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ABSTRACT

This report provides an overview of sediment quality in waters of
the United States. The focus 1is on describing qualitatively the
nature and extent of contaminated sediments, i.e., bottom deposits in
rivers, lakes, harbors and oceans that have been polluted with heavy
metals, organic chemicals and other materials from anthropogenic
sources. Such materials, also called "in-place pollutants,” may be
significantly impacting aquatic ecosystems in some areas, and may be
degrading the quality of the overlying water to the extent that water
quality criteria are exceeded and that uses of the water - by both
aquatic life and humans - are impaired.

Information for this report was obtained from a review of the
published literature (identified via computerized bibliographic data
bases and via personal <contacts) and from interviews with
knowledgeable individuals in approximately fifty federal and state
agencies that deal with contaminated sediments. Although a
considerable amount of personal experience was drawn upon and a large
volume of literature assessed, the data collection effort was not
statistically designed or geographically complete. It was alsoc not
within the scope of the study to include any major compilation of
sediment quality data or to screen such data to determine the degree
of contamination. For these reasons the conclusions drawn may reflect
a somewhat impressionistic view of overall sediment quality issues.*

Major sections of the report provide information on: (1) the
nature of sediment contamination problems (e.g., types of locations,
pollutants and ecological impacts); (2) sources of contaminated
sediments (including a discussion of current vs. old sources); (3)
available responses to sediment contamination; and (4) an overview of
sediment quality criteria (or evaluation processes) that are, or have
been, used to classify sediments as polluted or not. Appendix A
provides summary information on over 180 sites with "in-place
pollutants.”™ Appendix B contains a coded bibliography of literature
on this subject. Appendix C identifies the specific agencies and
individuals contacted for information on polluted sediments.
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I. INTRODUCTION

A.  BACKGROUND

Sediment contamination problems have been documented in an increasing
number of areas over the last few years. Contaminated sediments can
have direct effects on aquatic life by making areas uninhabitable for
benthic organisms or by contaminating the food chain and adversely
affecting fish. An example of the latter is the development of
cancerous tumors In fish from streams where the sediments are
contaminated with polycyclic aromatic hydrocarbons (PAHs). TFood chain
contamination can also pose a threat to human health as pollutants in
sediments bioaccumulate in fish tissue. There are numerous examples
of cases where fish consumption warnings or bans have been issued for
pollutants such as PCBs, mercury, dioxin, kepone, and others due to
contaminated sediments af:ilfecting the food chain. Sediment
contamination can also affec: commerce, most prominently by raising
the price of navigational dredging to levels that can not be borne by
the Corps of Engineers or shipping interests.

While sediment contamination has been recognized as a serious problem
for some time, there has been relatively little success in mitigating
these situations for a number of reasons. One factor is the lack of
national guidelines and well developed scientific basis for
determining what levels of various pollutants in sediments constitute
a problem. To date, problems have been defined primarily on the basis
of observed effects on aquatic 1life, such as a lack of benthic
organisms or diseased or contaminated fish. In some instances,
however, pollutant loadings to another body of water, sediment oxygen
demand, and regional or state guidelines have been effectively used
for problem definition.

Another factor which makes sediment contamination problems difficult
to solve is the handling of contaminated sediments. Both dredging and
disposal can raise additional problems. Although there are control
techniques available, dredging can result in resuspension of
contaminated material which can then become more available to aquatic
life or possibly affect water supplies. Disposal requires locating a
secure site where large amounts of difficult-to-handle aqueous
material can be safely transported and contained.

Contaminated sediments can also be expensive to control. Not only are
specialized dredging techniques and disposal sites sometimes needed
but the sediments may need to be dewatered or otherwise treated before
disposal can occur. Other complicating factors are the higher
concentrations of contamination that sometimes underlie the surface

1. This Background discussion was excerpted from an internal EPA
document on Sediment Strategy, dated July 1985.



sediments and the difficulty in establishing a responsible party,
especially when older sediments or multiple dischargers are involved.

Frequently, sediment contamination is the result of discharges of some
years past, prior to NPDES regulation.

A further reason that EPA has had limited success in mitigating
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While a large number of sediment contamination problems have been
idenctified, no systematic effort has been made to compile a
comprehensive national assessment of the extent of sediment
contamination problems. As a first step, it would be helpful to have
an extensive survey of all the regional offices, a detailed review of
relevant literature, a review of COE and State information, and an
evaluation of data available through STORET and other water quality
data bases to define the extent of the problem.

Once a comprehensive listing of known contamination problems and
apparent sources has been developed, it should be possible to
correlate the problems with respect to source category such as
particular ctype of industrial discharge, type of hazardous waste
spill, etc. The purpose of this exercise would be to establish
relationships between various types of 1industrial activities and
sediment contamination problems. (Aside from source category, factors
such as land use, sediment type and flow regime are also relevant.)
This would allow EPA to predict where currently undetected problems
may exist, to determine to what extent field studies are necessary to
further 1investigate wvarious source categories, and to suggest
regulatory followup approaches that might be taken.

B. STUDY OBJECTIVES

This study was undertaken as an initial step towards the goal of
compiling a comprehensive national assessment of the nature and extent
of sediment contamination problems. Specific objectives were to:
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Provide support and perspective to the development and eventual
implementation of sediment quality criteria through an
inventory and description of known contaminated sediment
problem areas.

The major purpose of this study was thus to provide a "picture" of the
sediment contamination problem in the United States in the most
efficient and objective way possible. It is hoped that this "picture”
can act as a framework or plateau on which future discussions of
sediment contamination problems can take place. We realized that the
data base of information being collected lacked the numeric rigor and
statistical base that is often needed in other studies, and that some
of the information may be called subjective or anecdotal. This
approach was taken purposely in the hopes that it will provide an
alternative view, a balance, to other approaches in which sediment
quality data are, in a mechanistic way, compared with concentration
limits that are akin to criteria values. Studies of this latter type
can be very helpful, however. Two good examples (described briefly in
Sections III and IV) are reports by Johanson and Johnson (1976) and
Bolton et al. (1985). The existence of these studies, which included
extensive analysis of numeric data on pollutant concentrations in
sediments, provides a valuable supplement to the current work.

c. REPORT OVERVIEW

A number of summary observations and conclusions are presented in
Section II. As explained above, the statements may be somewhat
impressionistic due to the nature of the study approach.

Section II] describes the study methodology used in this project. It
also provides a brief summary of four other reports that contain, at
least in part, surveys of sites with in-place pollutants. (Some

summary data from these other reports are presented in Section IV.)

The main findings of the report are presented in Sectjon IV. The
first two subsections focus on: (a) descriptions of the types of

sites and pollutants involved; and (b) descriptions of the pollutant
sources responsible. To a large extent, the information provided has
been based upon a review of over 180 sites with in-place pollutants,
(Summary information on these sites is provided in Appendix A.) The
final subsection of Section IV provides an overview of available
responses to sediment contamination, focusing more on management
issues and generic approaches than on engineering details.

Section V provides a discussion of several approaches to deriving
sediment quality criteria. The discussion focuses on approaches that
have been developed by federal and state offices for current use in
sediment contamination problems. Less information 1is provided on
ongoing research efforts to derive new sediment quality criteria.

Full references to the literature cited in the main body of the report

are given in Section VI.



Appendi{x A provides summary information on over 180 sites with
in-place pollutants. Information is given on the following: water
body/location; contaminants and their concentration ranges; perceived
or noted impacts; sources of pollutants; code for remedial actions
undertaken; additional comments; and a literature reference. The list
of sites is subdivided into ten tables by EPA region.

Appendix B provides a coded bibliography of literature (on in-place
pollutants) obtained during this study. The coding relates to eight
different criteria including EPA region, type of water body, types of
contaminants, suspected sources, remedial actions taken, and
ecological effects noted.

Appendix C identifies the specific individuals and agencies contacted
for information on sediment quality. The purpose is to make it easier
for future projects to identify and obtain needed information.



provide a "picture" of the sediment contamination problem in the
United States. The conclusions and observations given below are thus
a series of summary statements which represent collective wisdom; they
are generally supported by the data in Sections IV and V, but may also
contain a subjective or impressionistic flavor and may be skewed by
the nature of the data collection effort.

As described in Section I, the objective of this project was to

A. THE SEDIMENT CONTAMINATION PROBLEM: SINKS AND SQURCES

1. There are hundreds of sites in the U.S. with in-place pollutants
at concentration levels that are of concern to environmental
scientists and managers. These sites include all types of water
bodies (streams, lakes, harbors, near-shore ocean, etc.) and are
found in all regions of the country.

2. It is probably safe to conclude that all surface waters receiving
significant waste water discharges, runoff or infiltration from
anthropogenic sources contain some in-place pollutants, and that
the amounts present are related, in part, to the historic record
of waste loads received by the water body. Only the smallest and
most remote water bodies are likely to have pristine sediments
although even these may be affected by wind-borne pollutants
which reach the water body via wet or dry fallout.

3. The overall magnitude of the problem in terms of areal extent and
severity has not been assessed. The potential, however, is
staggering given the historic use of our waterways as a disposal
area and the fact that the U.S. has 3%.4 million acres of lakes,
1.8 million miles of rivers, 32 thousand square miles of
estuaries,* 23 thousand ocean coastline miles,* and hundreds of
thousands of square miles of near-shore, continental shelf
(marine) habitat. Even {f only a small percentage were affected
with polluted sediments, it would represent a very significant
problem.

4. Municipal and industrial point source discharges, wurban and
agricultural runoff, combined sewer overflows, spills, mine
drainage, and atmospheric deposition are frequently cited
sources. It {s presumed that illegal (intentional) discharges
have contributed significantly, but perhaps less so in recent
years.

5. There is a general feeling that the worst sources of pollution
{leading to contaminated sediments) have been stopped or brought
under control. However, no evidence was found that documented
the extent to which the problem of in-place pollutants has been
mitigated by the Clean Water Act, the National Pollutant

* Excluding Alaska
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Discharge Elimination System (NPDES), and other federal and state
acts and regulations. It is clear that many of the worst cases
of sediment contamination are associated with sources that have
ceased discharge. However, it 1is known that iIn many locations
the older polluted sediments are still in place but have been
covered by recent deposits of cleaner material. Such natural
burial may diminish current impact, but it cumplicates future
removal strategies as may be associated with navigational
dredging.

In addition to pollutant source strength, patterns of sediment
contamination are strongly affected by hydrologic factors
(specifically sedimentation - patterns), and the physical and
chemical characteristics of the sediments. Fine-grained
sediments with high surface area-to-volume ratios and/or high
organic carbon contents, for example, are good sorbents for many
pollutants. In areas where sediment-laden streams enter
quiescent waters (e.g., discharge into a reservoir, harbor or
other large body of water), or in other places where sediments
tend to accumulate, large masses of contaminated sediments may
accumulate.

The combined effect of wvaried source locations, and variable
hydrology and sediment characteristics, has led to large
variability in the concentrations of in-place pollutants within a
water course or water body. The more contaminated sites are
often referred to as "hot spots.”

Harbor areas, both freshwater and marine, have clearly been
impacted most severely. This is understandable given that they
usually receive waste loads: (1) from the 1local urban and
industrial sources (including point and non-point); (2) from
commercial and recreational boat traffic; (3) from dredging
operations; and (4) from any rivers entering the harbor and
dropping their (possibly contaminated) sediments in the harbor.

Our understanding of the nature and extent of the problem of
in-place pollutants is hampered by the fact that sediment quality
data are not easy to collect and review. There have been no
national surveys of sediment quality (a limited one is currently
being sponsored by NOAA); the existing data, although extensive
in some regards, are associated with varying sampling and
analytical methods, and are widely scattered in many state and
federal offices, often in uncompiled formats (some has been
entered into STORET); and only a few states (e.g., Texas, Oregon
and Washington) have regular programs to check for in-place
pollutants.

Our understanding of the environmental impacts associated with
in-place pollutants 1is limited by gaps in knowledge relating to
sediment-pollutant chemistry (especially the biocavailability of



pollutants associated with sediments) and the direct and indirect
ecological impacts on the aquatic biota.

PROBLEM CHEMICALS

One would only expect significant sediment accumulation of
non-volatile, persistent chemicals. Both terms are relative, but
"non-volatile” might be apygopriatg3for chemicals with a Henry'’s
law constant less than 10 atm m /mol. By "persistent” it is
meant resistant to degradation by microbiological or chemical
pathways (e.g., hydrolysis, photolysis, reduction); chemicals
with a half-life (in sediments) of at least a year would
certainly be considered persistent. Heavy metals (which do not
"degrade" at all) and highly chlorinated organics are examples of
persistent chemicals.

The available data do cite heavy metals and metalloids most
frequently as 1in-place pollutants. Polychlorinated biphenyls
(PCBs), "pesticides", and polycyclic aromatic hydrocarbons (PAHs)
are also frequently cited. Radionuclides and microbiological
pollution are rarely cited.

In addition to toxic metals and organics, other sediment quality
problems involve nutrients, pathogens, acidity, oxygen demand,
salinity, physical habitat alteration and sedimentation.

Although the use of scans may be increasing, it is very uncommon
to find analyses where an attempt was made to identify all
pollutants in the sediments. More commonly, sediments are
analyzed for a screening list of chemicals. In some instances it
appears that a few chemicals or parameters are being used as
indicator pollutants for contaminated sediments; examples include
PCBs, dioxins, total organic carbon (or oil and grease), selected
heavy metals (e.g., mercury), and selected pesticides.

Because of the very selective nature of most of the analyses
done, it is possible that certain classes of in-place pollutants
have not yet been recognized as such, or that thelr relative
importance 1is underestimated. Petroleum- and coal-derived
hydrocarbons may be one such <c¢lass of chemicals. Stable
metabolites of some pesticides may be another.

Sediment quality data are obtained using a variety of analytical
techniques, with the largest differences being in the initial
digestion or extraction step. Comparison of data sets is thus
made difficult, as 1s drawing any conclusions cregarding the
biocavailability of the pollutants.

Although some sediments have been found with extremely high
pollutant concentrations, it is unusual to find samples that fail
the extraction procedure (EP) test used to define hazardous
wastes under RCRA. Easily extracted pollutants are presumably



also easily leached by the natural water flow from contaminated
sediments.

RESPONSES TO SEDIMENT CONTAMINATION

The most common responses to recognized sediment contamination
problems have been the issuance of fishing bans, fish consumption
advisories, and bans on swimming, and the closing of water
supplies.

If one neglects the Corps of Engineers’ experience with the

removal of (contaminated) sediments -- which is almost
exclusively connected with the maintenance dredging of harbors
and channels -- there has been very 1little experience with

removing (or mitigating the effects of) in-place pollutants.

The initial consideration in every case must include a careful
study of the extent to which the sources of the in-place
pollutants have been controlled. If they have not been
controlled, then any response that involves removal of the
contaminated sediments may have only limited, short-term value.

Fueled primarily by CERCLA ("Superfund”) momney, there is now more
serious consideration of technological solutions to contaminated
sediments. Such solutions might involve, for example, temporary
stream diversions, stabilization of the contaminated sediments,
dredging, open water burial (and subsequent capping) of the
contaminated sediments, on-land treatment and disposal, or jin
gltu treatment of the contaminated sediments. One or more such
technological solutions have been tried in at least 8 cases (see
Section IV-C).

Most cases have considered (and properly should) the "no action"
alternative in which the in-place pollutants are not disturbed.
At a minimum, this provides a baseline for a comparison of
relative risks and costs for alternate responses. It is quite
possible that the "no action" alternative may be, by choice or by
default, a very common one in the future given the technological
complexity, costs, and institutional and political constraints
associated with other actions. The "no action" case would also
receive support in instances where in situ degradation or natural
burial (by cleaner sediments) is expected to mitigate the problem
within a reasonable time span.

An attractive variation on (and improvement over) the strict "no
action" alternative is the use of broadcast material or caps to
enhance the effects of natural burial. In more sophisticated
projects, the contaminated sediments may be relocated to a
prepared pit in the waterbody sediments before a cap is added.

The use of caps for in situ or in-water disposal is gaining wider
attention.



O

(WS

There is a general consensus that consideration of responses is,
and must be, wverv site specific. This is presumably due mostly
o physical and ecological differences at each site, but local
sublic involvement, and other Imstitutional considerations may
play a significant role too.

The process of deciding ‘ust what remedial action is "best" for a
site with contaminated sediments is complex, lengthy, and fraught
with many uncertainties. The complexity Is due, in part, to the

aumerous alternatives =that can (or nmust) be considered. The
uncertainties may be associated with: (1) unknown effectiveness
of wvarious <technologies (under the local conditions); (2)

possible long term "failure” of a solution (e.g., disintegration
of a cap over buried contaminants;; {3) crude methodologies to
carry out exposure and risk assessments associated with different

solutions; 14)  equipment availability (especially dredging
ecuipment): {5) uncertain or .nknown costs; (&) availability of
funding; ©7) the uncertain bpasis and utility of various sediment

quality criteria that have recently been proposed; and (8) extent
of cleanup required.

Responses that involve removal of the contaminated sediments will
usually be on a much higher plane of complexity, cost, and
controversy than non-removal options since it must then be
decided where else to place the polluted material.

DEVELOPMENT OF SEDIMENT QUALITY CRITERIA

Criteria that are currently in use for evaluating levels of
pollutants in sediments. or for making regulatory decisions
regarding the disposal of dredged material, are primarily based
on comparison to background levels of pollutants, rather than on
biological effects data.

In addition to the background concentration method, other methods
being developed for the derivation of sediment quality criteria
include approaches based: (1) on the toxicity of pollutants in
water in situations where equilibrium sorption conditions can be
assumec; (2) on .aboratorv measures of the biological effects of
contaminated sediments; and (3) on field data indicating the
impact of in-place pollutants on the distribution or abundance of
benthic organisms. Approach (1) makes use of existing water
quality criteria for aquacic life.

The factors affecting the toxicity of contaminated sediments are
still poorlv understood. Uncertainties include the variation of
effecrts with sediment par:ticle size and organic carbon content,
and the relative Iimportance of wvarious methods of contaminant
uptake by biota (e.g, ingestion or absorption of overlying water;
ingesticn of sediment particles, or biomagnification).



Efforts to develop new toxicological data to support sediment
quality criteria are highly resource-intensive. As a result,
most recent sediment criteria development efforts have focused on
making optimal use of existing data.

Sediment criteria derived by the different methods developed to

date, although they may be quite similar, sometimes wvary by
orders of magnitude for a given pollutant.

10



ITII. STUDY METHODOLOGY

A, DVERVIEW

“he approach to gathering information for this study consisted of two
separate efforts: (1) a search of the recent published literature on
sediment contamination, and (2) a series of interviews, both by
telephone and in person, with representatives of various federal and

state agencies that deal with contaminated sediments. Each of these
segments of tic¢ study is described in more detail below. Two general
zypes of iInformation were gathered: (1) data on specific cases of

sediment contamination, their causes and effects, and (2) descriptions
of federal and state agency approaches to identifying, studving and
cleaning up contaminated sediments.

3. L_ITERATURE SEARCH AND REVIEW

The literature search consisted of both in-house searching of computer-
ized literature databases and review of bibliographies and publications
1istings obtained from various federal agencies.

Two databases were searched in-house: NTIS and Pollution Abstracts.
The NTIS database, produced by the National Technical Information
Service of the U.S. Department of Commerce, consists of references to
reports of U.S. government-sponsored research. The Pollution Abstracts
database includes references from approximately 2,500 primary sources
(including books, conference papers or proceedings, periodicals,
research papers, and technical reports) dealing with pollution, its
sources, and its control. Both of these databases were searched for
citations for which the word "sediment" or "sediments" and some form of
either "pollution" or “contaminants" (i.e., words beginning with
"pollut” or "“contamin") were listed as descriptor terms. In Pollution
Abstracts, the search strategy specified that "sediment" or "sediments"
must be a word in the title as well as being a descriptor term. (Some
additional <citations, which did not contain these words in +their
titles. were obtained from Pollution Abstracts £for the years 1978 to
.980.) <Citations obtained from Pollution Abstracts were limited to the
English language. In NTIS, the search strategy specified that the term
"sediment"” or "sediments" must either be both a descriptor term and a
word in the title of each document or be listed as a major descriptor
term.

In eddition to the in-house searches, a literature search on the topic
of sediment contamination was ordered from the Defense Technical
Information Center (DTIC). This search covered reports published by the
U.S. Department of Defense.
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The DTIC search covered the years 1976 to 1986, the Pollution Abstracts
search covered 1978 to 1986, and the NTIS search covered 1980 to 1986.
Complete bibliographic citations with abstracts were obtained from all
three databases: a total of about 220 citations from DTIC, 450 from
Pollution Abstracts, and 390 from NTIS.

Additional bibliographic listiugs were obtained from several sources:

e A bibliography of literature on "Lake and River Bottom Sampling"
(dated 1977 to July, 1985) compiled by NTIS

e A list of publications of the U.S. Army Corps of Engineers
Waterways Experiment Station in Vicksburg, Mississippi

o A list of publications of the U. S. Geological Survey

e A literature search conducted by the information specialist at
the U.S. Fish and Wildlife Service (USFWS), Columbia National
Fisheries Research Laboratory. (In addition, a search of
literature published by the USFWS was requested from the Fish and
Wildlife Reference Service in Rockville, Maryland. However, no
references specifically to sediment contamination were found).

From the above-mentioned citations and abstracts, reports and articles
were selected for inclusion in this study. All of the literature gath-
ered in this search process, together with reports and articles received
from the various agencies contacted (as described below), were listed in
a bibliography. Each citation in the bibliography was coded to indicate
the major subject areas touched upon by the report or article, In
addition, the literature was cross-indexed according to geographical
location, in order to facilitate review of all 1literature on hand
dealing with a given location. The bibliography and cross-index, which
are included in this report as Appendix B, were used in preparing the
table of sediment contamination problem areas (Appendix A) and writing
the remainder of this report.

C. TELEPHONE INTERVIEWS AND VISITS

The second major approach to gathering information for this study was
speaking to representatives of various federal and state agencies that
deal with sediment contamination. The majority of these interviews were
conducted by telephone, but a few agencies were visited in order to have
in-person discussions of the subject. The agencies/offices contacted
are listed in Table TIII-1. The specific individuals contacted are
identified in Appendix C. Prior to our contacting the EPA regional
offices, the EPA Office of Water, Monitoring and Data Support Division,
sent a "letter of Iintroduction” to all of the regional offices,
explaining the purpose of this study and requesting that they identify
individuals for us to contact in their offices. Names of contacts in
state environmental agencies were provided by the individuals we spoke
to in the EPA regional offices.
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TABLE III-1. AGENCIES CONTACTED

NATIONAL OCEANOGRAPHIC AND ATMOSPHERIC ADMINISTRATION (NOAA)
National Ocean Service, Ocean Assessment Div. (Rockville, MD)
National Marine Fisheries Service (Sandy Hook, NJ)

U.S. ARMY CORPS OF ENGINEERS
*New England Division (Waltham, MA)
*North Central Division (Chicago, IL)
New York Districc Office
Norfolk, VA, District Office
Jacksonville, FL, District Office
Galveston, TX, District Office
Omaha, NE, District Office
Memphis, TN, District Office
Portland, OR, District Office

U.S. ARMY TOXIC AND HAZARDOUS MATERIALS AGENCY (USATHAMA)
Installation Restoration Program Division

U.S. FISH AND WILDLIFE SERVICE (USFWS)
Resource Contaminant Assessment Division
Biological Services Division
Western Energy and Land Use Division
National Fisheries Research Laboratory (Columbia, MO)
Great Lakes Fishery Laboratory (Ann Arbor, MI)

U.S. GEOLOGICAL SURVEY (USGS)
Office of Surface Water
Northeast Region
Central Region (Denver, CO)
Harrisburg, PA, District
Baton Rouge, LA, District
Rapid City, SD, District
Lakewood CO, District
Salt Lake City, UT District
Oregon District

(&
95]

EPA ENVIRONMENTAL RESEARCH LABORATORY, NARRAGANSETT, RI

U.S. EPA REGION I
Water Quality Branch
State Agencies:
Connecticut Department of Environmencal Protection
Massachusetts Department of Envirommental Quality Engineering

U.5. EPA REGION 11
Water Management Division

{(continued)
* Indicates offices visited
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TABLE III-1. AGENCIES CONTACTED (continued)

G

uU.

.S.

S.

S.

EPA REGION III
Water Quality Control Division
Environmental Services Division

EPA REGION IV

Environmental Services Division (Atlanta, GA)

Ocean Disposal Division (Atlanta, GA)

Superfund Division (Atlanta, GA)

State and Local Agencies:
Florida Department of Environmental Regulation
Metro-Dade County, FL, Planning Department
Miami River Coordinating Committee

EPA REGION V
*Yater Division
*Great Lakes National Program Office
*Environmental Review Branch
Dredge and Fill Section
*Waste Managment Division
State Agencies:
Michigan Department of Natural Resources
*Wisconsin Department of Natural Resources

EPA REGION VI
Water Management Division
Hazardous Waste Management Division
State Agencies:
Texas Water Commission
Louisiana Department of Environmental Quality

EPA REGION VII

Water Management Division

Superfund Section

State Agencies:
Iowa Department of Water, Air and Waste Management
Kansas Department of Health and Environment
Missouri Department of Natural Resources
Nebraska Department of Environmental Control

EPA REGION VIII
Water Division
State Agencies: -
Colorado Department of Health

Montana Department of Health and Environmental Sciences

North Dakota Department of Health
South Dakota Department of Water and Natural Resources
Utah Department of Water Pollution Control

Wyoming Department of Environmental Quality

*

(continued)
Indicates offices visited
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TABLE III-1. AGENCIES CONTACTED (continued)

u.

EPA REGICN IX
Water Management Division
Environmental Services Branch (Pclicy Division)
State Agency:
California Water Resources Control Board

EPA REGION X

Environmental Services Division

Water Resources Assessment Section

Office of Water Planning

Puget Sound Office

State Agencies:
Alaska Department of Environmental Conservation
Oregon Department of Environmental Quality
Washington Department of Ecology
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In speaking to these personal contacts, we asked for: (1) information
that individuals could provide from personal knowledge; and (2) sediment
quality reports and data summaries that they could send us or to which
they could provide references. The type of information requested
inciuded the following:

e Statewide or regional surveys of sediment quality;

e Data on specific locations considered to be "problem areas" with
regard to sediment contamination, including the nature and extent
of contamination, known or suspected sources of pollutants, and
remedial actions considered or implemented;

¢ Information about approaches identifying sediment contamination
problems, deciding what level of contamination constitutes a
"problem"”, determining the need for remedial action, and
evaluating remedial action alternatives.

D. FQ ON R D_SYNTHESIS

Among the first steps in the review of the information collected was the
preparation of a large table listing specific sediment contamination
problem areas. This table, presented in Appendix A, is not intended to
be a comprehensive listing of sites that have contaminated sediments,
nor is it a list of the "worst" sites. Rather, it provides a sampling
of sediment contamination problems throughout the nation, with the most
attention given to sites for which documentation is readily available.
This listing was used as a starting point for the preparation of an
overview of sediment contamination in the United States, discussing the
types of contaminants most frequently found, and the known and suspected

sources of contaminants (Sections IV-A and IV-B). Another section of
this report (IV-C) discusses approaches to detecting, characterizing and
responding to instances of sediment contamination. This section was

based on <conversations with agencies that deal with sediment
contamination, together with the literature collected.

E. OQTHER STUDIES

Several previous studies have reviewed sediment contamination on a
nationwide scale. They include Johanson and Johnson (1976), Bolton et
al. (1985), Science Applications International Corporation (1985), U.S.
Fish and Wildlife (1986) and NCAA (1987). Each of these studies has a
different focus and provides information on different sets of sites
although there may be some overlap. Brief descriptions of these studies
are given below. (Some additional details are given in Section IV-A.)

e Johanson and Johnson (1976), Identifying and Prioritizing
Locations for the Removal of In-Place Pollutants.
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This study was prepared for the U.S. Environmental Protection Agency,
Office of Water Planning and Standards. The purpose of this study was
o assist in the selection of locations for consideration under Section
115 of the Federal Water Pollution Control Act (PL-500), which requires
EPA to identify the location of in-place poilutants, with emphasis on
~oxics. Under Section 115, EPA was also authorized to make contracts
through the Secretary of the Army for removal and disposal of these
in-place pollutants. Section 115 and the study covered harbors and
navigable waterways. Data was obtained from U.S. Corps of Engineers,
EPA regional and field offices, federal and state agencies, port
authorities, academia, and other institutes. A semifinal list of 23
locations was developed based on a pollution index which was a measure
of contamination relative to national median concentrations. These 23
locations were prioritized based on considerations such as availability
of disposal sites for contaminated dredged spoils, chemicals present,
population and shipping traffic. The prioritized list is shown in Table
IV-6 (Section IV-A), with Prioritv 1 sites as those deserving the most
consideration for Section 115 funds. Among a list of other conclusions,
the authors concluded that the data available at that time were not
adequate to set final priorities for removal or inactivation of in-place
pollutions in response to Section 1l15. Also, the authors perceived that
the magnitude of sediment pollution was such that the available funds
could not begin to have a significant impact. There was also concern on
the bias of inadequate intensity and geographically non-uniform
availability of data.

e Bolton, et al. (1985), National Perspective on Sediment Quality

This study was prepared for the U.S5. Environmental Protection Agency,
Criteria and Standards Division of the Office of Water Regulations and

Standards. The purpose of this study was to provide a nationwide
overview of the quality of freshwater and marine/estuarine sediments and
to provide assistance in the development of sediment criteria. Data

from the EPA Storage and Retrieval (STORET) system computer file, the
open literature, and reports from state and federal agencies were
included. Preliminary threshold concentrations, shown in Table 1IV-9§
(Sect. IV), primarily based on sediment-water-equilibrium partitioning
were used to compare sediment contamination monitoring data for
different pollutants. These threshold concentrations had been developed
in earlier reports (Paviou and Weston, 1983; JRB Associates, 1984). In
their methodology, the assumption is made that the distribution of a
chemical between the organic carbon phase of the sediment and the
soluble phase in interstitial water in equilibrium with the solid phase
is described by the organic carbon-water partition coefficient (K_ ) for
the chemical. If the water quality criterion value for the chemfSal is
taken to be the maximum acceptable concentration of the chemical in
solution in the interstitial water, then the threshold concentration of
the chemical in the bulk sediment is calculated based on the sediment
organic-normalized X for the chemical. Water bodies with sediment
contamination monitoring data were categorized into those having
contaminant(s) at Level 4 (greater than 10 times the threshold value),
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level 3 (3 to 10 times the threshold value), Level 2 (1 to 3 times the
threshold wvalue), and Level 1 (sediment concentrations less than the
threshold value). The highest contamination levels were usually found in
"hot spots" rather than over broad areas. For marine/estuarine sites,
only a limited number of areas contained contaminants at higher
concentrations. Details on the results of this study are given in
Section IV-A.

e Science Applications International Corporation, 1985, Removal and
Mitigation of Contaminated Sediments.

This study was prepared for the U.S. Environmental Protection Agency,
Hazardous Waste Engineering Research Laboratory in the Office of
Research and Development. This report described 11 case studies of
sediment contamination selected out of 33 cases based on remedial
actions considered and implemented at these sites. These case studies
provided information on state-of-the-art contaminated sediments
management. A list of chemicals was also provided on sediment contam-
inants based on their physical and chemical characteristics. Equipment
and techniques for sediments removal, dredged material management, and
in-situ treatment and isolation techniques are described in the report.

e U.5. Fish and Wildlife, April 1986, Preliminary Survey of
Contaminant Issues of Concern on National Wildlife Refuges.

This is an effort to inventory the presence of potentially harmful
contaminants on national wildlife refuges. Sediment contamination was
one of the issues considered but was not the primary focus. Information
for the report was compiled from a questionnaire survey of refuge field
stations. The report identified 78 contaminant issues of concern on 85
refuges. We noted eight national wildlife refuges that had sediment
contamination problems as shown in Table IV-8 (Section IV-A}.

e National Oceanic and Atmospheric Administration (NCAA), 1987,
"National Status and Trends Program. Progress Report and
Preliminary Assessment of Findings of the Benthic Surveillance
Project - 1984."

