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Standard Guide for
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This standard is issued under the fixed designation E1525; 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 epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 As the contamination of freshwater and saltwater eco-
systems continues to be reduced through the implementation of
regulations governing both point and non-point source
discharges, there is a growing emphasis and concern regarding
historical inputs and their influence on water and sediment
quality. Many locations in urban areas exhibit significant
sediment contamination, which poses a continual and long-
term threat to the functional condition of benthic communities
and other species inhabiting these areas (1).2 Benthic commu-
nities are an important component of many ecosystems and
alterations of these communities may affect water-column and
nonaquatic species.

1.2 Biological tests with sediments are an efficient means
for evaluating sediment contamination because they provide
information complementary to chemical characterizations and
ecological surveys (2). Acute sediment toxicity tests can be
used as screening tools in the early phase of an assessment
hierarchy that ultimately could include chemical measurements
or bioaccumulation and chronic toxicity tests. Sediment tests
have been applied in both saltwater and freshwater environ-
ments (2-6). Sediment tests have been used for dredge material
permitting, site ranking for remediation, recovery studies
following management actions, and trend monitoring. A par-
ticularly important application is for establishing contaminant-
specific effects and the processes controlling contaminant
bioavailability(7).

1.3 This guide is arranged as follows:
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1.4 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific hazard
statements, see Section 7.

2. Referenced Documents

2.1 ASTM Standards:3

D1129 Terminology Relating to Water
D4447 Guide for Disposal of Laboratory Chemicals and

Samples
E724 Guide for Conducting Static Acute Toxicity Tests

Starting with Embryos of Four Species of Saltwater
Bivalve Molluscs

E729 Guide for Conducting Acute Toxicity Tests on Test
Materials with Fishes, Macroinvertebrates, and Amphib-
ians

E943 Terminology Relating to Biological Effects and Envi-
ronmental Fate

E1023 Guide for Assessing the Hazard of a Material to
Aquatic Organisms and Their Uses

E1367 Test Method for Measuring the Toxicity of Sediment-
Associated Contaminants with Estuarine and Marine In-
vertebrates

E1383 Guide for Conducting Sediment Toxicity Tests with
Freshwater Invertebrates (Withdrawn 1995)4

E1391 Guide for Collection, Storage, Characterization, and
Manipulation of Sediments for Toxicological Testing and
for Selection of Samplers Used to Collect Benthic Inver-
tebrates

1 This guide is under the jurisdiction of ASTM Committee E50 on Environmental
Assessment, Risk Management and Corrective Action and is the direct responsibil-
ity of Subcommittee E50.47 on Biological Effects and Environmental Fate.

Current edition approved Oct. 1, 2014. Published May 2015. Originally approved
in 1993. Last previous edition approved in 2008 as E1525 – 02(2008). DOI:
10.1520/E1525-02R14.

2 The boldface numbers in parentheses refer to the list of references at the end of
this standard.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

4 The last approved version of this historical standard is referenced on
www.astm.org.

*A Summary of Changes section appears at the end of this standard
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E1563 Guide for Conducting Static Acute Toxicity Tests
with Echinoid Embryos

E1611 Guide for Conducting Sediment Toxicity Tests with
Polychaetous Annelids

E1676 Guide for Conducting Laboratory Soil Toxicity or
Bioaccumulation Tests with the Lumbricid Earthworm
Eisenia Fetida and the Enchytraeid Potworm Enchytraeus
albidus

E1688 Guide for Determination of the Bioaccumulation of
Sediment-Associated Contaminants by Benthic Inverte-
brates

E1706 Test Method for Measuring the Toxicity of Sediment-
Associated Contaminants with Freshwater Invertebrates

IEEE/ASTM SI-10 Standard for Use of the International
System of Units (SI): The Modern Metric System

2.2 Other Standards:
Title 29 Code of Federal Regulations 1910.132 (f)5

3. Terminology

3.1 Definitions:
3.1.1 The words “must,” “should,” “may,” “can,” and

“might” have very specific meanings in this guide. “Must” is
used to express an absolute requirement, that is, to state that the
test ought to be designed to satisfy a specific condition, unless
the purpose of the test requires a different design. “Must” is
used only in connection with the factors that apply directly to
the acceptability of the test. “Should” is used to state that the
specified conditions are recommended and ought to be met in
most tests. Although a violation of one “should” is rarely a
serious matter, violation of several will often render the results
questionable. Terms such as “is desirable,” “is often desirable,”
and “might be desirable” are used in connection with less
important factors. “May” is used to mean “is (are) allowed to,”
“can” is used to mean“ is (are) able to,” and “might” is used to
mean “could possibly.” Thus, the classic distinction between
“may” and“ can” is preserved, and “might” is never used as a
synonym of either “may” or “can.”

3.1.2 For definitions of terms used in this guide, refer to
Guide E729, Terminologies D1129 and E943, and Guide
E1023. For an explanation of the units and symbols, refer to
IEEE/ASTM SI-10.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 bioaccumulation—the net uptake of a material by an

organism from its environment through exposure by means of
water and food.

3.2.2 concentration—the ratio of the weight or volume of
test material(s) to the weight or volume of test sample.

3.2.3 control sediment—a sediment that is essentially free of
contaminants and is used routinely to assess the acceptability
of a test.

3.2.4 elutriate—the water and soluble portion extracted
from the sediment.

3.2.5 exposure—contact with a chemical or physical agent.

3.2.6 overlying water—the water placed over the solid
phase of a sediment in the test chamber for the conduct of the
biological test; this may also include the water used to
manipulate the sediments. In field situations, the water column
above the sediment/water interface.

3.2.7 pore water/interstitial water—water occupying space
between sediment or soil particles.

3.2.8 reference sediment—a whole sediment near the area of
concern used to assess sediment conditions exclusive of
material(s) of interest.

3.2.9 sediment—(1) particulate material that usually lies
below water and (2) formulated paticulate matter that is
intended to lie below water in a test.

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

3.2.11 suspension—a slurry of sediment and water.

3.2.12 toxicity—the property of a material or combination of
materials to affect organisms adversely.

3.2.13 whole sediment—sediment and associated pore water
that has had minimal manipulation following collection or
formulation.

4. Application

4.1 An ASTM guide outlines a series of options or instruc-
tions and does not recommend a specific course of action. The
purpose of a guide is to offer guidance, based on a consensus
of viewpoints, but not to establish a fixed procedure. A guide is
intended to increase the awareness of the user to available
techniques in a given subject area and to provide information
from which subsequent evaluation and standardization can be
derived.

4.2 This guide provides general interpretative guidance on
the selection, application, and interpretation of biological tests
with sediments. As such, this guide serves as a preface to other
ASTM documents describing methods for sediment collection,
storage, and manipulation (Guide E1391); and toxicity or
bioaccumulation tests with sediment ( Guides E724, E1367,
E1391, E1611, E1563, E1688, and Test Method E1706). Much
of the guidance presented in this standard is also applicable to
toxicity testing of soils (Guide E1676). This guide serves as an
introduction and summary of sediment testing and is not meant
to provide specific guidance on test methods. Rather, its intent
is to provide information necessary to accomplish the follow-
ing:

4.2.1 Select a sediment exposure strategy appropriate to the
assessment need. For example, a suspended phase exposure is
relevant to the evaluation of dredged sediments for disposal at
a dispersive aquatic site. (See Annex A1).

4.2.2 Select the test organism and biological endpoints
appropriate to the desired exposure and aquatic resources at
risk. For example, the potential for water quality problems and
subsequent effects on oyster beds may dictate the use of
sediment elutriate exposures with bivalve larvae (Guide E724).

4.2.3 Establish an experimental design consistent with the
objectives of the sediment evaluation. The use of appropriate

5 Available from Superintendent of Documents, U.S. Government Printing
Office, Washington DC 20402.
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controls is particularly important for evaluating sediment
contamination (see Section 11).

4.2.4 Determine which statistical procedures should be
applied to analysis of the data, and define the limits of
applicability of the resultant analyses in data interpretation
(Test Method E1706).

5. Summary of Guide

5.1 This guide provides general guidance and objectives for
conducting biological tests with sediments. Detailed technical
information on the conduct and evaluation of specific sediment
tests is included in other documents referenced in this guide.

5.2 Neither this guide nor any specific test methodology can
adequately address the multitude of technical factors that must
be considered when designing and conducting a specific
investigation. The intended use of this document is therefore
not to provide detailed guidance, but rather to assist the
investigator in developing technically sound and environmen-
tally relevant biological tests that adequately address the
questions being posed by a specific investigation.

6. Significance and Use

6.1 Contaminated sediments may affect natural populations
of aquatic organisms adversely. Sediment-dwelling organisms
may be exposed directly to contaminants by the ingestion of
sediments and by the uptake of sediment-associated contami-
nants from interstitial and overlying water. Contaminated
sediments may affect water column species directly by serving
as a source of contaminants to overlying waters or a sink for
contaminants from overlying waters. Organisms may also be
affected when contaminated sediments are suspended in the
water column by natural or human activities. Water column
species and nonaquatic species may also be affected indirectly
by contaminated sediments by the transfer of contaminants
through ecosystems (7, 8).

6.2 The procedures described in this guide may be used and
adapted for incorporation in basic and applied research to
determine the ecological effects of contaminated sediments.
These same methods may also be used in the development and
implementation of monitoring and regulatory programs de-
signed to prevent and manage sediment contamination.

6.3 Sediment tests with aquatic organisms can be used to
quantify the acute and chronic toxicity and the bioavailability
of new and presently used materials. Sediment toxicity may
also result from environmental processes such as ammonia
generation, pH shifts, or dissolved oxygen fluctuation. In many
cases, consideration of the adverse effects of sediment-
associated contaminants is only one part of a complete hazard
assessment of manufactured compounds that are applied di-
rectly to the environment (for example, pesticides) and those
released (for example, through wastewater effluents) as by-
products from the manufacturing process or from municipali-
ties (7).

6.4 Sediment tests can be used to develop exposure-
response relationships for individual toxicants by spiking clean
sediments with varying concentrations of a test chemical and
determining the concentration that elicits the target response in

the test organism (Guide E1391). Sediment tests can also be
designed to determine the effects that the physical and chemi-
cal properties of sediments have on the bioavailability and
toxicity of compounds.

6.5 Sediment tests can provide valuable information for
making decisions regarding the management of contaminated
sediments from hazardous waste sites and other contaminated
areas. Biological tests with sediments can also be used to make
defensible management decisions on the dredging and disposal
of potentially contaminated sediments from rivers and harbors.
((7, 8), Test Method E1706.)

7. Hazards

7.1 General Precautions:
7.1.1 Development and maintenance of an effective health

and safety program in the laboratory requires an ongoing
commitment by laboratory management and includes: (1) the
appointment of a laboratory health and safety officer with the
responsibility and authority to develop and maintain a safety
program, (2) the preparation of a formal, written health and
safety plan, which is provided to each laboratory staff member,
(3) an ongoing training program on laboratory safety, and (4)
regular safety inspections.

7.1.2 Collection and use of sediments may involve substan-
tial risk to personal safety and health. Chemicals in field-
collected sediment may include carcinogenics, mutagens, and
other potentially toxic compounds. Inasmuch as sediment
testing is often started before chemical analysis can be
completed, worker contact with sediment needs to be mini-
mized by (1) using gloves, laboratory coats, safety glasses, face
shields and respirators as appropriate, (2) manipulating sedi-
ments under a ventilated hood or in an enclosed glove box, and
(3) enclosing and ventilating the exposure system. Personal
collecting sediment samples and conducting tests should take
all safety precautions necessary for the prevention of bodily
injury and illness which might result from ingestion or invasion
of infectious agents, inhaltion or absorption of corrosive or
toxic substances through skin contact, and asphixiation be-
cause of lack of oxygen or precense of noxious gases.

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

7.2 Safety Equipment:
7.2.1 Personal Safety Gear—Personnel should use safety

equipment, such as, rubber aprons, laboratory coats,
respirators, gloves, safety glasses, face shields, hard hats, and
safety shoes. Before beginning sample collection and labora-
tory work, personnel should be properly trained in the follow-
ing: (1) when and what personal protective equipment (PPE) is
necessary, (2) How to properly wear PPE, (3) limitations to the
PPE, and proper care maintenance, useful life, and (4) disposal
of PPE (29 CFR 1910.132(f) ).

7.2.2 Laboratory Safety Equipment—Each laboratory
should be provided with safety equipment such as first-aid kits,
fire extinguishers, fire blankets, emergency showers, and eye

E1525 − 02 (2014)

3

 



wash stations. Mobile laboratories should be equipped with a
telephone to enable personnel to summon help in case of
emergency.

7.3 General Laboratory and Field Operations:
7.3.1 Special handling and precautionary guidance in Ma-

terial Safety Data Sheets (MSDS) should be followed for
reagents and other chemicals purchased from supply houses.

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

7.3.3 It is adviseable to wash the exposed parts of the body
with bacterial soap and water immediately after collecting or
manipulating sediment samples.

7.3.4 Strong acids and volatile organic solvents should be
used in a fume hood or under an exhaust canopy over the work
area.

7.3.5 An acidic solution should not be mixed with a
hypochlorite solution because hazardous fumes might be
produced.

7.3.6 To prepare and dilute acid solutions, concentrated acid
should be added to water, not vise versa. Opening a bottle of
concentrated acid and adding concentrated acid to water should
be preformed only under a fume hood.

7.3.7 Use of ground-fault systems and leak detectors is
strongly recommended to help prevent electrical shocks. Elec-
trical equipment or extension cords not bearing the approval of
Underwriter Laboratories should not be used. Ground-Fault
interrupters should be installed in all “wet” laboratories where
electrical equipment is used.

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

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

7.4 Disease Prevention—Personnel handling samples which
are known or suspected to contain human wastes should be
immunized against hepatitis B, tetanus, typhoid fever and
polio. Thorough washing of exposed skin with bacterial soap
should follow handling of samples collected in the field.

7.5 Safety Manuals—For further guidance on safe practices
when handling sediment samples and conducting toxicity tests,
check with the permittee and consult general industrial safety
manuals including (9, 10).

7.6 Pollution Prevention, Waste Management and Sample
Disposal—Guidelines for the handling and disposal of hazard-
ous material should be strictly followed (Guide D4447). The
Federal Government has published regulations for the manage-
ment of hazardous waste and has given the States the option of
either adopting those regulations or developing their own. If
States develop their own regulations they are required to be as
stringent as the Federal regulations. As a handler of hazardous
materials, it is your responsibility to know and comply with the
pertinent regulations applicable in the State in which you are
operating. Refer to (11) for the citations of the Federal
requirements.

8. Sediment Test Types

8.1 Many methods for assessing the toxicity of saltwater
and freshwater sediments to benthic organisms have been
reported. Those methods are provided in Table 1 for saltwater
tests and in Table 2, for freshwater tests, respectively.

8.2 The selection of a specific toxicity test type is intimately
related to the objectives of the sediment evaluation program.
These assessments, whether they be for monitoring, regulatory,
or research purposes, should be guided by a set of null
hypotheses that define the appropriate exposure route and the
endpoint of interest.

8.3 Organism exposure methods most commonly employ
the whole sediment in the bedded phase (solid phase), but pore
water, suspended and elutriate phase exposures have also been
used (7).

8.4 Programs seeking to characterize or rank sediments on a
basin-wide or regional scale typically use whole sediment,
solid-phase exposures. Regulatory or permitting programs for
dredged material disposal at a containment site may also
evaluate this exposure route (8, 12). Disposal at a dispersive
site, or concerns over the resuspension and transport of
in-place sediments, would suggest the use of suspended phase
or elutriate exposures (Annex A1).

8.5 Methods have been developed to isolate and test the
toxicity of elutriates (99) or sediment interstitial water (100) to
aquatic organisms. The elutriate test was developed for assess-
ing the potential acute effects of open-water disposal of
dredged material. Tests with elutriate samples are used to
estimate the water-soluble constituents that may be released
from sediment to the water column during disposal operations
(101). Toxicity tests of the elutriate with water column organ-
isms have generally indicated that little toxicity is associated
with the discharge material (4). However, elutriates have been
reportedly more toxic than interstitial water samples (102).

8.5.1 For many benthic invertebrates, the toxicity and bio-
accumulation of sediment-associated contaminants, such as
metals and non-ionic organic contaminants, may be correlated
with the concentration of these chemicals in the interstitial
water (100, 103). The sediment interstitial water toxicity test
was developed for assessing the potential in situ effects of
contaminated sediment on aquatic organisms. Once the inter-
stitial water (or elutriate) has been isolated from the whole
sediment, the toxicity testing procedures are similar to effluent
toxicity testing with non-benthic species. If benthic species are
used as test animals, they may be stressed by the absence of
sediment (4).

8.5.2 The examination of organic extracts may have specific
uses. However, caution should be exercised in the use of
organic extracts since the availability of sediment contaminants
to organisms may have been altered (7).

9. Biological Responses

9.1 Toxicity endpoints in sediment tests range from
lethality, growth, reproductive impairment, and physiological
responses to alterations in community levels of organization
(Table 1 and Table 2). Selection of the proper toxic endpoint is
predicated largely on the objectives of the evaluation program
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and the available resources, time, and available methods.
Several endpoints are suggested in published methods to
measure the potential effects of contaminants in sediment
including, survival, growth, behavior, or reproduction;
however, survival of test organisms in 10–d exposures is the
endpoint most commonly reported (Table 1 and Table 2). These
short-term exposures which only measure effects on survival
can be used to identify high levels of contamination on
sediments, but may not be able to identify moderate levels of
contamination in sediments (Test Method E1706, (8)). Sub-
lethal endpoints in sediment tests might also prove to be better
estimates of reponses if benthic communities to contaminates
in the field (85-106).

9.2 The decision to conduct short-term or long-term toxicity
tests depends on the goal of the assessment. In some instances,
sufficient information may be gained by measuring sublethal
endpoints in 10-d tests. In other instances, the 10-d test could
be used to screen samples for toxicity before long-term tests
are conducted. While the long-term tests are needed to deter-
mine direct effects on reproduction, measurement of growth in
these toxicity tests may serve as an indirect estimate of
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.

TABLE 1 Organisms Used in Assessing the Toxicity of Saltwater
SedimentsA

Taxa Exposure Reference

Mortality
Amphipods SoB (12,13, 14, 15-20), Guide

E1367
SuC (21, 20-24)

Bivalves So (16, 20) Guide E724
Su (20,25,26)

Copepods So (15)
Su (15)

Crab Su (26)
Cumaceans So (14, 17-19
Fish ElD (27,28)

So (20,29)
Su (20,25)

Isopods So (15)
Su (15)

Lobster Su (26)
Mysids So (20)

Su (20-24)
Polychaetes So (16,30,31) Guide E1611
Phytoplankton El (32)
Shrimp So (15, 30-34)

Su (15,28,33,34)
Tunicate Su (26)

Avoidance/behavior
Amphipods So (35,36)
Bivalves So (35,37,38-40)
Crab So (35,36)
Echinoderm So (35)
Fish So (37,41)
Lobster So (35)
Polychaetes So (37,42)
Shrimp So (35,37)

Growth/reproduction/life cycle
Amphipods Su (24)
Bivalves Su (43) Guide E724
Copepods So (44)
Fish Su (45)
Mysids Su (22,23,46)
Nematodes So (47)
Polychaetes So (45,48,49) Guide E1611

Su (45,48,49)
Sea urchin El (50) Guide E1563

Pathology
Amphipods So (51)

Su (51)
Bivalves So (51)

Su (51)
Fish So (27,52,53)

Su (52)
Oyster So (52)

Su (52)
Polychaetes So (51)

Su (51)
Physiology

Fish Su (54)
Oligochaetes El (55)
Polychaetes So (48)

Su (48,56)
Shrimp Su (56)

Chromosome damage
Fish El (57-59)
Polychaetes Su (60)

Bacterial activity
Bacteria El (61,62)

Community recolonization
Macrobenthos So (63-69)

A Many of these species have a wide salinity tolerance and therefore may be
suitable for testing estuarine sediments.
B So—solid-phase sediment exposure.
C Su—suspended sediment exposure.
D El—elutriate, extract, pore water exposure.

