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EXECUTIVE SUMMARY
Introduction

Contamination of seafood (fish and shellfish of bhoth
marine and fresh water origin) with toxic substances has been a
critical and widespread environmental, econcmic and human health
problem in New Jersey and throughout the U.S. The National
Academy of Sciences-Institute of Medicine study on seafood safety
concludes that most seafood available in the U.S. is wholesonme
and unlikely to cause illness (IOM 1991). However, the report
states that one~fifth of the fish and shellfish eaten in the U.S.
is derived from recreational or subsistence fishing, and these
products are not subject to health-based contrel. Further, the
report rates the risk of consumption of chemically contaminated
finfish and shellfish as high for "recreational fishers in
certain areas, pregnant women, and children." Risk is ehhanced
for subsistence fish consumers and for recreational anglers in
areas of high contamination. The report calls for corrective
measures for chemically contaminated fish and shellfish that
include reductions in discharges of chemicals that cause
contamination, harvest restrictions by site and species, improved
risk assessment for cancer and non-cancer endpocints, and improved
consumption advisories for contaminated sport fish.

This goal of this project is the development of
recommendations, directed to the State of New Jarsey, cn how the
State should utilize monitoring data to issue consumption
advisories and to take future regulatory acticns for contaminated
fish and shellfish. The project objectives are: 1) To raview
and evaluate selected Federal, State, and othsr programs designed

to regulate or manage fish and shellfish contamination and that
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issue consumption advice for sport-caught figh based on - ‘
contaminant monitoring programs, and; 2) To develop a structura
for a scientifically supportable procedure to interpret the

results of monitoring programs to make risk management decisions,

Methods

Censuses of all states in the U.S. (RTI 1990} and of
thirty coastal and Great Lakes states (NOAA 1590) were conducted
to examine programs that address consumption adviscries for fish
and shellfish. Sample collection, analysis, and data
interpretation techniques used by states were examined as part of
these surveys. The results aré useful in assessing the number of
fish consumption advisories, the species for which they are
issued, and in assessing how advisories ara developed and used in
the United 3tates.

Most states in the U.S.,, as well as tha Province of
Ontaric, Canada, develop and issue consumption advisories for
contaminated fish or shellfigh, A varlety of methods are used to
develop consumption advisories, including application of U.S. FDA
and EPA action levels, use of quantitative riak assessment
procedures, and combinations of each method. Sixty eight percent
of states in the U.S. frequently use FDA action lavals to derive
levels of concern for contaminants while twenty percent derive a
lavel of concern from risk assessment procaedures using U.S, EPA’s
cancer potency factor or reference dose (RTI 19%0, NOAA 1990).
Many states also use combinations of FDA action levels and risk
assessnmant proceduras ﬁc derive consumption advisories. Twenty-
two states analyze mor% than 100 fish/shellfish tissue samples

annually while ninateaﬂ states analyze betweean 25 and 100 samples

1
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(RTI 1990). Further, five states (California, Wisconszin,
Michigan, Illinois, and Mjissouri) survey more than fifty water
bodies annually for fish and shellfish contamination while sight
states (Minnesota, Wisconsin, New York, Florida, Michigan,
california, Missouri, and Pennsylvania) issue consumption
advisories for more than ten water bodies.

Several jurisdictions were chosen for detailed analysis
of their monitoring, data interpretation, and advisory
development procedures. These jurisdictions utilize a wvariety of
methods to collect, analyze, interpret, and manage fish tissue
contaminant data. Included in the analysis are procedures
utilized by Ontarie, California, Delaware, Illinois, Maryland,
Michigan, Missouri, Minnesota, New York, Pemnsylvania, and
Wisconsin.

Four major methodologic proposals for development of fish
consumption advisories, presented since the mid 1980s, were
examined (Clark et al. 1987, National Wildlife Federation 1989,
Dourson and Clark 1990, U.S. EPA 1989). Each of these proposals
are based on the application of guantitative risk assessment
procedures. Other factors critical for the developmaent of
consumption advisories were examined also. These include the
potential reduction of tissue contaminant levels through
preparation and cooking techniques, sampling protccols for
contaminated sport fish, and quality asgurance/gquality control
procedures for sampling and analysis of contaminatad sport fish

tigsues.
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Reccommendations
General Procedures'

Despite the widespread use of FDA action levals to
trigger censumption advice, both the U.S. EPA and the U.S. FDa
racommend against the use of action levels to develop advice for
local or regional fish and shellfish contamination problems. In
place of the tolerance/action level-based approach, a more
scientifically justifiable approach is recommendad which is based
on quantitative risk assessment procedures to trigger consumption
advice as well as to make requlatory decisions associated with
contaminated fish and shellfish.

A risk-based approach to advisory development and
regqulatory programs for contaminated fish and shellfish is
recommnended for the State of New Jersey. This recommendation is
made for several reasons: First, it is tachnica}ly and
scientifically better justified than an action level apprcach; it
will more adequately protect human health, and; the approach is
receiving increasing acceptance in many state advisocry programs.

A risk-based approach in its simplest form would follow
U.S. EPA guidelines for quantitative risk assesspent. State
agencies with substantial resources available for chemical hazard
assessment may prefer to conduct four-step risk assessaments
(hazard evaluation, dose-response evaluation, sxiposurs
svaluation, and risk characterization} for sach contaminant in
f£ish and sﬁallfiﬁh. Such assessments would then servae as the
basis for consumption advisories and ragulatory actilons. &an
alternativa to this aﬁproach is reliance on U.S5. EPA established
potency derivations for commen contaminants in fish and
shellfish., The U.S. EPA has established potsncy (Qlope} factors

|
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for common carcinogens and estimates of allowabla daily intakes
(reference doses) for common systemic toxicants {non-
carcinogens). The values are available through U.S. EPA‘s
computerized Integrated Risk Information System {IRIS}, which may
be accessed via the National Library of Medicine’s TOXNKED
databasae.

Scme limitations apply to potency estimates for chemicals
available through IRIS, the most important of which is that some
of these values do not reflect recent advances in toxicologic
knowledge. TFor example, a reference dose for PCBs available
through IRIS does not reflect recent data derived from
epidemiologic studies that address the developmantal effects
associated with PCB exposure. However, use of EPA derived
potency or reference values available through IRIS, combined with
incorporation of very recent toxicologic information, should
provide an adequate basis for justifiable and protective trigger
levels for contaminants in fish and shellfish.

Use of the slope or potency factor to issue consumption
advisories for fish and shellfish contaminated with one or more

carcinogens requires several assumptions. First, a state must

- choose one or more acceptable cancer risk lsvels arcund which

advice will be generated. As no single risk level is conasidered
the most appropriate, it is recommended that New Jersay choosa a
cancer risk level within the range of 10™% to 106 to generate
consumption advice for contaminated fish and shellfish. It is

recommended further that advice be generated for only cne risk

level rather than offering different advice associated with

different risk levels and allowing the consumer to chocse which

risk level and associated advice is appropriate.
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Advice based on acceptable risk levels should be
accompanied by information showing comparable risks for other i
activities. comparable risk information should cnly be derived
for similar activities (e.g. from consumption of other
contaminated or non-contaminated foods), not from activities
where risk estimates have been derived with different methods
(e.g. risks associated with automobile accidents derived from
actuarial data).

A choice of meal size is also necessary to develop risk-
based advice for contaminated fish and shallfish (for both
carcinogens and systemic toxicants). Common neal sizes range
from 113 grams to 227 grams (one guarter ta one half pound} .,

Information on meal frequency is not necessary since it is
recommended that consumption advice be issued on a meal frequency
basis. Finally, assumptions regarding the standard individual to
be protectad (size and exposure periocd/lifs span) must be
articulated. The standard assumptions for human weight and
exposure pericd/life span are 70 kg and seventy years
respectively. Other choices for standard weight and exposure
periods may be appropriate, for example where children may bhe
highly exposed.

Advice should be generated tc restrict consunption of
contaminated fish and shellfisﬁ to limit contaminant intake
(exposure) to levels that do not posa unacceptable cancer risks
or exceed the aﬁﬁropr;ate referenca dosa. Such advice should be
issued on a meal—por~w?ek or meal-per-mcnth basis. For example,
advice should state thkt consumers should regtrict consumption of
species X to no nore t%an onéc per weak (or month). Further

rafinement of consumptﬁon advice (e.g. consume nc mors than two

% vi.
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meals per week or 3,5 meals per month) is likely to result in
ovarly complex advice which is subsequently ignored by the

consumer, and is not recommended.

Quantitative Procedures
Advice for consumption frequency and regulatory decisions
for contaminated fish and shellfish should be determined as
follows for individual carcinogens:

RAI (mg/kg/day) X 70 kg
Fish intake (kg/day) = =e—emmmmeicm i e Cl .. {Eq. 7,

TC (EG/qu

where RAI = Risk Associated Intake, defined as the intake in
kg/day that would not result in exceedence of the acceptable
cancer risk level for individual contaminants, and TC = fisgh

tissue concentration. The RAT is calculatad as:
RAI = 1/q;" X ARL (Eq. B8},

where ARL = Acceptable Risk Level {e.g. 1 X 10 '5}. The fisgh
intake rate can then be converted to a meal frequency (nc. meals
per week or month) based on a determination of average meal size
following Dourson and Clark (1990). It %ﬂ recommended that
consumption advisories be based on the meal frequency derived
from the fish intake rate. For example, if the fish intake rate
calculated from Equationr 7 is 1 g/day, the corresponding meal
frequency is much less than one meal per month (for aeither 1/4 or
1/2 pound meal sizes). Thus, consumption advice for this epecies
should be "do-not-eat." Further, where the calculated

consumption rate is less than one meal per menth, regulatory

vii.
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decisions to ban or prohibit the sale or distribution of
contaminated fish or shellfish may be appropriate.

