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Designing Biological Tests with Sediments
This standard is issued under the fixed designation E 1525; 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 Data Interpretation 12

1.1 As the contamination of freshwater and saltwater eco- KeWords 13

systems continues to be reduced through the implementation of 1.4 The values stated in S| units are to be regarded as the
regulations governing both point and non-point source disstandard. The values given in parentheses are for information
charges, there is a growing emphasis and concern regardiraply.
historical inputs and their influence on water and sediment 1.5 This standard does not purport to address all of the
guality. Many locations in urban areas exhibit significantsafety concerns, if any, associated with its use. It is the
sediment contamination, which poses a continual and longresponsibility of the user of this standard to establish appro-
term threat to the functional condition of benthic communitiespriate safety and health practices and determine the applica-
and other species inhabiting these ar@ds Benthic commu-  bility of regulatory limitations prior to usefor specific hazard
nities are an important component of many ecosystems angtatements, see Section 7.
alterations of these communities may affect water-column and
nonaquatic species. 2. Referenced Documents

1.2 Biological tests with sediments are an efficient means 2.1 ASTM Standards:
for evaluating sediment contamination because they provide D 1129 Terminology Relating to Water
information complementary to chemical characterizations and D 4447 Guide for the Disposal of Laboratory Chemicals
ecological surveyg2). Acute sediment toxicity tests can be and Samples
used as screening tools in the early phase of an assessmenE 724 Guide for Conducting Static Acute Toxicity Tests
hierarchy that ultimately could include chemical measurements ~ Staring with Embryos of Four Species of Saltwater Bivalve
or bioaccumulation and chronic toxicity tests. Sediment tests Mollusc*
have been applied in both saltwater and freshwater environ- E 729 Guide for Conducting Acute Toxicity Tests with
ments(2-6). Sediment tests have been used for dredge material Fishes, Macroinvertebrates, and Amphibfans
permitting, site ranking for remediation, recovery studies E 943 Terminology Relating to Biological Effects and En-
following management actions, and trend monitoring. A par-  vironmental Faté
ticularly important application is for establishing contaminant- E 1023 Guide for Assessing the Hazard of a Material to
specific effects and the processes controlling contaminant Aquatic Organisms and Their Uses

bioavailability (7). E 1367 Guide for Conducting 10-Day Static Sediment Tox-

1.3 This guide is arranged as follows: icity Tests with Marine and Estuarine Amphipdds
Section E 1383 Guide for Conducting Sediment Toxicity Tests with

Referenced Documents 2 Freshwater Invertebrates
;T)f;ﬂ'cna‘i:ggy j E 1391 Guide for Collection, Storage, Characterization, and
Summary of Guide 5 Manipulation of Sediments for Toxicological Testihg
Significance and Use 6 E 1563 Guide for Conducting Static Acute Toxicity Tests
ggéﬁ;‘fn { Test Types ; with Echinoid Embryo$
Biological Responses 9 E 1611 Guide for Conducting Sediment Toxicity Tests with
Test Organisms 10 Polychaetous Annelids
Experimental Design Considerations u E 1676 Guide for Conducting a Laboratory Soil Toxicity

Test with the Lumbricid Earthworriisenia foetida
E 1688 Guide for Determination of the Bioaccumulation of

1 This guide is under the jurisdiction of ASTM Committee E47 on Biological Sediment-associated Contaminants by Benthic Inverte-
Effects and Environmental Fateand is the direct responsibility of 8Subcommittee  prate$
E47.03on Sediment Assessment and Toxicology.
Current edition approved February 2002. Published March 2002. Originally
published as E 1525 — 93. Last previous edition E 1525 — 94a. —
2 The boldface numbers in parentheses refer to the list of references at the end of * Annual Book of ASTM Standardgol 11.01.
this standard. 4 Annual Book of ASTM Standardgol 11.05.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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E 1706 Test Methods for Measuring the Toxicity of intended to lie below water in a test.
Sediment-associated Contaminates with Freshwater Inver- 3.2.10 spiked sedimenta sediment to which a material has

tebrate$ been added for experimental purposes.
IEEE/ASTM SI-10 Standard for Use of the International 3.2.11 suspensiofr-a slurry of sediment and water.
System of Units (SI): The Modern Metric System 3.2.12 toxicity—the property of a material or combination
2.2 Other Standards: of materials to affect organisms adversely.
Title 29 Code of Federal Regulations 1910.132 (f) 3.2.13 whole sedimenrt-sediment and associated pore water
that has had minimal manipulation following collection or

3. Terminology

3.1 Definitions:

3.1.1 The words “must,” “should,” “may,” “can,” and 4. Application
“might” have very specific meanings in this guide. “Must” is 4.1 An ASTM guide outlines a series of options or instruc-
used to express an absolute requirement, that is, to state that tliens and does not recommend a specific course of action. The
test ought to be designed to satisfy a specific condition, unlessurpose of a guide is to offer guidance, based on a consensus
the purpose of the test requires a different design. “Must” isof viewpoints, but not to establish a fixed procedure. A guide is
used only in connection with the factors that apply directly tointended to increase the awareness of the user to available
the acceptability of the test. “Should” is used to state that theechniques in a given subject area and to provide information
specified conditions are recommended and ought to be met fiom which subsequent evaluation and standardization can be
most tests. Although a violation of one “should” is rarely a derived.
serious matter, violation of several will often render the results 4.2 This guide provides general interpretative guidance on
questionable. Terms such as “is desirable,” “is often desirable the selection, application, and interpretation of biological tests
and “might be desirable” are used in connection with lessyith sediments. As such, this guide serves as a preface to other
important factors. “May” is used to mean “is (are) allowed to,” ASTM documents describing methods for sediment collection,
“can” is used to mean* is (are) able to,” and “might” is used tostorage, and manipulation (Guide E 1391); and toxicity or
mean “could possibly.” Thus, the classic distinction betweerbioaccumulation tests with sediment ( Guides E 724, E 1367,
“may” and“ can” is preserved, and “might” is never used as aE 1391, E 1611, E 1563, E 1688, and Test Method E 1706).
synonym of either “may” or “can.” Much of the guidance presented in this standard is also

3.1.2 For definitions of terms used in this guide, refer toapplicable to toxicity testing of soils (Guide E 1676). This
Guide E 729, Terminologies D 1129 and E 943, and Guidgyuide serves as an introduction and summary of sediment
E 1023. For an explanation of the units and symbols, refer t@esting and is not meant to provide specific guidance on test
IEEE/ASTM SI-10. methods. Rather, its intent is to provide information necessary

3.2 Definitions of Terms Specific to This Standard: to accomplish the following:

3.2.1 bioaccumulationr-the net uptake of a material by an  4.2.1 Select a sediment exposure strategy appropriate to the
organism from its environment through exposure by means cissessment need. For example, a suspended phase exposure is

formulation.

water and food. relevant to the evaluation of dredged sediments for disposal at
3.2.2 concentratioa—the ratio of the weight or volume of a dispersive aquatic site. (See Annex Al).
test material(s) to the weight or volume of test sample. 4.2.2 Select the test organism and biological endpoints

3.2.3 control sediment-a sediment that is essentially free appropriate to the desired exposure and aquatic resources at
of contaminants and is used routinely to assess the acceptabiisk. For example, the potential for water quality problems and

ity of a test. subsequent effects on oyster beds may dictate the use of
3.2.4 elutriate—the water and soluble portion extracted sediment elutriate exposures with bivalve larvae (Guide E
from the sediment. 724).

