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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

A 1988 survey, funded by the U.S. Environmental Protection Agency (EPA) and
conducted by the American Fisheries Society, identified the need for standardizing
the approaches to evaluating risks and developing fish consumption advisories
that are comparable across different jurisdictions. Four major components were
identified as critical to the development of a consistent risk-based approach:
standardized practices for sampling and analyzing fish, standardized risk
assessment methods, standardized procedures for making risk management
decisions, and standardized approaches for communicating risk to the general
public.

To address concerns raised by the survey respondents, EPA began developing
a series of four documents designed to provide guidance to state, local, regional,
and tribal environmental health officials responsible for designing contaminant
monitoring programs and issuing fish and shellfish consumption advisories. It is
essential that all four documents be used together, since no single volume
addresses all of the topics involved in the development of fish consumption
advisories. The documents are meant to provide guidance only and do not
constitute a regulatory requirement. This document series includes:

Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories

Volume 1: Fish Sampling and Analysis

Volume 2: Risk Assessment and Fish Consumption Limits
Volume 3: Overview of Risk Management

Volume 4: Risk Communication.

Volume 1 was first released in September 1993 and was followed by a second
edition in September 1995. This current revision to the Volume 1 guidance
provides the latest information on sampling and analysis procedures based on
new information provided by EPA. The major objective of Volume 1 isto provide
information on sampling strategies for a contaminant monitoring program. In
addition, information is provided on selection of target species; selection of
chemicals as target analytes; development of human health screening values;
sample collection procedures including sample processing, sample preservation,
and shipping; sample analysis; and data reporting and analysis.

Volume 2 was first released in June 1994 and was followed by a second edition
in July 1997. A third edition will be released in November 2000. This volume
provides guidance on the development of appropriate meal sizes and frequency
of meal consumption (e.g., one meal per week) for the target analytes that
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EXECUTIVE SUMMARY

bioaccumulate in fish tissues. In addition to the presentation of consumption
limits, Volume 2 contains a discussion of risk assessment methods used to derive
the consumption limits as well as a discussion of methods to modify these limits
to reflect local conditions. Volume 2 also contains toxicological profiles for each
of the 25 target analytes.

Volume 3 was published in June 1996 and provides an overview of a risk
management framework. This volume provides information on selecting and
implementing various options for reducing health risks associated with the
consumption of chemically contaminated fish and shellfish. Using a human health
risk-based approach, states can determine the level of the advisory and the most
appropriate type of advisory to issue. Methods to evaluate population risks for
specific groups, waterbodies, and geographic areas are also presented.

Volume 4 was published in March 1995 and provides guidance on risk commu-
nication as a process for sharing information with the public on the health risks of
consuming chemically contaminated fish and shellfish. This volume provides
guidance on problem analysis and program objectives, audience identification
and needs assessments, communication strategy design, implementation and
evaluation, and responding to public inquiries.

EPA welcomes your suggestions and comments. A major goal of this guidance
document series is to provide a clear and usable summary of critical information
necessary to make informed decisions concerning the development of fish
consumption advisories. We encourage comments and hope this document will
be a useful adjunct to the resources used by the states, local governments, and
tribal organizations in making decisions concerning the development of fish
advisories within their various jurisdictions.
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1. INTRODUCTION

SECTION 1

INTRODUCTION

1.1  HISTORICAL PERSPECTIVE

Contamination of aquatic resources, including freshwater, estuarine, and marine
fish and shellfish, has been documented in the scientific literature for many
regions of the United States (NAS, 1991). Environmental concentrations of some
pollutants have decreased over the past 25 years as a result of better water
quality management practices. However, environmental concentrations of other
heavy metals, pesticides, and toxic organic compounds have increased due to
intensifying urbanization, industrial development, and use of new agricultural
chemicals. Our Nation’s waterbodies are among the ultimate repositories of
pollutants released from these activities. Pollutants come from permitted point
source discharges (e.g., industrial and municipal facilities), accidental spill events,
and nonpoint sources (e.g., agricultural practices, resource extraction, urban
runoff, in-place sediment contamination, groundwater recharge, vehicular
exhaust, and atmospheric deposition from various combustion and incineration
processes).

Once these toxic contaminants reach surface waters, they may concentrate
through aquatic food chains and bioaccumulate in fish and shellfish tissues.
Aquatic organisms may bioaccumulate environmental contaminants to more than
1,000,000 times the concentrations detected in the water column (U.S. EPA,
1992c, 1992d). Thus, fish and shellfish tissue monitoring serves as an important
indicator of contaminated sediments and water quality problems, and many states
routinely conduct chemical contaminant analyses of fish and shellfish tissues as
part of their comprehensive water quality monitoring programs (Cunningham and
Whitaker, 1989; Cunningham, 1998; Cunningham and Sullivan,1999). Tissue
contaminant monitoring also enables state agencies to detect levels of contamina-
tion in fish and shellfish tissue that may be harmful to human consumers. If states
conclude that consumption of chemically contaminated fish and shellfish poses
an unacceptable human health risk, they may issue local fish consumption
advisories or bans for specific waterbodies and specific fish and shellfish species
for specific populations.

In 1989, the American Fisheries Society (AFS), at the request of the U.S.
Environmental Protection Agency (EPA), conducted a survey of state fish and
shellfish consumption advisory practices. Questionnaires were sent to health
departments, fisheries agencies, and water quality/environmental management
departments in all 50 states and the District of Columbia. Officials in all 50 states
and the District responded.
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1. INTRODUCTION

Respondents were asked to provide information on several issues including

« Agency responsibilities e Data interpretation and advisory

e Sampling strategies development

e Sample collection procedures e State concerns

* Chemical residue analysis * Recommendations for federal
procedures assistance.

» Risk assessment methodologies

Cunningham et al. (1990) summarized the survey responses and reported that
monitoring and risk assessment procedures used by states in their fish and
shellfish advisory programs varied widely. States responded to the question
concerning assistance from the federal government by requesting that federal
agencies

« Provide a consistent approach for state agencies to use in assessing health
risks from consumption of chemically contaminated fish and shellfish

» Develop guidance on sample collection procedures

e Develop and/or endorse uniform, cost-effective analytical methods for
guantitation of contaminants

« Establish a quality assurance (QA) program that includes use of certified
reference materials for chemical analyses.

In March 1991, the National Academy of Sciences (NAS) published a report
entitled Seafood Safety (NAS, 1991) that reviewed the nature and extent of public
health risks associated with seafood consumption and examined the scope and
adequacy of current seafood safety programs. After reviewing over 150 reports
and publications on seafood contamination, the NAS Institute of Medicine
concluded that high concentrations of chemical contaminants exist in various fish
species in a number of locations in the country. The report noted that the fish
monitoring data available in national and regional studies had two major
shortcomings that affected their usefulness in assessing human health risks:

* Insome of the more extensive studies, analyses were performed on nonedible
portions of finfish (e.g., liver tissue) or on whole fish, which precludes accurate
determination of human exposures.

» Studies did not use consistent methods of data reporting (e.g., both geometric
and arithmetic means were reported in different studies) or failed to report
crucial information on sample size, percent lipid, mean values of contaminant
concentrations, or fish size, thus precluding direct comparison of the data from
different studies and complicating further statistical analysis and risk
assessment.
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1.1.1 Establishment of the Fish Contaminant Workgroup

As a result of NAS concerns and state concerns expressed in the AFS survey,
EPA’s Office of Water established a Fish Contaminant Workgroup. It was
composed of representatives from EPA and the following state and federal
agencies:

* U.S. Food and Drug Administration (FDA)

e U.S. Fish and Wildlife Service (FWS)

* Ohio River Valley Water Sanitation Commission (ORSANCO)
« National Oceanic and Atmospheric Administration (NOAA)

* Tennessee Valley Authority (TVA)

« United States Geological Survey (USGS)

and representatives from 26 states: Alabama, Arkansas, California, Colorado,
Delaware, Florida, Georgia, lllinois, Indiana, Louisiana, Maryland, Massachusetts,
Michigan, Minnesota, Missouri, Nebraska, New Hampshire, New Jersey, New
York, North Carolina, North Dakota, Ohio, Oregon, Texas, Virginia, and
Wisconsin.

The objective of the EPA Fish Contaminant Workgroup was to formulate guidance
for states on how to sample and analyze chemical contaminants in fish and
shellfish where the primary end uses of the data included development of fish
consumption advisories. The Workgroup compiled documents describing
protocols currently used by various federal agencies, EPA Regional offices, and
states that have extensive experience in fish contaminant monitoring. Using
these documents, they selected methods considered most cost-effective and
scientifically sound for sampling and analyzing fish and shellfish tissues. These
methods were recommended as standard procedures for use by the states and
are described in this guidance document.

1.1.2 Development of a National Fish Advisory Database

In addition to initiating work on the national guidance document series in 1993,
EPA also initiated work on the development of a national database — The
National Listing of Fish and Wildlife Advisories (NLFWA) database — for tracking
fish and wildlife advisories issued by the states. The 1998 update of the NLFWA
database includes all available information describing state, territorial, tribal, and
federal fish consumption advisories issued in the United States (U.S. EPA 1999a,
1999c). The database contains fish consumption advisory information provided
to EPA by the states and other jurisdictions from 1993 through December 1998.
It also includes information from 1996 through 1997 for 12 Canadian provinces
and territories. No updates to information on Canadian advisories were made in
1998. Since the release of the first fish advisory results in 1994, advisory results
and trends have been accessible to states, territories, tribal organizations, and the
general public by querying the NLFWA database or through summary information
reported each year in the EPA Fact Sheet—Update: National Listing of Fish and
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Wildlife Advisories. Fish advisory results and trends reported in the 1999 Fish
Advisory Fact Sheet (U.S. EPA, 1999c) are presented below. The most recent
updates of the Fish Advisory Fact Sheet are available on the EPA website at
http://epa.gov/OST/fish.

1.1.2.1 Background—

The states, U.S. territories, and Native American tribes (hereafter referred to as
states) have primary responsibility for protecting residents from the health risks
of consuming contaminated noncommercially caught fish and wildlife. They do this
by issuing consumption advisories for the general population, including recrea-
tional and subsistence fishers, as well as for sensitive subpopulations (such as
pregnant women, nursing mothers, and children). These advisories inform the
public that high concentrations of chemical contaminants (e.g., mercury and
dioxins) have been found in local fish and wildlife. The advisories include
recommendations to limit or avoid consumption of certain fish and wildlife species
from specified waterbodies or, in some cases, from specific waterbody types (e.qg.,
all inland lakes). Similarly, in Canada, the provinces and territories have primary
responsibility for issuing fish consumption advisories for their residents.

States typically issue five major types of advisories and bans to protect both the
general population and specific subpopulations.

* When levels of chemical contamination pose a health risk to the general
public, states may issue a no consumption advisory for the general population.
 When contaminant levels pose a health risk to sensitive subpopulations,
states may issue a no consumption advisory for the sensitive subpopulation.

* Inwaterbodies where chemical contamination is less severe, states may issue
an advisory recommending that either the general population or a sensitive
subpopulation restrict their consumption of the specific species for which the
advisory is issued.

* The fifth type of state-issued advisory is the commercial fishing ban, which
prohibits the commercial harvest and sale of fish, shellfish, and/or wildlife
species from a designated waterbody and, by inference, the consumption of
all species identified in the fishing ban from that waterbody.

As shown in Table 1-1, advisories of all types increased overall in number from
1993 to 1998.

1.1.2.2 Advisories in Effect—
The database includes information on

e Species and size ranges of fish and/or wildlife sampled
e Chemical contaminants identified in the advisory
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Table 1-1. U.S. Advisories Issued from 1993 to 1998 by Type
1993 1994 1995 1996 1997 1998

No Consumption — General Population 503 462 463 563 545 532
No Consumption — Sensitive 555 720 778 1,022 1,119 1,211
Subpopulation

Restricted Consumption — General 993 1,182 1,372 1,763 1,843 2,062
Population

Restricted Consumption — Sensitive 689 900 1,042 1,370 1,450 1,595

Subpopulation

Commercial Fishing Ban 30 30 55 50 52 50
Source: U.S. EPA 1999a, 1999c.

* Geographic location of each advisory (including narrative information on
landmarks, river miles, or latitude and longitude coordinates of the affected
waterbody and map showing location of waterbody)

» Lake acreage or river miles under advisory

* Population for whom the advisory was issued

» Fish tissue chemical residue data from waterbodies under advisory.

The 1994, 1995, 1996, 1997, and 1998 versions of the NLFWA database can
generate national, regional, and state maps that illustrate any combination of
these advisory parameters. In addition, the 1996 through 1998 versions of the
database can provide information on the percentage of waterbodies in each state
currently under an advisory and the percentage of waters assessed. A new
feature of the 1998 database provides users access to fish tissue residue data for
those waterbodies under advisory in 16 states. The name of each state contact,
phone number, FAX number, and e-mail address are also provided so that users
can obtain additional information concerning specific advisories. Comparable
advisory information (excluding tissue residue data) and contact information for
1996 and 1997 are provided for each Canadian province or territory.