A similar procedure is recommended to derive consumption
advisories and to take regulatory actiona for fish and shellfish
contaminated with systemic toxicants (non-carcinogens). Eguaticn
3 (see text), based on the reference dose for individual
toxicants should be used to determine the fish intake rate. Meal
frequencies would then be determined as described above.

The approaches to advisory develcpment recommended here
are similar te the approaches utilized by Minnescta and proposed
for utilization by scientists in the Great Lakes basin. The
approach is simplified only in that it utilizes a single tissue
contaminant. level instead of a range of levels as utilized by
Minnesota.

Since the tissues of many fish speciss will contain
combinations of two or more contaminants, 1t is recommended that
consumption advice and regulatory actions for contaminated fish
and shellfish reflect the health risks asscclated with exposure
to combinations of contaminants. Intake rates for fish
contaminated with combinations of non«carcinogens would be

develcped after (Dourson and Clark 19%0) such that:

Fish intake (kg/day) = =reeemeccccccccccc—ccccssnas= (Eg. 6)
, TC (mg/kg)

whars,

RfL, = TC/ ¥ Ej/REDy (Bq. 5)

where TC is total contaminant load in fish flesh, RfD, is the
mixtures reference dose for the same targat organ, E; is the fish

tissue concentration (mg/kg) for contaminant i and RfDy is the

viii.
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referaence dose for contaminant i for the same target organ. The
fish intake value can then be converted to a meal fregquency based
again on assumptions of average meal size as described above.

These equations can be modified to ¢alculate the intake
rate for combinations of carcinogens as follows:

RAIn (mg/kg/day) X 70 kg
Fish intake (kg/day) = =r----ceeccccrememec——ccea {Eg. 10)
TC (mg/kg)

where RAIp = Risk Associated Intake for the mixture of
carcinogens, defined as the intake in kg/day that would not
result in exceedence of the acceptable cancer risk level for a
combination of contaminants, assuming risk additivity, and

calculated as:
RAI, = TC/EL E{/RAIj (Eq. 11)

where TC is total contaminant load in fish flesh, RAI, is the
risk assocliated intake for the mixture, E{y is the fish tissue
concentration (mg/kg) for contaminant i and RAI{ is the risk
associated intake for contaminant i from Equation 8. The fish
intake value can then be converted to a meal frequency based

again on assumptions of average meal size as described above.

Sampling Proceduras
Only the edible tissues of finfish should be used for
analysis of contaminant levels. Samples should be analyzed as
skin-on fillets, and sampling conducted where possible for
specific size~classes and species. These procedures are utilized
most frequently in states with comprehensive monitoring programs

and they result in monitoring of those portions of contaminated

ix.
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finfish most likely to be consumed by the puklic. It has been
the experience in the Great Lakes basin that, even though advice
to remove skin from figh prior to cooking is offered, many
individuals do not follow this advice: thus, analysis of skin-on
fillets may provide the best estimate of potential human exposure
to contaminants in sport fish.

Analysis of whole fish may be necessary where 2a
particular species is consumed whole by a sub-population or where
wildlife exposure is of concern. In this case, a monltoring
program should inccrpo;ate collection of additional samples of
fish species for wholelsample analysis.

Composite sampling should generally be aveided. Analysis
of individual fish allows assessment of the variation that may
occur in tissue contaminant levels between species, within a
species, ard size classes of species. Analyeis of variation is
necessary to determine whether species- or sizs class-specific
gtatistical differences exist between contaminant types and
levels. However, the U.S. EPA in its draft guidance document on
fish sampling and analysis recommends analysis of composite
samples from fillets of ten fish, although separate composite
samples are recommended for'all sﬁbqroups (e.g. size or age
clagses, $ox, etc.). The choica'éor composite or individuval
sample analysis will depend upon the available resourcaes to
conduct tho- analysis. Composite analysis, although it eliminates
some information, may be desirable as it reduces the number of
samples that must be énalyzad, thus reducing costs associated
with analysis. Regardless of whether individual or composite
analysis is conducted, it is recommendad that replicate samples

be collectad as part éf the field QA/QC program. The U.S. EPA

Ko
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has developed recommendations on the number of replicate samples
that should be collected.

The average tissue concentration of contaminants should
be utilized to determine whether to issue a consumption advisory
for a species or size-clz:;s of sport fish species. It is
recommended that the mean tissue concentration for a species or
size-clags be used to determine consumption adviaories in
equations 3 - 7, 10, and 11 of this report. The U.S. EPA has
developed recommendations for statigtical analysis of tissue
concentrations associated with specific consumption advice (or
trigger levels) in its draft guidance document on fish sampling
and analysis. These recommendations should be followed as
advisories and regulatory actions are developad for contaminated
fish and shellfish,

Where a of range of size classes of a particular species
of finfish may be consumed, analysis of the rslationship between
size class and contaminant level is necessary. Such analysis
should be conducted with using linear regression models. Where
the mean tissue concentration is significantly different between
size classes, consumption advice can then he iasued on a size-

class specific basis.

Removing an Advisory and Retesting Contaminant Specias
It should be useful to determine where and how often to
retest sites for fisﬁﬂénd shellfish contamination, particularly
where all sites cannot be retested yearly or more freguently.
Areas where contaminant levels for pollutants are alevated or
change substantially should be retested every one to threae yvears.

Areas which show no signs of substantial changes in contaminant

xi.
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levels but are popular finfish or shell fish harvesting sites
should be retested at least every fiva Years., All other areas,
including relatively remote locations with no major sources of
pollution nearby and no indication of changing contaminant levelg
in fish or shellfis should be retested at leaat svery ten vears,
The State of New Jersey should adopt a mechanism to
remove a consumption advisory or remove bans on sale or
distribution of fish and shellfish as contaminant levels warrant.
This mechanism should require consistent reduction in
contaminants over time to levels that can be confirmed
statistically to be below concentrations of concern, For
example, advice for no-consumption may be lifted after two
subsequent years where tissue levels are such that a consunption
advisory is not necessary (fish are safe for unlimited
consumption). Lifting of less stringent adviscories may require

one year of subsequent no-consumption advice.

Advice for Preparation and Cooking
Soma preparation techniques reduce the contaminant burden
in finfish by a considerable amount (up to 50%}, although not all
contaminant concentrations are reduced by all preparation
techniques. cOoking techniques, however, do not appear to
significantly reduce potential exposurs levsls. Therefore, it is
racommandaed thag‘consumption advisories in New Jerssy bhe
accompanied by advice to prepare finfish appropriately tc remove
the graeatest number and amounts of chemicals possible.
Such advice should be stated as follows:
You can significantly reduce the level cof PCBa and most

pesticides (but not mercury) by properly clsaning,
trimming and skinning your catch. Therafore, you should

x1ii.

NJDEPQQ237947



trim all the fat from four key areas: the belly flap,
lateral line, along the backbone, and adjacent to the
skin. Also, remove the skin from your fish prior to
cooking it.
Advice on cooking to remove contaminants is likely not
appropriate for shellfish, although data are not available to
address whether any preparation or cooking techniques reduce

chemical contaminant levels in shellfish.

Other Recommendations

PCBs are one of the most common contaminants in fish and
shellfish. Traditionally, pcBs contamination has been assessed
through analysis of the technical PCB formulations Arcclor 1242,
1254, and 1260, These formulationa consist of multipla FCB
congeners which contribute differentially to the toxicity of the
mixture. Unfortunately, the toxicity of PCB has been determined
from the toxicity of the Aroclor nixtures, particularly for the
induction of ecancer. Thus, analysis of tissue contaminant levels
in fish and shellfish, and consumption advice based on that
analysis, will require Aroclor specific monitoring. However,
work has begun to focus on the toxicity of individual pcB
congeners; thus, some states, particularly i; the Great Lakag
basin, are monitoring PCBs in fish and' shellfish on a congener-
specific basis. However, consumpticn advice has not been
generated from congsener-specific analyses as the toxicolegic
information available for PCB congeners is not sufficient to
develop conclusions on the human health impacts of specific PCB
congeners.

New Jersey toxicologists should follow developrents in

congener~specific PCB toxicology. Appropriate modifications to

xiii.
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fish and shellfish monitoring programs, and development of
consumption advice based on these modifications should be
developed as understanding of the human health impacts of

exposure to specific PCB congeners increases.

xiv.
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INTRODUCTION

contamination of seafood (fish and shellfish of hoth
marine and fresh water origin) with toxic substances has been a
critical and widespread environmental, economic and human health
problen in New Jersey and throughout the U.S. The NHational
Academy of Sciences~Institute of Medicine study on seafoocd safety
concludes that most seafood available in the U.S. is wholesoma
and unlikely to cause illness {IOM 1991). However, the report
states that one-fifth of the fish and shellfish eatan in the U.S.
is derived from recreational or subsistence fishing, and thase
products are not subject to health-based control. Further, tha
report rates the risk of consumption of chemically contaminatad
tinfish and shellfish as high for “recreational fishers in
certain areas, pregnant women, and children." Risk is enhanced
for subgistence fish consumers and for recreaticnal anglers in
areas of high contamination. The report calls for corrective
measures for chemically contaminated fish and shellfish that
include reductions in discharges of chemicals that cause
contamination, harvest rastrictions by site and species, improved
risk assessment for cancer and non~cancer endpoints, and improved
consumption advisories for contaminated sport fish.