3.2.5 exposure—contact with a chemical or physical agent.  4.2.3 Establish an experimental design consistent with the
3.2.6 overlying water—the water placed over the solid objectives of the sediment evaluation. The use of appropriate
phase of a sediment in the test chamber for the conduct of theontrols is particularly important for evaluating sediment
biological test; this may also include the water used tocontamination (see Section 11).
manipulate the sediments. In field situations, the water column 4.2.4 Determine which statistical procedures should be

above the sediment/water interface. applied to analysis of the data, and define the limits of
3.2.7 pore water/interstitial wate—water occupying space applicability of the resultant analyses in data interpretation
between sediment or soil particles. (Test Method E1706).

3.2.8 reference sedimenta whole sediment near the area of )
concern used to assess sediment conditions exclusive &f Summary of Guide
material(s) of interest. 5.1 This guide provides general guidance and objectives for
3.2.9 sediment—(1) particulate material that usually lies conducting biological tests with sediments. Detailed technical
below water and (2) formulated paticulate matter that isinformation on the conduct and evaluation of specific sediment
tests is included in other documents referenced in this guide.
s Annual Book of ASTM Standasdéol 14.02. 5.2 Neither this guide nor any specific test methodology can
® Available from Superintendent of Documents, U.S. Government Printingadequately address the multitude of technical factors that must
Office, Washington DC 20402. be considered when designing and conducting a specific
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investigation. The intended use of this document is thereforappointment of a laboratory health and safety officer with the

not to provide detailed guidance, but rather to assist theesponsibility and authority to develop and maintain a safety

investigator in developing technically sound and environmenprogram,(2) the preparation of a formal, written health and

tally relevant biological tests that adequately address theafety plan, which is provided to each laboratory staff member,

questions being posed by a specific investigation. (3) an ongoing training program on laboratory safety, é&hd
o regular safety inspections.

6. Slgmﬂcancg and Use_ ) 7.1.2 Collection and use of sediments may involve substan-
6.1 Contaminated sediments may affect natural populationga| risk to personal safety and health. Chemicals in field-
of aquatic organisms adversely. Sediment-dwelling organismgp|iected sediment may include carcinogenics, mutagens, and
may be exposed directly to contaminants by the ingestion ofther potentially toxic compounds. Inasmuch as sediment
sediments and by the uptake of sediment-associated contangésting is often started before chemical analysis can be com-
nants from interstitial and overlying water. Contaminatedp|eted, worker contact with sediment needs to be minimized by
sediments may affect water column species directly by servingy) ysing gloves, laboratory coats, safety glasses, face shields
as a source of contaminants to 0Ver|y|ng waters or a S|nk foand respirators as appropriate, (2) manipu'ating sediments
contaminants from overlying waters. Organisms may also bender a ventilated hood or in an enclosed glove box, and (3)
affected when contaminated sediments are suspended in t@@closing and ventilating the exposure system. Personal col-
water column by natural or human activities. Water columnjecting sediment samples and conducting tests should take all
species and nonaquatic species may also be affected indireclyfety precautions necessary for the prevention of bodily injury

by contaminated sediments by the transfer of contaminantgnq illness which might result from ingestion or invasion of
through ecosystemg, 8. infectious agents, inhaltion or absorption of corrosive or toxic
6.2 The procedures described in this guide may be used angd|pstances through skin contact, and asphixiation because of

adapted for incorporation in basic and applied research t@yck of oxygen or precense of noxious gases.
determine the ecological effects of contaminated sediments. 1.3 Before beginning sample collection and laboratory

These same methods may also be used in the development afy, hersonnel should determine that all the required safety

|mplementat|on of monitoring and .regulatory programs de'equipment and materials have been obtained and are in good
signed to prevent and manage sediment contamination. condition

6.3 Sediment tests with aquatic organisms can be used to7 2 Safety Equi "
quantify the acute and chronic toxicity and the bioavailability " * afety Equipment.
of new and presently used materials. Sediment toxicity may 7-2-1 Personal Safety GearPersonnel should use safety
also result from environmental processes such as ammonffluiPment, such as, rubber aprons, laboratory coats, respira-
generation, pH shifts, or dissolved oxygen fluctuation. In manyors, gloves, safety glasses, face shields, hard hats, and safety
cases, consideration of the adverse effects of sedimenth0es. Before beginning sample collection and laboratory
associated contaminants is only one part of a complete hazat¥rk, personnel should be properly trained in the following:
assessment of manufactured compounds that are applied df) When and what personal protective equipment (PPE) is
rectly to the environment (for example, pesticides) and thos8€cessary2) How to properly wear PPE3) limitations to the
released (for example, through wastewater effluents) as by>PE. and proper care maintenance, useful life,(@hdisposal
products from the manufacturing process or from municipali-°f PPE (29 CFR 1910.132(f) ).
ties (7). 7.2.2 Laboratory Safety EquipmentEach laboratory

6.4 Sediment tests can be used to develop exposuréhould be provided with safety equipment such as first-aid kits,
response relationships for individual toxicants by spiking clearfire extinguishers, fire blankets, emergency showers, and eye
sediments with varying concentrations of a test chemical anwash stations. Mobile laboratories should be equipped with a
determining the concentration that elicits the target response ii¢lephone to enable personnel to summon help in case of
the test organism (Guide E 1391). Sediment tests can also iggnergency.
designed to determine the effects that the physical and chemi- 7.3 General Laboratory and Field Operations:

Call properties of sediments have on the b|0aVa|Iab|||ty and 7.3.1 Specia' hand"ng and precautionary guidance in Ma-
toxicity of compounds. . . . terial Safety Data Sheets (MSDS) should be followed for

6.5 Sediment tests can provide valuable information foreagents and other chemicals purchased from supply houses.
malgng decisions regarding the mgnagement of contammated 7.3.2 Work with some sediments may require compliance
sediments from hazardous waste sites and other contaminatggl, | jes pertaining to the handling of hazardous material.

areas. _B|0Iog|cal tests with st_e@ments can also k_)e used to malgy sonnel collecting samples and performing tests should not
defensible management decisions on the dredging and dispo rk alone

of potentially contaminated sediments from rivers and harbors. 733 Itis adviseable to wash the exposed parts of the body
((7, 8), Test Method E 1706.) . ; ) . .
with bacterial soap and water immediately after collecting or
7. Hazards manipulating sediment samples.
7.1 General Precautions: 7.3.4 Strong acids and volatile organic solvents should be

