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1. Scope

1.1 This guideScope*(3)2,3 describes
1.1 This test method covers procedures for ob testing estuarine or marine organisms in the laboratory data concerning to

evaluate the short-term adverse effects toxicity of potentially contaminated sediment, contaminants associated with whole
sediments. Sediments may be collected from the field or of a test material experimentally added spiked with compounds in the
laboratory. General guidance is presented in Sections 1-151 to contaminated 15 for conducting sediment toxicity tests with
estuarine or uncontaminated sediment, on marine amphipods. Specific guidance for conducting 10-d sediment toxicity tests with
estuarine infaunal or marine amphipods during static 10-day exposures. These procedures is outlined in Annex A1 and specific
guidance for conducting 28-d sediment toxicity tests withLeptocheirus plumulosusis outlined in Annex A2.

1.2 Procedures are useful described for testing estuarine or marine amphipod crustaceans in 10-d laboratory exposures to
evaluate the effects toxicity of various geochemical characteristics of contaminants associated with whole sediments (Annex A1;
USEPA 1994a(1)). 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 areAmpelisca abdita, a marine species that inhabits marine and mesohaline portions of the Atlantic coast, the Gulf of
Mexico, and San Francisco Bay;Eohaustorius estuarius, a Pacific coast estuarine amphipods, species;Leptocheirus plumulosus,
an Atlantic coast estuarine species; and cRhepoxynius abronius, a 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 A1). 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 species (forR. abroniusandE. estuarius). 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 from >0o⁄oo to fully marine.

1.3 A procedure is also described for determining the chronic toxicity of contaminants associated with whole sediments with
the amphipodLeptocheirus plumulosusin laboratory exposures (Annex A2; USEPA-USACE 2001(2) ). 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°6 2°C, and the recommended overlying water salinity is 5o⁄oo 6 2 o⁄oo (for test sediment with pore water at 1o⁄oo to 10o⁄oo)
or 20o⁄oo 6 2 o⁄oo (for test sediment with pore water >10o⁄oo). 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 equal to other infaunal taxa, although modifications 80 % and there must be measurable growth and
reproduction in all replicates of the procedures appropriate 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 20o⁄oo is recommended for routine application of 28-d test withL. plumulosus(Annex A2;
USEPA-USACE 2001(2)) and a salinity of 20o⁄oo is recommended for routine application of the 10-d test withE. estuariusor L.
plumulosus(Annex A1). However, the salinity of the overlying water for tests with these two species 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 A1 and Annex A2). P If tests are conducted with procedures different
from those described section 1.3 or in Table A1.1 (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 salinity 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. 2000(3) , Ferretti et al. 2002(4)).

1.6 Procedures outlined in this standard are based primarily on procedures described in the USEPA (1994a(1)), USEPA-
USACE (2001(2) ), Test Method E 1706, and Guides E 1391, E 1525, E 1688, Environment Canada (1992(5) ), DeWitt et al.
(1992a(6); 1997a(7)), Emery et al. (1997(8)), and Emery and Moore (1996(9)), Swartz et al. (1985(10)), DeWitt et al.
(1989(11)), Scott and Redmond (1989(12)), and Schlekat et al. (1992(13)).

1.7 Additional sediment toxicity research and methods development are now in progress to(1) refine sediment spiking
procedures,(2) refine sediment dilution procedures,(3) refine sediment Toxicity Identification Evaluation (TIE) procedures,(4)
produce additional data on confirmation of responses in laboratory tests with natural populations of benthic organisms (that is, field

2 Boldface numbers in parentheses refer to the list
2 Microtox is a trademark of references at the end of this guide. Strategic Diagnostics Inc. 111 Pencader Drive Newark, Delaware 19702-3322.
3 This guide is based largely on Guide E 729 and Ref
3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For(3). Annual Book of ASTM

Standardsvolume information, refer to the standard’s Document Summary page on the ASTM website.
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validation studies), and(5) 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 withL.
plumulosus, further investigation of certain issues could aid in the interpretation of test results. Some of these issues include further
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 of
populations and communities of benthic invertebrates to contaminated sediments. Research is also needed to link the toxicity test
endpoints to a field-validated population model ofL. plumulosusthat 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 sediments withA. abdita, EohaustoriusE.
estuarius, Ampelisca abdita, Grandidierella japonicaL. plumulosus, andR. 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 the
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 organisms
(for example,Corophium spp., Grandidierella japonica, Lepidactylus dytiscus, Streblospio benedicti), although modifications may
be necessary. Results of tests, even those with the same species, using procedures different from those described in the test method
may not be comparable and using 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 tests with aquatic organisms. If tests are conducted with procedures different from those described in this test method,
additional tests are required to determine comparability of results. General procedures described in this test method might be useful
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. Furthermore,

no one organism is best suited for all sediments. The following criteria were considered when selecting test organisms to be
described in this standard (Table 1 and Guide E 1525). Ideally, a test organism should:(1) have a toxicological database
demonstrating relative sensitivity to a range of contaminants of interest in sediment,(2) have a database for interlaboratory
comparisons of procedures (for example, round-robin studies),(3) be in direct contact with sediment,(4) be readily available from
culture or through field collection,(5) be easily maintained in the laboratory,(6) 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 size), and(10) be
compatible with selected exposure methods and endpoints (Guide E 1525). Methods utilizing selected organisms should also be
(11)peer reviewed (for example, journal articles) and(12)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 of
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 used
for selectingA. abdita, E. estuarius, L. plumulosus, andR. abroniusfor the current edition of this standard for 10-d sediment tests
(Annex A1). 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, and
freshwater sediments (Swartz et al., 1985(10); DeWitt et al., 1989(11); Scott and Redmond, 1989(12); DeWitt et al., 1992a;
Schlekat et al., 1992(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 held
in Washington, D.C. from 16-18 September 1992 (USEPA, 1992(14)). Of the candidate species discussed at the workshop,A.
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 estuarineL. plumulosusand the marineA.
abdita) and Pacific (the estuarineE. estuariusand the marineR. abronius) coasts.Ampelisca abditais 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 meet
these selection criteria because little emphasis has been placed on developing standardized testing procedures for benthic
organisms. For example, a fifth species,Grandidierella japonicawas not selected because workshop participants felt that the use
of this species was not sufficiently broad to warrant standardization of the method. Environment Canada (1992(5)) has
recommended the use of the following amphipod species for sediment toxicity testing:Amphiporeia virginiana, Corophium
volutator, Eohaustorius washingtonianus, Foxiphalus xiximeus, andLeptocheirus pinguis. A database similar to those available
for A. abdita, E. estuarius, L. plumulosus, andR. 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 selectingL. plumulosusfor 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 2001(2), 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. 1992a(6) ) that 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 ofA. abdita, E. estuarius, L. plumulosus, or 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, includingAmpelisca abditaand
Rhepoxynius abronius, were 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 data for(1) all other species,(2)
other benthic species, and(3) 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 infaunal
species, 54 %. Thus, amphipods are not uniquely sensitive relative to all species, benthic species, or even infaunal species (USEPA
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. (1986(15)) compared the sensitivity of theR. abronius10-d whole sediment test, the oyster embryo (
Crassostrea gigas) 48-h abnormality test, and the bacterium (Vibrio fisheri) 1-h luminescence inhibition test (that is, the Microtox4

test) to sediments collected from 46 contaminated sites in Commencement Bay, WA.Rhepoxynius abroniuswere exposed to whole
sediment, while the oyster and bacterium tests were conducted with sediment elutriates and extracts, respectfully. Microtox2 was
the most sensitive test, with 63 % of the sites eliciting significant inhibition of luminescence. Significant mortality ofR. abronius
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 results
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 betweenA. abditaandR. abronius, betweenE. estuariusandR. abronius, and between
A. abditaandL. plumulosus. There are fewer examples of direct comparisons betweenE. estuariusandL. plumulosus, and no
examples comparingL. 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. (1989(16) ) compared the sensitivity ofA. abditaandR. 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 than
to provide a comparison of the sensitivity of the methods (that is,Ampelisca abditawould 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 demonstrated thatR.
abroniusexhibited greater sensitivity to the sediments thanA. abditaat 15°C. Long and Buchman (1989(17)) also compared the
sensitivity ofA. abditaandR. abroniusto sediments from Oakland Harbor, CA. They also determined thatA. abditashowed less
sensitivity thanR. abronius, but they also showed thatA. abditawas less sensitive to sediment grain size factors thanR. abronius.

1.11.6.2 DeWitt et al. (1989(11) ) compared the sensitivity ofE. estuariusandR. abroniusto sediment spiked with fluoranthene
and field-collected sediment from industrial waterways in Puget Sound, WA, in 10-d tests, and to aqueous cadmium (CdCl2) in
a 4-d water-only test. The sensitivity ofE. estuariuswas from two (to spiked-spiked sediment) to seven (to one Puget Sound, WA,
sediment) times less sensitive thanR. abroniusin sediment tests, and ten times less sensitive to CdCl2 in the water-only test. These
results are supported by the findings of Pastorok and Becker (1990(18)) who found the acute sensitivity ofE. estuariusandR.
abroniusto be generally comparable to each other, and both were more sensitive thanNeanthes arenaceodentata(survival and
biomass endpoints),Panope generosa(survival), andDendraster excentricus(survival).

1.11.6.3Leptocheirus plumulosuswas as sensitive as the freshwater amphipodHyalella aztecato an artificially created gradient
of sediment contamination when the latter was acclimated to oligohaline salinity (that is, 6o⁄oo; McGee et al., 1993(19)). DeWitt
et al. (1992b(20)) compared the sensitivity ofL. plumulosuswith three other amphipod species, two mollusks, and one polychaete
to highly contaminated sediment collected from Baltimore Harbor, MD, that was serially diluted with clean sediment.Leptocheirus
plumulosuswas more sensitive than the amphipodsHyalella aztecaandLepidactylus dytiscusand exhibited equal sensitivity with
E. estuarius. Schlekat et al. (1995(21)) describe the results of an interlaboratory comparison of 10-d tests withA. abdita, L.
plumulosusandE. 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. (2000(22)) evaluated the response ofLeptocheirus plumulosus(10-d survival or growth) to the response
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of the amphipodLepidactylus dytiscus(10-d survival or growth), the polychaeteStreblospio benedicti(10-d survival or growth),
and lettuce germination (Lactuca sativa in 3-d exposure) and observed thatL. plumulosuswas 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 al., 1997(23)).
Some benthic infauna show toxicity to ammonia at concentrations of about 20 mg/L (Kohn et al., 1994(24)). Based 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., 1997a(7),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., 1997(26)). It is not surprisingL.
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 ammonia byL. plumulosusshould not be
construed as an indicator of the sensitivity of theL. plumulosussediment 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 (USEPA 1994a(1)). These tests were static
exposures that were generally conducted under conditions (for example, salinity, photoperiod) similar to those used for standard
10-d sediment tests. Departures from standard conditions included the absence of sediment and a test temperature of 20°C forL.
plumulosus, rather than 25°C as dictated in this standard. Sensitivity to total ammonia increased with increasing pH for all four
species. The rank sensitivity wasR. abronius= A. abdita> E. estuarius> L. plumulosus. A similar study by Kohn et al. (1994
(24) ) showed a similar but slightly different relative sensitivity to ammonia withA. abdita> R. abronius= L. plumulosus> E.
estuarius.

1.11.7.2 TwCadmium chloride has been a common reference toxicant for all four species in 4-d exposures. DeWitt et al. (1992a
(6)) reports the rank sensitivity asR. abronius> A. abdita> L. plumulosus> E. estuariusat a common temperature and salinity
of 15°C and 28o⁄oo . A series of 4-d exposures to cadmium that were conducted at species-specific temperatures and salinities
showed the following rank sensitivity:A. abdita= L. plumulosus= R. abronius> E. estuarius(USEPA 1994a(1), USEPA-USACE
1999).

1.11.7.3 Relative species sensitivity frequently varies among contaminants; consequently, a battery of tests including organisms
representing different trophic levels may be needed to assess sediment quality (Craig, 1984(27); Williams et al. 1986(15); Long
et al., 1990(28); Ingersoll et al., 1990(29); Burton and Ingersoll, 1994(31)). For example, Reish (1988(32)) p reported the relative
toxicity of six metals (arsenic, cadmium, chromium, copper, mercury, and zinc) to crustaceans, polychaetes, pelecypods, and fishes
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. Sediment-
dwelling organisms can receive exposure from three primary sources: interstitial water, sediment particles, and overlying water.
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. 1994(33)) or particles with higher organic carbon
concentrations which may have higher contaminant concentrations. Grazers and other collector-gatherers that feed on aufwuchs
and detritus may receive most of their body burden directly from materials attached to sediment or from actual sediment ingestion.
In some amphipods (Landrum, 1989(34)) and clams (Boese et al., 1990(35)) uptake through the gut can exceed uptake across
the gills for conducting 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 al. 1987(36)).

1.11.9 Despite the potential complexities in estimating the dose that an animal receives from sediment, the toxicity and
bioaccumulation of many contaminants in sediment such as Keponet, fluoranthene, 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 al. 1990(37); Di 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 contaminant
(Knezovich et al. 1987(36) ). 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 ofA. abdita, E. estuarius, R. abronius, andL. plumulosusin laboratory toxicity studies has been field validated
with natural populations of benthic organisms (Swartz et al. 1994(39) and Anderson et al. 2001(40) for E. estuarius, Swartz et
al. 1982 and Anderson et al. 2001(40) for R. abronius, McGee et al. 1999(41)and McGee and Fisher 1999(42) 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 survival ofAmpelisca abditain 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 measurements ofA. abditasurvival in
toxicity tests to benthic community enumeration. Although species of this genus were among the more frequently occurring taxa
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in these samples, ampeliscids were totally absent from stations that exhibitedA. abdita test survival <60 % of that in control
samples. Additionally, ampeliscids were found in very low densities at stations with amphipod test suarvinval between 60 and
marine amphipods. This additional guidance includes supplemental information on: 1. 80 % (USEPA 1994a(1)). These data
indicate that tests with this species are predictive of contaminant effects on sensitive species under natural conditions.

1.11.10.2 Swartz et al. (1982(43) ) compared sensitivity ofR. abroniusto sediment collected from sites in Commencement Bay,
WA, to benthic community structure at each site. Mortality ofR. abroniuswas negatively correlated with amphipod density, and
storage (Section 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 sediment spiking (Section 10.6), 3. collection, handling, contamination gradient of DDT (Swartz et al. 1994
(39)). Survival of E. estuariusand culturingR. abroniusin laboratory toxicity tests was positively correlated to abundance of
amphipods (Section 11.4), in the field and 4. statistical analyses (Section 16). USEPA-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 al. (1999(41) )
conducted 10-d toxicity tests withL. plumulosus. Negative relationships were detected between amphipod survival and
concentrations of select sediment-associated contaminants, whereas a very strong positive association existed between survival in
laboratory exposures and field density ofL. plumulosusat test sites. A field validation study of the 10- and 28-dL. plumulosustests
by McGee and Fisher (1999(42) ) in Baltimore Harbor, also indicated good agreement between acute toxicity, sediment associated
contaminants and responses of thein situ 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 plumulosus:
1.12.1 Most standard whole sediment toxicity tests have been developed to produce a method lethality endpoint (survival/

mortality) with potential for conduction 28–d a sublethal endpoint (reburial) in some species (USEPA 1994a(1), USEPA-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(12) ; Green and Chandler, 1996(44) ; Levin et al., 1996(45);
Ciarelli et al., 1998(46); Meador and Rice, 2001(47)). Most assessments of contaminated sediment rely on short-term lethality
tests (for example,#10 d; USEPA-USACE, 1991(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 used
to successfully evaluate moderately contaminated areas (Ingersoll et al., 1998(50); Kemble et al., 1994(51); McGee et al., 1995
(52) ; Scott, 1989(53)). The 28-d toxicity test with the amphipodLeptocheirus plumulosus. Endpoints measured in this 28–d test
include survival, growth, has two sublethal endpoints: growth and reproduction.

1.3 Modifications of these procedures reproduction. These sublethal endpoints have potential to exhibit a toxic response from
chemicals that otherwise might be appropriate for other sediment toxicity test procedures such as flow-through not cause acute
effects or partial life-cycle tests. Methods outlined significant mortality in this guide should a test. Sublethal response to chronic
exposure is also be useful valuable for conducting sediment toxicity tests with other aquatic taxa, although modifications might
be necessary. Other test organisms might include other species population modeling of amphipods, other crustaceans, polychaetes,
and bivalves.

1.4 Other modifications of these procedures might contaminant effects. These data can be justified by special needs or
circumstances. Although using appropriate procedures is more important than following prescribed procedures, results used for
population-level risk assessments of tests conducted using unusual procedures are not likely to be comparable to results benthic
pollutant effects.

1.12.2 An evaluation of many other tests. Comparisons the distribution of results obtained using modified and unmodified
versionsL. plumulosusin Chesapeake Bay indicates that its distribution is negatively correlated with the degree of these procedures
might provide useful information concerning new concepts and procedures for conducting sediment tests with infaunal organisms.

1.5 These procedures are applicable to sediments containing most chemicals, either individually or in formulations, commercial
products, contamination (Pfitzenmeyer, 1975(54); Reinharz, 1981(55)). A field validation study of the 10- and known or unknown
mixtures. With appropriate modifications these procedures can be used to conduct sediment toxicity 28-dL. plumulosustests on
factors such as temperature, salinity, dissolved oxygen, by McGee and natural Fisher (1999(42)) in Baltimore Harbor, indicated
good agreement between acute toxicity, sediment characteristics (for example, particle size distribution, organic carbon content,
total solids). These methods can also be used to conduct bioconcentration tests associated contaminants and responses of thein
situ tests, andbenthic community. In this study, the chronic 28-d test was less sensitive to assess sediment contamination than the
toxicity of potentially contaminated field sediments, or of such materials as sewage sludge, oils, particulate matter, acute 10-d test
and solutions of toxicants added to sediments. A median lethal concentration (LC50) or median sublethal effect concentration

E 1367 – 9903

6



(EC50) of toxicants or of highly contaminated therefore had a poorer association between sediment mixed into uncontaminated
sediment can contaminants and benthic community health. It should be determined. Materials either adhering to sediment particles
or dissolved noted that the feeding regime used in interstitial water can be tested.

1.6 Results of short-term toxicity 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-d test materials experimentally added to sediments may
be reported have not been conducted.

1.13 Limitations—While some safety considerations are included in terms this standard, it is beyond the scope of an LC50, and
sometimes an EC50 where “concentration” refers this standard to dry or wet weight concentration in sediment. Results of a field
survey with single samples encompass all safety requirements necessary to determine a spatial or temporal distribution of conduct
sediment toxicity may be reported in terms of percent mortality (see Section 16). Field surveys can be designed to provide either
a qualitative reconnaissance of the distribution of sediment toxicity or aquantitativestatistical comparison of toxicity among
stations.

1.7 This guide tests.
1.14 This standard is arranged as follows:

Section
Referenced Documents 2
Terminology 3
Summary of Guide 4
Summary of Standard 4
Significance and Use 5
Interferences 6
Hazards 7
Reagents and Materials 7
Apparatus 8
Hazards 8

Facilities 8.1
Facilities, Equipment, and Supplies 8.1

Construction Materials 8.2
Test Chambers 8.3
Cleaning 8.4
Acceptability 8.5

Toxicity Test Water 9
General Requirements 9.1
Source 9.2
Preparation 9.3
Characterization 9.4.

Test and Control Sediments 10
TestSample Collection, Storage, Manipulation, and
Characterization

10

General 10.1
Characterization 10.2
Control Sediment 10.3
Field-Collected Test Sediment 10.4
Reference Sediment 10.5
Laboratory Spiked Test Sediment 10.6
Test Concentration(s) 10.7
Addition of Test Material to Sediment 10.8

Section
Quality Assurance and Quality Control Section
Test Organisms 11

Species 11.1
Age 11.2
Source 11.3
Collection and Handling 11.4
CollectionCollection, Culturing, and Maintaining

Test Organisms
11.4

Quality 11.5
Experimental Design 12

Controls 12.2
Calculation 12.2

Field Survey Design 12.3
Laboratory Experiments 12.4

Procedure 13
Dissolved Oxygen 13.1

Report 13.1
Temperature 13.2
Salinity 13.3
Light 13.4
Feeding 13.5
Beginning the Test 13.6
Duration of Test 13.7
Biological Data 13.8
Other Measurements 13.9
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Analytical Methodology 14
Acceptability of Test 15
Precision and Bias 15
Interpretation of Results 16
Keywords 16
Report 17
Keywords 18
Annexes

Annex A1 Rhepoxynius abronius
A1. Procedure For Conducting A 10-d Sediment Sur-
vival Test With the Amphipods Ampelisca abdita,
Eohaustorius estuarius, Leptocheirus plumulosus,,
or Rhepoxynius abronius

Annex A1

Annex A2 Eohaustorius estuarius
A2. Procedure For Conducting A Leptocheirus plu-
mulosus 28-d Sediment For Measuring Sublethal
Effects of Sediment-Associated Contaminants.

Annex A2

Annex A3 Ampelisca abdita Annex
A4 Grandidierella

japonica
References Annex

A4 Grandidierella
japonica

Annex A5 Leptocheirus plumulosus

1.8 The values stated in SI units are to be regarded as standard.

1.91.15 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 appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.While some safety considerations are presented in this guide, it is beyond the scope of this guide
to encompass all safety requirements necessary to conduct sediment toxicity tests. SpecificSpecific hazard statements are given in
Section 8.

TABLE 1 Rating of Selectionst Crituted Srial for Est Wuater(14) fine or Marine Amphipod Sediment Toxicity Testing
A “+” or “−” Rating Ind Esicatues a Positive or Negatinve C Attribustaceans

AddCrithe followriong r
Ampeliscagent-gr

abde (13)ita c
Eohemicalus inthe amoriunts

estuand order liust
Ledpto 890 mL of water. Each chemicarus

plumulost bus
Rhe dpoxyniussolved

abefore theonextius added.A

Chemical Amount
Relative sensitivity toxicity data base + Amount

NaF 3 mg
+ + +

SrCl2·6H2O 20 mg
Round-robin studies conducted + 20 mg

H3BO3 30 mg
+ + +

KBr 100 mg
Contact with sediment + 100 mg

KCl 700 mg
+ + +

CaCl2·2H2O 1.47 g
Laboratory culture +/- 1.47 g

Na2SO4 4.00 g
- + -

MgCl2·6H2O + + +
Taxonomic identification + + + +
10.78gical importance + + + +

Ecological importance + + + +
NaCl PAC ATL PAC

Geographical distribution ATL, PAC, GOM PAC ATL PAC
23.50 gSediment physicochemical tolerance + + + +

Sediment physicochemical tolerance + + + +
Na2+ +ASiO3·9H2O 20 mg+ +

Response confirmed with benthos populations + +A + +
NaHCO3 + + +

Peer reviewed + + + +
200 mgonitored Survival Survival, reburial Survival Survival, reburial
Endpoints monitored Survival Survival, reburial Survival Survival, reburial

A If th Anderesulting solution is dilut edto 1 L, the s alinity should be 34 6 0.5 g/kg and the pH 8. (20 60.2. The desired test salinity is attained by dilution at time of use.
The reconstituted salt water should be stripped of trace metals1 (1540)).

ATL = Atlantic Coast, PAC = Pacific Coast, GOM= Gulf of Mexico
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2. Referenced Documents

2.1 ASTM Standards:5

D 1129 Terminology Relating to Water
D 3976 Practice 4387 Guide for Preparation of Sediment Samples Selecting Grab Sampling Devices for Chemical Analysis6

Collecting Benthic Macroinvertebrates
D 4447 Guide for the Disposal of Laboratory Chemicals and Samples
E 38029 Practice for Use of the International System of Units (SI) (the Modernized Metric System)6 Using Significant Digits

in Test Data to Determine Conformance with Specifications
E 729 Guide 105 Practice for Conducting Acute Toxicity Tests with Fishes, Macroinvertebrates and Amphibians6 Probability

Sampling of Materials
E 943 Terminology Relating 122 Practice for Choice of Sampling Size to Biological Effects and Environmental Fate6 Estimate

a Measure of Quality for a Lot or Process
E 1023 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 Aqnnelids
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 and Their Uses6 Sediment Tests

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The term “sediment” is used here to denote a naturally occurring particulate material that has been transported and

deposited at the bottom of a body of water. The procedures described can also be applied using an experimentally prepared
substrate within which the amphipods can burrow.

3.1.1.1 clean sediment— denotes sediment that does not contain concentrations of toxicants that cause apparent stress to the test
organisms or reduce their survival.

3.1.1.2 solid-phase sediment—distinguished from elutriates and resuspended sediments in that the whole, intact sediment is
used to expose the organisms, not a form or derivative of the sediment.

3.1.2 toxicity—the property of a material or combination of materials, to adversely affect organisms (see Terminology E 943).
3.1.3 exposure—contact with a chemical or physical agent (see Terminology E 943).
3.1.4 interstitial water—the water within a wet sediment that surrounds the sediment particles. The amount of interstitial water

in sediment is expressed as the percent ratio of the weight of the water in the sediment to that of the wet sediment.
3.1.5 overlying water—the water that is added to the test chamber over the solid phase of the sediment in a toxicity test.
3.1.6 spiking of sediment, refers to the experimental addition of a test material such as a chemical or mixture of chemicals,

sewage sludge, oil, particulate matter, or highly contaminated sediment to a clean negative control or reference sediment to
determine the toxicity of the material added. After the test material is added, sometimes with a solvent carrier, the sediment is
thoroughly mixed to evenly distribute the test material throughout the sediment.

3.1.7 The LC50 is the statistically or graphically derived best estimate of the concentration of test material added to or contained
in sediment that is expected to be lethal to 50 % of the test organisms under specified conditions within the test period (see
Terminology E 943).

3.1.8 The EC50 is the statistically or graphically estimated concentration of test material in sediment that is expected to cause
a measured sublethal effect (for example the inability of amphipods to rebury in clean sediment at the end of the test period), in
50 % of the test organisms under specified conditions (see Terminology E 943).

3.1.9 The
3.1 The words “must,” “should,” “may,” “can,” and “might” have very specific meanings in this guide.
3.1.9.1 “Must” standard. “Must“ is used to express an absolute requirement, that is, to state that the a test ought to be designed
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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 directly relate directly to the acceptability of the test (see Section 15).

3.1.9.2 “Should” 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 important factors.

3.1.9.3 “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 D 1129, Guide E 729, Terminology E 943, 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, n—sediment containing chemical substances at concentrations that pose a known or suspected

threat to environmental or human health.
3.3.4 control sediment, n—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 EC50, 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, n—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 water, n— 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 (LOEC), n—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 (NOEC), n—in a toxicity test, the 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 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 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, n—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 test, n—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 sediment, n—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, n—a sediment to which a material has been added for experimental purposes.
3.3.17 whole sediment, n—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 The relative Standard
4.1 Method Description—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 can be determined
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through or marine sediment-burrowing amphipods found within United States coastal waters. The species areAmpelisca abdita,
a 10- marine species that inhabits marine and mesohaline portions of the Atlantic coast, the Gulf of Mexico, and San Francisco
Bay; Eohaustorius estuarius, a Pacific coast estuarine species;Leptocheirus plumulosus, an Atlantic coast estuarine species; and
Rhepoxynius abronius, a Pacific coast marine species. Generally, the method described may be applied to all four species, although
acclimation procedures and some test w conditions (that iso, temperature and salidnity) will be species-specific (Sections 10 and
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 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 species (forR. abroniusandE. estuarius). 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 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 amphipodLeptocheirus plumulosusin laboratory exposures (USEPA-USACE 2001(2)). The toxicity test is conducted for 28
d in 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 time test chambers. Mortality organisms are fed. Tests are initiated with
neonate amphipods that mature and sublethal effects such reproduce during the 28-d test period. The endpoints in the 28-d toxicity
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 per
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 from 1o⁄oo to 35o⁄oo . Typically, endpoint selection
for new toxicity tests is generally guided by methodologies for related toxicity tests (Gray et al., 1998(56)). Sediment toxicity tests
using macroinvertebrates often incorporate survival and growth endpoints (Ingersoll, 1995(57) ). Gray et al. (1998(56))
recommend optimal endpoint measures for theL. plumulosussediment toxicity test based on four criteria: relevance of each
measure to its respective endpoint; signal-to-noise ratio (the ratio between the response to stressor and inability the normal
variation in the response variable); redundancy to other measures of the same endpoint; and cost of labor, training, and equipment.
Signal-to-noise ratios are independent of experiment design considerations (that is, Type I and Type II errors, and sample size) and
are positively correlated with power (Gray et al., 1998(56)).

4.3 Experimental Design—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 that

is essentially free of contaminants and is used routinely to assess the acceptability of a test and is not necessarily collected near
the site of concern. Any contaminants in clean control sediment are determined after exposure thought to originate from the global
spread of pollutants and do not reflect any substantial inputs from local or non-point sources Ankley and Thomas, 1992(58).
Comparing test sediments to control sediments is a specific number (usually 20) measure of amphipods to the toxicity of a q test
sediment beyond inevitable background contamination and organism health Ankley and Thomas, 1992(58). A control sediment
provides a measure of test sediment. Response acceptability, evidence of test organism health, and a basis for interpreting data
obtained from the amphipods test sediments. A reference sediment is collected near an area of concern and is used to assess
sediment conditions exclusive of material(s) of interest. Testing a reference sediment provides a site-specific basis for evaluating
toxicity.

4.3.1.2 In general, the performance of test organisms in thed negatimve control is c used tom judge the acceptarbility of a test,
and w either the negative control or reference sediment may be used to evaluate performansce in the experimental treatments,
depending on the purpose of the study. Any study in which organisms in the negative control do not meet performance criteria must
be considered questionable because it suggests that adverse factors affected the response of test organisms. Key to avoiding this
situation is using only control sediments that have a demonstrated record of performance using the same test procedure. A This
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 repeated
to insure accurate results. However, the scope or sampling associated with some studies may make it difficult or impossible to
repeat a study. Some researchers have reported cases where performance in the negative control is poor, but performance criteria
are met in reference sediment included in the study design. In these cases, it might be reasonable to infer that other samples that
show good performance are probably not toxic; however, any samples showing poor performance should not be judged to have
shown toxicity, since it is unknown whether the adverse factors that caused poor control performance might have also caused poor
performance in the test treatments.

4.3.1.4 Natural physico-chemical characteristics such as sediment texture may influence the response of test organisms(59). The
physico-chemical characteristics of test sediment need to provide (a) be 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 carbon
can be evaluated if the limits are exceeded in a test sediment. See section 12.1 and Annex A1 and Annex A2 for information on
physico-chemical requirements of test organisms. If the acceptability physico-chemical characteristics of a test sediment exceed
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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 Dewitt
et al. 1988,(59,) Ankley et al., 199460. The use of formulated sediment can also be used to evaluate physico-chemical
characteristics of sediment on test organisms Walsh et al., 1991(61) Suedel and Rodgers, 1994,(62) Kembel et al.,(63) USEPA,
2000,64 (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 number
and type of control sediments, the number of treatments and replicates, and water quality characteristics. For instance, the purpose
of the test organisms, 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, 1979(65). See 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 overlying water, test conditions (Table A1.3
in Annex A1 and handling procedures, etc., Table A2.3 in Annex A2) and (b) the might include a control sediment or a formulated
sediment (section 7.2). Testing a reference sediment provides a site-specific basis for interpreting data obtained from evaluating
toxicity of the test sediments.

4.1.1 The toxicity sediments. Comparisons of f test sediments to 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, 1979(65) . See Section 13 for additional guidance on experimental design
and statistics.

4.3.2.2 If the percent mortality purpose of amphipods exposed the study is to that sediment compared 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. The 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 conduct a 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 and
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 statistical
comparisons among sites.

4.3.2.4 Sediments often exhibit high spatial and temporal variability(66). 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 relation to obtain information on the toxicity
boundary of a disposal site, or at sites identified as being contaminated in a reconnaissance survey. Comparisons can be made in
both space and time. In pre-dredging studioes, a sampling design can be prepared to assess the contamination of that sediment.

4.1.2 The toxicity 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 can 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 to determine an LC50 which air and 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). As the toxicant 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 The test procedure in this guide
5.1 General:
5.1.1 Sediment provides habitat for many aquatic organisms and is not intended to exactly simulate the exposure of benthic

amphipods to contaminants under“ natural” conditions, but rather to provide a conveniently rapid, standard toxicity test procedure
yielding a reasonably sensitive indication major repository for many of the toxicity 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 toxic
organic and estuarine sediments.