This goal of this project is the developnment of
racommendations, directed to the State of New Jersey, on how ths
State should utilize monitoring data to issue consumption
advisories and to take future requlatory actionsg for contaminatad
fish and shellfish., The project objectives are: 1) To raview
and evaluate sglected Faderal, State, and other programs designed
to regulate or manage fish and shellfish contamination and that

issue consumption advice for sport-caught fish based on
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Page 2

contaminant monitoring programs, and; 2) To develop a structure
for a scientifically supportable procedure to interpret the
results of monitoring programs to make risk management dacisions.
The report is presented in five sections: Section I -~ Review of
Fedaral activities and guidance for the development of fish
consumption advisories; Section II ~ Review of State activities
for the development of fish consumption advisories; Section III -~
Raview of consumption advisory methods dewveloped by individuals
or organizations other than State or Fedaral agencies;

Section IV - Other considerations in consumption advisory
development such as sampling and preparation methods, and;
Section V - Recommendations to the State of ¥ew Jersey for the
development of consumption adviscries for contaminated fish and

shallfish.
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FEDERAL ACTIVITIES

Federal Guidance for Development of Fish Consumption Advisories

over half of the states in the U.S. rely on Food and Drug
Administration (FDA) tolerance or action levels to determine when
a consumption advisory should be issued for fish and shellfish.
Tolerance and action levels are darived under the Faderal Food,
Drug, and Cosmetic Act (FFDCA), which is intended to ansure a
safe and wholesome food supply (Bolger, et al. 19%3%0). In
essenca, the FFDCA prohibits added substancas in foods {including
fish apd shallfish) that are shipped in interstate commerce, if
they may be injurious to human health. A substanca is considered
added when it does not occur naturally in foods.

The FDA is rasponsible for administration and enforcement
of most portions of the FFDCA: that is, FDA i1s the agency
primarily responsible for regulating fish and shellfish
. contaminated with toxic substances. One exception to FDA primacy
in administering and enforcing that Act occurs in Sections 4068
and 409. The U.S. EPA was granted authority to administer these
sections which address pasticide residues in food, including fish
and shellfish.

As part of the process to regulate toxic substances in
food, the FDA establishes formal tqlerances that address the

axtent of allowable contamination. FDA may also develop

gquidelines or regulatory limits for toxicants in food, which
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usually happens when data on the toxicity of a substance are
limited or when conditions are rapidly changing. Whan fish or
shellfish that are shipped in interstate commerce contain an
added centaminant above tolarance or action levaels or guidelines,
FDA may undertake ragulatory steps to minimize exposure to that
contaminant. Thase steps include seizure of the affaected
product. If a toxic substance for which a toleranca or
regulatory guideline has not been developed ocours in food, the
FDA may seize that food if it determines that the substance poses
a threat to human health, or the agency may conduct a formal rule
making to establish a limit for that substance.

The U.S. FDA establishes tolsrances or regulatery limits
for toxic¢ substances (other than pesticides) in foods, including
fish and shellfish, under Sections 406 and 408 of the FFDCA. The
U.S. EPA establishes tolerances or ragulatory limits for
pesticides under Section 409. Both FDPA and EPA utilize risk
assessment procedures to establish tolerances for toxic
substances in fish and shellfish. However, the process of
tolerance establishment also includes considerations of economic
impacts that may be experienced by sociaty and food industries in
conmplying with ragulatory laevels. Tolerances are also
establishma at levels that would avoid removing large amounts of

valuable food fronm tﬁe market place, For axample, FDA developed

P

tolerance lavels for contaminants in fish and other foods "to

ansure that consumer+ would not be needlessly daprived of

individual foods in ¢he effort to limit the ovarall PCR intaken

1
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(Bolger et al. 1990). Finally, tolerance lavals are set by
considering the extent te which the contaminant is unavoidable
under good manufacturing practice, and by considering the
analytical and sampling capabilities available to measure the
contaminant to ensure proper enforcement of a regulatory level.
When establishment of a tolerance level for a contaminant
is impractical (e.g. when conditions are rapidly changing), the
FDA and EPA may establish action levels for toxic contaminants.
Action levels are administrative instructions to FDA field units
and define the extent of contaminatien at which a food is
considered adulterated. FDA now considers action levels to be
prosecuteorial guidance levels which are not binding sn the
courts, the public, or the FDA but that provida for establishment
of regulatory limits (Bolger at al., 1990). Regulatory limits are
contaminant levels that are used to classify a food as
adulterated (similar to tolerance levaels) but that are set by
means of informal notice and comment rather than by formal notice
and comment., Informal notice and comment rule-making occurs more
quickly than formal rule-making and provides for quicker changes
in regulatory limits than are possible for formal tolerances.
FPinally, FDA may issue an advisory opinion which is non-
enforcaabla‘advica\on.;dntamingyt levels in foodms for which thare
is no tolerance level. The advisory opinion c¢an be usad by
statea or other jurisdictions to set their own specific policies,
An advisory opinion was issued by FDA for dioxin (2,3,7,8-TCDD)
in fish at the request of Governors of some of the Great Lakes

gstates in 1981,
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Development of FDA/EPA Tolerance and Action Levels for Toxic
Contaminants

Tolerance and action levels are developed whan a national
contamination problem exists for a particular contaminant,

Levels are then developed and used to Protact the avearage
national consumer of fish sold in interstata cCommerce. Sport
fish, by definition, are not trangported in interstate commerce
and, therefore, are not regulataed by the FDA under the Federal
Food, Drug, and Cosmetic Act. Howevar, a majority of the states
utilize FDA tolerance and action levels fand EPA tolerance and
action levels for pesticidas) to davelop at least scme portion of
the consumption advisories for contaminatad sport fish.

As part of the tolerance setting procass, EPA and FDA
make assumptions about the national avarags fish consumpticon
rate, the average weight and lifespan of a human, as well as the
total dietary exposure of a contaminant from all sources in the
national food supply. Unfortunately, tolarance and action lavels
have been cdeveloped for only a few chemicals, and FDA has not
established regulatory limits for some of the most important
human toxicants (e.g. TCDD, 1lead, polynuclear aromatic
hydrocarbons) . _Further, as described above, factors other than
health impacts (e.y. economic impacts, analytical detection
levels) are considered in the tolerance developrent procass.
Theraefore, FDA and EPA have racognized that tolerance and actisn

levels may not be appropriate for use in tha development of
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consumption advisories for locally or regionally contaminatad
sport fishaeries.

EPA and FDA tolerance and action lavels for pesticide and
non-pasticide contaminants in fish are listed in Table 1. Mast
of the action levels for pesticides waere established prior to the
creation of the U.S. EPA in 1970; thus, the basis for thesa
numbers 1s largely unknown vet their use to ragqulate contaminants

in fish and shellfish is extensive.

Quantitative Risk Assessment, Risk Management, and Fish
Consumption Advisories

The U.S. EPA (1989) states that:
Risk assessment may be applied to data on chemical
residues in fish and shellfish for the follewing
purposes: To identify and rank toxic chemical problems
in specific locations, to devalop envirommantal
criteria or guidelines at the national, state,
regional, or local level, and to devalop public
information and advisories.
The purpese of this section is discuss the risk assessment
process as it may be used in the development of public
information and advisories regarding contaminated fish and
shellfish,

Approximately 20% of states issuing fish consumption
advisories rely primarily on a risk assessment-based approach to
advisory development. Several other states utilize risk
assessment processes in at least a portion of thair advisory

development programs. Risk assessment procedures have been

established and are utilized frequently in federal ragulatory
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Table 1. Tolerance and action levels for common contaminants in
fish and shellfish.

ACTION LEVEL
CONTAMINANT (ppm or mgjkg)
AldriryDieidrin ' 0.3
Chiordane 03
DDT, DOE, TDE 5.0
Endrin 0.3
Heptachlor and 03
Heptachior Epoxide ’
Mirex 0.1
Toxaphene - 5.0
Kepone 0.3
Mercury ‘ 1.0
Dioxin (2,3,7,8-TCCD) . 25,0 ppt*

PCEl _ 2.0

* The dloxin level is advisory
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programs that address contaminants in fish and shellfish. The
U.S. EPA utilizes quantitative risk assessment under the Clean
Wwater Act and several other statutes that address fish and
shellfish contamination (however, these programs do not address
advisories for contaminated sport fish). Ths U.S. EPA and FDA
utilize quantitative risk assessment procedures, along with other
considerations, to establish tolerance and action levels for
pesticides and non-pesticide contaminants.

Quantitative risk assessment procedures have been
described thoroughly, and examined frequently by regulatory
agencies and in the technical literature. The risk assessment
process, which is conducted for carcinogenic and non~carcincgenic
toxicants, consists of four stages - hazard evaluation, dose-
response evaluation, exposure evaluation, and risk
characterization (NAS 1983, and see U.S. EPA 1983 for a
description of each step).

Traditionally, the hazard of a compound has been
determined by its toxicity and the potential for and extent of
human exposure. Toxicity is determined by the potancy of a
compound, usually derived from the dose-responsa relaticnship.
Potency for carcinqgens'is raflected in the slope factor {ql*}
and in the No~Observed~Adverse-Effect-Level {NOAEL) for threshold
toxicants (non-carcinecgens). Darivation and use of the ql* and
the NOAEL have been daescribed by the U.S. EPA (1989), Anderson et
al. (1983), and by Barnes and Dourson (1988).