7.1.1 Development and maintenance of an effective healtised in a fume hood or under an exhaust canopy over the work
and safety program in the laboratory requires an ongoingréa.
commitment by laboratory management and includésthe 7.3.5 An acidic solution should not be mixed with a
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hypochlorite solution because hazardous fumes might b@ABLE 1 Organisms Used in Assessing the Toxicity of Saltwater

produced. Sediments 4

7.3.6 To prepare and dilute acid solutions, concentrated acid Taxa Exposure Reference
should be added to water, not vise versa. Opening a bottle ofrortaiity
concentrated acid and adding concentrated acid to water shouldAmphipods So? (Eliazg 29 62-67), Guide
be preformed only under a fume hood. Suc (54, 67-70)

7.3.7 Use of ground-fault systems and leak detectors is Bivalves So (63, 67) Guide E 724
strongly recommended to help prevent electrical shocks. Elec- Copepods gz 522571'72)
trical equipment or extension cords not bearing the approval of su (62)
Underwriter Laboratories should not be used. Ground-Fault crab Su (72)
interrupters should be installed in all “wet” laboratories where Ei‘;’;‘aceans ;% gg,%-ee
electrical equipment is used. So (67.75)

7.3.8 All containers should be adequately labeled to indicate Su (67,71)
their contents. Isopods o Egg

7.3.9 A clean well-organized work place contributes t0 | gpster su 72)
safety and reliable results. Mysids So (67)

7.4 Disease Prevention-Personnel handling samples . o 522,32?77> uide £ 1611
which are known or suspected to contain human wastes should ppytopiankton El (78)
be immunized against hepatitis B, tetanus, typhoid fever and Shrimp So (62, 76-80)
polio. Thorough washing of exposed skin with bacterial soap _ . o 2%74*79'80)
should follow handling of samples collected in the field. Avoidance/behavior

7.5 Safety Manuals- For further guidance on safe practices  Amphipods So (81,82)
when handling sediment samples and conducting toxicity tests, 22 o 221'22586'88)
check with the permittee and consult general industrial safety echinoderm So @81)
manuals includind9, 10) Fish So (83,84)

7.6 Pollution Prevention, Waste Management and Sample ;‘;tl’;ctﬁ;etes o 533)85)
Disposal— Guidelines for the handling and disposal of haz-  shrimp So (81,83)
ardous material should be strictly followed (Guide D 4447). Growth/reproduction/life cycle
The Federal Government has published regulations for the Ampnipods o gg; Guide E 724
management of hazardous waste and has given the States theopepods So (90)
option of either adopting those regulations or developing their Fish Su (91)
own. If States develop their own regulations they are required mgiifodes gg 82569‘92)
to be as stringent as the Federal regulations. As a handler of polychaetes So (91,94,95) Guide E 1611
hazardous materials, it is your responsibility to know and , Su (91,94,95)
comply with the pertinent regulations applicable in the State inpastﬁj;;;h'” . (96) Guide E 1563
which you are operating. Refer {@1) for the citations of the Amphipods So (97)

Federal requirements. Bvalves gg 8;;
8. Sediment Test Types - o (;’298’99

8.1 Many methods for assessing the toxicity of saltwater Su 598) )
and freshwater sediments to benthic organisms have been®Yster o Egg;
reported. Those methods are provided in Table 1 for saltwater pojychaetes So ©7)
tests and in Table 2, for freshwater tests, respectively. . Su (97)

8.2 The selection of a specific toxicity test type is intimately ” ”é’;’;""’gy U (100)
related to the objectives of the sediment evaluation program. gjigochaetes El (101)

These assessments, whether they be for monitoring, regulatory,Polychaetes So (94)

or research purposes, should be guided by a set of null g . o gg'zl)oz)
hypotheses that define the appropriate exposure route and th&romosome damage

endpoint of interest. Fish El (103-105)

8.3 Organism exposure methods most commonly employBaF;‘t’éyrg}a;:S;ty Su (106)
the whole sediment in the bedded phase (solid phase), but poregacteria El (49,107)
water, suspended and elutriate phase exposures have also be&mmunity recolonization
used(?). Macrobenthos So (108-114)

8.4 Programs Seeking to characterize or rank sediments on aA Many of these species have a wide salinity tolerance and therefore may be
" . . . . suitable for testing estuarine sediments.
bas_ln-W|de or regional scale typically use_vyhole sediment, & 5o__sglid-phase sediment exposure.
solid-phase exposures. Regulatory or permitting programs for © Su—suspended sediment exposure.
dredged material disposal at a containment site may also E‘—elutriate, extract, pore water exposure.
evaluate this exposure rou(8, 12) Disposal at a dispersive

site, or concerns over the resuspension and transport a@f-place sediments, would suggest the use of suspended phase
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TABLE 2 Organisms Used in Assessing the Toxicity of
Freshwater Sediments *

Taxa Exposure Reference
Mortality 9.1 Toxicity endpoints in sediment tests range from lethal-
Amphipods EI (;1;)8 40.115.117) Tost Method ity, growth, reproductive impairment, and physiological re-

° 6.0830.115-417) Test Method— sponses to alterations in community levels of organization
Cladocerans El (115) (Table 1 and Table 2). Selection of the proper toxic endpoint is
So 91171&116'118'128) Test Method  predicated largely on the objectives of the evaluation program
Su (126) and the available resources, time, and available methods.
El (115) Several endpoints are suggested in published methods to
soct larvac E;’ Eﬁ%n& 118-121) measure the potential effects of contaminants in sediment
Sect larv . . . N .
S0 (5.8.18, 115125, 129) Test including, survival, growth, behavior, or reproduction; how-
Method E 1706 ever, survival of test organisms in 10—d exposures is the
'gﬁpggsaetes gg Ei;‘;igg Guide E 1688 endpoint most commonly reported (Tables 1 and 2). These
G,Swh/,epmdm,-o,, short-term exposures V\'/hich'only measure effects.on .survival
Amphipods So (5,6,30) Test Method E 1706 can be used to identify high levels of contamination on
Bacteria g'o Eggg sediments, but may not be able to identify moderate levels of
Cladocerans El (133) Test Method E 1706 contaminat_ion i_n sedi_ments (Test Method E17@)). Suble-

' So (5,133) thal endpoints in sediment tests might also prove to be better
Fish E'o Egg; estimates of reponses if benthic communities to contaminates
Insect larvae So (18,129,134,135) Test Method N the field (18-21) o

E 1706 9.2 The decision to conduct short-term or long-term toxicity
gz‘y“;‘;‘/’j;; Bl (136) tests depends on the goal of the assessment. In some instances,
Oligochaetes El (137,138) sufﬁcignt ir_1formation may be gai_ned by measuring sublethal
Genetic damage endpoints in 10-d tests. In other instances, the 10-d test could
e c 8,3160)3,104,137,138) be used to screen samples for toxicity before long-term tests
Bacterial activity are cor_1ducted. While the Iong-t_erm tests are needed to det_er-
Bacteria El (60,141) mine direct effects on reproduction, measurement of growth in
Behavior these toxicity tests may serve as an indirect estimate of
Oligochaetes So (36)

A Many of these species have a salinity tolerance and therefore may be suitable
for testing estuarine sediments.

or elutriate exposures (Annex Al).

to organisms may have been alte &l

9. Biological Responses

reproductive effects of contaminates associated with sediments
(Test Method E1706(8)).