TABLE 2 Organisms Used in Assessing the Toxicity of
Freshwater SedimentsA

Taxa Exposure Reference

Mortality
Amphipods El (70)

So (5,6,8,71,70-73) Test Method
E1706

Cladocerans El (70)
So (5,70,72,74-84) Test Method

E1706
Su (82)
El (70)
So (70,72, 74-77)

Insect larvae El (70)
So (5,8,85, 70-81, 86) Test Method

E1706
Isopods So (74-77)
Oligochaetes So (87-89) Guide E1688
Growth/reproduction
Amphipods So (5,6,71) Test Method E1706
Bacteria El (90)

So (90)
Cladocerans El (90) Test Method E1706

So (5,90)
Fish El (90)

So (90)
Insect larvae So (85,86,91,92) Test Method

E1706
Nematodes El (93)
Physiology
Oligochaetes El (94,95)
Genetic damage
Fish El (2,57,58,94,95)
Nematodes El (93)
Bacterial activity
Bacteria El (96,97)
Behavior
Oligochaetes So (98)
A Many of these species have a salinity tolerance and therefore may be suitable for
testing estuarine sediments.
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Numerous regulatory programs require the use of sublethal
endpoints in the decision-making process (7) including: (1)
Water Quality Criteria (and State Standards), (2) National
Pollution Discharge Elimination System (NPDES) effluent
monitoring (including chemical-specific limits and sublethal
endpoints in toxicity tests); (3) Federal Insecticide, Rodenti-
cide and Fungicide Act (FIFRA) and the Toxic Substances
Control Act (TSCA, tiered assessment includes several sub-
lethal endpoints with fish and aquatic invertebrates); (4)
Superfund (Comprehensive Environmental Response, Com-
pensation and Liability Act, CERCLA); (5) Organization of
Economic Cooperation and Development (OECD, sublethal
toxicity testing with fish an invertebrates); (6) European
Economic Community (EC, sublethal toxicity testing with fish
and invertebrates); and (7) the Paris Commission, (behavioral
endpoints).

10. Test Organisms

10.1 Once the exposure routes and endpoints of interest
have been established, several criteria should be considered
when selecting appropriate species (3, 8, 107 ) and Test
Method E1706 for which tests can be conducted that have
ecologically relevant endpoints. Ideally, the test species should
meet the following criteria:

10.1.1 Have a toxicological (sediment) database demon-
strating sensitivity to a range of contaminants or the contami-
nant of interest, and be taxonomically identified;

10.1.2 Be readily available through field collection or cul-
ture;

10.1.3 Be easily maintained in the laboratory;
10.1.4 Be ecologically or economically important;
10.1.5 Have a broad geographical distribution, or be indig-

enous to the site being evaluated or have a similar niche, be in
the same feeding guild, or be similar in behavior to an
inhabitant (species);

10.1.6 Be tolerant to a broad range of sediment physico-
chemical characteristics (for example, organic carbon and
grain size);

10.1.7 Be compatible with selected exposures and end-
points; and

10.1.8 Be tolerant of a range of different water quality
characteristics.

10.2 Of these criteria, demonstrated sensitivity to
contaminants, ecological relevance, and tolerance to varying
sediment physico-chemical characteristics are the most impor-
tant. The sensitivity of a species to contaminants should be
balanced with the concept of discrimination. Species responses
may need to provide discrimination between different levels of
contamination. Additionally, insensitive species may be pre-
ferred for determining bioaccumulation potential. The use of
indigenous species that are ecologically important and col-
lected easily is often very straightforward; however, many
indigenous species at a contaminated site may be insensitive to
contaminants (Guide E1688). Indigenous species might present
a greater concern relative to bioaccumulation potential. With
the exception of some saltwater amphipods, few test species
have broad sediment toxicity databases. Additionally, many
species can be maintained in the laboratory long enough for

acclimation to test conditions, but very few are cultured easily.
Widespread toxicity testing will require cultured organisms or
the use of standard source populations that can be transported
without experiencing excessive stress.

10.3 Toxicity is related to the species-specific physiological
and biochemical response to a toxicant and the degree of
contact between the sediment and the organism. Feeding
habits, including the type of food and feeding rate, will
influence the exposure of contaminants from sediment (108).
Infaunal deposit-feeding species can receive an exposure of
sediment contaminants by means of three exposure routes:
interstitial water, sediment particles, and overlying water.
Benthic invertebrates may selectively consume particles with
higher organic carbon and higher contaminant concentrations.
Organisms in direct contact with sediment may also accumu-
late contaminants by direct adsorption to the body wall or
exoskeleton, or by absorption through the integument (109).
Estimates of bioavailability will thus be more complex for
epibenthic animals that inhabit both the sediment and the water
column. Some benthic species are exposed primarily by detrital
feeding (110). Detrital feeders may not receive most of their
body burden directly from interstitial water. For certain higher
Kow compounds, uptake by the gut can exceed uptake across
the gill (111, 112). However, for many benthic invertebrates,
the toxicity and bioaccumulation of sediment-associated con-
taminants such as metals, kepone, fluoranthene, and organo-
chlorines are highly correlated with the concentration of these
chemicals in the interstitial water (100).

10.4 The saltwater test species include a broad spectrum of
taxa and feeding types including crustaceans, bivalves,
polychaetes, and fish (Table 1). Tests using amphipods have
received a great deal of attention because of their overall
sensitivity and because they are often absent from contami-
nated sites (13). This sensitivity has led to the development of
routine methods using the burrowing amphipod Rheopoxynius
abronius. This 10-day acute toxicity test has recently been
adapted for use with other amphipod species and has been
established (Guide E1367, (14,12)). Since 1977, the U.S. Army
Corps of Engineers dredging permit program has routinely
required tests with three species: a bivalve, a polychaete, and a
fish or shrimp, incorporating both species that burrow into the
sediment and those which inhabit the water column. Broad
applications of these protocols reveal that these tests are not as
sensitive as those with amphipods, and the latter have recently
been recommended for permit programs.

10.5 Freshwater sediment tests use a number of different
species, including amphipods, midges, mayflies, cladocerans,
and oligochaetes (Table 2). Whole sediment tests with the
amphipod Hyalella azteca generally start with juvenile animals
and are Typically conducted for 10 to 14–d with measurement
of survival or growth (Test Method E1706 , (8,71)). Methods
for conducting 42-d tests with H. azteca have been described in
Test Method E1706 and (8). Endpoints measured in these
long-term tests with H. azteca include survival, growth, and
reproduction.

10.6 Tests with midge Chironomus tentans are generally
started with second instar larvae (10 to 14 days old) and
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continued for 10 to 17 days until the fourth instar; larval
survival or growth is the measure of toxicity (Test Method
E1706 (8, 85)). Methods for conducting 60–d tests with C.
tentans have been described in Test Method E1706 and (8).
Exposures start with first instar C. tentans and endpoints
measured in these long-term tests include survival, growth,
emergence, reporduction, and egg hatching. Whole sediment
testing procedures with the midge C. riparius are started with
1 to 3-day-old larvae and may continue through pupation and
adult emergence ((6) Test Method E1706). Midge exposures
started with older larvae may underestimate midge sensitivity
to toxicants. For instance, first instar C. tentans larvae were 6
to 27 times more sensitive than fourth instar larvae to acute
copper exposure (5, 113), and first instar C. riparius larvae
were 127 times more sensitive than second instar larvae to
acute cadmium exposure (114).

10.7 Sediment toxicity tests with mayflies and cladocerans
are generally conducted for up to 10 days (5, 115, 116) and Test
Method E1706. Survival and molting frequency are the toxicity
endpoints monitored in the mayfly tests, and survival, growth,
and reproduction are monitored in the cladoceran tests. While
cladocerans are not in direct contact with the sediment, they are
frequently in contact with the sediment surface and are
probably exposed to both water-soluble and particulate bound
contaminants in the overlying water and surface sediment (Test
Method E1706). Cladocerans are also one of the more sensitive
groups of species used in aquatic toxicity testing.

10.8 The most frequently described sediment testing proce-
dures for oligochaetes are acute toxicity testing methods (98 ,
8) also see, Guide E1688. However, methods for conducting up
to 500-day oligochaete exposures, with growth and reproduc-
tion as the toxicity endpoints, have been described (117). A
shorter 28-d test starting with sexually mature Tubifex tubifex
has been described (118). Effects on growth and reproduction
are monitored in this shorter test, and the duration of the
exposure makes the test more useful for routine sediment
toxicity assessments with oligochaetes (Test Method E1706).
Many oligochaetes have complex life cycles and reproductive
strategies, and therefore laboratory culturing requirements
have prohibited their use in toxicity testing (119). However,
culturing procedures have been described for Lumbriculus
variegatus and Tubifex tubifex (8, 120,121) (See also, Test
Method E1706 and Guide E1688).

10.9 Because of the database that has been developed with
existing tests, it is recommended that, for whole sediment
exposures, either phoxocephalid, ampeliscid, or haustoriid
amphipods be used in saltwater tests. For freshwater
applications, hyalellid amphipods, midge larvae, or mayfly
larvae would be appropriate. As new methods are developed, it
will be important to establish the sensitivity of each method
relative to a benchmark procedure for comparative purposes
(2). The whole sediment benchmark for saltwater tests should
be the Rheopoxynius abronius survival 10-day acute test, and
for freshwater tests it should be Hyalella azteca survival and
growth in 28-d exposures (122). While chronic tests with
whole sediments have been described for a variety of freshwa-
ter tests, research is ongoing to describe chronic tests with
marine amphipods.

10.10 Multispecies and microcosm tests can also be used to
evaluate potential ecosystem responses to contaminated sedi-
ments. The use of multi-species tests may provide toxicity
information not available from single-species tests since rela-
tive species sensitivity may vary among contaminants (6).
However, results from multi-species or microcosm tests are
more difficult to interpret due to interactions and limited
reference literature (123, 124).

11. Experimental Design Considerations

11.1 Sampling Methods:
11.1.1 Sampling methods are dependent on the purpose and

design of the study. The probable source and type of contami-
nation and the objectives of the study should be evaluated
before developing a sediment sampling regime. The number
and type of samples taken depends on the objectives of the
study (125-128).

11.1.2 The number of replicate samples taken at a site
should be determined based on the objectives of the study and
a preliminary survey of sediment variability at the site.
Information from the preliminary survey and the objectives of
the study can be used to determine the minimum number of
replicates that should be sampled at each site (126, 127).

11.1.3 In general, both toxicity and bioaccumulation tests
require at least two exposures: a control and one or more test
treatments (see 11.3.12). The experimental unit for each test is
the exposure chamber. A sediment sample is typically split into
four or more test chambers. Individual observations obtained
from within an individual chamber should not be used as
replicate observations. Replicate chambers for a particular
sediment provide an estimate of the variability within the test
system and are not considered sediment sample or location
replicates.

11.1.4 There are several acceptable methods of sampling
sediments, for example, corers and grabs or dredges. Grabs or
dredges (for example, Ponar or Ekman) are appropriate when
sediments are known to be unstratified with respect to the
contaminants of concern. If the contaminants are in strata, or if
their accumulation rates are of interest, one of several core
samplers should be used. Pb210 or Cs137 dating can be
performed on cores to identify the thickness of the mixed layer
(125, 128). See Guide E1391 for additional details.

11.2 Sample Handling:
11.2.1 Sample handling and preservation are discussed in

Guide E1391 and Test Method E1706, and depend on the type
of chemical characterization that will be performed. Any
sediment disturbance may alter the chemical characterization
of that sediment from in situ conditions. The use of clean
sampling devices and sample containers is essential to ensure
the accurate determination of sediment contamination (126,
128).

11.2.2 Physical and chemical characterization of sediments
is highly dependent on the needs of the investigator, but it may
include loss on ignition, percent water, grain size, total organic
carbon, total phosphorus, nitrogen forms, trace metals and
organic compounds, pH, total volatile solids, biological oxygen
demand, chemical oxygen demand, cation exchange capacity,
Eh, pE, total inorganic carbon, acid volatile sulfides, and
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ammonia (125, 127, 128). Many times, a sediment of concern
has some historical data that are used as a basis for selection.

11.2.3 Indigenous organisms may be present in field-
collected sediments. An abundance of the same organism or
organisms taxonomically similar to the test organism in the
sediment sample may make interpretation of treatment effects
difficult. Previous investigators have inhibited the biological
activity of sediment with sieving, heat, mercuric chloride,
antibiotics, or gamma irradiation. (Guide E1391.) However,
further research is needed to determine effects on contaminate
bioavailability or other modifications of sediments from treat-
ments such as those used to remove or destroy indigenous
organisms.

11.2.4 Field-collected sediment samples tend to settle dur-
ing shipment. As a result, water above the sediment should not
be discarded, but should be mixed back into the sediment
during homogenization (Test Method E1706). Sediment
samples should not be routinely sieved to remove indigenous
organisms unless there is a good reason to believe they will
influence the response of the test organisms. Large indigenous
organisms and large debris can be removed using forceps.
Reynoldson et al. (129), observed reduced growth of
amphipods, midges, and mayflies in sediments with elevated
numbers of oligochaetes and recommended sieving sediments
suspected to have high numbers of indigenous oligochaetes.
One approach might be to sieve an aliquot of each sediment
before the start of a test. If potential predators are recovered
from a sediment, it may be desirable to sieve all of that sample
before the start of the test. Depending on the objective of the
test, it may be necessary to sieve all sediments or run a sieved
and un-sieved treatment in parallel to account for potential
affects of sieving on test results and subsequent comparisons.
The size of the sieve used will depend on the size of the
organisms in the sediment sample. If a sediment must be
sieved, it is desirable to analyze a sample before and after
sieving (for example, measure pore-water metals, dissolved
organic carbon (DOC), acid volatile sulfide (AVS), total
organic carbon (TOC)) to document the influence of sieving on
sediment chemistry.

11.3 Exposure Design:
11.3.1 In addition to being available in adequate supply,

overlying water used in toxicity tests, and water used to hold
organisms before testing, should be acceptable to the test
species and uniform in quality. To be acceptable the water must
allow the test species to survive and grow without showing
signs of disease or apparent stress, such as discoloration or
unusual behavior.

11.3.2 Natural overlying water should be uncontaminated
and of constant quality and should meet the specifications
established in Guide E729. Water should be characterized in
accordance with Guide E729 at least twice each year and more
often if (1) such measurements have not been determined
semiannually for at least two years or (2) surface water is used.

11.3.3 A natural overlying water is considered to be of
uniform quality if the monthly ranges of hardness and alkalin-
ity are less than 5 mg/L or 10 % of their respective averages,
whichever is higher, and if the monthly range of pH is less than
0.4 units. Natural overlying waters should be obtained from an

uncontaminated well or spring, if possible, or from a surface
water source. If surface water is used, the intake should be
positioned to minimize fluctuations in quality and the possi-
bility of contamination and maximize the concentration of
dissolved oxygen and to help ensure low concentrations of
sulfide and iron. For sediment studies with saltwater, the range
of salinity should be less than 10 % of the average. In addition,
the ion concentrations of the water should be within 10 % of
the ion concentrations (adjusted for the salinity) listed in Guide
E729. Chlorinated water should not be used for, or in the
preparation of, overlying water because residual chlorine and
chlorine-produced oxidants are toxic to many aquatic animals
and dechlorination is often incomplete.

11.3.4 For certain applications, the experimental design
might require the use of water from the test sediment collection
site.

11.3.5 Reconstituted fresh and salt water is prepared by
adding specified amounts of reagent grade chemicals to high-
quality distilled or deionized water (see Guide E729 and Test
Method E1706). Acceptable water can be prepared using
deionization, distillation, or reverse-osmosis units.
Conductivity, pH, hardness, and alkalinity should be measured
on each batch of reconstituted water. If the water is prepared
from a surface water, the total organic carbon or chemical
oxygen demand should be measured on each batch. Filtration
through sand, rock, bag, or depth-type cartridge filters may be
used to keep the concentration of particulate matter acceptably
low. The reconstituted water should be intensively aerated
before use, except that buffered soft fresh waters should be
aerated before, but not after, the addition of buffers. Problems
have been encountered with some species in some fresh
reconstituted waters, but these problems can be overcome by
aging the reconstituted water for one or more weeks (Guide
E729).

11.3.6 Materials used to construct test chambers may in-
clude glass, stainless steel, silicone, plastics, and fiberglass that
have been prepared properly and tested for toxicity (Guides
E1367 and Test Method E1706). The materials selected to
construct test chambers may differ, depending on the types of
contaminants in the sediments. Within a test, chambers need to
be of the same material.

11.3.7 The use of site water or reconstituted water in
toxicity tests may depend on the type of test to be performed
and the time lapse between sample collection and start of the
test.

11.3.8 Static sediment toxicity tests are the simplest to
perform and have been used commonly. In such tests, water
overlying the sediment is not changed during the test period,
but it may be added to replace that which has evaporated. Since
changes in water quality may affect the availability of contami-
nants to the test species, static exposures are more appropriate
for acute tests (7 to 10 days).

11.3.9 Flow-through exposure chambers are suggested for
use in chronic tests or with larger animals. Since water is
renewed on a continual basis, fewer water quality changes are
likely due to the buildup of waste products or interactions
between the sediment and overlying water. Flow-through
exposures may bias the results of the test by either encouraging
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the continual release of water-soluble contaminants throughout
the test, or by depleting water-soluble contaminants from the
sediment early in the test.

11.3.10 General water quality (variables such as pH,
salinity, dissolved oxygen, ammonia, and temperature) in the
test chambers should meet culture and maintenance require-
ments for the test species. These parameters should be moni-
tored and recorded on a frequency appropriate to the test
length. For example, if the test duration is only a few days,
daily monitoring should be performed. However, if the test will
continue for weeks or months, measurements may be reduced
to every other day or every few days.

11.3.11 The depth of sediment in test chambers may vary
depending on the species being tested, its size and degree of
burrowing activity, and its sediment processing rate. The latter
should be determined prior to the beginning of a sediment
toxicity test (126).

11.3.12 Sediment tests includes a control sediment, (some-
times called a negative control). A control sediment is a
sediment that is essentially free of contaminates and is used
routinely to assess the acceptability of a test and is not
necessarily collected near the site of concern. Any contami-
nates in control sediment are thought to originate from the
global spread of pollutants and do not reflect any substainal
inputs from local or non-point sources. Comparing test sedi-
ments to control sediments is a measure of the toxicity of a test
sediment beyond inevitable background contamination and
organism health. A control sediment provides a measure of test
acceptability, evidence of test organism health, and a basis for
interpreting data obtained from the test sediments. A reference
sediment is collected near the area of concern and is used to
assess sediment conditions exclusive of materials(s) of interest.
Testing a reference sediment provides a site–specific basis for
evaluating toxicity (Test Method E1706, (8)). (1) In general,
the performance of test organisms in the negative control is
used to judge the acceptability of a test, and either the negative
control or reference sediment may be used to evaluate perfor-
mance in the experimental treatments, depending on the
purpose of the study. Any study in which organisms in the
negative control do not meet performance criteria must be
considered questionable because it suggests that adverse fac-
tors affected the response of test organisms. Key to avoiding
this situation is using only control sediments that have dem-
onstrated record of performance using the same test procedure.
This includes testing of new collections from sediment sources
that have previously provided suitable control sediment. (2)
Because of the uncertainties introduced by poor performance in
the negative control, such studies should be repeated to insure
accurate results. However, the scope or sampling associated
with some studies may make it difficult or impossible to repeat
a study. Some researchers have reported cases where perfor-
mance in the negative control is poor, but performance criteria
are met in a reference sediment included in the study design. In
these cases, it might be reasonable to infer that other samples
that show good performance are probably not toxic; however,
any samples showing poor performance should not be judged
to have shown toxicity, since it is unknown whether the
adverse factors that caused poor control performance might

have also caused poor performance in the test treatments. (3)
Natural physico-chemical characteristics such as sediment
texture may influence the response of test organisms (Guide
E1367). The physico-chemical characteristics of test sediment
need to be within the tolerance limits of the test organism.
Ideally, the limits of a test organism should be determined in
advance; however, controls for factors including grain size and
organic carbon can be evaluated if the limits are exceeded in a
test sediment. If the physico-chemical characteristics of a test
sediment exceed the tolerance range of the test organism, a
control sediment encompassing these characteristics can be
evaluated. The effects of sediment characteristics on the results
of sediment tests can be addressed with regression equations.
The use of formulated sediment can also be used to evaluate
physico-chemical characteristics of sediment on test organisms
(Guide E1367, Test Method E1706) (4) The experimental
design depends on the purpose of the study. Variables that need
to be considered include the number and type of control
sediments, the number of treatments and replicates, and water
quality characteristics. For instance, the purpose of the study
might be to determine a specific endpoint such as an LC50 and
may include a control sediment, a positive control, a solvent
control, and several concentrations of sediment spiked with
chemical (Test Method E1706).