5.2 Protection inorganic chemicals eventually accumulate in sediment. Mounting evidences exists of a community of
environmental degradation in areas where USEPA Water Quality Criteria (WQC; Stephan et al.(67)) are not exceeded, yet
organisms requires averting detrimental contaminant related effects on in or near sediments are adversely affected Chapman, 1989
(68). The WQC were developed to protect organisms in the number water column and health were not directed toward protecting
organisms in sediment. Concentrations of individuals and species within that population. Sediment toxicity tests provide
information on the toxicity of test materials contaminants in sediments. Protection sediment may be several orders of magnitude
higher than in the most sensitive species within a community will theoretically protect the community as a whole.

5.3 Amphipods are an abundant component overlying water; however, whole sediment concentrations have not been strongly
correlated to bioavailability Burton, 1991(69). Partitioning or sorption of the soft bottom marine and estuarine benthic community.
They are a principal prey of compound between water and sediment may depend on many fish, birds, factors including: aqueous
solubility, pH, redox, affinity for sediment organic carbon and larger invertebrate species. Some species are predators dissolved
organic carbon, grain size of smaller benthic invertebrates. Others ingest the sediment, sediment particles mineral constituents
(oxides of iron, manganese, and aluminum), and the quantity of acid volatile sulfides in sediment Di Toro et al. 1991(70) Giesy
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 directly exposed toxic to contaminants. Amphipods are among aquatic life or can be a source of
chemicals for bioaccumulation in the first taxa food chain.

5.1.2 The objective of a sediment test is to disappear from benthic communities impacted by pollution, and have been shown
determine whether chemicals in sediment are harmful to or are bioaccumulated by benthic organisms. The tests can be more
sensitive used to measure interactive tonxic effects of complex chemical mixtures ina sediment. Furthermore, knowledge of
specific pathways of interactions among sediments than several other major taxa and test organisms is not necessary to conduct
the tests Kemp et al. 1988,(72). Sediment tests can be used to:(1) determine the relationship between toxic effects and
bioavailability, (2) investigate interactions among chemicals,(3) compare the sensitivities of different organisms,(4). The
ecological importance of amphipods, their wide geographical distribution, ease of handling in the laboratory, and their sensitivity
to contaminated sediments make them appropriate species for sediment toxicity testing.

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

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

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

5.7 Results of acute tests with toxicants experimentally added to sediments can be used to compare the acute sensitivities of
different species and the acute toxicities of different test materials, and to define the effects of various environmental factors on
results of such tests.

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

5.9 Results of acute sediment toxicity tests might be an important consideration when assessing the hazards of materials to
aquatic organisms (see Guide E 1023) or when deriving sediment quality criteria for aquatic organisms contamination,(5).
Sediment evaluate hazards of dredged material,(6) measure toxicity as part of product licensing or safety testing,(7) rank areas
for clean up, and(8) estimate the effectiveness of remediation or management practices.

5.1.3 A variety of methods have been developed for assessing the toxicity of chemicals in sediments using amphipods, midges,
polychaetes, oligochaetes, mayflies, or cladocerans (Test Method E 1706, Guide E 1525, Guide E 1850; Annex A1, Annex A2;
USEPA, 2000(73), EPA 1994b,(74), Environment Canada 1997a,(75), Enviroment Canada 1997b,(76) ). Several endpoints are
suggested in these methods to measure potential effects of contaminants in sediment including survival, growth, behavior, or
reproduction; however, survival of test organisms in 10-day exposures is the endpoint most commonly reported. These short-term
exposures that only measure effects on survival can be used to identify high levels of contamination in sediments, but may not be
able to identify moderate levels of contamination in sediments (USEPA USEPA, 2000(73); Sibley 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 decisions regarding
the field, Kembel et al. 1994(82) . Insufficient information is available to determine if the long-term test conducted with
Leptocheirus plumulosus(Annex 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 instances,
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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 A1).

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 Adams, 1997,(83))
including:(1) Water Quality Criteria (and State Standards);(2) National Pollution Discharge Elimination System (NPDES) effluent
monitoring (including chemical-specific limits and sublethal endpoints in toxicity tests);(3) Federal Insecticide, Rodenticide and
Fungicide Act (FIFRA) and the Toxic Substances Control Act (TSCA, tiered assessment includes several sublethal endpoints with
fish and aquatic invertebrates);(4) 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 invertebrates); and(7) the 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 and
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. 1990b,(84), aging ( Landrum et al. 1989,(85), Word et al. 1987,(86), Landrum et al., 1992,(87) ),
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. 1990,(88) 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. 1991,(70) .

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 USEPA, 1992,(89).
These approaches include:(1) equilibrium partitioning,(2) tissue residues,(3) interstitial water toxicity,(4) whole-sediment
toxicity and sediment-spiking tests,(5) benthic community structure,(6) effect ranges (for example, effect range median, ERM),
and(7) sediment quality triad (see USEPA, 1989a, 1990a, 1990b and 1992b, (90, 91, 92, 93and Wenning and Ingersoll (2002(94))
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, 1992c,(95). 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 et al. 1991(96) MacDonald et
al. 1996(97) Ingersoll et al. 1996(98) Ingersoll et al. 1997(99) , Wenning and Ingersoll 2002(94) ). 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 aquatic communities (Burton, 1991(69) , Chapman
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, 1993(102). Performance-based methods were defined by EMMC as a monitoring
approach which permits the use of appropriate methods that meet preestablished demonstrated performance standards (section
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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Program offices to discuss the development of standard freshwater, estuarine, and marine sediment testing procedures (USEPA,
1992a, 1994a(89,103)). 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 one
method should be required to culture organisms. However, the consensus at the workshop was that success of a test depends on
the health of the cultures. Therefore, having healthy test organisms of known quality and age for testing was determined to be the
key consideration relative to culturing methods. A performance-based criteria approach was selected in USEPA, 2000(73) as the
preferred method through which individual laboratories could use unique 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 and
minimize effects of test organism health on the reliability and comparability of test results. See Annex A1 and Annex A2 for a
listing of performance criteria for culturing or testing.

6. Interferences

6.1 DuGeneral Interferences:
6.1.1 An interference is a characteristic of a sediment or a test system that can potentially affect test organism response aside

from those related to sediment-associated contaminants. These interferences can potentially confound interpretation of test results
in two ways:(1) toxicity is observed in the limited time test sediment when contamination is low or there is more toxicity tests
have been practiced, than expected, and(2) no toxicity is observed when contaminants are present at elevated concentrations or
there is less toxicity than expected.

6.1.2 Because of the methodology continues heterogeneity of natural sediments, extrapolation from laboratory studies to
develop the field can sometimes be difficult (Table 3; Burton, 1991(69) ). Sediment collection, handling, and evolve with time

TABLE 2 Precision of theSediment Tox Qualicity Te Ast Using Rhepoxynius abronius in Rmelationt Pro Samplce Size
and Rurepls (Modicatfied fronm USEPA (378))

NumbMer of Ampthipods per Replicate
10 20

Number of Replicates dA Type
d/cB

h

Number of Replicates dA Type
ApproacB

h

Number of Replicates dA d/cB

Numeric DescriptiveCombination

2 6.80 71.6
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 2.66 28.0 2 8.55 45.0
Tissue Residues * Safe sediment concentrations of specific chemicals are established

by determining the sediment chemical concentration that results in
acceptable tissue residues.55

45.0

6 1.94 20.4 3 4.44 23.4
Interstitial Water Toxicity * * * Toxicity of interstitial water is quantified and identification evaluation

procedures are applied to identify and quantify chemical
components responsible for sediment toxicity.44

23.4

8 1.60 16.8 4 3.35 17.6
Benthic Community Structure * Environmental degradation is measured by evaluating alterations in

benthic community structure.35
17.6

10 1.38 14.5 5 2.80 14.7
Whole-sediment Toxicity And Sediment Spiking * * * Test organisms are exposed to sediments that may contain known

or unknown quantities of potentially toxic chemicals.80
14 At the end of a specified time pe
organisms is examined in relation to

response relationships can be es
organisms to sediments that have bee

of chemicals or mixture
12 1.25 13.2 6 2.45 12.9
Sediment Quality Triad * * * Sediment chemical contamination, sediment toxicity, and benthic

community structure are measured on the same sediment
sample.45

12 Correspondence between sedime
effects is used to determine sed

discriminate conditions of minimal, u
effects.

14 1.14 12.0 7 2.20 11.6
Sediment Quality Guidelines * * * The sediment concentration of contaminants associated with toxic

responses measured in laboratory exposures or field assessments
(that is, Apparent Effects Threshold (AET), Effect Range Median
(ERM), Probable Effect Level (PEL).20

11.6

16 1.05 11.0 8 2.02 10.6
18 0.98 10.3 9 1.89 10.0
20 0.93 9.8 10 1.76 9.3

Ad is the difference between the survival means for which the toxicity test is 75 % certain of detecting statistical significance (P < 0.05) (31).
Bd/c expresses the precision estimate as a percent of the normal control survival in Rhepoxynius abronius (c = 19.0 for n = 20; c = 9.5 for n = 10).
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storage may alter bioavailability and research 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, mixicing, styorage, and testing, is difficult and may complicate the interpretartion of e lffects. See USEPA, 2000(64)
and Guide E 1391. An abundance of the same organism (McGee et atl., 1999(41) ) or organisms taxonomically similar to the
methods described test organism in this guide.

6.2 Results of acute the sediment toxicity tests will depend, in 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, condition outcome of a toxicity test. For example, Redmond and Scott, 1989(104)showed that the polychaeteNephtys
incisa can consumeAmpelisca abditaunder toxicity test organisms, exposure technique, and other factors. Factors potentially
affecting results from static sediment conditions. Similarly, predatory isopods (Cyathura polita) have been observed to interfere
in 10-d toxicity tests might include:

6.2.1 Alteration conducted withLeptocheirus plumulosus(Peter De Lisle, Coastal Bioanalysts, Gloucester, VA; personal
communication).

6.1.2.1 Although disruptive of field natural sediment physical features, all test sediments in preparation for laboratory testing.
6.2.1.1 Maintaining the integrity of theLeptocheirus plumulosus28-d sediment environment during its removal, transport, and

test should be press-sieved sometime before testing and re-homogenized immediately before introduction to 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., 1999(41) ) 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 sediments
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 tools. The sediment environment is
composed presence of a myriad an abundance of microenvironments, redox gradients, amphipods that are taxonomically similar
to the test species should prompt press-sieving. This is particularly true if endemic Ampeliscidae are present and other interacting
physiochemical and biological processes. ManyA. abditais the test species because it may be difficult to remove all of the reside
cnt 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, 1994a(1) ).

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 unique 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.
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6.1.3 Depletion of aqueous and sediment-sorbed chemicals resulting from uptake by an organism or test chamber may also
influence availability. In most cases, the organism is a minor sink for chemicals relative to benthic and planktonic organisms,
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 chemical sorption. Any disruption may be inaccessible to the
organisms because of this environment complicates interpretations depletion of treatment effects, causative factors, available
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 and in situ comparisons.

6.2.1.2 Testing Morris, 1985(105)). 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 or salinities other than those at which they were collected different from the field might
affect contaminant solubility, partitioning coefficients, and or other physical and chemical characteristics.6.2.2 Interactions
between the sediment particles, and overlying water, interstitial water, water and humic substances, and the ratio of sediment to
overlying water ratio.

6.2.3 Interactions among chemicals that might may influence bioavailability (Stemmer and Burton, 1990b(84) ).
6.1.5 Results of sediment tests can be present used to predict effects that may occur with aquatic organisms in test sediment.
6.2.4 Realism the field as a result of using spiked sediment (that is, whether exposure under comparable conditions. However,

motile organisms might avoid exposure in the field. Photoinduced toxicity may be important for some compounds associkated with
sediment is at equilibrium (for example, polycyclic aromatic hydrocarbons (PAHs) Davenport and evenly mixed).

6.2.5 Photolysis and other processes degrading test chemicals.
6.2.6 Maintaining acceptable quality Spacie, 1991(106)). However, lighting typically used to conduct laboratory tests does not

include the appropriate spectrum of overlying water.
6.2.7 Excess food might change sediment partitioning ultraviolet radiation to photoactivate compounds (Oris and water quality

parameters.
6.2.8 Resuspension Giesy, 1985(107), Ankley et al. 1994b(108)), and thus laboratory tests may not account for toxicity

expressed by this mode of action.
6.1.6 Natural physico-chemical characteristics such as sediment during texture may influence the toxicity test.
6.2.9 Limited opportunity for biological observations during the response of test because organisms bury in test sediment.
6.2.10 Natural geochemical properties (Dewitt et al. 1998,(59)). The physico-chemical characteristics of test sediment collected

from the field that might not need to be within the tolerance limits of the test organisms.
6.2.11 Recovery organism. Ideally, the limits of the test organism s fhould be determined in advance; however, control samples

reflecting differences in factors such as grain size and organic carbon can be evaluated if the limits are exceeded in the test system.
6.2.12 Endemic sediment (section 12.1 and Annex A1 and Annex A2). The effects of sediment characteristics can also be

addressed with regression equations Dewitt et al., 1998(59)Ankley et al., 1994(60). The use of formulated sediment can also be
used to evaluate physico-chemical characteristics of sediment on test organisms which might (Walsh et al., 1991(61), Suedel and
Rodgers, 1994(62)).

6.1.7 The route of exposure may be p uncertain and data from sediment tests may be difficult to interpret if factors controlling
the bioavailability of chemicals in field collected sediments including (a) predators, (b) species that sediment are unknown.
Whole-sediment chemical concentrations may be normalized to factors other than dry weight. For example, concentrations of
nonionic organic compounds might be normalized to sediment organic-carbon content, (USEPA, 1992(95) ) and certain metals
normalized to acid volatile sulfides, (DiToro, 1990,(88)). 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, 1998(109)).

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. 1999(60, 110)). However, the addition of the food may alter the
availability of the chemicals in the sediment, (Harkey et al. 1994, Wiederholm et al. 1987(111,112)) microorganisms depending
on the amount of food added, its composition (for example, bacteria, molds), total organic carbon (TOC)), 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 interactions
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 sediment tests might not with spiked
chemicals may provide evidence of causal relationships and can be applicable applied to matny chermicals of concern (Ankley and
Thomas, 1992,(58)). Laboratory studies that test single compounds spiked into the sediment can be used to determine more
directly the specigfic chemicaly vs causing a tolxic response (Swartz et al. 1998(113)).

6.1.10 Sediment spiking can also be used to investigate additive, antagonistic, or are rapidly biologically or chemically
transformed. Furthermore, synergistic effects of specific chemical mixtures in a sediment sample (Swartz et al, 1998(113) ).
However, spiked sediment may not be representative of contaminated sediment in the field. Mixing time (Stemmer et al. 1990a
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(66)), and aging (Landrum 1999, Word et al. 1997, Landrum and Faust 1992(85, 86, 87)of spiked sediment can affect responses
of organisms.

6.1.11 Salinity of the overlying water quality might change considerably 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 1994a(1)). 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 without the 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, 1998,(114, 115, 116)). Acute-lethality tests are useful in identifying “hot spots” of sediment contamination,
but may not be applied sensitive enough to evaluate moderately contaminated areas. Sediment quality assessments using sublethal
responses of benthic organisms such as effects on growth and reproduction have a high oxygen demand. Materials dissolved in
interstitial waters might be removed from solution in substantial quantities by adsorption been used to sediment particles
successfully evaluate moderately contaminated areas (Dillon et al. 1994, Kemble et al. 1994, Ingersoll and Brunson 1998,(117,
82, 81), Annex A2). Insufficient information is available to determine if the long-term test chamber during conducted with
Leptocheirus plumulosus(Annex A2) is more sensitive than 10-d toxicity tests conducted with this or other species.

6.1.13 Despite the test. The dynamics interferences previously listed, existing sediment testing methods that include
measurement of contaminant partitioning between solid sublethal endpoints may be used to provide a rapid and dissolved phases
at the initiation direct measure of the test should therefore effects of contaminants on benthic communities (for example, Canfield
et al.. (118)). Laboratory tests with field-collected sediment can also be considered, especially used to determine temporal,
horizontal, or vertical distribution of contaminants in relation sediment. Most tests can be completed within two to assumptions
four weeks. Legal and scientific precedence exist for use of sediment tests in regulatory decision making (for example, USEPA
1986a, Swartz 1989,(119, 120)). Furthermore, sediment tests with caompleqx 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 Interferences— Interferences of tests for each species are described in Annex A1 and Annex A2.

7. Apparatus Reagents and Materials

7.1 Facilities—Flow-through troughs or aquaria containing either clean (uncontaminated) natural seaWater:
7.1.1 Requirements—Sea water or reconstituted used to test and culture organisms 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 USEPA (1993(121)) and Guide E 729 for holding
amphipods after field collection a recommended list of chemical analyses of the water supply.

7.1.2 Source:
7.1.2.1 Culture and p testing water can be natural or synthetic seawater (USEPA-USACE 2001(2)).
7.1.2.2 The source of natural water will depend to a test. The holding tanks some extent on the objective of the test and any

areas used for manipulating live amphipods the test organism that is being used. All natural waters should be located in a room
or 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
in which toxicity tests are positioned to:(1) minimize fluctuations in quality and contamination,(2) maximize the concentration
of dissolved oxygen (DO), and(3) 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, 0o⁄oo) 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, chlorine, or equipment is cleaned. The chloramines. Chlorinated water supply
system should not be equipped with salinity used to dilute water utilized for culturing or testing because residual chlorine and
temperature control and aeration.

7.1.1 Test chambers containing sediment chlorine- produced oxidants are toxic to many aquatic organisms. Dechlorinated water
should only be held in used as a well-lighted (at least 100 l3 at last resort for diluting sea water to the test sediment surface),
constant temperature room, incubator, desired salinity since dechlorination is often incomplete (Guide E 729; USEPA, 1993(121)).
It might be desirable or recirculating water bath necessary to ma dilute full strength seawater with an appropriate freshwater source
to achieve 5 % or 20 % (or the experimental temperature. Air selected salinity; section 1.4) used for aeration should in culturing
or testing ofL. plumulosus(USEPA-USACE 2001(2), Section 12.

7.1.2.4 For site-specific investigations, it may be f desirable to have the water-quality characteristics of fumes, oil, and water;
filters the overlying water (that is, salinity) as similar as possible to remove oil and the site water are desirable. The area containing
(section 1.4). For certain applications the experimental 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 the
time of collection (Sanders et al., 1965(122)).

7.1.2.5 Water that might be contaminated with facultative pathogens may be passed through a properly maintained ultraviolet
sterilizer equipped with an intensity meter and flow controls or passed through a filter with a pore size of fumes, both to prevent
contamination 0.45 µm or less.

7.1.2.6 Natural sea water might need aeration using air stones, surface aerators, or column aerators. Adequate aeration will
stabilize pH, bring concentrations of test 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 to protect researchers from
exposure 100 % saturation to toxic volatile materials help ensure that might be released from the DO concentrations are acceptable
in test sediments. Enclosures may chambers. Natural sea water used for holding or acclimating, culturing, and testing amphipods
should be needed filtered (<5 µm) shortly before use to ventilate the area surrounding test chambers.

7.1.2 The exposure room remove suspended particles and organisms.
7.1.2.7 Water that is prepared from natural sea water should be equipped with a timing device stored in clean, covered containers

at 4°C. USEPA-USACE (2001(2)) states that natural sea water should be used within 2 d for photoperiod control. If a photoperiod
other than continuous light larval toxicity tests (Woelke, 1968(123),1972(124); Cardwell et al., 1977(125),1979(126)). However,
investigators have found that when sea water is continuously aerated, it might can be desirable held for up to incorporate a 15
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 whose

bioavailability is affected by seawater chemistry. Reconstituted water can be prepared by adding specified amounts of reagent-
grade chemicals to 30-min transition period when lights go on high-purity deionized water (Guide E 729; USEPA, 1993(121)).
Acceptable high-purity water can be prepared using deionization or reverse-osmosis units (section 7.1; USEPA, 1993(121)). Test
water can also be prepared by diluting natural water with deionized water (Kemble et al., 1994(51)).

7.1.3.2 Deionized water should be obtained from a system capable of producing at least 1 MV (mega-ohms) water. If large
quantities of high quality deionized water are needed, it may be advisable to reduce stress to supply the organisms laboratory grade
water deionizer with preconditioned water from sudden large changes in light intensity(10). It 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 water
(Guide E 729, USEPA, 1991(127)). Suitable salt reagents can be reagent grade chemicals, or commercial sea salts. Pre-formulated
brine (for example, 60 to 90 %), prepared with dry ocean salts or heat-concentrated natural sea water, can also be used. (USEPA,
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 suitable
high-quality water to have the room temperature desired salinity (USEPA, 1994b(128) ).

7.1.3.5 The suitability and light 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 (Environment
Canada, 1992(5) ; USEPA-USACE 2001(2)). In controlled tests with the saelt formulations mentioned above, Emergy et al. (1997
(8)) found differency pes in survival, growth, and reproductio 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 Marinemixt

seasalt, they recommended its use for culturing and testing ofL. plumulosus(Emery et al., 1997(8); Annex A2).
7.1.3.6 To obtain the desired holding or acclimation salinity, sea salts or a hypersaline solution (USEPA, 1993(121)) brine can

be added to a suitable freshwater, deionized water, estuarine water, or the laboratory’s sea water supply may be diluted with a
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 aerated
before use to adjust pH and DO to the acceptable ranges (for example, section 7.1). The artificial sea salts should be held for at
least two week before use to allow pH to become more stable and reduce the activity of chelating agents (Environment Canada
1992 (5)).

7.2 Construction Materials—Equipment and facilities that contact stock solutions, test solutions, or any water or sediment
intoFormulated Sediment—Formulated sediments are mixtures of materials which test organisms will be placed should mimic the
physical components of natural sediments. Formulated sediments have not contain substances that can been routinely applied to
evaluate sediment contamination. A primary use of formulated sediment could be leached as a control sediment. Formulated
sediments allow for standardization of sediment testing or provide a basis for conducting sediment research. Formulvated sediment
provides a basis by aqueous solutions in amounts that adversely affect test organisms. which any testing program can assess the
acceptability of their procedures and facilities. In addition, equipment and facilities that contact stock or formulated sediment
provides a consistent measure evaluating performance-based criteria necessary for test solutions or acceptability. The use of
formulated sediment should be chosen to minimize sorption eliminates interferences caused by the presence of test materials from
water. Glass, Type 316 stainless steel, nylon, high-density polyethylene, polycarbonate and fluorocarbon plastics should be used
whenever possible to minimize dissolution, leaching, and sorption, except that stainless steel should not be used indigenous
organisms. Spiking formulated sediments with specific chemicals would reduce variation in tests on metals in salt water. Concrete
sediment physico-chemical characteristics and rigid plastics may be used would provide a consistent method for holding tanks and
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in evaluating the water-supply system, but they should be soaked, preferably fate of chemicals in flowing sea water, for a week
or more before use sediment. See USEPA 2000,(11). Brass, copper, lead, cast iron pipe, galvanized metal,(64), Test Method E 1706
and natural rubber should not contact test sea water, stock solutions, or test sediment before or during the test. Tubing used in
making up test sea water Guide E 1391 for additional detail regarding preparation and in aerating the test chambers should be
nontoxic vinyl.6 New tubing should be aged at least one week prior to use. Separate sieves, dishes, containers, and other equipment
should be used to handle test sediment or other toxic materials and these should be kept and stored separately from those used to
handle live animals prior to testing. use of formulated sediment.

7.3 Test Chambers—Species specific information on test chambers is given in Annex A2-Annex A5.Reagents—Data sheets
should be followed for reagents and other chemicals purchased from supply houses. The test chambers material(s) should be placed
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 supplier,
and the shelf life of the reagent should not be aerated. Aeration can exceeded. Working solutions should be provided as in 13.1.
dated when prepared and the recommended shelf life should not be exceeded.

7.4 Cleaning—Test chambers and other glassware, and equipment used to store and prepare test sea water, stock solutions, and
test sediment should be cleaned before use. All glassware should be cleaned before each use by washing with laboratory detergent,
followed by three distilled water rinses, 10 % nitric (HNO3)Standards—Appropriate USEPA, APHA, or hydrochloric (HCl) acid
rinse, and at least two distilled water rinses. Metals, sulfides, and carbonate deposits are removed by the acid rinse. Organic
chemicals should be removed by a water-miscible organic solvent rinse followed by a distilled water rinse, or by baking ASTM
standards for 8 h at 300 to400°C. The use of hypochlorite solution is not recommended, because it is highly toxic to the test
organisms(12) and difficult to remove from some materials. At the end of each test, all items that are to be used again should be
immediately (a) emptied, (b) rinsed with water, (c) cleaned by a procedure appropriate for removing the test material, chemical
and (d) rinsed at least twice with deionized, distilled, or clean sea water. Large plastic containers used only for non-toxic sediments
and water may be rinsed after use with clean sea water. They physical analyses should be used only when possible. For those
measurements for toxicity tests and stored in a room that is free from toxic fumes. Glassware used only for live animals, which
standards do not exposed to toxicants, may be cleaned using only clean distilled exist or sea water, since the use of detergents is
sometimes detrimental to live organisms.

7.5 Acceptability—The acceptability of new holding or testing facilities are not sensitive enough, methods should be
demonstrated by conducting a “nontoxicant” test in which all test chambers contain control sediment and clean sea water. Survival
of the test species will demonstrate whether facilities, water, control sediment, and handling techniques are adequate to result in
acceptable ($90 %) control survival in the absence of toxicants. obtained from other reliable sources.

8. Hazards

8.1 Many materials can affect humans adversely if precautions are inadequate. Therefore, skin contact
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 includes:(1) the appointment of a laboratory health and safety officer with all
toxicants, overlying water, the responsibility and authority to develop and maintain a safety program,(2) the preparation of a
formal, written health and safety plan, which is provided to each laboratory staff member,(3) an ongoing training program on
laboratory safety, and(4) regular 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 started
before chemical analyses can be completed, worker contact with sediment needs to be minimized by s:(1) using gloves, laboratory
coats, safety glasses, face sh mields, and respirators as wearing appropriate protective gloves (especially when washing equipment
or putting hands into test appropriate,(2) manipulating sediments under a ventilated hood or in an enclosed glove box, and(3)
enclosing and ventilating the exposure system. Personnel collecting sediment samples and conducting tes)ts should take all safety
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 Gear—Personnel should use safety equipment, such as rubber aprons, laboratory coats, respirators,

gloves, safety glasses, face shields, hard hats, and glasses. Special precautions, safety shoes.
8.2.2 Laboratory Safety Equipment—Each laboratory should be provided with safety equipment such as covering test chambers

first-aid kits, fire extinguishers, fire blankets, emergency showers, and ventilating the area surrounding the chambers, eye wash
stations. Mobile laboratories should be taken when conducting tests on volatile materials. Information on toxicity equipped with
a telephone to humans(6), recommended enable personnel to summon help in case of emergency.

8.3 General Laboratory and Field Operations:
8.3.1 Special handling procedures(7), 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 should be studied before used in a test is begun. Special precautions might fume

hood or under an exhaust canopy over the work area.
8.3.5 An acidic solution should not be necessary mixed with r ad hypochlorite solution because hazardous fumes might be

produced.
8.3.6 To prepare dilute acid solutions, concentrated acid should be added t mo water, not vice versa. Opening a bottls(8) e of

concentrated acid and 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. Electrical

e,quipment or extension cords not bearing the approval of Underwriter Laboratories should not be used. Ground-fault interrupters
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 Prevention—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 should
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 Jameson 1984,(129,
130).

8.2 Field sediments to be tested, especially those from effluent areas, might contain organisms that can be pathogenic to humans.
Special precautions when dealing with these sediments might include immunization prior to sampling

8.6 Pollution Prevention, Waste Management, and use of bactericidal soaps after working with Sample Disposal—Guidelines
for the sediments.

8.3 Sediments collected from the field might be contaminated with unknown concentrations of many potentially toxic materials,
handling and laboratory prepared sediments might be spiked with high concentrations disposal of toxicants. Any potentially
contaminated sediments hazardous materials should be handled in a manner to minimize exposure strictly followed (Guide
D 4447). The Federal Government has published regulations for the management of researchers to toxic compounds. Mixing of
toxic sediments in open containers, spiking of laboratory prepared sediments, hazardous waste and loading has given the States
the option of toxic sediments into test chambers should be done in a well-ventilated area, preferably a chemical fume hood. Face
shields either adopting those regulations or protective goggles should developing their own. If States develop their own regulations,
they are required to be worn during any operations that might involve accidental splashing of sediments, such at least as sieving,
mixing and loading into test chambers.

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

8.5 Cleaning of equipment your responsibility to know and comply with a volatile solvent such as acetone, should be performed
only the pertinent regulations applicable in a well-ventilated area the State in which no smoking is allowed and no open flame,
such as a pilot light, is present. Cleaning equipment with acids should be done only in a well-ventilated area, and protective gloves
and safety goggles should be worn.

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

8.7 Use National Affairs Inc., 1986(131)) for the citations of ground fault systems and leak detectors is strongly recommended
to help prevent electrical shocks because salt water is a good conductor of electricity. the Federal requirements.

9. Toxicity Test Water Facilities, Equipment, and Supplies

9.1 General Requirements—Besides being available in adequate supply, water used in toxicity tests should be acceptable
to—Before a sediment test organisms and the purpose of the test. The minimum requirement for acceptable water for use in acute
toxicity tests is that healthy conducted in any new test organisms survive facility, it is desirable to conduct a “non-toxicant” test,
in which all test chambe wrs contain a conterol sediment, and in the overlying water with sediment for the duration of holding and
testing without showing signs of disease no added test material (section 11.14). Survival, growth, or apparent stress such as unusual
behavior, changes in appearance, or death. The water in which reproduction of the test organisms will demonstrate whether
facilities, water, control sediment, and handling techniques are held prior adequate to the test should be uniform result in quality
acceptable species-specific control numbers (for example, see Table A1.3 in that the concentration of contaminants Annex A1 and
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Table A2.3 in Annex A2). Evaluations may also be made on the range magnitude of temperature and salinity encountered during
the holding period do not adversely affect the survival of the test organisms within-chamber and between-chamber variance in the
holding tanks or in the control treatments during the test. a test (section 11.14).

9.2 SourceFacilities:
9.2.1 Natural Salt Water—If natural salt water is used, it should be obtained from an uncontaminated area known
9.2.1 The facility must include separate areas for culturing and testing to support a healthy, reproducing population 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 prepared,
or where equipment is cleaned. Test chambers may be placed in a comparable sensitive species. The temperature-controlled
recirculating water intake should be positioned bath or a constant-temperature area. An enclosed test system is desirable to
minimize fluctuations 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 to 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
dissolved oxygen lux by 0.093 to help ensure low concentrations convert to units of sulfide and iron. A specially designed system
might be necessary footcandles. Multiply units of lux by 6.913 10-3 to obtain salt water from a natural water source. To ensure
uniform quality, water convert to units of µmol-2 s-1 (assuming an average wavelength of 550 nm (µmol-2 s-1= W m 3 l(nm) 3
8.36 3 10-3)). Illuminance should be monitored as in 9.4. These precautions are intended to ensure that test organisms are not
apparently stressed by water quality during holding, acclimation, and testing and that water quality does not unnecessarily affect
test results.

9.2.2 Reconstituted Salt Water—Reconstituted 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 laboratory or specified amounts (see Guide E 729 in
an environmental chamber using automatic timers. A 16:8 light:dark photoperiod should be used for culturingL. plumulosus
(section 12.6) and Table 1) of reagent-grade chemicals for holding and acclimating(13)A. abditain the laboratory before testing
(section 12.4; USEPA 1994a to high-quality water with (a) conductivity less than 1 µS/cm(1)).

9.2.3 During rearing, holding, and (b) either total organic carbon (TOC) less than 2 mg/L or chemical oxygen demand (COD)
less than 5 mg/L. Acceptable water can usually testing, test organisms should be prepared using properly operated deionization
shielded from external disturbances such as rapidly changing light or distillation units. Reconstituted salt water pedestrian traffic.

9.2.4 Air used for aeration should be intensively aerated before use, free of oil and aging for one fumes. Filters to two weeks
might be remove oil, water, and bacteria are desirable. If a residue or precipitate is present, the solution The test facility should
be filtered before use. The water well ventilated and free of fumes. Oil-free air pumps should meet the criteria given in 9.1.