9.3 Use of sublethal endpoints for assessment of contami-
nate risk is not unique to toxicity testing with sediments.

8.5 Methods have been developed to isolate and test thidumerous regulatory programs require the use of sublethal
toxicity of elutriates(13) or sediment interstitial watgtl4) to
aquatic organisms. The elutriate test was developed for asses#ater Quality Criteria (and State Standards), (2) National
ing the potential acute effects of open-water disposal ofollution Discharge Elimination System (NPDES) effluent
dredged material. Tests with elutriate samples are used t®onitoring (including chemical-specific limits and sublethal
estimate the water-soluble constituents that may be releaseghdpoints in toxicity tests); (3) Federal Insecticide, Rodenti-
from sediment to the water column during disposal operationside and Fungicide Act (FIFRA) and the Toxic Substances
(15). Toxicity tests of the elutriate with water column organ- Control Act (TSCA, tiered assessment includes several suble-
isms have generally indicated that little toxicity is associatedhal endpoints with fish and aquatic invertebrates); (4) Super-
with the discharge materig#). However, elutriates have been fund (Comprehensive Environmental Response, Compensation
reportedly more toxic than interstitial water samp(&8).

8.5.1 For many benthic invertebrates, the toxicity and bio-Cooperation and Development (OECD, sublethal toxicity test-
accumulation of sediment-associated contaminants, such #&sy with fish an invertebrates); (6) European Economic Com-

endpoints in the decision-making procds9 including: (1)

and Liability Act, CERCLA); (5) Organization of Economic

metals and non-ionic organic contaminants, may be correlateghunity (EC, sublethal toxicity testing with fish and inverte-
with the concentration of these chemicals in the interstitialbrates); and (7) the Paris Commission, (behavioral endpoints).
water(14, 17) The sediment interstitial water toxicity test was )
developed for assessing the poteritiasitu effects of contami-  10. Test Organisms
nated sediment on aquatic organisms. Once the interstitial 10.1 Once the exposure routes and endpoints of interest
water (or elutriate) has been isolated from the whole sedimenhave been established, several criteria should be considered
the toxicity testing procedures are similar to effluent toxicity when selecting appropriate spec{8s8, 22 )and Test Method
testing with non-benthic species. If benthic species are used &1706 for which tests can be conducted that have ecologically
test animals, they may be stressed by the absence of sedimeatevant endpoints. Ideally, the test species should meet the
(4). following criteria:

8.5.2 The examination of organic extracts may have specific 10.1.1 Have a toxicological (sediment) database demon-
uses. However, caution should be exercised in the use dftrating sensitivity to a range of contaminants or the contami-
organic extracts since the availability of sediment contaminantsant of interest, and be taxonomically identified;
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10.1.2 Be readily available through field collection or cul- chemicals in the interstitial watéfi.4).

ture; _ o _ 10.4 The saltwater test species include a broad spectrum of
10.1.3 Be easily maintained in the laboratory; taxa and feeding types including crustaceans, bivalves, poly-
10.1.4 Be ecologically or economically important; chaetes, and fish (Table 1). Tests using amphipods have

10.1.5 Have a broad geographical distribution, or be indig+received a great deal of attention because of their overall
enous to the site being evaluated or have a similar niche, be gensitivity and because they are often absent from contami-
the same feeding guild, or be similar in behavior to annated site§28). This sensitivity has led to the development of
inhabitant (species); routine methods using the burrowing amphig®ldeopoxynius

10.1.6 Be tolerant to a broad range of sediment physicoabronius This 10-day acute toxicity test has recently been
chemical characteristics (for example, organic carbon anddapted for use with other amphipod species and has been

grain size); established (Guide E 136729,12). Since 1977, the U.S.
10.1.7 Be compatible with selected exposures and endArmy Corps of Engineers dredging permit program has rou-

points; and tinely required tests with three species: a bivalve, a polychaete,
10.1.8 Be tolerant of a range of different water qualityand a fish or shrimp, incorporating both species that burrow

characteristics. into the sediment and those which inhabit the water column.

10.2 Of these criteria, demonstrated sensitivity to contamiBroad applications of these protocols reveal that these tests are
nants, ecological relevance, and tolerance to varying sedimefpt as sensitive as those with amphipods, and the latter have
physico-chemical characteristics are the most important. Theecently been recommended for permit programs.
sensitivity of a species to contaminants should be balanced 10.5 Freshwater sediment tests use a number of different
with the concept of discrimination. Species responses magpecies, including amphipods, midges, mayflies, cladocerans,
need to provide discrimination between different levels ofand oligochaetes (Table 2). Whole sediment tests with the
contamination. Additionally, insensitive species may be preamphipodHyalella aztecagenerally start with juvenile animals
ferred for determining bioaccumulation potential. The use ofgnd are Typically conducted for 10 to 14—d with measurement
indigenous species that are ecologically important and colof survival or growth (Test Method E 17068,30). Methods
lected easily is often very straightforward; however, manyfor conducting 42-d tests witH. azteczhave been described in
indigenous species at a contaminated site may be insensitive {@st Method E 1706 an). Endpoints measured in these

contaminants (Guide E 1688). Indigenous species mighbng-term tests wittH. aztecainclude survival, growth, and
present a greater concern relative to bioaccumulation potentigleproduction.

With the exception of some saltwater amphipods, few test
species have broad sediment toxicity databases. Additionall
many species can be maintained in the laboratory long enoudf

for acclimation to test conditions, but very few are cultured . : o
easily. Widespread toxicity testing will require cultured organ—survIVaI or growth is the measure Of. toxicity (Test Met_hod E
) 1706 (8, 18). Methods for conducting 60—d tests with.

isms or the use of standard source populations that can l%e . .
. o ; entanshave been described in Test Method E 1706 é8)d
h . R X
transported. Wlt .OUt experiencing excessive gtress . . _Exposures start with first insta€. tentansand endpoints
10.3 Toxicity is related to the species-specific physmlog'calr?easured in these long-term tests include survival, growth

and biochemical response to a toxicant and the degree . . .
contact between the sediment and the organism. Feedi%mergence, reporduction, and egg hatching. Whole sediment

habits, including the type of food and feeding rate, will 1% félnsg d‘;ro_ccﬁgT;?javg'g]ngh?n?'dfngﬁsgl:ﬁr%rf itarttjeit\i/\cl;;han d
influence the exposure of contaminants from sedin{@8). Y Y gh pup