1.1.2.3 Advisory Trends—

The number of waterbodies in the United States under advisory reported in 1998
(2,506) represents a 9% increase from the number reported in 1997 (2,299
advisories) and a 98% increase from the number of advisories issued since 1993
(1,266 advisories). Figure 1-1 shows the number of advisories in effect for each
state in 1998 and the number of advisories issued or rescinded since 1997. The
increase in advisories issued by the states generally reflects an increase in the
number of assessments of the levels of chemical contaminants in fish and wildlife
tissues. These additional assessments were conducted as a result of the
increased awareness of health risks associated with the consumption of
chemically contaminated fish and wildlife. Some of the increase in advisory
numbers, however, may be due to the increasing use of EPA risk assessment
procedures in setting advisories rather than FDA action levels developed for
commercial fisheries.
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Note: The numbers depicted here do not necessarily reflect the geographic extent
of chemical contamination in each state or the extent of a state’s monitoring
efforts. The methods used to establish fish advisories vary among the states.
Eighteen states have issued statewide advisories for particular pollutants and
types of waterbodies. For these states, @ denotes a statewide advisory for
lakes, A denotes a statewide advisory for rivers, and ® denotes a statewide
advisory for coastal waters.

Maine and New York have statewide wildlife advisories for moose liver and kidney
and waterfowl, respectively.

Source: U.S. EPA, 1999c.

Figure 1-1. Total number of fish advisories in effect in each state in 1998
(change from 1997).

1.1.2.4 Bioaccumulative Pollutants—

Although U.S. advisories have been issued for a total of 46 chemical contami-
nants, most advisories issued have involved five primary contaminants. These
chemical contaminants are biologically accumulated in the tissues of aquatic
organisms at concentrations many times higher than concentrations in the water.
In addition, these chemical contaminants persist for relatively long periods in
sediments where they can be accumulated by bottom-dwelling organisms and
passed up the food chain to fish. Concentrations of these contaminants in the
tissues of aquatic organisms may be increased at each successive level of the
food chain. As a result, top predators in a food chain, such as largemouth bass,
salmon, or walleye, may have concentrations of these chemicals in their tissues
that can be a million times higher than the concentrations in the water. Mercury,
PCBs, chlordane, dioxins, and DDT (and its degradation products, DDE and DDD)
were at least partly responsible for 99 percent of all fish consumption advisories
in effect in 1998. (See Figure 1-2.)
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Figure 1-2. Trends in number of advisories issued for various pollutants.

1.1.2.5 Wildlife Advisories—

In addition to advisories for fish and shellfish, the database also contains several
wildlife advisories. Four states have issued consumption advisories for turtles:
Arizona (3), Massachusetts (1), Minnesota (8), and New York (statewide
advisory). One state (Massachusetts) has an advisory for frogs, New York has a
statewide advisory for waterfowl (including mergansers), Arkansas has an
advisory for woodducks, and Utah has an advisory for American coot and ducks.
Maine issued a statewide advisory for moose liver and kidneys due to cadmium
levels. No new wildlife advisories were issued in 1998.

1.1.2.6 1998 United States Advisories—

The 1998 database lists 2,506 advisories in 47 states, the District of Columbia,
and the U.S. Territory of American Samoa. Some of these advisories represent
statewide advisories for certain types of waterbodies (e.g., lakes, rivers, and/or
coastal waters). An advisory may represent one waterbody or one type of water-
body within a state’s jurisdiction. Statewide advisories are counted as one
advisory. The database counts one advisory for each waterbody name or type of
waterbody regardless of the number of fish or wildlife species that are affected or
the number of chemical contaminants detected at concentrations of human health
concern. Eighteen states (Alabama, Connecticut, District of Columbia, Florida,
Indiana, Louisiana, Maine, Massachusetts, Michigan, Mississippi, New
Hampshire, New Jersey, New York, North Carolina, Ohio, Rhode Island, Texas,
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and Vermont) currently have statewide advisories in effect (see Table 1-2).
Missouri rescinded its statewide advisories for lakes and rivers in 1998, and
Mississippi added a statewide coastal advisory for mercury. A statewide advisory
is issued to warn the public of the potential for widespread contamination of
certain species of fish in certain types of waterbodies (e.g., lakes, rivers and
streams, or coastal waters) or certain species of wildlife (e.g., moose or
waterfowl). In such a case, the state may have found a level of contamination of
a specific pollutant in a particular fish or wildlife species over a relatively wide
geographic area that warrants advising the public of the situation.

The statewide advisories and 2,506 specifically named waterbodies represent
approximately 15.8 percent of the Nation’s total lake acreage and 6.8% of the
Nation’s total river miles. In addition, 100 percent of the Great Lakes waters and
their connecting waters are also under advisory due to one or more contaminants
(e.g., PCBs, dioxins, mercury, and/or chlordane). The Great Lakes waters are
considered separately from other lakes, and their connecting waters are
considered separately from other river miles.

Several states also have issued fish advisories for all of their coastal waters.
Using coastal mileages calculated by the National Oceanic and Atmospheric
Administration (NOAA), an estimated 58.9 percent of the coastline of the
contiguous 48 states currently is under advisory. This includes 61.5 percent of the
Atlantic Coast and 100 percent of the Gulf Coast. No Pacific Coast state has
issued a statewide advisory for any of its coastal waters although several
localized areas along the Pacific Coast are under advisory. The Atlantic coastal
advisories have been issued for a wide variety of chemical contaminants including
mercury, PCBs, dioxins, and cadmium, while all of the Gulf Coast advisories have
been issued for mercury.

1.1.2.7 Database Use and Access—

The NLFWA database was developed by EPA to help federal, state, and local
government agencies and Native American tribes assess the potential for human
health risks associated with consumption of chemical contaminants in
noncommercially caught fish and wildlife. The data contained in this database
may also be used by the general public to make informed decisions about the
waterbodies in which they choose to fish or harvest wildlife; the frequency with
which they fish these waterbodies; the species, size, and number of fish they
collect; and the frequency with which they consume fish from specific water-
bodies. Note: State fish advisory contact information and hyperlinks to state fish
advisory websites are also provided.

EPA provides this 1998 update of the NLFWA database available on the Internet
at
http://www.epa.gov/OST/fish
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Table 1-2. Summary of Statewide Advisories in Effect in 1998

State Lakes Rivers Coastal Waters
Alabama — — Mercury
Connecticut Mercury Mercury PCBs
District of Columbia PCBs PCBs —
Florida — — Mercury
Indiana — Mercury PCBs —
Louisiana — — Mercury
Maine Mercury Mercury Dioxins
Massachusetts Mercury Mercury PCBs
Organics
Michigan Mercury — —
Mississippi — — Mercury
New Hampshire Mercury Mercury PCBs
New Jersey Mercury Mercury PCBs
Cadmium
Dioxins
New York PCBs PCBs PCBs
Chlordane Chlordane Cadmium
Mirex Mirex Dioxins
DDT DDT
North Carolina Mercury Mercury —
Ohio Mercury Mercury —
Rhode Island — — PCBs
Texas — — Mercury
Vermont Mercury Mercury —

Source: U.S. EPA, 1999a, 1999c.

Further information on specific advisories within a particular state is available from
the appropriate state agency contact listed in the database. This is particularly
important for advisories recommending that consumers restrict their consumption
of fish from certain waterbodies. State health departments provide more specific
information for restricted consumption advisories (RGP and RSP) on the
appropriate meal size and meal frequency (number of meals per week or month)
that is considered safe to consume for a specific consumer group (e.g., the
general public versus pregnant women, nursing mothers, and young children). For
further information on Canadian advisories, contact the appropriate Province
contact given in the database.

For more information concerning the National Fish and Wildlife Contamination
Program, contact:

U.S. Environmental Protection Agency

Office of Science and Technology

National Fish and Wildlife Contamination Program—4305
1200 Pennsylvania Avenue, NW

Washington, DC 20460

Phone 202 260-7301 FAX 202 260-9830

e-mail: Bigler.Jeff@epa.gov
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1.2 PURPOSE

The purpose of this manual is to provide overall guidance to states on methods
for sampling and analyzing contaminants in fish and shellfish tissue that will
promote consistency in the data they use to determine the need for fish consump-
tion advisories. This manual provides guidance only and does not constitute a
regulatory requirement for the states. It is intended to describe what EPA
believes to be scientifically sound methods for sample collection, chemical
analyses, and statistical analyses of fish and shellfish tissue contaminant data for
use in fish contaminant monitoring programs that have as their objective the
protection of public health. This nonregulatory, technical guidance manual is
intended for use as a handbook by state and local agencies that are responsible
for sampling and analyzing fish and shellfish tissue. Adherence to this guidance
will enhance the comparability of fish and shellfish contaminant data, especially
in interstate waters and thus provide more standardized information on fish
contamination problems.

It should be noted that the EPA methodology described in Volumes 1 and 2 of this
guidance series offers great flexibility to state users. These documents are
designed to meet the objectives of state monitoring and risk assessment
programs by providing options to meet specific state or study needs within state
budgetary constraints. The users of this fish advisory guidance document should
recognize that it is the consistent application of the EPA methodology and
processes rather than individual elements of the program sampling design that
are of major importance in improving consistency among state fish advisory
programs. For example, whether a state elects to collect three composite
samples of five individual fish or four composite samples of eight individual fish
as the basis of its state program is of less importance than a state designing and
executing its monitoring program with attention to all elements of the EPA
methodology having been considered and addressed during the planning and
implementation phases.

One major factor currently affecting the comparability of fish advisory information
nationwide, is the fact that the states employ different methodologies to determine
the necessity for issuing an advisory. For example, some states currently do not
use the EPA methodology at all or use it only in their assessment of health risks
for certain chemical contaminants. Often these states rely instead on exceed-
ances of FDA action levels or tolerances to determine the need to issue an
advisory. FDA'’s mission is to protect the public health with respect to levels of
chemical contaminants in all foods, including fish and shellfish sold in interstate
commerce. FDA has developed both action levels and tolerances to address
levels of contamination in foods. FDA may establish an action level when food
contains a chemical from sources of contamination that cannot be avoided even
by adherence to good agricultural or manufacturing practices, such as
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contamination by a pesticide that persists in the environment. An action level is
an administrative guideline or instruction to the agency field unit that defines the
extent of contamination at which FDA may regard food as adulterated. An action
level represents the limit at or above which FDA may take legal action to remove
products from the marketplace. Under the Food, Drug, and Cosmetic Act, FDA
also may set tolerances for unavoidably added poisonous or deleterious
substances, that is, substances that are either required in the production of food
or are otherwise unavoidable by good manufacturing practices. A tolerance is a
regulation that is established following formal rulemaking procedures; an action
level is a guideline or “instruction” and is not a formal regulation (Boyer et al.,
1991).

FDA's jurisdiction in setting action levels or tolerances is limited to contaminants
in food shipped and marketed in interstate commerce. Thus, the methodology
used by FDA in establishing action levels or tolerances is directed at determining
the health risks of chemical contaminants in fish and shellfish that are bought and
sold in interstate commerce rather than in locally harvested fish and shellfish
(Bolger et al., 1990). FDA action levels and tolerances are indicators of chemical
residue levels in fish and shellfish that should not be exceeded for the general
population who consume fish and shellfish typically purchased in supermarkets
or fish markets that sell products that are harvested from a wide geographic area,
including imported fish and shellfish products. However, the underlying assump-
tions used in the FDA methodology were never intended to be protective of
recreational, tribal, ethnic, and subsistence fishers who typically consume larger
quantities of fish than the general population and often harvest the fish and
shellfish they consume from the same local waterbodies repeatedly over many
years. If these local fishing and harvesting areas contain fish and shellfish with
elevated tissue levels of chemical contaminants, these individuals potentially
could have increased health risks associated with their consumption of the
contaminated fish and shellfish.

The following chemical contaminants discussed in this volume have FDA action
levels for their concentration in the edible portion of fish and shellfish: chlordane,
DDT, DDE, DDD, heptachlor epoxide, mercury, and mirex. FDA has not set an
action level for PCBs in fish but has established a tolerance in fish for this
chemical. Table 1-3 compares the FDA action levels and tolerance for these six
chemical contaminants with EPA’s recommended screening values (SVs) for
recreational and subsistence fishers calculated for these target analytes using the
EPA methodology.

The EPA SV for each chemical contaminant is defined as the concentration of the
chemical in fish tissue that is of potential public health concern and that is used
as a threshold value against which tissue residue levels of the contaminant in fish
and shellfish can be compared. The SV is calculated based on both the
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Table 1-3. Comparison of FDA Action Levels and Tolerances with EPA
Screening Values

FDA EPA SV for EPA SV for

Action Level® Recreational Fishers Subsistence
Chemical contaminant (ppm) (ppm) Fishers (ppm)
Chlordane 0.3 0.114 0.014
Total DDT 5 0.117 0.014
Dieldrin 0.3 2.50 x 10° 3.07 x 10*
Heptachlor epoxide 0.3 4.39x10° 5.40 x 10*
Mercury 1.0 0.40 0.049
Mirex 0.1 0.80 0.098

FDA Tolerance

Level (ppm)

PCBs 2 0.02 2.45x10°

®U.S. FDA 1998.

noncarcinogenic and carcinogenic effects of the chemical contaminant, which are
discussed in detail in Section 5 of this volume. EPA recommends that the more
conservative of the calculated values derived from the noncarcinogenic rather
than the carcinogenic effects be used because it is more protective of the
consumer population (either recreational or subsistence fishers). As can be seen
in Table 1-3 for the recreational fisher SV, the EPA-recommended values typically
range from 2 to 120 times lower and are thus more protective than the
corresponding FDA action or tolerance level. This difference is even more striking
for subsistence fishers for whom the SVs are 20 to 997 times lower than the FDA
values.