9.2.3 Chlorinated water must never be used where possible. Particulates can be removed from the preparation of water for
toxicity tests, because residual chlorine air using filters, and chlorine-produced oxidants are highly toxic to many aquatic animals
oil and other organic vapors can be removed using activated carbon filters (USEPA 2000,(12). Dechlorinated water(73)).
Laboratory ventilation systems should be used only as a last resort because dechlorination checked to ensure that return air from
chemistry laboratories or sample handling areas is often incomplete. Municipal drinking water is not recommended for use because
in addition circulated to residual chlorine, it often contains unacceptably 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 often highly 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 affect the sediment toxicity test organisms. In addition, equipment and
supplies that contact sediment or water should be passed through a filter effective chosen to 5 µm or less to remove suspended
particles and organisms minimize sorption of test materials from the water. Water that might be contaminated with facultative
pathogens Glass, Type 316 stainless steel, nylon, high-density polyethylene, polypropylene, polycarbonate, and fluorocarbon
plastics should be passed through a properly maintained ultraviolet sterilizer(16) or a filter effective used whenever possible to
0.45 µm or less.

9.3.1.1 If necessary, minimize leaching, dissolution, and sorption. Concrete and high-density plastic containers may be used for
holding, acclimation, and culture chambers, and in the salinity water-supply system. These materials should be reduced by diluting
the sea washed in detergent, acid-rinsed, and soaked in flowing water with high-quality deionized for a week or distilled water (see
9.2.2). Salinity can more before use. Cast-iron pipe should not be raised by addition of clean filtered oceanic used in water-supply
systems because colloidal iron will be added to the overlying water or prepared brine. Common practice is and strainers will be
needed to use a 60 to 90-g/kg saltwater brine. Such brines have been successfully prepared using slow, heat-concentration of
remove rust particles. Copper, brass, lead, galvanized metal, and natural rubber must not contalct overlying water, or by the
addition of artificial sea salts stock solutions before or reagent grade(13) salts to during a natural salt water (see 9.2.2).

9.3.2 Fresh sea water test. Items made of neoprene rubber and other materials not mentioned above should not be used unless
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 Facility, with photoperiod and stored in clean, covered containers temperature

control (15 to 25°C).
9.3.3.2 Water Purification System, capable of producing at 46 3°C until sediment and least 1 MV (mega-ohms) of water are

added (USEPA, 1993a(132)).
9.3.3.3 Analytical Balance, capable of accurately weighing to 0.01 mg (for the test chambers. It might be necessary to age

reconstituted sea waterL. plumulosustest).
9.3.3.4 Reference Weights, Class S, for one to two weeks before use. Sufficient water documenting the performance of the

analytical balance(s). The balance(s) should be prepared checked with reference weights that are at one time for all test chambers.
Additional water might be required for sieving control sediment to adjust salinity or for holding the test amphipods prior to the
test.

9.3.3 For certain applications the experimental design might require use upper and lower ends of sea water from the test
sediment collection site. In other instances, experimental treatments might involve manipulation range of the test sea water
conditions.

9.4 Characterization—The following items weighings made when the balance is used. A balance should be measured checked
at least twice the beginning of each year and more often if such measurements have not been made semiannually for at least two
years:

9.4.1 Salinity or chlorinity, pH, particulate matter, total organic carbon (TOC), organophosphorus pesticides, organic chlorine
(or organic chlorine pesticides plus polychlorinated biphenyl (PCBs)), chlorinated phenoxy herbicides, ammonia, cyanide, sulfide,
bromide, fluoride, iodide, nitrate, phosphate, sulfate, calcium, magnesium, potassium, aluminum, arsenic, beryllium, boron,
cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver, and zinc.

9.4.2 In estuarine areas, where large diurnal, tidal, and seasonal variations in concentrations series of organics, heavy metals and
water quality might occur, more frequent monitoring might be necessary. In particular, daily measurements weighings, periodically
(such as every tenth weight) during a long series of salinity, temperature, weighings, and pH, and quarterly monitoring after taking
the last weight of other parameters over a tidal cycle might be desirable.

9.4.3 The methods used (see 14.2) should either (a) be accurate and precise enough to adequately characterize series (for the
toxicity test waterL. plumulosustest).

9.3.3.5 Volumetric Flasks and Graduated Cylinders, Class A, borosilicate glass or (b) have detection limits below
concentrations that have been shown nontoxic plastic laboratory ware, 10 to adversely affect the 1000 mL for making test solutions.

9.3.3.6 Volumetric Pipettes, Class A, 1 to 100 mL.
9.3.3.7 Serological Pipettes, 1 to 10 mL, graduated.
9.3.3.8 Pipette Bulbs and Fillers(17).
9.3.3.9 Droppers, and Glass Tubing with Fire-Polished Edges, 4 to 6-mm inside diameter, for transferring test organisms.
9.3.3.10Wash Bottles, for rinsing small glassware, instrument electrodes and probes.
9.3.3.11Glass or Electronic Thermometers, for measuring water temperature.
9.3.3.12National Bureau of Standards (NBS) Certified Thermometer(see USEPA Method 170.1, 1997b,(133)).
9.3.3.13Dissolved Oxygen (DO), pH/Selective Ion, and Specific Conductivity Meters and Probes and temperature-compensated

refractometer, for routine physical and chemical measurements are needed. Unless a test is being conducted to specifically measure
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 (1994a(1) ) and USEPA-USACE (2001(2)) 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, plastic
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 1994a(1)).

9.3.5 Cleaning:
9.3.5.1 All non-disposable sample containers, test chambers, and other equipment that have come in contact with sediment

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 one
organic solvent is used to clean equipment.

E 1367 – 9903

23



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 glassware for 8 h at450°C.

10. TestSample Collection, Storage, Manipulation, and Control Sediments Characterization

10.1 General—BeforeCollection:
10.1.1 Before the preparation or collection of test sediment, an approved written a procedure should be prepared established for

the handling of sediment ts whatich might contain unknown quantities of many potentially toxic contaminants (see Section
chemicals (Section 8).

10.1.2 Sediments are spatially and temporally variable (Stemmer et al. 1990a(66)). Replicate 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. Sampling
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 1985,(106, 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 2000,(73)).

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

10.2 Characterization—Sediments chosen for use should be characterizedStorage:
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, 1998)(135). 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 et al. 1994,(136);
Becker et al. 1995,(137), Carr and Chapman 1995,(138), Moore et al o. 1996,(139) , Sargda and Burton 1995,(140), Sijm et
al. 1997,(141), DeFoe and Ankley 1998,(142)). 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 that
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 (percent sand, silt, organics) may lead to a loss of these chemicals 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 1995(140)). Sediments that exhibit low-level to moderate toxicity can exhibit
considerable t wemporal variability in toxicity, although the direction of change is often unpredictable (Carr and Chapman 1995
(138); Moore et al. O 1996(139); DeFoe and Ankley 1998(142)). For these types of sediments, the r aecommended storalge time
of <8 weeks may be most appropriate. In some situations, a minimum storage period for low-to-moderately contaminated
sediments might include biological oxygen demand, chemical oxygen demand, Eh or pE, total inorganic carbon, metals, synthetic
organic compounds, oil may help reduce variability. For example, DeFoe and grease, organosilicones, Ankley 1998(142)observed
high variability in survival during early testing periods (for example, <2 weeks) in sediments with low toxicity. De Foe and
petroleum hydrocarbons. Interstitial water might also Ankley 1998,(142)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. Toxicological results toxicity in relation to storage
duration (Moore et al. 1996(139), DeFoe and Ankley 1998,(142)). For these sediments, long-term storage (for example, >8 weeks)
can identify samples that should 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. 1994,(82)). 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 al. 1989,(144) ).
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 al.
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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—ControlHomogenization:
10.3.1.1 Samples tend to settle during shipment. As a result, water above the sediment should not be collected from discarded,

but should be mixed back into the amphipod collection site or from another area that sediment during homogenization. Sediment
samples should not be sieved to remove indigenous organisms unless there is w a good reason to believe they will influence the
geochemical requirements response of the test species organisms. Large indigenous organisms and that large debris can provide
a nontoxic reference sediment for evaluation be removed using forceps. Reynoldson et al., 1994(146), observed reduced growth
of the condition of the test population subject to laboratory procedures, amphipods, midges, and for statistical comparison mayflies
in sediments with test sediment. Control sediment should be brought to the elevated numbers of oligochaetes and recommended
sieving area in a clean collecting basin. Any water overlying the sediment or used sediments suspected to rinse the sediment into
the collecting basin should have high numbers of indigenous oligochaetes. If sediments must be saved so that fine particles
contained in the water can sieved, it may be recombined into the sediment. Any sediment that shows evidence of contamination
desirable to analyze samples before and after sieving (for example, oil sheen) should be discarded. As pore-water metals, dissolved
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 cvollected, bottom temperature and salinity and collected from multiple field samples, the sediment
temperature should can be recorded, pooled and mixed using stirring or a composite sediment sample from all shovelsful, dredge
hauls, rolling mill, feed mixer, or grabs should be collected for analysis other suitable apparatus (Guide E 1391). Homogenization
of water content, particle size distribution, and organic content.

10.3.1.1 At least annually, control sediment should can be empirically characterized as in 10.2. accomplished using a hand-held
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 set up to sieve and contain prepared by manipulating the properties of a control sediment. Control

Mixing time (Stemmer et al. 1990a,(66)) and aging ( Landrum 1989, Word et al. 1987, Landrum and Faust 1992,(85, 86, 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 to
equilibrate with the spiked chemicals (section 10.3.2.6). Consistent spiking procedures should be sieved twice: first followed in
order to r make interlaboratory comparisons. Limited studies have been conducted comparing appropriate methods for spivking
chemicals in seduiment. Additional research is needed before more definitive recommendations for spiking of sediment can be
outlined in this standard. The guidance provided in the following sections has been developed from a variety of sources. Spiking
procedures that have been developed using one sediment or test species and organism may not be applicable to other macrobenthos,
sediments or test organisms. See USEPA 2000,(64)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 with
chemicals or complex waste mixtures (Lamberson and Swartz 1988,(109)). 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 observedj
(lowest-observable-effect concentration; LOEC). Results of tests may be reported in terms of a BSAF (Biota-sediment
accumulation factor; (Ankley et al. 1992b,(147)). The influence of sediment physico-chemical characteristics on chemical toxicity
can also be determined with sediment-spiking studies Swartz et al. 1994,(148).

10.3.2.3 The test material(s) should be at least reagent grade, unless a test using a formulated commercial product,
technical-grade, or use-grade material is specifically needed. Before a test is started, the following should be known about the test
material:(1) the identity and concentration of major ingredients and impurities,(2) water solubility in test water,(3) log Kow, BCF
(from other test species), persistence, hydrolysis, and photolysis rates of the test substrate,(4) estimated toxicity to the test salinity
organism and to humans,(5) 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, and(6) recommended handling and disposal procedures. Addition of test material(s)
to sediment may be accomplished using various methods, such as a:(1) rolling 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 should be clean sea water prepared as limited from minutes to a
few hours and temperature should be kept low to minimize potential changes in Section 9. The entire contents the physico-chemical
and microbial characteristics of the collecting basin, including water sediment (Guide E 1391, USEPA 2000,(134)). Duration of
contact between the chemical and suspended particles, sediment can affect partitioning and bioavailability Word et al. 1987,(86).
Care should be taken to ensure that the chemical is thoroughly and evenly distributed in the sediment. Analyses of sediment
subsamples is advisable to determine the degree of mixing homogeneity Ditsworth, et al. 1990(149). Moreover, results from
sediment-spiking studies should be compared with the response of test organisms to chemical concentrations in natural sediments
(Lamberson and Swartz 1992(150) ).

10.3.2.4 Organic chemicals have been added:(1) directly in a dry (crystalline) form;(2) coated on the inside walls of the
container (Ditsworth et al.1990,(149)); or (3) coated onto silica sand (for example, through 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, placed in a 0.5-mm screen) glass
spiking container (with or without allowing overflow from sand), then the sieving container. After solvent is slowly evaporated.
The advantage of these three approaches is that no solvent is introduced to 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 and
evaporation, but contain no added chemical) should be left undisturbed for a sufficient time tested in addition to regular negative
controls.

10.3.2.5 Metals are generally added in an aqueowus solution (Guide E 1391; Di Toro ett al.1990,(88)). Ammonia has also been
successfully spiked using aqueous solutions (Besser et al. 1998,(151) ). Inclusion of fine particles (usually at least overnight).
Overlying water spiking blanks is recommended.

10.3.2.6 Sufficient time should 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. Two
months or more may be necessary for chemicals with a high log Kow (for example, through a 0.5-mm screen) 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 salinity calculated means to bring assess the equilibration of ther
spiked sediments. Monitorialng 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 test level, taking into account 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 allowed to settle, overlying water should 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 organisms tested. If no statistically significant difference is detected, the data from both controls should be thoroughly mixed
to evenly distribute fine particles 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 Storage—The control 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) should be stored in glass or

rigid plastic containers selected that will provide partial mortality at 46 3°C until two or more concentrations of the test chambers
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 contrkol and must not
be frozen 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, 1991,(88, 70).

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 Field-Collected Test SedimentCharacterization:
10.4.1 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 ( Plumb, 1981,(152) ).
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 sediment toxicity can and interstitial water.

10.4.3 Macrobenthos may be determined evaluated by collecting potentially contaminated sediment from field sites. A benthic
grab or core should be used rather than a dredge to minimize disruption of subsampling the sample. field-collected sediment. If
the sediment is collected with a grab, glass cores direct comparisons are to be made, subsamples for toxicity testing should be used
to collect a sample collected from the upper 2 cm, or desired layer, same sample for analysis of sediment physical and chemical
characterizations. Qualitative descriptions of the test sediment. This operation is facilitated 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 potential
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 those
measurements for which standard methods do not exist or are not sensitive enough, methods should be obtained from other reliable
sources.

10.4.4.2 The precision, accuracy, and bias of each analytical method used should be determined in the top so appropriate matrix:
that the undisturbed sediment surface is exposed. The sample is, sediment, water, and tissue. Reagent blanks and analytical
standards should be transferred to a clean (see 7.4) glass, highdensity polyethylene or fluorocarbon plastic sample container. It is
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 measured as much
often as possible to avoid contact practical during a test. If possible, the concentration of the sample with metals, including stainless
steel, and plastics including polypropylene and low-density polyethylene as contaminant interactions might occur. The sample
must be cooled test material in the field to about 4°C, overlying water, interstitial water, and sediments should be measured at 4
6 3°C until the sediment is distributed to the start and end of a test. Measurement of test chambers. Test sediment material(s)
degradation products might also be desirable.

10.4.4.4 Separate chambers should be stored in set up at the dark, no longer than two weeks before start of a test and
destructively sampled during and at the initiation end of the test, and must not be frozen or allowed test to dry. Freezing and longer
storage might change monitor sediment properties chemistry. Test organisms and have been shown food should be added to change
the toxicity these extra chambers.

10.4.4.5 Measurement of stored sediment(18, 19). Field collected test sediments should not material(s) concentration in water
can be wet sieved, but if obvious large predators or other large organisms are present, they should be removed accomplished by
forceps. For some applications, it might be desirable pipeting water samples from about 1 to remove small objects by press sieving
2 cm above the sediment through a 2-mm sieve. If sediment is stored longer than two weeks, it surface in the test chamber.
Overlying water samples should be retested to confirm that toxicity has not changed.

10.4.1.1 If sediment is collected contain any surface debris, any material from multiple field samples and pooled to meet
technical objectives, the sediment should be thoroughly homogenized by stirring sides of the test chamber, or mixing by hand, or
with any sediment.

10.4.4.6 Measurement of test material(s) concentration in sediment at the aid end of a rolling mill as in 10.8.
10.4.2 Additional samples may test can be taken from by siphoning most of the same grab for other kinds overlying water

without disturbing the surface of the sediment, then removing appropriate aliquots of the sediment analyses (see 10.2). Sediment
temperature, interstitial for chemical analysis.

10.4.5 Interstitial Water—Interstitial water salinity, pH, and Eh can be recorded in (pore water), defined as the field. Qualitative
description of water occupying the spaces between sediment might include color, texture, depth of oxidized layer, and presence
of plants, animals, tracks, or burrows. Monitoring soil particles, is often isolated to provide either a matrix for toxicity testing or
to provide an indication of the codncentration or partitioning of chemicals within the sediment samples should be avoided,
especially if 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 associated with potentially hazardous contaminants in interstitial waters can
be transported into overlying waters through diffusion, bioturbation, and resuspension processes (Van Rees et al. 1995,(153)). The
usefulness of interstitial water sampling for determining chemical contaminants. 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 to provide accomplished by a macrobenthos sample.
10.4.3 The natural geochemical properties wide variety of test sediment collected from the field must methods, which are based

on either physical separation or on diffusion/equilibrium. The common physical-isolation procedures can be within categorized as:
(1) centrifugation,(2) compression/squeezing, or(3) suction/vacuum. Diffusion/equilibrium procedures rely on the tolerance limits
movement (diffusion) of pore-water constituents across semipermeable membranes into a collecting chamber until an equilibrium
is established. A description of the test species. The limits for the test species should be determined experimentally materials and
procedures used in advance. Controls for such factors as particle size, organic content, salinity, etc. should be run if the limits are
exceeded isolation of pore water is included in the test sediments reviews by Bufflap and Allen 1995,(154), Guide 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, 1995(155)), squeezing (Carr and Chapman, 1995(138)) and
suction (Winger and Lasier, 1998(156) ; 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-mL
volume) have been used for collecting interstitial waterin situ for chemical analyses and organism exposures (Burton, 1992,(157)
; Sarda and Burton, 1995,(140) ).

10.4.5.3 There is no one superior method for the isolation of interstitial water used for toxicity testing and associated chemical
analyses. Factors considered in the selection of an isolation procedure may include:(1) volume of pore water needed,(2) ease of
isolation (materials, preparation time, and time required for isolation), and(3) artifacts in the pore water caused by the isolation
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procedure. Each approach has unique strengths and limitations (Bufflap and Allen, 1995(158, 154); 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 al. 1994,(60); Horowitz 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 2001(134) 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
unique 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 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 al. 1994,(60) . 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 2001,(134)and Guide E 1391 for additional
detail regarding isolation of interstitial water.

11. Quality Assurance and Quality Control

11.1 Reference Sediment—A reference 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 represents following:(1) appointment of a
laboratory quality assurance officer with the test sediments in sedimental characteristics (for example, TOC; particle size, pH, Eh,
salinity). This provides responsibility and authority to develop and maintain a QA program,(2) preparation of a Quality Assurance
Project Plan with Data Quality Obje-ctives,(3) precparation of written descriptions of laborastory Standard Operating Procedures
(SOPs) for test organism culturing, testing, instrument calibration, sample chain-of-custody, laboratory sample tracking system,
and(4) provision of potentially toxic adequate, qualified technical staff and non-toxic conditions. It suitable space and equipment
to ensure reliable data (USEPA ).

11.1.2 Quality Assurance (QA) practices within a testing laboratory should be handled in address all activities that affect the
same manner as field collected test quality of the final data, such as:(1) sediment sampling and handling,(2) the source and
condition of the test organisms,(3) condition and operation of equipment,(4) test conditions,(5) instrument calibration,(6)
replication,(7) use of reference toxicants,(8) record keeping, and(9) 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 Laboratory Spiked Test SedimentPerformance-based Criteria:
10.6.1 Test sediment can also be prepared in
11.2.1 The USEPA Environmental Monitoring Management Council (EMMC) recommended the laboratory by manipulating

the properties use of control sediment. This can include adding various concentrations of toxic chemicals, highly toxic sediment,
or complex waste mixtures (for example, sewage sludge) to the clean sediment(21). The toxicity of substances either dissolved
performance-based methods in the interstitial water or adsorbed to sediment particles can be determined experimentally.

10.6.2 Test Chemicals—Chemicals experimentally added to sediment should be reagent-grade developing standards for
chemical analytical methods (Williams 1993,(1302)or better, unless). Performance-based methods were defined by EMMC as a
test on a formulation, commercial product, or technical-grade or use-grade material is specifically needed. Before a test is begun,
monitoring approach which permits the following should be known about the chemical used: identities use of m ajppropriate
methods that meet preestablished demongstrated performance standards. Minimum required elements of performance, such as
precision, reproducibility, bias, sensitivity, and impurities, solubility and stability in test water, estimated toxicity to the test species
and to humans, and recommended handling and disposal procedures.

10.6.3 Stock Solution—Toxic chemicals to detection limits should be tested in sediment are usually dissolved in a solvent to
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form a stock solution that is then added to the sediment. The concentration specified and stability of the chemical in the stock
solution method should be determined before the beginning of the test. If the chemical is subject demonstrated to photolysis, meet
the stock solution should be shielded from the light both before and during the process of mixing into the sediment.

10.6.4 The preferred solvent is prepared toxicity test sea water at the test salinity. If a substance is insoluble in salt water,
deionized water may be used, if salinity is adjusted accordingly if necessary. Several techniques have been specifically developed
performance standards.

11.2.2 In developing guidance for preparing aqueous stock solutions of slightly soluble materials culturing(22). The minimum
necessary amount of a strong acid or base mayL. plumulosus, it was determined that no single method has to be used in the
preparation to culture organisms (USEPA-USACE 2001(2) ). Success of an aqueous stock solution, but such reagents might affect
the pH of stock solutions appreciably. Use of a more soluble form of the test material, such as chloride or sulfate salts of organic
amines, sodium or potassium salts of phenols and organic acids, and chloride or nitrate salts of metals, might affect relies on the
pH more than the use health of the necessary minimum amount culture from which organisms are taken for testing. Having healthy
organisms of a strong acid or base.

10.6.5 If a solvent other than water known quality and age (that is, size) for testing is used, it should be of reagent grade. Its
concentration in the sediment should be kept key consideration relative to culture methods. Therefore, a minimum, and should be
low enough that it does not affect the test species. Triethylene glycol performance-based criteria approach is often a good organic
solvent for preparing stock solutions because of its low toxicity to aquatic animals, low volatility, and high ability to dissolve many
organic chemicals. Other water-miscible organic solvents such as methanol, ethanol, or acetone may be used, but they might affect
total organic carbon levels, introduce toxicity, alter the geochemical properties of the sediment, or stimulate undesireable growths
of microorganisms. Acetone is highly volatile and might leave the system more readily than methanol or ethanol. A surfactant
preferred method by which individual laboratories should not be used in the preparation of a stock solution because it might affect
the bioavailability, form, and toxicity of the test material.

10.6.6 If a solvent other evaluate culture health, rather than water is used, both a solvent control with control sediment and a

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⁄oo for A. abdita and R. abronius

20 o⁄oo for E. estuarius
5 or 20 o⁄oo 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 to 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/
chamber:

n = 20 if 1 replicate; n = 10 (minimum) if >1 per replicate.

13. Number of replicate
chambers/treatment:

1 minimum; 2 recommended

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
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clean sediment control must be included in the test. The solvent control must contain the highest concentration of solvent present
in sediment in any other treatment and must use solvent from the same batch used control-based criteria approach.
Performance-based criteria were chosen to make the stock solution. The percentage of allow each laboratory to optimize culture
methods that provide organisms that show signs of stress, such as inability to rebury at the end of the test, or death, must be 10 %
or less in both controls. Greater than 10 % mortality in the controls or obvious sublethal stress in 10 % or more of the control
animals invalidates the test (see 12.2.2).

10.6.7 If the test contains both a clean sediment (negative) control produce reliable and a solvent control, the survival, reburial,
or other endpoint determined in the two controls should be compared. If a statistically significant difference in any endpoint is
detected between the two controls, only the solvent control may be used for meeting the acceptability of the comparable test and
for calculation of results. The negative control might provide additional information on the general health of the organisms tested.
If no statistically significant difference is detected, the data from both controls may be pooled Performance criteria for meeting the
acceptability of the test culturing and as the basis for calculation testingL. plumulosusare listed in Table A2.3 of results. Annex
A2.

11.3 Test Concentration(s)Facilities, Equipment, and Test Chambers:
10.7.1 If the
11.3.1 Separate test organism culturing and testigng areas must be provided to calculate an LC50 or other effect level, the test

concentrations avoid loss of cultures because of cross-contamination. Ventilation systems should bracket the predicted effect level.
The prediction might be based on the results designed and operated to prevent recirculation or leakage of a test on the same air
from chemical analysis laboratories or a similar sample storage and preparation areas into test material on the same organism
culturing or a similar species. If a useful prediction is not available, it is usually desirable to conduct a range-finding test in which
the organisms are exposed to a control sediment testing areas, and three or more concentrations of the test material that differ by
a factor of ten.

10.7.2 If necessary, concentrations above aqueous solubility 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. Recommended
materials should be used because in the real world organisms are sometimes exposed to concentrations above solubility and
because solubility is often not well known. The toxicity fabrication of the test material equipment which comes in sediments might
be quite different from contact with the toxicity in water borne exposures.

10.7.3 Bulk sediment chemical concentrations might be normalized to factors other than dry weight. For example,
concentrations of non-ionic organic compounds might be normalized to organic carbon content.

10.7.4 In some (usually regulatory) situations, it is only necessary to determine (a) whether or overlying water.
11.3.3 Before a specific concentration of sediment test material is acutely toxic to the test species or (b) whether the LC50 is

above or below a specific concentration. For example, the specific concentration might be the concentration occurring conducted
in a particular sediment, or the concentration in new facility, a dredge material to “non-contaminant” test should be deposited at
a disposal site. When there is only interest conducted in which all test chambers contain a particular concentration, it might only
be necessary control sediment and overlying water. This information is used to t demonstrate that concentration, and the negative
facility, control sediment, water, and solvent controls. 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 mortality ion cultures
of L. plumulosus, during holding (for example, <20 % for 48 h before the start of a test), and in test controls. Test 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 quality. 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 <1o⁄oo), ammonia, and pH should be checked in accordance Annex A1 and Annex A2.

11.8 Quality of Test Organisms:
101.8.1 TIf test organisms are obtained friaom cul sture, reference-toxicity tests should be conducted on all test organisms using

proceffldures outlined in sect,ion 11.16 (at a toxic sediment, or a solution minimum, one test every six months; Table 4). If
reference-toxicity tests are not conducted monthly, the lot of a chemical can be added organisms used to sediment and evenly
distributed by thorough hand mixing, by use of start a rolling mill, or by adding the sediment test material to should be evaluated
using a slurry reference toxicant (USEPA 1994a(1)).

11.8.2 The quality of test organisms obtained from an outside source, regardless of whether they are from culture or collected
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from the field, should be verified by conducting a reference-toxicity test concurrently with the sediment that is allowed to settle.
The test material might also be added to water flowing over or through (USEPA 1994a(1) ). For cultured organisms, the supplier
should provide data with the shipment describing the history of the sensitivity of organisms from the same source culture. For
field-collected organisms, the supplier should provide data with the shipment describing the collection location, the time and
allowed to partition onto date of collection, the sediment. Other methods water salinity and temperature at the time of mixing might
also be appropriate provided collection, and collection site sediment for holding and acclimation purposes. If the supplier has not
conducted reference toxicity tests with the test material organism, it is shown to be evenly distributed in the sediment.

10.8.2 Modifications responsibility of the mixing technique might be necessary testing laboratory to allow time conduct these
reference toxicity tests (section 11.14.1).

11.8.3 Leptocheirus plumulosusfor chronic testing can be obtained from laboratory cultures (USEPA-USACE 2001(2)) or from
commercial sources (Table 5). It is likely to be impractical to obtain test-size neonates directly from a supplier because of their
sensitivity to physical disturbances and their rapid growth. Instead, test material laboratories will likely want to eqstablish their
own cultures ofL. plumulosusfrom which to harvest neonates (section 12.5). It is desirable to determine the sensitivity ofL.
plumulosusobtained from an outside source. For cultured organisms, the supplier should provide data with sediment. If tests are
repeated, mixing conditions such as duration the shipment describing the history of the sensitivity of organisms from the same
source culture. For field-collected organisms, the supplier should provide data with the shipment describing the collection location,
the time and temperature date of mixing, collection, the water salinity and temperature at the time of mixing 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, Shoemaker, 1932(169); Bousfield, 1973(171)) 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 cultures
or from commercial or government sources (section 11.8.3). The test organisms used should be kept constant, unless time after
spiking is identified using an experimental variable. Care appropriate taxonomic key, and verification should be taken documented.
The use of field-collectedL. plumulosusto ensure that a test material added to 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. 1998(170)) found seasonal variability in senlsitivity to cadmisum in field-collectedL. plumulosus.
Therefore, fibeld-collectedL. plumulosusshould not be used w for toxicity testing unless organisms are cultured through several
generations in the sediment. If necessary, sub-samples laboratory. In addition, the ability of the sediment within a mixing container
can wild population of sexually reproducing organisms to cross-breed with the existing laboratory population should be determined
(Duan et al., 1997(173)). Sensitivityz of the wild population to determine degree select contaminants should also be documented.

11.9 Quality of mixing and homogeneity.

11. Test Organisms

11.1 Species—The species Food—Problems with the nutritional suitability of infaunal amphipod to the food will be used
reflected in the survival, growth, or reproduction ofL. plumulosusin cultures (section 12.5). Additionally, survival in sediment
toxicity test should tests conducted withA. abditaandL. plumulosusmay be s affelected by the nutritional suitability of food
provided during holding avnd aicclimation (USEPA 1994a(1)).

11.10 Test Acceptability, s—Table A1.3 ins Annex A1 and Table A2.3 in Annex A2 outlivne requirementys for acceptability of
tests. An individual test materials, tolerance to ecological conditions (for example, 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

Aquatic Research Organisms
P.O. Box 1271
Hampton, New Hampshire 03842-1271
Stan Sinitski or Mark Rosenqvist
phone: 800/927-1650; fax: 603/926-5278
website: www.arocentral.com
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salinity, DO, and grain size), ecological importance, other specified conditions fall outside specifications, depending on the degree
of the departure and ease the objectives of handling in the laboratory. tests. The acceptability of a test will depend oun the
experience and type professional judgment of sediment being tested or the laboratoryp analyst and the reviewing staff of the
regulatory authority. Any deviation from test specifications should be implemented might dictate selection of noted when reporting
data from a particular species. Ideally, species or genera with wide geographical distributions 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-Bergian 1995,(153-156)).
11.11.2 Reagent containers should be selected, so that test results can dated when received from the supplier and the shelf life

of the reagent should not be compared among laboratories with similar species. Species used exceeded. Working solutions should
be identified with an appropriate taxonomic key, dated when prepared and identifications the recommended shelf life should not
be verified by a taxonomic authority. The annexes to this guide give guidance as to requirements exceeded.

11.12 Calibration and methods of handling Standardization:
11.12.1 Instruments used for various species routine measurements of amphipods. Use of chemical and physical characteristics

such as pH, DO, temperature, salinity, and conductivity should be calibrated before use each day according to the species listed
instrument manufacturer’s procedures as indicated in the annexes is encouraged to increase comparability of results.

11.1.1 Rhepoxynius abroniusis general section on quality assurance (see USEPA Methods 150.1, 360.1, 170.1, and 120.1,
(125)). Calibration data should be recorded in a free-burrowing amphipod that has been successfully used permanent log.

11.12.2 A known-quality water should be included in sediment toxicity testing since the late 1970’s analyses of each batch of
water samples (for example, salinity, conductivity (particularly when salinity is <1(3).o⁄oo)). It is desirable to include certified
standards in the analysis of water samples.

11.13 Replication and Test Sensitivity— The sensitivity of this species to salinities less than 25 g/kg limits its use to testing
sediments from marine areas, but sediment tests will depend in part on the large data base that has been developed for number of
replicates/treatment, the response significance level selected, and the type ofR. abroniusto 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 its usefulness the statistical method used for
analysis of the data (Annex A1 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 of test species 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 species for comparing toxicant, at the same concentrations, with the same test condivtions (for example, the same test
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 genusRhepoxyniusare widely distributed on test chemical (section 10.3.3). Information from previous tests
can be used to improve the West Coast 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
A1 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. 1995,(23)(174).

11.1.25 EDocumenting Ongoing Laboratory Performance:
11.15.1 Outliers, which are data falling outside the control limits and trends of increasing or decreasing sensitivity are readily

identified. If the data from a given test falls outside the “expected” range (for example,6 2 SD), 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 should
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 A1 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 of6 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 in
condition of a test organism (Lee, 1980(175)). 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 for
testing. Deviations outside an established normal range may indicate a change in the condition of the test organism population.
Results of reference-toxicity tests also enable interlaboratory comparisons of test organism sensitivity (USEPA 1994a(1)).