Infaunal deposit-feeding species can receive an exposure Sfu" emr—_:rgence((ﬁ) Test Method E 1796)' Mldge EXposures
sediment contaminants by means of three exposure route%.arted with older larvae may underestimate midge sensitivity

interstitial water, sediment particles, and overlying water..© tOXIc_antS. For mstanc_:g, first instex ten_tanslarvae were 6
Benthic invertebrates may selectively consume particles with° 27 times more sensﬂwe_thap fourth_lnstlar larvae to acute
higher organic carbon and higher contaminant concentration opper exposures, 32)_a_md first instacC. rlp_arluslarvae were
Organisms in direct contact with sediment may also accumux2/ fimes more sensitive than second instar larvae to acute
late contaminants by direct adsorption to the body wall oic@dmium exposures3).

exoskeleton, or by absorption through the integum@d). 10.7 Sediment toxicity tests with mayflies and cladocerans
Estimates of bioavailability will thus be more complex for are generally conducted for up to 10 d4§s 34, 35)and Test
epibenthic animals that inhabit both the sediment and the watdylethod E 1706. Survival and molting frequency are the
column. Some benthic species are exposed primarily by detritdpxicity endpoints monitored in the mayfly tests, and survival,
feeding (25). Detrital feeders may not receive most of their growth, and reproduction are monitored in the cladoceran tests.
body burden directly from interstitial water. For certain higherWhile cladocerans are not in direct contact with the sediment,
Kow compounds, uptake by the gut can exceed uptake acro#3ey are frequently in contact with the sediment surface and are
the gill (26, 27) However, for many benthic invertebrates, the probably exposed to both water-soluble and particulate bound
toxicity and bioaccumulation of sediment-associated contamieontaminants in the overlying water and surface sediment (Test
nants such as metals, kepone, fluoranthene, and organochMethod E 1706). Cladocerans are also one of the more
rines are highly correlated with the concentration of thesesensitive groups of species used in aquatic toxicity testing.

10.6 Tests with midgeChironomus tentansre generally
arted with second instar larvae (10 to 14 days old) and
ontinued for 10 to 17 days until the fourth instar; larval
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10.8 The most frequently described sediment testing procéfom within an individual chamber should not be used as
dures for oligochaetes are acute toxicity testing metl{8@s,  replicate observations. Replicate chambers for a particular
8) also see, Guide E 1688. However, methods for conductingediment provide an estimate of the variability within the test
up to 500-day oligochaete exposures, with growth and reprasystem and are not considered sediment sample or location
duction as the toxicity endpoints, have been descr{B3&)l A replicates.

shorter 28-d test starting with sexually mattngbifex tubifex 11.1.4 There are several acceptable methods of sampling
has been describg@®8). Effects on growth and reproduction sediments, for example, corers and grabs or dredges. Grabs or
are monitored in this shorter test, and the duration of tthredges (for example, Ponar or Ekman) are appropriate when
exposure makes the test more useful for routine sedimerfediments are known to be unstratified with respect to the
toxicity assessments with oligochaetes (Test Method E 170650ntaminants of concern. If the contaminants are in strata, or if
Many oligochaetes have complex life cycles and reproductivéheir accumulation rates are of interest, one of several core
strategies, and therefore laboratory culturing requirementsamplers should be used. #bH or Cs®” dating can be
have prohibited their use in toxicity testin@9). However,  performed on cores to identify the thickness of the mixed layer

culturing procedures have been described fombriculus (44, 47) See Guide E 1391 for additional details.
variegatus and Tubifex tubifex(8, 40,41) (See also, Test 11 2 Sample Handling

Method E 1706 and Guide E 1688).
10.9 Because of the database that has been developed wj
existing tests, it is recommended that, for whole sedimen&

11.2.1 Sample handling and preservation are discussed in
ide E 1391 and Test Method E 1706, and depend on the type

th h halid liscid haustori f chemical characterization that will be performed. Any
exposures, - eitner phoxocephalid, ampeliscid, or Nauslori@e yiment disturbance may alter the chemical characterization
?mph'pOdS b.e used n saltwatgr tests. For freshwater appllcgf that sediment fromin situ conditions. The use of clean
tions, hyalellid amphipods, midge larvae, or mayfly larvae

. L e sampling devices and sample containers is essential to ensure
would be appropriate. As new methods are developed, it will b?he accurate determination of sediment contamingén 47)

important to establish the sensitivity of each method relative to 11.2.2 Physical and chemical characterization of sediments

a benchmark procedure for comparative pur s The . . . X
whole sedimenﬁ benchmark for szfltwater tgstspcﬁ\?)uld be thg highly dependent on the needs of the investigator, but it may

Rheopoxynius abroniusurvival 10-day acute test, and for include loss on ignition, perce_nt water, grain size, total organic
freshwater tests it should beyalella aztecasurvival and carbon, total phosphorus, nitrogen forms, trace metals and

growth in 28-d exposurg81). While chronic tests with whole O;grﬁg'nc dciragr%qggs(’)pﬂégtgle\ga"ﬁge (?2':!2?1’ g'%lr?g:qc"ﬂ %);y%ecr.'t
sediments have been described for a variety of freshwater tesg ' ' xyg » call X 9 pacity,

research is ongoing to describe chronic tests with marin h, PE, total inorganic Cafbon' acid yolat|le sulfides, and
amphipods. ammonia(44, 46, 47) Many times, a sediment of concern has

10.10 Multispecies and microcosm tests can also be used gome historical data that are used as a basis for selection.
evaluate potential ecosystem responses to contaminated sedi11-2-3 Indigenous organisms may be present in field-
ments. The use of multi-species tests may provide toxicitfFollected sediments. An abundance of the same organism or
information not available from single-species tests since rela@'9anisms taxonomically similar to the test organism in the
tive species sensitivity may vary among contaminaf@s sgdlment sample may rT_1ake mterpretgnqn.of treatment effects
However, results from multi-species or microcosm tests ardifficult. Previous investigators have inhibited the biological
more difficult to interpret due to interactions and limited @ctivity of sediment with sieving, heat, mercuric chloride,

reference literatur¢42, 43) antibiotics, or gamma irradiation. (Guide E 1391.) However,
further research is needed to determine effects on contaminate

11. Experimental Design Considerations bioavailability or other modifications of sediments from treat-
11.1 Sampling Methods ments such as those used to remove or destroy indigenous

11.1.1 Sampling methods are dependent on the purpose affganisms.
design of the study. The probable source and type of contami- 11.2.4 Field-collected sediment samples tend to settle dur-
nation and the objectives of the study should be evaluatethg shipment. As a result, water above the sediment should not
before developing a sediment sampling regime. The numbdre discarded, but should be mixed back into the sediment
and type of samples taken depends on the objectives of thauring homogenization (Test Method E 1706). Sediment
study (44-47) samples should not be routinely sieved to remove indigenous

11.1.2 The number of replicate samples taken at a siterganisms unless there is a good reason to believe they will
should be determined based on the objectives of the study anfluence the response of the test organisms. Large indigenous
a preliminary survey of sediment variability at the site. organisms and large debris can be removed using forceps.
Information from the preliminary survey and the objectives ofReynoldson et al(48), observed reduced growth of amphi-
the study can be used to determine the minimum number gfods, midges, and mayflies in sediments with elevated numbers
replicates that should be sampled at each (gife 46) of oligochaetes and recommended sieving sediments suspected