The report summarizes the results of the first year (1984) of a national
program to monitor toxic chemicals in bottom feeding fish and sediments
at 50 coastal and estuarine sites in the U.S. Chemical contaminants
surveyed included PCBs, aromatic hydrocarbons, selected chlorinated
pesticides, metals, and sewage materials. The incidence of fish
disorders (gross and histopathological lesions) was alsc surveyed, as a
pctential measure of biological response to contaminants. Areas with
high concentrations of several pollutants included Boston Harbor and
Salem Harbor, Massachusetts, Raritan Bay, New Jersey, Western Long
Island Sound, New York, San Diego Harbor, California, and Elliott Bay,
Washington. (The full NOAA report was not available at the time this
report was being prepared and thus no data or site information are
included herein.)
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V. STUDY FINDINGS

EDIMENT CCXTAMINATION PROBLEMS

Mg
193]

.. Overview

This section presents the results of the data-gathering on sites
which, based upon the information sources used, probably contain some
{n-place pollutants in the sediments. The term "in-place pollutants"
is used to describe those contaminants found in sediments. The use of
this term precludes some of the value judgment that mav accompany the
zerm "contaminated sediments”. It was not within the scope of this
study <o provide a detailed and complete analysis of in-place
pollutants in sediment; thus, the overview of the status of sediment
contamination in the U.S. presented ls somewhat subjective. e also
did not attempt to include an independent judgment on the accuracy,
adequacy, or rigor of the data as provided us from various sources.

In total. our study included 184 separate sites. Most of these were
in the Northeast., along the Atlantic and Gulf Coasts, and in the Great
Lakes region. This 1is not to say that these are also where the

problem is most severe, but where most of our data is concentrated.
Many water bodies serving major urban and industrial areas in the U.S,
contain sediments with elevated levels of pollutants. Affected water
hodies include ocean waters, estuaries, rivers/streams, lakes, and
reservoirs. Heavy metals and metalloids, PCBs, pesticides, and PAHs
were the most frequently mentioned contaminants in sediments.
Ecological 1impacts from these contaminants, including biological
impacts {(e.g., impacts on reproduction, structure and health of the
community, and fish kills), were frequently noted. Accumulation in
edible fish has been severe enough to warrant fishing bans or fish

consumption advisories in many cases. In one case, an alternative
water supply was brought into a community because the water supply was
contaminated by arsenic in the sediments. There are also numerous

examples where contaminated sediments have stvmied navigational
dredging efforts: this, in turn, has had impacts on shipping.

This section provides:

o a brief discussion on the extent of the problem of
in-place pollutants;

o) a descriprion of the sites involved;
0 a discussion of the types of pollutants in sediments; and
o a brief discussion on zthe <=vpes of impacts rhat have

occurred from in-place pollutants.

From the literature survey, U.S. EPA Offices. various state and
federal agencies and other sources that were contacted, data
regarding in-piace pollutants were summarized in tables shown in



Appendix A. These tables show the site (water bodv and location),
contaminants, any impacts that were noted or perceived, the
source(s) of the contamination, whether remedial actions were
considered or implemented, the reference or agency that the data
were obtained from, and other comments regarding the site. The
inclusion of sites was not based on ADL's judgment on contamination
or non-contamination as measured by concentrations, impacts, or
other criteria. Rather, there was no discrimination and sites were
included as given by the literature and other sources. In addition,
the tables do not provide an exhaustive list of all sites in the
United States with in-place pollutants. The information in the
tables in Appendix A is the primary basis of our conclusions. We
also relied on results from other studies similar to this one, which
were described in Section III.

The terms "contaminated" and "non-contaminated", or other such terms
used iIn conjunction with sediments are somewhat arbitrary.
Different sources and agencies have different approaches to making
these designations. Section V describes the current criteria and
approaches that are used by various Federal agencies, EPA regions or
states. As a result of these varied approaches, the sites across a
region and the country listed in the tables in Appendix A vary
greatly in terms of contaminants monitored, procedures of testing
and analyses, and concentrations.

An important consideration is the current database that exists on
sediment monitoring data. The effort that was made to compile the
data in Appendix A was not uniform throughout the EPA regions in the
U.S. As a result, certain regions are better represented than
others. However, the bias of such non-uniform effort is also
partially a function of the non-uniformity of the available data,
There are certain regions of the country that have received more
intensive study than others, e.g., the Northeastern coast and Great
Lakes region. The data available are not statistically rigorous.
In some sites, intensive monitoring has occurred over a long period
and many samples have been collected. In others, very few data
points are available. All these and other issues of concern should
be kept in mind when approaching a study of this type. The results
and conclusions of this report are qualified by these concerns.

2. How Widespread iIs the Problem of In-Place Pollutants?

Although it is reasonable to say that there is significant in-place
contamination in U.S. waters, it is not possible with the current

level of knowledge to quantify <he problem. We do not know and
cannot even begin to estimate, for example, the river miles affected
or the cubic yards of sediment inveolved. Part of this has to do

with limitations on the quality and quantity of the available data,
but a larger part is probably associated with not knowing how to
define and apply criteria that distinguish between contaminated and
uncontaminated sediments. However, from the information we have, it
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is possible to attempt some general statements regarding the
problem.
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the sediments in rivers, estuaries, and harbors serving these
regions generally contain elevated concentrations of metals, organic
compounds, or other man-made contaminants when compared to levels in
“pristine" areas (e.g., open ocean sediments). Every major harbor
in the U.S. may be considered to be contaminated from sources
upstream and from ship traffic. Similarly, estuaries in industrial
areas appear to be contaminated by {Industrialization and

th areas. Rivers flowing through major cities

urbanization in these areas. Rivers

are also impacted. Increased industrialization and urbanization in
the coastal areas and Great Lakes harbor areas have historically
contributed to these areas being more affected than other areas,
e.g., upstream portions of rivers. However, some rivers in
non-urbanized areas show elevated levels of agricultural chemicals
because they receive drainage from agricultural areas. An important
qualification in all these generalized statements {s that in each
location, the actual areas of high contamination may be extremely
localized. These localized areas with high levels are often related
to the location of the sources of contamination, e.g., at the end of
a sewage or Industrial outfall. In general, however, they are
difficult to identify and pinpoint. Their locations appear to vary
due to the movements of currents and other disturbances, e.g., ship
traffic or dredging.

The high mobility of sediments in some waterbodies is a complicating

issue. Pollutants discharged in the upper reaches of a watershed
may travel tens or hundreds of miles before finding a relatively
permanent ‘home’ in an open harbor, lake or bay. Even here,

however, permanent or episodic (e.g., storm generated) currents can
result in significant sediment redistribution. In some areas, older
contaminated sediments may become buried by cleaner material as part
of the natural sedimentation process.

Another perspective to describing the extent of 1In-place
contamination is through the impacts of such contamination. By and
large, known impacts due directly to 1in-place pollutants are
difficult to identify. Impacts are frequently indirectly observed
from effects related to contaminants in the overlying water. In
many of the areas where in-place contamination has been noted, there
have also been noted or perceived impacts on the aquatic biota
and/or water contaminated by the sediments, e.g., the detection of
contaminant(s) in biota and one recorded case where an alternative
water supply had to be provided for a community because arsenic in
sediments in a reservoir affected the water supply. Other cases of
potential human health impacts have led to such actions as fishing

bans, fish consumption advisories, and swimming bans. In terms of
impacts, therefore, the problem of in-place contamination Iis
significant. In instances where all other polluting sources have

been regulated, in-place contaminants may be the primary source
contributing to the impacts.
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The historical record of concentrations of pollutants in sediments
shows that in-place contamination has increased rapidly through this
century. Figures IV-la and -1b show, for example, the historical
concentration of aliphatic hydrocarbons in Lake Washington
sediments, and the historical concentration of mercury in Lake
Ontario sediments. The accumulation of pollutants with
industrialization {s clear from these figures. (Reductions in point
source loadings over the last decade may have reduced surface
pollutant concentrations from the values shown in the Figures.) The
concentration profiles show that the contamination decreases rapidly
with depth. The volume of sediments affected in many cases 1is
concentrated only in the surface sediments. This profile, however,
may be disturbed by currents, dredging operations, or other

disturbances. In some cases, reverse concentration profiles (i.e.,
showing higher concentrations at depth) are found; this is fre-
quently seen with PCBs in Great Lakes Harbors. In these cases,

burial of older contaminated sediments by cleaner material 1is
probably involved.

3. T s of Sites Involved

Figures IV-2Z2a to -2h and Tables IV-la to -lh indicate the locations
of the sites listed in Tables 1-10 in Appendix A. In many cases,
several sites were incorporated as one map site because they were
close together. It was often difficult to differentiate the sites
by type (marine, estuary, etc.) because the water systems are
connected. For example, many of the sites in the Great Lakes Region
were located at the mouths of rivers that drain into the lake.
These were arbitrarily designated as lake sites. There were other
similar cases of arbitrary designations.

In all, 184 sites were included in this study: 48 marine, 15
estuaries, 78 river/stream, and 43 lake/reservoir. Table IV-2 shows
the locations of these sites by region. From these data, it appears
that in-place pollutants occur in all types of water bodies,

The types of water bodies affected tend to be related to the types
of activities that are often associated with these areas. Figure
IV-3 shows a generalized picture of how sources and water bodies are
related. Bays and harbors are associated with sources from
shipping, among others. Major cities are usually also located in
these areas. Similarly, upper reaches of rivers and streams are
polluted by sources that are located in these areas, e.g., mines.
Section IV-B discusses the sources of in-place pollutants in greater
detail.

In addition to nearby sources, the extent of in-place contamination
is also dependent on the characteristics of the sediments. Fine
sediments tend to sorb pollutants to a greater degree than coarse
sediments because of their higher surface areas. For organics, the
organic matter content of the sediments is a very important factor;
the higher the organic matter content, the greater the sorption of

(Text continues on p.42 )
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TABLE IV-la

LISTING OF REVIEWED SITES IN EPA REGION I

SITE NUMBER NAME TYPE
1 Gulf of Maine, Casco Bay Region Marine
2 Gulf of Maine, Penobscot Bay Region Marine
3 Gulf of Maine/Wilkinson Basin, Murray Marine

Basin, Franklin Basin

4 Saco River Estuary, ME Estuary
5 Kennebec River Estuary, ME Estuary
6 Sebasticook River, ME River

7 Pawtucket River, Providence River, RI River

8 Narragansett Bay, RI Marine
9 Fishing Rip Shoals, MA Marine
10 Buzzards Bay, MA Marine
11 New Bedford Harbor, MA Marine
12 Falmouth Marsh, MA Marine
13 Charles River, MA River
14 French River, MA River
15 Blackstone River, MA and RI River
16 Bass River, MA River
17 Neponset River, MA River
18 Winthrop Harbor, Dorchester Bay, Marine

Boston Harbor, etc.
19 Silver Lake, MA Lake
20 Coopers Pond, MA Lake
21 Mill River, Mill Pond, CT River
22 Housatonic River, CT River
23 Eastern Long Island Sound, CT Marine
24 Branford, Bridgeport, Stamford, Marine
New Haven Harbors, CT
25 Quinhipiac River, CT River
26 Ten Mile River, MA and RI River
Site numbers used to show locations on following map. The same

numbers are also used in Tables 1-10 of Appendix A where detailed
information on the sites are given.
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Figure IV-2a. Location of Reviewed Sites in EPA Region I




TABLE IV-1b

LISTING OF REVIEWED SITES IN EPA REGIONS II AND ITI

SITE NUMBER NAME TYPE
Region II
1 Upper Hudson River/Fort Edward, NY River
2 Hudson River, NY/Tidal Portion Estuary
3 New York Bight Marine
4 Long Island Sound Marine
S Eastchester Creek (Hutchinson River), NY River
6 Saw Mill River, Westchester, NY River
7 Foundry Cove, Cold Spring, NY River
8 The Saddle River/Near Lodi, NJ River
9 Lake Ontario/Whole Lake Lake
10 Lake Ontario/Oswegc River and Harbor River
11 Lake Ontario/Buffalo River, Niagara River River
1 Lake Ontario/Eighteen Mile Creek, NY River
13 Lake Ontario/Rochester Embayment, NY Lake
14 Wine Creek and White Creek, Oswego, NY River
15 St. Lawrence River, Messena, NY River
16 Wetlands, Moira, NY Wetlands
17 Black Creek, Bergholtz Creek, Niagara
River, Niagara Falls, NY River
18 Elizabeth River, Arthur Kill,
Elizabeth, NJ Estuary
19 Cannon Run, North Branch
Rancocas Creek, NJ River
20 Burnt Fly Bog, Marlboro Township, NJ Wetlands
21 Edwards Run, Delaware River,
Gloucester County, NJ River
22 Maurice River drainage basin,
Vineland, NJ Estuary
Regi 111
1 Tinicum National Environmental Center, PA River
2 Monongahela River, Pittsburgh, PA River
3 Schuylkill River, PA Estuary
4 Chesapeake Bay Marine
5 Baltimore Harbor, MD Marine
6 James River, Hopewell, VA Estuary
7 North Fork, Holston River, VA and TN River
8 South River and South Fork, Shenandoah River
River, Waynesboro, VA
9 Elizabeth River Estuary, VA Estuary
10 Lynnhaven Estuary, VA Estuary
Site numbers used to show locations on following map. The same

numbers are also used in Tables 1-10 of Appendix A where detailed

information on the sites are given.
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TABLE IV-lc

LISTING OF REVIEWED SITES IN EPA REGION 1V

SITE NUMBER NAME TYPE

1 Sampit River, Georgetown, SC Estuary
2 Savannah River Estuary, GA Estuary
3 Latham Bayou and Loosahatchie River, TN River

4 Wheeler National Wildlife Refuge, AL River

5 Redstone Arsenal, Huntsville, AL River

6 Mobile Harbor, AL Marine
7 Mississippi Sound, Escatawpa River, Marine

Bayou Casotte, Pascagoula River,
Biloxi Bay, MS
8 Escambia Bay, FL Marine
9 Bayou Chico, Estuary, FL Estuary
10 Canaveral Port, FL Marine
11 Ft. Pierce Port, FL Marine
12 Jacksonville Port, FL Marine
13 Manatee Port, FL Marine
14 Miami Port and River, FL Marine
15 Pensacola Port, FL Marine
16 Port St. Joe, FL Marine
17 Tampa Port, FL Marine
18 West Palm Beach, FL Marine
19 Hillsborough River, FL River
Site numbers used to show locations on following map. The same

numbers are also used in Tables 1-10 of Appendix A where detailed
information on the sites are given.
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TABLE IV-1d LISTING OF REVIEWED SITES IN EPA REGION V

SITE NUMBER NAME TYPE
1 Cleveland Harbor, Cuyahoga River, OH River
2 Lake Erie, Westerm Lake
3 Lake Erie, Central Lake
4 Lake Erie, Easterm Lake
S Lake Erie/Maumee River, OH River
6 Lake Erie/Black River, OH River
Ta Lake Erie/Ashtabula River and Harbor, OH River
7b Detroit River, MI River
8 Shiawassee River, Howell, MI, South Branch River
9 Lake Erie/Clinton River, Rouge River, River

Raisin River, MI
10 Lake Huron, Southern Lake
11 Lake Huron, Saginaw Bay Lake
12 Lake Huron Lake
13 Georgian Bay Lake
14 Lake Michigan, Green Bay Lake
15 Lake Michigan, Algoma Basin Lake
16 Lake Michigan, Fox Basin Lake
17 Lake Michigan, Grand Haven Basin Lake
18 Lake Michigan, Sarian Basin Lake
19 Lake Michigan, Southern Basin Lake
20 Lake Michigan, Traverse Basin Lake
21 Lake Michigan, Waukegan Basin Lake
22 Lake Michigan, Manistique River, MI River
23 Lake Michigan, Menominee River, WI and MI River
24 Lake Michigan, Sheboygan Harbor Lake
25 Lake Michigan, Milwaukee Estuary and Basin Lake
26 Lake Michigan, Kalamazoo River, MI River
27 Indiana Harbor, Grand Calumet River, River

East Chicago, IL
28 Michigan City Harbor, IN Lake
29 Lake St. Clair Lake
30 Lake Superior Lake
31 Lake Superior, Keweenaw Peninsula Lake
32 Lake Superior, St. Louis River, MN River
33 Lake Superior, Torch Lake, MI Lake
34 Lake Superior, Deer Lake, Carp Creek, River

Carp River

Site numbers used to show locations on following map. The same

numbers are also used in Tables 1-10 of Appendix A where detailed
information on the sites are given.
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TABLE IV-1le LISTING OF REVIEWED SITES IN EPA REGION VI

SITE NUMBER NAME TYPE
1 Aransas National Wildlife Refuge, TX Marine
2 Laguna Atascosa National Wildlife Refuge, Marine
X
3 Corpus Christi Harbor and Ship Channel, TX Marine
4 Gulf Intracoastal Waterway, Tx/San Antonio Marine
Bay to Aransas Bay
5 Sabine Neches Waterway and Neches River, Marine
X
6 Houston Ship Channel Marine
7 Lavaca Bay, TX Marine
8 Petronila Creek, TX Marine
9 Rio Grande, Presidio, TX River
10 Double Mountain Fork of Brazos River, River
North Fork, Lubbock, TX
11 Finfeather and Municipal Country Club Lake
Lakes, Bryan, TX
12 Mountain Creek Lake, Dallas, TX Lake
13 Trinity River, TX River
14 Crutcho and Soldier Creeks, Oklahoma River
City, OK
15 Mississippi River, Shell Beach, L4, River
Gulf Outlet
16 Lake Pontchartrain, LA Marine
17 Capitol Lake, Baton Rouge, LA Lake
18 Lake St. John, Northeastern LA Lake
19 Lake Bruin, Northeastern LA Lake
20 Lake Providence, Northeastern LA Lake
21 Middle Rio Grande, NM/Elephant Butte Lake

Reservoir and Caballo Reservoir

Site numbers are used to show locations on following map. The same
numbers are also used in Tables 1-10 of Appendix A where detailed
information on the sites are given.
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TABLE IV-1f

LISTING OF REVIEWED SITES IN EPA REGIONS VII AND VIII

SITE NUMBER NAME TYPE
Region VII
1 Cedar Lake, Cedar Rapids, Iowa Lake
2 Mississippi River and Romaine Creek, River
St. Louis, MO
3 Swope Park Lakes, Kansas City, MO Lake
4 Squaw Creek National Wildlife Refuge, MO River
S Gum Spring Creek, Wolf Creek, Granby, MO River
6 Shoal Creek, Joplin West, Center Creek, River
MO-KS
7 Missouri River, Omaha, NE River
8 Spring River, MO River
9 Big River near Desloge, MO, Irondale-
Brown’s Foprd, MO River
10 St. Francis River Ba;in, near Farmington
and Fredericktown, MO River
i1 Tebo Creek, Henry County, MO River
1 North Claybank Creek, Macon County, MO River
13 Blue River, near Kansas City, MO River
14 Local surface waters, St.Louis, MO River
15 Pin Oak Creek, Johnson County, MO River
16 Mississippi River Side Channel,
Clinton, IA River
17 Mississippi River Side Channel,
Davenport, IA River
18 Cedar River near Charles City, IA River
Re v
1 Benton Lake National Wildlife Refuge, MT Lake
2 Freezout Lake, MT Lake
3 Lake Bowdoin, MT Lake
4 Silverbow Creek/Upper Clark Fork, Butte, MT River
5 Milltown Reservoir, MT Lake
6 Clark Fork River near Frenchtown, MT River
7 Prickly Pear Creek/Spring Creek,
Jefferson City, MT River
8 Columbus, MT River
9 Whitewood Creek, Belle Fourche River, River
Cheyenne River, South Dakota
10 Laramie River, WY, Wheatland Res.
No. 2 - Laramie River
11 Little Popo Azle River, WY River
12 Jordan River near Salt Lake City, UT River
13 Upper Arkansas River, Califormia Gulch, River
Yak Tunnel, Leadville, CO
14 Missouri River, near Williston, ND River
15 James River, ND and SD River
Site numbers used to show locations on following map. The same

numbers are also used in Tables 1-10 of Appendix A where detailed
information on the sites are given.

34



kS SD

CcO

———————

REGION viil

SCALE OF miLEs
] 100 100

15701 MLLS PCB YOWM

Figure 1V-2f,

Location of Reviewed Sites in EPA Regions Y11 and Y111}

ENVIRONMENTAL PROTECTION AGENCY

STORET SYSTEM

EPA REGION V11 & V11t
SEDIMENT S1TES

B qiver
ke
A pprne
® cstuary
X uetianpg

PROJECTION - ALBERS EQUAL AREA
SCALE 1110000000

REGION VI

35



TABLE IV-1lg LISTING OF REVIEWED SITES IN EPA REGION IX

SITE NUMBER NAME TYPE
1 Kesterson National Wildlife Refuge, CA Lake
2 Stillwater Wildlife Management Area, NV River/Lake
3 San Francisco Bay, CA % Marine
4 Southern Coastal California Marine
5 San Diego Harbor, CA Marine
6 Blanco Drain, Salinas/Monterey
Bay area, CA River
7 Elkhorn Slough, tributary to
Monterey Bay, CA River
8 Monterey Harbor, CA Marine
9 Urban Lakes, LA, CA Lake
10 Los Angeles/Long Beach Harbor, CA Marine
11 Santa Monica Bay, CA Marine
12 Newport Bay, CA Marine
Site numbers used to show locations on following map. The same

numbers are also used in Tables 1-10 of Appendix A where detailed

information on the sites are given.

* The Southern California Bight encompasses a very large area.
Alcthough it is shown here, for convenience, as a single site, it is
actually comprised of several "sites" related to municipal and
industrial outfalls, river discharges, off-shore oil development,
and other sources. Additional details on available data are
contained in a report by Tetra Tech (1986).
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TABLE IV-1lh LISTING OF REVIEWED SITES IN EPA REGION X

SITE NUMBER NAME TYPE

1 Duwamish Waterway, Seattle, WA Marine

2 Commencement Bay, Tacoma, WA Marine

3 Everett Harbor, WA Marine

4 Puget Sound, WA/Colvos Passage and Marine
Southern Puget Sound

5 Alaska Maritime Nat. Wildlife Refuse, AK, Marine
Woman's Bay

6 Alaska Maritime Nat. Wildlife Refuse, AK, Marine

Anchitka and Atka Is.

Site numbers used to show locations on following map. Alaskan sites
not mapped. The same numbers are also used in Tables 1-10 of Appendix
A where detailed information on the sites are given.
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TABLE IV-2. NUMBER OF REVIEWED SITES BY TYPE AND REGION

Region Marine Estuarine River/Stream Lake/Reservoir Total
I 11 3 10 2 26
11 2 3 13 o 22
TII 2 4 4 0 10
v 12 3 4 0 19
v Q 0 13 22 35
VI 8 2 4 7 21
VII 0 0 16 2 18
VIII 0 0 11 4 15
IX 7 0 3 2 12
X 6 0 0 0 16
TOTAL 48 15 78 43 184

Including 2 classified as wetlands.
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organics would be. However, this enhanced sorption may reduce the
bioavailability of the pollutants to aquatic life.

Areas where sediments tend to settle are also prime locations for

sediment contamination. These areas include reservoirs, other
impoundments, and lakes where the flow of a river is appreciably
slowed. Sediments that are contaminated by wupstream sources are

carried rto the reservoir, impoundment, or lake and deposited there.
As rivers flow toward the ocean, the rate of flow becomes slower and
sediments are deposited. Also, the interaction with salt water can
cause the flocculation and sedimentation of pollutant-laden
suspended sediments, and the precipitation and/or increased sediment
sorption of other pollutants due to oxidation (e.g., of metals) or
the "salting out" effect. Because of these effects, estuaries and
deltas become depositories of pollutants from upstream.

4. Tvpes of Pollutants Invojived

From the pollutants mentioned in each of the sites shown in Tables
1-10 in Appendix A, a summary table of contaminants and their
frequency of occurrence is shown in Table IV-3. Heavy metals and
metalloids (e.g., arsenic) are the most frequently mentioned
contaminants; 69 percent of the sites showed the presence of at
least one heavy metal or metalloid. PCBs were mentioned in 34
percent of the sites; PAHs, 19 percent; pesticides, 26 percent; and
other organics, 25 percent. The pesticides most frequently found
are DDT and its derivatives, dieldrin, and chlordane. Some classes
of contaminants were rarely mentioned, e.g.,  biological and
radioclogical pollutants.

The above observations regarding pollutants and their frequency of

occurrence seem to be similar to those from other studies. Table
IV-4, taken from the study of Bolton et al. (1985), shows the number
of sites that were contaminated with wvarious pollutants. Metals

again appear in many sites. PCBs and PAHs were also found in many
sites. Table IV-5, adapted from the same study, shows the sites
containing the highest levels of at least one pollutant. This table
shows that heavy metals, PAHs, PCBs, and DDT are found at high
levels. Johanson and Johnson (1976) studied the harbors and
navigable waterways in the country. Table IV-6 shows heavy metals,
PCBs, o0il and grease, and DDT to be the most frequent contaminants

in these sites. Tables IV-7 and 1V-8, from two other studies
(Science Applications Corp. 1985 and U.S. Fish and Wildlife Service
1986), show similar contaminants. Pentachlorophenol, creosote,

cyanide and a few other chemicals occur ir a few sites.

The ranges of concentrations of contaminants found in all the sites
from Tables 1-10 in Appendix A are very wide,. It was not the
purpose of this study to provide a statistical analysis of the
concentrations found. Table IV-9 and Figures IV-4a to -4h, adapted
from Bolton et al. (1985), show the concentrations that were
obtained from the data in their study. Since that study was based

(Text continues on p .54 )
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TABLE 1vV-3.

lHeavy Metals &

TYPES OF POLLUTANTS IN CONTAMINATED SEDIMENTS AT REVIEWED SITLS

Other Organicsa

Metalloids PCBs PAHs Pesticides Biological

Region Frequencyb % Frequency ] Frequency $ Frequency % Frequency % Frequency %

I 19 73 9 35 9 35 1 4 4 31 0 0

II 16 73 8 36 3 14 4 18 6 22 0 0

III 6 60 4 40 3 30 4 40 1 10 1 10

IV 14 74 1 5 4 21 3 16 2 10 0 0

\Y 21 60 15 43 4 11 14 40 12 34 0 0

VI 14 67 7 33 4 19 9 43 6 29 0 0

VII 11 61 3 17 1 6 2 11 3 17 0 0

VIII 12 80 4 27 0 0 3 20 3 20 0 0

1X 8 67 6 50 0 0 8 67 2 17 0 0

X 4 100 4 100 4 100 0 0 2 50 0 0
TOTAL 125 69 61 34 34 19 48 26 45 25 1 0.5

a. Includes oil and grease, hydrocarbons, volatile organics, phenols, base/neutrals, dioxin.

b. "Frequency" is the number of sites where the pollutant(s) was mentioned.
c. Percentage of sites with these pollutants.
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TABLE IV-4. NUMBER OF SITES IN THE U.S. SHQWING SEDIMENT
CONTAMINANTS AT DIFFERENT LEVELS

No Value
Level 4 Level 3 Level 2 Level 1 Available

AROMATIC HYDROCARBONS
Acenaphthalene 0 0 o 1 44
Acenaphthene 0 0 0 1 44
Anthracene 0 0 0 9 36
Benzene 0 0 0 1 44
Benzo(a)anthracene 0 0 0 11 34
Benzo(a)pyrene 0 0 0 4 41
Benzo(k)fluoranthene 0 0 0 3 42
Chrysene 0 0 0 4 41
Dinitrotoluene 0 ¢ 0 0 45
Ethylbenzene 0 0 0 4 41
Fluorene 0 0 0 4 41
Indeno(1,2,3)pyrene Q0 0 0 2 43
Napthalene 0 0 1 10 34
Nitrobenzene 4] 0 0 1 44
Phenanthrene 0 0 0 14 31
Pyrene 0 0 0 8 37
Toluene 0 0 0 5 40
PAH 14 6 6 12 7
TOTAL AROMATIC HYDROCARBONS 14 6 7 94 689
P DES
Aldrin 0 0 0 4i 93
Chlordane 0 0 0 2 135
DDD 0 0 0 32 105
DDE 0 0 0 27 110
DDT 4 1 2 6 124
Heptachlor 0 0 0 0 137
Isophorone 0 0 o la 123
Lindane 0 0 0 1 136
Toxaphene 0 0 0 0 137
TOTAL PESTICIDES 4 1 2 126 1100
(continued)
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TABLE IV-4. NUMBER OF SITES IN THE U.S. SHOWING SEDIM
CONTAMINANTS AT DIFFERENT LEVELS (continued)

No Value
Level 4 Level 3 Level 2 Level 1 Available

OTHER

c ocC
Dichlorobenzene 0 0 0 1 136
Hexachlorobutadiene 0 0 0 1 136
Hexachlorethane 0 0 0 0 137
Methylchloride 0 0 0 0 137
Methylenechloride 0 0 0 3 134
Tetrachloroethylene 0 0 0 2 135
Trichloroethylene 0 0 0 4 133
PCBs 1 8 15 106 7

TOTAL OTHER

CHLORINATED HYDROCARBONS 1 8 15 117 955

METALS
Arsenic 1 0 4 30 68
Cadmium 1 0 2 79 21
Chromium 5 7 16 8 67
Copper 2 3 8 39 51
Lead 0 7 14 69 13
Mercury 2 7 19 28 47
Nickel 0 2 23 14 64
Zinc 0 2 5 69 27

TOTAL METALS 11 28 91 336 358

PH ES
Butylbenzyl phthalate 0 0 0 0 103
Diethylphthalate 0 0 0 4 99
Dimethylphthalate 0 0 0 1 102
Di-N-butylphthalate 0 0 0 7 96

TOTAL PHTHALATES 0 0 0 12 400

* Level 1 - Sediment concentrations less than threshold value.
Level 2 - 1 to 3 times threshold value.
Level 3 - 3 to 10 times threshold value.
Level 4 - Greater than 10 times threshold value.
Threshold values are primarily based on EPA water quality criteria and
assumed sediment-water equilibrium partitioning. Please see III-E for
further details.

Source: Bolton et al. (1985)
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TABLE IV-5,

COASTAL U.S. REGIONS CONTAINING AT LEAST ONE POLLUTANT

IN SEDIMENTS AT CONCENTRATIONS EXCEEDING PROVISIQNSAL

THRESHOLD VALUES BY MORE THAN TEN-FOLD (LEVEL &)

Water Body Location Contaminant(s) Other
At Level 4 Contaminant(s)
At Site

LA County Wastewater Treat. Plant Outfall, CA DDT PCBs
Palos Verdes Whites Point Qutfall, CA DDT
Palos Yerdes Penn. JWPCP Outfall System, CA DDT Cr,Cu,Hg,Ni
San Francisco Bay, Beemar Point, CA Cd
LA City, Hyperion Outfall, CA Cr Cu,Hg, Ni
Joint Water Poll. Cont. HMonitoring Zone, CA Cr Ni,Cu,Pb, Hg
Palos Verdes Shelf, CA Cr Cu,Pb,Ni,Cd,Zn
Quinhipiac River, CT Hg
Charles River, Boston. MA PAH
Boston Harbor, MA PAH Hg
Achushnet River/New Bedford Harbor, MA PCBs,Cu
Patapso Estuary, Baltimore Harbor, MA Cr Cu,Pb,Ni,Zn
Arthur Kill, NJ PAH Pb,Hg,PCBs,Zn,As
Newark Bay, NJ PAH, PCBs Hg,Pb
New York Bight, NY PAH PCBs
East River, NY PAH
Newton Creek, NY PAH (total) Napthalene, PCBs
Gowanus Canal, NY PAH (total) PCBs
Lower Bay, NY PAH (total) DDT,PCBs
Sewage Sludge Dumpside, NY DDT PCBs,Cr,PAH,Pb Hg NI
Hudson River, NY PCBs Pb,DDT,Cu
Providence River, RI Cr Cu
Corpus Christi Channel, TX Hg Cr,Pb,Zn
Puget Sound: Commencement Waterways, WA PAH, As Cr Ni
Puget Sound: Duwamish Waterway PAH PCBs,Cr,Ni
Puget Sound: West Point PAH PCBs
Puget Sound: Seattle Waterfront PAH PCBs
Puget Sound: Hylebos Waterway PAH PCBs

*Level 4 indicates concentrations greater than 10 times threshold value.
Threshold values are primarily based on sediment-water equilibrium

particioning.