EPA and FDA have agreed that the use of FDA Action Levels for the purpose of
making local advisory determinations is inappropriate. In letters to all states,
guidance documents, and annual conferences, this practice has been discour-
aged by EPA and FDA in favor of EPA’s risk-based approach to derive local fish
consumption advisories.

EPA has provided this guidance to be especially protective of recreational fishers
and subsistence fishers within the general U.S. population. EPA recognizes,
however, that Native American subsistence fishers are a unique subsistence
fisher population that needs to be considered separately. For Native American
subsistence fishers, eating fish is not simply a dietary choice that can be
completely eliminated if chemical contamination reaches unacceptable levels;
rather, eating fish is an integral part of their lifestyle and culture. This traditional
lifestyle is a living religion that includes values about environmental responsibility
and community health as taught by elders and tribal religious leaders (Harris and
Harper, 1977). Therefore, methods for balancing benefits and risks from eating
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contaminated fish must be evaluated differently than for the general fisher
population (see Section 5.1.3.2).

To enhance the use of this guidance as a working document, EPA will issue
additional information and updates to users as appropriate. It is anticipated that
updates will include minor revisions such as the addition or deletion of chemicals
from the recommended list of target analytes, new screening values as new
toxicologic data become available, and new chemical analysis procedures for
some target analytes as they are developed. A new edition of this document will
be issued to include the addition of major new areas of guidance or when major
changes are made to the Agency'’s risk assessment procedures.

EPA’s Office of Water realizes that adoption of these recommended methods
requires adequate funding. In practice, funding varies among states and resource
limitations will cause states to tailor their fish and shellfish contaminant monitoring
programs to meet their own needs. States must consider tradeoffs among the
various parameters when developing their fish contaminant monitoring programs.
These parameters include

» Total number of stations sampled

* Intensity of sampling at each site

¢ Number of chemical analyses and their cost

» Resources expended on data storage and analysis, QA and quality control
(QC), and sample archiving.

Consideration of these tradeoffs will determine the number of sites sampled,
number of target analytes analyzed at each site, number of target species
collected, and number of replicate samples of each target species collected at
each site (Crawford and Luoma, 1993).

1.3 OBJECTIVES
The specific objectives of this manual are to
1. Recommend a tiered monitoring strategy designed to

e Screen waterbodies (Tier 1) to identify those harvested sites where
chemical contaminant concentrations in the edible portions of fish and
shellfish exceed human consumption levels of potential concern
(screening values [SVs]). SVs for contaminants with carcinogenic effects
are calculated based on selection of an acceptable cancer risk level. SVs
for contaminants with noncarcinogenic effects are concentrations
determined to be without appreciable noncancer health risk. For a
contaminant with both carcinogenic and noncarcinogenic effects, EPA
recommends that the lower (more conservative) of these two calculated
SVs be used.
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e Conduct intensive followup sampling (Tier 2, Phase |) to determine the
magnitude of the contamination in edible portions of fish and shellfish
species commonly consumed by humans in waterbodies identified in the
screening process.

e Conduct intensive sampling at additional sites (Tier 2, Phase Il) in a
waterbody where screening values were exceeded to determine the
geographic extent of contamination in various size classes of fish and
shellfish.

» Conductintensive followup sampling in waterbodies where none of the 25
SVs are exceeded in order to establish areas of unrestricted fish
consumption or “green areas.”

2. Recommend target species and criteria for selecting additional species if the
recommended target species are not present at a site.

3. Recommend target analytes to be analyzed in fish and shellfish tissue and
criteria for selecting additional analytes.

4. Recommend risk-based procedures for calculating target analyte screening
values.

5. Recommend standard field procedures including

+ Site selection

e Sampling time

» Sample type and number of replicates

» Sample collection procedures including sampling equipment
» Field recordkeeping and chain of custody

e Sample processing, preservation, and shipping.

6. Recommend cost-effective, technically sound analytical methods and
associated QA and QC procedures, including identification of

* Analytical methods for target analytes with detection limits capable of
measuring tissue concentrations at or below SVs

» Sources of recommended certified reference materials

» Federal agencies currently conducting QA interlaboratory comparison
programs.

7. Recommend procedures for data analysis and reporting of fish and shellfish
contaminant data.

8. Recommend QA and QC procedures for all phases of the monitoring program
and provide guidance for documenting QA and QC requirements in a QA plan
or in a combined work/QA project plan.
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1.4  RELATIONSHIP OF MANUAL TO OTHER GUIDANCE DOCUMENTS

This manual is the first in a series of four documents to be prepared by EPA’s
Office of Water as part of a Federal Assistance Plan to help states standardize
fish consumption advisories. This series of four documents—Guidance for
Assessing Chemical Contaminant Data for Use in Fish Advisories includes

 Volume 1: Fish Sampling and Analysis (EPA 823-R-93-002), published
August 1993; a second edition, published September 1995; and the current
third edition (EPA-823-B-00-007) to be published in November 2000.

e Volume 2: Risk Assessment and Fish Consumption Limits (EPA 823-B-94-
004), published June 1994; a second edition (EPA 823-B-97-009), published
in July 1997; and a third edition (EPA-823-B-00-008) to be published in
November 2000.

e Volume 3: Overview of Risk Management (EPA 823-B-96-006), published in
June 1996.

e Volume 4: Risk Communication (EPA 823-R-95-001), published March 1995.

This sampling and analysis manual is not intended to be an exhaustive guide to
all aspects of sampling, statistical design, development of risk-based screening
values, laboratory analyses, QA and QC considerations, data analysis, and
reporting for fish and shellfish contaminant monitoring programs. Key references
are provided in Section 10, Literature Cited, that detail various aspects of these
topics.

15 CONTENTS OF VOLUME 1

Figure 1-3 shows how Volume 1 fits into the overall guidance series and lists the
major categories of information provided. The first five sections discuss the
history of the EPA Fish and Wildlife Contamination Program, monitoring strategy,
including selection of target fish and shellfish species, selection of target analytes,
and calculation of screening values for all target analytes. Section 6 provides
guidance on field sampling and preservation procedures. Sections 7 and 8
provide guidance on laboratory procedures including sample handling and
analysis, and Section 9 discusses data analysis and reporting procedures.

Appropriate QA and QC considerations are integral parts of each of the
recommended procedures. Section 10 is a compilation of all literature cited in
Sections 1 through 9 of this document. New information or revisions to existing
information contained in previous editions of this guidance document are briefly
described in Section 1.6.

Section 1 of this document reviews the historical development of this guidance
document series, describes the purpose and objectives of the Volume 1 manual,
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1. Introduction I
2. Monitoring Strategy I
3. Target Species I
4. Target Analytes I
5. Screening Values for
Target Analytes
6. Field Procedures I
7. Laboratory Procedures I—
Sample Handling
8. Laboratory Procedures Il—
Sample Analyses
9. Data Analysis and
Reporting
10. Literature Cited I

Figure 1-3. Series summary: Guidance for assessing chemical
contamination data for use in fish advisories.

Volume 1: Fish
Sampling and Analysis

Volume 2;: Risk
Assessment and Fish
Consumption Limits

Volume 3: Overview
of Risk M anagement

Volume4: Risk
Communication
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outlines the relationship of the manual to the other three documents in the series,
describes the contents of the manual, and identifies new revisions made to the
guidance of this third edition.

Section 2 outlines the recommended strategy for state fish and shellfish
contaminant monitoring programs. This strategy is designed to (1) routinely
screen waterbodies to identify those locations where chemical contaminants in
edible portions of fish and shellfish exceed human health screening values, (2)
sample more intensively those waterbodies where exceedances of these SVs
have been found in order to assess the magnitude and the geographic extent of
the contamination, and (3) identify those areas where chemical contaminant
concentrations are low and would allow states to designate areas where
unrestricted fish consumption may be permitted.

Section 3 discusses the purpose of using target species and criteria for selection
of target species for both screening and intensive studies. Lists of recommended
target species are provided for inland fresh waters, Great Lakes waters, and
seven distinct estuarine and coastal marine regions of the United States.

Section 4 presents a list of recommended target analytes to be considered for
inclusion in screening and intensive studies, briefly discusses the original criteria
used in selecting these analytes, provides a summary of the toxicological
information available for each analyte as well as pertinent information on the
analyte’s detection in national and regional fish monitoring studies.

Section 5 describes the new EPA risk-based procedure for calculating screening
values for target analytes using (1) an adult body weight of 70 kg, (2) a lifetime
exposure of 70 years, and (3) new consumption rate default values for both the
general population and recreational fishers (17.5 g/d) and subsistence fishers
(142.4 g/d). The last part of this section describes how to compare these new
SVs against results obtained in fish tissue residue analysis.

Section 6 recommends field procedures to be followed from the time fish or
shellfish samples are collected until they are delivered to the laboratory for
processing and analysis. Guidance is provided on site selection and sample
collection procedures; the guidance addresses material and equipment
requirements, time of sampling, size of animals to be collected, sample type, and
number of samples. Sample identification, handling, preservation, shipping, and
storage procedures are also described.

Section 7 describes recommended laboratory procedures for sample handling
including: sample measurements, sample processing procedures, and sample
preservation and storage procedures.

Section 8 presents recommended laboratory procedures for sample analyses,
including cost-effective analytical methods and associated QC procedures; and
information on sources of certified reference materials; recommended analytical
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techniques for target analytes, including revised detection and quantitation limits;
information on the per-sample cost of chemical analysis for each target analyte;
and information on federal agencies currently conducting interlaboratory
comparison programs.

Section 9 includes procedures for data analysis to determine the need for addi-
tional monitoring and risk assessment and for data reporting.

Supporting documentation for this guidance is provided in Section 10, Literature
Cited and in Appendixes A through N.

1.6 NEW INFORMATION AND REVISIONS TO VOLUME 1

This 3" edition of Volume 1 contains newly prepared material as well as major
updates and revisions to existing information. A brief summary of major additions
and revisions is provided below.

Section 1

* New information is presented on the NLFWA database, including the 5-year
trend in the total number of advisories issued nationwide, the number of
advisories issued for five major pollutants of concern, and the issuance of
increasing numbers of statewide advisories for freshwater lakes and/or rivers
and coastal marine areas.

* Additional information describes the flexibility that is built into the EPA
methodology, which allows the method to be used to meet a wide variety of
state or tribal study needs within budgetary constraints.

» Clarification of the FDA methodology is provided emphasizing the
inappropriateness of the method and reasons states should adopt and use the
EPA methodology when issuing fish consumption advisories to protect their
recreational and subsistence fishers.

Section 2

« Updated information is presented in Table 2-1 to be consistent with monitoring
design and risk assumptions used in this 3™ edition.

* New discussion of the criteria states may use to identify green areas where
chemical contaminant concentrations are at or below the screening values for
recreational or subsistence fishers is introduced with more detailed
information provided in Appendix B.
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Section 3

e Several tables, including Tables 3-7 and 3-19, were updated to include new
information from the 1998 NLFWA database on the number of states that
have issued fish advisories for freshwater and marine species.

e Table 3-9 was updated and associated narrative text was revised to include
information on studies using turtles as biomonitors of environmental
contaminants.

Section 4

« Information on the environmental sources, toxicology, and the number of fish
advisories issued in 1998 for each of the 25 target analytes was updated.

 New information is included on the range in concentrations of each
contaminant detected in the FWS National Contaminant Biomonitoring
Program and the EPA National Study of Chemical Residues in Fish as well as
information on more recent regional studies.

« A procedure is described for the selection and prioritization of target analytes
for analysis predicated on a watershed-based approach that takes into
consideration land use categories, as well as geological characteristics,
regional differences, national fish advisory trends, and monitoring and analysis
costs.

« Additional guidance is presented on organophosphate pesticides and when
and under what situations to monitor fish tissues for these compounds.

* A clarification is provided of the recommendation for selection of target
species, especially bivalve molluscs and/or crustaceans when PAH
contamination is suspected.

* Anewdiscussion is provided to reflect the Agency’s position on using Aroclor
and congener analysis for calculating total PCB concentration.

* Anewdiscussion is provided for determining the TEQ value for dioxins, which
are now defined as including the 17 2,3,7,8 congeners of dioxin and 2,3,7,8
congeners of dibenzofuran, and the 12 coplanar PCBs with dioxin-like
properties based on recent guidance from the World Health Organization (Van
den Berg et al., 1998).

e Several tables, including Tables 4-1, 4-2, 4-7, and 4-9 were revised with new
information. Tables 4-3, 4-4, 4-5, 4-6, and 4-8 are new to the document.

» All of the toxicological information was revised in light of the most current
information concerning each target analyte.
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Section 5

» Revisions were made describing major changes in the assumptions used in
the risk assessment equations to calculate screening values including use of
default consumption rates of 17.5 g/d for the general population and recrea-
tional fishers and 142.4 g/d for subsistence fishers based on more recent
information from the 1994 to 1996 Continuing Survey of Food Intake by
Individuals study conducted by the U.S. Department of Agriculture.

