be us
t be used indigenot
organisms. Sprkrnq formulated sedlments wrth specrfrc chemrcals Would reduce varlaﬂeﬂ—m—tes%s—eﬁ—me%ars—m—salt—water Concret

sediment physico-chemical characteristics-ane-rigie-plastiesmay-be used would provide a consistent methed-for-helding tanks ar
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i _evaluating the-water-supply-system;-but-they-should-be-soaked,—preferably fate of chemicals-in-flewing-sea-water,-for a week
eremefe—befefe—use sedlment See USEPA Zm—Braes—eeppeHead—eas{—rFen—mpe—gahﬁn&ed—nﬁétaj Test Method E 1706
W i —Fubing used in
mareng—ep—tes{—sea—water Gwde E 1391 for add|t|onal detall reqardlnq preparatlen—and—rn—aera%mg—the—test—ehambers should be
# 2 her equipment
hose used 1

should be foIIowed for reaqents and other chemlcals purchased from supply houses —'Fhe—tes{—chambers material(s)-sheuld be place

in-water-bath-to-minimize-temperature-fluctuations, at least reagent grade, unless a test using a formulated commercial product,

technical-grade, or use-grade material is specifically needed. Reagent containers should be dated when received from the suppliel
and the shelf life of the reagent should not-be-aerated-Aeration can exceeded. Working solutions sheuld-beprovided as in 13.1.
dated When prepared and the recommended shelf Ilfe should not be exceeded.

olutions, an
ory detergen

fdbwed—b%ﬂ%me—ms%medﬂfmeemses—ie%—nﬁneﬁﬁetandards—Appropnate USEPA APHA —eehydreehlenc—él—!@ﬁ—acrd

i terral, chemrcal
ediments
and—wa%eemay—be—rmeed—a#eeuse—w&h—e&e&n—eea—w&tee They physrcal analyses should—lee—used only When possible. For those
measurements fe i y ive animals, which
standards do nmmmmmtmﬁwmlstllled%mﬁeﬂn%metergents i
semetimes-detrimenta-to-tive-organisms.

%Heeep%&bﬂﬂy—ﬂ%e—aeeep%&bﬂﬁy—ef—ﬁewH*eldmg—eHe&mg—Faeﬁmes are_not sensrtrve enouqh methods should be

a-water. Survival

guate to result in

8.1 General Precautions

8.1.1 Development and maintenance of an effective health and safety program in the laboratory requires an ongoing
commitment by laboratory management and includé$¥:the appointment of a laboratory health and safety officer with all
texicants,—overlying-water, the responsibility and authority to develop and maintain a safety pr¢2jang preparation of a
formal, written health and safety plan, which is provided to each laboratory staff me(@ban ongoing training program on
laboratory safety, an(4) reqular safety inspections.

8.1.2 Collection and use of sediments may involve substantial risks to personal safety and health. Chemicals in field-collected
sediment may include carcinogens, mutagens, and other potentially toxic compounds. Inasmuch as sediment testing is often startec
before chemical analyses can be completed, worker contact wrth sedrment needs to be minim j_)jdsm gloves, laboratory
coats, safety glasses, face-sh mields, and respirate v washing equipmer
er-putting-hands-inte-test appropriat@) manipulating sedlments under a ventllated hood orin an enclosed glove bof3)and
enclosing and ventilating the exposure system. Personnel collecting sediment samples and conducting tes)ts should take all safet
precautions necessary for the prevention of bodily injury and illness which might result from ingestion or invasion of infectious
agents, inhalation or absorption of corrosive or toxic substances through skin contact, and asphyxiation because of lack of oxygen
or presence of noxious gases.

8.1.3 Before beginning sample collection and laboratory work, personnel should determine that all required safety equipment
and materials have been obtained and are in good condition.

8.2 Safety Equipment

8.2.1 Personal Safety GearPersonnel should use safety equipment, such as rubber aprons, laboratory coats, respirators,

gloves, safety glasses, face shields, hard hats;-and-glasses—Speeialprecautions, safety shoes.
8.2.2 Laboratory Safety EquipmentEach laboratory should be provided with safety equipment such-as-ceveringtestechambers

first-aid Kits, fire extinguishers, fire blankets, emerqency showers—and—venfﬂa%mg—the—area—s&rre&ndmg—fhe—chambers eye wash
stations. Mobile laboratories should ii i toxicity equipped with
a telephone te-human6)recommended enable personnel to summon help in case of emergency

8.3 General Laboratory and Field Operations

8.3.1 Special handling-proecedundy; and-chemical precautionary guidance in Material Safety Data Sheets (MSDS) should be
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followed for reagents and p othyser chemicals purchased from supply houses.

8.3.2 Work with some sediments may require compliance with rules pertaining to the handling of hazardous materials.
Personnel collecting samples and performing tests should not work alone.

8.3.3 It is advisable to wash exposed parts of the body with bactericidal soap and water immediately after collecting or
manipulating sediment samples.

8.3.4 Strong acids and volatile organic solvents shoutd-be-studied-before usedHnr-atestis-begun-Special-precautions might fun
hood or under an exhaust canopy over the work area.

8.3.5 An acidic solution should not be-neeessary mixed-with r ad hypochlorite solution because hazardous fumes might b
produced.

8.3.6 To prepare dilute acid solutions, concentrated acid should be agided t mo water, not vice versa. Openir@jechaittls
concentrated acid are w adding concentrated acid to water should be performed only-under at fume hood.

8.3.7 Use of griound-fault systhems and leak detectors is strongly recommended to help prevent electrical shocks. Electrice
e,quipment or extension cords not bearing the approval of Underwriter Laboratories should not be used. Ground-fault interrupter
should be installed in all “wet” laboratories where electrical equipment is used.

8.3.8 All containers should be adequately labeled to indicate their contents.

8.3.9 A clean and well-organized work place contributes to safety and reliable results.

8.4 Disease Preventiea-Personnel handling samples which are known or suspected to contain human wastes should be
immunized against hepatitis B, tetanus, typhoid fever, and polio. Thorough washing of exposed skin with bactericidal soap shoul
follow handling, of samples collected from the field.

8.5 Safety Manuals-For further guidance on safe practices when handling sediment samples and conducting toxicity tests,
check with the permittee and consult general industrial safety manuals including USEPA 1986b, Walters and Jamegit91984,

1_30)

ic to huma
amplrng

8 6 PoIIutlon Preventlon Waste Manaqement and—use—et—baeteﬂerdal—semas—aﬁer—werkmq with Sample Bispaisiglines
for the—sequeﬂts

aterials,

andhng and d i il i i i tratlons dlspesal—ef—te*reants—ﬁcny—potentlally
eentammated—sedﬂ%ents hazardous materlals showd—be—handled—m—a—manner—te—nmmm&e—exposure strictly followed (Guid

D 4447) The Federal Government has publrshed requlatrons for the management-efresearchersto-toxic-compounds. Mixing
'ments hazardous waste—and Ioadrnq has given the Sta
he or_)tron 0 re-hood. Fac
shields either adoptlnq those requlatlons—eepfeteetwe—geg@es—should developrnq thelr own If States develop therr own regulation:
they are requrred to a iments, such atteast as sievin

hazardous materlals |t—|s—semetrmes—de51rable

8-5-Cleaning-efequipment your responsibility to know and comply-with-a-velatile-selventsuch-as-acetone;should-beperformec
enty the pertlnent requlatlons apphcable—rn—a—weﬂ-ventrlated area the State |n—wh+eh—ne—smekrng—|s—aHewed—and—ne—epen flame
ective glove

added you are operatrng -Referto—waternot-vice Vers:
ated acid to-wa hotld—be—perfermed only in

epenmg—a—bettle the Bureau
weH-veﬁtHated—area—er—a—eheﬁﬁeal—fbme—heod

8—7—Hse Natronal Affalrs Inc 198&131)) for the crtatrons oFgreund%at&Psystans—and—tealedeteetefSﬂs—s&eﬁgty—reeemmended

electricity. the Federal requirements.

texicity-tests isthat-healthy conducted in any new—test—ergamsms—survrve facrllty, |t is desrrable to conduct a “non toxicant” test,
in which all test chambe-wrs contain a centerol sedimenti-and-in the overlying waterwith-sedimentforthe-duration-ef-helding and
testing-without-shewing-signs-ef-disease no added test material (section 11.14). Survival, grewth-erapparent-stress-sueh as unus

behavier—changes—in—appearance,—or-death—The-water-in-which reproduction of the test organisms will demonstrate wheth
facilities, water, control sediment, and handling techniques-are-held prior adequate-te-the-test-should-be uniform—resuit in qualit

acceptable species-specific control numbers (for example, see Table AL3-r-thatthe-eeneentration-ef-eentaminants Annex Al ar
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Table A2 3in Annex A2). Evaluatlons may also be made or-the-range magnitude-eftemperature-and-salinity-encountered during
i ganisms within-chamber and between-chamber variance in the

heldmg—tanks—eem—ﬂae—een&el—ﬂea%men{s—dtmng—the—test a test (section 11.14).
9 2 SeureeFacrlltles

_ A a known
9. 2 1 The facrllty must include separate areas for culturlnq and testrng—te—suppert—a—heal%hy—repfeduerng—pepulatron of reduce
the possibility of contamination by test materials and other substances, especially volatile compounds. Holding, acclimation, and
culture chambers should not be in a room where sediment tests are conducted, where stock solutions or sediments are preparec
or where equipment is cleaned. Test chambers may be placed-n-a—cemparable—sensitive-species. The temperature-controlle
recirculating water—intake—shoute-be—positioned bath or a constant-temperature area. An enclosed test system is desirable to
minimize-fluetuations—in_provide ventilation during tests to limit exposure of laboratory personnel to volatile substances.

9.2.2 Light of the quality and illuminance normally obtained in-the—-possibility-of-contamination, and laboratory is adequate
(about 100 te-maximize 1000 lux using wide-spectrum fluorescent lights: for example, cool-white or day-light has been used
successfully to culture and test organisms). Lux is the unit selected for reporting luminance in trhis standard. Multioply units of
disselved-exygen lux by 0.093te-help-ensurelow-eoneentrations convert to units-ef-sulfide-and-iron—A-specially-desigred system
might-be-nreeessary footcandles. Multiply units of lux by 6:9110° to-ebtain-salt-water-from-a-hatural-water-seuree—Fe-ensure
uniform-guality-water convert to units of um%)ls (assumrnq an averaqe wavelenqth of 550 nm (Lﬁmil— W m X )\(nm) X
8. 36>< 103)). Illumlnance should be-m .

9—2—2—Reeens+r%eted—8alt—Wa%erReeensﬁ&rfed—salt—water measured at the surface of the water. A uniform photoperiod of 16L:8D

can be-prepared-by-adding-a-commercially-available-sea salt achieved in the laboratery-erspecified-amounts{see-Guide E 729 in
an environmental chamber using automatic timers. A 16:8 light:dark photoperiod should be used for cultyningulosus
(section 12.6) and-Fable-H-of reagent-grade-chemicals for holding and acclirégyAg abditain the laboratory before testing
(section 12.4; USEPA 1994a%e—hrgh—q&alﬂy—wa{ewﬁfnee—eendﬁew&y—less—ﬂaan+u5¥eﬁl(_p
9.2.3 During rearing, holding, anthei i i g-(COD)
less—than—S—mgA.—Aeeep%able—wa%eFean—usually testlnq, test orqanlsms sheuld—be—pfepared—usmg—prepeﬂy—maera{ed—delonlzatlon
shielded from external disturbances such as rapidly changing light-er-distillation-units—Reeonstituted-salt water pedestrian traffic.
9.2.4 Air used for aeration should-be-intensively-aerated-before use, free of eil-and-aging for one fumes. Filters-te-two weeks
might-be remove oil, water, and bacteria are desirable—f-a—residue-orprecipitate-is-presentthe solution The test facility should
be-fitered-before-use—The-water well ventilated and free of fumes. Oil-free air pumps -sheuld-meetthe-eriteria—given in 9.1.
9:2-3—-Chlerinated-water-must-never be used where possrble Partlculates can be removed—#em—the—praaaraﬂen—ef water for

toxicity-tests-becauseresidual-chlorine air using filters;-a aguatic animals
oil and other organic vapors can be removed using actrvated carbon frlters (USEPA{—EQEGaeehleHﬁafed—wat@))_

Laboratory ventilation systems should-be-used-only-as-alastresertbecause-dechtorination checked to ensure that return air from
chemistry laboratories or sample handling areas-is-eftenincomplete-Municipal-drinking-waterisnetrecommended-feruse because

n-addition circulated te—residual-chlorine-it-often-contains-unaceceptably-high-concentrations culture or testing areas, or that air

from testing areas does not contaminate culture areas. Air pressure differentials between areas should not result in a net flow of

metals;—and-quality-is-eften-highty-variable {see-Guide-E+729). potentially contaminated air to sensitive areas through open or
loosely fitting doors.

9.3 PreparationEquipment and Supplies

9.3.1 -SEquipment and supplies that contact stock solutions, sediments, or overlying water should not contain substances that
can be leached or dissolved in amounts that adversely affeet-the—sediment-toxicity test organisms. In addition, equipment and

supplies that contact sediment or water should-be—passed-through-afiltereffective chesento-5pm-erlessto-remove suspende

patticles-and-organisms minimize sorption of test materials frem the water—Water-that-might-be-contaminated-with-facultative
pathegens Glass, Type 316 stalnless steel, nylon hlqh densrty polyethylene polypropylene polycarbonate, and fluorocarbon

plastics should be ve used whenever possible to
0-A45-pm-orless.

93+ 1Hneeessary, minimize leaching, dissolution, and sorption. Concrete and high-density plastic containers may be used for
holding, acclimation, and culture chambers, and inthe-salinity water-supply system. These materials sheuld-beredueed by diluting
the-sea washed in detergent, acid-rinsed, and soaked in flowing-waterwith-high-quality-deionized for a-week-or-distilted-water (see
9.2 2)-Salinity-ean more before use. Cast-iron pipe should netberaised-by-addition-ef-clean-filtered oceanic used in water-supply
systems because coll0|dal iron WI|| be added to the overlyrng wa{eeeeprepared—bﬂne—eemmen—practlce is and strainers will be
needed te-4 s i
remove rust partlcles Copper brass lead, qalvanlzed metal, and natural rubber must not contalct overlyrng—waffer or by the
addition-of-artificial-sea-salts stock solutions before-erreagent-gfR)esaltsto during a-hatural-salt-water{see-9:2.2).

932 Freshseawater test. tems made of neoprene rubber and other materials not mentioned above should not be used unles
it has been shown that their use will not adversely affect survival, growth, or reproduction of the test organisms.
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9.3.2 New lots of plastic products should-be-prepared-within-two-days-of the tested for toxicity before general use by exposing
organisms to them under ordinary test conditions.

9.3.3 General Equipment

9.3.3.1 Environmental Chamber or Equivalent Facilitwith photoperiod and-stered-in-clean,-covered-containers temperature
control (15 to 25°C).

9.3.3.2 Water Purification Systentapable of producing at#-3°C-until-sediment-and least 1 ¥ (mega-ohms) of water-are
added (USEPA, 19936.32)).

9.3.3.3 Analytical Balance capable of accurately weighing to 0.01 mg (for-the-test-chambers—t-might-be-hrecessary to age
reconstituted-sea—watér plumulosugest).

9.3.3.4 Reference Weight€lass S, for-ene—to—two-weeksbefereuse—Sufficientwater documenting the performance of the
analytlcal balance(s) The balance(s) shou}d—be—pfepared checked wrth reference weights that-are-at-ene-timeferaltest chambe

holding-the-test-amphipeds—prior to the

%%—Feeeertarn—ape%ea&enﬁhe—e*pem%eﬂ%al—desrgn—ﬁﬁghi—requwe use upper and lower-entds-ef-sea-waterfrom the te:
ranipulation range-oef-the—test-sea wate

9—4—Gharaeteﬂiaﬁen—ﬂae—feHewmg—ﬁems Welthnqs made when the balance is used A balance sheu+d—be—measured checked
at—leas{—twree the beginning of eaeh-y y at least t\

chlorine
aide, sulfide

ntratrons—eerres—ef—ergames—heavy metals ¢

ity migh itori i i y asdrements weighings, periodically
(such as every tenth Welqht) durlnq along serles—ef—sarmr%y—temperature Welghmgs—aﬁd—pH—aﬁd-quarterly—monltormg after taking
the last weight o#—efheepar&meters—eve&a—ﬂd&l—eye&e—mgh{—be—desrrable

teaﬂe&y—teet—wafen_ plumulosustest)
9.3.3.5 Volumetric Flasks and Graduated Cylinder€lass A, borosilicate glass -eb)}-have—detection—imits—below

coneentrations-thathave-been-shown nontoxic plastic laboratory ware;-36-te-adversely-affect the 1000 mL for making test solution:

9.3.3.6 Volumetric PipettesClass A, 1 to 100 mL.

9.3.3.7 Serological Pipettesl to 10 mL, graduated.

9.3.3.8 Pipette Bulbs and Fillerg#).

9.3.3.9 Droppers, and Glass Tubing with Fire-Polished Edgégo 6-mm inside diameter, for transferring test organisms.

9.3.3.10Wash Bottlesfor rinsing small glassware, instrument electrodes and probes.

9.3.3.11 Glass or Electronic Thermometeygor measuring water temperature.

9.3.3.12 National Bureau of Standards (NBS) Certified Thermometsee USEPA Method 170.1, 19971.33).

9.3.3.13Dissolved Oxygen (DO), pH/Selective lon, and Specific Conductivity Meters and Probes and temperature-compensate
refractometerfor routine physical and chemical measurements are needed. Unless a test is being conducted to specifically measu
the effect of DO or conductivity, a portable field-grade instrument is acceptable.

9.3.3.14 Equipment for measuring ammonia (that is, an ammonia-specific probe or an ammonia test kit) is also necessary.

9.3.3.15 See USEPA (19944) ) and USEPA-USACE (20012)) for a list of additional equipment and supplies.

9.3.4 Test Chambers-Test chambers to be used in sediment toxicity tests are 1-L glass containers (beakers or wide-mouth jars)
with an internal diameter of about 10 cm. Each test chamber should have a cover. Acceptable covers include watch glasses, plas
lids, glass culture dishes, or parafilm. It may be necessary to drill a hole in the glass cover to allow the insertion of a pipette for
aeration (USEPA 1994¢l)).

9.3.5 Cleaning

9.3.5.1 All non-disposable sample containers, test chambers, and other equipment that have come in contact with sedime
should be washed after use in the manner described as follows to remove surface contaminants.

9.3.5.2 Soak 15 min in tap water, and scrub with detergent, or clean in an automatic dishwasher.

9.3.5.3 Rinse twice with tap water.

9.3.5.4 Carefully rinse once with fresh, dilute (10 %, V:V) hydrochloric or nitric acid to remove scale, metals, and bases. To
prepare a 10 % solution of acid, add 10 mL of concentrated acid to 90 mL of deionized water.

9.3.5.5 Rinse twice with deionized water.

9.3.5.6 Rinse once with full-strength, pesticide-grade acetone to remove organic compounds (use a fume hood or canopy
Hexane might also be used as a solvent for removing non-ionic organic compounds. However, acetone is preferable if only on
organic solvent is used to clean equipment.

aracterize series (for the
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9.3.5.7 Rinse three times with deionized water.

9.3.5.8 All test chambers and equipment should be thoroughly rinsed with the dilution water immediately before use in a test.

9.3.5.9 Many organic solvents leave a film that is insoluble in water. A dichromate-sulfuric acid cleaning solution can be used
in place of both the organic solvent and the acid (Guide E 729), but the solution might attack silicone adhesive and leave chromium
residues on glass. An alternative to use of dichromate-sulfuric acid could be to heat glassvBaheaizt50°C.

10. FestSample Collection, Storage, Manipulation, ang-Centret-Sediments Characterization

10.1 General—BefereCollection:

10.1.1 Before the preparation or collectior-eftest sediment-an-appreved-written a procedure sheuld-be prepared established for
the handling of sediment ts whatich might contain unknown gquantities—ef-many—petentiallytexic—contaminants—{see Section
chemicals (Section 8).

10.1.2 Sediments are spatially and temporally variable (Stemmer et al. (®®DaReplicate samples should be collected to
determine variance in sediment characteristics. Sediment should be collected with as little disruption as possible; however,
subsampling, compositing, or homogenization of sediment samples may be necessary for some experimental designs. Samplinc
may cause loss of sediment integrity, change in chemical speciation, or disruption of chemical equilibrium (Guide E 1391). A
benthic grab or core should be used rather than a dredge to minimize disruption of the sediment sample. Sediment should be
collected from a depth that will represent expected exposure.

10.1.3 Exposure to direct sunlight during collection should be minimized, especially if the sediment contains photolytic
compounds (Davenport and Spacie 1991, Oris and Giesy 1986, 107). Sediment samples should be cooled to 4°C in the field
before shipment (Guide E 1391). Dry ice can be used to cool samples in the field; however, sediments should never be frozen.
Monitors can be used to measure temperature during shipping ( USEPA (Z30)0,

10.1.4 For additional information on sediment collection and shipment see Test Method E 1706, Guide E 1391, USEPA, 2000
(64), and USEPA, 200@134) for additional guidance.

10.2 Characterization—Sediments-chosen-foruse-should-be-eharacterizedStorage:

10.2.1 Since the chemicals of concern and influencing sediment charact leristics are not always known, it is desirable to hold
the sediments after collectiown-ing the dark at 4°C. Traditional convention has held that toxicity tests should be started as soon
as possible following collection from the field, although actual recommended storage times range from two weeks{Guid: pHe
E 1391) to less than eight weeks (USEPA-USACE, 1998p) Discrepancies in recommended storage times reflected a lack of
data concerning the effects of long-term storage on the physical, chemical, and toxicological characteristics of the sediment.
However, numerous studies have recently been conducted to address issues related to sediment storage (Dillon €t34) 1994,
Becker et al. 1995(137), Carr and Chapman 1996138), Moore et al-0. 1996(139), Sargda and Burton 1996140), Sijm et
al. 1997,(141) DeFoe and Ankley 1998142)). The conclusions and recommendations offered by these studies vary substantially
and appear to depend primarily upon the type or class of chemical(s) present. Considered collectively, these studies suggest tha
the recommended guidance that sediments be tested sometime between the time of collection and 8 weeks storage is appropriate
Additional guidance is provided below.

10.2.2 Extended storage of sediments that contain high concentrations of labile chemicals (for example, ammonia, volatile
solids),-particle-size-distribution{pereent-sand;- silt, organics) may lead to a loss of these chemieals—and clay), a corresponding
reduction in toxicity. Under these circumstances, the sediment should be tested as soon as possible after collection, but not later
than within two weeks (Sarda and p Burton 1993l0)). Sediments that exhibit low-level to moderate toxicity can exhibit
considerable-+wemporal variability in toxicity, although the direction of change is often unpredictable (Carr and Chapman 1995
(138) Moore et ak-O 1996139), DeFoe and Ankley 1998L42)). For these types of sediments, the r aecommended storalge time
of <8 weeks may be most appropnate In_some S|tuat|ons a_minimum storaqe perlod for Iow to- moderately contaminated

y , synthetic
efgamc—eempebmds—oﬂ may help reduce varlablllty For example DeFee—&Hd—g+ease—e¥g&Hesmcones AnKI]eM@BServed

high variability in survival during early testing periods (for example, <2 weeks) in sediments with low toxicity. De Foe and
petroleum-hydrocarbons—interstitiabwater-might-also Ankley 19982) hypothesized that this variability partially reflected the
presence of indigenous predators that remained alive during this relatively short storage period. Thus, if predatory species are
known to exist, and the sediment does not contain labile contaminants, it may be desirable to store the sediment for a short period
before testing (for example, 2 weeks) to reduce potential for interferences from indigenous organisms. Sediments that contain
comparativelyz stable compounds (for example, high molecular weight compounds such as PCBs) or which exhibit a
moderate-to-high level of toxicity, typically do not vary appreciably-in-14-4—TFoxicologicalresults toxicity in relation to storage
duration (Moore et al. 199@.39), DeFoe and Ankley 1998142)). For these sediments, long-term storage (for example, >8 weeks)
can-identify-samples-that-shoeuld-be-subjected undertaken.

10.2.3 Researchers may wish-to m—corenduct additional characterizations of sediment to evaluate possible effects of storage.
Concentrations of chyemicals of concern could be measured periodically in pore water during the storage period and at the start
of the sediment test (Kemble et al. 19982)). Ingersoll et al. 1993(143)recommend conducting a toxicity test with pore water
within two weeks from sediment-caol,lection and at the start of the sediment test. Freezing might further change sediment
properties such as grain size or chemical partitioning and should be avoided (Guide E 1391; Schuytema et @l44989,
Sediment should be stogred with no air over the sealed samples (no head space) at 4°C before the start of a test (Shuba et a
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1978(145)). Sediment may be stored-ing containers constructed of suitable materials as outlined in Section 9.

10.3 Control-SedimentManipulation

10.3.1 Collection—ContrelHomogenization:

10.3.1.1 Samples tend to settle during shipment. As a result, water above the sediment should-retbe-eollected from discarde
but should be mixed back into the-amphiped-cellection-site-orfrom-anetherarea that sediment during homogenization. Sedimer
samples should not be sieved to remove indigenous organisms unlessstireaegood reason to believe they will influence the
geochemical-requirements response of the-test-species organisms. Large indigenous organisms and that large-debris can pro
a—neﬁfeaﬂc—refefeﬁee—seermem—feﬁevaluatron be removed using forceps. Reynoldson et al148)93bserved reduced growth
of-the itie Y edures, amphipods, midges,and-forstatistical-comparison mayflie
in sedlments wrth—tes{—sedrmem—eemrer—seetmqem—shetﬂd—be—breugh% to the elevated numbers of oligochaetes and recommend

sieving-a or used sediments suspeetegtorinse-the-sediment in
qu—eeHeeHHg—basm—sheuld have high numbers of |nd|qen0us ohqochaetes If sed|ments must—be—saved—se—that—fme part|cle

eontainedHn-the-water-ean sieved, it may y
desirable to analyze samples before and after srevrng (for examp+e—e+|—sheen)—shetﬂd—be—drsearded As pore -water metals dissolv
organic carbon (DOC), acid volatile sulfide (AVS), total organic carbon (TOC)) to document the influence of sieving on sediment
chemistry.

10.3.1.2 If sediment is-evollected—bottom-temperature-and-salinity and collected from multiple field samples, the sediment
temperature-shedld can-be+recerded, pooled and mixed using stirring-er-a-composite-sediment-sample-from-all-shoevelsful, dredq
hauts, rolling mill, feed mixer, ergrabs-shoutd-be-collectedfor-analysis other suitable apparatus (Guide E 1391). Homogenizatior
of-water-content,patticle-size-distribution,—and-erganic-eontent.

103+ 1-Atleastannually-eontrol sedimentshould can-be-empiricalty-characterized-as-in 10.2. accomplished using a hand-he
drill outfitted with a stainless steel auger (diameter 7.6 cm, overall length 38 cm, auger bit length 25.4 cm (Kemble et al. 1994,
(82)).

10.3.2 Sieving—A-separate-clean-—container-shouldSediment Spiking:

10.3.2.1 Test sediment can-be-setup-te-sieve-and-contain prepared by manipulating the properties of a controt-sediment. Contl
Mixing time (Stemmer et al. 1990866)) and aging ( Landrum 1989, Word et al. 1987, Landrum and Faust 189286, 87)
of spiked sediment can affect bioavailability of chemicals in sediment. Many studies with spiked sediment are often started only
a few days after the chemical has been added to the sediment. This short time period may not be long enough for sediments
equilibrate with the spiked chemicals (section 10.3.2.6). Consistent spiking procedures sheuld-be-sieved-twice: first followed in
order to-r make interlaboratory comparisons. Limited studies have been conducted comparing appropriate metheds for spivkin
chemicals in seduiment. Additional research is needed before more definitive recommendations for spiking of sediment can b
outlined in this standard. The guidance provided in the following sections has been developed from a variety of sources. Spikin
procedures that have been developed using one sedimentortestspecies and organism may not be applicablete-ethermacrobent
sediments or test organisms. See USEPA 2(®9,and Guide E 1391 for additional detail regarding sediment-spiking techniques.

10.3.2.2 The cause of sediment toxicity and the interactive effects of chemicals can be determined by spiking a sediment witl
chemicals or complex waste mixtures (Lamberson and Swartz 1988). Sediments spiked with a range of concentrations can
be used to generate either point estimates (for example, LC50) or a minimum concentration at which effects are- observec
(lowest-observable-effect concentration; LOEC). Results of tests may be reported in terms of a BSAF (Biota-sediment
accumulation factor; (Ankley et al. 1992l,47)). The influence of sediment physico-chemical characteristics on chemical toxicity
can also be determined with sediment-spiking studies Swartz et al. (B988),

10.3.2.3 The test material(s) should be at least reagent grade, unless a test using a formulated commercial produc
technical-grade, or use-grade material is specifically needed. Before a test is started, the following should be known about the te
material:(1) the identity and concentration of major ingredients and impuri(®syater solubility in test wate(3) log Kow, BCF
(from other test species), persistence, hydrolysis, and photolysis rates of the test sy3tatenated toxicity to the test-satinity
organism and to humang)) if the test concentration(s) are to be measured, the precision and bias of the analytical method at the
planned concentration(s) of the test material, é6)decommended handling and disposal procedures. Addition of test material(s)
to sediment may be accomplished using various methods, suchBsralling mill, (2) feed mixer, or(3) hand mixing (Guide
E 1391; USEPA(64) ).-W Modifications of the mixing techniques might be necessary to allow time for a test material to
evquilibrate with the sediment. Mixing time of spiked sediment shoult-be-clean-sea-water-prepared as limited from minutes to &
few hours and temperature should be kept low to minimize potential changes-in-Seetien-9-Fhe-entire contents the physico-chemic
and microbial characteristics of the-eollecting-basininctuding-water sediment (Guide E 1391, USEPAL2@)0Duration of
contact between the chemical and-suspended-patticles, sediment can affect partitioning and bioavailability Word e{(&6,).1987,
Care should be taken to ensure that the chemical is thoroughly and evenly distributed in the sediment. Analyses of sedimel
subsamples is advisable to determine the degree of mixing homogeneity Ditsworth, et a(1499WMoreover, results from
sediment-spiking studies should be compared with the response of test organisms to chemical concentrations in natural sedime
(Lamberson and Swartz 199250)).

10.3.2.4 Organic chemicals have been addé&ddirectly in a dry (crystalline) form{2) coated on the inside walls of the
container (Ditsworth et al.1990149)); or (3) coated onto silica sand (for exampte;threugh 5 % w/w of sediment) which is added
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to the sediment (Test Method E 1706). In techniques 2 and 3, the chemical is dissolved in solvent, placedHn-a-6-5-mm screen) glass
spiking container (with or without-altewing-everflowfrom sand), then-the-sieving-container. After solvent is slowly evaporated.
The advantage of these three approaches is that no solvent is introducee-o the fir sediment, only the chemical being spikevd. When
testing spiked sediments, procedural blanks (sediments that have been handled in the same way, including solvent addition anc
evaporation, but contain no added chemical) should-beleftundisturbed-fora-sufficient time tested in addition to regular negative
controls.

10.3.2.5 Metals are generally added in an agueowus solution (Guide E 1391; Di-Toro ett 8BYJ9@mmonia has also been
successfully spiked using agueous solutions (Besser et al. {B8B)). Inclusion of-fine-patticles{usually-atieast-overnight).
Overlying-water spiking blanks is recommended.

10.3.2.6 Sufficient time shoutd-then-be-decanted and allowed after spiking for the spiked chemical to equilibrate with sediment
components. For organic chemicals, it is revcommended that the sediment be aged at least one month before starting a test. Twc
months or more may be necessary for chemicals with a high log Kow (for example-through-a-0-5-mm-sereen)-into water >6; Test
Method E 1706). For metals, shorter aging times (1 to 2 weeks) may be sufficient. Periodic monitoring of chemical concentrations
in pore water during sediment aging is highly recommended-as-a-satinity-ealculated means to bring assess the equilibration of ther
spiked sediments. Moniterialng of pore water during spiked sediment testing is also recommended.

10.3.2.7 Organic solvents such as triethylene glycol, methanol, ethanol, or acetone may be used, but they might affect TOC
levels, introduce toxicity, alter the—testdevel—taking—inte—acecount geochemical properties of the sediment, or stimulated q
uandesirable growths of microorganisms (Guide E 1391). Acetone is highly volatile and might leave the system-more realdily than
triethylene glycol, methanol, or ethanol. A surfactant should not be used in the preparation of a stock solution because it might
affect the-interstitial-water—Again, bioavailability, form, or toxicity of the test material.

10.3.2.8 If the test contains both a negative control and a solvent control, the-survimval, growth, or reproduction of the

organisms tested should-be-allewed-to—settle;—overying-watershould compared in the two controls. If a statistically significant
difference is detected between the two controls, only the solvent control may-be-decanted, used for meeting the acceptability of
the test and as the basis for calculation of results. The negative control might provide additional information on the general health
of the orqanlsms tested If no statistically significant difference is detected, the data from both controls sheutd-be-thereughly mixed
s used for meeting the acceptability of the test and as the basis for calculation of results (Guide

E 1241). If performance in the solvent control is markedly different from-that-settle on in the negative control, it isu possible that
the data are compromised by experimental artifacts and may not accurately reflect the toxicity of the chemical in natural sediments.

10.3.3 Sterage—The-contrel-sedimentTest Concentration(s) for Laboratory-spiked Sediments:

10.3.3.1 If a test is intended to generate an LC50, a toxicant concentration series (0.5 or higher) sheuld-be-stered-in glass or
rigid-plastie-eontainers selected that will provide partial mortality-at-82C-unti two or more concentrations of the testehambers
are—prepared. chemical. The LC50 of a particular compound may vary depending on physical and chemical-sediment should
characteristics. It may be desirable to conduct a range-finding test in which the organisms are exposed-to a centrketand must not
befrozen three or more concentrations of the test material that differ by a factor of ten. Results from water-only tests could be used
to establish concentrations to be tested in a whole-sediment test based on predicted pore-water concentrations (Di Toro et al. 1991
(70)). See Section 13 for a description of procedures to analyze data generated from these studies.

10.3.3.2 Whole-sediment chemical concentrations might be normalized to factors other than dry weight. For example,
concentrations of nonpolar organic compounds might be normalized to sediment organic-carbon content and simultaneously
extracted metals might be normalized to acid-volatile sulfides ( DiToro 1990, 188170)

10.3.3.3 In some situations it might be necessary to simply determine whether a specific concentration of test material is toxic
to the test organism, or whether adverse effects occur above or below a specific concentration. When there is interest in a particular
concentration, it might only be necessary to test that concentration and not to determine an LC50.

10.4 Feld-CollectedTFest-SedimentCharacterization

16-4-1-Collection—The-spatial-or-temporal

10.4.1 All sediments should be characterized for at least: salinity, pH, and ammonia of the pore water, organic carbon content
(total organic carbon, TOC), particle size distribution (percent sand, silt, clay), and percent water content ( Plum(i52981,

See section 10.4.5 for a description of procedures for isolating interstitial water.

10.4.2 Other analyses on sediments might include: biological oxygen demand, chemical oxygen demand, cation exchange
capacity, Eh, total inorganic carbon, total volatile solids, acid volatile sulfides, dissolved organic carbon, organic nitrogen, metals,
synthetic organic compounds, oil and grease, and petroleum hydrocarbons in sed-mqeﬁt—texmlty Can and |nterst|t|al water.

10 4 3 Macrobenthos maybe—detefnmned evaluate 0 . A benthic

i isruption of subsamphﬂg—t-he sample field-collected sediment. If
qu—sedﬂ%em—ls—edbeted-w&h—a—gmb—@aes—eores dlrect comparisons are to be made, subsamples for toxicity testing-should be use
to-collect-a—sample collected from the-upper2-em;-or-desired-layer, same sample for analysis of sediment physical and chemical
characterizations. Qualitative descriptions ofthe-test-sediment—This-eperation-isfacilitated if sediment may include color, texture,

and presence of macrophytes or animals. Monitoring-the-grab can odor of sediment samples should be avoided because of potentia
hazardous volatile chemicals.
10.4.4 Analytical Methodology
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10.4.4.1 Chemical and physical data should be obtained using appropriate standard methods whenever possible. For thc
measurements for which standard methods do not exist or are not sensitive enough, methods should be obtained from other relial
sources.