Source: Bolton et al. (1985)
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TABLE IV-6. LIST OF LOCATIONS WITH CONTAMINATED SEDIMENTS - 1976

Water Body

Contaminant(s)

*

Priority 1

Detroit River, MI

Baltimore Harbor, MD

Indiana Harbor, IN

Duwamish Waterway, Seattle, WA
Michigan City Harbor, IN

San Francisco Harbor, CA

*
Priority 2

Bridgeport Harbor, CT
New Bedford Harbor, MA
Corpus Christi Harbor, TX

*
Priority 3

Providence River and Harbor, RI

New Haven Harbor, CT

Eastchester Creek, NY

Newark Bay, NJ

Sampit River, Georgetown, SC
Monongahela River above Pittsburg, PA
Mississippi River below St. Louis, MO
Cleveland Harbor and Cuyahoga River, OH
Milwaukee Harbor, WI

Neches Waterway, Beaumont, TX
Richmond Harbor CA

Oakland Harbor, CA

Los Angeles Harbor, CA

San Diego Harbor, CA

heavy
heavy
heavy
heavy
heavy
heavy

heavy

heavy
heavy

heavy
heavy
heavy
heavy
Pb

Pb

heavy
heavy
heavy
Pb

Hg

heavy
heavy
heavy

metals, oil & grease

metals

metals, cyanide, oil & grease
metals, PCB, oil & grease
metals, oil & grease

metals, PCB, oil & grease

metals, DDT, PCB, oil & grease
metals, DDT, PCB, oil & grease
metals, oil & grease

metals
metals
metals
metals

metals
metals, cyanide
metals

metals, oil & grease
metals
metals

*Priority 1 sites are those regarded as deserving the most consideration
for clean-up funds under Section 115 of the Federal Water Pollution Control
Act. Priority 2 and Priority 3 sites are those deserving less consideration.
The findings and recommendations of this report, now over 10 years old,
might not ve considered very pertinent for any current policy decisions on
clean-up, but they do add weight to the conclusion that harbors are amongst
the most impacted areas, and that a variety of inorganic and organic pollu-
tants are involved. Please see Section III-E for further details on the

study.

Source: Johanson and Johnson (1976)
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TABLE IV-7. WATER BODIES AND LOCATIONS WITH CONTAMINATED SEDIMENTS

Water Body Location Contaminant(s)
Duwamish Waterwvay Seattle, WA PCB
Gulf outlet of Shell Beach, LA PCP
Mississippi River

James River Hopewell, VA Kepone

Mill River Fairfield, CT Lead

North Fork Saltville, VA Mercury
Holston River

South Branch of the Howell, MI PCB
Shiwassee River

South and South Fork Waynesboro, VA Mercury

Shenandoah Rivers

Stamford and New Haven
Harbors

Commencement Bay

Fox River

Sheboygan Harbor
Milwaukee Harbor
Elizabeth River

Upper Hudson River
Waukegan Harbor

Little Menomonee River

New York Bight

Stamford and
New Haven, CT

"~ Tacoma, WA

Wisconsin
Sheboygan, WI
Milwaukee, WI
Portsmouth, VA
Fort Edward, NY
Waukegan, IL
Milwaukee, WI

New York, NY

Heavy Metals

Various
PCB

| 19:]

PCB

PAHs

PCB

PCB
Creosote

Heavy metals,
PCB

(continued)
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TABLE IV-7. WATER BODIES AND LOCATIONS WITH CONTAMINATED SEDIMENTS

(Continued)
Water Body Location Contaminant(s)
Whitewood Creek Deadwood, SD Arsenic-
contaminated
tailings
Housatonic River MA and CT PCB
Lake Dupree Jacksonville, AR Agent Orange
Bayou Bonfouca Slidell, LA Creosote
Puerco River Churchrock, NM Uranium tailings
Cottonwood Creek Edgewood, SD Uranium tailings
Baltimore Harbor Baltimore, MD Heavy metals
Fields Brook, Ashtabula River, Ashtabula, OH PCB, Heavy metals
and Ashtabula Harbor
Black River and Lorain, OH Coal tars,
Lorain Harbor Napthalene
Kalamazoo River Kalamazoo, MI PCB
Tittabawasee River Midland, MI PCB, PBB
Indian Creek and Alabama DDT
Wheeler Reservoir
Grand Calumet River and Indiana PCB
Indiana Harbor Canal
Raisin River Adrian, MI Curene 442,
Anilines
Pine River and Reservoir St. Louis, MI PBB

Please see Section III-E for a brief description of this study by Science
Applications International Corp.

Source: Science Applications International Corp. (1985)
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TABLE IV-8.

EPA
Region

Name of Site

Contaminants
in Sediments

IT1

v

VI

VIII

IX

Tinicum National Env. Center, PA/
Creeks and Marsh

Wheeler National Wildlife Refuge, AL/
Huntville Spring Branch of Indian
Creek

Aransas National Wildlife Refuge, TX/
Bay areas adjacent to refuge

Aransas National Wildlife Refuge, TX/
Burgentine Lake

Laguna Atascosa Nat. Wildlife
Refuge, TX

Benton Lake National Wildlife
Refuge, MT/Benton Lake

Kesterson National Wildlife
Refuge, CA/Kesterson Ponds

Stillwater Wildlife Mgt. Area, NV/
Pajiute Drain, Carson River,
Lahontan Reservoir

heavy metals, pesticides,
cyanide, PCBs, chlordane,

ALY
rans

DDT & metabolites

heavy metals (Hg,As,Cd,Zn),
PAHs

oil & grease, pesticides

Agricultural chemicals
(incl. DDE, toxaphene},
heavy metals (incl. Se)

Se

Se, other trace metals

Se,As Hg

Please see Section III-E for a brief description of this study by the
U.S. Fish and Wildlife Service.

Source:

U.S. Fish and Wildlife Service (1986)
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TABLE IV-9. CONCENTRATIONS (PPM) OF POLLUTANTS FOUND IN FRESHWATER SEDIMENT

“Threshold Sediment Concentration
Pollutant Value"* Median 95th Percentile
Metals
Copper 136 4.0 32
Lead 132 16 199
Mercury 0.8 <1.0 1.0
Zinc 760 41 379
Nickel 20 13 99
Arsenic 33 4.0 39
Cadmium 31 1.0 12

Polynuclear Aromatic Hydrocarbons

Acenaphthalene 24 0.6 4.3
Anthracene 44 0.5 4.5
Benzo(a)anthracene 220 0.01 0.014
Fluorene 28 0.6 4.5
Phenanthrene 56 0.6 5.6

Phthalate Esters

Diethylphthalate 1.28 0.4 5.62
Dimethylphthalate 1.96 0.5 4.47
Pesticides
Aldrin 0.021 0.0001 0.03
Chlordane 0.020 0.001 0.097
DDT 0.006 0.0004 0.015
Heptachlor 0.020 ---- 0.006
Lindane 0.0124 0.0006 0.012
Toxaphene 0.020 ---- 0.044

*Threshold values are primarily based on EPA water quality criteria and
assumed equilibrium sediment-water partitioning. Please see Section III-E
for further details.

Source: Bolton et al. (1985)
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on data from stations, regardless of whether they were "contam-
inated" or "non-contaminated", their data do not provide a picture
of the range of concentrations found in "contaminated"” sites.
However, the high levels shown are indications of the levels of
contamination in "contaminated" sites.

Although the specific pollutants and classes of pollutants mentioned
above clealy demonstrate the existence of in-place pollutant
problems, it would be misleading to assume that they are the only
contaminants of concern, or that they present a complete picture of
in-place pollution. It is important to remember that what is found
depends on what is looked for. In many studies, the investigators
loocked only for metals. Certain agencies, e.g. the Corps of
Engineers, have a list of standard parameters which are to be tested
for. A list of parameters for the bulk sediment test from the New
England District of the Corps of Engineers is shown in Table IV-10.
Additional parameters may be included at many sites, but the
standard list is rather limited. Section V of this report describes
other screening lists used by other state and federal Agencies, and
their use as sediment quality criteria.

In some cases, a small list of pollutants is used because these
specific pollutants are being used as indicators of contamination.
Such a 1list, therefore, is not intended to provide a complete
picture of all the pollutants at the site.

TABLE IV-10. PARAMETERS FOR BULK SEDIMENT TEST

(NEW ENGLAND DIVISION, CORPS OF ENGINEERS)

volatile solids
water
oil and grease

Metals Mercury
Lead
Zinc
Arsenic
Cadmium
Chromium
Copper
Nickel

Bl
(9]
(o]

Total PCBs

Source: Information obtained from U.S. Army Corps of Engineers,
New England Division (1986)
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Another related issue of concern is that once a site 1s considered
"contaminated”™ based on a particular pollutant (e.g. PCBs),
investigators may not be on the look-out for other pollutants which
may have important ecological impacts.

The sediment analysis data that are available are primarily in the
form of bulk sediment analyses. Elutriate and biocassay data are
also available on occasion but tests for these are rarely based on
consistent procedures from investigator to investigator, and are
therefore not easily comparable. Although the methods for bulk
sediment analyses are not uniform, the data have more in common in
terms of bases for comparison. However, bulk sediment concentrations

do not necessarily correlate with the availability of the contaminants
to biota. It is therefore impossible, on the basis of bulk concentra-
tions alone, to predict the toxicity or other impacts of these sedi-
ments to the biota in the water body.

The issue of bioavailability is a major quetion for all contaminants

in sediments. Contaminants are sorbed onto sediments, become
partially immobilized, and therefore are not "available" to biota in
the overlying water. However, benthic organisms or bottom feeders
could still be exposed to the sorbed contaminant. For metals,
speciation in water also influences the bioavailability and toxicity
of the metal to biota. Bloavailability is a complex issue, and a

thorough discussion of it is not within the scope of this study.

These and other factors determine the impact of contamination in
sediments. To illustrate the complexities involved in metal
contamination, Figure 1IV-5 shows the speciation of arsenic in a
stratified lake. Arsenate and arsenite may coprecipitate with or sorb
onto hydrous iron oxides in the sediments. Under reduced conditions
in the presence of sulfide, orpiment (AS,S,) may be formed in the
sediments. Arsenic species also sorb onto aluminum oxides and clays.

Except for PCBs and PAHs, and some agricultural chemicals (e.g. DDT),
organics are not as frequently monitored in sediments as metals.
Other organics that may be present (and, perhaps, should be analyzed
for) 1include other <chlorinated hydrocarbons (besides PCBs and
pesticides), polymers, and metabolites of anthropggenic compounds.
Degradation or reactions of compounds in the environment will produce
new products. These products may be as important or even more
important than the parent compounds in terms of biological cr human
health impacts. An example of reaction products that may be
significant but which are currently not monitored are sulfides formed
by ablotic reactions of organics with sulfide. Compounds which are
persistent and have high adsorption coefficients should be emphasized
in sediment monitoring efforts. Radionuclides are another class of
contaminants not frequently reported. It is conceivable that these
may be more frequently detected if they are analyzed for in sediments.
An important point to emphasize, however, is that contaminant analyses
do not always provide information on the speciation or biocavailability
of the pollutant.
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5. Types of Ecological Impacts

An examination of the ecological and human health impacts from
sediment contamination was not the primary objective of this study.
Thus, this section provides only a brief discussion of exposure
pathways and a brief summary of the impacts noted or perceived.

e ways which may be followed by chemicals in
contamlnated sedlments, and which could lead to adverse effects on
aquatic life and humans, are shown in Figure IV-6. There are two
significant features of this Figure. First, it points out that,
within both the 'bottom sediments’ and 'water column’ compartments,
pollutant chemicals are partitioned between three subcompartments: (1)
sorbed to filterable sediments; (2) sorbed to non-filterable dissolved
organic matter (DOM) (primarily humic and fulvic acids); and (3)
dissolved in water. The biocavailability (to benthic organisms and
other aquatic life) of pollutant chemicals may differ significantly
depending on which subcompartment the pollutant is primarily
associated with. For example, strongly sorbed chemicals (e.g., DDT,
dioxin, benzo{a]pyrene) will be primarily associated with sediment
particles and DOM; only the small residual portion in true solution is
probably immediately biocavailable to most biota as the other two are
not in a form that can pass through gill membranes or other cell
membranes of the organisms.

Second, the routes leading to human exposure are mostly indirect,
involving, first, transport of the pollutants out of the bottom
sediments into the water column and/or biota. . Direct contact of
humans (such as swimmers, divers, and workmen cleaning boat hulls)
with sediments is also possible, but occurs much less frequently than
exposure via Indirect pathways. No exposure pathway involving
volatilization from the water column and subsequent human inhalation
is shown since few volatile chemicals accumulate to any significant
extent in sediments. (While volatilization may not be important from
a human health [exposure] standpoint, it may be important from a mass
balance standpoint, especially if other degradation and loss mechan-
isms are negligible.) Other more convoluted exposure routes, includ-
ing the use of contaminated water as irrigation water on food crops,
are also not shown. The human exposure route invoiving drinking water
may start with a surface water withdrawal, or with a groundwater with-
drawal where the well is near the surface water.

It is not difficult to conceptualize a range of possible impacts on
aquatic biota deriving from polluted sediments. These would include
specific toxic effects on individual organisms, both 1lethal and
sublethal. The latter include, for example, skin lesions ("fin rot"),
tumors, excess fatty vacuoles in the liver, altered metabolism and
strength, and altered behavior and reproductive habits. Population-

scale impacts could include decreased population size, decreased
reproduction potential, shorter average life span, and 1loss of
habitat. While laboratory studies can show the extent of effects on
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individual organisms, extrapolating to whole species/population
effects can be difficult. The use of field studies to determine the
impacts of contaminated sediments is also difficult since it must be
demonstrated that the identified sediment pollutants were taken up by
the studied organisms and caused the perceived impacts.

In the last several years there have been significant advances in
sediment (contamination) assessment by toxicity testing, including
monitoring: (1) for a variety of non-lethal effects on individual
organisms; (2) for changes at the cellular and molecular level (e.g.,
detection of histopathological abnormalities and chromosome damage);
{3) for changes in life cycle and whole population effects; and (4)
for effects on community structure. As noted above, studies focusing
on the nature and extent of such impacts, and the types of test
protocols used, are beyond the scope of this report.

Some information on reported "impacts" is included in Tables 1-10 in
Appendix A. This information is summarized in Table IV-11. Some of
these "impacts" are clearly not direct manifestations of adverse
health impacts, but merely suggestions (e.g., by the finding of
excess levels in fish) that such impacts might be expected. It is
difficult to directly associate the impacts shown in Table IV-11 to
the contamination in sediments. They are mainly indirectly
experienced through the contamination in the overlying water. Also, a
number of the impacts are indirectly implied through the institutional
controls that were instituted to reduce the exposure of humans to the
contaminants.

From the information in Table IV-11, brief statements may be made
regarding the impacts of in-place pollutants. Impacts on biota, most
notably impacts on reproduction, structure and health of the
ecological community (e.g., tumors, lesions, deformities, shorter
lifespan and therefore a skewing of the population toward smaller,
younger fish), and fish kills were frequently menticned by investi-
gators. Contaminants were also detected or bicaccumulated in biota
to levels unacceptable for human consumption. Fishing bans or fish
consumption advisories were common institutional controls to reduce
exposure. In several cases, investigators specifically mentioned that
levels in fish exceeded limits for human consumption set by the Food
and Drug.Administration (FDA). Swimming bans or beach closings were
also noted in several cases. Livestock toxicity was noted once. 1In a
case in Milltown, Montana, a groundwater supply was contaminated with
arsenic that originated from mine tailings deposited in a reservoir
(Site No. 5, Region VIII). An alternative water supply was provided
for this community.
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TABLE IV-11. IMPACTS ASSOCIATED WITH CONTAMINATED SEDIMENT

Impact or Institutional Action Number of Mentions
Detected or accumulated in biota 23
Impact on biota (e.g., community structure 35

and health, fish kill)

Fishing ban or fish consumption advisories 32
Levels in fish exceed FDA limits 11
Swimming ban/beach closings 4
Alternative water supply 1
Lifestock toxicity 1

Alteration, postponement or elimination of -
navigational dredging

Information summarized from Tables 1-10 in Appendix A.

Not mentioned directly, but many examples are known to exist.
Impacts would be socio-economic in nature.
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B. SEDIMENT CONTAMINATION SOURCES
1. Overview

This section presents a description of sources contributing to the
contamination of sediments in U.S. waters. There are basically two ways

in which sources affect sediment quality in a water body. Sources can
directly contribute sediments that are contaminated in the form of
solids, e.g., mine tailings. Sources can also discharge pollutants in

the aqueous phase which are then sorbed into the sediments.

There are numerous difficulties associated with the task of identifying
the responsible sources for a particular site. For any one contaminated
site, investigators normally listed many associated sources. These
often consisted of a list of suspected sources rather than proof of
actual sources. This is a function of the location of many contaminated
sites in urban and industrial areas where there are many possible
contributing sources in one location. The main source or sources are
frequently not identifiable. Unless a pollutant is unique to a particu-
lar facility, it is difficult to separate out the individual contrib-
utors. To identify the main sources, one would have to know, at a
minimum, the pollutants and loadings into the water body, from each
individual source.

A very important characteristic of in-place pollutants in sediment 1is
that the problem could exist long after the sources are gone. There may
be sources that are discontinued and other sources that are continuing
to contribute to the contamination. An example of this is the existence
of DDT and its derivatives in sediments. Although agricultural uses of
DDT have been discontinued, some residues may still be carried (via
erosion) from formerly-treated fields to surface waters for several
years or decades. Because of this characteristic, sources cannot be
easily identified from the current activities around the water body.

There appear to be numerous types of point, non-point and other sources
(e.g. spills) that were mentioned as sources of in-place pollutants.
Sewage treatment plants are important contributors to in-place
pollutants in virtually all regions of the country. Other point sources

include chemical, steel, metal working, and electroplating plants. In
many cases, unspecified industrial sources were cited as responsible
sources. Important non-point sources include urban and agricultural
runoff. Mining is a very important source in regions where it is an

economic activity. Spills are also significant contributors to in-place
pollutants.

This section provides:
) a review of the categories of sources of in-place pollutants;

. a discussion of the major point sources and the pollutants
associated with these sources;
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' a discussion of significant non-point sources and the pollutants
associated with these sources; and

e a review of other sources, e.g. spills. and +<he types of
chemicals involved.

The information obtained from published literature, U.S. EPA offices and
various state and federal agencies was the primary basis for the results
discussed in this section. This information Iis summarized in Tables
1-10 in Appendix A; additional information on sources is shown in Tables
IV-12 and -13. As in the case of determining the status of contaminated
sites in the U.S., the amount of information on sources was not uniform
from site to site. In many cases, no information on the sources of
contamination was available, while in others, numerous suspected sources
were cited. In some cases, the source or sources responsible for the
in-place pollutants were clearly identifiable because of the relative
locations of the source and contamination site, or because of the
particular pollutant involved. As was pointed out in Section IV-A, the
database from which our results and conclusions are drawn is
non-statistical. Our objective 1s to present a picture of the
situation, not a statistical analysis.

2. Categorjes of Sources

There are essentially three types of sources that can be identified:
point sources, non-point sources, and other sources which include spills
and purposeful addition. Each one of these categories will be described
in detail in the sections below.

In point sources, effluents are usually from an identifiable source and
usually from the end of a pipe that is in a fixed location. Point
sources include industrial and municipal wastewater discharges which are
regulated under the National Pollution Discharge Elimination System
(NPDES) by authority of the Clean Water Act. Non-point sources are
usually characterized by effluents from an area and not from a pipe.
The types of pollutants asscciated with non-point sources are determined
primarily by land-use characteristics. Examples of non-point sources
are urban runoff and agricultural runoff. The category of other sources
includes accidental (unintentional) releases and purposeful addition of
chemicals into a water body. Examples are spills, dumping, and the
addition of herbicides into reservoirs or lakes.

Although the definitions above provide reasonably clear distinctions
among the categories, there are a number of sources that are difficult
to categorize. Combined sewer overflows, which result from the
overwhelming of sewage systems due to runoff from storms, were classi-
fied as point sources, even though overflow outlets may be located at
several points upstream of the sewage treatment facility. Discharges
from shipping, such as the washing of decks and cleaning of containers,
were classified as non-point sources, as was atmospheric deposition.
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*
TABLE 1V-12 SOURCES OF IN-PLACE POLLUTANTS - POINT SOURCES

Location Region Point Source (Status)** Pollutants Found Reference (see Appendix B)
Providence River I Sewage (C) hydrocarbons Hurtt & Quinn, 1979
Cattaraugus & II Nuclear fuel services radionuclides Walters et al., 1982
Buttermilk facility (U)
Creeks, NY
Murderkill River, I11 Sewage treatment plants (C) heavy metals Hoffman & Biggs, 1983
Delaware
Miami Beach, FL v Sewage outfall (U) enteroviruses, coliforms, Schaiberger et al., 1982
fecal coli and streptococcus
*kk
Ashtabula River & v Chemical plants & landfills PCBs, other synthetic U.S. EPA Region V, 1984
Harbor, CH ) organics
Fields Brook, A Industrial point sources, organics, heavy metals U.S. EPA Region V, 1984
Ashtabula, OH abandoned landfills, lagoons,
chemical storage sites
(all ©)
*kk *k Kk
Fox River & Green \Y Industrial point sources (C) PCBs, PCDD, PCDF, U.S. EPA Region V, 1984
Bay Harbor, WI resin acids, chlorinated
resin acids, chlorophenols,
ammonia
*kk
Grand River, v POTWs, automotive, heavy metals U.S. EPA Region V, 1984
Grand Rapids, MI chemicals, metals, other
industrial (all C)
*kok
Indiana Harbor, \Y Steel mills, refineries, PCBs, PAHs, heavy metals U.S. EPA Region V, 1984
Grand Calumet River foundries, chemicals,
municipal, sewer overflows,
landfills & dumps (all C)
Menominee River, \Y Chemical company (C) As U.S. EPA Region V, 1984
WI & MI
(Cont inued)
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TABLE IV-17 SOURCES OF IN-PLACE POLLUTANTS - POINT SOURCES*

(Continued)

Location Region Point Source (Status) Pollutants Found Reference (see Appendix B)
Sheboygan River & v Techumseh Engine (C) PCBs U.S. EPA Region V, 1984
Harbor, WI

St. Louis River, v Steel Company (C) PAHs, heavy metals U.S. EPA Reglon V, 1984
MN

Waukegan Harbor, v Outboard Marine Corp. (C) PCBs U.S. EPA Region V, 1984
Waukegan, IL

Lower Waukegan Y Outboard Marine Corp. (C) PCBs, heavy metals U.S. EPA Region V, 1984
Harbor

Southern IX Sewage outfall (C) petroleum hydrocarbons Eganhouse et al., 1984
California Bight

Los Angeles, IX Sewage outfall (C) 0il & grease, heavy metals, Swartz et al., 1985
Palos Verdes, phenols, PAHs, phthalates,

Shelf, CA DDT & deriv., dieldrin

Columbia River, X U.S. Atomic Energy Commission, Radionuclides Haushild, 1980

WA Hanford Reservation (C)

Willamette Rive=, X Zinc hydrosulfide used in Zn Ricket et al., 1977

OR

ground wood pulp & paper
mills (C)

* See Tables 1-10 in Appendix A for compilations of more sources.

*% Status of sources indicate whether they were currently continuing at the time of the cited report (C),
discontinued (D), or their status was unknown (U).

*%% POTWs - Publicly-Owned Treatment Works; PCBs - Polychlorinated
Biphenyls; PCDD - Polychlorinated Dibenzodioxins; PCDF - Polychlorinated
Dibenzofurans; PAHs - Polynuclear Aromatic Hydrocarbons.
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TABLE 1V-13 SOURCES OF IN-PLACE POLLUTANTS - NON-POINT SOURCES AND OTHER SOURCES*

l.ocation Region Non-Point Source (Status)** Pollutants Found Reference (see Appendix B)
Georges Bank I Exploratory drilling (D) Aromatic hydrocarbons Payné“et al., 1983
Lake Whitney, Lake 1 Deposition from leaded heavy metals Bertine & Mendeck, 1978
Saltonstall, gasolines (C), CuSO
New Haven, CT biocide in reservoirs (C)
New York Bight I1 contaminated dredge spoil hydrocarbons Farrington & Tripp,
(C), sewage sludge in ocean 1977
dump site (C)
Adirondack Lake 11 atm. deposition from fossil heavy metals Galloway & Likens, 1979
fuels combustion (C)
Murderkill River, 111 agrl. runoff, runoff from heavy metals Hoffman & Biggs, 1983
DE pastures & woodlands,
urban runoff (all C)
Delaware River II1 urban stormwater runoff (C) aromatic hydrocarbons MacKenzie & Hunter, 1979
Wisconsin Lakes v sodium arsenite used as As Kobayashi and lee, 1978
aquatic herbicide (C)
Standley Lake, CO VIII runoff into creek before heavy metals Heit et al., 1980
discharge into Lake (C)
Southern California IX surface runoff (C) petroleum hydrocarbouns Eganhouse et al., 1982
Bight
kkk
Hansen Lake IX vehicular emissions (C) PAHs Heit, 1979
Los Angeles, CA
Grays Harbor, WA X oil spills, sewage effluents aliphatic hydrocarbons Rapp et al., undated

{C), urban storm runoff (C)

* See Table 1-10 in Appendix A for compilations of more sources,
*% Status of Sources indicate whether they were currently continuing at the time of the cited report (C),
discontinued (D), or their status was unknown (U).

**% PAHs - Polynuclear Aromatic Hydrocarbons.



Another way to categorize sources 1s to differentiate on the basis of
whether they are continuing sources or old (discontinued) sources. This
distinction is an important element in the choice of remedial actions
for a site. Cleaning up a site without reducing the loadings from the
sources causing the problem would have no lasting benefit.
Unfortunately, it is very difficult to determine the current status of a
particular source from the information available. Most of the
literature reviewed did not include this piece of information. In many
caseg, the references were not current enough for any conclusions on the
status of the sources.

Choices for remediation or mitigation of sediment contamination problems
also differ depending on whether the contamination is due to "point",
non-point”, or "other" sources. For example, reducing loadings from a
point source may be more straightforward than reducing loadings from
non-point sources. Considerations of remedial actions for large areas
that are non-point sources (e.g. mining areas) may involve more complex
factors.

Table IV-14 shows in-place pollutant sources cited by EPA region. This
table does not provide information on the size of loading contributions
from various sources. We were not able to evaluate sources on the basis
of their contribution but only on the number of times they were
mentioned by investigators. To provide information on pollutants
associated with particular types of sources, cases in which the sources
of contamination were known were used to generate Table IV-15. This
table presents the pollutants discharged by different sources. Some
types of sources, e.g. urban runoff tended to be cited together with
numerous other sources; in such cases it is impossible to figure out
what pollutants were released by each type of source. Tables IV-1l4 and
-15 summarize the information contained in Tables 1-10 in Appendix A and
Tables IV-12 and -13. The discussions in the following sections are
primarily based on the information summaries in Tables IV-14 and -15.

3. Point Sources

Point sources were mentioned frequently as sources of 1in-place
pollutants. Both industrial and municipal point sources are significant
contributors to in-place pollutants.

As shown in Table IV-14, many types of point sources contribute to
sediment contamination. There were a large number of sites in which
industrial sources were cited as a group and not specified. Municipal
sewage treatment plants are important contributors in virtually all the
regions of the country. Chemical, steel, metal working and
electroplating are commonly cited sources.

Other important industrial sectors include: engines and automotive;
nuclear energy production; paper mills; tanneries; refineries and other
petroleum industries; electrical component and capacitor manufacture;
woad preserving, wharfs and pilings. Although combined sewer overflows
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TABLE IV-14 SUMMARY OF SEDIMENT CONTAMINATION SOURCES BY REGION

Frequency of Citation, by EPA Region

Source 1 11 111 v \' VI VII VIIT IX X TOTAL
Point
Municipal sewage treatment 9 9 3 1 15 2 0 1 3 1 44
Combined sewer overflows 1 7 0 0 8 0 0 0 0 0 16
Industrial (other or not specified) 9 10 2 1 9 4 3 0 2 3 43
Chemical 1 3 3 2 8 1 1 1 0 0 20
Steel, metal working, electroplating 3 3 1 0 7 0 0 0 0 0 16
Engines, automotive 0 2 0 0 5 0 0 0 0 0 7
Energy production {(nuclear) 0 2 0 1 0 0 0 0 0 1 4
Paper mills 1 0 0 0 1 0 0 0 0 1 3
Tanneries 3 0 0 0 1 0 0 ] 0 0 4
Refineries, other petroleum 1 1 0 1 1 2 0 1 0 0 7
Electrical component, capacitor manuf. 1 2 0 0 0 0 0 0 0 0 3
Wood preserving, wharf and pilings 2 1 1 0 0 0 0 0 0 0 4
Non-Point
Urban surface runoff 2 1 9 2 3 1 3 3 35
Rural, agricultural runoff 0 0 0 15 0 4 28
Ocean dumpsite (sewage sludge, dredged 1 2 0 0 0 0 0 3
spoil)
Atmospheric, combustion (fossil fuels 2 1 Q 0 2 0 0 0 2 1 8
and vehicles)
Waste disposal seepage and runoff 1 10 1 0 2 0 3 1 3 1 22
(landfills, etc.)
Mining 0 0 o 1 0 10 0 20
Shipping 1 0 0 0 0 5
Other
Spills 3 0 15
Purposeful addition (herbicide, etc.) 1 0 0 0 0 0 0 0 2
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TABLE IV-15 SOURCES AND ASSOCIATED POLLUTANTS IN CONTAMINATED SEDIMENTS

Heavy Metals 0il Transuranics
and and and
Source Type Metalloids PCBs PAHs Grease Pesticides Hydrocarbons Organics  Radionuclides
Point
Sewage X X X X X
Chemical Hg, As Mirex, kepone, DDT "
Steel, metal working, X X X X
electroplating
Engines, automotive X
Nuclear energy x X
production
Pulp and Paper x, Zn X Phenols
Tanneries X
Refineries X x X
Electrical component, b4 X
capacitor
Non-Point
Agricultural runoff Se, As, Hg X DDT and derivatives,
heptachlor epoxide,
dieldrin, chlordane,
toxaphene
Ocean dumpsite X
Atmospheric, X
combustion
Mining X
Other
Spills Hg X DT, chlordane, X penta-
endosulfan chlorophenol
Purposeful addition As, Cu

An x indicates that the pollutant
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are not strictly point sources, they are included in here because the
discharges from these are associated with sewage treatment plants.

It is difficult to find any geographical trends in the information on
point sources. Overall they seem to be located more in the Northeast
and Great Lakes regions. However, this is probably a function of the
greater data availability for these areas.

Heavy metals and metalloids are associated with wvirtually all types of
point sources as shown in Table IV-15. Particular metals and metalloids
are pointed out when they appeared uniquely associated with some
sources, Sewage treatment plants were sources for many pollutants,
including PCBs, PAHs, o0il and grease, and hydrocarbons. Some of these
may originate with industry as many sewage treatment plants have
substantial industrial contributions. Because the chemical plants noted
in our study were mainly pesticide facilities, a number of pesticides
(Mirex, Kepone, DDT) were released by them. Mercury and arsenic, two
commonly used metalloids in pesticides, were also discharged by chemical
plants. PCBs were found associated with many types of sources. The
origin of the PCBs is frequently not clear. As expected, nuclear energy
production was related to transuranics and radionuclides found in
sediments. Metals, oil and grease, and hydrocarbons were pollutants
from refineries.

4. Non-Point Sources

Important non-point sources of sediment contamination include: urban
surface runoff, rural and agricultural runoff, atmospheric deposition,
seepage from waste disposal facilities, mining, shipping, and ocean dump
sites.

