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Introduction. Nelson Region 5, Library (PL-12))
) o 77 Viest Jackson Boulevard, 12ih Floor
A. Extent of sediment contamination. Caen, 1L 60604-3590

Sediment Assessments. Nelson

A. US. EPA 1989 Sediment Methods Compendium.
B. ASTM Sediment Sub-committee activities, E47.03.
C.  Assessment and Remediation of Contaminated Sediments (ARCS), Great Lakes National

Program Office.
EPA Sediment Management Strategy. Wood

Sediment management strategy.

Extent.

Research driving regulatory solutions.

NPDES Program adapting to prevention of sediment contamination.
Needs to address sediment contamination prevention.
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Safety Precautions and Considerations. Coyle

Minimizing exposure. Yo -
Proactive safety management. s
Primary, secondary, and tertiary protection
Physiological and psychological factors.
Perception of hazard.

Route of exposure.
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V.  Sediment Manipulation. Coyle

Collection.
Shipping.
Storage.
Preparation.
L P
2. Aqueous extractions (i.e., pore water, elutriates).
a. Methods.
b. Practical considerations.
c Factors influencing composition and toxicity of pore water and elutriates.
E.  Water quality.
a. Routine measurements.
b. Potential problems and solutions.
F.  Sediment disposal considerations and requirements.
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VL. Sediment and aqueous extract chemistry. Nelson

A.  Metals and other inorganics.
B.  Organics.

VII. Whole sediment characterization. Nelson

Total organic carbon.

Particle size distribution (percent sand, silt, clay).
pH.

Total volatile sulfides.

Water content (percent).
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VIII. Sediment Toxicity Testing.

A.  Microtox testing of aqueous sediment extractions. Coyle
L Methods review.
a. Future approaches (Direct Contact).

B.  Aqueous extract testing. Burton and Coyle

Test organisms (Daphnig magna, Ceriodaphnia dubia, Pimphalgs promelas).

Methods review.

Test set-up.

Monitoring test.

Ending test.

Water Quality.

Interpreting results.

a. Tests reflect acute toxicity of water soluble contaminants.

b. Tests results not stand-alone descriptions, but are parts of a larger toxicity appraisal
process.
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Microbial and In sity Testing. Burton

D. Whole Sediment Testing. Nelson and Burton
1 Initiating tests.
a. Experimental design.
2. Test organisms (Hyalella azteca, Chironomus riparius, Chironomus tentans, Daphnia

magna, Ceriodaphnia dubia).
a. Culture.
b. Handling,

c Test preparations.
(1) Diluter calibration.
(2) Food preparation.
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(3) Temperature in water bath.
Test set-up.
a. Day -1.
(1) Sediment into test chambers.
(2) Overlying water.
(3) Aeration.
b. Day 0.
(1) Water quality determinations.
4, Monitoring tests.
a. Biological.
(1) Feeding.
(2) AQualitative observations.
(a) Test organisms.
(b) Sediment and overlying water conditions.
b.  Equipment operation.
(1) Diluter functioning.
(2) Aeration.
(3) Screens cleaned.
c. Water quality determinations.
(1) Day 7, etc. to end of test.
5. Ending tests.
a. Water quality.
b. Sieving sediments.
c Retrieving test organisms.
d. Preserving test organisms.
6. Interpreting results.
a. Test acceptability.

IX. Strengths and Limitations of Sediment Toxicity Testing. OPEN FORUM



Unnted States June 1989
Environmentai Protection

Agency
e Watersned Protection Division D ﬁ
EPA Final
Report
Sediment Classification
Methods Compendium
Oéﬁégfsgg)Water Regulations and Standards

401 M. St. S.W.
Washington, D.C. 20460

202-475-8085
FTS 475-8085



ODraft Final Report

SEDIMENT CLASSIFICATION
METHODS COMPENDIUM

oy
U.S. Environmental Protection Agency
Portions of this document were prepared by

Tetrg Tech, Inc., under the direction of
Michael Kravitz, U.S. EPA Work Assignment Manager

June 1989



CONTENTS

LIST OF FIGURES

ST CF TABLES

JCKNOWLEDGMENTS

CHAPTER 1.

INTRODUCTION

..0 BACKGROUND

2.0 OBJECTIVE

3.0 OVERVIEW

CHAPTER 2.

BULK SEDIMENT TOXICITY TEST APPROACH

1.0 SPECIFIC APPLICATIONS

in

1.1 Current Use
1.2 Potential Use

OESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aguatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to Which Approach Has Been Field-Validated
Reasons for Limited Use

Outlook for Future Use and Amount of Development Yet
Needed

- 6 b e
£ LO N

REFERENCES



CHAPTER 3.
1.0

2.0

3.0

5.0
CHAPTER 4.
1.0

2.0

3.0

SPIKED-SEDIMENT TOXICITY TEST APPROACH
SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

QESCRIPTION

2.1 Description of Method
2.2 Applicability of Method to Human Health, Aquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to Which Approach Has Been Field-Validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

- N - S
LW N »r—

REFERENCES
INTERSTITIAL WATER TOXICITY APPROACH
SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

DESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

4-17



3.0

5.0
CHAPTER 5.
1.0

2.0

3.0

4.0

5.0

CHAPTER 6.
1.0

2.0

STATUS

Extent of Use i}

Extent to which Approach Has Been Field-validated
Reasons for Limited Use

Outlook for Future Use and Amount of Development Yet
Needed

R S« L
£ WA -

REFERENCES
EQUILIBRIUM PARTITIONING APPRQACH
SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

DESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Heaith, Aquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to Which Approach Has Been Field-Validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

R~ - N
£ LI N -

OOCUMENTS
TISSUE RESIDUE APPROACH
SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

DESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aquatic Life,
or Wildlife Protection

jv



3.0

4.0

5.0

CHAPTER 7.

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to Which Approach Has Been Field-validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

PSS
£ WA -

REFERENCES
FRESHWATER BENTHIC MACROINVERTEBRATE COMMUNITY STRUCTURE

AND FUNCTION

1.0

2.0

3.0

4.0

5.0

SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

DESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to which Approach Has Been Field-Validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

o )
HWN) -

REFERENCES

7-1
7-2

7-2
7-5

7-6

7-28
7-28
7-28

7-28
7-30

7-35
7-35
7-35
7-36
7-36

7-36



CHAPTER 8.
1.0

2.0

3.0

3.0

5.0

CHAPTER 9.
1.0

2.0

3.0

MARINE BENTHIC COMMUNITY STRUCTURE ASSESSMENT
SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

DESCRIPTICON

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aguatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to Which Approach Has Been Field-Validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

S oo
£ WA -

REFERENCES
SEDIMENT QUALITY TRIAD APPROACH
SPECIFIC APPLICATIONS

1.1 Current {se
1.2 Potential Use

DESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

vi



4.0 STATUS

Extent of Use
Extent to Which Approach Has Been Field-vValidated
Reasons for Limited Use

Qutiook for Future Use and Amount of Development Yet
Needed

REIR SR S IR )
£ DY

5.0 REFERENCES
CHAPTER 10. APPARENT EFFECTS THRESHOLD APPROACH
1.0 ECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

2.0 DESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Agquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

3.0 USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

4.0 STATUS

Extent of Use

Extent to Which Approach Has Been Field-Validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

5.0 REFERENCES

e e
£WR —

CHAPTER 11. A SUMMARY OF THE SEDIMENT ASSESSMENT STRATEGY RECOMMENDED

BY THE INTERNATIONAL JOINT COMMISSION
1.0 SPECIFIC APPLICATIONS

1.1 Current Use
1.2 Potential Use

vii

9-25
10-1

10-1
10-4

10-5
10-5
10-16
10-16
10-17

10-17
10-22

10-33
10-33
10-35
10-37
10-37

10-38

11-1
11-1



(9% )
[@»]

wy
.
o

OESCRIPTION

2.1 Description of Method

2.2 Applicability of Method to Human Health, Aquatic Life,
or Wildlife Protection

2.3 Ability of Method to Generate Numerical Criteria for
Specific Chemicals

USEFULNESS

3.1 Environmental Applicability
3.2 General Advantages and Limitations

STATUS

Extent of Use

Extent to Which Approach Has Been Field-Validated
Reasons for Limited Use

Qutlook for Future Use and Amount of Development Yet
Needed

> e
£ WA r—

REFERENCES

viii

11-2
11-2
11-14
11-14
11-15

11-15
11-16

11-19
11-19
11-19
11-20
11-20

11-20



Number

4-1
9-1

10-1

10-2

FIGURES

Overview of the Phase [ toxicity characterization process
Conceptual model of the Sediment Quality Triad

Triaxial plots of eight possible outcomes for Sediment
Quality Triad results

The AET approach applied to sediments tested for lead and
i-methylphenol concentrations and toxicity response during
pioassays

Measures of reliability (sensitivity and efficiency)

ix

9-14

10-7
10-31



Numper

9-3

9-4
10-1

TABLES

Sediment quality assessment methods
Structure of sediment quality assessment method chapters

Phase I characterization results and suspect toxicant
classification for two effluents

Current uses of the Sediment Quality Triad approach

Possible conclusions provided by using the Sediment Quality
Triad approach

Example analytes and detection limits for use in the
chemistry component of Triad

Possible static sediment bioassays

Selected chemicals for which AET have been develioped in
Puget Sound



ACKNOWLEDGMENTS -

This compendium was prepared by the U.S. Environmental Protection Agency,
Sediment Qversight Technical Committee. Chaired by Or. Elizabeth Southeriand
of the Qffice of Water Regulations and Standards, the committee has represen-
tation from a number of Program Offices in Headquarters and the Regiaons.
The methods represented here were written by the following authors (also
listed at the beginning of their respective chapters):

. Gerald Ankley, Anthony R. Carison, Phillip M. Cook, Wayne S.
Davis, Catherine Krueger, Janet Lamberson, Henry Lee II,
Jichard C. Swartz, Nelson Thomas, and Christopher S. Zarba
(U.S. EPA)

. Gordon R. Bilyard, Gary M. Braun, and Betsy Day (Tetra Tech,
inc.)

s Peter M. Chapman (E.v.S. Consultants, Ltd.)
. Philippe Ross (I1linois Natural History Survey)
- Joyce E. Lathrop (Stream Assessments Company).

Critical reviews of portions of this document were provided by the following
U.S. EPA persons: Gerald Ankley, Carol Bass, Dave Cowgill, Philip Crocker,
Shannon Cunniff, Kim Devonald, Cynthia Fuller, Ray Hall, David Hansen,
Nicholas Loux, Menchu Martinez, Brian Melzian, Ossie Meyn, James Neiheisel,
Dave Redford, Greg Schweer, Richard Swartz, Nelson Thomas, Mark Tuchman,
Gerald wWalsh, Al wWastler, Howard Zar, and Chris Zarba.

issistance in preparation and production of the compendium was provided
oy Tetra Tech, Inc. in partial fulfillment of EPA Contract No. 68-03-3475.
Jr. <aren Summers is Tetra Tech's Program Manager. Or. Leslie Williams
serveg as Work Assignment Manager. Ms. Marcy Brooks-McAuliffe managed
editorial review and document production, and was assisted by Ms. Vicki
Fagerness, DOr. Jean Jacoby, Or. Gary Pascoe, and Ms. Betsy Day. Ms. Mary
Baucnzel, also of Tetra Tech, provided technical assistance to the U.S. EPA
4ork Assignment Manager, Michael Kravitz.

X1



TABLE 1-1. SEDIMENT QUALITY ASSESSMENT METHODS
(Sediment Classification Methods Compendium, U.S. EPA, June 1989)

Method (Chapter)

Num Descr Comb

Concept

Bulk Sediment Toxicity
(20

Spiked Sediment Toxicity
3.0)

Interstitial Water Toxicity
(4.0)

Equilibrium Partitioning
(5.0

Tissue Residue
(6.0)

Freshwater Benthic Community Structure
8.0)

Marine Benthic Community Structure
9.0

Sediment Quality Triad
(9.0)

Apparent Effects Threshold
(10.0)

International Joint Commission
(11.0)!

