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7.  INTRODUCTION 

This document provides guidance on procedures for assessing the nature and extent of 
sediment contamination as applied to areas in the Great Lakes region. It was prepared 
under the Assessment and Remediation of Contaminated Sediments (ARCS) Program, 
administered by the U.S. Environmental Protection Agency's (USEPA) Great Lakes 
National Program Office (GLNPO) in Chicago, Illinois. 

BA CKGROUND 

Although toxic discharges into the Great Lakes and elsewhere have been reduced in the 
last 20 years, persistent contaminants in sediments continue to pose a potential risk to 
human health and the environment. Elevated concentrations of contaminants in bottom 
sediments and associated adverse effects have been found throughout the Great Lakes and 
connecting channels. The extent of sediment contamination and its associated adverse 
effects have been the subject of considerable concern and study in the Great Lakes 
community and elsewhere. For example, contaminated sediments can have direct toxic 
effects on aquatic life, such as the development of cancerous tumors in bottom-feeding 
fish exposed to polynuclear aromatic hydrocarbons (PAHs) in sediments (Myers et al. 
1990). In addition, the bioaccumulation of toxic contaminants in the food chain can also 
pose a risk to humans, wildlife, and aquatic organisms. As a result, advisories against 
consumption of fish are in place in many areas of the Great Lakes. These advisories 
have h a u  negative economic impact on the affected areas. 

To address concerns about the adverse effects of contaminated sediments in the Great 
Lakes, Annex 14 of the Great Lakes Water Quality Agreement (1978) between the Uni- 
ted States and Canada (as amended by the 1987 Protocol) stipulates that the cooperating 
par:ies will identify the nature and extent of sediment contamination in the Great Lakes, 
develop methods to assess impacts, and evaluate the technological capability of programs 
to remedy such contamination. The 1987 amendments to the Clear Water Act, ..in 
5 118(c)(3), authorized GLNPO to coordinate and conduct a 5-year study and demonstra- 
tion projects relating to the appropriate treatment of toxic contaminants in bottom 
sediments. Five areas were specified in the Act as requiring priority consideration in 
conducting demonstration projects: Saginaw Bay, Michigan; Sheboygan Harbor, Wiscon- 
sin; Grand Calumet River, Indiana; Ashtabula River, Ohio; and Buffalo River, New 
York. To  fulfill the requirements of the Act, GLNPO initiated the ARCS Program. In 
addition, the Great Lakes Critical Programs Act of 1900 amended the section, now 
tj 118(c)(7), by extending the program by 1 year and specifying completion dates for 
certain interim activities. ARCS is an integrated program for the development and 
testing of assessment techniques and remedial action alternatives for contaminated 
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sediments. Information from ARCS Program activities will help address contaminated 
sediment concerns in the development of Remedial Action Plans (RAPS) for all 43 Great 
Lakes Areas of Concern (AOCs, as identified by the United States and Canadian govern- 
ments), as well as similar concerns in the development of Lakewide Management Plans 
(LaMPs) . 

To accomplish the ARCS Program objectives, the following work groups were estab- 
lished: 

The Toxicity/Chemistry Work Group was responsible for assessing the 
current nature and extent of contaminated sediments in three of the five 
priority AOCs (i.e., Buffalo River, Indiana Harbor Canal, and Saginaw 
River; Figures 1-1, 1-2, and 1-3, respectively) by studying the chemical, 
physical, and biological characteristics of contaminated sediments, and for 
demonstrating cost-effective assessment techniques that can be used at 
other Great Lakes AOCs and elsewhere. Superfund activities have provi- 
ded good characterizations of Ashtabula River and Sheboygan Harbor, so 
the ARCS Program focused the assessment activities on the other three 
priority AOCs. 

w The Risk Assessment/Modeling Work Group was responsible for assessing 
the current and future risks presented by contaminated sediments to human 
and ecological receptors under various remedial alternatives (including the 
no-action alternative). 

The EngineeringITechnology Work Group was responsible for evaluating 
and testing available removal and remedial technologies for contaminated 
sediments, for selecting promising technologies for further testing, and for 
performing field demonstrations at each of the five priority AOCs. 

w The Communication/Liaison Work Group was responsible for facilitating 
the flow of information from the technical work groups and the overall 
ARCS Program to the interested public and for providing feedback from 
the public to th': ARCS Program on needs, expectations, and perceived 
problems. 

0 VERVIE W OF SEDIMENT ASSESSMENT METHODS 

Sediments are associated with impairment of beneficial uses at 42 of the 43 Great Lakes 
AOCs. Prior to addressing the potential need for remediation of those sediments, it is 
necessary to answer the following questions: 

Are the sediments sufficiently "contaminated" to warrant consideration for 
remediation? In this context, "contaminated" refers to the presence of 
chemicals in the sediments that have the potential to cause adverse effects 
in humans or ecological receptors. 
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Figure 1-1. Buffalo River Area of Concern, New York. 
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Figure 1-2. Indiana Harbor Area of Concern, Indiana. 
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Figure 1-3. Saginaw River Area of Concern, Michigan. 
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Is there evidence indicating that existing concentrations of sediment con- 
taminants are adversely affecting ecological receptors? In other words, 
can it be shown that the presence of contaminants in the sediments is caus- 
ing adverse effects in organisms, either organisms naturally occurring in 
the environment, or those exposed to sediments in controlled, laboratory 
toxicity tests? 