Urban surface runoff is a significant source of sediment contamination
in virtually all urbanized areas. In all regions of the country, urban
runoff was mentioned as a contributor to the problem of sediment
contamination. Rural and agricultural runoff was also cited frequently.
The sources of air pollutants that are subsequently deposited include
sources burning fossil fuels, and vehicles. The disposal of waste in
landfills, surface impoundments, and other waste disposal facilities can
lead to seepage and runoff from these facilities to water bodies. In
some Superfund sites (e.g., Love Canal, NY and Holbrook, MA) the
sediments of nearby streams were severely contaminated by pollutants in
the infiltrating groundwater. Similarly, sewage sludge, garbage and
dredged spoil have been disposed in ocean sites. Currents and other
disturbances cause the dispersal of contaminants from these areas to
their surroundings. Mining sites are very important sources of
pollutants intv water bodles, particularly of metals. Mining sites with
identified sediment contamination are primarily located in Regions VII
and VIII.

The pollutants associated with non-point sources are primarily related
to the land-use characteristics of the area. Urban runoff is normally
mentioned with a number of point sources. Because of this, it 1is
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difficult to separate out the contribution of urban runoff to the
contamination in sediments. Table IV-15 (mentioned earlier) shows the
pollutants associated with various sources. Certain metals (selenium,
arsenic and mercury) and pesticides (DDT and derivatives, heptachlor
epoxide, dieldrin, chlordane, and toxaphene, .1ave been found where
agricultural runoff is a non-point source. Strangely enough, PCBs have
also been found in sites receiving agricultural runoff. As would be
expected, a large number of metals have been found associated wit*
mining sources. Metals were also found in sediments contaminated
disposed sewage sludge and dredged spoil disposed of in ocean dumpsite...
Atmospheric deposition of polynuclear aromatic hydrocarbons (PAHs) is an
important source of PAHs in lake sediments. On certain industrialized
rivers, coke ovens and creosoting operations have been significant
sources of PAH discharges. Some PAHs may also be derived from the
natural degradation of humic material.

5. GOthe urces

This category includes spills (unintentional releases of pollutants) and
the purposeful addition of chemicals to a water body. Spills are
frequently mentioned as sources. These include spills of chemicals into
inland waters and spills inteo harbor and other marine areas. According
to data compiled by the U.S. Coast Guard (1983), the majority of spills,
both in terms of number of incidents and quantities spilled, are into
inland waters. Materials spilled include petroleum substances,
hazardous chemicals, and other types of materials as shown in Table
IV-16. Purposeful addition was only wentioned twice from the
information we obtained. In both cases, chemicals were added to
reservoirs/lakes as biocides (Bertine and Mendeck; 1978; Kobayashi and
Lee, 1978).

Some pollutants in sediments associated with spills were shown in Table
IV-15. A number of classes of contaminants are included: metals
(mercury), PCBs, pesticides (DDT, chlordane, endosulfan), hydrocarbons,
and organics (pentachlorophenol). The use of sodium arsenite and copper
sulfate as aquatic herbicides have contributed to arsenic and copper
contamination in sediments.
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TABLE IV-16. MATERIALS SPILLED IN U.S. WATERS
ent Volume
1982 1983
Material $ %

Crude 0il 34.8 12.3
Gasoline 5.4 2.8
Other Distillate 2.0 1.7
Solvents 0.4 0.1
Diesel 0il 6.7 9.9
Fuel 0il 11.8 1.8
Asphalt/Tar/Pitch 0.3 0.4
Animal/Vegetable 0il 1.3 0.0
Waste 0Oil 0.6 5.1
Other 0il 5.3 4.8
Chemical 4.1 8.5
Other Pollutant 25.1 50.4
Natural Substance 0.0 1.4
Other Material 2.0 0.7
Unknown 0.2 0.0
TOTAL 100.0 100.0

Source: U.S. Coast Guard {(1983)
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C. c ATION
1. Qverview

The process of responding to a sediment contamination problem begins
with the initial determination that a problem exists at a particular
location. Once a problem has been identified, the next step 1is
characterizing the nature of the contamination and assessing its extent
and severity. Based on such an assessment, together with considerations
of cost and technical feasibility, a decision must be made as to what
type of remedial action (if any) to implement. A wvariety of remedial
action options are available. Some have been repeatedly demonstrated,
while others are still in experimental phases. No one option is best in
all situations, as the decision process must consider many site-specific
factors.

The following section describes the steps which may be taken to identify
and assess a sediment contamination problem and the general decision
logic that can be used in developing a remedial action plan. Individual
response alternatives are briefly described, and their applicability,
advantages and disadvantages are summarized.

2. blem Identification and Assessment

Environmental agencies may become aware of sediment contamination
problems by several means. Few agencies currently conduct réutine
sediment quality monitoring, although several one-time surveys of
sediment quality throughout a given area have been undertaken.

Investigations of sediment quality may be initiated for several reasons:

. in response to a particular polluting incident, such as a
chemical spill;

. as part of a follow-up study of other pollution problems,
such as fish contamination, fish kills, or surface water
contamination;

] to monitor pollutant levels in areas subject to major impacts
from urgan and industrial discharges (e.g., the New York and
Los Angeles bights, and major bays and harbors);

. to determine the extent of a sediment contamination problem
detected in one location and suspected to be widespread
(e.g., selenium contamination caused by agricultural runoff
in California);

® as baseline studies for environmental impact assessments or
environmental impact statements;

* to establish background levels of pollutants in sediments
(e.g., for the purpose of sediment quality criteria

development); or

) to determine whether material that is to be dredged is
acceptable for open water disposal.
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This last is among the most common reasons for sampling sediments; the
regulation of dredged material disposal has provided the motivation for
many studies on the effects of contaminated sediments and on new
dredging and disposal methods.

The 1initial determination that sediments at a given site are
contaminated may be based on a variety of indications. Historical data
on the occurrence of spills or discharges of pollutants may suggest a
potential problem. Ecological stress indicators, such as reduced
di-rersity or abundance of ©benthic organisms, tumors found in
bottom-dwelling fish, or, in more severe cases, fish kills, provide
additional evidence of sediment contamination. Areas with severe
contamination may be recognizable because of odors or the appearance of
surface slicks when sediments are disturbed. High concentrations of
contaminants in biota also point toward sediment contamination.
Finally, data from analyses of sediment samples can be used to compare
contaminant concentrations to background levels or to criteria values,.
No single method for deciding what level of contamination constitutes a
problem has yet been firmly established; see Section V for a discussion
of the development of sediment quality criteria.

Once preliminary investigations have identified a sediment contamination
problem, further study is needed to characterize the problem, assess its
severity, and determine the most appropriate response. Such assessments
are likely to include consideration of the sources of pollutants, the
hydrologic conditions and uses of the water body, and data from
bioassays and bulk analysis of sediments.

The investigation of sediment contamination may proceed quite
differently depending on the reason for the investigation. If sediment
contamination is detected in the course of planning a routine dredging
operation, an assessment of the problem is 1likely to be mnarrowly
focused. It might be aimed at producing just enough information to
determine what kind of precautions are needed to avoid releasing
contaminants into the water column during dredging, and what type of
disposal is appropriate for the dredged material.

For purposes of regulating dredged material disposal, more or less
standard procedures for evaluating sediment contamination have been
devised. Such procedures, which have been developed by the U.S. Army
Corps of Engineers, the EPA, and state environmental agencies, typically
involve a series of tests to be performed on sediments to determine
whether or not they can be disposed of in open water. For disposal of
dredged material in inland waters, actions are controlled by Section 404
of the Clean Water Act, and by regulations issued under the authority of
the Act.

The disposal of dredged material in the ocean is governed by the Marine
Protection, Research, and Sanctuaries Act (MPRSA), which requires
permits for the dumping of materials into ocean waters. Federal
regulations specify criteria for evaluating the environmental impact of
materials (40 CFR 227). These criteria require that dredged material to
be disposed of in ocean waters must either meet one of several exclu-
sions (based on the physical characteristics of the material and on
historical data that indicate whether it is likely to be polluted), or
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be evaluated by specified tests. The evaluation procedure, developed by
the EPA together with the Corps of Engineers (U.S. EPA/CE, 1977), calls
for chemical analysis of the liquid phase, and bioassays of the solid
phase and suspended particulate phase, of the dredged material. The
results of the chemical analysis of the liquid phase are to be compared
to the applicable marine water quality criteria, after allowance for
initial mixing. If the liquid phase contains contaminants for which
marine water quality criteria are not established, it is to be evaluated
by bioassays. The bioassays compare mortality of test organisms exposed
to the dredged material tc mortallty in a control sediment, and measure
bioaccumulation in surviving organisms.

In practice, the various Corps of Engineers regional divisions follow
somewhat variable procedures for evaluating proposed dredging projects
in accordance with the federal regulatory requirements. In general, the
Corps first requires a bulk chemical analysis and an elutriate test on
the material to be dredged. (The elutriate test, which inveolves mixing
a sediment sample with a measured amount of water, then measuring
contaminant concentrations in the extracted water, is designed to
estimate the potential release of contaminants into the water column
during dredging operations.) If the results of these two tests indicate
that contaminants may be present at levels of concern, then biocassays
are conducted. The test results are wusually interpreted on a
site-specific basis, as numerical criteria for allowable contaminant
levels in dredged material have not been widely established. However, a
number of state, federal, and regional environmental regulatory agencies
have established (or are in the process of developing) more formalized
testing procedures and requirements, including numerical criteria
applicable to dredged material disposal in particular locations. (See
Section V for a summary of criteria levels.)

Recent attempts to standardize procedures for dredged material
evaluation have focused on establishing tiered testing schemes. For
example, at a workshop on biocassessment methodologies for dredged
material, a group of researchers and representatives of regulatory
agencies arrived at a consensus tiered testing program for sediment
scheduled for open-water disposal in freshwater environments (Dillon and
Gibson, 1986). This program is outlined in Figure IV-7. Following such
a testing scheme, the tests included in a given tier would be required
only if the results of the previous tier indicated that sediments are
likely to be contaminated. Thus, for example, laboratory
bioaccumulation tests would be run only if bulk chemical analysis of
sediments and/or acute toxicity tests give reason for concern.

In addition to following dredged material disposal guidelines, in some
instances involving heavily contaminated sediments, regulatory agencies
may find it appropriate to apply criteria for classifying materials as
hazardous wastes under the Resource Conservation and Recovery Act (RCRA)
or as toxic materials subject to regulation under the Toxic Substances
Control Act (TSCA). In such cases, disposal of dredged materials must
conform to the applicable RCRA or TSCA regulations.
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FIGURE IV-7. CONSENSUS TIERED TESTING PROGRAM FOR
EVALUATION OF SEDIMENTS SCHEDULED FOR
OPEN-WATER DISPOSAL IN FRESHWATER
ENVIRONMENTS

Tier Activity

- Initial assessment:
1 Historical inputs, siting, identification of existing
data, etc.

- Bulk chemistry

1

Predictive calculation of bioaccumulation potential (rapid)

11
*- Acute lethality
- Ames test (rapid)
*- Life cycle test (growth and reproduction)
III
*. Laboratory determination of bioaccumulation potential
- Other bioassessment techniques
Biocenergetics, histopathology, aryl hydrocarbon hydroxylase
induction, sister chromatid exchange, adenylate energy
v charge, microcosms

- Trophic transfer potential

*- Laboratory determination of steady-state concentrations and
important factors affecting bioaccumulation

*These tests could conceivably be combined into a single test.

Source: Dillon and Gibson, 1986
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1f sediment contamination is being investigated as a known pollution
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example, at a toxic waste site or at the site of a chemical spill), a

much more thorough investigation than that tequired for routine dredging

operations might be undertaken. Such an investigation is 1likely to
T - = PRy ST Ny S PRy P P NP Py

.L[l(.LU.ue beulmﬂ!lb bdﬂlp&klls to u termineg wnat contaminants are pl.l:belll. at
what range of concentrations, and to establish the depth and areal
extent of contamination. Fish and benthic organisms might be sampled to
determine whether contaminants are being bioaccumulated, and an
lnvencory 0[ ILOI.'a ﬂnﬂ Iauna m].gnc De CO“QUCCEQ to mnote Ll’le :uTl;‘)act OI
contamination on the distribution and abundance of biota. Another
lmporcanc quesc:Lon to De answerea ].S Wl’l&C cne source qQr sources OI tne
pollution are, whether they are peint or non-point sources, and whether
or not the discharge of pollutants 1is continuing. The depth and
frequency of mixing of the water body are also important considerations.
Finally, in order to provide am overall exposure and risk assessment for
a site, the uses of the water body by humans and by biota must be
considered.

A variety of options are available for responding to sediment
contamination. The first option to be considered in any instance of
sediment contamination resuLCLng from a conc1nu1ng poxiucant uiscnarge
is the possibility of controlling the source of pollutants. If it is
impossible to eliminate or substantially reduce the flow of contaminants
to a water body (for example, in some cases of agricultural or municipal
runoff), there may be little benefit to cleaning up the sediments, as
they will become contaminated again. Possible source controcl measures
include improved sewage treatment, implementation of more stringent
effluent limitations, and stricter enforcement of existing effluent
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limitactions. Once the source of pollutants Is under coantrol, response
options include the following:

° No action.

¢ Removal of contaminated sediments by dredging.

¢ Capping of sediments in place with clean sediments, with
chemically active materials, with a synthetic membrane, or

with a grout or sealant.

. Stabilization of contaminated sediments by injection of a
grout or sealant.

. In situ chemical or biological treatment.

Each of these options is described briefly below. Table 1IV-17
summarizes advantages and disadvantages of each option.
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TABLE IV-17. ADVANTAGES AND DISADVANTAGES OF VARIOUS REMEDIAL ACTION TECHNIQUES

Response Option Advantages/Applications Disadvantages/Limitations

Dredging Methods

Mechanical dredging -Sediments removed without added water, -Low production rates.
minimizing needs for transportation, -May generate high turbity in fine-grained
treatment and disposal of dredged sediments.
material. -Does not remove free/unabsorbed liquid

contaminants.

Hydraulic dredg ng -Higher production rates than mechanical -Pumping at low solids concentrations
dredges. necessitating large settling dewatering
-Lower resuspension/turbidity than mech- areas for dredged material.

anical dredges.

Dredged Material Disposal

Methods
Open-water disposal with -Anoxic water-saturated environment favors -Possibility for contaminant release
capping contaminant retention (especlially metals). especially soluble organics) via

-Calm, deep-water sites less likely to be water exchange through cap.
disturbed than near-shore sites. -Only available control of contaminant
-Any contaminants released would be diluted release is increasing cap thickness or
by overlying water, decreasing adverse or Iimpermeability.
impacts. -Potential adverse effects or biocaccumula-
-Little risk of human exposure to contami- tion in benthic organisms.
nants.

Upland confined disposal -Many site control and treatment options -Exposure to alr and drying of sedimen=s
available for handling heavily contami- may cause Increased mobility of contami-
nated material. nants.

-Less potential for release of soluble con- -Proximity to human habitation results in
taminants than in aquatic environment. increased human health risk.

{Continued)
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TABLE 1V-17.

Response Option Advantages/Applications

ADVANTAGES AND DISADVANTAGES OF VARIOUS REMEDIAL ACTION TECHNIQUES (continued)

Disadvantages/Limitations

Upland confined disposal
(continued)

-Ease of transportation of dredged
material from nearby dredging sites.

Shoreline confined
disposal

Capping Methods

-Potentially applicable as (1) a temporary
remedial measure to retard the spread

of contaminated material until recovery
or treatment can be implemented; (2) as

a final step in the remedial process, to
isolate any residual material following
recovery; or (3) as a primary

remedial measure.

Cover and capping of
contaminated sediments
in situ or of dredged
material disposal
mounds

Potential routes for contaminant

release:

- in effluent

- in surface runoff produced by rainwater
- by leaching into groundwater

- by plant or animal uptake

- by gaseous or volatile emissions

-Potential routes for contaminant release
include both those found at upland sites
(from dry, upper layer) and those found
at open-water sites (from water-saturated
lower layer).

-High risk of human and environmental
exposure to contaminants.

-Limited to protected open waters where
bottom currents and flow velocity are not
sufficient to erode the cap.

Possible problems include: ,

- turbidity and dispersion generated dur-
ing capping.

- scouring and resuspension of cover
material.

- leaching of pollutants through cover
material.

- impact on benethic organisms, e.g.
through bioaccumulation of contaminants
by organisms that colonize the cap, or
through disruption of habitat.

- erosion of cap by burrowing organisms.
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TABLE IV-17. ADVANTAGES AND DISADVANTAGES OF VARIOUS REMEDIAL ACTION TECHNIQUES (continued)

Response QOption Advantages/Applications Disadvantages/Limitations
Burial in subaqueous -Cap can restore ambient sediment -Possible loss of habitat for fish inhabit-
pits type and topography. ing subaqueous pits,
-Reduced potential for erosion (compared -Other possible problems as listed above
to capping a disposal mound). for capping.
Capping with active -Potential to neutralize or detoxify -Limited field application to date.
materials contaminants. -Requires accurate placement of cover
materials.

-Requires resistance to scouring (in order
to have time to react with contaminants);
coarse materials may need to be mixed with
more stable inert material.

Covering with -Impermeability potentially prevents -Liner must be compatible with contaminants
synthetic membranes leaching from highly contaminated to be contained.
sediments. -Possible problems include;

- puncture of membranes by jagged objects.

- need to vent gases released from sedi-
ments.

- need to bond adjacent liner strips.

- tearing or displacement of liner by
bottom currents (need to weight down
with clay, sand, or sediments).

- difficulty of placing membrane.

Capping with sealant -Less potential for rzsuspension of -Grout or sealant may impact water column
contaminated sediments than with injec- during application.
tion of sealant. -Application may be slow.
-Potentially applicable in less -Difficult to obtain complete coverage.

accessible areas.

(Continued)
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TABLE 1IV-17.

ADVANTAGES AND DISADVANTAGES OF VARIOUS REMEDIAL ACTION TECHNIQUES (continued)

Response Option Advantages/Applications

Disadvantages/Limitations

Othe tu
Methods

eatment

-Isolates contaminants, eliminating need
for sediment removal.

-Potentially creates stable base for
construction,.

Sealing and grouting
{by injection)

-Eliminates need to remove contaminated
sediments.

Chemical and biological
in situ treatment

-Limited information available on
fmpacts and effectiveness.

- Limited to protected open waters or
to low flow streams where the flow
can be diverted while grouting takes
place.

-Potential for secondary contamination
by treatment reagents or by contaminant
degradation products; theretore limited
to areas that can be contained during
treatment or where stream flow can be
diverted during treatment.

-Need to ensure that treatment

reagents are completely mixed with

the contaminated material.

-Biological treatment involving

aerbobic degradation requires that
sediments contain sufficient oxygen.
-Method not yet demonstrated.

Source: Summarized from Science Applications International Corp.,
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The following descriptions of contaminated sediment cleanup technologies
are based on the more detailed discussions given by Science Applications
International Corp. (1985). Descriptions of dredged material disposal
methods are based on the discussion by Phillips et al. (1985).

No Action Alternative

Taking no direct action to clean up contaminated sediments may be
appropriate in situations where the contamination poses little immediate
threat to human health and the environment, and where natural processes
are expected to result in rapid burial of the contaminated sediments by
clean material with little risk of scour by storms at a later date. In
such cases, the short-term impacts of cleanup operations (e.g., sediment
resuspension and increased biocavailability of contaminants) and/or the
long-term impacts of the disposal of contaminated material may be found
to outweigh the benefits. In other cases, the "no action" alternative
may be selected even though it is not deemed the most beneficial to the
environment, because of a lack of sufficient funds for cleanup.

In situations where taking no action 1is clearly wunacceptable, the
expected consequences of this alternative may be evaluated as a baseline
against which to compare other alternatives.

Dredging

Removal of contaminated sediments by dredging, perhaps the most obvious
solution to sediment contamination problems, has both advantages and
drawbacks. Complete removal of all’ contaminated material would ensure
that pollutants will not impact local biota or human uses of the water
body. However, complete removal may not be possible in areas with
extensive contamination. In addition, the process of dredging may
resuspend contaminated material, thus increasing its availability to
biota. Another concern is the need to dredge below the contaminated
layers (which may lie under a relatively clean surface layer) so that
dredging does not make the situation worse by just exposing the
contaminated material.

Numerous types and design of dredging equipment are available. Typical
applications and capabilities of dredge equipment are compared in Table
Iv-18. Mechanjcal dredges remove bottom sediment by the direct
application of mechanical force. Hydraulic dredges wuse centrifugal
pumps to create suction, removing and transporting material in liquid
slurry form. Pneumatic dredges, a type of hydraulic dredge, use
compressed air and/or hydrostatic pressure to dislodge and collect
sediments. Most types of dredging equipment are mounted on barges, but
some are land- or dock-based. Specialized dredging equipment includes
both smaller, hand-held dredges, and large, self-propelled equipment
that may operate on land, in shallow water, and/or underwater.

A variety of support activities may be required in conjunction with
dredging operations. These include pre-dredging activities such as
stream diversion or removal of weeds or debris from bottom sediments,
the use of barriers to control turbidity during dredging, and treatment
and disposal of the dredged material.
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TABLE IV-18.

COMPARISON OF DREDGE EQUIPMENT

Type of Disdga
Mechanicsl Hydisulic Prnoumatic
Clamaheoit Dragline Seckhoa [ Plain Suciien | Cutterhead]| Dumipan Hoppet Fotisbie Clean Up Ak Lia Pnesuma Oozer
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)
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Manimom IF1 ) None'™ None'" w0 o 12 50'* ' % ' 15 o™ ™ None None'" -
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Horzonisl [F1 ) g 2 1 23 23 23 0 1 23 ' 3 23
Vertical 1F1 ] ' 2 1 ? 1 1 ' ' 1 \ ' '
Rate of Production 0 600* a0 200 60 700 2% %0,000' 22600 | 3500 | 5002000 | 501850 > ™ 60 390" ™
ICY /i
by’ Resuspeneson High' High High ow'" Avg Avg Avg ' Low'" Low Low Low'" Luw
A\il‘“l' ¥ -' .r ‘W .l. o“'. xlﬂ O‘~. sl.l u w Y v w
Teaniportabity 4 4 1 5 s 5 . 13" 5 4 4 4
Volume Availability Transpartsbility Aelerances
A - Smak scale, less than 1,000 cubw yards (4) Q — AN ar most owned by Coips ot Engunesns 1 -~ Dradge can ba moved over enisling roads “as 15" {4) Hand et al | 1978
. . . of with slight moddlicasion (5,
B - Modium scale, 1.000 10 200,000 cubic yards {4) R - Basad in motl majoi hartbors snd commerial o .' ' 15} Clork, 1583
. WaBIwWays. b 2 ~ Dredge can be moved over existing roads alter
C - Laige scale, groatst than 200,000 cubic yards (4) mbling fewer
S - Based in some coasisl and grest laskas hachons desanee to3 o praces. {5)
Setting . . . . —~ Dredge can be moved over existing roads slter
D Natiow and/or very shallow {less than 6 feetl T — Widely svailsble in geneal eanhwork applications disassembling 10 move than 3 pleces. (5}
slieams
! U - Widely avadabla from contracions and vendors. 4 - Diedge hesd can be moved over existing 0ads
E Shallow {less than 20 leetl stisams and nivers, - . stribu “88 is"" of with skght modilicstion snd mounted
navigable by vessols V  Limnited availabity through U.S. dstributons. on co . vessul O Crane.
4 Idand lakes and ponds W Not genersly svadable in LIS 5 — Tiansport restricied to navigation ch % g
) sdable on inland comme than 5 foot th) due o dafl.
G - inland navigable channels and lshe and cosstal X &:'::::'.:V: v on ¢ rcial dep °
harbors . 6 - Tianspont testricted 1o deep (grester than 12 feet)
- navigation channels due to dralt.
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J Barges (2) Limited only by aveilsbility of suppon equipment
K - Tansport piping leg.. cables, winches, etc}
I. - Setikng impoundments 130 It tion not dab
M Ciane

Source:
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In the process of dredging contaminated sediments, treatment and
disposal of the dredged material are frequently more costly and of
greater environmental concern than the actual dredging. Three general
dredged material disposal alternatives are discussed here: open-water,
shoreline, and upland. Within each of these alternatives, various
restrictions or controls may be implemented to contain contaminants.
Advantages and disadvantages of these disposal methods are summarized in
Table IV-17.

Open-water disposal involves depositing dredged material at an aquatic
site. Material may be placed at an open-water site by dumping from
barges or hopper dredges or by discharging directly from a pipeline. A
submerged diffuser system, which radially discharges slurry just above
the bottom at a low velocity, has been developed as a means of more
accurately placing dredged material and minimizing turbidity during
discharge. Other methods for reducing the impacts of open-water
disposal include containment in subaqueous depressions or in areas
confined by underwater dikes, and capping with clean sediments.
Treatment of dredged material by chemical, physical, or biological means
either prior to or during discharge is also possible.

Upland disposal involves placing dredged material in a diked containment
area on dry land. Upland disposal sites usually are designed to contain
the solids from a dredged material slurry, allowing the supernatant
water to flow out over a weir as the solids settle. Upland sites may
also be used for disposal of hydraulically dredged material that has
been dewatered elsewhere, or mechanically dredged material transported
directly to the site. Control options that may be implemented to reduce
the impacts resulting from disposal of contaminated sediments include
the following:

» effluent quality controls--techniques for removal of
suspended solids and/or soluble contaminants from the
effluents

) runoff water quality controls--measures to prevent the
erosion of dried dredged material and the dissolution of
contaminants from its oxidized surface

e leachate controls--measures to minimize leaching of soluble
contaminants into groundwater

e control of contaminant uptake by plants and animals
. control of gaseous or volatile emissions
e control of wind erosion

Control measures may involve chemical treatment, capping or covering the
surface, lining the bottom, physical, chemical or vegetative
stabilization of the surface, or other techniques. Upland disposal
facilities can be used either for long-term containment of dredged
material, or for temporary storage and/or treatment of dredged material
prior to long-term disposal or beneficial wuse. For particularly
contaminated sediments, RCRA or TSCA designs for land disposal
facilities may be appropriate (or required).
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Shoreline disposal, 1like wupland disposal, involves placing dredged
material in a diked containment area. In the case of shoreline
disposal, the containment area is in the water, at a location such that
the final surface of the dredged material after the facility is filled
is above water. Control measures similar to those used at upland
disposal sites may be implemented to reduce contaminant release.

In other instances these confined disposal areas may have specialized
designs including dikes specially constructed (with slurry walls, clay,
and/or impermeable plastic liners) to prevent leakage of contaminated
leachate into the waterbody. Where impermeable materials are not used,
filtering layers (e.g., of sand) may be employed. Other design features
may provide for water level control, and for the collection and
treatment of runoff and/or leachate.

Capping

Several techniques have been proposed or developed for capping or
covering contaminated sediments. These 1include capping with 1inert
materials (e.g., sand, silt, clay, or clean dredge spcils), capping with
active materials that neutralize or detoxify contaminants (e.g.,
limestone, gypsum, or alumina), covering with synthetic membranes, and
covering with sealants or grouts (e.g., cement). Such techniques may be
used to cover a dredged material disposal mound, to cover materials
deposited in an underwater pit, or to cover contaminated sediments in
place. Advantages and disadvantages of these general capping methods
are summarized in Table IV-17.

Capping could be supplemented by additional confinement on the sides of
a contaminated area by the installation of slurry walls and/or grouting
(see below).

Sealing and Grouting

Stabilization of sediments by injection of pgrouts or sealants is a
technique that has been used extensively to facilitate marine
construction, but has had relatively little application as a control

measure for contaminated sediments. Sealing materials used include
cement, quicklime, silicates, bentonite, and combinations of these
materials. The applicability of particular types of grouts |is

determined by their viscosity, particle size, permeability, and
compatibility with the contaminants to be contained. The viscosity of
chemical grouts and the particle size of particulate grouts limit the
type of sediment that the grout will penetrate. The grout chosen must
be chemically compatible with the contaminants and sufficiently
impermeable to contain them. Potential applications of several grouts
and sealants are summarized in Table IV-19. Grouting and sealing of
contaminated sediments may be accomplished in situ by injection of
grouting materials or by stream diversion followed by sealing, as well
as by capping with sealant, as mentioned above.
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TABLE IV-19.

Groul /Seal ant
Maturial

Grout

Type

Fortiand Coment

Beatunige
Portland Cement

Bcntunits

unsisbie, parti-
culate

stable, particu-
late

atable, particu-
late

POTERTIAL APPLICATIONS OF GROUTS AND SEALANTS FOR STABILIZATION
OF CONTAMINATED SEDIMENTS

Soliditication
Hethods

Suitable
Sedimunt
Types

Incompat 1ble
Waste
Typea

Communt 8

dolidificaiion ui
Purcland Cemunt

Solidiftication of
Partland Cemunt;
swelling and gel-

clay thar stabil-
izes Lhe cement

Swelling and gel-
lation of «xpanding
clay

e FPeneiv iiy i
are a fuaction of grain
size--geacrally limited

to coarse sands and gravel

o Punctrability limitse
are a function of grain
aite~ coarse sands and

e Penstrability limits
are & function of grain
size--fine to mudium sande
and coarser

Acide & bases, org
solvents and sulfurous
compaunde, unless sul fur
cesistant typu Puctland
Cument is used

Strong organic and
inorganic acide and basus;
organic solvents, aul-

[ fomonunds unbesz
fusous tompounds unless

Type V Purtland Cemeat
is used

Strung organic end
inorganic acide &
bases

in ihe loag ierm
shrink/swell may be
affectud by wide
variely ol uvrganice
and metal salts

iiy and sireapih is
high bul s0 is permuability

Crmunt arouls afwe

o
TR g

per-
mcable than otier t(ypes of
grout a aent ioned

Addition of clay louera
puravabiiity and improves
rheological propertics
Ustest ightness

with increase
cont eat

tnficascs

wn clay

Bentunite has a lower
permeability than cemcal
but bhae luwer structural

sircngin ajau

Silicas Cetd chemical Polymesization tu a Sapd and aillx sand Basic salutions Silicate grouwl chemisiry
foim silics gel There ate such & . is a deveioping fieid,
(Si0, lattice) upon wide variety of new additives for improving
=£='§i with galling & 2z and atecngth & watectightoess
sgeals such sa sdditivea being inves- and reducing synciesis.
acida, polyvalent tigatud, that lc is Gelling agents such as
catiouns, or acid difficult to gener- those produced by Oynsmit
forming compgaunds alize about Nobel should be further
incompatibitity investigated.
Syneresis is the major
concern in using silica
gels
Quich} ime stable, particu- Pozzolanic e Clay eoil to silty sand Organica
tase react ion soil in which »
pozzolenic reaction
ia fully expected and
concantration of organic
matter is lusa then sbaut
32
Source: Scilence Applications International Corp., 1985
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In Situ Chemical and Biological Treatment

Several chemical and biological treatment methods that have been
developed, although primarily designed for treating contaminated soils
and groundwater, are potentially applicable to contaminated sediments
and sinking chemical spills. Applicable in situ treatment methods
include neutralization, precipitation, oxidation, cnemicair dechlor-
ination, and biological treatment. The applications and limitations of
thes. methods are summarized in Table IV-20.

Demonstrated Application of Cleanup Technologies

A recent survey .f eleven case studies involving the cleanup of
contaminated sediments illustrates the number and variety of remedial
action technologies available (SAIC, 1985). Case studies were selected
to illustrate a variety of cleanup technologies, especially innovative
technologies, in situations involving a range of contaminants, water
body types, and sediment characteristics. Ten of the cases involved
U.S. locations, and one involved a harbor in Japan. Cases where
sediment cleanup was actually implemented and/or where several
alternative cleanup technologies were considered and evaluated were
preferentially selected for inclusion.

The cleanup technologies considered and implemented in these case

studies are summarized in Table 1IV-21, A total of 53 separate
technologies (excluding "no action") were identified. From 3 to 29 of
these technologies were considered or implemented at each site. The

most commonly implemented cleanup actions consisted of sediment removal,
sediment and water separation, water treatment, and sediment disposal.
However, in one case sediment removal was followed by riverbed capping

with concrete to isolate remaining contaminants. In another case, the
"no action" alternative, accompanied by 1long-term monitoring, was
selected. (Two of the case studies describe sites where cleanup is

planned, but has not yet been implemented.) A variety of in situ
treatment methods were evaluated, but none (other than capping) were
implemented in the case studies.

