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QH”) Designation: E 1706 — 00

Test Method for
Measuring the Toxicity of Sediment-Associated

Contaminants with Freshwater Invertebrates *

This standard is issued under the fixed designation E 1706; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope * marily on procedures described in the United States Environ-
1.1 This test method covers procedures for testing freshwdléntal Protection Agency (USEP£)-8 ¥ and Guides E 1367,
ter organisms in the laboratory to evaluate the toxicity ofE 1391, E 1525 and E 1688.
contaminants associated with whole sediments. Sediments mayl-3 Additional research and methods development are now
be collected from the field or spiked with compounds in thein progress to:(1) evaluate additional test organismé)
laboratory. further evaluate the use of formulated sedime@), refine
1.1.1 Test methods are described for two toxicity tesgSediment dilution proceduregd) refine sediment toxicity
organisms, the amphipoHyalella azteca( H. aztec) (see identification evaluation (TIE) procedur¢8), (5) refine sedi-
13.1.2) and the midg€hironomus tentan¢C. tentan} (see ~ Ment spiking procedureg6) developin situ toxicity tests to
14.1.2). The toxicity tests are conducted for 10 days in 300-m[2SS€ss sediment toxicity and bioaccumulation under field
chambers containing 100 mL of sediment and 175 mL ofconditions, (7) evaluate relative sensitivities of endpoints
overlying water. Overlying water is renewed daily and testmeasured in test¢g) develop methods for new specigS)
organisms are fed during the toxicity tests. Endpoints for thé&valuate relationships between toxicity and bioaccumulation,
10-day toxicity tests are survival and growth. These tesfnd(10)produce additional data on confirmation of responses
methods describe procedures for testing freshwater sediment8; laboratory tests with natural populations of benthic organ-
however, estuarine sediments (up to 15 ppt salinity) can also H&MS. Some issues that may be considered in interpretation of
tested withH. azteca.ln addition to the 10-day toxicity test (€St results are the subject of continuing research including the
method outlined in 13.1.2 and 14.1.2, general procedures afBfluence of feeding on bioavailability, nutritional requirements
also described for conducting 10-day sediment toxicity test®f the test organisms, and additional performance criteria for
with H. azteca(see 13.1.2) an€. tentans(see 14.1.2). organism health. See Section 6 for additional detail. This
1.1.2 Guidance for conducting sediment toxicity tests ignformation will be described in future editions of this stan-

outlined in Annex A1 forChironomus ripariusjn Annex A2~ dard. ) )
for Daphnia magnandCeriodaphnia dubiain Annex A3 for 1.4 The USEPAL)and Guide E 1688 also describes 28-day
Hexageniaspp., in Annex A4 foiTubifex tubifexand in Annex ~ Pioaccumulation methods for the oligochadtembriculus
A5 for the Diporeia spp. Guidance is also provided in Annex variegatus . _ .
A6 for conducting long-term sediment toxicity tests with 1.5 Results of tests, even those with the same species, using
aztecaby measuring effects on survival, growth, and reproducrocedures different from those described in the test method
tion. Guidance is also provided in Annex A7 for conductingMay not be comparable and using these different procedures
long-term sediment toxicity tests with. tentansy measuring May alter bioavailability. Comparison of results obtained using
effects on survival, growth, emergence, and reproduction. 1.810dified versions of these procedures might provide useful
outlines the data that will be needed before test methods afgformation concerning new concepts and procedures for
developed from the guidance outlined in Annex Al to Annex¢onducting sediment tests with aquatic organisms. If tests are
A7 for these test organisms. General procedures described §¢nducted with procedures different from those described in
Sections 17 for sediment testing with aztecaandC. tentans ~ this test method, additional tests are required to determine
are also applicable for sediment testing with the test organisrgomparability of results. General procedures described in this
described in Annex Al to Annex A7. test method might be useful for conducting tests with other
1.2 Procedures outlined in this test method are based prduatic organisms; however, modifications may be necessary.
1.6 Selection of Toxicity Testing Organisms
1.6.1 The choice of a test organism has a major influence on

1 This test method is under the jurisdiction of ASTM Committee E047 on
Biological Effects and Environmental Fate and are the direct responsibility of
Subcommittee E47.03 on Sediment Toxicology. -
Current edition approved Jan. 10 and April 10, 2000. Published December 2000. 2 The boldface numbers in parentheses refer to the list of references at the end of

Originally published as E 1706 — 95. Last previous edition E 1706 — 95b. this standard.
*A Summary of Changes section appears at the end of this standard. Docu ments
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the relevance, success, and interpretation of a test. Furthatemble et al(17) found the rank sensitivity of four species to
more, no one organism is best suited for all sediments. Themetal-contaminated sediments from the Clark Fork River, MT
following criteria were considered when selecting test organto be (from greatest to leastH. azteca > C. riparius >
isms to be described in this standard (Table 1 and Guid®ncorhynchus mykisgrainbow trout) > Daphnia magna

E 1525). A test organism shoulflt) have a toxicological data Relative sensitivity of the three endpoints evaluated inHhe
base demonstrating relative sensitivity and discrimination to @ztecatest with Clark Fork River sediments was (from greatest
range of chemicals of concern in sedimg@),have a database to least): length > sexual maturation > survival.

for interlaboratory comparisons of procedures (for example, 1632 |n 10-day water-only and whole-sediment tests,
round-robin studies)(3) be in contact with sediment [e.g., Hyalella aztecaand C. tentanswere more sensitive thab.
water column vs benthic organisme}) be readily available  magnato fluoranthene-spiked sedime(iis).

through culture or from field collection(5) be easily main- ) .

ned 0 e Iaboraton(©) be easly Kenifed7) be 057 1%, WAl s o have heer conduete
ecologica!ly or_ec.ono_mically i.mp.ortam(8) h‘.”“’e a broad variegatus ((18) and Table 2). These tésts all were flow-
geographical distribution, be indigenous (either present ofhrough exposures using a soft natural water (Lake Superior)

historical) to the site being evaluated, or have a niche similar t9vith measured chemical concentrations that. other than the

organisms of concern, (for examp!e, similar feeding guild Ofabsence of sediment, were conducted under conditions (for
behavior to the indigenous organism¢9) be tolerant of a

. : 4 . example, temperature, photoperiod, feeding) similar to those
broad range of sediment physico-chemical characteristics (folgeing described for the standard 10-day sediment testin 13.1.2
example, grain size), an(ll0) be compatible with selected T

exposure methods and endpoints. The method should also tl)% general,H. aztecawas more sensitive to Copper, zinc,

(11) peer reviewed and@12) confirmed with responses with cad_m|um, nlck_el, and lead than eith@. tentan_s or L.
natural populations of benthic organisms (see 1.6.8). variegatus. Chironomus tentarend H. aztecaexhibited a

L ) _ similar sensitivity to several of the pesticides testagmbricu-
1.6.2 Of the criteria outlined in Table 1, a data baseys yariegatuswas not tested with several of the pesticides:
demonstrating relative sensitivity to contaminants, contact witlho\wever. in other studies with whole sediments contaminated
sediment, ease of culture in the laboratory, interlaboratory,, gichiorodiphenyltrichloroethane (DDT) and associated me-
comparisons, tolerance of varying sediment physico-chemicglhyjites, and in short-term (96-h) experiments with organo-

characteristics, gnd conflrmatlor_1 with responses of natur hosphate insecticides (diazinon, chlorpyrifds),variegatus
benthos populations were the primary criteria used for selecf;oq proved to be far less sensitive than eitierztecaor C.
ing H. aztecaandC. tentango be described as test methods in antans These results highlight two important points germane
the current version of this standard (see Sections 13 and 14}, {hese test methods. First, neither of the two test species
Procedures for conducting sediment tests with organisms iBgjected for estimating sediment toxicity H. azteca, C.
accordance with Annex Al to Annex A7 do not currently meetianang was consistently most sensitive to all chemicals,
all the required selection criteria listed in Table 1. A S'm”arindicating the importance of using multiple test organisms
data base must be developed before these or other €ghen performing sediment assessments. Sedandiriegatus
organisms can be included as standard test methods instead Qjnears 1o be relatively insensitive to most of the test chemi-
as guidance in future versions of these this method. cals, which perhaps is a positive attribute for an organism used
1.6.3 Animportant consideration in the selection of specificfor bioaccumulation testingg).
species for test method development is the existence of 1 g3 4 Using the data from Table 2, sensitivityrbfazteca,
information concerning relative sensitivity of the organismsc tenansandL. variegatuscan be evaluated relative to other
both to single chemicals and complex mixtures. A number okeshwater species. For this analysis, acute and chronic toxicity
studies haye evaluated_ the sensitivitytbfazteca, C. tentans  4ata from water quality criteria (WQC) documents for copper,
and L. variegatus,relative to one another, as well as otherzinc' cadmium, nickel, lead, DDT, dieldrin, and chlorpyrifos,
commonly tested freshwater specigs. For example, A_nkley etalyg toxicity information from the AQUIRE data bagk9) for
(10) found H. aztecato be as, or slightly more, sensitive than 1 1 gichloro-2,2-bis(p-chlorophenyl)ethane (DDD) and dichlo-
Ceriodaphnia dubiato a variety of sediment elutriate and (ogiphenyldichloroethylene (DDE), were compared to assay
pore-water samples. In that study, variegatuswere less resyits for the three speci¢8). The sensitivity oH. aztecao
sensitive to the samples than either the amphipod or thgetals and pesticides, a2l tentansto pesticides was com-
cladoceran. West et lL1) found the rank sensitivity of the parable to chronic toxicity data generated for other test species.
three species to the lethal effects of copper in sediments fromhjs was not completely unexpected given that the 10-day
the Keweenaw Waterway, Ml was (from greatest to ledst): exposures used for these two species are likely more similar to
azteca > C. tentans > L. variegatub short-term (48 t0 96 h) - chronic partial life-cycle tests than the 48 to 96-h exposures
exposures|.. variegatusgenerally was less sensitive theh  traditionally defined as acute in the WQC documents. Interest-
azteca, C. dubiagr Pimephales promela® cadmium, nickel, ingly, in some instances (for example, dieldrin and chlorpyri-
zinc, copper, and lea@ 2). Of the latter three species, no one fps), LC50 data generated fét. aztecaor C. tentanswere
species was consistently the most sensitive to the five metalgomparable to or lower than any reported for other freshwater
1.6.3.1 In a study of contaminated Great Lakes sedink&nt, species in the WQC documents. This observation likely is a
azteca, C. tentansand C. riparius were among the most function not only of the test species, but of the test conditions;
sensitive and discriminatory of 24 organisms tes{&8-16) many of the tests on which early WQC w@@e{q m@m,
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rather than flow-through, and report unmeasured contaminair group of test organisms was the most sensitive to all of the
concentrations. metals.

1.6.3.5 Measurable concentrations of ammonia are common 1.6.4.1 Sensitivity of a species to chemicals is also depen-
in the pore water of many sediments and have been found to lieent on the duration of the exposure and the endpoints
a common cause of toxicity in pore wat@0 21, 22) Acute  evaluated. Annex A6 and Annex A7 describe results of studies
toxicity of ammonia tcH. azteca, C. tentangindL. variegatus ~ Which demonstrate the utility of measuring sublethal endpoints
has been evaluated in several studies. As has been found fiorsediment toxicity tests with the amphipétl aztecaand the
many other aquatic organisms, the toxicity of ammoni&to midgeC. tentans
tentansandL. variegatushas been shown to be dependent on 1.6.5 The sensitivity of an organism to chemicals should be
pH. Four-day LC50 values fdr. variegatusin water-column  balanced with the concept of discriminati¢i8). The response
(no sediment) exposures ranged from 390 to 6.6 mg/L totabf a test organism should provide discrimination between
ammonia as pH was increased from 6.3 to 8.6 Schubauedifferent levels of contamination. However, insensitive organ-
Berigan et al23). For C. tentans4-day LC50 values ranged isms may be preferred for determining bioaccumulation. The
from 370 to 82 mg/L total ammonia over a similar pH rangeuse of indigenous organisms that are ecologically important
(Schubauer-Berigan et a(23). Ankley et al.(24) reported that and easily collected is often very straightforward; however,
the toxicity of ammonia toH. azteca(also in water-only indigenous organisms at a site may be insensitive to the
exposures) showed differing degrees of pH-dependence ichemicals of concern. Indigenous organisms might be more
different test waters. In soft reconstituted water, toxicity wasmportant for evaluation of bioaccumulatiq®). See Guides
not pH dependent, with 4-day LC50 values of about 20 mg/LE 1525, E 1688, and E 1850 for additional detail on selection
at pH ranging from 6.5 to 8.5. In contrast, ammonia toxicity inof test organisms.
hard reconstituted water exhibited substantial pH dependence1.6.6 Sensitivity of an organism is related to route of
with LC50 values decreasing from >200 to 35 mg/L total exposure and biochemical sensitivity to chemicals. Sediment-
ammonia over the same pH range. Borgmann and Borgrhanndwelling organisms can receive a dose from three primary
25) later showed that the variation in ammonia toxicity acrosssources: interstitial water, sediment particles, and overlying
these waters could be attributed to differences in sodium andiater. Food type, feeding rate, assimilation efficiency, and
potassium content, which appear to influence the toxicity otlearance rate will control the dose of chemicals from sediment
ammonia toH. azteca. (Guide E 1688). Benthic invertebrates often selectively con-

1.6.3.5.1 Although these studies provide benchmark consume different particle size€34) or particles with higher
centrations that may be of concern in sediment pore water&rganic carbon concentrations which may have higher chemi-
additional studies by Whiteman et 426) indicated that the cal concentrations. Detrital feeders may receive most of their
relationship between water-only LC50 values and those medody burden directly from sediment ingestion. In amphipods
sured in sediment exposures differs among organisms. 1f35) and clamg(36) uptake through the gut can exceed uptake
sediment exposures, the 10-day LC50lforvariegatusandC. ~ across the gills for certain hydrophobic compounds. Organisms
tentansoccurred when sediment pore water reached aboup direct contact with sediment may also accumulate chemicals
150 % of the LC50 determined from water-only exposuresbPy direct adsorption to the body wall or by absorption through
However, experiments withi. aztecashowed that the 10-day the integument37).
LC50 was not reached until pore water concentrations were 1.6.7 Despite the potential complexities in estimating the
nearly 10< the water-only LC50, at which time the ammonia dose that an animal receives from sediment, the toxicity and
concentration in the overlying water was equal to the waterbioaccumulation of many chemicals in sediment such as
only LC50. The authors attribute this discrepancy to avoidancéhlordecone, fluoranthene, organochlorines, and metals have
of sediment byH. azteca Thus, it appears that water-only been correlated with either the concentration of these chemi-
LC50 values may provide suitable screening values for potercals in interstitial water or in the case of nonionic organic
tial ammonia toxicity, higher concentrations may be necessarghemicals, concentrations of an organic-carbon b@8s39)
to actually induce ammonia toxicity in sediment exposuresThe relative importance of whole sediment and interstitial
particularly forH. azteca Further, these data underscore thewater routes of exposure depends on the test organism and the
importance of measuring the pH of pore water when ammoni&pecific contaminan(34, 37) Because benthic communities
toxicity may be of concern. Ankley Schubauer-Bergi@7)  contain a diversity of organisms, many combinations of expo-
and Besser et al(28) describe procedures for conducting sure routes may be important. Therefore, behavior and feeding
toxicity identification evaluations (TIEs) for pore-water or habits of a test organism can influence its ability to accumulate
whole-sediment samples to determine if ammonia is contribcontaminants from sediment and should be considered when
uting to the toxicity of sediment samples. selecting test organisms for sediment testing.

1.6.4 Relative species sensitivity frequently varies among 1.6.8 The response éf. aztecaandC. tentansn laboratory
chemicals; consequently, a battery of tests including organisnf@xicity studies has been compared to the response of natural
representing different trophic levels may be needed to assefopulations of benthic organisms to potentially contaminated
sediment quality(13, 16, 29-32) For example, Reist{33) sediments.
reported the relative toxicity of six metals (arsenic, cadmium, 1.6.8.1 Chironomids were not found in sediment samples
chromium, copper, mercury, and zinc) to crustaceans, polychdhat decreased the growth Gf tentansby 30 % or more in
etes, pelecypods, and fishes and concluded that no one specidsday laboratory toxicity test§40). WenBU%ﬂ(ﬁTéhtS
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reported a correlation between effects@ntentansn labora- 1.8 This standard is arranged as follows
tory tests and the abundance @f. tentansin metal-  scope
contaminated sediments. 1 Referenced Documents
. . 2 Terminology
1.6.8.2 Canfield et al44,45,4¢ evaluated the composition 3 Summary of Standard
of benthic invertebrate communities in sediments for thes Significance and Use
following areas: (1) three Great Lakes Areas of Concern (AOC? Q;Zgiﬁgfj | Materials
Buffalo River, NY: Indiana Harbor, IN: Saginaw River, Ml), 7 Hazards
(2) the upper Mississippi River, and (3) the Clark Fork River8 Facilities, Equipment, and Supplies o
located in Montana. Results of these benthic community], gigﬁ'yeg;tf;ﬁgga?grgﬂillxeg‘éﬂ‘t‘:if'on and Characterization
assessments were compared to sediment chemistry and toxicity Collection, Culturing, and Maintaining Test Organisms
(28-day sediment exposures with aztecawhich monitored 12 :;:ﬂc‘:‘il;z; Conducting a 10-day Sediment Toxicity Test with Hy-
effects on SurVival' grOWth' and sexual maturation)' GOOdiB Procedure 2: Conducting a 10-day Sediment Toxicity Test with Chi-
concordance was evident between measures of laboratory ronomus tentans
toxicity, sediment contamination, and benthic invertebratelg ‘éa'cu'aﬁon
community composition in extremely contaminated samples;g Pf’e"c‘i’;}on and Bias
However, in moderately contaminated samples, less concor7 Keywords
dance was observed between the composition of the benthié Annexes

. . .. . Al. Guidance for Conducting Sediment Toxicity Tests with Chironomus riparius
Commumty and either Iaboratory tOX|C|ty test results or Sed"AZ. Guidance for Conducting Sediment Toxicity Tests with Daphniaus magna

ment contaminant concentration. Laboratory sediment toxicitynd Ceriodaphnia dubia
tests better identified chemical contamination in sediment4? Guidance for Conducting Sediment Toxicity Tests with Hexagenia spp.

4. Guidance for Conducting Sediment Toxicity Tests with Tubifex tubifex
Compared to many of the commonly used measures of benthK-‘S. Guidance for Conducting Sediment Toxicity Tests with Diporeia spp.
invertebrate community Composition_ Benthic measures ma(§6. Guidance for Conducting a Hyalella Azteca 42-day Test for Measuring Ef-

P H ; g ects of Sediment-Associated Contaminants on Survival, Growth, and Reproduc-

reflect olther factors suph as habltaF alteration in addition tq
responding to contaminants. Canfield et a44,( 45, 46 A7. Guidance for Conducting a Life-Cycle Test for Measuring Effects of
identified the need to better evaluate non-contaminant facto%dgﬁer;t-sssocia:?d Contaminants on Chironomus tentans.
: e : : : . Food Preparation
(I'e" TOC’, grain size, water depth’ habitat _alte,ratlon) in OrdeQQ. Feeding Rate for the 10-day Sediment Toxicity Test Method with Chirono-
to better interpret the response of benthic invertebrates t@us tentans

sediment contamination. References

1.6.8.3 Results from laboratory sediment toxicity tests were 1.9 This standard does not purport to address all of the
compared to colonization of artificial substrates expasesitu ~ safety concerns, if any, associated with its use. It is the
to Great Lakes sedimerfi.3) Burton et al.(16) Survival or  responsibility of the user of this standard to establish appro-
growth of H. aztecaand C. tentansin 10-28-day laboratory priate safety and health practices and determine the applica-
exposures were negatively correlated to percent chironomidgility of regulatory limitations prior to useSpecific hazard
and percent tolerant taxa colonizing artificial substrates in th&tatements are given in Section 8.
field. Schleka}t et al(47.).reported general good agreementz_ Referenced Documents
between sediment toxicity tests with. aztecaand benthic

2.1 ASTM Standards:

community responses in the Anacostia River in Washington, - )
DC. D 1129 Terminology Relating to Wafer

D 4387 Guide for Selecting Grab Sampling Devices for
Collecting Benthic Macroinvertebrates

D 4447 Guide for the Disposal of Laboratory Chemicals
and Samples

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specificatiéns

E 105 Practice for Probability Sampling of Materfals

E 122 Practice for Choice of Sampling Size to Estimate a
Measure of Quality for a Lot or Procéss

E 141 Practice for Acceptance of Evidence Based on Re-
sults of Probability Samplirfy

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Method$

E 178 Practice for Dealing with Outlying Observatiéns

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

1.6.8.4 Sediment toxicity with amphipods in 10-day toxicity
tests, field contamination, and field abundance of benthic
amphipods were examined along a sediment contamination
gradient of DDT (47). Survival of Eohaustorius estuarius,
Rhepoxynius abroniysand H. aztecain laboratory toxicity
tests was positively correlated to abundance of amphipods in
the field and negatively correlated to DDT concentrations. The
threshold for 10-day sediment toxicity in laboratory studies
was about 300 pug DDT (+metabolites)/g organic carbon. The
threshold for abundance of amphipods in the field was about
100 pg DDT (+metabolites)/g organic carbon. Therefore,
correlations between toxicity, contamination, and field popula-
tions indicate that short-term sediment toxicity tests can
provide reliable evidence of biologically adverse sediment
contamination in the field, but may be underprotective of
sublethal effects.

1.7 Limitations— While some safety considerations are3—|kf il
included in this standard, it is beyond the scope of this standard 42223; Eggk o ﬁgm ggﬂdim ﬁ:g;
to encompass all safety requirements necessary to conducts onnyal Book of ASTM Standardégl 11.04.
sediment tests. ¢ Annual Book of ASTM Standardépl 14.02. DOCU ments
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TABLE 1 Rating of Selection Criteria for Freshwater Sediment Toxicity Testing Organisms. A “+” or “=” Rating Indicates a Positive or
Negative Attribute (“NA” = Not Applicable)

Daphnia spp.
- Hyalella  Diporeia Chironomus Chironomus Lumbriculus Tubifex Hexagenia and Cerio-
Criterion L . . Molluscs .
azteca spp. tentans riparius variegatus tubifex spp. daphnia spp.
Relative sensitivity toxicity data base + - + - + - - - -
Round-robin studies conducted + - + - - - - - -
Contact with sediment + + + + + + + + -
Laboratory culture + - + + + + - - +
Taxonomic identification + +/- +/- +/- + + + + +
Ecological importance + + + + + + + + +
Geographical distribution + +/- + + + + + + +/-
Sediment physicochemical tolerance + + +/- + + + - + NA
Response confirmed with benthos + + + + + + + - +
populations
Peer reviewed + + + + + + + - +/-
Endpoints monitored S,G,\M S,BA S,GE S,G.E B,S SR S,G B S,G,R
S = survival, G = Growth, B = Bioaccumulation, A = avoidance
R = Reproduction, M = Maturation, E = Emergence
TABLE 2 Water-Only, 10-Day LC50 (ug/L) Values for  Hyalella Conducted Under ASTM Guidelings
azteca, Ch/ror_wmus tentans , and Lumbflculus variegatus  for E 1850 Guide for Section of Resident Species at Test
Chemicals Tested at ERL-Duluth in Soft Water Organisms for A ti nd Sediment Tést
(Hardness 40 mg/L as CaCO j; (18)) ganisms for Aquaftic a e e sts
Chemical H. azteca C. tentans L. variegatus 3. Terminology
Copper 35 54 35 “ - - R PR
Zinc 73 11251 2084 3.1 The words “must”, “should”,“ may”, “can”, and “might
Cadmium 2.8 NT® 158 have very specific meanings in this standard. “Must” is used to
Nickel fhpe ﬂ e express an absolute requirement, that is, to state that a test
p,p’-DDT 0.07 1.23 NT ought to be designed to satisfy the specified conditions, unless
p,p’-DDD 0.17 0.18 NT the purpose of the test requires a different design. “Must” is
S %9 9 o3 used only in connection with the factors that relate directly to
Chlorpyrifos 0.086 0.07 NT the acceptability of a test. “Should” is used to state that the
1 50 % mortality at highest concentration tested. spec!fled condition is ret_:ommended ansl ought” to be met if
270 % morta"ty at lowest concentration tested. pOSS|bIe Although the V|0|at|0n Of one ShOU|d IS rarely a
¥ NT, not tested. serious matter, violation of several will often render the results
guestionable. Terms such as “is desirable,” “is often desirable,”
E 456 Terminology Relating to Quality and Statisfics and“ might be desirable” are used in connection with less
E 691 Practice for Conducting an Interlaboratory Study toimportant factors. “May” is used to mean “is (are) allowed
Determine Precision of a Test Mettfod to,”™ can” is used to mean “is (are) able to,” and “might” is
E 729 Guide for Conducting Acute Toxicity Tests with used to mean “could possibly.” Thus, the classic distinction
Fishes, Macroinvertebrates, and Amphibfans between “may” and “can” is preserved, and “might” is never
E 943 Terminology Relating to Biological Effects and En- used as a synonym for either “may” or “can.”
vironmental Faté 3.2 Definitions— For definitions of other terms used in this
E 1193 Guide for Conducting Renewal Life-Cycle Toxicity test method, refer to Guides E 729 and E 1241 and Terminol-
Tests withDaphnia magné ogy E943 and D 1129. For an explanation of units and
E 1241 Guide for Conducting Early Life-Stage Toxicity symbols, refer to Practice E 380.
Tests with Fishes 3.3 Definitions of Terms Specific to This Standard:
E 1295 Guide for Conducting Three-Brood, Renewal Tox- 3.3.1 clean—denotes a sediment or water that does not
icity Tests withCeriodaphnia dubid contain concentrations of test materials which cause apparent

E 1325 Terminology Relating to Design of Experiménts  stress to the test organisms or reduce their survival.
E 1367 Guide for Conducting 10-day Static Sediment Tox- 3.3.2 concentratior—the ratio of weight or volume of test

icity Tests with Marine and Estuarine Amphipdds material(s) to the weight or volume of sediment.