10.4.4.2 The precision, accuracy, and bias of each analytical method used should be determiree-n the top so appropriate matr
thaeﬂae—andﬁtbwbed—sedﬁtent—sa#aee—rs—e*pesed%te—sample is, sed|ment Water and tlssue Reaqent blanks and analyti
standards should y entainer. It
desirable analyzed and recoveries should be calculated

10.4.4.3 Concentration of spiked test material(s) in sediment, interstitial water, and overlying water should be meastred as muc
often as—pess1b+e—te—ave+d—eentact practrcal dunnq atest. If possrble the concentratmn—et—the%amﬁe—wrth—met—als—rneludmg stainles

0 —Fhe sample

must—be—eeeted test matenal—rn—the—ﬂetel—te—abeat—4 C overlylnq Water mterstltlal Water and sedlments should be measured at
+=-3°C-until the-sedimentis-distributed-to-the start and end of a test. Measurement-eftest-chambers—Fest sediment material(
degradation products might also be desirable.

10.4.4.4 Separate chambers should-be-stered in set up -at-the-dark;—hoetongerthan—two—weeks before start of a test a
destructively sampled during and at-the-initiation end of the-test-ana-mustnetbefrozen-or-allowed-testto-try—-reezing-and longe
sterage-might-change monitor sedlment—prepemes chemistry. Test organisms-ane-have-been shown food should be-added to cha
the-texieity these extra chambers.

10.4.4.5 Measurementet—stered—se&m{dﬂ—k%—ﬁetd—e&leeted test—sedﬂ%en%s—shetﬂd not materlal(s) concentration in water
can be-w v y e removed accomplished
fereeps—Feremeappheaﬂans—rt—nﬁght—be—desrrable plpetlnq Water samples from abeut—l—te—remeve—smatl—eb}eets—by—press sievirn

2 cm above the sediment-through-a—2-mm-sieve—f-sedimentis-storedHonger-thantwo-weeks, it surface in the test chambe
Overlying water samples shoule-be-retestedto—confirm-that-toxieity has-net-changed.

10-4-11H-sedimentis—eolleeted contain any surface debris, any material-from-multiple—field-samples—and-peoled to meet
technical-objectives, the-sediment-should-be-theroughly-homegenized-by-stirring sides of the test chamber-er-mixing-by hand, ¢
with_any sediment.

10.4.4.6 Measurement of test material(s) concentration in sediment-atthe aid end-ef-a—rolling-mitas in 10.8.

16-42-Additional-samptes—may test can be taken-from by siphoning most-of-the-same-grab-for-ether kinds overlying water
without disturbing the surface of the sediment, then removing appropriate aliquots of the sedimentanalyses{see-16-2). Sedime
temperature-interstitial for chemical analysis.

10.4.5 Interstitial Water—Interstitial watersatinitypH-and-Eh-canberecorded in (pore water), defined-as-the-field—Qualitative

deseription-of water occupying the spaces between sediment-mightinclude-color-texturedepth-ef-exidizedHayer—and presenc
of-plantsanimals;-tracks, -er-burrows—Menitoring soil particles, is often isolated to provide either a matrix for toxicity testing or

to provide an indication of the eodncentration or partitioning of chemicals within the sediment-samples—shoeuld-be avoided,
especialty—+f matrix. Draft USEPA sediment equilibrium partitioning benchmarks (ESBs) are based on the presumption that the
concentration of chemicals in the interstitial water are correlated directly to their bioavailability and, therefore, their toxicity (Di
Toro et al. 1991(70)). Of additional importance is-asseciated-with-potentially-hazardous contaminants in interstitial waters can
be transported into overlying waters through diffusion, bioturbation, and resuspension processes (Van Rees tl&3).98be
usefulness of interstitial water sampling for determining chemiecal-centaminants—A core contamination or toxicity will depend on
the-remainder study objectives and nature of the sediment ins-at-the grab study site.

10.4.5.1 Isolation of sediment interstitial water can-be-sieved-te-provide accomplished-by-a-macrebenthos sample.
10-4-3-Thenatural-geochemical-properties wide variety-eftestsedimenteollectedfrom-thefield must methods, which are base

on either physical separation or on diffusion/equilibrium. The common physical-isolation procedures-ean-be within categorized as
(1) centrifugation{2) compression/squeezing, @) suction/vacuum. Diffusion/equilibrium procedures rely ontheteleranee-limits
movement (diffusion) of pore-water constituents across semipermeable membranes into a collecting chamber until an equilibriur
is established. A description of the-test-species—The-timits-for-the-test-species-should-be-determined-experimentally materials ar
procedures used-in-advance—Controlsfor-such-factors-as-particle-size,-organic-content,salinityete—should berun-if-the limits al
exeeeded isolation of pore water is included inthe-test-sediments reviews by Bufflap and Aller{18B5Guide E 1391, and
USEPA 2000,64).

10.4.5.2 When relatively large volumes are required (>20 mL) for toxicity testing or chemical analyses, appropriate quantities
of sediment are generally collected with grabs or corers for subsequent isolation of the interstitial water. Several isolation
procedures, such as centrifugation (Ankley and Scheubauer-Berigan(1B®h squeezing (Carr and Chapman, 19938)) and
suction (Winger and Lasier, 199856) ; Winger et al.(155)), have been used successfully to obtain adequate volumes for testing
purposes. Peepers (dialysis) generally do not produce sufficient volumes for most analyses; however, larger sized peepers (500-r
volume) have been used for collecting interstitial waresitu for chemical analyses and organism exposures (Burton, 1992)
; Sarda and Burton, 1995140)).

10.4.5.3 There is no one superior method for the isolation of interstitial water used for toxicity testing and associated chemica
analyses. Factors considered in the selection of an isolation procedure may iit)udgume of pore water neede(?) ease of
isolation (materials, preparation time, and time required for isolation) (3nartifacts in the pore water caused by the isolation
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procedure. Each approach has unique strengths and limitations (Bufflap and Allen(15893.54) Winger et al. 1998(156)),
which vary with sediment characteristics, chemicals of concern, toxicity test methods, and desired test resolution (that is, data
quality objectives). For suction or compression separation which use a filter or a similar surface, there may be changes to the
characteristics of the interstitial water compared to separation using centrifugation (Ankley et al60394orowitz et al. 1992,
(159). For most toxicity test procedures, relatively large volumes of interstitial water (for example, liters) are frequently needed
for static or renewal exposures with the associated water chemistry analyses. While centrifugation can be used to generate large
volumes of interstitial water, it is difficult to use centrifugation to isolate water from coarser sediment. If smaller volumes of
interstitial water are adequate and logistics allow, the use of peepers which establish an equilibrium with the pore water through
a permeable membrane may be desirable. If logistics do not allow placement of peeper samplers, an alternative procedure could
be to collect cores which are can be sampled using side port suctioning or centrifugation. However, if larger samples of interstitial
water are needed, it would be necessary to collect multiple cores as quickly as possible using an inert environment and
centrifugation at ambient temperatures. See USEPA 2064) and Guide E 1391 for additional detail regarding isolation of
interstitial water.

10.4.5.4 There is no one superior method for the isolation of interstitial water for toxicity testing purposes. Each approach has
unigue strengths and limitations which vary with the characteristics of the sediment, the chemicals of concern, the toxicity test
methods to be used, and the resolution necessary (that is, the data quality objectives). For suction or compression separation whicl
use a filter or a similar surface, there may be changes to the characteristics of the interstitial water compared to separation using
centrifugation (Ankley et al. 199460) . For most toxicity test procedures, relatively large volumes of interstitial water (for
example, liters) are frequently needed for static or renewal exposures with the associated water chemistry analyses. While
centrifugation can be used to generate large volumes of interstitial water, it is difficult to use centrifugation to isolate water from
coarser sediment. If smaller volumes of interstitial water are adequate and logistics allow, the use of peepers which establish an
equilibrium with the pore water through a permeable membrane may be desirable. If logistics do not allow placement of peeper
samplers, an alternative procedure could be to collect cores which are can be sampled using side port suctioning or centrifugation.
However, if larger samples of interstitial water are needed, it would be necessary to collect multiple cores as quickly as possible
using an inert environment and centrifugation at ambient temperatures. See USEPAI3d0and Guide E 1391 for additional
detail regarding isolation of interstitial water.

11. Quality Assurance and Quality Control

11.1 Reference-Sedimentireference-sediment isintroduction:

11.1.1 Developing and maintaining-a-clean-sediment-collected from laboratory Quality Assurance (QA) program requires an
ongoing commitment by laboratory management and also includes—the—field—that+epresents fol{@vegpointment of a
laboratory quality assurance officer with the-testsediments-in-sedimental-characteristics-(forexample; FTOC:patticle-size, pH, Eh,
salinity)—This-provides responsibility and authority to develop and maintain a QA pro@apreparation of a Quality Assurance
Project Plan with Data Quality Obje-ctiveg8) preeparation of written descriptions of laberastory Standard Operating Procedures
(SOPs) for test organism culturing, testing, instrument calibration, sample chain-of-custody, laboratory sample tracking system,
and(4) provision of-petentiallytexic adequate, qualified technical staff-and-nen-toxie-eonditions. It suitable space and equipment
to ensure reliable data (USEPA).

11.1.2 Quality Assurance (QA) practices within a testing laboratory sheuld-be-handled in address all activities that affect the
same-manner-as-field-collected-test quality of the final data, sucfi)asediment sampling and handling®) the source and
condition of the test organismg§3) condition and operation of equipmerft) test conditions(5) instrument calibration(6)
replication,(7) use of reference toxicant&) record keeping, an¢(P) data evaluation.

121:21.3 Quality Control (QC) practices, on the other hand, consist of the more focused, routine, day-to-day activities carried
out within the scope of the overall QA program. For more detailed discussion of quality assurance, and general guidance on good
laboratory practices related to testing, see USEPA 1993a, 1993c, 1995, 1978, 1979a, 1980a, 1980b, 1993b, and DeWoskin 1984
(132, 161, 162, 163, 164, 165, 166, 167, 168)

11.2 Laberatory-Spiked-TFest-SedimentPerformance-based Criteria

10.6-1—Testsedimentecan-alse-beprepared in

11.2.1 The USEPA Envrronmental Monltonnq Manaqement CounC|I (EMMC) recommended—t-he—t&berafery—by—maﬁlpulanng

; sediment,
elved
i rimentally.
5 i } } 2 -grade developing standards for
chemlcal analytrcal methods (W|II|ams 19£{3302)e%be&er—umess) Performance based methods were def|ned by EMMC as a
y est is begun,

' A i GE 'entmes—use of m ajppropriate
methods that meet preestablished demogstrated performance standards Mlnlmum requrred elements of performance, such a
precrsron reproducrblllty, bias, sensmwty, v Hy A y he-test species

%9—6—3—S%GeteSe+uﬁen-¥eeﬂc—ehem+eals—to detectlon limits should-be—tes{ed—m—sedrm%em—are—u%alwssehfed—m—a—selvent to
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TABLE 4 Recommended Test Conditions for Conducting Reference-Toxicity Tests (USEPA 1994a (1))

Parameter Conditions
1. Test Type: Water-only test
2. Dilution series: Control and at least 5 test concentrations (0.5 dilution factor)
3. Toxicant: Cd, Cu, ammonia, Sodium dodecyl sulfate (SDS)
4. Temperature: 15°C E. estuarius and R. abronius

20°C A. abdita
25°C L. plumulosus

5. Light quality: Chambers should be kept in the dark covered with opaque material
(USEPA 1994a (1)). Alternatively USEPA-USACE (2001(2))
recommends a 500 to 1000 lux light intensity at a 16:8 light:dark
cycle for L. plumulosus in long-term tests (Annex A2).

6. Photoperiod: 24 h dark
7. Salinity 28 %o for A. abdita and R. abronius

20 %o for E. estuarius

5 or 20 %o for L. plumulosus.

Alternatively, the salinity of the overlying water can be adjusted to
the salinity of the pore-water at the site of interest in tests with E.
estuarius or L. plumulosus. If tests are conducted at different
salinities, additional tests are required to determine comparability of
results (sections 1.4 and 1.10).

8. Renewal of water: None
9. Age of organisms: A. abdita: 3 to 5 mm (no mature males or females)

E. estuarius and R. abronius: 3 t0 5 mm

L. plumulosus: 2 to 4 mm (no mature males or females; USEPA
1994a (1)). Alternatively, USEPA-USACE (2001(2)) recommend
testing L. plumulosus in a range of 0.25 to 0.60 mm in length in
long-term tests (Annex A2).

10. Test chamber: 250-ml to 1-L glass beaker or jar

11. Volume of water: 80 % of chamber volume

12. Number of organisms/ n =20 if 1 replicate; n = 10 (minimum) if >1 per replicate.
chamber:

13. Number of replicate 1 minimum; 2 recommended

chambers/treatment:

14. Aeration: Recommended; but not necessary if >90 % dissolved oxygen

saturation can be achieved without aeration (USEPA 1994a (1)).
Alternatively USEPA-USACE (2001 (2)) recommends that dissolved
oxygen should be maintained at >60 % saturation (>4.4 mg/L).

15. Dilution water: Culture water, surface water, site water, or reconstituted water

16. Water quality: Salinity, pH, and dissolved oxygen, at the beginning and end of a
test. Temperature daily.

17. Test duration: 96 h

18. Endpoint: Survival (LC50); Reburial (EC50) optional for E. estuarius and R.
abronius

19. Test acceptability: 90 % control survival

form-a—stock-selution-that-is-then-added-to-the-sediment—The-coneentration specifiet-and-stability-ef-the-ehemiealkin the stocl
selﬂﬂeﬂ method should be—deteﬁﬁrned—befefe—the%egrﬂmﬁg—ef—ehe—tesi—ﬁ—fhe—ehemeam sub|ect demonsfra{ed-te—;Loolysrs me

develop

performance standards

11.2.2 In developing guidance ferpreparing-atueous-stock-sotutions-of-slightly-setuble-materials c(@2yiftge-minimum

necessary-amount-of-a-strong-acid-er-base Inaglumulosusit was determined that no single method has to be-useé-in the
preparation to culture organisms (USEPA-USACE 2@®)1). Success ofan-agueous-stock-solution, but-sueh-reagents-might affect
%he—p!—l—ef—s{eelesemﬁeﬁs—appreerabry—use ef—a—mefe—seruble—feﬁﬂ—of the—tes{—mateﬁal—sueh—as—ehreﬁde—er—se#ate—saheof organi
0 ight affect relies on tf

pi—l—mere—m&n—the—use ealth ofthe—neeess&ry—n%mmtm—&mount culture from whrch orqanrsms are taken for testing. Having health

organisms of-a-stronrg-acid-or-base.

10-6-5-H-a-selvent-otherthan-water known quality and age (that is, size) for testing-is-tsed-t-should-be-ofreagent grade. It
eoneentrationin the-sedimentshouldbekept key consideration relative to culture methods. Therefere;-a-minimum,—and should ©
+ew—eﬁeugh+hat—ﬁ—dees+ret—a#eeeme4eeespeeres4ﬂe%hylene—qucol performance based cr|ter|a appreaeh—rs—e#eﬁ—a—good organ
e many
; v might affe
rdesireable growth
urfactant
might affec

preferred method by which individual Iaboratorles shet

the-bioavaitabilityform,—and-texicity-of-the-test-material.
10-6-61-a—solvent-other evaluate culture health, rather-than-waterisused,both-a—selvent-controlwith-contrel-sediment and -
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vent present
h used control- based criteria approach.

Performance based crltena were chosen—te—make—the—steelesemﬁen%re—pefeentaqe of allow each Iaboratory to optimize culture
methods that provide orgamsms i bury-a ath—+ust be 10 %

e control

$9—6—7—H+he—test—eentams499th—a—etear+sedﬂmeﬂt—(negatwe)—e ontrol groduce relrabte—and—a—sehfent—eeﬁtret—the—eenﬂval reburial,

y-endpoint is
i ty of the comparable test and

i ignifi i i Ray pooled Performance cntena—fer—meetrng the

aeeeptabrhty—et—the—test cultunng and—as—t—he—basrs—fereealeutatron tebtrptumulosusare listed in Table A2.3 efresults. Annex
A2.

11.3 Fest-Coneentration{s)Facilities, Equipment, and Test Chambers

1071t +the

11.3.1 Separate test organism culturing and-testigng areas must be providee-to-caleutate-an-C506-or-othereffecttevel, the test
eoncentrations avoid loss of cultures because of cross-contamination. Ventilation systems-should-bracketthe-predicted-effect level.
Fheprediction-might be-based-entheresults designed and operated to prevent recirculation or leakage-ef-ateston the same ai
from chemical analy5|s Iaboratorles—er—a—s+mllar sample storaqe and preparatlon areas—rnte—test—matenat—en the same organismn

culturing ora-sin in which
Hee—erganrsms—are—eaqaesed—te—a—eentrol sedrment testrnq areas—and+hfee—eHnere—eeﬁeeﬂtraﬂeﬁs—et—the+esematenal—that differ by

ieq—Z—H—neeeesary—eeneef&ratrens—abeve—aqueaus—setabmty can from sediment testing laboratories and sample preparation

areas into culture areas.

11.3.2 Equipment for temperature control should be adequate to maintain recommended test-water temperatures Recommende
materials should be used-because i ‘ ve—solubility anc
beeause—sembﬂﬁy—rs—eﬁen—ne{—weHﬁemm—'Fhe—teaﬂc ty fabrlcatron of the—test—matenal equrpment WhICh ceﬁees—rn—sedﬂ%ents might

be-quite-different-from contact Wlth the—te*rerty—rn—wateebeme—e*peeures
%9—7—3—Bu+k sedrme

11 3 3 Before a—speemeeeneentraﬂen of sedlmenHeerateHat—B—aebﬁely%eﬁHe—tFHesespde)%mﬂﬁeHhe—he%ﬂs
v W i g ior occurring conducted
in a—partreutaesedﬂnent—eeme—eeneentraﬂen in new facrlrty—a—dfedge—matenal to “non- contamrnant" test sheutd-be-deposited at

a-dispesal-site-When-there-is-only-interest conducted in which all test chambers centain-a-particutar-coneentration—t-might only
be-necessary control sediment and overlying water. This information is used to t demonstrate-that-coneentration,—ane-the negative

facility, control sediment, water, arg-setvent-centrols. handling procedures provide acceptable responses of test organisms (section
11.14).

11.4 ATest Organisms-The organisms should appear healthy, behave normally, feed well, and have low mettality ion cultures
of L. plumulosusduring holding (for example, <20 % for 48 h before the start of a test), and in test controls—Fest-Material
organisms should be positively identified to species. Obtaining wild populations of organisms for testing should be avoided unless
the ability of the wild population to cross-breed with existing laboratory populations has been determined (section 12.3.3.9).

11.5 Water—The quality of water used for organism culturing and testing is extremely important. Overlying water used in
testing and water used in culturing organisms should be uniform in guality. Acceptable water should allow satisfactory survival,
growth, or reproduction of the test organisms. Test organisms should not show signs of disease or apparent stress (for example
discoloration, unusual behavior). See section 7.1 for additional details.

11.6 Sample Collection and Storage Sample holding times and temperatures should conform to conditions described in
Section 10.

11.7 Test Conditions-It is desirable to measure temperature continuously in at least one chamber during each test.
Temperatures should be maintained within the limits specified for each test. Dissolved oxygen, salinity, conductivity (particularly
when salinity is <1%o), ammonia, and pH should be checked in accordance Annex Al and Annex A2.

11.8 Quality of Test Organisms

161.8.1-TIf test organisms are obtained friaom-cul sture, reference-toxicity tests should be conducted on all test organisms using
proceffidures outlined in sect,ion 11.16 (at-a-texic-sediment—or-a-selution minimum, one test every six months; Table 4). If
reference-toxicity tests are not conducted monthly, the let-ef-a—chemical-canbe added organisms-used-te-sediment-and evenly
distributed-by-thorough-hand-mixing; by-use of startareling-mith-or-by-adding the sedimenttest-material to should be evaluated

using a-sturry reference toxicant (USEPA 19943).
11.8.2 The guality of test organisms obtained from an outside source, regardless of whether they are from culture or collected
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from the fleld should be ver|f|ed by conductmq a reference -toxicity test concurrently with the sedimentthatisallewed to settle.
Fhe testn v hrough (USEPA 1(®pyd-or cultured organisms, the supplier
should prowde data Wlth the sh|pment descnblnq the h|story of the sensitivity of organisms from the same source culture. Fol
field-collected organisms, the supplier should provide data with the shipment describing the collection location, the time and
alewedHto-partition-onto date of collection, the-sediment-Othermethods water salinity and temperature at the-time-efmixing might
also-be-appropriate-provided collection, and collection site sediment for holding and acclimation purposes. If the supplier has nc
conducted reference toxicity tests with the test+aterial organism-itis-shown-te-be-eventy-distributed-n-the-sediment.

10682 Modifications responsibility of the-mixing-technigue-mightbe-necessary testing laboratery-te-allow time conduct these
reference toxicity tests (section 11.14.1).

11.8.3 Leptocheirus plumulosuer chronic testing can be obtained from laboratory cultures (USEPA-USACE (200dr from
commercial sources (Table 5). It is likely to be impractical to obtain test-size neonates directly from a supplier because of theit
sensitivity to physical disturbances and their rapid growth. Instead;test-material laboratories will likely want to egstablish their
own cultures ofl. plumulosusfrom which to harvest neonates (section 12.5). It is desirable to determine the sensitikity of
plumulosusobtained from an outside source. For cultured organisms, the supplier should provide data-with-sedimentf tests are
repeated,mixing-conditions-such-as-duration the shipment describing the history of the sensitivity of organisms from the sam
source culture. For field-collected organisms, the supplier should provide data with the shipment describing the collection location
the time anetemperature date-ef-mixing, collection, the water salinity and temperature at the-time-efixing before collection, and
collection site sediment for holding and acclimation purposes. The supplier should also certify the specines identification of the
test organisms and provide the taxonomic references (for example, Shoemakgrl @93Bousfield, 1973171) or name(s) of
the taxonomic expert(s) consulted.

11.8.4 All organisms in a test must be from the same source (Section 12). Organisms may be obtained from laboratory culture
or from commercial or government sources (section 11.8.3). The test organisms used sheuld-be-kept-econstant—unless time af
spikingHs identified using an-experimentalbvariable—Care appropriate taxonomic key, and verification should be taken documentec
The use of field-collectel. plumulosugo-ensure-that-atestmaterial-addedto-sediment start cultures is discussed in secthion 12.3.
Obtaining organisms from wild populations is useful for enhancement of genetic diversity of existing cultures or to establish new
culytures. (McGee et al. 199870) found seasonal variability in senlsitivity to cadmisum in field-collectegplumulosus.
Therefore, fibeld-collected. plumulosusshould not be used w for toxicity testing unless organisms are cultured through several
generations in the-sedimenttnrecessary,sub-samples laboratory. In addition, the ability-ef the-sedimentwithin-a-mixing containe
ean wild population of sexually reproducing organisms to cross-breed with the existing laboratory population should be determinec
(Duan et al., 1997173)). Sensitivityz of the wild population te-determine-degree select contaminants should also be documented.

11.9 Quality of-mixing-and-homegeneity.
H—Test-Organisms

11-1-Speeies—Fhe—speeies Food—Problems with the nutritional suitability-ef-irfaunal-amphipod to the food wil-be used
reflected in the survival, growth, or reproductionlofplumulosusn cultures (section 12.5). Additionally, survival in sediment
texicity-test-should tests conducted with abditaandL. plumulosusnay be-s affelected by the nutritional suitability of food
provided during holding-avnd-aicclimation (USEPA 19943).

11.10 Test Acceptability;—s-Table A1.3 ins Annex Al and Table A2.3 in Annex A2 odtlivne requirementys for acceptability of
tests. An individual testmaterialstolerance-to-ecological-conditions-{forexample, may be conditionally acceptable if temperature

TABLE 5 Sources of Starter Cultures of Test Organisms for
Leptocheirus plumulosus

Aquatic Biosystems, Inc.

1300 Blue Spruce Road, Suite C

Fort Collins, Colorado 80524

Scott Kellman

phone: 800/331-5916; fax: 970/484-2514
email: SRK@riverside.com

Chesapeake Cultures, Inc.

P.O. Box 507

Hays, Virginia 23702

Elizabeth Wilkins, President

phone: 804/693-4046; fax: 804/694-4703
email: growfish@c-cultures.com
website: www.c-cultures.com

Agquatic Research Organisms

P.O. Box 1271

Hampton, New Hampshire 03842-1271
Stan Sinitski or Mark Rosengvist

phone: 800/927-1650; fax: 603/926-5278
website: www.arocentral.com
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satinity, DO, and-grain-size);-ecologicaHmpertance, other specified conditions fall outside specifications, depending on the degree

of the departure and-ease the objectives-ef-handling in-the-taberatory. tests. The acceptability of a test will depend oun the
experience and-type professional judgment-ef-sediment-being-tested or the laboratoryp analyst and the reviewing staff of the
regulatory authorlty Any deV|at|on from test speC|f|cat|ons shoutd—be—m%ptemented—mrght—&etate—setechon of noted when reporting
data from a—pa : ibutions test.

11.11 Analytical Methods

11.11.1 All routine chemical and physical analyses for culture and testing water, food, and sediment should include established
quality assurance practices (Van Rees et al. 1991, Bufflap and Allen 1995, Ankley and Subauer-Bergidh5B3956).

11.11.2 Reagent containers should-beselected;-so-thattestresults can dated when received from the supplier and the shelf life
of the reagent should not be-eompared-amoenglaborateries-with-similarspeecies—Species used exceeded. Working solutions shoulc

be—rdeatﬁred—mﬂh—aﬁ—appfmaﬁate—ta*oﬁeﬁﬁc—key, dated when prepared—and—rdeﬁﬂﬁcatlons the recommended shelf life should not
be-verifi irements exceeded.

11.12 Calrbratlon and—meﬂ%eds—ef—handhnq Standardlzatton

11.12.1 Instruments used fervarious-species routine measurements-ef-amphipods. Use of chemical and physical characteristic:
such as pH, DO, temperature, salinity, and conductivity should be calibrated before use each day according-te-the-species listed
instrument manufacturer’s procedures as indicated in-the-annexes-is-encodraged-to-increase-comparability of results.

-1 Rhepoxynius—abronitugs _general section on quality assurance (see USEPA Methods 150.1, 360.1, 170.1, and 120.1,
(125)). Calibration data should be recorded ir-a-free-burrewing-amphiped-that-has-been-suceessfully used permanent log.

11.12.2 A known-quality water should be includee-n-sediment-toxicitytesting sinee-the-tate- 1970’s analyses of each batch of
water samples (for example, salinity, conductivity (particularly when salinity i$33%o0)). It is desirable to include certified
standards in the analysis of water samples.

11.13 Replication and Test Sensitivity The sensitivity of-this-speeies-to-salinitiestess-than-25-gtkg-imits-its-use-to-testing
sediments-from-marine-areas; but sediment tests will depend in part-en-the-targe-data-base-thathas-been-developed for number c
replicates/treatment, the-response significance level selected, and the-Rpalwbniuste statistical analysis. If the variability
remains constant, the sensitivity of-a-variety test will increase as the number of replicates is increased. The minimum recommended
number of replicates varies with the objectives of the test-and-chemicals-establishes-ts-usefulness the statistical method used for
analysis of the data (Annex Al and Annex A2).

11.14 Demonstrating Acceptable Performance

11.14.1 Intralaboratory precision, expressed as a coefficient of variation, of the range for each type-eftestspecies as well as to
be used in a laboratory can be determined by performing five or more tests with different batches of test organisms, using the same
reference-speeiesfor-comparing toxicant, at the same concentrations, with the same test condivtions (for example, the same tes
duration, type of-other—species—Species water, age of test organisms, feeding), and same data analysis methods. A
reference-toxicant concentration series (0.5 or higher) should be selected that will provide partial mortalities at two or more
concentrations of the-genthepexyniusre-widely-distributed-on test chemical (section 10.3.3). Information from previous tests
can be used to improve the-West-€oast design-of N subsequent tests to optimize the dilution series selected for testing.

11.14.2 Before conducting tests with A potentially contaminated sediment, it is strongly recommended that the laboratory
conduct the tests with control sediment(s) alone. Results of these preliminary studies should be used to determine if the use of the
control sediment and other test conditions (that is, water quality) result in acceptable performance in the tests as outlined in Annex
Al and Annex A2.

11.14.3 Laboratories should demonstrate that their personnel-are-present on able to recover an average of at least 90 % of the
E organisms from whole sediment C. For example, test organisms could be added to control or test sediments, and recovery could
be determined after 1 h Tomasovic et al. 19G%)(174).

11. 1—25EDocumentinq Ongoing Laboratory Performance

identlfled If the data from a given test falls outside the “expected” range (for exam@e5D), the sensitivity of the organisms
and the credibility of the test results may be suspect. In this case, the test procedure should be examined for defects and shoulc
be repeated with a different batch of test organisms.

11.15.2 A sediment test may be acceptable if specified conditions of a reference-toxicity test fall outside the expected ranges
(section 11.10). Specifically, a sediment test should not be judged unacceptable if the LC50 for a given reference-toxicity test falls
outside the expected range or if control survival in the reference-toxicity test is <90 %. All the performance criteria outlined in
Annex Al and Annex A2) must be considered when determining the acceptability of a sediment test. The acceptability of the
sediment test would depend on the experience and judgment of the investigator and the regulatory authority.

11.15.3 Performance should improve with experience, and the control limits should gradually narrow, as the statistics stabilize.
However, control limits of: 2 SD, by definition, will be exceeded 5 % of the time, regardless of how well a laboratory performs.

For this reason, good laboratories that develop very narrow control limits may be penalized if a test result which falls just outside
the control limits is rejected de facto. The width of the control limits should be considered in decisions regarding rejection of data

(Section 15).
11.16 Reference-toxicity Testing
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11.16.1 Reference-toxicity tests should be conducted in conjunction with sediment tests to determine possible changes i
condition of a test organism (Lee, 19@0075)). Water-only reference-toxicity tests on cultured organisms should be conducted least
every 6 months with laboratory-cultured organisms and should be performed on each batch of field-collected organisms used fc
testing. Deviations outside an established normal range may indicate a change in the condition of the test organism populatio
Results of reference-toxicity tests also enable interlaboratory comparisons of test organism sensitivity (USERA)1L.994a

11.16.2 Reference toxicants such as cadmium (available as cadmium chloride)(@d@per (available as copper sulfate
(CusQ), ammonia, and sodium dodecyl sulfide (SDS) are suitable for use. No one reference toxicant can be used to measure tt
condition of test organisms in respect to another toxicant with a different mode of action (Leg(17830 However, it may be
unrealistic to test more than one or two reference toxicants routinely.

11.16.3 Test conditions for conducting reference-toxicity tests witlabdita E.—seneillus estuarius L. plumulosus and &

washingtenianushave-been-suecessfully-usedR. abronius are outlined in Table 4.

11.16.4 Basedime on 96-h, water-only reference-toxicity tests #-A0ith neonateg24,-25). plumulosusone should expect
a mean LC50 value for cadmium of about 0.5 mg/L (range: O. 2 mq/L to 0.7 mg/L) and LC50 values for total ammonla
between 25 mg/L and 60 mg/L (DeWitt et al., 1997a-a i
theEast(7)). At 5%o0 , one should expect a mean LC50 value for cadm|um of about O 05 mg/L (ranqe O 01 mq/L to O 09
mg/L) and-Guf-Ceasts LC50 values for total ammonia between 37 mg/L and 53 mg/L (Emery et al., 1997 (8); Moore et al.,

1997 (26)—TFheirsand-burrowing-habitsavailability,ease). Kohn et al. 1994 (24) report 96-h LC50 vaIues for total ammonia

(mg/L) of-handling;—tolerance—to—a—wide—range—of—salinity 79 for R. abronius 126 (estimated) for E. estuarius and
y 50 foA. abdita Northwestern Aquatic Sciences (NAS) reports

temperature;—and-ecologicaHmportance-as-probablepre

an average total ammonia (mg/L) 96-h LC50 of-sherebirds 138 foE. estuariugn=>5), and-fishes mean (n=20) 96-h LC50
values for cadmium of 1.1 for(27#R. abronius 2.4 for make-them-good-candidates. estuarius and 0.55 fortest-speeies,
especialtyA. abdita The NAS laboratory also reports a mean (n=20) sodium dodecyl sulfate (SDS; mg/L) 48-h LC50 of 12.6
foreetuar’rne—areas

A. abdita All of ether-benthic-amphiped-species-have-been-used-suceessfully to testthetoxieity-of-marine and
estuaﬁﬁesedm%eﬂts—bﬁng—anwme%heds or NAS tests were conductethbaex8ept for the-same-method-deseribed-here-These

species—ineludeCoE. estuarepiucadmium test, which was conducted at%2 (Michele Redmond, Northwestern Aquatic
Sciences, Newport, OR, personal communication). MEC Analytical has observed 96-h LC50 values for cadmium (mg/L) of 0.75
for R. abronius 7.1 for €—spinicerneE. estuarius, 0.56 for A. abdita, ard-the-freshwateramphipods 3-9-ferHyalella aztecal.
plumulosus (David Moore, MEC Analytical, Carlsbad, CA, personal communication). DeWitt et al. ((®Pgevides additional
data on cadmlum reference toxrcrtv tests#eFPeﬁtepeferahoyrR abronlus E. estuarlus A. abdlta and L. pIumqusus
ity y 3 d to variol
Dect 0 variatiol
3 establishe
i organisr
est specie

; a such as
befo fesH i-routi ieity e : icity ing-w y eliminate
s : ; ; - H isti - ouldb tp-as in Sect

gbes rather
MmN or have
ent. Thu
entaminant
might not be

Ad A orean v
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Test Organisms
12.1 Quatity—Al-amphipeds-used-nLife History:
12.1.1 Ampelisca abdita— A. abditais atestmustbe-ofacceptable-guality-A-qualified tube-building amphiped-taxenemist must

be-eonsulted-to-ensure-that-the-animals inthe-testpopulatien-are all of family Ampeliscidae. It occurs-en-the-same species.

115 3-Amphipeds Atlantic coast from central Maine to central Florida, although it is also found-in-helding-eontainers should

be-checked-daily-before the-initiation eastern portion-ef-a-test-individualsthatemerge from the Gulf of Mexico (Bousfield, 1973
(171). On the Pacific coast, it is present in San Francisco Bay, CA (Nichols et al.(198% Hopkins, 1986(177)) They are

small (adult length 4 to 8 mm), laterally compressed amphipods. Healthy animals are opalescent pink-aned-appear dead or will
remain tightly curled, whereas unheakthy-should animals tendte-be-discarded—+-greaterthan 5 % translucent white, and may uncurl
(USEPA 199441)). Often dominant members of the-amphipeds-emerge benthic commAnafditaforms thick mats of tubes
with amphipod densities up to 110,00@/rand appre often a dominant food source for bottom-feeding fish (Richards(TB&R
The tubes are narrow and about 2 to 3 cm in length. A filter feédeabditafeeds on both particles in suspension and thyose from
surficial sediment surrounding the—48—h—preceding—the—test—the—entire—group—should-be—discardédnpilesca abditais
euryhaline, ang-ret-used has been reported in waters that range in salinity from fully marinesto(H@land, 1981(179)).
Laboratory tests have shown the-test.
115-2-Analysis salinity application range Af abditain sediments is from 0 to 3%. when the-test-organisms—forthe-test
material—+f salinity of overlying water is 28, (Weisberg et al. 1994180). This species generally inhabits sediments from fine
sand to mud and silt without shell fragments, although-it-might can alse-be-present found in relatively coarser sediments with a
sizeable finve component. It is often abundant in sediments with a high organic content. Analysis of historical data shows little
effect of sediment, grain size on survival Af abditaduring 10-dsediment toxicity tests (Long and-etherchemicalste-which
expesure-mighthave-eceurred, Buchman, 1@BP) ; Weisberg et al. 1992,180)). There is-desireable-Amphipods evidence that
sediments with >95 % sand may-be-used-witheut-analysis elicit excessive mortality (John Scott, personal communication in
USEPA 199441)). Ampelisca abditehave been collected at water temperatures ranging from -2 to 27°C (USEPA (19%4a
Reproduction patterns ef-chemicat-concentratior .ifabditavary geographically. In the-amphipods-are-obtaired-from colder
waters of its rangeA. abditaproduces two generations per year-an a over-wintering population-thatis-menitered-forchemical
contamination-{see-16.2) broods in the spring,-are-known a second that breeds in-wid—t0 be free late-summer (Mill811967
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). In warmer waters south eftexicants;-and-they Cape Hatteras, NC, breeding might be continuous throughout the year (Nelsol
1980(182)). Juveniles are h released after about two weeks-in-clean-uncentaminated water the brood pouch. Juveniles take abo
40 to 80 d to become breeding adults at 20°C (Mills, 1@831), Scott ane-f Redmond, 19892); Redmond et-acili. 1994183)).