11.1.3 In general, both toxicity and bioaccumulation testdo have high numbers of indigenous oligochaetes. One ap-
require at least two exposures: a control and one or more teptoach might be to sieve an aliquot of each sediment before the
treatments (see 11.3.12). The experimental unit for each test &art of a test. If potential predators are recovered from a
the exposure chamber. A sediment sample is typically split int@ediment, it may be desirable to sieve all of that sample before
four or more test chambers. Individual observations obtainethe start of the test. Depending on the objective of the test, it
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may be necessary to sieve all sediments or run a sieved att@en encountered with some species in some fresh reconsti-
un-sieved treatment in parallel to account for potential affect$uted waters, but these problems can be overcome by aging the
of sieving on test results and subsequent comparisons. The simconstituted water for one or more weeks (Guide E 729).

of the sieve used will depend on the size of the organisms inthe 11.3.6 Materials used to construct test chambers may in-

sediment sample. If a sediment must be sieved, it is desirabiglude glass, stainless steel, silicone, plastics, and fiberglass that
to analyze a sample before and after sieving (for examplehave been prepared properly and tested for toxicity (Guides

measure pore-water metals, dissolved organic carbon (DOCE 1367 and Test Method E 1706). The materials selected to

acid volatile sulfide (AVS), total organic carbon (TOC)) to construct test chambers may differ, depending on the types of

document the influence of sieving on sediment chemistry.  contaminants in the sediments. Within a test, chambers need to

11.3 Exposure Design be of the same material.

11.3.1 In addition to being available in adequate supply, 11.3.7 The use of site water or reconstituted water in
overlying water used in toxicity tests, and water used to holdoxicity tests may depend on the type of test to be performed
organisms before testing, should be acceptable to the teahd the time lapse between sample collection and start of the
species and uniform in quality. To be acceptable the water musest.
allow the test species to survive and grow without showing 11.3.8 Static sediment toxicity tests are the simplest to
signs of disease or apparent stress, such as discoloration gsrform and have been used commonly. In such tests, water
unusual behavior. overlying the sediment is not changed during the test period,

11.3.2 Natural overlying water should be uncontaminatedut it may be added to replace that which has evaporated. Since
and of constant quality and should meet the specificationshanges in water quality may affect the availability of contami-
established in Guide E 729. Water should be characterized inants to the test species, static exposures are more appropriate
accordance with Guide E 729 at least twice each year and mofer acute tests (7 to 10 days).
often if (1) such measurements have not been determined 11.3.9 Flow-through exposure chambers are suggested for
semiannually for at least two years d)(surface water is used. use in chronic tests or with larger animals. Since water is

11.3.3 A natural overlying water is considered to be ofrenewed on a continual basis, fewer water quality changes are
uniform quality if the monthly ranges of hardness and alkalin-likely due to the buildup of waste products or interactions
ity are less than 5 mg/L or 10 % of their respective averageshetween the sediment and overlying water. Flow-through
whichever is higher, and if the monthly range of pH is less tharexposures may bias the results of the test by either encouraging
0.4 units. Natural overlying waters should be obtained from arthe continual release of water-soluble contaminants throughout
uncontaminated well or spring, if possible, or from a surfacethe test, or by depleting water-soluble contaminants from the
water source. If surface water is used, the intake should beediment early in the test.
positioned to minimize fluctuations in quality and the possi- 11.3.10 General water quality (variables such as pH, salin-
bility of contamination and maximize the concentration ofity, dissolved oxygen, ammonia, and temperature) in the test
dissolved oxygen and to help ensure low concentrations ofhambers should meet culture and maintenance requirements
sulfide and iron. For sediment studies with saltwater, the rangfor the test species. These parameters should be monitored and
of salinity should be less than 10 % of the average. In additionrecorded on a frequency appropriate to the test length. For
the ion concentrations of the water should be within 10 % ofexample, if the test duration is only a few days, daily
the ion concentrations (adjusted for the salinity) listed in Guidemonitoring should be performed. However, if the test will
E 729. Chlorinated water should not be used for, or in thecontinue for weeks or months, measurements may be reduced
preparation of, overlying water because residual chlorine antb every other day or every few days.
chlorine-produced oxidants are toxic to many aquatic animals 11.3.11 The depth of sediment in test chambers may vary
and dechlorination is often incomplete. depending on the species being tested, its size and degree of

11.3.4 For certain applications, the experimental desigfurrowing activity, and its sediment processing rate. The latter
might require the use of water from the test sediment collectioshould be determined prior to the beginning of a sediment
site. toxicity test(45).

11.3.5 Reconstituted fresh and salt water is prepared by 11.3.12 Sediment tests includes a control sediment, (some-
adding specified amounts of reagent grade chemicals to highimes called a negative control). A control sediment is a
quality distilled or deionized water (see Guide E 729 and Tessediment that is essentially free of contaminates and is used
Method E 1706). Acceptable water can be prepared usingoutinely to assess the acceptability of a test and is not
deionization, distillation, or reverse-osmosis units. Conductivnecessarily collected near the site of concern. Any contami-
ity, pH, hardness, and alkalinity should be measured on eadhmates in control sediment are thought to originate from the
batch of reconstituted water. If the water is prepared from aylobal spread of pollutants and do not reflect any substainal
surface water, the total organic carbon or chemical oxygemputs from local or non-point sources. Comparing test sedi-
demand should be measured on each batch. Filtration throughents to control sediments is a measure of the toxicity of a test
sand, rock, bag, or depth-type cartridge filters may be used tsediment beyond inevitable background contamination and
keep the concentration of particulate matter acceptably lonworganism health. A control sediment provides a measure of test
The reconstituted water should be intensively aerated beforacceptability, evidence of test organism health, and a basis for
use, except that buffered soft fresh waters should be aeratécterpreting data obtained from the test sediments. A reference
before, but not after, the addition of buffers. Problems havesediment is collected near the area of concern and is used to
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assess sediment conditions exclusive of materials(s) of interesthd daylength are important because of their impacts on both
Testing a reference sediment provides a site—specific basis fohemical degradation and organism health. Light should be
evaluating toxicity (Test Method E 17068)). (1) In general, provided from cool-white fluorescent lamps at an intensity
the performance of test organisms in the negative control igppropriate for the test species.

used to judge the acceptability of a test, and either the negative 11.3.16 The photoperiod can be selected to mimic that
control or reference sediment may be used to evaluate perfoexperienced at the sample site, or to simulate a particular
mance in the experimental treatments, depending on theeason. Suggested periods of daylight and darkness include 16
purpose of the study. Any study in which organisms in theh light/8 h dark, 14 h light/10 h dark, 12 h light/12 h dark, 24
negative control do not meet performance criteria must bda light/O h dark, o O h light/24 h dark. Selection should be
considered questionable because it suggests that adverse faased on test needs and species.