E 1391 Guide for Collection, Storage, Characterization, and 3.3.3 contaminated sedimentsediment containing chemi-
Manipulation of Sediments for Toxicological Testfihg cal substances at concentrations that pose a known or suspected

E 1402 Terminology Relating to Samplihg threat to environmental or human health.

E 1525 Guide for Designing Biological Tests with Sedi- 3.3.4 control sedimenrt-a sediment that is essentially free
ment$ of contaminants and is used routinely to assess the acceptabil-

E 1688 Guide for Determination of the Bioaccumulation ofity of a test. Any contaminants in control sediment may
Sediment-Associated Contaminants by Benthic Inverteeoriginate from the global spread of pollutants and does not
brate$ reflect any substantial input from local or non-point sources.

E 1847 Practice for Statistical Analysis of Toxicity Tests Comparing test sediments to control sediﬂdﬁmwl&gf
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the toxicity of a test sediment beyond inevitable backgrounchas been used synonymously with whole sediment.
contamination.

3.3.5 EC50—a statistically or graphically estimated concen- o )
tration that is expected to cause one or more specified effects in 4.1 Method Descriptior-Procedures are described for test-
50 % of a group of organisms under specified conditions.  iNg freshwater organisms in the laboratory to evaluate the

3.3.6 Formulated sedimentMixtures of materials used to toxicity of contaminants associated with whole sediments.

3.3.7 IC50—a point estimate of the toxicant concentration ©©Mpounds in the laboratory. _ N
that would cause a 50 % reduction in a non-quantal measure- 4-1-1 Test methods are described for conducting toxicity
ment such as fecundity or growth. tests with two organisms: the amphipbtyalella azteca(see

3.3.8 interstitial water or pore water-water occupying 13'_1'_2) and the midg€hironomus tentan§see 14.1.2). The
space between sediment or soil particles. toxicity tests are conducted for 10 days in 300-mL chambers

3.3.9 LC50—a statistically or graphically estimated concen- containing 100 mL of sediment and 175 mL of overlying water.

tration that is expected to be lethal to 50 % of a group OvaerIymg water is renewed daily and test organisms are fed

organisms under specified conditions. during the toxicity tests. Endpoints for the 10-day toxicity tests

3.3.10 lowest-observable-effect concentration (LOEG) are survival and growth. Length or weight is reported as the

a toxicity test, the lowest tested concentration of a material an. . -9¢ of the surviving organisms at the end of the test
) y test, ections 13 and 14). Another approach for reporting growth
which organisms were adversely affected compared to contr

. . o . ight be as biomass (dry weight of surviving organisms

organisms as determined by statistical hypothesis tests—: = - . .
. S I ivided by the initial number of organisms). The rationale for

should be accompanied by a description of the statistical tests . ; . - o .
and alternative hvootheses. levels of sianificance. and meg_valuatlng biomass in toxicity testing is that small differences
sures of erforma)rllge for ex,am le surviv%l rowth, reproduc either growth or survival may not be statistically signifi-
. P ' pie, 9 - rep cantly different from the control; however, a combined esti-
tion, or development—and must be above any other concen-

. . _ o mate of biomass may increase the statistical power of the test.
tration not producing statistically significant adverse effects. . ; .
3311 b ble-effect trati NOEQ)i While USEPA(2) recommend reporting biomass as a measure
i N t tn(i-othserr]\'/ah e-tet e(i (;:oncen r? I(t)'n ( f )mt a | f growth in effluent toxicity tests, the approach has not yet
oxicity test, the highest tested concentration of a material gqqp, routinely applied in sediment testing. Therefore, biomass
which organisms did as well as control organisms as deteri-

. . . ~i5 not listed as a primary endpoint in the methods described in
mined by statistical hypothesis tests—should be accompani ctions 13 and 14 or in Annex Al to Annex A7. The standard
by a description of the statistical tests and alternative hypothaescribes procedures for testing freshwater sédimentS' how-
eses, levels of significance, and measures of performance, f er, estuarine sediments (up to 15 ppt salinity) can afso be
example, survival, growth, reproduction, or development—anc% X

. . o ested withH. azteca In addition to the 10-day toxicity test
must be below any other concentration producing StatISt'Ca”¥nethods outlined in 13.1.2 and 14.1.2, general procedures are

significant advgrse effects. ) _also described for conducting sediment toxicity tests with
3.3.12 overlying water—the water placed over sediment in azteca(see 13.1.2) an€. tentang(see 14.1.2).

a test chamber during a test. . 4.1.2 Guidance for conducting sediment toxicity tests is
3.3.13 reference sedimenta whole sediment near an area proyided in Annex Al forChironomus ripariusjn Annex A2

of concern used to assess sediment conditions exclusive @f; paphnia magnandCeriodaphnia dubiain Annex A3 for

material(s) of interest. The reference sediment may be used @gxagenia sppin Annex A4 forTubifex tubifexand in Annex
an indicator of localized sediment conditions exclusive of theas for the Diporeia spp.

specific pollutant input of concern. Such sediment would be 4 1.3 Guidance for conducting long-term sediment toxicity
collected near the site of concern and would represent thgsts withH. aztecaby measuring effects on survival, growth,
background conditions resulting from any localized pollutantg,q reproduction is provided in Annex A6. The long-term
inputs as well as global pollutant input. This is the manner ingediment exposures withl. aztecaare started with 7- to
which reference sediment is used in dredge material evaluzg_day_md amphipods. On Day 28, amphipods are isolated from
tions. the sediment and placed in water-only chambers where repro-
3.3.14 reference-toxicity testa test conducted with gyction is measured on Day 35 and 42. Endpoints measured in
reagent-grade reference chemical to assess the sensitivity of thgs long-term amphipod test include survival (Day 28, 35, and
test organisms. Deviations outside an established normal rang®) growth (Day 28 and 42), and reproduction (number of
may indicate a change in the sensitivity of the test organismiyoung/female produced from Day 28 to 42). Guidance for
population. Reference-toxicity tests are most often performe@onducting long-term sediment toxicity tests wihtentansy
in the absence of sediment. measuring effects on survival, growth, emergence, and repro-
3.3.15 sediment—particulate material that usually lies be- duction is provided in Annex A7. The long-term sediment
low water. Formulated particulate material that is intended taexposures withC. tentansstart with newly hatched larvae

4. Summary of Standard

lie below water in a test. (<24-h old) and continue through emergence, reproduction,
3.3.16 spiked sedimenta sediment to which a material has and hatching of the fFgeneration (about 60-day exposures).
been added for experimental purposes. Survival and growth are determined at 20 day. Starting on Day

3.3.17 whole sedimertsediment and associated pore water23 to the end of the test, emergence and reproductio@. of
which have had minimal manipulation. The term bulk sedimententansare monitored daily. The numbe%@mts
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determined for each egg case, which is incubated for 6 day tdepending on the purpose of the study. Any study in which
determine hatching success. organisms in the negative control do not meet performance
4.1.3.1 The long-term toxicity testing methods fdyalella  criteria must be considered questionable because it suggests
azteca(Annex A6) andChironomus tentan@\nnex A7) can be  that adverse factors affected the response of test organisms.
used to measure effects on reproduction as well as long-terifey to avoiding this situation is using only control sediments
survival and growth. Reproduction is a key variable influenc-that have a demonstrated record of performance using the same
ing the long-term sustainability of populations (Rees andest procedure. This includes testing of new collections from
Crawley, (48)) and has been shown to provide valuable andsediment sources that have previously provided suitable con-
sensitive information in the assessment of sediment toxicityrol sediment.
Derr and Zabik(49), Wentsel et al.(50); Williams et al.,(51); 4.2.1.1.2 Because of the uncertainties introduced by poor
Postma et al.(52), Sibley et al.,(53), (54); Ingersoll et al., performance in the negative control, such studies should be
(55). Further, as concerns have emerged regarding the enviepeated to insure accurate results. However, the scope or
ronmental significance of chemicals that can act directly osampling associated with some studies may make it difficult or
indirectly on reproductive endpoints (e.g., endocrine disruptingmpossible to repeat a study. Some researchers have reported
compounds), the need for comprehensive reproductive toxicitgases where performance in the negative control is poor, but
tests has become increasingly important. Reproductive engherformance criteria are met in reference sediment included in
points measured in sediment toxicity tests withaztecaand  the study design. In these cases, it might be resonable to infer
C. tentanstend to be more variable compared to survival orthat other samples that show good performance are probably
growth (Section A6.4.6 and A7.5.4.6). Hence, additional repnot toxic; however, any samples showing poor performance
licates would be required to achieve the same statistical powghould not be judged to have shown toxicity, since it is
as for survival and growth endpoints (Section 16). The procegnknown whether the adverse factors that caused poor control

dures described in Annex A6 and Annex A7 include measureperformance might have also caused poor performance in the
ment of a variety of lethal and sublethal endpoints; minoriest treatments.

modifications of the basic methods can be used in cases Where4_2_1'2 Natural physico-chemical characteristics such as

only a subset of these endpoints is of interest (A6.1.3 andgiment texture may influence the response of test organisms
A7.1.2). ) ] (56). The physico-chemical characteristics of test sediment
4.1.4 Paragraph 1.6 outlines the data that will be needefleed to be within the tolerance limits of the test organism.
before test methods are developed from the guidance outlingdeally, the limits of a test organism should be determined in
for these test organisms in Annex Al to Annex A7. Generaldyance; however, controls for factors including grain size and
procedures described in Sections 1 to 14 for sediment testingrganic carbon can be evaluated if the limits are exceeded in a
with H. aztecaandC. tentansare also applicable for sediment test sediment. See 12.1 for information on physico-chemical
testing with the test organisms described in Annex Al to Annexequirements of test organisms. If the physico-chemical char-
AT. acteristics of a test sediment exceed the tolerance range of the
4.2 Experimental Desiga-The following section is a gen- test organism, a control sediment encompassing these charac-
eral summary of experimental design. See Section 15 foferistics can be evaluated. The effects of sediment characteris-
additional detail. tics on the results of sediment tests can be addressed with
4.2.1 Control and Reference Sediment regression equatior($6, 57) The use of formulated sediment

4.2.1.1 Sediment tests include a control sediment (some-an also be used to evaluate physico-chemical characteristics
times called a negative control). A control sediment is aof sediment on test organisnis8, 59, 60,61)
sediment that is essentially free of contaminants and is used 4.2.2 The experimental design depends on the purpose of
routinely to assess the acceptability of a test and is nothe study. Variables that need to be considered include the
necessarily collected near the site of concern. Any contaminumber and type of control sediments, the number of treat-
nants in control sediment are thought to originate from thements and replicates, and water quality characteristics. For
global spread of pollutants and do not reflect any substantiahstance, the purpose of the study might be to determine a
inputs from local or non-point source®). Comparing test specific endpoint such as an LC50 and may include a control
sediments to control sediments is a measure of the toxicity cdediment, a positive control, a solvent control, and several
a test sediment beyond inevitable background contaminatioaoncentrations of sediment spiked with a chemical (see Section
and organism health(9). A control sediment provides a 10.3.2). A useful summary of field sampling design is pre-
measure of test acceptability, evidence of test organism healteented by(62). See Section 15 for additional guidance on
and a basis for interpreting data obtained from the tesexperimental design and statistics.
sediments. A reference sediment is collected near an area 0f4.2.2.1 The purpose of the study might be to determine if
concern and is used to assess sediment conditions exclusivef@id-collected sediments are toxic and may include controls,
material(s) of interest. Testing a reference sediment provides @ference sediments, and test sediments. Controls are used to
site-specific basis for evaluating toxicity. evaluate the acceptability of the test (see 13.3, 14.3, Annex Al

4.2.1.1.1 In general, the performance of test organisms ito Annex A7) and might include a control sediment, a formu-
the negative control is used to judge the acceptability of a testated sediment (Section 7.2), a sand substrateGfaentans
and either the negative control or reference sediment may b&ee 13.2, A7.2), or water-only exposures (fbraztecaSection
used to evaluate performance in the experimental treatmentd6.3.7.8). Testing a reference sediment p%@a Wfémgc
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basis for evaluating toxicity of the test sediments. Comparisonsignment of test organisms to test chambers should be impartial
of test sediments to multiple reference or control sediment¢see Guide E 729). As the number of test chambers/treatment
representative of the physical characteristics of the test sedincreases, the number of degrees of freedom increases, and,
ment (i.e., grain size, organic carbon) may be useful in thestherefore, the width of the confidence interval on a point
evaluations. A summary of field sampling design is presenteéstimate, such as an LC50, decreases, and the power of a
by Green(62). See Section 15 for additional guidance onsignificance test increases (see Section 15).

experimental design and statistics. 5. Significance and Use

4.2.2.2 If the purpose of the study is to conduct a recon-
naissance field survey to identify sites for further investigation, -1 General _ , _ ,
the experimental design might include only one sample from 9-1.1 Sediment provides habitat for many aquatic organisms
each site to allow for sampling a larger area. The lack ofnd iS @& major repository for many of the more persistent
replication at a site usually precludes statistical comparisonghémicals that are introduced into surface waters. In the
(for example, analysis of variance (ANOVA)), but these aquatic environment, most anthropogenic chemicals and waste

surveys can be used to identify sites for further study or may bg'aterials including toxic organic and inorganic chemicals
evaluated using regression techniques. eventually accumulate in sediment. Mounting evidences exists

4.2.2.3 In other instances, the purpose of the study might bcg er_lviron_me_ntal deg.radation in areas where USEPA Water
to conduct a quantitative sediment survey of chemistry an uality Cntena. (WQC(64)) are not exceeded, yet organisms
toxicity to determine statistically significant differences be- Of near sediments are adversely qffec(éﬂ). The WQC
tween effects among control and test sediments from severyfere develqped to protect organisms in the.Wa‘eF CO'U”.‘“ and
were not directed toward protecting organisms in sediment.

sites. The number of replicates/site should be based on the need entrations of contaminants in sediment mav be several
for sensitivity or power (see Section 15). In a quantitative . . ; y )
rders of magnitude higher than in the overlying water;

survey, field replicates (separate samples from different grab{% X )
collected at the same site) would need to be taken at each si owever, bulk sediment concentrations have not been strongly

Chemical and physical characterizations of each of these grat?% :Tr]elglt;% tgett)x:ggll/?gtlgtrjg% z:(;tilrtr:cér::tnr%gr Zcérp;':; grf] ?nan
would be required for each of these field replicates used i P y dep y

sediment testing. Separate subsamples might be used to detear(-:tOrS including: aqueous solubility, pH, redox, affinity for

mine wihin-sampe varabiy o for companisons of test ATV S0%e ST a1 oo oA careon e
procedures (for example, comparative sensitivity among tes} ’

organisms), but these subsamples cannot be considered to i/or;tilg]zzﬁ%r:eessi?{ saeré?maelrl;tr%nénig)kl?ggu tr;‘ecgrl:;\ir:‘tli);]eor;i?0|d
true field replicates for statistical comparisons among sites. ’ 9

. L , als are highly sorbed to sediment, these compounds may still
4.2.2.4 Sediments often exhibit high spatial and temporafs 5yailable to the biota. Chemicals in sediments may be

variability (63). Therefore, replicate samples may need 0 b&jirectly toxic to aquatic life or can be a source of chemicals for
collected to determine variance in sediment CharaCte”St'C%ioaccumulation in the food chain.

Sediment should be collected with as little disruption as 5 1 5 The objective of a sediment test is to determine

possible; however, subsampling, compositing, or homogenizgghether chemicals in sediment are harmful to or are bioaccu-
tion of sediment samples may be required for some experimeny, ,jated by benthic organisms. The tests can be used to

tal designs. measure interactive toxic effects of complex chemical mixtures
4.2.2.5 Site locations might be distributed along a knownjn sediment. Furthermore, knowledge of specific pathways of
pollution gradient, in relation to the boundary of a disposal sitejnteractions among sediments and test organisms is not neces-
or at sites identified as being contaminated in a reconnaissanggry to conduct the test67). Sediment tests can be used(tb;
survey. Comparisons can be made in both space and time. Hetermine the relationship between toxic effects and bioavail-
pre-dredging studies, a sampling design can be prepared gpility, (2) investigate interactions among chemic#gj,com-
assess the contamination of samples representative of thgyre the sensitivities of different organism@) determine
project area to be dredged. Such a design should includgpatial and temporal distribution of contaminati¢),evaluate
subsampling cores taken to the project depth. hazards of dredged materigb) measure toxicity as part of
4.2.2.6 The primary focus of the physical and experimentaproduct licensing or safety testin) rank areas for clean up,
test design and statistical analysis of the data, is the experand (8) estimate the effectiveness of remediation or manage-
mental unit, which is defined as the smallest physical entity tanent practices.
which treatments can be independently assigned (Guide 5.1.3 A variety of methods have been developed for assess-
E 1241). Because overlying water or air cannot flow from ondng the toxicity of chemicals in sediments using amphipods,
test chamber to another the test chamber is the experimentalidges, polychaetes, oligochaetes, mayflies, or cladocerans
unit. The experimental unit is defined as the smallest physicglSection 13 and 14; Annex Al to Annex AgL), (3), (355),
entity to which treatments can be independently assigned an@89). Several endpoints are suggested in these methods to
to which air and water exchange between test chambers ameasure potential effects of contaminants in sediment includ-
kept to a minimum. Because of factors that might affect resulténg survival, growth, behavior, or reproduction; however,
within test chambers and results of a test, all test chambesurvival of test organisms in 10-day exposures is the endpoint
should be treated as similarly as possible. Treatments should Ileost commonly reported. These short-term exposures which
randomly assigned to individual test chamber locations. Asenly measure effects on survival can be B@mm
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levels of contamination in sediments, but may not be able tepiked sediment may not be representative of chemicals
identify moderate levels of contamination in sedimentsassociated with sediment in the field. Mixing tiri€0), aging
(USEPA(1); Sibley et al.(53); Sibley et al.,(54); Sibley etal., (35, 71, 72) and the chemical form of the material can affect
(68); Benoit et al., (69); Ingersoll et al.,(55)). Sublethal responses of test organisms in spiked sediment tests.
endpoints in sediment tests might also prove to be better 51.5 Evaluating effect concentrations for chemicals in sedi-
estimates of responses of benthic communities to contaminanggent requires knowledge of factors controlling their bioavail-
in the field (17). The previous version of this standard (Testability. Similar concentrations of a chemical in units of mass of
Method E 1706-95b) described 10-day toxicity tests with thechemical per mass of sediment dry weight often exhibit a range
amphipodHyalella aztecaand midgeChironomus tentangee  in toxicity in different sediment§38, 39) Effect concentrations
Section 13 and 14). This version of the standard now outlinesf chemicals in sediment have been correlated to interstitial
approaches for evaluating sublethal endpoints in longer-terrwater concentrations, and effect concentrations in interstitial
sediment exposures with these two species (Annex A6 andater are often similar to effect concentrations in water-only
Annex A7). exposures. The bioavailability of nonionic organic compounds

5.1.3.1 The decision to conduct short-term or long-termin sediment is often inversely correlated with the organic
toxicity tests depends on the goal of the assessment. In song&rbon concentration. Whatever the route of exposure, these
instances, sufficient information may be gained by measuringorrelations of effect concentrations to interstitial water con-
sublethal endpoints in 10-day tests. In other instances, theentrations indicate that predicted or measured concentrations
10-day tests could be used to screen samples for toxicity befot8 interstitial water can be used to quantify the exposure
long-term tests are conducted. While the long-term tests areéoncentration to an organism. Therefore, information on par-
needed to determine direct effects on reproduction, measurétioning of chemicals between solid and liquid phases of
ment of growth in these toxicity tests may serve as an indirectediment is useful for establishing effect concentrati@®;.
estimate of reproductive effects of contaminants associated 5.1.6 Field surveys can be designed to provide either a
with sediments (A6.4.5 and A7.4.6.2). Additional studies arequalitative reconnaissance of the distribution of sediment
ongoing to more thoroughly evaluate the relative sensitivitycontamination or a quantitative statistical comparison of con-
between lethal and sublethal endpoints measured in 10-ddgmination among sites.
tests (Sections 13 and 14) and between sublethal endpoints5.1.7 Surveys of sediment toxicity are usually part of more
measured in the long-term tests. Results of these studies aﬁdmprehensive analyses of biological, chemical, geological,
additional applications of the methods described in Annex A@nd hydrographic data. Statistical correlations may be im-
and Annex A7 will provide data that can be used to assist irproved and sampling costs may be reduced if subsamples are
determining where application of long-term tests will be mosttaken simultaneously for sediment tests, chemical analyses,
appropriate. and benthic community structure.

5.1.3.2 Use of sublethal endpoints for assessment of con- 5.1.8 Table 3 lists several approaches the USEPA has
taminant risk is not unique to toxicity testing with sediments.considered for the assessment of sediment quéi). These
Numerous regulatory programs require the use of sublethapproaches include(l) equilibrium partitioning, (2) tissue
endpoints in the decision-making process (Pittinger and Adameesidues, (3) interstitial water toxicity, (4) whole-sediment
(400) including: (1) Water Quality Criteria (and State Stan- toxicity and sediment-spiking test¢5) benthic community
dards); (2) National Pollution Discharge Elimination Systemstructure,(6) effect ranges (for example, effect range median,
(NPDES) effluent monitoring (including chemical-specific lim- ERM), and(7) sediment quality triad (sg@4-77)for a critique
its and sublethal endpoints in toxicity tests); (3) Federalof these methods). The sediment assessment approaches listed
Insecticide, Rodenticide and Fungicide Act (FIFRA) and thein Table 3 can be classified as numeric (for example, equilib-
Toxic Substances Control Act (TSCA, tiered assessment inrdum partitioning), descriptive (for example, whole-sediment
cludes several sublethal endpoints with fish and aquatic invetoxicity tests), or a combination of numeric and descriptive
tebrates); (4) Superfund (Comprehensive Environmental Reapproaches (for example, ERK¥,8). Numeric methods can be
sponses, Compensation and Liability Act; CERCLA); (5)used to derive chemical-specific sediment quality guidelines
Organization of Economic Cooperation and Developmen(SQGs). Descriptive methods such as toxicity tests with
(OECD, sublethal toxicity testing with fish and invertebrates);field-collected sediment cannot be used alone to develop
(6) European Economic Community (EC, sublethal toxicitynumerical SQGs for individual chemicals. Although each
testing with fish and invertebrates); and (7) the Paris Commisapproach can be used to make site-specific decisions, no one
sion (behavioral endpoints). single approach can adequately address sediment quality.