11.16.2 Reference toxicants such as cadmium (available as cadmium chloride (CdCl2), copper (available as copper sulfate
(CuSO4), ammonia, and sodium dodecyl sulfide (SDS) are suitable for use. No one reference toxicant can be used to measure the
condition of test organisms in respect to another toxicant with a different mode of action (Lee, 1980(175)). 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 withA. abdita, E. sencillus estuarius, L. plumulosus, andE.
washingtonianushave been successfully usedR. abronius are outlined in Table 4.

11.16.4 Basedime on 96-h, water-only reference-toxicity tests at 20o⁄oo with neonate(24, 25)L. plumulosus, one should expect
a mean LC50 value for cadmium of about 0.5 mg/L (range: 0.2 mg/L to 0.7 mg/L) and LC50 values for total ammonia
between 25 mg/L and 60 mg/L (DeWitt et al., 1997a and haustorids in general are more abundant than phoxocephalids on
the East(7)). At 5o⁄oo , one should expect a mean LC50 value for cadmium of about 0.05 mg/L (range: 0.01 mg/L to 0.09
mg/L) and Gulf Coasts LC50 values for total ammonia between 37 mg/L and 53 mg/L (Emery et al., 1997 (8); Moore et al.,
1997 (26). Their sand-burrowing habits, availability, ease). Kohn et al. 1994 (24) report 96-h LC50 values for total ammonia
(mg/L) of handling, tolerance to a wide range of salinity 79 for R. abronius, 126 (estimated) for E. estuarius, and
temperature, and ecological importance as probable prey 50 forA. abdita. Northwestern Aquatic Sciences (NAS) reports
an average total ammonia (mg/L) 96-h LC50 of shorebirds 138 forE. estuarius(n=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 candidatesE. estuarius, and 0.55 for test species,
especiallyA. abdita. The NAS laboratory also reports a mean (n=20) sodium dodecyl sulfate (SDS; mg/L) 48-h LC50 of 12.6
for estuarine areas.

11.1.3 A varietyA. abdita. All of other benthic amphipod species have been used successfully to test the toxicity of marine and
estuarine sediments using similar methods or NAS tests were conducted at 28o⁄oo except for the same method described here. These
species include:CoE. estuaropiuscadmium test, which was conducted at 12o⁄oo (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 C. spinicorneE. estuarius, 0.56 for A. abdita, and the freshwater amphipods 3.9 for Hyalella aztecaL.
plumulosus (David Moore, MEC Analytical, Carlsbad, CA, personal communication). DeWitt et al. (1992a(6)) provides additional
data on cadmium reference toxicity tests for Pontoporeia hoyiR. abronius, E. estuarius, A. abdita, and L. plumulosus.

11.1.4 The environmental requirements and sensitivity of a prospective test species of amphipod to test materials and to various
sediment characteristics should be established before it is widely used in toxicity tests. The tolerance of a test species to variations
in sediment characteristics such as particle size distribution, organic enrichment, and interstitial water salinity should be established
before responses can be ascribed to contaminant effects. Choice of the scale of the test chamber, density of test organisms,
temperature, salinity, and control sediment might have to be modified to accommodate the requirements of the test species.
Required modifications should be based on conditions at the natural habitat of the species.

11.1.5 The sensitivity of a prospective new test species of amphipod should be compared with a reference species such asR.
abroniusbefore the new species is used in routine toxicity testing. A96-h reference toxicity test using water only could eliminate
the relative effects of sediment particle size and other sediment characteristics (see 11.5.4). The test should be set up as in Section
13, but without the addition of sediment. A non-ionic organic compound whose binding properties are not affected by salinity could
be used to compare species at different salinity levels (example: polynuclear aromatic hydrocarbons such as fluoranthene). It might
be desirable to also test a metal such as cadmium. Any factor (such as salinity, pH, redox state, carbonates, or sulfides) that might
affect the toxicity or bioavailability of the reference toxicant should be held constant.

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

11.2 Age—All organisms should be as uniform as possible in age and size. The age or size class
11.17 Record Keeping—Section 13.1 outlines recommendations for a particular species should be chosen so that sensitivity to

test materials is not affected by state of maturity, reproduction, seasonality, etc. (see Annexes for species, specific requirements).
11.3 Source—All individuals in a test should be from the same source, because different populations of the same species might

have different acute sensitivities to contaminants. Marine amphipods are usually obtained directly from a wild population in a clean
area, although attempts have been made to culture some species. Collecting permits for field collected amphipods might be
required by some local recorded keeping (that is, data files, chain-of custody).
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12. Collection, Culturing, and state agencies.

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

11.4 Collection and Handling:
11.4.1 Amphipods should be handled as little as possible. When handling is necessary, it should be done carefully, gently, and

quickly so that organisms are not unnecessarily stressed. Amphipods that touch dry absorbent surfaces or are injured during
handling should be discarded.

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

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

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

12.1 Quality—All amphipods used inLife History:
12.1.1 Ampelisca abdita— A. abditais a test must be of acceptable quality. A qualified tube-building amphipod taxonomist must

be consulted to ensure that the animals in the test population are all of family Ampeliscidae. It occurs on the same species.
11.5.1 Amphipods Atlantic coast from central Maine to central Florida, although it is also found in holding containers should

be checked daily before the initiation eastern portion of a test. Individuals that emerge from the Gulf of Mexico (Bousfield, 1973
(171)). On the Pacific coast, it is present in San Francisco Bay, CA (Nichols et al. 1985(176); Hopkins, 1986(177) ). They are
small (adult length 4 to 8 mm), laterally compressed amphipods. Healthy animals are opalescent pink and appear dead or will
remain tightly curled, whereas unhealthy should animals tend to be discarded. If greater than 5 % translucent white, and may uncurl
(USEPA 1994a(1)). Often dominant members of the amphipods emerge benthic community,A. abditaforms thick mats of tubes
with amphipod densities up to 110,000/m2, and appre often a dominant food source for bottom-feeding fish (Richards, 1963(178)).
The tubes are narrow and about 2 to 3 cm in length. A filter feeder,A. abditafeeds on both particles in suspension and thyose from
surficial sediment surrounding the 48 h preceding the test, the entire group should be discarded tube.Ampelisca abditais
euryhaline, and not used has been reported in waters that range in salinity from fully marine to 10o⁄oo (Hyland, 1981(179)).
Laboratory tests have shown the test.

11.5.2 Analysis salinity application range ofA. abdita in sediments is from 0 to 34o⁄oo when the test organisms for the test
material, if salinity of overlying water is 28o⁄oo (Weisberg et al. 1992,(180)). This species generally inhabits sediments from fine
sand to mud and silt without shell fragments, although it might can also 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 ofA. abditaduring 10-dsediment toxicity tests (Long and other chemicals to which
exposure might have occurred, Buchman, 1989(17) ; Weisberg et al. 1992,(180)). There is desireable. Amphipods evidence that
sediments with >95 % sand may be used without analysis elicit excessive mortality (John Scott, personal communication in
USEPA 1994a(1)). Ampelisca abditahave been collected at water temperatures ranging from -2 to 27°C (USEPA 1994a(1)).
Reproduction patterns of chemical concentration ifA. abditavary geographically. In the amphipods are obtained from colder
waters of its range,A. abditaproduces two generations per year, an a over-wintering population that is monitored for chemical
contamination (see 10.2) broods in the spring, and known a second that breeds in mid- to be free late-summer (Mills, 1967(181)
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). In warmer waters south of toxicants, and they Cape Hatteras, NC, breeding might be continuous throughout the year (Nelson,
1980(182)). Juveniles are h released after about two weeks in clean, uncontaminated water the brood pouch. Juveniles take about
40 to 80 d to become breeding adults at 20°C (Mills, 1967(181); Scott and f Redmond, 1989(12); Redmond et acili. 1994(183)).

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 from
Brintish Columbia south to central California (Environment Canada, 1992(5); USEPA-USACE 2001(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 color
(Environment Canada, 1992(5)). Eohaustorius estuariusare 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 Canada, 1992(5), USEPA 1994a(1) ; Michele
Redmond, Northwest Aquatic Sciences, Newport, OR; personal communication). Laboratory studies have shown a salinity
application range in control sediments forE. estuariusfrom 0 to 34o⁄oo . Eohaustorius estuariusinhabits clean, medium-fine sand
with some organic content. The species has exhibited acceptable (that is, >90 %) survival when exposed to clean sediments with
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, 1992(5)). Environment Canada (1998(184)) reported thatE.
estuariuscan tolerate up to 70 % clay in sediment toxicity tests. However, some correlation between survival and grain size exists
(DeWitt et al., 1989(11)). Eohaustorius estuariushas been collected from water temperatures from 0 to 23°C (USEPA-USACE
2001(2) ). Eohaustorius estuariusapparently has an annual life cycle (Environment Canada, 1992(5) ; DeWitt et al. 1989(11)).
Gravid females are abundant in intertidal sediments from February through July. However, reproduction might occur year-round
because juveniles are found throughout most of the experimental design specifically requires use year (DeWitt et al., 1989(11)).

12.1.3 Leptocheirus plumulosus— L. plumulosusis a burrow-building member of that population.
11.5.3 Survival of 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 (Bousfield, 1973(171); DeWitt
et al., 1992a(6)). It is common in protected embayments, but has been collected in channels of estuarine rivers at water depths
up to 13 m (Shoemaker, 1932(169); Holland et al., 1988(185); Schlekat et al., 1992(13)). In Chesapeake Bay, densities ofL.
plumulosuscan reach 40,000/m2(McGee 1998,(172)). L. plumulosusis 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 population pareons and other factors. If a mean of greater than 10 % mortality occurs pleons.
It feeds on particles that are in suspension and on the controls, or if individual replicate control mortality values exceed 20 %, the
test must sediment surface (DeWitt et al., 1992a(6)). Studies have shown thatL. plumulosuspopulation abundance in Chesapeake
Bay is negatively correlated with sediment contamination (Holland et al., 1988(185); McGee and Fisher 1999(42); McGee et al.
1999 (41) ). Thus, this amphipod would appear to be considered invalid.

11.5.4 Reference toxicants might a good candidate to be useful for assessing the quality an environmental indicator.L.
plumulosusis found in both oligohaline and sensitivity mesohaline regions of east coast estuaries; ambient water salinity at
collection sites has ranged from 0 to 15o⁄oo (Holland et al., 1988(185); DeWitt et al., 1992a(6); Schlekat et al., 1992(13) ,
1994(186)). Laboratory studies have demonstrated thatL. plumulosus28-d test organisms, and can be employed using 96-h toxicity
tests without conducted at salinity values ranging from 1 to 35o⁄oo (A2.4; Schlekat et al., 1992(13); DeWitt et al., 1992a(6), 1997a
(7); Emery et al., 1997(8)). 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 Sutton, 1984(188);
Holland et al., 1988(185); Marsh and Tenor, 1990(189); DeWitt et al., 1992a(6); Schlekat et al., 1992(13); 1994 (186) ).
Laboratory studies withL. plumulosusrevealed no effect of sediment grain size on survival in control sediment containing 5 to
generate LC50 values (see 11.1.4).

11.5.4.1 Reference toxicants 100 % silt-clay content (DeWitt et al., 1997a(7)). However, Emery et al. (1997(8)) found
significantly reduced survival in sediments in which clay content exceeded 84 %. Populations ofL. plumulosuscan be useful
seasonally ephemeral with major population growth in assessing fall and spring and large population declines in the summer
(Holland et al., 1988(185); Marsh and Tenore, 1990(189); McGee, 1998(172)). This pattern appears to be driven by changes in
temperature and food availability and subsequent effects on life history traits (Marsh and Tenore, 1990(189); McGee, 1998(172)).
Short-term population fluctuations are also a function of different populations or species of amphipods, or seasonal variation its
relatively short generation time (DeWitt et al., 1992a(6)). At 28°C in sensitivity the laboratory, the age of the first brood release
is about 24 d (DeWitt et al., 1992a(6)).

12.1.4 Rhepoxynius abroniusis a field-collected population. Such 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, 1992(5); Lamberson and Swartz, 1988(187); Kemp et al. 1985
(190); Barnard and Barnard, 1982(191)). Densities in the field are reported to range from 150 to 2200/m2 (Lamberson and Swartz,
1988 (187); Swartz et al. 1985(10)). It is usually conducted simultaneously 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, 1992(5) ). Rhepoxynius abroniusis a meiofaunal predator, but it also ingests
sedimentary organic material (Oakden 1984(10)). In the toxicity test. Many chemicals field,R. abroniusis found where pore-water
salinity is no lower than 20o⁄oo (Environment Canada, 1992(5)). Laboratory tests have indicated that salinities below 25o⁄oo may
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be toxic toR. abronius(Swartz et al., 1985(10)). Rhepoxynius abroniusshould thereforev normalualy not bed chosen as reference
toxicants the test species when the sediment pore water is <25 % (Swartz et al., 1985(10)). PSEP (1995(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 withR. abronius, the influence of this
manipulation on the bioavailability of contaminants in the sediment sample is uncertain.Rhepoxynius abroniusnaturally 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., 1988(193); Long et al., 1990(28); McLeay et al., 1991(194)).
Nonrmally collected at temperatures ranging from 8 to 16°C,R. abroniushas been proven survived at temperatures ranging from
0 to be a reliable indicator 20°C under laboratory conditions. Reproduction of the overall quality of any species or test results. A
reference toxicantR. abroniusis likely to be more useful when used in conjunction annual, with tests on materials that have the
same mode of action as the reference toxicant. However, frequent changing among reference toxicants can reduce the value of
reference toxicant data if there is not an adequate history of use with each procedure, species and laboratory.

12. Experimental Design

12.1 Decisions concerning such aspects of experimental design as concentrations of test materials added to sediment, number
of treatments, and numbers of test chambers per treatment should be based on the purpose of the test and the type of procedure
to be used to calculate results (see Section 16). The amphipod sediment toxicity test can be used to test the toxicity of sediment
in the field (see 12.3) or to address a great variety of sediment and water quality manipulations in the laboratory (see 12.4). Every
test requires one or more control treatments (see 12.2). peak production occurring from late winter through spring (Kemp et al.,
1985 (190) ).

12.2 Controls—EverySpecies Selection—All four species have been routinely used to test requires sediments with a control
treatment consisting range of sediment from the amphipod collection site grain size characteristics and pore-water salinities.
Selection of one or more of the four spedcimes for a particular test/invest kigation showuld take into be consideration the
geoxgraphic locatio,n of the testing facility and within study area, the geochemical requirements pore-water salinity regime of the
test species (see 10.3). The same water, conditions, procedures, study area, and organisms are used as in the other test treatments,
except that none grain size characteristics of the test material sediment being tested. The species that is added used should exhibit
tolerance to the control sediment or water. At least five laboratory replicates physicochemical properties of the control every
sediment should be included in all tests regardless a particular study. Pore-water ammonia concentrations may also enter into
selection of whether test sediments are replicated. This allows comparisons one species over others because the four species exhibit
differential sensitivity to aqueous ammonia. Most often it will not be necessary to discriminate among experiments the four species,
and among laboratories of the validity of procedures used in individual tests.

12.2.1 In addition decision to test one species above the standard control, if a field sediment has properties such 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 more of the test species, it is
desirable to include nontoxic reference sediment controls species. For example, grain size limitations forA. abditaandR. abronius
are <10 % and >90 % fines, respectively. If these characteristics. The design of field surveys should include an additional field
control involving five replicate samples from an area species are exposed to sediments that is free from sediment contamination.
This provides a site-specific basis for comparison exhibit textural characteristics outside of potentially toxic and nontoxic
conditions, and can account for these extremes, any mortality associated exclusively with subjecting the organisms that is observed
could be due to nonnative sediments. The concentrations effects of chemical grain size independent of contaminants should be
measured in these field control sediments in order to justify associated with the assumption that they are contaminant-free (see
10.3).

12.2.2 If any solvent other than water is present sediment. Ambiguity in interpretation may be avoided by careful consideration
of the test chambers, a solvent control is also required. The solvent control must be identical to species given the regular control,
except that the highest amount of solvent present in any other treatment is added sediment to this treatment. If the test material
be tested. Comparative information is a mixture, formulation, or commercial product, none of available for the ingredients is
considered a solvent unless an extra amount is used four species on sediment grain size sensitivity, salinity application ranges, and
sensitivity to prepare the stock solution (see 10.6.5). aqueous ammonia (section A2.4).

12.3 Field Survey Design—Field surveys can be designed to provide either aqualitative reconnaissance of Collection:
12.3.1 Field collection is presently the distribution of sediment toxicity most common method for obtaining estuarine or a

quantitativestatistical comparison marine amphipods for sediment testing. All four species are commonly collected, shipped, and
held in the laboratory; However, (USEPA-USACE 2001(2)) recommends establishing laboratory cultures of toxicity among
stations.

12.3.1 The object of aqualitative reconnaissance survey is to identify sites of potential toxic conditions that warrant further
study. It is often conducted in areas where little is known about contamination patterns. To allowL. plumulosus(section 12.5).
Commercial vendors are available for maximum spatial coverage, the survey design might include only one sample from each
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station. all four species. The lack availability of replication precludes statistical comparisons, but samples from sites where
mortality exceeds the control range can appropriate size class for each species may vary seasonally. The collection site chosen
should be identified one for further study.

12.3.2 The object which the presence of a quantitative statistical comparison is to test for statistically significant differences in
effects among negative control or reference sediments abundant organisms of the correct size and test sediments from several sites.
Replicates (that is, separate samples from different grabs taken at age has been demonstrated previously, and identification of the
species has been confirmed taxonomically (for example, Bousfiteld, 1973(171); Barnard and Barnard, 1982(191)). Collection
areas should be taken at each station in the survey. The number relatively free of replicates needed per station is contamination.
All individuals in a function of the need for sensitivity or power (see 12.3.6). Separate subsamples test must be from the same grab
source, because different populations may be used exhibit different sensitivities to test for within-grab variability, or split samples
of composited sediment from one or more grabs may be used for comparisons of test procedures (such as comparative sensitivity
among test species), but these subsamples should not be considered to be true replicates for statistical comparisons among stations
contaminants. The four species are found in distinctly different habitats (Table 6).

12.3.2 Species-specific Habitat Characteristics(29, 30).
12.3.3 Station locations might be distributed among a known pollution gradient,:
12.3.2.1Ampelisca abditais found mainly in relation to protected areas from the boundary low intertidal zone to depths of a

disposal site, or at sites identified as being potentially toxic in a reconnaissance survey. Comparisons 60 m. This species generally
inhabits sediments from fine sand to mud and silt without shell fragments, although it can also be made found in both space and
time. In pre-dredging studies, relatively coarser sediments with a sampling design can be prepared to assess the toxicity sizeable
fine component. This species is often abundant in sediments with a high organic content Aggregations of samples representative
A. abditaare indicated by an abundance of tubes on the project area to sediment surface, location of which can be dredged. Such
facilitated by looking through a design must include subsampling cores taken to the project depth.

12.3.4 If no amphipods survive in sediment from a particular field location, it might glass-bottom bucket. Although populations
may be useful to conduct seasonally ephemeral,A. abditais routinely collected year-round for toxicity tests with dilutions testing
from subestuaries of Narragansett Bay, RI and from San Francisco Bay, CA.

12.3.2.2Eohaustorius estuariusis found on protected and semi-protected beaches from mid-water level to shallow subtidal,
within the field sediment mixed with control sediment. Concentrations should upper 10 cm (Environment Canada, 1992(5)).
Eohaustorius estuariuscan be expressed as percent dilutions found on a wet weight basis, that is, wet weight open coasts in beds
of field sediment/total wet weight of field and control sediment mixture. Experimental designs for sediment dilution experiments
are freshwater streams flowing into the same as those described ocean, and in 12.4 for other laboratory experiments.

12.3.5 Sediment toxicity surveys are usually part sand banks in estuaries, above the level of more comprehensive analyses of
biological, chemical, geological, other regional eohaustorids (E. sawyeri and hydrographic conditions. A useful summary of field
sampling design is presented by Green E. washingtonianus; Environment Canada, 1992(30). Statistical correlation can be
increased and costs reduced if subsamples(5)). Eohaustorius estuariusinhabits clean, medium-fine sand with some organic content
It is routinely collected for sediment toxicity tests, geochemical analyses, and benthic community structure are taken
simultaneously tests from Yaquina Bay OR and Beaver Creek near Newport, OR, and on the same grab or at the same station.

12.3.6 The power west coast of the toxicity test Vancouver Island, BC, Canada.
12.3.2.3Leptocheirus plumulosusis a founcd in subtidal portions of Atlantic Coast brackish e nstuaries. It is common in

protected embaymernts, but has been collected in channels of replicates and the number estuarine rivers up to depths of individuals
and variability 13 m. It is most often found in the response measure. On the basis fine-grained sediment with a high proportion

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 developedA Free burrowingB Tube dwelling, open and less developedA Free burrowingC

Zoogeography Atlantic-GulfA

San FranciscoD,E
PacificB,F AtlanticA PacificC

Habitat Poly-upper mesohalineA Oligo-mesohalineB,F Oligo-mesohalineA PolyhalineC,G

Life cycle 40 to 80 daysH AnnualB 30 to 40 daysI,J,K AnnualL

Availability Field or potential laboratory cultureA FieldB Field and laboratory cultureI,J,K FieldG

Ecological importance High High HighI High
A Bousfield, 1973 (171)
B DeWitt et al., 1989 (11)
C Barnard and Barnard, 1982 (191)
D Nichols et al., 1985 (176)
E Hopkins, 1986 (177)
F Environment Canada, 1992 (5)
G Swartz et al., 1985 (10)
H Scott and Redmond, 1989 (12)
I DeWitt et al., 1992a (6)
J Schlekat et al., 1992 (13)
K McGee et al., 1993 (19)
L Kemp et al., 1985 (190)
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of historical control data particulate organic material, although it has been collected in fine silty sand with some organic content.
12.3.2.4 Primary habitats ofR. abroniusinclude nearshore subtidal zones on the Pacific Ocean coastline, and sub- and intertidal

zones within polyhaline portions of estuaries in the Pacific Northwest.Rhepoxynius abronius, with five independent replicates per
treatment and 20 amphipods per replicate, there is a 75 % probability of detecting a significant difference (P < 0.05) if the
difference in mean survival between control and test sediment is 2.8 (see Table 2). For control survival of 18.0 (90 %), this
corresponds to a test sediment mean survival of 15.2, about a 15 % reduction. Since the number of survivors in test sediments is
often much less than 15, this is a reasonable level of precision naturally inhabits clean, fine sand. It has been collected for most
applications.

12.4 Laboratory Experiments—Sediment use in toxicity tests from Lower Yaquina Bay, OR (Swartz et al. 1985(10) ), and West
Beach, Whidbey Island, WA (Ramsdell et al. 1989(195); Word et al. 1989(16)).

12.3.3 Collection Methods:
12.3.3.1 Subtidal amphipods can be applied in the laboratory to provide information on collected with a variety of problems

related to the action of contaminants in sediment. The test small dredge or grab (for example, PONAR, Smith-McIntyre, or Van
Veen). Intertidal populations can be used to determine natural limits such as salinity, temperature, etc., to estimate the LC50 of
collected using a contaminant in a particular sediment type, to study the interaction among contaminants in sediment, and to assess
the effect of complex waste mixtures on the test species in sediment.

12.4.1 An acute test used to calculate an LC50 shovel or an EC50 usually consists of one or more control treatments and by
skimming the sediment surface with a geometric series of at long-handled, fine-mesh net. At least five concentrations of test
material. Except one-third more amphipods should be collected than are required for the control(s) test.

12.3.3.2 All apparatus used for collecting, sieving, and the highest concentration, each concentration transporting amphipods
and control-site sediment should be at least 60 % clean and made of the next higher one, unless information concerning the
concentration-effect curve indicates that a different dilution factor is more appropriate. At least one concentration non-toxic
material. They should give a partial response below the LC50 or EC50 be marked “live only” and one above the LC50 or EC50.
If the estimate of acute toxicity is particularly uncertain, six or more concentrations might should never be desirable to increase
the likelihood of covering the appropriate range.

12.4.2 If it is only necessary to determine (a) whether a specific concentration is acutely toxic to the test species used for
working with formalin or (b) whether the LC50 or EC50 is above or below a specific concentration (see 10.7.4), only that
concentration any other toxic materials and should be stored separately from the controls are necessary. Two additional
concentrations at about one half aforementioned. The containers and two times the specific concentration of concern are desirable
to increase confidence in the results.

12.4.3 An LC other collection apparatus should be cleaned and rinsed with deionized water, dechlorinated laboratory water,
reconstituted seawater, or EC near natural seawater from the extremes of toxicity, such as an LC5 collection site or an LC95
uncontaminated source before use.

12.3.3.3 To minimize stress, amphipods should not be calculated unless at least one concentration of test material killed or
affected a percentage of test organisms, other than 0 or 100 %, near the percentage for which the LC or EC is to handled carefully,
gently, and quickly, and only when necessary. Amphipods can be calculated. This requirement might be met isolated from
collection-site sediment using gentle sieving.Ampelisca abditais exceptional in a test requiring vigorous sieving to determine an
LC50 or EC50, but special tests with appropriate test concentrations and possibly more replicates per treatment might be necessary.
Other ways of providing information concerning induce the extremes of toxicity are animals to report the highest concentration
of test material that actually killed or affected no greater a percentage of the test organisms than did the control treatment(s), or
leave their tubes. Once sieved, attempts should be made to r keep amphipods submersed in collection site sea water at the lowest
concentration of test material that actually killed or affected ambient collection temperature at all test organisms exposed to it.
These alternatives times. Amphipods that are normally more reliable than reporting a calculated result such as reporting an LC5
dropped, or LC95 unless two or more concentrations resulted in percent killed or affected close to 5 or 95 %.

12.4.4 The primary focus of the physical and experimental design of the test and the statistical analysis of the data is the
experimental unit, that is defined as the smallest physical entity to which treatments can injured should be independently assigned
(see Guide E 729). Thus, discarded. Once separated from the test chamber is the experimental unit. With respect sediment,
amphipods should not be exposed to factors that might affect results within test chambers and, therefore, the results direct sunlight.

12.3.3.4 The mesh size of the test, all chambers in sieve will depend on the species collected. Sieves with 0.5-mm mesh should
be treated as similarly as possible. For example, the temperature in all test chambers used for sediment containingA. abditaand
L. plumulosus. LargerA. abdita, which should not be as similar as possible unless used in the purpose test, should be excluded
by sieving first with a 1.0-mm screen. When sievingA. abdita, only about half of the test is to study the effect of temperature. Test
chambers are usually arranged in one or more rows. Treatments must amphipods will be randomly assigned to individual test
chamber locations. A randomized block design (with each treatment being present in each block, that might extracted from their
tubes. The tube mat should be a row or a rectangle) is preferable placed undisturbed for 20 to a completely randomized design
30 min to reduce coax the probability of chance segregation of treatments remaining animals out. Sieves with 1.0-mm mesh should
be used for(27)E. estuariusand R. abronius.

12.4.5 The minimum desirable number
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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 sediment
c shamould be placed in transport containers, and organisms per treatment this sediment covered with collection-site water. Detritus
and predators recovered by sieving should be calculated from (a) removed, and the expected variance within test chambers, (b)
collected amphipods should be gently washed into the expected variance between test chambers within a treatment, transport
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 recorded.
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 icepacks,
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 forc) eitherA. abdita involves transporting intact field-collected tubes to the maximum
acceptable width laboratory for isolation of amphipods. This method is advantageous because separation ofA. abditafrom its tubes
may be time-consuming when attempted in the confidence 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 of
the sediment, leaving the intact tubes. The tubes should be placed into a covered bucket that contains a sufficient quantity of
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 sieve.
Amphipods should be forced from their tubes by spraying sea water on the material present on the 2-mm sieve. When all the tube
material has been sprayed, the 0.5-mm sieve should be shaken vigorously to separate amphipods from any material that is present.
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 at
the appropriate temperature. The shaking process should be continued until only a few amphipods remain in the sieve.

12.3.3.9Leptocheirus plumulosus—Although established cultures ofL. 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 2001(2)). The taxonomy of the organisms should be
confirmed before they are introduced into existing laboratory populations. New organisms should be carefully inspected, and all
other species of amphipods should be removed. The ability of a wild population of sexually reproducing organisms to crossbreed
with existing laboratory populations ofL. plumulosusshould be confirmed through long-term culture maintenance (Duan et al.,
1997(173)). Collection areas should be relatively free of contamination. Field collection ofL. plumulosusneonates 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-McIntyre, or EC50) Van Veen). In very shallow water, sediment containingL. plumulosuscan be collected with a shovel
or scoop, or using a suction dredge (DeWitt et al., 1992a(6) ). L. plumulosuscan 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-mm
and 0.6-mm mesh sieves can be used to isolate adults and subadults with which to start a culture. Sediment passing through the
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 tested. ForA. abditaandL.

plumulosus, sub-adult (immature) individuals should always be d setlectable ud for testing. The life cypcle of these species is
relatively short, so the likelihood of senescence and any effects that could be associated with reproductive development or
maturation are minimized if young individuals are selected.(32)Eohaustorius estuariusand R. abroniusare annual species with
longer life spans thanA. abditaand L. plumulosus. As Mature individuals can be used providing they are within the number
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, mature
female amphipods, which are distinguishable by the presence of embryos in the brood pouch or oviduct, should not be selected
for testing. Additionally, mature maleA. 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 estuarius—3 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 plumulosus—For 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 obtainL. plunmulosusfrom cultures to start a 28-d sediment
exposure.

(4) p Rhepoxynius abronius—3 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.

E 1367 – 9903

39



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.

12.3.5.2Ampelisca 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 of freedom 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 confidence 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
bec marked to prevent it from being inverted.

12.3.5.3Eohaustorius es,tuarius and Rhepoxynius abronius—Shipping 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.

12.3.5.4Leptocheirus plumulosus— L. plumulosusshould be shipped in water only (USEPA-USACE 2001(2)). Care should
be taken to select containers with a significance test increases.

12.4.6 Mean survival firm seal that is not easily broken in control sediment must shipment. The containers are filled to the top
with well-aerated water. No more than 100 amphipods/L should 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 survival 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 usually significant

set up begins when twhe animals arrive in the laboratory from the supplier. Although the ultimate performance criterion for
amphipods are included utilized in sediment toxicity tests is achievement of five replicate test chambers of >90 % survival in
control and test sediment (see 16.5).

12.4.7 It is (Table A1.3 in Annex A1), it would be desirable to repeat assess the test at a later time to obtain information
concerning the reproducibility quality and acceptability each batch of shipped amphipods using the results.

13. Procedure

13.1 Dissolved Oxygen—The concentration criteria that follow. For all four species, biological criteria should include an
exhibition of dissolved oxygen (DO) active swimming behavior upon placement in water, full digestive tracts, and an acceptable
color. Ampelisca abditashould be opalescent pink,E. estuariusshould be grayish- or yellowish white,L. plumulosusshould be
brown or orange-gray, andR. 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. plyumulosus. The shipping containers should arrive intact, and the temperature of water or sediment in the test
chambers 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 should be 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 that contain a r 2- to4-cm layer of

collection site sediment that maintains has been sieved through a$90 % dissolved oxygen concentration, but does 0.5-mm mesh
screen. Amphipod density should not cause turbulence or disturb exceed 1 amphipod/cm2. Ampelisca abditathat 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 temperature
and salinity holding and acclimation procedures are followed.

12.4.2 Duration—Depending on t semperaturfe and salinity at the collection site, amphipods may have to be acclimated to test
conditions. If air flow 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 example, s is ihould not exceed 3°C and 5o⁄oo per 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 criteria.
Temperature and salinity should be measured at least daily during the period when amphipods are being adjusted to the conditions
of the test water. Thereafter, temperature, salinity, pH, and DO should be measured in the beakers to determine whether dissolved
oxygen concentrations have dropped to less than 60 % holding containers at least at the start and end of saturation (see 15.2.7).

13.2 the acclimation period, and preferably daily.
12.4.3 Temperature—The—Overlying water temperature selected should be within the natural range of temperatures in the area

from which the amphipods occur in the field. Within an experiment, individual temperature readings should not vary be changed
by more than 3°C from per day during acclimation to the selected test temperature, a. Ondce the time-weighted average measured
temperature at the end of the test temperature is reached, amphipods should be within 1°C maintained at that temperature for a
minimum of the selected test temperature. When 2 d. A water bath, an incubator, or temperature-regulated room can be used for
temperature is measured concurrently in more than one test chamber, the highest and lowest temperatures should not differ by more
than 2°C.