11.3.13 Test temperature should be chosen based on condi-
tions of particular interest or to match the conditions at the
sample site. In either case, the choice of temperature and test
species should be compatible.

11.3.14 Dissolved oxygen in overlying water should be
maintained between 40 and 100 % saturation.

11.3.15 Light quality (including wavelength composition)
and daylength are important because of their impacts on both
chemical degradation and organism health. Light should be
provided from cool-white fluorescent lamps at an intensity
appropriate for the test species.

11.3.16 The photoperiod can be selected to mimic that
experienced at the sample site, or to simulate a particular
season. Suggested periods of daylight and darkness include 16
h light/8 h dark, 14 h light/10 h dark, 12 h light/12 h dark, 24
h light/0 h dark, or 0 h light/24 h dark. Selection should be
based on test needs and species.

11.3.17 Whether test organisms should be fed during the
test depends on the test duration and type of test species in use.
The addition of food can complicate the interpretation of test
results because it adds new particulate material, and the food
may interact in unknown ways with contaminants in the
sediments (126). Additionally, feeding uncontaminated food
may reduce exposure. For acute tests (≤1 week), most organ-
isms can survive without being fed. If the species process
sediments directly, and enough sediment has been provided to
ensure adequate nutrition, feeding may not be necessary. If the
species are fish or filter feeders, food may be required,
especially during long tests. If organisms are fed during a
sediment test, the excess food is typically not removed.

11.3.18 Test water and sediments should be analyzed for
contaminants of concern if the objectives of the study are to
determine the sources and concentrations of contaminants. If
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the test is designed to assess toxicity only, the identification of
sources of toxicity is not necessary.

11.3.19 Analyses of specific contaminants in tissues of the
test species are necessary if bioaccumulation is of interest. If
the measurement of organic chemicals, metals, or other con-
taminants is desirable, appropriate preservation methods
should be followed when the samples are collected.

12. Data Interpretation

12.1 Data interpretation must be considered in the initial
stages of designing an experimental protocol for a specific
investigation. Researchers must be aware that all aspects of an
experimental protocol, including sampling techniques, number
of test replicates, exposure routes, statistical methods, and
selection of test species, will place constraints on data inter-
pretation. Data interpretation must be consistent with the goal
of the research program and experimental protocol to ensure
the ecological significance and environmental relevance of the
results of a specific investigation.

12.2 Bioaccumulation and toxicity of sediment-associated
contaminants are important to the individuals of a particular
species, however, interpreting the ecological significance of
those data are difficult to evaluate ((61) see also, Guide E1688
and Test Method E1706). Toxic effects observed in laboratory
exposures may not reflect effects on natural populations.
However, bioaccumulation of a contaminant, or a toxic re-
sponse when compared to that same response in a population
exposed to a control sediment, is often undesirable.

12.2.1 Swartz et al. (13) evaluated sediment quality condi-
tions along a sediment contaminated gradient of total DDT
using information from 10-d toxicity tests with benthic
amphipods, sediment chemistry, and the abundance of benthic
amphipods in the field. Survival of amphipods, (Eohaustorius
estaurius, Rhepoxynius abronius, and H.azteca) in laboratory
toxicity tests was positively correlated to the abundance of
amphipods in the field and negatively correlated to total DDT
concentrations. The toxicity threshold for amphipods in 10-d
sediment toxicity test was about 300 ug total DDT/g organic
carbon. The threshold for reduction in abundance of amphipod
in the field was about 100 ug total DDT/g organic carbon.
Therefore, correlations between toxicity contamination, and
the status of benthic macroinvertebrates in the field indicate
that 10-d sediment toxicity tests can provide a reliable indicator
of the presence of adverse levels of sediment contamination in
the field. However, these short-term toxicity tests may be under
protective of sublethal effects of contaminants in benthic
communities in the field.

12.2.2 Similarly, Canfield et al. (104, 105, 106) evaluated
the composition of benthic invertebrate communities in sedi-
ments in a variety of locations including the Great Lakes, the
upper Mississippi River, and the Clark Fork River in Montana.
Results of these benthic invertebrate community assessments
were compared to sediment quality guidelines (SQGs) and
28-d sediment toxicity tests with H. azteca. Good concordance
was evident between measures of laboratory toxicity, SQGs,
and benethic invertebrate composition in extremely contami-
nated samples. However, in moderately contaminated samples,
less concordance was observed between the composition of the

benthic community and either laboratory toxicity test or SQGs.
The laboratory toxicity tests better identified chemical con-
tamination in sediments compared to many of the commonly
used measures of benthic invertebrate community structure. As
the status of benthic invertebrates communities may reflect
other factors such as habitat alteration in addition to effects of
contaminants, the use of longer-term toxicity tests in combi-
nation with SQGs may provide a more sensitive and protective
measure of potential toxic effects of sediment contamination on
benthic communities compared to use of 10-d toxicity tests.

12.2.3 Numerical SQGs have been developed by a variety
of federal, state, and provincial agencies across North America
using matching sediment chemistry and biological effects data.
These SQGs have been routinely used to interpret historical
data, identify potential problem chemicals or areas at a site,
design monitoring programs, classify hot spots and rank sites,
and make decisions for more detailed studies (130, 131, 132,
103) Additional suggested uses for SQGs include identifying
the need for source controls of problem chemicals before
release, linking chemical sources to sediment contamination,
triggering regulatory action, and establishing target remedia-
tion objectives (8). Numerical SQGs, when used with other
tools such as sediment toxicity tests, bioaccumulation, and
benthic community surveys, can provide a powerful weight of
evidence for assessing the hazards associated with contami-
nated sediments (7).

12.3 The calculation procedure(s) and interpretation of the
results should be appropriate to the experimental design.
Statistical procedures used to calculate test results can be
divided into two categories: those that test hypotheses and
those that provide point estimates. No procedure should be
used without careful consideration of (1) the advantages and
disadvantages of various alternative procedures and (2) appro-
priate preliminary tests, such as those for outliers and hetero-
geneity (Test Method E1706).

12.4 When samples from field sites are replicated (that is,
separate samples from different grabs taken at the same site),
site effects (bioaccumulation and toxicity endpoints) can be
compared statistically by a one-tailed t-test, analysis of vari-
ance (ANOVA), or regression analysis. Analysis of variance is
used to determine whether any of the sites are different from
the control. This is a test of the null hypothesis, that no
differences exist in effects observed among the sites and
controls. If the F-test is not statistically significant (P > 0.05),
it can be concluded that the effects observed in the sites were
not large enough to be detected as statistically significant by
the experimental design and hypothesis test used. Non-
rejection does not mean that the null hypothesis is true. The
amount of effect that occurred should be considered.

12.4.1 All exposure concentration effects (or field sites) can
be compared with the control effects by using mean separation
techniques such as those explained by Chew orthogonal
contrasts, Fisher’s methods, Dunnett’s procedure, or Williams’
method (133, 21). The lowest concentration for which the
difference in observed effect exceeds the statistical significant
difference is defined as the LOEC (lowest observed effect
concentration) for that endpoint. The highest concentration for
which the difference in effect is not greater than the statistical
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significant difference is defined as the NOEC (no observed
effect concentration) for that endpoint (133).

12.5 In cases in which serial dilution sediment toxicity
studies are conducted, the LC50 (median lethal concentration)
or EC50 (median effect concentration) and its 95 % confidence
limits should be calculated (when appropriate) on the basis of
the following: (1) the measured initial sediment concentrations
of test material, if available, or the nominal initial sediment
concentrations for static tests; and (2) the average measured
sediment concentrations of test material, if available, or the
nominal average sediment concentrations for flow-through
tests. If other LCs or ECs are calculated, their 95 % confidence
limits should also be calculated (see Guide E729).

12.6 Most toxicity tests produce quantal data, that is, counts
of the number of responses in two mutually exclusive
categories, such as alive or dead. A variety of methods (134)

can be used to calculate an LC50 or EC50 and 95 % confidence
limits from a set of quantal data that is binomially distributed
and contains two or more concentrations at which the percent
dead or affected is between 0 and 100. The most widely used
are the probit, moving average, Spearman-Karber, and
Litchfield-Wilcoxon methods. The method used should appro-
priately take into account the number of test organisms per
chamber. The binomial test can also be used to obtain statisti-
cally sound information on the LC50 or EC50 even when there
are less than two effective concentrations between 0 and
100 %, assuming mortalities of 0 and 100 % mortality are
observed at two different concentrations. The binomial test
provides a range within which the LC50 or EC50 should lie.

13. Keywords

13.1 bioaccumulation; contamination; experimental design;
freshwater; saltwater; sediment; toxicity

ANNEX

(Mandatory Information)

A1. SEDIMENT RESUSPENSION TESTS

A1.1 Scope

A1.1.1 This annex briefly describes twelve systems for
evaluating the effects of suspended solids and their associated
contaminants (soluble and insoluble) on aquatic organisms
using static, recirculating, or flow-through exposure systems.
The main objective, organisms, and apparatus used in these
tests are detailed. A brief description of how the apparatus
works and any discussion or conclusions reported (see Tables
A1.1-A1.3) for these studies is also included. The following
information will strictly provide a general guide to aid future
research endeavors.

A1.1.2 Sediment suspension and resuspension tests provide
information about the bioavailability of contaminants associ-

ated with sediments to aquatic organisms. Water column
organisms can be exposed to contaminated bottom sediments
that are resuspended into the water column by natural pro-
cesses (bioturbation, wind-induced turbulence) or by human
disturbances (dredging, vessel passage). Sediment resuspen-
sion tests can be used to evaluate the following: the desorptive
nature of sediment associated contaminants and the effect of
suspended solids that are not contaminated; the sub-lethal
effects of intermittent suspended solids exposure on organisms;
the importance of suspended solids levels in altering the
bioavailability of contaminants to a water column organism;
the responses of animals to actual mass concentration of
particles; the relationship between contaminant, sediment,

(see Ref. A/ ) (see Ref. B/Table A1.1) (see Ref. D/Table A1.1)A

FIG. A1.1 Static/Renewal Tests
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water column, and affected biota; horizontal and vertical
gradients of contamination; the sensitivities of different spe-
cies; the effects of various environmental factors; the biological
availability of test materials; and structure-activity relation-
ships.

A1.1.3 Results from sediment suspension and resuspension
tests may be important when assessing the hazards of materials
to aquatic organisms or when deriving sediment quality criteria
for aquatic organisms. Considerations for test designs may
include the following: maintenance of a constant level of
suspended solids without stressing test organisms; method of
preparing/maintaining the suspension; consistency of environ-

mental parameters with the dredge site; volatilization/
degradation, oxidation/reduction of the sediment; length of
test; and organisms used.

A1.1.4 Resuspension tests are usually a part of more com-
prehensive analyses of biological, chemical, geological, and
hydrographic conditions. Statistical correlation can be in-
creased and costs reduced if subsamples for sediment tests,
geochemical analyses, and benthic community structure are
taken simultaneously from the same grab of the same site.
Sediment resuspension can be an important tool for making
decisions regarding the extent of remedial action needed for
contaminated aquatic sites.

(see Ref. A/Table A1.2)A (see Ref. B/Table A1.2)A

FIG. A1.2 Recirculating Tests

(see Ref. A/Table A1.3)A (see Ref. B/Table A1.3)A (see Ref. D/Table A1.3)

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. A1.3, Ref. B). See the specified table for full citation.

FIG. A1.3 Flow-Through Tests

E1525 − 02 (2014)

12

 



TA
B

L
E

A
1.

1
S

ta
ti

c/
R

en
ew

al
Te

st
s

(s
ee

F
ig

.A
1.

1)
R

ef
.

P
ur

po
se

O
rg

an
is

m
s

A
pp

ar
at

us
/D

es
cr

ip
tio

n
C

om
m

en
ts

A
To

m
ai

nt
ai

n
a

co
ns

ta
nt

le
ve

lo
f

F
re

sh
w

at
er

zo
op

la
nk

to
n

(D
.

pu
le

x)
•

4-
L

be
ak

er
w

ith
37

50
m

L
m

od
er

at
el

y
ha

rd
w

at
er

.
•

In
er

t,
cl

ea
na

bl
e.

su
sp

en
de

d
so

lid
s

w
ith

ou
t

•
O

rg
an

is
m

ve
ss

el
is

a
gl

as
s

tu
be

(2
.2

-c
m

ID
,

2.
5-

cm
O

D
,

3.
8-

cm
ta

ll)
w

ith
P

T
F

E
•

P
re

ve
nt

s
or

ga
ni

sm
in

te
ra

ct
io

n.
st

re
ss

in
g

or
ga

ni
sm

s.
m

es
h

(1
49

µm
)

co
nn

ec
te

d
by

m
ea

ns
of

a
gl

as
s

co
ve

r
rin

g
(2

.6
-c

m
ID

,
1-

cm
ta

ll)
on

•
A

llo
w

s
in

di
vi

du
al

or
ga

ni
sm

th
e

to
p,

an
d

ny
lo

n
ca

bl
e

tie
(1

4-
cm

)
on

th
e

bo
tto

m
.

P
T

F
E

ta
pe

is
w

ra
pp

ed
ar

ou
nd

m
on

ito
rin

g.
th

e
to

p
of

th
e

ve
ss

el
to

im
pr

ov
e

th
e

se
al

be
tw

ee
n

th
e

ve
ss

el
an

d
co

ve
r

rin
g.

•
E

as
e

of
ob

se
rv

at
io

n.
•

S
us

pe
nd

ed
se

di
m

en
t

so
lu

tio
n

m
ix

es
at

25
0

r/
m

in
by

m
ea

ns
of

a
st

ir
pl

at
e/

P
T

F
E

-
•

La
rg

e
nu

m
be

r
of

pi
ec

es
(t

ed
io

us
).

co
at

ed
st

ir
ba

r
(r

ep
la

ce
st

ir
ba

r
as

ne
ce

ss
ar

y,
if

P
T

F
E

er
od

es
).

•
W

at
er

ch
an

ge
s

ev
er

y
48

h
(d

ue
to

•
A

st
ai

nl
es

s
st

ee
lw

ire
su

pp
or

t
w

ith
tw

o
po

si
tio

ns
(f

or
ea

se
of

ob
se

rv
at

io
ns

)
is

al
ga

e
an

d
so

lid
s

bu
ild

up
).

co
nn

ec
te

d
to

a
“m

od
ifi

ed
”

st
ai

nl
es

s
st

ee
lt

es
t

tu
be

ra
ck

th
at

ho
ld

s
ve

ss
el

s.
•

W
at

er
flo

w
th

ro
ug

h
ve

ss
el

s
co

ns
ta

nt
bu

t
no

t
eq

ua
l(

ou
te

r
ve

ss
el

s
sl

ow
er

ra
te

).
B

To
de

ve
lo

p
a

su
sp

en
si

on
sy

st
em

F
re

sh
w

at
er

fis
h

(P
im

ep
ha

le
s

•
4-

L
be

ak
er

co
nt

ai
ni

ng
an

in
ve

rt
ed

gl
as

s
fu

nn
el

(m
od

ifi
ed

to
al

lo
w

pa
ss

ag
e

of
w

at
er

•
U

se
d

4-
w

ee
k-

ol
d

fis
h.

fo
r

la
rv

al
an

d
ju

ve
ni

le
fis

h.
pr

om
el

as
,

fa
th

ea
d

m
in

no
w

s)
an

d
su

sp
en

de
d

se
di

m
en

t
by

cu
tti

ng
no

tc
he

s
at

th
e

m
ou

th
).

•
S

om
e

se
di

m
en

t
w

as
tr

ap
pe

d
on

th
e

•
G

la
ss

ba
ffl

es
(1

⁄12
of

in
ne

r
di

am
et

er
of

be
ak

er
)

in
hi

bi
te

d
fo

rm
at

io
n

of
a

vo
rt

ex
.

sc
re

en
;

m
es

h
si

ze
w

ou
ld

ne
ed

to
be

•
A

st
ai

nl
es

s
st

ee
lp

ro
pe

lle
r-

tip
pe

d
st

ir
ro

d
dr

iv
en

by
an

el
ec

tr
ic

m
ot

or
w

ith
a

in
cr

ea
se

d/
de

te
rm

in
ed

ba
se

d
on

rh
eo

st
at

pr
ov

id
ed

th
e

su
sp

en
si

on
.

pa
rt

ic
le

si
ze

.
•

S
ta

in
le

ss
st

ee
lm

es
h

sc
re

en
at

th
e

to
p

of
th

e
fu

nn
el

in
hi

bi
te

d
im

pi
ng

em
en

t
an

d
•

F
ur

th
er

m
od

ifi
ca

tio
n

of
th

e
sy

st
em

is
en

tr
ai

nm
en

t
of

fis
h

by
th

e
pr

op
el

le
r

sy
st

em
.

ne
ce

ss
ar

y
(h

ig
h

m
or

ta
lit

y
in

pr
el

im
in

ar
y

te
st

s
du

e
to

st
re

ss
).

C
To

ev
al

ua
te

ef
fe

ct
s

of
in

te
rm

itt
en

t
F

re
sh

w
at

er
bi

va
lv

es
(c

la
m

s:
•

G
la

ss
aq

ua
ria

(2
5

by
51

by
20

cm
)

w
ith

30
L

of
co

ns
ta

nt
ly

ae
ra

te
d

w
at

er
.

•
U

na
bl

e
to

ob
ta

in
ze

ro
so

lid
s

le
ve

ls
su

sp
en

de
d

so
lid

s
ex

po
su

re
on

U
ni

on
id

ae
:

Q
ua

dr
ul

a
pu

st
ul

os
a,

•
Tw

o
ce

nt
rif

ug
e

w
at

er
pu

m
ps

pe
r

ta
nk

(a
lte

rn
at

e
an

d
ov

er
la

p
to

pr
ev

en
t

se
ttl

in
g

in
be

tw
ee

n
su

cc
es

si
ve

tu
rb

ul
en

t
fe

ed
in

g
ra

te
or

ef
fic

ie
nc

y
of

F
us

co
na

ia
ce

rin
a,

P
le

ur
ob

em
a

on
e

ar
ea

of
ta

nk
).

ep
is

od
es

.
un

io
ni

d
cl

am
s.

be
ad

le
an

um
)

•
E

le
ct

ric
tim

er
co

nt
ro

ls
pu

m
ps

.
•

M
ay

re
qu

ire
le

ng
th

y
te

st
to

ob
ta

in
•

F
oo

d
cl

ea
ra

nc
e

ra
te

s
pr

ov
id

e
es

tim
at

es
of

fe
ed

in
g

st
at

e
of

cl
am

s
in

di
ffe

re
nt

si
gn

ifi
ca

nt
en

dp
oi

nt
s

(n
o

re
du

ct
io

n
in

tr
ea

tm
en

ts
.

gr
ow

th
w

as
se

en
in

a
10

-d
ay

pe
rio

d)
.

•
O

2
up

ta
ke

an
d

N
2

ex
cr

et
io

n
gi

ve
O

:N
ra

tio
s

th
at

pr
ov

id
e

as
se

ss
m

en
t

of
re

la
tiv

e
•

F
ol

lo
w

in
g

tu
rb

ul
en

ce
,

so
lid

s
le

ve
ls

co
nt

rib
ut

io
n

of
pr

ot
ei

n
to

to
ta

lc
at

ab
ol

is
m

.
(P

ro
te

in
-b

as
ed

ca
ta

bo
lis

m
is

in
di

ca
te

d
by

pe
ak

ed
(6

00
to

70
0

m
g/

L)
,

th
en

fe
ll

to
an

O
:N

ra
tio

<
30

).
If

hi
gh

er
le

ve
ls

ar
e

ob
ta

in
ed

,
ca

ta
bo

lis
m

ca
n

m
ov

e
to

no
n-

10
%

w
ith

in
15

m
in

.
pr

ot
ei

na
ce

ou
s

bo
dy

st
or

es
.