Are ecological receptors exposed to the sediments bioaccumulating chemi- 
cal contaminants to the extent that the resultant body burdens are adversely 
affecting the organisms themselves or other organisms higher in the food 
chain, including humans? 

If the sediments are judged to be sufficiently contaminated to be causing 
such effects, what is the spatial extent (i.e., both horizontal and vertical) 
of the contamination, and what are the implications of the distribution of 
contaminants on possible remedial alternatives? 

One of the main goals of the ToxicityIChemistry Work Group was the selection of 
methods for answering these sediment assessment questions. Early in the ARCS Pro- 
gram, it was recognized that the current state of sediment assessment methods was rap- 
idly evolving. Whereas in the past the focus had been primarily on measuring physical 
and chemical characteristics of the sediments, the emphasis over the last decade has been 
on the development of a suite of assessment methods that also incorporate a number of 
biological measures and indicators of sediment quality. The sediment assessment 
methods currently available consider a wide variety of endpoints and effects, which differ 
in their suitability and sensitivity for investigating sediment contamination. It is therefore 
vitally important that the assessment methods selected reflect site- and program-specific 
objectives of the study being conducted. 

It was not- the intent of the ToxicityIChemistry Work Group to develop new sediment 
assessment methods, but rather to survey existing methods and select those methods that 
show the most promise for addressing the aforementioned questions at the Great Lakes 
AOCs. The selected sediment assessment methods were then applied in demonstration 
studies at several of the Great Lakes AOCs. There was a consensus among the work 
group members that the sediment assessment methods selected for demonstration should 
include an integration of physical, chemical, and biological information. This consensus 
reflects the common thinking of the scientific and regulatory communities that is 
succinctly summarized in the USEPA's Sediment Classification Methods Compendium 
(USEPA 1992) as follows: 

Unfortunately, there simply is no single method that will measure all contami- 
nated sediment impacts at all times and to all biological organisms. This is the 
result of a number of factors, including environmental heterogeneity and 
associated sampling problems, variability in the laboratory exposures, analytical 
variability, differing sensitivities of different organisms to different types of 
contaminants, the confounding effects caused by the presence of unmeasured 
contaminants, the synergistic and antagonistic effects of contaminants, and the 



Chapter 1. Introduction 

physical processes of sediments. While one method will suffice for some cir- 
cumstances, it is often advisable to use several complementary methods rather 
than a single one. When several of these approaches are used together, they 
can provide additional insights into the nature and degree of sediment contami- 
nation problems. The use of complementary assessment methods can provide 
a kind of independent verification of the degree of sediment contamination if 
the conclusions of the different approaches agree. If the conclusions differ, that 
difference indicates a need for caution in interpreting the data since some 
unusual site-specific circumstances may be at work. The importance of this 
type of verification increases with the significance of the decisions that must be 
made using the information obtained. 

The integrated application of different sediment assessment methods is therefore valuable 
because decisions can be made on the basis of a preponderance of evidence. 

As noted by USEPA (1992), there may be a regulatory requirement for the application 
of specific sediment testing procedures (e.g . , the Toxicity Characteristic Leaching 
Procedure under the Resource Conservation and Recovery Act; the analysis of 
polychlorinated biphenyls [PCBs] under the Toxic Substances Control Act), criteria (e.g., 
the limitations in the London Dumping Convention), and evaluation procedures (e.g., 
risk assessment guidance under the Comprehensive Environmental ~ e s ~ o n s e ,  Compensa- 
tion and Liability Act). It is not the intent of this document to describe the sediment 
assessment methods that might be required under such specific regulatory programs. 
Instead, this document describes sediment assessment methods that might be applied more 
generally in investigations of the nature and extent of sediment contamination. While the 
methods described herein are based on the experience of the ARCS Program and are 
intended primarily for application in the Great Lakes AOCs, they may be applicable in 
other aquatic environments as well. Some of the methods described (e.g., the sediment 
toxicity tests) are applicable only to freshwater environments, while others are more 
generafly applicable. 

Sediment assessment methods may be categorized as either numeric or descriptive 
(USEPA 1992). Numeric methods are chemical-specific and can be used to generate 
numerical sediment quality criteria for individual chemicals. Descriptive methods are not 
chemical-specific, but may be used to directly assess the overall impact of all chemicals 
that may be present in the sediment (e.g., through the use of sediment toxicity tests). 
A disadvantage of most numeric methods is that they cannot be used to predict the com- 
bined effect of several chemicals. The toxic units approach, however, does predict the 
combined effects of chemicals (Enserink et al. 1991). Descriptive methods, on the other 
hand, have the disadvantage that they cannot be used alone to generate numerical sedi- 
ment quality criteria for specific chemicals. 