12.1.2 Eohaustorius estuarius E—~A estuariusis a free-burrowing amphipod in the family Haustoriidae. It is found on
protected and semi-protected beaches from the lower intertidal to shallow subtidal waters exclusively on the Pacific coast fron
Brintish Columbia south to central California (Environment Canada, 1992JSEPA-USACE 200%2) ). They are stout (adult
size range 3 to >5 mm) cup- or bell-shaped; doursally compressed amphipods that are grayish-brown or yellowish-brown in colo
(Environment Canada, 1998)). Eohaustorius estuariugre thought to be deposit feeders. It is an estuarine species and has been
reported in areas where pore-water salinity ranges from 1 to 35 % (Environment Canadé5)1982EPA 199441) ; Michele
Redmond, Northwest Aquatic Sciences, Newport, OR; personal communication). Laboratory studies have shown a salinity
application range in control sediments forestuariusrom 0 to 34%. . Eohaustorius estuariuishabits clean, medium-fine sand
with some organic content. The species has exhibited acceptable (that is, >90 %) survival when exposed to clean sediments wi
a wide range of grain sizes, with generally little affect on survival whether coarse-grained or fine-grained (that is, predominantly
silt and clay) clean sediments are used (Environment Canada, (B99ZEnvironment Canada (1998.84) reported thatE.
estuariuscan tolerate up to 70 % clay in sediment toxicity tests. However, some correlation between survival and grain size exists
(DeWitt et al., 198911)). Eohaustorius estuariusas been collected from water temperatures from 0 to 23°C (USEPA-USACE
2001(2)). Eohaustorius estuariugpparently has an annual life cycle (Environment Canada, (®932DeWitt et al. 198911)).

Gravid females are abundant in intertidal sediments from February through July. However, reproduction might occur year-rounc

because juveniles are found throughout most of-the-experimentat-design-specificallyrequires use year (DeWitt ef(A1.)).1989
12.1.3 Leptocheirus plumulosus L. plumulosuds a burrow-building member efthat-pepuiation.

1153 Survival-ef-amphipods-in-control-sediment-during-the test family Aoridae. It is an infaunal amphipod-found icn subtidal
portions of Atlantic Coast brackish estuaries from Cape Cod, Massachusetts, to northern Florida (Bousfiglti7 9D@Witt

et al., 1992¢6)). It is common in protected embayments, but has been collected in channels of estuarine rivers at water depth:
up to 13 m (Shoemaker, 193269), Holland et al., 1988185), Schlekat et al., 199213)). In Chesapeake Bay, densitieslof
plumulosuscan reach 40,000/f(McGee 1998(172). L. plumulosuss a relatively large amphipod (adult length up to 13 mm)

with a cylindrically shaped body that is brownish-gray in color. A distinguishing feature is a series of dark bands or stripes that

cross the-health dorsal surface of-the-poputation pareons-and-otherfactors—H-amean-ofgreaterthan-10-%mertality occurs pleor

It feeds on particles that are in suspension and on-the-controls;-or-i-individuat-replicate-control-mortatity-values-exeeed 20 %, the
testmust sediment surface (DeWitt et al., 1982 Studies have shown thhat plumulosugpopulation abundance in Chesapeake

Bay is negatively correlated with sediment contamination (Holland et al., (1988, McGee and Fisher 199@2); McGee et al.
1999(41)). Thus, this amphipod would appear to-be-considered-nvalid.

1154 Reference—toxicants—might a good candidate te—be—useful-for-assessing—the quality an environmental Indicator.
plumulosusis found in both oligohaline anré-sensitivity mesohaline regions of east coast estuaries; ambient water salinity at
collection sites has ranged from 0 to ¥ (Holland et al., 198§185), DeWitt et al., 199246); Schlekat et al., 199213) ,
1994186)). Laboratory studies have demonstrated thaiiumulosuSZS d tes{—efgamsms—and can—be—empbyed—uﬁng%—h—texmlty
tests-withedt conducted at salinity values ranging from 1 te3%A2.4; Schlekat et al., 199A.3); DeWitt et al., 199246), 1997a
(7); Emery et al., 19978)). This amphipod is most often found in fine-grained sediment with a relatively high proportion of
particulate organic material, although it has been collected in fine sand with low organic content (Jordan and Su(tb88)1984
Holland et al., 1988185), Marsh and Tenor, 199089) DeWitt et al., 199246); Schlekat et al., 199213); 1994 (186) ).
Laboratory studies with.. plumulosusevealed no effect of sediment grain size on survival in control sediment containing 5 to
generate-LC50-vatues{see-11-1.4).

11541 Referencetoxicants 100 % silt-clay content (DeWitt et al., 198)jaHowever, Emery et al. (199¢8)) found
significantly reduced survival in sediments in which clay content exceeded 84 %. Populatibnglomulosuscan be—useful
seasonally ephemeral with major population growth-in-assessing fall and spring and large population declines in the summe
(Holland et al., 1984185), Marsh and Tenore, 199089} McGee, 1998172). This pattern appears to be driven by changes in
temperature and food availability and subsequent effects on life h|story tralts (Marsh and Tenor(e,smgﬂcGee 1998172))
Short-term population fluctuations are also a functi i al variation it
relatively short generation time (DeWitt et al., 19983). At 28°C m—sensm\ﬁty the Iaboratory, the age of the flrst brood release
is about 24 d (DeWitt et al., 19948)).

12.1.4 Rhepoxynius abroniuss a—field-collected—poputation—Sueh—assessment free-burrowing amphipod in _the family
Phoxocephalidae. It occurs on the Pacific Coast from Puget Sound, WA, to central California in lower intertidal and nearshore
subtidal zones to depths of 274 m offshore (Environment Canada,(5392mberson and Swartz, 198837), Kemp et al. 1985
(190) Barnard and Barnard, 198291)). Densities in the field are reported to range from 150 to Zzéﬂhamberson and Swartz,

1988 (187), Swartz et al. 198%10)). It is-usualy-conducted-simultanesusly a medium-sized (adult length from 3 to >5 mm)
amphipod with a stout, somewhat rounded body shape. Color may range from salmon pink to yellowish, grayish-brown to white
with a pinkish- brown hue (Environment Canada, 199P). Rhepoxynius abroniuis a meiofaunal predator, but it also ingests
sedimentary organic material (Oakden 198@)). In the-texicity-test-Many-chemieals fielR, abroniugs found where pore-water
salinity is no lower than 2860 (Environment Canada, 1998)). Laboratory tests have indicated that salinities belowas5nay
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be toxic toR. abroniugSwartz et al., 198510)). Rhepoxynius abroniushould thereforev normatualy not-bed chosen-as+eference

texieants the test species when the sediment pore water is <25 % (Swartz et a(1APSBSEP (199%192) outlines a procedure

for adjusting the pore-water salinity of samples with a salinity <25 % by adding appropriately saline overlying water to the test

chamber on the day before the start of the test, mixing sediment and overlying water, and allowing the material to settle overnight

under aeration. The resultant overlying water is either retained or about 75 % replaced with fresh dilution water at 28 % (PSEP

1995 (192)). While this manipulation should result in an acceptable salinity for tests Rithbronius the influence of this

manipulation on the bioavailability of contaminants in the sediment sample is unc&tspoxynius abroniusaturally inhabits

clean, fine, sandy sediments. A number of studies have shown some reduction in survival when this species is held in very

fine-grained (predominantly silt and clay) sediment (DeWitt et al., 988}, Long et al., 199(28), McLeay et al., 1991194)).

Nonarmally collected at temperatures ranging from 8 to 162Cabron|ushas—beeﬁ—p|=even survived at temperatures ranging from

0 to-be-areliable-indicator 20°C under laboratory conditions. Reproductien-ef-the-overal-quality-of-any-speeies-ertestresults. A

fe#efenee—te*tearﬂ abronluss—erPy—te—be—mefe—use#uJ—mmen—usedﬁ—eeﬁjtmetlon annual, w&h—tes%s—eﬁ—ﬂmeﬁals—t-hat—have the
giag e-the value o

ent, numbe
of procedul
ity-of sediment
2.4). Every

tesi—reqt&res—eﬁe—eﬁmefe—eeﬁfrel—trea%meﬂfs—(see—lz 2). peak product|on occurnnq from Iate winter throuqh sprlnq (Kemp et al.,
1985(190)).

12.2 Controls—EverySpecies Selection—All four species have been routinely used te-testrequires sediments-with-a control
treatment-eonsisting range-of-sediment-from-the-amphiped-colleetion site grain size characteristics and pore-water salinities.
Selection of one or more of the four spedcimes for a particular test/invest kigatien showuld take- into be consideration the
geoxgraphic locatio,n of the testing facility ane-within study area;-the-geochemicalregtirements pore-water salinity regime of the

fesi—speeres—(see—i@%)#he—same—wate&eeﬁdmens—pfeeedures study area;-and-organisms-are used-asin-the-othertest treatmer
exeeptthatnone grain size characteristics of-the-testmaterial sediment being tested. The species-that is added used should exhib

tolerance to the-centrol-sediment-erwater—Atdeast-fivelaberateryreplicates physicochemical properties-ef-the control every
sedimentshould-be included-in—altests—+regardless a particular study. Pore-water ammonia concentrations may also enter into

selection ofwhethertestsediments-arereplicated—Thisallows-ecomparisons one species over others because the four species exhik
differential sensitivity to aqueous ammonia. Most often it will not be necessary to discriminate-ameng-experiments the four species,
and-ameng-laberateries of the-validity-of-procedures-used-n-individual tests.

122 -n-addition decision to test one species above-the-standard-control—f-a-field-sediment-has-properties-sueh-as grain size

rest may be driven by practical or logistical concerns. For example, a testing facility may choose to primarily test one species with
a suitable local population in order to prevent potential complications associated with shipping. However, sediments may be
encountered with characteristics that-might-exceed are outside of the tolerance range of one or mere-ef-the-test-species, it is
desirable-to-include-nontoxicreference-sediment-controls species. For example, grain size limitafioadditaandR. abronius
are <10 % and >90 % fines, respectively. If these-characteristics—The-design-of-field-surveys—should-nclude-an-additional field
controHnvolving-five-replicate-samplesfrom-an-area species are exposed to sediments-thatis-free-from-sediment-contamination.
Fhis—provides—a—site-specific-basis—{for—eomparison exhibit textural characteristics outside—ef-petentially—texie—and- nontoxic
conditions,and-can-aceountfor these extremes, any mortatity-associated-exctusively-with-subjecting-the-organisms that is observed
could be due to-rennative-sediments—The-eoncentrations effeets-ef-ehemical grain size independent of contamirants should be
meastured-n-these-field-control-sediments-in-ordertojustify associated with-the-assumption-thatthey-are-contaminant-free (see
10-3).
H—E—E—H—aﬁy—sdvem—e%helethaﬂ—mm{eers—pfesent sedlment Amblgwty in |ntngretat|0n may be avoided by careful consideration
mbe tical to species-giventheregular control,
i i added sedimentto-this-treatment—the-test material

be tested Comparatlve |nformat|0nﬂs—a—mbew+e—fefmu+aaeﬁ—eeeemmeferal—predﬂet—none of available-fer-the-ingredients is
considered-a-solventunless-an-extraamountis used four species on sediment grain size sensitivity, salinity application ranges, anc

sensitivity to—pfepare—ﬂqe—s%eeieeek&reﬂ—(eee—]:e—éi 5) aqueous ammonla (sectlon A2 4)
12.3 Field v v ree-of Collection:
12.3.1 Field coIIect|on is presently qu—d15~‘cﬁbtrHeﬁ—ef—sedrn=reﬁHeX|C|ty most common method for obtaining estuarine or a
guantitativestatistical-eomparison marine amphipods for sediment testing. All four species are commonly collected, shipped, and
held in the laboratory; However, (USEPA-USACE 2(®)) recommends establishing laboratory cultures—ef-texicity—among

further
5 —Fb. ailuvmulosus(sectlon 12.5).
estenmi Apte-from each
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station. all four species. The—ack availability-ef+replication—precludes—statistical-comparisons,—but-samples—from-sites where
mortality-exceeds the-contrel-range-can appropriate size class for each species may vary seasonally. The collection site chos
should be-identified one ferfurtherstudy.

12-3-2—Fhe-object which the presence-ef-a-guantitative-statistical-comparisen-is-to-testfor-statistically-significant-differences in
effects-among-negative-controtorreference-sediments abundant organisms of the correctsize-andtestsedimentsfrom-several si
Replicates-{thatis;separate-samples-from-differentgrabstaken at age has been demonstrated previously, and identification of -
species has been confirmed taxonomically (for example, Bousfiteld, (1923 Barnard and Barnard, 198291). Collection

areas should be-taken-at-each-station-in-the-survey—The-number relatively-free-ofreplicates-needed-per station is contaminatic
Allindividuals in a-funetion-ofthe-need-for-sensitivity-orpower{see-12-3-6)-Separate-subsamples test must be from-the-same gra
source, because d|fferent populatrons may—beused exhrbrt drfferent sensrtrvrtres—te—test—ferewrthrn-grab—\fanabrhty—eespfﬂ samples

contamlnants The four species are found in distinctly different habitats (Table 6).
12.3.2 Specres specmc Habltat Charactenstr@Q—?rQ)

12 3 2. 1Ampe|rsca abdrtas found marnly |n—|=e+a&en—to protected areas from—the—beundary low intertidal zone to depths of a
y—Eomparisons 60 m. This species genera
|nhab|ts sedrments from flne sand to mud and silt Wlthout sheII fraqments although it canalse—be be made-feund-inbeth-space an
time—tn-pre-dredging-studies, relatively coarser sediments with-a-sampling-desigh-can-be-prepared-to-assess-the toxicity sizeal
fine component. This species is often abundant in sediments with a high organic content Aggregatiens-ef-samples—+representati
A. abditaare indicated by an abundance of tubes on-thepreject-area to sediment surface, location of whieh-ean-be-gredged. Su
facrlrtated by Iookrnq throuqhadeagn—mus&mefud&subsamﬁfmg—eefes—takerﬁe—the—prereet depth.
ft-might glass-bottom bucket. Although populations
may be—useful—te—eoneluct seasonally ephem@raabdltals routlnely coIIected year-round for toxicity-tests-with-dilutions testing
from subestuaries of Narragansett Bay, Rl and from San Francisco Bay, CA.
12.3.2.2 Eohaustorius estuarius found on protected and semi-protected beaches from mid-water level to shallow subtidal,
within the-field-sediment-mixed-with-controt-sediment—Concentrations—should upper 10 cm (Environment Canad&))1992
thaustorlus estuarlu&an be—e*preesed—as—pereent—dﬂuﬂons found—en—a—we{—werght—basrs—that—rs—wet welqht open coasts in bed:
of-field relg eriments
are freshwater streams rowmq |nto the—same—as—these—descrlbed ocean—and—HHrZ—A—ferLeﬂaeHaberatery—experlments
12-3:-5-Sediment-toxicity-surveys-are-usualy-part sand banks in estuaries, above the-level-ef-mere-comprehensive-analyses
biological-chemical-gestogical, other regional eohaustorids (E. sawyeri-and-hydrographic-conditions—A-useful-summary of field
sampling—design—is—presented-by-Green E. washingtonianus; Environment Canadd3@p®tatistical-correlation—ean—be
inereased-and-costsreducedifsubsam{@@sEohaustorius estuariushabits clean, medium-fine sand with some organic content
It is routinely collected for—sediment toxicity—tests;—geochemical—analyses,—and—benthic—community—structure—are taken
simultanesusly tests from Yaquina Bay OR and Beaver Creek near Newport, OR, and-en-the-same-grab-er-at-the-same statio
12:3-6—TFhepower west coast-ofthe-toxicity-test Vancouver Island, BC, Canada.
12.3.2.3 Leptocheirus plumulosus—a founcd in subtidal portions of Atlantic Coast brackisk e nstuaries. It is common in
protected embaymernts, but has been collected in chanrels-ef+eplicates-and-the number estuarine rivers up te-depths-of individu.
and-variability 13 m. It is most often found-inthe-respense-measure—On-the basis fine-grained sediment with a high proportior

TABLE 6 Comparison of Habitat Characteristics and Other Life History Parameters of four Estuarine or marine Amphipod Species
Used in Sediment Toxicity Tests (USEPA 1994a (1))

Criterion Ampelisca abdita Eohaustorius estuarius Leptocheirus plumulosus Rhepoxynius abronius
Substrate Relation Tube dwelling, closed and well developed”  Free burrowing® Tube dwelling, open and less developed”®  Free burrowing®
Zoogeography Atlantic-Gulf* Pacific®* Atlantic? Pacific®

San Francisco”&
Habitat Poly-upper mesohaline” Oligo-mesohaline®* Oligo-mesohaline” Polyhaline<¢
Life cycle 40 to 80 days” Annual® 30 to 40 days"”* Annual-
Availability Field or potential laboratory culture” Field® Field and laboratory culture">K Field®
Ecological importance  High High High’ High

A Bousfield, 1973 (171)

B DeWitt et al., 1089 (11)

€ Barnard and Barnard, 1982 (191)
P Nichols et al., 1985 (176)

E Hopkins, 1986 (177)

F Environment Canada, 1992 (5)
© Swartz et al., 1985 (10)

" Scott and Redmond, 1989 (12)
"DeWitt et al., 1992a (6)

7 Schlekat et al., 1992 (13)

K McGee et al., 1993 (19)

L Kemp et al., 1985 (190)
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of-histericat-contrel-data particulate organic material, although it has been collected in fine silty sand with some organic content.
12.3.2.4 Primary habitats &. abroniusnclude nearshore subtidal zones on the Pacific Ocean coastline, and sub- and intertidal
zones wrthrn polyhahne port|ons of estuarles in the Pacmc Northvlidm,ooxynlus abronluwrth—tﬁwe—rndepeﬁdeﬁt—repheates—per

; : : %), this
.............. o i i i ediments is

eﬂeﬂ—mueh—tesﬁhan—ks—thtﬁs—a—reasenalﬂe—tevel—ef—preu5|on naturaIIy |nhab|ts cIean f|ne sand It has been coHeeted for most

applications.

124-Laboratery-Experiments-Sediment use in toxicity tests from Lower Yaquina Bay, OR (Swartz et al. (B89, and West
Beach, Whidbey Island, WA (Ramsdell et al. 19895), Word et al. 198916)).

12.3.3 Collection Methods

12.3.3.1 Subtidal amphipods can-be-applied-in-the-taberatory-to-provide-information on collected-with-a-variety-efproblems
fetated—te—the—aetren—et—eentammams—m—sedﬂﬂem—?he test smaII dredqe or qrab (for example PONAR Smlth Mclntyre or Van
Veen). Intertidal populatlons can i1 e LC50 of
collected using-s and to asses:
the—e#eeee#eempteaﬁﬁaste—mee&wes—en—ﬂee%est—speeres—wwedlment

124 1-Anacute-test-used-to-caleulate-an-LC50 shovel-or-an-EC50-usually-consists-of-one-ormere-control-treatments and by
skimming the sediment surface with-a—geemetrie-series-of at long-handled, fine-mesh net. Atdeastfive—conecentrations of test

material—Exeept one-third more amphipods should be collected than are required-fer-the-eontrol(s) test.

12.3.3.2 All apparatus used for collecting, sieving,-anc-the-highest-conecentration,—each-conecentration transporting amphipods
and control site sedrment shouId—be—at—least—GO % cIean and made—ef—fhe—ne*t—hrgheeeﬁe—unless—rnfenﬂaﬁen—eeﬁcern|ng the

0 ion— y i pecies used for

A i e +A)y—enly that
eeneentration _any other toxic materials and should be stored separately frem—the—eentrets—are—neeessaw—'Fwe additional

concentrations-atabout-ene-half aforementioned. The containers-and-two-times-the-specific-coneentration-of-concern-are desirable
to-increase-confidence-intheresults.

12-4-3-An+E€ other collection apparatus should be cleaned and rinsed with deionized water, dechlorinated laboratory water,
reconstituted seawater,-o+-E€-near natural seawater from-the-extremes-oftoxicity;—sueh-as an LC5 collection-site-er an LC95
uncontaminated source before use.

12 3.3.3 To minimize stress, amphlpods sheutd ne%be—ealeelated—tmtess—aH&as%ene—eeneentraHe&ef—test—mateﬁal killed or

i 0 or EC is to handled carefully,
qently, and qwckly, and onIy when necessary Amphrpods can—be—ealeulated—'Fms—reqtﬂfement—mrght be met isolated from
coIIectron S|te sedlment usmq qentle srevutkunpellsca abditas except|onal |H—a—test requmnq V|q0rous srevmg—te—detememe an
i necessary
etheleways—et—pre\ﬁdmg—m#erma&eﬂ—eeneem g in uce—the—e*tremes—et—teaﬂetty are anlmals—te—repert—the—mgheet—eeﬁeentratlon
ent(s), or
Ieave their tubes Once S|eved attempts should be made to r keep amphlpods submersed in coIIectron site seawateteat the lowes

eeneentraﬂen—ef—test—matenal—that—ae&ralﬁ—kﬁed—er—aﬁected amb|ent coIIectlon temperature—at—alt—teet—efgantaﬂs—e*eosed to it.
ZFhese—alteHﬂra&ves tlmes Amphlpods that-a

nts can |n|ured sheu’:d—be—mdepeneleﬁtly assigned
{see—Gwde—E—?—ZQ)—'Fhus dlscarded Once separated from—the—test—ehamber—rs—the—e*peﬂmeﬂtal—tmrt—\M th respect sediment.
amphipods should not be exposed-te-factorsthatmightaffectresults-withintestchambers-and;therefore-the results direct sunlight.
12.3.3.4 The mesh size of thetestal-chambers in sieve will depend on the species collected. Sieves with 0.5-mm mesh should
be-treated-as-similary-as-possible—forexample-the-temperature-inaltestehambers used for sediment cordhititagnd
L. plumulosusLargerA. abdita which should not be-as-similar-aspessible-tunless used inr-thepurpose test, should be excluded
by sieving first with a 1.0-mm screen. When sieviagabdita only about half of the-testis-to-study-the-effectoftemperature. Test
ehambers—are—us&atly—arranged—n%eﬁe—e%mefeﬂﬂﬁs—ﬁeafments must amthpods—wHt—be—randeﬁﬂy—assrgﬁed—te—rndrwdual test
i at might extracted from their
tubes The tube mat should-be—a—rew—eea—reetangte)—rs—pre#erable placed undisturbed feﬁ@—te—a—eemptetety—randenmzed design
30 min toreduee coax the-probability-efchance-segregation-eftreatments remaining animals out. Sieves with 1.0-mm mesh should
be used fo2#E. estuariusand R. abronius
124 5—TFhe-minimum-desirable-rumber
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12.3.3.5 Collection-site water should be used to sieve sediment in the field. A 2-cm thick layer of sieved collection site sedimen
€ shamould be placed in transport containers;-and-erganisms-pertreatment this sediment covered with collection-site water. Detrit
and predators recovered by sieving should-be-caleulated-fapmeihoved, and the-expeeted-variance-withintest-chambars, (
collected amphipods should be gently washed inte-the-expected-variance-between-test-chambers—within—a_treatment, transpi

containers with collection site water.

12.3.3.6 The salinity and ( temperature of surface and bottom sea water at the collection site should be measured and records
An adequate portion of collection site sediment should be returned with the amphipods to serve as both laboratory holding
sediment or for use as control sediment in the toxicity test.

12.3.3.7 During transport to the laboratory, amphipods should be kept in sieved collection-site sediment at or below the
collection site temperature. Containers of amphipods and sediment should be transported to the laboratory in coolers with icepack
and the water in the containers of amphipods should be aerated if transport time exceeds 1 h.

12.3.3.8 An alternate collection method BreitherA. abdita involves transporting intact field-collected tubes te-the-maximum
aceeptable-width laboratory for isolation of amphipods. This method is advantageous because sepévatioditafrom its tubes
may be time-consuming when attempted in-the-eenfidenee—interval field, a practice which may be impractical in cold winter
months. Amphipod tubes are collected and placed on a 0.5-mm sieve. The sieve should be shaken vigorously to remove most
the sediment, leaving the intact tubes. The tubes should be placed into a covered bucket that contains a sufficient quantity ¢
collection site water to cover the collected material, and transported to the laboratory. In the laboratory, the tubes should be
removed from the collection buckets and placed on a sieve series consisting of a 2-mm mesh sieve over a 0.5-mm mesh siev
Amphipods should be forced from their tubes by spraying sea water on the material present on the 2-mm sieve. When all the tub
material has been sprayed, the 0.5-mm sieve should be shaken vigorously to separate amphipods from any material that is prese
The 0.5-mm sieve should then be completely submersed, at which point the amphipods will float on the water surface. The
amphipods should then be skimmed from the surface with a small aquarium net and transported to a container with sea water
the appropriate temperature. The shaking process should be continued until only a few amphipods remain in the sieve.

12.3.3.9 Leptocheirus plumulosusAlthough established cultures bf plumulosusare the recommended source of organisms
for new cultures, it is recognized that field collection of amphipods might be necessary to enhance genetic diversity of existing
cultures or to establish new cultures at a laboratory (USEPA-USACE 2P01The taxonomy of the organisms should be
confirmed before they are introduced into existing laboratory populations. New organisms should be carefully inspected, and a
other species of amphipods should be removed. The ability of a wild population of sexually reproducing organisms to crosshree
with existing laboratory populations &f plumulosusshould be confirmed through long-term culture maintenance (Duan et al.,
1997(173)). Collection areas should be relatively free of contamination. Field collectibn @fimulosusieonates for immediate
use in a chronic toxicity test is not recommended.

12.3.3.10L. plumulosus is subtidal and can be collected with a small dredge or grab (for example; LC50 Ponar,
Smith-Mclntyre, or-E€50) Van Veen). In very shallow water, sediment contaibhimumulosuscan be collected with a shovel
or scoop, or using a suction dredge (DeWitt et al., 19®824. L. plumulosusan be isolated easily from collection-site sediment
by gentle sieving. Ideally, amphipods will be separated into adults, subadult, and neonates. To reduce field processing time, 1.0-m
and 0.6-mm mesh sieves can be used to isolate adults and subadults with which to start a culture. Sediment passing through t
minimum-difference-that 0.6-mm sieve could be temporarily used for holding until further processing of the sediment is practical.
The final sieving of collection-site sediment through 0.25-mm mesh can be deferred until materials are returned to the laboratory

12.3.4 Life Stage and Size

12.3.4.1 The life stage for amphipods used in sediment toxicity tests will depend on the species testecdbdidnand L.
plumulosus sub-adult (immature) individuals should always-be d setlectable ud for testing. Theife cypcle of these species is
relatively short, so the likelihood of senescence and any effects that could be associated with reproductive development c
maturation are minimized if young individuals are selec{8@)Eohaustorius estuariuand R. abroniusare annual species with
longer life spans thanA. abditaand L. plumulosusAs Mature individuals can be used providing they are within therumber
recommended size range.

12.3.4.2 The size range of test animals should be kept to a minimum regardless of the chosen species. For all species, matt
female amphipods, which are distinguishable by the presence of embryos in the brood pouch or oviduct, should not be selecte
for testing. Additionally, mature mald. abditaandL. plumulosusshould not be used. Recommended size ranges for the four
species are as follows:

(1) Ampelisca abdita-3-to 5 mm; or those amphipods retained on a 0.71-mm sieve after passing through a 1.0-mm sieve. Adult
male animals should not be tested; they are active swimmers and die shortly after mating.

(2) Eohaustorius estuarius3-to 5 mm; or those amphipods retained on a 1.0-mm sieve. Large individuals (that is, >5 mm)
should not be tested because they might be senescent.

(3) Leptocheirus plumulosusFer 10-d toxicity testing: 2 to 4 mm; or those amphipods retained on a 0.5-mm sieve after
passing through a 0.71-mm sieve. See section 12.5 for methods to bbg@immulosudrom cultures to start a 28-d sediment
exposure.

(4yp Rhepoxynius abronius3+o 5 mm; or those amphipods retained on a 1.0-mm sieve. Large individuals (that is, >5 mm)
should not be tested because they might be senescent.
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12.3.5 Shipping Methods
12.3.5.1 All four speacies have been routinely s,hipped from the collection site to the laboratory for sediment toxicity testing.
Currently, shipping from the collection site is necessary for many testing laboratories because culture methods are not available
for all four species. It is important that shipping methods ensure that consistently healthy animals are used in successive toxicity
tests. Additionally, the amphipods that are received by a laboratory should meet the shipping acceptance criteria recommended for
each species. Shipping methods and acceptance criteria will vary depending on the species used.
12.3.5.2 Ampelisca abdita—Collected amphipods should be shipped within 24 h of collection. Acceptable methods are available
for shippingA. abditain sediment and in water. For shipping in sediment, small plastic “sandwich” containers (about 500 mL) with
sealable lids should be used. The containers are filled three-quarters full with a minimum depth-effreedem-increases, 2 cm of
sieved fine-grain collection-site sediment and-therefore, then to the top with well-aerated seawater. No more than 200 amphipods
should be added to each container. Amphipods should be allowed to burrow into the sediment and build tubes before the containers
are sealed. Containers should be sealed with lids under water to eliminate any air pockets. For shipping in water-only, scalable
plastic bags 60 (about 1 L) should be used. Amphipods in their tubes should be placed in bags and a sufficient amount of collection
site water should be added to keep-the-confidenee-interval on tubes moist. The air in the bag should be replaced with pure oxygen
before sealing, and then placed into a second bag. Bags should be placed in a container that has a layer of material (that is,
styrofoam or newspaper) sufficiently thick to prevent excessive movement over a layer of ice-packs. The shipping container should
bee marked to prevent it from being inverted.
12.3.5.3 Eohaustorius es,tuarius and Rhepoxynius abrorit8hipping methods for these organisms are essentially the same.
Small plastic “sandwich” containers (about 500 mL) with scalable lids should be used. The containers are filled three-quarters full
with sieved collection site sediment (fine sand) and then with a 1-cm layer of collection site sea water. Not more than 100
amphipods should then be added and allowed to burrow. After the animals have burrowed, the overlying water should be poured
off, but the sediment should be moist. The containers are then sealed and ready for shipment.
12.3.5.4 Leptocheirus plumulosus L. plumulosusshould be shipped in water only (USEPA-USACE 2(@Q)). Care should
be taken to select containers with-a-significanece-testinereases.
124-6-Mean-survival firm seal that is not easily broken-in-centrel-sediment must shipment. The containers are filled to the top
with well-aerated water. No more than 100 amphipods/L shoute-be 90 % added to each container. For shipping, sealable plastic
bags, cubitainers, and other sealable plastic containers can be used. The containers should be filled with well-aerated collection-site
water or-greater-A-difference-of-about-15-%between-mean-sdrvival culture water before they are sealed. The double packing bags
should be placed in a container that has a protective layer of material (that is, Styrofoam or newspaper) sufficiently thick to prevent
excessive movement with an under layer of ice packs. The shipping container should be marked to prevent it from being inverted.
12.3.6 Performance Criteria for Shipped Amphipods
12.3.6.1 The process of ensuring the availability of healthy amphipods on the day that-the-test-sediments-is-tustually significant
set up begins when-twhe animals arrive in the laboratory from the supplier. Although the ultimate performance criterion for
amphipods-are-inetuded utilized in sediment toxicity tests is achievement-ef-five—replicate-test-ehambers of >90 % survival in
controland-test sediment{see-16.5).
1247ts (Table A1.3 in Annex Al), it would be desirable-te—repeat assess-the-test-at-alater-time-to-obtain—nrformation

conecerning-the—reproducibility quality and acceptability each batch of shipped amphipods using-the results.
13—Proeedure

13-1-Dissolved-Oxygen-The—coneentration criteria that follow. For all four species, biological criteria should include an
exhibition of-disselved-oxygen{BO) active swimming behavior upon placement in water, full digestive tracts, and an acceptable

color. Ampelisca abditashould be opalescent pink, estuariusshould be grayish- or yellowish whité, plumulosusshould be
brown or orange-gray, anid. abroniusshould be salmon pink, grayish- or yellowish-brown, or white with a pinkish-brown hue.
Mortality among the-w shipped animals should not exceed 5 %. No sexually mature animals shovuld be included in shipments of
A. abditaor L. plyumulosusThe shipping containers should arrive intact, and the temperature of water or sedimentin the test
ehambers shipping containers should be between 4 and 10°C. Informationt on physical parameters of the collection site, including
at-or-near-saturation least temperature and salinity, should be provided-by-gently-aerating-the-water-{see-annexes). Air supplier.
Finally, a quantity of collection site sediment shoulde-bubbled into included as substratum for amphipods during the acclimation
period or for use as control sediment in the test. It may be desirable for the testing facility to stipulate these criteria to the supplier
when the animals are ordered. If these criteria are not met, the animals may have experienced stress during shipment, and >90 %
survival in control sediment may not be achieved.

12.4 Holding and Acclimation

12.4.1 Density—Amphipods should be held and acclimated (if necessary) in containers thatnceﬁta! to4-cm layer of
collection site sediment that-maintains has been sieved throgef but-€loes 0.5-mm mesh
screen. Amphipod density should retecause-turbulenee-erdisturb exceed 1 amph‘?pempmllsca abdltahat have been shipped
in their tube material in bags can be held under those conditions as long as aeration and food are supplied and the s temperatur
and salinity holding and acclimation procedures are followed.

12.4.2 Duration—Depending on-+ semperaturfe and salinity at the collection site, amphipods may have to be acclimated to test
conditions. Ifairflew necessary, changes in temperature or salinity to bring amphipods from the collection site conditions to the
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test conditions should be makde gradually (for exampte; s is ihould not exceed 3°CQ/anpkb 24 h). Once test conditions-arue
achieved, amphipods should be maintained at these conditions for at least two days before testing to allow for acclimation
Amphipods held for more than ten days should not be used for testing because they may not satisfy performance control criteriz
Temperature and salinity should be measured at least daily during the period when amphipods are being adjusted to the conditio
of the test water. Thereafter, temperature, salinity, pH, and DO should be measured-n-thebeakersto-determine-whether dissolv
exygen-concentrations-have-dropped-te-tessthan-60 % holding containers at least at the start and-end-of-saturation-see 15.2
432 the acclimation period, and preferably daily.
12.4. 3 Temperature—ZFhe—OverIylnq Water temperature—setected she&ld—be—wr%mn—the—nattrral-range—ef—tempera%ures—m the area
om-which-the-amphipod i i shewuld-not vary be changec
by more than 3° efrem per day durrnq acclrmatron to—the—selected test temperature a. Ondeethe-time-weighted-average measur
temperature-at-the-end-of-the test temperature is reached, amphipods sheutd-be-within 1°C maintained at that temperature fol
minimum of—the—seteeted—test—temperat&re—When 2 d. Awater bath, an mcubator or temperature requlated room can be used f
temperature iffer by me
than2°C.

43-3- acclimation.

12.4.4 Salinity—Fhe—water—-overlying—It is unlikely that eithek. abdita or R. abroniuswill require salinity acclimation
because the-test-sedimentin-sedimenttoxicity-tests must collection site salinity for these two species will likely be dwithin 3
of the-toleraneerange test salinity of 2& . Salinity of water used for temperature acclimation for these species, if necessary,
should be the-seleeted testspecies{see-annexes). salinity?ar .ZBhe target test salinity-of fdE. estuariusandL. plumulosus
is 20%o0 , and it is likely that the collection siter salinity will be considerably lower than this for both species. Upon arrival in the
laboratory, the water-eftestsedimentsfrom used to BoldstuariusaandL. plumulosushould be adjusted to 2. by adjusting
the-f salinity in the holding container at a rate that should not exce¥d fger 24 h. The amphipods should-be-adjusted;-because
stech-an-operation-might-change-the-toxicological-properties maintainedvat & 2 d before testing. A salinity of 5 or 2o
is recommended for routine application of 28-d test vitiplumulosugAnnex A2; USEPA-USACE 20012) ) and a salinity of
20%0 is recommended for routine application of the—sediment. The 10-d testBwidstuariusor L. plumulosusgAnnex Al).
However, the salinity of the-interstitial overlying water for tests with these two species can be adjusted to a specific salinity of
sediments—experimentally—spiked in interest (for example, salinity representative of site of interest-er—the—abeoratory with
eontaminants objective of the study may-be-adjusted-prierte-spiking.

133 HHtest-sediments—are—collected—{romtow-salinity—areas, evaluate the influence of salinity on the bioavailability of
chemicals sediment). Importantly, the-everlying-water in salinity tested must be within the tolerance range of the test organism:

(as outlined in Annex A1 and Annex A2). If tests are conducted-witha procedures different from those described section 1.3 or in
Table Al.1 (for example, different salinity, lighting, temperature, feeding conditions), additional tests are required to determine
comparability of results (section 1.10).