•
M

ax
im

um
po

te
nt

ia
lf

oo
d

in
ge

st
io

n
ra

te
s

w
er

e
de

te
rm

in
ed

an
d

co
nv

er
te

d
to

fo
od

cl
ea

ra
nc

e
ra

te
s.

•
E

va
lu

at
ed

m
et

ab
ol

ic
ac

tiv
ity

(O
2

up
ta

ke
).

•
D

et
ec

t
sh

ift
in

ca
ta

bo
lic

su
bs

tr
at

es
(u

si
ng

N
2

ex
cr

et
io

n
ra

te
s)

.
•

D
et

er
m

in
ed

dr
y

w
ei

gh
t

of
tis

su
e.

E1525 − 02 (2014)

13

 



TA
B

L
E

A
1.

1
C

on
tin

ue
d

R
ef

.
P

ur
po

se
O

rg
an

is
m

s
A

pp
ar

at
us

/D
es

cr
ip

tio
n

C
om

m
en

ts
A

,B
,C

,D
To

as
se

ss
th

e
bi

oa
cc

um
ul

at
io

n
of

F
re

sh
w

at
er

fis
h

(L
ep

om
is

•
E

xp
os

ur
e

ch
am

be
r

w
as

a
de

ca
he

dr
on

(e
ac

h
gl

as
s

pl
at

e
30

.5
-c

m
w

id
e)

,
th

e
si

de
s

•
T

he
ut

ili
ty

of
M

B
P

as
a

bi
om

ar
ke

r
of

ca
dm

iu
m

in
fis

h
ex

po
se

d
to

m
ac

ro
ch

iru
s,

bl
ue

gi
ll

su
nfi

sh
)

w
er

e
ci

rc
ul

ar
pi

ec
es

of
gl

as
s

(7
6.

2-
cm

di
am

et
er

).
O

ne
ci

rc
ul

ar
pi

ec
e

ha
d

a
ce

nt
er

ed
ex

po
su

re
to

se
di

m
en

t-
as

so
ci

at
ed

su
sp

en
de

d
riv

er
se

di
m

en
ts

,
an

d
to

12
.1

-c
m

op
en

in
g

fo
r

in
tr

od
uc

tio
n

of
w

at
er

,
se

di
m

en
t,

an
d

fis
h.

ca
dm

iu
m

m
ay

be
ha

m
pe

re
d

w
he

n

ev
al

ua
te

w
ho

le
-b

od
y

ca
dm

iu
m

,
•

E
ac

h
ch

am
be

r
re

vo
lv

ed
(3

.3
r/

m
in

)
on

m
ot

or
-d

riv
en

su
pp

or
ts

(5
.7

-c
m

di
am

et
er

ce
rt

ai
n

ot
he

r
m

et
al

s
ar

e
pr

es
en

t
an

d
he

pa
tic

m
et

al
-b

in
di

ng
pr

ot
ei

ns
st

ee
ls

ha
fts

co
ve

re
d

w
ith

ru
bb

er
tu

bi
ng

)
in

a
w

at
er

ba
th

.
w

he
n

M
B

P
is

qu
an

tifi
ed

by
th

e
(M

B
P

),
an

d
he

pa
tic

no
nt

hi
on

ei
n

•
M

ot
or

s
w

er
e

co
nt

ro
lle

d
by

m
ea

ns
of

a
rh

eo
st

at
.

ca
dm

iu
m

-s
at

ur
at

io
n

m
et

ho
d.

cy
to

so
lic

ca
dm

iu
m

as
in

di
ca

to
rs

of
•

E
ac

h
ch

am
be

r
co

nt
ai

ne
d

45
L

of
w

at
er

.
•

B
io

ac
cu

m
ul

at
io

n
of

ca
dm

iu
m

in
ex

po
su

re
to

se
di

m
en

t-
as

so
ci

at
ed

•
W

et
se

di
m

en
t

(m
as

s
ba

se
d

on
w

et
w

ei
gh

t
to

dr
y

w
ei

gh
t

ra
tio

)
w

as
ad

de
d

to
co

m
pa

ra
bl

e
fie

ld
si

tu
at

io
ns

m
ay

be
ca

dm
iu

m
.

ac
hi

ev
e

10
00

m
g/

L
to

ta
ls

us
pe

nd
ed

so
lid

s
(T

S
S

).
in

cr
ea

se
d

du
e

to
di

et
ar

y
up

ta
ke

of
•

C
ha

m
be

rs
re

vo
lv

ed
24

h,
w

er
e

em
pt

ie
d,

rin
se

d,
re

fil
le

d,
an

d
or

ga
ni

sm
s

ad
de

d.
ca

dm
iu

m
.

•
Tw

o
th

ird
s

of
th

e
su

sp
en

si
on

w
as

re
ne

w
ed

on
da

ys
7,

14
,

an
d

21
of

th
e

te
st

.
•

Te
st

sy
st

em
is

ap
pr

op
ria

te
fo

r
•

25
ju

ve
ni

le
s

pe
r

ch
am

be
r

w
er

e
ex

po
se

d
fo

r
28

da
ys

.
ex

am
in

at
io

n
of

a
si

ng
le

co
nc

en
tr

at
io

n
•

A
lk

al
in

ity
,

ha
rd

ne
ss

,
co

nd
uc

tiv
ity

,
T

S
S

,
tu

rb
id

ity
,

am
m

on
ia

,
ca

dm
iu

m
di

ss
ol

ve
d

in
of

su
sp

en
de

d
se

di
m

en
t

of
di

ffe
rin

g
w

at
er

an
d

su
sp

en
de

d
w

ith
se

di
m

en
t

w
er

e
m

ea
su

re
d

w
ee

kl
y;

pH
,

te
m

pe
ra

tu
re

,
co

m
po

si
tio

n,
or

a
se

rie
s

of
an

d
di

ss
ol

ve
d

ox
yg

en
w

er
e

m
ea

su
re

d
da

ily
.

co
nc

en
tr

at
io

ns
of

su
sp

en
de

d
se

di
m

en
t

•
To

ta
lr

ec
ov

er
ab

le
ca

dm
iu

m
w

as
m

ea
su

re
d

in
bu

lk
se

di
m

en
t;

se
di

m
en

t
te

xt
ur

e
w

as
of

a
gi

ve
n

co
m

po
si

tio
n.

de
te

rm
in

ed
fo

r
bo

th
bu

lk
an

d
su

sp
en

de
d

se
di

m
en

t.
•

T
he

si
ze

of
th

e
ch

am
be

r
an

d
vo

lu
m

e
•

F
is

h
w

er
e

an
al

yz
ed

fo
r

no
nt

hi
on

ei
n

cy
to

so
lic

ca
dm

iu
m

,
he

pa
tic

M
B

P,
or

w
ho

le
-b

od
y

of
w

at
er

is
su

ffi
ci

en
t

fo
r

lo
ng

-t
er

m
te

st
s

ca
dm

iu
m

.
S

at
ur

at
ed

an
d

un
sa

tu
ra

te
d

M
B

P
as

sa
ys

w
er

e
pe

rf
or

m
ed

on
liv

er
s.

w
ith

la
rg

e
or

m
an

y
sm

al
lfi

sh
.

•
W

ho
le

-b
od

y
ca

dm
iu

m
co

nc
en

tr
at

io
n

w
as

th
e

m
os

t
se

ns
iti

ve
in

di
ca

to
r

of
ca

dm
iu

m
•

F
is

h
ar

e
no

t
ph

ys
ic

al
ly

ha
rm

ed
;

th
er

e
ex

po
su

re
in

th
is

st
ud

y.
is

no
im

pi
ng

em
en

t
or

en
tr

ai
nm

en
t

of
•

G
ro

w
th

w
as

re
du

ce
d

si
gn

ifi
ca

nt
ly

by
su

sp
en

de
d

se
di

m
en

t
ex

po
su

re
(d

ue
to

ph
ys

ic
al

te
st

or
ga

ni
sm

s
in

th
e

ch
am

be
r.

ef
fe

ct
s

an
d

se
di

m
en

t-
as

so
ci

at
ed

co
nt

am
in

an
ts

).
A

M
ar

tin
,

Jo
hn

R
.,

“I
nfl

ue
nc

e
of

S
us

pe
nd

ed
S

ol
id

s
on

th
e

To
xi

ci
ty

of
A

tr
az

in
e

to
D

ap
hn

ia
pu

le
x,

”
M

S
T

he
si

s,
M

em
ph

is
S

ta
te

U
ni

ve
rs

ity
,

M
em

ph
is

,
T

N
,

19
87

.
B

S
ch

m
id

t,
M

.
J.

,
“T

he
E

ffe
ct

s
of

S
us

pe
nd

ed
S

ed
im

en
t

on
Ju

ve
ni

le
F

is
h

G
ro

w
th

,
as

E
st

im
at

ed
by

R
N

A
/D

N
A

R
at

io
s,

”
M

S
T

he
si

s,
Io

w
a

S
ta

te
U

ni
ve

rs
ity

,A
m

es
,

IA
,

19
90

.
C

A
ld

rid
ge

,D
av

id
W

.,
P

ay
ne

,B
.S

.,
an

d
M

ill
er

,A
.C

.,
“T

he
E

ffe
ct

s
of

In
te

rm
itt

en
tE

xp
os

ur
e

to
S

us
pe

nd
ed

S
ol

id
s

an
d

Tu
rb

ul
en

ce
on

T
hr

ee
S

pe
ci

es
of

F
re

sh
w

at
er

M
us

se
ls

,”
E

nv
iro

nm
en

ta
lP

ol
lu

tio
n,

V
ol

54
,1

98
7,

pp
.1

7–
28

.
D

C
op

e,
W

.G
.,

W
ie

ne
r,

J.
G

.,
S

te
in

gr
ae

be
r,

M
.T

.,
an

d
A

tc
hi

so
n,

G
.J

.,
“C

ad
m

iu
m

,M
et

al
-b

in
di

ng
P

ro
te

in
s,

an
d

G
ro

w
th

in
B

lu
eg

ill
s

E
xp

os
ed

to
C

on
ta

m
in

at
ed

R
iv

er
in

e
S

ed
im

en
ts

,”
C

an
ad

ia
n

Jo
ur

na
lo

fF
is

he
rie

s
an

d
A

qu
at

ic
S

ci
en

ce
s,

V
ol

51
,

19
94

.

E1525 − 02 (2014)

14

 



TA
B

L
E

A
1.

2
R

ec
ir

cu
la

ti
n

g
Te

st
s

(s
ee

F
ig

.A
1.

2)
R

ef
.

P
ur

po
se

O
rg

an
is

m
s

A
pp

ar
at

us
/D

es
cr

ip
tio

n
C

om
m

en
ts

A
To

as
se

ss
th

e
im

po
rt

an
ce

of
F

re
sh

w
at

er
zo

op
la

nk
to

n
•

11
.2

-L
re

ci
rc

ul
at

io
n

sy
st

em
(9

L
of

te
st

so
lu

tio
n)

:
a

lo
ng

gl
as

s
co

lu
m

n,
so

lu
tio

n
is

•
A

re
du

ct
io

n
in

aq
ue

ou
s

ph
as

e
ch

lo
rd

an
e

su
sp

en
de

d
so

lid
le

ve
ls

an
d

(D
ap

hn
ia

m
ag

na
)

pu
m

pe
d

fr
om

th
e

bo
tto

m
of

th
e

co
lu

m
n

th
ro

ug
h

gl
as

s
an

d
P

T
F

E
tu

bi
ng

th
ro

ug
h

th
e

re
du

ce
d

to
xi

ci
ty

w
he

n
se

di
m

en
t

th
re

sh
ol

d
th

ei
r

or
ga

ni
c

ca
rb

on
co

nt
en

t
st

op
pe

r
at

th
e

to
p

of
th

e
co

lu
m

n.
le

ve
lw

as
m

et
.

in
al

te
rin

g
bi

oa
va

ila
bi

lit
y

of
•

V
ar

ia
bl

e
sp

ee
d

P
T

F
E

/s
ta

in
le

ss
st

ee
lg

ea
r

pu
m

ps
.

•
S

tr
es

s
fr

om
re

ci
rc

ul
at

io
n

cr
ea

te
d

a
m

or
e

a
ne

ut
ra

lo
rg

an
ic

to
a

w
at

er
•

D
ap

hn
id

ve
ss

el
(g

la
ss

w
ith

50
0-

µm
P

T
F

E
sc

re
en

)
su

sp
en

de
d

w
ith

st
ai

nl
es

s
st

ee
l

to
xi

c
ef

fe
ct

(t
ha

n
ac

ut
e

te
st

in
g)

.
co

lu
m

n
or

ga
ni

sm
.

w
ire

ju
st

be
lo

w
th

e
w

at
er

le
ve

l.
•

To
ta

la
nd

aq
ue

ou
s

ph
as

e
ch

em
ic

al
•

R
ec

irc
ul

at
io

n
ra

te
60

0
to

72
0

m
L/

m
in

.
co

nc
en

tr
at

io
ns

w
er

e
m

ea
su

re
d

at
1-

h
•

P
ar

tic
le

si
ze

<
18

0
µm

(1
00

%
cl

ay
).

co
nt

ac
t

tim
e

an
d

at
th

e
en

d
of

th
e

st
ud

y
•

C
he

m
ic

al
st

oc
k

so
lu

tio
ns

pr
ep

ar
ed

by
st

irr
in

g
th

en
fil

te
rin

g
(0

.4
5

µm
)

to
re

m
ov

e
(a

qu
eo

us
ph

as
e

ch
lo

rd
an

e
w

as
de

fin
ed

as
un

di
ss

ol
ve

d
ch

em
ic

al
.

th
at

fr
ac

tio
n

th
at

w
ill

pa
ss

th
ro

ug
h

a
•

S
ol

id
s

w
er

e
st

irr
ed

in
di

lu
en

t
24

h.
0.

45
-µ

m
fil

te
r)

.
•

C
on

ta
ct

tim
e

(c
he

m
ic

al
/s

ol
id

s)
w

as
1

h
pr

io
r

to
in

tr
od

uc
tio

n
of

or
ga

ni
sm

s.
•

S
us

pe
nd

ed
so

lid
s

le
ve

ls
w

er
e

m
ea

su
re

d
at

th
e

st
ar

t
of

th
e

te
st

.
B

To
de

sc
rib

e
an

d
co

m
pa

re
F

re
sh

w
at

er
fis

h
P

oe
ci

lia
•

3.
5-

L
ve

ss
el

w
ith

pu
m

p
an

d
ai

r
in

le
t.

•
A

fte
r

1
w

ee
k,

se
di

m
en

t
ad

he
re

d
to

ve
ss

el
bi

oc
on

ce
nt

ra
tio

n
of

re
tic

ul
at

a
(m

al
e

gu
pp

ie
s)

•
E

ac
h

ve
ss

el
an

d
pu

m
p

co
ns

tit
ut

ed
a

cl
os

ed
sy

st
em

w
ith

es
se

nt
ia

lly
no

he
ad

-s
pa

ce
.

w
al

ls
an

d
sh

ow
ed

an
in

ho
m

og
en

eo
us

hy
dr

op
ho

bi
c

or
ga

ni
c

•
C

on
ic

al
-s

ha
pe

d
ve

ss
el

;
w

at
er

w
as

ci
rc

ul
at

ed
fr

om
an

ou
tle

t
on

th
e

si
de

,
ne

ar
th

e
to

p
su

sp
en

si
on

in
re

pl
ic

at
es

co
nt

ai
ni

ng
fis

h
ch

em
ic

al
s

fr
om

w
at

er
or

a
of

th
e

ve
ss

el
by

m
ea

ns
of

a
pu

m
p

to
th

e
bo

tto
m

(a
ng

le
d

to
pr

ev
en

t
se

ttl
in

g)
;

an
ai

r
(h

ow
ev

er
,

ch
em

ic
al

co
nc

en
tr

at
io

ns
w

er
e

no
t

se
di

m
en

t
su

sp
en

si
on

by
in

le
t

w
as

ad
de

d
to

pr
ov

id
e

ox
yg

en
.

si
gn

ifi
ca

nt
ly

di
ffe

re
nt

in
up

pe
r

ve
rs

us
lo

w
er

fis
h.

•
P

er
fo

rm
ed

a
se

di
m

en
t

co
nt

ro
la

nd
se

di
m

en
t/c

he
m

ic
al

re
pl

ic
at

e
(t

o
co

nt
ro

lf
or

po
rt

io
ns

of
th

e
ve

ss
el

).
vo

la
til

iz
at

io
n/

de
gr

ad
at

io
n)

.
•

C
an

ob
ta

in
in

cr
ea

se
d

le
ve

ls
of

ch
em

ic
al

s
•

W
at

er
w

as
sp

ik
ed

us
in

g
a

ge
ne

ra
to

r
co

lu
m

n
an

d
w

as
di

vi
de

d
in

to
re

pl
ic

at
es

.
in

w
ho

le
fis

h
du

e
to

pr
es

en
ce

of
se

di
m

en
t

•
O

ve
n-

dr
ie

d
se

di
m

en
t

(7
00

m
g

dr
y

w
t/L

)
w

as
ad

de
d

to
a

re
pl

ic
at

e.
in

th
e

in
te

st
in

es
(f

or
lo

w
er

hy
dr

op
ho

bi
c

•
A

fte
r

48
h,

fis
h

w
er

e
ad

de
d.

co
m

po
un

ds
w

ill
no

t
ge

t
th

e
in

cr
ea

se
d

co
nc

en
tr

at
io

n
in

w
ho

le
fis

h
be

ca
us

e
of

th
e

lo
w

af
fin

ity
of

th
e

co
m

po
un

ds
to

th
e

se
di

m
en

t)
.

C
To

ev
al

ua
te

le
th

al
ity

of
a

M
ar

in
e

an
d

es
tu

ar
in

e
•

W
at

er
an

d
su

sp
en

de
d

ka
ol

in
w

er
e

m
et

er
ed

in
to

th
e

aq
ua

ria
us

in
g

tw
o

se
ts

of
a

m
od

ifi
ed

•
T

he
sy

st
em

pr
od

uc
ed

st
ab

le
te

m
pe

ra
tu

re
s

su
sp

en
de

d
cl

ay
m

in
er

al
or

ga
ni

sm
s

ve
rs

io
n

of
th

e
se

ria
ld

ilu
tio

n
ap

pa
ra

tu
s

of
M

ou
nt

an
d

B
ru

ng
s

(1
96

7)
.

in
al

la
qu

ar
ia

at
a

ch
os

en
se

t-
po

in
t,

te
xt

ur
al

ly
re

pr
es

en
ta

tiv
e

of
•

S
us

pe
ns

io
n

of
ka

ol
in

in
th

e
te

st
aq

ua
ria

w
as

m
ai

nt
ai

ne
d

by
in

di
vi

du
al

ci
rc

ul
at

io
n

pu
m

ps
m

ai
nt

ai
ne

d
ho

m
og

en
eo

us
su

sp
en

si
on

s
of

th
e

se
di

m
en

t-
si

ze
fr

ac
tio

n
th

at
co

nt
in

uo
us

ly
w

ith
dr

ew
w

at
er

fr
om

th
e

si
de

of
a

ta
nk

an
d

re
tu

rn
ed

it
th

ro
ug

h
a

ka
ol

in
ne

ar
th

e
de

si
re

d
co

nc
en

tr
at

io
ns

,
an

d
w

ith
w

hi
ch

co
nt

am
in

an
ts

di
sp

er
se

r
he

ad
in

th
e

ta
nk

bo
tto

m
.

H
ea

t
in

tr
od

uc
ed

by
th

is
m

et
ho

d
w

as
re

m
ov

ed
by

al
lo

w
ed

co
nt

in
ua

la
tm

os
ph

er
ic

ex
ch

an
ge

at
ar

e
m

os
t

co
m

m
on

ly
pa

ss
in

g
th

e
ci

rc
ul

at
in

g
aq

ua
riu

m
w

at
er

th
ro

ug
h

an
el

ec
tr

on
ic

al
ly

co
nt

ro
lle

d
he

at
-

th
e

ai
r-

w
at

er
in

te
rf

ac
e.

as
so

ci
at

ed
.

To
re

la
te

ex
ch

an
ge

r
sy

st
em

.
re

sp
on

se
s

of
an

im
al

s
to

•
M

ed
ia

n
pa

rt
ic

le
si

ze
4.