5.1.4 Results of toxicity tests on sediments spiked at differOverall, an integration of several methods using the weight of
ent concentrations of chemicals can be used to establish caugéidence is the most desirable approach for assessing the
and effect relationships between chemicals and biologicagffects of contaminants associated with sedin(@8t 80, 81,
responses. Results of toxicity tests with test materials spike82). Hazard evaluations integrating data from laboratory expo-
into sediments at different concentrations may be reported igures, chemical analyses, and benthic community assessments
terms of an LC50 (median lethal concentration), an EC5dthe sediment quality triad) provide strong complementary
(median effect concentration), an IC50 (inhibition concentra-evidence of the degree of pollution-induced degradation in
tion), or as a NOEC (no observed effect concentration) ofguatic communitie¢66, 83, 84)
LOEC (lowest observed effect concentration). However, 5.2 Regulatory Applications of Sedimemawments
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TABLE 3 Sediment Quality Assessment Procedures (Modified from USEPA (78) )

Type
Descriptive  Combination

Method
Numeric

Approach

Equilibrium Partitioning *

Tissue Residues *

Interstitial Water Toxicity * * *

Benthic Community Structure *

Whole-sediment Toxicity * * *
and Sediment Spiking

Sediment Quality Triad * * *

Sediment Quality Guidelines * * *

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.

Safe sediment concentrations of specific chemicals are established by determining
the sediment chemical concentration that results in acceptable tissue residues.

Toxicity of interstitial water is quantified and identification evaluation procedures are
applied to identify and quantify chemical components responsible for sediment
toxicity.

Environmental degradation is measured by evaluating alterations in benthic
community structure.

Test organisms are exposed to sediments that may contain known or unknown
quantities of potentially toxic chemicals. At the end of a specified time period, the
response of the test organisms is examined in relation to a specified endpoint.
Dose-response relationships can be established by exposing test organisms to
sediments that have been spiked with known amounts of chemicals or mixtures of
chemicals.

Sediment chemical contamination, sediment toxicity, and benthic community
structure are measured on the same sediment sample. Correspondence between
sediment chemistry, toxicity, and field effects is used to determine sediment
concentrations that discriminate conditions of minimal, uncertain, and major
biological effects.

The sediment concentration of contaminants associated with toxic responses
measured in laboratory exposures or field assessments (i.e., Apparent Effects
Threshold (AET), Effect Range Median (ERM), Probable Effect Level (PEL).

5.2.1 The USEPA has authority under a variety of statutes tenvironment; (3) to ensure that sediment dredging and the
manage contaminated sediments (Table 4). USEPA’s Contamilisposal of dredged material continue to be managed in an
nated Sediment Management Strate§y, (89 establishes the environmentally sound manner; and (4) to develop and con-
following four goals for contaminated sediments and describesistently apply methodologies for analyzing contaminated
actions that the Agency intends to take to accomplish thesgediments. The Agency plans to employ its pollution preven-
goals: (1) to prevent further contamination of sediments thation and source control programs to address the first goal. To
may cause unacceptable ecological or human health risks; (3ccomplish the second goal, USEPA will consider a range of
when practical, to clean up existing sediment contaminationisk management alternatives to reduce the volume and effects
that adversely affects the Nation’s waterbodies or their uses, Q¥ existing contaminated sediments, inc|udin@itu contain-
that causes other significant effects on human health or thgent and contaminated sediment removal. Finally, the Agency

TABLE 4 Statutory Needs for Sediment Quality Assessment
(Modified from Dickson et al (90) and Southerland et al (85))

A

Law Area of need

CERCLA —Assess need for remedial action with contaminated sediments;
assess degree of cleanup required; disposition of sediment

—NPDES permitting, especially under Best Available Technology
(BAT) in water-quality-limited water

—Section 403(c) criteria for ocean discharges; mandatory additional
requirements to protect marine environment

—Section 301(g) waivers for publically owned treatment works
(PTOWS) discharging to marine waters

—Section 404 permits to dredge and fill activities (administered by
the Corps of Engineers)

—Review uses of new and existing chemicals

—Pesticide labeling and registration

—~Permits for ocean dumping

—Preparation of environmental impact statements for projects with
surface water discharges

—Section 5: Pre-manufacture notice reviews for new chemicals

—Section 4,5,6: Reviews for existing industrial chemicals

—Assess suitability (and permit) on-land disposal or beneficial use
of contaminated sediments considered “hazardous”

CWA

FIFRA

MPRSA
NEPA

TSCA

RCRA

A CERCLA Comprehensive Environmental Response, Compensation and Li-
ability Act (“Superfund”)

CWA Clean Water Act

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

MPRSA Marine Protection, Resources and Sanctuary Act

NEPA National Environmental Policy Act

TSCA Toxic Substances Control Act

RCRA Resource Conservation and Recovery Act

Full document details: ASTM E1706-00

is developing tools for use in pollution prevention, source

control, remediation, and dredged material management to
meet the collective goals. These tools include national inven-
tories of sediment quality and environmental releases of
contaminants, numerical assessment guidelines to evaluate
contaminant concentrations, and standardized bioassays to
evaluate the bioaccumulation and toxicity potential of sediment
samples.

5.2.2 The Clean Water Act (CWA) is the single most
important law dealing with environmental quality of surface
waters in the United States. The objective of the CWA is to
restore and maintain the chemical, physical, and biological
integrity of the nation’s waters (CWA, Section 101). Federal
and state monitoring programs traditionally have focused on
evaluating water column problems caused by point source
dischargers. Findings in the National Sediment Quality Survey,
volume | of the first biennial report to Congress on sediment
quality in the U.S., indicate that this focus needs to be
expanded to include sediment quality impacts (Section 1.1.2
and (87).

5.2.3 The Office of Water (OW), the Office of Prevention,
Pesticides, and Toxic Substances (OPPTS), the Office of Solid
Waste (OSW), and the Office of Emergency and Remedial

Response (OERR) are all committed [9celiffepes
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consistent tiered testing described in the Contaminated Sedieries could use unique culturing methods rather than requiring
ment Management Strategy (USERB86)). Agency-wide con-  use of one culturing method.

sistent testing is desirable because all USEPA programs will 5.3.3 This standard recommends the use of performance-
use standard methods to evaluate health risk and produdmsed criteria to allow each laboratory to optimize culture
comparable data. It will also provide the basis for uniformmethods and minimize effects of test organism health on the
cross-program decision-making within the USEPA. Each profeliability and comparability of test results. See 13.1.2 and
gram will, however, retain the flexibility of deciding whether 14.1.2 and Annex Al to Annex A7 for a listing of performance
identified risks would trigger regulatory actions. criteria for culturing and testing.

5.2.4 Tiered testing refers to a structured, hierarchial proceg |nterferences
dure for determining data needs relative to decision-making
: : ; . oo 6.1 General Interferences
that consists of a series of tiers, or levels, of investigative
intensity. Typically, increasing tiers in a tiered testing frame-
work involve increased information and decreased uncertaint
(USEPA, (86)). Each EPA program office intends to develop

?rglr?]ir\:\foen:o;:&tigpr:;nleg1irt1hﬁ(;[\?vsﬁzfgcr)rziltji%tr?dw\?tlgmnei]cehtlt?(re? est results in two ways(1) toxicity is observed in the test
would triaaer re uIath))r action. Depending on statutory an ediment when contamination is low or there is more toxicity
99 9 y - UEp 9 y [ihan expected, an) no toxicity is observed when contami-

aegulrziiéoryé reiq?urnembe nts,d thr? pt\'l(;girar:? sfpe\;:iglcngwdamr:e V\a ants are present at elevated concentrations or there is less
escribe decisions based on a weight of evidence approac t&icity than expected.

pass-fail approach, or comparison to a reference site. The 6.1.2 Because of the heterogeneity of natural sediments,

following two approaches are currently being used by USEPAiaxtrapolation from laboratory studies to the field can some-

(1) the Office of Water-U.S. Army Corps of Engineers dredggdtimes be difficult (Table 5;(66)). Sediment collection, han-

material testing framework and (2) the OPPTS ecological rISlHI- ; Do .

. ) ing, and storage may alter bioavailability and concentration
assessment tiered testing fr_amewprk. USEPA-USATEY) changing the physical, chemical, or biological characteris-
describes the dredged material testing framework and Smrch(% s of the sediment. Maintaining the integrity of a field-
and Zeemaig401) summarizes the OPPTS testing framework'collected sediment during removal, transport, mixing, storage,

A tiered testing framework has not yet been chosen forand testing is extremely difficult and may complicate the

agency-wide use, but some of the components have be 'Hterpretation of effects. Se@1) and Guide 1391.
identified to be standardized. These components are toxicity 6.1.3 Depletion of aqueous and sediment-sorbed chemicals

tests, bioaccumulation tests, chemical criteria, and other me?ésulting from uptake by an organism or test chamber may also
surements that may have ecological significance including

6.1.1 An interference is a characteristic of a sediment or a
test system that can potentially affect test organism response
¥side from those related to sediment-associated contaminants.
hese interferences can potentially confound interpretation of

benthic community structure, colonization rate, andsitu TABLE 5 Advantages and Disadvantages for Use of Sediment
testing within a mesocosifr3). Tests (Modified from Swartz (110))
5.3 Performance-based criteria Advantages

s . . —Measure bioavailable fraction of contaminant(s).
5.3.1 The USEPA’s Environmental Monitoring Manage- _provide a direct measure of benthic effects, assuming no field adaptation

ment Council (EMMC) recommended the use of performance- or ameligration olf effects. .
: : _ —Limited special equipment is required.
based methods in developmg standa(és). Performange  _Methods are rapid and inexpensive,
based methods were defined by EMMC as a monitoring —Legal and scientific precedence exist for use; ASTM standard guides are
approach which permits the use of appropriate methods that available.

meet preestablished demonstrated performance standards (segmf‘j:g ;Q;ﬂ;’see?f”ma“"” refative to chemical analyses or benthic

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

5.3.2 The USEPA Office of Water. Office of Science and —Sediment-toxicity tests can be applied to all chemicals of concern.
U ! —Tests applied to field samples reflect cumulative effects of contaminants

Technology, and Office of Research and Development held a and contaminant interactions.
workshop to provide an opportunity for experts in the field of —Toxicity tests are amenable to confirmation with natural benthos
sediment toxicology and staff from USEPA’s Regional and Populatons.

N Disadvantages
Headquarters Program offices to discuss the development of _sediment collection, handling, and storage may alter bioavailability.

standard freshwater and marine sediment testing procedures—Spiked sediment may not be representative of field contaminated
(73, 89) Workgroup participants arrived at a consensus on Sediment

. . X ) —Natural geochemical characteristics of sediment may affect the response
several culturing and testing methods. In developing guidance of test organisms.

for Culturing test organisms to be included in the USEPA’s —lIndigenous animals may be present in field-collected sediments.
. . —Route of exposure may be uncertain and data generated in sediment
methods manual for sediment tests, it was agreed that no Onetoxicity tests may be difficult to interpret if factors controlling the

method should be required to culture organisms. However, the bioavailability of contaminants in sediment are unknown.

consensus at the WOI’kShOp was that success of a test dependSTests applied to field samples may not discriminate effects of individual
: chemicals.

on the health of the cultures. Therefore, having healthy test “ ., comparisons have been made of methods or species.

organisms of known quality and age for testing was determined —only a few chronic methods for measuring sublethal effects have been

to be the key consideration relative to culturing methods. A developed or extensively evaluated. ~ o _
—Laboratory tests have inherent limitations in predicting ecological effects.

performance-based criteria approach was selected in USEPA_1eqis do not directly address human health effects. -

(1) as the preferred method through which individual labora- Documents
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influence availability. In most cases, the organism is a minoorganic-carbon conter{fZ8) and certain metals normalized to
sink for chemicals relative to the sediment. However, withinacid volatile sulfideg38). Even with the appropriate normal-
the burrow of an organism, sediment desorption kinetics mayzing factors, determination of toxic effects from ingestion of
limit uptake rates. Within minutes to hours, a major portion ofsediment or from dissolved chemicals in the interstitial water
the total chemical may be inaccessible to the organismsan still be difficult(97).
because of depletion of available residues. The desorption of a6.1.9 The addition of food, water, or solvents to the test
particular compound from sediment may range from easilfthambers might obscure the bioavailability of chemicals in
reversible (labile; within minutes) to irreversible (non-labile; sediment or might provide a substrate for bacterial or fungal
within days or monthg91)). Interparticle diffusion or advec- growth. Without addition of food, the test organisms may
tion and the quality and quantity of sediment organic carborstarve during exposurés7, 98) However, the addition of the
can also affect sorption kinetics. food may alter the availability of the chemicals in the sediment
6.1.4 Testing sediments at temperatures different from th€34, 99)depending on the amount of food added, its compo-
field might affect contaminant solubility, partitioning coeffi- sition (for example, total organic carbon (TOC)), and the
cients, or other physical and chemical characteristics. Interachemical(s) of interest.
tion between sediment and overlying water and the ratio of 6.1.10 Laboratory sediment testing with field-collected
sediment to overlying water may influence bioavailabi{if®).  sediments may be useful in estimating cumulative effects and
6.1.5 Results of sediment tests can be used to predict effecisteractions of multiple contaminants in a sample. Tests with
that may occur with aquatic organisms in the field as a result ofield samples usually cannot discriminate between effects of
exposure under comparable conditions. However, motile orindividual chemicals. Many sediment samples contain a com-
ganisms might avoid exposure in the field. Photoinducedlex matrix of inorganic and organic chemicals with many
toxicity may be important for some compounds associated withinidentified compounds. The use of Toxicity Identification
sediment (for example, polycyclic aromatic hydrocarbonsEvaluations (TIE) procedures including sediment tests with
(PAHSs) (92)). However, lighting typically used to conduct spiked chemicals may provide evidence of causal relationships
laboratory tests does not include the appropriate spectrum @nd can be applied to many chemicals of cond@)n Labo-
ultraviolet radiation to photoactivate compour(@8, 94)and  ratory studies that test single compounds spiked into the
thus laboratory tests may not account for toxicity expressed bgediment can be used to determine more directly the specific
this mode of action. chemicals causing a toxic resporn(d€0).

6.1.6 Natural physico-chemical characteristics such as sedi- 6.1.11 Sediment spiking can also be used to investigate
ment texture may influence the response of test orgar(56)s  additive, antagonistic, or synergistic effects of specific chemi-
The physico-chemical characteristics of test sediment need &al mixtures in a sediment samp(@00) However, spiked
be within the tolerance limits of the test organism. Ideally, thesediment may not be representative of contaminated sediment
limits of the test organism should be determined in advancen the field. Mixing time(63) and aging35, 71, 72)of spiked
however, control samples reflecting differences in factors suchediment can affect responses of organisms.
as grain size and organic carbon can be evaluated if the limits 6.1.12 Most assessments of contaminated sediment rely on
are exceeded in the test sediment (see 12.1). The effects atute-lethality testing methods (for examptel0 days;(105-
sediment characteristics can also be addressed with regressipd?7). Acute-lethality tests are useful in identifying “hot spots”
equationg56, 57) The use of formulated sediment can also beof sediment contamination, but may not be sensitive enough to
used to evaluate physico-chemical characteristics of sedimesialuate moderately contaminated areas. Sediment quality
on test organismés8, 59) assessments using sublethal responses of benthic organisms

6.1.7 Indigenous organisms may be present in fieldsuch as effects on growth and reproduction have been used to
collected sediments. An abundance of the same organism &kiccessfully evaluate moderately contaminated gz 17,
organisms taxonomically similar to the test organism in theb5 ), Annex A6 and Annex A7.
sediment sample may make interpretation of treatment effects 6.1.13 Despite the interferences previously listed, existing
difficult. For example, growth of amphipods, midges, orsediment testing methods that include measurement of suble-
mayflies may be reduced if high numbers of oligochaetes are ithal endpoints may be used to provide a rapid and direct
a sediment samplé5). Previous investigators have inhibited measure of effects of contaminants on benthic communities
the biological activity of sediment with sieving, heat, mercuric (e.g., Canfield et a[45)). Laboratory tests with field-collected
chloride, antibiotics, or gamma irradiation (Guide E 1391,sediment can also be used to determine temporal, horizontal, or
(96)). However, further research is needed to determine effectgertical distribution of contaminants in sediment. Most tests
on contaminant bioavailability or other modifications of sedi-can be completed within two to four weeks. Legal and
ments from treatments such as those used to remove or destrsgientific precedence exist for use of sediment tests in regula-
indigenous organisms. tory decision making (for examplé109, 110). Furthermore,

6.1.8 The route of exposure may be uncertain and data frorgediment tests with complex contaminant mixtures are impor-
sediment tests may be difficult to interpret if factors controllingtant tools for making decisions about the extent of remedial
the bioavailability of chemicals in sediment are unknown.action for contaminated aquatic sites and for evaluating the
Bulk-sediment chemical concentrations may be normalized tguccess of remediation activities.
factors other than dry weight. For example, concentrations of 6.2 Species-Specific Interfereneemterferences of tests
nonionic organic compounds might be normalized to sedimerfior each species are described in Sectiwmmn
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Annex Al to Annex A7. aerators, or column aerators. Adequate aeration will stabilize
pH, bring concentrations of dissolved oxygen and other gases
into equilibrium with air, and minimize oxygen demand and
7.1 Water. concentrations of volatiles. Excessive aeration may reduce
7.1.1 Requirements hardness and alkalinity of hard water. The concentration of
7.1.1.1 Water used to test and culture organisms should hgissolved oxygen in source water should be between 90 to
uniform in quality. Acceptable water should allow satisfactory 100 % saturation to help ensure that dissolved oxygen concen-
survival, growth, or reproduction of the test organisms. Testrations are acceptable in test chambers. It may be desirable to

organisms should not show signs of disease or apparent stregsrate dechlorinated water before use (for example, 3 days).
(for example, discoloration, unusual behavior). If problems are 7 1 3 Reconstituted Water

observed in the culturing or testing of organisms, it is desirable 7.1.3.1 Ideally
to evaluate the characteristics of the water. See USEPand i ;

7. Reagents and Materials

reconstituted water is prepared by adding
; i - pecified amounts of reagent-graademicals to high-purity
Guide E 1367 for a recommended list of chemical analyses Oglistilled or deionized water (Guide E 72@)). Problems have

the water supply. - . . been observed with the use of reconstituted water in long-term
7.1.1.2 When deionized water is required, the water-

T . . . exposures withH. azteca(Section 7.1.3.4.3). In some applica-
deionizing system should provide sufficient quantity of at Ieas'iions, acceptable high-purity water can be prepared using
1 MQ of water. If large quantities of high-quality deionized

ded. i be advisabl v the lab deionization, distillation, or reverse-osmosis units (see 9.3,
water are needed, it may be advisable to supply the la orator)(z))_ Test water can also be prepared by diluting natural water
grade water deionizer with preconditioned water from

Awith deionized wate(17) or by adding salts to relatively dilute

mixed-bed water treatment system. Some investigators ha\f?atural waters

observed that holding reconstituted water prepared from deion- S .
ized water for several days before use in sediment tests may be7'1'3'2 Deionized water should be obtained from a system

improve performance of test organisms (C. Hickey, NationaFapable of producing at least 1(Mwater.

Institute of Water and Atmospheric Research, Hamilton, New 7133 Conductivity, pH, hardness, dissolved oxygen, and
Zealand, personal communication). alkalinity should be measured on each batch of reconstituted

7.1.2 Source water. The reconstituted water should be aerated before use to

7.1.2.1 A natural water is considered to be of uniform@diust pH and dissolved oxygen to the acceptable ranges (for
quality if monthly ranges of the hardness, alkalinity, and€X@mple, see 7.1.3.4). USEF2) recommends using a batch of
specific conductance are <10 % of their respective averagd§constituted water for less than two weeks.
and if the monthly range of pH is <0.4. Natural waters should 7-1.3.4 Reconstituted Fresh WatefTo prepare 100 L of
be obtained from an uncontaminated well or spring, if possiblel€constituted fresh water described in Smith e€#l1) use the
or from a surface-water source. If surface water is used, thEeagent grade chemicals as follows:
intake should be positioned t¢1) minimize fluctuations in (1) Place about 75 L of deionized water in a properly cleaned
quality and contaminatior(2) maximize the concentration of container.
dissolved oxygen, an(B) ensure low concentrations of sulfide  (2) Add 5 g of CaSQ and 5 g ofCaCl, to a 2-L aliquot of
and iron. Municipal-water supplies may be variable and maydeionized water and mix (for example, on a stir plate) for 30
contain unacceptably high concentrations of materials such asin.
copper, lead, zinc, fluoride, chlorine, or chloramines. Chlori- (3) Add 3 g ofMgSO,, 9.6 g NaHCQ, and 0.4 g KCl to a
nated water should not be used for culturing or testing becausg:cond 2-L aliquot of deionized water and mix on a stir plate
residual chlorine and chlorine-produced oxidants are toxic tgor 30 min or until the salts dissolve.
many aquatic organisms. Dechlorinated water should only be (4) pour the two 2-L aliquots containing the dissolved salts
used as a last resort since dechlorination is often incomplet@to the 75 L of deionized water and fill the carboy to 100 L
(Guide E1241(2)). o o _ with deionized water.

7.1.2.2 For site-specific investigations, it is desirable to (5) Aerate the mixture for at least 24 h before use.

have the water-quality characteristics of the overlying water as (6) The water quality of the reconstituted water (reformu-

simila.r as possiblg to thg site water. For certain applications t.h%ted moderately hard reconstituted water described by Smith
experimental design might require use of water from the site

from which sediment is collected. When distilled water Waset al. (111) and in USEPA(1) ) should be about: hardness, 90

. . : .19 100 mg/L as CaCg) alkalinity 50 to 70 mg/L as CaCQ
added to sediment, contaminant and organic carbon d|str|butec nductivity 330 to 360 pS/cm, and pH 7.8 to 8.2.

on smaller sediment particles (perhaps resulting from disag-
gregation of particles). Therefore, it may be advisable to (7)McN.uIty et aI.(98)anq Kemble et ak112),(60)observed
or survival ofH. aztecain tests conducted 14 to 28 days

conduct sediment tests with water representative of the site &°
concern(1).