12.4.5 Lighting—Lighting should be-appreximately constant and continuous throughout the holding and acclimation period for
10-d tests, all species exceptabditarequire a 16:8 L:D photoperiod to promote feeding. Fluorescent lights should be used, and
they should provide from 500 to 1000 lux at the surface of the sediment in holding containers.

12.4.6 Water.

12.4.6.1 Provided that it is acceptable to the test organisms, either an uncontaminated supply of natural sea water c
reconstituted sea water can be used for holding and acclimation (section 7.1). At a minimum, healthy amphipods should exhibi
acceptable survival in holding water, and should not exhibit srqns of stress steh as the unusual behavror or changes in appearan

12.4.6.2 If natural sea water-abeve-the-sediment-at-the-collection-site—Depending $ mental design,-is-used, it migh
should be-desirable-to-use-water obtarned from an uncontammated area known to support a healthy, reproducing population of t
sediment—eellection—site, test species or comparatively sensitive species. Reconstituted sea water is_prepared by addil
commercially available sea salts-te-adjust water from a suitable source, in quantities sufficient to provide the desired salinity.
Pre-formulated brine (for example, 60 to 90 %) prepared with dry ocean salts or heat- concentrated natural sea water can also
used. To obtain the desired holding or acclimation salinity, sea salts or brine can be added to a suitable fresh water, natural estuari
water, or the-eellection-site-salinity-{see—+.3).

1—3—4—|:rght—FeteseeLmeth—te*rerty laboratory’s sea water supply. The swtabllrty and consistency of a partlcular salt formulation

unwalnted toxic effects or sequester contampinants (Environment Canada(,51998econstltuted water should be ipntensively
aerated for two weeks before use (Environment Canada, (®92section 7.1). Suitable sources of water used for preparing
reconstituted-s,ea water include deionized water or an uncontaminated natural surface water or ground water. Chlorinated wat
must never be used because residual chlorine and chlorine-produced oxidants-are-tusualty-left-on-continuoushy—Fhe-constant lig
ereases highly toxic to many aquatic animals. Dechlorinated municipal drinking water should be used only as a last resor
because dechlorination is often incomplete.

12.4.6.3 Assessments of thetendency quality of the water used for holding and acclimation and for preparing reconstituted se
water should be performed as frequently as required to re document acceptability {section bu 7.1). Analyses of variables includin
salinithy, temperature, suspended -solimds, pH, DO, total dissolved gasses, ammonia, nitrite, pesticides, and metals a
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recommended Sea water used for holqu and accllmatlnq amphlpods should be filtered (<5 um) shortly befere-use to remain
d might remove suspended particles and organisms and shoul

be—des*ed—(eee—aﬁne*es)

135~ aerated for a two weeks before use (section 7.1).

12.4.6.4 Feeding—tnfaunatamphipods-do-notAmpelisca abditandL. plumulosusequire supplementaryl feeding during-the
16-day holding or acclimation for 10-d toxicity-test—Supplementat-feeding-might tests conducted with field-collected organisms.
Ampelisca abditashould have food available daily, wherdasplumulosusshould be fed every other dafmpelisca abditaan
be supplied with an algal ration consisting BSeudoisochrysis paradoxar Phaeodactylum tricomuturthat is provided in
conjunction with sea water renewal. Some laboratories have reported success in pravatimtitaenriched dried algal material
(Docosa Gold and Golden Shell algal-based natural feed supplements (Sanders Brine Shrimp Company, Ogden, Utah)) slurried in
seawater (Michele Redmond, Northwestern Aquatic Sciences, Newport, OR; personal communication). Other diets can be used
provided the diet has been demonstrated to support acceptable organismsforlonger-tests (see testing (Table A2:3-rr Annex A3).

13-6-Beginning A2). See Stein (19{P6)) for procedures to culture algae. After 75 % of the overlying water has been removed,
each holding container should be renewed with sea water at the appropriate salinity that contains algae at a concentration of at
least 1 10° cells/mL. Leptocheirus plumulosus should also be provided with dry food ration, consisting at a minimum of finely
powdered Tetramarirfe(formerly called TetraMif). It may be desirable to grind the dry food in a blender. Each container should
receive about 0.4 g dry food/350 amphipods. Eohaustorius estuarius and R. abronius will utilize organic material in the holding
sediment as food and do not require supplemental feeding.

12.4.6.5 Acceptability of Animals-Amphipods counted into the holding or acclimation chambers should be active and appear
healthy. Any individuals that fail to burrow or fail to make tubes (tha#isabditg in holding sediment or that appear unhealthy
during the holding or acclimation period should be discarded. Apparently dead individuals should also be discarded. If greater than
10 % of the amphipods emerge or appear unhealthy during the 48 h preceding the test, the entire group should be discarded anc
not used in the test. Additionally, the group should be discarded if more than 10 % of the amphipods die or become inactive during
the holding period before testing.

12.5 Culture Procedure for Leptocheirus plumulosus

12.5.1 General Culturing Procedures

12.5.1.1 Acceptability of a culturing procedure is based in part on performance of organisms in culture and in the sediment test
(Tableg A2.3 in Annex A2). No-s-wingle technique for culturing test organisms is required. What may work well for one laboratory
may not work as well for another laboratory. Although a variety of culturing procedures-are-first placed outlined below for
plumulosus organisms must meet the test acceptability requirements listed in Table A2.3 of Annex A2.

12.5.1.2 All organisms in a test-chambers—containing-test-material.

13:6-:2-0n _must be from the d same source. Organisms may be obtained from laboratory cultures or from commercial or
government sources; a partial list sources is provided in Table 5. The-testbegins;-eachtestsediment sample organism used shoul
be-thereughly-hemogenized-within-ts-storage-container, and identified using-an-aliquotadded-to-atestchamberto-a-depth specific

for appropriate taxonomic key, and verification should be documented.

125.1.3 Obtalnlnq organisms from wild populations should be avoided unless organisms are cultured through several
generations in the-test-species{see-annexes). laboratory before use in testing. In additien, the case-ability-ofreplicate sedimen
samples—t-might-be-desirable-to-calculate-the-net-weight wild population of sexually reproducing organisms to crossbreed with
the existing laboratory population should be determined (Duan et al., (19%8).

12.5.1.4 Test organisms obtained from commercial sources should be shipped in well-oxygenated water without sediment
neeessary in insulated containers—te-make-a-layer maintain temperature during shipment. Temperature, salinity and DO of the
desired-depth water in the-first-ehamber, shipping containers should be measured at the time of shipmentand then add on arrival
to determine if the s organisms might have been subject wed to low DO, salinity change, or temperature and salinity fluctuations.
The temperature and salinity-ef-sediment the shipped water should be gradually adjusted to the desired culture temperature anc
salinity at rates neth exceeding 3°C o#& per 24 h.

12.5.2 The culturing method below is based on procedures described in DeWitt et al. (IPR7aperiodic-renewal culture
s-wystem is used. It consists of culture bins that contain aerated water-over-a-treatment—TFhe-same-proecedure might thin (about 1
cm) layer of clean, fine-grained sediment in which the amphipods burrow. Culturing areas mustbe applied separate from testing
areas te-contrel-sediments;—measdring avoid exposing-the—reguired-weight cultures to contaminantd.. Bédonelosusare
received at a testing facility, appropriate permits or approvalsferreplicates import-ef-each-treatment-separatety,-because different
sediments-might-have-different-densities—Treatments live organisms sheuld-be-randemby-assigned-to-prenumbered-test chambers
#t obtained, if necessary. If culturing-is-desirablete-take-subsamples-of-the-test-sedimentfor-geochemical-analyses as the test

ehambers occur in an area whéregplumulosusire-teaded-—+-erseme-experimental-designsitmight not indigenous to local waters,
precautions should be-desirable taken-te-testintact-cores.

13-6-3—TFhe-sediment-within prevent release of living organisms te-the-testehamber outside environment (section 10.5.15). Test
animals should be-settled-by-tapping destroyed at the end of toxicity test c.
12.5.3 Starting a Culture—Amphipods for starting a laboratory culture lof plumulosusshould be obtained from-aga source
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with an established culture in which the species has been verified (see Table 5 for commercial solrcphimiulosus
Alternatively, L. plumulosuscan be obtained from field populations (section 12.3). Upon receipt of amphipods, the temperature
and salinity of the water in shipping container(s) should be gradually adjusted to 20°C and desired culture salinity, at rates no
exceeding 3°C erby-smoothing?3o. per 24-h period. Feeding and regular maintenance should begin once the acclimation period
is_ complete. Separate organisms into three size classes by gentle sieving: adults (retained on 1.0-mm mesh), subadults (p:
through 1.0-mm mesh and retained on 0.6-mm mesh), and neonates (pass through 0.6-mm mesh and rfetained on 0.25-mm me:
Seed each culture b|n Wlth about equal numbers of adults subadults and neonates to achieve—a—mylen—fluorocarbon,
-6~ heeting population density between
0 25/cn‘? to 0. 35/cn? (2500 to 3500/rﬁ) Select onIy act|vely movmq healthy Iookmq organisms. Cultures should not be stocked
at densities greater than 0.5/énf5000/nt). See section 12.5.13.3 for guidance on maintaining culture densities. Field-collected
organisms should be added periodically to-the-inside-diameter culture population to maintain genetic diversity of the cultured
amphipods.

12.5.4 Culture Bins—Culture bins should be easy to maintain. Plastic wash tubs (about 35 by 30 by 15 cm) have been used
successfully by several laboratories (DeWitt et al., 1968 They are relatively light when filled with water and-attached
sediment, broad enough-te-atength allow for easy viewing-efraytenmenrefilament amphipod burrows, easily cleaned, inexpensive
and readily available. A wide variety of containers and materials may work just as welferremeval, can culturing this species. New
plasticware should be-placed on soaked in running water for several days before use-in-the-sediment surface-eultures-to minimi:

sediment-disruption-as-prepared-toxieity-test sea leach out potentially toxic compounds. Previously used culture bins usually ca
be satisfactorily cleaned using hot water+is—added-up to and a scrub brush or pad, witheut-the-desired level use of a chemic

cleanser. Culture bins should not be washed with soap or detergent exeeptin-the-test-chambers{see-annexes). The disk extre
conditions. If such a cleaning is deemed necessary, culture bins sheuldbe+remeved and rinsed and soaked thoroughly after clean
to remove residual cleanser.

12.5.5 Culture Sedimenrt-Cultures should be established with-sea—water-between—+eplicates a thin layer (1 to 1.5 cm) of
sediment spread on the bottom ef-a-treatment—and-a-separate-disk should culture bin. Sediment used for culture purposes can
the same as the control sediment used in sediment toxicity tests. Suitable sources for culture sediment include the amphipc
collection site or an area adjacent to salt marsh vegetation. Culture sediment should be uncontaminated, organic-rich, fine-grain
marine or estuarine sediment that is not anoxic.-Fhe-test-chambers organic carbon content (% TOE)-sheouldthen-be-covered,

m—ﬁumeﬁeakefdeemteﬁemperature—eerﬁe%dwateﬁbath range between 1.5-%-and-aerated-overnight—4-%-The system sedime
should beeft-evernight press-sieved through a 0.25-mm screen before-use-to-allew-suspended-particles to settle f: to settle facilitate tt
harvesting of neonates and-an-eguilibritim to removal of indigenous macroinvertebrates. Culture sediment can-atse-be establish
between wet sieved. Wet-sieving involves agitating or swirling the sieve containing sedimentane-overlying-in-water before so tha
particles smaller than the-amphipods selected mesh size-are-added.

13-6-4f washed through the-experimental-designr-reguires-meonitoring sieve into a container. The sieve may be placed on
mechanical shaker, or the sediments on the screen can be stirred with a nylon brush to facilitate the process. Alternatively, th
particles may be washed through the sieve with a small volume of running water. Culture sedimentehemistry-(forexample, metals
total-velatite—selids,—pH,—Eh,—ete.), can also be frozen (>48 h) to provide additionat-test-chambers with assurance that viable
macroinvertebrates are not present. Frozen sedimentand-amphipods should be homogenized after thawing and before use. Cult
sediment can be stored frozen-fer-this-purpese—Menitering the about 1 year.

12.5.6 Culture Water—Culture water used for holding and acclimating test organisms and for conducting toxicity tests should
be of uniform quality and from the same source. See section 7.1 for acceptable sources of water. Cultupashuilosusare
usually maintained at a salinity of eithe®o or 20%. . Culture salinity will depend on the anticipated pore-water salinity of test
sediment and desired overlying water{fer-BOpH;-orforcertain-chemicals) salinity to be used inthetest-ehambers (Table A2.1
in Annex A2). Alternatively, the salinity of the overlying water can-be-aceomplished-witheut-disturbing adjusted to a selected target
salinity (for example, one representative of the salinity redgime at the site of interest; section 1.4). To obtain these salinity values
natural or reconstituted seawater should be d|Iuted with nonchlorrnated welI water, deionized water, Or reverse- 0sSmosis wate
Seawater and-may dilution water should-be-done-inthe-testchambers-containing-the testamphiped emperature can filtered (
um). Water that might be-meastred contaminated with Jgathoqermﬁs shomuld be treated shortly before use by filtration (<0.45 pm
either alone or in-a-simutated-test-beakercontaining-water combination with ultraviolet sterilization. DO, salirity;—and control
sediment-but-no-amphipeds—f-mere-than-one pH should be checked before the-water bath-is-used-te-contain-the-test chambe
in cultures. Batches of salinity-adjusted culture water can be held for about 1 week;-a-separate lower holding temperature (<20°C
helps maintain acceptable wakter quality. Water depth in culture bins shoutd-be-ineluded in each at least 10 cm. Aeration, provide
through an air stone or pipette, should be moderate and constant, but not so vigorous as to resuspend sediment. Overlying wa
bath—{see-13-93).

13-6-5-TFhe-toxicity-test should be replaced the day after a new culture-is-nitiated{(Bay-0)-whenr-amphipeds-are-distributed
established; thereafter, it should be renewed two or three times per week.

12.5.7 Temperature and PhotoperiegCultures should be maintained at 20 to 25°C. The reproductive rdte mifimulosus
inchreases at temperatures great cer than 20°C, necessitating mbore fr. lequent culture thinning. Higher temperatures also c
promote unwanted growth of nuisance organisms (such as nematodes, small worms, copepods). Temperatures below 20°C may
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p foster suffiblciently prolific reproductisve rates. Fluorescent libughts should be-on am 16 h8iglilark photoperiod at a light
intensity of 500 to 1000 lux. An efficient procedure iste-alHtestchambers maintain long-term cultures at 20°C, and increase culture
temperature to about 25°C a few weeks in advance of testing.

12.5.8 Food and Feeding-This method recommends the saimplest effectimve, diet for routine ude fdlumulosusculture
by providing finely milled Tetramarirfetwo or three times per week. Tetramarinis a dry fish food (flake or powder) widely
available in rectail pet stores. The food is prepared by milling, grinding, or chopping the flakes—to select a fine powder. A small
flour mill, blender, or coffee grinder is useful for this. Ground powder is then sifted through a 0.25-mm mesh screen, retaining and
using only the material that passes through the sieve. Use-ef-test-chambers{usually 10 a respirator or fume hood will minimize
aspiration of dust. When establishing a new culture bin, do not add food fer-3-te-15)te-be-processed-togethertireatments 4 days
after amphipods are-replicated;-eachtreatment-including-controls,-should-berepresented placed-n-each-set-eftest chambers ne
sediment. This will encourage the organisms-to-be-processed-together—ttreatments-are-notreplicated, selection consume labile

organic matter in sediment and to turn over the sediment by burrowing and feeding.

12.5.8.1 Culture bins should be—+random.

13-6-6-A-sufficient-number provided with food in conjunction with water renewal. Two or three times a week, about 60 % of
amphipeds culture water should be removed from each culture bin (by decanting, siphoning, or pumping) and replaced with the
holdingfacility-at-one-time-toprevide same volume of renewal water. Each culture bin is provided with-abeut-erne-third more
amphipotds-than-areneeded-for-one set 0.4-g-oftest-chambers—This—allews—selection dry food sprinkled evenly over the water
surface, or as a slurry in culture water two or three times per week (for example, Monday-Wednesday-Friday or Monday-
Thursday). The amount of dry food added will depend on the density of each cukure bivn. Ne;wly stapparted culture bins should
receive slightly-h less food (for example, 0.3 g) thyan bins containing mature cultures. Excess food can decompose-encouragivng
microbial and fungal growth on the-s. Bediment surface deteriorating water quality.

12.5.8.2 Some laboratories have experienced success in culturiplgmulosuswhen other food is provided (that is, live
microalgae or a mixed dried food; DeWitt et al., 19983). Maodifications to the diet can be used by laboratories in order to
optimize culture practices as long as performance criteria are satisfied (Table A2.3 in Annex A2).

12.5.8.3 One feeding alternativem is-tov supply renewal water consisting of seawater, cultured phytoplankton, and deionized
water combined to the-temperature proper salinity and adjusted to an algal density of aboeitsI®L (DeWitt et al. 199246)

). Proportions will vary depending upon the salinity of the seawater and the density of the cultured phytoplankton. Live algae also
can be used periodically to supplement a routine supply of dry food. The algae used can include a single or multiple species (for
example Pseudoisochrysis paradoxBhaeodactylum tricornutupisochrysis galbanaChaetoceros calcitransSkeletonema sp
Dunalicella tertiolecta and/orThallasiosirus spp. Other algal species might be used if it can be demonstrated that they foster
amphipod growth and reproductive rates equal to those of the aforementioned food alternatives. A mixture of algal species is
recommended, if live algae is included in the-helding-containers diet.

12.5.9 Culture Maintenance-Cultures should be observecd daily to ensure that temperature is acceptable and aeration is
adequate in all culture bins—Am Inspection for the presence of oligochaetes, polychaetes, copepods, infaunal sea anemones, o
chironomids should be conducted weekly. The presience of excessive densities of these or other competing or predatory organism:
should prompt renewal of culture sediment after separdtiljumulosusrom the-helding-sediment invasive organisms. During
routine maintenance, cultures should be inspected for the presence of microbiatand-transferred to fungal build-up on the sediment
surface. This build-up appears as-a-—sotting-tray-containing-water white or gray growth that may originate near uneaten food.
Presence of microbial build-up may indicate that more food is being provided than is required by the amphipolds-—No addingtional
food should bem provided to culture bins with surficial microbial build-up until the build-up is no longer present. Sieving of
sediment and s renewal of culture bins can expedite removal of decaying material. Th

12.5.9.1 Healthoy cultures are characterized by an abundance of burrow-openings on the sedimentmay be saved surface an
returaed turbid water from amphipod activity. Although amphipods may leave their burrews-te-the-helding-centainers search for
use-asreburiat-sediment at food or mates, they will ordinarily remain in their burrows durirg-the-termination illuminated portion
of the photoperiod. Amphipod density should therefore only be estimated by examining the number of burrow openings. An
abundance of organisms on the sedivme,nt surface (for example;>15 paer culture bin) could indicate inadequate sediment quality
h, low DO concentrations, or overcrowding. A culture bin withy an abundance of amphipods or unhealthy individuals on the
sediment surface should -be-impartially—seleeted-from examined closely, and the DO concentration should be measured in the

verlylng_ater If the DO concentﬂcaynon is below 60 % saturation (<4.4 mg/L), the culture bin should be sieved;-and-sequentially
mL the population and culture sediment examined. If the population is too
dense (that is, >1.5/c), the culture should be thinned. If the sediment becomes an unacceptable habitat because it is anaerobic
or black and sulphidic below the sediment surface, or contains an excess of competitive or predatory organisms, the healthy
surviving amphipods should be placed in a new culture bin with newly prepared culture sediment.

12.5.9.2 Water temperature and DO shoxuld be measured in culture bins on a regular basis, about every week. Cultures should
be continuously aerated. Salinity should be measured after-water until renewal. Ammonia and pH in overlying water should be
measured with each new batch of sediment before organisms are added.

12.5.9.3 Renewal of Cultures- L. plumulosuscan be prolific, and care should be taken to ensure that culture bins do not get
overcrowded. Amphipods in overcrowded culture bins can be stressed because of food and space limitations, eausirg-the requirec
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number{usually-20:-see-annexes) fecundity-of-ndividuals—The-rumber females to drop below five eggs/brood/female and th

abundance of neonates and subadults to decline dramatically. Culture density should not exceed 1.5 amphipuhstwuld
ideally be maintained at about 0.5 amphipodsfcr typical indication of overcrowding is a fairly uniform size distribution of
amphipods (mostly small adults) and the presence of only two to four eggs in the brood pouches of gravid females. If sedimen
is not replaced occasionally, the cultures may become infested with undesirable species, such as worms or copepods. These “pe:
may compete for food, bind sediment as fecal pellets, or produce mucus, thereby reducing culture productivity or increasing th
effort required to harvest amphipods. Field-collected organisms should be added to the culture population periodically (abou
annually) in order to maintain genetic diversity of the culture organisms.

12.5.9.4 To avoid overcrowding, cultures should be thinned every 6 to 8 weeks-by—+eeeunting—them into sieving through a
separate-dish-containing-toxicity-test-water.

13-6-7+Amphipeds 0.25-mm mesh screen to remove sediment. Sediment can be used for a total of 2 to 4 months before it shou
be replaced. Discard old sediment, prepare new culture bins and sediment, and restock each bin.

12.5.10 Obtaining Leptocheirus plumulosus for a 10- and 28-d :Test

12.5.10.1 The cultures usually can be harvested about4-te-testchambers-witheut-disruption 5 weeks after initiation or up unti
the cultures are thinned and renewed (6 to 8 weeks after initiation). Neonates used for testing may be selected on the basis of si
or age. For size-selected neonates, the contents of cultured bins are gently sieved through 0.60-mm and 0.25-mm screens. Nec
bes used for testing in 28-d tests may p be selected on the basis of size or age. For size selected organisms, animals passing thro
a-6-mit-nylon—THE-flueroearben, 0.6 6r p 0.5 mm sieve onto a 0.25 mm mesh are used for testing and inrdividualy neonates
typically have a dry weight of about 0.03 mg to 0.06 mg and body length of about 1.3 mm to 1.7 mm. In canipasfulosus
used in the 10-d teskt are those that pass through a 0.71 mm sieve on to a 0.5 mm sieve. Culture bins of about 35 by 30 cm typical
produce at least 300 to 400 neonates with a healthy culture. Selecting neonates for testing based on size is the preferred opti
for method comparability. For age-selected neonates, gravid females are isolated frons &Guliupefore test initiation. Gravid
females are placed in separate culture bins with sediment and are fed. Two days before test initiation, these females are th
transferred to bins containing only water-surface, (for example, at 25°C adob 20%0 %). On the day of test initiation, the
contents of these bins are gently passed through a 1-mm screen on which adults are retained. Neonates that pass through this sci
are transferred to a shallow glass container for sorting. Special care should be taken to ensure that the neonates are handled ger
selecting and transferring them with wide-bore pipits only, and maintaining the water temperature and salinity within
recommended test conditions.

12.5.10.2 About one-third more amphipods than are needed for the test should be sieved from the sediment and transferred
a sorting-dish-over tray. The additional organisms allow for the selection of healthy, active individualsk. Organisms not used in
toxicity tests can be used to establish new cultures.

12.5.10.3 Amphipods placed in the-test-chamber: Any holding bins should be active and healthy. Sluggish or apparently dea
individuals should be discarded. If greater than 10 % of the amphipeds+emaining in the holding bins appear unhealthy or are dez
during 48 h preceding the test, the entire group should-be-gently-washed-into the discarded and not used in tests.

12.5.11 Minimization of Risk of Release of Nonindigenous Organisms

12.5.11.1 If test-ehamber—Fhe amphipods are not endemic to the local estuarine environment, containment -ang-water leve
treatment procedures should-be-brought up implemented to minimize the chance of accidental release of organisms or pathoge
to local watevrs. Thel same precautions might also be required if the culture populatioplomulosuss not derived from local
sources. Some local or state authorities might require special permits and procedures to allow receipt and culturing o
nonindigenous species. All test-chamber, animals should be destroyed-atthe-disk-removed, end of toxicity tests. Culturing an
holding of the-ehamber+eptaced amphipods should only occur in specially designated laboratory areas, separate from those us
to hold, culture, or experiment with native species. These areas should have no access to drains leading directly to local surfa
waters. Handling of nonindigenous species should be limited to trained and authorized personnel. The amphipods should k
cultured in a static-renewal manner to minimize the amount of water-bath;-covered, that needs to be treated. Any seawater remov
from culture bins should be treated with chlorine bleach or ozonation to kill any escaping organisms and pathogens. All equipmen
used to culture or handle the amphipods should be cleaned thoroughly. Any excess or dead amphipeds-that-de-retbury within tr

xes) shoute-beremoved placed in bleach or treated by ozonation or heat Killed (boilir

water) to ensure they are killed before disposal as sanitary waste.

13. Calculation

13.1 Data Recording

13.1.1 Quality assurance project plans with data quality objectives and standard operating procedures should be develop
before starting a test. Procedures should be developed by each laboratory to verify and archive data (USERA6DY94e,

13:71.2-DA file shourld be maintained for each sediment test or group-of-Fest—The tests on closely related samples (Sectio
11). This file should contain a record of the sample chain-of-custody; a copy of the sample log sheet; the original bench sheets fc
the test-b organism responses during the sediment-tes wt(s); chemical analysis data on the sample(s); control data sheets
reference toxipcants; detailed records of the test organisms used in the test(s), such as species, source, age, ddate of receipt,
other pertinent information relatlng to their history and health; information on the calibration of equipment and instruments; test

chambers-containing-testsediment-Amphipods conditions used; and results of reference-toxicant tests. Original data sheets sho
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be signed and dated by the laboratory personnel performing the tests. A record of the electronic files of data should also be included
in the file.

13.2 Data Analysis

13.2.1 Statistical methods are used to make inferences about populations, based on samples from those populations. In mos
sediment tests, test organisms are exposed to chemicals in sediment to estimate the t response of the population of laboraton
organisms. The organism response to these sediments is usually compared with the response to a control or reference sedimen
In any sediment test, summary statistics such as means and standard errorsforten-days—There-are-no-observed-substantial effec
response variables (for example, survival, chemical concentrations in tissue) should be provided for each treatment (for example,
pore-water concentration, sediment concentration). See Section 14 of Test Method E 1706 and Guide E 1847 provide specific
guidance on statistical analyses of data from sediment tests. Specifically, Test Method E 1706 provides guidance on the following:
(1) experimental design (including replication, minimum detectable differences, randomization, pseudoreplication, compositing of
samples) and2) Statistical analysis of data (including hypothesis testing (for example, Analysis of variance) and regression
analysis (for example, Effect concentrations (ECx) and Inhibition concentrations (ICx)).

13.2.2 Types of Data—Two types of data can be obtained from sediment tests. The most common endpoint in toxicity testing
is mortality, which is a dichotomous -er 0 eathegorical type of dabta. Other endpoints might include growth and reproductiorn.
These types of endpoints are representative of continuous data.

13.2.3 Sediment Testing Scenaresediment tests are conducted to determine whether contaminants in sediment are harmful
to benthic organisms. Sediment tests are commonly used in studies desigfigewaluate hazards-eftime dredged matefi2),
assess site contamlnatlon in the environment (for example, to rank areas for cleanl@)—hmt*pesure-pened determlne effects
ofHess-than—ten—days-is—hot-generally-recommended—Experimen d-field-sedimen wir that many
amphrpeds—emefge—#em specrflc contamlnants or comblnatlons of contamlnants throuqh the use of sedlment spiking techniques.
Each of these broad study designs has specific statistical design and analytical considerations, which-are-alive but unable describe
as follows.

13.2.3.1 Dredged Material Hazard Evaluaties In these studies, n (number) sites are compared individuaty-te-rebury after
four-daysbut-mostof a reference sediment. The statistical procedures appropriate ferthese-amphipods studies-are-dead after te
days generally pairwise comparisons. Additional information on toxicity testing-ef-exposure dredged material and analysis of data
from dredged material hazard evaluations is availablg8iii4, 115, 116)For-seme-experimentat-designs,—sueh-as-ecomparison

13.2.3.2 Site Assessment-of-a-96-h-LC50-between-species Field Contamin&iokeys of sediment toxicity are often included
in-the-presenee-er-absence more comprehensive analyses-efsediment,-otherexpoesure periods biological, chemical, geological, an
hydrographic data. Statistical correlation can be improved and costs may-be used.

1—3—8—Bte+eg+eaFData—Reepeﬁseeﬁteﬁa—md|eatmg—teﬁeﬂyef—test reduced |f subsamples are taken S|multaneously for sedlment
nelude—mortality tests, chemical analyses, o v
sediment-during benthic communrty structure determlnatlons There are several statlstlcal approaches to fleld assessments eac
with a specific purpose. If the buta d ds objective isterebury-in-clean,

collection-site-sediment-at comparethe%em%na&en—e#ﬂee%est—Respenee—erﬁeﬁa—mueebe—menrtored in response or residue level
at all sites individually to a—blind”fashien—that-is, control sediment, thenthe-ebserved-must-have-re—krewledge of pairwise

comparison approach described as follows is appropriate. H-the-treatment-ef-the-sedimentin-thetest-chambers. This objective is
accomp Ished—thfeugh—randem&a&er+ef—sampte—numbers_

£ ortunity to
meﬁﬁeﬁemperat—ehanees compare amonq aII S|tes—rn—me+ta|1ty—e|esub+eﬂ=ral—e#eets—An—exceptlon the studv area, then a multiple
comparison procedure that employs an experlment wise error rate is appropnate—lt—the—temperal pattern ob|ect|ve is to compare
among groups i g the day sites, then
orthogonal contrasts are a useful data analysrs technlque
13. 2 3. SSedlment Sp|k|nq Experlment§ed|ments sp|ked W|th known concentrat|ons—et—rmﬂaﬁer+and—tl=re—day—et—teﬂm+natlon)
mber should chemicals ca
be—ebserved—by—temperanly—turmﬁg—e#—the air used—to—the—test—ehambers establlsh cauee—and—genﬂy—reme\ﬁng—the—cover from
mdwrdu&l—ehambers—mth—n%mmal—drs&wbance effect relat|onsh|ps between chemrcals and brolomcal responses Results of the
: il ediment surface,
swmwng—rn—ﬂqe—eveﬂymg—wate%eeﬂeatmq tOXICItV tests W|th test matenals sp|ked into sedments—at—the—w&teesurfaee should
different concentrations may be-recerded--Amphipods-that-are-caught reported-in-the-surfacefilm-should-be-gentlypushed down
inte-the-water-Any-pertinent-observations-en-the-appearance terms-oef-the-sediment{such-as-colorpresence-ofnen-test organisms
growth-ef-meld an LC50, EC50, IC50, NOEC,-o+-algae-er-depth-of-oxidized-tayer)-should-be-recorded.

13-8-2-Morttality—Theprimary-effeet-of LOEC. The statistical approach for spiked sediment toxieity-is—meortality tests also
applies to the analysis of data from water-only reference-toxicity tests (Test Method E 1706).

13.2.4 Experimental Desigh-The guidance outlined below on the-test-amphipeds;-which analysis of data-is-determined at the
end adapted from a variety-efthe-expoesure-period-After-daily-observations-have-been made sources including Test Method E 1706,
Guide E 1688, Guide E 1847, USEPA 1979b, 1993c, 19082, 161, 167)USEPA-USACE 1977, 1991, 199814, 115, 116)

Practices E 29, E 105, E 122, E 178, E 141 -and-any-neecessary-samples-have-beentakenthe contents Terminologies E 456, E 132
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and E 1402. The objectives-ofthe a sedimenttestechambers-should-be sieved-are-to-remove the quantify contaminant effects
or accumulation in test-speeies—Use-of-atargersereen-size-sieve-fornitiation organisms exposed to natural or spiked sedimer
or dredged materials and to determine whether these effects are statistically different from those occurrirg-in-a-smallerscreen si:
sieve-fortermination-reduees-the-possibility control or reference sediment. Each experiment consists-efHoesing-small-amphipod

anﬁﬁﬁmﬁmmemwﬁmeeﬁewmm—m retained on least 1
i ‘ mbers of |i I|ve control and dee

contaminated sed|ment(s) A control sedlmeﬂt—ts—natwat-ly—p*esent in always requwed to ensure that no contamination is introduce

during the—test—sedmeﬁt—the—tet-al—ntrmbeeet—llve expenmental setue—and—dead—amampeds—ﬁﬂgtﬁxeeed—the—rﬁmber at
Amphipeds that test organisms are-i d-he ob and shou
be-counted-as-alive-if-there healthy. A control sedlm At i ;
prodding-may-be used-n-an-attemptto-elicitmovement.

1383 Reburial—DBata—on judge the acceptability of the-amphipeds-—to—rebury-in-clean test. Some designs will also require a
reference sedimesa tthat represents | an el enwronmlental cond|t|on or potentlal treatment effectof-the-sedimenttoxicity-test can be
interest. Controls are used 5 P at survive evatuate-the-test should b
transterred—te—&shes—ee{mmng—a—layer accegt blllty—e#etean—e%—mm—aafed—eemrd—sedﬂﬁem—Sedmen%saved—#em the prete
holding-containers test (Annex Al and-kept-either-in-flowing-sea-water-er-at 4°C Annex A2) and-might b inelude app control
sediment or a formulated sediment (section 7.2). Testing a reference sediment provides a site-specific-basisforuse as rebur

sedmaethe—n&mbers evaluatlnq toxmﬂwe#amﬁhmed&amﬁe—buwamthﬂ+meﬂmﬁ%ed—sp%me%emeﬁ%should be

that—ns—t-he—s&m test sedlments Comparlsons—ef—dead—m&wlduals—ptﬂs—these—%wwefs—that—are not abIe test seehments to rebu
EC50-caleulations—can-be-made on multiple reference or control sediments representative- of the b physical characteristics

effective-mortalityn-most-ecases,—amphipods-that-survive-in-aten-day the-test-are-able-to rebury.
13-9-0therMeasurements sediment (that is, grain size, organic carbon) may be useful in these evaluations.

13. 3 Data Calculat|ons

samples—eheﬂld—beeeeHeeted—#em—the—eame—gFab—feeanalyS|s
13.3.1 Sediments spiked with known concentrations-ef-various-geochemical-properties{see-10-2-A-separate-sample for faun
analyses-is-also-desirable—These-samples may chemicals-can-be-stored-underappropriate-conditionsfor-poessible-future analy

afterthe—+esults used to establish cause and effect relationships between chemlcals and b|0|0g|cal responses—ResuIts of |
sediment toxicity tests with te : 6 chambe
materials spiked into sediments-a , that mig
eontain-high different concentratlms—et—efgamemateﬁats—MFmeaswements—sheuld also—may—be taken repefted—m—eentrol sample
13-9- 2 Laboratory-Spiked-Sedimentdn—experiments—in—which terms of an LC50 (median lethal concentration), an EC50
(median effect concentration), an IC50 (inhibition concentration), or as an NOEC (no observed effect concentration) or LOEC
(lowest observed effect concentration). Most studies with spiked sediment are often started-enly-a-known-testmaterial is few day
after the chemical has been added-te-sediment—the-econcentration-of-the-test-material sediment. Consistent spiking procedul
should be-determined followed-in-steck-seolutions-ermixtures—added orderte-sediment, and make interlaboratory comparison

(section 10.3).
13.3.2 Evaluating effect concentrations for chemlcals—m—teet—ehambefs—at—me—begrmw—and—at the end sedlment require

d, and sr
nbe on chanqes bloava|lab|I|ty Similal
Fmee&m%ﬁa%ﬁ%ehem&%m@%ecourse%e%&ee&meﬁep&rﬁe sedime
y i nination-mass-ef the-experiment-tishot necess:
te—add—ampmpede%e—ehemstry—ehambers—eampled—aﬁhe—mmatlon chemlcal per mass-ofthe-experiment-but-amphipeds should |
added-to-those-sampled-ater—Some sediment-and-water-quality-characteristies;,—such-as—pH,—Eh,—and-disselved-exygen, can

RES are use

knowledqe of factors controlllng the 5 d a

13-9-21-TFheeonecentration dry weight often exhibit a range in toxicity in different sediments ( DiToro et al. 1991, USEPA 1992¢c
(70, 95). Effect concentrations eftest-material chemicals in sediment have been correlated to interstitial water concentrations, an
sediment-should-be-measured-at-several effect concentrations and as in interstitial water-are-ofter-aspracticable during similar
effect concentrations in water-only exposures. The bioavailability of nonionic organic compounds are often inversely correlated
with the-test-Ata-minimum;-the organic carbon concentratlon ot—the—test—mateﬁal—sheuld—be—measured at sedlment Whatever tt
beginning-and-at-the-end route of exposure W —Measureme
correlations o#degfadaﬂen—pfeduets—e#the—tesﬂﬁatenal—mrgh%ale&be—deslrable

13-9-2.2Measurement-ef-test-material effect concentrations to interstitial water concentrations indicate predicted or measure
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concentrations in interstitial water can Wa astic tubing

from-a-point-midway useful for quantifying the exposure concentratlon to an orqanrsm Therefore information on partitioning of

chemicals between-tep—bettom, solid and s liquid phases of sediment may be useful for establishing effect concentrations.
13.3.3 Toxic units can be used to help interpretthe-test-chamber—-Watersamples—sheuld-net-contain-any-surface scum, any

materia-from-the-sides response-of-the-test-chamber,-orany-sediment.
13-9-2-3-Samplesfermeasurement organisms to multiple chemicals in sediment. A toxic unit is the concentration of a chemical

divided by an effect concentrations. For example, a toxic unit-eftest-material-n-sediment exposure-ecan be taken calculated by
siphening-off dividing the-everlying measured concentration of a chemical in pore-waterwitheut-disturbing-by-the-surface of the
sediment;-and-then-taking-appropriate-atiquots-ef-the-sediment water-only LC50 for the same ehemieal analysis.