Test organisms are exposed to sediments which may contain unknown quantities of
potentially toxic chemicals. At the end of a specified time period, the response of
the test organisms is examuned in relation to a spealfied biological endpoint.

Dose-response relationshipe are established by exposing test organisms to
sediments that have been spiked with known amounts of chemicals or mixtures of
chemicals.

Toxicityof interstitial water isquantified and identification evaluation procedures
are applied to identify and quantify chemical components responsible for sediment
toxicity. The procedures are implemented in three phases to charactenze
interstitial water toxicity, identify the suspected toxicant, and confirm toxicant
identification.

A sediment quality value for a grven contaminant is determined by caiculaung the
sediment concentration of the contaminant that would correspond to an interstiial
water concentration equivalent to the U.S. EPA water quality criterion for the
contaminant.

Safe sediment concentrations of specific chemicals are established by determuning
the sediment chemicai concentration that will resuit in acceptable tissue residues
Methods to derive unacceptable tissue residues are based on chronicwaterqualty
criteria and bioconcentration factors, chronic dose-response experiments or field
correiation, and human health risk levels from the consumption of freshwater fish
or seafood.

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

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

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

An AFET is the sediment concentration of a contaminant above which statistically
significant biological effects (¢.g., amphipod mortalityin bioassays, depressions in
the abundance of benthic infauna) would always be expected. AET values are
empirically derived from paired field data for sediment chemistry and a range of
biological effects indicators.

Contaminated sediments arc asscssed in twostages: 1) an initial assessment that
is based on macro-zoobenthic community structure and concentrations of
contaminants in sediments and biological tissues, and 2) a detailed assessment that
is based on a phased sampling of the physical, chemical, and biological aspects of
the sediment, including laboratory toxicity bioassays.

1 The LJC approach is an exampie of a sequential approach, or "strategy” combining a number of methods for the purpose of
assessing contaminated sediments in the Great Lakes.



Nelson, Coyle and Burton MPCB 1991: Sediment Workshop ASTM Sediment Subcommittee

American Society for Testing and Materials

E-47 Biological Effects and Environmental Fate (Main Committee)
E-47.03 Sediment Toxicity Subcommittee

Christopher G. Ingersoll, Chair

USFWS, NFCRC

Columbia, MO, 314/875-5399

ASTM Sediment Subcommittee Activities

Document #1: E 1383 Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates (Task
B i iMarcia Nolsor, NFCRE, Contabia, MO, 314/875-5599). (

Proposed additional species-specific annexes.
(1) Daphnia and Ceriodaphnia (Allen Burton, Wright State University, Dayton, OH, 513/873-2201).
(2) Diporeia spp. (formerly Pontoporeia hoyi; Peter Landrum, NOAA, Ann Arbor, MI, 313/668-2276).
(3) Ostracods (Arthur Stewart, Oak Ridge National Laboratory, Oak Ridge, TN, 615-574-7835).

(4) Hexagenia spp. (Donna Bedard, Ontario Ministry of the Environment, Rexdale, Ontario, 416/235-5970
and Mary Henry, USFWS, U. of Minn, Minneapolis, MN).

(5) Tubificid oligochaetes (Trefor Reynoldson, Environment Canada, Burlington, Ontario, 416/336-4783).
(6) Naidid oligochaetes (Dave Smith, Bio-Aquatics Testing, Carroliton, TX, 214/247-5928).

(7) Lumbricus sp. (Gary Phipps, ERL-Duluth, MN, 218/720-5550).

(8) Mollusks (Don Wade and Anne Keller, TVA, Muscle Shoals, AL, 205/386-2068).

Document #2: E 1367 Guide for Conducting 10-d Static Sediment Toxicity Tests with Estuarine and Marine
Amphipods (Task Group Chair: Janet Lamberson, USEPA, Newport, OR, 503}5867-4043).

Document #3: E 1391 Guide for Collection, Storage, Characterization, and Manipulation of Sediment for
Toxicological Testing (Task Group Chair: A. Burton, WSU).

Document #4: Guide For Dcsi%in Sediment Toxicity and Bioaccumulation Tests (Task Group Chair: John
Scott, SAIC, Narragansett, R1, $01/782.3017).

Document #5: Sediment Resuspension Testing Methods (Allen Burton, WSU).

Document #6: Guide for Conducting Sediment Toxicity Tests with Po‘léchactes (Task Group Chair: Don
Reish, California State University-Long Beach, Long Beach, CA, 213/431-7064).

Document #7; Guide for Determination of the Bioaccumulation of Sediment-Associated Contaminants by
Fish (Draft #2, 04/17/90, Task Group Chair: Mike Mac, USFWS, Ann Arbor, MI, 313/994-3331).

Document #8: Guide for Determination_ of the Bioaccumulation of Sediment-Associated Contaminants by
Benthic Invertebrates. (Task Group Chair: Henry Lee, USEPA, Newport, OR, 503/867-4042).

Document #9; Use of Oysters and Echinod Emb d Larvae in Sediment Toxicity Testing (Task
Group Chair: Paul Dinnoglf University of Wa‘:srl:‘fngtlgmrggsatﬁg, WA, %%6?54%7%5“). oxicity Testing (Tas

Document #10: Toxicity Identification and Evaluation (TIE) for Sediment Water Extracts (Task Group
Chair: vacant).
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SEDIMENT MANAGEMENT: A REGULATORY PERSPECTIVE

Robert Wood
U.S. Environmental Protection Agency
Office of Water Enforcement and Permits

401 M St., S.W.
Washington, D.C. 20460
202-475-8488
L Introduction.
A. Topics to be covered.
1 EPA agency-wide sediment management strategy.
2. Why a strategy now?
a. Extent of sediment contamination problem.
b. What we have learned through research that is driving regulatory solutions.
3. How EPA envisions NPDES Program adapting to address prevention of sediment
contamination caused by point sources.
4, What do we need (research, procedures, policy) in order for the NPDES Program
to address sediment contamination prevention?
IL. EPA sediment management strategy.

A The strategy will state EPA’s policy on sediments in light of latest science and understanding
of the extent of the problem. It is very early in the strategy development process. EPA is
committed to involving the public in the process.

B. ’I‘hc strategy will likely have 4 basic components.
Assessment and risk identification.
a. Statement of the sediment contamination problem, why we think its a
national problem, how we know it is a problem in some locations.
b. What EPA intends to do to better define the extent of the national
problem.
2. Prevention.
a. Statement of policy on point and non-point source prevention, pesticide
regulation, and toxic substances control.
3. Remediation.
a. Roles and responsibilities.
b. Consistent identification of sites for remediation.
c Consistent cleanup goals.
4, Dredged material management.
a. Balancing economic and environmental factors.
b. Applicability of RCRA.

HL Why a sediment management strategy now?
A. What data is telling us about risk and ecological impact.
1989 National Academy of Sciences Report on contaminated marine sediments.
2. Site-specific studies showing human health risk from consumption of fish and

shellfish.
a Quincy Bay, MA: cancer risk from consuming lobster tomalley.
b. Lake Michigan: developmental problems in children whose mothers

consumed large amounts of fish.

c Los Angeles-Long Beach Harbor: 107-™ cancer risk from consuming white
croaker.

d. Puget Sound: As much as 2 x 10™ cancer risk for moderate seafood
consumers and 4 x 10 risk for high-quantity consumers.



Iv.

3. Site-specific studies showing harm to aquatic life, waterfowl, and up the food chain.

a. Elizabeth River, VA: Severe fin and gill erosion, tumors, and mortality.
b. Black River, OH: fish tumors.
c. Great Lakes: rcproductivc problems in Forster’s tern, reproductive failures
and mortality in mink.
d. Commencement Bay, WA: mortality in amphipods and oyster larvae.
B. Improvcd ability to identify sediment toxicity and classify sediments based on their impact on
aquatic life and human health.
1. Criteria documents.
a. Scheduled for public review and comment in 1991. (6 non-polar organics).
2. Advances in whole sediment toxicity tests.
3, Advances in sediment TIE research and method development making TIE
methodologies increasingly useful for identifying causative agents and sources.
C. Congress is interested. Seven scparate pieces of legislation introduced in 89 and 90 that
address sediments.
1. National inventory of sites.
2. Sediment criteria and standards.
3. Accelerated point and non-point source controls.
NPDES Program

A. EPA fully intends to use sediment criteria, sediment toxicity analysis, and sediment TIE as
the basis for point source controls to protect sediment quality.
1. EPA believes the science of sediment classification and source identification is solid
and getting better and that implementing point source controls will therefore not
require any great leap of faith.

B. What is on the horizon. Point source sediment quality controls are probably inevitable.

L Source identification using refined sediment TIE procedures.

2. Chemical-specific permit limits based on sediment quality criteria.

3. Whole effluent limits based in some way on ambient sediment toxicity (measured or
projected).

4, Chemical-specific permit limits based in the presence of bioconcentratable
compounds on effluent, ambient sediment and/or ambient tissue (measured or
projected).

How NPDES gets from here to there.
A, Assessment needs.

1. We know a good deal about the extent of sediment contamination, but we need
more and better information, particularly on source identification.

2. EPA is wrestling with the assessment question. How extensive should an
assessment be?

a. Data base of existing information on sites?

b. Fill in gaps in existing data on sites?

c. Full blown comprehensive assessment (new data) on sites and sources.
B. Need to continue sediment criteria development.

1. First set of 6 non-polar organics.

2, Metals.

3. More organics, inorganics.

C. Need to continue refinement of TIE methodologies.
L Research so far has been mostly on identifying causative agents in highly complex

sediments. Upcoming research will focus also on less complex samples with
defensible source identification as an objective. EPA is currently selecting
candidate sediment samples for this purpose.
D. Continued refinement of promising sediment toxicity protocols that are user friendly and
suitable for wide use by regulatory authorities.
Simplified models of sediment fate and transport that are user friendly and suitable for wide
use by regulatory authorities.
F. Validation
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1. Audience can appreciate the need for validation of predictive methodologies to
show that whatever the methodology, it is reasonably accurate at projecting and
defining real aquatic life and human health risk.

2. EPA is committed to basing point source sediment quality controls in good solid
science. Want to target regulatory efforts at real problems.

G. Need input from scientific community, regulators, and industry. There will be key
opportunities for this,

1 Public comment on agency-wide sediment management strategy (early 1991),
2. Public comment on proposed sediment criteria for 6 non-polar organics (1991).
3. Continued exchanges like today.
VL Summary.
A There is strong momentum toward point source sediment contamination controls.

B. In an atypical fashion, the rescarch is driving policy and the regulatory program. This is a
good thing that is likely to yield informed, fair regulatory decisions.

C. We are at a point where we know we are on the right track technically.

D. EPA focus will continue to be on refining methodologies in order to make point source
sediment contamination controls real

VIL Questions.
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T Wall
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SEDIMENT STORAGE, HANDLING AND TESTING PROCEDURES,
FISH AND INVERTEBRATE TOXICOLOGY

I General-

This SOP describes the procedures to minimize exposure of personnel and the facility while conducting
laboratory tests with sediments or sediment extracts. Sediment is often a storage reservoir for many
contaminants introduced into surface waters. These contaminants may include polychlorinated biphenyis,
polynuclear aromatic compounds and inorganic contaminants including heavy metals. Contaminants present
in sediment may include carcinogens, mutagens, or potentially toxic compounds. Bioassessment tests (toxicity
and bioaccumulation) are used to estimate potential biological impact that may resuit from exposure to these
contaminants associated with sediment. Since field sediments may contain potentially toxic materials they
should be treated with caution to minimize occupational exposure to workers.