7.1.2.3 Water that might be contaminated with facultative__
pathogens may be passed through a properly maintained’Rreagent Chemicals, American Chemical Society Specificatifmrican
ultraviolet sterilizer equipped with an intensity meter and flowChemical Society, Washington, DC. For suggestions on the testing of reagents not

; ; ize<df listed by the American Chemical Society, s@galar Standards for Laboratory
controls or passed throth a filter with a pore siz 45 Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
pm. and National FormularylJ.S. Pharmaceutical Convention, Inc. (USPC), Rockville,

7.1.2.4 Water might need aeration using air stones, surfacep. Documents
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using a variety of reconstituted waters including the reconstifial characteristics includel) consistency of materials from
tuted water described by Smith et §11)in 7.1.3.4. Borg- batch to batch,2) contaminant concentrations below concen-
mann (113)described a reconstituted water that was usedrations of concern, and) availability to all individuals and
successfully to maintaiil. aztecain culture; however, some facilities (60).
laboratories have not had success with reproduction ofthe  7.2.1.3 Physico-chemical characteristics which might be
aztecawhen using this reconstituted water in the 42-day testonsidered when evaluating the appropriateness of a formu-
(T.J. Norberg-King, USEPA, Duluth, MN, personal communi- lated sediment include: percent sand, percent clay, percent silt,
cation). Research is ongoing to develop additional types obrganic carbon content, cation exchange capacity (CEC),
reconstituted waters suitable flr azteca Until an acceptable oxidation reduction potential (redox), pH, and carbon: nitro-
reconstituted water has been developed for long-term expaen:phosphorus ratios.
sures withH. azteca a natural water demonstrated to support 7.2.2 Sources of Materials
adequate survival, growth, and reproduction of amphipods is 7.2.2.1 A variety of methods describe procedures for mak-
recommended for use in long-teitth aztecaexposures (Annex ing formulated sediments. These procedures often use similar
A6.2; (55, 112, 60). constituents; however, they often include either a component or
7.1.3.5 Synthetic SeawaterReconstituted salt water can be a formulation step which would result in variation from test
prepared by adding commercial sea salts to deionized water. facility to test facility. In addition, most of the procedures have
synthetic seawater formulation can be prepared with reagemiot been subjected to standardization and consensus approval
grade chemicals which can be diluted with deionized water t@r round-robin (ring) testing. The procedure outlined below by
the desired salinity114). Ingersoll et al115)describes proce- Kemble et al.(60) was evaluated in round-robin testing with
dures for culturingH. aztecaat salinities up to 15 ppt. Hyalella aztecandChironomus tentanSection 17.6; USEPA
Reconstituted salt water was prepared by adding commercigl)).
salts to a 25:75 (v/v) mixture of freshwater (hardness 283 mg/L 7.2.2.2 Most formulated sediments include sand and clay/
as CaCQ) and deionized water that was held at least twosilt which meet certain specifications; however, they may be
weeks before use. Synthetic seawater was conditioned hyuite different. For example, three sources of clay and silt
adding 6.2 mL of nitrifying bacteria No.8Y Nitromonas sp. include Attageb 50, ASP® 400, and ASP 400P? Table 6
and Nitrobacter sp) to each liter of water. The cultures were summarizes the characteristics of these materials. The percent-
maintained by using renewal of water (25 % of the cultureage of clay ranges from 56.5 to 88.5 and silt ranges from 11.5
water was replaced weekllyalella aztecehave been usedto to 43.5. These characteristics should be evaluated when con-
evaluate the toxicity of estuarine sediments up to 15 ppsidering the materials to use in a formulated sediment.

salinity in 10-day exposure@?7, 81, 116-118). 7.2.2.3 A critical component of formulated sediment is the
7.2 Formulated Sediment source of organic compound. Many procedures have used peat
7.2.1 General Requirements as the source of organic carbon. Other sources of organic

7.2.1.1 Formulated sediments are mixtures of materialsarbon have been evaluated including: humus, potting soil,
which mimic the physical components of natural sedimentsmaple leaves, composted cow manure, rabbit chow, cereal
Formulated sediments have not been routinely applied téeaves'® Chlorella, trout chow, fish food flakés$ and fish food
evaluate sediment contamination. A primary use of formulatedlakes'?, and alpha cellulose. Only peat, humus, potting soil,
sediment could be as a control sediment. Formulated sedimermtsmposted cow manure, and alpha cellulose have been used
allow for standardization of sediment testing or provide a basisuccessfully without fouling the overlying water in sediment
for conducting sediment research. Formulated sediment prdesting(60). The other sources of organic carbon listed in Table
vides a basis by which any testing program can assess thecaused dissolved oxygen concentrations to fall to unaccept-
acceptability of their procedures and facilities. In addition,able levels(1, 60) Kemble(60) reported that conditioning of
formulated sediment provides a consistent measure evaluating
performance-based criteria necessary for test acceptability. The
use of formulated sediment eliminates interferences caused by Sources of Kaolinite such as Attage0, ASP: 400, ASP 400, ASP 600,

. . K o . d ASP® 900 are available from Englehard Corporation, Edison, NJ or Product No.

the presence of indigenous organisms. Spiking formumtegﬁOSQ available from BDH Chemical Ltd, Poole, England.
sediments with specific chemicals would reduce variation in °Ground cereal leaves, such as Cerophyl, available from Sigma Chemical Co.,
sediment physico-cherical characterstcs and would provide B, 21 50,8 L1, 10 00 Lo e o e o s
consistent method for eva_iluatmg the fate of_ _chemlcals_ N ave been found suitable for this purpose. yp ‘
sediment. Se€61) and Guide E 1391 for additional detail  12Fish food flakes such as Tetramin, available from many pet food distributors,
regarding uses of formulated sediment. have been found suitable for this purpose.

7.2.1.2 ldeally, a formulated sediment should) (support
the survival, growth, or reproduction of a variety of benthic TABLE 6 Characteristics of 3 Different Sources of Clays and
invertebrates,q) provide consistent acceptable biological end- Silts Used in Formulated Sediments *(See Table 8 for a List of
points for a variety of species, an®)(be composed of Suppliers)

materials that have consistent characteristics. Consistent mate=haracteristic  Attagel® 50 ASP® 400 ASP® 400P
% Sand 0.00 0.01 0.00
% Clay 88.50 68.49 56.50
% Silt 11.50 31.50 43.50
8 Nitrifying bacteria (Nitromonas spandNitrobacter sp) such as Frit-zym@No. Soil Class Clay Clay __ Silty clay
9, available from Fritz Chemical Company, Dallas, TX. Uocu ments
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TABLE 7 Carbon, Nitrogen, Phosphorus Levels for Various TABLE 8 Sources of Various Components Used in Formulated
Sources of Organic Carbon (1) Sediments
Organic Carbon Source Ca[;)on, Nitrog};en, Phospl;orus, Component Sources
> ma'g Ha'g Sand *White Quartz sand #1 dry, #2, #3—New England Silica, Inc.,
Peat a7 4 0.4 South Windsor, CT (Note: Mystic White sands are no longer
Maple leaves 1 42 6 1.3 available. Kemble et al. (60) found White Quartz sand to be
Maple leaves 2 a7 3 17 an acceptable substitute.
Cow manure 30 11 8.2 *Product No. 33094, BDH Chemical, Ltd., Poole, England
Rabbit chow 40 18 0.2 Kaolinite *ASP 400, ASP 400P, ASP 600, ASP 900—Englehard
Humic acid 40 3 Corporation, Edison, NJ
Cereal leaves'® 47 4 0.4 *Product No. 33059, BDH Chemical, Ltd., Poole, England
Chlorella 40 41 5.7 Montmorillonite *W.D. Johns, Source Clays, University of Missouri, Columbia,
Trout chow 43 36 11 MO
Fish food flakes*? 37 45 9.6 Clay sLewiscraft Sculptor’s Clay, available in hobby and artist supply
Fish food flakes'36 29 8.6 stores
Humus «Sims Bark Co., Inc., Tuscumbia, AL
Alpha cellulose *Sigma Co., St. Louis, MO
Peat «D.L. Browning Co., Mather, WI
formulated sediment was not necessary when alpha cellulose -Joseph Bentley, Ltd.. Barrow-on-Humber, South Humberside,
was used as a source of organic carbon to prepare sediment for England
use as a negative control. In addition, alpha cellulose is a *Mellinger's, North Lima, OH

tt il «Zehr's No N Potting Soil, Missi , Ontari
consistent source of organic carbon, low in contamlnanﬁﬂn']?f;g& .Afdrzcsh Coheni?;; C%_mﬂnwc;ukefsﬁauga rene

concentrations of concern, and is a relatively biologically-cow manure +A.H. Hoffman, Inc., Landisville, PA
inactive source of organic carbon. There are three forms gfolomite *Ward's Natural Science Establishment, Inc., Rochester, NY
cellulose (alpha, beta, and gamma) that differ in their degree of
polymerization, alpha cellulose has the highest degree of
polymerization and is the chief constituent of paper pulp. The (2) Harrahy and Clementd19) Rinse peat moss then soak
beta and gamma forms have much lower degree of polymefor 5 days in deionized water renewing water daily. Acclimate
ization and are known as hemicellulose. Hence, the alphor 5 days, remove all water and spread out to dry. Grind moss
cellulose would not serve as food source for test organismand sieve using the following sieve sizes: 1.18 mm (discard
compared to other sources of organic carbon, but would serviiese particles); 1.00 mm (average size 1.09 mm); 0.85 mm
as a organic carbon constituent for sediment (i.e., texture or gaverage size 0.925); 0.60 (average size 0.725); 0.425 mm
partitioning compartment for contaminants). The use of alphdaverage size 0.5125 mm); retainer (average size 0.2125 mm).
cellulose as a source of organic carbon for sediment-spikintyse a mixture of sizes that provides an average particle size of
studies has not been adequately evaluated. A recent stu@#0 um. Wash medium quartz sand and dry. Clay and silt are
conducted by J. Besser (USGS, Columbia, MO, unpublishedbtained using ASP 400 (Englehard Corp).Dry mixed
data) indicate that use of alpha cellulose as a source of organdonstituents in the following quantities: sand (850 g); silt and
carbon in 21-day studies resulted in some generation of sulfidelay (150 g); dolomite (0.5 g); sphagnum moss (22 g); and
in the pore water (which may affect the bioavailability of humic acid (0.10 g). Mix sediment for an hour on a rolling mill
metals spiked in sediment). and stored dry until ready for use.
7.2.2.4 An important consideration in the selection of an (3)Hanes et a(120): Sieve sand and retain two patrticle sizes
organic carbon source may be the ratio of carbon:nitrogenf90 to 180 um and 180 to 250 um) which are mixed in a ratio
:phosphorus. As demonstrated in Table 7, percentage carbafi2:1. Dry potting soil for 24 h at room temperature and sieved
ranged from 30 to 47, percentage nitrogen ranged from 0.7 tthrough a 1-mm screen. Obtain clay as a commercially
45 mgl/g, and percentage phosphorus ranged from beloavailable sculptors clay. Determine percent moisture of clay
detection to 11 pg/g for several different carbon sources. Thesand soil after drying for 24 h at 60 to 100°C (correct for percent
characteristics should be evaluated when considering thmoisture when mixing materials). Mix constituents by weight
materials to use in a formulated sediment. in the following ratios: sand mixture (42 %); clay (42 %); and
7.2.3 Procedure soil (16 %). Autoclave after mixing, autoclave in a foil-covered
7.2.3.1 A summary of procedures that have been used toontainer for 20 min. Mixture can be stored indefinitely if kept
formulate sediment are listed as follows. Suppliers of variousovered after autoclaving.
components are listed in Table 8. (4) Naylor et al(121) Acid wash sand and sieve to obtain a
(1) Walsh et al(58): Wash and sieve sand into three grain40 to 100-mm size. Obtain clay as kaolin light. Grind peat
sizes: coarse (500 to 1500 um); medium (250 to 499 um); anthoss and sieve using a 2-mm screen (peat moss that is allowed
fine (63 to 249 um); Mystic White No. 85, 45, and 18-New to dry out will not rehydrate and will float on the water
England Silica Inc.; Note: Mystic White sands are no longersurface). Adjust for the use of moist peat moss by determining
available. Kemble et a(60) found White Quartz sand to be an moisture content (dry 5 samples of peat at 60°C until constant
acceptable substitute; Table 8). Obtain clay and silt fromweight is achieved). Mix constituents by weight in the follow-
Engelhard Corp. Mill peat moss and sieved through a 840-unng percentages: sand (69 %); kaolin (20 %); peat (10 %; adjust
screen. Mix constituents dry in the following quantities (by for moisture content); and CaG@1 %). Mix for 2 h in asoil
weight): coarse sand (0.6 %); medium sand (8.7 %); fine sanshaker and store in sealed containers.
(69.2 %); silt (10.2%); clay (6.4 %); and organic matter (5) Suedel and Rodger&9): Sieve sand to provide three

(4.9 %). different size fractions: coarse (2.0 to 0.5 D@@Eﬂﬁé?ﬂg
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0.25 mm), and fine (0.25 to 0.05 mm; Mystic White No. 18 andother potentially toxic compounds. Inasmuch as sediment
90; Note: Mystic White sands are no longer available, Kembldesting is often started before chemical analyses can be
et al. (60) found White Quartz sand to be an acceptablecompleted, worker contact with sediment needs to be mini-
substitute; Table 8). Ash silt (ASP400)? clay (ASP®? 600 and  mized by: (1) using gloves, laboratory coats, safety glasses,
900)? montmorillonite clay, and dolomite are ashed at 550°Cface shields, and respirators as approprié2g manipulating
for 1 h toremove organic matter. Dry humus (70°C) and milled sediments under a ventilated hood or in an enclosed glove box,
to 2.0 mm. Add dolomite at 1 % of the silt requirement. Age and(3) enclosing and ventilating the exposure system. Person-
materials for 7 days in flowing water before mixing. Mix nel collecting sediment samples and conducting tests should
constituents to mimic the desired characteristics of the sediake all safety precautions necessary for the prevention of
ment of concern. bodily injury and illness which might result from ingestion or
(6) Kemble et al.(60) describe procedures for making a invasion of infectious agents, inhalation or absorption of
variety of formulated sediments ranging in grain size andcorrosive or toxic substances through skin contact, and as-
organic carbon. A sediment with 19 % sand and 2 % organiphyxiation because of lack of oxygen or presence of noxious
carbon was produced by combining: (1) 219 grams of sandases.
(White Quartz #1 dry), (2) 1242 grams of a silt-clay mixture 8.1.3 Before beginning sample collection and laboratory
(ASP 400), (3) 77.3 grams of alpha cellulose, (4) 0.15 grams ofvork, personnel should determine that all required safety
humic acid, and (5) 7.5 grams of dolomite (the dolomite is aequipment and materials have been obtained and are in good
source of bicarbonate buffering that occurs naturally in soilondition.
and sediments). Steps for processing the sand before useg.2 Safety Equipment

include: (1) rinsing sand with gentle mixing in well water 8.2.1 Personal Safety GearPersonnel should use safety
(hardness 283 mg/L as Cag@lkalinity 255 mg/L as CaC{)  equipment, such as rubber aprons, laboratory coats, respirators,
pH 7.8) until the water runs clear, (2) rinsing the sand for 5 mingloves, safety glasses, face shields, hard hats, and safety shoes.
with dgionized water, and_ 3) a_ir drying the sand. anstituents 8.2.2 Laboratory Safety EquipmentEach laboratory

are mixed fo 1 h on arolling mill and stored dry until ready  should be provided with safety equipment such as first-aid kits,
for use (i.e., no conditioning required). When formulatedfire extinguishers, fire blankets, emergency showers, and eye
sediments are made with a high silt-clay content, the alkalinityyash stations. Mobile laboratories should be equipped with a

and hardness of the pore water may drop due to catiofelephone to enable personnel to summon help in case of
exchange. Gentle mixing of the formulated sediment withemergency.

overlying water before use in testing reduces this change in the g 3 General Laboratory and Field Operations

water quality characteristics of the pore water. 8.3.1 Special handling and precautionary guidance in Ma-
7.3 Reagents-Data sheets should be followed for reagentSieyia safety Data Sheets (MSDS) should be followed for

and other chemicals purchased from supply houses. The teslagents and other chemicals purchased from supply houses.
material(s) should be at least reagent grade, unless a test using"s 5 \work with some sediments may require compliance

a formulated commercial product, technical-grade, or US€hith rules pertaining to the handling of hazardous materials.

grade material is specifically needed. Reagent Containerl§ersonnel collecting samples and performing tests should not
should be dated when received from the supplier, and the shq}&ork alone g P P 9

life of the reagent should not be exceeded. Working solutions . . .
should be dated when prepared and the recommended shelf Iife8'3'3 Itis advisable to wash exposed parts of the body with

should not be exceeded. bact_ericidal soap and water immediately after collecting or
7.4 Standards—-Appropriate  USEPA, APHA, or ASTM manipulating sed|ment samplesf. .

standards for chemical and physical analyses should be used8'3'.4 Strong acids and volatile organic solvents should be

when possible. For those measurements for which standards ngd in a fume hood or under an exhaust canopy over the work

not exist or are not sensitive enough, methods should ba"

obtained from other reliable sources.

8.3.5 An acidic solution should not be mixed with a
hypochlorite solution because hazardous fumes might be

8. Hazards produced.

8.1 General Precautions 8.3.6 To prepare dilute acid solutions, concentrated acid

8.1.1 Development and maintenance of an effective healtghould be added to water, not vice versa. Opening a bottle of
and safety program in the laboratory requires an ongoin oncentrated acid and adding concentrated acid to water should
commitment by laboratory management and includésthe  be performed only under a fume hood.
appointment of a laboratory health and safety officer with the 8.3.7 Use of ground-fault systems and leak detectors is
responsibility and authority to develop and maintain a safetytrongly recommended to help prevent electrical shocks. Elec-
program,(2) the preparation of a formal, written health and trical equipment or extension cords not bearing the approval of
safety plan, which is provided to each laboratory staff membetJnderwriter Laboratories should not be used. Ground-fault
(3) an ongoing training program on laboratory safety, &hd  interrupters should be installed in all “wet” laboratories where
regular safety inspections. electrical equipment is used.

8.1.2 Collection and use of sediments may involve substan- 8.3.8 All containers should be adequately labeled to indicate
tial risks to personal safety and health. Chemicals in fieldtheir contents.
collected sediment may include carcinogens, mutagens, and8.3.9 A clean and well-organized work%wmm

16 Document Sharing Hub

Full document details: ASTM E1706-00


http://www.avadocuments.com/doc/astm-e1706-00
http://www.avadocuments.com/doc/astm-e1706-00

. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy £ 1706

safety and reliable results. an environmental chamber using automatic timers.

8.4 Disease Preventiea-Personnel handling samples 9.2.3 During rearing, holding, and testing, test organisms
which are known or suspected to contain human wastes shouthould be shielded from external disturbances such as rapidly
be immunized against hepatitis B, tetanus, typhoid fever, andhanging light or pedestrian traffic.
polio. Thorough washing of exposed skin with bactericidal 9.2.4 Air used for aeration should be free of oil and fumes.
soap should follow handling of samples collected from theFilters to remove oil, water, and bacteria are desirable. The test
field. facility should be well ventilated and free of fumes. Oil-free air

8.5 Safety Manuals- For further guidance on safe practices pumps should be used where possible. Particulates can be
when handling sediment samples and conducting toxicity testsemoved from the air using filters, and oil and other organic
check with the permittee and consult general industrial safetyapors can be removed using activated carbon fil{@js
manuals including122, 123) Laboratory ventilation systems should be checked to ensure

8.6 Pollution Prevention, Waste Management, and Samplehat return air from chemistry laboratories or sample handling
Disposat—Guidelines for the handling and disposal of hazard-greas is not circulated to culture or testing areas, or that air
ous materials should be strictly followed (Guide D 4447). Thefrom testing areas does not contaminate culture areas. Air
Federal Government has published regulations for the managgressure differentials between areas should not result in a net

ment of hazardous waste and has given the States the optionfidw of potentially contaminated air to sensitive areas through
either adopting those regulations or developing their own. lfgpen or loosely fitting doors.

States develop their own regulations, they are required to be at 9 3 Equipment and Supplies

least as stringent as the.FederaI regulatlprlg. As a handler ofg 5 1 Equipment and supplies that contact stock solutions,
hazardous materials, it is your responsibility to know andsediments. or overlying water should not contain substances
comply with the pertinent regulations applicable in the State ifh4t can be leached or dissolved in amounts that adversely
which you are operating. Refer to the Bureau of Nationalyfect the test organisms. In addition, equipment and supplies
Affairs Inc. (124)for the citations of the Federal requirements. i,5t contact sediment or water should be chosen to minimize
9. Facilities, Equipment, and Supplies sorption of test materials from water. Glass, Type 316 stainless
steel, nylon, high-density polyethylene, polypropylene, poly-
carbonate, and fluorocarbon plastics should be used whenever
ossible to minimize leaching, dissolution, and sorption. Con-
rete and high-density plastic containers may be used for
olding, acclimation, and culture chambers, and in the water-

9.1 General—Before a sediment test is conducted in any
new test facility, it is desirable to conduct a “non-toxicant” test,
in which all test chambers contain a control sediment, ami
overlying water with no added test material (see 11.14)h
dsg;;/(;\;i!{rgtrgv\\:\t/uég]reﬁ%gﬁt?gg0r\/]v:tfe:hic;[r?tsrglors%?jri‘rlﬁrenni vxg! u_pply system. These ma_terials_should be washed in detergent,

’ ’ ’ cid-rinsed, and soaked in flowing water for a week or more

hand_llng tech_nlques are adequate fo result in acceptab Sefore use. Cast-iron pipe should not be used in water-supply
species-specific control numbers (for example, see 13.1.2

Evaluations may also be made on the magnitude of th ystems because colloidal iron will be added to the overlying

within-chamber and between-chamber variance in a test. S ater and strainers will be needed to remove rust particles.
11.14 ' E‘(,eopper, brass, lead, galvanized metal, and natural rubber must
é 5 .FacilitieS' not contact overlying water or stock solutions before or during

a test. Iltems made of neoprene rubber and other materials not

an?jlztélst;[]getgarcggﬁcn;%ﬁtelr;)f)lggi%iﬁ; pg;actgn?;ﬁiafg;gugygs entiongd abovg should not be used unless .it has been shown
materials and other substances, especially volatile compoun hat their use will not adversely affect survival, growth, or
. L ’ . _réproduction of the test organisms.

Holding, acclimation, and culture chambers should not be in a 932 New lots of plastic products should be tested for
room where sediment tests are conducted, where stock soly- - bef FI) bp . . h
tions or sediments are prepared, or where equipment is cleane xicity before general use by exposing organisms to them
Test chambers may be placed in a temperature—controlIelt.'inder ordinary test C_O”d'“o"‘s-
recirculating water bath or a constant-temperature area. An 9-3-3 General Equipment _ N
enclosed test system is desirable to provide ventilation during 9-3-3.1 Environmental Chamber or Equivalent Facility
tests to limit exposure of laboratory personnel to volatileWith photoperiod and temperature control (20 to 25°C).
substances. 9.3.3.2 Water Purification Systentapable of producing at

9.2.2 Light of the quality and illuminance normally ob- least 1 M) of water(2).
tained in the laboratory is adequate (about 100 to 1000 |  9.3.3.3 Analytical Balance capable of accurately weighing
using wide-spectrum fluorescent lights: for example, coolto 0.01 mg.
white or day-light has been used successfully to culture and test 9.3.3.4 Reference Weights, Class f&r documenting the
organisms). Lux is the unit selected for reporting luminance irperformance of the analytical balance(s). The balance(s)
this standard. Multiply units of lux by 0.093 to convert to units should be checked with reference weights that are at the upper
of footcandles. Multiply units of lux by 6.9% 103to convert and lower ends of the range of the weighings made when the
to units of umol? s }(assuming an average wavelength of 550balance is used. A balance should be checked at the beginning
nm (umol? s = W m X A(nm) X 8.36 X 1079)). lluminance  of each series of weighings, periodically (such as every tenth
should be measured at the surface of the water. A uniformveight) during a long series of weighings, and after taking the
photoperiod of 16L:8D can be achieved in the laboratory or ifast weight of a series. Documents
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9.3.3.5 Volumetric Flasks and Graduated Cylinder€lass  bers, and other equipment that have come in contact with
A, borosilicate glass or nontoxic plastic laboratory ware, 10 tasediment should be washed after use in the manner described

1000 mL for making test solutions. as follows to remove surface contaminants.
9.3.3.6 Volumetric Pipets—Class A, 1 to 100 mL. (1) Soak 15 min in tap water, and scrub with detergent, or
9.3.3.7 Serological Pipets-1 to 10 mL, graduated. clean in an automatic dishwasher.
9.3.3.8 Pipet Bulbs and Fillers (2) Rinse twice with tap water.

9.3.3.9 Droppers, and Glass Tubing with Fire-Polished (3) Carefully rinse once with fresh, dilute (10 %, V:V)
Edges, 4 to 6-mm inside diametéor transferring test organ- hydrochloric or nitric acid to remove scale, metals, and bases.

isms. To prepare a 10 % solution of acid, add 10 mL of concentrated
9.3.3.10Wash Bottlesfor rinsing small glassware, instru- acid to 90 mL of deionized water.

ment electrodes and probes. (4) Rinse twice with deionized water.
9.3.3.11 Glass or Electronic Thermometerr measuring (5) Rinse once with full-strength, pesticide-grade acetone to

water temperature. remove organic compounds (use a fume hood or canopy).
9.3.3.12National Bureau of Standards (NBS) Certified Hexane might also be used as a solvent for removing non-ionic

Thermometer(see USEPA Method 170.{125)). organic compounds. However, acetone is preferable if only one
9.3.3.13Dissolved Oxygen (DO), pH/Selective lon, and©rganic solvent is used to clean equipment.

Specific Conductivity Meters and Probésr routine physical  (6) Rinse three times with deionized water.

and chemical measurements are needed. Unless a test is bein&?'?"e'.2 Al test Cha”?be.fs and equipme_nt should be th(_)r-

conducted to specifically measure the effect of DO or conduc® ghly rinsed with the dilution water immediately before use in

tivity, a portable field-grade instrument is acceptable. a test. . , L
9.3.3.14 See Table 9 for a list of additional equipment and 9.3.6.3 Many organic solvents leave a film that is insoluble

supplies. Annex A7 outlines equipment needs for conducting’ﬂ‘ V\:jat_er. AI\ d|chrfort1)1attr?-tshulfur|c aqd clleam?g Sgll:r:'on C%n be
long-term exposures witEhironomus tentans Sed in place of bo € organic solvent an e acid (see

9.3.4 Water-delivery System Guide E 729), but the solution might attack silicone adhesive

93.4.1 The water-delivery svstern used in water-renewaznd leave chromium residues on glass. An alternative to use of
e Y SYyste ichromate-sulfuric acid could be to heat glasswaregft at
testing can be one of several designs. The system should

capable of delivering water to each replicate test chamber.%0 c.