* Additional guidance is provided on how states should handle the interpretation
and risk assessment of chemicals that have detection limits higher than the
risk-based screening values.

» Tables 5-1, 5-3, 5-4, and 5-5 were revised to reflect changes in consumption
rates. Screening values shown in Tables 5-3 and 5-4 were developed using
the new consumption rates as well as the most recent RfD and cancer slope
factors available.

« Additionalinformation is provided on Native American subsistence fishers, and
Table 5-2 was added to summarize several recent studies on Native American
fish consumption rates.

« Additional guidance is provided on how states should deal with interpreting
analytical results in cases where the screening value is lower than the
detection limit for a particular analyte.

* New guidance is provided on determining total PCBs by summary Aroclor
equivalents or PCB congeners.

* New information from the World Health Organization (Van den Berg et al.,
1998) is included in Table 5-6 showing the most recent Toxic Equivalency
Factors (TEF) for the 2,3,7,8-substituted dioxins, dibenzofurans, and the
12 coplanar PCBs.

Section 6

« Additional information is provided on the statistical implications associated
with deviations from the recommended sampling design, including the use of
unequal numbers of fish per composite, sizes of fish exceeding the size range
recommendations for composites, and the use of unequal numbers of
replicate samples across sampling sites.

« Clarificationis provided on the recommended number of fish that should make
up a composite sample.
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More explicit information is provided regarding exceedances of screening
values and the statistical basis for issuing a new advisory or rescinding an
existing advisory.

Discussion is provided on the number of samples necessary to characterize
different waterbody types and sizes of waterbodies with consideration given
to the home range and mobility of the target species.

How regional data should be used in the risk assessment process to address
statewide advisories is discussed.

Additional guidance is provided on how sample type selection should be
based on the study objectives as well as on the sample type consumed by the
target population.

Clarification is provided as to EPA’s position on the use of dead, lacerated, or
mutilated fish for human health risk assessments.

New information is provided on U.S. Fish and Wildlife Service and National
Marine Fisheries permit requirements in situations where concerns exist about
the impact of sampling for the target species in areas inhabited by threatened
or endangered species.

Revisions were made in recordkeeping for field sampling associated with use
of the Year 2000 compliant format (YYYYMMDD) for sampling date
information.

Section 7

Revisions were made in recordkeeping forms to initiate use of the Year 2000
compliant format for the date of sampling and analysis procedures.

Section 8

Updated information is included in Tables 8-1 through 8-5.

Updated information is provided on the EPA Environmental Monitoring
Methods Index System (EMMI).

Revised information is provided in Section 8.3.3.8.1 concerning round-robin
analysis interlaboratory comparison programs.

Section 9

New information is included on the National Tissue Residue Data Repository,
now housed within the NLFWA database.
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« Recommended data reporting requirements were updated (Figure 9-1) to
include Year 2000 compliant format.

* Detailed information is provided on the Internet-based data entry facility
contained within the NLFWA database that can accept fish contaminant
residue data to support state fish advisories.

* An example of the new data tables (Figure 9-2) currently used in the fish
tissue residue data repository is provided.

Section 10

« Literature citations were revised to include all new references cited in
Sections 1 through 9.

Appendixes:
* The following appendixes were revised or added:

A - EPA 1993 Fish Contamination Workgroup Members

B - Screening Values for Defining Green Areas

D - Fish and Shellfish Species for Which State Consumption Advisories Have
Been Issued

F - Pesticide and Herbicides Recommended as Target Analytes

G - Target Analyte Dose-Response Variables and Associated Information

I - Quality Assurance and Quality Control Guidance

M - Sources of Reference Materials
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2. MONITORING STRATEGY

SECTION 2

MONITORING STRATEGY

The objective of this section is to describe the strategy recommended by the EPA
Office of Water for use by states in their fish and shellfish contaminant monitoring
programs. A two-tiered strategy is recommended as the most cost-effective
approach for State contaminant monitoring programs to obtain data necessary to
evaluate the need to issue fish or shellfish consumption advisories. This
monitoring strategy is shown schematically in Figure 2-1 and consists of

e Tier 1—Screening studies of a large number of sites for chemical
contamination where sport, subsistence, and/or commercial fishing is
conducted. This screening will help states identify those sites where
concentrations of chemical contaminants in edible portions of commonly
consumed fish and shellfish indicate the potential for significant health risks
to human consumers.

* Tier 2—Two-phase intensive studies of problem areas identified in
screening studies to determine the magnitude of contamination in edible
portions of commonly consumed fish and shellfish species (Phase 1), to
determine size-specific levels of contamination, and to assess the geographic
extent of the contamination (Phase II).

One key objective in the recommendation of this approach is to improve the data
used by states for issuing fish and shellfish consumption advisories. Other
specific aims of the recommended strategy are

* To ensure that resources for fish contaminant monitoring programs are
allocated in the most cost-effective way. By limiting the number of sites
targeted for intensive studies, as well as the number of target analytes at each
intensive sampling site, screening studies help to reduce overall program
costs while still allowing public health protection objectives to be met.

* To ensure that sampling data are appropriate for developing risk-based
consumption advisories.

* To ensure that sampling data are appropriate for determining contaminant
concentrations in various size (age) classes of each target species so that
states can give size-specific advice on contaminant concentrations (as
appropriate).
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2. MONITORING STRATEGY

* Toensurethat sampling designs are appropriate to allow statistical hypothesis
testing. Such sampling designs permit the use of statistical tests to detect a
difference between the average tissue contaminant concentration at a site and
the human health screening value for any analyte.

The following elements must be considered when planning either screening
studies or more intensive followup sampling studies:

Study objective

Target species (and size classes)
Target analytes

Target analyte screening values
Sampling locations

Sampling times

Sample type

Sample replicates

Sample analysis

Data analysis and reporting.

Detailed guidance for each of these elements, for screening studies (Tier 1) and
for both Phase | and Phase Il of intensive studies (Tier 2), is provided in this
document. The key elements of the monitoring strategy are summarized in
Table 2-1, with reference to the section number of this document where each
element is discussed.

2.1 SCREENING STUDIES (TIER 1)

The primary aim of screening studies is to identify frequently fished sites where
concentrations of chemical contaminants in edible fish and shellfish composite
samples exceed specified human health screening values and thus require more
intensive followup sampling. Ideally, screening studies should include all water-
bodies where commercial, recreational, or subsistence fishing is practiced;
specific sampling sites should include areas where various types of fishing are
conducted routinely (e.g., from a pier, from shore, or from private and commercial
boats), thereby exposing a significant number of individuals to potentially adverse
health effects. Composites of skin-on fillets (except for catfish and other scaleless
species, which are usually prepared as skin-off fillets) and edible portions of
shellfish are recommended for contaminant analyses in screening studies to
provide conservative estimates of typical exposures for the general population.
If consumers remove the skin and fatty areas from a fish before preparing it for
eating, exposures to some contaminants can be reduced (see U.S. EPA, 2000a,
Appendix C of Volume 2 of this guidance document series).

Note: If the target population of consumers includes primarily ethnic or
subsistence fishers who consume the whole fish or tissues of the fish not typically
consumed by the general population, state monitoring programs should include
the fish sample type associated with the target consumers’ dietary and/or culinary
preference (see Section 6.1.1.6, Sample Type, for additional information.)
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Because the sampling sites in screening studies are focused primarily onthe most
likely problem areas and the numbers of commonly consumed target species and
samples collected are limited, relatively little detailed information is obtained on
the magnitude and geographic extent of contamination in a wide variety of
harvestable fish and shellfish species of concern to consumers. More information
is obtained through additional intensive followup studies (Tier 2, Phases | and Il)
conducted at potentially contaminated sites identified in screening studies.

Although the EPA Office of Water recommends that screening study results not
be used as the sole basis for conducting a risk assessment, EPA recognizes that
this practice may be unavoidable if monitoring resources are limited or if the state
must issue an advisory based on detection of elevated concentrations in one
composite sample. States have several options for collecting samples during the
Tier 1 screening study (see Figure 2-1), which can provide additional information
on contamination without necessitating additional field monitoring expenditures
as part of the Tier 2 intensive studies.

The following assumptions are made in this guidance document for sampling fish
and shellfish and for calculating human health SVs for recreational and
subsistence fishers:

¢ Use of commonly consumed target species that are dominant in the catch and
have high bioaccumulation potential (see Section 3, Target Species)

* Use of fish fillets (with skin on and belly flap tissue included) for scaled finfish
species, use of skinless fillets for scaleless finfish species, and use of edible
portions of shellfish (see Section 6.1.1.6, Sample Type)

¢ Use of fish and shellfish above legal size to maximum size in the target species

e Use of a 10 risk level, a human body weight of 70 kg (average adult), a
consumption rate of 17.5 g/d for recreational fishers and 142.4 g/d for
subsistence fishers, and a 70-yr lifetime exposure period to calculate SVs for
carcinogens.

¢ Use of a human body weight of 70 kg (average adult) and a consumption rate
of 17.5 g/d for recreational fishers and 142.4 g/d for subsistence fishers to
calculate SVs for noncarcinogens (see Section 5, Screening Values for Target
Analytes).

¢ Use of no contaminant loss during preparation and cooking or from incomplete
absorption in the intestines.

For certain site-specific situations, states may wish to use one or more of the
following exposure assumptions to protect the health of high-end fish consumers
such as subsistence fishers at potentially greater risk:
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Use of commonly consumed target species that are dominant in the catch and
have the highest bioaccumulation potential

Use of whole fish or whole body of shellfish (excluding shell of bivalves), which
may provide a better estimate of contaminant exposures in ethnic or Native
American subsistence populations that consume whole fish or shellfish

Use of the largest (oldest) individuals in the target species to represent the
highest likely exposure levels

Use of a 10 or 107 risk level, body weights less than 70 kg for women and
children, site-specific consumption rates for sport fishers or for subsistence
fishers or other consumption rates based on dietary studies of local fish-
consuming populations, and a 70-yr exposure period to calculate SVs for
carcinogens. Note: EPA has reviewed national data on the consumption
rate for sport and subsistence fishers and the recommended default values for
these populations are 17.5 and 142.4 g/d, respectively (USDA/ARS, 1998; U.S.
EPA, 2000c).

Use of body weights less than 70 kg for women and children and site-specific
consumption rates for sport fishers or for subsistence fishers or other
consumption rates based on dietary studies of local fish-consuming
populations to calculate SVs for noncarcinogens. Note: EPA has reviewed
national data on the consumption rate for sport and subsistence fishers and
the recommended default values for these populations are 17.5 and 142.4 g/d,
respectively (USDA/ARS, 1998; U.S. EPA, 2000c).

There are additional aspects of the screening study design that states should
review because they affect the statistical analysis and interpretation of the data.
These include

Use of composite samples, which results in loss of information on the
distribution of contaminant concentrations in the individual sampled fish and
shellfish. Maximum contaminant concentrations in individual sampled fish,
which can be used as an indicator of potentially harmful levels of contamination
(U.S. EPA, 1989d), are not available when composite sampling is used.

Use of a single sample per screening site for each target species, which
precludes estimating the variability of the contamination level at that site and,
consequently, of conducting valid statistical comparisons to the target analyte
SVs.

Uncertainty factors affecting the numerical calculation of quantitative health
risk information (i.e., references doses and cancer slope factors) as well as
human health SVs.
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The use of composite samples is often the most cost-effective method for esti-
mating average tissue concentrations of analytes in target species populations to
assess chronic human health risks. However, there are some situations in which
individual sampling can be more appropriate from both ecological and risk
assessment perspectives. Individual sampling provides a direct measure of the
range and variability of contaminant levels in target fish populations. Information
on maximum contaminant concentrations in individual fish is useful in evaluating
acute human health risks. Estimates of the variability of contaminant levels
among individual fish can be used to ensure that studies meet desired statistical
objectives. For example, the population variance of a contaminant can be used
to estimate the sample size needed to detect statistically significant differences
in contaminant screening values compared to the mean contaminant concentra-
tion. Finally, the analysis of individual samples may be desirable, or necessary,
when the objective is to minimize the impacts of sampling on certain vulnerable
target populations, such as predators in headwater streams and aquatic turtles,
and in cases where the cost of collecting enough individuals for a composite
sample is excessive. For states that wish to consider use of individual sampling
during either the screening or intensive studies, additional information on
collecting and analyzing individual samples is provided in Appendix C. States
should consider the potential effects of these study design features when
evaluating screening study results.

Note: As part of screening studies, states may wish to issue information not only
on restricting or avoiding consumption of certain species from certain water-
bodies, but on promoting unrestricted fish consumption in those waterbodies
where the levels of contamination are below the SVs for all 25 of the target
analytes. Waterbodies in which target analyte concentrations (see Section 5) are
below the selected target analyte SVs are known as “green areas” where states
can promote fish consumption to specified fisher populations. Guidance to assist
states in designating these safe or green areas is provided in detail in Appendix B.