tors affected the response of test organisms. Key to avoiding 11.3.17 Whether test organisms should be fed during the
this situation is using only control sediments that have demtest depends on the test duration and type of test species in use.
onstrated record of performance using the same test procedurée addition of food can complicate the interpretation of test
This includes testing of new collections from sediment sourceesults because it adds new particulate material, and the food
that have previously provided suitable control sediment. (2)nay interact in unknown ways with contaminants in the
Because of the uncertainties introduced by poor performance gediments(45). Additionally, feeding uncontaminated food
the negative control, such studies should be repeated to insuf@dy reduce exposure. For acute testd (veek), most organ-
accurate results. However, the scope or sampling associaté&gms can survive without being fed. If the species process
with some studies may make it difficult or impossible to repeatsediments directly, and enough sediment has been provided to
a study. Some researchers have reported cases where perf@psure adequate nutrition, feeding may not be necessary. If the
mance in the negative control is poor, but performance criterigpecies are fish or filter feeders, food may be required,
are met in a reference sediment included in the study design. specially during long tests. If organisms are fed during a
these cases, it might be reasonable to infer that other sampl&gdiment test, the excess food is typically not removed.

that show good performance are probably not toxic; however, 11.3.18 Test water and sediments should be analyzed for
any Samp|es Showing poor performance should not be judgeﬁpntaminants of concern if the Objectives of the Study are to
to have shown toxicity, since it is unknown whether thedetermine the sources and concentrations of contaminants. If
adverse factors that caused poor control performance mighfe testis designed to assess toxicity only, the identification of
have also caused poor performance in the test treatments. (3gurces of toxicity is not necessary. o

Natural physico-chemical characteristics such as sediment 11.3.19 Analyses of specific contaminants in tissues of the
texture may influence the response of test organisms (Guide {ESt Species are necessary if bloac_cumulatlon is of interest. If
1367). The physico-chemical characteristics of test sedimerif® measurement of organic chemicals, metals, or other con-
need to be within the tolerance limits of the test organismf@minants is desirable, appropriate preservation methods
Ideally, the limits of a test organism should be determined irshould be followed when the samples are collected.

advan_ce; however, controls for faqtors incl_uding grain size a_nqz_ Data Interpretation

organic carbon can be evaluated if the limits are exceeded in a

test sediment. If the physico-chemical characteristics of a test 12.1 Data interpretation must be considered in the initial

sediment exceed the tolerance range of the test organism,.sé\a/‘g;? g{iodneslrlegergggr:k?eresxr?wirgtnt?gt:\ivgrrgtt?\;?Ia];?;sa escggcg?(;n
control sediment encompassing these characteristics can i 9 ' P

evaluated. The effects of sediment characteristics on the res,ul‘%xpe”m('}ntal protocol, including sampling techniques, number

of sediment tests can be addressed with regression equatior? ée(jitorr]eg]l'?:gtess’ g)c(ﬁaossuv(/?ll rolgtzeies’cs:]z?rsatilﬁ?sl (;rrl]eghigsi,meé?_d
The use of formulated sediment can also be used to evaluals P ' P

physico-chemical characteristics of sediment on test organisn%;ettha;'?g'sga?rtcah'mr%rprr;rftfnn dn;?(Steg?nZ?\?z:l'Stfcng\évétlhtéhgn%%?é
(Guide E 1367, Test Method E 1706) (4) The experimentaE ecological sipnifigcance and eﬁvironmenta?l relevance of the
design depends on the purpose of the study. Variables that ne fbe 9 g

to be considered include the number and type of Contmfeiglt; (I)Bfigaigﬁfr:f:l?alt?gr?szgrggtg?(icit of sediment-associated
sediments, the number of treatments and replicates, and Watecr)ntéminants are important to the %dividuals of a particular
quality characteristics. For instance, the purpose of the stud P P

: : o . ecies, however, interpreting the ecological significance of
might be to determine a specific endpoint such as an LC50 al ' o .
may include a control sediment, a positive control, a solven ose data are dificult to evaluatgip) see also, Guide E 1688

control, and several concentrations of sediment spiked wit nd Test Method E 1706). Toxic effects observed in Iaboratory
chemical (Test Method E 1706). exposures may not reflect effects on natural populations.

However, bioaccumulation of a contaminant, or a toxic re-

_11.3.13 Test temperature should be chosen based on condl5nse \when compared to that same response in a population
tions of particular interest or to match the conditions at theexposed to a control sediment. is often undesirable.

sample site. In either case, the choice of temperature and test15 5 1 guwartz et a(28) evaluated sediment quality condi-

species should be compatible. . tions along a sediment contaminated gradient of total DDT
11.3.14 Dissolved oxygen in overlying water should beysing information from 10-d toxicity tests with benthic amphi-