The ql* represents the 95% uppaer confidence limit of the

glope of the potency or dose-response curve and addressas the
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carcinogenic potency of a chemical derived from the multistage
model assuming a non-threshold or linearized response at low
doses. An estimate of cancer risk is derivad by multiplying the
q,* by the level of exposure. The referenca dose (RfD) is
derived by dividing the No-0Obsaerved-Advaerse~Effect-Level (HOAEL)
by an uncertainty factor. The uncertainty factor addresses the
source, nature, and guality of data used to genarate the HOAEL
and the daegree of uncertainty associated with extrapolating
toxicity effects observed in surrogata laboratory animals to
humans. Tha RfD is considered a dosa, within approximately one
order of magnitude, that should not pose an appreciablse risk of
adverse affects in exposed humans.

Much of the discussion and criticism of traditional risk
assessment methodologies, particularly for carecinogens {see for
example Ames and Gold 1987, Ames and Gold 1990, and Finkel 1920)
transcend the use of the procass to develop toleranca and action
levels. At the center of the controversy for pradicting human
risk and effects associated with exposure to toxic chemicals is
the lack of human epidemiologic evidence for those effacts. In
lieu of epidemiologic evidence, a human dose-rasponse
relationship iq‘usually derived from studias conductaed at high
doses on surrogate laboratory animals, primarily rodents. The
dose-response relationship determined from rodent studies is then
used to develop estimates of potency for carcinogens [ql*} and
for non-carcinogens (RfD) at low human doges or axposures.

Relatively small differences axist betwsan FDA and EPA

procedures to conduct risk assassments in the development of
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tolerance and action levels. Further, only minor differences
exist between EPA and FDA in thae performance of risk assessments
under different statutes and programmatic requirements. These
differences include methods of scaling dose or exposure data
between rodents and humans, development of an acceptable risk
level, choice of model to extrapolate cancer risk or potency at
low doses, and differences in exposure assumptions.

The FDA has chosen to scale betweaen dosas in humans and
surrogate laboratory animals on the basis of body weight while
the U.S. EPA has chosen to scale doses on the basis of surface
area for carcinogenic substances. This cheoice may rasult in a
risk estimate that differs by as much as six fold (6X), which is
less than the degree of uncertainty of one order of magnituda
usually associated with a cancer risk estimate. Model choica for
low dose extrapolation for carcinogens varies between and within
agencles. Both EPA and FDA assume that the dosa-response curva
for carcinogens is linear at low doses. Further, both agencies
accept the linearized multistage model as the model of choice to
estimate potency at low doses. Howevar, both agencies will adept
other models where evidence supports sﬁch adoption. For exampla,
the U.S. EPA uses the one-hit model to estimate the cancer
potency of benzane‘at léw doses.

Both agencies also recognize similar acceptable risk
levels for carcinogens which range from 1 X 1074 to 1 X 10765,

The choice of a cancer risk level is a purely non-scientific

issue. The basis for the choice may be public opinien, economic
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impact, or political expediency but a scientific basis cannot ba
inveked to support such a choice. Cancer risk lavels generally
deemed acceptable range between 1 X 1075 tg 1 ¥ 10~6 {Bailar
1990). The U.S. EPA takes regulatory action (e.g. for Superfund
cleanups) when cancer risks are greater than 1 X 10-% and usually
does not take ragulatory action when risks ara lass than 1 X 1076
(Travis, et al 1987). 1In many cases, the U.S. EPA will not
choose an acceptable risk level but, rather, will leave the
choice up to a state agency or other non-fedaral antity. For
axample, EPA allows states to choose an acceptable cancer risk
level in the derivation of numeric Water'Quality Criteria for
carcinogenic substances in surface waters.

The U.S. EPA and the U.S. FDA use fundamentally similar
mathods to calculate allowable daily intakes for non~carcinogens.
Howavar, the U.S. EPA has substituted the term refarence dose
(RED) for allowable daily intake (ADI} even though the two are
almost identical in their derivation. The U.s5. EPA alsp uses the
term uncertainty factor rather thancsafety factor to derive tha
RfD; yet, there is littla difference in how safety or uncertainty
factors are chosen and utiliz#d by FDA and EFPA.

The U.S. EPA provides information to states on cancar
potency and reference doses or allowable daily intakes through
the Integrated Risk Information System (IRIS). EPA providas
documentation and support for the choice of appropriate studias
for hazard evaluation, the choice of appropriate axtrapolation

modal, choica of uncertainty factors, and other important
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components of the risk assessment process. EPA provides exposurs
information for several risk levels for carcinogens in IRIS
rather than developing information based on a single acceptable
cancer risk level.

Perhaps one of the most important, yet often the weakest
components of the risk assessment process is the exposure
evaluation. Risk assessments for both carcinogens and non-

- carcinogens require information about the route and levals of
exposure to toxic substances. For the purpose of this raport,
the exposure route of concern is through consumption of
contaninated fish.

The exposure evaluation should provide information on the
concentration of a contaminant in the species of concern, tha
potential transfer of contaminants from the environment to
important agquatic species to humans, the fisharies harvest
activities, diet and other characteristics of axposed humans,
fish consumption rates, contaminant absorption efficiency, and
dose of contaminant delivered to the target srgan. Conslderation
should alsoc be given to concurrent axposure to combinations of
more than one toxicant. Issues associated with. contaminant
concentrations in species of concern and the potantial transfar
of contaminants to fish and ultimately to humans will ba
discussed in another séction of this raeport,

For risk assessment purposes, both EPA and FDA assume
that the average, national fish consumption rate of a 70 Kg malas

is 6.5 g/day for a 70 year lifetinmae. Abgsorption afficiency and
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delivered dose are generally considered to be 100% of the
exposure dose since information that addrassges these phenomena is
not usually available. Exposure to children, adults weighing
less than 70 kilograms, and exposure associated with consumptian
rataes greatier than 6.5 g/day (approximately ona, half pound meal

of fish every five weaeks) are not usually considered in formal

risk assessment processas, particularly where thosa processes are
intended to be appliad nationally such as in tha development and
implementation of Water Quality Criteria or tolerance and action
lavels for toxic substances.

The U.S. EPA chose tha 6.5 g/day fish consumption rate
based on a survay of the average fish consumption in the U.s.
population in the 19708 (Rupp et al. 1580}, During the 1980s the
popularity of fish as an important, healthy source of protein has
increased substantially. However, a naw fish consumption rate
for the U.S. population has not been adopted by the U.S. EPA to
réflect the increasaed popularity of fish and shellfish. The Pa
does recognize that some individuals;may consumae significantly
greater quantities of fish than the general U.S. population {EPA
198%). For example, residents of the Great Lakas basin may
consume several meals of fish weekly due to the availability of a
vibrant sport tishﬁry in the Great Lakes basin. Few data are
available tc accurately estimate the gquantities of fish consumed
by Great Lakes raesidaents. However, some states in the Great
Lakes basin have adopted consumption rates as high as 30 g/day

(slightly less than one, half pound meal per waeek) to calculate
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Water Quality Criteria to reflect the potantial for increased
consunption of Great Lakes sport fish (Foran 1950).

It is conceivable that some subpopulations (local
populations near sources of major recreaticnal tisheries, Mative
American populations, etc.) consume fish on as much as a daily
bagsis. The U.S. EPA (1989) recommends consideration of fish
consumption rates as high as 180 g/day (approximately six half
pound meals per week) as the "reasonable worst case™ consumption
rate for local populations that may substitute fish for other
protein sources.

The use of a 70 kilogram human weight in the risk
assessment process is designed to represent an average adult
waight. Thus, advisories or other risk asssssment activities
basad on thesae levels are developed te be protective of adults,
Children also ingest fish from surface water systems although the
U.S. EPA does not suggest incorporation of weights for children
in the calculation of risk.

Risk assesament for exposure to combinations of toxicants
is particularly difficult as information on gynergistic or
antagonistic effaects is not usually available for most
contaminant combinations. Therefore, EPA (1989) recommands that
risk-additivity be assumed; that is, the total risk for a
chemical mixture is estimated as the sum of upper-limit risks for
carcinogens or the sum of hazard indices for non~carcincgens
(where the same target organ is affected by all non-carcinogenic

toxicants in the combination).
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The full structure of a quantitative risk assegsment

model is presented in U.S. EPA (1988, Figure &, page 54).

NJDEPQO0Q237967



demey @ SMTANEs 2 AMMEN 2 JPVER A aamlh

SECTION 1]
STATE ACTIVITIES

NJDEPQ0237968



l---“—‘““‘ﬂ

paga 16

STATE ACTIVITIES
1ntroduction

Censuses of all states in the U.S. (RTI 1950} and of
thirty coastal and Great Lakes states (NOAA 1990) were conducted
to examine programs that address consumption advisories for fish
and shellfish. Sample collection, analysis, and data
interpretation techniques used by states were examined as part of
these surveys. The results are useful in assassing tha number of
fish consumption advisories, the species for which they are
issued, and in assessing how advisories are developed and used in
the United States.

Most states in the U.S., as well as the Provincalaf
ontario, Canada, develop and issue consumption adviscories for
contaminated fish or shellfish. A variety of methods are used to
develop consumpticn advisories, including application of U.S. FDA
and EPA action lavels, use of quantitative risk assessment
procedures, and combinations of each ﬁethod. Sixty eight percent
of states in the U.S. frequently usa FDA action levels to deriva
levals of concern for contaminants while twenty percent derive a
level of concern from risk assessment proceduras using U.S. EFA’'s
cancer potency facfor'Bf reference dose (RTI 1990, NOAA 1990} .
Many states also use combinations of FDA action levels and risk
agsessment procadiures to deriva consumption adviscriss.