5
µm

(h
ig

h
co

nc
en

tr
at

io
n

11
7

g/
L)

.
ac

tu
al

m
as

s
co

nc
en

tr
at

io
n

•
C

on
ce

nt
ra

tio
ns

of
ka

ol
in

w
er

e
m

ai
nt

ai
ne

d
in

aq
ua

ria
at

a
re

pl
ac

em
en

t
ra

te
of

of
pa

rt
ic

le
s

in
su

sp
en

si
on

90
%

in
12

h.
(r

at
he

r
th

an
tu

rb
id

ity
).

E1525 − 02 (2014)

15

 



TA
B

L
E

A
1.

2
C

on
tin

ue
d

R
ef

.
P

ur
po

se
O

rg
an

is
m

s
A

pp
ar

at
us

/D
es

cr
ip

tio
n

C
om

m
en

ts
A

,B
,C

,D
To

de
fin

e
re

la
tio

ns
hi

ps
F

re
sh

w
at

er
zo

op
la

nk
to

n
•

A
m

od
ifi

ed
P

ra
te

r-
A

nd
er

so
n

ty
pe

ap
pa

ra
tu

s.
•

S
om

e
se

ttl
in

g
oc

cu
rr

ed
at

th
e

bo
tto

m
of

th
e

be
tw

ee
n

co
nt

am
in

an
ts

,
th

e
(D

ap
hn

ia
m

ag
na

)
•

R
ec

ta
ng

ul
ar

gl
as

s
ch

am
be

r
(2

3
by

6.
4

by
16

cm
).

st
at

ic
te

st
ch

am
be

r
(1

-L
G

la
ss

be
ak

er
s

se
di

m
en

t,
th

e
w

at
er

co
lu

m
n,

•
77

50
m

L,
ci

rc
ul

at
ed

vo
lu

m
e

60
m

L/
m

in
.

ae
ra

te
d

th
ro

ug
h

a
gl

as
s

tu
be

).
an

d
th

e
af

fe
ct

ed
bi

ot
a.

•
D

ap
hn

id
ve

ss
el

(;
90

-m
L

vo
lu

m
e

w
ith

N
o.

60
st

ai
nl

es
s

st
ee

lm
es

h
co

ve
rin

g
bo

tto
m

)
•

F
ol

lo
w

in
g

tu
rb

ul
en

ce
,

so
lid

s
le

ve
ls

pe
ak

ed
(H

yp
ot

he
si

ze
th

at
th

e
fr

ee
po

si
tio

ne
d

un
de

r
th

e
w

at
er

de
liv

er
y

tu
be

.
(6

00
to

70
0

m
g/

L)
,

th
en

fe
ll

to
10

%
w

ith
in

aq
ue

ou
s

ca
dm

iu
m

io
n

is
th

e
•

A
ir

an
d

w
at

er
lif

t
tu

be
s

(a
ng

le
d

so
w

at
er

w
as

pu
m

pe
d

fr
om

th
e

bo
tto

m
of

on
e

en
d

of
15

m
in

.
pr

ed
om

in
an

t
to

xi
c

sp
ec

ie
s,

th
e

ch
am

be
r

up
to

th
e

da
ph

ni
d

ve
ss

el
at

th
e

op
po

si
te

en
d)

.
•

T
he

ad
so

rb
ed

is
ot

he
rm

(a
ds

or
be

d
ve

rs
us

an
d

th
at

lo
w

er
to

xi
ci

ty
•

A
dd

iti
on

al
gl

as
s

tu
be

(1
-c

m
ID

)
co

nv
ey

ed
w

at
er

fr
om

th
e

de
liv

er
y

tu
be

to
th

e
ve

ss
el

.
so

lu
bl

e)
us

ed
fo

r
co

nd
iti

on
al

ad
so

rp
tio

n
w

ou
ld

be
pr

es
en

t
in

th
e

•
M

ea
n

an
d

m
ed

ia
n

gr
ai

n
si

ze
te

st
ed

:
6.

1
an

d
2.

0
µm

.
co

ns
ta

nt
is

ca
lc

ul
at

ed
fr

om
th

e
sl

op
e

of
th

e
se

di
m

en
t

sy
st

em
du

e
to

a
To

pr
ep

ar
e

sl
ur

ry
:

lin
ea

r
po

rt
io

n
of

th
e

is
ot

he
rm

.
re

du
ce

d
fr

ee
io

n
•

M
ix

se
di

m
en

t
an

d
w

at
er

to
su

sp
en

de
d

so
lid

s
le

ve
ls

w
ith

so
ni

c
di

sm
em

br
at

or
an

d
co

nc
en

tr
at

io
n

fr
om

el
ev

at
ed

m
ec

ha
ni

ca
ls

tir
re

r;
or

ga
ni

c
lig

an
d

•
D

is
pe

ns
e

su
sp

en
de

d
so

lid
al

iq
uo

ts
in

to
po

ly
pr

op
yl

en
e

ce
nt

rif
ug

e
tu

be
s;

co
nc

en
tr

at
io

n.
)

•
D

os
e

w
ith

ca
dm

iu
m

so
lu

tio
n

to
at

ta
in

to
ta

lc
ad

m
iu

m
le

ve
ls

;
ad

ju
st

pH
to

7.
1;

•
M

ix
tu

be
s

$
12

h
at

20
°C

;
•

C
en

tr
ifu

ge
tu

be
s

at
10

00
0

r/
m

in
fo

r
30

m
in

;
•

M
ea

su
re

su
pe

rn
at

an
t

so
lu

bl
e

ca
dm

iu
m

co
nc

en
tr

at
io

n;
•

D
is

pe
ns

e
ap

pr
op

ria
te

w
et

m
as

s
of

se
di

m
en

t
in

to
te

st
w

at
er

,
do

se
w

ith
ca

dm
iu

m
an

d
eq

ui
lib

ra
te

ba
se

d
on

th
e

co
nd

iti
on

al
ad

so
rp

tio
n

co
ns

ta
nt

to
ob

ta
in

th
e

fin
al

ta
rg

et
ed

so
lu

bl
e

ca
dm

iu
m

co
nc

en
tr

at
io

n.
•

T
he

co
nt

en
ts

of
th

e
re

ci
rc

ul
at

in
g

te
st

ch
am

be
r

w
as

al
so

st
irr

ed
ho

ur
ly

(m
an

ua
lly

)
du

rin
g

th
e

da
y

an
d

on
ce

at
ni

gh
t.

A
H

al
l,

W
.

S
.,

D
ic

ks
on

,
K

.
L.

,
S

al
eh

,
F.

Y.
,

an
d

R
od

ge
rs

,
J.

H
.,

Jr
.,

“E
ffe

ct
of

S
us

pe
nd

ed
S

ol
id

s
on

th
e

B
io

av
ai

la
bi

lit
y

of
C

hl
or

da
ne

to
D

ap
hn

ia
m

ag
na

,”
A

rc
hi

ve
s

of
E

nv
iro

nm
en

ta
lC

on
ta

m
in

at
io

n
an

d
To

xi
co

lo
gy

,
V

ol
15

,
19

86
,

pp
.

52
9–

53
4.

B
S

ch
ra

p,
S

.M
.,

an
d

O
pp

er
hu

iz
en

,A
.,

“R
el

at
io

ns
hi

p
B

et
w

ee
n

B
io

av
ai

la
bi

lit
y

an
d

H
yd

ro
ph

ob
ic

ity
:R

ed
uc

tio
n

of
th

e
U

pt
ak

e
of

O
rg

an
ic

C
he

m
ic

al
s

by
F

is
h

D
ue

to
th

e
S

or
pt

io
n

on
P

ar
tic

le
s,

”
E

nv
iro

nm
en

ta
lT

ox
ic

ol
og

y
an

d
C

he
m

is
tr

y,
V

ol
9

(6
),

19
90

,
pp

.
71

5–
72

4.
C

M
cF

ar
la

nd
,V

.A
.,

an
d

P
ed

di
co

rd
,R

.K
.,

“L
et

ha
lit

y
of

a
S

us
pe

nd
ed

C
la

y
to

a
D

iv
er

se
S

el
ec

tio
n

of
M

ar
in

e
an

d
E

st
ua

rin
e

M
ac

ro
fa

un
a,

”
A

rc
hi

ve
s

of
E

nv
iro

nm
en

ta
lC

on
ta

m
in

at
io

n
an

d
To

xi
co

lo
gy

,V
ol

9,
19

80
,p

p.
73

3–
74

1.
D

S
ch

uy
te

m
a,

G
.S

.,
N

el
so

n,
P.

O
.,

M
al

ue
g,

K
.W

.,
N

eb
ek

er
,A

.V
.,

K
ra

w
cz

yk
,D

.F
.,

R
at

cl
iff

,A
.K

.,
an

d
G

ak
st

at
te

r,
J.

H
.,

“T
ox

ic
ity

of
C

ad
m

iu
m

in
W

at
er

an
d

S
ed

im
en

tS
lu

rr
ie

s
to

D
ap

hn
ia

m
ag

na
,”

E
nv

iro
nm

en
ta

lT
ox

ic
ol

og
y

an
d

C
he

m
is

tr
y,

V
ol

3,
19

84
,

pp
.

29
3–

30
8.

E1525 − 02 (2014)

16

 



TA
B

L
E

A
1.

3
F

lo
w

-t
h

ro
u

g
h

Te
st

s
(s

ee
F

ig
.A

1.
3)

R
ef

.
P

ur
po

se
O

rg
an

is
m

s
A

pp
ar

at
us

/D
es

cr
ip

tio
n

C
om

m
en

ts
A

To
si

m
ul

at
e

co
nd

iti
on

s
fis

h
w

ou
ld

F
re

sh
w

at
er

fis
h

(P
er

ca
fla

ve
sc

en
s,

•
A

pu
ls

ed
ad

di
tio

n
of

se
di

m
en

t
w

ith
co

nt
in

uo
us

flo
w

of
w

at
er

.
•

S
ug

ge
st

us
in

g
w

at
er

th
e

sa
m

e
ha

rd
ne

ss
an

d
en

co
un

te
r

du
rin

g
dr

ed
gi

ng
an

d
ye

llo
w

pe
rc

h)
•

N
2

is
ru

n
ov

er
th

e
se

di
m

en
t

re
se

rv
oi

r.
sa

lin
ity

as
dr

ed
ge

si
te

(s
in

ce
m

et
al

s
m

ay
be

to
as

ce
rt

ai
n

w
he

th
er

ch
em

ic
al

•
D

eg
as

se
d

di
st

ill
ed

w
at

er
is

ad
de

d
to

th
e

se
di

m
en

t
to

ob
ta

in
co

ns
is

te
nc

y
m

or
e

to
xi

c
in

so
ft

w
at

er
).

po
llu

ta
nt

s
as

so
ci

at
ed

w
ith

bo
tto

m
ne

ed
ed

to
flo

w
fr

ee
ly

th
ro

ug
h

th
e

tu
bi

ng
.

•
S

ug
ge

st
co

ns
is

te
nc

y
in

ha
nd

lin
g

se
di

m
en

t
(in

se
di

m
en

ts
ar

e
ac

cu
m

ul
at

ed
by

•
S

ed
im

en
t

is
dr

aw
n

fr
om

th
e

re
se

rv
oi

r
(1

2-
L

fib
er

gl
as

s
cy

lin
de

r
w

ith
ac

ry
lic

te
rm

s
of

ox
id

at
io

n/
re

du
ct

io
n)

an
d

th
e

am
ou

nt
fis

h
in

a
sl

ur
ry

ex
po

su
re

.
st

irr
er

)
th

ro
ug

h
a

P
V

C
pi

pe
(4

0-
cm

le
ng

th
,

3.
75

-c
m

ID
)

us
in

g
an

ac
ry

lic
of

se
di

m
en

t
us

ed
(a

er
at

ed
se

di
m

en
ts

w
er

e
sp

ira
la

ug
er

(a
ug

er
is

co
nt

ro
lle

d
by

m
ea

ns
of

a
va

ria
bl

e
sp

ee
d

m
ot

or
).

de
ns

er
,

re
su

lti
ng

in
a

hi
gh

er
do

se
of

•
S

ed
im

en
t

fa
lls

in
to

a
cu

p
at

ta
ch

ed
to

a
co

un
te

r-
ba

la
nc

ed
le

ve
r.

se
di

m
en

ts
).

•
T

he
le

ve
r

ac
tiv

at
es

a
m

ic
ro

sw
itc

h
af

te
r

ab
ou

t
25

g
of

se
di

m
en

t
ha

s
fa

lle
n

•
S

ug
ge

st
co

ns
is

te
nc

y
in

si
ze

an
d

or
ig

in
of

te
st

in
to

th
e

cu
p.

or
ga

ni
sm

s
(d

iff
er

en
t

up
ta

ke
by

la
bo

ra
to

ry
•

T
he

m
ic

ro
sw

itc
h

ac
tiv

at
es

a
C

A
M

tim
er

th
at

sh
ut

s
of

f
th

e
au

ge
r

m
ot

or
,

re
ar

ed
ve

rs
us

si
te

co
lle

ct
ed

).
op

en
s

a
w

at
er

va
lv

e
so

le
no

id
(t

ha
t

rin
se

s
se

di
m

en
t

fr
om

th
e

cu
p)

an
d

•
B

io
ac

cu
m

ul
at

io
n

te
st

s
sh

ou
ld

be
lo

ng
(a

t
le

as
t

st
ar

ts
th

e
m

ix
in

g
cy

lin
de

r
st

irr
er

.
>

10
da

ys
)

or
co

lle
ct

tim
e-

se
rie

s
da

ta
to

en
ab

le
•

W
he

n
th

e
m

ix
in

g
cy

lin
de

r
(fi

be
rg

la
ss

)
is

fu
ll,

a
flo

at
va

lv
e

st
op

s
th

e
w

at
er

es
tim

at
io

n
of

st
ea

dy
-s

ta
te

co
nc

en
tr

at
io

ns
(t

o
flo

w
.

de
fin

e
pa

tte
rn

of
ch

em
ic

al
ac

cu
m

ul
at

io
n

in
•

T
he

se
di

m
en

t
sl

ur
ry

th
en

flo
w

s
th

ro
ug

h
P

V
C

tu
bi

ng
in

to
th

e
ex

po
su

re
ta

nk
s

or
ga

ni
sm

s)
.

(o
va

lfi
be

rg
la

ss
ta

nk
s

co
nt

ai
ni

ng
12

0
L

of
w

at
er

)
at

a
ra

te
of

2
L/

m
in

(r
eg

ul
at

ed
by

pi
pe

tte
tip

s
co

nn
ec

te
d

to
th

e
en

d
of

th
e

tu
bi

ng
).

•
A

co
nt

in
uo

us
flo

w
tu

rb
id

im
et

er
m

on
ito

re
d

tu
rb

id
ity

in
th

e
ex

po
su

re
ta

nk
s.

•
U

se
d

bo
th

74
to

12
4

m
g

su
sp

en
de

d
so

lid
s

(S
S

)/
L

du
rin

g
10

-m
in

se
di

m
en

t
ad

di
tio

n
cy

cl
es

,
16

5
m

g
S

S
/L

an
d

26
6

m
g

S
S

/L
du

rin
g

5-
m

in
se

di
m

en
t

ad
di

tio
n

cy
cl

es
.

B
To

de
si

gn
an

op
en

-c
irc

ui
t

se
aw

at
er

A
w

id
e

va
rie

ty
of

m
ar

in
e

•
Te

m
pe

ra
tu

re
co

nt
ro

li
s

m
ai

nt
ai

ne
d

w
ith

an
el

ec
tr

on
ic

al
ly

pr
op

or
tio

ne
d

ho
t/

•
P

ro
po

rt
io

na
l-t

ur
bi

di
ty

-in
tr

od
uc

tio
n

sy
st

em
sy

st
em

fo
r

co
nd

uc
tin

g
bi

oa
ss

ay
s

or
ga

ni
sm

s
(in

ve
rt

eb
ra

te
s

an
d

fis
h)

co
ld

am
bi

en
t

w
at

er
ba

th
.

m
ai

nt
ai

ns
co

ns
ta

nt
tu

rb
id

ity
le

ve
ls

flo
w

in
g

to
on

m
ar

in
e

or
ga

ni
sm

s
w

hi
le

•
U

ni
fo

rm
se

aw
at

er
flo

w
is

m
ai

nt
ai

ne
d

w
ith

a
co

ns
ta

nt
he

ad
ta

nk
w

ith
ea

ch
aq

ua
riu

m
.

ex
po

se
d

to
co

nc
en

tr
at

io
ns

of
ex

ce
ss

in
pu

t
an

d
an

ov
er

flo
w

;
al

iq
uo

ts
fo

r
ea

ch
aq

ua
riu

m
ar

e
se

t
w

ith
•

P
ro

bl
em

s
of

an
op

en
se

aw
at

er
sy

st
em

su
sp

en
de

d
fin

e-
gr

ai
ne

d
m

in
er

al
a

se
pa

ra
te

va
lv

e.
(t

em
pe

ra
tu

re
flu

ct
ua

tio
ns

,
di

se
as

e
or

pa
rt

ic
le

s.
•

S
ed

im
en

t
is

co
nt

in
ua

lly
ad

de
d

to
th

e
w

at
er

flo
w

(0
.7

5
ga

l/m
in

)
in

to
th

e
un

de
si

ra
bl

e
or

ga
ni

sm
s,

si
lt,

an
d

po
llu

ta
nt

s)
aq

ua
ria

(5
0

ga
l).

ca
n

be
co

nt
ro

lle
d

by
us

e
of

a
fil

te
r,

ul
tr

av
io

le
t

•
25

%
se

di
m

en
t

sl
ur

ry
is

su
sp

en
de

d
w

ith
a

he
av

y
du

ty
st

irr
er

.
lig

ht
,

an
d

a
te

m
pe

ra
tu

re
-c

on
tr

ol
le

d
w

at
er

ba
th

.
•

A
di

ap
hr

ag
m

pu
m

p
de

liv
er

s
sl

ur
ry

in
to

a
re

ag
en

t
fe

ed
er

;
a

cu
pw

he
el

•
N

ee
d

oc
ea

n
si

te
th

at
do

es
no

t
gr

ea
tly

(d
riv

en
by

a
ge

ar
m

ot
or

)
de

liv
er

s
sl

ur
ry

to
a

flo
w

sp
lit

te
r

th
at

de
liv

er
s

37
5

ch
an

ge
en

vi
ro

nm
en

ta
lp

ar
am

et
er

s
di

ur
na

lly
/

m
l/m

in
of

sl
ur

ry
th

ro
ug

h
a

re
vo

lv
in

g
tu

rr
et

ov
er

ap
er

tu
re

s
in

a
ci

rc
ul

ar
se

as
on

al
ly

.
re

ce
iv

in
g

m
an

ifo
ld

.
•

T
he

m
et

er
ed

se
aw

at
er

is
ru

n
in

to
ea

ch
ap

er
tu

re
,

w
he

re
it

w
as

he
s

th
e

se
di

m
en

t
in

to
th

e
ap

pr
op

ria
te

aq
ua

riu
m

.
•

A
ge

nt
le

up
w

el
lin

g
is

cr
ea

te
d

in
ea

ch
aq

ua
riu

m
by

ci
rc

ul
at

in
g

th
e

w
at

er
th

ro
ug

h
a

m
an

ifo
ld

je
t

pi
pe

at
th

e
bo

tto
m

of
a

sm
al

ls
ub

m
er

si
bl

e
pu

m
p

(p
um

ps
ar

e
pl

ac
ed

in
th

e
w

at
er

ba
th

al
on

gs
id

e
aq

ua
riu

m
s

w
ith

su
ct

io
n

an
d

di
sc

ha
rg

e
ov

er
th

e
si

de
to

re
du

ce
th

e
no

is
e

le
ve

li
n

th
e

aq
ua

riu
m

s)
.

•
A

2-
to

n
ch

ill
er

an
d

8-
K

W
he

at
er

ar
e

us
ed

fo
r

te
m

pe
ra

tu
re

co
nt

ro
l

(t
em

pe
ra

tu
re

is
ad

ju
st

ed
pr

io
r

to
ad

di
tio

n
to

aq
ua

ria
).