IL Safety:

A, Site Section: Prior to collection of sediment for laboratory tests, information on known or
suspected contaminants associated with the sediment at the site must be identified.
Historical data (e.g., types of industry, known contaminant inputs, STORET) or additional
chemical analyses will be needed before sediments are collected for laboratory tests.

B. Personal protection: This section deals with the procedures that will be implemented by all
personnel working with contaminated sediment. It should be noted that research conducted
with sediment varies considerably depending on the scope and objective of the research.
Therefore, the guidelines set forth in this SOP may not be applicable to all situations dealing
with potentially contaminated sediments (1,2,3,4).

1 Medical Surveillance. Health monitoring will be provided for personnel working
with sediments. The health monitoring establishes a baseline to which all
subsequent medical finding can be compared.

2 Personal precautions. Workers must always be aware of possible points of
contamination as described by the supervisor. Hands should always be kept away
from the eyes and mouth. After completion of a manipulation involving sediment
or the removal of possibly contaminated laboratory clothing (gloves, lab coat, etc.),
the hands, forearms, and other areas of suspected contact should be washed with
hand soap and water at a sink located within the laboratory work area. Do not use
organic solvents to clean the skin. These solvents may increase penetration of the
contaminant into the skin.

3. Laboratory clothing. When working with sediments it is of the utmost importance
to avoid skin contact. A fully fastened knee length lab coat must be worn in the
laboratory work area at all times. Disposable Tyvec? lab clothing must be worn for
sediment manipulation and when water quality is determined. Cloth lab clothing
may be worn during non-hazardous activities, such as feeding test organisms,
entering data, or checking diluters. Any laboratory clothing containing holes or
tears will not be used. The lab coat must be removed and stored in the proper bag
prior to leaving the laboratory work area. All lab clothing may only be handled
while wearing gloves. The procedure for putting on gloves and a lab coat is: (a) put
on onc pair of clean gloves, (b) put on the lab coat, and (c) put on a second pair of
gloves. The procedure for removing the gloves and lab coat is: (a) remove the
outer pair of gloves making sure not to contact the skin with the surface of the
outer glove, (b) remove the lab coat, (c) remove the second pair of gloves, and (d)



C. F.

wash hands at the sink. Clothing should be examined daily for possible
contamination.

Hand protection. Hands will be the most frequent point of potential contact with
contaminants. Gloves must be worn to avoid skin contamination. Disposable
gloves must be discarded after cach use in appropriate containers designated for
this use. Double gloves will be used with the outer glove being striped off after any
potential exposure. Torn or punctured gloves must be discarded and replaced
immediately. It must be remembered that rubber, latex or vinyl gloves do not
provide full protection. Contaminants may diffuse into the gloves. When sediment
is handled gloves should be changed frequently (3). Cuffs must be tight fitting or
taped to the sleeve to prevent inward migration of contaminants.

Eye protection. Safety glasses must be worn at all times. In addition, face shields
will be made available in the laboratory work area.

Further precautions. Protective disposable footwear is recommended during
sediment manipulation. Long hair should be ticd back and loose clothing should be
covered by the lab coat. Eating, drinking, smoking, chewing gum, smokeless
tobacco and shorts are prohibited in the laboratory work area where sediments are
being used or stored. Food must not be stored in the laboratory work area. Oral
pipetting will never be performed. In addition, respirators, a glove box, or a vented
hood will be used when sediment is manipulated. Respirators will be labeled with
the workers name, date of filter replacement and stored in individual lockers when
not in use., These lockers are located in the change area outside the laboratory
work area. Reusable protective gear will be placed in a cabinet located outside the
laboratory work area (see Section C below).

ngineered pr ion: The following guidelines are for the laboratory work area

where sediments will be tested.

1.

Area identification and access control.

a. The laboratory work area where sediments are used or stored will be
properly identified. A sign stating "Authorized personnel only” will be
visible. Access to the designated laboratory work area will be limited.
Access doors to the building will be kept closed while sediment is
manipulated.

c. Animals and plants not related to the experiment shall not be permitted in
the laboratory.

Eyewash stations and hand washing facilities are available in the laboratory work
area.

Containment devices. Work with sediment will be performed in an appropriate
containment device. Procedures involving sediment will not be conducted on an
open bench due to the potential hazard of generating contaminated dusts, aerosols,
or fumes. Hoods, glove boxes, and enclosed vented water baths for testing are used
to minimize the worker exposure to contaminants associated with sediment. All
containment devices will be constructed out of smooth, unbreakable material, such
as Teflon®, stainless steel, polyethylene, fiberglass, or plexiglass. Exhaust air from
hoods, glove boxes, or water baths which contain sediments does not have to be
filtered (1). The discharge must be out of the building, as far from the air intake

supply as possible (1).

Equipment. Use of instruments such as pH, dissolved oxygen or conductivity
meters will be used in a glove box or hood. This equipment will be enclosed in
plastic to reduce the potential for contamination. Instruments will be serviced or
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1.

Iv.

V.

calibrated in the work area. All calibration and maintenance log books should be
kept with the equipment. All equipment that has come in contact with potentially
contaminated sediment must be kept either under negative pressure (e.g., a hood)
or sealed in an air tight container (e.g., a Tupperware” container) before it is
cleaned.

s. Work surfaces. All work surfaces potentially exposed to sediments must be covered
with Teflon” sheets, plastic trays, dry absorbent plastic-backed paper, foil, or other
impervious or disposable material. If a surface becomes contaminated or if a spill
occurs, the work surface should be decontaminated or disposed of immediately.

6. Housekeeping. The laboratory work area shall be kept clean and orderly. Clean-
up shall follow every operation or, at 2 minimum, at the end of each day.
Containers for disposal of contaminated materials will be placed in the work area.

7. Spill control. A sediment spiil will be treated as a "Chemical Spill: Organic solvent.”
The sediment spill will be contained with the appropriate absorbent material. If a
spill occurs the worker should (a) pour absorbent material on the spill quickly,
using enough material to adsorb all fluid and cover the mass with excess dry
absorbent to control vapors; (b) sound the air horn to signal for help if necessary;
(¢) close doors to all labs in the building; (d) increase ventilation by turning on
exhaust hoods in the laboratory work area; (e) if problems are encountered in
containing the spill, consideration should be given to evacuating the building, route
personnel away from the problem area; (f) clean up adsorbents and dispose of them
properly. (g) allow personnel to return to the laboratory work area.

Storage of sediment:

A, Solid-phase sediment and sediment extracts will be stored at 4°C in air-tight containers in
the dark. All samples must be accompanied with proper identification and sample tracking
information. Sediment extracts can be temporarily stored at 4°C in refrigerators located in
the laboratory work areas.

Homogenization and preparation of elutriate samples:

A Sediment will always be transferred using double containment. Transfer of sediment from
the storage container is a procedure which involves a potential hazard for personal
contamination. During this procedure, the number of investigators in the laboratory work
area should be minimized. Other workers in the building must be notified of the handling
of the sediment.

B. Mixing and sampling of solid-phase sediment or sediment extracts will be done in the
original storage container under a hood. If the containers holding sediment are removed
from the hood, an intermediate non-breakable container must be used. The worker must
use a respirator with organic vapor-acid gas filters and appropriate clothing as described in
Section II when solid-phase sediment or sediment extracts are not under a hood or in a
glove box.

Placing sediment (or sedimen . in cham :

A. Sediment will always be transferred using double containment. Sediment transfer into test

chambers is a procedure which involves a potential hazard for personal contamination.
During this procedure, the number of investigators in the laboratory work area should be
minimized. Other workers in the building must be notified of the handling of the sediment.



B. Solid-phase sediment will be distributed into the test chambers using a spoon within the
glove box or hood located in the laboratory work area. Mixing and sampling of solid-phase
sediment ing will be done in the original storage container. An aliquot of the solid-phase
sediment is added to each test chamber using a spoon. The solid-phase sediment aliquot in
the test chamber is settied by smoothing with a spoon. Overlying water is place over the
sediment for the test chamber is removed from the hood. Sediment extracts will always be
handled under a hood. When the test chambers are removed from the glove box hood, or
water bath, an intermediate non-breakable container must be used. The worker must use a
respirator with organic vapor-acid gas filters and appropriate clothing as described in Section
II when test chambers containing solid-phase sediment or sediment extracts are not under
the vented water bath, hood, or in a glove box.

VI Conducting sediment tests:

A Hoods or incubators will be used to manipulate and solid-phase sediment and sediment
extracts.

B. Water baths are covered with a vented plexiglass hood. These hoods will only be opened
when: (1) transferring test chambers in and out of the water bath, (2) placing animals into
the test chambers to start a test, (3) feeding the animals, or (4) during water sampling.

VIL Terminating sediment tests:

Al Removal of sediment containing test chambers from plexiglass vented hoods is a procedure
which involves a potential hazard for personal and surface contamination. The number of
investigators in the laboratory work area should be minimized. If the test chambers are
removed from the glove box hood, or water bath, an intermediate non-breakable container
must be used.

B. The worker will use a respirator and appropriate clothing as described in Section II during
transfer of sediment test chambers to the glove box or hood. Sediments may need to be
sieved to enumerate and observe animals.

C. All test chambers and equipment coming in contact with the sediment will be rinsed of
excess sediment in the glove box or hood.

VIII. Clean-up of equipment after sediment tests:

Al Glassware and equipment coming in contact with sediment will be cleaned as soon as
possible. Cleaning glassware poses an increased exposure hazard, all glassware must be
cleaned under the vented sinks or hoods located in the laboratory work area.
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1. Scope

1.1 This guidance document describes procedures for obtaining, storing,
characterizing, and manipulating saltwater and freshwater sediments, for use in
laboratory sediment toxicity evaluations. It is not meant to provide guidance
for all aspects of sediment assessments, such as chemical analyses or monitoring
geophysical characterization, or extractable phase/fractionation analyses. Some
of this information might, however, have applications for some of these
activities. for guidance on toxicity test design and exposure method
considerations, see Guide for Designing Biological Tests with Sediments (Draft
#2) or specific sediment toxicity test methods. (see Section 2.1).

Methodological considerations which affect toxicity studies will be reviewed and
the apparent consensus approach for test methods discussed. Currently, the
state-of the-art is in its infancy, and the development of standard methods is
not feasible; however, it is crucial that there be an understanding of the
significant effect which these methods have on sediment quality evaluations. It
is anticipated that recommended methods and this guide will be routinely updated
to reflect progress in our understanding of sediments and how to best study them.

1.2 There are several regulatory guidance documents (1-16) concerned
with sediment collection and characterization procedures, which might be
important for individuals performing Federal or State agency-related work.
Discussion of some of the principles and current thoughts on these approaches can
be found in Dickson et al., 1987 (17).

1
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1.3 This guide is arranged as follows:

Section
Scope 1
Referenced Documents 2
Terminology 3
Summary of Guide 4
Significance and Use 5
Interferences 6
Apparatus 7
Safety Hazards 8
Sampling and Transport 9
Storage 10
Collection of Interstitial Water 11
Characterization 12
Manipulation 13
Quality Assurance 14
Report 15

References

1.4 Field collected sediments might contain potentially
toxic materials and thus should be treated with caution to
minimize occupational exposure to workers. Worker safety must
also be considered when working with spiked sediments containing
various organic or inorganic contaminants, or both; and those
that are radio-labeled. Careful consideration should be given to
those chemicals which might biodegrade, volatilize, oxidize, or
photolyze during the test period.

1.5 This standard does not purport to address all of the
safety problems associated with its use. It is the
responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. Specific

hazard statements are given in Section 8.



2.

Referenced Documents

2.1 ASTM Standards:

D

D

1129

4387

4822

4823

380

729

943

io023

1367

22?2

1295

Definitions of Terms Relating to Water

Guide for Selecting Grab Sampling Devices for
Collecting Benthic Macroinvertebrates

Guide for Selection of Methods of Particle
Size Analysis of Fluvial Sediments (Manual
Methods).