4, Evaluation and Selection of Remedial Alternatives

When a decision has been made to clean up contaminated sediments, the
available remedial alternatives must be carefully evaluated. Evaluation
of alternatives may proceed via one or a series of screening processes,
in which the number of alternatives under consideration is reduced by

the application of technical, environmental, economic and other
criteria.

The process of evaluating and selecting remedial alternatives is
illustrated by several site-specific studies, such as those by CH M Hill
and Ecology & Environment (1983 and 1986), McGinn (1981), NUg Corp.

(1984), and Phillips et al. (1985). A typical decision-making process
is described below.
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TABLE IV-20., SUMMARY OF IN

SITU CHEMICAL AND BIOLOGICAL TREATMENT

Treatment
Method

Waste Types
Anunable

Treatmant
Rsegant s

Potwuntisl Probleme

Comment s

Weutraleaation

Precipital iva

Oz tdat ton

Acids & bases

lavrgsaic cations
and asions

Widse ranga of
wrganice; highly
chlorinated com-
pounds and aitre
arumatice are
nul well suited

Weak acide and basue

To azutcslize ocida: colciua
carbonsts, sodium carboaats ur
sodium bicarbunate; )imustone
or gresnstoos may be- applied
as active cover amatesrial

Bulfide preacipitation i»
musl prumising since mutal
sul fidan are the least ool
wble metal compuunde likely
to form over o bruad pH
range. Calcive sullsie,
irun sul fate, o gypeum may
bre used

Ouygen and/or olume end
bydsogen peroxide

Tonicily to pU-sensitive
banthos if nut properiy

placed os the apill

Use of furcic sullata uader
aerobic conditions msy seauit
in the lormation of hydeous
iros osides which can scavenge
hesvy madtals fr1om wvatue and may
cost the gills of buttom
feaders

Putential for formation of

K. Sgas; Likelihood inceeasee
a8 tha reactivity uf sullide
aad matales dacrense

Elfactiva oaly under reduced
conditions, uxidation to mure
soluble aulfide spucivs could
occur under asrubic coanditions

Oxidation cam rweult in more
wobile degradation pruducts
Buth ozone and hydrogen
pervnide may react vith
orgsaice in tha water

columa or aediments shich
sre not targel cumpounds,
thureby reducing effuctiveness
Conpounds which are sosbed
tu sudimente may be difficult
to vaidize

Contaimmunt of tha apill or contamineted
sediments is required Batave neutrslization
ia aitu

Ramule pl aetur shauld be used (0 locate pH
ishalancas

Hateriale com be applied in aitu as soluds
either by brondcasl sprasding ur uav uf
hand shovels within the contarncd seca
Materiale can be spplicd inm situ as
slurriee uvaing such acthuds as aand
epreader, opum pipe dischacrge or the Jif-
fusur head

Maturiale can also be applicd by diverting
styesa [lou and then spreading and mixtng
the acutralizing sgents; limited o

streams with velatively low tlow velocity

Containment of the epill or contaminated
sediments in required 1 arder to sllow
aduquate time for resction tu proceed to
complation

Solutions or slurries could be appdicd
togethar with capping asterial (s.g5., sand
or clay) using methuds such as pump down,
open pips discharpe or the diffuser head
Sututions and slurries can be applied
directly in calm waters using pumps and
hoses

Wiziag will genecally be requiced so thar
furmat iom of the prucipitant will wot
prevent further resction

Maturials can sluo be applied by divertiag
stream flov and Lthen spruading and mixing
precipitating agents; reduced conditivas
ehould be maintsined

Containmant of apills or contsminated
sediments s requisred prior ta omidatiun
in order fu pruvent loes of oxidant and
ouidation of nun-target compounds vulside
the conteminated arca
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Trestacat
Met hod

TABLE IV-20.

Ticstment
Resgants

Venin Types
Amenable

Onidstson (1untenuved}

Chemical
dechlarinat ton
(KOWPEG prucces)

Bralogicat
tecatmcent

Polythylene glycol and
potassive hydroxide

Highly <hlorine-
ted ofganice
(e.3. PCE, dioxine)

Miccoarganiams, osygen soufce
(far serobic degredation) snd
Autcients

Hust orgeaice are
smcasbis 9 bio-
degration 10 some
degiee; groups

that tend 10 be
aual fasistant (o
acrobic decomposi-
tion incfuda chios-
insted and atro
organice and puly-
auclesr aromslic
hydrucscbons with
thice or wore
range, however,
remuval of mitso and
chlofine groups may
occur under ywduced
conditlions

fotuntial Problems

Ozune wifl decompoec bach to
vaygen rapidly in the presence
of organice; arability of
hydrogen peronsda s not wll
known

Treatmanl systum can tolaerace
some waler but limits have

nul bema ustabliohed
Degradativa is tempecature
dependenr and msy procerd
slowly ac ambivnt temperaiurcs

Ocganice surbed to sedimrnts
may be celractory

Degcadatlion rates proceed vary
alowly at low temperaturns
Pastial degradation products
may bv mure stuble ac mure
tomic

Riccoocganisms uned lor
Lrestment any be pathagenic

Source:

Science Applications Internatianal Corp., 1985
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Comarnt s

Due to 8 limited tolerance ol water,
slrcam diversion sndfor dewalering wuls
be required prior to trvalment

Contsimmunt ta cequifed to confine micra
organiems 10 contaminated areas when
Lreating in silu

Acclimaled, mutanl snd geacticably cngi-
acervd micrvorganisms have or are betiag
develaped tur degradativa of & brosd raage
of waste types

Considerable rxsecarch 13 avcded to Lind
auitable mcane of maintawning adequste
onygea supply; research needs 10 concen-
trate on onygen delivery systems as well
a8 on the use of vzune aad hydsugen per-
unide &8 sn Oxygen suurcye




TABLE IV-21. LEANUP TECHNOLOGIES CONSIDERED (C) AND LMPLEMENTED(I)
IN ELEVEN CASE STUDIES

No, Sites No. Sites
Technology C I Technology C I
NO ACTION 2 1 DREDGED MATERIAL MANAGEMENT
SEDIMENT REMOVAL 3 8 e Dewatering: 3 5
- Settling Tanks - 2
e Predredging Activities - Settling Impound-
- Stream Diversion 4 1 ments 3 2
- Coffer Dams A 1 - Settling Barges 1 2
- Snagging - 1 - Filter Press 2 1
- Diver Assistance - 3 - Solidification 2 2
e Mechanical Dredges e Sediment Separation by
- Clamshell 2 1 Grain Size: - 2
- Dragline 2 2 - Settling - 1
- Backhoe 2 1 - Screens - 1
- Scraper 2 -
- Loader 2 1 e Disposal: 3 7
e Hydraulic Dredges - Special Landfill 3 4
- Plain Suction - - - Sanitary Landfill - 3
- Cutterhead 2 1 - Water Column 1 1
- Dustpan 1 1 - Special On-Site
- Hopper 1 - Facility 2 2
- Clean Up - 1 - On-Land Nearby 1 -
- Portable 1 1
- Special Head - 1 e Supernatant Treatment 3 5
- Sand Filtration 1 2
¢ Pneumatic Dredges - Coagulation 2 3
- Airlift 1 1 - Carbon Adsorption 2 4
- Pneuma 1 1 - Chlorination - 1
- Oozer 2 1 - Photochemical Degrad.l -
- Ozomnation 1
e Specialized Dredges - Direct Discharge 1
- Hand-Held (Above- or - Radiation 1 -
Under-Water) - 2
- Amphibious - 1 IN SITU TREATMENT 4 2
- Underwater - -
- Sorbents 2 -
e Turbidity Control Measures - Capp%ng with Sealant 3 1
- Silt Curtain 1 1 - Capping with Clean
- Air Curtain - 1 Sediments 1 1
- In-Stream Filter - 1 - Fixation 2 -
- In-Stream Detention - 1 - Chemical Treatment 2 -
- Biological Treatment 2 -
- Stabilization/
Containment 1

Source: Science Applications International Corp., 1985
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A first step in choosing appropriate remedial actions is specifying
objectives and key criteria. For example, the goal may be to restore
the site to near-pristine conditions, to improve sediment quality to a
level that 1is equal to adjacent areas, or to mitigate or contain the
worst pollution so that it does not pose an immediate threat to human
health and the local environment. Depending on the site, greater or
lesser importance may be placed on particular factors, such as
completing the cleanup as quickly as possible, making the solution
agreeable to the local community, or minimizing costs.

The next step in a comprehensive approach to planning remedial
activities 1is to identify potentially applicable technologies or "unit
processes"”. Such technologies might include methods of capping or of
chemical or biological treatment, dredging techniques and equipment,
dredge spoils disposal methods, and support activities such as stream
diversion, dredged material dewatering, or turbidity control. These
technologies must then be screened to eliminate inappropriate ones. For
example, a first screening would eliminate technologies that:

. do not meet objectives for environmental quality;

e have excessive costs (e.g., exceeding costs of other methods
by a factor of ten or more);

. require unacceptable time delays (e.g., because equipment is
not readily available, or because of permit requirements);

e have not been previously demonstrated (unless the resources
are available to develop and test technologies that are in
conceptual or experimental stages);

e cannot be easily monitored; or
. do not meet institutional or regulatory requirements.

Additional criteria may be applied to further limit the number of
technologies under consideration.

Following this preliminary screening, the remaining technologies may be
assembled into "remedial alternatives" that combine individual
technologies into a complete cleanup plan. For example, one alternative
may combine a stream flow diversion plan with an in-place capping
method, while another alternative combines a selected dredging technique
and sediment dewatering techmique with a particular confined disposal
design. Once such remedial alternatives have been defined, further
screening and evaluation can compare the impacts and benefits of the
complete alternatives. If many alternatives have been identified, a
more cursory screening that narrows consideration to a few options may
be followed by a detailed evaluation of the remaining few. This
evaluation should include consideration of technical, environmental,
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public health, sociceconomic, institutional, and cost factors, such as
those listed in Table IV-22. As becomes clear upon reviewing these
factors, the choice of the most appropriate alternative is highly
site-specific, depending on the nature of the contamination, the water

body, the local biota, and the local human community, among other
factors.

Procedures for selecting appropriate dredged material disposal methods
have received considerable research attention. Choice of a disposal

method and site is influenced by several considerations (Phillips et
al., 1985):

° the class of contaminants of concern;
. the physicochemical enviromment at the disposal site;
(] the properties of the dredged material;

. accessibility of the disposal site from the dredging site;
and

] the risk of adverse impacts from contaminants released to the
surrounding environment.

Dredged material properties and the physicochemical conditions at a
disposal site influence the mobility of contaminants in dredged
material. Important parameters are clay and organic matter content, pH,
and oxidation-reduction conditions. Sediments rich in organic matter
and clay tend to retain many contaminants to a greater extent than sandy
sediments with low organic content. Thus, although sandy sediments are
less likely to accumulate contaminants, once contaminated, they are more
likely to release contaminants to the water column during dredging

operations or to groundwater by leaching from a disposal facility
(Phillips et al., 1985).

In general, disposing of contaminated sediments in a chemical
environment similar to their jn situ condition favors contaminant
retention. Many contaminated sediments are initially in a reduced state
and at near neutral pH. If such sediments are exposed to air and
allowed to dry, they may become acidic, increasing the solubility and
potential release of heavy metals. Exposure to air and oxygen can also
dissolve, degrade, or volatilize sediment organic matter, increasing the
mobility of organic contaminants. Thus, many contaminants would be
better retained by sediments in a capped, open-water dispnsal site than
in an upland or nearshore site. However, organic contaminants, because
they tend to remain partly soluble whether in a wet or dry environment,
are more subject to release by water exchange than are metals; thus,
upland disposal may be preferable to open-water or nearshore disposal in
some cases (Phillips et al., 1985; Francingues et al., 1985). Other
concerns related to open water disposal sites are: (1) monitoring
requirements; (2) disturbance and failure of the cap; and (3) the

possible need to consider the applicability of TSCA and RCRA regula-
tions.
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TABLE IV-22. CONSIDERATIONS FOR EVALUATION OF
REMEDIAL ALTERNATIVES

Technical/Engineering Considerations

o efficiency of contaminant removal or effectiveness of contaminant
confinement (depends on contaminant type).

® demonstrated reliability of techniques.

. safety of operations.

¢ ease of implementation (at the particular site in question).

] availability of equipment.

° availability and accessibility of suitable disposal sites.
Environmental Considerations

. short-term impact of cleanup operations on biota at the contami-
nant site, in adjacent areas, and at the disposal site.

. long-term impact on biota.
Public Health Considerations
. impact on health of cleanup workers.

e short-term and long-term impact on health of the surrounding
community.

Socioceconomic Considerations
. impact on recreational and commercial uses of the water.

. impact on desirability of land surrounding the contaminated water
body and the disposal site.

Institutional/Regulatory Considerations
e compliance with environmental standards.
e compliance with land use/zoning regulations.
] requirements for obtaining permits.
Cost Considerations
. total cost of cleanup operations.
e maintenance costs.

® cost per mass of contaminants contained or removed.
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The issue of monitoring at completed remediation sites is a growing
concern for many. Some sites (e.g., open water disposal areas, under-
water capped areas, and even some shoreline confined disposal areas)
clearly would involve difficult and costly monitoring programs if
thorough checks on the integrity of the confinement (or actual measure-
ments of the contaminant leakage rates) were required. The results of
this uncertainty ir monitaring capability are often more stringent
requirements teo design for complete containment, requirements for point
source treatment (e.g., of runoff or leachate collected from shoreline
disposal areas), or a requirement to use upland sites.

The U.S. Army Corps of Engineers (Francingues et al., 1985) have
developed a "Management Strategy for Disposal of Dredged Material"®,
specifying tests to be performed on dredged material to determine the
need for restrictions and controls on its disposal. A flowchart
outlining cthis strategy is shown in Figure IV-8. (In this flowchart,
the term "confined disposal™ refers to any disposal option in which
fine-grained sediments are taken out of the water and allowed to dry,
i.e., shoreline, intertidal, or upland disposal). The strategy calls
for proceeding via the following steps to select a disposal method:

a. Conduct an 1initial evaluation to assess contamination
potential.

b. Select a potential disposal alternative.

¢. Identify potential problems associated with that
alternative.

d. Apply appropriate testing protocols.

e. Assess the need for disposal restrictions.
f. Select an implementation plan.

g. Identify available control optionms.

h. Evaluate design considerations for technical and economic
feasibility.

i. Select appropriate control measures.
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V. DEVELOPMENT OF SEDIMENT QUALITY CRITERIA

A.  OVERVIEW

A question of great importance to environmental managers 1is how to
decide when in-place pollutants constitute a sediment contamination
problem. There are currently no nationwide standards for sediment
quality, although efforts to develop such criteria are underway under
the direction of EPA’s Criteria and Standards Division in the Office
of Water Regulations and Standards. Most agencies that must make
decisions regarding sediment contamination (e.g., EPA regional
offices, state environmental agencies, and Corps of Engineers district
offices) evaluate instances of sediment contamination on a
case-by-case basis.

Ideally, judgments of the seriousness of sediment contamination should
be based on the potential for adverse ecological (and human health)
effects. Such effects are not always correlated with the total
concentration of pollutants in sediments. It has been found that bulk
sediment analyses do not adequately predict water quality effects,
release of contaminants from sediment, or biocaccumulation of contam-
inants (Engler, 1980). However, because pollutant concentrations are
easily measurable by standard analytical methods, bulk analyses of
sediments are often used as an indication of the level of pollution.
Most commonly, in areas that have no formal sediment quality criteria,
Judgments of the severity of pollution are made by comparing contam-
inant levels to background levels, i.e., contaminant levels measured
at locations considered unpolluted. In addition, evaluation of
dredged material being considered for in-water disposal wusually
includes consideration of bioassays and of the physical character-
istics of the material.

In the past two decades, a number of regional and state agencies have
developed numerical criteria for evaluaring pollutant levels in
sediments or dredged macterial. Most of the earlier sets of sediment
quality criteria were based primarily on background levels of
pollutants. More recently, efforts to develop sediment quality
criteria have had the goal of deriving numerical values for maximum
pollutant levels that do not cause unacceptable biological effects.

The majority of the criteria developed have been based on total
pollutant concentrations in sediments. Other proposed criteria have
been based on pollutant concentrations in sediment interstitial water,
on the ratio of a metal concentration to the concentration of aluminum
in sediment, or on the concentration of an organic pollutant divided
by the total organic carbon concentration in sediment.* The coverage
and applicability of several sets of sediment criteria (including
regulatory criteria, non-regulatory guidelines, and preliminary values
intended to demonstrate new methods for deriving criteria) are
summarized in Table V-1.

* This may be referred to as the organic carbon-normalized
concentration.
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TABLE V-1.

COMPARISON OF COVERAGE OF EXISTING SEDIMENT QUALITY CRITERIA

Number of elements or chemicals for which

c
Metals & Conventional Otherx Area of
teria [Re Metalloids Pollutants* Pesticides OQrganics Applicability

Puget Sound Interim 6 - 1 3 Puget Sound
Sediment Criteria,

1984-86 [1]

Wisconsin DNR Interim 10 1 8 3 Great Lakes
Criteria for In-Water harbors
Disposal, 1985 (2]

Long Island Sound Interim 9 (see 2 1 Long Island
Dredged Material Disposal comment) Sound
Plan, 1980 [3)

Maine DEP Dredged Material 8 (see 1 1 Gulf of Maine
Disposal Guidelines [4] comment)

Comments

® Includes 3 sets of
criteria, for different
dredged material disposal
sites.

e Bioassays and physical
parameters are also
considered.

e Analyses for particle size,
TOC, and N-containing
pollutants are also required.

o Primary classification of
dredged material is based on
percentages of oil & grease,
volatile solids, water, and
silt & clay; levels of
chemicals are used to confirm
classifications.

e Primary classification of
dredged material is based on
percentages of oil & grease,
volatile solids, water, and
silt & clay; levels of
chemicals are used to confirm
classifications.
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TABLE V-1.

COMPARISON OF COVERAGE OF EXISTING SEDIMENT QUALITY CRITERIA (Continued)

Criteria {Ref.]

Massachusetts Dredged
Material Disposal
Guideltnes [4]

EPA Region V Guidelines
for Pollutional
Classification of
Sediments, 1977 [5}

Florida DER Guide to
Interpretation of

Metal Concentrations,
1686 |6}

USGS Sediment Alert
Levels {7]

Number of elements or chemicals for which

numerical criteris are glven

Metals &

9

11

Conventional

Metallolds Pollutants* Pestjicides

(see
comment)

Gthey Area of

- 1 marine water
- 1 Great Lakes
harbors
- - Florida
estuaries
15 1 nationwide

Organics Applicability

Comments

¢ Combination of chemical
parameters and physical
parameters (% oil & grease,
volatile solids, water, and
silt & clay) determines
disposal options.

o Interim guldelines,
classifying sediments as
non-, moderately, or heavily
polluted.

# Non-regulatory guide for
assessing pollution.

e Based on the ratio of metal
concentration to aluminum
concentration, not total
metal concentration.

e Screening levels, used to
flag high contaminant levels
{detected in monitoring
program)} for further
investigation.
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TABLE V-1. COMPARISON OF COVERAGE OF EXISTING SEDIMENT QUALITY CRITERIA (Continued)

num given
Metals & Conventional Other Area of
Criteria e Metalloids Pollutantgs* Pesticides Qrganics Applicabjility Comments
JRB Equilibrium Partitioning- 6 6 41 marine e Preliminary values,
Based Criteria, 1984 (8] waters demonstrating method.
o Derived using sediment-
water partitioning
coefficients and water
quality criteria.
Screening Level Concentra- - 4 1 freshwater e Preliminary values,
tions (SLC), 1986 [9] - 1 8 saltwater demonstrating method.
Apparent Effects Threshold 14 3 17 Puget Sound e Preliminary values,
(AET), 1986 [1G} demonstrating method.
e Several AET values were
derived for rach contaminant,
based on difierent measures
of biological effects.
Oklahoma Numerical 6 2 1 Oklahoma e Non-regula.ory screening
Criteria Goals for freshwater levels.
Sediment {11)
Sediment Quality 1 - 2 Puget Sound e Preliminary values,

Triad [12]

demonstrating method.
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TABLE V-1. COMPARISON OF COVERAGE OF EXISTING SEDIMENT QUALITY CRITERIA

{Continued)

*
"Conventional pollutants” include: ammonia, nitrate, nitrite, Kjeldahl
nitregen, cyanide, phosphorus, COD, volatile solids, oil and grease.

REFERENCES:

1. U.S. EPA Region X, 1986

2. Sullivan et al., 1985

3. New England River Basins Commission, 1980

4, New England Governor's Conference, 1982

5. U.S. EPA Region V, April, 1977, as cited in
Great Lakes Water Quality Board, 1982

6. Florida Department of Environmental Regulation, 1986

7. Pavlou and Weston, 1983

8. JRB Associates, 1984

9. Neff et al., 1986

10. Tetra Tech, 1986, as cited in Puget Sound Water Quality Authority,
1986

11. Personal communication from P. Crocker, EPA Region VI.

12. Chapman, 1986.
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A variety of approaches have been used to derive sediment criteria,
including approaches based on background levels, biological effects,
or equilibrium partitioning. Several of these approaches are
described briefly below. Some of the advantages and disadvantages of
each method are summarized in Table V-2. Table V-3 compares. for a
few pollutants, criteria values derived by wvarious methods. As
illustrated by this comparison, criteria for a given pollutant may

vary widely depending on the method of derivation.
B. OF INTERSTITIAL WATER

This approach, which was originally proposed by EPA Region VI, calls
for evaluating sediments by comparing contaminant leveis in the
interstitial water to EPA water quality criteria. This approach is
based on the assumption that the toxic effects of contaminated
sediments are primarily due to contaminants absorbed from overlying
and interstitial water, rather than direct absorption from sediments
or ingestion of sediment particles. A disadvantage is the difficulty
of extracting sufficient interstitial water for analysis from certain
types of sediment. However, this method has the advantage of being
based on the extensive toxicological database incorporated into the
water quality criteria (Pavlou and Weston, 1983). The remainder of
the approaches described below are based on measuring contaminant
concentrations in the sediments directly.

C. BACKGROUND LEVEL APPROACH

Following this approach, criteria are established by reference to
measured contaminant concentrations in sediments of a relatively
unpolluted reference area. This has been the most widely used method
of setting sediment quali:ty criteria to date, principally because the
necessary background concentration data are readily available, while
sediment toxicity data are not generally available. Some advantages
and disadvantages of this approach are listed in Table V-2.

One source of background concentration data that is used by several
EPA regions, as well as by the Monitoring and Data Support Division at
EPA Headquarters, is rthe STORET water quality monitoring database.
Several of the EPA regions, whether or not they conduct routine
sediment quality monitoring, collect some sediment samples in
conjunction with water quality sampling, and input the results into
the STORET system. The 85th percentile of the sediment pollutant
concentrations recorded in STORET is used as a screening level against
which to compare contaminant levels at potential sediment problem
areas. The 85th percentile level (i.e., the level that is higher than
85 percent of the values recorded) may be calculated on either a
regional or national basis. Thre accessibility and nationwide coverage
of the STORET system make it a useful source of data. However,
because much sediment sampling is conducted in areas with suspected
pollution problems, the database may be skewed toward higher pollutant
concentrations. Thus, the 85th percentile level may be an inappro-
priately high screening level (Personal communication, J. Lazorchak,
EPA Region VIII).
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TABLE V-2. COMPARISON OF APPROACHES TO DERIVING SEDIMENT CRITERIA

Approach |[Ref.]

Advantages

Disadvantages

Background Level

(1]

Bioassay [1]}

Apparent Effects
Threshold (2,3]

Screening Level
Concentration (SLC)
[3.4]

e Background concentration
data are readily available.

e Represents a direct measure of
contaminated sediment toxicity,
accounting for all possible routes
of contaminant uptake.

e Uses existing data and can
be refined as more data are
cbtained.

e Based on actual field data
indicating effects of
contaminated sediments.

e Criteria are site-specific, depending
on the region from which background
samples were taken.

e Criteria based on contaminant levels in
unpolluted sediments may be overly
restrictive.

e Setting a permissible level of
contaminant enrichment above background
levels is somewhat arbitrary and does not
represent a maximum biologically safe
level.

¢ Requires development of standard
bioassay methodologies.

¢ Requires a large number of lab tests
for each contaminant.

s Results in several possible criteria
values, depending on what biological
effects indicator is used.

¢ Distribution of organisms may be
affected by many factors other than
sediment contaminant levels; thus not a
direct measure of contaminant effects.

e Range and distribution of data points
affects calculated value.
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TABLE V-2. COMPARISON OF APPROACHES TO DERIVING SEDIMENT CRITERIA (Continued)

Approach [Ref.] Advantages Disadvintages
Sediment Quality Triad e Based on a combination of e Available data may be of variable
[6]) laboratory and field data indicat- quality, from studies conducted at
ing effects of actual contaminated different times and using different
sediments; can be refined as more techniques.
data are obtained.
Equilibrium e Utilizes large e Limited to contaminants for which both

Sediment- Water
Partitioning [5]

Equilibrium
Sediment-Biota
Partitioning. [1]

toxicological database
incorporated in water
quality criteria.

e Relies on well-developed
theory of partitioning.

e Criteria would account for
all possible routes of
contaminant uptake.

o The only chemical-specific
information required is an
acceptable body burden
limit.

water quality criteria and sediment-water
partitioning coefficients are available.

e Sediment and water may not be at
equilibrium with respect to contaminant
concentration.

e Does not account for contaminant uptake
by ingestion of particles or by direct
absorption from sediments.

o Limited to hydrophobic neutral organic
compounds.

e Assumption of constant bioaccumulation
factor for various contaminants and
organisms is quastionable.

e Some compounds may accumulate in animal
tissues in a non-equilibrium fashion.

e Few data are available on acceptable
body burden limits.

REFERENCES: 1.
2.
3.

Sullivan et al., 1985
Barrick et al., 1986
Puget Sound Water Quality Authority, 1986
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TABLE V-3. COMPARISON OF SELECTED MARINE SEDIMENT CRITERIA VALUES DERIVED BY VARIOUS METHODS

Screening Level

Equilibrium Partitioning Concentration (SLC) Puget Sound

Based Criteria (for sediment Open-Water
(for sediment witha Apparent Effectg with Atcorganic Disposal
Chemical 4% organic carbon) Threshold (AET) carbon) Criteria
Acute Chronic
Metals Concentrations in parts per million (ppm)
Arsenic 64 32.8 700-85 12.5
Cadmium 96 30.8 9.6-5.8 g.7
Copper 216 136 800-310 68.0
Lead 3360 132 700-300 33.0
Mercury <0.6 0.032 2.1-0.41 0.15
Zinc 2240 760 1600-260 105.0
Organics Concentrations in parts per bjllion {ppb)
DDE 28,000 15-9
pDD 13,000 43-2
DDT 840 6.4 11-3.9 1712 5.0
) (sum of DDD,
DDE, & DDT)
PCBs (total) 2500-130 170.4 380
2-PCB 2.56
3-PCB 40
4-PCB 56
5-PCB 208
6-PCB 280
(continued)
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TABLE V-3. COMPARISON OF SELECTED MARINE SEDIMENT CRITERIA VALUES DERIVED BY VARIQUS METHODS (continued)
Screening Level
Equilibrium Partitioning Concentration (SLC) Puget Sound
Based Criteria (for (for sediment Open-Water
sedimeng with 4% organic Apparent Effeccg with 4% organic Disposal
Chemical carbon) Threshold (AET) carbon)C Criteria
Acute Chronic
Organjics Concentrations ipn parts per billion (ppb)
l.ow Molecular
Wet. PAHs® 6100-5200 680
Naphthalene 42,000 21,000-21.000 1468
Phenanthrene 56,000 3200-1500 1036
High Holecglar
Wt. PAHs >51,000-12,000 2690
Benzo(a)anthracene 220,000 4,500-1300 1044
Benzo(a)pyrene 1,800,000 6800-1600 1584
Chrysene 460,000 6700-1400 1536
Fluoranthene 36,000 14,400 6300-1700 1728
Pyrene 198,000 >7300-2600 1736
(Continued)
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TABLE V-3. COMPARISON OF SELECTED MARINE SEDIMENT CRITERIA VALUES DERIVED BY VARIQUS METHODS (continued)

FOOTNOTES ;

a.

Values calculated from organic carbon-normalized criteria given by JRB Associates, 1984. These criteria are
based on EPA water quality criteria, or, for contaminants for which no water quality criteria have been
established, on one-half the lowest concentration at which toxic effects have been noted. Note that several
of the water quality criteria have been updated since the time of publication of these values, so sediment
criteria derived from the current water quality criteria may differ from them.

Values cited by Puget Sound Water Quality Authority, 1986, from Tetra Tech, 1986. Highest and lowest of four
values, derived based on various biological tests, are presented.

Values calculated from organic carbon-normalized criteria given by Neff et al., 1986.

Values from U.S. EPA, Region X, 1986 (Unpublished information). These are interim criteria, administered by
EPA and the Washington Dept. of Ecology. Sediments must meet specified bioassay criteria, as well as these
chemical criteria, in order to be approved for unconfined open water disposal.

Sum of acenaphthene, acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene.

Sum of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene,
chrysene, dibenz(a,h)anthracene, fluoranthene, indeno(1,2,3-c,d)pyrene, and pyrene.
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A variation on the background level approach has been used by the
Florida Department of Environmental Regulation (1986) to develop
guidelines for interpreting reported metal concentrations in estuarine
sediments. This approach is based on the principle that, although
metal concentrations in wunpolluted estuarine sediments may vary
widely, the ratio of the concentration of a given heavy metal to the
concentration of aluminum is fairly constant. Thus, polluted
sediments can be identified by comparing measured metal-to-aluminum
ratios to "natural" ratios ~alculated from data for uncontaminated
sediments. Using data collected from presumably uncontaminated
estuarine sediments in Florida, graphs like the one in Figure V-1 were
prepared for seven metals, showing the mean metal-to-aluminum ratio,
as well as the mean plus one and two standard deviations.

Metal concentrations data for estuarine sediments can be interpreted
by comparison to the mean metal-to-aluminum ratios; sediments with
metal-to-aluminum ratios more than two standard deviations above the
mean are probably polluted, while those with ratios below the mean or
within one standard deviation of the mean are probably unpolluted.
Each graph also includes a line indicating the maximum metal
concentration observed in the unpolluted sediments analyzed; it is
assumed that any sample having a metal concentration above this wvalue
is contaminated regardless of its aluminum concentration.

D.  BIOLOGICAL EFFECTS APPROACHES

A few possible approaches establish criteria by relating sediment
contaminant concentrations to observed adverse biological effects.
Effects may be quantified based on either laboratory bioassays or
field observations.

Biassay. An approach that theoretically could result in very accurate
criteria is to conduct a series of bioassay tests for each contaminant
of concern, comparing effects on test organisms held in sediments with
known contaminant concentrations to effects in controls. Mortality,
sublethal effects, or bioconcentration may be measured. However, such
an approach would require an extensive series of tests for each
contaminant, using a variety of organisms and sediment types (Sullivan
et al., 1985).

Apparent Effects Threshold. An alternative approach is to compile

existing data on biological effects noted for natural sediments with
known chemical composition. Although biocassay results for a single
sediment sample containing several contaminants cannot be used to
quantify the effects of any one contaminant, results from many such
samples can be used to derive an apparent effects threshold (AET) for
each contarinant. The AET is the contaminant concentration above
which adverse effects are always expected to occur. An AET can be
established using any measure of biological effects, including both
laboratory bicassays and field observations (e.g., abundance of
benthic infauna). Several different AET values can be derived,
depending on the biological effects indicator used. 1In addition, AETs
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may be based either on total contaminant concentrations or on
concentrations normalized for organic carbon (or any other desired
parameter). This approach has been applied to data from Puget Sound
sediments to derive AETs for over 50 inorganic and organic pollutants
(Barrick et al., 1986; Puget Sound Water Quality Authority, 1986).