2.2 INTENSIVE STUDIES (TIER 2)

The primary aims of intensive studies are to assess the magnitude of tissue
contamination at screening sites, to determine the size class or classes of fish
within a target species whose contaminant concentrations exceed the SVs, and
to assess the geographic extent of the contamination for the target species in the
waterbody under investigation. With respect to the design of intensive studies,
EPA recommends a sampling strategy that may not be feasible for some site-
specific environments. Specifically, EPA recognizes that some waterbodies
cannot sustain the same intensity of sampling (i.e., number of replicate composite
samples per site and number of individuals per composite sample) that others
(i.e., those used for commercial harvesting) can sustain. In such cases, state
fisheries personnel may consider modifying the sampling strategy (e.g., analyzing
individual fish) for intensive studies to protect the fishery resource. Although one
strategy cannot cover all situations, these sampling guidelines are reasonable for
the majority of environmental conditions, are scientifically defensible, and provide
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information that can be used to assess the risk to public health. Regardless of the
final study design and protocol chosen for a fish contaminant monitoring program,
state fisheries, environmental, and health personnel should always evaluate and
document the procedures used to ensure that results obtained meet state
objectives for protecting human health.

The allocation of limited funds to screening studies or to intensive studies should
always be guided by the goal of conducting adequate sampling of state fish and
shellfish resources to ensure the protection of public health. The amount of
sampling that can be performed by a state will be determined by available
economic resources. ldeally, state agencies will allocate funds for screening as
many sites as is deemed necessary while reserving adequate resources to
conduct subsequent intensive studies at sites where excessive fish tissue
contamination is detected. State environmental and health personnel should use
all information collected in both screening and intensive studies to (1) conduct a
risk assessment to determine whether the issuance of an advisory is warranted,
(2) use risk management to determine the nature and extent of the advisory, and
then (3) effectively communicate this risk to the fish-consuming public. Additional
information on risk assessment, risk management, and risk communication
procedures will be provided in subsequent volumes in this series.
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SECTION 3

TARGET SPECIES

The primary objectives of this section are to: (1) discuss the purpose of using
target species, (2) describe the criteria used by the 1993 EPA Fish Contaminant
Workgroup to select target species, and (3) provide lists of recommended target
species. Target species recommended for freshwater and estuarine/marine
ecosystems are discussed in Sections 3.3 and 3.4, respectively.

3.1 PURPOSE OF USING TARGET SPECIES

The use of target species allows comparison of fish, shellfish, and turtle tissue
contaminant monitoring data among sites over a wide geographic area.
Differences in habitat, food preferences, and rate of contaminant uptake among
various fish, shellfish, and turtle species make comparison of contaminant
monitoring results within a state or among states difficult unless the contaminant
data are from the same species. It is virtually impossible to sample the same
species at every site, within a state or region or nationally, due to the varying
geographic distributions and environmental requirements of each species.
However, a limited number of species can be identified that are distributed widely
enough to allow for collection and comparison of contaminant data from many
sites.

Three aims are achieved by using target species in screening studies. First,
states can cost-effectively compare contaminant concentrations in their state
waters and then prioritize sites where tissue contaminants exceed human health
screening values. In this way, limited monitoring resources can be used to
conduct intensive studies at sites exhibiting the highest degree of tissue
contamination in screening studies. By resampling target species used in the
screening study in Phase | intensive studies and sampling additional size classes
and additional target species in Phase Il intensive studies as resources allow,
states can assess the magnitude and geographic extent of contamination in
species of commercial, recreational, or subsistence value. Second, the use of
common target species among states allows for more reliable comparison of
sampling information. Such information allows states to design and evaluate their
own contaminant monitoring programs more efficiently, which should further
minimize overall monitoring costs. For example, monitoring by one state of fish
tissue contamination levels in the upper reaches of a particular river can provide
useful information to an adjacent state on tissue contamination levels that might
be anticipated in the same target species at sampling sites downstream. Third,
the use of a select group of target fish, shellfish, and freshwater turtle species will
allow for the development of a national database for tracking the magnitude and

3-1
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geographic extent of pollutant contamination in these target species nationwide
and will permit analyses of trends in fish, shellfish, and turtle contamination over
time.

3.2 CRITERIA FOR SELECTING TARGET SPECIES

The appropriate choice of target species is a key element of any chemical
contaminant monitoring program. Criteria for selecting target species used in the
following national fish and shellfish contaminant monitoring programs were
reviewed by the 1993 EPA Fish Contaminant Workgroup to assess their
applicability for use in selecting target species for state fish contaminant
monitoring programs:

National Study of Chemical Residues in Fish (U.S. EPA)
National Dioxin Study (U.S. EPA)

301(h) Monitoring Program (U.S. EPA)

National Pesticide Monitoring Program (U.S. FWS)
National Contaminant Biomonitoring Program (U.S. FWS)
National Status and Trends Program (NOAA).

National Water Quality Assessment Program (USGS).

The criteria used to select target species in many of these programs are similar
although the priority given each criterion may vary depending on program aims.

According to the 1993 EPA Fish Contaminant Workgroup, the most important
criterion for selecting target fish, shellfish, and turtle species for state contaminant
monitoring programs assessing human consumption concerns was that the
species were commonly consumed in the study area and were of commercial,
recreational, or subsistence fishing value. Two other criteria of major importance
are that the species have the potential to bioaccumulate high concentrations of
chemical contaminants and have a wide geographic distribution. EPA
recommends that states use the same criteria to select species for both screening
and intensive site-specific studies.

In addition to the three primary criteria for target species selection, it is also
important that the target species be easy to identify taxonomically because there
are significant species-specific differences in bioaccumulation potential. Because
many closely related species can be similar in appearance, reliable taxonomic
identification is essential to prevent mixing of closely related species with the
target species. Note: Under no circumstance should individuals of more than
one species be mixed to create a composite sample (U.S. EPA, 1991e). ltis also
both practical and cost-effective to sample target species that are abundant, easy
to capture, and large enough to provide adequate tissue samples for chemical
analyses.
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It cannot be overemphasized that final selection of target species will require the
expertise of state fisheries biologists with knowledge of local species that best
meet the selection criteria and knowledge of local human consumption patterns.
Although, ideally, all fish, shellfish, or turtle species consumed from a given
waterbody by the local population should be monitored, resource constraints may
dictate that only a few of the most frequently consumed species be sampled.

In the next two sections, lists of recommended target species are provided for
freshwater ecosystems (inland fresh waters and the Great Lakes) and
estuarine/marine ecosystems (Atlantic, Gulf, and Pacific waters), and the methods
used to develop each list are discussed.

3.3 FRESHWATER TARGET SPECIES

As part of the two-tiered sampling strategy proposed for state fish contaminant
monitoring programs, EPA recommends that states collect one bottom-feeding
fish species and one predator fish species at each freshwater screening study
site. Some suggested target species for use in state fish contaminant monitoring
programs are shown in Table 3-1 for inland fresh waters and in Table 3-2 for
Great Lakes waters.

The lists of target species recommended by the 1993 EPA Fish Contaminant
Workgroup for freshwater ecosystems were developed based on a review of
species used in the following national monitoring programs:

National Study of Chemical Residues in Fish (U.S. EPA)
National Dioxin Study (U.S. EPA)

National Pesticide Monitoring Program (U.S. FWS)
National Contaminant Biomonitoring Program (U.S. FWS)
National Water Quality Assessment Program (USGS)

and on a review of fish species cited in state fish consumption advisories or bans
(RTI, 1993). Separate target species lists were developed for inland fresh waters
(Table 3-1) and Great Lakes waters (Table 3-2) because of the distinct ecological
characteristics of these waters and their fisheries. Each target species list has
been reviewed by regional and state fisheries experts.

Use of two distinct ecological groups of finfish (i.e., bottom-feeders and predators)
as target species in freshwater systems is recommended. This permits
monitoring of a wide variety of habitats, feeding strategies, and physiological
factors that might result in differences in bioaccumulation of contaminants.
Bottom-feeding species may accumulate high contaminant concentrations from
direct physical contact with contaminated sediment and/or by consuming benthic
invertebrates and epibenthic organisms that live in contaminated sediment.
Predator species are also good indicators of persistent pollutants (e.g., mercury
or DDT and its metabolites) that may be biomagnified through several trophic
levels of the food web. Species used in several federal programs to assess the

3-3
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Table 3-1. Recommended Target Species for Inland Fresh Waters

Family name
Percichthyidae

Centrarchidae

Percidae

Cyprinidae
Catostomidae

Ictaluridae

Esocidae

Salmonidae

Common name
White bass

Largemouth bass
Smallmouth bass
Black crappie
White crappie

Walleye
Yellow perch

Common carp
White sucker

Channel catfish
Flathead catfish

Northern pike

Lake trout
Brown trout
Rainbow trout

Scientific name
Morone chrysops

Micropterus salmoides
Micropterus dolomieui
Pomoxis nigromaculatus
Pomoxis annularis

Stizostedion vitreum
Perca flavescens

Cyprinus carpio
Catostomus commersoni

Ictalurus punctatus
Pylodictis olivaris

Esox lucius

Salvelinus namaycush
Salmo trutta
Oncorhynchus mykiss®

8Formerly Salmo gairdneri.

Table 3-2. Recommended Target Species for Great Lakes Waters

Family name
Percichthyidae
Centrarchidae
Percidae
Cyprinidae
Catostomidae
Ictaluridae
Esocidae

Salmonidae

Common name
White bass
Smallimouth bass
Walleye
Common carp
White sucker
Channel catfish
Muskellunge
Chinook salmon
Lake trout
Brown trout

Rainbow trout

Scientific name

Morone chrysops
Micropterus dolomieui
Stizostedion vitreum
Cyprinus carpio
Catostomus commersoni
Ictalurus punctatus

Esox masquinongy
Oncorhynchus tschawytscha
Salvelinus namaycush
Salmo trutta

Oncorhynchus mykiss®

®Formerly Salmo gairdneri.
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]

extent of freshwater fish tissue contamination nationwide are compared in
Table 3-3.

In addition to finfish species, states should consider monitoring the tissues of
freshwater turtles for environmental contaminants in areas where turtles are
consumed by recreational, subsistence, or ethnic populations. Interest has been
increasing in the potential transfer of environmental contaminants from the aquatic
food chain to humans via consumption of freshwater turtles. Turtles may
bioaccumulate environmental contaminants in their tissues from exposure to
contaminated sediments or via consumption of contaminated prey. Because
some turtle species are long-lived and occupy a medium to high trophic level of
the food chain, they have the potential to accumulate high concentrations of
chemical contaminants from their diets (Hebert et al., 1993). Some suggested
target turtle species for use in state contaminant monitoring programs are listed
in Table 3-4.

The list of target turtle species recommended for freshwater ecosystems was
developed based on a review of turtle species cited in state consumption
advisories or bans (RTI, 1993) and a review of the recent scientific literature. The
recommended target species list has been reviewed by regional and state
experts.

3.3.1 Target Finfish Species
3.3.1.1 Bottom-Feeding Species

EPA recommends that, whenever practical, states use common carp (Cyprinus
carpio), channel catfish (/ctalurus punctatus), and white sucker (Catostomus
commersoni) in that order as bottom-feeding target species in both inland fresh
waters (Table 3-1) and in Great Lakes waters (Table 3-2). These bottom-feeders
have been used consistently for monitoring a wide variety of contaminants
including dioxins/furans (Crawford and Luoma, 1993; U.S. EPA, 1992c, 1992d;
Versar Inc., 1984), organochlorine pesticides (Crawford and Luoma, 1993;
Schmitt et al., 1983, 1985, 1990; U.S. EPA, 1992c, 1992d), and heavy metals
(Crawford and Luoma, 1993; Lowe et al., 1985; May and McKinney, 1981;
Schmitt and Brumbaugh, 1990; U.S. EPA, 1992c, 1992d). These three species
are commonly consumed in the areas in which they occur and have also
demonstrated an ability to accumulate high concentrations of environmental
contaminants in their tissues as shown in Tables 3-5 and 3-6. Note: The
average contaminant concentrations shown in Tables 3-5 and 3-6 for fish
collected for the EPA National Study of Chemical Residues in Fish (U.S. EPA,
1992¢, 1992d) were derived from concentrations in fish from undisturbed areas
and from areas expected to have elevated tissue contaminant concentrations.
The mean contaminant concentrations shown, therefore, may be higher or lower
than those found in the ambient environment because of site selection criteria
used in this study.
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Table 3-3. Comparison of Freshwater Finfish Species Used in Several National
Fish Contaminant Monitoring Programs

BOTTOM FEEDERS
Family Cyprinidae
Carp (Cyprinus carpio)
Family Icataluridae
Channel catfish (Ictalurus punctatus)

Family Catostomidae
White sucker (Catastomus commersoni)

Longnose sucker (C. catostromus)
Largescale sucker (C.macrocheilus)
Spotted sucker (Minytrema melanops)

Redhorse sucker (Moxostoma sp.)
included variety of species:
Silver redhorse (M. anisurum)
Grey redhorse (M. congetum)
Black redhorse (M. duquesnei)
Golden redhorse (M. erythrurum)

Shorthead redhorse (M. macrolepidotum)

Blacktail redhorse (M. poecilurum)
PREDATORS

Family Salmoridae
Rainbow trout (Oncortynchus mykiss)
[formerly Salmo gairdneni]
Brown trout (Salmo trutta)

Brook trout (Salvelinus fontinalis)
Lake trout (Salmo namaycush)

Family Percidae
Walleye (Stizostedion vitreum)

Sauger (Stizostedion canadense)
Yellow perch (Perca flavescans)

Family Percichthyidae
White bass (Morone chrysops)

Family Centrarchidae
Largemouth bass (Micropterus salmoides)

Smallmouth bass (Micropterus dolomieui)
Black crappie (Pomoxis nigromaculatus)
White crappie (Pomoxis annularis)
Bluegill sunfish (Lepornis macrochirus)

Family Esocidae
Northern pike (Esox lucius)

Family Ictaluridae
Flathead catfish (Pylodictis olivaris)

U.S. EPA
National U.S. FWS U.S. EPA USGS
Dioxin Study NPMP and NCBP NSCRF NWQAP
[ [ [ o
[
[ J Or other ictalurid [ J [ J
[ ) [ ) [ ) [ J
Or other catostomid
e
[
[
[ ) [ )
[ ) [ ) [ ) [ J
[ ) [ ) [ J
[ ) [ )
[ [ [
Or other pericid Or other pericid
@) @)
@) @)
[
[ ) [ ) [ ) o
Or other centrarchid  Or other centrarchid
[
O O
O O [
O O o
[ )
®

@® Recommended target species
O Alternate target species

NPMP = National Pesticide Monitoring Program

NCBP = National Contaminant Biomonitoring Program
NSCRF = National Study of Chemical Residues in Fish
NWQAP = National Water Quality Assessment Program

Sources: Versar, Inc., 1984; Schmitt et al., 1990; Schmitt et al., 1983; May and McKinney, 1981; U.S. EPA, 1992¢, 1992d;

Crawford and Luoma, 1993.