13.3 acclimation.
12.4.4 Salinity—The water overlying—It is unlikely that eitherA. abdita or R. abroniuswill require salinity acclimation

because the test sediment in sediment toxicity tests must collection site salinity for these two species will likely be within 3o⁄oo

of the tolerance range test salinity of 28o⁄oo . Salinity of water used for temperature acclimation for these species, if necessary,
should be the selected test species (see annexes). salinity, or 28o⁄oo . The target test salinity of forE. estuariusandL. plumulosus
is 20o⁄oo , 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 of test sediments from used to holdE. estuariusandL. plumulosusshould be adjusted to 20o⁄oo by adjusting
the f salinity in the holding container at a rate that should not exceed 5o⁄oo per 24 h. The amphipods should be adjusted, because
such an operation might change the toxicological properties maintained at 20o⁄oo for 2 d before testing. A salinity of 5 or 20o⁄oo

is recommended for routine application of 28-d test withL. plumulosus(Annex A2; USEPA-USACE 2001(2) ) and a salinity of
20 o⁄oo is recommended for routine application of the sediment. The 10-d test withE. estuariusor L. plumulosus(Annex A1).
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 or the laboratory with
contaminants objective of the study may be adjusted prior to spiking.

13.3.1 If test sediments are collected from low-salinity areas, evaluate the influence of salinity on the bioavailability of
chemicals sediment). Importantly, the overlying water in salinity tested must be within the tolerance range of the test organisms
(as outlined in Annex A1 and Annex A2). If tests are conducted witha procedures different from those described section 1.3 or in
Table A1.1 (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 approximately constant and continuous throughout the holding and acclimation period for
10-d tests, all species exceptA. abditarequire 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 or

reconstituted sea water can be used for holding and acclimation (section 7.1). At a minimum, healthy amphipods should exhibit
acceptable survival in holding water, and should not exhibit signs of stress, such as the unusual behavior or changes in appearance.

12.4.6.2 If natural sea water above the sediment at the collection site. Depending upon experimental design, is used, it might
should be desirable to use water obtained from an uncontaminated area known to support a healthy, reproducing population of the
sediment collection site, test species or comparatively sensitive species. Reconstituted sea water is prepared by adding
commercially available sea salts to 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 be
used. To obtain the desired holding or acclimation salinity, sea salts or brine can be added to a suitable fresh water, natural estuarine
water, or the collection site salinity (see 7.3).

13.4 Light—For sediment toxicity laboratory’s sea water supply. The suitability and consistency of a particular salt formulation
for use in holding and acclimation should be verified by laboratory tests involving because some formulationfs can produce
unwalnted toxic effects or sequester contampinants (Environment Canada, 1992(5) ). Reconstituted water should be ipntensively
aerated for two weeks before use (Environment Canada, 1992(5) ; section 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 water
must never be used because residual chlorine and chlorine-produced oxidants are usually left on continuously. The constant light
increases highly toxic to many aquatic animals. Dechlorinated municipal drinking water should be used only as a last resort
because dechlorination is often incomplete.

12.4.6.3 Assessments of the tendency quality of the water used for holding and acclimation and for preparing reconstituted sea
water should be performed as frequently as required to re document acceptability (section bu 7.1). Analyses of variables including
salinithy, temperature, suspended solimds, pH, DO, total dissolved gasses, ammonia, nitrite, pesticides, and metals are
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recommended. Sea water used for holding and acclimating amphipods should be filtered (<5 µm) shortly before use to remain
exposed to the test material. For other species a different photoperiod might remove suspended particles and organisms and should
be desired (see annexes).

13.5 aerated for a two weeks before use (section 7.1).
12.4.6.4Feeding—Infaunal amphipods do not—Ampelisca abditaandL. plumulosusrequire supplementaryl feeding during the

10-day holding or acclimation for 10-d toxicity test. Supplemental feeding might tests conducted with field-collected organisms.
Ampelisca abditashould have food available daily, whereasL. plumulosusshould be fed every other day.Ampelisca abditacan
be supplied with an algal ration consisting ofPseudoisochrysis paradoxaor Phaeodactylum tricomutumthat is provided in
conjunction with sea water renewal. Some laboratories have reported success in providingA. abditaenriched 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 organisms for longer tests (see testing (Table A2.3 in Annex A3).

13.6 Beginning A2). See Stein (1973(196)) 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 13 106 cells/mL. Leptocheirus plumulosus should also be provided with dry food ration, consisting at a minimum of finely
powdered Tetramarinet (formerly called TetraMint). 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.

12.4.6.5Acceptability 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 (that is,A. abdita) 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 and
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:
13.6.1 The toxicity
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 forL.
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 On 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 test begins, each test sediment sample organism used should
be thoroughly homogenized within its storage container, and identified using an aliquot added to a test chamber to a depth specific
for appropriate taxonomic key, and verification should be documented.

12.5.1.3 Obtaining 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 addition, the case ability of replicate sediment
samples, it 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., 1997(173)).

12.5.1.4 Test organisms obtained from commercial sources should be shipped in well-oxygenated water without sediment
necessary in insulated containers to make a layer maintain temperature during shipment. Temperature, salinity and DO of the
desired depth water in the first chamber, shipping containers should be measured at the time of shipment and 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 of sediment the shipped water should be gradually adjusted to the desired culture temperature and
salinity at rates noth exceeding 3°C or 3o⁄oo per 24 h.

12.5.2 The culturing method below is based on procedures described in DeWitt et al. (1997a(7) ). A periodic-renewal culture
s wystem is used. It consists of culture bins that contain aerated water over a treatment. The same procedure might thin (about 1
cm) layer of clean, fine-grained sediment in which the amphipods burrow. Culturing areas must be applied separate from testing
areas to control sediments, measuring avoid exposing the required weight cultures to contaminants. BeforeL. plumulosusare
received at a testing facility, appropriate permits or approvals for replicates import of each treatment separately, because different
sediments might have different densities. Treatments live organisms should be randomly assigned to prenumbered test chambers.
It obtained, if necessary. If culturing is desirable to take subsamples of the test sediment for geochemical analyses as the test
chambers occur in an area whereL. plumulosusare loaded. For some experimental designs it might not indigenous to local waters,
precautions should be desirable taken to test intact cores.

13.6.3 The sediment within prevent release of living organisms to the test chamber 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 ofL. 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 sources ofL. plumulosus).
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 not
exceeding 3°C or by smoothing 3o⁄oo 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 (pass
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 mesh).
Seed each culture bin with about equal numbers of adults, subadults, and neonates to achieve a nylon, fluorocarbon, or
polyethylene spatula. A disk cut from 6 mil nylon, TFE-fluorocarbon, or polyethylene sheeting population density between
0.25/cm2 to 0.35/cm2 (2500 to 3500/m2). Select only actively moving, healthy-looking organisms. Cultures should not be stocked
at densities greater than 0.5/cm2 (5000/m2). 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., 1992a(6)). They are relatively light when filled with water and attached
sediment, broad enough to a length allow for easy viewing of nylon monofilament amphipod burrows, easily cleaned, inexpensive,
and readily available. A wide variety of containers and materials may work just as well for removal, can culturing this species. New
plasticware should be placed on soaked in running water for several days before use in the sediment surface cultures to minimize
sediment disruption as prepared toxicity test sea leach out potentially toxic compounds. Previously used culture bins usually can
be satisfactorily cleaned using hot water is added up to and a scrub brush or pad, without the desired level use of a chemical
cleanser. Culture bins should not be washed with soap or detergent except in the test chambers (see annexes). The disk extreme
conditions. If such a cleaning is deemed necessary, culture bins should be removed and rinsed and soaked thoroughly after cleaning
to remove residual cleanser.

12.5.5 Culture Sediment—Cultures should be established with sea water between replicates a thin layer (1 to 1.5 cm) of
sediment spread on the bottom of a treatment, and a separate disk should culture bin. Sediment used for culture purposes can be
the same as the control sediment used in sediment toxicity tests. Suitable sources for culture sediment include the amphipod
collection site or an area adjacent to salt marsh vegetation. Culture sediment should be uncontaminated, organic-rich, fine-grained
marine or estuarine sediment that is not anoxic. The test chambers organic carbon content (% TOC) should then be covered, put
in numerical order into a temperature controlled water bath, range between 1.5 % and aerated overnight. 4 %. The system sediment
should be left overnight press-sieved through a 0.25-mm screen before use to allow suspended particles to settle facilitate the
harvesting of neonates and an equilibrium to removal of indigenous macroinvertebrates. Culture sediment can also be established
between wet sieved. Wet-sieving involves agitating or swirling the sieve containing sediment and overlying in water before so that
particles smaller than the amphipods selected mesh size are added.

13.6.4 If washed through the experimental design requires monitoring sieve into a container. The sieve may be placed on a
mechanical shaker, or the sediments on the screen can be stirred with a nylon brush to facilitate the process. Alternatively, the
particles may be washed through the sieve with a small volume of running water. Culture sediment chemistry (for example, metals,
total volatile solids, pH, Eh, etc.), can also be frozen (>48 h) to provide additional test chambers with assurance that viable
macroinvertebrates are not present. Frozen sediment and amphipods should be homogenized after thawing and before use. Cultupre
sediment can be stored frozen for this purpose. Monitoring 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. Cultures ofL. plumulosusare
usually maintained at a salinity of either 5o⁄oo or 20o⁄oo . Culture salinity will depend on the anticipated pore-water salinity of test
sediment and desired overlying water (for DO, pH, or for certain chemicals) salinity to be used in the test chambers (Table A2.1
in Annex A2). Alternatively, the salinity of the overlying water can be accomplished without 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 diluted with nonchlorinated well water, deionized water, or reverse-osmosis water.
Seawater and may dilution water should be done in the test chambers containing the test amphipods. Temperature can filtered (<5
µm). Water that might be measured contaminated with pathogermns shomuld be treated shortly before use by filtration (<0.45 µm),
either alone or in a simulated test beaker containing water combination with ultraviolet sterilization. DO, salinity, and control
sediment but no amphipods. If more than one pH should be checked before the water bath is used to contain the test chambers,
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 should be included in each at least 10 cm. Aeration, provided
through an air stone or pipette, should be moderate and constant, but not so vigorous as to resuspend sediment. Overlying water
bath (see 13.9.3).

13.6.5 The toxicity test should be replaced the day after a new culture is initiated (Day 0) when amphipods are distributed
established; thereafter, it should be renewed two or three times per week.

12.5.7 Temperature and Photoperiod—Cultures should be maintained at 20 to 25°C. The reproductive rate ofL. plumulosus
inchreases at temperatures great cer than 20°C, necessitating mbore fr. Iequent culture thinning. Higher temperatures also can
promote unwanted growth of nuisance organisms (such as nematodes, small worms, copepods). Temperatures below 20°C may not
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p foster suffiblciently prolific reproductisve rates. Fluorescent libughts should be on am 16 h light : 8 h dark photoperiod at a light
intensity of 500 to 1000 lux. An efficient procedure is to all test chambers 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 use forL. plumulosusculture
by providing finely milled Tetramarinet two or three times per week. Tetramarinet is 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 of test chambers (usually 10 a respirator or fume hood will minimize
aspiration of dust. When establishing a new culture bin, do not add food for 3 to 15) to be processed together. If treatments 4 days
after amphipods are replicated, each treatment, including controls, should be represented placed in each set of test chambers new
sediment. This will encourage the organisms to be processed together. If treatments are not replicated, 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

amphipods culture water should be removed from each culture bin (by decanting, siphoning, or pumping) and replaced with the
holding facility at one time to provide same volume of renewal water. Each culture bin is provided with about one third more
amphipods than are needed for one set 0.4 g of test chambers. This allows 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 culture 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 culturingL. plumulosuswhen other food is provided (that is, live
microalgae or a mixed dried food; DeWitt et al., 1992a(6)). Modifications 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 about 106 cells/mL (DeWitt et al. 1992a(6)
). 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 paradoxa, Phaeodactylum tricornutum, Isochrysis galbana, Chaetoceros calcitrans, Skeletonema 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 holding 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, or
chironomids should be conducted weekly. The presience of excessive densities of these or other competing or predatory organisms
should prompt renewal of culture sediment after separatingL. plumulosusfrom the holding sediment invasive organisms. During
routine maintenance, cultures should be inspected for the presence of microbial and transferred to fungal build-up on the sediment
surface. This build-up appears as a sorting 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 sediment may be saved surface and
returned turbid water from amphipod activity. Although amphipods may leave their burrows to the holding containers search for
use as reburial sediment at food or mates, they will ordinarily remain in their burrows during 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 selected from examined closely, and the DO concentration should be measured in the
overlying water. If the DO concentraytion is below 60 % saturation (<4.4 mg/L), the culture bin should be sieved, and sequentially
distributed among dishes containing approximately 150 mL the population and culture sediment examined. If the population is too
dense (that is, >1.5/cm2 ), 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.

12.5.9.3Renewal 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, causing the required
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number (usually 20; see annexes) fecundity of individuals. The number females to drop below five eggs/brood/female and the
abundance of neonates and subadults to decline dramatically. Culture density should not exceed 1.5 amphipods/cm2 and should
ideally be maintained at about 0.5 amphipods/cm2. A 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 sediment
is not replaced occasionally, the cultures may become infested with undesirable species, such as worms or copepods. These “pests”
may compete for food, bind sediment as fecal pellets, or produce mucus, thereby reducing culture productivity or increasing the
effort required to harvest amphipods. Field-collected organisms should be added to the culture population periodically (about
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 recounting them into sieving through a
separate dish containing toxicity test water.

13.6.7 Amphipods 0.25-mm mesh screen to remove sediment. Sediment can be used for a total of 2 to 4 months before it should
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 about 4 to test chambers without disruption 5 weeks after initiation or up until

the cultures are thinned and renewed (6 to 8 weeks after initiation). Neonates used for testing may be selected on the basis of size
or age. For size-selected neonates, the contents of cultured bins are gently sieved through 0.60-mm and 0.25-mm screens. Neonat
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 through
a 6-mil nylon, TFE-fluorocarbon, 0.6 or p 0.5 mm sieve onto a 0.25 mm mesh are used for testing and individualy 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 contrast,L. plumulosus
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 typically
produce at least 300 to 400 neonates with a healthy culture. Selecting neonates for testing based on size is the preferred option
for method comparability. For age-selected neonates, gravid females are isolated from cultures 5 d before test initiation. Gravid
females are placed in separate culture bins with sediment and are fed. Two days before test initiation, these females are then
transferred to bins containing only water surface, (for example, at 25°C and 5o⁄oo or 20o⁄oo %). 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 screen
are transferred to a shallow glass container for sorting. Special care should be taken to ensure that the neonates are handled gently,
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 to
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 dead
individuals should be discarded. If greater than 10 % of the amphipods remaining in the holding bins appear unhealthy or are dead
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 chamber. The amphipods are not endemic to the local estuarine environment, containment and water level

treatment procedures should be brought up implemented to minimize the chance of accidental release of organisms or pathogens
to local watevrs. Thel same precautions might also be required if the culture population ofL. plumulosusis not derived from local
sources. Some local or state authorities might require special permits and procedures to allow receipt and culturing of
nonindigenous species. All test chamber, animals should be destroyed at the disk removed, end of toxicity tests. Culturing and
holding of the chamber replaced amphipods should only occur in specially designated laboratory areas, separate from those used
to hold, culture, or experiment with native species. These areas should have no access to drains leading directly to local surface
waters. Handling of nonindigenous species should be limited to trained and authorized personnel. The amphipods should be
cultured in a static-renewal manner to minimize the amount of water bath, covered, that needs to be treated. Any seawater removed
from culture bins should be treated with chlorine bleach or ozonation to kill any escaping organisms and pathogens. All equipment
used to culture or handle the amphipods should be cleaned thoroughly. Any excess or dead amphipods that do not bury within the
time specified for the species (see annexes) should be removed placed in bleach or treated by ozonation or heat killed (boiling
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 developed

before starting a test. Procedures should be developed by each laboratory to verify and archive data (USEPA 1994e,(160)).
13.71.2 DA file shourld be maintained for each sediment test or group of Test—The tests on closely related samples (Section

11). This file should contain a record of the sample chain-of-custody; a copy of the sample log sheet; the original bench sheets for
the test b organism responses during the sediment tes wt(s); chemical analysis data on the sample(s); control data sheets for
reference toxipcants; detailed records of the test organisms used in the test(s), such as species, source, age, ddate of receipt, and
other pertinent information relating to their history and health; information on the calibration of equipment and instruments; test
chambers containing test sediment. Amphipods conditions used; and results of reference-toxicant tests. Original data sheets should
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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 most

sediment tests, test organisms are exposed to chemicals in sediment to estimate the t response of the population of laboratory
organisms. The organism response to these sediments is usually compared with the response to a control or reference sediment.
In any sediment test, summary statistics such as means and standard errors for ten days. There are no observed substantial effects
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) and(2) 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 or o cathegorical type of dabta. Other endpoints might include growth and reproductiorn.
These types of endpoints are representative of continuous data.

13.2.3 Sediment Testing Scenarios—Sediment tests are conducted to determine whether contaminants in sediment are harmful
to benthic organisms. Sediment tests are commonly used in studies designed to:(1) evaluate hazards of time dredged material,(2)
assess site contamination in the environment (for example, to rank areas for cleanup), and(3). An exposure period determine effects
of less than ten days is not generally recommended. Experiments with cadmium and field sediments have shown that many
amphipods emerge from specific contaminants, or combinations of contaminants, through the use of sediment spiking techniques.
Each of these broad study designs has specific statistical design and analytical considerations, which are alive but unable described
as follows.

13.2.3.1Dredged Material Hazard Evaluation— In these studies, n (number) sites are compared individually to rebury after
four days, but most of a reference sediment. The statistical procedures appropriate for these amphipods studies are dead after ten
days generally pairwise comparisons. Additional information on toxicity testing of exposure dredged material and analysis of data
from dredged material hazard evaluations is available in(3114, 115, 116). For some experimental designs, such as comparison

13.2.3.2Site Assessment of a 96-h LC50 between species Field Contamination—Surveys of sediment toxicity are often included
in the presence or absence more comprehensive analyses of sediment, other exposure periods biological, chemical, geological, and
hydrographic data. Statistical correlation can be improved and costs may be used.

13.8 Biological Data—Response criteria indicating toxicity of test reduced if subsamples are taken simultaneously for sediment
include mortality tests, chemical analyses, and sublethal effects. Sublethal effects include (a) emergence from highly toxic
sediment during benthic community structure determinations. There are several statistical approaches to field assessments, each
with a specific purpose. If the course of the test, and (b) inability of surviving but affected amphipods objective is to rebury in clean,
collection site sediment at compare the termination of the test. Response criteria must be monitored in response or residue level
at all sites individually to a “blind” fashion, that is, control sediment, then the observed must have no knowledge of pairwise
comparison approach described as follows is appropriate. If the treatment of the sediment in the test chambers. This objective is
accomplished through randomization of sample numbers.

13.8.1 Emergence—Since most infaunal amphipods remain buried during sediment toxicity tests, there is little opportunity to
monitor temporal changes compare among all sites in mortality or sublethal effects. An exception the study area, then a multiple
comparison procedure that employs an experiment-wise error rate is appropriate. If the temporal pattern objective is to compare
among groups of emergence from highly toxic sediment. The test should be monitored at least daily (including the day sites, then
orthogonal contrasts are a useful data analysis technique.

13.2.3.3Sediment Spiking Experiments—Sediments spiked with known concentrations of initiation and the day of termination)
for temperature, aeration, lights, and emergence of the amphipods from the test sediment. Each test chamber should chemicals can
be observed by temporarily turning off the air used to the test chambers, establish cause and gently removing the cover from
individual chambers with minimal disturbance effect relationships between chemicals and biological responses. Results of the
chamber. The number of amphipods observed completely or partially out of the sediment, either on the sediment surface,
swimming in the overlying water, or floating toxicity tests with test materials spiked into sediments at the water surface, should
different concentrations may be recorded. Amphipods that are caught reported in the surface film should be gently pushed down
into the water. Any pertinent observations on the appearance terms of the sediment (such as color, presence of non-test organisms,
growth of mold an LC50, EC50, IC50, NOEC, or algae, or depth of oxidized layer) should be recorded.

13.8.2 Mortality—The primary effect of LOEC. The statistical approach for spiked sediment toxicity is mortality tests also
applies to the analysis of data from water-only reference-toxicity tests (Test Method E 1706).

13.2.4 Experimental Design—The guidance outlined below on the test amphipods, which analysis of data is determined at the
end adapted from a variety of the exposure period. After daily observations have been made sources including Test Method E 1706,
Guide E 1688, Guide E 1847, USEPA 1979b, 1993c, 1993b,(132, 161, 167), USEPA-USACE 1977, 1991, 1998(114, 115, 116),
Practices E 29, E 105, E 122, E 178, E 141, and any necessary samples have been taken, the contents Terminologies E 456, E 1325,
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and E 1402. The objectives of the a sediment test chambers should be sieved are to remove the quantify contaminant effects on
or accumulation in test species. Use of a larger screen size sieve for initiation organisms exposed to natural or spiked sediments
or dredged materials and to determine whether these effects are statistically different from those occurring in a smaller screen size
sieve for termination reduces the possibility control or reference sediment. Each experiment consists of losing small amphipods
through the screen at termination. Screen sizes are specific for various test species (see annexes). Material retained on least two
treatments: the screen should be washed into a sorting tray with clean sea water. The total numbers of live control and dead
amphipods of the one or more test species should be recorded. treatment(s). The sum test treatment(s) consist(s) of these numbers
might be less than the number of amphipods atTo because of decomposition. If the test species contaminated or potentially
contaminated sediment(s). A control sediment is naturally present in always required to ensure that no contamination is introduced
during the test sediment, the total number of live experimental setup and dead amphipods might exceed the number atTo.
Amphipods that test organisms are inactive but not obviously dead should be observed under a lowpower microscope and should
be counted as alive if there healthy. A control sediment is any sign of movement, such as a neuromuscular pleopod twitch. Gentle
prodding may be used in an attempt to elicit movement.

13.8.3 Reburial—Data on judge the acceptability of the amphipods to rebury in clean test. Some designs will also require a
reference sediment a t that represents an environmiental condition or potential treatment effect of the sediment toxicity test can be
interest. Controls are used to detect biologically important sublethal effects. Amphipods that survive evaluate the test should be
transferred to dishes containing a layer acceptability of clean, 0.5 mm sieved control sediment. Sediment saved from the pretest
holding containers test (Annex A1 and kept either in flowing sea water or at 4°C Annex A2) and might b include app control
sediment or a formulated sediment (section 7.2). Testing a reference sediment provides a site-specific basis for use as reburial
sediment. The numbers evaluating toxicity of amphipods able to bury within the time period specified for the species should be
recorded. These data are used to document sublethal effects on behavior, and can be used to calculate an EC50. Infaunal amphipods
unable to rebury are very unlikely to survive in nature. Toxicity data can therefore be analyzed in relation toeffective mortality,
that is, the sum test sediments. Comparisons of dead individuals plus those survivors that are not able test sediments to rebury.
EC50 calculations can be made on multiple reference or control sediments representative of the b physical characteristics of
effective mortality. In most cases, amphipods that survive in a ten-day the test are able to rebury.

13.9 Other Measurements sediment (that is, grain size, organic carbon) may be useful in these evaluations.
13.3 Data Calculations:
13.9.1 Field Sediment—If the sediment to be tested is collected from a potentially contaminated site in the field, sediment

samples should be collected from the same grab for analysis
13.3.1 Sediments spiked with known concentrations of various geochemical properties (see 10.2). A separate sample for faunal

analyses is also desirable. These samples may chemicals can be stored under appropriate conditions for possible future analysis,
after the results used to establish cause and effect relationships between chemicals and biological responses. Results of the
sediment toxicity tests with test are known. Sediment Eh and pH should be measured both in the field and in the test chambers
materials spiked into sediments at the beginning and at the end of the test. This is especially desirable for field sediments, that might
contain high different concentrations of organic materials. All measurements should also may be taken reported in control samples.

13.9.2 Laboratory Spiked Sediments—In 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 only a known test material is few days
after the chemical has been added to sediment, the concentration of the test material sediment. Consistent spiking procedures
should be determined followed in stock solutions or mixtures added order to sediment, and make interlaboratory comparisons
(section 10.3).

13.3.2 Evaluating effect concentrations for chemicals in test chambers at the beginning and at the end sediment requires
knowledge of factors controlling the test. Sea water and sediment samples can be taken as test chambers are loaded, and small
water samples can be taken from the test chambers containing amphipods. To monitor changes bioavailability. Similar
concentrations of a chemical in sediment or interstitial water chemistry during the course units of the experiment, separate sediment
chemistry beakers should be set up and sampled at the initiation and at the termination mass of the experiment. It is not necessary
to add amphipods to chemistry chambers sampled at the initiation chemical per mass of the experiment, but amphipods should be
added to those sampled later. Some sediment and water quality characteristics, such as pH, Eh, and dissolved oxygen, can be
measured by inserting analytical probes into the test chambers containing amphipods. If radiolabeled test compounds are used,
separate chemistry beakers might not be necessary.

13.9.2.1 The concentration dry weight often exhibit a range in toxicity in different sediments ( DiToro et al. 1991, USEPA 1992c
(70, 95)). Effect concentrations of test material chemicals in sediment have been correlated to interstitial water concentrations, and
sediment should be measured at several effect concentrations and as in interstitial water are often as practicable during similar to
effect concentrations in water-only exposures. The bioavailability of nonionic organic compounds are often inversely correlated
with the test. At a minimum, the organic carbon concentration of the test material should be measured at sediment. Whatever the
beginning and at the end route of exposure, the test in the control and at low, medium, and high concentrations. Measurement
correlations of degradation products of the test material might also be desirable.

13.9.2.2 Measurement of test material effect concentrations to interstitial water concentrations indicate predicted or measured
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concentrations in interstitial water can be accomplished by pipetting water samples through glass or fluorocarbon plastic tubing
from a point midway useful for quantifying the exposure concentration to an organism. Therefore, information on partitioning of
chemicals between top, bottom, solid and s liquid phases of sediment may be useful for establishing effect concentrations.

13.3.3 Toxic units can be used to help interpret the test chamber. Water samples should not contain any surface scum, any
material from the sides response of the test chamber, or any sediment.

13.9.2.3 Samples for measurement 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 of test material in sediment exposure can be taken calculated by
siphoning off dividing the overlying measured concentration of a chemical in pore water without disturbing by the surface of the
sediment, and then taking appropriate aliquots of the sediment water-only LC50 for the same chemical analysis.

13.9.2.4 Interstitial water can (Ankley et al. 1991a,(197)). Toxic units could also be sampled calculated by using dividing the
water that comes to the surface concentration in a rolling mill jar or in a sample container as the whole sediment settles, by
centrifuging a sediment sample to separate the sediment particles from the interstitial water, or by using a filter apparatus to extract
interstitial water from a threshold concentration in whole sediment sample. Care should (Kemble et al. 1994, Long and Morgan
1991, (82, 96) ). Toxicity expressed as toxic units may be taken to ensure that test materials do not undergo transformation,
degradation, or volatilization during sample preparation. It should be kept in mind that filtering summed and this may provide
information on the toxicity of chemical mixtures (Ankley et al. 1991a,(197)).

13.3.4 Field surveys can remove certain test materials from solution.
13.9.3 All Tests—Temperature should be recorded in designed to provide either a separate temperature beaker throughout

qualitative reconnaissance of the test. If test chambers distribution of sediment contamination or a quantitative statistical
comparison of contamination among sites (Burton and Ingersoll 1994,(198). Surveys of sediment toxicity are in usually part of
more than one temperature controlled water bath, a temperature beaker should be set up in each water bath. Temperature should
be monitored at least hourly using a recording thermometer or the daily maximum comprehensive analyses of biological, chemical,
geological, and minimum temperatures should hydrographic data. Statistical correlation can be monitored (see Guide E 729).
Individual temperature measurements should not vary by more than 3°C improved and the time-weighted average costs reduced
if subsamples are taken simultaneously for sediment tests, chemical analyses, and benthic community structure.

13.3.5 Descriptive methods such as toxicity tests with field-collected sediment should not differ by more than 1°C from be used
alone to evaluate sediment contamination. An integration of several methods using the designated test temperature (see 13.2).

14. Analytical Methodology

14.1 If samples weight of sediments or overlying water from test chambers, stock solutions, test sediment, or interstitial water
are not evidence is needed to be analyzed immediately, they should be handled and stored appropriately(33) to minimize loss
assess the effects of test material or contaminants through such processes as microbial degradation, hydrolysis, oxidation,
photolysis, reduction, sorption and volatilization (see Practice D 3976).

14.2 Chemical and physical associated with sediment (Long et al. 1990; Ingersoll et al.1996; Ingersoll et al. 1997; MacDonald
et al. 1996,(199, 98, 99, 97)). Hazard evaluations integrating data should be obtained using appropriate ASTM standards whenever
possible. For those measurements for which ASTM standards do not exist or are not sensitive enough, methods should be obtained
from laborathory exposur rels, chemical analyses, and benthic community assessments (the Sediment Quality Triad) provide strong
complementary evidence of the degree of pollution-induced degradation in aquatic communities (Burton 1991,(369), Chapman
et al. 1992, 1997,(100, 101); Canfield et al.1994, 1996, 1998,(200, 118, 201).

14.3 The 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 1992(58), Ankley et al. 1991a,(197) ). For example, the concentration
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 chambers 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 of the method should be checked using reference control or split samples, interlaboratory comparisons, or

alternative (preferably reference or corroborative) methods test sediment, method for collection, handling, shipping, storage, and
disposal of analysis.

14.4 Concentrations sediment.
14.1.3 Source of test materials in interstitial water should 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. I) of any solvent used.

14.1.4 Source andd characteristics of overlying water, description of any pretreatment, and results of any demonstrationg of the
total concentration ability of test material in interstitial water an organism to survive or grow in the overlying 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 of the apparent dissolved or free form test organisms, scientific name, name of person
who identified the organisms and the taxonomic key used, age or life stage, means and ranges of weight or length, observed
diseases or unusual appearance, treatments, holding, and acclimation procedures.

14.1.6 Source and composition of food, concentrations of test material is desirable. The free form for organic contaminants is
that which is not bound 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 the
chambers, lighting, number of test chambers and number of test organisms/treatment, date and time test starts and ends,
temperature measurements, dissolved organic carbon, oxygen concentration (as percent saturation), and for metals it is any aeration
used before starting a test and during the ionic 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. The “apparent dissolved” fraction is usually defined effects used to calculate LC50 or

EC50s, biological endpoints for tests, and determined as that which passes through a 0.45-µm membrane filter. However, passing
solutions through membrane filters can result summary of general observations of other effects.

14.1.10 Methods used for statistical analyses of data:(1) summary statistics of the transformed or raw data as applicable (for
example, mean, standard deviation, coefficient of variation, precision and bias);(2) hypothesis testing (raw data, transformed data,
null hypothesis, alternate hypothesis, target Type I and II error rates, statistics used (including calculation of test statistic)), decision
rule used (for example,W statistic >0.65 results in the rejection of the null hypothesis), calculated test statistic and decision rule
result, achieved Type I and II error rates (for some discrete tests, achieved error rates only approximate the target rates);(3) results
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 reflects

the closeness of Test
15.1 A 10-day agreement between randomly selected test results. Bias is the difference between the value of the measured data

and the true value and is the closeness of agreement between an observed value and an accepted reference value (Practices E 177
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 variables
which affect organism response. Determining the bias of a sediment test using field samples is not possible since the true values
are not known. Since there is no acceptable reference material suitable for determining the bias of sediment tests, bias of the
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 reflects
the ability of trained laboratory personnel to obtain consistent results repeatedly when performing the same test on the same
organism using the same toxicant. Interlaboratory precision is a measure of how reproducible a method is when conducted by a
large number of laboratories using the same method, organism, and toxic sample. Generally, intralaboratory results are less variable
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 variation,
or CV % = standard deviation/mean3 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 the
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 as
range of responses and minimum detectable differences (MDD) compared to control survival or growth. Several factors can affect
the precision of the test, including test organism age, condition, sensitivity, handling, and feeding of the test organisms, overlying
water quality, and the experience in conducting tests. For these reasons, it is recommended that trained laboratory personnel
conduct the tests in accordance with the procedures outlined in Annex A1 and in Annex A2. Quality assurance practices should
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 organisms and(2) preparation of control charts (Figure 16 in Test
Method E 1706) for each reference toxicant and test organism. The single laboratory precision determinations should be made
before conducting a sediment test and should be periodically performed as long as whole-sediment tests are being conducted at
the laboratory.