13924 Interstitiabwater-ean (Ankley et al. 199(897)). Toxic units could also be-sampled calculatee-by-using dividing the
water-that-comes—to-the-surface concentration-in-a—+eHing-milHar-erin-a—sample-container as the whole sediment-—settles, by

eentrifuging-a-sediment sample-to-separate-the-sedimentparticlesfrom-theinterstitialwater,-or by-using-afilterapparatus to extract
interstitialwater-from-a _threshold concentration in whole sediment-sample—C€are-should (Kemble et al. 1994, Long and Morgan

1991, (82 96)) TOX|C|ty expressed as '[OXIC units may—be—takeFHe—eﬂsuthaHesHﬂateHaB—de—neHmderge—Hm%s#ormatlon

iltering summed and this may provide

|nformat|on on the toxrcrty of chemlcal mrxtures (Ankley et al. 199197))

13.3.4 Field surveys can+emeve—certaintestmaterialsfrom—selution.
13-9-3-AllTests—TFemperature—sheuld be-reeorded in designed to provide either-a-separate-temperature—beaker—throughout
qualitative reconnaissance of the—test—H—test—ehambers distribution of sediment contamination or a guantitative statistical
comparrson of contamination among sites (Burton and Inqersoll 1998). Surveys of sedlment toxrcrty are in usually part of
W v ature shoul

geologlcal and—n%nme&m—temperattﬁes—should hydroqraphlc data. Statistical correlatlon—ean—be—meﬁrtered—ésee—ewde E 729)

v y an 3°C improved-aned-the-time-weighted average costs reduced
if subsamples are taken 3|multane0usly for sedlment tests chemical analyses, and benthic community structure.

13.3.5 Descriptive methods such as toxicity tests with field-collected sediment showtd-netdifferby-more-than-1°C from be used
alone to evaluate sediment contamination. An integration of several methods using-the-designated-testtemperature (see 13.2).

H—Analytica-Methodotogy
41+ -samples weight ef-sedimen Fy

are-hot evidence is needed

assess the effects —ef—test—matenal or contamrnanﬁ—ﬁreugh—&mh—pmeeesesﬂas—nﬁembﬂ—degradamﬂ—hydmyas oxidation,
photelysis;reduction-serption-and-volatilization-{see Practice B-3976).

142-Chemicatand-physical associated with sediment (Long et al. 1990; Inqersoll et al.1996; Inqersoll et al. 1997; MacDonald
et aI 1996(199 98, 99, 97)) Hazard evaluatlons mteqratrng data M henever

0 i edimen i itial water

v e be obtainec
from Iaborathgy exposur rels chemlcal analyses and benthlc community assessments (the Sedlment Quality Triad) provide strong
complementary evidence of the degree of pollution-induced degradation in aguatic communities (Burto3@99Chapman
et al. 1992, 1997(100, 101) Canfield et al.1994, 1996, 199&00, 118, 201)

14-3—TFhe-analytical-method

13.3.6 Toxicity Identification Evaluation (TIE) procedures can be used to help provide insights as to specific contaminants
responsible for toxicity in sediment (Ankley and Thomasu 1888, Ankley et al. 19914197)). For example, the-eencentration
toxicity of contaminants such as metals, ammoxnia, hydrogen sulfide, and nonionic organic compounds can be identified using TIE

procedures.

14. Report

14.1 The record of the results of an acceptable sediment-test-ehambers—should—be-validated-before- beginning include the
following information esit—The-pr directly or by referencing available documents:

14.1.1 Name of test and investigator(s), name and location of laboratory, and dates of start and end of test.

14.1.2 Source ef-the-method-should-be-checked-using—+eference control-or-split-samples;—interlaboratery—eomparisons, or
alternative{preferably-reference-er-correborative)-methods test sediment, method for collection, handling, shipping, storage, and

disposal of-anatysis.
4A-Concentrations sediment.

14.1.3 Source of testmaterialsin-interstitialwater-shoeuld-be-measured-as well as material, lot number if applicable, composition
(identities and concentrations of major ingredients and impurities if known), known chemical and physical properties;-and the bulk
sed imdentity and concentration{s. |) of any solvent used.

14.1.4 Source andd characteristics of overlying water, description of any pretreatment, and results of any demenstrationg of the
total-coneentration n ability of-test materialin-interstitial-water an organism to survive or grow-in-the-everlying-water from water.

14.1.5 Source, history, and age of test-chambers;,—measurement organisms; source, history, and age of brood stock, culture
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procedures; and source and date of collection ofthe-apparentdisselved-orfree form test organisms, scientific name, name of pers
who identified the organisms and the taxonomic key used, age or life stage, means and ranges of weight or length, observe
diseases or unusual appearance, treatments, holding, and acclimation procedures.

14.1.6 Source and composition of food, concentrations of test materia-s-desirable—Fhe-free-form-for-organie-contaminants i
that-whieh-is-ret-beund and other contaminants, procedure used to prepare food, feeding methods, frequency, and r pation.

14.1.7 Description of the experimental design and test chambers, the depth and volume of sediment and overlying water in th
chambers, lighting, number of test chambers and number of test organisms/treatment, date and time test starts and ent
temperature measurements, dissolred-organie-carbon, oxygen concentration (as percent saturation);-ane-for metals it is any aeral
used before starting a test and during-the-enie-form conduct of a test.

14.1.8 Methods used for physical and chemical characterization of sediment.

14.1.9 Definition(s) of the-element—Fhe“apparent-dissolved™fraction-is—usually—defined effects used to calculate LC50 or
EC50s, biological endpoints for tests, and-determined-as-that-which-passes-threugh-a-0-45-pm-membrane-filter—Hoewever, passi
selutions-through-membrane-filters-ean—+re

sult summary of general observations of other effects.

14.1.10 Methods used for statistical analyses of ddfessummary statistics of the transformed or raw data as applicable (for
example, mean, standard deviation, coefficient of variation, precision and (@pkypothesis testing (raw data, transformed data,
null hypothesis, alternate hypothesis, target Type | and Il error rates, statistics used (including calculation of test statistic)), decisio
rule used (for examplap statistic >0.65 results in the rejection of the null hypothesis), calculated test statistic and decision rule
result, achieved Type | and Il error rates (for some discrete tests, achieved error rates only approximate the tar(@treselss;
of regression analyses (parameters of regression fit, uncertainty limits on the regression parameters;_correlativon coefficient).

14.1.11 Summary of general observations on other effects or symptoms.

14.1.12 Anything unusual about the test, any deviation from these procedures, and-any ot bher relevant information.

14.2 Published reports should ccontain enough information to clearly identify the methodology used and the quality of the
results.

15. -APrecision and Bias

15.1 Determining Precision and Bias

15.1.1 Prepcision is a term that describes the degree to which data generated from-replicatye measurements differ and refle
the closeness ef-Fest

15-4—-A10-day agreement between randomly selected test results. Bias is the difference between the value of the measured d
and the true value and is the closeness of agreement between an observed value and an accepted reference value (Practices E
and E 691). Quantitative determination of precision and bias in sediment testing oxf aquatic organisms is difficult or may be
impossible in some cases, as compared to analytical (chemical) determinations. This is due, in part, to the many unknown variable
which affect organism response. Determining the bias of a sediment test using field samples is not possible since the true valu
are not known. Since there is no acceptable reference material suitable for determining the bias of sediment tests, bias of tt
procedures described in this standard has not been determined (section 15.2).

15.1.2 Sediment tests exhibit variability due to several factors. Test variability can be described in terms of two types of
precision, either single laboratory (intralaboratory or repeatability; section 15.6.1) precision or multilaboratory (interlaboratory or
reproducibility; sections 15.5.2 and 15.6) precision (also referred to as round-robin or ring tests). Intralaboratory precision reflect:
the ability of trained laboratory personnel to obtain consistent results repeatedly when performing the same test on the sam
organism using the same toxicant. Interlaboratory precision is a measure of how reproducible a method is when conducted by
large number of laboratories using the same method, organism, and toxic sample. Generally, intralaboratory results are less varial
than interlaboratory results (USEPA 1993a, Swartz 1989, USEPA 1993b, Marcus and Holtzman 1988, Grothe and Kimerle 1985
Pittinger et al. 1989(132, 120, 167, 202, 203, 204)

15.1.3 A measure of precision can be calculated using the mean and relative standard deviation (percent coefficient of variatior
or CV % = standard deviation/mean 100) of the calculated endpoints from the replicated endpoints of a test. However, precision
reported as the CV should not be the only approach used for evaluating precision-of 10 % tests and should not be used for tt
NOEC effect levels derived from statistical analyses of hypothesis testing. The CVs may be very high when testing extremely toxic
or nontoxic samples. For example, if there are multiple replicates with no survival and one with low survival the CV may exceed
100 %, yet the range of response is actually quite consistent. Therefore, additional estimates of precision should be used, such
range of responses and minimum detectable differences (MDD) compared to control survival or growth. Several factors can affec
the precision of the test, including test organism age, condition, sensitivity, handling, and feeding of the test organisms, overlyinc
water quality, and the experience in conducting tests. For these reasons, it is recommended that trained laboratory personr
conduct the tests in accordance with the procedures outlined in Annex Al and in Annex A2. Quality assurance practices shoul
include: (1) single laboratory precision determinations that are used to evaluate the ability of the laboratory personnel to obtain
precise results using reference toxicants for each of the test organisnig)gréparation of control charts (Figure 16 in Test
Method E 1706) for each reference toxicant and test organism. The single laboratory precision determinations should be mac
before conducting a sediment test and should be periodically performed as long as whole-sediment tests are being conducted

the laboratory.
15.1.4 Intralaboratory precision data are routinely calculated for test organisms using water-only 96-h exposures to a referenc
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toxicant such as Cd Glintralaboratory precision data should be tracked using a control chart. Each laboratory’s reference-toxicant
data will reflect conditions unique to that facility, including dilution water, culturing, and other variables (Section 11). However,
each laboratory’s reference toxicant CVs should reflect good repeatability.

15.1.5 Two interlaboratory precision (round-robin) tests have been completed using 10-d whole sediment tests, one with
Rhepoxynius abroniudvearns et al. 1986205, and the other witlAmpelisca abditaEohaustorius estuariysndLeptocheirus
plumulosugSchlekat et al. 199%21)). The results of these round-robin studies are described in section 15.5.

15.1.6 One interlaboratory precision test has been completed on the 28-d chronic tdstptatbheirus plumulosu®eWitt
etal., 199725). Ten laboratories participated in the round-robin study, which used a dilution series of highly contaminated Black
Rock Harbor sediment from a Superfund site in Connecticut mixed with uncontaminated, diluent sediment from Sequim Bay,
Washington. The results of this round-robin study are described in section 15.6.

15.2 Bias—The bias of toxicity tests cannot be determined since there is no acceptable reference material. The bias of the
reference-toxicity tests can only be evaluated by comparing test responses to control charts.

15.3 Replication and Test Sensitivity The sensitivity of sediment tests will depend in part on the number of replicates per
concentration, the probability levels (alpha and beta), and the type of statistical analysis. For a specific level of variability, the
sensitivity of the test will increase as the number of replicates is increased. The minimum recommended number of replicates
varies with the objectives of the test and the statistical method used for analysis of the data (Section 13).

15.4 Demonstrating Acceptable Laboratory Performance

15.4.1 Intralaboratory precision, expressed as a coefficient of variation (CV), of the range for each type of test to be used in a
laboratory can be determined by performing five-ershew-signs more tests with different batches of test organisms, using the same
reference toxicant, at the same concentrations, with the same test conditions (for example, the same test duration, type of water,
age of test organisms, feeding), and same data analysis methods. A reference-toxicant concentration series{0.5 or stress, highe
should be selected that will consistently provide partial mortalities at two or more concentrations of the test chemical (section 11.14
and Table 4). See section 11.16 for additional detail regarding reference-toxicity testing.

15.4.2 Before conducting tests with potentially contaminated sediment, it is strongly recommended that the laboratory conduct
the tests with control sediment(s) alone. Results of these preliminary studies should be used to determine if the use of the control
sediment and other test conditions (that is, water quality) result-ir-an-irdividual acceptable performance in the tests as outlined
in Annex Al and Annex A2.

15.4.3 A control chart can be prepared for each combination of reference toxicant and test organism. Each control chart should
include the most current data. Endpoints from five tests are adequate for establishing the control charts. In this technique, a running
plot is maintained for the valueX] from successive tests with a given reference toxicant (See Figure 16 in Test Method E 1706),
and the endpoint (LC50, NOEC, ICp) are examined to determine if they are within prescribed limits. Control charts as described
in USEPA 1993a, 1993l§1326-%, 167)are used to evaluate the cumulative trend of results from a series of samples. The mean
and upper and lower control limits=(2 SD) are recalculated with each successive test result.

15:24.4-A-1The outliers, which are values falling outside the upper and lower control limits, and trends of increasing or
decreasing sensitivity, are readily identified using control charts. With an alpha of 0-.05, one in 20 tests would be expected to fall
outside of the control limits by chance alone. If 2 of 20 reference-toxicity tests fall outside the control limits, the sediment toxicity
tests conducted during the time in which the second reference-toxicity test failed are suspect, ane-sheuld usually be considered as
provisional and subject to careful review.

15.4.5 A sediment test may be acceptable if specified conditions of a reference-toxicity test fall outside the expected ranges
(section 11.10). Specifically, a sediment test should not be judged unacceptable if the LC50 for a given reference-toxicity test falls
outside the expected range or if control survival in the reference-toxicity test is <90 %. All the performance criteria outlined in
Annex Al and Annex A2 should be considered when determining the acceptability of a sediment test. The acceptability of the
sediment test would depend on the experience and judgment of the investigator and the regulatory authority.

15.4.6 If the value from a given test with the reference toxicant falls more than two standard deviation (SD) outside the expected
range, the sensitivity of the-fellowing-eceurred:

15:23-AH organisms and the overall credibility of the test system may be suspect USEPA(182Baln this case, the test
procedure should be examined for defects and should be repeated with a different batch of test organisms.

15.4.7 Performance should improve with experience, and the control limits for point estimates should gradually narrow.
However, control limits oft 2 SD, by definition, will be exceeded 5 % of the time, regardless of how well a laboratory performs.
Highly proficient laboratories which develop a very narrow control limit may be unfairly penalized if a test which falls just outside
the control limits is rejectede facto For this reason, the width of the control limits should be considered in determining whether
or notidentical.

1522 Freatments-were-notrandomby-assigned an outlier is to be rejected. This determination should may be made by the
requlatory authority evaluating the data.

15.4.8 The recommended reference-toxicity-test-chambers.

1523 Festorganisms-were-roetrandomly consists of a control and five-erimpartialy-distributed more concentrations in which
the endpomt |s an est|mate of the toxicant concentratlon which is lethal to 50 % of the-test-ehambers.

: : included organisms in the time period
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prescribed by the test. The LC50 is determined by an appropriate procedure, such as the trimmed Spearman-Karber Method, Pro
Method, Graphical Method, or the Linear Interpolation Method (Section 13 and Test Method E 1706).

15:24-59-AThe point estimation anallysis methods recommended in this test method have been chosen primarily because th
are well-tested, well-documented, and are applicable to most types of test data. Many other methods were considered in tt
selection process, and it is recognized that the methods selected-are-not from-the-same-poputation, were only possible methods
analysis for toxicity data.

15.5 Precision of 10-d Amphipod Sediment Toxicity Test Methods

15.5.1 Intralaboratory Precisior—Intralaboratory precision has net all been evaluated for any of the four amphipod species
described in Annex Al.

15.5.2 Interlaboratory Precision

15.5.2.1 Interlaboratory precision f&. abroniususing 10-d whole sediment toxicity tests using the methods described in this
standard (Table A1.1 in Annex Al) is described by Mearns et al. {286). Five laboratories participated in the study, including
federal and state government laboratories, a contract laboratory, and an academic laboratory. The laboratories were chosen bece
each had demonstrated experience in sediment toxicity testdRwitbronius The experimental design required each laboratory
to conduct 10-d whole sediment tests on a totat-ef-aceeptable-quality.

152 6-Amphipeds 7 sediment treatments. One control sediment was tested. Three sediment treatments consisted of cont
sediment that was amended with Cd@ result in the following measured concentrations: 4, 8, and 12 mg Cd/kg dry weight.
Three field-collected sediments were also used. They were collected-frem—a-wild-population the following locations in Puget
Sound, WA: Central Basin (Metro Seattle Station A600OE), inner Sinclair Inlet, and Slip No. 1 in City Waterway, Commencement
Bay.

15.5.2.2 Amphipods were collected from a depth6om off West Beach, Whidbey Island, WA, and distributed to each
participating laboratory. Each laboratory used its own source of clean seawater.

15.5.2.3 All five laboratories had >90 % survival in control sediment, and thereby metthedaboratory performance criteria for
more-than-twe-weeks,—unless the test. Mean survival in control sediment was 96.4 %, the CV was 3.7 %, and the range in mee
survival was from 92 to 100 % (Table 7). Of the cadmium-spiked sediments, survival was the least variable in the 4 mg/kg Cd
treatment. Mean survival was 96.2 %, the CV was 4.2 %, and the range was from 89 to 98 %. The most variable response was |
the 12 mg/kg Cd sediment. Mean survival was 19 %, the CV was 79.1 %, and the range was from 6 to 41 %. City Waterway
showed the least variability among the field-collected sediments, with a mean survival of p 83 %, a CV of 6.4 %, and a range fron
74 to 87 %. Sinclair Inlet showed the greatest variability among the field-collected sediments, with a mean survival of 78.8 %, a
CV of 11.3 %, and a range from 67 to 88 %.

15.5.2.4 Interlaboratory precision fé. abditg E. estuariusandL. plumulosususing 10-d whole sediment toxicity tests is
described in Schlekat et al. (19951)). Details of this study are described below. The number of participating laboratories varied
with the test species: six f@k. abditg eight forE. estuariusand seven fok. plumulosusLaboratories were chosen on the basis
of demonstrated experience with the particular test species. Each laberatery-has-been-shownto-have-no-significant effect conduct
10-d sediment toxicity tests en-sensitivity.

152-7The 4 sediment treatments. Sediment treatments were selected for each species to include one negative control sedim
and three contaminated sediments. Highly contaminated sediment from Black Rock Harbor, CT, was diluted with species-specific
non-contaminated control sediment, creating-test o sediments that ranged in relative contamination from low to high.

15.5.2.5 Independent_suppliers distributed amphipods to each labordtmpyelisca abditaand E. estuarius were—n
field-collected from locations in Narragansett, RI, and Newport, OR, respecti\egiyocheirus plumulosusere obtained from
cultures located at the University of Maryland, Queenstown, MD. Each laboratory used its own supply of clean seawater.

15.5.2.6 Mean survival dk. abditain control sediment ranged from 85 to 100 % (Table 8). Five of the six laboratories achieved
greater than 90 % survival in control sediment, which is the minimum survival that must be obtained in control sediment in order
for the testtemperatdure to be accepted. The grand mean was 94.5 %, and the CV was 5.5. A dose response was exhibited w
decreasing survival with increasing proportions of BRH sediment. Test sediments (that is, 7, 25, and 33 % BRH dilutions)
exhibited a higher degree of variability than in control sediment. In 7 % BRH sediment, mean survival ranged from 20 % in
Laboratory 5 to 97 % in Laboratory 6 (Table 8). Twenty- percent BRH exhibited the greatest magnitude of variability, with a range

TABLE 7 Inter-laboratory Precision for Survival of Rhepoxynius abronius in 10-d Whole Sediment Toxicity Tests Using Seven
Sediments (Mearns et al. 1986 (205, USEPA 1994a (1))

Percent Survival (SD) in Sediment Samples

Lab Control 4 mg/kg 8 mg/kg 12 mg/kg Central Sinclair City
— Cd Cd Cd Basin Inlet Waterway
1 92 (7) 89 (7 87 (9) 8(3) 83 (11.5) 78 (13 74 (11.5)
2 96 (4) 98 (3) 90 (10) 41 (11) 69 (7.5) 67 (11) 87 (12)
3 100 (0) 97 (3) 78 (10.5) 12 (7.5) 90 (8) 87 (7.5) 83 (12.5)
4 94 (7) 99 (2 50 (15) 6 (5.5 92 (5.5 88 (3) 84 (11)
5 100 (0 98 (4.5 773 28 (11.5) 80 (3.5 74 (9 87 (3)
Mean 96.4 (3.6) 96.2 (4.1) 76.4 (15.8) 19 (15.5) 82.8 (9.1) 78.8 (8.9) 83 (5.3)
CV (%) 37 42 20.7 79.1 110 113 64
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TABLE 8 Inter-laboratory Precision for Survival of Ampelisca
abdita in 10-d Whole Sediment Toxicity Tests Using Four
Sediments (USEPA 1994a (1))

Percent Survival (SD) in Sediment Samples

Lab Control 7 % Black 20 % Black 33 % Black
— I Rock Harbor Rock Harbor Rock Harbor
1 97.0 (4.5 63.0 (19.6) 10.0 (7.9) 6.0 (4.2
2 94.0 (8.9) 75.0 (6.1) 7.0 (4.5) 0.0 (0)
3 97.0 (4.5 90.0 (3.5) 36.0 (9.6) 38.0 (14.4)
4 94.0 (8.9) 79.0 (17.8) 7.0 (4.5 3.0 (6.7)
5 85.0 (7.1) 20.0 12.7) 1.0(2.2) 1.0 (2.2)
6 100.0 (0) 97.0 (4.5 90.0 (5.0 72.0 (13.0)
Mean 94.5 (5.2) 70.7 (13.0) 25.2 (34.0) 20.0 (29.2)
CV (%) 55 38.9 135.1 146.2

of 1 to 90 %. Thirty-three percent BRH also exhibited considerable variability. The overall rank of sediment toxicity as measured
by absolute mortality was consistent among laboratories. One hundred percent of laboratories were in agreement for in ranking
control and 7 % BRH sediments as the first and second-east 4 toxic sediments, respectively (Table 8).

15.5.2.7 Every laboratory surpassed the minimum survival criteria of 90 % survival in control sedimeBt e#tuariusThe
range was from 96 to 100 %, with a grand mean of 98.2 % and a CV of 1.5 (Table 9). Grand mean survival decreased with
increasing proportions of BRH. BRH sediment dilutions exhibited greater variability than control sediment, with 25 % BRH
displaying the highest coefficient of variation. All eight laboratories ranked survivil estuariusor control and 9 % BRH as
the least and second least toxic, respectively (Table 8). With the exception of Laboratories 1 and 8, the rank for 25 and 42 % BRH
were appropriately third and fourth least toxic, respectively.

15.5.2.8 Leptocheirus plumuloswexhibited a range of survival in control sediment from 86 to 99 % (Table 10). The grand mean
was 91.8 %, and thetest-chambers.

15-2-8—TFemperaturedissolved-oxygen, CV was 4.7. Two laboratories-3 and c 5, failed to meet the minimum control sediment
survival criteriena of 90 %. Grand means displayed a dose response of decreasing survival with increasing proportion of BRH
@lma_eru:oefﬁments of varialtion were uniformly higher in BRH sediment dilutions as compared to control sediment, but did
not vary greatly among BRH sediments (Table 10). Laboratory 1 appeared to be an outlier with respect to survival in BRH
sediment dilutions, as survival @f. plumulosuswas the lowest for all three BRH sediments for any laboratory. The rank of
sediments according to their toxicity was generally consistent among laboratories. Agreement was 100 % for control and the
highest BRH sediment; these were appropriately ranked 1and 4, respectively (Table 10). Laboratories 4 and 5 anomalously ranked
10 and 28 % BRH as 3 and 2, respectively, whereas the remaining laboratories ranked these sediments appropriately according tc
the proportion of BRH.

15.5.3 These tests exhibited similar or better precision than many chemical analyses and effluent toxicity testing methods
(USEPA, 1991(127). The success rate for test initiation and completion of this round-robin evaluation is a good indication that
a well equipped and trained staff will be able to successfully conduct this test. This is an important consideration for any test
performed routinely in any regulatory program.

15.6 Precision of the 28-d Sediment Toxicity Test Methods with Leptocheirus plumulosus

15.6.1 Intralaboratory Performance-Studies described in DeWitt et al. (1997B5) ) provide data that can be used to
characterize intralaboratory precision with the 28-day long-term toxicity testlwittumulosus These data provide an estimate
of intralaboratory precision from a single laboratory from a total of 88 treatments (Table 11). To be consistent with standard
statistical procedures, these data were transformed to reduce the heterogeneity of within class variance. Percent survival was

TABLE 9 Interlaboratory Precision for Survival of Eohaustorius
estuarius in 10-d Whole Sediment Toxicity Tests Using Four
Sediments (USEPA 1994a (1))

Percent Survival (SD) in Sediment Samples

Lab Control 9 % Black 25 % Black 42 % Black
— _— Rock Harbor Rock Harbor Rock Harbor
1 96.0 (6.5) 45.0 (19.7) 6.0 (6.5) 16.0 (9.6)
2 98.0 (2.7) 76.0 (10.8) 46.0 (13.9) 25.0 (7.1)
3 97.0 (2.7) 89.0 (4.2) 59.0 (10.8) 45.0 (10.0)
4 98.8 (2.7) 59.0 (23.0) 47.2 (23.2) 45.8 (27.0)
5 100.0 (0) 75.0 (19.7) 36.0 (12.4) 16.0 (9.6)
6 100.0 (0) 69.0 (12.9) 56.0 (18.8) 38.0 (14.4)
7 99.0 (2.2) 79.0 (6.5) 61.0 (10.8) 50.0 (7.9)
8 97.0 (6.7) 53.0 (14.4) 24.0 (14.7) 29.0 (15.6)
Mean 98.2 (1.5) 68.1 (14.7) 41.9 (19.1) 33.1 (13.5)
CV(%) 15 216 455 409
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TABLE 10 Interlaboratory Precision for Survival of Leptocheirus
plumulosus in 10-d Whole Sediment Toxicity Tests Using Four
Sediments (USEPA 1994a (1))

Percent Survival (SD) in Sediment Samples

Lab Control 10 % Black 28 % Black 47 % Black
- _— Rock Harbor Rock Harbor Rock Harbor
1 91.3 (4.8) 6.0 (4.2) 5.0 (3.5) 2.5 (2.9)
2 91.0 (8.9) 62.0 (11.0) 51.0 (15.6) 33.0 (11.5)
3 88.0 (8.4) 34.0 (15.2) 22.0 (13.0) 7.0 (6.7)
4 92.0 (7.6) 48.0 (23.9) 59.0 (21.6) 27.0 (10.4)
5 86.0 (10.2) 20.0 (9.4) 28.0 (4.5 12.0 (9.1
6 95.0 (6.1) 76.0 (10.2) 65.0 (14.6) 38.0 (17.5)
7 99.0 (2.2) 78.0 (13.0) 56.0 (4.2) 26.0 (6.5)
Mean 91.8 (4.3) 46.3 (27.7) 40.9 (22.6) 20.8 (13.6)
CV(%) 47 59.8 55.2 655

TABLE 11 Intralaboratory Precision Distribution of the Coefficient of Variation for Each Test Endpoint (DeWitt et al. 1997a; USEPA-
USACE 2001 (2

Endpoint Sample Size Mean Median Minimum Maximum 1st Quartile 3rd Quartile
% Survival (Arcsine transformed) 88 14 % 1% 0% 173 % 8% 14%
Growth rate (log transformed) 87 4% 3% 0% 16% 2% 6%
Reproduction (square root transformed) 88 31% 18 % 0% 141 % 13 % 36 %

transformed to the arcsine-square root of the value; growth rate was transformed to the natural logarithm of the value; ant
reproduction (offspring per survivor) was transformed to the arcsine -square root of the value. A CV was calculated on the
transformed data for each treatment within an experiment. The observed distribution obtained from the resulting sample of CV:
from all experiments was then characterized. This distribution of CVs then provides an appropriate range on which to base samp
size calculations for future experiments. The median CVs were 11 % for survival, 3 % for growth rate, and 18 % for reproduction
(Table 11). The range between the first and third quartiles provides a useful nonparametric interval bounding the distribution. Thit
range was 8 to 14 % for survival, 2 to 6 % for growth rate, and 13 to 36 % for reproduction (Table 11). These values are similar
to CVs for intralaboratory precision calculated for survival from 10-d tests with control sediment Hgalglla aztecaand
Chironomus tentané/7.2 % and 5.7 %, respectively; USEPA 2000 and Test Method E 1706).

15.6.2 Interlaboratory Precision

15.6.2.1 Interlaboratory precision for plumulosusn-Seetien—213.

15-2-9-Aeration the 28-d whole sediment toxicity test using methods similar to those described in this standard (Table A2.1 in
Annex A2) was evaluated by round-robin testing (DeWitt et al., 19¢9%). Ten laboratories, including federal and state
government laboratories, contract laboratories, and academic Iaboratories with demonstrated experience in chronic toxicity testir
usingL. plumulosusparticipated in round-robin toxicity testing (DeWitt et al., 1992B). The experimental design required each
laboratory to conduct the 28-d chronic test using a dilution series of Black Rock Harbor sediment (BRH; a Superfund site in
Connecticut) mixed with clean, diluent sedimbent from Sequim Bay, Washington. Each sediment treatment was prepared in
single batch that was subsampled and shipped to testing laboratories. A total of four concentrations of BRH sediment and on
negative control sediment were tested. Across all treatments, total organic carbon averaged 2.6 % dry weight, total solids averag
33 %, and grain size averaged 15 % sand, 42 % silt, and 43 % clay. In general, cadmium, chromium, copper, lead, nickel, and zin
as well as total PAHSs, increased along the dilution series gradient. Table 12 summarizes the concentration ranges for the inorgar
contaminants.

15.6.2.2 About 4 months bexfore the start of the rounde-robin_study, laboratories not currently maintaining cultures of
plumulosuswere supplied with amphipods, sediment, food, and culturing methods by the Bat dtelle Marine Sciences Laboratory
(MSL). Each laboratory maintained cultures-folviowing the culturing method detailed in DeWitt et al. (99)7e&Each
laboxratory used its own source of clean seawater.

TABLE 12 Ranges of the BRH Sediment Dilution Series Chemical
Concentrations (mg/kg dry wt; from DeWitt et al., 1997b (25 and
USEPA-USACE 2001 (2))

Low (BRH treatment) High (BRH treatment)
Cadmium 4.09 (0.0 %) 13.5 (15.1 %)
Chromium 104 (0.0 %) 767 (15.1 %)
Copper 104 (0.0 %) 1503 (15.1 %)
Lead 31.1 (0.0 %) 209 (15.1 %)
Nickel 91.2 (0.0 %) 150 (15.1 %)
Zinc 189 (0.0 %) 736 (15.1 %)
Total PAHs 9.85 (1.4 %) 17.5 (15.1 %)
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15.6.2.3 Of the ten laboratories participating in the round-robin, only five laboratories had >80 % survival in the negative
control sediment, and thereby met this performance criterion for test acceptability (Top of Table 13). Analysis of the data resulting
from the round-robin included only these five laboratories. Mean survival in the negative control sediment was 93.6 %, the CV
was 4.2 %, and the range was from 89 to 98 % (Table 13). The CVs across laboratories from the five treatments ranged from 3.1
to 12.8 %, with a mean of 8.4 %, and increased with dose. None of the laboratories produced tess than 6 70 % survival, even in
the highest concentration-ef-saturation.

15-2-320-Fhe BRH sediment. Further, none of the laboratories produced a monotonic dose response for survival. This suggests
that the test did not contain a wide enough series of dilutions to adequately measure the response of survival. For those laboratories
that showed a statistically significant decrease in survival in the highest concentratien-ef solvent BRH (n=4), an average of 16 %
change in survival was produced between the control and the-highe ust concentration of BRH sediment.

15.6.2.4 For the five laboratories that met the performance criterion, interlaboratory precision for this study was characterized
by the maximum and minimum CV for each endpoint. The minimum interlaboratory CV averaged about 4 % for survival, 14 %
for growth rate, and 35 % for reproduction (Table 14). Maximum interlaboratory CV averaged 19 % for survival, 38 % for growth

TABLE 13 Results of Round-robin Interlaboratory Precision of Endpoint Sensitivity for L. plumulosus in a 28-d Long-term Toxicity Test

Using Black Rock Harbor Sediments (DeWitt et al., 1997b (25 and USEPA-USACE 2001 (2))
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A) Results for Laboratories that met Control Performance Criteria
Concentration of Black Rock Harbor Sediment
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TABLE 14 Summary of Interlaboratory Precision at Five
Laboratories for the 28-Day Leptocheirus plumulosus  Chronic
Test Using Five Dilutions of Black Rock Harbor Sediment (DeWitt
et al. 1997b (25 and USEPA-USACE 2001(2) )

Lab-4 Lab-6 Lab-7 Lab-8 Lab-9

Survival
Min CV (%) 3
Max CV (%) 18
Growth rate

Min CV (%) 36
Max CV (%) 96

Offspring per Survivor
Min CV (%) 56 27 40 30 22
Max CV (%) 149
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rate, and 102 % for reproduction. The interlaboratory MDD for survival ranged from 8 to 31 %, and the intralaboratory MDD for
survival ranged from 10 to 26 %. The interlaboratory MDD for growth rate ranged from 0.011 to 0.017 mg/individual/d, and the
intralaboratory MDD for growth rate ranged from 0.009 to 0.024 mg/individual/d. The interlaboratory MDD for reproduction
ranged from 0.33 to 2.86 offspring per survivor, and the intralaboratory MDD for reproduction ranged from 0.92 to 2.73 offspring
per survivor. These MDDs should be interpreted cautiously, because they are derived from one study consisting of a small numbe
of comparisons. Although the technical staff for laboratories participating in the round-robin had extensive sediment toxicity testing
experience, many had limited testing experience specifically Wwitplumulosus Therefore, these values for interlaboratory
precision may be higher than would be expected from laboratories with routine experience testing with this species.

15.6.2.5 A cost-power analysis was conducted on round-robin data to determine the number of replicates required per treatme
for the 28-d whole-sediment standard testing usinglumulosugDeWitt et al., 19971§25). This analysis involved evaluating both
the improvement in statistical power of the test to detect a difference between treatment means and the additional expense of addi
more replicates. For this analysis, the cost of a replicate was assumed to be proportionate to the time required to conduct all
the tasks associated with one treatment. If cost was not a concern, 14 replicates would be optimal and would provide 80 % powe
for detecting a 30 % difference in reproduction at a CV of about 36 %. This number of replicates is impractical because of costs
and logistics. The cost-power analysis for thgglumulosughronic test indicated that six replicates per treatment gives the greatest
statistical power at the most efficient cost. However, this conclusion was based on the assumption that every 1 % increase i
improved detection equals a 1 % increase in cost. The decision to specify 5 replicates per treatment in this standard was bas
primarily on an effort to keep the cost of performing this test to a minimum. Based on the median CVs for growth rate, survival,
and reproduction calculated from a large data set (3 %, 11 %, and 18 %, respectively), five replicates will provide high power
(>0.80) to detect a 20 % decrease in survival and growth rate endpoints relative to the control (see s Figure 12.5 in USEPA-USACI
2001(2)). For the reproduction endpoint, the power to detect a 20 % decrease will be closer to 0.40 using five replicates and 0.5(
using six replicates. With power fixed at 80 % and at a CV of 20 %, the median CV demonstrated for reproduction with five
replicates would be suitable to detect about 18 % reduction in reproduction and with six replicates).

about 156 % reduction-2-11 Thus, there is relatively little gained by increasing the number-of replyicates from five to six.
Nevertheless, if reproduction is the assessment endpoint of most concern, then incorporation of more than five replicates shou
be considered. Because space and cost considerations make use of five replicates desirable, this method wousld benefit fri
additional research to-measure find ways to reduce the among-replicate variability for the reproduction endpoint.