The RTI and NOAA studies éiso indicatad that consumption
advisories are issued for betwean sixty and savaenty species of

f£ish and shellfish throughout the U.S. Approximately 21% of
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advisories in the NOAA study were issued for species of the
Percidae, 16% for salmonids, 13% for centrachids, 12% for pike,
and 11% for carp. The RTI study suggested that consumption
advisories are most often issued for carp, catfish, sunfish, ang
salmon and trout (finfish), and for blue crab, American oyster,
soft-shell clam, and blue nussal.

Twenty-four contaminants have been.detected in fish and
shellfish nationally at levels that have prompted states to issue
consumption advisories. The most common contaminants for which
consumption advisories are issued are PCBs, mercury, chlordane,
and dioxins/furans. Ten states issue consumpticn advisories in
10 or more water bodies, and five of these states are located in
the Great Lakes basin. Only two states in the U.8. did not issue
any consumption advisories (Idaho angd S. Dakota}.,

A variety of state dgenciaes ara inveolvad in the process
of consumption advisory development and issuance. State health
departments ara the sole agency respansible for intarpreting
fish/shellfish tissue data for human health impacts in 24 of 59
states (48%) while, in 92% of all states, health agencies are at
least involved in interpretation. State.haalth dapartmants are
solaely responsible for isguance of consumption adviscrias in 22
of 50 gtates (44%), and play a lead or freguant role in another
18 states (33%). Environmental and fisheries agencias play a
major role in 16 (32%) and 13 (26%) states respectively. State
anvironmental agencias play a major rcle in collaction of fish

and shellfish data in sixty percent of states, while health
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departuments and fisheries agencies played a role in collection
activities in 50% and in 42% of the states respectively.

Most states rely either on FDA action or tolerance
levels, or on & risk assessment process to interprat monitering
data and to develop consumption advisories. Thirty-four of 50
states (68%) frequently use the FDA action level to derive levels
of concern for contaminants. Ten states (20%) derive a level of
concern from risk assessment pr :dures using U.S. EPA’S cancer
potency factor or reference dose. Many states use combinations
of FDA. action levels and risk assessment procadures to derive
consumption advisories. And nine states suggested that a
protecol for developing fish consumption adviscries based on risk
assessmant was under development.

As part of these studies, states were asked what problems
they were having with consumption advisory davelopment and what
guidance they desired in the process. Many states suggested that
guidance was needed in setting appropriate restrictions on tha
number of meals of contaminated sport fish, in idantifying human
populations at risk from exposurea to toxicants in contaminated
sport fish, in determining the number of samples raquired to
trigger advisorios,_andlin development of methods to determine
whan to iot or lift an advisory. Finally, statas suggeataed thay
heeded assistance and guidance in advisory communication.

Substantial methodologic differences in sample
collection, analysis, and data interpretation also exist betwsean

jurisdictions. Twenty-nine of fifty states {58%} conduct residue
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analysis and issue consumption adviscries for size classes of
fish and shellfish rather than just for an entirs species. Host
often, states focus tissue analysis and advisory development on
size classas that are most likely to he consumed, that are most
abundant, or that are most contaminated. Approximately half of
the states analyze the edible portion of a fish with the skin on,
while sixteen states analyze the whole fish. Sixty-eight percent
of the states frequently analyze fish tissue for metals, PCBEs,
and pesticides, while thirteen states {(2¢%) analyze for the
priority pollutants and elaven states (22%) anpalyze tissues for

volatile organic compounds (VOCs).

In thig section, the methods of several jurisdictions
that have vést exparience in the development of consumption
advisories for contaminated sport fish ars reviewed and analyzed.
Twanty-two states analyze more than 100 fish/shellfish tissue
samples annually while nineteen states analyze batween 25 and 100
samples (RTI 1990). Further, five states (California, Wisconsin,
Michigan, Illinecis, and Missouri) survey more than fifty water
bodies annually for fish and shellfish contamination while eight
gtates (Minnesota, Wisconsin, New York, Florida, Michigan,
California, Missouri, and Pennsylvania) issue consumption
advisories for more than ten water bodies.

Thesae and other jurisdictions ware chosen for detailed
analysis of their monitoring, data interpretation, and advisory

davelopnent procedures. These jurigdictions utilize a variety of
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methods to collect, analyze, interpret, and manage fish tissue
contaminant data. ZIncluded in this analysis are procedures
utilized by the following jurisdictions: Ontario, california,
Delaware, Illinois, Maryland, Michigan, Missouri, Minnesota, New

York, Pennsylvania, and Wisconsin.

Mechanisms Used by States to Trigger Consumption Advisorias
California

California does not have a comprehensive, statewide
program to moniteor contaminants in fish and shellfish and to
davelop con:.mption advisories based on the results of monitoring
programs. However, an extensive fish and shallfish nonitoring
program has been conducted along the southern California coast
for several contaminants including DDT and PCBs.

The Califcrnia Environmental Protection adgency, Qffice of
Environmental Health Hazard Assessment surveyaed fish and
shellfish from "representative locations" in southern california
(California EPA 1991), Fish were collected from 24 sitas
representing areas frequently fished by pier, private boat and
party boat anglers. A pilot study was conductad to dstermine
which chemicals occurred in fish tissues at concentrations that
may pose risks to human health. A comprehensive study, basad on
the results of the piiot, was then conducted where fiftaan
species of figh ware collected, although not all species ware
collected from each sita. Normally, from five to ten specias

were sampled, and twenty fish from a single spaciaes collactad
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from each site, Approximately four thousand fish were sarxpled
during the Comprehensive study and one thousand chenmical analyseg
were conducted. DDT, PCB, Rercury, chlordane, and tributylitin
(TBT) were monitored in tissues of £ish collected from each site,

The california EPA determined the concentrationsg of the
chemical contaminants in edible tissues, and evaluated the health
significance of contaminant levels.in ordar to develop guidelines
for safe consumption of fish taken from the ccastal regions in
southern California, Composite samples for chemicatl analysis
were prepared by combining edible tissue from four individual
fish. Five composites were then analyzed from twenty fish
collected from each species. Correlation analyses were conducted
between each contaminant concentration and fish size at a few
sites.

Concentrations of DDT in Composites ranged from non-
detect (ND) to 8.05 mg/kg (ppm) wet weight. Cchlordane
concentrations ranged from ND to 65 ug/kg {ppb}, PCB
concentrations (Aroclors 1254 and 1260) ranged from WD to
3.5 mg/kg (ppm), mercury cenceantratisns rangad from less than
S0 ug/kg to 724 ug/kg (ppb), and TBT concantrations ranged from
52 ug/kg to 105.ug/kg (pph) .

The California EPA astimataed thecratical sxcass cancer
riskg from congumption of fish with DDT, PCB, and chlordane for
all samples with mean concantrations above chamical-gapecific,
nethod detection limits (38 ppb for DDT, 50 pph for PCB, 3 ppb

for chlordane). Cancer risks were calculated assuming a lifetime
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exposure, consumption of one meal per week of indivigual specles
from each site (this is a consumption rate of 23 grams/day or
one, 5.75 ounce meal per week). The excess cancer risks
calculated for fish contaminated with DDT, PCB, or chlordans
ranged from 4.4 X 1076 to 3.0 X 1073,

Adverse haalth effects were not expected associatad with
consumption of fish contaminated with mercury (neurctoxicity and
developmental toxicity) and TBT (immunclogical effacts) at levels
observed at all monitoring sites. Comparison of tissue
concentrations with the allowable daily intaka (ADI) or the
reference dose (RfD) for mercury (0.4 ug/kg-day) and TBT
(0.03 ug/kg-day) resulted in a conclusion of no likaly advarse
effect associated with consumption of fish from southern
California waters.

Tha California EPA developed contaminant levels to
trigger consumption advisories for fish contaminated with DDT,
PCB, or chlordane. Consumption advice was isgsued in categories
ﬁhat included “do=-not-eat", "restrict consumétion to no more than
one maal par waek," "restrict consumption to no more than cne
meal every two weeks," and "restrict consumpticn to no more than
one meal per month." Adyica categories were based on consumption
rate/tissue concentration relationships that would not result in
excass cancer rigks greater than 1075,

Tissue concantrations of PCB that would result in a
congsumption advisory were below the method detection limit (MDL)

for PCB. Therafore, a multiple (2X) of the MDL wayw usad as ths
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trigger lavel for PC3 consumption advice since this level was
between the analytical level of detection (50 ppb) and the level
of quantitation (120 ppb}. This trigger level was associated
with an excess cancer risk of 1 X 107%. Excess cancer risk
estimates for DDT and chlordane, and the PCB method detection
1imit resulted in the following trigger lavels for thasga
contaminants - 100 ppb for PCBs, 100 ppb for poT, and 23 ppbk for
chlerdane. California did not invoke a statistical basis for its
consumption advice triggers.