Guide for Core Sampling Submerged,
Unconsolidated Sediments

Practice for Using the International System
of Units (SI) (the Modernized Metric System)

Practice for Conducting Acute Toxicity Tests
with Fishes, Macroinvertebrates, and
Amphibians

Definitions of Terms Relating to Biological
Effects and Environmental Fate

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

Guide for Conducting Solid Phase 10-day
Static Sediment Toxicity Tests with Marine
and Estuarine Amphipods

Guide for Conducting Solid Phase Sediment
Toxicity Tests with Freshwater Invertebrates

Guide for Conducting Three Brood Renewal
Toxicity Tests with Cerjodaphnia dubia



3. Terminology

3.1 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 the specified condition, unless
the purpose of the test requires a different design. "Must" is
only used in connection with the factors that directly relate to
the acceptability of the test. "Should" is used to state that
the specified condition is 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 for either "may" or "can".

3.2 Definitions. For definitions of terms used in this
guide, refer to Guide E 729, Definitions E 943, and Definitions
D 1129, and Guide D 4387; for an explanation of units and

symbols, refer to Practice E 380.

4. Summary of Guide
4.1 This guide provides a review of widely used methods to
collect, store, characterize, and manipulate sediments for

toxicity testing. Where the science permits, recommendations are



provided on which procedures are appropriate, while identifying

their limitations.

5. B8ignificance and Use

5.1 Sediment toxicity evaluations are a critical component
of environmental quality and ecosystem impact assessments, used
to meet a variety of research and reqgulatory objectives.

5.2 The manner in which the sediments are collected,
stored, characterized, and manipulated can greatly influence the
results of any sediment gquality or process evaluation.
Addressing these variables in a systematic and uniform manner
will aid interpretations of sediment toxicity or bioaccumulation

results and may allow comparisons between studies.

6. Interferences

6.1 Maintaining the integrity of a sediment environment during
its removal, transport, and testing in the laboratory is extremely
difficult. The sediment environment is composed of a myriad of
microenvironments, redox gradients, and other interacting
physicochemical and biological processes. Many of these
characteristics influence sediment toxicity and bioavailability to
benthic and planktonic organisms, microbial degradation, and chemical
sorption. Any disruption of this environment complicates
interpretations of treatment effects, causative factors, and in situ

comparisons. For additional information see Section 9.

7. Apparatus

7.1 A variety of sampling, characterization, and manipulation



methods exist using different equipment. These are reviewed in
Sections 9 through 14.

7.2 Cleaning: Test chambers and equipment used to prepare
and store dilution water and stock solutions should be cleaned
before use. New and used sample containers should be washed
following these steps: (1) non-phosphate detergent wash, (2)
triple water rinse, (3) water-miscible organic solvent wash,
(acetone followed by pesticide grade hexane (2,8)), (4) water
rinse, (5) acid wash (such as 5% concentrated hydrochloric
acid), and (6) triple rinse with deionized-distilled water.
Altering this cleaning procedure might result in problems. Many
organic solvents might leave a film that is insoluble in water
(Step 3). A dichromate-sulfuric acid cleaning solution can
generally be used in place of both the organic solvent and the
acid (Steps 3 through 5), but it might attack silicone adhesive.

(See 9.10 for cleaning during sample collection.)

8. Safety Hazards

8.1 Many substances can adversely affect humans if adequate
precautions are not taken. Information on toxicity to humans
(18) and recommended handling procedures of toxicants (19) should
be studied before tests are begun with any contaminant or
sediment. Health and safety precautions should be considered
before beginning a test.

8.2 Field collected sediments might contain a mixture of
hazardous contaminants and/or disease causing organisms such that
proper handling to avoid human exposure is important. Therefore,

skin contact with all test materials and solutions should be
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minimized by such means as wearing appropriate protective gloves
especially when washing equipment or putting hands in dilution
water over sediments, or into sediments. Proper handling
procedures might include: 1) sieving and distributing sediments
under a ventilated hood or an enclosed glove box, 2) enclosing
and ventilating the toxicity test water bath, and 3) using
respirators, aprons, safety glasses, and gloves when handling
potentially hazardous sediments. Special procedures might be
necessary with radiolabeled test materials (20) and with
materials that are, or are suspected of being, carcinogenic (19).

8.3 Disposal of sediments, dilution water over sediments,
and test organisms containing hazardous compounds might pose
special problems. For tests involving spiking sediments with
known toxicants, removal or degradation of the toxicant(s) before
disposal is sometimes desirable. Disposal of all hazardous
wastes should adhere to the requirements and regulations of the
Resource Conservation and Recovery Act and any relevant State or

local regulations.

9. Sampling and Transport
9.1 Sediments have been collected for a variety of
chemical, physical, toxicological and bioloéical investigations.
These collections have been made with both a series of grab
sampling devices and core samplers (See Table 2, Guide D 4823).
The advantages and disadvantages of the various collection
methods have been previously reported (3,4) and are summarized in

Table 1. All sampling methods disturb the sediment integrity to

a degree. For purposes of sediment toxicity evaluations it is



important to obtain sediments with as little disruption as
possible, to allow for realistic laboratory evaluations of in
situ conditions. Choosing the most appropriate sediment sampler
for a study will depend on the sediments characteristics, the
efficiency required, and the study objectives. Several
references are available which discuss the various collection
devices (3,4,21,22,23). The efficiency of these samplers for
benthic collections have been compared and in general the grab
samplers are less efficient collectors than the corers but are
easier to handle, work in heavier seas, often require fewer
personnel and are more easily obtained (21,23-31).

9.2 The principal disadvantage of dredge samplers varies;
common problems are shallow depth of penetration and presence of
a shock wave that results in loss of the fine surface sediments.
Murray and Murray (32), however, described a dredge usable in
heavy seas which quantitatively samples the top 1 cm of sediment
and retains fine materials. Other grab samplers that
quantitatively sample surface sediments have been described by
Grizzle (33). The depth profile of the sample may be lost in the
removal of the sample from the sampler. Dredge sampling promotes
loss of not only fine sediments, but also water soluble compounds
and volatile organic compounds present in the sediment.

9.3 Studies of macroinvertebrate sampling efficiency with
various grab samplers have provided useful information for
sampling in sediment toxicity and sediment quality evaluations.
The Ekman dredge is the most commonly used sampler for benthic
investigations (21). The Ekman's efficiency is limited to less

compacted, fine-grained sediments, as are the corer samplers.
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The most commonly used corer is the Kajak-Brinkhurst corer. 1In
more resistant sediments the Petersen, PONAR, and Smith-McIntyre
dredges are used most often (21). Based on studies of benthic
macroinvertebrate populations, the sediment corers are the most
accurate samplers, followed by the Ekman dredge, in most cases
(21). For resistant sediments, the PONAR dredge was the most
accurate and the Petersen the least (21). A comparison of
sampler precision showed the van Veen sampler to be the least
precise; the most precise were the corers and Ekman dredge (21).

9.4 Many of the problems associated with dredge samplers
are largely overcome with the corers. The best corers for most
sediment studies are hand-held polytetrarfluoroethylene plastic,
high density polyethylene, or glass corers (liners), or large
box-corers. The corers can maintain the integrity of the
sediment surface while collecting a sufficient depth.
Furthermore, the box core can be sub-cored or sectioned at
specific depth intervals, as required by the study. The box
corer, unfortunately, is large and cumbersome; thus, it is
difficult to use. Other coring devices which have been
successfully used include the percussion corer (34) and vibratory
corers (35~37).

9.5 Corer samplers also have several limitations. Most
corers do not work well in sandy sediments; dredge samplers or
diver-collected material remain the only current alternatives.
In general, corers collect less sediment than dredge samplers
which may provide inadequate quantities for some studies. Small
cores tend to increase bow waves (that is, disturbance of surface

sediments) and compaction, thus altering the vertical profile.
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However, these corers provide better confidence limits and
spatial information when multiple cores are obtained (21,24,38-
41). As shown by Rutledge and Fleeger (42) and others, care must
be taken in subsampling from core samples, since surface
sediments might be disrupted in even hand-held core collection.
They recommend subsampling in situ or homogenizing core sections
before subsampling.

9.6 Studies of sediment toxicity, interstitial waters,
microbiological processes, or chemical fate probably will require
core sampling to best maintain the complex integrity of the
sediment. When obtaining cores from shallow waters one must
ensure that the vessel does not disturb the sediments prior to
sampling (30). Most of the studies in the literature employed
grab samplers although box corers (43-45), gravity corers (46)
and hand collection (47-49) methods are reported with increasing
frequency. For additional information of various core types see
reference USEPA (4).

9.7 Subsampling, compositing, or homogenization of
sediment samples is often necessary and the optimal methods will
depend on the study objectives. Important considerations
include: 1loss of sediment integrity and depth profile; changes
in chemical speciation via oxidation and reduction or other
chemical interactions; chemical equilibrium disruption resulting
in volatilization, sorption, or desorption; changes in biological
activity; completeness of mixing; and sampling container
contamination. In most studies of sediment toxicity, it is
advantageous to subsample the inner core area (not contacting the

sampler) since this area is most likely to have maintained its



12

integrity and depth profile and not be contaminated by the
sampler. Subsamples from the depositional layer of concern, for
example, the top 1 or 2 cm should be collected with a nonreactive
sampling tool, such as, a polytetrafluoroethylene lined
calibration scoop (50). Samples are frequently of a mixed depth
but a 2 cm sample (51) is the most common depth obtained,
although depths up to 40 ft have been used in some dredging
studies. For some studies it is advantageous or necessary to
composite or mix single sediment samples (16,50). Composites
usually consist of three to five grab samples. Subsamples are
collected with a nonreactive sampling scoop and placed in a
nonreactive bowl or pan. The composite sample should be stirred
until texture and color appear uniform.

9.8 Due to the large volume of sediment which is often
needed for toxicity or biocaccumulation tests and chemical
analyses, it might not be possible to use subsampled cores
because of sample size limitations. In those situations, the
investigator should be aware of the above considerations and
their possible affect on test results as they relate to in situ
conditions.

9.9 Assessment of in situ sediment toxicity or
bioaccumulation is aided by collection and testing of reference
and control samples. For purposes of this guide, a reference
sediment is defined as a sediment possessing similar
characteristics to the test sediment but without anthropogenic
contaminants. Sediment characteristics, such as particle size
distribution and percent organic carbon, should bracket that of

the test sediment. If there is a wide range of test sediment
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types, the reference sediment characteristics should be in an
intermediate range unless the test species is affected by
particle size. The appropriate ASTM guides for marine and
freshwater invertebrates should then be consulted to determine
the particle size requirements of the test species. It is
preferable that reference sediments be collected from the same
aquatic system, located close to, and have similar physical,
chemical, and biological characteristics to the test sediment.

In some situations, the reference sediment might be toxic due to
naturally occurring chemical, physical, or biological properties.
For this reason, it is important to also test the toxicity of
control sadiments. The reference sediment test results might be
analyzed as either a treatment or as a control variable,
depending on the study objectives. For purposes of this guide, a
control sediment might consist of natural or artificially
prepared sediments of known composition and of consistent quality
that have been used in prior sediment toxicity tests or
culturing, and for which baseline data exists which shows they do
not cause toxicity. Control sediments have been successfully
used in toxicity evaluations (52).

9.10 When collecting sediment grab samples, it is
important to clean the sampling device, scoop, spatula, and
mixing bowls between sample sites. The cleaning procedure can
follow that outlined in Section 7 or the following (53): 1) soap
and water wash, 2) distilled water rinse, 3) methanol rinse, 4)
methylene chloride rinse, and 5) site water rinse. Waste
solvents should be collected in labelled hazardous waste

containers.
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9.11 In most cases the transport conditions for the
samples were not specified in the references reviewed. Wwhere
conditions were specified, the sediments were usually transported
whole, in both plastic, polyethylene (54~56), and glass
(48,49,57) containers and transported under refrigeration or on
ice (48,49,51,57-62).