E1525 − 02 (2014)

17

 



TA
B

L
E

A
1.

3
C

on
tin

ue
d

R
ef

.
P

ur
po

se
O

rg
an

is
m

s
A

pp
ar

at
us

/D
es

cr
ip

tio
n

C
om

m
en

ts
A

,B
,C

To
in

ve
st

ig
at

e
bi

oa
cc

um
ul

at
io

n
po

te
nt

ia
lw

ith
th

e
ab

ili
ty

to
co

nt
ro

l
su

sp
en

de
d

se
di

m
en

t
lo

ad
in

g
in

a
flo

w
-t

hr
ou

gh
sy

st
em

us
in

g
a

m
ic

ro
co

m
pu

te
r.

F
re

sh
or

sa
lt

w
at

er
or

ga
ni

sm
s

•
W

at
er

is
gr

av
ity

fe
d

fr
om

la
rg

e
(2

00
0

ga
l)

w
at

er
st

or
ag

e
ta

nk
s

(p
ol

ye
th

yl
en

e)
th

ro
ug

h
ch

ar
co

al
an

d
sa

nd
fil

te
rs

,
an

ul
tr

av
io

le
t

st
er

ili
ze

r
to

th
e

sy
st

em
.

•
A

se
aw

at
er

st
oc

k
($

62
g/

kg
)

is
he

ld
in

a
st

or
ag

e
ta

nk
,

an
d

th
en

m
ix

ed
w

ith ag
ed

ta
p

w
at

er
to

ac
hi

ev
e

th
e

de
si

re
d

sa
lin

ity
.

•
W

at
er

flo
w

is
co

nt
ro

lle
d

by
el

ec
tr

on
ic

so
le

no
id

va
lv

es
(6

00
m

L
ev

er
y

2
m

in
).

M
an

ua
lv

al
ve

s
al

lo
w

w
at

er
flo

w
fo

r
flu

sh
in

g
be

tw
ee

n
ex

pe
rim

en
ts

.
V

ol
um

e
is

co
nt

ro
lle

d
th

ro
ug

h
th

e
co

m
pu

te
r

pr
og

ra
m

.
•

E
ac

h
aq

ua
ria

is
eq

ui
pp

ed
w

ith
a

ci
rc

ul
at

in
g

pu
m

p.
P

lu
m

bi
ng

is
ro

ut
ed

th
ro

ug
h

a
he

at
ex

ch
an

ge
r

fo
r

te
m

pe
ra

tu
re

co
nt

ro
l.

•
A

su
sp

en
de

d
se

di
m

en
t

sl
ur

ry
is

cr
ea

te
d

an
d

he
ld

in
a

co
ne

-b
ot

to
m

ho
pp

er
(6

30
-L

st
ai

nl
es

s
st

ee
l)

pr
ov

id
ed

w
ith

ai
r

dr
iv

en
fr

om
a

di
ap

hr
ag

m
pu

m
p

to
m

ai
nt

ai
n

ci
rc

ul
at

io
n;

ar
go

n
ga

s
(2

ps
i)

pr
ev

en
ts

ox
id

at
io

n.
T

he
sl

ur
ry

is
pu

m
pe

d
fr

om
th

e
bo

tto
m

of
th

e
ho

pp
er

,
pa

st
th

e
aq

ua
ria

,
an

d
re

tu
rn

ed
to

th
e

to
p

of
th

e
ho

pp
er

to
pr

ev
en

t
se

ttl
in

g
an

d
pr

ov
id

e
sl

ur
ry

to
th

e
aq

ua
ria

.
•

T
he

co
m

pu
te

r
m

on
ito

rs
su

sp
en

de
d

so
lid

s
co

nc
en

tr
at

io
ns

(e
ve

ry
8

m
in

)
th

ro
ug

h
a

tr
an

sm
is

so
m

et
er

he
ad

in
ea

ch
aq

ua
riu

m
.

W
he

n
lo

w
,

a
sl

ur
ry

va
lv

e
op

en
s,

al
lo

w
in

g
ad

di
tio

n
of

sl
ur

ry
to

aq
ua

riu
m

.
•

A
su

m
p

pi
t

co
lle

ct
s

sl
ur

ry
th

at
is

th
en

fo
rc

ed
th

ro
ug

h
a

m
ud

/w
at

er
se

pa
ra

to
r

to
re

m
ov

e
se

di
m

en
t

fo
r

di
sp

os
al

.

•
95

%
of

th
e

w
at

er
is

re
pl

ac
ed

in
ea

ch
aq

ua
riu

m
ev

er
y

12
h.

•
T

he
rm

oc
ou

pl
es

in
he

at
ex

ch
an

ge
rs

se
nd

da
ta

to
th

e
co

m
pu

te
r,

w
hi

ch
m

an
ip

ul
at

es
pn

eu
m

at
ic

va
lv

es
th

at
pr

ov
id

e
ei

th
er

ho
t

or
co

ld
w

at
er

to
flo

w
to

th
e

he
at

ex
ch

an
ge

rs
.

•
T

he
co

m
pu

te
r

sy
st

em
co

nt
in

uo
us

ly
m

on
ito

rs
te

m
pe

ra
tu

re
,

su
sp

en
de

d
so

lid
le

ve
ls

,
w

at
er

su
pp

ly
le

ve
ls

,
co

m
pr

es
se

d
ai

r,
an

d
el

ec
tr

ic
ity

.
•

pH
,

di
ss

ol
ve

d
ox

yg
en

,
co

nd
uc

tiv
ity

,
an

d
to

ta
lo

rg
an

ic
ca

rb
on

le
ve

ls
ar

e
m

on
ito

re
d

at
6-

h
in

te
rv

al
s.

E1525 − 02 (2014)

18

 



TA
B

L
E

A
1.

3
C

on
tin

ue
d

R
ef

.
P

ur
po

se
O

rg
an

is
m

s
A

pp
ar

at
us

/D
es

cr
ip

tio
n

C
om

m
en

ts
D

To
ad

ap
t

ex
is

tin
g

to
xi

co
lo

gi
ca

l
pr

ot
oc

ol
s

fo
r

us
e

w
ith

so
lid

an
d

su
sp

en
de

d
pa

rt
ic

ul
at

e
ph

as
e

flo
w

-t
hr

ou
gh

te
st

s
fo

r
bo

th
in

di
ge

no
us

an
d“

su
rr

og
at

e”
te

st
sp

ec
ie

s.

A
nn

el
id

s,
m

ol
lu

sc
s,

ar
th

ro
po

ds
,

fis
he

s
•

C
on

ic
al

-s
ha

pe
d

sl
ur

ry
re

se
rv

oi
rs

(4
0-

cm
di

am
et

er
by

55
cm

hi
gh

)
co

nt
ai

ni
ng

40
L

of
sl

ur
ry

(3
7.

7
L

of
se

aw
at

er
an

d
2.

3
L

of
se

di
m

en
t)

pl
ac

ed
in

a
fib

er
gl

as
s

ch
am

be
r

(9
4

by
61

by
79

cm
),

m
ai

nt
ai

ne
d

at
4

to
10

°C
,

w
er

e
co

nn
ec

te
d

by
po

ly
pr

op
yl

en
e

pi
pe

s
(3

.8
-c

m
di

am
et

er
)

to
P

T
F

E
di

ap
hr

ag
m

pu
m

ps
(1

6
to

40
L/

m
in

ca
pa

ci
ty

)
fo

r
ci

rc
ul

at
io

n.
T

he
pu

m
ps

le
ad

to
4-

L
se

pa
ra

to
ry

fu
nn

el
s

(e
ns

ur
es

co
ns

ta
nt

he
ad

pr
es

su
re

by
th

e
ov

er
flo

w
an

d
se

rv
es

as
a

co
nn

ec
tio

n
fo

r
th

e
m

an
ifo

ld
).

T
he

m
an

ifo
ld

di
st

rib
ut

es
th

e
sl

ur
ry

th
ro

ug
h

P
T

F
E

do
si

ng
va

lv
es

an
d

ba
ck

to
th

e
re

se
rv

oi
r.

A
t

th
e

do
si

ng
va

lv
es

,
se

di
m

en
t

sl
ur

ry
is

m
ix

ed
w

ith
se

aw
at

er
.

•
A

rg
on

ga
s

(2
00

m
L/

m
in

)
m

in
im

iz
ed

ox
id

at
io

n
of

th
e

sl
ur

ry
in

th
e

re
se

rv
oi

r
an

d
se

pa
ra

to
ry

fu
nn

el
.

•
S

ea
w

at
er

w
as

fil
te

re
d

th
ro

ug
h

15
-µ

m
sa

nd
fil

te
rs

.
•

A
m

ic
ro

pr
oc

es
so

r
(c

on
ne

ct
ed

to
a

tr
an

sm
is

so
m

et
er

)
co

nt
ro

lle
d

th
e

do
si

ng
va

lv
es

to
de

liv
er

a
pu

ls
e

ev
er

y
0.

1
s

to
co

nt
in

uo
us

de
liv

er
y

(o
nc

e
ev

er
y

se
co

nd
or

ho
ur

).
•

A
fib

er
gl

as
s

re
si

n-
co

at
ed

pl
yw

oo
d

ta
nk

(1
23

-L
)

w
as

pa
rt

iti
on

ed
in

to
tw

o

•
T

he
sy

st
em

m
ai

nt
ai

ns
re

se
rv

oi
rs

of
re

fe
re

nc
e

se
di

m
en

t
an

d
dr

ed
ge

d
m

at
er

ia
lu

nd
er

an
ox

ic
co

nd
iti

on
s

an
d

qu
an

tit
at

iv
el

y
de

liv
er

s
th

em
th

ro
ug

h
re

ci
rc

ul
at

in
g

lo
op

s
to

te
st

sy
st

em
s.

•
A

s
su

sp
en

de
d

pa
rt

ic
le

s
w

er
e

re
m

ov
ed

by
th

e
m

us
se

ls
,

th
e

m
ic

ro
pr

oc
es

so
r

op
en

ed
th

e
do

si
ng

va
lv

e
an

d
tu

rn
ed

on
a

pe
ris

ta
lti

c
pu

m
p

to
de

liv
er

al
ga

e
to

th
e

ch
am

be
r.

•
Tw

ic
e

pe
r

w
ee

k,
su

sp
en

de
d

pa
rt

ic
ul

at
e

co
nc

en
tr

at
io

ns
w

er
e

an
al

yz
ed

by
dr

y
w

ei
gh

t
an

d
el

ec
tr

on
ic

pa
rt

ic
le

co
un

tin
g.

•
T

he
pa

rt
ic

ul
at

e
co

nc
en

tr
at

io
n

ca
n

ge
ne

ra
lly

be
m

ai
nt

ai
ne

d
w

ith
in

10
%

of
th

e
de

si
re

d
va

lu
es

.

co
m

pa
rt

m
en

ts
fo

r
ex

po
su

re
ap

pa
ra

tu
s.

•
F

ilt
er

ed
se

aw
at

er
(2

L/
m

in
)

w
as

co
m

bi
ne

d
w

ith
se

di
m

en
t

sl
ur

ry
an

d
fo

od
(a

s
re

qu
ire

d)
an

d
de

liv
er

ed
to

th
e

ta
nk

.
•

A
m

an
ifo

ld
co

lle
ct

ed
th

e
ta

nk
w

at
er

an
d

re
tu

rn
ed

it
to

th
e

ch
am

be
rs

at
38

L/
m

in
.

A
S

ee
ly

e,
J.

G
.,

H
es

se
lb

er
g,

R
.

J.
,

an
d

M
ac

,
M

.
J.

,
“A

cc
um

ul
at

io
n

by
F

is
h

of
C

on
ta

m
in

an
ts

R
el

ea
se

d
fr

om
D

re
dg

ed
S

ed
im

en
ts

,”
E

nv
iro

nm
en

ta
lS

ci
en

ce
of

Te
ch

no
lo

gy
,

V
ol

16
,

19
82

,
pp

.
45

9–
46

4.
B

D
av

is
,

C
.

R
.,

an
d

N
ud

i,
F.

A
.,

Jr
.,

“A
Tu

rb
id

ity
B

io
as

sa
y

M
et

ho
d

fo
r

th
e

D
ev

el
op

m
en

t
of

P
re

di
ct

io
n

Te
ch

ni
qu

es
to

A
ss

es
s

th
e

P
os

si
bl

e
E

nv
iro

nm
en

ta
l

E
ffe

ct
s

of
M

ar
in

e
M

in
in

g,
”

P
ro

ce
ed

in
gs

,
O

ffs
ho

re
Te

ch
no

lo
gy

C
on

fe
re

nc
e,

D
al

la
s,

T
X

,A
pr

il
19

–2
1,

19
71

,
pp

.
I8

81
–8

88
.

C
Lu

tz
,

C
.,

“P
er

so
na

lC
om

m
un

ic
at

io
ns

(F
lo

w
-T

hr
ou

gh
A

qu
at

ic
To

xi
co

lo
gy

E
xp

os
ur

e
S

ys
te

m
),

”
U

S
A

rm
y

E
ng

in
ee

r
W

at
er

w
ay

s
E

xp
er

im
en

t
S

ta
tio

n,
V

ic
ks

bu
rg

,
M

S
.

D
R

og
er

so
n,

P.
F.

,
S

ch
im

m
el

,
S

.
C

.,
an

d
H

uf
fm

an
,

G
.,

“C
he

m
ic

al
an

d
B

io
lo

gi
ca

lC
ha

ra
ct

er
iz

at
io

n
of

B
la

ck
R

oc
k

H
ar

bo
r

D
re

dg
ed

M
at

er
ia

l,”
N

o.
D

-8
5-

9
Te

ch
ni

ca
lR

ep
or

t,
pr

ep
ar

ed
by

th
e

U
.S

.
E

nv
iro

nm
en

ta
lP

ro
te

ct
io

n
A

ge
nc

y,
N

ar
ra

ng
an

se
tt,

R
I,

fo
r

th
e

U
S

A
rm

y
E

ng
in

ee
r

W
at

er
w

ay
s

E
xp

er
im

en
t

S
ta

tio
n,

V
ic

ks
bu

rg
,

M
S

,
19

85
.

E1525 − 02 (2014)

19

 



REFERENCES

(1) “A Summary of Selected Data on Chemical Contaminants in Sedi-
ments Collected During 1984, 1985, 1986, and 1987,” NOAA Tech-
nical Memorandum NOS OMA 44, Progress Report for Marine
Environmental Quality, National Oceanic and Atmospheric
Administration, NS&T Program, Rockville, MD, 1988.

(2) Chapman, P. M., “Sediment Bioassay Tests Provide Toxicity Data
Necessary for Assessment and Regulation,” Proceedings of the
Eleventh Annual Aquatic Toxicology Workshop, Green, G. H., and
Woodward, K. L., Eds., Vancouver, Canada, Nov. 13–15, 1984, pp.
175–197.

(3) Anderson, J., Birge, W., Gentile, J., Lake, J., Rodgers, J., Jr., and
Swartz, R., “Biological Effects, Bioaccumulation, and Ecotoxicology
of Sediment-Associated Chemicals,” Fate and Effects of Sediment-
Bound Chemicals in Aquatic Systems, Dickson, K. L., Maki, A. W.,
and Brungs, W. A., Eds., Pergamon Press, New York, NY, 1984;
Swartz, R. C., “Toxicological Methods for Determining the Effects of
Contaminated Sediment on Marine Organisms,” Fate and Effects of
Sediment-Bound Chemicals in Aquatic Systems, Dickson, K. L., Maki,
A. W., and Brungs, W. A., Eds., Pergamon Press, New York, NY,
1984.

(4) Lamberson, J. O., and Swartz, R. C., “Use of Bioassays in Determin-
ing the Toxicity of Sediment to Benthic Organisms,” Toxic Contami-
nants and Ecosystem Health: A Great Lakes Focus, Evans, M. S., Ed.,
John Wiley and Sons, New York, NY, 1988, pp. 257–259.

(5) Nebeker, A. V., Cairns, M. A., Gakstatter, J. H., Malueg, K. W.,
Schuytema, G. S., and Krawczyk, D. F., “Biological Methods for
Determining Toxicity of Contaminated Freshwater Sediments to
Invertebrates,” Environmental Toxicology and Chemistry, Vol 3, 1984,
pp. 617–630.

(6) Ingersoll, C. G., and Nelson, M. K.,“ Testing Sediment Toxicity with
Hyalella azteca (Amphipoda) and Chironomus riparus (Diptera),”
Aquatic Toxicology and Risk Assessment: Thirteenth Volume, ASTM
STP 1096, Landis, W. G., and van der Schalie, W. H., Eds., ASTM,
Philadelphia, PA, 1990, pp. 93–109.

(7) SETAC Ecological risk assessment of contaminated sediment. Pensa-
cola FL:SETAC Press, 1997

(8) USEPA Methods for measuring the toxicity and bioaccumulation of
sediment-associated contaminants with freshwater invertebrates, sec-
ond edition, EPA/600/R-99/064, Washington,DC, 2000.

(9) USEPA Quality Criteria for Water, EPA-440/5–86–001, Washington,
DC, 1986.

(10) Walters, D.B., and Jameson, C.W., Health and Safety for Toxicity
Testing, Butterworth Publications, Woburn, MA, 1994.

(11) Bureau of National Affairs, Inc., U.S. Environmental Protection
Agency General Regulation for Hazardous Waste Management,
Washington D.C., 1986.

(12) USEPA Methods for measuring the toxicity of sedimetn-associated
contaminants with estuarine and marine invertebrates. EPA 600/R-
94/025, Duluth, MN, 1994.

(13) Swartz, R. C., De Ben, W. A., Jones, J. K. P., Lamberson, J. O., Cole,
F. A., “Phoxocephalid Amphipod Bioassay for Marine Sediment
Toxicity,” Aquatic Toxicology and Hazard Assessment: Seventh
Symposium, ASTM STP 854, Cardwell, R. A., Purdy, R., and Bahner,
R. C., Eds., ASTM, Philadelphia, PA, 1985, pp. 284–307.

(14) Environment Canada Biological Test Method: Acute Test for Sedi-
ment Toxcity Using Marine or Estaurine Amphipods Environment
Canada, Ottawa, Onterio, Technical Report EPS 1/RM/26, 1992.

(15) Shuba, P. J., Tatem, H. E., and Carroll, J. H., “Biological Assessment
Methods to Predict the Impact of Open-Water Disposal of Dredged
Material,” Technical Report D-78-50, U.S. Army Engineer Water-
ways Experimental Station, Vicksburg, MS, 1978.

(16) Swartz, R. C., De Ben, W. A., and Cole, R. A., “A Bioassay for
Toxicity of Sediment to Macrobenthos,” Journal of Water Pollution
Control Federation, Vol 51, 1979, pp. 944–950.

(17) Swartz, R. C., De Ben, W. A., Sercu, K. A., and Lamberson, J. O.,
“Sediment Toxicity and the Distribution of Amphipods in Com-
mencement Bay, Washington,” Marine Pollution Bulletin, Vol 13,
1982, pp. 359–364.

(18) Swartz, R. C., Ditsworth, G. R., Schultz, D. W., and Lamberson, J.
O., “Sediment Toxicity to a Marine Infaunal Amphipod: Cadmium
and Its Interaction,” Marine Environmental Research, Vol 18, 1986.

(19) Mearns, A. J., Swartz, R. C., Cummins, J. M., Dinnel, P. A., Pleshag,
P., and Chapman, P. M., “Inter-Laboratory Comparison of Sediment
Toxicity Test Using the Marine Amphipod, Rhepoxynius abronius,”
Marine Environmental Research, Vol 19, 1986, pp. 13–37.

(20) Rogerson, P. F., Schimmel, S. C., and Hoffman, G., “Chemical and
Biological Characterization of Black Rock Harbor Dredged
Material,” Technical Report D-85-9, U.S. Environmental Protection
Agency, Narragansett, RI, U.S. Army Engineer Waterways Experi-
ment Station, Vicksburg, MS, 1985.

(21) Chew, V., “Comparisons Among Treatment Means in an Analysis of
Variance,” ARS/H/6, Agricultural Research Service, U.S. Depart-
ment of Agriculture, 1977.

(22) Gentile, J. H., Scott, K. J., Lussier, S., and Redmond, M. S.,
“Application of Laboratory Population Response for Evaluating the
Effects of Dredged Material,” Technical Report D-85-8, U.S. Envi-
ronmental Protection Agency, Narragansett, RI, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS, 1985.