15.1.4 Intralaboratory precision data are routinely calculated for test organisms using water-only 96-h exposures to a reference
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toxicant such as Cd Cl2. Intralaboratory 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 abronius(Mearns et al. 1986(205), and the other withAmpelisca abdita, Eohaustorius estuarius, andLeptocheirus
plumulosus(Schlekat et al. 1995(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 test withLeptocheirus plumulosus(DeWitt
et al., 1997b(25). 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 or show 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, higher)
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 in an individual acceptable performance in the tests as outlined
in Annex A1 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 values (Xi) 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, 1993b,(1320 %, 167)are used to evaluate the cumulative trend of results from a series of samples. The mean
and upper and lower control limits (6 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, and should 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 A1 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 following occurred:

15.2.1 All organisms and the overall credibility of the test system may be suspect USEPA 1993a,(132) . In 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 of6 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 rejectedde facto. For this reason, the width of the control limits should be considered in determining whether
or not identical.

15.2.2 Treatments were not randomly assigned an outlier is to be rejected. This determination should may be made by the
regulatory authority evaluating the data.

15.4.8 The recommended reference-toxicity test chambers.
15.2.3 Test organisms were not randomly consists of a control and five or impartially distributed more concentrations in which

the endpoint is an estimate of the toxicant concentration which is lethal to 50 % of the test chambers.
15.2.4 Required negative, reference sediment, positive or solvent controls were not 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, Probit
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 they
are well-tested, well-documented, and are applicable to most types of test data. Many other methods were considered in the
selection process, and it is recognized that the methods selected are not from the same population, were only possible methods of
analysis for toxicity data.

15.5 Precision of 10-d Amphipod Sediment Toxicity Test Methods:
15.5.1 Intralaboratory Precision—Intralaboratory precision has not all been evaluated for any of the four amphipod species

described in Annex A1.
15.5.2 Interlaboratory Precision:
15.5.2.1 Interlaboratory precision forR. abroniususing 10-d whole sediment toxicity tests using the methods described in this

standard (Table A1.1 in Annex A1) is described by Mearns et al. 1986(205) . Five laboratories participated in the study, including
federal and state government laboratories, a contract laboratory, and an academic laboratory. The laboratories were chosen because
each had demonstrated experience in sediment toxicity tests withR. abronius. The experimental design required each laboratory
to conduct 10-d whole sediment tests on a total of acceptable quality.

15.2.6 Amphipods 7 sediment treatments. One control sediment was tested. Three sediment treatments consisted of control
sediment that was amended with CdCl2 to 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 from a wild population the following locations in Puget
Sound, WA: Central Basin (Metro Seattle Station A600E), inner Sinclair Inlet, and Slip No. 1 in City Waterway, Commencement
Bay.

15.5.2.2 Amphipods were collected from a depth of 6 m 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 met the laboratory performance criteria for
more than two weeks, unless the test. Mean survival in control sediment was 96.4 %, the CV was 3.7 %, and the range in mean
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 in
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 from
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 forA. abdita, E. estuarius, andL. plumulosususing 10-d whole sediment toxicity tests is
described in Schlekat et al. (1995(21)). Details of this study are described below. The number of participating laboratories varied
with the test species: six forA. abdita, eight forE. estuarius, and seven forL. plumulosus. Laboratories were chosen on the basis
of demonstrated experience with the particular test species. Each laboratory has been shown to have no significant effect conducted
10-d sediment toxicity tests on sensitivity.

15.2.7 The 4 sediment treatments. Sediment treatments were selected for each species to include one negative control sediment
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 laboratory.Ampelisca abditaand E. estuarius were n
field-collected from locations in Narragansett, RI, and Newport, OR, respectively.Leptocheirus plumulosuswere 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 ofA. 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 test temperature to be accepted. The grand mean was 94.5 %, and the CV was 5.5. A dose response was exhibited with
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

Cd
8 mg/kg

Cd
12 mg/kg

Cd
Central
Basin

Sinclair
Inlet

City
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) 77 (3) 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 (%) 3.7 4.2 20.7 79.1 11.0 11.3 6.4
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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 least 4 toxic sediments, respectively (Table 8).

15.5.2.7 Every laboratory surpassed the minimum survival criteria of 90 % survival in control sediment withE. estuarius. The
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 survival ofE. estuariusfor 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.

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

15.2.8 Temperature, dissolved oxygen, CV was 4.7. Two laboratories, 3 and c 5, failed to meet the minimum control sediment
survival criteriona of 90 %. Grand means displayed a dose response of decreasing survival with increasing proportion of BRH
sedimaent. Coefficients 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 ofL. 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 to
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. (1997b(25) ) provide data that can be used to

characterize intralaboratory precision with the 28-day long-term toxicity test withL. plumulosus. 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 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

Rock Harbor
20 % Black

Rock Harbor
33 % Black

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 (%) 5.5 38.9 135.1 146.2

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

Rock Harbor
25 % Black

Rock Harbor
42 % Black

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 (%) 1.5 21.6 45.5 40.9
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transformed to the arcsine-square root of the value; growth rate was transformed to the natural logarithm of the value; and
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 CVs
from all experiments was then characterized. This distribution of CVs then provides an appropriate range on which to base sample
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. This
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 usingHyalella aztecaand
Chironomus tentans(7.2 % and 5.7 %, respectively; USEPA 2000 and Test Method E 1706).

15.6.2 Interlaboratory Precision:
15.6.2.1 Interlaboratory precision forL. plumulosusin Section 13.
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., 1997b(25). Ten laboratories, including federal and state
government laboratories, contract laboratories, and academic laboratories with demonstrated experience in chronic toxicity testing
usingL. plumulosus, participated in round-robin toxicity testing (DeWitt et al., 1997b(25). 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 a
single batch that was subsampled and shipped to testing laboratories. A total of four concentrations of BRH sediment and one
negative control sediment were tested. Across all treatments, total organic carbon averaged 2.6 % dry weight, total solids averaged
33 %, and grain size averaged 15 % sand, 42 % silt, and 43 % clay. In general, cadmium, chromium, copper, lead, nickel, and zinc,
as well as total PAHs, increased along the dilution series gradient. Table 12 summarizes the concentration ranges for the inorganic
contaminants.

15.6.2.2 About 4 months bexfore the start of the rounde-robin study, laboratories not currently maintaining cultures ofL.
plumulosuswere supplied with amphipods, sediment, food, and culturing methods by the Bat dtelle Marine Sciences Laboratory
(MSL). Each laboratory maintained cultures folvlowing the culturing method detailed in DeWitt et al. (1997a(7)). Each
laboxratory used its own source of clean seawater.

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

Rock Harbor
28 % Black

Rock Harbor
47 % Black

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 (5.7)
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 (%) 4.7 59.8 55.2 65.5

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 % 11 % 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 %

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 less than 6 70 % survival, even in
the highest concentration of saturation.

15.2.10 The 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 concentration of 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))

A) Results for Laboratories that met Control Performance Criteria
Concentration of Black Rock Harbor Sediment

Lab 0.0 % 1.4 % 4.6 % 8.3 % 15.1 %

Mean Percent Survival (%CV) MDD %
4 89 (11.5) 92 (3.0) 82 (17.6) 76 (16.4) 73 (13.4) 16
6 96 (6.8) 93 (2.9) 97 (4.6) 95 (7.4) 96 (5.7) 8
7 90 (6.8) 88 (9.5) 84 (12.9) 92 (6.2) 82 (11.9) 13
8 95 (6.4) 92 (6.2) 72 (42.4) 74 (42.0) 70 (18.2) 31
9 98 (2.8) 96 (2.3) 84 (15.4) 91 (10.6) 86 (14.5) 14

Mean 93.6 92.2 83.8 85.6 81.4
%CV 4.2 3.1 10.6 11.5 12.8

MDD % 10 7 26 24 16

Mean Growth Rate mg/d (%CV) MDD mg/ind/d
6 0.059 (9.8) 0.054 (6.0) 0.046 (19.0) 0.039 (11.7) 0.020 (24.1) 0.009
7 0.084 (4.4) 0.075 (4.9) 0.063 (8.5) 0.053 (7.2) 0.035 (28.0) 0.009
8 0.045 (18.3) 0.031 (12.7) 0.036 (25.1) 0.024 (27.5) 0.014 (14.1) 0.010
9 0.089 (8.7) 0.078 (13.4) 0.065 (12.7) 0.060 (12.0) 0.045 (11.6) 0.012

Mean 0.063 0.057 0.049 0.039 0.025
%CV 35.8 35.7 29.8 45.1 59.4
MDD 0.014 0.014 0.017 0.012 0.011

Mean Offspring per Survivor (%CV) MDD # offspring
4 0.27 (141 ) 2.26 (72.3) 0.65 (149) 0.35 (56.5) 0.33 (81.2) 1.33
6 4.37 (41.0) 2.96 (53.8) 2.58 (27.5) 1.70 (43.4) 0.18 (76.6) 1.77
7 5.22 (55.7) 3.99 (40.5) 3.61 (42.5) 2.21 (75.4) 0.48 (65.6) 2.73
8 1.66 (65.8) 1.10 (54.2) 1.52 (29.8) 0.25 (91.5) 0.10 (108) 0.92
9 7.09 (30.8) 5.43 (21.9) 3.48 (29.8) 1.65 (60.7) 0.19 (99.0) 1.96

Mean 3.72 3.15 2.37 1.23 0.25
%CV 73.8 52.5 53.8 71.2 59.5
MDD 2.86 2.10 1.53 1.42 0.33

B) Results for Laboratories that did not meet the Control Performance Criteria
Concentration of Black Rock Harbor Sediment

Lab 0.0 % 1.4 % 4.6 % 8.3 % 15.1 %

Mean Percent Survival (%CV)
1 53 (31.7) 74 (13.0) 65 (38.5) 58 (18.9) 39 (64.4)
2 0 (-) 10 (-) 27 (137.1) 15 (-) 0 (-)
3 72 (34.6) 85 (17.1) 74 (15.4) 61 (21.2) 55 (24.9)
5 60 (56.5) 88 (18.7) 66 (29.5) 84 (24.7) 76 (11.8)

10 69 (29.6) 59 (49.9) 58 (44.2) 37 (70.0) 25 (58.3)

Mean Growth Rate mg/ind/d (%CV)
1 0.024 (81.7) 0.032 (37.7) 0.012 (74.9) 0.012 (67.9) 0.008 (71.2)
2 0 (-) 0.027 (-) 0.028 (49.0) 0.017 (-) 0 (-)
3 0.050 (50.2) 0.067 (21.0) 0.055(33.3) 0.034(52.4) 0.025 (32.0)
5 0.058 (16.0) 0.062 (31.7) 0.037 (67.6) 0.036 (43.0) 0.024 (12.0)

10 0.006 (54.5) 0.014 (139) 0.007 (47.1) 0.003 (54.0) 0.003 (80.2)

Mean Offspring per Survivor (%CV)
1 0.7 (45.2) 1.7 (57.0) 0.4 (206) 0.1 (163) 0 (-)
2 0 (-) 1.3 (-) 1.2 (18.0) 0.6 (-) 0 (-)
3 4.8 (42.5) 3.7 (51.5) 3.4 (34.9) 0.4 (92.4) 0 (138)
5 3.1 (80.8) 2.3 (25.5) 1.1 (136) 0.8 (113) 0.6 (117)

10 0.1 (131) 1.4 (111) 0.5 (98.3) 0.8 (157) 0.3 (144)
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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 number
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 withL. plumulosus. 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 treatment
for the 28-d whole-sediment standard testing usingL. plumulosus(DeWitt et al., 1997b(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 adding
more replicates. For this analysis, the cost of a replicate was assumed to be proportionate to the time required to conduct all of
the tasks associated with one treatment. If cost was not a concern, 14 replicates would be optimal and would provide 80 % power
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 theL. plumulosuschronic 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 in
improved detection equals a 1 % increase in cost. The decision to specify 5 replicates per treatment in this standard was based
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-USACE
2001(2) ). For the reproduction endpoint, the power to detect a 20 % decrease will be closer to 0.40 using five replicates and 0.50
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 should
be considered. Because space and cost considerations make use of five replicates desirable, this method wousld benefit from
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 in
BRH sediment (Table 14). Thus, the test chamber growth rate was not validated before beginning a more sensitive measure to the
test.

15.2.12 Response criteria concentration of BRH survival. The CVs across the laboratories from the five treatments ranged from
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 response
to growth rate. The percentage of change in the growth rate between control and the highest concentration of BRH sediment was
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 sediment.
Thus, the measure of reproduction was more sensitive to the concentration of BRH than was survival; however, the CVs across
laboratories are on average eight times greater for reproduction than for survival. The CVs for the five treatments ranged from
52.5 % to 73.8 %, with a blind fashion, mean of 62.2 %. Of the five laboratories that is, observers had knowledge met the
performance criteria for control survival, three laboratories produced a monotonic dose response in reproduction. The percentage
of change in reproduction (offspring/survivor) between the contreol and tmhe highest concentration of BRH sediment was on
average 95 % for these three laboratories.

15.6.2.8 USEPA (2000(206) ) 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 tests withH. aztecaranged from 6 to 114 % in
three test sediments. Similar tests withC. tentansproduced CVs of 8 to 181 % in three test sediments. In 28-d whole-sediment

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 3 6 6 2
Max CV (%) 18 7 13 42 15
Growth rate
Min CV (%) 36 6 4 13 9
Max CV (%) 96 24 28 27 13
Offspring per Survivor
Min CV (%) 56 27 40 30 22
Max CV (%) 149 77 75 108 99
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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 TheLeptocheirusround-robin study exhibited similar or better intra- and interlaboratory precision than many chemical
analyses and toxicity testing methods (for example, USEPA, 1991(127)). 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 uneaten
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. 1997b(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-dL. plumulosussediment toxicity test. The diet recommended in this standard (A2.3.6)
is based on the results of that experiment.

16. Interpretation of Results

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

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

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

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

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

16.5.1 Following a significantF-test result, all exposure concentration effects (or field station samples) can be compared with
the control effects by using mean separation techniques such as those explained by Chew(37) orthogonal contrasts, Fisher’s
methods, Dunnett’s procedure and William’s method. The Dunnett’s procedure is a multiple comparison test specifically designed
to compare several experimental samples to the concurrent control(38). A multiple comparison test is a technique that accounts
for the fact that several comparisons are being made simultaneously.

16.6 Daily observations on the numbers of amphipods that have completely or partially emerged from the sediment, either lying
on the sediment surface, swimming in the water column, or floating at the water surface, can be used to document an apparent
avoidance response to the sediment. Emergence data plotted against time can give the observer an impression of the degree of
toxicity of the sediment during the course of the toxicity test, as amphipods often emerge earlier and in greater numbers from more
highly toxic sediment.

17. Report

17.1 The record of the results of an acceptable sediment toxicity test should include the following information either directly
or by reference to other available documents:

17.1.1 Names of test and investigator(s), name and location of laboratory, and dates of initiation and termination of the test.
17.1.2 Source of test material, lot number if applicable, composition (identifies and concentrations of major ingredients and

impurities if known), known chemical and physical properties, and the identity and concentration(s) of any solvent used.
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17.1.3 Source and method of preparation of water used, its salinity, and any other pertinent chemical characteristics.
17.1.4 Source of the control, reference and test sediments, dates and methods of collection, method of transport and storage of

field sediments, method and dates of treatment of laboratory prepared sediment, and method of distribution to test chambers.
17.1.5 Source and date of collection of the test organisms, scientific name, name of person who identified the organisms and

the taxonomic key used, age, life stage, means and ranges of weights and lengths, observed diseases or unusual appearance,
treatments, holding and acclimation procedures.

17.1.6 Description of the experimental design, test chambers and covers, the depth, weight, and volume of sediment and water
in the chambers, the date, time, and method of beginning the test, numbers of test organisms and chambers, temperature, salinity,
and lighting regime.

17.1.7 The average and range of holding and test temperatures, and the method(s) of measuring or monitoring, or both.
17.1.8 Schedule for obtaining samples of sediment and water for geochemical analyses, and methods used to obtain, prepare,

and store them.
17.1.9 Methods used for, and results (with standard deviations or confidence limits) of, chemical analyses of water quality and

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

17.1.10 Definition(s) of the effects used to calculate LC50s or EC50s and a summary of general observations of other effects.
17.1.11 A table of the biological data for each test chamber for each treatment (including the control(s)) in sufficient detail to

allow independent statistical analyses.
17.1.12 The 10-day LC50s or EC50s and the methods used to calculate them, and their 95 % confidence limits, or the survival

or mortality data and their significance relative to the control(s); specify whether results are based on measured or nominal
concentrations of the test material.

17.1.13 Results of any other analyses that were made on the same sediment, such as faunal analyses, field notes made while
collecting the sediment, chemical measurements made in test chambers, or chemical and geological analyses of subsamples of the
sediment.

17.1.14 Anything unusual about the test, any deviation from these procedures, and any other relevant information.
17.2 Published reports should contain enough information to clearly identify the procedures used and the quality of the results.

18. Keywords

18.1 acute toxicity tests;ampelisca
16.1 Ampelisca abdita; amphipods; benthic amphipods; corophium; EC50 test; eohaustorius; estuarine environments;

experimental design; exposure tests; grandidierella; hyalella; LC50 test; marine environments;pontoporeia amphipod; bioavail-
ability; chronic; Eohaustorius estuarius; reference toxicants; rhepoxynius estuarine; invertebrates; Leptocheirus plumulosus;
saline water; saltwater; marine; Rhepoxynius abronius; sediment; sediment toxicity testing; static test; toxicity; toxicology

ANNEXES

(Mandatory Information)

A1. RHEPOXYNIUS ABRONIUS

A1.1

A1. PROCEDURE FOR CONDUCTING A 10-D SEDIMENT SURVIVAL TEST WITH THE AMPHIPODS
Ecological Requirements— Ampelisca abdita, Eohaustorius estuarius, Leptocheirus plumulosus, or Rhepoxynius abronius(3)

A1.1 Introduction

A1.1.1 Ampelisca abdita, Eohaustorius estuarius, Leptocheirus plumulosus, andRhepoxynius abroniusoccurs along have been
used extensively to test the West Coast toxicity of North America from central California to Puget Sound, Washington(39). It
estuarine or marine sediments. The choice of these amphipod species as test organisms is based on sensitivity to sediment-
associated contaminants, availability and ease of collection, tolerance of environmental conditions (for example, temperature,
salinity, grain-size), ecological importance, and ease of handling in the desired test laboratory. Additionally, the species chosen for
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 tests.
Amphilpod sediment toxicity tests have been successfully performed for regulatory and w research purposes by numerous
laborathories, including state and federal government agencies, private corporations, and academic instyitutions. Test guidance for
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A. abdita, E. estuarius, L. plumulosus, andR. abroniushas been described (USEPA 1994a(1), Environment Canada 1992(5)). The
four species chosen are representative of both estuarine and marine habitats and sediments that span the spectrum of particle sizes
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).

A1.1.2 Specific test methods for conducting the 10-d sediment toxicity test for the amphipodsAmpelisca abdita, Eohaustorius
estuarius, Leptocheirus plumulosus, andRhepoxynius abroniusare described in section A1.2. This test method was developed
based on Swartz et al. (1985(10) ); DeWitt et al. (1989(11)); Scott and Redmond (1989(12)); Schlekat et al. (1992(13)); and
Environment Canada (1992(5)). 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).

A1.2 Recommended Test Method for Conducting a 10-d Sediment Toxicity Test withAmpelisca abdita, Eohaustorius
estuarius, Leptocheirus plumulosus, or Rhepoxynius abronius

A1.2.1 Recommended conditions for conducting a 10-d sediment toxicity test withA. abdita, E. estuarius, L. plumulosus, and
R. abroniusare summarized in Table A1.1. 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 replicates
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.

A1.2.2 The recommended 10-d sediment toxicity test withA. abdita, E. estuarius, L. plumulosus, andR. abroniusis 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 (see
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 A1.1. Requirements for test acceptability are summarized in Table A1.3)..

A1.3 General Procedures

A1.3.1 Sediment into Test Chambers Rhepoxynius abroniusnaturally inhabits clean, fine, sandy sediments. In areas where:
A1.3.1.1 On the day before the addition of amphipods (Day -1), each test sediments are predominantly silts sediment (either

field collected or clays, 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
inspeclted to judge the extent of homogeneity. If a silt-clay control treatment quantitative measure of clean sediment homogeneity
is required, replicate subsamples should be taken from an uncontaminated reference collection site near that of the sediment batch
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 test sediments, in addition chamber. It is
important that an identical volume be added to each replicate test chamber; the native sediment control.

A1.2 Collection and Handling Techniques—R. abroniusinhabits clean, fine, sandy sediments from the lower intertidal volume
added should equate to a depth of at least 274 m. Amphipods can 2 cm in the test chamber. The sediment added to the test chamber
should be collected from a boat using a small biological dredge settled either by tapping the side of the test chamber against the
side of the hand or a grab sampler. A sieve by smoothing the sediment surface with a 1.0-mm diameter mesh size can nylon,
fluorocarbon, or polyethylene spatula. Highly contaminated sediment should be used added to separate adultR. abroniusfrom their
native sediment. Individual amphipods can be transferred between sorting trays, acclimation dishes, and test chambers in a certified
laboratory 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 using use of a bulb pipette turbulence reducer. Possible designs of turbulence reducer include a suitable
size (for example, one with disk cut from polyethylene, nylon, or Teflont sheeting (4 to 6 mil), or a 5-mm diameter opening).

A1.2.1 For acclimation,R. abroniuscan be counted into 10-cm diameter specimen dishes containing glass petri dish attached
(open face up) to a 2-cm deep layer of 0.5-mm sieved collection site sediment, at glass 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 of 20 amphipods per dish. These
dishes can be transferred nylon monofilament (or nontoxic equivalent) line. The turbulence reducer is positioned just above the
sediment surface and raised as sea water is added to holding tanks supplied the 750-mL mark on the side of the test chamber. The
turbulence reducer is removed and rinsed with aerated or flowing test sea water between replicates of a treatment. A separate
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TABLE A1.1 Summary of Ecological andTesting Conditions that Sh fould Be Considered When Conducting Ten-D ay 10-d Sediment
Toxicity Tests with AmphelipodsNca abdita , Eohauste 1— See Annex for fiurths estuarius , Lexplanation.

NOTCHE 2—N/A = NOT AIRUS PPLICABUMULE; N.D. = NO DATA PSUBLIS, or Rhed at thpoxynius t abronime.us (USEPA 1994a (1) )

A1a Rhepoxynius abronius (Family Phoxocephalidae)

Field Laboratory

Parameter Conditions

Geographic range Puget Sound to Southern California (23, 39) N/A
Geographic range 1. Test type: Whole sediment toxicity test, static.

Habitat Free-burrowing sand dweller, low intertidal to 274 m (21,
23)

cl ean, finesand, 2 cm (3)Life cycle Annual (40)

Habitat 2. Temperature: 15°C: E. estuariusLife cycle A and R. abr
Life stage tested N/A M ature 3 to 5-mm amphipods, mixed sexes (3)
Life stage tested 20°C: A. abdita

Temperature Annual range at collecting site = 8 to 16°C (3) Standard temperature is 15°C; (3) survives 0 to at least 20°C
Temperature 25°C: L. plumulosus

Salinity Annual range at collecting site = near 0 to 35 g/kg (40) Standard salinity is28 g/kg, s o⁄oo alinity effects noted below 25 g/kg
(3)Sediment type

Well-sorted fi

Salinity 3. Salinity: 28 o⁄oo : A. abditaSediment type Well-sorted fi

Sediment depth Usually upper 2 cm, to 6 cm (36, 39) T est sediment depth 2 cm (3) Nutrition Meiof aunal p
Sediment depth 20 o⁄oo : E. estuarius Nutrition Meiof and L.

Light cycle Natural light Continu ouslight(3)C ontro lmortality N/A
Light cycle Alternatively, the salinity of the overlying water can be adjusted to

the salinity of the pore water at the site of interest for tests with E.
estuarius or L. plumulity

N/A

Chronic test N/A Notdeveloped
Chronic test 4. Light quality: Wide-spectrum fluorescent lights

96 h LC50, cadmium, water only exposureN/A 0.92 (0.68–1.25) mg/L (42)
96 h LC50, cadmium, water only exposure5. Illuminance: 500.68–1.25) mg/L (42)

A1b Eohaus torius estuarius (Fami 1000 ly Haustoriidae) x

Field Laboratory

Geographic range Central British Columbiato Central California (24, 27) N/A
Geographic range 6. Photoperiod: 24 light
Habitat Free-burrowingsand dweller, upperto mid-intertidal, shallow

subtidal (24, 27)
Clean, fine san d, 2 cm(24)

Habitat 7. Test chamber: 1-L glass beaker or jar with 10-cm inner diameter.
Life cycle Probably annual (24) N/A—Field collecte d
Life cycle 8. Sediment volume: 175 mL (about 2-cm depth)
Life stage tested N/A Mature amphipods 3–5 mm, mixed sexes (24)
Life stage tested 9. Overlying water volume: 775 mL
Temperature Approximately 0to 21°C (24, 27) Standard temperature is 15°C (3, 24); tolerates 5 to

at least 21°C (27)
Temperature 10. Renewal of overlying water: None
Salinity Annual range at co llecting site = ne ar 0 to 35 g/kg St andard salinity is 2 to #28 g/kg (24, 27)
Salinity 11. Size and life stage of amphipods: A. abdita: 3 to 5 mm (no mature males or females)
Sediment type Clean fine to medium sand (27, 43) 92 % m eansurvival insediments with $80 % silt-

clay, 97 % in sandy sediments (25)
Sediment type E. estuarius: 3 to 5 mm
Sediment depth Approximately top 5 cm 2 cm(3, 24)
Sediment depth L. plumulosus : 2 to 4 mm (no mature males or fe-

males)
Nutrition Probable deposit feeder (24) Amphipods are not fed in the laboratory (3, 24)
Nutrition R. abronius : 3 to 5 mm
Light cycle Natural light Con tinuous light(3, 24)
Light cycle 12. Number of organisms/chamber: 20 per test chamber
Control mortality N/A #10 % (3, 24)
Control mortality 13. Number of replicate chambers/treatment: Depends on objectives of test. At a minimum, four

replicates should be used.
Chronic test N/A Not developed
Chronic test 14. Feeding: None
96 h LC50, cadmium, water only exposure N/ A 9.33 (7.20–12.09) mg/L (24)
96 h LC50, cadmium, water only exposure 15. Aeration: 9.33 (7.20–12.09) mg/L (24)

A1Water in eac Ah test champber should be aerated overnight before sctart of test, abnd throughout the test; aeration at ra(Fte that maily Ampelntainsc
>90 % saturation of daissolve) d oxygen concentration.

Field Laboratory

Geographic range Central Main to Northern Florida, eastern Gulf of Mexico
(44), San Francisco Bay (45)

N/A

Geographic range 16. Overlying water: Clean sea water, natural or reconstituted water.
Habitat Infaunal tube dweller,lowintertidalto 60 m (44, 46) Collection sitesedim ent, 4 cm(33)
Habitat 17. Overlying water quality: 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.

Life cycle Two to several generations per year,temperature depen-
dent, probably one brood per female (46)

Life cycle approximately 6 weeks at 20°C (48)

Life cycle 18. Test duration: 10 d
Life stage tested N/A Immature amphipods, or mature females only
Life stage tested 19. Endpoints: Survival (reburial only
Temperature Collectedin water t emperatures from − 2 to 27°C

(44)Standard temperature is 20°C, has been tested in 4
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turbulence reducer is used for each treatment The test chambers should be covered, placed in a temperature controlled water bath
(or other acceptable equivalent) and salinity. Two gently aerated. A test begins when the organisms are added to thre test chambers
(Day 0).

A1.3.3 Addition of Amphipods—On the following day (Day 0), amphipods are sufficient for acclimation added to the test
conditions. A sieve with a 1.0-mm diameter mesh size can chambers. About one-third more amphipods than are needed for the test
should be used to separateR. abroniusfrom sieved from the acclimation culture or control sediment immediately prior in the
holding container(s), and transferred to a sorting tray. The additional animals allow for the initiation selection of healthy, active
individuals. The sieve size for isolating amphipods from the culture or control sediment will depend upon the selected species.
Ampelisca abditaandL. plumulosusshould be isolated using a toxicity test.

A1.3 0.5-mm sieve, whereasToxicity Test Specifications—The toxicity testE. estuariusandR. abroniusshould be run at 156
3°C isolated using 28 g/kg overlying water in the test chambers. The test chamber is usually a standard 1-L glass beaker with a
10-cm internal diameter. Beakers 1.0-mm sieve. Sieving should be covered with an 11.4-cm diameter watch glass to reduce
contamination conducted with sea water of the contents same temperature and evaporation of salinity as the water holding and test
material. Aeration can water. Once isolated, active amphipods should be provided to each test chamber through impartially selected
using a 1-mL glass transfer pipette that extends between the beaker spout or other suitable tool (not forceps), and distributed among
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 to a depth not closer than 2 cm from the sediment surface. 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 cm deep, and toxicity test water impartial.

A1.3.3.1 Amphipods should be added up to test chambers without disruption of the 700-mL 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. The

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) )

TABLE A1.1 Continued
A1d Grandidierella japonica (Family Corophiidae)

Field Laboratory

Day Activity

Geographic range J apan, San Fr anc is co Bay (50), Southern California bays(51) N/A
-10 to -3 Collect or receive amphipods from supplier and place into collection

site sediment. Alternatively, separate 2 to 4 mm L. plumulos(51)
N/Aus from cultures.

Habi tat Infaunaltubedweller,mid- tidaltosh allowsubtital (51) Collec tion sitesediment, 1 cm (51)
-9 to -2 Acclimate and observe amphipods to species-specific test

conditions. Feed A. abdita and L. plumulosus. Monitor water quality
(51)

Cfor expample, temperature, salinity, and dissolved oxygen).

Life cycle N.D. 4to 5lifecy cles p erye ar at 20°C
-1 N.D. 4Observe amphipods, monitor water quality. Add sediment to each

test chamber, place chambers into exposure system, and start
aeration.

Life stage tested N/A Immature 3to 6mm,no females carrying embry os(51)
0 N/A ImmMeasure 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.

Temperature Collected in California from water temperaturesranging fr om 9 to
26°C (51)

Stand ard t es tt emper atureis 15 to 19°C;sa tisfactorysurvival at 15
to 23°C (51)

1 Measure temperature. Observe behavior of to 26°C (51) 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 Full oceansalinity to hyposaline watersof unkn own salinity(51) 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,
salinity(51)

S, total ammonia of overlying water). Observe behavior of test
organisms and ensure that each test chamber is receiving air.

Sedimen t type Mud-sand; occurs in sands, silts, clay (50, 52) Fine s and tosilty clay(5 1)
3 to 7 and 9 Sand; occurs in sands, silts, clay (50, 52) Finme as Day 1.

Sediment depth Upper 2–4 cm (51) 2 cm (51)
8 Same as Day 2–4 cm (51) 2 cm (51) .

Nutrition Algae, de tritus, sediment Suspension of finely ground Tetramin and En teromorpha (51)
10 Measure tement Susperature. End tha (51)

Ligh t cy cleNatural light Continuous ligh t(51)
Lighe test by collectight Cong t(51)

Control mort ality N/A #10 % (51)
Control morthe ality N/A #10 % (51)

Chronic test N/A Notdeveloped
Cmphic test N/A Npodeveloped

96h LC50, c admium, water onlyexposureN/A 1.17 (0.94–1.46) mg/L (53)
96s with a sievexposure N/A 1.
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TABLE A1.3 Test Acceptability Requirements for a 10-d Sediment
Toxicity Test with Ampelisca abdita , Eohaustorius estuarius ,
Leptocheirus plumulosus , or Rhepoxynius abronius (USEPA

1994a (1) )

TABLE A 1e L eptocheirus plumulosus (Family Aoridae)
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:
Fie ldLab orat ory
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).

Geographic range Cape C od, M assachu settsto Northern Fl orida(54)
Geographic range 2. Average survival of amphipods in the control sediment must be

greater than or equa(54)
N/A
3. Salinity, pH, and ammonia in the overlying water and sediment
grain size should be within tolerance limits of test species.

Habitat U-shaped burrows in fine sand to muddy sediments; shallow
subtidal (54, 55)

Collectionsiteor culture sediment, 2 cm(56, 59-62)
B. Performance-based criteria for culturing L. plumulosus include:

Life cycle Annual;re production sp ringthrough fallin Chesap eake Bay, a t lea
sttw o broods per female (54, 56).

Life cycle 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).

Multiple broodsper year, lifespan $ 7 weeks(62)
2. Records should be kept on the frequency of restarting cultures.