15.6.2.6 The mean growth rates across the laboratories for each dose decreased with increasing concentration-of toxicant
BRH sediment (Table 14). Thus, thetestechamber growth rate-was-net-validated-befere-beginning a more sensitive measure to t
test.

15232 Response-eriteria concentration of BRH survival. The CVs across the laboratories from the five treatments ranged fror
29.8 to 59.4 %, with a mean of 41.2 %, and were on average five times greater for growth rate than for survival (Table 14). Of
the five laboratories that met the performance criterion for control survival, three laboratories produced a monotonic dose respons
to growth rate. The percentage of change in the growth rate between control and the highest concentration of BRH sediment we
on average 58 % for these three laboratories.

15.6.2.7 The mean reproduction across laboratories for each dose decreased with increasing concentration of BRH sedime|
Thus, the measure of reproduction was more sensitive to the concentration of BRH than was survival; however, the CVs acros
laboratories are on average eight times greater for reproduction than for survival. The CVs for the five treatments ranged fron
52.5 % to 73.8 %, with -a—blind-fashion, mean of 62.2 %. Of the five laboratories-that-is;—ebservers-had-knowledge met the
performance criteria for control survival, three laboratories produced a monotonic dose response in reproduction. The percentac
of change in reproduction (offspring/survivor) between the contreol and tmhe highest concentration of BRH sediment was or
average 95 % for these three laboratories.

15.6.2.8 USEPA (2000206) ) and Test Method E 1706 included a review of a series of round-robin studies from which
interlaboratory precision was analyzed. CVs for survival in 10-d whole-sediment testblwatttecaranged from 6 to 114 % in
three test sediments. Similar tests w@th tentansproduced CVs of 8 to 181 % in three test sediments. In 28-d whole-sediment
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tests withH. azteca CVs from five test sediments ranged from 7 to 28 % for survival , from 52 to 78 % for growth (dry weight),
and from 66 to 193 % for reproduction.

15.6.2.9 Thd eptocheirugound-robin study exhibited similar or better intra- and interlaboratory precision than many chemical
analyses and toxicity testing methods (for example, USEPA, {8217)). The cause(s) of the high failure rate among laboratories
participating in the round-robin study is not known. Several of the laboratories had not conducted this toxicity test previously, and
inexperience with the procedures may have contributed to some of the test failures. Some of the laboratories suggested that uneate
food might have accumulated during early days of the experiment, which might have led to lethal low-DO stress to the young
amphipods (DeWitt et al. 1997¢25). Because of this potential problem, additional experiments were conducted (Annex A2) to
find the minimum food ration that would minimize the build-up of excess food, minimize mortality, and produce significant growth
rate and reproduction endpoints in the 28-¢glumulosusediment toxicity test. The diet recommended in this standard (A2.3.6)
is based on the results of that experiment.
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ANNEXES
(Mandatory Information)

AL RHEPOXYNIUSABRONIYUS

Al. PROCEDURE FOR CONDUCTING A 10-D SEDIMENT SURVIVAL TEST WITH THE AMPHIPODS
Eecological-Requirements-Ampelisca abditaEohaustorius estuarius Leptocheirus plumulosusor Rhepoxynius abroniug3)

Al1.1 Introduction

Al.1.1 Ampelisca abditaEohaustorius estuanuﬂteptochewus pIumqusuandRhepoxynlus abronleeeufs—aleng have been

estuarine or marine sediments. The choice of these amphipod species as test organlsms is based on senS|t|V|ty to sedime
associated contaminants, availability and ease of collection, tolerance of environmental conditions (for example, temperature
salinity, grain-size), ecological importance, and ease of handling irthe-desired test laboratory. Additionally, the species chosen fc
this method are intimately associated with sediment by nature of their burrowing or tube-dwelling and feeding habits. Field
validation studies have shown that amphipods are absent or have reduced abundances at sites where toxicity isn lavboratory te:
Amphilpod sediment toxicity tests have been successfully performed for regulatory-and w research purposes by numerou
laborathories, including state and federal government agencies, private corporations, and academic instyitutions. Test guidance
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A. abdita E. estuariusL. plumulosusandR. abroniushas been described (USEPA 19943 Environment Canada 1992)). The
four species chosen are representative of both estuarine and marine habitats and sediments that span the spectrum of particle siz
from fine-to coarse-grained stediment. Thus, either-al watone or in combination, they may be used to measure toxicity of any
commonly encountered estuarine or marine sediments (See Section 1 for additional details).

Al.1.2 Specific test methods for conducting the 10-d sediment toxicity test for the ampAipmpadisca abdita Eohaustorius
estuarius Leptocheirus plumulosusnd Rhepoxynius abroniuare described in section A1.2. This test method was developed
based on Swartz et al. (198%50) ); DeWitt et al. (198911)); Scott and Redmond (19892)); Schilekat et al. (199213)); and
Environment Canada (1998)). Results of tests using procedures different from the procedures described in section A1.2 may not
be comparable and these different procedures may alter bioavailability. Comparison of results obtained using modified versions of
these procedures might provide useful information concerning new concepts and procedures for conducting-sediment is 25 g/kg
tests with estuarine or marine organisms. If tests are conducted with procedures different from the procedures described in this
standard, additional tests are required to determine comparability of results (sections 1.4 and 1.10).

Al.2 Recommended Test Method for Conducting a 10-d Sediment Toxicity Test witAhmpelisca abditaEohaustorius
estuarius Leptocheirus plumulosusor Rhepoxynius abronius

Al.2.1 Recommended conditions for conducting a 10-d sediment toxicity tesBwéhditg E. estuariusL. plumulosusand
R. abroniusare summarized in Table Al.1. A general activity schedule is outlined in Table A1.2. Decisions concerning the various
aspects of experimental design, such as the number of treatments, number of test chambers/treatment, and water quality
characteristics should be based on the purpose of the test and the methods of data analysis (Section 13). The number of replicate
and concentrations tested depends in part on the significance level selected and the type of statistical analysis. When variability
remains constant, the sensitivity of a test increases as the number of replicates increase.

Al.2.2 The recommended 10-d sediment toxicity test Witlabdita E. estuariusL. plumulosusandR. abroniuss conducted
at the species-specific temperature and salinity with a 24 h light photoperiod at a illuminance of about 500 to 1000 lux (Table A1.1).
Test chambers are 1-L glass chambers containing 175 mL of sediment and 775 mL of overlying seawater. Twenty amphipods are
added to each test chamber at the start of a test. The size range of the amphipods will depend on species that is being tested (se
section 12.3.4 for allowable size range for each species). The number of replicates/treatment depends on the objective of the test
Five replicates are recommended for routine testing (Section 13). Exposure is static (that is, water is not renewed), and the animals
are not fed over the 10-d exposure period. Overlying water can be culture water, surface water, site water, or reconstituted water.
For site-specific evaluations, the characteristics of the overlying water should be as similar as possible to the site where sediment
is collected. For all other applications, the characteristics of the overlying water for each species should be chosen according to
Table Al.1. Requirements for test acceptability are summarized in Table-A1.3)..

Al1.3 General Procedures

Al1.3.1 Sediment into Test Chambe i ; i i i i :

Al1.3.1.1 On the day before the addition of amphlpods (Day 1) each—test—sedﬂﬁeﬁts—are—pfedmantly SI|'[S sedlment (either
field collected or-elays, laboratory spiked) should be homogenized by stirring in the sediment storage container or by using a rolling
mill, feed mixer, or other suitable apparatus. Control and reference sediments are-includesd. Sedigment should be visually
|nJ3_eelted to judge the extent of homogeneity H-a-silt-clay-contreHreatment quantitative measure-ef-elean-sediment homogeneity
is required, replicate subsamples should be takenfremanuncentaminated-reference-collection-site-near that of the sediment batcl
and analyze for TOC, chemical concentrations, and particle size.

A1.3.1.2 A 175-mL aliquot of thoroughly homogenized sediment is added to each-testsediments;—n addition chamber. It is
important that an identical volume be added to each replicate test chamber-thenative-sediment control.

A S o Ad HedR- <1

i i i edimen wer-tatertidal volume
added should equate toa depth—ef—at—least—Z—?—A—m—Amehrpeds can 2 cm in the test chamber The sedlment added to the test chambe
should be-cellected-from-a-boat-using-a-smat-biolegicat-dredge settled either by tapping the side of the test chamber against the
side of the hand er-a-grab-sampler—A-sieve by smoothing the sediment surface-with-a—1-0-mm-diametermesh size can nylon,
quorocarbon or polyethylene spatula quhly contamlnated sedlment shoulel—be used added—te—smealmtebfdelﬂeﬁrem—therr
i ishes, and test chambers in a certifiec

Iaboratory fume hood

A1.3.2 Addition of Overlying Water—As test water is added, disruption of the sediment surface should be minimized. One way
to accomplish this is by-tsing use of-a-butb-pipette turbulence reducer. Possible designs of turbulence reducer-inetude a suitable
s&e—éfeee*&mple—ene—thh disk cut from polyethylene nylon, or T@flsheetlnq (4 to 6 mil), or-a-5-mm-diameteropening).
£ aining glass petri dish attached

(ogen face ug) toa—z—em—deemayeeef—e—E—mm—aeved—eeHeeﬂeweﬁe—sedment at qlass pipette. If a disk is used as the turbulence
reducer, it should fit the inside diameter of the test chamber and have attached-a density length-ef 20-amphipeds-per-dish. These
dishes—eanbe-transterred nylon monofilament (or nontoxic equivalent) line. The turbulence reducer is positioned just above the
sediment surface and raised as sea water is addee-te-holdingtanks-supplied the 750-mL mark on the side of the test chamber. Th
turbulence reducer is removed and rinsed with—aerated-orflowing test sea water between replicates of a treatment. A separate

A 0 v -.I N he Ntad o M moata maen ho a¥a
T O v a v, Ou O 0 Sire O
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TABLE Al.1 Summary of EcofogicatandTestingConditions thatStrfoutd BeConsidered-WhemnmConducting Ten-D ay10-d Sediment

Toxicity Tests-with  AmphelipegsNea abdita , Eohauste—1+—-See-Annexfor fidrths-estuarius ___, Lexplanation—

ed-at-thpoxynius t-abronime-us  (USEPA 1994a (1) )

Field Laberatery
Parameter Conditions
Geegraphietange Puget Sound to Southern California (23, 39) N/A
Geographierange 1. Test type: Whole sediment toxicity test, static.
Habitat Free-burrowing sand dweller, low intertidal to 274 m (21, cl ean, finesand, 2 cm (3)Life-eyele Annual (40)
23)
Habitat 2. Temperature: 15°C: E. estuariustife-eyete Aand R. abi
Life-stage-tested N/A M ature 3 to 5-mm amphipods, mixed sexes (3)
Lifestage-tested 20°C: A. abdita
Femperature Annual range at collecting site = 8 to 16°C (3) Standard temperature is 15°C; (3) survives 0 to at least 20°C
Femperature 25°C: L. plumulosus
Salinity Annual range at collecting site = near 0 to 35 g/kg (40) Standard salinity is28 g/kg, s %o alinity effects noted below 25 g/kgWel-serted
(3)Sediment-type
Salinity 3. Salinity: 28 %o : A. abditaSedimenttype Wel-sorted
Sediment-depth Usually upper 2 cm, to 6 cm (36, 39) T est sediment depth 2 cm (3) Nutritien Meief aunal |
Sediment-depth 20 Yo : E. estuarius Nutrition Meief and L.
Hghteyele Natural light Continu ouslight(3)C ontro /mortakty NA
Hght-eyete Alternatively, the salinity of the overlying water can be adjusted to N#A
the salinity of the pore water at the site of interest for tests with E.
estuarius or L. plumulity
Chronie-test N/A Notdeveloped
Chronie-test 4. Light quality: Wide-spectrum fluorescent lights
96-h-LC50~cadmium,—water-onh-exposureN/A 0.92 (0-68—1-25)-mgH—-42)
96-hE50,-cadmivm-water-enty-expesureb. llluminance: 500:68—125)y-mgi—42)

Atb—Eoehatis torits-estuarits—Famt 1000 ly-Hausteriidae)—x

Field

Laberatery

Geographierange
Geographic range
Habitat

Central British Columbiato Central California (24, 27) N/A

6. Photoperiod:

24 light

Free-burrowingsand dweller, upperto mid-intertidal, shallow  Clean, fine san d, 2 cm(24)

subtidal (24, 27)
7. Test chamber:
Probably annual (24)
8. Sediment volume:
N/A
9. Overlying water volume:
Approximately Oto 21°C (24, 27)

10. Renewal of overlying water:

Annual range at co llecting site = ne ar 0 to 35 g/kg

11. Size and life stage of amphipods:
Clean fine to medium sand (27, 43)

Approximately top 5 cm

Probable deposit feeder (24)

Natural light

12. Number of organisms/chamber:

N/A

13. Number of replicate chambers/treatment:

N/A
14. Feeding:

96-hLC50;<cadminm—water-onh-expesure N/ A

15. Aeration:

1-L glass beaker or jar with 10-cm inner diameter.

N/A—Field collecte d

175 mL (about 2-cm depth)

Mature amphipods 3-5 mm, mixed sexes (24)

775 mL

Standard temperature is 15°C (3, 24); tolerates 5 to
at least 21°C (27)

None

St andard salinity is 2 to =28 g/kg (24, 27)

A. abdita: 3 to 5 mm (no mature males or females)

92 % m eansurvival insediments with =80 % silt-
clay, 97 % in sandy sediments (25)

E. estuarius: 3 to 5 mm

2.cm(3, 24)

L. plumulosus : 2 to 4 mm (no mature males or fe-
males)

Amphipods are not fed in the laboratory (3, 24)

R. abronius : 3t0 5 mm

Con tinuous light(3, 24)

20 per test chamber

=10 % (3, 24)

Depends on objectives of test. At a minimum, four
replicates should be used.

Not developed

None

AtWater in eac —Ah test champber should be aerated overnight before sctart-of test, abnd throughout the test; aeration at ra(Fte that-maily Ampelntafise—__ _ —

>90 % saturation of daissolve) —d oxygen concentration.

Fietd

Laberatery

Geographicrange
Geographic range

Habitat
Habitat

Life-eyele
Hife-eyele
Lifestage-tested
Hife-stage-tested
Femperature

Central Main to Northern Florida, eastern Gulf of Mexico N/A

(44), San Francisco Bay (45)
16. Overlying water:

Infaunal tube dweller,lowintertidalto 60 m (44, 46)

17. Overlying water quality:

Clean sea water, natural or reconstituted water.

Collection sitesedim ent, 4 cm(33)

Temperature daily. pH, ammonia, salinity, and DO of
overlying water at least at test start and end. Salin-
ity, ammonia, and pH of pore water.

Two to several generations per year,temperature depen- Life cycle approximately 6 weeks at 20°C (48)

dent, probably one brood per female (46)
18. Test duration:
N/A 59

19. Endpoints:

10d
Immature amphipods, or mature females only

Survival (reburial onky

Colleetedin water t emperatures from — 2 to 27°C

(44)Standard temperature is 20°C, has been tested in 4
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TABLE A1.2 General Activity Schedule for Conducting a Sediment Toxicity Test with Ampelisca abdita , Eohaustorius estuarius
Leptocheirus plumulosus , or Rhepoxynius abronius (USEPA 1994a (1) )
FABLE-AT—Continted
Field Laberatory
Day Activity
-10 to -3 Collect or receive amphipods from supplier and place into collectionNfAus from cultures.
site sediment. Alternatively, separate 2 to 4 mm L. plumulos¢st)
Habi+tat trfatnaltubedwellermid—tidaltosh-allowsubtital{51) €ollec tion sitesediment, 1 cm (51)
-9to -2 Acclimate and observe amphipods to species-specific test Efor expample, temperature, salinity, and dissolved oxygen).
conditions. Feed A. abdita and L. plumulosus. Monitor water quality
)
Hife-eyele NB- 4to 5lifecy cles p erye ar at 20°C

-1 NB- 40bserve amphipods, monitor water quality. Add sediment to each
test chamber, place chambers into exposure system, and start
aeration.

Lifestage-tested NA tmmature 3to 6mm,no females carrying embry os(51)

0 NA mmMeasure pore-water total ammonia, salinity, and pH. Measure
temperature of overlying water in test chambers. Transfer 20
amphipods into each test chamber. Archive 20 test organisms for
length determination.

Femperature Collected-in-Califerniafrom-watertemperaturesrangingfrom-9te  Stand ard t es tt emper atureis 15 to 19°C;sa tisfactorysurvival at 15
26°C{51) to 23°C (51)

1 Measure temperature. Observe behavior of te-2626+(5%) Sest organisms and ensure that each test chamber is receiving air.
Measure dissolved oxygen in test chambers to which aeration has
been cut-off,

Salinity Ful-oceansalinity-te-hypesaline-watersef-unkr-ewn-salinity(54H) S tandardtest salini ty is 30t o 35g/kg;survivala t 16to 34 g/kg,
15 %mortal ity at 4g/kg (51)
2 Measure total water quality (pH, temperature, dissolved oxygen, S, total ammonia of overlying water). Observe behavior of test
salinity(5%) organisms and ensure that each test chamber is receiving air.
Sedimen-ttype Mud-sand:-oeeurs-in-sands—silts—elay{56:52) Fire s and tosilty clay(5 1)
3to7and9 Sane-oceursin-sands;silts—elay-(56:52) Finme as Day 1.
Sediment-depth Ypper2—4-em{(5H 2-em{51)

8 Same as Day 2—4-em-{5%) 2Z-em(54)-.

Nutrition Algae—de-tritus—sediment Suspension of finely ground Tetramin and En teromorpha-+5%)

10 Measure tement Susperature. End tha—{5%)

High t cy cleNatural light €entinuous ligh 1)
Lighe test by collectight €eng 63
Eontret-mert ality NA =16-%51)
Control morthe ality NA =16-%51)
€hronie-test NA Notdeveloped
Cmphie-test NA Npodevetoped
96h LC50, c admium, water onlyexpesureNfA 4.17 (0.94-1.46) mg/L (53)
96s with a sievexpesure NA £

turbulence reducer is used for each treatment The test chambers should be covered, placed in a temperature controlled water bat
(or other acceptable equivalent) ard-satinity-Two gently aerated. A test begins when the organisms are added to thre test chamber:
(Day 0).

A1.3.3 Addition of Amphipods-On the following day (Day 0), amphipods are-stfficientfor-acelimation added to the test
eonditions-Asieve-with-a1-0-mm-diametermesh-size can chambers. About one-third more amphlpods than are needed for the test
should be-tused-to—separdRe-abroniusfrom_sieved from the-aeelimation culture or control sedimentimmediately prior in the
holding container(s), and transferred to a sorting tray. The additional animals allow fer-the-nitiation selection of healthy, active
individuals. The sieve size for isolating amphipods from the culture or control sediment will depend upon the selected species.
Ampelisca abditandL. plumulosusshould be isolated using-a-texicity-test.

AL3- 0.5-mm sieve, whered®xicity-Test-SpecificatiorsThetoxicity-tesE. estuariusandR. abroniusshould be-+rur-at-35-
3°€ isolated using-28-gtkg-ovetrlying-waterin-the-test-chambers—The-test-chamberis usually-a-standard-1-L-glassbeaker with a

10-em-internal-diameter—Beakers 1.0-mm sieve. Sieving shoutd-be-ecovered-with—an—tt4-cm—diameter-wateh-glass to reduce
eontamination conducted with sea water ofthe-eentents same temperature-ane-evaporation of salinity-as the water holding and tes

material-Aeration-ean water. Once isolated, active amphipods shoutd-beprevidedto-eachtestehamber through impartially selected
using a--mkglass transfer pipette-thatextends-between-the-beaker spout or other suitable tool (not forceps), and distributed amonc
dishes or cups containing test sea water until eachgl container has twenty amphipods. The number of amphipods in each dish

should be verified by recounting before adding-te-a-depth-netecloserthan2-emfrom-the-sedimentsurface- Sediment test chambers.

To facilitate recounting, amphipods may be distributed to test chambers in batches of 5 or 10 instead of the full complement of
20. The distribution of amphipods to the test chambers should-be-2-em-tdeepand-toxicitytest water impartial.

Al1.3.3.1 Amphipods should be added up to test chambers without disruption-efthe-766-mt-mark on sediment. Any amphipods
remaining in the-beakers—Sediment-and sorting container should be gently washed into the test chamber using test sea water. Th
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TABLE Al1.3 Test Acceptability Requirements for a 10-d Sediment

Toxicity Test with Ampelisca abdita , Eohaustorius estuarius

Leptocheirus plumulosus , or Rhepoxynius abronius

(USEPA

1994a (1))

A. It is recommended for conducting a 10-d test with A. abdita, E.
estuarius, L. plumulosus , or R. abronius that the following
performance criteria are met:

1. Size, life stage, and reproductive stage of amphipods must be
within the prescribed species-specific ranges at the end of the test

(Section 12).
Geegraphietange
Geographierange
NA

3. Salinity, pH, and ammonia in the overlying water and sediment
grain size should be within tolerance limits of test species.
Habitat

B. Performance-based criteria for culturing L. plumulosus include:

Lifeeyele
Lifeeyele

2. Records should be kept on the frequency of restarting cultures.

4. Laboratories should characterize and monitor background
contamination and nutrient quality of food if problems are observed
in culturing or testing organisms.

Femperature

) o

C. Performance-based criteria for field-collected amphipods include

Cape C od, M assachu settsto Northern Fl orida{54)
P. Average survival of amphipods in the control sediment must be

preater than or equaf54y

i iments—shalow
Stibtida-(54,-55)

Annual;re production sp ringthrough fallin Chesap eake Bay, a t lea]

Sttw 0 broods per female (54, 56).

1. Laboratories should perform periodic 96-h water-only reference-

oxicity tests (at a minimum, one test every six months) to assess

he sensitivity of culture organisms (section 11.16).

INFA

05

Safinity
i

2. Acclimation rates to test salinity and temperature should not
exceed 3°C and 5 %o per 24 h.

Sediment-type

Sediment-depth
Sediment-depth
2-em{56:59-61)
1. All organisms in a test must be from the same source.
"
o

3. All test chambers (and compartments) should be identical and
should contain the same amount of sediment and overlying water.
Hight eyele
Hghteyele

Control-mortality

Collectedin water r anging fromnear Oto 33 g/kg (55, 58).

[L. Laboratories should perform reference-toxicant tests on each

patch of field-collected amphipods received used in a sediment tes

section 11.16).

Finesandto siltyclay(55-58)
3. Amphipods used in a toxicity test should exhibit active swimming|

behavior upon placement in water, have full digestive tracts, and

display(55-58)

Usuallyin upper 2 cm; ra rely deeper than-5-em

D. Additional requiremen-5-em

Surfacedepo sitand suspen sion-feeder5#)

P. Storage of sediments collected from the field should follow

uidance outlined in section-feeder{57

Natur allight16h:8hl ight:d ark (56, 59-61)

1. Negative-control sediment and appropriate solvent controls must

pe included in a test. The solvent control used must not adversely

pffect test organisms.

A E
INA 2
i
e
e
INAA J
INAA J
e
INAA i3
A i
c
e
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water level should be-added brought up-te-beakers-the-day-before 950-mL markthe-amphipeds-are added, test chamber coverec
and aeration may be discontinued for up-te-altew-suspended-sedimentparticles-1-to-sbhlb taallow the amphipods to burrow

into the sediment. Aeration should then continue-fer-eguitibration the remainder-eftemperature-and-the-sediment-water interface.

AL31-After test.

Al1.3.3.2 After the-ev o each addition of the animals;the-testchambers,
wrth—addrtrenal—teaeerty—test—wateete—bnnq chambers should be examrned for animals that may have been injured or stressed during
the-watertevelup-to-the-950-mievel. isolation, counting, or addition processes. Injured or stressed animals will not burrow into
sediments, and should be removed. The period of time allowed for healthy amphipods to bury into test sediments will depend upon
the species usedtohaustorius estuariyd.. plumulosusandR. abroniusshould be allowed 5 to 10 min to bury into the test
stbstrate-Anry-amphipeds sedimeimpelisca abdita which may take longer to build tubes, should be allowed 1 h. Amphipods

that have not burirowed withinthat the prescribed time-er-appeardamaged sheutd-bereptaced, unless replaced with animals from
the-amphipods same sieved population, unless they are repeatedly burrowing into the sediment and immediately emerging in an

apparent avordanee—respense—te—ﬂee—test—substrate response In that case, the amphlpods are net—rep‘raeed—Amphlpods arer
remeved—from-the—surface The numbe

amphipods that-seem-dead-might-actually are removed shoutd—be—alwe—and—mght—late rebury recorded

Al1.3.4 Test Conditions

Al1.3.4.1 Aeration—The overlying sea water in-the each test-sediments.

AL3-2—TFhe-toxieity-test chamber should be aerated continuously after the water-is-terminated-when-amphipeds-are separated
from added (that is, Days -1 through 10) except during introduction of the-test-substrates-using-a-0-5-mm-mesh-diameter screen.
Amphipeds-are-transferred-to-a—serting-tray organisms. Compressed air, previously filtered-and-numbers free of oil, should be

bubbled through a glass or plastivc pipette-and-dead-amphipods-are-countet—Survivors-are-transferred attached plastic tubing. The
tip of the pipette should be suspended-2te-dishes-containing-a2-em-deep layer 3 cm above the surface-ef-elean, native the sedimen

and-alowel-1-h layer so as te-rebury. not disturb the sediment surface—Fhe-rumbers concentration-of-survivors-unrable to rebury
dissolved oxygen (DO) in-elean the water overlying the sedimentcan-be-tused-to-caletlate-an-EC50-for-this—sublethal effect.

A A H A A A Rhepo N bron (]

y - e irmarily in
thed test chambers is maintaire wd at or near saturatron by gently aeratlnq the Water Alir is bubbled threugh—the—epﬂng months.
Large-immature-and-adult-amphipeds, 3 test chamber at a rate that maintains a >90 % DO concentration, but does not cause
turbulence or disturb the sediment surface. If air flow-te-5-mm-tetaHength, one or more test chambers is interrupted for more than

one hour DO should be um measured—rn—the—tex C|ty hose—test—beeause—ﬂeey—are—a\faHaHe—year—retmd—and—therr sensitivity chambers

W om that determine whether DO concentrations have fallen
below 60 % ot—juvenrlee{—}g)—'lihey—are—atse—karge—eneugh to saturatlon Results may—be—easﬂy—handJred—andrcounted unacceptable

for test chambers in atu Fe-ees ve-been found which aeration was
interrupted and DO concentratrons feI o-beee ii i Hissesst ed-popuiation of both

se*es—altheugh—very—targe—mature—rndmduals below 60 % saturat|on
Al1.3.4.2 Lighting—Lights should—ret be-used-because-they-might-be—senresecent—tisnecessary left on continuously at an

intensity of 500 te-ehange-year-elasses-sometime 1000 lux durirg-the-summer—as-old-amphipods-die-outand-arereplaced by 10-c
exposure period. The constant light increases-the-maturing-jtveniles.

ensitive tendeney-ef sedimenttoxicity test the
organlsms te—test—matenals—btﬁ—rs—tar#y—tebrant—ef—handllnq remaln buried in the sediment, and-thus-te-a—variety-of physical
t remain exposed-te-disappearfrom-benthie-communities

eeneenﬁaﬂensﬂean%msﬁha&predtmeatethakeese@ethake#ee&m—mature amghrgods—used—rn—a—shert-ttﬁwepm%nuﬁas
been-shown-to this method are notbe :

fed during the-texieity 10-d exposure perlod

Al1.3.4.4 Water Temperature-The test-usingRhepoxynius—abroniukas-been-demonstrated temperature will depend on the
species that is tested. Test temperatures were selectedte-be-very-usefuHin-detecting-sedimenttoxieity, and can near the summertim
thermal maximum that each species would-be-used expected to encounter-in-a-variety-of-research-and-regutatery-applications.
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A2+ the environmentEeelegical-Reguirements Eohaustorius estuarif®4) and lives-in-intertidal-sands-aleyy abronius
the—NerHaAmeﬁeaH—west—eeast—#em—BHHeh—eelﬂmma—seuth to PaC|f|c Coast amph|pods should betested—at—least—eeatral Californi

15°C. Ampelisca abdite26 irable-test-speciesfor-sedimen A v it een 2
should be tested at 20°C aﬁd—28—g+kg—S|Eeeestuaﬁus Qlumulo asmaﬂy—mhabrts—eaady—sedmaents at 25°C.
A1.3.4.5 Salinity—The salinity of the—experimental-design—should—inelude—a—fine-sedimen ition to water

overlying the-native-sediment-controt) if test—sedmaents—are—pfedemmaatw—sﬂfs—er—etays—?hre control seatrmeﬂt—shewrd-consrst of
elean-sedimentfrom-an-uncontaminated-reference-collection-site-near that of will vary depending on the seleetedtest-sediment(

ant-have-a-similar-grain-size-distribution.

A—2—2— speues For routine testrr@eﬂeeﬂen—aad—l—tandmg—'FeehmquesA abdﬂaE—estuaHus and R. abronra&n should be

A—2—2—1—Far—aeehmat|ea—up—te—20 an overlylnq Water sallnlty of%8 WhereasE estuarrusean—be—he+d—ra—]:9—em—d|ameter
hes should-be-transferredte-holding

taHes—sapptmd—wrth—aerated—eeﬂemng—sea—water tested—at theozor he tarqet test—temperature—aad—sahmty—?we—te—t—hfee days
are—sutﬁerent saIrnrty fo H iments usini

AZ2:3- Toxicity-Test-SpecificatiorsThe-toxicity-testshould-berun-at-35-3°C-withL. plumulosuss 5 or 20%. depending on
the pore-water salinity. The recommended overlying-water-composed-of-toxicity-test-seawater-diluted-te-the same-salinity as th
m%%a%%%ﬁﬁ%mww&%%%ﬁw%ﬁﬂ%ﬁemd diamete

£ vaperation of t

b j i s betweel

pou 0 m-from the wrth sedmeat—suﬁfaee—Sedﬁﬁeﬂt in the te
ehambers—sheutd—be—z—em—deep—aad—teaﬂerty test pore wateeehetﬂd—be—added up frem—l—te—Hae—Fee-mL—maHeeH—the beaker

ent parti

C ot cl O C

te—eettle—and—te—aHew—Hme 1%0 or 20%o for—equmbraﬂea—ef—temperatwe—aad—the—eeamaeaﬂﬁateemterface

3 v 6 i h-of the—test-chambers, sediments with
addttieﬁal—teaﬂerty—tes _p_re water—te—lar—rnq >¥ . Alternatlvely, the—wateHevel—ap%e+he—959—ml:le\fet4he—amph+eeds—ehould

wed-5 i replaced

RCe respor

e surface—eahnrty of te

ight actually

diameter scre
by into clear

aative—sedmems—may—be—used—te—deferrmﬁe—an—ECSO overlyrng wateHeeHars—sabtethal—e#eet—Survrvrnq toxrcrty teBts with

estuariussheutd orL. plumulosusan be-transferred adjusted-te-specimen-dishes-containing-a2-cm-deep-layerofnative-sediment
sieved-to=0-5-mm;-and-should-be-altowed selected target salinity (for example;-ere-heutto-rebury.

A24- representative of the salinity regime at the site of interest). Depending on the objectives of theisuElyecle-and-Age
Classes—EohaustoriusE. estuarius and L. plumulosus-cappn be tested with overlying water salinity ranging frem-31-te have an
annvaHife-eyele, 3260 . However, if tests are conducted with-reproduction-eceurring procedures differentfrom-February-through
July-(2H—targe—immature—and—adult-amphipeds, 3 those described in Table Al.1 (for example, different salinity, lighting,

temperature, feeding conditions), additional tests are requireg-te-5-mm-tetaHength, determine comparability of results (sections
1.4 and 1. 10) Pore water salrnrty of each test sedlment shoutel—be—used in measured befere-the—toxicity-test-because they a
v y triduals initiation of a test. Sediment pore water-should not
b&useda&ﬂawmgm—be%eﬁeseeﬁﬁge—ﬁe—aﬁd-se*epeemesensrtrvrty obtained by centrifugation. Alternatively, salinity can
measured before homoqenlzatlon in the water that comes to the surface in the sample contalner as the sediment settles. T
pore-water salinity of-E- 0 of animals the test sedime
should be wrthrn—Haerr—reeemmeaded—srze the sallnlty appllcatlon mage—ehew—h+ghtwep+reab+e—reepeﬂees—te4aberatery-splked anc
field-collected—contaminated-sediments of the chosen amphipod species (Table(2&-4Fhis—strongly—suggests—that-both
sexesRhepoxynius abronius cannot be tested when sediment pore-water salinities—are-comparably-susceptible-to-contaminat
sediments.
A25- <25%o. . Another species should be used for such sedimemstrol-Survival—Contret-survival-usingmpelisca abdita
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TABLE Al1.4 Limits on Environmental Conditions Under Which to Conduct the 10-d Sediment Toxicity Tests for 10-d Sediment Toxicity
Tests with Ampelisca abdita , Eohaustorius estuarius , Leptocheirus plumulosus , or Rhepoxynius abronius (USEPA 1994a (1))

Parameter Ampelisca Eohaustorius Leptocheirus Rhepoxynius
—_— abdita estuarius plumulosus abronius
Temperature (°C) 20 15 25 15
Overlying water salinity (%oo0) >10 1 to35 1.51t0 32 >25
Grain size (% silt/clay) >10 <70 clay? Full range <90
Ammonia (total mg/L, pH 7.7 <30 <60 <60 <30
Ammonia (unionized, mg/L, pH 7.7) <0.4 <0.8 <0.8 <0.4

B 7 Environment Canada (1998 (221))

EohaustoriusE. estuarius, and L. plumulosist can be-atleast-96-%-for tested over-the-texieity test entire pore-water salinity
range (that is, 1 te-be-censidered-valid.

A2:6- 34%.) when the recommended species-specific overlying salinity is used. PSEP $E98&ivity—Eohaustorius
estuarit$l 92) is-enty-shghtly-less-sensitive-than-Rhepoexyniusto-contaminants,—and-s-fairly-tolerant) outlines a procedure for
adjusting the pore-water salinity of samples with a salinity €26 by adding appropriately saline overlying water to the test
chamber on the day before the start of the test, mixing sediment and overlying water, and allowing the material to settle overnight
under aeration. The-speeies resultant overlying water-isHess—sensitive than either retained or about 75 % replaced with fresh
dilution water at 28%0 (PSEP 1995-Rhepoxyriil®2)). While this manipulation should result in an acceptable salinity for tests
with te-a-varietyR. abronius, the influence-efphysieal-charaeteristics this manipulation on the bioavailability of contaminants in
the sediment-and sample-is-tolerant-of-salinity-levelsranging-from-about-2-g/kg to uncertain. See section 12.1.4.

Al1.3.5 Measurements and Observations

Al1.3.5.1 Temperature should be measured atdeast35 g/kg.

A27—Interpretation—When-interpreting daily in at least one test chamber from each treatment The temperature of the water
bath or the exposure chamber should be continuously monitored. The time-weighted average of dacily temperature readings must
be within = 2°C oxf the desicred temperature. The instyantaneous temperature must always betwstih of the desired
temperature.

A1.3.5.2 Salinity, DO, and pH of the overlying water shouleHbe-kept measured daily in at least one test chamiber pertreatmendt.
Care should be taken not to disturb the sediment when sampling everly lifng-wate sr quality.

A1.3.5.3 Ammonia should be measured in overlying water towards;-the-reproduetive-ability, or beginning (for example, Day

2) and towards the-lerg-term-survival endefestuariuanight the test (for example, Day 8). Measurement of overlying water
pH and temperature should accompany each ammonia measurement. Simultaneous measurements of ammonia, pH, an
temperature in sediment pore water should be measured at the beginning off the test. Pore water should be extracted after the
sediment has been press-sieved and homogenized. Samples of pore Water should be obtalne@y eeentrlfugamtlon

Al1.3.5.4 Eanch test chamber should be examine ethal response
Despite-theselimitations, least daily during-thetexicity 10- Hes%u&ng—&deb%u&ntﬂ%as—beeﬂemens%m ed Qerlod-te-be—useful
n-quickly-deteeting ensure that airflow to the overlying sea water is acceptable. The number of amphipods emerged from the
sedimenttexicity including those swimming-n-estuarine-sediments-efwidely-varying-interstitial-salinity, the water column and can
trapped in the air-water interface should+e-used noted. Amphipods caught in the air-water interface should be gently pushed down
into the water usig a-v glass rod or pipette.