9.12 Collection, transport, storage, and test chamber
material composition should be chosen based on a consideration of
sorption effects, sample composition, and contact time. For
example, in sediments where organics are of concern, brown
borosilicate glass containers with Polytetrafluorocethylene (PTF)
1id liners are optimal, while plastic containers are recommended
for metal samples. PTF or high density polyethylene containers
are relatively inert and optimal for samples contaminated with
multiple chemical types. Additionally, polycarbonate containers
have been shown not to sorb metal species (63). Additional
information on sample containers, preservation, storage times and
volume requirements, in regards to chemical analyses, are
available in other guidance documents (3-6,10,16). In many cases
these criteria are applicable to toxicity test chamber

requirements.

10. 8torage

10.1 Containers for storage were generally not specified
although it was assumed that the containers were the same as the
transport containers, where specified, and were generally
polyethylene (see 9.12). Where sediments contain volatile

compounds, transport and storage should be in air tight PTF or
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glass containers with PTF-lined screw caps. For further
information on storage requirements for chemical analyses see
Table 2.

10.2 Drying, freezing, and cold storage conditions all
affect toxicity (17,64-69). Often the storage time of sediments
used in toxicity tests was not specified and where specified
ranged from a few days (70) to one year (55). Storage of
sediments after arrival at the laboratory was generally by
refrigeration at 4 C (54-56,58-62,67,70-73). Significant changes
in metal toxicity to cladocerans and microbial activity have been
observed in stored sediments (68,74). Recommended limits for
storage of metal-spiked sediments have ranged from within 2 days
(64) to 5 days (70) to 7 days (75,76). A study of sediments
contaminated with nonpolar organics found that interstitial water
storage time did not affect toxicity to polychaetes when samples
were frozen (77). Cadmium toxicity in sediments has been shown
to be related to acid volatile sulfide (AVS) complexation (78).
When anoxic sediments were exposed to air, AVS were rapidly
volatilized. AVS is apparently the reactive solid phase sulfide
pool that binds metal, thus reducing toxicity. If a study
objective is to investigate metal.toxicity and the sediment
environment is anoxic, then exposure to air might reduce or
increase toxicity due to oxidation and precipitation of the metal
species or loss of acid volatile sulfide complexation. It is
generally agreed that sediments to be used for toxicity testing
should not be frozen (17,67,69,70,75,79).

10.3 Although risking changes in sediment composition,

several studies elected to freeze samples (51,67,80-84). Fast-
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freezing of sediment cores has been recommended for chemical
analyses; however, this alters sediment structure and profile
distortion occurs (42). Freezing has been reported to inhibit
oxidation of reduced iron and manganese compounds (81). It has
also been recommended for stored sediments which are to be
analyzed for organics and nutrients (85).

10.4 Interstitial water chemistry changed significantly
after 24 h storage (86,87), even when stored at in situ
temperatures (87). Coagulation and precipitation of the humic
material was noted when interstitial water was stored at 4 C for
more than one week (88). Oxidation of reduced arsenic species in
pore water of stored sediments was unaffected for up to 6 weeks
when samples where acidified and kept near 0 C, without
deoxygenation. When samples were not acidified, deoxygenation
was necessary (89).

10.5 In summary, sediments for toxicity tests and chemical
analyses are typically refrigerated or placed on ice in
polyethylene containers during transport. If, in addition,
samples are to be used for chemical analyses, then the
appropriate container should be used as described above. The
storage conditions should be refrigeration at 4 C and under
anoxic conditions if appropriate (10,16,90). It has been shown
that sediments can be stored at 4 C for up to 12 months without
significant alterations in toxicity (91). Limits to storage time
before testing, therefore, appear to be a function of both
sediment and contaminant characteristics. While it is prudent to

complete the testing of sediments with a minimum of storage time
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(probably less than 2 weeks) this may not be possible for any

number of reasons.

11. Collection of Interstitial water

11.1 Isolation of sediment interstitial water can be
accomplished by several methods: centrifugation, squeezing,
suction, and equilibrium dialysis. In general, methods for recovery
of relatively large volumes of interstitial water from sediments are
limited to either centrifugation (57,88,92,93) or squeezing (94-97).
Other methods, such as suction (98), gas pressurization (50), in
situ samplers (99), and equilibration by using dialysis membrane or
a fritted glass sampler (100-103), do not prcduce large quantities
of interstitial water. 1In the case of the dialysis, sufficient time
must be allowed to ensure that the sample has come to equilibrium
with the interstitial water. The suction and dialysis equilibrium
methods are most useful for laboratory studies. Some pore water
constituents, for example, dissolved organic carbon or
dimethylsulfide, might significantly affected by the collection
method (99). Other constituents, such as, salinity, dissolved
inorganic carbon, ammonia, sulfide, and sulfate, might not be
affected by collection methods providing oxidation is prevented
(99). If sediments are anoxic, all steps involved in sample
processing might need to be conducted in inert atmospheres to
prevent oxidation of reduced species (99,104,105).

11.2 If interstitial water is collected by centrifugation and
filtration, then effects on the interstitial chemistry need to be
considered after centrifugation. Centrifugation followed by 2um

filtration yielded similar metal concentrations to dialysis methods
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(106). However, filtration with glass fiber or plastic filters is
not appropriate in some cases and has been shown to remove nonpolar
organics (107). Centrifugation at 7600 x g with glass contact only
was shown to be superior to filtration methods (107). Other studies
have produced contrary results, recommending filtration with
polycarbonate filters (98,108). Filtration is normally conducted to
remove particles with a 0.45 um pore size, however 0.20 um or
smaller pore size membranes have been recommended (81). Removal of
all bacteria and colloidal materials might require filter pore sizes
of less than 0.2 um. Immediate collection of interstitial water is
recommended since chemical changes might occur even when sediments

are stored for short periods at in situ temperatures (87) (see

10.4).

12. Characterization

12.1 The characteristics that have been most often measured in
sediments are moisture content, organic carbon or volatile matter
content, and particle size. When attempting to characterize a
sediment, quality assurance should always be addressed (3,4,16).
Sediments, by their nature, are very heterogenous; they exhibit
significant temporal and spatial heterogeneity in the laboratory and
in situ. Replicate samples should be analyzed to determine the
variance in sediment characteristics and analytical methods.
Sediment characterization will depend on the study objectives and
the contaminants of concern, however, a minimum set of
characteristics should be included which are known to influence
toxicity and will aid data interpretation: in situ temperature,

particle size distribution, moisture or interstitial water content,
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ash free weight, organic carbon (determined by titration or
combustion), pH, Eh, acid volatile sulfides, ammonia, and cation
exchange capacity. Many of the methods of characterization have
been based on analytical techniques for soils and waters and the
literature should be consulted for further information
(15,23,109,110).

12.2 The moisture content of sediments is measured by drying
the sediments at 50 to 105°C to a constant weight (23).

12.3 Volatile matter content is often measured instead of, and
in some cases in addition to, organic carbon content as a measure of
the total amount of organic matter in a sample. This measurement is
made by ashing the sediments at high temperature and reporting the
percent ash free dry weight (7,111,112). Although the exact method
for ashing the sample is often not specified, the normally accepted
temperature is 550 + 50 C (16,23).

12.4 cCarbon fractions which may be of importance in
determining toxicant fate and biocavailability include: total
organic carbon (16,113-115), dissolved organic carbon (88),
dissolved inorganic carbon, sediment carbonates, and reactive
particulate carbon (116,117). Reactive particulate carbon is that
portion which equilibrates with the aqueous phase. The organic
carbon content of sediments has been measuréd by wet oxidation which
is also useful for the determination of the organic carbon content
of water (118). Organic carbon analyses have also been conducted by
titration (119), modification of the titration method (120), or
combustion after removal of carbonate by the addition of HCl and

subsequent drying (73).
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12.5 Particle sizing of sediments can be measured by numerous
methods (15,121, see Guide D 4822) dependent on the particle
properties of the sample (122). Particle size distribution is often
determined by wet sieving (2,15,16,23,123). Particle size classes
might also be determined by the hydrometer method (124,125), the
pipet method (15,126), settling techniques (127), X-ray absorption
(123,126) and laser light scattering (128). The pipet method may be
superior to the hydrometer method (129). To obtain definite
particle sizes for the fine material, a Coulter (particle size)
counter method might be employed (130,131). This method gives the
fraction of particles with an apparent spherical diameter. Another
potential method for determining the particle size distribution of a
very fine fraction is through the use of electron microscopy (132).
The collection technique for the very fine materials can result in
aggregation to larger colloidal structures (132-135). Comparisons
of particle sizing methods have shown that some produce similar
results and others do not. These differences might be attributed to
differences in the particle property being measured, that is, the
Malvern Laser Sizer and Electrozone Particle Counter are sizing
techniques, and the hydrophotometer and SediGraph determine
sedimentation diameter based on particle settling (122,136-138). It
is preferable to use a method which incorporates particle settling
as a measure, as opposed to strictly sediment sizing.

12.6 Various methods have been recommended to determine
bioavailable fractions of metals in sediments (78,139-141). One
extraction procedure, cation exchange capacity, provides information
relevant to metal bioavailability studies (109). Amorphic oxides of

iron and manganese, and reactive particulate carbon have been
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implicated as the primary influences on metal sorption potential in
sediments (81,140,142-144). Measurement of acid volatile sulfide
(AVS) and divalent metal concentrations associated with AVS
extraction provides insight into metals availability in anaerobic
sediments (78). Easily extractable fractions are usually removed
with cation displacing solutions, for example, neutral ammonium
acetate, chloride, sodium acetate, or nitrate salts (145).
Extraction of saltwater or calcareous sediments, however, is often
complicated by complexation effects or dissolution of other sediment
components (141,146). Other extractants and associated advantages
and disadvantages have been recently discussed (141,144,147,148).
Some extractants which have been successfully used in evaluations of
trace metals in nondetrital fractions of sediments are EDTA or HCl
(141,149,150). Metal partitioning in sediments might be determined
by using sequential extraction procedures which fractionate the
sediments into several components such as interstitial water, ion
exchangeable, easily reducible organic and residual sediment
components (93,148,151,152). Unfortunately at this time no one
method is clearly superior to the others (147). This might be due,
in part, to site specific characteristics which influence
biocavailability, for example, desorption and equilibration
processes.

12.7 pH is important for many chemicals and can be measured
directly (23) or in a 1 to 1 mixture of sediment/soil to water
(153) .

12.8 Eh measures are particularly important for metal
speciation and for determining the extent of sediment oxidation.

Redox gradients in sediments often change rapidly over a small depth
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and are easily disturbed. Care must be taken in probe insertion to
allow equilibration to occur when measuring Eh. These measurements
are potentiometric and measured with a platinum electrode relative
to a standard hydrogen electrode (23).

12.9 Biochemical oxygen demand and chemical oxygen demand
might provide useful information in some cases (23). Sediment
oxygen demand might also be a useful descriptor; however, a wide
variety of methods exist (90,154-157).

12.10 Analysis of toxicants in sediments is generally
performed by standard methods such as those of the EPA (2,23).
Soxhlet extraction is generally best for organics but depends on

extraction parameters (158,159). Concentrations are generally

reported on a dry weight basis.

13. Manipulation

13.1 Manipulation of sediments is often required to yield
consistent material for toxicity testing and laboratory experiments.
The manipulations reviewed in this section are: spiking (dosing)
regimes for laboratory and control sediments; mixing; sieving for
attainment of maximal particle sizes; dilutions for concentration-
effect determinations; elutriates; capping; air drying:; and
sterilization. For discussion of subsampliﬁg, compositing, or
homogenization effects see 9.7.