3-6



3. TARGET SPECIES
]

Table 3-4. Freshwater Turtles Recommended for Use as Target Species

Family name Common name Scientific name
Chelydridae Snapping turtle Chelydra serpentina
Emydidae Yellow-bellied turtle Trachemys scripta scripta
Red-eared turtle Trachemys scripta elegans
River cooter Pseudemys concinna concinna
Suwanee cooter Pseudemys concinna suwanniensis
Slider Pseudemys concinna hieroglyphica
Texas slider Pseudemys concinna texana
Florida cooter Pseudemys floridana floridana
Peninsula cooter Pseudemys floridana penisularis
Trionychidae Smooth softshell Apalone muticus
Eastern spiny softshell Apalone spinifera spinifera
Western spiny softshell Apalone spinifera hartwegi
Gulf Coast spiny softshell Apalone spinifera aspera
Florida softshell Apalone ferox

In addition, these three species are relatively widely distributed throughout the
continental United States, and numerous states are already sampling these
species in their contaminant monitoring programs. A review of the database
National Listing of State Fish and Shellfish Consumption Advisories and Bans
(RTI, 1993) indicated that the largest number of states issuing advisories for
specific bottom-feeding species did so for carp (21 states) and channel catfish (22
states), with eight states issuing advisories for white suckers (see Table 3-7).
Appendix D lists the freshwater fish species cited in consumption advisories for
each state as of 1998.

3.3.1.2 Predator Species

EPA recommends that, whenever practical, states use predator target species
listed in Tables 3-1 and 3-2 for inland fresh waters and Great Lakes waters,
respectively. Predator species, because of their more definitive habitat and water
temperature preferences, generally have a more limited geographic distribution.
Thus, a greater number of predator species than bottom feeders have been used
in national contaminant monitoring programs (Table 3-3) and these are
recommended for use as target species in freshwater ecosystems. Predator fish
that prefer relatively cold freshwater habitats include many members of the
following families: Salmonidae (trout and salmon), Percidae (walleye and yellow
perch), and Esocidae (northern pike and muskellunge). Members of the
Centrarchidae (large- and smallmouth bass, crappie, and sunfish), Percichthyidae
(white bass), and Ictaluridae (flathead catfish) families prefer relatively warm
water habitats. Only two predator species (brown trout and largemouth bass)
were used in all four of the national monitoring programs reviewed by the 1993
EPA Fish Contaminant Workgroup (Table 3-3). However, most of the other
predator species recommended as target species have been used in at least one
national monitoring program. To identify those predator species with a known
ability to bioaccumulate contaminants in their tissues, the 1993 EPA Workgroup
reviewed average tissue concentrations of xenobiotic contaminants for major
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]

predator fish species sampled in the National Study of Chemical Residues in Fish.
Unlike the bottom feeders (common carp, channel catfish, and white suckers), no
single predator species or group of predator species consistently exhibited the
highest tissue concentrations for the contaminants analyzed (Tables 3-5 and 3-6).
However, average fish tissue concentrations for some contaminants (i.e.,
mercury, mirex, chlorpyrifos, DDE, 1,2,3-trichlorobenzene [123-TCB], and
trifluralin) were higher for some predator species than for the bottom feeders
despite the fact that only the fillet portion rather than the whole body was analyzed
for predator species. This finding emphasizes the need for using two types of fish
(i.e., bottom feeders and predators) with different habitat and feeding strategies
as target species.

The existence of fish consumption advisories for these predator target species
was further justification for their recommended use. As was shown for the
bottom-feeder target species, states were already sampling the recommended
predator target species listed in Table 3-7. The largest number of states issuing
advisories in 1993 for specific predator species did so for largemouth bass (15),
lake trout (10), white bass (10), smallmouth bass (9), brown trout (9), walleye (9),
rainbow trout (8), yellow perch (8), chinook salmon (7), northern pike (7), black
crappie (5), flathead catfish (4), and muskellunge (4) (RTI, 1993). For
comparison, the number of states reporting advisories for each species in 1998
is also presented in Table 3-7.

Because some freshwater finfish species (e.g., several Great Lake salmonids) are
highly migratory, harvesting of these species may be restricted to certain seasons
because sexually mature adult fish (i.e., the recommended size for sampling) may
make spawning runs from the Great Lakes into tributary streams. EPA recom-
mends that spawning populations not be sampled in fish contaminant monitoring
programs. Sampling of target finfish species during their spawning period should
be avoided because contaminant tissue concentrations may decrease during this
time (Phillips, 1980) and because the spawning period is generally outside the
legal harvest period. Note: Target finfish may be sampled during their spawning
period, however, if the species can be legally harvested at this time.

State personnel, with their knowledge of site-specific fisheries and human
consumption patterns, must be the ultimate judge of the species selected for use
in freshwater fish contaminant monitoring programs within their jurisdiction.

3.3.2 Target Turtle Species

EPA recommends that states in which freshwater turtles are consumed by recrea-
tional, subsistence, or ethnic populations consider monitoring turtles to assess the
level of environmental contamination and whether they pose a human health risk.
In all cases, the primary criterion for selecting the target turtle species is whether
itis commonly consumed. To identify those turtle species with a known ability to
bioaccumulate contaminants in their tissues, the 1993 EPA Workgroup reviewed
turtle species cited in state consumption advisories and those species identified
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Table 3-7. Principal Freshwater Fish Species Cited in State Fish
Consumption Advisories®

Number of states with advisories®

Family name Common name Scientific name 1993 1998
Percichthyidae White bass Morone chrysops 10 17
Striped bass Morone saxatilis 6 12
White perch Morone americana 4 7
Centrarchidae Largemouth bass Micropterus salmoides 15 33
Smallmouth bass Micropterus dolomieui 9 18
Black crappie Pomoxis nigromaculatus 5 18
White crappie Pomoxis annularis 2 11
Bluegill sunfish Lepomis macrochirus 5 11
Rock bass Ambloplites rupestris 3 5
Percidae Yellow perch Perca flavescens 8 12
Sauger Stizostedion canadense 4 9
Walleye Stizostedion vitreum 9 12
Cyprinidae Common carp Cyprinus carpio 21 25
Acipenseridae Shovelnose sturgeon Scaphirhynchus platorynchus 1 3
Lake sturgeon Acipenser fulvescens 2 3
Catostomidae Smallmouth buffalo Ictiobus bubalus 4 5
Bigmouth buffalo Ictiobus cyprinellus 4 6
Shorthead redhorse Moxostoma macrolepidotum 2 3
White sucker Catostomus commersoni 8 11
Quillback carpsucker Carpiodes cyprinus 2 5
Ictaluridae White catfish Ictalurus catus 5 6
Channel catfish Ictalurus punctatus 22 26
Flathead catfish Pylodictis olivaris 4 11
Black bullhead Ictalurus melas 2 3
Brown bullhead Ictalurus nebulosus 7 10
Yellow bullhead Ictalurus natalis 2 8
Sciaenidae Freshwater drum Aplodinotus grunniens 3 13
Esocidae Northern pike Esox lucius 7 10
Muskellunge Esox masquinongy 4 4
Salmonidae Coho salmon Oncorhynchus kisutch 6 8
Chinook salmon Oncorhynchus tschawytscha 7 7
Brown trout Salmo trutta 9 11
Lake trout Salvelinus namaycush 10 12
Rainbow trout Oncorhynchus mykiss® 8 12
Brook trout Salvelinus fontinalis 3 4
Lake whitefish Coregonus clupea formis 2 7
Anguillidae American eel Anguilla rostrata 6 7

@ Species in boldface are EPA-recommended target species for inland fresh waters (see Table 3-1) and the Great
Lakes waters (Table 3-2).

® Many states did not identify individual species of finfish in their advisories.

¢ Formerly Salmo gairdneri.
Sources: RTI, 1993; U.S. EPA, 1999¢ (NLFWA).
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in the scientific literature as having accumulated high concentrations of environ-
mental contaminants.

Based on information in state advisories and a number of environmental studies
using turtles as biological indicators of pollution, one species stands out as an
obvious choice for a target species, the common snapping turtle (Chelydra
serpentina). This turtle has been recommended by several researchers as an
important bioindicator species (Bishop et al., 1996; Bonin et al., 1995; Olafsson
et al., 1983; Stone et al., 1980) and has the widest geographic distribution of any
of the North American aquatic turtles (see Figure 3-1). In addition, this species
is highly edible, easily identified, easily collected, long-lived (>20 years), grows to
a large size, and has been extensively studied with respect to a variety of
environmental contaminants. Other turtle species that should be considered for
use as target species are listed in Table 3-4.

Source: Conant and Collins, 1991.

Figure 3-1. Geographic range of the common snapping turtle
(Chelydra serpentina).

Four states (Arizona, Massachusetts, Minnesota, and New York) currently have
consumption advisories in force for various turtle species (U.S. EPA, 1999c; New
York State Department of Health, 1994). The species cited in the state advisories
and the pollutants identified in turtle tissues as exceeding acceptable levels of
contamination with respect to human health are listed in Table 3-8. New York
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Table 3-8. Principal Freshwater Turtle Species Cited in State Consumption Advisories

Family name Common name Scientific name Pollutant State
Chelydridae Snapping turtle® Chelydra serpentina Mercury MN
Snapping turtle® Chelydra serpentina PCBs MA
(and other unspecified turtle
species)
Snapping turtle® Chelydra serpentina PCBs NY
Trionychidae Western spiny softshell® Apalone spiniferus DDT AZ
toxaphene,
chlordane,
dieldrin

PCB = Polychlorinated biphenyls. DDT = 1,1,1-trichloro-2,2 bis(p-chlorophenyl)ethane.

@Source: U.S. EPA 1999c (NLFWA).

®Source: New York State Department of Health, 1994.
state has a statewide advisory directed specifically at women of childbearing age
and children under 15 and advises these groups to avoid eating snapping turtles
altogether. The advisory also recommends that members of the general
population who wish to consume turtle meat should trim away all fat and discard
the liver tissue and eggs of the turtles prior to cooking the meat or preparing other
dishes. These three tissues (fat, liver, and eggs) have been shown to accumulate
extremely high concentrations of a variety of environmental contaminants in
comparison to muscle tissue (Bishop et al., 1996; Bonin et al., 1995; Bryan et al.,
1987; Hebert et al., 1993; Olafsson et al 1983; 1987; Ryan et al., 1986; Stone et
al., 1980). The Minnesota advisory also recommends that consumers remove all
fat from turtle meat prior to cooking as a risk-reducing strategy (Minnesota
Department of Health, 1994). States should consider monitoring pollutant
concentrations in all three tissues (fat, liver, and eggs) in addition to muscle tissue
if resources allow. If residue analysis reveals the presence of high concentrations
of any environmental contaminant of concern, the state should consider making
the general recommendation to consumers to discard these three highly lipophilic
tissues (fat, liver, and eggs) to reduce the risk of exposure particularly to many
organic chemical contaminants.

To identify those freshwater turtle species with a known ability to bioaccumulate
chemical contaminants in their tissues, several studies were reviewed that
identified freshwater turtle species as useful biomonitors of PCBs (Bishop et al.,
1996; Bonin et al., 1995; Bryan et al., 1987; Hebert et al., 1993; Helwig and Hora,
1983; Olafsson et al., 1983; 1987; Safe, 1985; and Stone et al., 1980), dioxins
and dibenzofurans (Bishop et al., 1996; Rappe et al., 1981; Ryan et al., 1986),
organochlorine pesticides (Bishop et al., 1996; Bonin et al., 1995; Hebert et al.,
1993; Stone et al., 1980), heavy metals (Bonin et al., 1995; Helwig and Hora,
1983; Stone et al., 1980), and radioactive nuclides (cesium-137 and strontium-90)
(Lamb et al., 1991; Scott et al., 1986). The turtle species used in these studies,
the pollutants monitored, and the reference sources are summarized in Table 3-9.