A1.3.6 Ending a Test

A1.3.6.1 Laboratories should demonstrate the ability of their personneal to recover an average of at least 90 % of the organisms
from control sediment. For example, test organisms could be added to control sedimentane-regutatery-applications.

] A3 AMPELISCA ABDITA

A3-3- recovery could be determined afterl h (Tomasovic et al.,

betonging207).
A1.3.6.2 The contents of the test chambers are sieved to isolate-the-family-Ampeliscidae;found-mainty-in-protected areas test

animals. The mesh size for sieving the contents of the test chambers should be no larger than 0.5 mm. Test water should be usec
for sieving. Material retained on the sieve should be washed into a sorting tray with clean test seAmpgtisca abditare
tube-builders and can be forced from their tubes for enumeration by slapping-thelew-intertidal-zene-to depths sieve forceably
against the surface -ef-660-m—itranges the water or by using a stream of water (for exampte;frem-central Maine a spray bottle or
from a tube connected to-seuth-central-Horida—and-the-eastern Gulf a souree-of-Mexico running {43 Fohaustorius
estuarius-and-has-also-been-introduced-into-San-Francisco-Bay(45)—ttHs-euryhalile, plumulosus and-has-been-reported
inwaters-thatrange-from-fully-marine-to-10-partsperthousand-salinity (44)—This-species-generally-inhabits-sedimerRs
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abroniusare easily removed from-fine-sand-to-mud-and-sitt-witheut-shell-altheugh-it-ean-also the sediment by the sieving
process. The sieve should be carefoully examined for any animals remaining, and-in—+elatively-coarser-sediments-with a

a%abire—ﬁne—eempenent—é%) the case df abdltaﬁ—e#en—abundar%m—sedrmenteAﬁMwmgtwgam&eeﬂtaW)

ration, also for any

tubes (WhICh may contaln animals) remalnlng
A1.3.6.3 Material thatbreeds in has been washed from A-mid-to-lat@sudther
n-New-England,-breeding-of sieve into Hae—evemmatemg—genemﬂma—begms When sortlnq tra should be carefuIIy examined for

the—wateHempefatu*e—ls—abeut—B—%but—m—waﬁﬂeratefs— outh [:_) esenee—ef—Gaae—Hattefas—b%eedmg—mtght—be— continuol
thfeugheut amph|pods A small portlon of he-y aiy, orrelated

orted throug 3 ; wly iveni 5
WhenA—abdﬂaaFe—pfesent a time, removmq amphlpods as th ey—are—e#ten—detmnant—membefs—et—me—benthieeommunity found.
Matenal from tests conducted Wﬁh—denaﬂes—up—te—l—le—%ée%—éw—%ﬁcmpehsea A. abdlta—ts—a—paFHete—feedeHeedmg—both

-collecte

soon
sirable fc

WI|| |nc|ude tubes bU|It by the—sedﬂﬂent—eentawngthe amphueeds—te—be—ﬂnsed—ﬂrst—through dunng—the—uepeH—mm—aeve with a

ferceful-stream-of seawateratthe-collectiontemperature test. The tubes should be carefully examired-and-salinity. This teased ap
under a dissecting microscope or magnifying glass becaAuabditawill break-tp often remain in the-sediment-material-and also

feree-most tubes even after vigorous sieving. Numbetrs-of the live, missing, and dead amphipods-eut-ef-theirtubes—Fhe materi
thusretained-onthe-0-5-mm-sieve should-be-vigereusty-shaken determined-and-swirled-so-the-fine-sedimentspass-through and
amphipeds recorded for each test chamber. Missing animals-are-separated-from-tubes;-sediment,-and-detrital-material. If the sie
is-then-liftedfrom-the-water—alloewed assumed-te-drain, have died-and-then—stewlylowered-into—a—shallow-tray-of-seawater,
decomposed dunng th@mpehseaﬁrtl—be—eaugm—en—the—wateﬁs—su#aee—tenslon test-and can disintegrated; they sheuld-be easily
W mporarily included—in-targe—cutture—dishes—in—a constan
tempemtu*e—bath—and—the&separated—mte—twe—ﬁe—etasses with-the-use-ef-rested-1-0-anrd-8-5-mm sieves.

A3-21-During-acelimationAmpeliscacanbe-held number dead-int-gal-glassiars;-each-containing-approximately-a4-cm deep
fayer calculations of-sieved-collection-site-sediment—f-seawater-is-flowing-through-the-holding-containers,a-sereened overflov

must percent survival for each replicate treatment. Amphipods that are inactive but not obviously dead should be observed usir
a low-power dissecting mlcroscope ora hand held maqn|fy|nq qlass Any animal that#aﬂs—te—prevent loss exhibit movement (that
is, neuromuscular twitch ef-sv ble on pleopods or antennae) upon gentl

prodding with a—da&y—baas—dtmng—aeehmatma—Research probe should be conS|dered dead
Al1.3.7 Test Data—SurvwaI [

mphipod.
e-bee when the primary endpomt recorded at the end of the 10-d sedime

oxmty test WlthA abdlta—has—been—fed—the—dratpﬁlhaeedaetylum—tﬁeeﬂau%umE estuarius-daty-in-exeess{a-suggested-amount

is-0-5-to-1 - of algaeper-gallonjar—or 3102 cellsimb). -Skeletonema-—cestatumL. plumulosus, and-has—alse—been used
sueeess#u#y—Amphmed—e*pesureR abronius. The ab|I|ty of surwvmq amphmeds—te—the—feed—sewee—w&l—be—rnereased—ﬁ—durlng the
y A pi er sides on
the—heldmg—eent—arners—wﬂt—atd rebury m—mevement—ef—algae—aeress the clean control sedmaent—su#aee—eare shoutd—ean be takel
used to caIcuIate effectlve mortallty that ins, v A the jars.
'matlon sum of dead anlmals plus those survivor

(—aepfe*ﬂﬂatety—%eﬁl:)—ean—be—used transferred—te—he’rel—the—ampmpeds The contarnes—are—fﬂed—th*ee—quaﬁetts full with holding

a-minimum-depth 2-cm Iayeret—Q—emof 0. 5 mm meved—eel-teetren S|te control sediment and an overlying layer (22-€m) of thest
sea water. Sallnlty of v

—N mphipods test sea water for reburial-sheuld be adde
g - i A v |nte—Hae—sedmaent—and—btu+d-mbes—betefe+he—eentamefs—areeapped T
pi -a—p ckets same as that measured—rn—the—eeﬁtarnefs—eentarnefs should

Ampehsea—abdﬁaecorded for each test—resutts—zo C chamber aﬁd—ls—reeemmended—&mladbdﬂaﬂs—tet%ant used to

calculate effective mortality.
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Al.4 Interpretation of-a-wide-salinity-range;, but-mosttests-have-been-conducted-at-salinities Results

Al.4.1 Section 13.3 describes general information for interpretatien—-ef-28-te-35-gtkg—This—amphiped-inhabits—fine-grained

sediments,-and-as-with-otherphysical-conditions,—-it-is-suspected test results. The following sections describe species-specific
information that-a-cearse-grain-size is useful in helping to interpret the results-of a test sediment-will-stress-the-animals, a grain
size-contrel-sheuld-be-included.

A—3—3—Hhe—e*peeure—ehambeerouﬂﬁety—used-to test toxrcrty testsAthdrta &aq&art—eried—glass—earrﬁmg-jaﬁwﬁh—a—ﬁarrow

needed for

ﬂew—%hrough—tes%ﬁ estuarlusL plumulosusand—has—s+epmgﬂppees+des—te—mpfeve—ewewammbronlus

A1.4.2 Influence o el eeding is
neeessary. Indigenous Orqamsms—AmpeHeea—abd-rta—has—net—beeﬂ—téBtbdenous organisms may be preseﬂt—m+he+l:beaker
expesure-chamber—used field-collected sediments. An abundanee-in-otheramphipoed-tests;but-it-is-hot-anticipated-that use of
beakers-would-create-any-problems—With-eitherexposure-chamberthe-watercolumn-should-be-gentlyaerated-with-a-glass pipette
mserteel—abeve—the sed|meﬁt—surfaee—3e&ment—m+he—e*pe%we—ehambeeshetﬂd—be—4rcm deep.
i-times sample—ef—the—yeaHuvemle—amphlpods
A and they
dre—shertty—a#er—mat—mq test orqanlsm (McGee et aI -mm

sieve—Twentyd1)), or organisms taxonomically S|m|IaHe+hww—ampmped&ehmﬂd%emsted—pe+repl+eate—FeFeaeh+ephcate the
contents test organism, may make interpretation-ef-a-serting cup treatment effects difficult. The presence of predatory organisms

can-be-rinsedHnte-aplastic-cup-with-a400-6r-500-micron-sereened base also adversely affect test organism survival. For example,
Redmond and-frem-there-into Scott (19894)) showed that the-expesture-contairer-Any-animals-caught-en-the-water's-surface
polychaeteNephtys incisacan-be-gently-pushed consuepelisca abditainderusing-a-gtass-rod-Amphipeds-sheuld-be-given
1-hto-burrow-into-the-sedimentif-thedack toxicity test conditions.
Al.4.3 Effect of-ability-to-burrew-deesnot Sediment Grain SizAll four species show-a-dese-response-then-the-animals not
burrowed-can-bereptaced tolerance to most sediment types,-with-othersfrom-the-same-sieved-population.
A%—?;—B#he—eﬁmaemt—feﬁhe—]:e—day—test—rs—meﬁahty, qenerally I|ttIe effect on survrval whether coarse- qrarned or frne -grained

(that is, predominantly silt a it does not

respond clay) clean sediments are used. However adverse eﬁects—drue—te—gentleﬂafebmg—ms—alse—usettﬂ—te—nete—anyanlmals ou
eftheirtubes-en the grain-size distribution of test sedimenterwatersurface;-amphipods may occur when sediments-that are nearly

dead-and-onty-exhibita-muscutar-pleepod-twitch, either extremely sandy or fine depending-en-the-presence speeies-ef molts, and
the-eonditton amphipod used. In order to separate effeets-efthetubesbuitt—Emergence sediment-associated contaminants from the
sediment effects of particle size, an appropriate clean control and reference sediment should be incorporated-inte-the inability to
eonstruct-a-propertube test when test sediments-are-sublethal-behavioral-responses-that-would-ultimately—result in death.

A3-3A4-After-echecking within the-assay-on-thelastday,the-eontents range-of-each-expoesure-container-should-be-rinsed through
a—&E—mm—aeve—ékemaHeemeeh—smfeeawbeﬂﬁed#eHhe%—aaﬁﬁg—Hhere is %Heem—abeut—leaﬁg—very—smaH—ammals but

orsumingH-the-experimentis-smallthe-materialretained-on ieve can be
------ i r-be-preserved in 5%
bﬂ#efed—feﬁaaalm—m%%ese—Beﬁgal—stam #eelateee*amrnaﬁeﬁ—ﬁcny—amphrpods each specres Alternatrvely, another species that
ar&ne%aeeeuﬁed%%ﬁh&aam&mﬁer%&e*&mmedareﬁe&mmﬂehavedﬁd dunng oleraﬂt—ef—the—test—Amphrpods that
have-died sediment extreme— i ving—Rarely, an
mdr\frdﬂal—that—laas—dmd-dﬁﬁng—the—test—wrll guestlon mlght—be—reeevered in tested 0 con|unct|on wrth—ﬂae—pfeserved—materlal and
rts—appearanee—wﬂt—be—markedﬁhérﬁefem—#emﬁose chosen spemes Ranges—ef—the—amﬁmpede—that—wefe—alwewhen—preserved Fol

ed, etc.

A3A4—OtherTesting—Growth concern are outlined below.

Al1.4.3.1 Ampelisca abdita—Survival of Ampelisca abditan sediment that is >95 % sand may elicit excess mortality, but this
has not been quantified (USEPA 19943, USEPA-USACE 200()). Toxicity tests conducted witA. abditaon sediments that
are >95 % sand should be conducted with a clean control sediment characteristic of that test sediment. (John Scott, personal
communication USEPA, 19944).)

Al1.4.3.2 Leptocheirus plumulosusin short-term exposures, juvenile plumulosushave been shown to be tolerant of a wide
range of grain sizd.eptocheirus plumulosusas exhibited >90 % survivalin-10-daytests-Smaltveniles clean sediments ranging
from about 100 % sand to about 100 % silt + clay (Schlekat et al., 1892 USEPA 199441)). See additional information
provided in sections 12.1.3 and A2.4.3.

Al1.4.3.3 Eohaustorius estuariusEohaustorius estuariubas exhibited acceptable (100 %) survival when exposed to clean
sediments ranging from 0.6 to 100 % sand (USEPA 199%a Environment Canada (199884) reported thaE. estuariusan
tolerate up to 70 % clay in sediment toxicity tests. Hower,estuariusnaturally inhabits sandy sediments, ang—a—rarrow
correlation between survival d. estuariusand grain size+ange-sheuld has been reported by DeWitt et al. (19§%nd by
USEPA (199441)) with increased mortality associated with increased proportions of fine-grained sediment. Therefore, it may be
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desirable to include clean control sediments with a range of particle sizes characteristic of those of the test sediment(s) in toxicit
tests conducted witk. estuarius

Al.4.3.4 Rhepoxynius abronigsRhepoxynius abroniusas been used to test sediments with a wide range of sediment grain
sizes. HoweverR. abroniusnaturally inhabits clean, fine, sandy sediments, and a number of studies have shown some reduction
in survival when thiso species is held in very fine-grained (predominantly silt and clay) sediment (DeWitt et a(1938Bong
et al., 1990(28);, McLeay et al., 1991194) USEPA 199441)). Therefore, when test sediments are predominantly silts or clays,
the experlmenltal deS|qn mclude at silt-clay control sedlment with a range of particle sizes characteristic of-the-test-at least on

O presents sediment(s). Alternatively, when-the initial particle
S|ze—aﬂd—sheuld of test sedlments are known, reqressmn technlques can be used to evaluate protential effectsrfdbmesios
survival (DeWitt et al., 198§193)).

Al.4.4 Effects of Pore-water Salinity-The four amphipod species exhibit variability-ir-5-9%-buffered-fermalin their salinity
tolerance ranges. There are two options available for laborateory sediment testing regarding the choice of overlying water sualinit
for a given sediment. The-amphipeds-must-be-fed-during options are to either use the selected species-specific overlying wat
salinity for each test species (26 for E-G estuarius5 or 20%. for L. plumulosus28 to 32%. for A.abditaor R. abronius),
or to choose another target salinity (for example, to match the salinity to that of the pore water). The range of pore-water salinitie:
in which a given species can survive for 10 d when using species-specific overlying water saliritiesis-meastred-by-length fron
the salinity application range. If tests are conducted with procedures different from those described in Table Al1.1 (for example
different salinity, lighting, temperature, feeding conditions), additional tests are required to determine comparability of results
(sections 1.4 and 1.10).

Al1.4.5 In either scenario, the-first-antennae potential for a toxic response due to salinity alone exists if a species is exposed |
conditions outside of its range of tolerance. For estuarine sediments, it is very important to krew-the base pore-water salinity o
each sediment before testing is started, to choose a species that will not be affected-by-thetelsen—Measurements pore-water salin
and to use overlying water of an appropriate salinity.

Al1.4.5.1 Salinity tolerance ranges for each species-are d-as fonlkmpeliscaf abdita20 to 32%.;,(USEPA 199441));
Eohaustorius estuariu® to 34%.o; Leptocheirus plumulosud.5 to 32%.; Rhepoxynius abronius25 to 32%. . While there is
some evatidence of salinity-related stress Eorestuariusand-eeuntingl. plumulosusat salinity extremes, the breadth-ef-test
SHFVIVOES.

A3A41-Chronie-tests-have-also-been—conducted-with this salinity tolerance exhibited by these species (DeWitt et al., 198¢
48)(11); Schlekat et al., 1992-andresearch(13); USEPA 1994a (1))-is-underway most likely sufficient for application to
determine the majoprity of sedimdents that may be encountered in an estuarine system. If it is desirable to have matching
overlying and pore-water salinity from areas where pore-water salinities are 0 to 200 , an organism that has been
demonstrated to tolerate this salinity range should be used, either instead of or in addition-A3-5 The amphipod
InterpretationHyalella azteca- is one such species (Test Method E 1706). Likewise, sediments collected from areas of high salinity
(that is, >32%0 for L. plumulosus) should probably utilize A. abdita , E. estuarius, or R. abronius .

Al1.4.5.2 Salinity application ranges for each species are as follamgelisca abditavith overlying water salinity of 28 to
32 %0 : 0 to 34%.0 , (Weisberg et al., 1992180) ; USEPA 199441)); Eohaus-btorius -eenstuariwgith overlying water salinity
of 20%0 : <2 to 34%0 (DeWitt et al., 198911); USEPA 199441)); Leptocheirus plumulosusith overlying salinity of 2070
: <1.5 to 32%o (Schlekat et al., 199213); USEPA 199441) ; Emery et al. 19978)) and Rhepoxynius abroniugith overlying
water salinity of 28 to 3260 : 25 to 34%0 (Swartz et al., 198%10); Lamberson and Swartz, 198887).

Al.4.6 Effects of Sediment-associated Ammenkdeld-collected sediments may contain concentrations of ammonia that are
toxic to amphipods. Water column no effect concentrations for the four amphipod species are presented in Table Al.4. If ammoni
concentrations are above these concentrations, mortality occurring after 10 d may-be-sensitive due-inpartto a variety effects ¢
ammonia. Depending or-thest application, it may be desirable top logwer the ammonia concentration by manipulating the tes
system before introduction of test orgalnisms if measured ammonia i-the-marine-envirenment—or-example,—when expose
overlying water is greater than the species specific no effect concentration (USEPA(199Aa errata sheet to USEPA (1994a
(1)) suggests for dredged material-from-Black-Reck—Harbor—Cennecticut, testing under the Clean Water Act or the Marine
Protection, Research, and Sanctuaries Act, the following procedure can be used. This procedure was described in a December
1993 guidance memorandum issued by the U.S. EPA Office of Wetlands, Oceans and Watersheds, U.S. EPA Office of Science ai
Technology, and U.S. Army Corps of Engineers Operations, Construction, and Readiness Division. When ammonia is present
toxicologically important concentrations and when ammonia is not a contaminant of concern, the laboratory analyst can reduci
ammonia in the sediment pore water to species-specific no-effect concentrations (Table A1.4). Ammonia levels in the pore wate
can be reduced by sufficiently aerating the sample and replacing two volumes of water per day. The analyst should measui
pore-water ammonia periodically (for example, every 1 to 3 days) until it reaches the appropriate species-specific no-effec
concentration. After placing the test organism in the sediment, the analyst should ensure that ammonia concentrations rema
within an acceptable range by conducting the toxicity test with continuous flow or volume replacement of overlying water not to
exceed two volumes per day. The purging of ammonia using this procedure may also remove other contaminants from the por

water of the sedimenfmpelisca—abdita
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A2. PROCEDURE FOR CONDUCTING A Leptocheirus plumulosusy 28-D TEST FOR MEASURING SUBLETHAL EFFECTS
OF SEDIMENT-ASSOCIATED CONTAMINANTS

The choice of this amphipod specres as a test orqanrsm |s based on sensitivity to sedrment associated contaminants, availability
and ease oefish collection a 7y d arily culturing, tolerance of
environmental conditions (forexample temperature salrnrty, qrarn srze) ecoloqrcal |mportance ease of handling in the laboratory,
and ease of measuring test endpoints. Additionally, this species is intimately associatee-with-petyaromatie-hydrocarbons sediment

by nature of its burrowing andg-heavy-metals—At-a-coneentration feeding habipdumulosuss tolerant of-5-mgf—suspended
Black-ReckHarborsediment-growth, salinity values between >1 #h3&nd-censequently-sexual-maturationwere-delayed, and

effeetswere—seen sediment from fine- to coarse-grained. Field validation studies have shown that amphipods are absent or have
reduced abundances at sites where toxicity has been demonstrated in the laboratory tests. Amphipod sediment toxicity tests have
been successfully performed for regulatory and research purposes by numerous laboratories, including state and federal
government agencies, private corporations, and academic institutions (see Section 1 for additional details).

A2.1.2 Guidance for conducting 10-d tests wlithplumulosuss described in Annex Al. Most standard whole sediment toxicity
tests have been developed to produce a survival endpoint with potential for a sublethal endpoint (reburial) with some species.
Methods that measure sublethal effects have either not been previously available or used routinely to evaluate sediment toxicity
(Craig, 1984(27); Dillon and Gibson, 1986208} Ingersoll and Nelson, 199@0); Ingersoll, 1991(209) ; Burton et al., 1992
(210) USEPA 2000(206), Test Method E 1706). Most assessments of contaminated sediment rely on short-term Iethallty testing
methods (for example, 10 d; USEPA-USACE, 199@B)., 1998A—abd|tq@ atee—shewed—seﬁsﬁw&y—te—a—seres) Short-term

Iethalrty tests are useful in |dent|fy|nq “hot spots” ------ ey bort; were heavily

A%—S—l—AH—reutes—et—e*pesure—have contamrnatlon but may—ﬁet—beeﬁﬂﬂb%ﬁméd—wdrﬁa—&nee—ﬁﬂs—aﬂmemeeder
twilkbe-expesed sensitive enough to evaluate moderately contaminated-particlesin-suspension or on the areas. However, sedimen
surfaee—'Fhrs—ampmped—feeds—veﬂtraFade—up—m—Hs—tube by quallty assessments—uaag—rts—seeeﬁd—aﬂteﬂﬁae—te—meleup particles o

y-the action sublethal respenses-efthe pleopods benthic
orqanrsms such as qrovvth and S reproduetrond have been used to successfully evaluate moderately contaminated areas (Sco!
1989 {46)—TFhereforg(12); Niewolny et al. 199mn=rpehset§211)t DeWitt et al. 1997((212))

A2.1.3 The 28-d toxicity test with. plumulosus : he tube,
aneesearch is-eurrently-underway a test with a Iethallty endpornt and two sublethal endpornts qrowth and reproduction. These
sublethal endpoints have potential-to-determine-the-extent provide a toxic respense-téwdbelitais-exposed-to-thisinterstitial
water—n chemicals that might not cause acute effects or significant mortality-in-a-flew-through-system, it test. Sublethal response
in 28-d exposures is alsso vatumable for population modeling of contaminant effects. These data can be used for population-level
risk assessments.

A2.1.4 Al.2 descrlbes qurdance for conductmg—ﬂae—sensrtlvrty 28-d testMrtthmulosusthat—Hms—ampHped—ehews can be
used te-contaminated-sedimen d y : ants, since evaluate-the-everlying water effects
of sediment contamrnants—are—eentmua“yeremeved—H—mrqht on survrval qrowth and reproduction. Refinement of these methods
may be—pess1b+e—te—use—ether—epecres described in future editigvsiptliscan-toxicity-tests—orinformation this standard, after
additional laboratories have successfully used this method (section 15.6). These methods are-based-on-congeners,-see Bousfie
procedures described in DeWitt et al. (19944)(7) -and-Mills; 1997b-(46,-63).

A2.1 Introduction
A2.1.1 Leptocheirus plumulosusas been used extensively to testthe-moestsensitive toxieity of 11 estuarine or marine sediment.

Rayand-seme
{-EQQEateFHfas—feund—m

ery et aI

A2.1.5 Results of tests using procedures different from—UpperNewport-Bay—and-Shereline-Aquatic Park the procedures
descrrbed |H—|:eﬁg—BeaeEEQ)—H—has—preved—to A2.2 may not be—a—use#bﬂ—test—speeres—feﬁemﬁfeﬁmeﬁtal—sﬁ&es—m—southern
: s : : : een 30 comparable;and 35 g/kg.
Graﬂdrdrerala—japeﬂredrves—m—a—vaﬂe%v these dlfferent procedures may aIter contamlnant bioavailability. Comparisons of results
obtained using modified versions of these procedures might provide useful information concerning new concepts and procedures

for conductrng sedimenttypes-that-makes-it-possible-to-eonduct tests-with-a-variety-of- sediment-types{sands, silts, estuarine or

gbtidally marine organisms. If tests
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are conducted using procedures different frem-thelocalitiestisted-abeve—Fheupper 2 those described in this standard, addition
tests are regw ed {6—4—cm determlne comparablll%y—ef—sedrmem—ehetﬂel-be—eellected results (sectlons—l—A—aHel-plaeed-m—&bucket wi

ea water. The otld g A d-de 0 he-material retained

M—z—l—FeFaeemaﬂene—japemeaLeptochelrus plumulosueeﬁ—be—praeed—m—an—aquaﬁtﬁeeﬁfaﬂw—a—l-eﬁrdeeﬁ ayer 28-d
Test for Measuring Sublethal Effect 5-amphipod:

ﬁeﬁee—eﬁ—ef—su#aee—area—'ﬁﬁe—te—mree—days—are—eb#relent Sedlment assomated Contamlnants
A2.2.1 Recommended condltlons#er—aeehmaﬂeﬁ—te the conductlnq a 28-d chronic sediment toxicity-testenvironment. A sieve
with-a%= B L. plumulosusre summarized in Table A2.1. Ageneral

activity schedule is outlined in Table A2 2 DeC|S|ons concermng—ﬂee—aeehmat-rea—sedrment at various aspects of experimenta

TABLE A2.1 Test Conditions for Conducting a 28-d Sediment Toxicity Test with Leptocheirus plumulosus  (USEPA-USACE 2001 (2))

Parameter

Conditions

1. Test type:

2. Test sediment grain size:
3. Test sediment pore-water salinity:
4. Overlying water salinity:

5. Test sediment pore-water ammonia:
6. Test sediment pore-water sulfides:

7. Temperature:

8. Light quality:

9. llluminance:

10. Photoperiod:

11. Test chamber:

12. Sediment volume:

13. Sediment preparation:
14. Overlying water volume:
15. Renewal of overlying water:
16. Source:

17. Life stage and size:

18. Number test organisms/chamber:
19. Number of replicate chambers/

20. Diet:

21. Feeding schedule:

22. Aeration and dissolved oxygen:
Daily limits:

23. Overlying water:

24. Overlying water quality and monitoring

25. pH:
26. Pore-water quality:

27. Test duration:
28. Test organism observations:

29. Endpoints:
30. Test acceptability:

Whole sediment toxicity test, static-renewal

>5 % silt and clay to<85 % clay

1 to 35%0

5 %o if pore water is 1 to 10 %o , 20 %o if pore water is >10 to

35 Yoo,

Alternatively, the salinity of the overlying water can be adjusted to a
selected target salinity (for example, one representative of the
salinity regime at the site of interest). If tests are conducted at a
different salinity, additional tests are required to determine
comparability of results (sections 1.4 and 1.10).

< 60 mg/L (total mg/L, pH 7.7); < 0.8 mg/L (unionized mg/L, pH 7.7)
Not established.

Daily limits: 25°C (+3°C); 28-d mean: 25°C (+2°C)

Wide-spectrum fluorescent lights

500 to 1000 lux

16 h light: 8 h dark

1-L glass beaker or jar with 10-cm inner diameter

175 mL (about 2-cm depth)

Press-sieved through 0.25-mm sieve.

Fill to 950 mL mark in test chamber (about 775 mL of water)

3 times per week: siphon off and replace 400 mL

Laboratory cultures

Neonates: age-selected (<48 h old) or size-selected: retained
between 0.25-mm and 0.6-mm mesh screens.

20

5 for toxicity test; >2 additional replicate chambers for pore-water
treatment: ammonia (Day 0 and Day 28)

Days 0 to 13, 20 mg Tetramarine® per test chamber; Days 14 to 28,
40 mg Tetramarine® per test chamber.

3 times per week (M-W-F) after water renewal.

Aerate constantly with trickle flow of bubbles

>3.6 mg/L (50 % saturation) 28-d mean: >4.4 mg/L (60 % saturation)
Clean seawater, natural or reconstituted water; same source as
used for culturing.

Daily temperature in water bath or in an additional replicate
chamber, daily frequency: minimum/maximum recommended;
salinity, temperature, DO, and pH at test initiation and termination,
and in one replicate per sediment treatment preceding water
renewal during the test (three times per week); aeration rate daily in
all containers; total ammonia on Days 0 and 28 in one replicate per
treatment.

7.0 to 9.0 pH units

Total ammonia, salinity, temperature, and pH of pore water from
surrogate containers on Days 0 and 28; recommended in whole
sediment before testing.

28d

Observe condition and activity in each test chamber preceding water
renewal (3 times per week).

Survival, growth rate, and reproduction.

Minimum mean control survival of 80 %, growth and reproduction
measurable in all control replicates, and satisfaction of performance-
based criteria outlined in Table A2.3.
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TABLE A2.2 General Activity Schedule for Conducting a 28-d Sediment Toxicity Test with Leptocheirus plumulosus  (USEPA-USACE
2001 (2))
Day Activity

Preparation
Pretest Start or renew cultures about 6 to 8 weeks in advance of test

initiation. Increase culture water temperature to about 25°C about 2
weeks in advance of test initiation.

Pretest Determining pore-water salinity of test sediment and acclimate L.
plumulosus cultures to overlying water salinity to be used in testing.
Day-1 Layer sediment in test chambers, add overlying water. Measure

pore-water total ammonia in whole sediment and begin purging
procedures, if appropriate (section A2.4.5). Measure tare weight of
weigh boats for dry weights. Set up positive control reference-
toxicity test chambers if appropriate.

Initiation

Day 0 Measure pore-water total ammonia, temperature, salinity, and pH in
an additional replicate chamber. Measure salinity, temperature, DO,
and pH in all test chambers. If water quality parameters are within
test ranges, proceed with initiation; if not, correct problem and re-
measure water quality. Obtain neonate test organisms, initiate test,
and initiate positive control reference toxicant test if conducted. Only
feed if a Monday, Wednesday, or Friday. Prepare 3 sets of 20
neonates for initial weight of growth rate endpoint; rinse in deionized
water; dry overnight at 70°C, and weigh or measure length on Day 1

or later.

Positive Control Reference-toxicity Test

Day 1to 3 Measure and record water quality parameters in one replicate test
chamber from each positive control treatment.

Day 4 Measure water quality parameters and record observations of

amphipod activity in all positive control test chambers. Terminate the
positive control references-toxicity control test if conducted.

Maintenance of 28-d Test

Daily Check aeration in all test chambers and test temperature (water
bath, environmental chamber, or in an additional replicate chamber).
If aeration is interrupted in a test chamber, measure and record DO
before resumption of aeration. Check photoperiod controllers.

3 Times per Week (M-W-F) Measure water quality in one replicate test chamber per sediment
treatment. Record observations of amphipod activity and condition of
sediment and water in all test chambers. Siphon off and replace 400
mL of water in all test chambers. Add food to all test chambers.

Termination of 28-d Test

Day 28 Measure salinity, temperature, DO, and pH in all test chambers.
Measure tare weight of weight boats for dry weight measurements.
Terminate 28-d test: sieve adults and offspring from sediment, count
surviving adults, prepare adults for drying, and dry to constant
weight at 70°C. Count offspring, or preserve and stain offspring.

Day 29 or later Measure dry weight or length of adults. If offspring were preserved,
count them.

design, such as the-time number of treatments and water quality characteristics, should be based-en-the initiation purpose of the
test and the methods of data analysis (Section 13).
A2.2.2 The 28-d chronic sediment toxicity-test.

A4-3- test withTexieityTest-SpeeificationsL. plumulosuFhe-texicitytest-should-berun-at15t6-#93°Cusing-30te-35-g/kg
everying-water-in-the-test-chambers—Thetest-ehamberis-usually conducted at 25°C-and-a-standard-1-L-glass beaker salinity of
either 5%0 or 20%o0 with a—18-em-internal-diameter—Beakers—should-be—covered with 16 h:li§hh dark photoperiod at an
I4-em-diameter-watch-glass—toreduee—contamination illuminance of about 500 to 1000 lux (Table A2.1). Alternatively, the
eontents-and-evaporation salinity of the overlying water-and-testmaterial-Aeration-ean-be-provided adjusted-to-eachtest chamber
through a-1-mbglasspipette-thatextendsbetween selected target salinity (for example, one representative-efthe-beaker spout an

salinity regime at the-watchglass—coverto-a-depth-not-eloserthan 2 cm site of interest). If tests are conducted with procedures
dlfferent from—ﬂee—sedﬁnem—su#aee—Sedment those descrlbed—mwes%ehambem—shetﬂd—be—z—em—deep—aﬁdmw test water

otld-be-addedup-to-the700-mtmark-oenthe-beakers—Sedimen : before the
&mphrped TabIe A2 1 (for example, d|fferent sallnlty, I|qht|nq, temperature feequ condmons) addltlonal tests—are added,
required to-altew-suspended determine comparability of results (section 1.10).

A2.2.3 Test chambers are 1-L glass chambers containing 175 mL of sedimentparticles—to settle,—and—to—allew time for
equitibration about 775 mL eftemperature-and-the-sediment-water-interface.

A431-Afterthe-overnightequitibrationtime-20 overlying seawater. Twenty neonate amphipeds-are-distributed added to each
ef—the test—ehambers—wﬁh—addrmen&kteaee&y—tes{—wateete-b mg chambera%ﬂqewateHeveF&p—te—me—%e-mHeveJ—'Fhe—mphlpods

me-or appear
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y-emerging in
etremoved from
y e amphipc
thatseemdead contamers per treatment—are—aetuat-ly allve recommended for routlne testing. Exposure is statlc renewal with wat

exchanges and-mightre-bury-in-the feeding three times per week, on Monday, Wednesday, and Friday—Fhe-testsediment. At tt
termination-ofthe-testthere-burial-data organisms are fed after water renewals. Overlying waterean-be-tusedto-determine an EC

#pods shoul

i four culture,

i 'pods 3 reconstrtuted water adjuste

i be used in

ﬂaese—tests—Ammals—ean—be—ethured |n test sallnlty For srte specrfrc evaIuauons—Hee—tabefatery—on a diet characteristics c
Py : W mbryos.

A4—5—H=rterpretaﬂen—lﬂ—mterpfe%mg the—data—#em—aeute—te*rerty—tests, it overlying water shoutd—be—kept—m—rmnd—that the
nrodu y on owe produce &
. 6 e ed

te—rts—leread—salmrt—y—and site Where sedrment—te+eraeees—rt—rs—a—des#ab+e—testspecres coIIected Requrrements—fe%east—eeast estual
sediments—and-has—been—used-sueeessfully test acceptability are summarized-n—the—assessment-ef-contaminated-sediment

ChesapeakeBafp9-61) Table A2.3.
A52-

A2.3 General Procedures
A2.3.1 Sediment into Test Chambe
A2.3.1.1 The day before the-upper2cm add|t|on of amphrpods (Day- 1) each test sedmaent—rafety—peﬁetratrng—te—depths belo
&emfee)—m%ehrpeds mcludlnq control and reference sedlment should be homoqenlzed among replicate beakers. This can b
v taries achieved by mixing, by stirring
manually, or by using a rolling mill, feed mixer, or other apparatus (sect|on 10 3) or by serially spooning out small aliquots of

EhesapeakeBay-—The-contents of sediment to-each-grab-are-sieved-through test chamber+H-a-0-5-mm-mesh-sereen-and the retai
material quantitative confirmation of homogeneity-is-genthy-rinsed-into-polyethylene-buckets-containing-collection site required,

replicate subsamples should be taken from the sediment bateh and w atnalyzed for. TOC, chesemical coneentrationers, and partic
size. The concentratiens of ammonia in pore water sheuld t also be measured-atthe-taberatory-where-they-are aerated. start ¢
the test.

A2.3.1.2 A175-mL aliquot of sediment is added to each test chamber wrth five replrcates per sedrment treatment—s desirable
important that an identical volume be addes W rm-mesh sieve
each replicate test chamber; the volume added should provrde a sediment depth of 2 cm in the test chamber The sediment adc
to the test chamber should be settled by tapping the bottom or side of the test chamber against the palm of the hand or anoth
soft object. Alternatively, sediment can be smoothed with a nylon, fluorocarbon, glass, or polyethylene spatula. Sediment knowi
or suspected to be contaminated should bep added to test chambers in a certified laboratory fume hood.