Consumption advice based on these trigger levels was
provided for individual species and for each specific geagraphic
sitae. lConsideration was given in the report of h;w to trigger
advice based on risk estimates for individuals who consume
combinations of fish species. california chose to sat
contaminant levels of concern, or trigger lavels, via chenmical-
specific, health or risk assesgment-hase& criteria. Guidance was
then provided to reducs exposure to acceptabls levels for
individual species with tissue concentraticns that axceaded
individual trigger levels. |

The overall consumption recommendations issued by
California ﬁPA:;;re designed to reduce axposures toc levels that
result in overall risks of less than 107%. Consumption
racommendations are intendqd for individuala who fragquently
consume fish taken from sit#s within the study area. California
recommends that, in addition to following sitae and gpecies

specitic rigk information, individuals should include severai
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different fish species and consume fish caught at several
different sites. The foll wing, more general advice ig also
issued by California:

Eat a variety of different fish species. In this way,

exposure to chemical contaminants is reduced in

cemparison to consumption of only a highly contaminated

species.

Consume fish caught from several differant fishing

locations. 1In this way, overall exposure to chemical

contaminants is reduced in comparison to exposure to

highly contaminated fish species from highly

contaminated sites. In addition, avoid exclusively

fishing in the more highly contaminated areas.

Trim fat from fish fillets and cook fish by kaking or

broiling on a rack to reduce DDT and PCE in edible

portions. This method of preparation will not reduce

concentrations of all chemical contaminants fa.qg.

metals).

Delaware
Delaware does not have a comprehensive fish monitoring

program nor does Delaware generate consumption advice on a
widespread, comprehensive basis. Delaware has mada sita spacific
managamant decisions based on fish tissue contamination. For
example, the state discontinued stocking a stream (Rad Clay
Craek) with trout because of chemical contamination and resultant
fish consumption advisories. Such a decision is ralatively
unique. The state has also used a combinaticn of risk agseagsment
and reliance on FDA action levels to generate consumption advica.
For example, an approach that relied on the allowable daily
intake (ADI} was used to generate consumption advice for fish

contaminated with chlorinated benzens in Red Lion Creak.
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Alternatively, FDa action levels were used to trigger advice for
fish in Red Clay Creek and the St. Jones River.

Some consideration has been given to implementation of a
risk-based approach to advisory develcopment although the approach
has not been adopted. Concern has been expressed, however, about
the potential adverse economic impacts associated with
development of advisories based on risk assessment. Other on-
going activities in Delaware include a state-wide consumption
patterns survey, cellecticon and analysias of contaminants in
.striped bass, and pursuit of mechanisms to raconcile the
objectives of fisheries managers and concerns based on potential
health hazards of consuming contaminated sport fish (Rick Greene,
Dept. of Natural Resources and Envirommental Control = persanal

communication).

Maryland

Maryland conducted an extensive fish tissue monitoring
program as part of a state-wide monitoring program for water
quality from 1977 to 1985. Since 1585, mora site specific
analyses hava been conducted for fish tissue contamination. The
purpose of this monitoring program was to determine the "health
of state waters," not necassarily te datermine the levels of
contaminants in fish that pose health risks to humans.

As part of this program fish collections have bean
performed during the fall months by electroshock and other

collection methods. Monitoring has ocourred at thirty thrae
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locations throughout the state and the number of stations sampled
each year ranged {rom ten to thirty three. Thirty one aifferent
species from nine families were analyzed for contaminants between
1877 to 1985. Corntaminants analyzed during thae study included
arsenic, mercury, cadmium, lead, chromium, copper, zinc PCBs,
lindane, DDT (and metabolites), dieldrin, endrin, aldrin,
dacthal, mirex, toxaphene, methoxychlor, endosulfan,
hexachlorobenzene, heptachlor epoxide, heptachlecr, and chlordane.
Substantial analysis of contaminant trend data has been conductad
throughout stata.

Genarally, two species have been targeted for collaction
from each monitoring station - a high trophic lavel predator and
a bottom feeder. Fish of individual species weras grouped into
composite samples (from 5 similarly sized individualis), and wholae
tish samples collected for tissua analysis. Fish length, weight,
total number of each species, and the number of individuals were
noted at each sanmpling site. .
| Despite ext:ensive sampling of fish tissue in this
program, Maryland providas relatively little informatiocn on the
nature and extent of consumption advice issued for contaminatad
spert fish. Where consumption advice hasg been issued, it appsars
to have been based on comparison of tissue concentrations of
contaminants with FDA action levels for those contaminants.

A 1986 report "Intensive survey for chlordane
contamination in finfish in Lake Roland, Back River, and Patapsco

River" prasented results of efforts to monitor chlordane in

NJDEPQ0237979



Page 27

several species of fish. 1In several specles collected from these
sites, including black crappie, carp, channael catfish, and
American eel, mean and median chlordane levels wera above the FDA
action lavel of 0.3 ppm. A recommendation was made to Maryland
Dept. of Health and Mental Hygiene to issue a consumption
advisory for thesa rivers.

A fish tissue network was developed in 1991 for three
large geographic areas in the state. Thres samples (one game
species and two of "accumulator" or bottom dwelling species) were
to be sampled at each site in the network. Samples were to be
composed of five fish of target specles and sizes collected from
each site. Composites of five whole fish and fish fillets were
intended to bae analyzed. The results of this monitoring effort,
and the methods proposed to develop consumption advice based on

it, were not available at the writing or this report.

Missouri

Missouri has conducted extengive fish tlssue monitoring
and generates consumption advice for contaminatad sport fish.
Tissue monitoring programs were initiated in 19584 and an average
of ninety five aipas are sampled annually. Thirty four areas are
presently under advisories for chlordane contaminaticn (chlordane
drives most of the consumption advisories in Migsouri}.

Advisoriaes that are generated from monitoring activitles
are based on composite samplaes of fillets of at least three

similarly sized fish of a species and are representative of what
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individuals would catch from a site. The Missouri Dept. of
Health conducts risk assessments for contaminated sport fish ang
igssues consumption advisories. Generally, advisories ara
triggerad for a species based on the concentration of
contaminants and the percentage of samples from a collection site
that are at or above an appropriate trigger leval. Triggers are
calculated using the most current risk assessment methodology of
U.S. EPA (as discussed in Sectien I), consumpticn data from the
area of concern where it is available, and a 1 X 10™% risk level
for cancer, or appropriate margin of safety for non~carcinogens.
Missouri uses a level of concern (trigger lavel) for chlordane of
100 ppb (John Crellin, personal communication). FDA action
lavels may also be used when they are similar to numbars obtained
using EPA rigk agssessment methods.

Missouri uses three levels of adviscries:

Level 1 - safa foir unlimited consumption;

Level 2 « limit consumption to specified monthly or weekly amount
(as of 1891 chlordane health advisory - 1 meal/month):

Lavel 3 - do not eat.

Level 1 advice is issued when concentrations of fewar
than 10% of componite gsamples for all species sampled at site are
above chemical-spoacific trigger levels. lLaevel 2 advice rasults
when a composite sample for a specias is at or above the trigger
level or when 10 L0 49% of samples from all spacles from the sita
ara at or above the trigger level. Level 3 advice results when a
compesite sample for a species is at or above the trigger leval
or when 50% or more of the samplas from all appropriate specias

from the site are at or above the tr -jyer leval.
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If a site has Level 3 advice for two or more years, and
if the affected spacies is commercially harvested, Missourl
recomnends that detention and embargo of fish from the affected
area "should be strongly considered." Missouri alse recommends
that a random survey of fish from area fish markats and
commercial fishermen should be conducted befcore regulatory action
is taken.,

A site-specific Level 3 advisory can be lifted after tweo
subsequent years of a Level 1 advisory that isg issued at that
site or after one year of a Lavel 2 advisory followed by one year
of a Level 1 advisory. A Level 2 advisory can be lifted after
ona year’s data show that requirements hava basaen met for a Level

1 advisory.

The Great Lakes States and Provinces

Great Lakes jurisdictions have workad cooperativaly to
develop and issue fish consumption advisories. The mandate for
cooparation derives from the Great Laius Toxie Substances Control
Agreement of 1986 in which the Great Lakes Govarnors committed to
achieve uniform fish consumption advisories throughout the basin.
Such uniform.advisories have not been achieved {as of the writing
of this report) although some progress has been made toward that
goal. For axample, the health agencies of all jurisdictions are
designated as the lead agancies for advisory development. 1All
jurisdictions except Minnesota apply FDA action lavels to trigger

congumption advisories for contaminated sport fish. All
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jurisdictions issue special, more restrictive, consumption advice
to women of child tearing age, pregnant women, and children. All
but one jurisdiction uses skin-on fillets as the standard sample.
All states issue cooking and cleaning advice as part of their
consumption advisories. And all state laboratories have QA/QC
programs for contaminant analysis although interstate QA/QC has
not been coordinated.

Some substantial differences also exist between
consumption advisory programs in the Great Lakes basin (Feran and
VandarPloeg 1989%). Thera are substantial differences in specific
triggers used to placae fish in various consumption advisory
catagories. Diffarences also exist in the number of advisory
catagories used by individual jurisdictions, in how and when to
use risk assessment procedures to trigger advice, in how to
address combinations of contaminants, in the salection of
contaminants to ba monitored, and in how and when to follow the
U.S. EPA gquidance manual on risk assessment for contaminated
sport fish. Examined below are the advisory davelopmant programs

used by each of the jurisdictions in the Great Lakes basin.