3. TARGET SPECIES

Table 3-9. Studies Using Freshwater Turtles as Biomonitors of
Environmental Contamination

Species Pollutant monitored Source
Snapping turtle PCBs, total DDT, mirex Hebert et al., 1993
(Chelydra serpentina)

Snapping turtle PCBs Olafsson et al., 1987
(Chelydra serpentina) Olafsson et al., 1983
Snapping turtle PCBs Safe, 1987
(Chelydra serpentina)

Snapping turtle PCBs Bryan et al., 1987
(Chelydra serpentina)

Snapping turtle Dioxins/Furans Ryan et al., 1986
(Chelydra serpentina)

Snapping turtle PCBs, mercury, cadmium Helwig and Hora, 1983
(Chelydra serpentina)

Snapping turtle Furans Rappe et al., 1981
(Chelydra serpentina)

Snapping turtle Organochlorine pesticides Stone et al., 1980

(Chelydra serpentina) (DDE, dieldrin, hexachlorobenzene,
heptachlor epoxide, mirex), PCBs,
cadmium, mercury

Snapping turtle 29 Organochlorine pesticides, Bonin et al., 1995
(Chelydra serpentina) 39 PCB congeners, mercury

Snapping turtle eggs 4 Organochlorine pesticides Bishop et al., 1996
(DDE, dieldrin, mirex, hexachloro-
benzene), PCBs, dioxins/furans

Yellow-bellied turtle Cesium-137 Lamb et al., 1991
(Trachemys scripta) Strontium-90
Yellow-bellied turtle Cesium-137 Scott et al., 1986
(Trachemys scripta) Strontium-90
PCBs Polychlorinated biphenyls.

DDT - 1,1,1-Trichloro-2,2 bis(p-chlorophenyl)ethane.
DDE = 1,1-Dichloro-2,2-bis(p-chlorophenyl)-ethylene.

State personnel, with their knowledge of site-specific fisheries and human
consumption patterns, must be the ultimate judge of the turtle species selected
for use in contaminant monitoring programs within their jurisdictions. Because
several turtle species are becoming less common as a result of habitat loss or
degradation or overharvesting, biologists need to ensure that the target species
selected for the state toxics monitoring program is not of special concern within
their jurisdiction or designated as a threatened or endangered species. For
example, two highly edible turtle species, the Alligator snapping turtle
(Macroclemys temmincki) and the Northern diamondback terrapin (Malaclemys
terrapin terrapin) are protected in some states or designated as species of
concern within portions of their geographic range and are also potential
candidates for federal protection (Sloan and Lovich, 1995). Although protected
to varying degrees by several states, George (1987) and Pritchard (1989)
concluded that the Alligator snapping turtle should receive range-wide protection
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from the federal government as a threatened species under the Endangered
Species Act. Unfortunately, basic ecological and life history information
necessary to make environmental management decisions (i.e., federal listing as
endangered or threatened species) is often not available for turtles and other
reptiles (Gibbons, 1988).

Several species of freshwater turtles already have been designated as
endangered or threatened species in the United States including the Bog turtle
(Clemmys muhlenbergii), Plymouth red-bellied turtle (Pseudemys rubriventris
bangsi), Alabama red-bellied turtle (Pseudemys alabamensis), Flattened musk
turtle (Stemotherus depressus), Ringed map (=sawback) turtle (Graptemys
oculifera), and the Yellow-blotched map (=sawback) turtle (Graptemys
flavimaculata) (U.S. EPA, 1994; U.S. Fish and Wildlife Service, 1994). In addition,
all species of marine sea turtles including the Green sea turtle (Chelonia mydas),
Hawksbill sea turtle (Eretmochelys imbricata), Kemp’s ridley sea turtle
(Lepidochelys kempii), Olive ridley sea turtle (Lepidochelys olivacea), Loggerhead
sea turtle (Caretta caretta), and the Leatherback sea turtle (Dermochelys
coriacea) have been designated as endangered (U.S. EPA, 1994; U.S. Fish and
Wildlife Service, 1994).

3.4 ESTUARINE/MARINE TARGET SPECIES

EPA recommends that states collect either one shellfish species (preferably a
bivalve mollusc) and one finfish species or two finfish species at each
estuarine/marine screening site. In all cases, the primary criterion for selecting
the target species is that it is commonly consumed. Ideally, one shellfish species
and one finfish species should be sampled; however, if no shellfish species from
the recommended target species list meets the primary criterion, EPA
recommends that states use two finfish species selected from the appropriate
regional estuarine/marine target species lists. If two finfish are selected as the
target species, one should be a bottom-feeding species.

EPA recommends that, whenever practical, states use target species selected
from fish and shellfish species identified in Tables 3-10 through 3-16 for the
following specific estuarine/marine coastal areas:

Northeast Atlantic region (Maine through Connecticut)—Table 3-10
Mid-Atlantic region (New York through Virginia)—Table 3-11

Southeast Atlantic region (North Carolina through Florida)—Table 3-12
Gulf Coast region (west coast of Florida through Texas)—Table 3-13
Pacific Northwest region (Alaska through Oregon)—Table 3-14

Northern California waters (Klamath River through Morro Bay)—Table 3-15
Southern California waters (Santa Monica Bay to Tijuana Estuary)—
Table 3-16.
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Table 3-10. Recommended Target Species for Northeast Atlantic
Estuaries and Marine Waters (Maine through Connecticut)

Family name

Finfish Species
Anguillidae
Percichthyidae
Pomatomidae
Sparidae
Sciaenidae
Bothidae

Pleuronectidae

Shellfish Species

Bivalves

Crustaceans

Common name

American eel

Striped bass

Bluefish

Scup

Weakfish

Summer flounder
Four-spotted flounder

Winter flounder

Yellowtail flounder

American dab

Soft-shell clam

American lobster
Eastern rock crab

Scientific name

Anguilla rostrata
Morone saxatilis
Pomatomus saltatrix
Stenotomus chrysops
Cynoscion regalis
Paralichthys dentatus
Paralichthys oblongus

Pseudopleuronectes
americanus

Limanda ferruginea

Hippoglossoides
platessoides

Mya arenaria
Mercenaria mercenaria
Arctica islandica
Spisula solidissima
Mytilus edulis

Homarus americanus
Cancer irroratus

3-16



3. TARGET SPECIES

Table 3-11. Recommended Target Species for Mid-Atlantic
Estuaries and Marine Waters (New York through Virginia)

Family name
Finfish Species
Anguillidae

Ictaluridae

Percichthyidae

Pomatomidae
Sparidae

Sciaenidae

Bothidae
Pleuronectidae
Shellfish Species

Bivalves

Crustaceans

Common name

American eel
Channel catfish
White catfish
White perch
Striped bass
Bluefish

Scup

Weakfish

Spot

Atlantic croaker
Red drum
Summer flounder

Winter flounder

Hard clam
Soft-shell clam
Ocean quahog
Surf clam

Blue mussel
American oyster
Blue crab
American lobster

Eastern rock crab

Scientific name

Anguilla rostrata
Ictalurus punctatus
Ictalurus catus
Morone americana
Morone saxatilis
Pomatomus saltatrix
Stenotomus chrysops
Cynoscion regalis
Leistomus xanthurus
Micropogonias undulatus
Sciaenops ocellatus
Paralichthys dentatus

Pseudopleuronectes americanus

Mercenaria mercenaria
Mya arenaria

Arctica islandica
Spisula solidissima
Mytilus edulis
Crassostrea virginica
Callinectes sapidus
Homarus americanus

Cancer irroratus
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Table 3-12. Recommended Target Species for Southeast Atlantic
Estuaries and Marine Waters (North Carolina through Florida)

Family name

Common name

Scientific name

Finfish Species
Anguillidae

Ictaluridae

Percichthyidae

Sciaenidae

Bothidae

Shellfish Species

Bivalves

Crustaceans

American eel

Channel catfish
White catfish

White perch
Striped bass

Spot

Atlantic croaker
Red drum
Southern flounder

Summer flounder

Hard clam
American oyster
West Indies spiny lobster

Blue crab

Anguilla rostrata

Ictalurus punctatus
Ictalurus catus

Morone americana
Morone saxatilis

Leistomus xanthurus
Micropogonias undulatus
Sciaenops ocellatus
Paralichthys lethostigma

Paralichthys dentatus

Mercenaria mercenaria
Crassostrea virginica
Panulirus argus

Callinectes sapidus
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Table 3-13. Recommended Target Species for Gulf of Mexico
Estuaries and Marine Waters (West Coast of Florida through Texas)

Family name
Finfish Species

Ictaluridae

Ariidae

Sciaenidae

Bothidae

Shellfish Species

Bivalves

Crustaceans

Common name

Blue catfish
Channel catfish
Hardhead catfish
Spotted seatrout
Spot

Atlantic croaker
Red drum

Gulf flounder

Southern flounder

American oyster
Hard clam
White shrimp
Blue crab

Gulf stone crab

West Indies spiny lobster

Scientific name

Ictalurus furcatus
Ictalurus punctatus

Arius felis

Cynoscion nebulosus
Leistomus xanthurus
Micropogonias undulatus
Sciaenops ocellatus
Paralichthys albigutta
Paralichthys lethostigma

Crassostrea virginica
Mercenaria mercenaria
Penaeus setiferus
Callinectes sapidus
Menippe adina

Panulirus argus
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Table 3-14. Recommended Target Species for Pacific Northwest
Estuaries and Marine Waters (Alaska through Oregon)

Family name

Finfish Species
Embiotocidae
Scorpaenidae
Bothidae
Pleuronectidae

Salmonidae

Shellfish Species

Common name

Redtail Surfperch
Copper rockfish
Black rockfish
Speckled sanddab
Pacific sanddab
Starry flounder
English sole

Coho salmon

Chinook salmon

Scientific name

Amphistichus rhodoterus
Sebastes caurinus
Sebastes melanops
Citharichthys stigmaeus
Citharichthys sordidus
Platichthys stellatus
Parophrys vetulus
Onchorhynchus kisutch

Onchorhynchus tshawytscha

Bivalves Blue mussel Mytilus edulis
California mussel Mytilus californianus
Pacific oyster Crassostrea gigas
Horseneck clam Tresus capax
Pacific littleneck clam Protothaca staminea
Soft-shell clam Mya arenaria
Manila clam Venerupis japonica

Crustaceans Dungeness crab Cancer magister
Red crab Cancer productus
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Table 3-15. Recommended Target Species for Northern California
Estuaries and Marine Waters (Klamath River through Morro Bay)

Family name
Finfish Species
Triakidae
Sciaenidae

Embiotocidae

Scorpaenidae

Bothidae

Pleuronectidae

Salmonidae

Shellfish Species

Bivalves

Crustaceans

Common name

Leopard shark
White croaker
Redtailed surfperch
Striped seaperch
Black rockfish
Yellowtail rockfish
Bocaccio

Pacific sanddab
Speckled sanddab
Starry flounder
English sole

Coho salmon

Chinook salmon

Blue mussel

California mussel

Pacific littleneck clam

Soft-shell clam
Dungeness crab
Red crab

Pacific rock crab

Scientific name

Triakis semifasciata
Genyonemus lineatus
Amphistichus rhodoterus
Embiotoca lateralis
Sebastes melanops
Sebastes flavidus
Sebastes paucispinis
Citharichthys sordidus
Citharichthys stigmaeus
Platichthys stellatus
Parophrys vetulus
Onchorhynchus kisutch

Onchorhynchus tshawytscha

Mytilus edulis
Mytilus californianus
Protothaca staminea
Mya arenaria
Cancer magister
Cancer productus

Cancer antennarius
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Table 3-16. Recommended Target Species for Southern California
Estuaries and Marine Waters (Santa Monica Bay to Tijuana Estuary)

Family name
Finfish Species
Serranidae

Sciaenidae

Embiotocidae

Scorpaenidae

Pleuronectidae

Shellfish Species

Bivalves

Crustaceans

Common name

Kelp bass

Barred sand bass
White croaker
Corbina

Black perch
Walleye surf perch
Barred surfperch
California scorpionfish
Widow rockfish
Blue rockfish
Bocaccio
Diamond turbot

Dover sole

Blue mussel
California mussel
Pacific littleneck clam
Pacific rock crab

Red crab

California rock lobster

Scientific name

Paralabrax clathratus
Paralabrax nebulifer
Genyonemus lineatus
Menticirrhus undulatus
Embiotoca jacksoni
Hyperprosopan argenteum
Amphistichus argenteus
Scorpaena guttata
Sebastes entomelas
Sebastes mystinus
Sebastes paucispinis
Hypsopetta guttulata

Microstomus pacificus

Mytilus edulis
Mytilus californianus
Protothaca staminea
Cancer antennarius
Cancer productus

Panulirus interruptus

The seven separate regional lists of target species recommended by the 1993
EPA Workgroup for estuarine/marine ecosystems were developed because of
differences in species’ geographic distribution and abundance and the nature of
the regional fisheries and were developed based on a review of species used in
the following national monitoring programs:

* National Dioxin Study (U.S. EPA)

e Section 301(h) Monitoring Program (U.S. EPA)
* National Status and Trends Program (NOAA)

e National Study of Chemical Residues in Fish (U.S. EPA).