A2.3.2 Addition of Overlying Water—As test water is added, disruption of the sediment surface should be minimized. One way
to accomplish this is by use of a turbulence reducer. Possible designs of turbulence reducer include a disk cut from polyethylene
nylon, ora Teflo® spheeting (4 to 6 mil), ert a glass petri-limsh attached (open face up) to a glass pipette: The ma turbulence
reducer is positioned just albove the sediment surface and raised as water is added. It-is convednient to mark each test chaml
on the SCIde at 950 mL and to f|II Wlth water to reach the mark. A turbulence reducer can be-rinsed-inte-sorting-trays-containing

: a-butb pipette with clean water betweer

eglrcates of a—surtalele—er—ze—(feee*anﬂe—ene—wnh treatment -but—a—S—mm—dﬁmeter bulb).
A521-Foracclmationt—plumulosussan separate turbulence reducer should be used for each treatment. The test chambers
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TABLE A2.3 Test Acceptability Requirements for a 28-d Sediment
Toxicity Test with Leptocheirus plumulosus  (USEPA-USACE 2001
(2))
A. It is recommended for conducting the 28-d test with L.
plumulosus that the following performance criteria are met:
1. Neonate L. plumulosus, size-selected (retained between 0.25-mm
and 0.6-mm screens) or age selected (<24-h old), are used to
initiate the test(s).
2. Average survival of amphipods introduced at the start of the test
in the negative control sediment must be greater than or equal to
80 % at the end of the test, with no single replicate having 60 %
survival or less.
3. Measurable growth and reproduction should be observed in all
replicates of the negative control treatment.

B. Performance-based criteria for culturing L. plumulosus include the
following:

1. Laboratories should perform periodic 96-h water-only reference-
toxicity tests (at a minimum, one test every six months) to assess
the sensitivity of culture organisms (section 11.16).

2. Records should be kept on the frequency of restarting cultures.
3. Laboratories should record the pH and ammonia of the culture
water at least quarterly. Dissolved oxygen and salinity should be
measured weekly. Temperature should be recorded daily.

4. Laboratories should characterize and monitor background
contamination and nutrient quality of food if problems are observed
in culturing or testing organisms.

C. Additional requirements:

1. All organisms in a test must be from the same source.

2. Storage of sediments collected from the field should follow
guidance outlined in section 10.2.

3. All test chambers (and compartments) should be identical and
should contain the same amount of sediment and overlying water.
4. Negative-control sediment and appropriate solvent controls must
be included in a test. The solvent control used must not adversely
affect test organisms.

5. Natural physico-chemical characteristics of test sediment
collected from the field should be within the tolerance limits of the
test organisms.

6. Salinity, pH, and DO, in the overlying water, ammonia in pore
water and test sediment grain size should be within test condition
limit of the test species (Table A2.1), or else effects of the variables
need to be considered during interpretation of test results.

7. The time-weighted average of daily temperature readings must be
within +2°C of the desired temperature. The instantaneous
temperature must always be within +3°C of desired temperature.

8. The time-weighted average of daily salinity readings should be
within * 2 %o of the selected salinity and the instantaneous salinity
readings should be * 3 %o of the selected salinity.

should be covered, and placed-n-anaguarivm-forexample,40-L)-containing-a1—2-ecm-deeptayerof-0:5-mm-sieved collection

site_temperature controlled water bath (or acceptable equivalent) in randomly assigned positions. Aeration is started when
suspended sediment has settled (often overnight). A test begins when the test organisms are added to the test chambers (Day O

A2.3.3 Initial Measurements-On Day 0, water quality should be measured in all test chambers before adding amphipods to
test chambers. If any water quality parameter is outside acceptable limits (Table A2.1), the problem should be corrected in all
replicate containers of that treatment. The water quality characteristics should be re-measure and the test should be started onc
the water quality characteristics are acceptable. Aberrant pH values might be caused by characteristics of certain sediments anc
therefore may be impractical to correct.

A2.3.4 Acclimation

A2.3.4.1 Test organisms should be cultured-at-a-density-of-approximately 200 temperature near 25°C. Amphipod cultures held
below 23°C need to-300-peraguarium—Aeration be acclimated to test temperature ofi23°C)(before test initiation. Ideally,
test organisms should be-vigerous—Two cultured in the same water that will be used in testing.

A2.3.4.2 Occasionally there is a needtothree-days-are-sufficientforacchimation perform evaluations at a temperature or salinity
different than those recommended in Table A2.1. Under these circumstances, it may be necessary to acclimate organisms to the
desired testenvironment-A-graduat-ehange temperature or salinity to prevent thermal shock that could result when organisms are
moved immediately from-collection-site-water the culture temperature or salinity to the test temperature or salinity. Reproduction
and growth rates in cultures may be greatly reduced at temperatures <20°C. However, reproduction and-grewth-is-desirable. This
not effected at a salinity ranging from9s. and 20%. (DeWitt et al., 199747)). Acclimation can be-aceoemplished achieved by
gradually-inereasing exposing organisms to a gradual change in temperature or salinity. However-the-proportien+ate-ef test water
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change should be relatively slow to prevent shock. A change in themperature er salinkity not exceeding 3% pmr 24-h

period is strevngly recommended (Section 12). Tests at temperatures other than 25°C+eed-to 3 days.
A522-Culture-technigues be preceded by studies to determine expected performance under alternate conditions.
A2.3.5 Addition of Amphipods

A2.3.5.1 The test is initiated when amphipods-are—being—refined—Presently—taberatory—poeputations can added to the tes
chambers. See section 12.5 for procedures for obtaining neonates for testing. Amphipods sheuld—be—marﬁtarﬁed—t-hfeugh seve

generations impartially selected and placeel—ra—shaHew—ptastre tubs transfer contarners (small drshes—eegtass aguar a eye cug
containing a3—2-emayer small amou i y-simitar sediment
{629—Wateee*ehaﬁge—rs—staﬁe-reﬁewal—wrth%9+e-59—percent test Water The numbereet—water volume amph|pods—m—eaeh containe
reptaeed-2 dish should be verified by recounting before organisms are added+to-4-timesperweek-Culture-containers test chambe
To facilitate recounting, amphipods may be distributed to test chambers in batches of 5 or 10 instead of the full complement o
20. Because neonates are-aerated,+matatained very small, caution should be taken to ensure that each test chamber receives a
amphipods at test initiation. The distribution of amphipods to the test chambers needs to be done in an impartial fashion. Animal
need to be added to test chambers as soon as possible following their collection to minimize handling stress and exposure
temperature changes. Three impartially selected sets-ef-approximately 20°C, 20 neonates for initial weight determination shoul
be isolated at the start of the test.

A2.3.5.2 To facilitate the initiation process, aeration should be stopped in test chambers immediately before adding the
neonates. Sediment in test chambers should not be disrupted during the initiation procedure. Neonates from a transfer contair
should be poured into a test chamber. Any neonates remaining in transfer containers can be washed immediately into the te
chamber using a gentle stream-ef26-g/kg water at appropriate temperature and salinity. Neonates trapped at the surface water «

be submerqed by usrng—a—phetepeﬁed—ef—l:eh—th{—t?rh—daHeebﬂtures—recerve blunt probe or by qently drfbb’rrﬁg—a mrxture few drops
g—et test or culture Water onto the amphrped—gerp—(a—meeture from above A drsteet—ﬁsh—feed—ﬂakes—yeast—al#al#a—pewder ground

6- m|I polyethylene, nylon, or Tefl®rcan be
ly prior used on the water surface-to initiating

minimize drsruptron of the—teaeerfy—test

A5-3—Toxieity-Test-SpecificationsThe-effeets sediment surface, if necessary. Rinse the disk after amphipods are added to
ensure that none of-different-physical-conditions on the amphipods have stuck to the disk. The disk should be removed once tr

amphipods have been introduced. A separate disk should be used for each treatment to avoid cross contamination. Aeration m
be discontinued for up to Iot2 h toallow the amphipods to burrow into the sediment. Aeration should then continue for the
remainder of the test.

A2.3.5.3 After the test organisms have been added, the test chambers should be examined for individuals that did not burro
into the sediment and might have been stressed or injured during the isolation, counting, or initiation processes. Injured or stresse
test organisms will not burrow into sediment and should be removed. Neonates that have not burrowed Wwithiould be
replaced with test organisms from the same sieved population, unless they are repeatedly burrowing into the sediment ar
immediately emerging in an apparent avoidance response. In that case, the amphipods are not replaced. The number of amphip
that are replaced in each test chamber should be recorded.

A2.3.6 Test Conditions

A2.3.6.1 Test limits for the 28-H. plumulosuge-texic-aterials test are-eurrently-underinvestigation—This-species-isroutinely
tested-at20°Cbuthas-been-tested-at 25°C—Salinity provided in Table A2.1. Test sediments with characteristics that exceed the
limits are subject to noncontaminant effects that should to be considered during interpretation of test results.

A2.3.6.2 Aeration—The overlying waterwill-depend-enthe-objectives in each test chamber should be aerated continuously after
an initial settling period, except during introduction of the-study—Foxicity-test-seawater can organisms. Filtered, dry, clean air
should be bubbled through a glass or plastic pipette via plastic tubing (about 3 bubbles/sec). The tip of the pipette should b
suspended 2 cm to 3 cm above-the-same-salinity as surface-efthe-interstitial water sediment so that it does not disturb the sedime
surface. The concentration of DO in the-testsediment, water overlying-the-ambientbettem-salinity at sediment in the test chambel
is maintained at or near saturation by gentle aeration. Ideally, air is bubbled through the water at a rate that maintains a hig
percentage of saturation (for examplec, about 90 %) but does not disturb the sediment surface. If air flow to one or more tes
salinity chambers is interrupted (that is, for more than 1 h), DO should be measured in those test chambers to determine wheth
DO concentrations have fallen below 4.4 mg/L. The 28-d mean should be >4.4 mg/L DO, and daily DO measurements should b
>3.6 mg/L (50 % saturation). Results may be unacceptable for test chambers in which aeration is interrupted or DO concentratior
fall to below 50 % of saturation.

A2.3.6.3 Lighting—Laboratory lighting should be maintained on a 16 h lighh dark photoperiod cycle throughout the+ange
test at an intensity ef 2 500 -to-32-gfkg—taberatery-investigations-indicate 1000 lux.

A2.3.6.4 Feeding and Water RenewaH-eptocheirth Tetramarin®-only diet is recommended for the 28-d sediment toxicity
test withistelerantL. plumulosus. With this diet, 400 mL of overlying water is replaced three times per week (Monday-Wednesday-
Friday), after which a Tetramarirfeslurry is delivered to each chamber in 1-mL aliquots. Water removal and replacement should
be completed using procedures that minimize disturbance tof sedimentb@)ebowever, in the test chambers. Water can be
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removed by siphoning through-a—grain—size—reference tube with fine-meshed screening over the intake to prevent uptake of
amphipods. A pump can also be used to remove water. Water should not be poured from test chambers because thins practice ca
resuspend and disturb the sediment. A separate turbulence-reducer should be used for each treatment when water is replaced |
avoid cross contamination (A2.3.2). Tetramafing fed at a rate of 20 mg per test chamber between Days 0 to 13 and 40 mg per
test chamber between Days 14 to 28. To prepare the slurry, Tetrafhasifinely ground with a food mill (blender, mortar and

pestle, or a similar device) and sieved through a 0.25-mm screen. Test water is added to the appropriate amount of Fetramarine
and the slurry is mixed on a stir plate for 15 min. USEPA-USACE (2@))Lprovides a sample calculation for preparation of food
rations. The slurry is prepared fresh for each use and needs-to-be-somewhatstressful+ine-grained sediments mixed continuousl
during feeding to prevent the Tetramaringom settling.

A2.3.6.5 Laboratory experimentation has shown that food ration can affect the response of test animphais to sedipment-
associated contaminants. The food ration of Tetram@nieeommended in this standard was evalluated with two other food rations
in an experiment in which test animals were exposed to sediments spiked with PCB29 at concentrations between 15 and 240 mg/L
(USEPA-USACE 200%2)). Three separate feeding rates were evaluabted at each PCB29 concentratiorn included 30 mg/60 mg
(Days 0 to 13/Days 14 to 18), 20 mg/40 mg and 10 mg/20 mg per test chamber. Significant redulctions in survival and growth were
evident only in the highest PCB29 concentration for each of the food rations. Decreasied reproduction wabs also evident at 240
mg/L PCB29 at each food ration as well as at 120 mg/L for the 20 mg/40 mg and 10 mg/20 mg rations (USEPA-USACE 2001
(2) ). Given the generally lower reproductive rates observed at the lowest food ration, the 20 mg/40 mg feeding rate is
recommended for use in this standard.

A2.3.6.6 Water Temperature-The test temperature was selected to approximate summertime temperature experielnced by
plumulosusn the wild (Holland et al., 1988185) McGee, 1998172)). The-exposure-chamber+toutinely test temperature is 25°C
with a daily maximum range of 3°C and a 28-d weighted mean of 252C2°C. Water used for renewal of test chambers should
be adjusted to test temperature before use in renewals.

A2.3.6.7 Salinity—The target test salinity fdr. plumulosus-a-3-L-glass-eontainer is 5 or 2@, depending on the pore-water
salinity. The recommended overlying salinity i9/& for test with-a sediment pore water from 1 to 44 or 20%o. for test
sediments with pore water > 2@. . The 28-d mean salinity values should deviate no more th#s #om the recommended
salinity (for example, 50 or 20%0). Pore-water salinity ef-18-6-em each test sediment should be measured before the initiation
of a test. Sediment pore water can be measured in water overlying sediment in sample containers before homogenization of
sediment. Pore-water salinity can also be obtained by centrifugation (Section 10). Alternatively, the salinity of the overlying water
can be adjusted to a selected target salinity (for example, one representative of the salinity regime at the site of interest). If tests
are conducted with procedures different from those described in Table A2.1 (for example, different salinity, lighting, temperature,
feeding conditions), additional tests are required to determine comparability of results (seetions 1-L.4 and 1.10).

A2.3.7 Measurements and Observaktians

A2.3.7.1 Temper)ature should be measured at least daily in an additional replicate chamber or from the water bath or
environmental chamber. The-expesure temperature of the water bath or a test chamber sheutd-be covered continuously monitorec
with-a—wateh—gtass minimum and maximum temperature recorded daily. An additional replicate container identical to test
containers is reducommended for ceataminuous temperature monitoring. The time-weighted average of daily temperature readings
must be 25°C+ 2°C. The instantaneous temperature must always be with8?C of the-eentents desired temperature.

A2.3.7.2 Salinity, DO, temperature, and-evaperation pH of the overlying water-and-test-materials—Aeration can should be
providedto-each measured three times per week in at least one test chamberthrough-a-t-mbglasspipette positioned per treatmer
before renewal of water. Care should be taken-not-cleserthan-2-em from to disturb the sedimentsurface. Each when sampling
overlying water quality.

A2.3.7.3 Total ammonia should be measured in overlying and pore water-attest-chamber initiation (Day 0 or Day -1 for pore
water) and at test termination (Day 28). Salinity, pH, and temperature shetld-contain-a—2-cm-deep layer be measured with each
ammonia measurement. Simultaneous measurements of ammonia, salinity, pH, and temperature in sediment pore water should b
taken before test initiation. If test sediments are sieved, pore-water samples for ammonia should be collected before and after
sieving. Pore water can be obtained by centrfughation or from overlying water in sample containers (before pretest
homogenization). If ammonia levels exceed recommended limits (Table A2.1), then ammonia reduction procedures are advisable
before test initiation. However, if ammonia is the chemical of concern in the test sediments, pore-water ammonia concentrations
should not be deliberately manipulated.

A2.3.7.4 Each test chamber should be examined daily-te-create-approximately ensure that airflow to the overlying water is
acceptable. Daily checks for amphipods trapped at the water surface are recommended for the first three-days-ef a 4:1 (v/v) test.
Amphipods caught in the air-water interface should be gently pushed down into the-waterte-sedimentratio-Sediment using a blunt
glass probe or drops of dilution water. The number of amphipods swimming in the water column and trapped in the air-water
interface should be noted and amphipods submerged before each water renewal. The number of apparently dead test organism
should be noted, but organisms should not be removed or otherwise disturbed during the test. Exuviae may be mistaken for dead
amphipods; therefore, care should be taken in identifying animals as dead.

A2.3.8 Ending a Test

A2.3.8.1 The contents of each test chamber are sieved to isolate thetest-ehambers organisms. The mesh sizes for sieving th
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day-before contents of the-amphipods-are-added test chambers is-0:-5te-allew-suspended-sediment particles-08-6-mm to settle, iso
adults and 0.25 mm te-aHew-time-for-equilibration-ef-temperature and isolate offspring. The 0.6-mm sieve should not be stackec

atop the 0.25-mm siedve for thims precenss. Test- water should be used for sieving. Materfial retained on each sieve should &
washed into a sorting tray with clean test waterplumulosus

A531-After-evernight-equilibration are easily removed from the sediment by the sieving process.

A2.3.8.2 Material that has been washed from the sieve into a sorting tray should be carefully examined for the presence o
amphipods. A small portion of the—test-ehambers, material should be sorted through at a time, and amphipods can should &
randomby-distributed-to-each- of removed as they are found. Amphipods and residual sediment retained-en-the-centainers. It |
desirable 0.25-mm sieve should be rinsed briefly with freshwaterte-sacrifice remove salts and washed-nte-a random labele
sample jar using 70 % alcohol (either ethyl or isopropyl). Use of at wide funnel supported by a-fing st 20and facilitates this process
Because offspring are very small, care is needed to transfer all organisms-frem-these-being-sorted on day 0 the-sereen to provi
an-initiab-sizerange-estimate the sample jar. Add sufficient 70 % alcohol to preserve the amphipods, and add about 3 mL of ros
bengal solution (about 1 g/L) to stain the organisms. Offspring can be counted-entestanimals. Twenty termination day, but waiting
2 to 3 d allows the amphipods to be more darkly stained.

A2.3.8.3 Survival—Numbers of live and dead adult amphipods should-be-tested-perreplicate—Animats-eaught on determined
and recorded for each test chamber. Missing adult organisms are assumed to have died, decomposed, and disintegrated during
water's-surface-can test; they should-be g included in the number dead-inr caly pculations of the percentage survival for eac
replicate treatment. Amphipods that are inactive but not obviously dead are obsengd-gdamow-power dissecting microscope
or a hand-held magnifying glass. Any organismp that fails to exhibit movement (that is, neuromuscular twitch of pleopods or
antennae) upon gentle prodding with a probe should be considered dead. An independent count of the number of isolate
amphipods that are dead, alive;-owr moribund should be-mad 5e in 10 % of replicates by a second observer. Based one tl
experience of one laboratory, the intralaboratory median CV for survival (sample size of 88 treatments) can be expected to be 11 ¢
(DeWitt et al. 19971(25); section 15.6.1). Based on one study involving-36-min-te-burrow into laboratories;-the-test-sediments.
Amphipeds interlaboratory CV for survival ranged from 4 to 19 % (DeWitt el a. 1998} section 15.6.2). It should be expected
thathavenotburrowed-within-that intralaboratory CV for survival will decrease over time as a laboratory gains experience using
this method. Similarly, the interlaboratory CV for survival should decrease from reported values here as more laboratories gair
experience using this method.

A2.3.8.4 Growth Rate— Growth rate of amphipods can be replorted as daily change of average ind wividual length or weight.
However, measuring lengthy is more laborious and therefore more expensive than mealsuring weight to determine growth rate, ar
does not result in an increase in sensitivityLipplumulosu8-d test (DeWitt et al., 1997&)). Dry weight of amphipods can be
determined as followdq) transferring the archived amphipeds-arerepeatedly-butrowing from a replicate out of the preservative
into a crystallizing dish{2) rinsing amphipods with deionized watdB) transferring these rinsed amphipods to a preweighed
aluminum pan(4) drying these samples to constant weight at 60°C;(&hd/eighing the-sediment pan anrdHmmediately-emerging
-an-apparent-avoidanceresponse—n-that-case, dried amphipods on a balance to the nearest 0.01 mg. Average dry weight

individual amphipods-are-notreplaced-Amphipeds-are-noetremoved in each replicate is calculated from these data. Due to th
surface small size eftest—sediments the amphipods, caution should be taken during weighing 20 dried amphipods after 28-

sediment exposure may weigh less than 25 mg). The average per-capita dry weight of adult amphipods for each replicate is tt
eourse difference between the tarred weight of-the-texicity-testeven-if-they-appear-dead,—since some boat and the total weight
the boat plus dried amphipods, divided by the number of amphipods in the weigh boat. The growth rate endpoint (mg/d) is the
difference between per capita adult and neonate dry weights, divided by 28 d. In other words, for each replicate, calculate: Growt
Rate (mg/individual/day) = (mean adult dry weight - mean neonate dry weight)/28 (note-that-seem-dead-might actually this poolec
weight of neonates is typically very small). Weigh pans need to be carefully handled using powder-less gleves-and-might latel
rebury-inte-test-substrate.

A5-32—TFhe-toxicity-test the balance should be calibrated with standard weights with each use. Forceps can-alse-be terminate
after-10-days-by-sieving-amphipods used to handle the weigh pans. Use of small aluminum pans will help reduce variability in
measurements of dry weight. Weigh boats can also be constructed-frem-test-sediments-using-a-0-5-mm-mesh-sereen: Mortality
sheets of aluminum foil. Amphipod body lengtti@.1 mm) can be measured from the base of the first antennae to the tip of the
third_uropod along the curve of the dorsal surface. The use of a digitizing system and microscope to measure length has bee
described in Kemble et al. (19981) ) for-this-shert-term-test—Burrows-generally-disintegrate-during-sieMyalella aztecaand
DeWitt et al. (199246) and 199747)) for Leptocheirus plumulosuBased on the experience of one laboratory, the intralaboratory
median CV for growth (sample size of 87 treatments) can-be-transferred expected to be 3 % (DeWitt et a(25PSAzction
15.6.1). Based on one study involving 10 laboratories, the interlaboratory CV for growth ranged from 14 to 38 % (DeWitt el a.
1997b(25) section 15 6. 2) It should be expected that intralaboratory CV for growth rate will decrease oves tiradadoratory

as more laboratiories gain expenence using this method.

A2.3.8.5 Reproduction— The-ability offspring should be counted within 2 weeks-ef-surviving-amphipods terminating the test.
It may be possible to count the offspring the day the experiment is buroken down. If not, preserve offspring in 70 % alcohol (either
ethyl or isopropyl). Transfer preserved, stained offspring to a fine screen (<0.25-mm mesh) and rinse with freshwater to remov
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alcohol and excess stain. Rinse the live or preserved neonates into a shallow dish and count them under magnification, such as
dissecting microscope. Record the number of offspring. For QA, 10 % of the samples should be recounted by a second analyst.
The reproduction endpoint is calculated as the number of offspring per living adult. Based on the experience of one laboratory, the
intralaboratory median CV for reproduction (sample size of 88 treatments) can be expected to be 18 % (DeWitt et §251997b
section 15.6.1). Based on one study involving 10 laboratories, the interlaboratory CV for survival ranged from 35 to 102 % (DeWitt
el a. 1997h(25; section 15.6.2). It should be expected that intralaboratory CV for reproduction will decrease over time as a
laboratory gains experience using this method. Similarly, the interlaboratory CV for reproduction should decrease from reported
values here as more laboratories gain experience using this method.

A2.3.9 Control Performance Issues and Revisions to the Methble Leptocheirus plumulosud8-d sediment toxicity test,
like all experimental systems, is subject to occasional failures. Because fiemulosus28-d sediment toxicity test-enepeoint.

A5-3:3-OtherTesting—PartiaHife—eyele is more complex and of longer duration than the 10-d sediment toxicity-tests (28
described in Annex Al, there are more opportunities for problems-to-36-days)nitiated occur in this long-term test than in the
short-term tests. Problems with-juveniles the test are most readily detected by failure to meet test acceptability criteria in the control
treatment (Table A2.1 and Table A2.3), such as mortality <20 % or failure of amphipods to grow or reproduce. Test failures usually
can be attributed to a failure to maintain one or more test requirements described in Table A2.1 and Table A2.3; however, tests
sometimes fail inexplicably. Possible causes for unaccountable test failures have included overfeeding (for example, leading to
anoxia or increased production of hydrogen sulfide), poor health of test animals (that is, culture failure), or accidental introduction
of toxic materials into test chambers. Scientists from the USEPA and the USACE observe that the frequency of failure decreases

as the laboratory and staff using the test gain more experience through conducting the test; however, neither agency has explicit
data on the frequency of failure. Users of this—species;—with—amphiped-length test should be aware of this possibility and
survivership prepare for the possibility to rerun the test on occasion. The method farghenulosu8-d sediment toxicity test
will be revised as-v new experimenrtabl data reveal test conditions that reduce the probabinlity of possible test failure.

A2.4 Interpretation of Results

A2.4.1 This searction describes information thatis—currently-underway useful in helpirg-te-determine interpret-the-optimum
conditionsfor-these-tests.

A54- results of sediment toxicity tests withfe-Cyele-and-Age-Classes—LEteptoecheirusL. plumulosus. Section 13 provides

additional information on analyses and reporting of toxicity test data.

A2.4.2 Influence of Indigenous Organismsindigenous organisms may be present in field-collected sediment. The presence
of organisms taxonomically similar to the test organism or the presence of the test organisms in the sample (McGee et al. 1999
(41)) can make interpretation of treatment effects difficult. Predatory organisms can adversely affect test organism survival. For
example, Redmond and Scott (19834) ) showed that the polychaetéephtys incisa can consume amphipods under test
conditions. All control, reference, and test sediment should be press-sieved through 0.25-mm mesh to avoid these complications.
If test sediment is not sieved, the number and speeies-eapable of p indigenous organisms should be determined to better interpre
results.

A2.4.3 Effects of Sedimengt Grain Sizé.. plumulosugolerates aleasttwo-broods,-with-peakperiods wide range of sediment
types. There is generally little effect on survival, growth rate, or reproduction when coarse-grained (sand) or fine-grained
(predominantly silt and clay) sediment is used. See section 12.1.3 for additional detail. In some Istpilies,losudias exhibited
>90 % survival in clean sediment ranging from nearly 100 % sand to m nearly 100 % silt + clay (Schlekat et 41 3)993EPA
1994a(1) ). However, adverspe effects can occur in sediment with very high levels of clay or sand. Laboratory studies have shown
significant reduction in survival when clay content exceeded 84 %, and survival, growth and reproduction were significantly
reduced inthe-fall 100 % sand (Emery et al., 1996,-67)-Gravid-femate)). Results have been equivocal from controlled tests
with mixed grained sediments (between 10 % and 90 % silt/clay). Emervy et al. (8996und an increase in-Chesapeake-Bay
growth as sediment coarseness increased up to 75 % sand. DeWitt et al. (Z99@ported enhanced growth in finer-grained
sediment as-D compared with more coarse-grained material, but the difference in growth was not considered to be biologically
S|qn|f|cant (DeWitt et aI 199797)) Thereforej_ plumuIOSU$houId be tested with sed|ment with S|It/clay content between 5%

R cultured
pepu+atrens—fem&tes—pfedﬂee—mu4&ple—breods 85 % (Table A2. 1) If sedlment characterlstlcs exceed these bounds an appropriate
clean control and-gravid-femates-are-avaitable-yearround reference sediment should be incorporated into the test to separate effect
of sediment-associated contaminants from effects of particle size.

A2.4.4 Effects of Pore-water Salinit§62)—Size

A2.4.4.1 The range effield-collected-test-organismsmight-depend on salinity in which a given species can survive when the
size-structure overlying water salinity is matched to that of-the-field-poputation, as pore-water salinity-is the m salinity tolerance
range. The potential for a toxic response caused by saliznity alone exists if a species is exposed to conditions-eutside-of amphipods
colleeted-in-early-spring its range of tolerance. For estuarine sediment-tis-generalty-greater-thanthese-collected in important to
know the pore-water salinity of each sediment before testing is started and to use overlying water of an appropriaté.salinity.
plumulosusis not recommended for testing with freshwater sediments¥¢sdore-water salinity or with sediments having
pore-water salinity >3%o0 until further testing is completed to confirm acceptable response in organisms (DeWitt et al. S, 1997a
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(7)). Thizs standard recommends use of standard salinity of overlying water for testing (thatd$r320%.; Table A2.1).

A2.4.4.2 L. plumulosusa euryhaline species, can survive and thrive in a wide range-ef-cultured-amphipeds-is1ess variable
seasonally—tmmatdre salinity conditions. The salinity tolerance-ant-adult-amphipoeds—approximately 3 application range for this
amphipod is 1 to 35-mrio (DeWitt et al., 198911), DeWitt et al., 1992¢6); Schlekat et al., 199213), DeWitt et al., 1997a
(7)). Although there is somea evidence ef sualinity-related streds fdumulosust salinity extremes, the-base breadth of salinity
tolerance exhibited by this species is most likely sufficient for application to the majority of sedirments that might be encountered
in_an estuarine system (that is, pore-water salinity from_1 to %30

A2.4.4.3 This method recommends testing with an overlying water salinity of either 5 %;2he-erd choice of overlying
water salinity is dependant on the-third-pteen-segmentalong pore-water salinity of test sediment. Alternatively;the-dersal surface
sheutd salinity of the overlying water can be adjusted to a selected target salinity (for example, one representative of the salinit
regime at the site of interest). If tests are conducted with procedures different from those deseribed in t Table A2.1 (for example
diefferent salinity, lighting, temperature, feeding conditions), additional-tests-becatse they-are easy reguired to handle determir
comparability of results (sections 1.4 and 1.10).

A2.4.4.4 Although matching overlying and pore-water salinity values-in t. Test containers might be appropriate for some study
designs, this practice is logistically complicateffed and normally impractical to accomplish. Acclimatien-ef-age,—size,-sex, and
seasonal-variation amphipod cultures to the appropriate salinity is required. Moreover, if sediment samples to be tested hav
different pore-water salinity values, care needs to be exercised to ensure that renewals are completed with-water-offield-collecte
erganisms-on the-sensitivity appropriate salinity.

A2.4.5 Effects of Sediment-associated Ammonia

A2.4.5.1 Field-collected sediment may contain concentrations of pore-water ammonia that are toxic to amphipods. The
water-only NOEC forL. plumulosuto-contaminants is—eurrently-being-examined—Evidence 60 mg/L (USEPA, 1@9jdf
ammonia concentrations are above this value at test initiation, mortality may be due in-partte-date-indicates-mixed-sex-population
within_effects of ammonia. Depending on test application, it might be desirable to lowerthe re ammonia concentration by
manipulating the test system before introduction ef tedst organizsms if measured ammonia in the pore water or overlying wate
is_greater than the NOEC. Hew cever, if ammonia is the chemical of concern in the test sediments, pore-water ammonic
concentrationsp should not be deliberately manipulated. If sediment toxicity tests are conducted to evaluate the acceptability ¢
dredged material for disposal, the manipulations could be performed. Section 13.3.6 references methods for conducting TIES t
determine whether ammonia is contributing to the toxicity of sediment samples. Manipulations involve flushing the test system by
renewing a specified amount of overlying water until ammonia concentrations are reduced (section A1.4.5). The effects of dilutior
of ammonia on pore-water concentration is not known. Due to this uncertainty, one option could be to monitor pore-water
concentrations.

A2.4.5.2 If ammonia is of concern to the regulatory application associated with the sediment toxicity test, overlying water
should be sampled about 1 cm above the sediment surface before introduction of test organisms on Day 0. Pore-water ammor
should be measured when sediment samples are prepared for testing. If both the pore water and overlying water ammon
concentrations are <60 mg/L, then the test may proceed normally. If the ammonia concentration is >60 mg/L in a given sample
then ammonia level can be reduced by aerating the sample to saturation and replacing 2 volumes of overlying water per da
Purging pore-water ammonia (up to 60 mg/L) from test sediments before starting the toxicity test;-and 96 h employing the routine
replacement of overlying water in each test chamber every other day (M-W-F) did result in a consistently rexedced posure-wate
ammonia concentration throughout the 28 days from about 60 mgi-—te-eadmium about 1 mg/L (DeWitt et al(589%Ba61)

AS5-5-(7) Centrel-Survival—Mean-centrol-survival-usifg Similar results were obtained by other researchers (Moore et al.
1997 Leptocheirtuf26), Moore et al. 1995must-be-atteast-96-(814)). The analyst should measure the pore-water ammonia
concentration each day until it is <60 mg/L. The pore-water ammonia threshold for the chronic sediment toxicity test was basec
on 28-d exposures of the amphipods-te-be-eensidered-valid.

A5:-6- sediments with experimentally-elevated pore-water ammonia (up to 60 mg/L), employing the specified purging technique
before starting the toxicity test exposure, and employing the routine replacement of overlying water (M-W-F; DeWitt et al., 1997a
Sensitivity—Leptocheirusplumulesisis-toleran]. No lethal or sublethal toxicity was observed in this experiment at any one
of the tested pore-water ammonia concentrations, which is most likely caused by loss of ammonia from the test system due
to diffusion of pore-water ammonia from the sediments to the overlying water and the replacement of the overlying water
three times per week. Because additional replicate containers are required for pore-water measurements;-a+fange minimum
of-sediment-types two additional replicate containers are required (one for Day 0 and-salinities—Fhe-sensitivity-oef-this
speeiesis-comparable one for Day 28). Additional replicate containers should be prepared if pore-water ammonia levels are
high enough to require several successive days for pore-water ammonia reduction. When ammonia concentrations are
reduced to <60 mg/L, testing should be initiated by adding test organisms.

A2.4.6 Hydrogen Sulfide-Hydrogen sulfide occurs naturally in anoxic marine sediments. Sims and Moore ¥igdela
azteed213) conducted an extensive review of the literature that focused on the effects of hydrogen sulfide on benthic organisms
Sims and Moore (1995-96-H213)) reported that tube-building amphipods circulate oxygenated water through their burrows, thus
reducing or elyiminating exposures-to c pore-water hydrogen sulfide. In acute experiments, however, dissolved sulfides have be
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shown to be toxic to marlne amphrpoﬂs abronrus(56—61§—A—rewew andE estuar|u5(48 h LOECs ofbenthiesurveys 1.47 and

v between 1.92 mg/L total sulfide respectively;
Knezovrch et aI 1996215)) Currently, no data eX|st reqardlng the—pfeeence sensitivity pfumulosuand to hydrogen sulfide
in 28-d exposures. Additional information on the-degree tolerance of aquatic organisms to sulfides camn be found-n Batgarionao

(1992 (66,-68)

AS57-(216)).

A2.4.7 Total Organic Carbon (TOCHHnterpretationrWhen-interpreting—Test sediment TOC content can vary greatly, ranging
from near 0 to >10 %. The amount of TOC can affect test organism survival, growth, and reproduction. Limited evidence suggests
that theL. plumulosushronic test is tolerant to most TOC concentrations; however, Scott et al. (229 reported that growth
and reproduction may be lower in uncontaminated field sediments having <2 % TOC concentrations. An analysis of organism
response over a wide range of sediment TOC was completed by DeWitt et al. ((Z®Yhsing reference sediment data from
two studies. No effect-exn survival, growth, or reproduction was detected for sediments with TOC concentrations ranging from
1to 7% TOC. There was some evidence of significantly decreased survival, growth, and reproduction in <1 % TOC sediments.
No data were available for test sediments with TOC >7 %. Therefore until additional data are generated, if test sediment TOC
concentrations are <1 % or >7 %, a TOC control or reference sediment with similar TOC shetld—be—kept-in mind tested
concurrently.

A2.4.8 Future Research- Research to find methods that reduce-the-eathy-life-stage, variability -ef-thereproeductive-ability, or
growth rate and reproduct|on endpomts could lead to |mprovements m—Hae—teng—term—survwal statistical powerof the

plumulosu y " oduce a chronic toxicity test. A second
“round-robin” study usmq the revrsed feedlnq regime and using onIy Iaboratones with considerable experience running this
toxicity test, could provide improved estimates of the interlaboratory accuracy and precision of each endpoint. Additional research
is needed to evaluate the relative toxicological sensitivity of the lethalrespense-PartiaHife cycle and sublethal endpoints to a wide
variety of chemicals spiked in sediment and to mixtures of chemicals in sediments from contaminant gradients in the field.
Additional research is needed to evaluate the ability of the test's lethal and sublethal endpoints to estimate the responses of
populations and communities of benthic invertebrates to contaminated sediments. Additional research is also needed to link the

toxicity-test-procedures-are-under-development for endpoints to a field validated population miodeluofiulosugMcGee and
Spencer 200t-and-should-reselve-these-guestions.

(218), Spencer and McGee 200219) which would provide additional ecological relevant interpretative guidance for the toxicity
test.
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SUMMARY OF CHANGES

The primary technical changes from the previous version of this standard (E 1367-99) are summarized in this
section.

(1) The information on conducting 10-d sediment toxicity tests with estuarine and marine amphipods has been updated based on
information presented in USEPA (19948) ).

(2) The information on conducting 28-d sediment toxicity tests widptocheirus plumulosubas been included based on
information presented in USEPA-USACE (2@2)).

(3) The general format of the standard has been revised to be consistent with Test Method E 1706.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

88