Mount and Brungs(126) diluters have been successfully 10. Sample Collection, Storage, Manipulation, and
modified for sediment testing. Other diluter systems have also  Characterization

been useful(1, 102, 127-130). The water-delivery system 101 Collection

should be calibrated before the test by determining the flow 1411 Before the preparation or collection of sediment, a

rate of the overlying water. The general operation of the systergyocedure should be established for the handling of sediments
should be visually checked daily throughout the length of thgynich might contain unknown quantities of toxic chemicals
test. If necessary, the water-delivery system should be adjusuigection 8).

during the test. At any particular time during the test, flow rates 19 1 2 Sediments are spatially and temporally vari&®®

through any two test chambers should not differ by more thafkepjicate samples should be collected to determine variance in

10 %. _ sediment characteristics. Sediment should be collected with as
9.3.4.2 The overlying water can be replaced manually (fofjttie disruption as possible; however, subsampling, composit-
example, siphoning); however, manual systems take more tim@q or homogenization of sediment samples may be necessary
to maintain during a test. In addition, automated systemsor some experimental designs. Sampling may cause loss of
generally result in less suspension of sediment compared igdiment integrity, change in chemical speciation, or disruption

manual renewal. of chemical equilibrium (Guide E 1391). Abenthic grab or core
9.3.5 Test Chambers should be used rather than a dredge to minimize disruption of
9.3.5.1 Test chambers may be constructed in several wayfe sediment sample. Sediment should be collected from a
and of various materials, depending on the experimental desigifepth that will represent expected exposure. For example,
and the contaminants of interest. Clear silicone adhesivegligochaetes may burrow 4 to 15 cm into sediment.
suitable for aquaria, sorb some organic compounds which 10.1.3 Exposure to direct sunlight during collection should
might be difficult to remove. Therefore, as little adhesive aspe minimized, especially if the sediment contains photolytic
possible should be in contact with the test material. Extra beadsompounds(92, 93) Sediment samples should be cooled to
of adhesive should be on the outside of the test chambers rathgfC in the field before shipment (Guide E 1367). Dry ice can
than on the inside. To leach potentially toxic compounds fronpe used to cool samples in the field; however, sediments should

the adhesive, all new test chambers constructed using silicorifever be frozen. Monitors can be used to measure temperature
adhesives should be held at least 48 h in overlying water beforguring shipping(1).

use in a test. 10.1.4 For additional information on sediment collection
9.3.5.2 Test chambers for specific tests are described iand shipment see Guide E 1391, USEfA), and USEPA
Sections 13 and 14, and in Annex Al to Annex A7. (131) for additional guidance.
9.3.6 Cleaning 10.2 Storage

9.3.6.1 All non-disposable sample containers, test cham- 10.2.1 Since the chemicals of concﬁwﬂhﬂ@m
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TABLE 9 Equipment and Supplies for Culturing and Testing for Specific Test Organisms are Listed As: HA = Hyalella azteca and CT =
Chironomus tentans . See Annex Al to Annex A5 for Supplies and Equipment for the Additional Test Organisms

A. Biological Supplies Brood stock of test organisms
Active dry yeast (HA)
Cereal leaves; HA
Trout chow (HA)
Fish food flakes'*(CA)
Algae (for example, Selenastrum capricornutum, Chlorella; CT)
Diatoms (for example, Navicula sp. (HA)
B. Glassware Culture chambers
Test chambers (300-mL high-form lipless beaker; HA and CT)
Juvenile holding beakers (for example, 1 L; HA)
Crystallizing dishes or beakers (200 to 300-mL; CT)
Erlenmeyer flasks (250 and 500 mL; CT)
Larval rearing chambers (for example, 19-L capacity; CT)
Ya-in. glass tubing (for aspirating flask; CT)
Wide-bore pipets (4 to 6-mm inside diameter)
Glass disposable pipets
Burettes (for hardness and alkalinity determinations)
Graduated cylinders (assorted sizes, 10 mL to 2 L)
C. Instruments and Equipment Dissecting microscope
Stainless steel sieves (for example, U.S. Standard No. 25, 30, 35, 40, 50 mesh)
Delivery system for overlying water
Photoperiod timers
Light meter
Temperature controllers
Thermometer
Continuous recording thermometers
Photoperiod timer
Dissolved oxygen meter
pH meter
lon-specific meter
Ammonia electrode (or ammonia test kit)
Specific-conductance meter
Drying oven
Desiccator
Balance (0.01-mg sensitivity)
Blender
Refrigerator
Freezer
Light box
Hemacytometer (HA)
Paper shredder, cutter, or scissors (CT)
Temperature controller
Thermometer
Continuous-recording thermometer
Photoperiod timer
Electric drill with stainless steel auger (diameter 7.6 cm, overall length 38 cm, auger bit length 25.4 cm (see 10.3)
See (1, 128, 129) for a listing of equipment needed for water-delivery systems
D. Miscellaneous Ventilation system for test chambers
Air supply and airstones (oil free and regulated)
Cotton surgical gauze or cheese cloth (HA)
Stainless steel screen (No. 60 mesh, for test chambers)
Glass hole-cutting bits
Glass glue
Plastic mesh (110-um mesh opening; nylon screen*®110; HA)
Aluminum weighing pans
Fluorescent light bulbs
Nalgene bottles (500 mL and 1000 mL for food preparation and storage)
Deionized water
Airline tubing
White plastic dishpan
Coiled-web material**
Brown or white paper toweling (for substrate; CT)
Screening material (for example, nylon screen'3(110 mesh), window screen, or panty hose; CT)
Water squirt bottle
Shallow pans (plastic (light-colored), glass, stainless steel)
E. Chemicals Detergent (nonphosphate)
Acetone (reagent grade)
Hexane (reagent grade)
Hydrochloric acid (reagent grade)
Copper Sulfate
Potassium Chloride
Reagents for reconstituting water
Formalin (or other substitutes for formalin, see13.3.7.1)
Sucrose

Documents
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sediment characteristics are not always known, it is desirable tgrain size or chemical partitioning and should be avoided
hold the sediments after collection in the dark at 4°C. Tradi{Guide E 1391; Schuytema et 4lL40)). Sediment should be
tional convention has held that toxicity tests should be startedtored with no air over the sealed samples (no head space) at
as soon as possible following collection from the field, al-4°C before the start of a test (Shuba e(a41)). Sediment may
though actual recommended storage times range from twbe stored in containers constructed of suitable materials as
weeks (Guide E 1391) to less than eight weeks (USEPAeutlined in Section 9.
USACE) (86). Discrepancies in recommended storage times 10.3 Manipulation
reflected a lack of data concerning the effects of long-term 10.3.1 Homogenization
storage on the physical, chemical, and toxicological character- 19.3.1.1 Samples tend to settle during shipment. As a resullt,
istics of the sediment. However, numerous studies have rggyater above the sediment should not be discarded, but should
cently been conducted to address issues related to sedimgfd mixed back into the sediment during homogenization.
storage (Dillon et al.(138) Becker et al.(406) Carr and  gediment samples should not be sieved to remove indigenous
Chapman(132) Moore et al.(133) Sarda and Burtoif134),  grganisms unless there is a good reason to believe they will
Sijm et al.(135) DeFoe and Ankley136). The conclusions influence the response of the test organisms. Large indigenous
and recommendations offered by these studies vary substaprganisms and large debris can be removed using forceps.
tially and appear to depend primarily upon the type or class oReynoldson et a(95) observed reduced growth of amphipods,
chemical(s) present. Considered collectively, these studiggidges, and mayflies in sediments with elevated numbers of
suggest that the recommended guidance that sediments Bggochaetes and recommended sieving sediments suspected to
tested sometime between the time of collection and 8 weekave high numbers of indigenous oligochaetes. If sediments
storage is appropriate. Additional guidance is provided belowmust be sieved, it may be desirable to analyze samples before
10.2.2 Extended storage of sediments that contain highnd after sieving (for example, pore-water metals, dissolved
concentrations of labile chemicals (for example, ammoniaprganic carbon (DOC), acid volatile sulfide (AVS), total
volatile organics) may lead to a loss of these chemicals and arganic carbon (TOC)) to document the influence of sieving on
corresponding reduction in toxicity. Under these circum-sediment chemistry.
stances, the sediment should be tested as soon as possible after0.3.1.2 If sediment is collected from multiple field
collection, but not later than within two weeks (Sarda andsamples, the sediment can be pooled and mixed using stirring
Burton (134)). Sediments that exhibit low-level to moderate or a rolling mill, feed mixer, or other suitable apparatus (see
toxicity can exhibit considerable temporal variability in toxic- Guide E 1391). Homogenization of sediment can be accom-
ity, although the direction of change is often unpredictableplished using a hand-held drill outfitted with a stainless steel
(Carr and Chapmarf132) Moore et al.(133) DeFoe and auger (diameter 7.6 cm, overall length 38 cm, auger bit length
Ankley (136)). For these types of sediments, the recommende@5.4 cm(17)).
storage time of <8 weeks may be most appropriate. In some 10.3.2 Sediment Spiking

situations, a minimum storage period for low-to-moderately 1932 1 Test sediment can be prepared by manipulating the
contaminated sediments may help reduce' variab.ility.. qu eXproperties of a control sediment. Mixing tin{63) and aging
ample, DeFoe and Anklef136) observed high variability in (35 71, 72)of spiked sediment can affect bioavailability of
survival during early testing periods (e.g., <2 weeks) inchemicals in sediment. Many studies with spiked sediment are
sediments with low toxicity. De Foe and Ankl€¥36)hypoth-  often started only a few days after the chemical has been added
esized that this variability partially reflected the presence ofg the sediment. This short time period may not be long enough
indigenous predators that remained alive during this relativelfor sediments to equilibrate with the spiked chemicals (Section
short storage period. Thus, if predatory species are known 190 3.2.3). Consistent spiking procedures should be followed in
exist, and the sediment does not contain labile contaminants, #rder to make interlaboratory comparisons. Limited studies
may be desirable to store the sediment for a short period befotgave been conducted comparing appropriate methods for
testing (e.g., 2 weeks) to reduce potential for interferencesgpiking chemicals in sediment. Additional research is needed
from indigenous organisms. Sediments that contain comparaefore more definitive recommendations for spiking of sedi-
tively stable compounds (e.g., high molecular weight com-ment can be outlined in this standard. The guidance provided in
pounds such as PCBs) or which exhibit a moderate-to-higkhe following sections has been developed from a variety of
level of toxicity, typically do not vary appreciably in toxicity in - sources. Spiking procedures that have been developed using
relation to storage duration (Moore et §133) DeFoe and one sediment or test organism may not be applicable to other
Ankley (136). For these sediments, long-term storage (e.9., >8ediments or test organisms. See USE®A) and Guide
weeks) can be undertaken. E 1391 for additional detail regarding sediment spiking tech-
10.2.3 Researchers may wish to conduct additional charagdques.
terizations of sediment to evaluate possible effects of storage. (1) The cause of sediment toxicity and the interactive effects
Concentrations of chemicals of concern could be measuredf chemicals can be determined by spiking a sediment with
periodically in pore water during the storage period and at thehemicals or complex waste mixturé7). Sediments spiked
start of the sediment te§t7). Ingersoll et al(14) recommend with a range of concentrations can be used to generate either
conducting a toxicity test with pore water within two weeks point estimates (for example, LC50) or a minimum concentra-
from sediment collection and at the start of the sediment testion at which effects are observed (lowest-observable-effect
Freezing might further change sediment properties such ancentration; LOEC). Results of tests D@éummg

20 Document Sharing Hub

Full document details: ASTM E1706-00


http://www.avadocuments.com/doc/astm-e1706-00
http://www.avadocuments.com/doc/astm-e1706-00

. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy £ 1706

terms of a BSAF (Biota-sediment accumulation fac{a#2). may be sufficient. Periodic monitoring of chemical concentra-
The influence of sediment physico-chemical characteristics otions in pore water during sediment aging is highly recom-
chemical toxicity can also be determined with sediment-mended as a means to assess the equilibration of the spiked
spiking studieq47). sediments. Monitoring of pore water during spiked sediment
10.3.2.2 The test material(s) should be at least reager€sting is also recommended.
grade, unless a test using a formulated commercial product, 10.3.2.3 Organic solvents such as triethylene glycol, metha-
technical-grade, or use-grade material is specifically neededol, ethanol, or acetone may be used, but they might affect
Before a test is started, the following should be known abouf OC levels, introduce toxicity, alter the geochemical properties
the test material:1) the identity and concentration of major of the sediment, or stimulate undesirable growths of microor-
ingredients and impurities2) water solubility in test water, ( ganisms (Guide E 1391). Acetone is highly volatile and might
3) log Kow, BCF (from other test species), persistence,|eave the system more readily than triethylene glycol, metha-
hydrolysis, and photolysis rates of the test substra#, ( nol, or ethanol. A surfactant should not be used in the
estimated toxicity to the test organism and to humaB)sf (he  preparation of a stock solution because it might affect the
test concentration(s) are to be measured, the precision and bigi®availability, form, or toxicity of the test material.
of the analytical method at the planned concentration(s) of the 10.3.2.4 If the test contains both a negative control and a
test material, and6) recommended handling and disposal solvent control, the survival, growth, or reproduction of the
procedures. Addition of test material(s) to sediment may be&rganisms tested should be compared in the two controls. If a
accomplished using various methods, such as a: (1) rollingtatistically significant difference is detected between the two
mill, (2) feed mixer, or (3) hand mixing (Guide E 1391; controls, only the solvent control may be used for meeting the
USEPA61)). Modifications of the mixing techniques might be acceptability of the test and as the basis for calculation of
necessary to allow time for a test material to equilibrate withresults. The negative control might provide additional infor-
the sediment. Mixing time of spiked sediment should bemation on the general health of the organisms tested. If no
limited from minutes to a few hours and temperature should bétatistically significant difference is detected, the data from
kept low to minimize potential changes in the physico-both controls should be used for meeting the acceptability of
chemical and microbial characteristics of the sediment (Guidéhe test and as the basis for calculation of results (Guide
E 1391,(131)). Duration of contact between the chemical andE 1241). If performance in the solvent control is markedly
sediment can affect partitioning and bioavailabiligl). Care  different from that in the negative control, it is possible that the
should be taken to ensure that the chemical is thoroughly andata are compromised by experimental artifacts and may not
evenly distributed in the sediment. Analyses of sedimengccurately reflect the toxicity of the chemical in natural
subsamples is advisable to determine the degree of mixingediments.
homogeneity(143). Moreover, results from sediment-spiking  10.3.3 Test Concentration(s) for Laboratory-spiked Sedi-
studies should be compared with the response of test organismsents
to chemical concentrations in natural sedimei4) (1) If a test is intended to generate an LC50, a toxicant
10.3.2.2.1 Organic chemicals have been added: (1) directlgoncentration series (0.5 or higher) should be selected that will
in a dry (crystalline) form; (2) coated on the inside walls of theprovide partial mortality at two or more concentrations of the
container (Ditsworth et a{143)); or (3) coated onto silica sand test chemical. The LC50 of a particular compound may vary
(e.g., 5% w/w of sediment) which is added to the sedimentiepending on physical and chemical sediment characteristics.
(D.R. Mount, USEPA, Duluth, MN, personal communication). It may be desirable to conduct a range-finding test in which the
In techniques 2 and 3, the chemical is dissolved in solventprganisms are exposed to a control and three or more concen-
placed in a glass spiking container (with or without sand), therirations of the test material that differ by a factor of ten. Results
the solvent is slowly evaporated. The advantage of these thrdeom water-only tests could be used to establish concentrations
approaches is that no solvent is introduced to the sediment9 be tested in a whole-sediment test based on predicted
only the chemical being spiked. When testing spiked sedipore-water concentratiorn(89). See Section 15 for a descrip-
ments, procedural blanks (sediments that have been handledtian of procedures to analyze data generated from these studies.
the same way, including solvent addition and evaporation, but (2) Bulk-sediment chemical concentrations might be nor-
contain no added chemical) should be tested in addition tonalized to factors other than dry weight. For example, con-
regular negative controls. centrations of nonpolar organic compounds might be normal-
10.3.2.2.2 Metals are generally added in an aqueous solized to sediment organic-carbon content and simultaneously
tion (Guide E 1391; Di Toro et ak38)). Ammonia has also extracted metals might be normalized to acid-volatile sulfides
been successfully spiked using aqueous solutions (Besser et &8, 39)
(28)). Inclusion of spiking blanks is recommended. (3) In some situations it might be necessary to simply
10.3.2.2.3 Sufficient time should be allowed after Spikingdetermine whether a specific concentration of test material is
for the spiked chemical to equilibrate with sediment compo-oXic to the test organism, or whether adverse effects occur
nents. For organic chemicals, it is recommended that thabove or below a specific concentration. When there is interest
sediment be aged at least one month before starting a test. TWba particular concentration, it might only be necessary to test
months or more may be necessary for chemicals with a higkhat concentration and not to determine an LC50.
log Kow (e.g., >6; D.R. Mount, USEPA, Duluth, MN, personal  10.4 Characterization
communication). For metals, shorter aging times (1 to 2 weeks) 10.4.1 All sediments should be charact%@ﬂ Fﬂ@ﬁw
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and ammonia of the pore water, organic carbon content (totare based on the presumption that the concentration of chemi-
organic carbon, TOC), particle size distribution (percent sandcals in the interstitial water are correlated directly to their
silt, clay), and percent water content (Guide E 13@#45)). bioavailability and, therefore, their toxicity (Di Toro et al.
See Section 10.4.4.7 for a description of procedures fo(39)). Of additional importance is contaminants in interstitial
isolating interstitial water. waters can be transported into overlying waters through

10.4.2 Other analyses on sediments might include: biologidiffusion, bioturbation, and resuspension processes (Van Rees
cal oxygen demand, chemical oxygen demand, cation exet al.(405)). The usefulness of interstitial water sampling for
change capacity, Eh, total inorganic carbon, total volatiledetermining chemical contamination or toxicity will depend on
solids, acid volatile sulfides, metals, synthetic organic comithe study objectives and nature of the sediments at the study
pounds, oil and grease, petroleum hydrocarbons, and interssite.

tial water analyses. 10.4.4.7.1 Isolation of sediment interstitial water can be
10.4.3 Macrobenthos may be evaluated by subsampling thgccomplished by a wide variety of methods, which are based
field-collected sediment. If direct comparisons are to be madeyn either physical separation or on diffusion/equilibrium. The
subsamples for toxicity testing should be collected from thecommon physical-isolation procedures can be categorized as:
same sample for analysis of sediment physical and chemic@d) centrifugation, (2) compression/squeezing, or (3) suction/
characterizations. Qualitative descriptions of the sediment mayacuum. Diffusion/equilibrium procedures rely on the move-
include color, texture, and presence of macrophytes or animalgaent (diffusion) of pore-water constituents across semiperme-
Monitoring the odor of sediment samples should be avoideéble membranes into a collecting chamber until an equilibrium
because of potential hazardous volatile chemicals. is established. A description of the materials and procedures
10.4.4 Analytical Methodology used in the isolation of pore water is included in the reviews by
10.4.4.1 Chemical and physical data should be obtaine8ufflap and Allen(146) Guide E1391, and USEP®&1).
using appropriate standard methods whenever possible. For10.4.4.7.2 When relatively large volumes are required (>20
those measurements for which standard methods do not exist RIL) for toxicity testing or chemical analyses, appropriate
are not sensitive enough, methods should be obtained frogyantities of sediment are generally collected with grabs or
other reliable sources. corers for subsequent isolation of the interstitial water. Several
10.4.4.2 The precision, accuracy, and bias of each analytic@olation procedures, such as centrifugation (Ankley and
method used should be determined in the appropriate matrigcheubauer-Berigan(27)), squeezing (Carr and Chapman,
that is, sediment, water, and tissue. Reagent blanks and32) and suction (Winger and Lasief147) Winger et al.,
analytical standards should be analyzed and recoveries shoylfl47)) have been used successfully to obtain adequate vol-
be calculated. umes for testing purposes. Peepers (dialysis) generally do not
10.4.4.3 Concentration of spiked test material(s) in sediproduce sufficient volumes for most analyses; however, larger
ment, interstitial water, and overlying water should be measized peepers (500 mL volume) have been used for collecting
sured as often as practical during a test. If possible, thénterstitial waterin situ for chemical analyses and organism
concentration of the test material in overlying water, interstitialexposures (Burtor(148);, Sarda and Burtor(134)).
water, and sediments should be measured at the startand end 0fj 4 4.7.3 There is no one superior method for the isolation
a test. Measurement of test material(s) degradation product interstitial water used for toxicity testing and associated
might also be desirable. chemical analyses. Factors considered in the selection of an
10.4.4.4 Separate chambers should be set up at the start ofg|ation procedure may include: (1) volume of pore water
test and destructively sampled during and at the end of the tegkeded, (2) ease of isolation (materials, preparation time, and
to monitor sediment chemistry. Test organisms and food shoulgme required for isolation), and (3) artifacts in the pore water
be added to these extra chambers. caused by the isolation procedure. Each approach has unique
10.4.4.5 Measurement of test material(s) concentration igtrengths and limitations (Buffiap and Allerf149), (146)
water can be accomplished by pipeting water samples fronvinger et al. (147)), which vary with sediment characteristics,
about 1 to 2 cm above the sediment surface in the test chambehemicals of concern, toxicity test methods, and desired test
Overlying water samples should not contain any surface debrigsesolution (i.e., data quality objectives). For suction or com-
any material from the sides of the test chamber, or anyression separation which use a filter or a similar surface, there
sediment. may be changes to the characteristics of the interstitial water
10.4.4.6 Measurement of test material(s) concentration itompared to separation using centrifugation (Ankley et al.,
sediment at the end of a test can be taken by siphoning most ¢§7); Horowitz et al.(392)) . For most toxicity test procedures,
the overlying water without disturbing the surface of therelatively large volumes of interstitial water (e.g., liters) are
sediment, then removing appropriate aliquots of the sedimerftequently needed for static or renewal exposures with the
for chemical analysis. associated water chemistry analyses. While centrifugation can
10.4.4.7 Interstitial water—Interstitial water (pore water), be used to generate large volumes of interstitial water, it is
defined as the water occupying the spaces between sedimentdifficult to use centrifugation to isolate water from coarser
soil particles, is often isolated to provide either a matrix forsediment. If smaller volumes of interstitial water are adequate
toxicity testing or to provide an indication of the concentrationand logistics allow, the use of peepers which establish an
or partitioning of chemicals within the sediment matrix. Draft equilibrium with the pore water through a permeable mem-
USEPA sediment equilibrium partitioning guidelines (ESGs)brane may be desirable. If logistics do n%cﬂm@ﬁltg
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peeper samplers, an alternative procedure could be to collect11.1.3 Quality Control (QC) practices, on the other hand,
cores which are can be sampled using side port suctioning @onsist of the more focused, routine, day-to-day activities
centrifugation (G.A. Burton, Wright State University, personalcarried out within the scope of the overall QA program. For
communication). However, if larger samples of interstitial more detailed discussion of quality assurance, and general
water are needed, it would be necessary to collect multiplguidance on good laboratory practices related to testing2see
cores as quickly as possible using an inert environment antll4, 150, 152-159.)

centrifugation at ambient temperatures. See USERS) and 11.2 Performance-based Criteria
Guide E1391 for additional detail regarding isolation of 11.2.1 The USEPA Environmental Monitoring Management
interstitial water. Council (EMMC) recommended the use of performance-based

10.4.4.7.4 There is no one superior method for the isolatiomethods in developing standards for chemical analytical meth-
of interstitial water for toxicity testing purposes. Each ap-ods(88). Performance-based methods were defined by EMMC
proach has unique strengths and limitations which vary withas a monitoring approach which permits the use of appropriate
the characteristics of the sediment, the chemicals of concerpyethods that meet preestablished demonstrated performance
the toxicity test methods to be used, and the resolutio’tandards. Minimum required elements of performance, such
necessary (i.e., the data quality objectives). For suction 0Ogs precision, reproducibility, bias, sensitivity, and detection
compression separation which use a filter or a similar surfacgimits should be specified and the method should be demon-
there may be changes to the characteristics of the interstitiakrated to meet the performance standards.
water compared to separation using centrifugation (Ankley et 11 25 | developing guidance for culturing test organisms
al. (57). For most toxicity test procedures, relatively large o pe included in this standard for sediment tests, it was
volumeg of interstitial water (e.g., Iiters) are frequently ”eedecbenerally agreed that no single method must be used to culture
for static or renewal exposures with the associated wat€hganisms. Success of a test relies on the health of the culture
chemistry analyses. While centrifugation can be used i¢om which organisms are taken for testing. Having healthy
generate large volumes of interstitial water, it is difficult to US€qrganisms of known quality and age for testing is the key
centrifugation to isolate water from coarser sediment. If.gnsideration relative to culture methods. Therefore, a
smaller volumes of interstitial water are adequate 'a.nd' '09iSt_iCBerformance-based criteria approach is the preferred method
allow, the use of peepers which establish an equilibrium withroygh which individual laboratories can evaluate culture
the pore water through a permeable membrane may be des{{path rather than requiring all laboratories to use the same
able. If logistics do not allow placement of peeper samplers, agywring procedure. Performance-based criteria were chosen
alternative procedure could be to collect cores which are can g USEPA(1) and in this standard to allow each laboratory to
sampled using side port suctioning or centrifugation (G-A-optimize culture methods while providing organisms that
Burton, Wright State University, personal communication).yroquce reliable and comparable test results. See 13.1.2,

However, if larger samples of interstitial water are needed, i§4 1 2 and Annex A1 to Annex A7 for a listing of performance
would be necessary to collect multiple cores as quickly asiteria for culturing and testing.

possible using an inert environment and centrifugation at
ambient temperatures. See USE@A) and Guide E 1391 for
additional detail regarding isolation of interstitial water.