(23) Gentile, et al, “The Assessment of Black Rock Harbor Dredged
Material Impacts on Laboratory Population Responses,” Technical
Report D-87-3, U.S. Environmental Protection Agency,
Narragansett, RI, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS, 1987 .

(24) Scott, K. J., and Redmond, M. S., “The Effects of a Contaminated
Dredged Material on Laboratory Populations of the Tubicolons
Amphipod Ampelisca abdita,” Aquatic Toxicology and Hazard
Assessment: 12th Volume, ASTM STP 1027, Cowgill, U. M., and
Williams, L. R., Eds., ASTM, Philadelphia, PA, 1989, pp. 289–303.

(25) Tsai, C. J., Welch, J., Chang, K., Shaefer, J., and Cronin, L. E.,
“Bioassay of Baltimore Harbor Sediments,” Estuaries, Vol 2, 1979,
pp. 141–153.

(26) Peddicord, R. K., “Direct Effects of Suspended Sediments on
Aquatic Organisms,” Contaminants and Sediments, Baker, R. A.,
Ed., Ann Arbor Science Publishers, Ann Harbor, MI, 1980, pp.
501–536.

(27) Hargis, W. J., Jr., Roberts, M. H., Jr., and Zwerner, D. E., “Effects of
Contaminated Sediments and Sediment-Exposed Effluent Water on
Estuarine Fish: Acute Toxicity,” Marine Environmental Research,
Vol 14, 1984, pp. 337–354.

(28) Hoss, D. E., Costan, L. C., and Schaaf, W. E., “Effects of Sea Water
Extracts from Charleston, S.C. on Larval Estuarine Fishes,” Estua-
rine Coastal and Shelf Science, Vol 2, 1974, pp. 323–328.

(29) Rubinstein, N. I., Gilliam, W. T., and Gregory, N. R.,“ Evaluation of
Three Fish Species as Bioassays of Organisms for Dredged Material
Testing,” EPA-600/X-83-062, U.S. Environmental Protection
Agency, Gulf Breeze, FL, 1983.

(30) McCleese, D. W., and Metcalfe, C. D., “Toxicities of Eight Organo-
chlorine Compounds in Sediment and Seawater Crangan
septemspinosa,” Bulletin of Environmental Contamination
Toxicology, Vol 25, 1980, pp. 921–928.

(31) McCleese, D. W., Burridge, L. E., and Van Dinter, J., “Toxicities of
Five Organochlorine Compounds in Sediment to Nereis virens,”
Bulletin of Environmental Contamination and Toxicology, Vol 28,
1982, pp. 210–216.

(32) Wurster, C. F., “Bioassays for Evaluating Chemical Toxicity to
Marine and Estuarine Plankton,” National Oceanic and Atmospheric
Administration, New York Bight Project Office, New York, NY,
1982.

E1525 − 02 (2014)

20

 



(33) Alden, R. W., III, and Young, R. J., Jr., “Open Ocean Disposal of
Materials Dredged from a Highly Industrialized Estuary: An Evalu-
ation of Potential Lethal Effects,” Archives Environmental Contami-
nation and Toxicology, Vol 11, 1982, pp. 567–576.

(34) Lee, G. F., and Mariani, G. M., “Evaluation of the Significance of
Waterway Sediment Associated Contaminants on Water Quality at
the Dredged Material Disposal Site,” Aquatic Toxicology and Haz-
ard Evaluation, ASTM STP 634, Mayer, F. L., and Hamelink, J. L.,
Eds., ASTM, Philadelphia, PA, 1976 , pp. 196–213.

(35) Chang, B. D., and Levings, C. D., “Laboratory Experiment on the
Effects of Ocean Dumping on Benthic Invertebrates, I: Choice Tests
with Solid Wastes,” Technical Report No. 637, Fisheries and Marine
Service, West Vancouver, B.C., 1976.

(36) Oakden, J. M., Oliver, J. S., and Flegal, A. R., “Behavioral
Responses of a Phoxocephalid Amphipod to Organic Enrichment
and Trace Metals in Sediment,” Marine Ecology Progress Series, Vol
14, 1984, pp. 253–257.

(37) Mohlenberg, F., and Kiorboe, T., “Burrowing and Avoidance Behav-
ior in Marine Organisms Exposed to Pesticide-Contaminated
Sediment,” Marine Pollution Bulletin, Vol 14, 1983, pp. 57–60.

(38) Olla, B. L., and Bejda, A. J., “Effects of Oiled Sediment on the
Burrowing Behavior of the Hard Clam, Mercenaria mercenaria,”
Marine Environmental Research, Vol 9, 1983, pp. 183–193.

(39) Phelps, H. L., Hardy, J. T., Pearson, W. H., and Apts, C. W., “Clam
Burrowing Behavior: Inhibition by Copper-Enriched Sediment,”
Marine Pollution Bulletin, Vol 14, 1983, pp. 452–455.

(40) Pearson, W. H., Woodruff, D. L., Sugarman, P. C., and Olla, B. L.,
“Effects of Oiled Sediment on Predation on the Littleneck Clam,
Protothaca staminea, by the Dungeness Crab, Canar megister,”
Estuarine Coastal and Shelf Science, Vol 13, 1981, pp. 445–454.

(41) Pearson, W. H., Woodruff, D. L., Sugarman, P. C., and Olla, B. O.,
“The Burrowing Behavior of Sand Lance, Ammodytes hexapterus:
Effects of Oil-Contaminated Sediment,” Marine Environmental
Research, Vol 11, 1984, pp. 17–32.

(42) Rubinstein, N. I., “A Benthic Bioassay Using Time-Lapse Photog-
raphy to Measure the Effects of Toxicants on the Feeding Behavior
of Lugworms (Polychaeta:Arenicolidae),” Marine Pollution: Func-
tional Responses, Vernberg, W. G., Calabrese, A., Thurberg, F. P.,
and Vernberg, F. J., Eds., Academic Press, New York, NY, 1979, pp.
341–351.

(43) Chapman, P. M., and Morgan, J. D., “Sediment Bioassays with
Oyster Larvae,” Bulletin of Environmental Contamination and
Toxicology, Vol 31, 1983, pp. 438–444.

(44) Misitano, D., “Effects of Contaminated Sediment on Reproduction
of a Marine Copepod,” NOAA/NMFS Quarterly Report, National
Oceanic and Atmospheric Administration, Seattle, WA, October–De-
cember 1983, pp. 26–28.

(45) Chapman, P. M., Munday, D. R., Morgan, J., Fink, R., Kocan, M. L.,
Landolt, M. L., and Dexter, R. N., “Survey of Biological Effects of
Toxicants upon Puget Sound Biota II: Tests of Reproductive
Impairment,” Technical Report 102 OMS 1, National Oceanic and
Atmospheric Administration, Rockville, MD, 1983.

(46) Nimmo, D. R., Hamaker, T. L., Matthews, E., and Young, W. T.,
“The Long-Term Effects of Suspended Particulates on Survival and
Reproduction of the Mysid Shrimp, Mysidopsis bahia, in the
Laboratory,” Ecological Stress and the New York Bight: Science and
Management, Mayer, G. F., Ed., Estuarine Research Federation,
Columbia, SC, 1982, pp. 413–422.

(47) Tietgen, J. H., and Lee, J. J., “The Use of Free-Living Nematodes as
a Bioassay for Estuarine Sediments,” Marine Environmental
Research, Vol 11, 1984, pp. 233–251.

(48) Johns, D. M., Guthahr-Gobell, R., and Schauer, P., “Use of Bioen-
ergetics to Investigate the Impact of Dredged Material on Benthic
Species: A Laboratory Study with Polychaetes and Black Harbor
Material,” Technical Report No. D-85-7, U.S. Environmental Pro-
tection Agency, Narragansett, RI, 1985.

(49) Chapman, P. M., and Fink, R., “Effects of Puget Sound Sediments
and Their Elutrates on the Life Cycle of Capitella capitata,” Bulletin
of Environmental Contamination and Toxicology, Vol 33, 1984, pp.
451–459.

(50) Ross, B., Dinnel, P., and Stober, Q., “Marine Toxicology,” Renton
Sewage Treatment Plant Project: Duwamish Head, FRI-VW-8417,
Stober, Q., and Chew, K., Eds., Fisheries Research Institute, Uni-
versity of Washington, Seattle, WA, 1984, pp. 291–370.

(51) Yevich, P. P., Yevich, C., Pesch, G., and Nelson, W., “Effects of
Black Rock Harbor Dredged Material on the Histopathology of the
Blue Mussel Mytilus edulis and Polychaete Worm Nephtys incisa
After Laboratory and Field Exposures,” Technical Report D-87-8,
U.S. Environmental Protection Agency, Environmental Research
Laboratory, Narragansett, RI, 1987.

(52) Gardner, G. R., Yevich, P. P., Malcolm, A. R., Rogerson, P. F., Mills,
L. J., Senecal, A. G., Lee, T. C., Harshbarger, J. C., and Cameon, J.
P., “Tumor Development in American Oysters and Winter Flounder
Exposed to a Contaminated Marine Sediment Under Laboratory and
Field Conditions,” Symposium on Toxic Chemicals and Aquatic Life,
Seattle, WA, Sept. 16–18, 1986.

(53) McCain, B. B., Myers, M. S., Varanasi, V., Brown, D. W., Rhodes,
L. D., Gronlund, W. D., Elliott, D. G., Palsson, W. A., Hodgins, H.
O., and Malins, D. C., “Pathology of Two Species of Flatfish from
Urban Estuaries in Puget Sound,” EPA-600/7-82-001, U.S. Environ-
mental Protection Agency, Seattle, WA, 1982 .

(54) Kehoe, D. M., “Effects of Gray’s Harbor Estuary Sediment on the
Osmoregulatory Ability of Coho Salmon Smolts (Oncorhynchus
kisutch).” Bulletin of Environmental Contamination and Toxicology,
Vol 30, 1983, pp. 522–529.

(55) Chapman, P. M., “Oligochaete Respiration as a Measurement of
Sediment Toxicity in Puget Sound, Washington,” Hydrobiologia, Vol
155, 1987, pp. 249–258.

(56) De Coursey, P. J., and Vernberg, W. B., “The Effect of Dredging in
a Polluted Estuary or the Physiology of Larval Zooplankton,” Water
Research, Vol 9, 1975, pp. 149–154.

(57) Chapman, P. M., Vigers, G. A., Farrell, M. A., Dexter, R. N.,
Quinlan, E. A., Kocan, R. M., and Landolt, M., “Survey of
Biological Effects of Toxicants upon Puget Sound Biota, I. Broad-
Scale Toxicity Survey,” Technical Memorandum OMPA-25, National
Oceanic and Atmospheric Administration, Boulder, CO, 1982.

(58) Landolt, M. L., and Kocan, R. M., “Lethal and Sublethal Effects of
Marine Sediment Extracts on Fish Cells and Chromosomes,” Hel-
golander Meersunters, Vol 37, 1984, pp. 479–491.

(59) Kocan, R. M., Sabo, K. N., and Landolt, M. L., “Cytotoxicity/
Genotoxicity, the Application of Cell Culture Techniques to the
Measurement of Marine Sediment Pollution,” Aquatic Toxicology,
Vol 6, 1985, pp. 165–177.

(60) Pesch, G., Pesch, C. E., and Malcolm, A. R., “Neanthes arenaceo-
dentata a Cytogenic Model for Marine Genetic Toxicology,” Aquatic
Toxicology, Vol 1, 1981, pp. 301–311.

(61) “Draft Ecological Evaluation of Proposed Discharges of Dredged
Material into Ocean Waters,” EPA-503-8-90/002, U.S. Environmen-
tal Protection Agency and U.S. Army Corps of Engineers, January
1990.

(62) Williams, L. G., Chapman, P. M., and Ginn, T. C., “A Comparative
Evaluation of Bacterial Luminescence, Oyster Embryo, and Am-
phipod Sediment Bioassays,” Marine Environmental Research, Vol
19, 1986, pp. 225–249; Schiewe, M. H., Hawk, E. G., Actor, D. I.,
and Krahn, M. M., “Use of Bacterial Bioluminescence Assay to
Assess Toxicity of Contaminated Marine Sediments,” Canadian
Journal of Fisheries and Aquatic Sciences, Vol 42 , 1985, pp.
1244–1248; Becker, S., Bilyard, G. R., and Ginn, T. C., “Compari-
sons Between Sediment Bioassays and Alterations of Benthic
Macroinvertebrate Assemblages at a Marine Superfund Site: Com-
mencement Bay, Washington,” Environmental Toxicology and
Chemistry, Vol 9, 1990, pp. 669–685; Chapman, P. M., “Marine
Sediment Toxicity Tests,” Chemical and Biological Characterization

E1525 − 02 (2014)

21

 



of Sludges, Sediments, Dredge/Spoils and Drilling Muds, ASTM STP
976, Lichtenberg, J. J., Winter, F. A., Weber, C. I., and Fradkin, L.,
Eds., ASTM, Philadelphia, PA, 1988; Pastorok, R. A., and Becker, D.
S., “Comparison of Bioassays for Assessing Sediment Toxicity in
Puget Sound,” EPA-68-D8-0085, U.S. Environmental Protection
Agency, Puget Sound, 1984 ; True, C. J., and Heyward, A. A.,
“Relationships Between Microtox Test Results, Extraction Methods,
and Physical and Chemical Compositions of Marine Sediment
Samples,” Toxicity Assessment: An International Journal, Vol 5,
1990, pp. 29–45.

(63) Hansen, D. J., and Tagatz, M. E., “A Laboratory Test for Assessing
Impacts of Substances on Developing Communities of Benthic
Estuarine Organisms,” Aquatic Toxicology, ASTM STP 707, Eaton, J.
G., Parrish, P. R., and Hendricks, A. C., Eds., ASTM, Philadelphia,
PA, 1980, pp. 40–57.

(64) Hansen, D. J., “Aroclor 1254: Effect on Composition of Developing
Estuarine Animal Communities in the Laboratory,” Marine Science,
Vol 18, 1974, pp. 19–33.

(65) Tagatz, M. E., and Tobia, M., “Effects of Barite (BaSO4) on
Development of Estuarine Communities,” Estuarine and Coastal
Marine Science, Vol 7, 1978, pp. 401–407.

(66) Vanderhorst, J. R., Blaylock, J. W., Wikerson, P., Wikinson, M., and
Fellingham, G., “Effects of Experimental Oiling on Recovery of
Strait of Juan De Fuca Intertidal Habitats,” EPA-600/7-81-008, U.S.
Environmental Protection Agency, Washington, DC, 1980 .

(67) Young, D. K., and Young, M. W.,“ Regulation of Species Densities
of Seagrass Associated Macrobenthos: Evidence from Field Experi-
ment in the Indian River Estuary, Florida,” Marine Research, Vol 36,
1978, pp. 569–593.

(68) MacKenzie, C. L., Jr., Radosh, D., and Reid, R. N., “Reduced
Numbers of Early Stages of Mollusca and Amphipoda on Experi-
mental Sediments Containing Sewage Sludge,” Coastal Ocean
Pollution Assessment News, Vol 3, 1983, pp. 7–8.

(69) Eleftheriou, A., Moore, D. C., Basford, D. J., and Robertson, M. R.,
“Underwater Experiments on the Effects of Sewage Sludge on a
Marine Ecosystem,” Netherlands Journal of Sea Research, Vol 16,
1982, pp. 465–473.

(70) Bahnick, D. A., Swenson, W. A., Markee, T. P., Call, D. J., Anderson,
C. A., and Morris, R. T., “Development of Bioassay Procedures for
Defining Pollution of Harbor Sediments,” Project No. R804918-01,
Center for Lake Superior Environmental Studies, University of
Wisconsin, Superior, Final Report U.S. Environmental Protection
Agency, 1980.

(71) Environment Canada Biological Test Method: Test for Growth and
survival in sediment using the freshwater amphipod Hyalella azteca
Environment Canada, Ottawa, Onterio. Technical Report EPS 1,
1997a

(72) Cairns, M. A., Nebaker, A. V., Gakstatter, J. H., and Griffis, W. L.,
“Toxicity of Copper-Spiked Sediments to Freshwater Invertebrates,”
Environmental Toxicology and Chemistry, Vol 3, 1984, pp. 435–445.

(73) Gannon, J. E., and Beeton, A. M., “Procedures for Determining the
Effects of Dredged Sediments on Biota-Benthos Viability and
Sediment of Selectivity Tests,” Journal of Water Pollution Control
Federation , Vol 43, 1971, pp. 392–398.

(74) Prater, B. L., and Anderson, M. A., “A 96-hour Bioassay of Otter
Creek, Ohio,” Journal of Water Pollution Control Federation, Vol
49, 1977a, pp. 2099–2106.

(75) Prater, B. L., and Anderson, M. A., “A 96-hour Bioassay of Duluth
and Superior Harbor Basins (Minnesota) using Hexagenia limbata,
Asellus communis, Daphnia magna, and Pimephales promelas as
Test Organisms,” Bulletin of Environmental Contamination and
Toxicology, Vol 18, 1977b, pp. 159–168.

(76) Prater, B. L., and Hoke, R. A., “Ninety-six Hour Toxicity Bioassay
Tests of Ashtabula Harbor (Ohio),” Technical Report DACW49-78-
C-0083, U.S. Army Corps of Engineers, Buffalo, NY, 1978.

(77) Prater, B. L., and Hoke, R. A., “A Sediment Quality Evaluation of
Five Harbors of the Great Lakes Using a 96-hour Sediment Bioassay

and Bulk Chemistry,” Final Report, Grant No. R-005338-010, U.S.
Environmental Protection Agency, Washington, DC, 1979.

(78) Buikema, A. L., Jr., Rutherford, C. L., and Cairns, J., Jr., “Screening
Sediments for Potential Toxicity: In Vitro Enzyme Inhibition,”
Contaminants and Sediments, Baker, R. A., Ed., Vol 1, Ann Arbor
Science Publications, Ann Arbor, MI, 1980, pp. 463–476.

(79) Malueg, K. W., Schuytema, G. S., Gakstatter, J. H., and Krawczyk,
D. F., “Effect of Hexagenia on Daphnia Response in Sediment
Toxicity Tests,” Environmental Toxicology and Chemistry, Vol 2,
1983, pp. 73–82.

(80) Malueg, K. W., Schuytema, G. S., Krawczyk, D. F., and Gakstatter,
J. H., “Laboratory Sediment Toxicity Tests, Sediment Chemistry and
Distribution of Benthic Macroinvertebrates in Sediments from the
Keweenaw Waterway, Michigan,” Environmental Toxicology and
Chemistry, Vol 3, 1984a, pp. 233–242.

(81) Malueg, K. W., Schuytema, G. S., Gakstatter, J. H., and Krawczyk,
D. F., “Toxicity of Sediments from Three Metal-Contaminated
Areas,” Environmental Toxicology and Chemistry, Vol 3, 1984b, pp.
279–291.

(82) Schuytema, G. S., Nelson, P. O., Malueg, K. W., Nebaker, A. V.,
Krawczyk, D. F., Ratcliff, A. K., and Gakstatter, J. H., “Toxicity of
Cadmium in Water and Sediment Slurries to Daphnia magna,”
Environmental Toxicology and Chemistry, Vol 3, 1984, pp. 293–308.

(83) Jones, R. A., and Lee, G. F., “Evaluation of the Elutriate Test as a
Method of Predicting Contaminant Release During Open Water
Disposal of Dredged Sediment and Environmental Impact of Open
Water Dredged Material Disposal,” Technical Report D78-45, U.S.
Army Engineer Waterways Experiment Station, Vicksburg, MI, Vol
1, 1978.

(84) Lee, G. F., Jones, R. A., Saleh, F. A., Mariani, G. M., Homer, D. H.,
Butler, J. S., and Bandyopadhyay, P., “Evaluation of the Elutriate
Test as a Method of Predicting Contaminant Release During Open
Water Disposal of Dredged Sediment and Environmental Impact of
Open Water Dredged Material Disposal,” Technical Report D78-45,
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MI,
Vol 2, 1978.