Screening lLeve]l Concentration. A third method for relating sediment

contaminant levels to biological effects has been termed the screening
level concentration (SLC) approach. This approach uses field data on
the occurrence of benthic infaunal invertebrates in sediments with
varying concentrations of organic contaminants. The SLC 1is a
calculated estimate of the highest concentration of a given
contaminant that can be tolerated by 95 percent of the benthic
infauna. The method for calculating an SLC involves two steps.
First, the 90th percentile concentration of a given contaminant at all
stations where a given species occurs is calculated. This value is
called the species screening level concentration (SSLC). Next, after
SSLCs have been derived for many species, the concentration that is
below 95 percent of the SSLCs is designated the SLC. This method was
used by Neff et al. (1986) to calculate SLCs for five contaminants in
freshwater sediments and nine contaminants in saltwater sediments.
The method was applied to nonpolar organic contaminants only, and the
SLCs were calculated using organic carbon-normalized concentrations.
The method has also been applied to Puget Sound sediments by Tetra
Tech (Puget Sound Water Quality Authority, 1986).

e t_ Qua ad. Another criteria-development approach is
referred to as the sediment quality triad, because it combines the
three elements of sediment chemistry, bioassays, and in situ studies.
Criteria are developed by analyzing data on the spatial distribution
of selected chemicals in sediments of a given area, the results of
laboratory bioassays of sediments collected from that area, and the
results of ip situ studies such as measures of resident organism
histopathology, benthic community structure, or bioaccumulation. 1In a
demonstration of this approach by Chapman (1986), three chemical
groups were studied: high molecular weight combustion polycyclic
aromatic hydrocarbons (PAHs), total PCBs, and lead. These chemicals
were selected because sufficient data were available to determine
their spatial distributions, and their distribution appeared
representative of other chemical contaminants. Three types of
bioassays (amphipod acute lethality, oligochaete respiration effects,
and fish cell anaphase aberration tests) were considered, and the in
situ measure used was fish histopathology (i.e., the frequency of
selected liver lesions in English sole). Based on an analysis of data
from these studies for the Puget Sound area, a general trend of
increasing biological effects with increasing sediment chemical
concentrations was found. Three ranges of concentrations, for which
biological effects levels were 1low, higa, or intermediate, were
determined for each chemical group. The contaminant concentrations at
or below which biological effects were minimal are: 50 ppm lead, 3.8
ppm combustion PAHs, and 0.1 ppm total PCBs. The contaminant
concentrations at or above which biological effects were always high
are: 130 ppm lead, 6.8 ppm combustion PAHs, and 0.8 ppm total PCBs.
The range between these low- and high-effects levels is considered an
area of uncertainty.
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E. -W TIONING 0

This approach uses sediment-water partitioning coefficients to set
criteria at a level that ensures that contaminant concentrations in
interstitial water will not exceed the EPA water gquality criteria.
Criteria are calculated by multiplying the sediment-water partitioning
coefficient for a given contaminant by the water quality criterion for

that contaminant. Since partitioning coefficients are wusually
normalized for organic cart-n, this method results in criteria for
organic carbon-normalized concentrations of contaminants. This
approach 1is based on two major assumptions: (1) that the toxic

effects of contaminated sediments are caused primarily by ingestion or
absorption of contaminated water in contact with the sediments and are
not significantly increased by ingestion of contaminated particles,
and (2) that contaminants are at equilibrium between sediments and
water. Criteria based on the equilibrium partitioning approach have
been derived by JRB Associates (1984) for 6 metals .and 47 organic
pollutants,

F. S ENT-BIQTA PARTITIONING PRO

In this approach, criteria are established at levels such that
organisms at thermodynamic equilibrium with the sediment cannot
accumulate tissue concentrations of contaminants in excess of
established permissible limits. This approach has been suggested for
use only for hydrophobic or neutral organic compounds. It relies on
the assumptions that all such compounds have essentially the same
bicaccumulation potential (sediment-to-biota partition coefficient),
and that when the biocaccumulation potential is expressed on a lipid
basis, it is the same for all organisms. Thus, the only data needed
for the development of sediment quality criteria by this method are
(1) an acceptable body burden limit for each contaminant and (2) a
partition coefficient indicating the relative concentration of
hydrophobic/neutral compounds in sediment organic carbon and in
lipids. To date, however, permissible body burden levels have not
been established for many compounds (Sullivan et al., 1985).
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APPENDIX A

DATA ON SITES WITH IN-PTACE POLTUTANTS

I. I duc n

Information on sites with in-place pollutants was obtained from
various sources, as discussed in Section III of this report. In
general, detailed information on individual sites has mnot been
provided in the main body of this report. Rather, the information in
this Appendix was used to generate the summary tables shown in the
main report.

There are a total of 10 tables in Appendix A, organized by EPA

regions; Table 1 lists sites from Region 1, and so on. Sites were
chosen for inclusicn in these tables based on the sources of informa-
tion available. No 1independent judgment was made to include or

exclude sites on the basis of contaminant concentrations or other
criteria. However, the list provided in the following tables is by no
means an exhaustive compilation of all sites in the U.S. with in-place
pollutants.

The numbers in the left-most column of each table correspond to the
site numbers used in Section IV-A to indicate the locations of the
sites, as shown on the maps in Flgures IV-2a to -2h. Please refer to
these maps for the approximate geographical locations of the sites.
Note that more than one entry in a table may pertain to a single site,
and may therefore be assigned the same site number. Separate entries
in the tables represent data obtained from different sources.

For each site, information is provided under each of these headings:

Water body/Location

Contaminants (concentration)

Perceived/Noted impacts

Source

Remedial actions

Comments

Reference (References are listed in Appendix B.)

The concentrations of contaminants are given in ppm, unless otherwise
stated, and are provided within parentheses next to the contaminant
name. In most cases, ranges of concentrations are given. In other
cases, an average concen~ration is given or in cases where only one
measured concentration is available, a single value is given. For
certain classes of contaminants, e.g., polynuclear aromatic
hydrocarbons (PAHs), a total concentration of the whole class is
given, rather than individual concentrations for each contaminant in
the class. Where impacts were perceived or noted, these are also
briefly described.



The suspected source or sources of the in-place pollutants are also
briefly described. Where sources were not mentioned in the reference,
or were unknown, the column is left blank. Where it was known that
the source was a current (continuing) source, the letter "C" is shown
in parentheses next to the source. The letter "D" is shown when it
was known that the source was a discontinued source. In the majority
of cases, the status of the source was unknown.

Codes are wused to 1indicate whether remedial actions have been
implemented (I) or considered (C) at the site. The reader should
refer to the literature source cited for a description of the remedial
actions implemented or considered. Descriptions of possible remedial
action techniques are provided in Section IV-C.

Additional relevant information on the site 1is given under the
"Comments” column. The source for information on the site is given
under "Reference." A bibliography of these references is provided in
Appendix B.

II. Data op Sites with In-Place Pollutants

Tables 1-10 which follow provide data on sites with in-place
pollutants.



TABLE 1.

Water Body/location

Region 1
Gulf of Masine/Casco Bay
Region

Gulft of Maine/Casco Bay
Region

Gulf of Maine/Casco Bay
Region

Gulf of Haine/Casco Bay

Guif of Maine/Penobscot
Bay Region

Gulf of Maine/Pencbscot
Bay

Gulf of Maine/Wilkinson
Basin, Murray Basin,
Franklin Basin

Saco River Estuary, Maine

Kennebec R., Estuary, ME

Contamingnts

‘COHC . _range)

€d(0.2-0.9); Cr(6-60);
Cu(2-40); Wi(5-30);
Pb(10-60); 2n(20-100)

PAHS(0.2-14 total);
numerous PAHs highest
indiv.:

benzo-b- fluoranthene
(ND-5)

PCB5(0.04-0.2)

€d(0.2-0.9), Cr(6-59),
Cu(2-45), Ni(5-32),
PB(9-61), Zn(21-100),
PCBs(0.04-0.3),
PAHS(0.2-14), highest
individual benzo-b-
fluoranthene(%)

PANS(0.3-9 total)

Ag(0.05-0.7),
Cd(0.2-0.8), Cr(18-635),
Cu(6-32), Ni(8-35),
Pb(14-33), In(43-100),
PCBS(ND-0.2), PAHS(<1-6)

PCBs(0.004-0.01),
PAHS(<0.01-0.4)

Cr(ave. 274), Pb(ave.
36}, Inlave. &7)

Cr(ave. 29), Cu(ave. 33),

Pb(ave. 33), Infave. 64)

Noted Impacts

DATA ON REVIEMWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGIUN I

Remedial
Source (gtatus) Actions ommen
Industrial Nigh values in Porttand
sources, scwage HWarbor

treatment, pet-
roleum, air pol-
lutfon fallout,
storm drainoff,
creosote wharfs
and pilings

Combustion
sources

Terwniery
operations,

combustion
sources

Sewage

Tannery
operations

A-b

Reference

Larsen,
tdanowicz, et
al,, 1983
Larsen,

Gadbois, et
al., 1983

Largsen et al.,
1984

Larsen, 1985

Johnson and
Larsen, 1985

Larsen, 1985

B8oehm, 1984

cported in
Larsen, 1985

As reported in
Larsen, 1985
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TABLE 1.

Water $ody/location

Sebasticook R.,
Maine/Great Moose Lake
and Pittafield
Pomtucket River, R!
Pawtucket R., Cove,
Providence &,
Narragansett Bay R 1

Providence R., RI

Providence R. and Harbor,
[
Pettaquamscutt R., RI

Narrangansett Bay, RI

Narrangansett Bay, RI

Nantucket Shoals,
MA/Fishing Rip Shoals

Buzzards Bay/West
Falmouth, MA

Buzzards Bay, MA

DATA ON REVIEWED SITES WITIl IN-PLACE POLLUTANTS IN EPA REGION I (CONTINUED)

Contaminants

{conc, range)

Cr(13-24,000); Ag(ND-1);
Cd(ND-8); Cu(T-55);
Pb(T-890); Zn(33-360)

Numerous organics(ND-670
indiv.)

Numerous organics(ND-1600
fndiv.)

Cr(428)

Cu(1400), Pb(B40), As(64)
PAHS(10)

PAHS

Radionucl ides(Th, Pb,
Pu), Cu(0.02-0.3),

Pb(0.05-0.3),
hydrocarbons(0.05-10)

0il droplets({hydrocarbons
<0.1-0.6)(36-120)

Hydrocarbons(1-4310)

PCBs

Perceived/

Hoted Impacts

Netals detected in
invertebrates

Mortality of fish
eggs

Acc. in birds & fish

lmpacts on aquatic
organisms

Remedisl

$ource (status) Actions Comments

Tannery Secondary treatment

installed in 1977

Specislty ches.
ptant

Specialty chesm.
plant

Metal working,
plating

Coal tar (coat-

ing of pilings),
sewage outfall,

combustion

Senage(Cu), atm
dep. & urban
runof f(Pb)

0il tanker spill

spill (D) spill in 1969

Spills, New
Bedford Harbor
problem

Hydrocarbons in samples did
(0) not resemble tanker cargo;
this may not be source;
concentrations in 1977

Reference

Duval et al.,
1980

Jungclaus et
al., 1978

Lopez-Avila &
Hites, 1980

As reported in
Bolton et al.,
1985

Johanson and
Johngon, 1976

As reported in
Larsen, 1975

Lake et al.,
1979

Santschi et
al., 1984

Koffman and
Quinn, 1979;
Hoffman and
guinn, 1980

Burns and Teal,
1979

Boehm, 1983
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114

TABLE L.

Water Body/lLocation

Contaminants

{conc, rangez

Perceived/

Noted Impacts

Burzards Bay, MA

Buzzards Bay, MA

Buzzards Bay, MA

New Bedford area,
MA/Acushet R. Estuary to
harbor

New Bedford Harbor/Upper
Acushnet R.

New Bedford Harbor/linner
Harbor

New Bedford Harbor/Outer
Harbor

New Bedford Harbor, MA

New Bedford MHarbor, MA

PCB8(0.01-0.5)

PCBs(up to 0.06)

PAKS(1-5)

PCBs(up to 190,000) Fish(area closed to

fishing)

PCBs(up to 1000)

PCBs(3-100)

PCBs(0.3-78)

PAHS(63)

Hg(0.2-8), Cd(0.1-76),
Pb(3-560), As(0-50),
Cu(5-7250), 2n(6-2300),
Cr(5-3200), Ni(2-550),
oDT(0.1), PCBs(125), oil
and grease(0-2X)

A-6

Source (status)

Remedial
Actions

Point sources,
landfills,
comb-sewer

overflows, urban

runof f

Copper and brass
produ., plating,
municipal sewer

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION 1 (CONTINUED)

ommen

Reference

SMU 1980
unpubl., Boehm,
1983, a3
reported in
Boehm, 1984

Energy
Resources Co.,
Inc., 1983

As reported in
Larsen, 1985

Weaver, 1982

Farrington
unpubl. as
reported in

Boehm, 1984

Mass DEQE 1980
unpubl. as
reported in
Boehm, 1984,

U.S. EPA 1980,
unpubl. as
reported in
Boehm 1984
reported in
Boehm, 1984

As reported in
Larsen, 1985

Johanson and
Johnson, 1976
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18

18

13

14

TABLE 1.

Water Body/Locatien

New Bedford Site,
MA/Acushnet R., estusry

Acushnet R/New Bedford
Harbor

Soston Herbor, Mass Ray,
Cape Cod Bay System

falmouth Marsh, MA

Massachusetts Bay, MA

Boston Harbor

Boston Harbor, MA

Charles R., MA

Charles R., MA

French River, MA/4
impoundment sites slong
river

Contaminants
onc. ran

pCBs(>100,000),
Cu(>1000), As(>50),
Pb(300-500), In(>600),
Hg(>2.5), Cr(400-500),
Ni(>150), Cd(>20)

PCBs(5-900),
Cu(3000-7500)

PANS(0.3-880),
PCB83(0.002-0.3),
coprostanol (0.03-16)

PAHS(8)

PANS(0.2-3)

PAHS(8.5)

PAHs(87)

PANsS(87-120)

PARS(12-120)

As(4-50); Be(ND-0.6);
€d(1-24); Cr(220-2560);
Cu(70-1980); Hg(0.8-5);
Ni(8-550); Pb(80-630);
In(140-1680); CH total
(4-7); Yot. phenols
(KD-0.3);
Base/Neuts{highest
indiv.1-23); VOCs(highest
inidv. 0.03-0.2)ppm

Percelved/

Noted [mpscts

Closure of estuary to
all fishing

Impsct on structure
and health of benthic
community

Metals and PAHs in
fish, pop. skewed
toward smailer, young
fish

ou, ug)
Electricat
component
manufacturing

Stormwater run-
off, municipal
suastewster,
sevage sludge,
cont. sediments
disposal, indus-
trisl sources,
ship traffic

Numerous pt
sources (muni.
and industriatl)
{C)

Remedial

[

ong

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION 1 (CONTINUED)

Ares considered more
contaminated than NY Bight

Reference

NUS, 1984

As reported in
Bolton et al.,
1985

8oehm, 1984

As reported in
Larsen, 1985

As reported in
Larsen, 1985

As reported in
Larsen, 1985

As reported in
Boltton et al.,
1985

As reported in
Larsen, 1985

As reported in
8olton et sl.,
1985

Metcalf & Eddy,
1985
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15

16

174

184

.

French River, MA

Blackstone River Basin, MA
L Ri/8 sites in basin

Bass R., Beverly, MA/Bass
Yacht Club

Neponset R., WA/around
Granite Ave. Bridge

Neponset R., MA/around
Granite Ave. Bridge

Winthrop Harbor, MA

Dorchester Bay,
MA/Dorchester Yacht Club

A Ary M sy CTTERC 1ITTU TAM_DI AND
DATA ON KEVIEWED 91100 Wil LIVILaud
Contaminants Perceived/

P mmmn Smsmea Ay Matad Immarndas
icont, rangey DOSEY JMOSCIS

Metals, CN, PAHs, VOCs

CA(ND-410); Cr(6-3300);
Cu(5-10900);
Pb(10-3500); Ni(9-2900);
2n(20-13200);
A8(0.5-130)

PCBs(3-10);

Hg(2-3); Cd(7-9);
Pb(340-430);
Cr(1200-1700); Cu(< 200);
A8(12.0-12.5);

Ni{47-52);

20(390-420)

PCBS(<1-68)

As(19-20); Cd(3-4);
Cr(130-180); Cu(84-150);
Pb(170-250);
#g¢0.75-1.5); Ni(20-30);
¥(60-80); Zn(180-300);
PCBs(0.3-12)

As(10-25); Cr(50-190);
Cu(40-160); Ni(10-30);
Pb(40-130); V(25-70);
2n(72-300); oil and
grease(2-5%)

As(23); Cd(6); Cr(310);
Cu(210); Hg(3); Wi(30);
Pb(290); V(77); Zn(380);
oil and grease(1.5%X);
PCBs(2.2)

A-8

Crirrca faratiiel

PRITCT LBISIUR)

ofit spills,
coke-oven
effluents, road
runof f

Numerous pt.
sources (muni.
and industrial)
(C)

A DTN T {OANAMTYATIIDONN
A ALviviy 1 (LUNLINULD)
Remedial
Arttane f gy
p 1% 118 3
C Sepsrate remedial slternas-

tives considered for differ-
ent points in basin

Info. from EPA
Region 1

McGinn, 1981

info. from COE,
New England

info. from COE,
New England
info. from COE,

New England

Info. from COE,
New England

Info. from COE,
New England



18<

19

21

TABLE 1.

Mater Body/Location

Savin Hill vacht Club,
U. Mass Pier, HA

South Boston Yacht Club,
Boston, MA

Silver Lake/Pittsfield, MA

Coopers Pond/Attleboro, WA

Hill R_, Mill Pond,
vicinity/Fairfield, CT

Hitl River, Fairfietd, C7

Versailles Pond, CT

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS [N EPA REGION I (CONTINUED)

Contaminants

cohc. range

As(18-25); Cr(2.7-3);
Cr{140-190); Cu(120-150);
Hg(1-2); Ni(18-23);
PB(150-170); V{42-46);
In(230-240);
PCRS(NO-1.17); oil and
grease (1.1-5.8%)

As(5-23); Cd(3.3-3.9);
Tr(250-280); Cu(190-200);
Hg(2); Ni(30-31);
Pb(190-220); v(58-638);
In(420-700);
PCB(0.07-0.84); oil and
greasel(3.1-5.1%)

PCBs{0.1-6350)

AlL(3510-26700); Cd(<
50-260); Cr(< 50-660);
Cu(400-16500);

Ph( <50-400);
Ni(190-6120);
Pt{<50-334); Ag(<50-210);
2n(70-2390)

Pb

Pblup ta 147,000), Al

pPb(20-808); In(66-650);
Ng(0.22-0.55); Cu(50-60);
Phenols(0.2-10);
PCBs(0-27)

Perceived/

Noted jmpacts

gource (ytstus)

Remedial
Actions

Industrial

Metal finishing
ptant (C)

Manuf. facility

Manufacturing
facitity

Paper amill

A-9

Comments

facility produced aluminum
products from 1930z-51,

Pb-acid batteries 1951-1981,

remedial plan completed in
1983

Reference

info. from COE,
New England

info. from COE,
New England

fnfo. from EPA
Region |

Info. from EPA
Region 1

tafo. from CY
DEP

Science
Apptications
Int'{ Corp.,
1985

Info. from CT
DEP



TABLE 1.

MWater Body/Locatjon

Housatonic R., CT
22

Housstonic R., CT
24 Sranford Merbor, Ct

23 Eastern Long Island Sound

~

Bridgeport Harbor, CT

24 { New Waven Harbor, CT

Stamford and New Haven
Harbors, CT

25 Quinhipiac k., CT

Great 8ay Estuary, MR

26 Ten Mile River,
MA and R!

Contaminants

(conc. renge)

PCB8(0-76)

PCBs (< 1-210)

Cd(ave. 1), Cu(ave. 35),
Pb(ave. 285), In(eve. 55)

Cd(ave. 3), Cr(ave. 60},
Cu(ave. 20), Ni(ave. 8),
Pb(ave. 16}, Zn(ave. 50)

HQ(0.01-10), Cd(2-140),
Pb(50-1640), As(5-9300),
In(50-3000), Cr(20-3500),
Cu(40-9300), Ni(<10-400),
00T(0.65-1), PCAR(0.1-2),
oitand prease(0.1-4%)

Cu(2500), Zn(1000)

Heavy metals

H9(320)

Cr(10-590), Ccu(3-130),
Pb(1-130), In(13-210)

cr, Cu, Ni, Pb, 2n;
may be organics too

Perceived/
foted [mpscts Source (status)
Pcis in fish exceed Industrist (D)
FOA levels municipal (D)
Steel mill,

brass mill,
metal plating
facilities

8rass mills,
metal plating,
primary waste-
water treatment

Hetal plating

A-10

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION I (CONTINUED)

Remedial

Actiong

c

Reterence

Info. from CT
OEP

Info. from EPA
Region |

As reported in
Larsen, 198%

As rpeorted in
Larsen, 1985

Johanson and
Johnson, 1976

Johanson and
Johnson, 1976

Science
Applications
Int'l Corp.,
1985

As reported in
Bolton et al.,
1985

As reported in
Larsen, 1985

Atkinson et al.,
1985; and

conversations with

EPA Region I,
Hass. DEQE.



TABLE

Water Bodysiocation
Region 11
Upper Hudson R., RY/Fort

Edward & miles
downstream

Upper Hudson R./Fort
Edward, NY

Upper Hudson R. Basin, NY

Hudson R.,6 NY/Vlidal
portion

NY Bight/Various Sites

Mew York Bight

NY Right/Hudson Valley
Transect

MY Bight/Christiaensen
gasin

MY Bight/near dumpsite

Ocean dump sites off NY
City

WY Bight/Raritan Bay

2. DATA ON REVIEWED

Contaminants

{conc. range)

PCBs

PCBs(5-250)

PCB(4-200)

PCBs(0.5-140)

PCBS(0.5-7)

PCBs (1-6)

PCB(0.002-0.2);
PANS(< 0.01-46)

PCBaCup ta 0.7)

PANS(0-30)

Cr(2-370), Cu¢1-330),
Ni(2-40), Pb(5-270),
2n(7-480)

PAHS(0.2-3)

SITES WITH IN-PLACE POLLUTANTS IN EPA REGION 11

Perceived/

Noted [mpacty

PCB levels in tish
exceed FOA limits

Some fish species

severely contaminated

fishing ban

A-11

Source (statug)

Point sources

Capacitor
manufacturing
plants

Capacitor
manufacturing
plants (D)

Capacitor
manutacturing

plants upstream

(D)

Sewage sludge

Combustion,

sewage sludge,
dredge moterisl

Sewage sludge

Commenty

40 mite stretch of river
contaminated; certain
sections--Superfund

Reference

Wesver, 1982;
8rown et al.,
1985

Science
Applications
internstional
Corp., 1985

Turk, 1980

Bopp et al.
1981

from various
sources as

reported in
Boehm, 1984

West and
Hatcher, 1980

Boehm, 1984

Energy
Regources Co.,
Iinc., 1983

Energy
Resources Co.,
inc., 1983

As reported in
Greig and
WcGrath, 1977

Energy
Resources Co.,
inc., 1983



TABLE 2.

Water Body/locstion

/ Wew York Bight/Raritan Bay

Newark Bay, Passaic R., MJ

Newsrk Bay, NJ

Long Island Sound

New York Bight and Long
1stand Sound

Jamaica Bay, MY City

Eastchester Creek
(KHutchinson R.), NY

Saw Mill R., Westchester
WY/lower 3 miles of
river

Foundry Cove, Cold Spring,
NY

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION T1 (CONTINUED)

Contaminants

conc., fan

Cd{up to 15), Cr(up to
1260), Cu(up to 1230),
Wi(up to 50), PCB(up to
990), In(up to 820)

Hg(up to 20), Cd(up to
40), Cu(up to 1100),

Pb(up to 100G); TCOD

Pb(70-3200), 2n{80-2280),
€d(0-20), Hg(0.3-30)

Cr(5-280), Cu(<2-280),
Ni(<2-40), Pb(<6-210),
In(5-350)

Cd(<0.25-4), Cr(2-100),
Hg(<0.04-0.7),
Cu(0.2-150), Ni(0.8-30),
Pb(2-130), In(3-330),
PAHS$(0-60)

Pbi(up to 500), Cr(up to
500), Ni(up to 100},
In{up to 1930), Cu(up to
760), Co(up to 20), Cd(up
to 10), v(up to 130)

Pb(up to 900), Cu(290),
2n(650)

Cu(6-200), Pb(12 570),
IN(T-520)

cd 171,000)
Ni(156,000)
Co(6,000)

Perceived/

Noted Imppcig

Area closed to shell-

fish harvesting,

water quality not

sufted for bathing,
yield of commercial

fishery declined;

decrease in benthic
diversity and crop.

very few desirable
squatic organisms

found

Elevated levels
aquatic species

Sediment feeder

in

enriched in Cu and

In, bottom life

nearly gone in areas

of heavy metal
concentration

Elevated Cd levels
biota (plants and

fish)

A=12

in

Remedial

Source (stetus) Actiong

Munfcipal and
industrial .

Many sources:
industrial,
municipal, non-
point, shipping

Sewer treatment
plants

Discharge from
Ni-Cd battery
mfg. facility (D)

Commen

Concs. similar to Corpus
Christi Harbor, dump sites
of WY city, basins off

S. Calif., Long 1sland Sound

Has been dredged before
(1972-73) but concs.
similar to before dredg-
ing. Not succesful.
Superfund site

enc

Greig and

HcGrath, 1977

Johanson and
Johnson, 1976;
WUs, 1986

Meyerson et
al., 1981

As reported 1n
Greig and

McGrath, 1977

Reid et al.,
1982

Ramondetta,
1978

Johanson and
Johnson, 1976

Rogers, 1983

Kneip and
Hazen, 1979;
EPA Reg.l1l
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12

13

R N

TABLE 2.

Water Body/tocation

The Saddie R./near lodi,
NJ

Lake Ontariofwhole lake

(lake Ontario/Qswego k. and
Harbor

Lake Ontari1c/Oswego R., MY

Labe Untario/Buffalo R,
NY

Niagars R., WY

Buffalo, NY/Niagara R.,
Tonawanda Channel, Buffalo

\ R., Lake Erie

Lake Ontario/Eighteen Mile
Creek, NY

Lake Ontaria/Rochester
Embayment, NY

DATA ON REVIEWED SUTES WLTH IN-PLACE POLLUTANTS IN LPA REGION 11

Contaminants

{conc. rangel

Pb(10-200), 2n{70-280),

CuC20-100), Wi(7-20),
Cr(4-40), Cd(0.4-3)

PCBs(ave. 0.057),
DDT(ave. 0.04),
chiordane, endosulfan

Nirex(ND-0.07)

Heavy metals

Organics, metals

Heavy metsls,
organics-PCB, mirex

Votatile organics, PAHs,

other organics, PCBs,

pegticides, heavy metals,

phenols, CN

Heavy metals

Heavy metals

Perceived/

Noted impacts

Fish consumption
advigories, fish
contaminated with PC8
and mirex

Fish consumption
advigories, biota
impacted

fish consumption
advisories; 8iota
impacted

Fish consumption

advisories

Source (status)

Remedial
Actions

Pptn., storm-
water runoff

Endosulfan spill

Chemical com-
pany, cork co.

Municipal and
industrisl! point
sources, urban
non-point, seser
overflows, waste
disposal sites
Municipal,
industrial point
sources, urban
non-point, sewer
overflows, waste
disposal sites

Aluminum, auto-
motive, chemi-
cal, other
industriast,
urban non-paint,
sewer overflous,
waste disposal
sites

Industrial point
sourcesg, urban
non-point, sewer
averflows

Hunicipal end
industrial point
sources, urban
non-point, sewer
overflows

A-13

(CONTINUED)

Comments

Remedial action pian being
developed by NY DEC

USEPA, State of NY
developing Remedial Action
plans

Reference

Wilber and
Hunter, 1979

fFrank et ai.,
1979

Scrudatao and
Del FPrete, 1982

Great {akes
Water Quality
Board, 1985

Great takes
Water Quality
goard, 1985

Great Lakes
Water Quality
Board, 1985

Rockwell et
al., 1984

Great Lakes
Water Quality
Board, 1985

Great Lakes
Water Quality
Board, 1985
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15

16

17

18

19

TABLE 2.

War od ocptio

Wine Creek and White
Cresk, Oswego, NY

St.Lawrence River,
Massens, NY

Wetlands, Moiras, NY

Black Creek, Sergholt:z
Creek, Niagara
River, MNiagara Falls, NY

Elfizabeth River,
Arthur Kill, Elizabeth,
NJ

Cannon run, North Branch
Rancocas Creek, NJ

Contaminants

{conc. [‘ﬂgel

Be(3-86),
Cd(1-22),
Cr(7-137),
Cu(13-38),
Pb(25-27T7),
Hg(0.01-0.07),
Ni(9-49),
In(36-258),

VOCs(highest tndiv.
1200), Buse/Neutrals
thighest indiv. 0.9)

PC8s

PCBs(up to 210),
Pb (640)

2,3,7,8-7CDD
(3.3-44 ppb),
other chlorinsted
organics

Numerous organics

(Highest indiv. 61)

Orgenics C(highest indiv.

2.6), Metals

Perceived/

Noted [mpscts

PCBs detected

in tish

Dioxin detacted
in fish

A-14

re ¥}

Lendfill and
industrial point
source

Indusrial (foundry):

direct discharge
and from dispossl

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION II (CONTINUED)

Remedial

Actiony Commenty

Supsrfund site

Superfund site

sites vis groundwater

0il recycling
facility (D)

Sewer
outfalts,
landfitl

Vaste treatment
facility, urban
and industrial
runoff (C)

Landfill

Superfund site

C Superfund site

(Love Canal)

c Superfund site

Superfund site

Reference

Information from
EPA Region II.

Information from
EPA Region 11,

Information from
EPA Region 11.

Information from

EPA Region II.

Information from
EPA Region 11}

Information from
EPA Region 11



TABLE 2,

Water Body/Location

Burnt Fly Bog, Wariboro
Tounship, N}

Edwards Run, Delaware
River, Gloucester County,
Nl

Maurice River, Black-
water Branch and Union
take, Vineland, WJ

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION II (CONTINUED)

Contaminants Perceived/

ong. range Noted |moscts

PCBa(up to 254),
Pb {up to 13,000) lagoons

Netals (40-2443),
vocs(ND-3100),
Sami-volatiles (ND-21),
Pesticides (ND-50)

As (1-21,160)

A-15

Remedial

Source (status) Actiong

WHaste

Landfilt

Chemical
company

Comments
Superfund site
EPA Region |1

sSuperfund site

Supsrfund site

Reference

information from

Information from
EPA Region 11

Infarmation from
EPA Region 1!
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TABLE

Water Body/location

Region 111

Tinticum Kat. Env. Center,

PA/Creeks and Marsh

Monongashela R./Pittsburgh,

PA

/ Schuylkill R., PA/lower
basin

Schuytkiil R., PA

\

{ Chesapeake Bay

Chesapeake Bay

/ Baltimore Harbor, MD

Baltimore Harbor, MD

\ Es.

3.

Baltimore Harbor/Patapsco

Contaminants

conc. range

Heavy metals, pesticides,
cyanide, PCBs, chlordane,
PAHsS

Pb{up to 1300)

Cd, Cr, Cu, Pb, Nf, 2n,
DDT(0.01), PCBs(<0.1-0.2)

As(<1-4), Cu(10-3000),
Pb(20-19000), Se(<1-55),
Ni(10-930),
Hg(<0.01-0.9),
Zn(30-1400), Cr(10-880),
Chiordane(0-0.07), DDO,
DDE & DOT(O0-0.1),
PCBs(0-2.4)

PCBs(0.004-0.4)

PAHS(ND->100), DDT, PCBs

Hg(0.1-10), Cd(<1-650),
Pb(130- 13890),
Cu(60-2930),
Zn(350-6040),
Cr(60-5750), Ni(20-90)

PC85(0.05-80)

Cr(4%0)

Elevated levels in

Absence of many
squatic species

Remedial
gource (status) Actions

Landtills

Spills,
discharges

Industrisl
sources, spilis
(creosote,

psint, dye-
stuffs, plating
solutions, pickle
liquors)

Sewage treatment
plants, meny
potential indus-
trial sources,
spills

A-16

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA RIGION III

Comments

Worst conditions in northern
shore of the harbor; all hot

spots adjacent to heavily
industrial areas

Reference

U.s. Fish &
Wildlife
Service, 1986

Johanson and
Johnson, 1976

Yorke et al.,
19485

Stamer et ai.,
1985

Sayter et al.,
1978 as
reported in
Boehm, 1984

Bieri et at.,
1983

Johanson and
Johnson, 1976

Morgan and
Sommer, 1979

As reported in
Bolton et al.,
1985



TABLE 3.