maintained between 40 and 100 % saturation. pods, sediment chemistry, and the abundance of benthic
11.3.15 Light quality (including wavelength composition) amphipods in the field. Survival of amphipodEopaustorius
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estaurius, Rhepoxynius abroniwmyd H.aztecd in laboratory  priate preliminary tests, such as those for outliers and hetero-
toxicity tests was positively correlated to the abundance ofeneity (Test Method E 1706).
amphipods in the field and negatively correlated to total DDT 12.4 When samples from field sites are replicated (that is,
concentrations. The toxicity threshold for amphipods in 10-dseparate samples from different grabs taken at the same site),
sediment toxicity test was about 300 ug total DDT/g organicsite effects (bioaccumulation and toxicity endpoints) can be
carbon. The threshold for reduction in abundance of amphipodompared statistically by a one-tailed t-test, analysis of vari-
in the field was about 100 ug total DDT/g organic carbon.ance (ANOVA), or regression analysis. Analysis of variance is
Therefore, correlations between toxicity contamination, andised to determine whether any of the sites are different from
the status of benthic macroinvertebrates in the field indicatéhe control. This is a test of the null hypothesis, that no
that 10-d sediment toxicity tests can provide a reliable indicatodifferences exist in effects observed among the sites and
of the presence of adverse levels of sediment contamination icontrols. If the F-test is not statistically significant (P > 0.05),
the field. However, these short-term toxicity tests may be undet can be concluded that the effects observed in the sites were
protective of sublethal effects of contaminants in benthicnot large enough to be detected as statistically significant by
communities in the field. the experimental design and hypothesis test used. Non-
12.2.2 Similarly, Canfield et a{19, 20, 21)evaluated the rejection does not mean that the null hypothesis is true. The
composition of benthic invertebrate communities in sedimentg@mount of effect that occurred should be considered.
in a variety of locations including the Great Lakes, the upper 12.4.1 All exposure concentration effects (or field sites) can
Mississippi River, and the Clark Fork River in Montana. be compared with the control effects by using mean separation
Results of these benthic invertebrate community assessmerigchniques such as those explained by Chew orthogonal
were compared to sediment quality guidelines (SQGs) angontrasts, Fisher’'s methods, Dunnett’s procedure, or Williams’
28-d sediment toxicity tests witH. aztecaGood concordance method (53, 54) The lowest concentration for which the
was evident between measures of laboratory toxicity, SQGglifference in observed effect exceeds the statistical significant
and benethic invertebrate composition in extremely contamidifference is defined as the LOEC (lowest observed effect
nated samples. However, in moderately contaminated sampleggncentration) for that endpoint. The highest concentration for
less concordance was observed between the composition of tdhich the difference in effect is not greater than the statistical
benthic community and either laboratory toxicity test or SQGssignificant difference is defined as the NOEC (no observed
The laboratory toxicity tests better identified chemical con-effect concentration) for that endpoi&3).
tamination in sediments compared to many of the commonly 12.5 In cases in which serial dilution sediment toxicity
used measures of benthic invertebrate community structure. Agudies are conducted, the LC50 (median lethal concentration)
the status of benthic invertebrates communities may reflegr EC50 (median effect concentration) and its 95 % confidence
other factors such as habitat alteration in addition to effects olimits should be calculated (when appropriate) on the basis of
contaminants, the use of longer-term toxicity tests in combithe following: (1) the measured initial sediment concentrations
nation with SQGs may provide a more sensitive and protectivef test material, if available, or the nominal initial sediment
measure of potential toxic effects of sediment contamination ogoncentrations for static tests; ang) the average measured
benthic communities compared to use of 10-d toxicity tests. sediment concentrations of test material, if available, or the
12.2.3 Numerical SQGs have been developed by a Variet&ominal average sediment concentrations for flow-through
of federal, state, and provincial agencies across North AmericteSts. If other LCs or ECs are calculated, their 95 % confidence
using matching sediment chemistry and biological effects datdiMits should also be calculated (see Guide E 729).
These SQGs have been routinely used to interpret historical 12.6 Most toxicity tests produce quantal data, that is, counts
data, identify potential problem chemicals or areas at a siteQf the number of responses in two mutually exclusive catego-
design monitoring programs, classify hot spots and rank sitegies, such as alive or dead. A variety of meth¢8s) can be
and make decisions for more detailed stud®&@, 51, 52, 17) used to calculate an LC50 or EC50 and 95 % confidence limits
Additional suggested uses for SQGs include identifying thefom a set of quantal data that is binomially distributed and
need for source controls of problem chemicals before releas€ontains two or more concentrations at which the percent dead
linking chemical sources to sediment contamination, triggering@r affected is between 0 and 100. The most widely used are the
regulatory action, and establishing target remediation objed?robit, moving average, Spearman-Karber, and Litchfield-
tives (8). Numerical SQGs, when used with other tools such adVilcoxon methods. The method used should appropriately take
sediment toxicity tests, bioaccumulation, and benthic commuinto account the number of test organisms per chamber. The
nity surveys, can provide a powerful weight of evidence forbinomial test can also be used to obtain statistically sound
assessing the hazards associated with contaminated sedimeififormation on the LC50 or EC50 even when there are less
(7). than two effective concentrations between 0 and 100 %,
12.3 The calculation procedure(s) and interpretation of th&SSuming mortalities of 0 and 100 % mortality are observed at
results should be appropriate to the experimental desigiWo different concentrations. The binomial test provides a
Statistical procedures used to calculate test results can @nge within which the LCS0 or EC50 should lie.
divided into two categories: those that test hypotheses an
those that provide point estimates. No procedure should b£3' Keywords
used without careful consideration df)(the advantages and  13.1 bioaccumulation; contamination; experimental design;
disadvantages of various alternative procedures 2ndppro- freshwater; saltwater; sediment; toxicity
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ANNEX
(Mandatory Information)

Al. SEDIMENT RESUSPENSION TESTS

Al.1 Scope particles; the relationship between contaminant, sediment,

A1.1.1 This annex briefly describes twelve systems forvater column, and affected biota; horizontal and vertical
evaluating the effects of suspended solids and their associat§fadients of contamination; the sensitivities of different spe-
contaminants (soluble and insoluble) on aquatic organism&€s; th_e_effects ofvarlous_ environmental factors_; t_he blologlcal
using static, recirculating, or flow-through exposure systems"?‘Vf'i”ab'“ty of test materials; and structure-activity relation-
The main objective, organisms, and apparatus used in theS8IPS.
tests are detailed. A brief description of how the apparatus Al.1.3 Results from sediment suspension and resuspension
works and any discussion or conclusions reported (see Tablégsts may be important when assessing the hazards of materials
A1.1-A1.3) for these studies is also included. The followingto aguatic organisms or when deriving sediment quality criteria
information will strictly provide a general guide to aid future for aquatic organisms. Considerations for test designs may
research endeavors. include the following: maintenance of a constant level of

Al.1.2 Sediment suspension and resuspension tests providgspended solids without stressing test organisms; method of
information about the bioavailability of contaminants associ-Preparing/maintaining the suspension; consistency of environ-
ated with sediments to aquatic organisms. Water columiental parameters with the dredge site; volatilization/
organisms can be exposed to contaminated bottom sedimerfi€gradation, oxidation/reduction of the sediment; length of
that are resuspended into the water column by natural prdest; and organisms used.
cesses (bioturbation, wind-induced turbulence) or by human Al.1.4 Resuspension tests are usually a part of more com-
disturbances (dredging, vessel passage). Sediment resuspprehensive analyses of biological, chemical, geological, and
sion tests can be used to evaluate the following: the desorptiieydrographic conditions. Statistical correlation can be in-
nature of sediment associated contaminants and the effect ofeased and costs reduced if subsamples for sediment tests,
suspended solids that are not contaminated; the sub-lethgeochemical analyses, and benthic community structure are
effects of intermittent suspended solids exposure on organismigken simultaneously from the same grab of the same site.
the importance of suspended solids levels in altering th&ediment resuspension can be an important tool for making
bioavailability of contaminants to a water column organism;decisions regarding the extent of remedial action needed for
the responses of animals to actual mass concentration ebntaminated aquatic sites
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FIG. Al.1 Static/Renewal Tests
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A Reprinted with permission from the publisher. Copyright 1993, National Research Council of Canada (Fig. A1.1, Ref. D); Copyright 1986, Springer-Verlag New York

Inc. (Fig. A1.2, Ref. A); Copyright 1990, SETAC (Fig. A1.2, Ref. B); Copyright 1982, American Chemical Society (Fig. A1.3, Ref. A); Copyright 1971, Offshore Technology
Conference (Fig. AL1.3, Ref. B). See the specified table for full citation.

FIG. Al1.3 Flow-Through Tests
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SUMMARY OF CHANGES

Committee E47 has identified the location of selected changes to this standard since the last issue
(E1525-94a), that may impact the use of this standard. Additional guidance has been provided on:

(1) Hazards (Section 7) (3) Control and reference sediments (Section 11.3.12), and
(2) Chronic tests (Section 9) (4) Data interpretation (Section 12.2)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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