13.2 Spiking -- The spiking method to be used is contingent on
the study objectives. For example, when attempting to mimic in situ
conditions, sediment cores should be spiked by adding aqueous or
suspended sediment solution of toxicants to the overlying water

column; or when investigating dredging effects or conditions of



sediment perturbation where toxicant sorption processes are
accelerated, mixing toxicants into sediment slurries may be
advantageous. When investigating the source of sediment toxicity oz
interactive effects of sediment toxicants, it is useful to spike
both reference and control sediments with the toxicant of concern
present in the test sediment. Mixing time should be limited to a
few hours and temperatures kgpt to a minimum, due to the rapid
alterations which occur in the sediment's physicochemical and
microbiological characteristics, which thereby alter bioavailability
and toxicity. Recalcitrant organics and some metals, for example,
cadmium and copper, might be mixed for extended periods without
adverse effects (see 9 through 12 for additional discussion).

13.3 Organic compounds are generally added via a carrier
solvent such as acetone or methanol to ensure that they are soluble
and that they remain in solution during mixing. While organic
compounds are generally added in an organic carrier, metals are
generally in agueous solutions. Compounds are also added to water
overlying sediments and the compound allowed to sorb with no mixing
(71,160-167). Occasionally the carrier has been added directly to
sediment (52,82-84,112,137,168-171) and the carrier evaporated |
before addition of water. This approach does not seem to result in
compounds being sorbed to sediment at the same sites as dosing under
aqueous conditions (172). Word et al. (107) compared several
sediment-labelling techniques using methylene chloride, ethanol, and
glycine as carriers. They found glycine was superior when mixed
with sediment for 7 days. In most cases, the compound is either
coated on the walls of the flask and an aqueous slurry (sediment and

water in various proportions) added, or the carrier containing
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mixture is added directly to the slurry. When the sediment to water
ratio is adjusted for optimal mixing, sediments that are too dense
to mix by slurrying in water have been successfully mixed using a
rolling mill (72). Other mixing techniques may be used for spiking
specific sediments but care should be taken to ensure complete
mixing and analyses of spiked compounds run to ensure that labelling
is uniform in the mixed material. The use of a polar, water soluble
carrier such as methanol has little effect on the partitioning of
nonpolar compounds to dissolved organic matter at concentrations up
to 15% carrier by volume (173). Another study, however, shows that
changes in partitioning of a factor of approximately two, might well
occur with 10 % methanol as a cosolvent for anthracene sorption
(174). Thus, caution should be taken to minimize the amount of
carrier used. The time between the spiking of the compounds and the
use of the test sediment has been variable (46,47,70,72,73,80,111,
168,175) and does seem to effect the biological availability of
compounds (37,67,175).

13.4 Highly volatile compounds have been spiked into sediments
in a similar manner to the less volatile materials using cosolvents
and mixing in an aqueous slurry by shaking. These experiments were
tested immediately in covered flow through systems (108).

13.5 If a solvent other than water is used, both a sediment
solvent control and a sediment negative control or reference
sediment; or both, must be included in the test. The solvent
control must contain the highest concentration of solvent present
and must use solvent from the same batch used to make the stock

solution (see Practice E 729).
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13.6 Because the organic carbon content of the sediments might
be one of the most important characteristics affecting the
biological availability of contaminants, modifications of the carbon
content have been made in many studies. Methods used include
dilution with clean sand (55,56,62,108); although humics (170) and
other organics such as sheep manure (52) have also been added. Such
dilutions also change the particle composition and the size
distribution of the particles; thus, results from such experiments
should be interpreted with care. The organic carbon content has
also been altered by the use of combustion (14,52). Combustion may
alter the type of carbon as well as oxidize some of the inorganic
components thus altering greatly the characteristics of the
sediment.

13.7 A variety of methods have been used to spike sediments
with metals. The two principal categories of methods are 1) metal
addition directly to the sediment which is mixed and then water
added (64,68,176-178), or 2) addition of the metal to the overlying
waters (80,166,179,180). Thorough mixing of spiked sediments has
been accomplished using the rolling mill tecnique, Eberbach and gyr:
rotary shakers.

13.8 Equilibration and mixing conditions vary widely in
spiking studies. The duration of contact between the toxicant and
sediment particles can affect both the partitioning and
bioavailability of the toxicant. This effect apparently occurs
because of an initial rapid labile sorption followed by movement of
the toxicant into resistant sorption sites or in the particle (181-
183). Because of the kinetically controlled changes in the
partitioning that results in changes in biocavailability (175,184,
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185), the contact time can be important when spiking sediments.
Bounds on the sorption time can be estimated from the partition
coefficient for the sediment following the calculations in
Karickhoff and Morris (182). In addition, it is important to
recognize that the quantity of toxicant spiked might exceed the
complexation capacity of the test sediment system and not allow
reactions to attain equilibrium. These phenomenon will complicate
test result interpretation (68,147).

13.9 Mixing and sieving are two other manipulations of
sediments that are often performed before toxicity testing
(46,52,58-60,67,70,72,111,112,163,168,170,175,186). Sediment
samples have been sieved for a variety of reasons including the
removal of large debris and stones thereby increasing the samples
homogeneity and method replicability; the increased ease of counting
organisms; the increased sediment handling and subsampling; the
ability to study influence of particle size on toxicity,
bioavailability, or contaminant partitioning. Sieving of material
to a specific size fraction might alter the concentration of
contaminant in the sediment by removing large, low sorptive
materials.

13.10 Toxicants and organic carbon concentrations tend to be
higher with fine grained sediments (that is, clay and silt) due to
increased surface area (in relation to the weight of the sample) and
sorptive capacity. Measuring size fractions of less than 63 um has
been recommended in contaminant studies, particularly for metals
(172,187). 1In studies of sediment metal concentrations, normalizing
to the less than 63 um size fraction was superior for describing

metal binding in sediments, as compared to sediment concentrations
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normalized to dry weight, by organic carbon content, or corrected by
a centrifugation procedure (172). Small size fractions are
characteristic of depositional areas in aquatic systems; howe'er,
sieving of sediments from non-depositional sites to obtain - fine
fraction might significantly alter the sediment characterist .s.
The usual sieve size for toxicity testing is greater than 500 um.

If sieving is performed it should be done for all samples to be
tested including control and reference sediments.

13.11 Mixing of various layers of sediments might result in
either dilution or enhancement of concentrations. The sediment
quality will be influenced by the depth of sampling, depth of
biological activity, contaminant solubility and partitioning
characteristics, and depth of the contaminant concentration peak
which is dependent on historical contamination and sedimentation
rates for the study site. see Section 10 for additional relevant
discussion.

13.12 Another manipulation of sediments for toxicity testing
is sediment dilution. 1In order to obtain concentration-effect
information in solid phase sediment toxicity evaluations, differing
concentrations of the test sediment should be used. Currently,
there is little information available on the most appropriate method
- for diluting test sediments to obtain a graded contaminant
concentration or concerning the methodological effects of s a2 a
dilution. A "clean" noncontaminated sediment should be used ~s the
"diluent" which optimally consists of physicochem?® -~
characteristics similar to the test sediment, such as organic
matter/carbon, particle size, but does not contain elevated (above

background) levels of the toxicants of concern. Refer to the
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preceding sections for relevant information.

13.13 Many studies of sediment toxicity have been conducted on
the elutriate or water-extractable phase (188). This method was
developed to assess the effects of dredging operations on water
quality. Sediments are shaken in site or reconstituted water (1 to
4 volume to volume ratio) for 30 min. The water phase is then
separated from the sediment by centrifugation, followed by
filtration of the supernatant through a 0.45 um filter when
conducting some tests, such as algal growth assays. The filtration
step may be removed depending on the study objectives (see Section
11 for interferences).

13.14 Sediment pollution remediation alternatives might
include capping the contaminated sediments with "clean" sediments.
Laboratory design of such experiments should vary the depth of both
the contaminated sediments and the capping sediment layers to
evaluate contaminant transport via physicochemical and biological
(bioturbation) processes.

13.15 Sometimes sediments have been air dried before use
(56,168,189,190) but these sediments have generally been used for
laboratory studies after some additional manipulation, such as
spiking sediments with various levels of contaminants for
concentration-effect data (111,190). Air drying would result in
losses of volatile compounds and might result in changes in the
sediment characteristics, particularly particle size (see Section
10). The presence of air and air drying have all been shown to
change metal availability and complexation (141).

13.16 Sterilization of sediments to inhibit biclogical

activity has been performed in some studies. Autoclaving is used in
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most cases (191). Other sterilization techniques have included:
antibiotic addition, addition of chemical inhibitors such as HgCl or
sodium azide, or gamma irradiation. The technique chosen should be
contingent on study objectives. Antibiotics, such as streptomycin
and ampicillin, have been successfully used in sediment studies
(192,193). Some antibiotics, however, are labile and light
sensitive, or readily bind to organic matter. Mercuric chloride
appears to be superior to sodium azide as a bacteriocide.
Autoclaving is the least desirable method as it causes the greatest
alteration to the sediments physical and chemical characteristics.
In studies requiring sterility, it is crucial that a sterility

control be incorporated.

14. Quality Assurance

14.1 Quality assurance guidelines (3,4,10,16) should be
followed. Quality assurance considerations for sediment modeling,
QA-QC plans, statistical analyses (for example, sample number and
location) and sample handling have been addressed in-depth (10).

14.2 Sediment heterogeneity significantly influences studies
of sediment quality, contaminant distribution, and both benthic
invertebrate and microbial community effects. Spatial heterogeneity
might result from numerous biological, chemical, and physical
factors and should be considered both horizontally (such as, the
sediment surface) and vertically (that is, depth). Accumulation
areas with similar particle size distributions might yield
significantly different toxicity patterns when subsampled (79,194);
therefore, an adequate number of replicates should be processed to

determine site variance. When determining site variance one should
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consider within sample (that is, subsample) variance, analytical
variance (for example, chemical or toxicological), and the sampling
instruments' accuracy and precision. After these considerations a
sampling design can be constructed which addresses resource
limitations and study objectives.

14.3 As stated in previous sections, the methodological
approach used, such as, number of samples, will be dependent on the
study objectives and sample characteristics. For information on
sediment heterogeneity, splitting, compositing, controls, or
determining sample numbers, sampler accuracy and precision, and

resource requirements, there are a number of references available

(4,10,21,85,172,195,196).

15. Report

15.1 Documentation: The record of sediment collection,
storage, handling, and manipulation should include the following
information either directly or by reference to existing documents.
Published reports should contain enough information to
clearly identify the methodology used and the quality of the results.

15.1.1 Name of test and investigator(s), name and location of
laboratory, and dates of starting and ending of sampling and
sediment manipulation;

15.1.2 Source of control, reference or test sediment, method
for handling, storage and disposal of sediment;

15.1.3 Source of water, its chemical characteristics, and a
description of any pretreatment;

15.1.4 Methods used for, and results (with confidence limits)

of, physical and chemical analyses of sediment; and
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15.1.5 Anything unusual about the study, any deviation from

these procedures, manipulations, and any other relevant information.
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Device

Use

Advantages

Pisadvantages

PONAR Grab Sampler

Deep (skes, rivers, and estuaries.
Useful on sand, silt, or cley.

Most universal grab sampler. Adequate
on most substrates. Large somple

obtafned intact, permitting subsempling.

Shock wave from descent may
disturb "fines®. Possible
incomplete closure of jaus
results in sample loss.
Possible contamination from
metal freme construction.
Sample must be further prepared
for analysis.

BMH-53 Piston Corer

Waters of 4-6 feet deep when
used with extension rod. Soft
to semi-consol idated deposits.

Piston provides for greater
sample retention.

Cores must be extruded on

site to other containers -
Metal barrels introduce risk of
metal contamination.

Van Veen

Deep lakes, rivers, and estuaries.
Useful on sand, silt, or clay.

Adequate on most substrates. Large
sample obtained intact, permitting
subsampl ing.

Shock wave from descent may
disturb "fines”. Possible
fncomplete closure of jaws
results in sample loss.
Possible contamination from
motal frame construction.
Sample must be further prepered
for analysis.