Ontario
The Province of Ontario has a massive, provincial-wide
monitoring and advigory development program for contaminated
sport fish (Ontario MOE 1990). The Province issuess consumption
advice for over 1,600 locations. Fish tisgua collactions are

made by the staff of the Ministry of Natural Rascurces, and
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samples are sent to Ministry of Environment laboratories for
analysis. Ontario conducts analyses of mercury, PCBs, mirex,
DDT, toxaphene, lindane, heptachlor, aldrin, chlordane, TCDD,
chlorinated phenols, chlorinated benzenes, and PAHS in fish
tissue, Monitoring locations are salected by determinaticn of
popular angling areas, areas with known or suspected sources of
pollution, areas that provide major scurces of food for local
inhabitants (near Indian reserves), areas that are heing opened
for recreational development, and as part of monitoring programs
for long-term studies of contaminants in fish,

Species are selected for monitoring based on their
ability to accumulate specific contaminants as a function, for
example, of size, lipid content, or feeding behavior. Ontario
collects a minimum of ten to twenty fish of each spacies (50 -
100 preferred) at a sita, with lengths and waights representative
of the size range of that species at that sita. Tissue analysis
is conducted for contaminants in laan, dorsal, skinless, boneless
muscle tissue. The Province analyzes individual fish samples
rather than sample compositas.

Ontario has also developed a retasting protocol: Areas
where contaginan; levels for pollutants are slevated or change
substantially are rataested every one toc three yaars; areas which
show no signs of substantial changes in contaminant levels but
are popular sport fishing sites are retested at laeast avary five
years; all other areas, including relatively remote locations

with no major sources of pollution nearby and no indication of
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changing contaminant levels in fish are retested at least every
ten years.

Ontario utilizes federal {(Canadian) action levels which
ara quite similar to FDA action levels to trigger consumption
advice for contaminated sport fish. Advice to restrict
consumption to not more than once or twice per month for long
term consumers, or to not more than once or twice per week for
persons eating fish only one to three weeks per year is issued
for organic contaminants. Do-not-eat advice is not issued for
organic contaminants. Restrict consumption advice as well ag do-
not-eat advice is jssued for fish with elevatad mercury
concantrations. Ontario advises that women and childran should
not eat any fish with contaminants exceeding federal action
lavals, |

ontario uses tha following trigger levels for
contaminants in sport fish: PCB - 2.0 ppm (based on TDI =
1 ug/kg/ad), TCDD - 20ppt (TDI = 10 pg/kg/day), Mirex - 0.1 ppm
(TDI = 0.28 ug/kg/day), DDT ~ 5.0 ppu  (TDI = 2¢ ug/kg/day).
These levels are developed from a risk asséssment procedurse,
including risk assesament for carcincgens. Howevar, Ontarioc does
not use linearized, low dose extrapolation proceduras for
carcinogens. Rather, the Province uses a NOAEL/ADI approach for
all affects. For example, the action level for PCB is calculated
from a LOAEL derived from a rat carcinogenicity study. The LOAEL
from the study is 100 ppm or 5 mg/kg/day. A safaty factor of
5000 is then applied to derive a Tolerable Daily Intake {TDI} of
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1 ug/kg/day for humars. Exposure assumptions uged in development
of the calculation of the trigger level include intake of
30 g/day of fish for a 60 kilogram adult with 50% of total PCB
intake occurring from fish, A maximum PCB intake of 210 ug/weak
(based on TDI of 1 ug/kg/day) is provided by consumption of fish
with tissue concentrations of pCBs of 1.86 ppm. This level is
rounded to 2.0 ppm to derive the action lewvel. Advice to
restrict consumption for fish with PCB tissue concentrations
greater than 2.0 ppm is then issued for individual species and
size classes of species.

A similar risk assessment process has been used to derive
the action level for mercury 0.5 ppm {IDI = 0.47 ﬁgfkgfdayj.
However, Ontarioc issuas consumption advice tfor fish contaminated

with mercury as follows.

Tissue concentration:

.5 ppm =~ no restriction on consumption;

.5 ppm - women and children = do not eat;

- 0 ppm =~ consume no more than 1/2 pound per weeki:
5

1.
1.5 ppm - consume no more than 0.3 poknds per week;
ppr - do not aat (all other CoOnsumers) .

Ontqrip”pgas regression analysis to generate slze
specitic advice for contaminated sport fish speciss. Size and
tissue concentration of individual contaminants are plotted and
ragression analysis applied to determine the statistical
relationship between size and contaminant concentration. All

fish sizes for which the contaminant concentration is grsater
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than the action level are then included in the restrict

consumption category,

Michigan, Wisconsin, Illinois, Indiana
All four states use FDA action levels to generate
consumption advica for organic contaminants. These states
utilize different trigger levels for mercury (Wl and MI -
0.5 ppm, Illinois and Indiana - 1.0 ppm). These states alssc use
the following advice categories and triggering mechanisms for
organic contaminants:
Category 1. Fish for which 0 to 10% of the samples exceed any
FDA action level. (Unrestricted Consumption - MI, IL, IN: no
specific consumption advice by WI for this catagory)
Category 2. Fish for which 11 - 49% of samplas aexceed the FDA
action level. (Restrict to no more than ona meal par weak, no
consumption for women and children - MI, IL, IN: Consumption
rate advice not used by WI except 'no consumpticn" for women
and children")
Category 3. Fish for which 50% or more exceed any FDA action
level. (No Consumption - all).
The states use the following advice categories and triggering
machanisms for mercury:
Michigan - 0.3 = .1.5. ppm - no more than one meal per weak (no
consumption for women and children):

> 1.% ppm ~ no consumption;

Wiscongin -~ up to 0.5 ppm ~ no restrictions (women and
children - no more than one meal per month}:

9.5 - 0.75 ppmn -~ No more than I6 meals per year

and no more than 13 meals in any one month (woman
and children - do not eat):
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0.75 -~ 1.0 ppm -~ No more than 13 meals per year and
no mere than 7 meals in any month, space remaining
6 meals over rest of year at a rate of one meal per
month (women and children - do not eat}:

> 1.0 ppm - deo not eat.

Illinois, Indiana - >1.0 ppm ~ do not eat

Michigan and Wisconsin have also issued a general advisery for
all inland lakes to eat no more than cne meal per weak of several
top predator species (e.g. pike, bass, large perch, crapple,
walleye).

Wisconsin, Indiana, and Michigan celleact skin-on fillets
analyzed as individual fish while Illinois collects skin-on
fillets and composites the samples within a defined size range.
Generally, these states collect 10 samples of each size class

although they will use five samples if necassary,

Ohio, Pennsylvania

Ohio and Pennsylvania compara the average tlssus
concentraticn of mercury (trigger laval - 1 pem) and organic
contaminants with the FDA actipn leval to trigger consumption
advice. Do-not-asat advice is issued wheras the avarage tissua
concentration is greater than the action level and unrestricted
consumption‘adﬁiéa is issued when tha average tissue
concentration is less than the action laval.

These statas collect skin-on fillats from five fish and
composite the samples within a definad size range (10 samples per

composite).
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New York

New York follews the procedures of most Great Lakes
states to trigger consumption advice but alse considars
concurrent exposure to nultiple contaminants. Thus, Hew York
utilizes FDA action levels and an additivity formula for organic
contaminants (see Foran and VanderPloeg 1989 for further
description of this procedure). The state utilizes tha sums of
ratios of individual contaminant concentrations and their
corresponding action levels. If the sum of the ratio is greater
than 1, New York advises that thosae fish be consumed e nera than
once per month (no consumption for women and children). ‘If the
sum of the ratios is greater than 3, the state racommends no
censumption.

New York alsc issues a general advisory to restrict
consumption to no more than one meal (1/2 pound) per weak for
fish from any of New York fraesh waters.

New York uses the following procedufaa to trigger
consumption advice for mercury. If the fish tissue concentration
is:

> 1.0 ppm - restrict consumption to no moxa than ona meal per
month (no consumption for women and children};

> 2.0 ppr - no consumption.

Minnesota
Minnesota, which has traditionally used a complex risk

assessment-based procedure to generate consumption advica for
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contaminated sport fish, is the only state in the Great Lakes
basin which uses techniques to generate consumption advisories
that are consistent with the techniques used in its envircnmental
requlatory programs. The state does not rely on FDA action
levels to trigger consumption advisories for contaminated sport
fish.

Presently, Minnesota develops consunption advice for fish
contaminated with PcBs, dioxin and mercury. Consumption advice -
is based on the 1imit of detection for PCBs (0.05 ppm) and for
TCDD (0.6 ppt). If any f£ish of a particular species has
detectable amounts of PCBs or TCDD, Minnescta advises cconsumers
to eat no more than one meal per month for that species {do-not-
eat advice is issued for women and children). Minnesota has
temporarily moved away from the use of risk assessment to
generate advisories. This may be dus, in part, to a desire to
incorporate congener-specific toxicitﬁ information for PCEs and
TCDD into consumption advisory development mechanisms.

Historically, Minnesota has relied on risk assessment-
based procedures to calculate consumption adviscries. Minnescta
has relied on the EPA raference dose for mercury to trigger
consumption_advigories for long term consumers of sport fish
contanminated with-marcury. The following advice has been issued
based on tissue levels in a specles or size class of speciles:

<0.16 ppm = no restriction;
0.16 - 0.65 ppm - eat no more than 1 meal/week;
> 0.65 ppm - no consumpticn for wemen and children;

0.66 to 2.81 ppn ~ eat no more than 1 meal /month;
> 2.81 ppm ~ no consumption.
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These advice categories are calculated from the following
equation drawing on EPA‘s RfD for mercury (0.3 ug/kg/day):
0.3 ug/kg/day X 70 kg X 30.42 days/month 2.81
---------------------------------------- W e s e e Equ 1}

[Hg) ug/g fish X 227 g fish/meal {Hg)] ug/g

This equation allows calculation of the number of meals
per month that can be consumed without exceeding the RfD for a
fish with any tissue concentration of mercury. The following
table shows the number of meals per month for fish contaminated

with mercury ranging from 0.16 ug/g (ppm) to 4.5 ppm.