(85) Environment Canada Biological Test Method: Test for growth and
survival in sediment using larvae of freshwater midges (Chironomus
tentants or Chironomus riparius). Environment Canada, Ottawa,
Onterio, Technical report EPS 1, 1997b

(86) Adams, W. J., Kimmerle, R. A., and Mosher, R. G., “Aquatic Safety
Assessment of Chemicals Sorbed to Sediments,” ASTM STP 854,
ASTM, Philadelphia, PA, 1985, pp. 429–453.

(87) Chapman, P. M., Farrell, M. A., and Brinkhurst, R. O.,“ Relative
Tolerances of Selected Aquatic Oligochaetes to Individual Pollutants
and Environmental Factors,” Aquatic Toxicology, Vol 2, 1982a, pp.
47–67.

(88) Chapman, P. M., Farrell, M. A., and Brinkhurst, R. O., “Relative
Tolerances of Selected Aquatic Oligochaetes to Combinations of
Pollutants and Environmental Factors,” Aquatic Toxicology, Vol 2,
1982b, pp. 69–78.

(89) Chapman, P. M., Farrell, M. A., and Brinkhurst, R. O., “Effects of
Species Interactions on the Survival and Respiration of Limnodrilus
hoffmiesteri and Tubifex tubifex (Oligochaeta, Tubificidae) Exposed
to Various Pollutants and Environmental Factors,” Water Research,
Vol 16, No. 9, 1982c, pp. 1405–1408.

(90) Le Blanc, G. A., and Surprenant, D. C., “A Method of Assessing the
Toxicity of Contaminated Freshwater Sediments,” ASTM STP 854,
ASTM, Philadelphia, PA, 1985, pp. 269–283.

(91) Wentsel, R. A., McIntosh, A., and Atchinson, G., “Sublethal Effects
of Heavy Metal Contaminated Sediment on Midge Larvae ( Chi-
ronomus tentans),” Hydrobiologia, Vol 56, 1977, pp. 153–156.

(92) Wentsel, R. A., McIntosh, A., and McCafferty, P. C., “Emergence of
the Midge Chironomus tentans, when Exposed to Heavy Metal
Contaminated Sediments,” Hydrobiologia, Vol 57, 1978, pp.
195–196.

E1525 − 02 (2014)

22

 



(93) Samoilloff, M. R., Bell, J., Birkholz, D. A., Webster, G. R. B., Arnott,
E. G., Pulak, R., and Madrid, A., “Combined Bioassay-Chemical
Fractionation Scheme for the Determination and Ranking of Toxic
Chemicals in Sediments,” Environmental Science and Technology,
Vol 17, 1983, pp. 329–334.

(94) Brinkhurst, R. O., Chapman, P. M., and Farrell, M. A., “A Compara-
tive Study of Respiration and Rates of Some Aquatic Oligochaetes in
Relation to Sublethal Stress,” Internationale Revue der Gesamten
Hydrobiologie, Vol 68, 1983, pp. 683–699.

(95) Chapman, P. M., and Brinkhurst, R. O., “Lethal and Sublethal
Tolerances of Aquatic Oligochaetes with Reference to Their Use as
a Biotic Index of Pollution,” Hydrobiologia, Vol 115, 1984, pp.
139–144.

(96) Bitton, G., and Koopman, B., “Bacterial and Enzymatic Bioassays
for Toxicity Testing in the Environment,” Reviews of Environmental
Contamination and Toxicology, Vol 125, 1992, pp. 1–22; Stegeman,
J. J., Brouwer, M., Di Giulio, R. T., Forlin, L., Fowler, B. A.,
Sanders, B. M., and Van Veld, P. A., “Molecular Responses to
Environmental Contamination: Enzyme and Protein Systems as
Indicators of Chemical Exposure and Effect,” Biomarkers—
Biochemical, Physiological, and Histological Markers of Anthropo-
genic Stress, Huggett, R. J., Kimerle, R. A., Mehrle, P. M., and
Bergman, H. L., Eds., Lewis Publishers, Chelsea, MI, 1992, pp.
235–335.

(97) Athey, L. A., Thomas, J. M., Miller, W. E., and Word, K. Q.,
“Evaluation of Bioassays for Designing Sediment Cleanup Strategies
at a Wood Treatment Site,” Environmental Toxicology and
Chemistry, Vol 8, 1989, pp. 223–230; Brouwer, H., Murphey, T., and
McArdle, L.,“ A Sediment-Contact Bioassay with Photobacterium
Phosphoreum,” Environmental Toxicology and Chemistry, Vol 9,
1990, pp. 1353–1358; Dutka, B. J., and Kwan, K. K., “Battery of
Screening Tests Approach Applied to Sediment Extracts,” Toxicity
Assessment, Vol 3, 1988, pp. 303–314; Giesy, J. P., Graney, R. L.,
Newstead, J. L., Rosiu, C. J., and Benda, A., “A Comparison of
Three Sediment Bioassay Methods for Detroit River Sediments,”
Journal of Environmental Contamination and Toxicology, Vol 7,
1988, pp. 483–488; Ross, P. E., Henebry, M. S., “Use of Four
Microbial Tests to Assess the Ecotoxicology Hazard of Contami-
nated Sediments,” Toxicity Assessment, Vol 4, 1989, pp. 1–21.

(98) Keilty, T. J., White, D. S., and Landrum, P. F., “Sublethal Responses
to Endrin in Sediment, by Stylodrilus heringianus (Lumbriculidae)
as Measured by a 137 Cesium Marker Layer Technique,” Aquatic
Toxicology, Vol 13, 1988a, pp. 251–270. “Short-Term Lethality and
Sediment Avoidance Assays with Endrin-Contaminated Sediments
and Oligochaetes from Lake Michigan,” Archives Environmental
Contamination and Toxicology, Vol 17, 1988b, pp. 95–101. “Sub-
lethal Responses to Endrin in Sediment by Limnodrilus hoffmeisteri
(Tubificidae), and in Mixed-Culture with Stylodrilus heringianus
(Lumbriculidae),” Aquatic Toxicology, Vol 13, 1988c, pp. 227–250.

(99) “Technical Committee on Criteria for Dredged and Fill Material.
Ecological Evaluation of Proposed Discharge of Dredged Material
into Ocean Waters; Implementation Manual for Section 103 of
Public Law 92-532,” U.S. Environmental Protection Agency and
U.S. Corps of Engineers, Environmental Effects Laboratory, U.S.
Army Engineer Waterways Experimental Station, Vicksburg, MS,
1977.

(100) Ankley, G. I., Katko, A., and Arthur, J. W., “Identification of
Ammonia as an Important Sediment-Associated Toxicant in the
Lower Fox River and Green Bay Wisconsin, Wisconsin,” Environ-
mental Toxicology and Chemistry, Vol 9, 1990, pp. 313–332.

(101) Shuba, P. J., Tatem, H. E., and Carroll, J. H., “Biological Assess-
ment Methods to Predict the Impact of Open-Water Disposal of
Dredged Material,” Technical Report D-78-5Q, U.S. Army Corps
of Engineers, Washington, DC, 1978.

(102) Giesy, J. P., and Hoke, R. A., “Freshwater Sediment Toxicity
Bioassessment: Rationale for Species Selection and Test Design,”
Journal of Great Lakes Research, Vol 15, 1989, pp. 539–569.

(103) Di Toro D.M., Zarba,C.S., Hansen D.J., Berry W.J., Swartz, R.C.
Cowan, C.E., Pavlou, S.P., Allen H.E., Thomas,N.A., Paquin,P.R.,
Technical Basis for Establishing Sediment Quality Criteria for
Nonionic Organic Chemicals Using Equilibrium Partitioning,
Environmental Toxicology and Chemistry 10:1541–1583, 1991.

(104) Canfield, T.J., Kemble, N.E., Brumbaugh, W.G., Dwyer F.J.
Ingeraoll, C.G., Fairchild,F.J. Use of benthic invertebrate commu-
nity structure and the sediment quality triad to evaluate metal-
contaminated sediment in the Upper Clark Fork River, Montana.
Environ Toxicol Chem 13:1999–2012., 1994

(105) Canfield, T.J. Dwyer, F.J., Fairchild J.F., Haverland, P.S. Ingersoll,
C.G., Kemble N.E., Mount D.R., La Point, T.W., Burton, G.A.,
Swift, M.C., Assesing contamination in Great Lakes sediment using
benthic invertebrate communities and the sediment quality triad
approach. J Great Lakes Res 22:565–583, 1998.

(106) Canfield T.J., Brunson E.L. Dwyer F.J. Ingersoll C.G., Kemble
N.E., Assesing sediments for the upper Mississippi river naviga-
tional pools using a benthic community invertebrate evaluations
and the sediment quality triad approach. Arch Environ Contam
Toxicol 35: 202–212

(107) Shuba, P. J., Petrocelli, S. R., and Bentley, R. E., “Considerations in
Selecting Bioassay Organisms for Determining the Potential Envi-
ronmental Impact of Dredged Material,” Technical Report EL-81-8,
U.S. Army Engineer Waterways Experiment Station, Vicksburg,
MS, 1981.

(108) Adams, W. J., “Bioavailability of Neutral Lipophilic Organic
Chemicals Contained on Sediments,” Fate and Effects of Sediment
Bound Chemicals in Aquatic Systems, Proceedings of the 6th
Pellston Workshop , Dickson, K. L., Maki, A. W., and Brungs, W.
A., Eds., Florissant, CO, Pergamon Press, New York, NY, Aug.
12–17, 1984 .

(109) Knezovich, J. P., Harrison, F. L., and Wilhelm, R. G., “The
Availability of Sediment-Sorbed Organic Chemicals: A Review,”
Water, Air, and Soil Pollution, Vol 32, 1987, pp. 233–245.

(110) Boese, B. L., Lee, H., II, Specht, D. T., “The Efficiency of Uptake
of Hexachlorobenzene from Water by the Tellinid Clam Macoma
nasutu,” Aquatic Toxicology, Vol 12, 1988, pp. 345–356.

(111) Landrum, B. F., “Bioavailability and Toxicokinetics of Polycyclic
Aromatic Hydrocarbons Sorbed to Sediments for the Amphipod,
Pontoporeia hoyi,” Environmental Science and Technology, Vol 23,
1989, pp. 588–595.

(112) Boese, B. L., Lee, H., Specht, D. T., Randall, R. C., and Winsor, M.
H., “Comparison of Aqueous and Solid-Phase Uptake for
Hexachlorobenzene in the Tellinid Clam Macroma nasuta (Con-
rad): A Mass Balance Approach,” Environmental Toxicology and
Chemistry, Vol 9, 1990, pp. 221–231.

(113) Gauss, J.D., Woods., P.E., Winner, R.W., and Skillings., J.H.,
“Acute Toxcity of Copper to Three Life stages of Chironomus
tentas as Affected by Water hardness-Alkalinity, Environmental
polklution-Seriers A, Vol 37, 1985, pp. 149–157.

(114) Williams, K. A., Green, D. W. J., Pascoe, D., and Gower, D. E.,
“The Acute Toxicity of Cadmium to Different Larval Stages of
Chironomus riparius (Diptera: Chironomidae) and Its Ecological
Significance for Pollution Regulation,” Oecologia, Vol 70, 1986,
pp. 362–366.

(115) Bahnick, D. A., Swenson, W. A., Markee, T. P., Call, D. J.,
Anderson, C. A., and Morris, R. T., “Development of Bioassay
Procedures for Defining Pollution of Harbor Sediments: Part I,”
EPA-600/3-81-025 , U.S. Environmental Protection Agency,
Duluth, MN, 1981.

(116) Giesy, J. P., Rosiv, C. J., Graney, R. L., and Henry, M. G., “Benthic
Invertebrate Bioassays with Toxic Sediment and Pore Water,”
Environmental Toxicology and Chemistry, Vol 9, 1990, pp.
233–248.

(117) Wiederholm, T., Wiederholm, A. M., and Goran, M., “Fresh-Water
Oligochaetes,” Water, Air, and Soil Pollution, Vol 36, 1987, pp.
131–154.

E1525 − 02 (2014)

23

 



(118) Reynoldson, T. B., Thompson, S. P., and Bamsey, J. L., “A
Sediment Bioassay Using the Tubificid Oligochaete Worm Tubifex
tubifex,” Environmental Toxicology and Chemistry, in-press, 1991.

(119) Dillon, T. M., and Gibson, A. B., “Bioassessment Methodologies
for the Regulatory Testing of Freshwater Dredged Material,”
Miscellaneous Paper EL-86-6, U.S. Army Engineer Waterways
Experiment Station, Vicksburg, MS, U.S. Army Corps of
Engineers, 1986.

(120) Phipps, G. L., Ankley, G. T., Benoit, D. A., and Mattson, V. R.,
“Use of the Aquatic Oligochaete Lumbriculus variegatus for
Assessing the Toxicity and Bioaccumulation of Sediment-
Associated Contaminants,” Environmental Toxicology and
Chemistry, Vol 12, 1993, pp. 269–279.

(121) Reynoldson, T. B., Thompson, S. P., and Bamsey, J. L., “A
Sediment Bioassay Using the Tubificid Oligochaete Worm Tubifex
tubifex,” Environmental Toxicology and Chemistry, Vol 10, 1991,
pp. 1061–1072.

(122) U.S. Environmental Protection Agency, Prediction of sediment
toxicity using consensus-based freshwater sediment quality guides.
EPA 905–R-00–007, Chicago, IL, 2000b .

(123) Prater, B. L., and Hoke, R. A., “A Method for the Biological and
Chemical Evaluation of Sediment Toxicity,” Contaminants and
Sediments, Baker, R. A., Ed., Vol 1, Ann Arbor Science Publishers,
Ann Arbor, MI, 1980, pp. 483–499.

(124) Giesy, J. P., Graney, R. L., Newstead, J. L., Rosiu, C. J., Benda, A.,
Kreis, R. G., Jr., and Horvath, F. J., “Comparison of Three Sediment
Bioassay Methods Using Detroit River Sediments,” Environmental
Toxicology and Chemistry, Vol 7, 1988, pp. 483–498.

(125) “Procedures for the Assessment of Contaminated Sediment Prob-
lems in the Great Lakes,” Sediment Subcommittee and Its Assess-
ment Work Group to the Great Lakes Water Quality Board Report
to the International Joint Commission, International Joint
Commission, October 1988.

(126) Lee, H., II, Boese, B. L., Pelletier, J., Winsor, M., Specht, D. T., and
Randall, R. C., “Guidance Manual: Bedded Sediment Bioaccumu-
lation Tests,” EPA/600-X-89/302, U.S. Environmental Protection
Agency, Newport, OR, 1989.

(127) “Guidelines and Register for Evaluation of Great Lakes Dredging
Projects,” Report of the Water Quality Program Committee of the
Great Lakes Water Quality Dredging Subcommittee, International
Joint Commission, January 1982.

(128) Plumb, R. H., Jr., “Procedures for Handling and Chemical Analysis
of Sediment and Water Samples,” EPA-4805572010, Technical
Committee on Criteria for Dredged and Fill Material, U.S. Envi-
ronmental Protection Agency and U.S. Army Corps of Engineers,
U.S. EPA Great Lakes Laboratory, Grosse Ile, MI, 1981.

(129) Reynoldson, T.B., Clarke, C., Milani, D., Effect of Indigenous
animals on chronic endpoints in freshwater sediment toxicity tests,
Environ Toxicol Chem 13:pp. 973–977, 1994

(130) Long E.R., Field, L.J., MacDonald, D.D., Predicting toxicity in
marine sediments with numerical sediment quality guidelines.En-
viron Toxicol Chem. 17: 714 –727, 1998

(131) MacDonald, D.D., Carr, R.S., Calder,F.D., Long,E.R., Ingersoll,
C.G., Development and evaluation of sediment quality guidelines
for Florida coastal waters. Ecotoxicology 5: 253–278, 1996.

(132) MacDonald, D.D., Ingersoll,C.G., Berger, T., Development and
evaluation of consensus-based sediment quality guidelines for
freshwater ecosystems.Arch Environ Contam Toxicol 39: 20–31,
2000.

(133) Rand, G. M., and Petrocelli, S. R., Fundamentals of Aquatic
Toxicology, Hemisphere Publishing Corp., McGraw-Hill Interna-
tional Book Co., 1985.

(134) Litchfield, J. T., Jr., and Wilcoxon, F., “A Simplified Method of
Evaluating Dose-Effect Experiments,” Journal of Pharmacology
and Experimental Therapeutics, Vol 96, 1949, pp. 99–113; Finney,
D. J., Statistical Method in Biological Assay, 2nd ed., Hafner
Publishing Co., New York, NY, 1964; Finney, D. J., Probit
Analysis, 3rd ed., Cambridge University Press, London, 1971;
Stephan, C. E., “Methods for Calculating an LC50,” Aquatic
Toxicology and Hazard Evaluation, ASTM STP-634, Mayer, F. L.,
and Hamelink, J. L., Eds., ASTM, Philadelphia, PA, 1977, pp.
65–84; Hamilton, M. A., Russo, R. C., and Thurston, R. V.,
“Trimmed Spearman-Karber Method for Estimating Median Lethal
Concentrations in Toxicity Bioassays,” Environmental Science and
Technology, Vol 11, 1977, pp. 714–719 (correction in Vol 12, 1978,
p. 417).

(135) Toxic and Hazardous Industrial Chemicals Safety Manual, Interna-
tional Technical Information Institute, Tokyo, Japan, 1977; Sax, N.
I., Dangerous Properties of Industrial Materials, 6th ed., Van
Nostrand Reinhold Co., New York, NY, 1984; Industrial Hygiene
and Toxicology, Patty, F. A., Ed., Vol II, 2nd ed., Interscience, New
York, NY, 1963; Hamilton , A., and Hardy, H. L., Industrial
Toxicology, 3rd ed., Publishing Sciences Group, Inc., Acton, MA,
1974; Goselin , R. E., Hodge, H. C., Smith, R. P., and Gleason, M.
N., Clinical Toxicology of Commercial Products, 4th ed., Williams
and Wilkins Co., Baltimore, MD, 1976 .

(136) Green, N. E., and Turk, A., Safety in Working with Chemicals,
MacMillian, New York, NY, 1978; National Research Council,
Prudent Practices for Handling Hazardous Chemicals in
Laboratories, National Academy Press, Washington, DC, 1981;
Safe Handling of Chemical Carcinogens, Mutagens, Teratogens
and Highly Toxic Substances, Walters, D. B., Ed., Ann Arbor
Science, Ann Arbor, MI, 1980; Safety and Accident Prevention in
Chemical Operations, Fawcett, H. H., and Wood, W. S., Eds., 2nd
ed., Wiley-Interscience, New York, NY, 1982.

(137) “Basic Radiation Protection Criteria,” NCRP Report No. 39,
National Council on Radiation Protection and Measurement,
Washington, DC, 1971; Shapiro, J., Radiation Protection, 2nd ed.,
Harvard University Press, Cambridge, MA, 1981.

(138) “NIH Guidelines for the Laboratory Use of Chemical
Carcinogens,” NIH Publication No. 81-2385, National Institutes of
Health, Bethesda, MD, May 1981.

(139) Nebeker, A. V., Onjukka, S. T., and Cairns, M. A., “Chronic Effects
of Contaminated Sediment on Daphnia magna and Chironomus
tentans,” Bulletin Environmental Contamination and Toxicology,
Vol 41, 1988, pp. 574–581.

(140) Landolt, M. L., and Kocan, R. M., “Lethal and Sublethal Effects of
Marine Sediment on Fish Cells and Chromosomes,” Helgolaender
Meeresuntersuchungen, Vol 38, 1984, pp. 125–139.

(141) Landolt, M. L., Kocan, R. M., and Dexter, R. N., “Anaphase
Aberrations in Cultured Fish Cells as a Bioassay of Marine
Sediments,” Marine Environmental Research, Vol 14, pp. 497–498.

(142) Kemble N.E., Brumbaugh, W.G., Brunson, E.L., Dwyer, F.J.,
Ingersoll, C.G., Monda,D.P., Woodward, D.F., 1994 Toxicity of
metal contaminated sediments from the upper Clark Fork River,
MT to aquatic invertebrates in laboratory exposures. Environ
Toxicol Chem 13: 1985–1997.

E1525 − 02 (2014)

24

 



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)
(2) Chronic tests (Section 9)

(3) Control and reference sediments (Section 11.3.12), and
(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.
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(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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