11.3 Facilities, Equipment, and Test Chamhers

11.3.1 Separate test organism culturing and testing areas
must be provided to avoid loss of cultures because of cross-
11. Quality Assurance and Quality Control contamination. Ventilation systems should be designed and
operated to prevent recirculation or leakage of air from

11.1 Introduction . - -
11.1.1 Developing and maintaining a laboratory Qua”tthemmal analysis laboratories or sample storage and prepara-

Assurance (QA) program requires an ongoing commitment b>t)0n areas into test o_rganism c_ulturing or sgdiment testing
laboratory management and also includes the followirly: ( 27€aS, and from _sedlment testing laboratories and sample
appointment of a laboratory quality assurance officer with th?réparation areas into culture areas.
responsibility and authority to develop and maintain a QA 11.3.2 Equipment for temperature control should be ad-
program, 2) preparation of a Qua“ty Assurance Project Planequate to maintain !‘ecommended test'water temperatures.
with Data Quality Objectives, @) preparation of written Recommended mater'lals shoulq be used in the fabrlc_atlon of
descriptions of laboratory Standard Operating Procedurei€ test equipment which comes in contact with the sediment or
(SOPs) for test organism culturing, testing, instrument calibra®verlying water.
tion, sample chain-of-custody, laboratory sample tracking sys- 11.3.3 Before a sediment test is conducted in a new facility,
tem, and (4) provision of adequate, qualified technical staff @ “non-contaminant” test should be conducted in which all test
and suitable space and equipment to ensure reliable dag@ambers contain a control sediment and overlying water. This
(USEPA(407)). information is used to demonstrate that the facility, control
11.1.2 Quality Assurance (QA) practices within a testingsediment, water, and handling procedures provide acceptable
laboratory should address all activities that affect the quality ofesponses of test organisms (see 11.14).
the final data, such asl)sediment sampling and handling) ( 11.4 Test Organisms- The organisms should appear
the source and condition of the test organisn3,condition  healthy, behave normally, feed well, and have low mortality in
and operation of equipment)(test conditions, ) instrument  cultures, during holding (for example, <20 % for 48 h before
calibration, ) replication, (7) use of reference toxicants3)(  the start of a test), and in test controls. Test organisms should
record keeping, an®] data evaluation. be positively identified to species. Obtainmmm?,
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of organisms for testing should be avoided unless the ability of
the wild population to cross-breed with existing laboratory

populations has been determined (see 12.2.2).
11.5 Water—The quality of water used for organism cultur-

ing and testing is extremely important. Overlying water used irt- Test Type:
testing and water used in culturing organisms should b@& PN sefies:
uniform in quality. Acceptable water should allow satisfactorys. Toxicant:
survival, growth, or reproduction of the test organisms. Test Temperature:

organisms should not show signs of disease or apparent str

(for example, discoloration, unusual behavior). See Section 7. Photoperiod:

for additional details.
11.6 Sample Collection and StorageSample holding

times and temperatures should conform to conditions described

in Section 10.

11.7 Test Conditions- It is desirable to measure tempera- 1o test chamber:
ture continuously in at least one chamber during each test.
Temperatures should be maintained within the limits specifie

for each test. Dissolved oxygen, alkalinity, water hardnes

conductivity, ammonia, and pH should be checked in accori3. Number of replicate

dance with 13.3, 14.3, or in Annex Al to Annex A7.
11.8 Quality of Test Organisms

11.8.1 It may be desirable for laboratories to periodically
perform 96-h water-only reference-toxicity tests to assess the
sensitivity of culture organisms ( See Table 10 and Table 13s,
and Section 11.16). Data from these reference-toxicity tests

TABLE 10 Recommended Test Conditions for Conducting
Reference-Toxicity Tests With One Organism/Chamber

Parameter Conditions
1. Test Type: Water-only test
2. Dilution series: Control and at least 5 test concentrations (0.5
dilution factor)
3. Toxicant: KCI, Cd, or Cu
4. Temperature: 23 = 1°C
5. Light quality: Wide-spectrum fluorescent lights
6. llluminance: About 100 to 1000 lux
7. Photoperiod: 16L:8D
8. Renewal of water: None
9. Age of organisms: H. azteca: 7- to 14-day old (within a 1- to 2-day

10
11
12
ch

. Test chamber:

. Volume of water:

. Number of organisms/
amber:

13. Number of replicate
chambers/treatment:
14. Feeding:

15. Substrate:

16.
17.

Aeration:
Dilution water:

18.

19. Water quality:

20.
21.
22.

Test duration:
Endpoint:
Test acceptability:

Test chamber cleaning:

range in age)
C. tentans: second-to third-instar larvae (about 10-
day-old larvae)(Section 12.4.1)
L. variegatus: adults
30-mL plastic cups (covered with glass or plastic)
20 mL
1

10 minimum

H. azteca: 0.1 mL YCT (1800 mg/L stock) on Day 0O
and 2

C. tentans: 0.25 Tetrafin® (4 g/L stock) on Day 0
and 2

L. variegatus: not fed

H. azteca: Nitex® screen (110 mesh)

C. tentans: sand (monolayer)

L. variegatus: no substrate

None

Culture water, well water, surface water, site water,
or reconstituted water

None

Hardness, alkalinity, conductivity, dissolved oxygen,
and pH at the beginning and end of a test.
Temperature daily

96 h

Survival (LC50)

90 % control survival

Full document details: ASTM E1706-00
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TABLE 11 Recommended Test Conditions for Conducting
Reference-Toxicity Tests With More Than One Organism/
Chamber

Parameter Conditions

Water-only test

Control and at least 5 test concentrations (0.5
dilution factor)

KCI, Cd, or Cu

23 £ 1°C

5. Light quality: Wide-spectrum fluorescent lights

eBS.%Iuminance: About 100 to 1000 lux
16L:8D
8. Renewal of water: None

9. Age of organisms: H. azteca: 7- to 14-day old (within a 1- to 2-day
range in age)

C. tentans: second- to third-instar (about 10-day
old larvae)(Section 12.4.1)

L. variegatus: adults

250-mL glass beaker (covered with glass or

plastic)
a4t Volume of water: 100 mL (minimum)
12. Number of organisms/ 10 minimum
Sehamber:
3 minimum
chambers/treatment:
14. Feeding: H. azteca: 0.5 mL YCT (1800 mg/L stock) on Day
0and 2
C. tentans: 1.25 mL Tetrafin® (4 g/L stock) on Day
0and 2

L. variegatus: not fed

Substrate: H. azteca: Nitex® screen (110 mesh)
C. tentans: sand (monolayer)
L. variegatus: no substrate
16. Aeration: None
17. Dilution water: Culture water, well water, surface water, site water,
or reconstituted water
18. Test chamber cleaning: None
19. Water quality: Hardness, alkalinity, conductivity, dissolved oxygen,
and pH at the beginning and end of a test.
Temperature daily
20. Test duration: 96 h
21. Endpoint: Survival (LC50)
22. Test acceptability: 90 % control survival

could be used to assess genetic strain or life-stage sensitivity to
select chemicals. The previous requirement for laboratories to
conduct monthly reference-toxicity tests in an earlier version of
this standard (Test Method E 1706-95b) has not been included
as a requirement for testing sediments due to the inability of
reference-toxicity tests to identify stressed populations of test
organisms (McNulty et al(98)). Physiological measurements
such as lipid content might also provide useful information

regarding the health of the cultures.

11.8.2 It is desirable to determine the sensitivity of test
organisms obtained from an outside source. The supplier
should provide data with the shipment describing the history of
the sensitivity or organisms from the same source culture. The
supplier should also certify the species identification of the test
organisms, and provide the taxonomic references, or name(s)
of the taxonomic expert(s) consulted.

11.8.3 All organisms in a test must be from the same source
(Section 10.2.2). Organisms may be obtained from laboratory
cultures or from commercial or government sources. The test
organism used should be identified using an appropriate
taxonomic key, and verification should be documented (e.g.,
(164), Merritt and Cumming394)). Obtaining organisms from
wild populations should be avoided unless organisms are

cultured through several generations |Wmnt§
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addition, the ability of the wild population of sexually repro- higher) should be selected that will provide partial mortalities

ducing organisms to cross-breed with the existing laboratorat two or more concentrations of the test chemical (see Section
population should be determined (Duan et 6163). Sensi- 10.3.3). Information from previous tests can be used to

tivity of the wild population to select chemicals (for example, improve the design of subsequent tests to optimize the dilution
Table 2) should also be documented. series selected for testing.

11.9 Quality of Food— Problems with the nutritional suit-  11.14.2 Before conducting tests with potentially contami-
ability of the food will be reflected in the survival, growth, or nated sediment, it is strongly recommended that the laboratory
reproduction of the test organisms in cultures or in sedimengonduct the tests with control sediment(s) alone. Results of
tests. these preliminary studies should be used to determine if the use

11.10 Test Acceptability of the control sediment and other test conditions (i.e., water

11.10.1 Section 13.2 and 14.2 and Annex Al to Annex A7quality) result in acceptable performance in the tests as
outline requirements for acceptability of tests. An individual outlined in Sections 13 and 14 and in Annex Al to Annex A7.
test may be conditionally acceptable if temperature, dissolved 11 14.3 Laboratories should demonstrate that their person-
oxygen, and other specified conditions fall outside specificang| are able to recover an average of at least 90 % of the
tions, depending on the degree of the departure and thgganisms from whole sediment. For example, test organisms

objectives of the tests (see test condition summaries). Theyyid be added to control or test sediments, and recovery could
acceptability of a test will depend on the experience antye getermined after 1 {160)

professional judgment of the laboratory analyst and the review- : .
ing staff of the regulatory authority. Any deviation from test 11.15 Documenting Ongoing Laboratory Performance

specifications should be noted when reporting data from a test. 11-15-1 Outliers, which are data falling outside the control
11.11 Analytical Methods limits and trends of increasing or decreasing sensitivity are

readily identified. If the data from a given test falls outside the

11.11.1 All routine chemical and physical analyses for, " e
culture and testing water, food, and sediment should includeexpected range (for example;2 SD), the sensitivity of the

i . i(E53- organisms and the credibility of the test results may be suspect.
established quality assurance practi 156) In this case, the test procedure should be examined for defects

11.11.2 Reagent containers should be dated when receiv . ; .
from the supplier and the shelf life of the reagent should not bg%d should be repeated with a different batch of test organisms.

exceeded. Working solutions should be dated when prepared 11:15.2 A sediment test may be acceptable if specified
and the recommended shelf life should not be exceeded. conditions of a reference-toxicity test fall outside the expected
11.12 Calibration and Standardization ranges (see 11.10). Specifically, a sediment test should not be

11.12.1 Instruments used for routine measurements d';rldged unacceptable if the LC50 for a given reference-toxicity

chemical and physical characteristics such as pH dissolve§st falls outside the expected range or if control survival in the
. . ! . - ici i 0 i i
oxygen, temperature, and conductivity should be Callbra,[eaeference toxicity test is <90 %. All the performance criteria

before use each day according to the instrument manufactureroénIInecj n 13.1.2and 14.1.2 orin AnnexAl to A’?f?ex AT must.
r?ae considered when determining the acceptability of a sedi-

procedures as indicated in the general section on qualit e .

assurance (see USEPA Methods 150.1, 360.1, 170.1, a ent test. The acceptability of the sediment test would depend
120.1,(125)). Calibration data should be recorded in a perma0n the experience and judgment of the investigator and the
nent log. regulatory authority.

11.12.2 A known-quality water should be included in the 11.15.3 Performance should improve with experience, and
analyses of each batch of water samples (for example, watdp€ control limits should gradually narrow, as the statistics
hardness, alkalinity, conductivity). It is desirable to include Stabilize. However, control limits at2 SD, by definition, will
certified standards in the analysis of water samples. be exceeded 5% of the time, regardless of how well a

11.13 Replication and Test SensitivityThe sensitivity of laboratory performs. For thls_ reason, good Iabpratorles that
sediment tests will depend in part on the number of replicate$j€velop very narrow control limits may be penalized if a test
treatment, the significance level selected, and the type dEsult which falls just outside the control limits is rejeciéel
statistical analysis. If the variability remains constant, thef@cte The width of the control limits should be considered in
sensitivity of a test will increase as the number of replicates i$l€cisions regarding rejection of data (see Section 17).
increased. The minimum recommended number of replicates 11.16 Reference-toxicity Testing
varies with the objectives of the test and the statistical method 11.16.1 Historically, reference-toxicant testing has been
used for analysis of the data (see Section 15). thought to provide three types of information relevant to the

11.14 Demonstrating Acceptable Performance interpretation of toxicity test data: (1) an indication of the

11.14.1 Intralaboratory precision, expressed as a coefficierielative “health” of the organisms used in the test; (2) a
of variation, of the range for each type of test to be used in alemonstration that the laboratory can perform the test proce-
laboratory can be determined by performing five or more testslure in a consistent manner; and (3) information to indicate
with different batches of test organisms, using the samevhether the sensitivity of the particular strain or population in
reference toxicant, at the same concentrations, with the samese at a laboratory is comparable to those in use in other
test conditions (for example, the same test duration, type dacilities. With regard to the first type of information, recent
water, age of test organisms, feeding), and same data analysi®rk by McNulty et al.(98) suggests that reference-toxicant
methods. A reference-toxicant concentration series (0.5 dests may not be effective in identifying St@ﬁéﬂah'f’é‘ﬁw
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test organisms. In addition, reference-toxicant tests recom»10 000 m? in preferred habitat§162)
mended for use with sediment toxicity tests are short-term, 12.1.1.2Hyalella aztecais an epibenthic detritivore that
water column tests, owing in part to the lack of a standarchurrows into the sediment surface. Hargrg(l€5) reported
sediment for reference-toxicity testing. Because the test procehat H. aztecaselectively ingests bacteria and algae. The
dures for reference-toxicant tests are not the same as for thgshavior and feeding habits bf. aztecamake them excellent
sediment toxicity tests of interest, the applicability of test organism for sediment assessments.
reference—toxicity.tests to demonstrate abi_lity to reproducibly 15113 Reproduction byi. aztecais sexual. The adult
perform the sediment test procedures is greatly reducegngles are larger than females and males have larger second
Particularly for the long-term sediment toxicity tests with gnathopodg(162) Males pair with females by grasping the
aztecaandC. tentans performance of control organisms over females (amplexus) with their gnathopods while on the backs
time may be a better indicator of success in handling ang the females. After feeding together for 1 to 7 days the female
testing these organisms (Annex A6 and Annex A7). is ready to molt and the two organisms separate for a short time
11.16.2 Although the requirement for monthly testing hasyhile the female sheds her old exoskeleton. Once the exosk-
been removed in this current version of this standard, periodigjeton is shed, the two organisms reunite and copulation
reference testing should still be conducted as an indication Qfccyrs. The male places sperm near the marsupium of the
overall comparability of results among laboratories (at aemale and her pleopods sweep the sperm into the marsupium.
minimum, 6 tests owea 3 year period should be conducted t0 The organisms again separate and the female releases eggs
evaluate potential differences in life stage or genetic strain of,om her oviducts into the marsupium where the eggs are

test organisms). In particular, reference-toxicity tests should bgyijlized. Hyalella aztecaaverage about 18 eggs/bro(itb4)
performed more frequently when organisms are obtained fromyith |arger organisms having more eggds66)

outside sources, when there are changes in culture practices, 05114 The developing embryos and newly hatched young
when brood stock from an outside source is incorporated intq k.e;.)t.in the marsupium until the next molt. At 24 to 28°C
a laboratory culture. hatching ranges from 5 to 10 days after fertilizat{@66-168)

11.16.3 Reference toxicants such as potassium chlorid?he time between molts for females is 7 to 8 da o
. . ys at 26 to 28°C
(KCI), cadmium chloride (CdG), and copper sulfate (CuSp 168) Therefore, about the time embryos hatch, the female

are suitable for use. (See Table 10 and Table 11_')_ NO ONEoits and releases the younblyalella aztecaaverage 15
reference toxicant can be used to measure the condition of teStoods in 152 day&164) Pairing of the sexes is simultaneous
organi_sms In respect to aqother toxicant Wi.th a different mOd‘?Nith embryo incubation of the previous brood in the marsu-
of action (161) However, it may be unrealistic to test more ium. Hyalella azteceshave a minimum of nine instafd69)

than _one or two reference tomcaqts routmely: Potassiu here are 5 to 8 pre-reproductive instét66)and an indefinite

chlorine has _been used successfully in round-ro_bm Water'onlxumber of post-reproductive instars. The first five instars form

exposures witiH. azte_gaand C. tentans(s_ee Section 17). ... the juvenile stage of development, instar Stages 6 and 7 form
11.16.4 Test conditions for conducting reference-toxmltythe adolescent stage when sexes can be differentiated, instar

tests withH. aztecaand C. tentansare outlined in Tables 10 : - :
. . Stage 8 is the nuptial stage and all later instars are the adult
and 11. The procedures outlined in Tables 10 and 11 can al ages of developmeiit64).

be used for conducting reference-toxicity tests with the tes 12.1.1.5Hyalella azteca have been successfully cultured at

organisms outlined in Annex Al to Annex A7. Reference-. ;
toxicity tests can be conducted using one organism/chamber gtumlnancg of _abou.t 100 to 1OQO<I (10’. 102, 170)Hyalellq
tecaavoid bright light, preferring to hide under litter during

multiple organisms in each chamber. Some laboratories ha
e day and feed.

observed low control survival when more than one midge}
chamber is tested in water-only exposures. 12.1.1.6 Temperatures tolerated Hy aztecarange from 0

11.17 Record Keeping- Section 15.1 outlines recommen- {0 33°C(167, 168, 171)At temperatures <10°C the organisms

dations for recorded keeping (i.e., data files, chain-of custodyf€St and are immobilg172, 173) At temperatures of 10 to
18°C, reproduction can occur. Juveniles grow more slowly at

12. Collection, Culturing, and Maintaining Test colder temperatures and become larger adults. Smaller adults
Organisms with higher reproduction are typical when organisms are grown
12.1 Life Histories— The following sections describe life at 18 to 28°C. The highest rates of reproduction occur at 26 to
histories and culturing procedures fétyalella aztecaand  28°C (173)while lethality occurs at 33 to 37°CL71, 174)
Chironomus tentansAnnex Al to Annex A7 describe life 12.1.1.7Hyalella aztecaare found in waters of widely
histories and culturing procedures for the additional teswarying typesHyalella aztecacan inhabit saline waters up to
organisms. 29 ppt; however, their distribution in these saline waters has
12.1.1 Hyalella azteca been correlated to water hardnegkl5) Hyalella azteca
12.1.1.1Hyalella aztecainhabit permanent lakes, ponds, inhabit water with high magnesium concentrations at conduc-
and streams throughout North and South Ame(62, 164) tivities up to 22 000 puS/cm, but only up to 12 000 pS/cm in
Occurrence ofl. aztecas most common in warm (20 to 30°C sodium-dominated waterd15) de March(162) reportedH.
for much of the summer) mesotrophic or eutrophic lakes whiclaztecawere not collected from locations where calcium was <7
support aquatic plants. This amphipod is also found in pondang/L. Hyalella aztecahave been cultured in water with a
sloughs, marshes, rivers, ditches, streams, and springs, butsalinity up to 15 ppt in reconstituted salt wat@d5, 118) In
lower numbers.Hyalella aztecahave achieved densities of laboratory studies, Spragué71) reported Bm@ﬁts
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dissolved oxygen at 20°C of 0.7 mg/L. Pennak and Rosindrom about 500 to 2000 eggs/egg case (USEP) and will

(175) reported similar findings. Nebeker et @76) reported  hatch in 2 to 4 days at 23°C. Under optimal conditions larvae
48-h and 30-day LC50s fdil. aztecaof <0.3 mg/L dissolved will pupate and emerge as adults after about 21 days at 23°C.
oxygen. Weight and reproduction &f. aztecawere reduced Larvae begin to construct tubes (or cases) on the second or
after 30-day exposure to 1.2 mg/L dissolved oxygen. third day after hatching. The cases lengthen and enlarge as the