Because some of these programs identified some fish and shellfish species that
are not of commercial, sportfishing, or subsistence value, several additional
literature sources identifying commercial and sportfishing species were also
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]

reviewed (Table 3-17). Some sources included information on seasonal
distribution and abundance of various life stages (i.e., adults, spawning adults,
juveniles) of fish and shellfish species. This information was useful in delineating
seven regional estuarine/marine areas nationwide. The 1993 EPA Workgroup
also reviewed fish and shellfish species cited in state consumption advisories for
estuarine/marine waters (Appendix D). Each of the final regional lists of target
species has been reviewed by state, regional, and national fisheries experts.

Use of two distinct ecological groups of organisms (shellfish and finfish) as target
species in estuarine/marine systems is recommended. This permits monitoring
of a wide variety of habitats, feeding strategies, and physiological factors that
might result in differences in bioaccumulation of contaminants. Estuarine/marine
species used in several national contaminant monitoring programs reviewed by
the 1993 EPA Workgroup are compared in Table 3-18.

3.4.1 Target Shellfish Species

Selection of shellfish species (particularly bivalve molluscs) as target species
received primary consideration by the 1993 EPA Workgroup because of the
commercial, recreational, and subsistence value of shellfish in many coastal areas
of the United States. Bivalve molluscs (e.g., oysters, mussels, and clams) are
filter feeders that accumulate contaminants directly from the water column or via
ingestion of contaminants adsorbed to phytoplankton, detritus, and sediment
particles. Bivalves are good bioaccumulators of heavy metals (Cunningham,
1979) and polycyclic aromatic hydrocarbons (PAHs) and other organic
compounds (Phillips, 1980; NOAA, 1987) and, because they are sessile, they may
reflect local contaminant concentrations more accurately than more mobile
crustacean or finfish species.

Three bivalve species—the blue mussel (Mytilus edulis), the California mussel
(Mytilus californianus), and the American oyster (Crassostrea virginica)—were
recommended and/or used in three of the national monitoring programs reviewed
by the 1993 EPA Workgroup. Two other bivalve species—the soft-shell clam
(Mya arenaria) and the Pacific oyster (Crassostrea gigas)—were also
recommended and/or used in two national programs. Although no bivalve species
was identified by name in state fish and shellfish consumption advisories
(Appendix D), seven coastal states issued advisories in 1993 for unspecified
bivalves or shellfish species that may have included these and other bivalve
species. All three species are known to bioaccumulate a variety of environmental
contaminants (Phillips, 1988). The wide distribution of these three species makes
them useful for comparison within a state or between states sharing coastal
waters (Figure 3-2). Because these three species met all of the selection criteria,
they were recommended as target species for use in geographic areas in which
they occur.
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Table 3-17. Sources of Information on Commercial and Sportfishing

Species in Various Coastal Areas of the United States

Geographic
area

Atlantic Coast

Gulf Coast

West Coast

Source

National Marine Fisheries Service. 1987. Marine Recreational Fishery Statistics Survey, Atlantic and Gulf
Coasts, 1986. Current Fishery Statistics Number 8392. National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Rockville, MD.

Leonard, D.L., M.A. Broutman, and K.E. Harkness. 1989. The Quality of Shellfish Growing Waters on the
East Coast of the United States. Strategic Assessment Branch, National Oceanic and Atmospheric
Administration, U.S. Department of Commerce, Rockville, MD.

Nelson, D.M., M.E. Monaco, E.A. Irlandi, L.R. Settle, and L. Coston-Clements. 1991. Distribution and
Abundance of Fishes and Invertebrates in Southeast Estuaries. ELMR Report No. 9. Strategic Assessment
Division. National Oceanic and Atmospheric Administration, U.S. Department of Commerce, Rockville, MD.
Stone, S.L., T.A. Lowery, J.D. Field, C.D. Williams, D.M. Nelson, S.H. Jury, M.E. Monaco, and L. Andreasen.
1994. Distribution and Abundance of Fishes and Invertebrates in Mid-Altantic Estuaries. ELMR Rep. No. 12.
NOAA/NOS Strategic Environmental Assessments Division, Sliver Spring, MD.

Jury, S.H., J.D. Field, S.L. Stone, D.M. Nelson, and M.E. Monaco. 1994. Distribution and Abundance of
Fishes and Invertebrates in North Atlantic Estuaries. ELMR Rep. No. 13. NOAA/NOS Strategic
Environmental Assessments Division, Sllver Spring, MD.

National Marine Fisheries Service. 1987. Marine Recreational Fishery Statistics Survey, Atlantic and Gulf
Coasts, 1986. Current Fishery Statistics Number 8392. National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Rockville, MD.

Broutman, M.A., and D.L. Leonard. 1988. The Quality of Shellfish Growing Waters in the Gulf of Mexico.
Strategic Assessment Branch, National Oceanic and Atmospheric Administration, Rockville, MD.

Monaco, M.E., D.M. Nelson, T.C. Czapla, and M.E. Patillo. 1989. Distribution and Abundance of Fishes and
Invertebrates in Texas Estuaries. ELMR Report No. 3. Strategic Assessment Branch, National Oceanic and
Atmospheric Administration, U.S. Department of Commerce, Rockville, MD.

Williams, C.D., D.M. Nelson, M.E. Monaco, S.L. Stone, C. lancu, L. Coston-Clements, L.R. Settle, and E.A.
Irlandi. 1990. Distribution and Abundance of Fishes and Invertebrates in Eastern Gulf of Mexico Estuaries.
ELMR Report No. 6. Strategic Assessment Branch, National Oceanic and Atmospheric Administration, U.S.
Department of Commerce, Rockville, MD.

Czapla, T.C., M.E. Patillo, D.M. Nelson, and M.E. Monaco. 1991. Distribution and Abundance of Fishes and
Invertebrates in Central Gulf of Mexico Estuaries. ELMR Report No. 7. Strategic Assessment Branch,
National Oceanic and Atmospheric Administration, U.S. Department of Commerce, Rockville, MD.

Nelson, D.M. (editor). 1992. Distribution and Abundance of Fishes and Invertebrates in Gulf of Mexico
Estuaries, Volume |: Data Summaries. ELMR Rep. No. 10. NOAA/NOS Strategic Environmental
Assessments Division, Rockville, MD.

Patillo, M.E., T.E. Czapla, D.M. Nelson, and M.E. Monaco. 1997. Distribution and Abundance of Fishes and
Invertebrates in Gulf of Mexico Estuaries. Vol. II: Species Life History Summaries. ELMR Rep. No. 14.
NOAA/NOS Strategic Environmental Assessments Division, Silver Spring, MD.

National Marine Fisheries Service. 1987. Marine Recreational Fishery Statistics Survey, Pacific Coast, 1986.
Current Fishery Statistics Number 8393. National Oceanic and Atmospheric Administration, U.S. Department
of Commerce, Rockville, MD.

Leonard, D.L., and E.A. Slaughter. 1990. The Quality of Shellfish Growing Waters on the West Coast of the
United States. Strategic Assessment Branch, National Oceanic and Atmospheric Administration, U.S.
Department of Commerce, Rockville, MD.

Monaco, M.E., D.M. Nelson, R.L. Emmett, and S.A. Hinton. 1990. Distribution and Abundance of Fishes and
Invertebrates in West Coast Estuaries. Volume |: Data Summaries. ELMR Report No. 4. Strategic
Assessment Branch, National Oceanic and Atmospheric Administration, Rockville, MD.

Emmett, R.L., S.A. Hinton, S.L. Stone, and M.E. Monaco. 1991. Distribution and Abundance of Fishes and
Invertebrates in West Coast Estuaries. Volume lI: Life History Summaries. ELMR Report No. 8. Strategic
Environmental Assessment Division, Rockville, MD.

3-24



3. TARGET SPECIES

Table 3-18. Estuarine/Marine Species Used in Several National Fish and Shellfish
Contaminant Monitoring Programs

U.S. EPA NOAA U.S. EPA
National Status and 301(h) U.S. EPA
Dioxin Study® Trends Program  NSCRF®

FINFISH

Family Acipenseridae
White sturgeon (Acipenser transmontanus) [ J

Family Ariidae
Hardhead catfish (Arius felis) [ J

Family Percichthyidae
White perch (Morone americana) [ ]

Family Pomatomidae
Bluefish (Pomatomus saltatrix) [ J

Family Lutjanidae
Red snapper (Lutjanus campechanus) [ J

Family Sparidae
Sheepshead (Archosargus probatocephalus)

Family (Sciaenidae)
Spotted seatrout (Cynoscion nebulosus)
Weakfish (Cynoscion regalis)
Spot (Leiostomus xanthurus)
White croaker (Genyonemus lineatus)
Atlantic craoker (Micropogonias undulatus)
Black drum (Pogonias cromis)
Red drum (Sciaenops ocellatus)

Family Serranidae
Barred sand bass (Paralabrax nebulifer) [ J

Family Mugilidae
Striped mullet (Mugil cephalus) [ J

Family Bothidae
Southern flounder (Paralichthys lethostigma) [ J

Windowpane flounder (Scophthalmus aquosus) [ J

Family Pleuronectidae
Pacific sanddab (Citharichthys sordidus) [ J
Flathead sole (Hippoglossoides elassodon) [ J
Diamond turbot (Hypsopsetta guttulata)
Starry flounder (Platichthys stellatus)
Hornyhead turbot (Pleuronichthys verticalis)
Winter flounder (Pseudopleuronectes americanus)
English sole (Parophrys vetulus)
Dover sole (Microstomus pacificus)

See notes at end of table. (continued)
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Table 3-18. (continued)

U.S. EPA NOAA U.S. EPA
National Status and 301(h) U.S. EPA
Dioxin Study® Trends Program NSCRF®

SHELLFISH

Bivalves
Hard clam (Mercenaria mercanaria)
Soft-shell clam (Mya arenaria)
Ocean quahog (Arctica islandia)
Surf clam (Spisula solidissima)
Blue mussel (Mytilus edulis)
California mussel (Mytilus californianus)
American oyster (Crassostrea virginica)
Hawaiian oyster (Ostrea sandwichensis)
Pacific oyster (Crassostrea gigas)
Bent-nosed macoma (Macoma nasuta)
Baltic macoma (Macoma baltica)
White sand macoma (Macoma secta)

Crustaceans
American lobster (Homarus americanus)
West Indies spiny lobster (Panulirus argus)
California rock lobster (Panulirus interruptus)
Hawaiian spiny lobster (Panulirus penicillatus)
Eastern rock crab (Cancer irroratus)
Dungeness crab (Cancer magister)
Pacific rock crab (Cancer antennarius)
Yellow crab (Cancer anthonyi)
Red crab (Cancer productus)

NSCRF = National Study of Chemical Residues in Fish.

2 Only freshwater finfish were identified as target species; bivalves were identified as estuarine/marine target species.

® Species listed were those collected at more than one site nationally; Salmonidae were not listed because they were included on
freshwater lists.
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In addition, several species of edible clams were added to the various estuarine/
marine target species lists based on recommendations received from specific
state and regional fisheries experts.

Crustaceans are also recommended as target species for estuarine/marine
sampling sites. Many crustaceans are bottom-dwelling and bottom-feeding
predator and/or scavenger species that are good indicators of contaminants that
may be biomagnified through several trophic levels of the food web. Several
species of lobsters and crabs were recommended in one national monitoring
program, and the Dungeness crab was recommended in two national monitoring
programs (Table 3-18). These crustaceans, although of fishery value in many
areas, are not as widely distributed nationally as the three bivalve species (Figure
3-2). However, they should be considered for selection as target species in states
where they are commonly consumed.

Only two crustaceans—the American lobster (Homarus americanus) and the blue
crab (Callinectes sapidus)—were specifically identified in state advisories (RTI,
1993). However, in 1993, seven coastal states reported advisories in estuarine/
marine waters for unspecified shellfish species that may have included these and
other crustacean species (Table 3-19). All of the shellfish species cited in state
advisories are included as EPA-recommended target species on the appropriate
estuarine/marine regional lists.

3.4.2 Target Finfish Species

Two problems were encountered in the selection of target finfish species for
monitoring fish tissue contamination at estuarine/marine sites regionally and
nationally. First is the lack of finfish species common to both Atlantic and Gulf
Coast waters as well as Pacific Coast waters. Species used in several federal
fish contaminant monitoring programs are compared in Table 3-18. Members of
the families Sciaenidae (seven species), Bothidae (two species), and
Pleuronectidae (eight species) were used extensively in these programs. Bottom-
dwelling finfish species (e.g., flounders in the families Bothidae and
Pleuronectidae) may accumulate high concentrations of contaminants from direct
physical contact with contaminated bottom sediments. In addition, these finfish
feed on sedentary infaunal or ep