Life stage tested N/A 3.
l

Immatureor mature 3to 5-mmamphipods; mixedsexes(56, 59-62)
4. Laboratories should characterize and monitor background
contamination and nutrient quality of food if problems are observed
in culturing or testing organisms.

Temperature Range at collecting site = 0 to 29°C (57)
Routinely tested at 20°C, has beentested at 25°C (56, 59-61)
C. Performance-based criteria for field-collected amphipods include:

Salinity Collectedin water r anging fromnear 0to 33 g/kg (55, 58).
Salinity 1. Laboratories should perform reference-toxicant tests on each

batch of field-collected amphipods received used in a sediment test
(section 11.16).

> 90 %mean su rvival insalinities 2to 32 g/kg ( 56, 59-61) o⁄oo

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

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

behavior upon placement in water, have full digestive tracts, and
display(55-58)

Up to 100 % survival with > 90 % silt-clay; 85 % mean survival with
> 95 % sand-gravel (56, 59-61)

Sediment depth Usuallyin upper 2 cm; ra rely deeper than 5 cm
Sediment depth D. Additional requiremen 5 cm

2 cm (56, 59-61)
1. All organisms in a test must be from the same source.

Nutrition Surfacedepo sitand suspen sion feeder (57)
Nutrition 2. Storage of sediments collected from the field should follow

guidance outlined in section feeder (57)
Combinationof “amph ipod gorp”andmicro- algae(62)
3. All test chambers (and compartments) should be identical and
should contain the same amount of sediment and overlying water.

Light cycle Natur allight16h:8hl ight:d ark (56, 59-61)
Light cycle 4. Negative-control sediment and appropriate solvent controls must

be included in a test. The solvent control used must not adversely
affect test organisms.

Control mortality N/A #
Control mortality N/A #

m
te
te

Chronic test N/A U
Chronic test N/A U

w
re

96h LC50, cadmium water only exposure N/A 1.
96h LC50, cadmium water only exposure N/A 17

co
te
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water level should be added brought up to beakers the day before 950-mL mark, the amphipods are added, test chamber covered,
and aeration may be discontinued for up to allow suspended sediment particles 1 to settle, and 2 h toallow the amphipods to burrow
into the sediment. Aeration should then continue for equilibration the remainder of temperature and the sediment-water interface.

A1.3.1 After test.
A1.3.3.2 After the overnight equilibration time, 20 amphipods are distributed to each addition of the animals, the test chambers,

with additional toxicity test water to bring chambers should be examined for animals that may have been injured or stressed during
the water level up to the 950-mL level. 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 used.Eohaustorius estuarius, L. plumulosus, andR. abroniusshould be allowed 5 to 10 min to bury into the test
substrate. Any amphipods sediment.Ampelisca abdita, which may take longer to build tubes, should be allowed 1 h. Amphipods
that have not burirowed within that the prescribed time or appear damaged should be replaced, unless replaced with animals from
the amphipods same sieved population, unless they are repeatedly burrowing into the sediment and immediately emerging in an
apparent avoidance response to the test substrate. response. In that case, the amphipods are not replaced. Amphipods are not
removed from the surface The number of test sediments during the course of the test even if they appear dead, since some
amphipods that seem dead might actually are removed should be alive and might later rebury recorded.

A1.3.4 Test Conditions:
A1.3.4.1 Aeration—The overlying sea water in the each test sediments.
A1.3.2 The toxicity test chamber should be aerated continuously after the water is terminated when amphipods 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.
Amphipods are transferred to a sorting tray organisms. Compressed air, previously filtered and numbers free of oil, should be
bubbled through a glass or plastivc pipette and dead amphipods are counted. Survivors are transferred attached plastic tubing. The
tip of the pipette should be suspended 2 to dishes containing a 2-cm deep layer 3 cm above the surface of clean, native the sediment
and allowed 1 h layer so as to rebury. not disturb the sediment surface. The numbers concentration of survivors unable to rebury
dissolved oxygen (DO) in clean the water overlying the sediment can be used to calculate an EC50 for this sublethal effect.

A1.4 Life Cycle and Age Class— Rhepoxynius abroniushas an annual life cycle(40), with recruitment occurring primarily in
the l test chambers is maintaine wd at or near saturation by gently aerating the water. Air is bubbled through the spring months.
Large immature and adult amphipods, 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 to 5 mm total length, one or more test chambers is interrupted for more than
one hour, DO should be u measured in the toxicity those test because they are available year round, and their sensitivity chambers
to contaminated sediments has been shown to be not greatly different from that determine whether DO concentrations have fallen
below 60 % of juveniles(19). They are also large enough to saturation. Results may be easily handled and counted unacceptable
for test chambers in the toxicity test. Mature males and females, even those carrying eggs, have been found which aeration was
interrupted and DO concentrations fell to be equally sensitive to test materials, so it is possible to use a mixed population of both
sexes, although very large mature individuals below 60 % saturation.

A1.3.4.2 Lighting—Lights should not be used because they might be senescent. It is necessary left on continuously at an
intensity of 500 to change year classes sometime 1000 lux during the summer, as old amphipods die out and are replaced by 10-d
exposure period. The constant light increases the maturing juveniles.

A1.5 Control Survival—Control survival usingRhepoxyniusis generally 95 % or greater, and must be at least 90 % for the
toxicity test to be considered valid.

A1.6 Sensitivity—Rhepoxynius abroniushas been shown to be among the most sensitive tendency of sediment toxicity test the
organisms to test materials, but is fairly tolerant of handling remain buried in the sediment, and thus to a variety of physical
characteristics of sediment(3). The genusRhepoxyniusis one of the first remain exposed to disappear from benthic communities
impacted by pollution(3, 39).

A1.7 Interpretation and Interferences—In interpreting the data from 10-day sediment toxicity tests with adultRhepoxynius, it
should be kept in mind that the very early life stages, the reproductive ability test material.

A1.3.4.3 Feeding—The four species of amphipods, or their longterm survival might be affected by contaminants at lower
concentrations than those that produce a lethal or sublethal effect in mature amphipods used in a short-term test.Rhepoxyniushas
been shown to this method are not be somewhat adversely affected by very fine-grained sediments(20). Despite these limitations,
fed during the toxicity 10-d exposure period.

A1.3.4.4 Water Temperature—The test usingRhepoxynius abroniushas been demonstrated temperature will depend on the
species that is tested. Test temperatures were selected to be very useful in detecting sediment toxicity, and can near the summertime
thermal maximum that each species would be used expected to encounter in a variety of research and regulatory applications.
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A2. EOHAUSTORIUS ESTUARIUS

A2.1 the environment.Ecological Requirements— Eohaustorius estuarius(24) and lives in intertidal sands alongR. abronius,
the North American west coast from British Columbia south to Pacific Coast amphipods, should be tested at least central California
15°C. Ampelisca abdita(26, 43). It is a desirable test species for sediments which have interstitial salinities ranging between 2
should be tested at 20°C and 28 g/kg. SinceE. estuarius L. plumulosusnormally inhabits sandy sediments, at 25°C.

A1.3.4.5 Salinity—The salinity of the experimental design should include a fine-sediment control (in addition to water
overlying the native sediment control) if test sediments are predominantly silts or clays. This control sediment should consist of
clean sediment from an uncontaminated reference collection site near that of will vary depending on the selected test sediment(s)
and have a similar grain size distribution.

A2.2 species. For routine testing,Collection and Handling TechniquesA. abdita—E. estuarius and R. abroniuscan should be
found in the upper 10 cm of fine, intertidal, estuarine sands +0.5 to +2.0 m above mean low low water (MLLW). The amphipods
can be collected by shovel tested at low tide and sieved from their native sediments with a 1.0–mm mesh-diameter screen. They
can be transferred between sorting trays, acclimation dishes, and test chambers with a 5-mm diameter bulb pipette.

A2.2.1 For acclimation, up to 20 an overlying water salinity of 28o⁄oo , whereasE. estuariuscan be held in 10-cm diameter
specimen dishes containing a 2-cm deep layer of native sediment served to#0.5 mm. These dishes should be transferred to holding
tanks supplied with aerated or flowing sea water tested at the 20o⁄oo . The target test temperature and salinity. Two to three days
are sufficient salinity for acclimation to test conditions. The amphipods should be separated from the acclimation sediments using
a 1.0-mm mesh-diameter sieve immediately prior to initiating the toxicity test.

A2.3 Toxicity Test Specifications—The toxicity test should be run at 156 3°C withL. plumulosusis 5 or 20o⁄oo depending on
the pore-water salinity. The recommended overlying water composed of toxicity test seawater diluted to the same salinity as the
interstitial water of the test substrate. The test chamber is usually a standard 1-L glass beaker with a 10-cm internal diameter.
Beakers should be covered with an 11.4-cm diameter watch glass to reduce contamination of the contents and evaporation of the
water and 5o⁄oo for test material. Aeration can be provided to each test chamber through a 1-mL glass pipette that extends between
the beaker spout and the watchglass cover to a depth not closer than 2 cm from the with sediment surface. Sediment in the test
chambers should be 2 cm deep, and toxicity test pore water should be added up from 1 to the 700-mL mark on the beakers.
Sediment and water should be added to beakers the day before the amphipods are added, to allow suspended sediment particles
to settle, and to allow time 10o⁄oo or 20o⁄oo for equilibration of temperature and the sediment-water interface.

A2.3.1 After the overnight equilibration time, 20 amphipods are distributed to each of the test chambers, sediments with
additional toxicity test pore water to bring >10o⁄oo . Alternatively, the water level up to the 950-mL level. The amphipods should
be allowed 5 to 10 min to bury into the test substrate. Any amphipods that have not buried within that time should be replaced,
unless the amphipods are repeatedly burrowing into the sediment and immediately emerging in an apparent avoidance response
to the test substrate. In that case, amphipods are not replaced. Amphipods are not removed from the surface salinity of test
sediments during the course of the toxicity test even if they appear dead, since some amphipods that seem dead might actually be
alive and might later rebury into the test substrate.

A2.3.2 The toxicity test terminates when the amphipods are sieved from the test substrate using a 0.5-mm mesh-diameter screen
and the animals are transferred to a sorting tray. After survivors are counted, the ability of surviving amphipods to rebury into clean
native sediments may be used to determine an EC50 overlying water for this sublethal effect. Surviving toxicity tests withE.
estuariusshould orL. plumulosuscan be transferred adjusted to specimen dishes containing a 2-cm deep layer of native sediment
sieved to#0.5 mm, and should be allowed selected target salinity (for example, one hour to rebury.

A2.4 representative of the salinity regime at the site of interest). Depending on the objectives of the study,Life Cycle and Age
Classes— EohaustoriusE. estuarius and L. plumulosus cappn be tested with overlying water salinity ranging from 1 to have an
annual life cycle, 32o⁄oo . However, if tests are conducted with reproduction occurring procedures different from February through
July (27). Large immature and adult amphipods, 3 those described in Table A1.1 (for example, different salinity, lighting,
temperature, feeding conditions), additional tests are required to 5 mm total length, determine comparability of results (sections
1.4 and 1.10). Pore-water salinity of each test sediment should be used in measured before the toxicity test because they are
available year round and are easily handled and counted. Larger individuals initiation of a test. Sediment pore water should not
be used as they might be senescent. Age, size, and sex-specific sensitivity obtained by centrifugation. Alternatively, salinity can be
measured before homogenization in the water that comes to the surface in the sample container as the sediment settles. The
pore-water salinity of E. estuarius to contaminants has not been examined, but mixed-sex populations of animals the test sediment
should be within their recommended size the salinity application range show highly replicable responses to laboratory-spiked and
field-collected contaminated sediments of the chosen amphipod species (Table A1.4).(24). This strongly suggests that both
sexesRhepoxynius abronius cannot be tested when sediment pore-water salinities are comparably susceptible to contaminated
sediments.

A2.5 <25o⁄oo . Another species should be used for such sediments.Control Survival—Control survival usingAmpelisca abdita,
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EohaustoriusE. estuarius, and L. plumulosusmust can be at least 90 % for tested over the toxicity test entire pore-water salinity
range (that is, 1 to be considered valid.

A2.6 34o⁄oo) when the recommended species-specific overlying salinity is used. PSEP (1995Sensitivity—Eohaustorius
estuarius(192) is only slightly less sensitive than Rhepoxynius to contaminants, and is fairly tolerant) outlines a procedure for
adjusting the pore-water salinity of samples with a salinity <25o⁄oo 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 species resultant overlying water is less sensitive than either retained or about 75 % replaced with fresh
dilution water at 28o⁄oo (PSEP 1995 Rhepoxynius(192)). While this manipulation should result in an acceptable salinity for tests
with to a varietyR. abronius, the influence of physical characteristics this manipulation on the bioavailability of contaminants in
the sediment and sample is tolerant of salinity levels ranging from about 2 g/kg to uncertain. See section 12.1.4.

A1.3.5 Measurements and Observations:
A1.3.5.1 Temperature should be measured at least 35 g/kg.

A2.7 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 6 2°C oxf the desicred temperature. The instyantaneous temperature must always be within6 3°C of the desired
temperature.

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

A1.3.5.3 Ammonia should be measured in overlying water towards, the reproductive ability, or beginning (for example, Day
2) and towards the long-term survival end ofE. estuariusmight the test (for example, Day 8). Measurement of overlying water
pH and temperature should accompany each ammonia measurement. Simultaneous measurements of ammonia, pH, and
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 obtained by coentrifugamtion.

A1.3.5.4 Eanch test chamber should be examined at concentrations lower than those that produce a lethal or sublethal response.
Despite these limitations, least daily during the toxicity 10-d test using adultE. estuariushas been demonstrated period to be useful
in quickly detecting ensure that airflow to the overlying sea water is acceptable. The number of amphipods emerged from the
sediment toxicity including those swimming in estuarine sediments of widely varying interstitial salinity, the water column and can
trapped in the air-water interface should be used noted. Amphipods caught in the air-water interface should be gently pushed down
into the water using 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 sediment and regulatory applications.

A3. AMPELISCA ABDITA

A3.1 recovery could be determined after1 h (Tomasovic et al., 1994Ecology—Ampelisca abditais a tube-dwelling amphipod
belonging(207)).

A1.3.6.2 The contents of the test chambers are sieved to isolate the family Ampeliscidae, found mainly 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 used
for sieving. Material retained on the sieve should be washed into a sorting tray with clean test sea water.Ampelisca abditaare
tube-builders and can be forced from their tubes for enumeration by slapping the low intertidal zone to depths sieve forceably
against the surface of 60 m. It ranges the water or by using a stream of water (for example, from central Maine a spray bottle or
from a tube connected to south-central Florida and the eastern Gulf a source of Mexico running water).(44, 63)Eohaustorius
estuarius, and has also been introduced into San Francisco Bay (45). It is euryhaline,L. plumulosus, and has been reported
in waters that range from fully marine to 10 parts per thousand salinity (44). This species generally inhabits sedimentsR.

TABLE A1.4 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

abdita
Eohaustorius

estuarius
Leptocheirus
plumulosus

Rhepoxynius
abronius

Temperature (°C) 20 15 25 15
Overlying water salinity (o⁄oo) >10 1 to35 1.5 to 32 >25
Grain size (% silt/clay) >10 <70 clayA 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

A Environment Canada (1998 (221))
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abroniusare easily removed from fine sand to mud and silt without shell, although it can also the sediment by the sieving
process. The sieve should be carefoully examined for any animals remaining, and in relatively coarser sediments with a
sizable fine component (46). the case ofA. abdita is often abundant in sediments with a high organic content (47).

A3.1.1 In the colder waters of its range,A. abditaproduces two generations per year, an overwintering generation, also for any
tubes (which may contain animals) remaining.

A1.3.6.3 Material that breeds in has been washed from the spring and a second that reproduces in mid to late summer(45, 46).
In New England, breeding of sieve into the overwintering generation begins when sorting tray should be carefully examined for
the water temperature is about 8°C, but in warmer waters south presence of Cape Hatteras, breeding might be continuous
throughout amphipods. A small portion of the year. Adults mate in the water column, and intense breeding activity is correlated
with the full moon and spring tides. Juveniles are released after approximately two weeks in the brood pouch, material should be
sorted through at about 1.5 mm in length. It then takes 40 to 80 days for newly released juveniles to become breeding adults(46).
WhenA. abditaare present, a time, removing amphipods as they are often dominant members of the benthic community found.
Material from tests conducted with densities up to 110 000 m−2 (45, 47, 64). Ampelisca A. abdita is a particle feeder, feeding both
on particles in suspension and on those from the surface of the sediment surrounding its tube. Gut contents of field-collected
specimens have been found to include algal material, sediment grains, and organic detritus(44, 45).

A3.2 Collection and Handling Techniques—Ampeliscashould be sieved from their native (collection site) sediment as soon
as possible after collection. A 2-mm mesh sieve nesting over a 0.5-mm mesh sieve is useful for this procedure. It is desirable for
will include tubes built by the sediment containing the amphipods to be rinsed first through during the upper, 2-mm sieve with a
forceful stream of seawater at the collection temperature test. The tubes should be carefully examined and salinity. This teased apart
under a dissecting microscope or magnifying glass becauseA. abditawill break up often remain in the sediment material and also
force most tubes even after vigorous sieving. Numbers of the live, missing, and dead amphipods out of their tubes. The material
thus retained on the 0.5-mm sieve should be vigorously shaken determined and swirled so the fine sediments pass through and the
amphipods recorded for each test chamber. Missing animals are separated from tubes, sediment, and detrital material. If the sieve
is then lifted from the water, allowed assumed to drain, have died and then slowly lowered into a shallow tray of seawater,
decomposed during theAmpeliscawill be caught on the water’s surface tension test and can disintegrated; they should be easily
collected with a fine mesh dip net. The amphipods can be held temporarily included in large culture dishes in a constant
temperature bath, and then separated into two size classes with the use of nested 1.0 and 0.5-mm sieves.

A3.2.1 During acclimation,Ampeliscacan be held number dead in 1-gal glass jars, each containing approximately a 4-cm deep
layer calculations of sieved collection site sediment. If seawater is flowing through the holding containers, a screened overflow
must percent survival for each replicate treatment. Amphipods that are inactive but not obviously dead should be observed using
a low-power dissecting microscope or a hand-held magnifying glass. Any animal that fails to prevent loss exhibit movement (that
is, neuromuscular twitch of swimming amphipods. Amphipods should have food available on pleopods or antennae) upon gentle
prodding with a daily basis during acclimation. Research probe should be considered dead.

A1.3.7 Test Data—Survival is currently being conducted to determine optimal food sources for culturing this amphipod.
Reasonable growth and reproduction have been obtained when the primary endpoint recorded at the end of the 10-d sediment
toxicity test withA. abdita has been fed the diatom, Phaeodactylum tricornutumE. estuarius daily in excess (a suggested amount
is 0.5 to 1 L of algae per gallon jar, or 33 10 4 cells/mL)., Skeletonema costatumL. plumulosus, and has also been used
successfully. Amphipod exposureR. abronius. The ability of surviving amphipods to the food source will be increased if, during the
feeding period (for example, overnight), the holding system is static, with aeration to circulate the algae. Sloping upper sides on
the holding containers will aid rebury in movement of algae across the clean control sediment surface. Care should can be taken
used to calculate effective mortalinty, that ins, the temperature with a water bath when seawater is not flowing through the jars.
Approximate density in the holding jars should not exceed 300 amphipods. Acclimation sum of dead animals plus those survivors
that fail to the test temperature should not exceed 3°C per day, rebury. This endpoint has been used for E. estuarius, L. plumulosus
, and R. abronius. If it is desired to determine reburial, surviving amphipods should be used within 2 weeks after collection.

A3.2.2 Ampelisca abditamay be shipped if this is done within one day of collection. Small plastic“ sandwich” containers
(approximately 500 mL) can be used transferred to hold the amphipods. The containers are filled three quarters full with holding
a minimum depth 2-cm layer of 2 cm of 0.5-mm sieved collection site control sediment and an overlying layer (22 cm) of thest
sea water. Salinity of the top with well-aerated seawater. No more than 200 amphipods test sea water for reburial should be added
to each container. Amphipods should be allowed to burrow into the sediment and build tubes before the containers are capped. The
capping must be done underwater to eliminate any air pockets same as that measured in the containers. Containers should be
shipped by means test chamber. The number of overnight delivery in coolers with a few ice packs surviving amphipods unable
to prevent extreme temperature changes during transit.

A3.3 Ten-Day Sediment Toxicity Test—The variation ofAmpelisca’s sensitivity to toxic materials under different physical
conditions rebury in control sediment after1 h is still being examined. This species is routinely tested at 20°C, but has been tested
from 8 to 25°C. In nature, feeding and somatic growth occur at temperatures as low as 3 to 5°C(44). For comparison with other
Ampelisca abditarecorded for each test results, 20°C chamber and is recommended. Similarly,A. abdita is tolerant used to
calculate effective mortality.
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A1.4 Interpretation of a wide salinity range, but most tests have been conducted at salinities Results

A1.4.1 Section 13.3 describes general information for interpretation of 28 to 35 g/kg. This amphipod inhabits fine-grained
sediments, and as with other physical conditions, if it is suspected test results. The following sections describe species-specific
information that a coarse grain size is useful in helping to interpret the results of a test sediment will stress the animals, a grain
size control should be included.

A3.3.1 The exposure chamber routinely used to test toxicity tests withA. abdita, is a quart-sized glass canning jar with a narrow
mouth. This container was selected because it is inexpensive, easily available, easily drilled if a screened overflow is needed for
flow-through tests,E. estuarius, L. plumulosus, and has sloping upper sides to improve circulationR. abronius.

A1.4.2 Influence of algal material in experiments where growth or reproductive endpoints are measured and feeding is
necessary. Indigenous Organisms Ampelisca abdita has not been tested—Indigenous organisms may be present in the 1-L beaker
exposure chamber used field-collected sediments. An abundance in other amphipod tests, but it is not anticipated that use of
beakers would create any problems. With either exposure chamber, the water column should be gently aerated with a glass pipette
inserted above the sediment surface. Sediment in the exposure chamber should be 4 cm deep.

A3.3.2 A. abdita can be collected throughout the year. However, during certain times sample of the year, juvenile amphipods
might be difficult to obtain. If mature animals are used, adult males must not be tested; they are very active swimmers and they
die shortly after mating. test organism (McGee et al. 1999Ampeliscashould be sieved from the holding containers using a 0.5-mm
sieve. Twenty(41)), or organisms taxonomically similar to thirty amphipods should be tested per replicate. For each replicate, the
contents test organism, may make interpretation of a sorting cup treatment effects difficult. The presence of predatory organisms
can be rinsed into a plastic cup with a 400 or 500-micron screened base also adversely affect test organism survival. For example,
Redmond and from there into Scott (1989(104) ) showed that the exposure container. Any animals caught on the water’s surface
polychaeteNephtys incisacan be gently pushed consumeAmpelisca abditaunder using a glass rod. Amphipods should be given
1 h to burrow into the sediment. If the lack toxicity test conditions.

A1.4.3 Effect of ability to burrow does not Sediment Grain Size—All four species show a dose-response, then the animals not
burrowed can be replaced tolerance to most sediment types, with others from the same sieved population.

A3.3.3 The endpoint for the 10-day test is mortality, generally little effect on survival whether coarse-grained or fine-grained
(that is, predominantly silt and dead animals should be counted and removed daily. An amphipod is considered dead if it does not
respond clay) clean sediments are used. However, adverse effects due to gentle probing. It is also useful to note any animals out
of their tubes on the grain-size distribution of test sediment or water surface, amphipods may occur when sediments that are nearly
dead and only exhibit a muscular pleopod twitch, either extremely sandy or fine depending on the presence species of molts, and
the condition amphipod used. In order to separate effects of the tubes built. Emergence sediment-associated contaminants from the
sediment effects of particle size, an appropriate clean control and reference sediment should be incorporated into the inability to
construct a proper tube test when test sediments are sublethal behavioral responses that would ultimately result in death.

A3.3.4 After checking within the assay on the last day, the contents range of each exposure container should be rinsed through
a 0.5-mm sieve. (A smaller mesh sieve can be used for the final sieving if there is concern about losing very small animals, but
this will make the sieving process more time-consuming.) If the experiment is small, the material retained on the sieve can be
examined that day. If time does not permit same-day examination, the retained material from each jar can be preserved in 5 %
buffered formalin with Rose Bengal stain for later examination. Any amphipods each species. Alternatively, another species that
are not accounted for when the sieved material is examined are presumed to have died during tolerant of the test. Amphipods that
have died sediment extreme in their tubes will generally decompose during the test or break apart during sieving. Rarely, an
individual that has died during the test will question might be recovered in tested o conjunction with the preserved material, and
its appearance will be markedly different from those chosen species. Ranges of the amphipods that were alive when preserved. For
instance, there might be little tissue left within its exoskeleton, it might be contorted, etc.

A3.4 Other Testing—Growth concern are outlined below.

A1.4.3.1 Ampelisca abdita—Survival ofAmpelisca abditain sediment that is >95 % sand may elicit excess mortality, but this
has not been quantified (USEPA 1994a(1), USEPA-USACE 2001(2)). Toxicity tests conducted withA. abditaon sediments that
are >95 % sand should be conducted with a clean control sediment characteristic of that test sediment. (John Scott, personal
communication USEPA, 1994a(1).)

A1.4.3.2 Leptocheirus plumulosus—In short-term exposures, juvenileL. plumulosushave been shown to be tolerant of a wide
range of grain size.Leptocheirus plumulosushas exhibited >90 % survival in 10-day tests. Small juveniles clean sediments ranging
from about 100 % sand to about 100 % silt + clay (Schlekat et al., 1992(13), USEPA 1994a(1)). See additional information
provided in sections 12.1.3 and A2.4.3.

A1.4.3.3 Eohaustorius estuarius—Eohaustorius estuariushas exhibited acceptable (100 %) survival when exposed to clean
sediments ranging from 0.6 to 100 % sand (USEPA 1994a(1)). Environment Canada (1998(184)) reported thatE. estuariuscan
tolerate up to 70 % clay in sediment toxicity tests. However,E. estuariusnaturally inhabits sandy sediments, and a narrow
correlation between survival ofE. estuariusand grain size range should has been reported by DeWitt et al. (1989(11)) and by
USEPA (1994a(1)) 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 toxicity
tests conducted withE. estuarius.

A1.4.3.4 Rhepoxynius abronius—Rhepoxynius abroniushas been used to test sediments with a wide range of sediment grain
sizes. However,R. 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 al., 1988(193); Long
et al., 1990(28); McLeay et al., 1991(194); USEPA 1994a(1)). Therefore, when test sediments are predominantly silts or clays,
the experimenital design include at silt-clay control sediment with a range of particle sizes characteristic of the test at least one
additional group of amphipods should be sorted. This extra group represents sediment(s). Alternatively, when the initial particle
size and should of test sediments are known, regression techniques can be used to evaluate protential effects of fines onR. abronius
survival (DeWitt et al., 1988(193) ).

A1.4.4 Effects of Pore-water Salinity—The four amphipod species exhibit variability in 5 % buffered formalin their salinity
tolerance ranges. There are two options available for laborateory sediment testing regarding the choice of overlying water sualinity
for a given sediment. The amphipods must be fed during options are to either use the selected species-specific overlying water
salinity for each test species (20o⁄oo for E. G estuarius, 5 or 20o⁄oo for L. plumulosus, 28 to 32o⁄oo 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 salinities
in which a given species can survive for 10 d when using species-specific overlying water salinities is measured by length from
the salinity application range. If tests are conducted with procedures different from those described in Table A1.1 (for example,
different salinity, lighting, temperature, feeding conditions), additional tests are required to determine comparability of results
(sections 1.4 and 1.10).

A1.4.5 In either scenario, the first antennae potential for a toxic response due to salinity alone exists if a species is exposed to
conditions outside of its range of tolerance. For estuarine sediments, it is very important to know the base pore-water salinity of
each sediment before testing is started, to choose a species that will not be affected by the telson. Measurements pore-water salinity,
and to use overlying water of an appropriate salinity.

A1.4.5.1 Salinity tolerance ranges for each species are d as fonllows:Ampeliscaf abdita: 20 to 32o⁄oo;(USEPA 1994a(1));
Eohaustorius estuarius: 2 to 34o⁄oo; Leptocheirus plumulosus: 1.5 to 32o⁄oo; Rhepoxynius abronius: 25 to 32o⁄oo . While there is
some evatidence of salinity-related stress forE. estuariusand countingL. plumulosusat salinity extremes, the breadth of test
survivors.

A3.4.1 Chronic tests have also been conducted with this salinity tolerance exhibited by these species (DeWitt et al., 1989
(48)(11); Schlekat et al., 1992 and research(13); USEPA 1994a (1)) is underway most likely sufficient for application to
determine the majoprity of sedimuents 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 2o⁄oo , 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, >32o⁄oo for L. plumulosus) should probably utilize A. abdita , E. estuarius, or R. abronius .

A1.4.5.2 Salinity application ranges for each species are as follows:Ampelisca abditawith overlying water salinity of 28 to
32 o⁄oo : 0 to 34o⁄oo , (Weisberg et al., 1992(180) ; USEPA 1994a(1)); Eohaus btorius eenstuariuswith overlying water salinity
of 20 o⁄oo : <2 to 34o⁄oo (DeWitt et al., 1989(11); USEPA 1994a(1)); Leptocheirus plumulosuswith overlying salinity of 20o⁄oo

: <1.5 to 32o⁄oo (Schlekat et al., 1992(13); USEPA 1994a(1) ; Emery et al. 1997(8)) andRhepoxynius abroniuswith overlying
water salinity of 28 to 32o⁄oo : 25 to 34o⁄oo (Swartz et al., 1985(10); Lamberson and Swartz, 1988(187)).

A1.4.6 Effects of Sediment-associated Ammonia—Field-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 A1.4. If ammonia
concentrations are above these concentrations, mortality occurring after 10 d may be sensitive due in part to a variety effects of
ammonia. Depending on thest application, it may be desirable top logwer the ammonia concentration by manipulating the test
system before introduction of test orgalnisms if measured ammonia in the marine environment. For example, when exposed
overlying water is greater than the species specific no effect concentration (USEPA 1994a(1)). An errata sheet to USEPA (1994a
(1)) suggests for dredged material from Black Rock Harbor, Connecticut, 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 21,
1993 guidance memorandum issued by the U.S. EPA Office of Wetlands, Oceans and Watersheds, U.S. EPA Office of Science and
Technology, and U.S. Army Corps of Engineers Operations, Construction, and Readiness Division. When ammonia is present at
toxicologically important concentrations and when ammonia is not a contaminant of concern, the laboratory analyst can reduce
ammonia in the sediment pore water to species-specific no-effect concentrations (Table A1.4). Ammonia levels in the pore water
can be reduced by sufficiently aerating the sample and replacing two volumes of water per day. The analyst should measure
pore-water ammonia periodically (for example, every 1 to 3 days) until it reaches the appropriate species-specific no-effect
concentration. After placing the test organism in the sediment, the analyst should ensure that ammonia concentrations remain
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 pore
water of the sediment.Ampelisca abdita
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A2. PROCEDURE FOR CONDUCTING A Leptocheirus plumulosusw 28-D TEST FOR MEASURING SUBLETHAL EFFECTS
OF SEDIMENT-ASSOCIATED CONTAMINANTS

A2.1 Introduction

A2.1.1 Leptocheirus plumulosushas been used extensively to test the most sensitive toxicity of 11 estuarine or marine sediment.
The choice of this amphipod species as a test organism is based on sensitivity to sediment-associated contaminants, availability
and ease of fish collection and invertebrates tested(65). This material was contaminated primarily culturing, tolerance of
environmental conditions (for example, temperature, salinity, grain size), ecological importance, ease of handling in the laboratory,
and ease of measuring test endpoints. Additionally, this species is intimately associated with polyaromatic hydrocarbons sediment
by nature of its burrowing and heavy metals. At a concentration feeding habits.L. plumulosusis tolerant of 5 mg/L suspended
Black Rock Harbor sediment, growth, salinity values between >1 to 35o⁄oo and consequently sexual maturation, were delayed, and
effects were 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 withL. plumulosusis described in Annex A1. 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, 1986(208); Ingersoll and Nelson, 1990(30); Ingersoll, 1991(209) ; Burton et al., 1992
(210); USEPA 2000(206); Test Method E 1706). Most assessments of contaminated sediment rely on short-term lethality testing
methods (for example, 10 d; USEPA-USACE, 1991(48)., 1998A. abdita(49) also showed sensitivity to a series). Short-term
lethality tests are useful in identifying “hot spots” of sediments from New Bedford Harbor, Massachusetts, that were heavily
contaminated with polychlorinated biphenyls and heavy metals.