Assessments of the nature and extent of sediment contaminatio~l focus on the measure- 
ment of the concentrations of chemicals of concern in the sediments, on the measurement 
of biological impacts, or, more commonly, on a combination of the two. Ultimately, an 
understanding of the causes of biological impacts can only come through synoptic surveys 
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that include measurement of chemical and biological parameters on the same sediment 
samples. 

0 VERVIE W OF THE ASSESSMENT GUIDANCE DOCUMENT 

The remaining chapters of this guidance document address specific topics pertaining to 
the assessment of contaminated sediments. These chapters include: 

Chapter 2. Quality Assurance and Quality Control-Provides guidance 
on the necessary elements of a quality assurance and quality control 
(QAIQC) program, including the development of data quality objectives 
(DQOs) and measurement quality objectives (MQOs), the use of QAIQC 
samples, contents of quality assurance plans, development of a laboratory 
audit program, database requirements, and data verification/validation 
methods. 

Chapter 3. Sediment Sampling Surveys-Describes methodology for con- 
ducting field surveys of contaminated sediments, including the design of 
sediment sampling vessels, field positioning methods, sediment sampling 
procedures, field processing of sediment samples, and sediment character- 
ization by remote sensing. 

Chapter 4. Screening-Level Analyses-Describes the use of relatively 
rapid, low-cost assays that can be applied either in the field or in the 
laboratory to focus comprehensive analyses on "hot spots" likely to require 
remediation or on "grey" areas where the integrated sediment assessment 
approach should be applied to evaluate the need for remediation. 

Chapter 5. Chemical Analyses-Provides guidance on the selection of 
appropriate chemical analytical techniques for sediment samples, including 
methods for conventional sediment variables, organic compounds, organo- 
metallic compounds, and metals. - 
Chapter 6.  Evaluation of Sediment Toxicity-Provides guidance on 
the selection of appropriate toxicity tests for assessing the biological 
impacts of sediment contamination. 

Chapter 7. Assessment of Benthic Invertebrate Community Structure- 
Provides guidance on the use of assessments of benthic invertebrate 
community structure as an indicator of in situ biological impacts of 
contaminated sediments. 

Chapter 8. Fish Tumors and Abnormalities-Describes the use of surveys 
of fish tumors and abnormalities as indicators of in situ biological impacts 
of contaminated sediments. 

Chapter 9. Data Presentation and Interpretation-Provides guidance on the 
application of several different methods of interpreting sediment quality 
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data, including procedures for mapping sediment quality data, sediment 
classification methods, and approaches to numerical ranking of contami- 
nated sediments to prioritize sites for remedial action. 

H Chapter 10. Conclusions-Provides an overall summary of this document. 

In addition to describing usable alternatives within each chapter, recommendations are 
made for selecting appropriate sediment assessment methods, using the experience gained 
by the ARCS Toxicity/Chemistry Work Group to illustrate key issues. It is intended that 
the guidance on appropriate sediment assessment methods provided herein may be applied 
to other Great Lakes AOCs. 
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ABSTRACT 

This document provides guidance on procedures for assessing the nature and extent of 
sediment contamination as applied to areas in the Great Lakes region. The document was 
prepared by the Toxicity/Chemistry Work Group as part of the Assessment and Remedia- 
tion of Contaminated Sediments (ARCS) Program, administered by the U.S. Environ- 
mental Protection Agency's (USEPA) Great Lakes National Program Office (GLNPO), 
in Chicago, Illinois. 

Assessment of sediment contamination is intended to determine whether chemical concen- 
trations in the sediments are sufficient to cause adverse effects on either aquatic 
organisms or organisms higher in the food chain, including humans. One of the main 
goals of the ToxicityIChemistry Work Group was the selection of scientifically sound 
methods.for assessing sediment quality. The selected sediment assessment methods were 
then applied in demonstration studies at several of the Great Lakes Areas of Concern 
(AOCs) . L 

The sediment assessment methods described in this document include an integration of 
physical, chemical, and biological information. Decisions regarding the possible need 
for sediment remediation could therefore be made on the basis of a preponderance of 
evidence. 

The chapters of this guidance document focus on various topics related to the assessment 
of contaminated sediments. Included is guidance on the necessary elements of a quality 
assurance-nd quality control (QAIQC) program, considerations for the conduct of field 
surveys, screening-level analyses (i.e., relatively rapid, low-cost tests to focus subsequent 
comprehensive analyses on the more contaminated sediments), chemical analyses, toxicity 
tests for assessing biological impacts, assessments of benthic invertebrate community 
structure, surveys of fish tumors and abnormalities, and data presentation and interpreta- 
tion techniques. In addition to descriptions of the available options within each chapter, 
recommendations are made to guide the selection of appropriate sediment assessment 
methods, using the experience gained by the ToxicityIChemistry Work Group to illustrate 
key issues. It is intended that the guidance on appropriate sediment assessment methods 
provided herein may be applied to other Great Lakes AOCs as they undergo investigation 
by Great Lakes Remedial Action Plan (RAP) personnel at the Federal, State, and local 
levels. 

This report should be cited as follows: 

U. S. Environmental Protection Agency. 1994. "ARCS Assessment Guidance Docu- 
ment. " EPA-905-B94-002. Great Lakes National Program Office, Chicago, IL. 