12.1.1.8 Hyalella aztecaolerate a wide range of substrates. larvae grow with the addition of small particles bound together
Ingersoll and Nelso(i102)and Ingersoll et a81) reported that ~ With threads from the mouths of larvge80). The larvae draw
H. aztecato'erated Sediments ranging from more than 90 %fOOdpartlcleS |nS|de the tubeS and a|SO feed |n. the |mmed|ate
silt- and clay-sized particles to 100 % sand-sized partidegmmlty'qfe|ther end of 'ghg open-ended tubes with their caudal
without detrimental effects on either survival or growth. €xtremities anchored within the tube. The fou_r larval stages are
Hyalella aztecdolerated a wide range in grain size and organicfollowed by a black-colored pupal stage (lasting about 3 days)
matter in 10- to 42-day tests with formulated sedimg; and emergence to a terrestnal adul'g (imago) stage. The aQUIt
Ingersoll et al.(55)). Ankley et al(57) evaluated the effects of Stage lasts for 3 to 5 days, during which the adults mate during
natural sediment physico-chemical characteristics on the rdlight and the females oviposit their egg cases (2 to 3 days
sults of 10-day laboratory toxicity tests with aztecaandC.  Postemergence(l80)).
tentans Tests were conducted with and without the addition of 12.1.2.3Chironomus tentangolerate a wide range of sub-
exogenous food. Survival of organisms was decreased in testfates. Grain size tolerance Gf tentansin sediment expo-
without added food. Physico-chemical sediment characteristicgures are described in Section 14.4 for 10-day tests and inA7.4
including grain size and TOC were not significantly correlatedfor long-term exposures.
to the response dfl. aztecain either fed or unfed tests. See  12.2 General Culturing Procedures
Section A6.4 for additional detail regarding studies of the 12.2.1 Acceptability of a culturing procedure is based in
influence grain size in long-term sediment toxicity tests With  part on performance of organisms in culture and in the
azteca sediment test (see Section 5 and 11.2). No single technique for
12.1.2 Chironomus tentans culturing test organisms is recommended. What may work well
12.1.2.1 Chironomus tentansiave a holarctic distribution for one laboratory may not work as well for another laboratory.
(177) and are commonly found in eutrophic ponds and lakeVhile avanety of culturing procedures are outlined in 12.3 for
(178, 179) Midge larvae are important in the diet of fish and H- @ztecaand in 12.4 forC. tentansprganisms must meet the
waterfowl (180-183) Larvae ofC. tentansusually penetrate a  test apceptabﬂny requirements listed in 13.1.2 or 14.1.2.
few centimeters into sediment. In both lotic and lentic habitat§Culturing procedures are outlined for the additional test organ-
with soft bottoms, about 95 % of the chironomid larvae occurSMS In Annex Al to Annex A7.
in the upper 10 cm of substrate, very few larvae are found 12.2.2 All organisms in a test must be from the same source.
below 40 cm(177) Larvae were found under the following Organisms may be obtained from laboratory cultures or from
conditions in British Columbia lakes by Toppili84) particle =~ commercial or government sources (see Table 12). The test
size <0.15 mm to 2.0 mm, temperature 0 to 23.3°C, dissolve@rganism used should be identified using an appropriate
oxygen 0.22 to 8.23 mg/L, pH 8.0 to 9.2, conductivity 481 totaxonomic key and verification should be documented. Obtain-
4136 [M/cm, and sediment organic carbon 1.9 to 15.5 %.ing organisms from wild populations should be avoided unless
Larvae were absent from lakes if hydrogen sulfide concentraerganisms are cultured through several generations in the
tion in overlying water exceeded 0.3 mg/L. Abundance oflaboratory. In addition, the ability of the wild population to
larvae was positively correlated with conductivity, pH, amountcrossbreed with existing laboratory populations should be
of food, percentages of particles in the 0.59 to 1.98-mm siz&letermined. The sensitivity of the wild population to select
range, and concentrations of Na, K, Mg, Cl, Sénd dissolved chemicals (for example, Table 2) should also be documented
oxygen. Others (for examplg185, 186) have reported a (Duan et al.(163).
temperature range from 0 to 35°C and a pH range from 7 to 10. 12.2.3 Test organisms obtained from commercial sources
12.1.2.2 Chironomus tentangre aquatic during the larval should be shipped in well-oxygenated water in insulated
and pupal stages. The life cycle 6f tentanscan be divided —containers to maintain temperature during shipment. Tempera-
into four distinct stages:1j an egg stage, 2} a larval stage, ture and dissolved oxygen of the water in the shipping
consisting of four instars,3f a pupal stage, andl( an adult ~ containers should be measured on arrival to determine if the
stage. Mating behavior has been described by Sgd@p) organisms might have been subjected to low dissolved oxygen
others(1). Males are easily distinguished from females becaus@r temperature fluctuations. The temperature of the shipped
males have large, plumose antennae and a much thinng@ater should be gradually adjusted to the desired culture
abdomen with visible genitalia. The male has paired genitalemperature at a rate not exceeding 2°C/24 h. Additional
claspers on the posterior tip of the abdon{&f7) The adult reference-toxicity testing is suggested if organisms are not
female weighs about twice as much as the male, with abowgultured at the testing laboratory (see 11.16).
30 % of the female weight contributed by eggs. After mating, 12.2.4 A group of organisms should not be used for a test if
adult females oviposit a single transparent, gelatinous egg casleey appear to be unhealthy, discolored, or otherwise stressed
directly into the water. An egg case contains about 2300 egg8or example, >20 % mortality for 48 h before the start of a
(180). At USEPA Duluth, the females oviposit eggs withing 24 test). If the organisms fail to meet these criteria, the entire
h of emergence. Egg cases contain a variable number of eggsitch should be discarded and a new batmwwméﬁt)sd.
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TABLE 12 Sources of Starter Cultures of Test Organisms artificial substrate (for example, plastic balls or multi-plate
Source Species substrates) are placed on the plate. The substrates provide
U.S. Environmental Protection Agency H. azteca surface area for microorganisms that use nitrogenous com-
Midcontinent Ecological Division C. tentans pounds. A simple example of a recirculating system is two
o201 Congdon Boulevard aquaria positioned one above the other with a total volume of
Teresa Norberg-King (218/529-5163, fax -5003) 120 L. The bottom aquarium contains the under-gravel filter
email: norberg-king teresa@epa.gov system, gravel, or artificial substrate, and a submersible pump.
U.S. Environmental Protection Agency 1. azteca The top aquarium is used fc_>r culture of a_nlmals and has a hole
Environmental Monitoring System Laboratory L. variegatus in the bottom with a standpipe for returning overflow water to
26 W. Martin Luther King Dr. the bottom aquarium. Water lost to evaporation is replaced
Cincinnati, OH 45244 Kl d t . | d at to t th int |
Jim Lazorchak (513/569-7076, fax -7609) weekly and water is replaced at one to two-month intervals.
email: lazorchak jim@epa.gov Cultures fed foods such as fish food flakeshould include
, , limestone gravel to help avoid depression in pH. Recirculating
Columbia Environmental Research Center H. azteca . . .
2200 New Haven Road C. tentans systems require less maintenance than static systems.
U.S. Geological Survey L. variegatus 12.2.6 Cultures should be maintained at 23°C with a
4200 New Haven Road 16L:8D photoperiod at a illuminance of about 100 to 1080 |
Columbia, MO 65201 -6D photop _
Eugene Greer (573/876-1820, fax -1896) (1). Cultures should be observed daily. Water temperature
email: eugene_greer@usgs.gov should be measured daily or continuously and dissolved
Wright State University H azteca oxygen should be measured weekly. It may be desirable for
Institute for Environmental Quality C. tentans laboratories to periodically perform 96-h water-only reference-
Dayton, OH 45435 toxicity tests to assess the sensitivity of culture organisms (see
Allen Burton (513/775-2201, fax -4997) . ..
email: aburton@desire.wright.edu Section 11.16.2). Data frpm thgse re.ference—toxmly tests could
o o be used to assess genetic strain or life-stage sensitivity to select
Michigan State University H. azteca chemicals. The previous requirement for laboratories to con-
Department of Fisheries and Wildlife C. tentans e . R .
No. 13 Natural Resources Building dqct monthly reference-toxicity tests in an earlier version of
East Lansing, MI 48824-1222 this standard (Test Method E 1706-95b) has not been included
John Giesy (517/353-2000, fax 517/432-1984) as a requirement for testing sediments due to the inability of

email: igiesy@aol.com

reference-toxicity tests to identify stressed populations of test
organisms(98). Culture water hardness, alkalinity, ammonia,
and pH should be measured at least quarterly and the day
efore the start of a sediment test. If reconstituted water is used
S culture organisms, water quality should be measured on each
Yatch of reconstituted water. Culture procedures should be

12.2.5 Hyalella azteca, C. tentangnd the test organisms ﬁ\elzm?ﬁdtﬁgdcﬁﬁﬁzted as appropriate to restore or maintain the
described in Annex Al to Annex A7 can be cultured in a variety '

of waters. Water of a quality sufficient to culture fathead 12-3 Culturing Procedures for Hyalella azteca
minnows Pimepha|es prome|a$)r cladocerans will genera”y 12.3.1 The culturlng procedures described as follows are

All organisms should be as uniform as possible in age and lif
stage. Test organisms should be handled as little as possib
When handling is necessary, it should be done as gentl
carefully, and as quickly as possible.

be adequate. based on methods described 1), (6), (55), (57), (102), (191),
12.2.5.1 Variable success has been reported using reconsfi92) If the objective of the study is to follow the test method
tuted waters to culture or tebt. azteca(See 7.1.3). for H. aztecaoutlined in 13.1.2, the culturing procedure must

12.2.5.2 Organisms can be cultured using either static oproduce 7-to 14-day old amphipods to start the 10-day test (see
renewal procedures. Renewal of water is recommended to lim#3.1.2). The 10-day test withi. aztecashould start with a
loss of the culture organisms from a drop in dissolved oxygerarrower range in size or age bf. azteca(i.e., 1- to 2-day
or a buildup of waste products. In renewal systems, theréange in age) to reduce potential variability in growth at the end
should be at least one volume addition/day of culture water t®f @ 10-day test. This narrower range would be easiest to obtain
each chamber. In static systems, the overlying water volumgsing known-age organisms (i.e., section 12.3.2 or 12.3.4)
should be changed at least weekly by siphoning down to a levénstead of sieving the cultures (Section 12.3.5) to obtain
just above the substrate and slowly adding fresh water. Extréimilar-sized amphipods (i.e., amphipods within a range from
care should be taken to ensure that proper water quality i t0 2-days old will be more uniform in size than organisms
maintained in static systems. For example, aeration is need&gthin a range of 7-days old). The culturing procedure must
in static systems to maintain dissolved oxygen at >2.5 mg/L.produce 7- to 8-day-old amphipods to start a long-term test

12.2.5.3 Arecirculating system using an under-gravel filtewith H. azteca(Annex A6).
has been used to culture amphipods and middgs The 12.3.2 The following procedure described by Brooke et al
approach for using a recirculating system to culture organismgg) and USEPA Duluth(191) can be used to obtaining
has been described {§88-190) Under-gravel filters can be known-age amphipods to start a test. Mature amphipods (50
purchased from aquarium suppliers and consist of an elevatemtganisms=30-days old at 23°C) are held in 2-L glass beakers
plate with holes that fit on the bottom of an aquarium. The plateontaining 1 L of aerated culture water. Amphipods are fed 10
has a standpipe to which a pump can be attached. Gravel or anL of the yeast-cereal leav€srout cho%@u m@nts
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(Annex A8) and 10 mL of the green alga®elenastrum are then flushed with waterifd h toremove the salt water and
capricornutum(about 3.5x 10” cells/mL) on Monday. Five residuals of naturally occurring tannic acid before placement in
milliliters of food are added to cultures on Wednesdays andhe cultures.

Fridays. _ _ 12.3.4.1 To obtain known-age amphipods, a U.S. Standard
12.3.2.1 Water in the culture chambers is changed weeklsieye No. 25 (710-um mesh) is placed under water in a
Survival of adults and juveniles and production of youngchamber containing mixed-age amphipods. A No. 25 sieve will
amphipods should be measured at this time. The contents of thgizin mature amphipods and immature amphipods will pass
culture chgmbers are poured into a translucent white plaStif’hrough the mesh. Two or three pieces of artificial substfate
pan qr.whne eqamel pan. After th‘? adults are removed, e 3 mass of leaves with the associated mixed-age amphipods
remaining amphipods (at_)out 200) will range in ages fro_m <11ge quickly placed into the sieve. The sieve is brought to the top
;-i?gsbzlgk(:rozggt:mi%hIp:ﬂfu?;evczgffzzgda\rl\gtng dp”fooert (')nnt%f the water in the culture chamber keeping all but about 1 cm
week before starting agtoxicit test. Cotton auze should beof the sieve under water. The artificial substrates or leaves are
y : g en shaken under water several times to dislodge the attached

soaked in water for 24 h before use and should be renevVeamphipods. The artificial substrates or leaves are taken out of

weekly. Presoaked cotton gauze is placed in the beakers ar%je sieve and placed back in the culture chamber. The sieve is
organisms are fed 10 mL of YCT and 5 mL of each food each_ . P . L .
following day (Annex A8). Survival of young amphipods agitated in the water to rinse the smalle_r amphlpoq;bac_k into
should be >80 % during this one-week holding period. Recordghe culture chamber. The Iarger a_mph|p0<_js remaining in the
should be kept on the number of surviving adults, number ofieve are transferred with a pipet into a dish qnd then placed
breeding pairs, and young production and survival. ThigNt© @ shallow glass pan (for example, a pie pan) where
information can be used to develop control charts which ardmmature amphipods are removed. The remaining mature
useful in determining if cultures are maintaining a vigorous@MPhipods are transferred using a pipet into a second No. 25
reproductive rate indicative of culture health. Some of the adulgi€ve Which is held in a glass pan containing culture water.
amphipods can be expected to die in the culture chambers, but12.3.4.2 The mature amphipods are left in the sieve in the
mortality greater than about 50 % should be cause for concerpan overnight to collect any newborn amphipods that are
Typical reproductive rates in culture chambers containing 60eleased. After 24 h, the sieve is moved up and down several
adults can be as high as 900 young/week. A decrease fiimmes to rinse the newborn amphipods (<24-h old) into the
reproductive rate may be caused by a change in water qualitgurrounding water in the pan. The sieve is removed from the
temperature, food quality, or brood stock health. Adult femalepan and the mature amphipods are placed back into their
will continue to reproduce for several months. culture chamber or placed in a second glass pan containing
12.3.3 Asecond procedure for obtaining known-age amphieulture water if additional organisms are needed for testing.
pods is described by Borgmann et @93) Known-age The newborn amphipods are moved with a pipet and placed in
amphipods are cultured in 2.5-L chambers containing about 3 culture chamber with flowing water during a grow-out
L of culture water and between 5 and 25 addiltazteca Each period_ The newborn amphipods should be counted to deter-
chamber contains pieces of cotton gauze presoaked in cultufgine if adequate numbers have been collected for the test.
water. Once a week the test organisms are isolated from th@ethods have recently been developed to hold the newborn

gauze and collected using a sieve. Amphipods are then rinsegnphipods using flow-through conditions before the start of a
into petri dishes where the young and adults are sorted. Th@gt.

adults are returned to the culture chambers containing fresh 12.3.4.3 Isolation of about 1500 (750 pairs) of adults in

water and food. . ) .

12.3.4 A third procedure for obtaining known-age arnphi_amplexus provided about 800 newborn amphipods in 24 h and
pods.is. described by Gregr92)and Tomasovic et 4160, 55) required about six man-hours of time. Isolation of about 4000
Mass cultures of mixed-age amphipods are maintained in 80- ixed-age a_dults (some in amplexus and _others_ not in am-
glass aquaria containing about 50 L of wa{&02). A flaked plexgs) provided about 800 ”eWbo”.‘ amphipods in 24 h am_j
food (e.g., fish food flaké$) are added to each culture chamber €auired less than one man-hour of time. The newborn amphi-

pods can be held for 6 to 13 days to provide 7- to 14-day old

receiving daily water renewals to provide about 20 g dry . )
solids/50 L of water twice weekly in a 80-L culture chamber, 0f92nisms to start a 10-day test (see Section 13) or should be

Additional flaked food is added when most of the flaked foodl€!d for 7 days to provide 7- to 8-day-old organisms to start a
has been consumed. Laboratories using static systems sholflg-term test (Annex A6). The neonates are held in a 2-L
develop lower feeding rates specific to their systems. Eacﬁe?‘ker f_or6to 13 days before the start of a test. On the first day
culture chamber has a substrate of maple leaves and artificigf isolation, the neonates are fed 10 mL of YCT (1800 mg/L
substrates (six 20-cm diameter sections/80-L aquaria oftock solution) and 10 mL oEelanastrum capricornutum
“coiled-web material*?). Before use, leaves are soaked in 30(&bout 3.5x 10° cells/mL). On the third, fifth, seventh, ninth,
ppt salt water for about 30 days to reduce the occurrence &leventh, and thirteenth days after isolation, the amphipods are

planaria, snails, or other organisms in the substrate. The leavé&d 5 mL of both YCT andS. capricornutumAmphipods are
initially fed a higher volume to establish a layer of food on the

bottom of the culture chamber. If dissolved oxygen drops
13 Nylon screen, such as Nitex, is available from a variety of commercial sourcespelow 4 mg/l—' about 50 % of the water should be replaced

has been found suitable for this purpose. (Ingersoll et al.(55)). Docu ments
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12.3.5 Laboratories that use mixed-age amphipods for test- 12.4 Culturing Procedures for Chironomus tentans
ing must demonstrate that the procedure used to isolate 12.4.1 The culturing methods described as follows are
amphipods will produce test organisms that are 7 to 14-daybased on methods described(i, (8), (57), (191), (192)If
old if procedures outlined in 13.1.4 are to be followed. ForThe objective of the study is to follow the test method r
example, Winger and Lasi€t18) reported amphipods passing tentansoutlined in 14.1.2, a 10-day test must be started with
through a U.S. Standard No. 35 sieve (500 um), but stopped gecond- to third-instar larvae (about 10-day larvae Fig. 2). At a
a No. 45 sieve (355 um) averaged 1.54 mm (standard deviatidemperature of 23°C, larvae should develop to the third instar
(SD) 0.09) in length. The mean length of these sieved orgarby 9 to 11 days after hatching (about 11 to 23 days post-
isms corresponds to that of 6-day old amphipods (see Fig. 1hviposition). The instart of midges at the start of a test can be
After holding for 3 days before testing to eliminate organismsdetermined using head capsule width (see 14.1.2 and Table 13),
injured during sieving, these amphipods were about 9-days oldeight, or length (average length of midge larvae should be
(length 1.84 mm, SD 0.11) at the start of a toxicity test. about 4 to 6 mm or average dry weight should be about 0.08 to

12.3.5.1 Ingersoll and Nelsqi02) describe the following 0.23 mg/individual at the start of the tegt)). Historically,
procedure for obtaining mixed-age amphipods of a similar siz¢hird-instar larvae were frequently referred to as second instar
to start a test. Smaller amphipods are isolated from largein the published literature. When larvae were measured daily,
amphipods using a stack of U.S. Standard sieves: No. 30 (60@e C, tentans raised at 22 to 24°C were third instar, not second
pm), No. 40 (425 pm), and No. 60 (250 um). Sieves should bénstar 9 to 11 days after hatchirfd). A long-term test withC.
held under water to isolate the amphipods. Amphipods mayentansmust be started with larvae less than 24-h old (see
float on the surface of the water if they are exposed to airSection A7.3 for a description of an approach for obtainihg
Artificial substrate or leaves are placed in the No. 30 sievetentanslarvae less than 24-h old).
Culture water is rinsed through the sieves and small amphipods 12.4.2 Both silica sand and shredded paper toweling have
stopped by the No. 60 sieve are washed into a collecting pafeen used as substrates to cultGretentans Either substrate
Larger amphipods in the No. 30 and No. 40 sieves are returnemhay be used if a healthy culture can be maintained. Ges)
to the culture chamber. The smaller amphipods are then placated sand or paper toweling to culture midges; however, sand
in 1-L beakers containing culture water and food (about 20@vas preferred due to the ease in removing larvae for testing.
amphipods/beaker) with gentle aeration. Sources of sand are listed in Section 7.

12.3.5.2 Amphipods should be held and fed at a similar rate 12.4.2.1 Paper towels are prepared according to a procedure
to the mass cultures for at least 2 days before the start of a teatlapted fron{194). Plain white kitchen paper towels or brown

to eliminate animals injured during handling. towels are cut into strips. Cut toweling is loosely packed into
12.3.6 See 12.2.6 for procedures used to evaluate the heakthblender with culture water and blended for a few seconds.
of cultures. Small pieces should be available to the organism; blending for
6
5 —
Y
; Size retained on 355um sieve after passing 500um sieve.
o
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FIG. 1 Length and Relative Age of Hyalella azteca Collected by Sieving in Comparison with Length of Known-Age Orga@%u ments
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FIG. 2 Chironomus tentans larvae. Note thoracic segments which are used to measure instars.

TABLE 13 Chironomus tentans Instar and Head Capsule Widths water were self-regulating in density regardless of the initial
(195) number of eggs stocked in each tank. However, tanks with a
Instar Days After Hatching  Mean, mm Range, mm higher initial stocking density (i.e., 1400 eggs) exhibited
First 1to4.4 0.10 0.09 to 0.13 increased the time of peak adult emergence to 30 to 33 days
Second 441085 0.20 01810 0.23 while tanks with lower densities of 600 or 1000 eggs had peak
Third 8.5t0 12.5 0.38 0.33to 0.45 .
Fourth 12.5- 067 063 10 0.71 emergence at 22 to 25 days after hatching.

12.4.4.2 Fish food flakes (i.e., Tetréf)nare added to each
culture chamber to provide a final food concentration of about
too long will result in a fine pulp that will not settle in culture 0.04 mg dry solids/mL of culture water. A stock suspension of
tank. Blended towels can then be added directly to culturéhe solids is blended with distilled water to form an initial
tanks eliminating any conditioning period for the substrate. Aslurry. It is then filtered through a 200 micron Nixtex screen
mass of the toweling sufficient to fill a 150-mL beaker is placedand diluted with distilled water to form a 56 g dry solids/L final
into a blender containing 1 L of deionized water, and blende@lurry (Annex A8). The larvae in each tank are fed 2.5 mL of
for 30 s or until the strips are broken apart in the form of a pulp slurry (140 mg of Tetrafin per day) from Day O to Day 7 and
The pulp is then sieved using a 710-um sieve and thoroughl§ mL of slurry (280 mg Tetrafin per day) from Day 8 on.
rinsed with deionized water to remove the shortest fibers. Feeding is done after the water renewal process is completed.
12.4.2.2 Dry shredded paper toweling loosely packed into d he stock suspension should be well mixed immediately before
2-L beaker will provide sufficient substrate for about ten 19-Lremoving an aliquot for feeding. Each batch of food should be
chamberg(191) The shredded toweling placed in a 150-mL refrigerated and can be used for up to two weeks (Annex A8).
beaker produces enough substrate for one 19-L chambdsaboratories using static systems should develop lower feeding
Additional substrate can be frozen in deionized water for latefates specific to thier systems
use. 12.4.5 Chironomus tentangre cultured by Greef192)in
12.4.3 Five egg cases will provide a sufficient number of5.7-L polyethylene cylindrical containers. The containers are
organisms to start a new culture chamber. Egg cases should pdified by cutting a semicircle into the lid 17.75 cm across by
held at 23°C in a glass beaker or crystallizing dish containingl2.5 cm. Stainless steel screen (20 mesh/0.4 cm) is cut to size
about 100 to 150 mL of culture water (temperature changé@nd melted to the plastic lid. The screen provides air exchange,
should not exceed 2°C/day). Food is not added until theetains emerging adults, and is a convenient way to observe the
embryos start to hatch (in about 2 to 4 days at 23°C) to reduceulture. Two holes about 0.05 cm in diameter are drilled
the risk of oxygen depletion. A small amount of green algaghrough the uncut portion of the lid to provide access for an air
(for example, a thin green layer) is added to the water whefine and to introduce food. The food access hole is closed with
embryos start to hatch. When most of the larvae have left the No. 00 stopper. Greg192) cultures midges under static
egg case, 150 to 200 larvae should be placed into a cultureonditions with moderate aeration and about 90 % of the water
chamber. Crowding of larvae will reduce growth. See 12.4.4.1s replaced weekly. Each 5.7-L culture chamber contains about
or 12.4.5.1 for a description of feeding rates. Larvae shoul® L of water and about 25 mL of fine sand. Eight to ten
reach the third instar by about 10 days after median hatckhambers are used to maintain the culture.
(about 12 to 14 days after the time the eggs were laid). 12.4.5.1 Midges in each chamber are fed 2 mL/day of a 100
12.4.4 Chironomus tentansre cultured in soft water at the g/L suspension of fish food flakes on Tuesday, Wednesday,
USEPA in Duluth (USEPA,(114) in glass aquaria (19.0-L Thursday, Friday, and Sunday. A 2-nilhlorella suspension of
capacity, 36-x 21- X 36-cm high). A water volume of about deactivatedChlorella suspension is added to each chamber on
6 to 8 L in these flow-through chambers can be maintained byaturday and Monday. TH@hlorellasuspension is prepared by
drilling an overflow hole in one end 11 cm from the bottom. addirg 5 g of dry Chlorella powder/L of water. The mixture
The top of the aquarium is covered with a mesh material to traghould be refrigerated and can be used for up to two weeks.
emergent adults. Pantyhose with the elasticized waist is posi- 12.4.5.2 The water should be replaced more often if animals
tioned around the chamber top and the legs are cut offappear stressed (for example, at surface or pale color at the
Fiberglass-window screen glued to a glass-strip (about 2- teecond instar) or if the water is cloudy. Water is replaced by
3-cm wide) rectangle placed on top of each aquarium has aldirst removing emergent adults with an aspirator. Any growth
been used by Call et &]7). About 200 to 300 mL of 40 mesh on the sides of the chamber should be brushed off before water
silica sand is placed in each chamber. is removed. Care should be taken not to pour or siphon out the
12.4.4.1 The stocking density of the number@ftentans larvae when removing the water. Larvae will typically stay
eggs should be about 600 eggs per 6 to 8 L of water. Dawsonear the bottom; however, a small mesh sieve or nylon net can
et al. (386) found that the cultures in 15 L aquaria and 7 L of be used to catch any larvae that float ou%@ﬁm@w
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have been cleaned, temperature-adjusted culture water is
poured back into each chamber. The water should be added
quickly to stir up the larvae. Using this procedure, the
approximate size, number, and the general health of the culture
can be observed.