A3.5.1 All routes of exposure have contamination, but may not been fully examined forA. abdita. Since it is a particle feeder,
it will be exposed sensitive enough to evaluate moderately contaminated particles in suspension or on the areas. However, sediment
surface. This amphipod feeds ventral side up in its tube, by quality assessments using its second antennae to pick up particles or
by capturing small particles carried to the mouth in the current created by the action sublethal responses of the pleopods benthic
organisms, such as growth and s reproductiond, have been used to successfully evaluate moderately contaminated areas (Scott,
1989 (46). Therefore,(12); Niewolny et al. 1997Ampelisca(211); DeWitt et al. 1997c(212)).

A2.1.3 The 28-d toxicity test withL. plumulosus’s feeding current exposes it to overlying water. Pore water also enters the tube,
and research is currently underway a test with a lethality endpoint and two sublethal endpoints: growth and reproduction. These
sublethal endpoints have potential to determine the extent provide a toxic response to whichA. abditais exposed to this interstitial
water. In chemicals that might not cause acute effects or significant mortality in a flow-through system, it test. Sublethal response
in 28-d exposures is alsso valumable for population modeling of contaminant effects. These data can be used for population-level
risk assessments.

A2.1.4 A1.2 describes guidance for conducting the sensitivity 28-d test withL. plumulosusthat this amphipod shows can be
used to contaminated sediments is due primarily to exposure to pore water contaminants, since evaluate the overlying water effects
of sediment contaminants are continually removed. It might on survival, growth, and reproduction. Refinement of these methods
may be possible to use other species described in future editions ofAmpeliscain toxicity tests. For information this standard, after
additional laboratories have successfully used this method (section 15.6). These methods are based on congeners, see Bousfield
procedures described in DeWitt et al. (1997a(44)(7) and Mills; 1997b (46, 63).

A4. GRANDIDIERELLA JAPONICA

A4.1 Ecological Requirements— Grandidierella japonica(52)was accidently introduced into San Francisco Bay(25) and some
other northern California bays by unknown means. It was first collected in 1971 Emery et al. (1997(50). Later it was found in
southern California where large populations are known(8)).

A2.1.5 Results of tests using procedures different from Upper Newport Bay and Shoreline Aquatic Park the procedures
described in Long Beach(52). It has proved to A2.2 may not be a useful test species for environmental studies in southern
California. The toxicity test should be conducted at 15 to 19°C using sea water with salinities between 30 comparable, and 35 g/kg.
Grandidierella japonicalives in a variety these different procedures may alter contaminant bioavailability. Comparisons of results
obtained using modified versions of these procedures might provide useful information concerning new concepts and procedures
for conducting sediment types that makes it possible to conduct tests with a variety of sediment types (sands, silts, estuarine or
clays).

A4.2 Collecting and Handling Techniques—This species can be collected intertidally and subtidally marine organisms. If tests
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are conducted using procedures different from the localities listed above. The upper 2 those described in this standard, additional
tests are required to 4 cm determine comparability of sediment should be collected results (sections 1.4 and placed in a bucket with
sea water. The contents should be gently stirred and the supernatant fluid decanted into a 1.0-mm sieve. The material retained on
the screen should be transferred to a container 1.10).

A2.2 Procedure for transport to the laboratory. In the laboratory, the material should be placed in Conducting a
sorting tray (white) containing sea water. Amphipods can be picked up using a bulb pipette with a 5-mm
diameter. Females carrying embryos in their marsupium should not be used. This stage in the life cycle can be
detected with the naked eye after some experience. These females can be set aside to establish cultures if so
desired.

A4.2.1 For acclimation,G. japonicaLeptocheirus plumulosuscan be placed in an aquarium containing a 1-cm deep layer 28-d
Test for Measuring Sublethal Effects of 0.5-mm sieved sediment from the collection site at a density of about 10 to 15 amphipods
per 100 cm2 of surface area. Two to three days are suffıcient Sediment-associated Contaminants

A2.2.1 Recommended conditions for acclimation to the conducting a 28-d chronic sediment toxicity test environment. A sieve
with a 1.0-mm diameter mesh size can be used to separateG. japonicafromL. plumulosusare summarized in Table A2.1. A general
activity schedule is outlined in Table A2.2. Decisions concerning the acclimation sediment at various aspects of experimental

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: Whole sediment toxicity test, static-renewal
2. Test sediment grain size: >5 % silt and clay to<85 % clay
3. Test sediment pore-water salinity: 1 to 35o⁄oo

4. Overlying water salinity: 5 o⁄oo if pore water is 1 to 10 o⁄oo , 20 o⁄oo if pore water is >10 to
35 o⁄oo;
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).

5. Test sediment pore-water ammonia: < 60 mg/L (total mg/L, pH 7.7); < 0.8 mg/L (unionized mg/L, pH 7.7)
6. Test sediment pore-water sulfides: Not established.
7. Temperature: Daily limits: 25°C (63°C); 28-d mean: 25°C (62°C)
8. Light quality: Wide-spectrum fluorescent lights
9. Illuminance: 500 to 1000 lux
10. Photoperiod: 16 h light: 8 h dark
11. Test chamber: 1-L glass beaker or jar with 10-cm inner diameter
12. Sediment volume: 175 mL (about 2-cm depth)
13. Sediment preparation: Press-sieved through 0.25-mm sieve.
14. Overlying water volume: Fill to 950 mL mark in test chamber (about 775 mL of water)
15. Renewal of overlying water: 3 times per week: siphon off and replace 400 mL
16. Source: Laboratory cultures
17. Life stage and size: Neonates: age-selected (<48 h old) or size-selected: retained

between 0.25-mm and 0.6-mm mesh screens.
18. Number test organisms/chamber: 20
19. Number of replicate chambers/ 5 for toxicity test; >2 additional replicate chambers for pore-water

treatment: ammonia (Day 0 and Day 28)
20. Diet: Days 0 to 13, 20 mg TetramarineT per test chamber; Days 14 to 28,

40 mg TetramarineT per test chamber.
21. Feeding schedule: 3 times per week (M-W-F) after water renewal.
22. Aeration and dissolved oxygen: Aerate constantly with trickle flow of bubbles
Daily limits: >3.6 mg/L (50 % saturation) 28-d mean: >4.4 mg/L (60 % saturation)
23. Overlying water: Clean seawater, natural or reconstituted water; same source as

used for culturing.
24. Overlying water quality and monitoring 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.

25. pH: 7.0 to 9.0 pH units
26. Pore-water quality: Total ammonia, salinity, temperature, and pH of pore water from

surrogate containers on Days 0 and 28; recommended in whole
sediment before testing.

27. Test duration: 28 d
28. Test organism observations: Observe condition and activity in each test chamber preceding water

renewal (3 times per week).
29. Endpoints: Survival, growth rate, and reproduction.
30. Test acceptability: 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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design, such as the time number of treatments and water quality characteristics, should be based on 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 withToxicity Test SpecificationsL. plumulosus—The toxicity test should be run at 15 to 196 3°C using 30 to 35 g/kg
overlying water in the test chambers. The test chamber is usually conducted at 25°C and a standard 1-L glass beaker salinity of
either 5o⁄oo or 20o⁄oo with a 10-cm internal diameter. Beakers should be covered with 16 h light : 8 h dark photoperiod at an
11.4-cm diameter watch glass to reduce contamination illuminance of about 500 to 1000 lux (Table A2.1). Alternatively, the
contents and evaporation salinity of the overlying water and test material. Aeration can be provided adjusted to each test chamber
through a 1-mL glass pipette that extends between selected target salinity (for example, one representative of the beaker spout and
salinity regime at the watchglass cover to a depth not closer than 2 cm site of interest). If tests are conducted with procedures
different from the sediment surface. Sediment those described in the test chambers should be 2 cm deep, and toxicity test water
should be added up to the 700-mL mark on the beakers. Sediment and water should be added to beakers the day before the
amphipods Table A2.1 (for example, different salinity, lighting, temperature, feeding conditions), additional tests are added,
required to allow suspended determine comparability of results (section 1.10).

A2.2.3 Test chambers are 1-L glass chambers containing 175 mL of sediment particles to settle, and to allow time for
equilibration about 775 mL of temperature and the sediment-water interface.

A4.3.1 After the overnight equilibration time, 20 overlying seawater. Twenty neonate amphipods are distributed added to each
of the test chambers, with additional toxicity test water to bring chamber at the water level up to the 950-mL level. The amphipods
should be allowed 5 to 10 min to bury into the test substrate. Any amphipods that have not buried within that time or appear

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 1 to 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.
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damaged should be replaced, unless the amphipods are repeatedly burrowing into the sediment and immediately emerging in an
apparent avoidance response to the test substrate. In that case amphipods are not replaced. Amphipods are not removed from the
surface start of a test. Five replicate test sediment during the course of the test even if they appear dead since some amphipods
that seem dead containers per treatment are actually alive recommended for routine testing. Exposure is static-renewal with water
exchanges and might re-bury in the feeding three times per week, on Monday, Wednesday, and Friday. The test sediment. At the
termination of the test, the re-burial data organisms are fed after water renewals. Overlying water can be used to determine an EC50
for a sublethal measurement.

A4.3.2 The toxicity test should be terminated and the amphipods recovered using a 0.5-mm sieve. Surviving amphipods should
be allowed 1 h tore-bury in a 2-cm deep layer of clean, collection site sediment.

A4.4 Life Cycle and Age Class— Grandidierella japonicahas a short life cycle and is capable of completing four culture,
surface, site, or five life cycles a year under laboratory conditions of 20°C. Immature amphipods, 3 reconstituted water adjusted
to 6 mm in total length, should be used in the toxicity test. No females carrying embryos in their marsupium should be used in
these tests. Animals can be cultured in test salinity. For site-specific evaluations, the laboratory on a diet characteristics of
powdered fish flakes. It is easier to initiate such a culture with females carrying embryos.

A4.5 Interpretation—In interpreting the data from acute toxicity tests, it overlying water should be kept in mind that the
reproductive ability or long-term survival might be affected by contaminants at lower concentrations than those that produce a
lethal or sublethal effect in a short-term test. Despite these limitations, the toxicity test usingGrandidierella japonicahas been used
in detecting sediment toxicity or toxic elements. Its ability as similar as possible to live in a burrow in a variety of sediment types
gives broad application for the use ofG. japonicain research and regulatory applications.

A5. LEPTOCHEIRUS PLUMULOSUS

A5.1 Ecological Requirements—Leptocheirus plumulosus(family Aoridae) is an infaunal amphipod distributed subtidally
along the east coast of the United States from Cape Cod, Massachusetts to northern Florida(54). In Chesapeake Bay,L. plumulosus
is indigenous to oligohaline and mesohaline regions(55, 57, 58), though it can tolerate an even broader salinity range, from near
0 to 33 g/kg(55, 56, 58). This species constructs U-shaped burrows in sediments ranging from fine sand to silty clay(56-58). Due
to its broad salinity and site where sediment tolerances, it is a desirable test species collected. Requirements for east coast estuarine
sediments and has been used successfully test acceptability are summarized in the assessment of contaminated sediments in
Chesapeake Bay(59-61)Table A2.3.

A5.2

A2.3 General Procedures

A2.3.1 Sediment into Test Chambers Collecting and Handling Techniques—Leptocheirus plumulosusis most abundant in:
A2.3.1.1 The day before the upper 2 cm addition of amphipods (Day-1), each test sediment, rarely penetrating to depths below

5 cm (66). Amphipods including control and reference sediment, should be homogenized among replicate beakers. This can be
collected with benthic grab samplers (for example, Peterson, Ponar) from various tributaries achieved by mixing, by stirring
manually, or by using a rolling mill, feed mixer, or other apparatus (section 10.3) or by serially spooning out small aliquots of
Chesapeake Bay. The contents of sediment to each grab are sieved through test chamber. If a 0.5-mm mesh screen and the retained
material quantitative confirmation of homogeneity is gently rinsed into polyethylene buckets containing collection site required,
replicate subsamples should be taken from the sediment batch and w atnalyzed for. TOC, chesemical concentrationers, and particle
size. The concentrations of ammonia in pore water should t also be measured at the laboratory where they are aerated. start of
the test.

A2.3.1.2 A 175-mL aliquot of sediment is added to each test chamber with five replicates per sediment treatment. It is desirable
important that an identical volume be added to sort amphipods from collection site debris within 12 hours. A0.5-mm mesh sieve
each replicate test chamber; the volume added should provide a sediment depth of 2 cm in the test chamber. The sediment added
to the test chamber should be settled by tapping the bottom or side of the test chamber against the palm of the hand or another
soft object. Alternatively, sediment can be smoothed with a nylon, fluorocarbon, glass, or polyethylene spatula. Sediment known
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 Teflont spheeting (4 to 6 mil), ort a glass petri dimsh 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 chamber
on the scide at 950 mL and to fill with water to reach the mark. A turbulence reducer can be rinsed into sorting trays containing
collection site water. Healthy, active amphipods can be removed from detritus by using a bulb pipette with clean water between
replicates of a suitable size (for example, one with treatment, but a 5-mm diameter bulb).

A5.2.1 For acclimation,L. plumulosuscan separate turbulence reducer should be used for each treatment. The test chambers
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should be covered, and placed in an aquarium (for example, 40-L) containing a 1–2 cm deep layer of 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 0).

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 once
the water quality characteristics are acceptable. Aberrant pH values might be caused by characteristics of certain sediments and
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 per aquarium. Aeration be acclimated to test temperature of 25°C (6 3°C) before test initiation. Ideally,
test organisms should be vigorous. Two cultured in the same water that will be used in testing.

A2.3.4.2 Occasionally there is a need to three days are sufficient for acclimation 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 test environment. A gradual change 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 growth is desirable. This
not effected at a salinity ranging from 5o⁄oo and 20o⁄oo (DeWitt et al., 1997a(7)). Acclimation can be accomplished achieved by
gradually increasing exposing organisms to a gradual change in temperature or salinity. However, the proportion rate of test water

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 6 2 o⁄oo of the selected salinity and the instantaneous salinity
readings should be 6 3 o⁄oo of the selected salinity.
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change should be relatively slow to prevent shock. A change in themperature or salinkity not exceeding 3°C or 3o⁄oo per 24-h
period is strovngly recommended (Section 12). Tests at temperatures other than 25°C need to 3 days.

A5.2.2 Culture techniques 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, laboratory populations can added to the test

chambers. See section 12.5 for procedures for obtaining neonates for testing. Amphipods should be maintained through several
generations impartially selected and placed in shallow plastic tubs transfer containers (small dishes or glass aquaria eye cups)
containing a 1–2 cm layer small amount of fine grained sediment from the amphipod collection site or a texturally similar sediment
(62). Water exchange is static-renewal, with 30 to 50 percent test water. The number of water volume amphipods in each container
replaced 2 dish should be verified by recounting before organisms are added to 4 times per week. Culture containers 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. Because neonates are aerated, maintained very small, caution should be taken to ensure that each test chamber receives all 20
amphipods at test initiation. The distribution of amphipods to the test chambers needs to be done in an impartial fashion. Animals
need to be added to test chambers as soon as possible following their collection to minimize handling stress and exposure to
temperature changes. Three impartially selected sets of approximately 20°C, 20 neonates for initial weight determination should
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 container
should be poured into a test chamber. Any neonates remaining in transfer containers can be washed immediately into the test
chamber using a gentle stream of 20 g/kg water at appropriate temperature and salinity. Neonates trapped at the surface water can
be submerged by using a photoperiod of 16h light:8h dark. Cultures receive blunt probe or by gently dribbling a mixture few drops
of micro-algae (for example,Pseudoisochrysis paradoxa, Phaeodactylum tricornutum, Tetraselmis suecica) and approximately 0.1
g of test or culture water onto the amphipod “gorp” (a mixture from above. A disk of fish food flakes, yeast, alfalfa powder, ground
cereal leaves and shrimp maturation feed) 2–3 times per week(62). Amphipods 6-mil polyethylene, nylon, or Teflont can be
separated from acclimation or culture sediments using a 0.5 mm sieve immediately prior used on the water surface to initiating
minimize disruption of the toxicity test.

A5.3 Toxicity Test Specifications—The effects 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 the
amphipods have been introduced. A separate disk should be used for each treatment to avoid cross contamination. Aeration may
be discontinued for up to 1 to 2 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 burrow
into the sediment and might have been stressed or injured during the isolation, counting, or initiation processes. Injured or stressed
test organisms will not burrow into sediment and should be removed. Neonates that have not burrowed within 1 h should be
replaced with test organisms from the same sieved population, unless they are repeatedly burrowing into the sediment and
immediately emerging in an apparent avoidance response. In that case, the amphipods are not replaced. The number of amphipods
that are replaced in each test chamber should be recorded.

A2.3.6 Test Conditions:
A2.3.6.1 Test limits for the 28-dL. plumulosusto toxic materials test are currently under investigation. This species is routinely

tested at 20°C, but has been tested at 25°C. Salinity provided in Table A2.1. Test sediments with characteristics that exceed these
limits are subject to noncontaminant effects that should to be considered during interpretation of test results.

A2.3.6.2 Aeration—The overlying water will depend on the objectives in each test chamber should be aerated continuously after
an initial settling period, except during introduction of the study. Toxicity 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 be
suspended 2 cm to 3 cm above the same salinity as surface of the interstitial water sediment so that it does not disturb the sediment
surface. The concentration of DO in the test sediment, water overlying the ambient bottom salinity at sediment in the test chambers
is maintained at or near saturation by gentle aeration. Ideally, air is bubbled through the water at a rate that maintains a high
percentage of saturation (for examplec, about 90 %) but does not disturb the sediment surface. If air flow to one or more test
salinity chambers is interrupted (that is, for more than 1 h), DO should be measured in those test chambers to determine whether
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 be
>3.6 mg/L (50 % saturation). Results may be unacceptable for test chambers in which aeration is interrupted or DO concentrations
fall to below 50 % of saturation.

A2.3.6.3 Lighting—Laboratory lighting should be maintained on a 16 h light: 8 h dark photoperiod cycle throughout the range
test at an intensity of 2 500 to 32 g/kg. Laboratory investigations indicate 1000 lux.

A2.3.6.4 Feeding and Water Renewal Leptocheirus—A Tetramarinet-only diet is recommended for the 28-d sediment toxicity
test withis tolerantL. plumulosus. With this diet, 400 mL of overlying water is replaced three times per week (Monday-Wednesday-
Friday), after which a Tetramarinet slurry is delivered to each chamber in 1-mL aliquots. Water removal and replacement should
be completed using procedures that minimize disturbance tof sediment types(56); however, 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 can
resuspend and disturb the sediment. A separate turbulence-reducer should be used for each treatment when water is replaced to
avoid cross contamination (A2.3.2). Tetramarinet is 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, Tetramarinet is finely 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 Tetramarinet,
and the slurry is mixed on a stir plate for 15 min. USEPA-USACE (2001(2)) provides a sample calculation for preparation of food
rations. The slurry is prepared fresh for each use and needs to be somewhat stressful. Fine grained sediments mixed continuously
during feeding to prevent the Tetramarinet from settling.

A2.3.6.5 Laboratory experimentation has shown that food ration can affect the response of test animphals to sedipment-
associated contaminants. The food ration of Tetramarinet recommended 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 2001(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 experienced byL.
plumulosusin the wild (Holland et al., 1988(185); McGee, 1998(172)). The exposure chamber routinely test temperature is 25°C
with a daily maximum range of6 3°C and a 28-d weighted mean of 25°C6 2°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 forL. plumulosusis a 1-L glass container is 5 or 20o⁄oo depending on the pore-water
salinity. The recommended overlying salinity is 5o⁄oo for test with a sediment pore water from 1 to 10o⁄oo or 20o⁄oo for test
sediments with pore water > 10o⁄oo . The 28-d mean salinity values should deviate no more than 2o⁄oo from the recommended
salinity (for example, 5o⁄oo or 20o⁄oo). Pore-water salinity of 10.0-cm 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 (sections 1-L.4 and 1.10).

A2.3.7 Measurements and Observaktions:
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 exposure temperature of the water bath or a test chamber should be covered continuously monitored
with a watch glass minimum and maximum temperature recorded daily. An additional replicate container identical to test
containers is reducommended for contaminuous temperature monitoring. The time-weighted average of daily temperature readings
must be 25°C6 2°C. The instantaneous temperature must always be within6 3°C of the contents desired temperature.

A2.3.7.2 Salinity, DO, temperature, and evaporation pH of the overlying water and test materials. Aeration can should be
provided to each measured three times per week in at least one test chamber through a 1-mL glass pipette positioned per treatment
before renewal of water. Care should be taken not closer than 2 cm from to disturb the sediment surface. Each when sampling
overlying water quality.

A2.3.7.3 Total ammonia should be measured in overlying and pore water at test chamber initiation (Day 0 or Day -1 for pore
water) and at test termination (Day 28). Salinity, pH, and temperature should 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 be
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 centrifughation 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 to 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 of a 4:1 (v/v) test.
Amphipods caught in the air-water interface should be gently pushed down into the water to sediment ratio. 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 organisms
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 the test chambers organisms. The mesh sizes for sieving the
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day before contents of the amphipods are added test chambers is 0.5 to allow suspended sediment particles 0.6 mm to settle, isolate
adults and 0.25 mm to allow time for equilibration of temperature and isolate offspring. The 0.6-mm sieve should not be stacked
atop the 0.25-mm siedve for thims procenss. Test- water should be used for sieving. Materfial retained on each sieve should be
washed into a sorting tray with clean test water.L. plumulosus

A5.3.1 After overnight 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 of

amphipods. A small portion of the test chambers, material should be sorted through at a time, and amphipods can should be
randomly distributed to each of removed as they are found. Amphipods and residual sediment retained on the containers. It is
desirable 0.25-mm sieve should be rinsed briefly with freshwater to sacrifice remove salts and washed into a random labeled
sample jar using 70 % alcohol (either ethyl or isopropyl). Use of at wide funnel supported by a ring st 20and facilitates this process.
Because offspring are very small, care is needed to transfer all organisms from those being sorted on day 0 the screen to provide
an initial size range estimate the sample jar. Add sufficient 70 % alcohol to preserve the amphipods, and add about 3 mL of rose
bengal solution (about 1 g/L) to stain the organisms. Offspring can be counted on test animals. 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 per replicate. Animals caught on determined
and recorded for each test chamber. Missing adult organisms are assumed to have died, decomposed, and disintegrated during the
water’s surface can test; they should be g included in the number dead in caly pculations of the percentage survival for each
replicate treatment. Amphipods that are inactive but not obviously dead are observed using a g laow-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 isolated
amphipods that are dead, alive, owr moribund should be mad 5e in 10 % of replicates by a second observer. Based one the
experience of one laboratory, the intralaboratory median CV for survival (sample size of 88 treatments) can be expected to be 11 %
(DeWitt et al. 1997b(25); section 15.6.1). Based on one study involving 10 min to burrow into laboratories, the test sediments.
Amphipods interlaboratory CV for survival ranged from 4 to 19 % (DeWitt el a. 1997b(25); section 15.6.2). It should be expected
that have not burrowed 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 gain
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, and
does not result in an increase in sensitivity inL. plumulosus28-d test (DeWitt et al., 1997a(7)). Dry weight of amphipods can be
determined as follows:(1) transferring the archived amphipods are repeatedly burrowing from a replicate out of the preservative
into a crystallizing dish;(2) rinsing amphipods with deionized water;(3) transferring these rinsed amphipods to a preweighed
aluminum pan;(4) drying these samples to constant weight at 60°C; and(5) weighing the sediment pan and immediately emerging
in an apparent avoidance response. In that case, dried amphipods on a balance to the nearest 0.01 mg. Average dry weight of
individual amphipods are not replaced. Amphipods are not removed in each replicate is calculated from these data. Due to the
surface small size of test sediments the amphipods, caution should be taken during weighing 20 dried amphipods after 28-d
sediment exposure may weigh less than 25 mg). The average per-capita dry weight of adult amphipods for each replicate is the
course difference between the tarred weight of the toxicity test even if they appear dead, since some boat and the total weight of
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: Growth
Rate (mg/individual/day) = (mean adult dry weight - mean neonate dry weight)/28 (note that seem dead might actually this pooled
weight of neonates is typically very small). Weigh pans need to be carefully handled using powder-less gloves and might later
rebury into test substrate.

A5.3.2 The toxicity test the balance should be calibrated with standard weights with each use. Forceps can also be terminated
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 from test sediments using a 0.5-mm mesh screen. Mortality is
sheets of aluminum foil. Amphipod body length (60.1 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 been
described in Kemble et al. (1994(51) ) for this short-term test. Burrows generally disintegrate during sievingHyalella aztecaand
DeWitt et al. (1992a(6) and 1997a(7)) for Leptocheirus plumulosus. Based 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 al. 1997b(25); section
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 over time as a s laboratory
gains experience using this method. Similarly, the interlaboratory CV for growth raten should decrease from reported values here
as more laboratiories gain experience using this method.

A2.3.8.5 Reproduction— The ability offspring should be counted within 2 weeks of 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 remove
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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 a
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 al. 1997b(25;
section 15.6.1). Based on one study involving 10 laboratories, the interlaboratory CV for survival ranged from 35 to 102 % (DeWitt
el a. 1997b(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 Method—The Leptocheirus plumulosus28-d sediment toxicity test,
like all experimental systems, is subject to occasional failures. Because theL. plumulosus28-d sediment toxicity test endpoint.

A5.3.3 Other Testing— Partial life cycle is more complex and of longer duration than the 10-d sediment toxicity tests (28
described in Annex A1, there are more opportunities for problems to 30 days) initiated 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 amphipod length test should be aware of this possibility and
survivorship prepare for the possibility to rerun the test on occasion. The method for theL. plumulosus28-d sediment toxicity test
will be revised as v new experimentabl data reveal test conditions that reduce the probabinlity of possible test failure.

A2.4 Interpretation of Results

A2.4.1 This searction describes information that is currently underway useful in helping to determine interpret the optimum
conditions for these tests.

A5.4 results of sediment toxicity tests withLife Cycle and Age Classes—LeptocheirusL. plumulosus. Section 13 provides
additional information on analyses and reporting of toxicity test data.

A2.4.2 Influence of Indigenous Organisms—Indigenous 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 (1989(104) ) showed that the polychaeteNephtys incisai 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 species capable of p indigenous organisms should be determined to better interpret
results.

A2.4.3 Effects of Sedimengt Grain Size—L. plumulosustolerates a least two broods, with peak periods 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 studies,L. plumulosushas exhibited
>90 % survival in clean sediment ranging from nearly 100 % sand to m nearly 100 % silt + clay (Schlekat et al., 1992(13), USEPA
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 in the fall 100 % sand (Emery et al., 1997(56, 67). Gravid females(8)). Results have been equivocal from controlled tests
with mixed grained sediments (between 10 % and 90 % silt/clay). Emervy et al. (1997(8)) found an increase in Chesapeake Bay
growth as sediment coarseness increased up to 75 % sand. DeWitt et al. (1997a(7)) reported 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
significant (DeWitt et al., 1997a(7) ). Therefore,L. plumulosusshould be tested with sediment with silt/clay content between 5 %
and as early as February, indicating that timing of reproduction varies yearly depending on climatic conditions. In cultured
populations, females produce multiple broods 85 % (Table A2.1). If sediment characteristics exceed these bounds, an appropriate
clean control and gravid females are available year round reference sediment should be incorporated into the test to separate effects
of sediment-associated contaminants from effects of particle size.

A2.4.4 Effects of Pore-water Salinity(62). Size:
A2.4.4.1 The range of field-collected test organisms might depend on salinity in which a given species can survive when the

size structure overlying water salinity is matched to that of the field population, 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 outside of amphipods
collected in early spring its range of tolerance. For estuarine sediment, it is generally greater than those collected in important to
know the pore-water salinity of each sediment before testing is started and to use overlying water of an appropriate salinity.L.
plumulosusis not recommended for testing with freshwater sediments (<1o⁄oo pore-water salinity or with sediments having
pore-water salinity >35o⁄oo 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 (that is, 5o⁄oo or 20o⁄oo; Table A2.1).
A2.4.4.2 L. plumulosus, a euryhaline species, can survive and thrive in a wide range of cultured amphipods is less variable

seasonally. Immature salinity conditions. The salinity tolerance and adult amphipods, approximately 3 application range for this
amphipod is 1 to 35 mmo⁄oo (DeWitt et al., 1989(11); DeWitt et al., 1992a(6); Schlekat et al., 1992(13); DeWitt et al., 1997a
(7) ). Although there is somea evidence of sualinity-related stress forL. plumulosusat 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 >30o⁄oo).

A2.4.4.3 This method recommends testing with an overlying water salinity of either 5 or 20o⁄oo; the end choice of overlying
water salinity is dependant on the third pleon segment along pore-water salinity of test sediment. Alternatively, the dorsal surface,
should 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 t Table A2.1 (for example,
dicfferent salinity, lighting, temperature, feeding conditions), additional tests because they are easy required to handle determine
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. Acclimation of age, size, sex, and
seasonal variation amphipod cultures to the appropriate salinity is required. Moreover, if sediment samples to be tested have
different pore-water salinity values, care needs to be exercised to ensure that renewals are completed with water of field-collected
organisms 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. plumulosusto contaminants is currently being examined. Evidence 60 mg/L (USEPA, 1994a(1)). If
ammonia concentrations are above this value at test initiation, mortality may be due in part to date indicates mixed-sex populations
within effects of ammonia. Depending on test application, it might be desirable to lower the re ammonia concentration by
manipulating the test system before introduction of tedst organizsms if measured ammonia in the pore water or overlying water
is greater than the NOEC. How cever, if ammonia is the chemical of concern in the test sediments, pore-water ammonia
concentrationsp should not be deliberately manipulated. If sediment toxicity tests are conducted to evaluate the acceptability of
dredged material for disposal, the manipulations could be performed. Section 13.3.6 references methods for conducting TIEs to
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 dilution
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 ammonia
should be measured when sediment samples are prepared for testing. If both the pore water and overlying water ammonia
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 day.
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 rexduced posure-water
ammonia concentration throughout the 28 days from about 60 mg/L to cadmium about 1 mg/L (DeWitt et al., 1997a(56, 59-61).

A5.5 (7) Control Survival—Mean control survival using). Similar results were obtained by other researchers (Moore et al.
1997 Leptocheirus(26); Moore et al. 1995must be at least 90 %(214)). 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 based
on 28-d exposures of the amphipods to be considered 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—Leptocheirus plumulosus(7) is tolerant). 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 range minimum
of sediment types two additional replicate containers are required (one for Day 0 and salinities. The sensitivity of this
species is 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 (1995Hyalella
azteca(213)) conducted an extensive review of the literature that focused on the effects of hydrogen sulfide on benthic organisms.
Sims and Moore (1995in 96 h(213)) 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 been
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shown to be toxic to marine amphipodsR. abronius(56, 61). A review andE. estuarius(48-h LOECs of benthic surveys 1.47 and
sediment contamination in Chesapeake Bay indicates a negative correlation between 1.92 mg/L total sulfide respectively;
Knezovich et al. 1996(215)). Currently, no data exist regarding the presence sensitivity ofL. plumulosusand to hydrogen sulfide
in 28-d exposures. Additional information on the degree tolerance of aquatic organisms to sulfides camn be found in Batgarionao
(1992 (66, 68).

A5.7 (216)).

A2.4.7 Total Organic Carbon (TOC) Interpretation—When 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. plumulosuschronic test is tolerant to most TOC concentrations; however, Scott et al. (1996(217)) 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. (1997b(25)) using reference sediment data from
two studies. No effect oxn survival, growth, or reproduction was detected for sediments with TOC concentrations ranging from
1 to 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 should be kept in mind tested
concurrently.

A2.4.8 Future Research— Research to find methods that reduce the early life stage, variability of the reproductive ability, or
growth rate and reproduction endpoints could lead to improvements in the long-term survival statistical power of theL.
plumulosusmight be affected by contaminants at concentrations lower than those that produce a chronic toxicity test. A second
“round-robin” study using the revised feeding regime and using only laboratories 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 lethal response. Partial life 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 model ofL. plumulosus(McGee and
Spencer 2001 and should resolve these questions.
(218), Spencer and McGee 2001(219)) 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 (1994a(1) ).
(2) The information on conducting 28-d sediment toxicity tests withLeptocheirus plumulosushas been included based on
information presented in USEPA-USACE (2001(2)).
(3) The general format of the standard has been revised to be consistent with Test Method E 1706.
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