Water Body/location

{ James River, Hopewell, VA

James River, YA/estuary

James River, VA/estuary

\

(uolaton R., Saltville,
VA/North Fork

<
forth fork Hotston R., VA
and TN

\

8 South River and South fork
Shenandosh River,
Waynesbora, VA

g Etizabeth R., VA/estuary

10 Lynnhaven Estuary, VA

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA RLEGION IITI (CONTINUED)

Contaminants

conc., rsnge

Kepone(0.02-30)

Kepone

Kepone(<Q.02-4.5)

Hg{300-1000)

Hg(0.3-20)

Hg(50 ppm)

Hydrocarbons(100-2900),
PhAs

Bacteris

Perceived/

Noted |mpacts

Fish contamination;
kepone concentration
in crab sbove FDA
action level

Elevated kepone
levels in fish,
crabs, oysters

River closed to
fishing

Rg conc. in fish
above FDA action
Level

Hg in fish exceed FDA
sction levsl

Oyster beds closed »f
intervals

Remedinl

Source (status) Actions

Chemical company [«
{0}

Kepone plant (D)

Kepone plant (D)

Chemical plant I
including
electrolytic
chlorine (0)

Chiorstkali
plant

Spill at plant [+

Wood preserving
facilities,
other industrial
sources

Sewage treatment
plant, non-paint
sources, septic
tanks

A-17

Comments

Between 1966-75, 65,000 lbs.
of kepone discharged into
river

Kepone being covered by
sediment; disturbance could
return contamination to
surface

Source discontinued in 1975

Plant from 1895-1972;
clevated Levels of Hg st
least 10 miles upstreaam of
plant and downstream to
Cherokee Reservoir; remedial
action declared complete

“No active“ slternative
recommendstion

Three facilities, two
discontinued by 1981

Reference

Science
Applications
int*t Corp.,
1985

Cutshall et
al., 1981

Huggett et al.,
1980

Science
Applications
Int'l Corp.,
1985

Hildebrand et
al., 1980

Science
Applications
Int*l Corp.,
1985

Nerrill and
Wade, 1985

Erkenbrecher,
1980



TABLE 4.

Water Body/lLocation
Region |V
Sampit R., Georgetown, SC

Savannah R. estuary, GA

Lathas Bayou, TN

Loosahatchie R., TN

Wheeler National Wildlife
Refuge, AL/Runtsville
spring Branch of Indian
Creek

Redstone Arsenal,
Huntsville, AL

Mobile Harbor, AL

Hississippi Sound/
Escatawpa R.

Bayou Casotte, Hississippi

Pascagoula R., Mississippi

Sound

Mississippi Sound/8iloxi
Bay

Escambia Bay, FL

Contaminants Perceived/

congc, ran Noted Impacts
Pb(1000)
Transuranics(Pu), Savannsh R. Plant -

Pb(14-60), 2n(20-110),
Cr(30-320), Cu(6-60),
Co(3-20), Ni(6-30),
V(40-460)

Department of Energy

Sb, Hg, Cd, Pb,

PAHs, DDT and deriva-
tives, heptachlor,
chlordene

Pb, dieldrin, chlordane

POT and associated
metabolites

Bioacc. in fish;
levels hazardous to
humen health

DDT, ODE, DDD & other
degradation products

Hg(0.1-2), As(0.3-10),
Cu(1-50), 2n(1-250),
Ni(4-40), Cr(3-100)

Aliphatic hydrocarbons(up
to 5860)

Petroleum hydrocarbons{up
to 12300)

Aliphatic hydrocarbons(up
to 830), Arom. hydro-
carbons{up to 100)

Aliphatic hydrocarbons(up
to 130), Arom. hydro-
carbons(up to 210)

PCBS(ND-8)

A-18

Source (gtatug)

Remedial
Actions

Olin Chem. Corp.
- DDT manufac-
turer (D)

ODT plent (D)

Industrial (C);
spills and leaks
from refinery
(C)

[

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION IV

Remedial action scheduled to
begin 1986

DDT plant closed in 1970

Beference

Johsnson and
Johnson, 1976

Goldberg et
al., 1979

Information
from EPA Region
v

Information
from EPA Region
v

tU.s. Fish &
Wildlife
Service, 1986

Sullivan and
Thiess, 1983

Information
from EPA Region
v

Lytle & Lytle,
1980

Lytie and
Lytle, 1983

Lytle & Lytle,
1985

Lytle & Lytle,
1985

U.s. EPA 1976
as repofted in
Bochm, 1984



10

11

12

13

14

15

TABLE 4.

Water Body/lLocatjon

Deep Sea and florida
Lakes, FL

Bayou Chico, estuary, FL

Canaverat Port, fL

Ft. Pierce Port, FL

Jacksonville Port, FL

Msnatee Port, FL

Mismi Port & River, FL

Pensacols Port, FL

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION IV (CONTINUED)

Contaminants Perceived/
fconc, range) Noted [mppcts jource (statug)

€d(0.1-0.4), Cu(2-250),
Ni(<2-230), Pb(<0.2-80),
In(4-170)

Ni(<2-80), Pb(u<6-1480),
Cu(<5-190), Rb(2-210),
11¢220-10300),
Cr(<20-170), 2r(30-1840)

As(5-8), Cd(0.2-4),
Cr(5-100), Cu(4-100),
Pb(8-500), Mn(30-330),
Rg(0.1-1), Ni(1-20),
Ag(0.02-0.1), 2n(8-220)

As{1-9), €d(0.01-0.2),
Cr(2-60), Cu(1-40),
Pb{4-40), Mn(30-190),
Hg(0.1-0.7), Ni(Y-12),
Ag(0.01-0.068), Zn(1-80)

As(0.5-10), €d(0.03-1),
Cr(3-60), Cu(1-30),
Pb(0.6-60), Hg(0.1-1),
Ni¢1-30), Ag(0.01-1),
In(3-270)

As(D.1-5), €d(0.2-0.8),
Cr(10-60), Cu(2-20),
Pb(4-10), Ng(0.1-0.3),
Ni(3-20), Ag{0.01-0.3),
Zn(5-80)

As(1-10), ©d(0.8-3),
Cr(6-80), Cu(5-310),
Pb(9-980), Mn(10-60),
Hg(0.2-4), Wi(0.4-10),
A9(0.04-3), Zn(14-480)

As(0.1-10), €d(0.2-0.5),
€r(5-80), Lu(1-20),
Pb(9-40), Hg(0.04-0.8),
Ni(3-20), Ag(0.1-0.3),
Zn¢10-100)

A-19

Remedial

Actiong

Remedial actions considered
in Florida legislature

Reterence

As reported in
Greig and
McGrath, 1977

pilotte et al.,
1978

Ryan st al.,
1985

Ryan et al.,
1985

Rysn et ul.,
1985

Rysn et of,
1985

Ryan et al,
1985;
Metro-Dade
County Plenning
Department,
personal
comms., Miami
River Manage-
ment Committee
1984, 1985

Ryan et al.,
1985



16

17

18

TABLE 4.

Yater Body/Location

Port St. Joe, FL

Tempa Port, FL

West Palm Beach, FL

Willsborough River, FiL

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS 1IN EPA REGION IV (CONTINUELD)

Contaminants

{conc, range)

As(12-20), €d(0.1-0.8),
Cr(15-80), Cu(5-50),
Pb(B-40), Mn(90-600),
Ng(0.1-1), Ni(4-20),
A9(0.03-0.2), In(20-90)

As(0.1-10), Cd(0.6-4),
Cr(60-100), Cu(4-130),
PL(9-180), Ng(0.12-1.2),
Ni(9-50), Ag(0.2-1),
Zn(31-390)

As(0.6-2), Cd(0.04-0.9),
Cr(4-20), Cu(l1-10),
Pb(4-60), Ha(0.1-1.5),
Ni(1.4-2.4),
Ag(0.01-0.04), In(6-80)

Aliphatic hydro-
carbons(60-400), Arom.
hydrocarbons{15-90)

Perceivad/

fource (stetuy)

Urban stormwater
runoff(C)

A-20

Remedial

Actiong

Refsrence
Rysn et al.,

1985

Rysn st al,
1985

Ryan et al.,
1985

Brown et al.,
1985



3 ¢

TABLE 5. DATA ON REVIEWED

Sieter Body/location

Region V

Cleveland Hsrbor, Cuyahoga
R., ON

rlake Erie/Western

Lake Erie/uesterm
, Loke Erie/S. Western

fL.he Erie/Central

Llakc Erie/Central

[ Lake Erie/Eastern

Lake Erie/Eastern

Contsminants

{conc. range)}

Ca(70), Pb(560),
In(2390), Cr(540), CM(35)

Chlorobenzenes(hiphest
individual hexachloro
0.02), -chlordane(0.001-
0.004), 00T &

derivatives(highest indivi-

duat 0.017},
PCBs(0.1-0.7)

Cd(7), Cu(150), Pb(140),
Zn(370)

PAHS(0.5-0.8)

Chlorobenzenes(highest
individual hexachioro
0.004), -chlordane
(0.0004-0.002), oOT &
derivativas(highest
individual 0.015),
PCB3(0.04-0.2)

€d(3), Cu(100), P(100),
2n(300)

Chlorobenzenes(highest
individual hexachloro
0.005), -chlordane
{0.0008-0.002), 00T &
derfvatives(highest
individust 0.012),
PCBs(0.04-0.1)

Cd(s), Cu(100), Pb(100),
2a(330)

SITES WITH IN-PLACE POLLUTANTS IN EPA REGION V

Perceived/

Nated (&ICS!

Sevage

Remedial
Source (ststus) Actions

Steel, chemical,
paint dis-
chargers

Sewage

Coal-fired pouer
plant

Sevage

A-21

gomengg

feference

Johanson and
Johngon, 19768

Qliver &
Bourbonniere,
1985

Nrisgu et al.,
1979

Eadie et al.,
1979

Oliver &
Bourbonniere,
1985

Nriagu et al.,
1979

Otiver ¢
fourbonniere,
1985

Nriagu et al.,
1979



la

7b

TABLE 5.

Water Body/iocation

Lake Erie/Cuyshoga R., OH

Lake Erie/Maumee R., ON

Lake Erie/Black R., OH

Lake Erie/Ashtabula R. &
Harbor, OHW

Detroit River, Detroit, Ml

DATA ON REVIEWED SITES WITH IN-PLAGE POLLUTANTS IN EPA REGION V (CONTINUED)

Contaminants

{cong, range)

Organics, heavy metals

Organics, heavy metals

Organics, PAHs, heavy
metals

Chlorinated organics,
PCBs, heavy metals

Hg(<1-90}, Cd(<30),
Ni(10-230), Pb(22-900),
Cr(9-540), Cu(9-290),
2n(35-1300), oil & grease
(rx)

Perceived/

Noted [mppcty

Biots impacted,
aesthetics

Biota impacted,
sesthetics

fish consumption
advisories, biota
impacted, asesthetics

Fish consumption
advisories, biota
impacted

Wigh Hg levels in
fish

Source (status)

Steel, chemical,
other indus-
trial, munici-
pal, urban non-
point, sewer
overflows

Municipal and
industrial point
sources, urban
and rural non-
point, seuer
overflows

Stee! induatry,
other indus-
trial, munici-
pal, urban and
rural non-point,
seuer overflows,
waste disposal
sites

Industriasl point
sources, urban
non-paint

9 muni, wwater
trtment plants,
over 40 indust.
outfalls--Hg
cell operations,
steel mills,
chemical cos,
brass aills

A-22

Commenty

Remedial action plan to be
drefted November 1986

Sediments in Fields Brook
qualify for Superfund;
draft remedial action
plen September 1985

Befergnce

Great Lakes
Water Guatity
doard, 1985

Great Lakes
Water Quality
Sosrd, 1985

Great Lakes
Water Quality
8oard, 1985

Great Lakes
Vater Quality
Board, 1985

Johanson snd
Jdohnson, 1976



7b

"

10

11

TABLE 5.

Uatar Bodv/location
Yater Bogy/iocalion

Detroit R.

Shiswassee R., Howell,
M1/South 8ranch

[ Lake Erie/Clinton R., MI

Lake EriefRouge R., M}

Lake Erie/Raisin R., MI

Lake Huron/Southern

take Huron/Saginaw Bay

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION V

Contaminants
ranae)

Organochlorine
contaminants in ducks:
PCBs {(ave. B-11),
hexachlorobenzene(1.7),
transnonachlor(0.33),
DDE(1.3)

pPCés

0il and grease, heavy
metals

Heavy metals, organics

Organics, oft & grease,

-heavy metals

Chlorobenzenes(highest
individual 1,2,4-
trichloro 0.007),
-chlordane(0.0002-
0.0008), DDT &
derivatives(highest
individual 0.02),
PCBs¢0.01-0.05)

PCas(1-1.3)

Lake Huron/Saginaw R., snd Organics, heavy metals

Bay

Perceived/

Nated lmonacte
— X LT XXE

PCB levels in duck
and carp exceed FDA
guidelines

PCBs level in fish
exceeded FDA safe
Level

Biota impacted

Fish consumption
sdvisories, biota
severely impacted,
aesthetics

Fish consumption
advisories, fish
contaminated with
PCBs, other orgsnics;
biota impacted,
aesthetics

Ftsh consumption
advisories, bicta
inpacted

Manufecture of
Al castings (D)

Muni. and ind.
point sources,
urban snd rural
non-point, sewer
overflows

Muni. and ind.
point sources,
urban and rural
non-point, sewer
ovarflows

Muni. and ind.
point sources,
urban and rural
non-point, sewer
overflous

Landfills, road
pavesents, atm.
deposition

Automotive
plant, municipal
peint source,
rural noh-peoint
sources

A=23

Remedial

!

(CONTINUED)

Cleanup completed

Water Quality

Mater Quality

Remedial action plan in 1985

Smith et al.,
1985

Scienca
Apptications
Int*l Corp.,
1985

Great Lakes

Board, 1985

Great Lakes
Water GQualfty
Board, 1985

Great Lakes

Board, 1985

Oliver &
Bourbonniere,
1985

Richardson et
al., 1983

Great Lakes
Water Quality
Board, 1935



TABLE 5.

ater Body/location

12 Lake Huron

13 Georgian 8ay

14 Lahe Michigan/Green Bay

15 Leke Michigan/Algoma Basin

16 Lake Michigan/Fox Basin

17 Lake Michigan/Grand Haven
Basin

25 Lake Michigan/Milwaukee
Basin

18 Lake Michigan/Sarian Basin

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION V (CONTINUED)

Contaminants Perceived/
{conc. range) Noted Impacts

Hg(0.04-0.3), Pb(14-150),
In(60-230), Cu(25-80),
Ni(30-95), Co(13-50),
cd(1-3), Cr(30-50),
Be(1-1.5), V(50-110),
As(3-30)

Hg(0.03-0.2), Pb(16-160),
In(90-230), Cu(50-90),
Ni(50-130), Co(20-30),
Cd(1-5), Cr(30-44),
Be(1-1.5), V(50-80),
As(6-30)

As(7-40), Hg(O0.1),
Co(10-20), Cr(40-65),
8a(350-750), La(20-30),
$c(7-14), Th(5-10),
U(1-4)

Total DDT (ave. 0.02)

Total DDT{ave. 0.01),
heptachlor
epoxide(0.003),
PCBs(0.07)

Total DDT(ave. 0.03),
dieldrin¢0.0005),
chlordane(0.001)

Total DDT(0.04),
heptachlor
epoxide(0.003),
PCBs(0.03)

Total DBT(0.03)

urc ug)

Pulp and paper
(D), chemical
co., shipbuild-
ing, suni.
semage, urban,
agri. runoff

Agricultural
runoff

Agricultural
runof f

Agricultural
runof f

Agricultural
runof f

Agricul tural
runof f

A-24

Remedial

Act iong

Comments

Kemp ot al.,
1978

Kemp et al.,
1978

Christensen
Chien, 1979

frank et al.
1981

Frank et al.
1981

Frank et al.
1981

frank et al.
1981

1R1-1}

and



19

20

21

22

23

16

24

25

26

27

TABLE 5.

Mater Locatio

Lake Michigan/Soulhern
Basin

Lake Michigan/Trsverse
Basin

Lake Michigan/Waukegan
fasin

Lake Michipan/Manistique
R., N}

Lake Michigan/Menominee
R., w1, Mt

Lake Michigan/Fox R.,
Southern Green Bay, Wi

Lake Michigan/Sheboygan
Harbor

Lake Michigan/ilwaukee
Es.

Leke Nichigan/Kelamazoo
R., W

Indiana Marbor, E.
Chicaga, N

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION V (CONTINUED)

Contaminants

{conc, range)

Totat 00T(0.03)

Totel DOT(Q.02)

Total DOT(D.02),
dietdrin¢0.0003),
chliordane(0.001)

PCBs

As

PCBs, furans

PCas

Heavy metalta, PC8s, DDV,
PANS

PCBs

€d(230-7490),
Pb(250-1370), Cu(24-180),
In(420-10580),
Ni(40-170), Cr(tO-170),
CN(ND-0.7), oil and
grease(4-17%)

Perceived/

go;eg ]ggct!

Fish consumption
advisories, biots
impacted

Fish consumption
advisories, biotas
impacted

Fish consusption
advisories

Fish consumption
advisories, biota
impacted, beach
closings, sesthetics

Fish consumption
sdvisories

§ource (statug)

Agricultursl
runoff

Agriculturst
runaff

Agricuttursi
runoff

Municipal and
ind. point
sources {paper
sill (D))

Pulp and paper,
suni. wewater
discharges

PCH source (D)

Sewer ovecrflows,
agricultural
runoff, runoff
from industrial
sites, waste
disposal sites
neepage

PCB sources (0)

industrisl (pet-
roleum, steel),
stormwater
runoff

A-25

Remedial

Actions Commenty

Proposed studies to
tdentify sources

C Remediet action plan under
development

C In-place contamination not
to be sddressed in remedial
action

C Remedinl action plans
developed by 1986;
Superfund site

c Construction of Large deep
tunnel to control sewer
overflows already started

c Sediment cleanup
feasibility study being
conducted

Date from 1957; discharges
probably significantly
reduced since then

Reference

frank et st.,
1981

fFrank et al.,
198

Frank et al.,
1981

Great Lakes
Mater Quaticy
Board, 1985

Great Lakes
Water Quality
Board, 1985

Great Lakes
Water Quatity
Board, 1985

Great Lakes
Water Quality
Board, 198%

Great Lakes
Water Quality
Board, 1985

Great Lakes
Water Qualtity
Board, 1985

Johanson and
Johnson, 1976



TABLE 5.

Mater Body/Location

28  michigen City Marbor, IN

25  milwaukee Harbor, W)

Waukegan Harbor, Wsukegan,
148

2]

Lake Michigan/MWaukegan
Harbecr, 1L

27 Lake Michigan/Grand
Calumet R., and Indiana
Harbor Canal, [N

29 Lake St. Clair

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION V (CONTINUED)

Contaminants

{cong, range !

Hg(0.02-2), As(350-9660).
Pb{10-240), 2n(20-10900),
oil and gresse(0.02-2X)

Cu(1380), Pb(50), Cd(77)

pPCBs(up to >300,000)

PCBa(up to 50,000), heavy
metals

Heavy metals, PCis

Chlorobenzenes(highest
ind. hexachloro 0.07),
-chlordane (0.0004), DDV
and derivatives(highest
ind. 0.002), PCBs(0.03)

Perceived/

boted Imoacts

Fish consumption
sdvisories, biota
impacted

Fish consumption
sdvisories, biota

impacted, aesthetics

uf ug)

Sewage plant

Sewage plant,
foundries,
tanneries,
incinerator

Aluminum
die-casting

Outboard marine
corp. (D)

Muni. and ind.
point sources,
waste disposal
sites, sewer
overflows

A=26

Remedial

Actiong

C

Lomments

Arsenic concentrations very

high

Superfund site

Remedial sction plan

scheduled to be

completed by late 1986

Beferency

Johanson and
Johnson, 1976

Johsnson and
Johnson, 1976

Science
Applications
Int'l Corp.,
1985

Great Lakes
Mater Quality
Board, 1985

Great Lakes
water Quality
Board, 1985

Oliver &
Bourbonniere,
1985



TAKLE 5.

Water Body/Location

29  Lake st. clair

{ Lake Superior

30
Lake Superior

\ Lake Superior

31  Lske Superior/Keweensw
Peninsula

32 Lake Superior/St. Louls,
R., WN

33  Lake Superior/Torch Lake,
ni

34 Lake Superior/Deer Lake,
Carp Creek, Carp River

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION V (CONTINUED)

Contaminants Perceived/
{conc, range} Noted [mpacts

PCBs{ave. 0.004)

Hg(0.06-0.4), Pb(16-140),
In(50-200), Cu(30-260),
Ni(24-65), Co(10-30),
Cd(0.4-2.5), Cr(26-60),
Be(C.6-2), V(70-120),
As(5-8)

DDT(ND-0.02),
dieldrin(ND-0.0023},
PCBa{ND-0.06)

PCB3(0.005-0.4),
DDE(D.001-0.2)

Cu{14-930)

PCls, PAls Fish consumption
advisories

Cu Fish consumption
sdvisories, biota
impacted

g Fish consumption
advisories

A-27

Remedial
Source (status) Actions

Mina tailings

unknosn c
Copper C
concentration
ceprations

Unknown

Remedial action plans under
preparation for Superfund
¢leanup

Current atudies

Rish being restotked; no
remaining Hg source

Reference

Pugsley ot at.,
1985

Kemp ot al.,
1978

Frank et al._,
1980

Eisenreich et
al., 1980, 1979

Kraft, 1979

Great Lakes
Hater Qualty
Board, 1985

Great Lakes
Water Quality
Board, 1983

Great Lakes
Water Quality
Sosrd, 1985



o

TABLE

Mater Body/location

Region Vi

Aranses Nat. MWildlife
Refuge, TX/Bay Aress
Adj. to Wildtife Refuge

Aransss NWR, TX/Burgentine
Lake

Laguna Atascosa Mat.
witdiife Refuge, TX

Corpus Christi Inner

Harbor, TX

Corpus Christi Harbor, TX

Carpus Christi Channel

Corpus Christi Ship
Channel

Gult! Intracoastal
Waterway, TX/S5an Antonio
Bay to Aransas Bay

Sabine Neches Waterway,
IX/ Port Arthur turning
basins and junction area

6. DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VI

Contaminants Perceived/ Remedial
{conc. range)} Noted |mpacts Sgurce (status) Actions Comments

Petrochemical,
metal retining,
oit{ and gas
prod., pipsline
transp., oil
tanker trattic

Heavy metala - Hg;
As{> 40); Cd; In; PAls;
oil and grease(>9000)

Agricultural
drainweter

Pesticides

Agricultural
drainwater

Eltev. concs. ODE,
tonaphene in tish,
birds

Agri. chems.--incl. DOE,
toxephene, tcace metals--
tnel. Se

Hg(0.5-40), Cd(2-130),
Pb(40-670), As(3->25),
Cu(12-286), In(73-11000),
Cr(20-160), Ni(8-20), oil
and grease(0.1%)

£d(0.1-130), In(6-11000)

Hg(18)

As(3-4), Cd(<0.5-7),
Cr{7-15), Cu(6-13),
PB(9-18), In(50-165)

AS(1-41), Cr(<5-9),
Pb(<5-6), In(<5-20)

As{8-11), Cd(1-2),
Cr{18-30), Cu(5-12),
Pb{22-32), Ni(22-28),
In{70-110)

A=28

Reference

U.s. Fish snd
Wildlite
Service, 1986

U.S. Fish and
Wwildlife
Service, 1986

U.S. Fish and
wildlife
Service, 1986

Johanson and
Johnson, 1976

As reported in
Greig and
McGrath, 1977

As reported in
Boiton et al.,
1985

Information
from U.5. Carps
of Engineers,
Galveston, TX

information
from U.S. Corps
of Engineers,
Galveston, TX

Information
from U.S. Corps
of Engineers,
Getveston, TX



10

11

12

13

TABLE 6.

Water Body/loceation

Meches R., Beaumont, TX

Houston Ship Channel,
TX/Carpenter Bayou to
Greens Bayou

Lavaca Bay, X

Petronila Creek, X

Rio Grande, Presidio, TX

Double Mountain Fork af
Brazos River, Lubbock,
TX/North Fork

Finfeather and Wunicipal
Country Club Lakes, Sryan,
X

Nountain Creek Lake,
Dattas, TX

Trinity ®,, X

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VI (CONTINUED)

Contaminants

{conc. range)

PL(3000)

As(2-3), Cd(0.2-1),
Cr(22-43), Cu(25-60),
Pb(34-52), Hg(ND-0.5),
Ni(4-12), 2n(56-170),
PARS(3-16), DDT and
derivetives(0.004-0.05)

Hg(0.5-11)

As, Ba(430-1900),
Cri4-10), In(20-150), oil
and grease(90-10500)

DDT and derivatives(up to
0.03), PCA(0.04)

PCBa(ND-9)

As(<1-12000)

Nﬂ(ZZ)

As(1-5), Cd(1-20),
Cr(1-120), Cu(S-160),
Pb(20-80), Mn(10-500),
Hg(0.2-2.2), Ni(7-75),
In(10-240),
chlordane(<0.0003-0.06),
DpDT(<0.0005-0.05),
dieldrin(0.0003-0.2),
endrin(0.0003-0.02),
heptachlor(0.0007-0.009),
{indane(0.0002-0.0007),
PCBs(<0.00001), oil and
grease(400-8300)

Perceived/

Noted |mpacts
Fish kitl

DDT biomag in fish

Biots impacted, As

Ltevels in fish
objectionable for

human consumption

Impact on biots

A-29

Remedial

Source (gtatug) Actions

Industrial

Petroleum
operations
brine water

Industrist

Municipal and
industriet
outfalls

Reference

Johanson and
Johnson, 1976

Informstion
from U.S. Corps
of Engineers,
Galveston, TX

Information
from Texas
Departaent of
Water Resources

Information
from Texas
Department of
Water Resources

tnformation
from Yexas
Department of
Water Resources

information
from Texas
Department of
Water Resources

Information
from Texas
Departaent of
Water Resources

Information
from EPA Region
vi

Qasim et ol.,
1980



14

15

16 T

\

TABLE 6.

water Body/tocatjon

Crutcho & Soldier Craeks,
Oklahoms City, OK

Mississippy) R., Shell
Beach, LA/Gult Outlet

Lake Pontchartrain, tA

Lake Pontchartrain, LA

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VI (CONTINUED)

Perceived/

doted lmpacts

Contaminants

{conc, range)

pichlarobenzenes(highest
indiv. 0.3),
toluene(D.04),
PANs(highest indiv. 0.8),
phthalate esters(0.05-7),
phenolics(up ta 7},
chlorinated alip.(up to
0.07), As{2-4),
Cd(20-70), Cr(20-730),
Cu(7-30), Pb(13-35),
Wi(10-170), Se(1-2),
Ag(?7-10), In{20-70),
Ba(240-890)

Bioacc. of PCP in

oysters

Pentachioraphenal (PCP),
probably other pollutants

PAH3, phthalate esters(up Metals found in biota
ta 0.9), PCBs(up to 0.1),

Pb{up to 270), Cd(up to

4), 2nlup to 250), Cu(up

to 83), Hglup to 0.5),

As(up te 1.5), Cr(up to

90), Ni(up to 45)

PAHs, DDY, PCBs, heavy
metals

EQUI'C! (status)

Afr force Base

Spitl of hydro-
bromic acid,
ethyimercapten,
lubrication oil,
PCP

Usrban storm-
water, domestic
sewage, dis-
charges and
spitls from
marine facitf-
ties and vessels

Urban runoff,
spitls

A-30

Remedial
Actiony

Comments

Spill in 1980; spill cleanup
declared complete

eterenc

Crocker, 1985
information
from EPA Region
vi

Science
Applications
Int*l Corp.,
1985

Schurtz & st.
Pe, 1984

Overton et al.,
1986
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18-20

21

TABLE 6.

Water Body/Location

Capitol Lake, Baton Rouge,
LA

Oxbow Lakes/NEastern LA

Hiddle Rio Grande,
NM/Elephant Butte

Reservoir, Caballo
Reservoir

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VI (COMTINUED)

Contaminants

conc. range

PCBs(4-11)

DDT snd metabolites(0.1),
PCBs(0.03), toxaphene

As(3-10), Cd(1-4),
Cr(30-50), Cu(20-40),
Hg(1-10), Pb(30-60),
No(1-3), 5e(0.04-0.3),
U(180-280), Vv(40-110),
Mn(230-1070)

Perceived/

Hoted [mpscts

Biota impacted;
bioacc. of chlorin-
ated hydrocarbons,
low diversity,
absence of repro-
duction, absence of
tertiary predator
species

Biomagnification in
biota

Ng, Pb, V in fish; Hg
Llevels in fish
warrant public health
concern

Remedial
r status) Actiong Comments
Industrial C

point, spills,
urban stormwater
runoff

A-31

Reference

Schurtz &
Albritton, 1986

Niethammer et
al., 1984

Popp et al.,
1983



I~

TABLE 7.
Contaminants
Water §ody/Locstion {cone, range)
Region V11

Cedsr Lake, Cedar Rapids,
lowa

Miasissippi R., St. Louis,

Mo

Swops Park Lakes, Kansas
City, MO

Romatine Creek, St. Louis,
NO

Squsu Creek Netional
Mildlife Refuge, Holt
County, MO

Gum Spring Creek, Molf
Creek, Granby, MO

—

Shoal Creek, Joptin West,
Mo-K$S

Center Creek,

\ Oronogo-Duenweg

Missouri R., Omaha, NE

Chlordane(0.0005-0.5)

As(up to 100), Pblup to
440)

Chlordane(0.5)

Dtoxin(ND-0.04)

Pb(0.1-940)

Heavy metals as below

AL(3400-5400), sb(40-60),
As(7-10), Ba(35-60),
Ca(18-90), Cr(9-16),
Cd(4-18), Cu(17-40),
Pb(150-4300), Mi(27-40),
se(3-5), ag(7-10),
Th(7-10), sn(27-40),
v(12-30), 2n(3700-26000)

Heavy metals as sbove

AL(3000-7000), As(5-6),
€d(0.1-0.2), Cr(5-10),
Cu(3-10), Ni(10-20),
Pb(4-10), Zn(20-40)

Perceived/

Yoted Imoects

Fish tissue
tevels exceeded

FDA action levels;

Fish tiasue
levels exceeded
FOA action levels

soyrce (ytatus)

Urben
runoff

Industrist

Urban
runotf

Urban
runoff

Secondsry lead

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VII

Remedial

Actions

Fishing
restricted

Fishing
restricted

smelting/recovery

Mining

Mining

Mining

A-32

More info.on
#6 below

Information
from EPA Region
Vit

Johanson and
Johnson, 1976

information
from EPA Region
Yil

Information
from EPA Region
vl

Information
from EPA Region
Vil

information
from EPA Region
vil and Missouri
Dept.Nat.Res.
Information
from EPA Region
Vil

Informstion
from EPA Region
vii

information
from EPA Region
Vil



10

11

12

13

TABLE 7.