12.4.6 Adult emergence will begin about three weeks after
hatching at 23°C. Once adults begin to emerge, they can be
gently siphoned into a dry aspirator flask on a daily basis. An
aspirator can be made using a 250 or 500-mL Erlenmeyer flask,
a two-hole stopper, some short sections of 0.25-in. glass
tubing, and plastic tubing for collecting and providing suction
(see Fig. 3). Adults should be aspirated with short inhalations
to avoid injuring organisms. The mouthpiece on the aspirator ' Water
should be replaced or disinfected between use. The sex ratio of
the adults should be checked to ensure that a sufficient number
of males are available for mating and fertilization. One male
may fertilize more than one female. However, a ratio of onednto a plastic lid with a 17.75-cm hole. A 5-cm hole is cut into
male to three females improves fertilization. the side of the bottom chamber and a No. 11 stopper is used to

12.4.6.1 A mating and oviposition chamber may be pre<lose the hole. Egg cases are removed by first sliding a piece of
pared in several different ways (see Figs. 3 and 4). About 50 t@lexiglass between the top and bottom chambers. Adult midges
75 mL of culture water can be added to the aspiration flask irare then aspirated from the bottom chamber. The top chamber
which the adults were collected (see Fig.(394). USEPA  With plexiglass is removed from the bottom chamber and
Duluth (191)used a 500-mL collecting flask (see Fig. 4), which forceps are used to remove the egg cases. The top chamber is
includes a length of nylon scre¥hpositioned vertically and Put back on top of the bottom chamber, the plexiglass is
extending into the water when water is added. The nylofémoved, and the aspirated adults are released from the
screef? is used by the females to position themselves jus@spirator into the chamber through the 5-cm hole.
above the water during Oviposition_ The two-hole Stopper and 12.4.7 About two to three weeks before the start of a test, 3
tubing of the aspirator should be replaced by screened materit® 5 €99 cases should be isolated for hatching using procedures
or a cotton plug for good air exchange in the ovipositionoutlined in 12.4.3.
chamber. 12.4.8 Records should be kept on the time to first emergence

12.4.6.2 Greef192)used an oviposition box to hold emer- and the success of emergence for each culture chamber. It is
gent adults which is constructed of a 5.7-L chamber with zAlso desirable to monitor growth and head capsule width
20-cm tall Cy|indrica| chamber on top_ The top chamber isperiodically in the cultures. See 12.2.6 for additional detail on
constructed of stainless steel screen (35 mesh/2.54 cm) melt@gocedures for evaluating the health of the cultures.

13. Procedure 1: Conducting a 10-day Sediment Toxicity
Test with Hyalella azteca

13.1 Introduction

13.1.1 Hyalella azteca (Saussure), Amphipoda, have many
desirable characteristics of an ideal sediment toxicity testing
organism including: relative sensitivity to contaminants asso-
ciated with sediment, short generation time, contact with

Mesh Cover

Nitex Screen

FIG. 4 Oviposition Chamber for Adult Midges

14 Coiled-wed material is available from 3-M, St. Paul, MN.

Tygon Tubing

Glass Tubing

| sediment, ease of culture in the laboratory, tolerance to varying
(1/4 inch) physico-chemical characteristics of sediment, and their re-

| sponse has been evaluated in interlaboratory studies and has
2 Hole Stopper been confirmed with natural benthos populations (Table 1).

Many investigators have successfully ustdaztecato evalu-

ate the toxicity of freshwater sediments (for examyl&), 17,
500 ml Edenmeyer 102, 118, 170, 196-198)Hyalella aztecacan also be used to
evaluate the toxicity of estuarine sediments (up to 15 ppt
salinity; (47, 143, 144, 187) Endpoints typically monitored in
10-day sediment toxicity tests witH. aztecainclude survival
and growth.

13.1.2 General procedures for conducting sediment toxicity
tests withH. aztecaare outlined in Table 14, Annex A6 outlines
additional procedures for evaluating sublethal effects of
sediment-associated contaminants withaztecain long-term
exposures. These general procedures can be used to conduct
FIG. 3 Aspirators for Isolating Adult Midges sediment toxicity tests witlH. azteca MeMiiﬁeéhts

Nitex Screen
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TABLE 14 Summary of Testing Procedures Used to Evaluate the Toxicity of Whole Sediments with Hyalella azteca
Citation
Condition
(1] [2] [3] (4] [5] (6] [71 [8]
Temperature, °C 20 20 22 20-25 20-23 20-22 20 23
Light intensity (footcandles) NR 25-50 NR 50-100 25-50 NR 50-100 50-100
Photoperiod NR 16-8 16-8 16-8 16-8 16-8 16-8 16-8
Test chamber, mL 1000 1000 300 300 30-300 2500 250 300
Sediment volume, mL 200 200 100 40-50 5-100 ~150 40 100
Overlying water volume, mL 800 100 175 160-200 20-150 ~1350 200 175
Renewal rate of overlying water, 0 1-4 1-4 variable 0-2 0 static 2
additions/day
Age of organisms, days juvenile juvenile 7-14 juvenile 7-14 0-7 juvenile 7-14
Size of organisms, mm NR 1-2 NR NR 1-2 NR NR 1
Number of organisms/chamber 15 20 10 10 3-10 20 10 10
Number of replicate chambers/ NR 4 3 4 5-10 2 3 8
treatment
Food RC RC YCT RC YCT, ML ™ RC YCT
Aeration Yes None None DO< 3 None Yes None None
Overlying water Natural Natural Natural Natural Reconstituted  Natural Natural Natural/
Reconstituted

Test duration, days 10 10-28 10 7 10 28 10 10
Endpoints S S,G,M S S S S,G S S,G
Test acceptability, survival, % NR 80 80 80 80 NR 80 80

A Citations:
[1] Nebeker et al ()

[2] Ingersoll and Nelson (102)

[3] Ankley et al (4)

[4] Burton et al (195)

[5] Winger and Lasier (118)

[6] Borgmann and Munawar (194))

[7] Suedel and Rodgers (18)

[8] USEPA (1)

Conditions:
Food: YCT = yeast-cerophyll-trout chow, RC = Rabbit chow, TM = Fish food flakes,*? ML = maple leaves.
Endpoints: S = survival, G = growth (length or weight), M = maturation.
NR: = not reported.

Table 14 and in USEPA1) were used for developing the number of replicates increase.
specific test method described in 13.2 and Table 15 for 13.2.2 The 10-day sediment toxicity test wibdh azteca
conducting a 10-day toxicity test witH. azteca The activity = must be conducted at 23°C with a 16L:8D photoperiod at an
schedule in Table 16 and the test acceptability requirements iilluminance of about 100 to 1000 Ix (Table 15). Test chambers
Table 17 are applicable to the methods described in Table 1dre 300-mL high-form lipless beakers containing 100 mL of
and Table 15. sediment and 175 mL of overlying water. Ten 7- to 14-day old
13.1.3 Results of tests using procedures different from thamphipods are used to start a test. The 10-day test should start
procedures described in 13.2 and Table 15 may not bwith a narrow range in size or ageldf azteca(i.e., 1- to 2-day
comparable to tests conducted with the procedures outlined irange in age) to reduce potential variability in growth at the end
Table 14. Comparison of results obtained using modifiebf a 10-day test (Section 12.3.1). The number of replicates/
versions of these procedures might provide useful informatiotreatment depends on the objective of the test. Eight replicates
concerning new concepts and procedures for conducting sedire recommended for routine testing (see Section 15). Amphi-
ment tests with aquatic organisms. If tests are conducted withods in each test chamber are fed 1.0 mL of YCT food daily
procedures different from the procedures described in these tedf). The previous version of this standard (Test Method
methods, additional tests are required to determine compar& 1706-95b) recommended a feeding level of 1.5 mL of YCT

bility of results (see Section 1). daily; however, this feeding level was revised to 1.0 mL to be
13.2 Recommended Test Method for Conducting a 10-dagonsistent with the feeding level the in long-term test with
Sediment Toxicity Test with Hyalella azteca azteca(Annex A6). Slight variation in feeding amount in the

13.2.1 Recommended conditions for conducting a 10-day0-day test withC. tentangdid not influence the results of this
sediment toxicity test withd. aztecaare summarized in Table test (Annex A9). Each chamber receives 2 volume additions/
15. A general activity schedule is outlined in Table 16.day of overlying water. Benoit et a{128) and Zumwalt et al.
Decisions concerning the various aspects of experimentgll29) Leppanen and Maief199) and Wall et al.(200)
design, such as the number of treatments, number of teslescribe water-renewal systems that can be used to deliver
chambers/treatment, and water quality characteristics shoulaverlying water. Overlying water can be culture water, well
be based on the purpose of the test and the methods of datater, surface water, site water, or reconstituted water. For
analysis (see Section 15). The number of replicates ansite-specific evaluations, the characteristics of the overlying
concentrations tested depends in part on the significance levelater should be as similar as possible to the site at which
selected and the type of statistical analysis. When variabilitysediment is collected. Requirements for test acceptability are
remains constant, the sensitivity of a test increases as ttmummarized in Table 17. Documents
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TABLE 15 Test Conditions for Conducting a 10-day Sediment
Toxicity Test with  Hyalella azteca

TABLE 16 General Activity Schedule for Conducting a 10-day
Sediment Toxicity Test with  Hyalella azteca (modified from (6))

Parameter Conditions Day Activity

1. Test type: Whole-sediment toxicity test with -7 Separate known-age amphipods from the mass cultures and place in
renewal of overlying water holding chambers. Begin preparing food for the test. There should

2. Temperature: 23 + 1°C be only a 1- to 2-day range in age of amphipods used to start the
3. Light quality: Wide-spectrum fluorescent lights test.
4. llluminance: About 100 to 1000 lux -6to-2 Feed and observe isolated amphipods, monitor water quality (e.g.,
5. Photoperiod: 16L:8D temperature and dissolved oxygen).
6. Test chamber: 300-mL high-form lipless beaker -1 Feed and observe isolated amphipods, monitor water quality. Add
7. Sediment volume: 100 mL sediment into each test chamber, place chambers into exposure
8. Overlying water volume: 175 mL system, and start renewing overlying water.
9. Renewal of overlying water: 2 volume additions/day; continuous or 0 Measure total water quality (pH, temperature, dissolved oxygen,

10

11
12

. Age of organisms:

. Number of organisms/chamber:

. Number of replicate chambers/

treatment:

13

14.

15.

16.

17.

18.

20.

. Feeding:

Aeration:

Overlying water:

Test chamber cleaning:

Overlying water quality:

Test duration:
. Endpoints:
Test acceptability:

intermittent (e.g., one volume
addition every 12 h)

7- to 14-day old (within a 1- to 2-day
range in age) at the start of the test

10

Depends on the objective of the test.
Eight replicates are recommended for
routine testing (see Section 15)

YCT food, fed 1.0 mL daily (1800 mg/L
stock) to each test chamber. An
earlier version of this standard
(E 1706-95b) recommended a
feeding level of 1.5 mL of YCT daily;
however this feeding level was
revised to 1.0 mL to be consistent
with the feeding level in long-term
tests with H. azteca (Annex A6).

None, unless dissolved oxygen in
overlying water drops below 2.5
mg/L.

Culture water, well water, surface water,
site water, or reconstituted water

If screens become clogged during a
test, gently brush the outside of the
screen

Hardness, alkalinity, conductivity, pH,
and ammonia at the beginning and
end of a test. Temperature and
dissolved oxygen daily

10d

Survival and growth

Minimum mean control survival of 80 %
and measurable growth of test
organisms in the control sediment.
See Table 17 for additional
performance-based criteria.

13.3 General Procedures

13.3.1 Sediment into Test Chamberdhe day before the

hardness, alkalinity, conductivity, ammonia). Transfer 10
amphipods into each test chamber. Release organisms under the
surface of the water. Add 1.0 mL of YCT into each test chamber.
Archive 20 test organisms for length determination or 80 test
organisms for dry weight determination. Observe behavior of test
organisms.

1t08 Add 1.0 mL of YCT food to each test chamber. Measure temperature
and dissolved oxygen. Observe behavior of test organisms.

9 Measure total water quality.

10 Measure temperature and dissolved oxygen. End the test by

collecting the amphipods with a sieve. Count survivors and
prepare organisms for dry weight or length measurements.

test begins when the organisms are added to the test chambers
(Day 0).

13.3.2 Renewal of overlying waterRenewal of overlying
water is recommended during a test. At any particular time
during the test, flow rates through any two test chambers
should not differ by more than 10 %. Hardness, alkalinity, and
ammonia concentrations in the water above the sediment,
within a treatment, typically should not vary by more than
50 % during the test. Mount and Brung&26) diluters have
been modified for sediment testing and other automated water
delivery systems have also been ug&62, 127-129 (130).
Each water-delivery system should be calibrated before a test is
started to verify that the system is functioning properly.
Renewal of overlying water is started on Day -1 before the
addition of test organisms and food on Day O.

13.3.2.1 In water-renewal tests with one to four volume
additions of overlying water/day, water quality characteristics
generally remain similar to the inflowing watdd, 102)
however, in static tests, water quality may change profoundly
during the exposurg141) For example, in static whole-

sediment test is started (Day -1) each sediment should bsediment tests, the alkalinity, hardness, and conductivity of
thoroughly homogenized and added to the test chambers (segerlying water more than doubled in several treatments during
10.3.1). Sediment should be visually inspected to judge tha four-week exposurél02). Additionally, concentrations of
extent of homogeneity. Excess water on the surface of thenetabolic products (for example, ammonia) may also increase
sediment can indicate separation of solid and liquid compoduring static exposures and these compounds can either be
nents. If a quantitative measure of homogeneity is requireddirectly toxic to the test organisms or may contribute to the
replicate subsamples should be taken from the sediment battbixicity of the contaminants in the sediment. Furthermore,
and analyze for TOC, chemical concentrations, and particlehanges in water quality characteristics such as hardness may
size.
13.3.1.1 Each test chamber should contain the same amou02) contaminants. Although contaminant concentrations are
of sediment, determined either by volume or by weight.reduced in the overlying water in water-renewal tests, organ-
Overlying water is added to the chambers on Day -1 in dsms in direct contact with sediment generally receive a
manner that minimizes suspension of sediment. This can bsubstantial proportion of a contaminant dose directly from
accomplished by gently pouring water along the sides of theither the whole sediment or from the interstitial water.
chambers or by pouring water on to a baffle (for example, a 13.3.3 Acclimation—Test organisms must be cultured and
circular piece of TFE-fluorocarbon with a handle attached}ested at the same temperature. Ideally, test organisms should
placed above the sediment to dissipate the force of the water.lBe cultured in the same water that willmrnéﬁtgs
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TABLE 17 Test Acceptability Requirements for a 10-day Sediment Toxicity Test with Hyalella azteca

A. lItis recommended for conducting a 10-day test with Hyalella azteca that the following performance criteria be met:

1. Age of H. azteca at the start of the test must be between 7- to 14-days old. The test should start with a narrow narrow range in size or age of H. azteca (i.e.,
1- to 2-day range in age) to reduce potential variability in growth at the end of a 10-day test (Section 12.3.1).

2. Average survival of H. azteca in the control sediment must be greater than or equal to 80 % at the end of the test. Growth of test organisms should be
measurable in the control sediment at the end of the 10-day test (i.e., relative to organisms at the start of the test).

3. Hardness, alkalinity, and ammonia of overlying water typically should not vary by more than 50 % during the test, and dissolved oxygen should be maintained
above 2.5 mg/L in the overlying water.

B.  Performance-based criteria for culturing H. azteca include the following:

1. It may be desirable for laboratories to periodically perform 96-h water-only reference-toxicity tests to assess the sensitivity of culture organisms (Section
11.16.2). Data from these reference toxicity tests could be used to assess genetic strain or life-stage sensitivity of test organisms to select chemicals.

2. Laboratories should track parental survival in the cultures and record this information using control charts if known-age cultures are maintained. Records
should also be kept on the frequency of restarting cultures and the age of brood organisms.

3. Laboratories should record the following water-quality characteristics of the cultures at least quarterly pH, hardness, alkalinity, and ammonia. Dissolved
oxygen in the cultures should be measured weekly. Temperature of the cultures should be recorded daily. If static cultures are used it may be desirable to
measure water quality more frequently.

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

5. Physiological measurements such as lipid content might provide useful information regarding the health of the cultures.

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 concentration of solvent used must not adversely affect test
organisms.

5. Test organisms must be cultured and tested at 23°C (+1°C).

6. The daily mean test temperature must be within =£1°C of 23°C. The instantaneous temperature must always be within +3°C of 23°C.

7. Natural physico-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test organisms.

However, acclimation of test organisms to the test water is ndbetween samples to minimize cross contamination. Aeration
required. If test organisms are to be acclimated, they could bean be used to maintain dissolved oxygen in the overlying
held far 2 h in a 50 to 50mixture of culture water to overlying water above 2.5 mg/L (i.e., about 1 bubble/second in the
water, then fo 2 h in a 25 to 75mixture of culture water to overlying water). Dissolved oxygen and pH can be measured
overlying water, followed by a transfer into 100 % overlying directly in the overlying water with a probe.
water for 2 h(102) (2) Temperature should be measured at least daily in at least
13.3.4 Placing Test Organisms in Test Chambers one test chamber from each treatment. The temperature of the
Amphipods should be introduced into the overlying waterwater bath or the exposure chamber should be continuously
below the air-water interface. Test organisms can be pipeteghonitored. The daily mean test temperature must be within
directly into overlying watei(4). Length should be measured +1°C of 23°C. The instantaneous temperature must always be
on a subset of at least 20 organisms or weight should bwithin =3°C of 23°C.
measured on a subset of at least 80 organisms used to start thel3.3.6 Feeding—For each beaker, 1.0 mL of YCT is added
test. Test organisms should be handled as little as possible. from Day 0 to Day 9. Without addition of food, the test
13.3.5 Monitoring a Test-All chambers should be checked organisms may starve during exposures. However, the addition
daily and observations made to assess test organism behavifrthe food may alter the availability of the contaminants in the
such as sediment avoidance. However, monitoring effects osediment(34, 99) Furthermore, if too much food is added to
burrowing activity of test organisms may be difficult becausethe test chamber or if the mortality of test organisms is high,
the test organisms are often not visible during the exposurdungal or bacterial growth may develop on the sediment
The operation of the exposure system should be monitoreslurface. Therefore, the amount of food added to the test
daily. chambers is kept to a minimum.
13.3.5.1 Measurement of Overlying Water Quality 13.3.6.1 Suspensions of food should be thoroughly mixed
Characteristics—Conductivity, hardness, pH, alkalinity, dis- before aliquots are taken. If excess food collects on the
solved oxygen, and ammonia should be measured in allediment, a fungal or bacterial growth may develop on the
treatments at the beginning and end of a test. Overlying watesediment surface, in which case feeding should be suspended
should be sampled just before water renewal from about 1 to for one or more days. A drop in dissolved oxygen below 2.5
cm above the sediment surface using a pipet. It may beng/L during a test may indicate that the food added is not
necessary to composite water samples from individual replibeing consumed. Feeding should be suspended for the amount
cates. The pipet should be checked to make sure no organisraétime necessary to increase the dissolved oxygen concentra-
are removed during sampling of overlying water. Water qualitytion (1). If feeding is suspended in one treatment, it should be
should be measured for each new batch of water prepared fesuspended in all treatments. Detailed records of feeding rates
the test. and the appearance of the sediment surface should be made
(1) Dissolved oxygen should be measured daily and shouldaily.
be maintained at a minimum of 2.5 mg/L (Guide E 729). If a 13.3.7 Ending a Test-A consistent amount of time should
probe is used to measure dissolved oxygen in overlying watehe taken to examine sieved material for recovery of test
it should be thoroughly inspected between samples to makerganisms (for example, 5 min/replicate). Laboratories should
sure that organisms are not attached and should be rinseimonstrate their personnel are able to regtgceumemat
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least 90 % of the organisms from whole sediment. For exhave also been used to estimate growthlohzteca(l1). If test
ample, test organisms could be added to control or testrganisms are to be used for an evaluation of bioaccumulation,
sediments and recovery could be determined after(160). it is not advisable to dry the sample before conducting the
13.3.7.1 Any of the surviving amphipods in the waterresidue analysis. If conversion from wet weight to dry weight
column or on the surface of the sediment can be pipeted frons necessary, aliquots of organisms can be weighed to establish
the beaker before sieving the sediment. Immobile organismwet to dry weight conversion factors. A consistent procedure
isolated from the sediment surface or from sieved materiathould be used to remove the excess water from the organisms
should be considered dead. A #40 sieve (425 um mesh) can lbefore measuring wet weight.
used to remove amphipods from sediment. Alternatively, 13.3.8.2 Dry weight of amphipods should be determined by
Kemble et al.(17) suggests sieving of sediment using thepooling all living organisms from a replicate and drying the
following procedure: (1) pour about half of the overlying sample at about 60 to 90°C to a constant weight. The sample is
water through a No. 50 (300-pum) U.S. Standard mesh sigye, ( brought to room temperature in a dessicator and weighed to the
swirl the remaining water to suspend the upper 1 cm ohearest 0.01 mg to obtain mean weight per surviving organism
sediment, 8) pour this slurry through the No. 50 mesh sieve per replicate (See Section A6.3.7.6). The previous version of
and wash the contents of the sieve into an examination(gan, the standard recommended dry weight as a measure of growth
rinse the coarser sediment remaining in the test chambdor both H. aztecaand C. tentans For C. tentans this
through a No. 40 (425-um) mesh sieve and wash the contentecommendation was changed in the current version to ash-free
of this second sieve into an examination pan. Surviving testlry weight (AFDW) instead of dry weight, with the intent of
organisms can be removed from the two pans and counted. teéducing bias introduced by gut contents (Sibley et @&4).
length is to be measure@02) then the organisms can be However, this recommendation was not extended to incHide
preserved in 8 % sugar formalin solution or other substitutesizteca Studies by Dawson et al. (personal communication,
for formalin (203) The sugar formalin solution is prepared T.D. Dawson, Integrated Laboratory Systems, Duluth, MN)
adding 120 g of sucrose to 80 mL of formalin which is thenhave indicated that the ash content-bfaztecais not greatly
brought to a volume of 1 L using deionized water. This stockdecreased by purging organisms in clean water before weigh-
solution is mixed with an equal volume of deionized watering, suggesting that sediment does not comprise a large portion
when used to preserve organisms. of the overall dry weight. In addition, using AFDW further
13.3.8 Test Data—Survival and growth are measured at the decreases an already small mass, potentially increasing mea-
end of the 10-day sediment toxicity test with. azteca  surement error. For this reason, dry weight continues to be the
Measuring growth may be a more sensitive toxicity endpointecommended endpoint for estimating growth-bfaztecavia
compared to surviva(l4, 17, 55 (204) The duration of the weight (growth can also be determined via length).
10-day test started with 7- to 14-day old amphipods is not long 13.4 Interpretation of Results
enough to determine sexual maturation or reproductive effects. 13.4.1 Section 15 describes general information for inter-
The 42-day test (Annex AB) is designed to evaluate sublethgiretation of test results. The following sections describe
endpoints in sediment toxicity tests with aztecaSee Section species-specific information that is useful in helping to inter-
A6.4.5.2 for a discussion of measurement of length vs. drypret the results of sediment toxicity tests with azteca
weight in tests withH. azteca 13.4.2 Age Sensitivity-The sensitivity oH. aztecaappears
13.3.8.1 Amphipod body length+0.1 mm) can be mea- to be relatively similar up to at least 24 to 26-day old organisms
sured from the base of the first antenna to the tip of the third205). For example, the toxicity of diazinon, copper, cadmium,
uropod along the curve of the dorsal surface (Fig. 5). Ingersoland zinc was similar in 96-h water-only exposures starting with
and Nelson(102) describe the use of a digitizing system and0 to 2-day old organisms through 24 to 26-day old organisms
microscope to measure lengthsthfaztecaKemble et al(17)  (see Fig. 6). The toxicity of alkylphenol ethoxylate (a surfac-
photographed invertebrates (at magnification of 3.5x) andant) tended to increase with age. In general, this suggests that
measured length using a computer-interfaced digitizing tabletests started with 7 to 14-day old amphipods would be
Antennal segment number can also be used to estimate lengtbpresentative of the sensitivity bf. aztecaup to at least the
or weight of amphipod$1). Wet or dry weight measurements adult life stage.

FIG. 5 Hyalella azteca. A: denotes the uropods, B: denotes the base of the first antennae. C: denotes the gnathopod used for grasing
females. Measurement of length is meade from base of the 3 ™ uropod (A) to (B). Females are recognized by the presence of egg cases

or the absence of an enlarged gnathopod. Docu ments
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