Sampling moving waters from e
fixed platform

streaml ined configuration allows
sarpl ing where other devices could not
achieve proper orientation.

Possible contamination from
metal construction. Sub-
sempling difficutt. Not
effective for sampling fine
sediments.

Petersen Grab Sampler

Deep lakes, rivers, and estuaries.
Useful on most substrates.

Large sample; cen penetrate
most substrates.

Heavy, may require winch.
No cover lid to permit sub-
sampling. All other
disadvantages of Ekmen and
Ponar.

Shipek Greb Sampler

Used primarily in merine waters
and large inland takes and
reservoirs.

Sample bucket may be opened to
permit subsempling. Retains fine
grained sediments effectively.

Possfible contamination from
metal construction. Heavy,
may require winch.
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Device Use Advantages pisadvantages
Orsnge-Peel Greb Deep lakes, rivers, and estuaries. Designed for sampling herd substrates. Loss of fines. Heavy - may
Smith-Mcintyre Grab Useful on most substrates. requires winch. Possible
metal contemination.
Scoops, Drag Buckets Various environments depending Inexpensive, easy to handle. Loss of fines on retrievsl

on depth and substrate.

through water column.

® Comments represent subjective evaluations.

(modified, 193)



TARLE 2. Sampling Containers, Preservation Requirements, and Holding Times for Sediment Samples®

Contaminant

Acidity
Alkalinity
Ammonis
Sulfate

Sul fide
sulfite
Nitrate
Nitrate-Nitrite
Nitrite

0il and Grease
Organic Carbon

Metsls
Chromium VI

Hercury
Metals except above

rganic €

(EPA, 196,197).

. ® % oW

vn‘vvv:vvv'v'uv
[ 2] DO OOD O

-

’U.V‘U
[N -]

Extractables (including G, teflon-lined cap

phthalates, atrosamines

organochiorine pesticides,

PCB's artroarometics,

isophorone, Polynuclear
aromatic hydrocarbons,
haloethers, chlorinated
hydrocarbons and TCOD)
Extractables (phenols)

Purgables (halocarbons

and aromatics)

Purgables (acrolein and

scrylonitrate)
Orthophosphate
Pesticides

Phenols

Phosphorus (elemental)

Phosphorus, totasl
Chlorinated organic

compounds

®  Taken from EPA 600-4-84-075 and EPA 600-4-85-048, see also Ref. 85.

G, teflon-lined cap

G, teflon-lined
septum

G, teflon-lined
septum

P,G

G, teflon-lined cap

.G
, teflon-lined cap

O vH v

Polyethylene (P) or Glass (G)

See also Rochon and Chevalier (160).

Cool,
Cool ,
Cool,
Cool ,
Coot,
Cool ,
Cool,
Cool,
Coot,
Cool,
Cool,

Cool,

Cool ,

Cool ,
Cool,
Cool ,

Cool,
Cool,

Cool ,
Cool ,
Cool,
Cool,

Container® Preservation

SREE5555858

»
[2]

4C

4C
4C

4C
4C
4C
4C

Holding Time

14 days
14 days
28 days

8
£e
3

BRESEER

3

40 h
8 days
6 monthg

7 days (until extraction)
30 days (after extraction)

7 days (until extraction)
30 days (after extraction)
14 days

3 days

48 h

7 days (until extraction)
30 days (after extraction)
28 days

48 h

28 days

7 days (until extraction)
30 days (after extraction)

35
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L General:

FIELD-COLLECTED SEDIMENT ELUTRIATE PREPARATION

This SOP describes the procedures for homogenizing stored sediment samples and preparation of
sediment elutriate samples for toxicity testing. Sediment is often a storage reservoir for many
contaminants introduced into surface waters. These contaminants may include polychlorinated
biphenyls, polynuclear aromatic compounds and inorganic contaminants including heavy metals.
Contaminants present in sediment may include carcinogens, mutagens, or potentially toxic
compounds. Toxicity tests will be started before chemical analyses can be completed in most cases.
Since field sediments may contain potentially toxic materials they should be treated with caution to
minimize occupational exposure to workers.

II. Safety.

A. Personal precautions.

C.

1.

Workers must always be aware of possible points of contamination as described by
the supervisor. Hands should always be kept away from the eyes and mouth. After
completion of a manipulation involving sediment or the removal of possibly
contaminated laboratory clothing (gloves, lab coat, etc.), the hands, forearms, and
other areas of suspected contact should be washed with hand soap and water at a
sink located within the laboratory work area. Do not use organic solvents to clean
the skin, These solvents may increase penetration of the contaminant into the skin.

Containment devices.

1.

1

All work with sediment will be performed in an appropriate containment device.
Procedures involving sediment will not be conducted on an open bench due to the
potential hazard of generating contaminated dusts, aerosols, or fumes. Hoods,
glove boxes, and enclosed vented water baths for testing and rooms equipped with
once pass ventilation are used to minimize the worker exposure to contaminants
associated with sediment. All containment devices will be constructed out of
smooth, unbreakable material, such as Teflon®, stainless steel, polyethylene,
fiberglass, or plexiglass.

Work surfaces.

All work surfaces potentially exposed to sediments must be covered with Teflon®
sheets, plastic trays, dry absorbent plastic-backed paper, foil, or other impervious or
disposable material. If a surface becomes contaminated or if a spill occurs, the
work surface should be decontaminated or disposed of immediately.

1. Storage of sediment

A.

1

Solid-phase sediment and sediment elutriates and extracts.

Solid-phase sediment and sediment elutriates and extracts will be stored at 4°C in
air-tight containers in the dark.

a. All samples must be accompanied with proper identification and sample

tracking information and can be temporarily stored at 4°C in refrigerators
located in the laboratory work areas.



IV. Hom ization of sedim

A. Sediment homogenization or manipulation increases the chances for occupational exposure.
During sediment homogenization or other manipulations, the number of investigators in the
laboratory work area should be minimized. Other workers in the building must be notified
of the handling of the sediment.

B. All mixing of solid—phasc sediment or preparation of sediment extracts or elutriates wi- be
performed either in a fume hood or while wearing the appropriate clothing and respira.ory
protective equipment. If the containers holding sediment are removed from the hood, an
intermediate non-breakable container must be used.

V. Elutriate preparation

A. Required equipment.
1 Balance capable of weighing at least 1500 + .01 grams.
2. Polypropylene centrifuge bottles.
3. Modified 60 cc polypropylene disposable syringes.
a. Remove tip from syringe barrel.
b. Drill a 3/8 inch opening at end of barrel.
c Wash plunger and barrel in soap and water, rinse with well water, rinse

with 10% HCI followed by 3 D.I. water rinses.
4, Elutriate mixing apparatus.

a. The elutriate mixing apparatus consists of a 1/10 HP, 14 rpm, shaded pole
gear motor (Dayton Model 3M136A) supported horizontally by a metal
frame constructed of 1 inch square tubing. The motor drive is attached via
a flexible bushing to the end of a stainless steel box measuring 31 x 23 x 18
cm. The top of the box is removable and secured to the box with two
wing-nuts. The interior of the box is divided into 6 compartments
measuring 10 x 10 x 18 cm. Each compartment accepts one 1000 mL
polypropylene centrifuge bottle. The motor rotated the stainless steel box
end over end on two lubricated pillow block bearing assemblies.

5. Large volume centrifuge.
a. The centrifuge is an International Equipment Company Model PR-7000,

refrigerated, large capacity centrifuge equipped with the Model 966 rotor.
Maximum Relative Centrifugal Force with the 966 rotor is 7400 x G at 6900

rpm.
B. Temperature of manipulations.
1. Sediment samples for elutriate preparation will be taken immediately after

homogenization. All manipulations will be done at room temperature (~20°C)
except for centrifugation which will be performed at ~4°C.

C. Method.

1. Preparing elutriates with 1000 mL centrifuge bottles.
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Individually weigh 10 - 1000 mL. centrifuge bottles and caps to be used in
sample preparation and obtain a mean weight.

Round the mean weight obtained up to the nearest gram and record this
weight (e.g. if the mean weight of 10 bottles is 90.89 grams, round this
value to 91 grams).

Place a clean centrifuge bottle (without the cap) on balance. Tare bottle to
0.00 grams.

Transfer 200.00 £ .05 grams of sedimeat using a modified 60 cc
polypropylene disposable syringe to the centrifuge bottle.

Remove the centrifuge bottle containing the weighed sediment from the
and re-zero the balance.

Replace the centrifuge bottle (with sediment) and cap on the pan and add
dilution water until the combined weight of the bottle, sediment, cap and
bottle equals 1000 grams plus the rounded average gram weight of the
containers obtained in step V-C-1-b (above). For example if the average
rounded weight of the centrifuge bottles was 91.0 grams, water would be
added to the centrifuge bottle containing 200 grams of sediment until the
combined weight of the bottle, cap, sediment and water was 1091.00 + .05
grams.

2. Preparing elutriates with 250 mL centrifuge bottles.

a.

Individually weigh 10 - 250 mL. centrifuge bottles and caps to be used in
sample preparation and obtain a mean weight.

Round the mean weight obtained up to the nearest gram. and record this
weight (e.g. if the mean weight of 10 bottles is 34.56 grams, round this
value to 35 grams).

Place a clean centrifuge bottle (without the cap) on balance.

Transfer 50.00 £ .05 grams sediment using a modified 60 cc polypropylene
disposable syringe to the centrifuge bottle.

Remove the centrifuge bottle containing the weighed sediment from the
pan and re-zero the balance.

Replace the centrifuge bottle (with sediment) and cap on the pan and add
dilution water until the combined weight of the bottle, sediment, cap and
bottle equals 250 grams plus the rounded average gram weight of the
containers obtained in step V-C-2-b above. For example if the average
rounded weight of the centrifuge bottles was 35.0 grams, water would be
added to the centrifuge bottle containing 50 grams of sediment until the
combined weight of the bottle, cap, sediment and water was 285.00 .05
grams.

3. Mixing elutriates.

a.

Centrifuge bottles containing the appropriate weights of water and
sediment are placed in the elutriate mixing apparatus and rotated end over
end for 30 minutes at 12 rpm per minute.



After samples have mixed for 30 minutes, re-weigh all centrifuge bottles to
0.01 grams prior to transferring them to the centrifuge. Record weights.
All bottles must be within + 0.20 grams of cach other. If necessary, add
sufficient STVDP water with a pipet to bottles containing weights below this

range.
FAILURE TO BRING ALL BOTTLES WITHIN # 0.2 GRAMS PRIOR TO
CENTRIFUGATION MAY RESULT IN ROTOR IMBALANCE AND
DAMAGE TO THE CENTRIFUGE.

Centrifuging elutriates.

a.

Transfer bottles to centrifuge buckets. Position of bottles in the rotor is
not important if all bottles are within the + 0.02 gram range.

(€3] Bottles must be centrifuged in pairs and placed in opposite buckets
in the rotor. If an odd number of bottles are to be centrifuged,
prepare a blank bottle that weighs within + 0.20 grams of the
opposite bottle.

Samples are centrifuged at 5,000 rpm (7000 x G) for 15 min. at 4 °C.
1) Check that temperature displayed is 4+ 2 °C.

) Set SPEED thumb-wheel switch to 18.5 min. (adding 3.5 minutes
to the 15 min. centrifuge time allows centrifuge to attain the set

speed).
3) Set BRAKE thumb-wheel switch to 2.
@ Set ACCELERATION thumb-wheel switch to 1.

&) Press Start/Stop button.

Removing elutriate from centrifuge bottles.

a.

The overlying water from each centrifuge bottle containing sediment from
the same site is poured through a clean 50 mesh stainless steel standard
sieve into a clean 3.0 L glass bottle and mixed.

Sub-samples of the elutriate are obtained from the 3.0 1. glass bottle and
are stored in appropriate containers in the dark at 4°C,

Elutriate sub-sampling and analyses.

a.