Water Body/lLocation

Spring R., MO

Big River, Destoge, MO

Center Creek, Oronogo, MO

Shoal Creek, Joplin, MO

turkey Creek, Joplin, WO

Doe Run Creek & Little St.
Francis River, Frederick-
toun, MO

Tebo Creek, Menry County,
"o

North Claybank Creek,
Hacon County, MO

Blue River, Kansas
City, MO

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VIX

Contaminants Perceived/
fconc. range) Noted |mpacty

Dioxin

PL{1000-49,000),
Ccd(11-30),2n(700-1660),
Cu(60-130)

Pb(73-7300)

Fe(10,000-28,000)

Pb(b& 4300)
In(750-26,000)
Fe(6200-14,000)

Pb (230)
In(2300)

Cu(3-6280)
Co(12-1744)
Ni¢5-2815)
Ph(65-29,420)
2n(36-2330)

fe, sulfate

Fe, sulfete

pPCls

Remediatl
ourc atus Actiong Omm

Discharge from
herbicide mfgr.

nining

nining

nining

wining

Wining

Cosl mining

Coal mining

Chemical dumping

A-33

Reference

Infarmation

from

from KS officials

Information
MO Dept. of
Resources

Informetion
MO frept. of
P

Resources

Infarmation
#H0 Oept. of
Resources

Information
K0 Oept. of
Resources

Information
NO Dept. of
Resources

Iinformation
MO Dept. of
Resources

information
MO Dept. of
Resources

information
#O Dept. of
Resources

from
Matur,

trom
Natur,

from
Natur

from
Natur.

from
Matus
from

Netur,

from
Hatur,

from
Natur,
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15

16

17

18

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VII (continued)

TABLE 7.
Contaminants
Heter Body/iocetion {conc, range)
tocal surface waters, pPCes
St.Loufs, MO
Pin Oak Creek, Johnson PCis

County, WO

llsolillppi Rivear side
channel, Clinton, 1A

Nississippl River side
channel, Davenport, 1A

Cedar River, Charles
City, 1A

PANs, aliphatic
hydrocarbons

Metals, organics

Hg compounds

Perceived/

Noted Impacts = Soyrce (statys) Actions  Cowmenty

Remedial

Chemical Dumping

Oischarges and spitl
from waste treatment
facility (0)

Leaching from landfitl,
wastes originally from
a pharsaceutical company

A-34

Reference

Information
MO Dept. of
Resources

information
MO Dept. of
Resources

information
1A Dept. of
Air & Maste

Information
1A Dept. of
Alr & uaste

Information
IA Dept. of
Air & Meste

from
Natur.

from
Natur,

from
Mater
Hgmt .

from
Mater
Mgmt .

from
Mater
Mgmt .



TABLE 8.

Water Body/location

Region VI

Benton Lake National
Witdl)fe Refuge, NT

Benton Lake
National Witdiife Refuge,
L2

fFreezeout Lake, HT

Lake Bowdoin
National Wildlife
Refuge, MY

Silver Bow Cresk & upper
Ciark Fork River, near
Butte, MT

Hilltown, Montana/Milltown
Reservoir Sediments site

Clark Fork River,
Frenchtown, MT

spring Creek & Prickly
Pear Creek, south of
Helena, M7

Surface vaters near
Columbus, MT

Contaminants

{conc. rangg}

Se

Salinity, Se

Salinity, Se

Se

Metsls(Cu,
fe, Pb, In)

As

Pulp wastes

Metals

Cr(vl)

Perceived/
Noted ]mpacts

Remedial
oyr tug) Actiony

Concentrations exceed Agricultural

EPA drinking water

criterion

salinity associated

with increased

drainwater

Agricultural
dratnage

botulism in waterfouwl

Occasional
tish kills

Alternative water
supply recommended

Agricultursl
drainage

Agricultural
drainage

Mining, mill
tailings

#ining, aitling,
smelting

Pulp & paper
wmill discharge

Mining

Chromium ore
processings wastes

A-35

c

DATA ON REVIEWED SITLES WITH IN-PLACE POLLUTANTS IN LPA REGION VIII

Superfund site

Superfund site

Superfund site

Reference

US Fish &
vildlife
Service, 1984

MT Dept. of Health
& Environmental
Sciences, 1986

NT Dept. of Healt
& Environmental
Sciences, 1986

NT Dept. of Health
& Environmental
Sciences, 19846

MT Dept. of Heslth
L Environmental
Sciences, 1986

U.S. EPA, 1984

Iinformation from
EPA Region VIII

MT Dept. of Health
Environmental Ser
1984

Information from
EPA Region viil



TABLE 8. DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VIII

Contaminants Perceived/ Remedial
Water Body/Location onc nge Noted [mpacts Source (sratus) Actions Comments Retference
9 Cheyenne River at Hg(0.03-0.62) Mining, mitl Walter et al.,
Lake Oshe, $D tailings 1973
9 Cheyenne River at Lake H9(3-16) Concentration of Mining information
Oshe, SO As(2-65) conteminants, (source of Ng) from SD Dept. of
Se(ND-4) especially Se, noted Water & Matural
fn fish and squatic Resources.
birds.
( Whitewood Creek, Belle As, Cu, Ni, Cr Groundwater contems- Mining Information
fourche R., Cheyenne R., instion, biots from USGS,
$. Dakota impacted Rapid City,
) South Dakota,
Whitewood Creek, Beile As(up to &), Hgl(up to Hg in fish often Mining U.S. EPA, 1971
9 Fourche R., Cheyenne R., 1.1) exceed FDA
S. Dakota quidelines; biota
fmpacted
Whitewood Creek, Belle Hg(<0.1-4), Zn(40-230), Nining U.S. EPA, 1973
fFourche R., Cheyenne R., Cu(3-150), As(4-11800)
\ S. Dakots
10 Laramie River, PCBs, DDT, ODE, Railroad tie treatment WY Dept. of
Laramie, WY 000, tindane, plant waste discharge Environmental
dieldrin, endrin, (source of creosote) Quality, 1986
creosote
. Heitkamp &
Little Popo Agie R., WY Total oil Sediment microbiat Effluent from
residue(ND-2520) activity stimulated ofl field Johnson, 1984
11 .
Little Popo Agie R., WY Total hydro- Species diversity Effluent from oitl Woodward &
carbons(980-2520), raduced field Riley, 1983
In(20-60)
12 Jordan River & tributaries, PCBS(ND-0.32), Urban runoff, WWTP Information from
salt Lake City, UT 2,4-D(ND-0.32), discharges uses, salt Lake
DDD(ND-D.005), City, UT

DDE(ND-0.002),
dieldrin(nND-0.002),
methoxychlor(ND-0,08),
Cu(7-120),Pb(10-480),
In(23-400),A8(6-20),
Cr(2-20)

"4-36



DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION VIII

TABLE 8.
Contaminants Perceived/ Remedial
Water Body/location conc. ran Noted [mpacts §ource (status) Actions Commenty
13  upper Arkansas R., As, Be, Cd, Cr, Cu, CN, Stream biota severely Acid mine c Superfund site--Yak
California Gulich, vak Pb, Hg, Ni, Se, Ag, Th, impacted, periocdic drainage Tunnel/Catifornia Guich
figsh kills, metals

Tunnel, Leadville, CO n
toxicity in area
livestock, ground-
water potentially

contaminated

14 Missouri River, Williston, PCBs
“ND
15 James River, ND/SD pesticides, PCBs

A-37

Reference

Information
received from
USGS Colorado
District

Information from
Omaha district
Corps of
Engineers

information from
Omaha district
Corps of
Engineers



TABLE 9.

Water Body/location

Region IX

1 Kesterson Kat., Mildlite
Refuge, CA/Kesterson
Ponds

Stillwater Wildtife Mgr.
Area, NY/Pasfute Drain,
Carson River, Lahontan
Reservoir

to

’
San fFrancisco Harbor,
CA/Islais Creek

San francisco Bay

San Francisco Bay

3 san Francisco Bay/
Richmond Inner Harbor,
CA

3 Oakland Harbor, CA

Contaminants

conc. range

Se, other trace metals

Se, As, Hg

Hg(0.1-8), As¢0.1-7),
€d¢0.4-500), Pb(3-100),
Cu(23-700), Cr(93-100),
2n(60-200),
PCBS(0.1-CG.3), oil and
grease(0.02-0.8%)

PL(16-60), Zn(55-190),
Hg(0.2-1), Cd(1-3),
Cu(20-8B5)

Ag(0.1-12), As(1-12),
€d¢0.2-22), Cr(2-300),
Cu¢4-100), Hg{0.1-16),
Ni(4-200), Pb(3-80},

Se(0.3-12), In(3-200)

ppT, dieldrin

Pb(up to 1800), Cd(up to
33), oil and grease(up to
3.3%)

Perceived/
Noted [mpacts

Bioacc.; poor
reproduction,
deformities, deaths
in birds

Hg in fish one to
four times maxi.
sugg. for human
consump.

Elevated metal
concentrations in
shellfish

ALl test organisms
exposed to
sediment/water
mixture died.

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN LPA REGION IX

Remedial
Source (status) Actions

Agri. drainwater c
(being phased
out)

Agriculturat
drainwater(C)

Industries,
Storm sewers

Municipal and
industrial point
sources, storm
drains, surface
runoff, atmos-
pheric fallout,
overboard dis-
charge, agricul-
tural drainage,
upland erosion,
waste disposal
sites

Municipal point

sources, other
sources

Agricultural
runof f

Industriat

i-38

Pltans being developed

Reference

U.s. Fish and
Wildlife
Service, 1986

v.s. Fish and
Wildlife
Service 1986

Johanson and
Johnson, 1976

Sustar &
Wakeman, 1977

Bradford &
Luoma, 1980

Information from
California Water
Resources Control
Board

Johanson and
Johnson, 1976



TABIE 9.

Water Body/location

San Francisco Bay/Beemar
Point

Palos Verdes, CA

Palos Verdes, CA

Palos Verdes, CA

Coastal Calif./depending
on distance from Los
Angeles discharges

Various basins off
Southern Catifornia

California Coast/Southern
California

Los Angeles Harbor, CA

San Diego Harbor, CA

San Oiego Bay,
CA (north Bay)

San Diego Bay,
CA (24th St
Marine Terminal)

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION IX (CONTINUED)

Contaminants

{conc. range!

€d(1000)

Hg(2-90)

Ag(2-30), cd¢1-70),
Cr¢56-1500), Cu(10-940),
Ni(20-130), Pb(20-580),
Zn(50-2880)

DDT(0.2-280),
cr(1000- 13000}

PCBS(0.5-7)

Cr(8-360), Cu(1-300),
Ni(6-65), Pb(<0.1-340),
n(7-1530)

Cufup to 550), Cd Cr, 2Zn,
Pb, Ag, Ni, Co

Hg(10), Cu(1800), Ni(570)

As(135), Hg(9)

PCHs

Cu,2n (25X)

Perceived/
Noted [mpects

Remedial
Source {stetus) Actionsg

Sewage outfall

Municipal seuage
treatment

Municipal sewage
treatment

food processing

Sandblasting of
ships, marine
paints

Aircraft mfg.
plants, via
storm drains
(probable)

Spillage from
ore shipment

A-39

Comment:.

Reference

As reported in
Bolton et al.,
1985

Eganhouse et
al., 1978

Herchelman et
al., 19814

As reported in
Bolton et »l.,
1985

Young et al.,

1977, as
reported in
Boehm, 1984

As reported in
Greig and

McGrath, 1977
Galloway, 1978

Johanson and
Johnson, 1976

Johanson and
Johnson, 1976

information from
Californis Mater
Resources Control
8oard

information from
California Water
Resources Control
Board



10

11

12

TABLE 9.

Water Body/tocation

8lanco Drain, east of
Honterey, CA

Elkhorn Stough, north
of Monterey, CA

Monterey Harbor, CA
(Cannhery Row area)

Urban lakes, Los
Angeles metropolitan
area, CA

tos Angeles/
vong Beach Harbor,
CA

Santa Monica Bay,
CA

Newport Bay, CA

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION IX

Contaminants

(conc. f'&ﬂgel

oDT,DDE,
toxaphene

pesticides {toxsphene,
endosul fan,dacthal,
dieldrin, DDT)

Pb

Pb, sometimes PCBs
DDT, toxaphene,
other pesticides

PCBs, ODT, and
others

oov

DDT, toxaphene,
PCBs, other
pesticides, metals
(Pb,Cd,ZIn)

Perceived/

Moted Impacts

Health warnings
issued against
eating shellifish

A-40

Remediatl
Source (status) Actions
Agriculturat
runoff
Agricultural
runoff
Railroad (lead [

dumped as ballast
for tracks) (D)

Sewage outfalls

Non-point
sources

(CONTINUED)

Comments

Highest concen-
tration of Pb

ever found in
marine environment

Reference

information from
Californis Water
Resources Control
Board

information from
Catifornia WVater
Resources Control
Board

information from
Californis Water
Resources Control
Board

Information from
Catifornis Water
Resources Controtl
Board

Information from
Catifornia Water
Resources Control
Board

information from
Californis Water
Resources Control
B8oard

Information from
California Water
Resources Control
Board



»

Puget Sound/Seattle
Waterfront

Region X

Duwamish \Materway,
Seattle, WA

Duwamish Waterway,
Seattie, WA

bDuwamish Waterway,
Seattle, WA

Puget Sound/Duwamish
Waterway

Commencement Bay,
WA/Mylebos & Blair
Vaterways

Puget Sound/Hylebos
Waterway

Commencement Bay
Nearshore/Tideflats,
Tacoma, WA

Commencement Bay
Nearshore/Tideflats,
Tacoma, WA

Contaminants
{conc., range)

PAHS(0.3-50)

PCB8(0.2-6), Wg(0.1-70),
Cd(0-10), Pb(35-340),
Cu(30-160), In(70-6700),
Cr¢20-70), N1(25-60), oil
3 grease(0-2%)

PCBs

PCBs(<0.01-140), As, Cd,
Cu, Mn, Hg, Ni, Zn

PAHS(2-30)

PCBs(0.4-7), chlorinated
butadienes(2-80),
PAHS(0.2-110),
halogenated organics, As,
Pb

PAHs(0.1-50)

As(1-30000),
Cu(10-36000),
Pb(2-10000), Hg(0.01-50),
numerous other metals,
PCBs(0.004-20), Alip.
hydrocarbons,
phenols(ND-100),
PAHS(MD-600),
dichlorobenzenes(ND-14),
dibenzofuran, phthalates

Perceiveds Remedial
Noted Impacts Source (status) Actions
PC8 spill (D),
municipal end
industrial out-
falls (C),
stormuater run-
off {(C), sani-
tary landfiit/
garbage dump (C)
PC8® oft coolant I
spill (D)
PCB spitt (D) 1
Acc. of contaminants
in demersal and
benthic argsnisms,
tumors and lesions in
fish and inverte-
brates
c
Acc. in biots, Numerous indus- [

trial sources,
TSDFs, smelter,
runoff, spills

sbnormalities in
indigenous biota;
sdvisory on fish
consumption in 1982

A-41

265 gallons PCB spitt in
1974; PCB levels among
highest in country

260 gallons spill in 1974;
spread over 3 acres; gpill
cleanup complete

Concs. avarage post-dredge,

5/4/76

Superfund site

Superfund site

Superfund site; levels of

contamination and biological

effects vary widely

As reported in
Bolton et al.,
1985

Johanson and
Johnson, 1976

Science
Applications
Int'l Corp.,
1985

Blazevich et
al., 1977

As reported in
Bolton et al.,
1985

Riley et al.,
1981

As reported in
Bolton et al.,
1985

Phillips et
al., 1985

Tera-Tech 1985,
see also Gahler
et al., 1982



TABLE 10.

Water Body/Location

Puget Sound/Commencement
Waterways

Puget Sound/Commencement
Bay

Everett Harbor, WA/East
Waterway

Puget Sound, WA/Colvos
Passage and Southern Puget
Sound

Puget Sound/West Point

Alaska Maritime Nat.
Wildlife Refuge,
AK/Moman's Bay

Alaska Maritime Nat.
Mildlife Refuge,
AK/Amchitka and Atka
Islands

DATA ON REVIEWED SITES WITH IN-PLACE POLLUTANTS IN EPA REGION X (CONTINUED)

Contaminants perceived/
{conc. range) Noted [mpactsg

PAH&¢0.3-50)

As(470)

Cr(40-80), Ni(20-50),
Cu(30-100), Zn(140-170),
Pb(20-70), As(3-10),
Hg(0.1-0.4), Cd(1-1.1),
A9(6.1-0.2), Be(0.2-0.4),
Ti(1.6-2.4),
PAHS(0.2-148), PCBs

Biomag. of PCBs in
fish

Co(6-20), V(30-110),
Cr(7G-150), N{§(20-50),
Cu(10-80), Zn(30-130),
As(3-30), Se(<0.5-3),
PbC10-50), PAHs(0.03-2),
PCB$(0.03)

PAHS(50)

Biological desert

aur tatug)

Runoff, sewage,
industrial point
sources, auto
exhaust, smelter

Solid waste
disposal(C);
seafood
processor(d);
ship repair(0)

Military
installations
(D)

A-42

Remedial

Actions

;oments

Follow-up to define type
and source of contaminants

Plans ere underway; sampling
conducted in 1985

Reference

As reported in
Bolton et ol.,
1985

As reported in
Botton et sl.,
1985

Anderson &
Creceltfus, 1985

Riley et al.,
1983

As reported in
Bolton et al._,
1985

U.S,. risn and
Wildlife

Service, 1986

u.s. Fish and
witdlife
Service 1986



APPENDIX B

B G OF LITERATURE ON IN- c

Iable of Contents

Page

I. Introduction B-1

II. General Reports, Literature Reviews, B-3
and Nationwide Surveys

III. Location- and Subject-Specific Reports B-5

IV. 1Index to Reports and Articles by Location B-25

I. INTRODUCTION

This appendix contains a complete listing of the literature obtained for
this study. Included are reports and articles collected by means of a
literature search supplemented by inquiries to environmental agencies,
as described in Section III. (References for literature cited in the body
of this report are listed in Section VI. Some of the citations listed in
Section VI also appear in this bibliography.) The bibliography is divided
into two parts: The first section includes literature reviews, nationwide
surveys dealing with in-place pollutants, and a few general works
describing in-place pollutants. The second section includes reports and
articles dealing with in-place pollutants at particular locations, as well
as works dealing in general with techniques for cleaning up contaminated
sediments or with the ecological effects of in-place pollutants.

The second section of the bibliography is coded to indicate the subject
areas touched upon by each report or article. Each citation is marked
with a set of code letters and numbers indicating:

e What EPA region it refers to (Roman numerals I through X)
e What type of water body it discusses:

M =~ Marine

E = Estuarine

R = River/Stream
L = Lake/Reservoir

e What types of contaminants were analyzed for or detected:

= Metals

= PAHs

= Petroleum Hydrocarbons
PCBs

~ Pesticides

= Radionuclides

= Bacteria/Viruses

- Other

O NP W
]



In addition, code letters are added for any of the following specific
subjects that are discussed:

S Sources or suspected sources of contaminants (e.g., specific
industries, agricultural runoff, chemical or oil spills, atmos-
pheric deposition).

P Remedial actions corsidered or undertaken.

E Ecological/biological effects noted (e.g., disease, mortalitcy,
community structure changes, pollutant uptake/bioaccumulation/bio-
magnification).

J Judgements or methods of judging what constitutes a sediment
contamination "problem"”; sediment quality criteria or classi-
fication systems,

P "Problem Area" -- This code wss used when an article discussed a
site that we felt should be included in our Appendix A "inventory"
of sediment contamination problem areas.

For example, the article "Polycyclic Aromatic Hydrocarbons in Sediments
and Assoclated Benthos in Lake Erie", which discusses the results of
sampling near a large coal fired power plant, would be coded as follows:
v, W-L, C€-2, s, E, P (where W-refers to type of water body and C-refers
to type of contaminants).

Following the bibliography is an index to the reports and articles by
location, organized according to EPA regions.
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Elizabeth R. Estuary, VA Merrill & Wade, 1985

Sct. Jones R. & Murderkill R., DE Hoffman & Riggs, 1983

Potomac R., Washington, DC Pellenbarg, 1979
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North Fork Holston R., VA/TN Hildebrand et al., 1980

Delaware R. MacKenzie & Hunter, 1979

Schuylkill R. Basin, PA Stamer et al., 1985

Yorke et al., 1985

Region IV
Coast near Miami, FL Schaiberger et al., 1982

Hillsborough R., reservoir & bay, FL Brown et al., 1985

St. Lucie Estuary, FL Wang et al., 1979

Mississippi coastal waters Lycié & Lytle 1980, 1983 & 1985
Streams near Oak Ridge, TN Tennessee Valley Authority

L. Washington & Sardis Res., MS Price & Knight, 1979

Lake Conway, FL Miller & Boyd, 1983

Florida estuaries Fla. Dept. of Environ.

Regulation 1986 a & b
Ryan et al., 1985
Pilotte et al., 1978

Savannah R., Estuary Goldberg et al., 1979
West Point Lake, GA/AL Gunkel et al., 1984
Redstone Arsenal, Huntsville, AL Sullivan & Thiess, 1983
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Region V (general)

Lake Superior

Lake Michigan

Lake Huron

Lake St. Clair

Detroit River

Lake Erie

Fields Brook, Ohio (trib to L.Erie)

Mississippi R. (upper)

Highland Silver Lake watershed, IL
Illinois Lakes

Tllinois Streams
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Great Lakes WaterQuality Board, 1985
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Eisenreich et al., 1980
Frank et al., 1980
Kemp et al., 1978

Kizlauskas et al.,
Kraft, 1979
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Christensen & Chien, 1979
Frank et al., 1981

Simmons et al., 1980
Blasland & Bouck Eng., 1985
CH2M Hill, 1983

Kizlauskas, 1982

U.S. EPA, 1978

Kemp et al., 1978

Oliver & Bourbonniere, 1985
Richardson et al., 1983
Oliver & Bourbonniere, 1985
Pugsley et al., 1985

Pugsley et al., 1985
Smith et al., 1985

Eadie et al., 1982
Nriagu et al., 1979
Oliver & Bourbonniere,
Tatem, 1984
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CH2M Hill, 1986
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Peddicord et al., 1980
Schnoor et al., 1982
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Kelly & Hite, 1984
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Reglon V (continued)

Wisconsin Lakes

Eau Galle Lake, MN

Region VI
Gulf of Mexico (northwestermn)
Louisiana estuaries

Texas (general)

Several sites in NM and TX
Coastal canals, TX

Trinity River, TX

Elephant Butte Reservoir, NM

Middle Rio Grande R. & Caballo
Res., NM

DeGray Lake, AR

Lakes in Atchafalaya R. Basin, LA
Oxbow Lakes, LA

Capitol Lake, LA

Lake Pontchartrain, LA
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Gunkel et al., 1984
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Warshaw, 1976
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Schurtz & St. Pe, 1984
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Wetlands in IA & NB

Region VIII

Montana (geneal)

Wyoming (general)

Milltown Superfund Site, MT

Standley Lake, CO

Cheyenne River Basin, SD
Lake Oahe, SD

Great Salt Lake, UT

Lake Mead, NV

Navajo Reservoir, CO
Utah Lake, UT

Little Popo Agie R., WY

Wetlands in MT, ND & SD

Several sites in MT, SD & UT

Region IX

California (general)

Near Bikini Atoll

San Francisco Bay, CA
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Heit, 1979
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Heit, 1979

Heit, 1979

Heit, 1979

Heitkamp & Johnson, 1984
Woodward & Riley, 1983

Martin & Hartman, 1984
Martin & Hartman, 1985
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Southern California coast/
Palos Verdes Shelf

Hansen Lake, Los Angeles, CA

Several sites in AZ, CA & NV

Region X

Commencement Bay, WA

Duwamish Waterway, WA
Everett Harbor, WA
Willapa Bay & Grays Harbor, WA

Elliott Bay, WA

Puget Sound, WA

Coos Bay, OR

Winchester Bay, OR
Beaufort Lea, AK
Columbia R., WA/OR

Lake Washington, WA

Chetco, Rogue, & Columbia R., OR

Western OR & WA rivers & estuaries

Eganhouse et al., 1978
Eganhouse et al., 1980
Galloway, 1979
Hershelman et al., 1981
Swartz et al., 1985
Tetra-Tech, 1986

Reit, 1979

U.S. Dept. of Interior, 1985

Phillips et al., 1985
Riley et al., 1981
Tetra-Tech, 1985

Gahler et al., 1982

Lee et al., 1985
Blazevich et al., 1977
Anderson & Crecelius, 1985
Rapp et al.

Dexter et al., 1984
Tatem, 1984

JRB Associates, 1984
Pavlou & Weston, 1983
Puget Sound Water Quality
Authority, 1986
Riley et al., 1983
Hancock et al., 1984
Nelson et al., 1984
Sollitt et al., 1984
Ecological Analysts, 1981
Shaw et al., 1979
Haushild, 1980
Wakeham & Farrington, 1980
Fuhrer, 1984

Fuhrer & Rinella, 1983



Location References
Region X (continued)

Washington rivers Hopkins et al., 1985
Willamette R., OR Rickert et al., 1977
Portland Area, OR Oregon Department of

Environmental Qual., 1984
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APPENDIX C
G v C

This appendix identifies the specific individualas contacted for
information during the course of this project. It should be noted
that the list is certainly not exhaustive (there was no attempt to
contact all knowledgable individuals), and that the individuals
that are listed may not be (today or in the future) the best
individuals to contact in any future study. However, it is hoped
that the listing will help some future efforts by identifying at
least a fraction of the individuals in State and Federal agencies
who have information or expertise related to chemical contamination
of sediments.
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LIST OF AGENCIES AND INDIVIDUALS CONTACTED

Agency/QOffice
Na ano ic _and
tratijo N

Ocean Assessment Division,
National Ocean Service
(Rockville, MD)

National Marine Fisheries Service
(Sandy Hook, NJ)

U Co o eers

Headquarters Library
Waterways Experiment Station
New England Division
(Waltham, MA)
Jacksonville, FL District
Galveston, TX District
Portland, OR District
New York District
Norfolk, VA District
North Central Division
(Chicago, IL)
Omaha, NE District
Memphis, TN District

U.S. Army Toxic and Hazardous
Materials Agency {(USATHAMA)

USATHAMA, U.S. Army IRP Division

Name

Dr. John Calder

Mr.
Mr.

Ms.

Robert Reid
Vincent Zdanowicz

Jackie Patterson

(Librarian)

Ms.

Jimmie Perry

(Librarian)

Mr.

Ms.

Mr.

Mr.

Mr.

Mr.
Mr.

Mr.

Dr.

Mr.

Mr.

James Bajek

Nancy Schwall
Rick Medina
Jim Reese
Mario Paula

Eugene Whitehurst
Terry Getchell

Dale Raven

John Anderson

Dick Mochow

Andy Anderson
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Telephone No,

(301)

(201)
(201)

(202)

(601)

(617)

(409)

(503)

(804)
(804)

(312)

(402)

(901

(301)

443-8655

872-0200
282-0200

272-0455

634-2543

647-8307

766-3962

221-6021

441-3243
441-3617

353-7762

221-4620

521-3618

671-3618



Agency/Office

Fish and Wildljfe Service
Resource Contaminant Assessment
Blological Services Division
Western Energy & Land Use Division

National Fisheries Research Lab
(Columbia, MO)

Great Lakes Fishery Lab
(Ann Arbor, MI)

U.S, Geological Survey
Northeast Region

Central Region
(Denver, CO)

Oregon District

Rapid City, SD District
Baton Rouge, lA District
Lakewood, CO District

Office of Surface Water
(USGS Headquarters, VA)

Harrisburg, PA District

Salt Lake City, UT District

EPA Enviyronmental Research Labs

Narragansett, RI

Name Telephone No.

Ms. Lynn Lewis (202) 343-4767
Dr. Edward LaRoce (202) 653-8723
Mr. Lee Ischinger (303) 226-9390
Ms. Ell-Piret Multer (314) 875-5399
(Information Specialist)

Dr. Wayne Willford (313) 994-3331
Mr. Waite Osterkamp (703) 860-6083
Mr. Ned Andrews (303) 236-5004
Mr. Stuart McKenzie (503) 231-2016
Mr. Kim Goddard (605) 342-6812
Mr. Charlie Demas (504) 389-0391
Mr. Briant Kimball (303) 236-4886
Mr. Douglas Glysson (703) 648-5317
Mr. Bob Helm (717) 782-4514
Mr. Doyle Stephens (801) 524-4249
Mr. Richard Lattimer (401) 789-1071

Mr. David Hanson



Agency/Office

EPA Region ]

Water Quality Branch,
Planning & Standards Section

Water Quality Branch, Environmental

Evaluation Section

Massachusetts Department of

Environmental Quality Engineering

Connecticut Department of
Environmental Protection

EPA Region I1

Water Management Division
Region I

Water Quality Control Division

Environmental Services Division

EPA Region IV

Environmental Services Division
(Athens, GA)

Ocean Disposal Division
{(Atlanta, GA)

Waste Management Division
(Atlanta, GA)

Florida Department of
Environmental Regulation

Metro-Dade County, FL
Planning Department

Miami River Coordinating
Committee

Ms.

Ms.

Mr.

Mr.
Mr.

Ms.

Ms.

Mr.

Mr.
Mr.
Mr.
Mr.

Mr.

Mr.

Ms.

Name

Corrine Paul

Dorothy Allen

Paul Hogan

Art Mauger
Charlie Fredette

Rosella O'Connor

Susan Insetta

John Ruggero

Doug Lair
Mike Carter
Dave Hill
Del Hicks

Reginald Rogers

Russ Wright

. Mark Latch
. Joseph Ryan

Ricky Schechtman

Sandra Howard

Telephone No,

(617)

(617)

(617)

(203)

(212)

(215)

(215)

(404)
(604)
(404)
(604)

(404)

(404)

(904)

(303)

(305)

223-0893

223-0838

366-9181

566-2588

264-8479

597-3927

597-1196

546-3351
546-3117
546-2207
546-2294

347-2156

347-2643

488-8614

375-2835

358-2800



Agency/Office

Regi v

Great Lakes National Program Office

Water Division

Environmental Review Branch
Dredge & Fill Section

Waste Management Division

Michigan Department of Natural
Resources

Wisconsin Department of Natural

Resources

egjon V
Water Quality Division
Waste Management Division
Texas Water Commission

Louisiana Department of
Environmental Quality

Region V
Water Management Division

Waste Management Division

Iowa Department of Water, Air
& Waste Management

Kansas Department of Health
& Environment

Missouri Department of
Natural Resources

Nebraska Department of
Environmental Control

Mr. Anthony Kizlauskas

Mr. Howard Zar
Mr. Marc Tuchman

Ms. Kay Brennan
Mr. Elmer Shannon
Mr. Tony Rutter
Mr. Greg Kulma
Mr. Dan Caplice
Dr. Elwin Evans
Dr. John Sullivan

Mr. Joe Ball
Mr. Scott Hausmann

Mr. Philip Crocker
Mr. Barry Nash
Mr. Dave Buzan

Mr. Mike Schurtz

Mr. John Houlihan
Ms. Kerry Herndon
(section chief)
Ms. Kathy Barrett
Mr. Ralph Turkle
Mr. Mike Butler

Mr. Jerry Stoltenberg

Mr. John Ford

Mr. John Bender

Telephone No,

(312) 353-3576

(302) 886-1491
(312) 886-1505

(312) 886-6873
(312) 353-2307

(312) 886-3009

(517) 373-2867

(608) 267-5753

(214) 767-8987
(214) 767-5233
(512) 463-7919

(504) 342-8930

(913) 236-2817

(913)236-2856

(515) 281-8779

(913) 862-9360, ‘X258
(913) 862-9360, X236

(314) 751-1300

(402) 471-4201



EPA Region VII
Water Division

Colorado Department of Health
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Utah Department of Water
Pollution Control

Wyoming Department of Environmental
Quality

ERPA Region IX

Water Management Division

Policy Division, Environmental
Services Branch

California Water Resources

Control Board
EPA Region X
Envircnmental Services Division
Puget Sound Office

Water Resources Assessment
Section

Office of Water Planning
Alaska Department of
Environmental Conservation

Oregon Department of
Environmental Quality

Mr .

Mr.

<4
(2]

=
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Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Ms.

Mr.
Mr.

Mr.
Mr.

Mr.
Mr.
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Name

Jim Lazorchak
John Scherschligt

Loren Bahls

Y
naiiavil

Reichert

Phil Woods

Milton Tunzi

John Youngerman

Evan Horning
John Armstrong
Carl Kassebaum
Tom Wilson
Sally Marquis

Jeffrey Hock
Randy Bayliss

Larry Patterson
Andy Schaedel
Dale Norton
Dave Bradley
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538-6146
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974-8505

974-8594

322-0214

442-1685

442-1368

442-1286

442-1354

442-8293

465-2681
465-2640

229-5374

229-5983

753-2812
459-6355