Chemical characterization of the elutriate sample may include the
following: pH, total water hardness, alkalinity, conductivity, ammonia,
dissolved oxygen, and turbidity.

A 500 mL sample of the elutriate will be placed in 500 mL teflon-lined
bottle for metal analysis. These samples will be acidified to pH 1.7-2.0
using Baker instant analyzed acid. About 0.5 mL of acid in 500 mL of
elutriate sample should achieve this range in pH. The sample will be
stored at 4°C until analysis for metals.

The elutriate sample may need to be filtered before using in toxicity testing
(e-g-, Sclenastrum capricornutum or Ames testing).
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1.0 Scope
1.1 As contamination of freshwater, estuarine, and marine ecosystems 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 health of benthic communities and other species inhabiting these areas (NOAA, 1988). Benthic
communities are an important component of many food chains leading to humans and it is becoming increasingly
important to identify contaminated sites to properly manage remediation and resource use.

12 Biological tests with sediments are an efficient means for evaluating sediment contamination because
they provide information complementary to chemical characterizations and ecological surveys (Chapman, 1988).
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 effects tests. Sediment tests
have been applied in both marine and freshwater environments (Swartz 1987; Chapman, 1988; Lamberson and
Swartz, 1988). Sediment tests have been used for dredge material permitting, site ranking for remediation,
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recovery studies following management actions, and trend monitoring. A particularly important application is in
establishing contaminant-specific effects and the processes controlling contaminant bioavailability.
2.0 Application

2.1 This document provides general interpretative guidance on the selection, application and
interpretation of biological tests with sediments. As such, it serves as a preface to other ASTM documents
describing: methods for sediment collection, storage and manipulation (ASTM E 1391); toxicity tests with marine
(ASTM E 1367) and freshwater organisms (ASTM E 1383); and bioaccumulation studies. This guide serves as
an introduction and summary of sediment testing; it is not meant, however, to provide specific guidance on test
methods. Rather, its intent is to provide information necessary to:

2.1.1  Select a sediment exposure strategy that is appropriate to the assessment need of the toxicity
test. For example, a suspended phase exposure is relevant to evaluation of dredged sediments
for disposal at a dispersive aquatic site.

212 Select the test organism and biological endpoints that are 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.

o Establish an experimental design consistent with the objectives of the sediment evaluation. The
use of appropriate controls is particularly important here.

o Determine which statistical procedures should be applied to the analysis of the data, and define
the limits of applicability of the resultant analyses in the data interpretation.

3.0 Organization (To be drafted)
4.0 Hazard statement/Safety precautions

4.1 Many substances may pose health risks to humans if adequate precautions are not taken.
Information on toxicity to humans, recommended handling procedures, and chemical and physical properties of
the test material should be studied before a test is begun and made aware to all personnel involved (6,7,8).
Contact with test materials, overlying water and sediments should be minimized.

42 Many materials can adversely affect humans if precautions are inadequate. Skin contact with
test materials and solutions should be minimized by such means as wearing appropriate protective gloves,
laboratory coats, aprons, and safety glasses, and by using dip nets, sieves or tubes to remove test organisms from
overlying water. When handling potentially hazardous sediments the proper handling procedures may include (a)
sieving and distributing sediments under a ventilated hood or in an enclosed glove box, (b) enclosing and
ventilating the water bath, and (c) use of respirators, aprons, safety glasses, and gloves. Field collected sediments
may contain potentially toxic materials and should be treated with caution to minimize occupational exposure to
workers. Worker safety should also be considered when working with spiked sediments containing various
organic or inorganic compounds, compounds that are radiolabeled, and with materials that are, or are suspected
of being, carcinogenic or teratogenic (7).

43 Careful consideration should be given to those chemicals which might biodegrade, biotransform
to more toxic components, volatilize, combust, oxidize, or photolyze during the test period.
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44 Health and safety precautions and applicable regulations for disposal of stock solutions, test
organisms, sediments, and overlying water should be considered before beginning a test (ASTM Standard D
4447).

5.0 Applicable Documents

51 ASTM Documents

E 380 Standard for Metric Practice

D 1129  Definitions of Terms Relating to Water

E 1023  Guide for Assessing the Hazard of a Material to Aquatic Organisms and Their Uses

E 943 Standard Definitions of Terms Relating to Biological Effects and Environmental Fate

E 1367  Guide for Conducting Solid Phase 10-Day Static Sediment Toxicity Tests with Marine and

Estuarine Infaunal Amphipods
E 1391 Guide for Collection, Storage, Characterization, and Manipulation of Sediments for
Toxicological Testing.

E 1383  Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates
6.0 Terminology

6.1 The words "must", "should", "may", "can", and "might" have very specific meanings in this guidance.
"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 only used 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
cither "may” or "can".

6.2 sediment -- is used to denote a naturally occurring particulate material which has been transported
and deposited at the bottom of a body of water. The term can also be applied to an artificially prepared
substrate within which the test organisms can interact.

6.2.1 whole sediment -- is distinguished from elutriate, and resuspended sediments, in that the whole,
intact sediment is used to expose the organisms, not a form or derivative of the sediment.

6.2.2 clean -- denotes a sediment (or water) that does not contain concentrations of test materials or
xenobiotics which cause apparent stress to the test organisms or reduce their survival.

6.3 elutriate -- refers to the water or solvent used to elute contaminants from the sediment and is then
used in aquatic exposures.

6.4 suspended -- is a slurry of sediment and water used to expose the organisms.

6.5 overlying water -- the water placed over the solid-phase of a sediment in the test chamber for the
conduct of the biological test, and may also include the water used to manipulate the sediments.



6.6 interstitial water -- the water within a wet sediment that surrounds the sediment particles, expressed
as the percent ratio of the weight of the water in the sediment to the weight of the wet sediment.

6.7 spiking -- the experimental addition of a test material such as a chemical or mixture of chemicals,
sewage sludge, oil, particulate matter, or highly contaminated sediment to a clean negative control or reference
sediment, such that the toxicity of the material added can be determined.

6.8 concentration -- the weight or volume of test material(s) associated with a weight or volume of test
sample.

6.9 exposure -- is contact with a chemical or physical agent.

6.10 toxicity -- is the property of a material or combination of materials to adversely affect organisms.

6.11 bioaccumulation -- the net uptake of a material by an organism from its environment through direct
exposure or ingestion. ,

6.12 Control sediment -- a sediment essentially free of contaminants (USEPA-COE 1990). Any
contaminants in control sediment originates from the global spread of pollutants and does not reflect any
substantial input from local or non-point sources (Lee et al. 1989). The comparison of the test sediment to the
control sediment is a measure of any toxicity from the test sediment beyond inevitable background contamination
(Lee et al. 1989). The control sediment is used to assess the acceptability of the test and provide evidence of the
health and quality of the test animals (Nelson et al. 1990).

6.13 Reference sediment -- a sediment substantially free of contaminants (USEPA-COE 1990). The
reference sediment may be used as an indicator of localized sediment conditions exclusive of the specific pollutant
input of concern. Such sediment would be collected near the site of concern and would represent the background
conditions resulting from any localized pollutant inputs as well as the global input (Lee et al. 1989). This is the
manner in which reference sediment is used in the dredged material evaluations (EPA-COE 1990).

6.14 For definitions of other terms used in this practice, refer to Standards E 729, E 943, D 1129, E
1023, and E 1241. For an explanation of units and symbols, refer to Standard E 380,

7.0 Summary of Guide

7.1 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.

7.2 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. Therefore, the
intended use of this document is not to provide detailed guidance but rather to assist the investigator in
developing technicaily sound and environmentally relevant biological tests that adequately address the questions
being posed by a specific investigation.

8.0 Sediment Test Rationale (Significance and Use)

8.1 Contaminated sediments may have adverse effects on natural populations of aquatic organisms.
Sediment dwelling organisms may be directly exposed to contaminants by the ingestion of sediments and by the
uptake of sediment-associated contaminants from interstitial and overlying water. Contaminated sediments may
directly affect water column species 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 activitics. Water column species and non-aquatic species
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may also be indirectly affected by contaminated sediments by the transfer of contaminants through aquatic-
terrestrial food chains.

8.2 The test methodologies described herein may be used and adapted for incorporation in basic and
applied research projects to further clarify the ecological effects of contaminated sediments. These same
methods may also be used in the development and implementation of regulatory programs designed to prevent
the contamination of sediments and manage sediments that are already contaminated.

83 Sediment tests with aquatic organisms can be used to quantify the acute and chronic toxicity and the
bioavailability of new and presently used materials. 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 intentionally released to the environment (e.g., pesticides, herbicides) and those released only
inadvertently through the manufacturing process (e.g., through wastewater effluents).

8.4 Sediment tests can be used to develop dose-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. In a similar fashion, sediment tests can be designed to determine the effects
that the physical and chemical properties of sediments have on the bioavailability and toxicity of compounds.

8.5 Properly designed and conducted sediment tests can provide valuable information needed to make
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.

9.0 Sediment Test Types

9.1 Recent reviews have summarized methods for assessing the toxicity of marine [2,3] and freshwater
{4,5] sediments to benthic organisms. Those methods are provided in Table 1 and Table 2, for marine and
freshwater tests, respectively.

9.2 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 which define the appropriate exposure route and the endpoint of interest.

9.3 Organism exposure methods most commonly employ the whole sediment in the bedded phase, but
suspended and elutriate phase exposures have also been used. More recently, methods have been developed to
test pore waters directly and to prepare organic extracts for testing. The relationship between toxicity resulting
from these latter exposures and what may be found in situ, however, is not well defined.

9.4 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 should also evaluate this exposure route. Disposal at a dispersive site, or concerns over
resuspension and transport of in-place sediments, would suggest use of suspended phase or elutriate exposures.

9.5 Methods have been developed to isolate and test the toxicity of elutriates (e.g., USEPA-COE 1977)
or sediment interstitial water (e.g., Ankley et al. 1990) to aquatic organisms. The elutriate test was developed for
assessing 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 (Shuba et al. 1977). Toxicity tests of the elutriate with water column organisms have
generally indicated little toxicity is associated with the discharge material (Lamberson and Swartz 1988).
However, elutriates have been reportedly more toxic than interstitial water samples (Giesy and Hoke 1989).

9.5.1 For many benthic invertebrates, the toxicity and bioaccumulation of sediment-associated
contaminants such as metals, and non-ionic organic contaminants are correlated with the concentration of these
chemicals in the interstitial water (Ankley et al. 1990 ammonia). The sediment interstitial water toxicity test was
developed for assessing the potential in sity effects of contaminated sediment on aquatic organisms. Once the
interstitial water (or elutriate) has been isolated from the whole sediment, the toxicity testing procedures would
be 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 (Lamberson and Swartz 1988).

9.52 Examination of organic extracts may have specific uses when whole sediments have a
predetermined toxicity and cause-effect relationship. However, caution must be exercised in the use of organic
extracts because the resultant contaminant interactions within a sediment matrix have not been determined.

9.6 Biological responses in sediment toxicity tests range from genotoxic effects to individual organism
responses Lo alterations in community levels of organization. Because of its ease of interpretation, the response
criterion that is most commonly employed has been lethality. This endpoint is generally insensitive to sediment
contaminants unless appropriately sensitive species, such as amphipods, are used. The application of sublethal
toxicity tests has been limited because of the uncertainty in relating these responses to ecologically relevant
endpoints such as survival and population dynamics. Behavioral responses of infaunal organisms, such as
emergence from the sediments are indicative of potential ecological effects because the animals may be subject to
predation. Many biochemical and genetic endpoints, e.g., enzyme induction and chromosome aberration, are
indicative of exposure to specific classes of chemicals, and are useful from that perspective. Sublethal tests which
show the most promise are those using growth and reproduction as response parameters. These are relevant
endpoints that can be used as predictors of potential population effects. Most of these tests, however, are still in
development and are limited in their application. Te