Tissue < 0.16 0.16 - Q.65 0.65 -~ 2.8 2.81 ~ 4.5
Conc, '

(ug/9g)

Meal Rata >18 18 - 4 4 =~ 1 1l - 0.7
#/month

Minnesota has chosen a conservative approach for advisory
development such that the minimum number of meals which can be
consumed safely is the lowest meal frequency which is then chosen in
each category such that advice is to eat 18, 4, 1, and 0 meals per
month for each contaminant rangae.

Minnesota has also generated consumption advice for short term
consumers of fish contaminated with mercury and ¢rganic compounds.

For mercury, Minnesota uses parathesia (decreased sensation, numbness,
tingling) as the effect of intaerest, Parathesia occurs at a blood
concentration of approximately 200 ng/ml. Assuming exposurs is based

on a meal size of 0.5 lb (227 grams) and a 70 kilogram body welight,

NJDEPO0237991



Page 39

and assuming fish provide the only source of mercury, and that short
term consumption occurs over 52 days (less than 5-6 half lives where
one mercury half life = 52 days), the number of meals per week that
can be consumed, based on various mercury tissue concentrations, for

short term consumer, is shown below.

Tissue Concentratiocon {ug/dq)

< 0.16 0.16 - 0.65 0.6 - 2.8 2.81 - 4,
Consumption
Period # Meals/Week
1 week > 50 12 3 2
2 weeks > 26 & 2 1
3 weaks > 18 4 1 1

Consumption after 260 days is considered chronic and the meal
frequency 1is calculated from the U.S. EPA reference dose. as above.

Advice, based on various tissue concentrations, is then issued as

follows:
Tissue Concentration fug/g)
<0.16 0.16 = 0.65 0.65 = 2.8 2.81 - 4.°
Vacation unlimited unlimited 1 meal/wk 1 meal/ye:
Saagon unlimited 2 meals/wk 2 meal/mo 1 meal/ro
Annual unlimited 1 meal/wk 1 meal/mo do not eat

Minnesota issues separate advice for women of child
bearing age, pregnant women, and children. Minnesgta recommends
that consumption of fish contaminated with maercury should be
monitored for 10 months (5-6 half lives) prior to pregnancy to

ensure that pragnancy is not bequn with harmful levaels of
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marcury. Consumption advice for women and children is to eat
one-quarter the amount of rish that non-pregnant adults are

advised is safe as above such that:

Tissue Concentration {ug/q)

<C.16 0.16 - 0.65 0.6% - 2.8 2.8 - 4.5
Consumption ,
Period # Meals/Week
vacation unlimited 1 meal/wk 1 meal/yr do not eat
4 mo vac 2 nmeal/wk 2 meal/mo 0.5 meal/me do not eat
chronic 1 meal/wk 1 meal/mo do not eat do not eat

Minnesota has developed consumption adviscries for PFCBs
based on a reference dese of 5 X 1072 mg/kKg/day. This reference
dose 1s developed for reproductive toxicity and is derived from a
LOAEL calculated from the studies of Fein et al., {1984} of
0.5 ug/kg/day divided by an uncertainty factor (UF) of 10 to
reach the RID of 0.05 ug/kg/day or 5 X 10™5 mg/kg/day. The
reference dose dces not address carcinogenecity. Calculation of
the no adverse effect consumption rate follows the calculaticn
methods for mercury where the number of meals per month is
calculated by: |

5 X 107% mg/kg/day X 70 kg X 30.42 days/month 0.47

——— ——— L e e » ————— (Eg. 2)

[PCB) ug/g X 227 g fish/meal [PCB] ug/g

Thus, meal frequency advice based on the PCB tissue concentration
is shown in the following tablae:
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Tigsue Concentration {ug/g)

< 0.027 0.027 - 0.11 g.12 -~ 0.3 > 0.5
______ .
Meal Rate > 18 i8 - 4.3 4.3 - 1 <1
#/month
Advice unlimited 1 meal/wk 1 meal/ma none
consumption

The upper bound estimate of cancer risk baged on a cancer
potency factor of 7.7/mg/kg/day and intake of 5 X 1075 mg/kg/day
(the reference dose) is 3.8 X 10~4. Minnesota also states in its
consumption advisory that: weyrrently, cancer will affect about
one in every two pecple in Minnescta; primarily due to smoking,
diet, and hereditary risk factors. If you follow this advisory
for PCB-contaminated fish over your lifetime, the PCBs in the
fish you eat may not increase your cancer risk. At worst, EPFA
estimates are that one additional cancer case may develop in 1 of
2,500 to 10,000 pecople eating pCB~contaminated fish for 70
years."

As stated earlier, Minnesota has recently moved away from
the risE:basad approach to develop consumption advisories for PCB
and TCDD since these contaminants can’t be detectad in fish at
concentrations less than 0.05 ppm (50 ug/kyg). Therafore, for
Minnescta’s 1992 advisory, the state has proposad to allow
unlimited consumption of PCB-contaminated ¢ish when the tissue
concentration is less than the detection level. Restrict
consumption advice (one meal per month) will be issusd when the

concentration is greater than the LOD (pragnant women, children,
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nursing mothers, and women whe may become pregnant in naxt
several years are advised to eat none of fish with detectable

concentrations of PCBs).

Proposed Regression Approach
Scientists from the Great Lakes states have recently
agreed in principle to adopt a risk-based approach to advisory
development for contaminated sport fish. This approach has not
been approved by administrators in the Great Lakes states.
Should it be approved and should all states agree to its use,
states in the Great Lakes basin will have achieved uniformity in
advisory development for the first time. They will alsc have
agreed as a group to a risk-based advisory devalopmant procedura.
The proposed approach has several components. First, the

following general statement would be issued:

All fish may absorb and concentrate some toxic
chemicals if present in their environment. It is
common sense to minimize your exposure to thase
chemicals. This advisory identifies fish with the
highest contamination and assuming you follow tha
cleaning and cooking advice, suggests how often thay
can be eaten. This information is intended to assist
you in minimizing your toxic chemical exposure, whilae
conti?uing to eat sport fish and enjoying its health
benefit.

A general cancer risk statement would also be issued:

Some chemical contaminants found in fish cause tumors
in animals and are probable human cancer agents.
Individual cancer risk cannot be predicted with
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certainty. Enforcement agencies often use different
assumptions and mathematical models to estimate human
cancer risk. If you consistently follow this advisory,
the contaminants in the fish you sat may not increase
your cancer risk at alil.

General benefit and cleaning and cooking statements would be

issued such that:

wWhen properly prepared, fish provide a high protein
diet which is low in saturated fats, Many researchers
suggest that a half-pound of fish a week in the dilet is
beneficial in preventing heart diseass. The health
benefits of fatty fish rich in omega-3 fatty acids are
not clear. What is clear, is that fish of almost any
species may have substantial health benefits when they
replace a high saturated fat source of proctein in the
diet. This iIncludes lean as well as fatty fish. You
can get the health benefits of a diet rich in fish
without the high levels of chemicals which contaminate
some fish. Choose fish carefully to minimize your
exposure toc chemical contaminants.

You can significantly reduce the level of FCBs and most
pesticides (but not mercury) by properly cleaning,
trimming and skinning your catch. It is important to
trim all the fat from four key areas: the belly flap,
lateral line, along the backbone, and adjacent to the
skin. Cooking does not destroy PCBs, tha heat from
cooking melts the fat in the fish, thus removing some
of these contaminants., It is not advisable to daep~fry
your Great Lakes trout or salmon. It is best to broill
or bake trimmed, skinned fish on an slevated rack so
any additional fat melted out of the fish drops off.

Do not use the drippings for saucas.

The states would all assume 2 uniform meal size of 1/2 Lb
(227 grams) and a.70Kg body mass for risk assessment purposes.
Advice categories would include:
No consumption restrictions:;
Congume no meore than 1 meal per week:
Consume no more than 1 meal per month:

Vacation consumption - consume no morae than 6 meals par year;
Ro consumption.
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A risk assessment procedurs would be based on impairment
of infant-neurolcgical development and would be used to assass
PCB exposures as it incorporates data from both human
epidemiologic studies and laboratory animal assays. The stata
scientists proposed a RfD of 5 X 10~5 mg/kg/day for PCE
(identical to Minnesota’s RfD for PCBs) although they did not
select a single study from which to derive the reference dosa,
Rather, they chose a value that "was consistent with multiple
studies." Thus, according to the scientists, the RfD is a
composite and “may not be appropriate for use in regulatory
programs.® The scientists also proposed that pCcBs will be used
as a surrogate for total toxic residues and suggest that this
approach is rationalized by the fact that women examined in the
PCB neurological studies were exposed to combinations of
coentaminants while effects were attributed only te PCBs.

The proposied approach to trigger advisories is similar to
the procedure utilized by Minnesota. Howevar, the“apprcach
incorporates a 50% reduction factor associated with cooking and
cleaning; that is, trigger levels are increased by 50% over
Minnesota’s due to the assumption that cooking and cleaning
activities reduce tissue contaminant levels. (Thisz issue iz
discussed in the Section IV of this report.)

' Trigger levels and associated advice catagories for PCHs

are developed for long term consumers as follows:
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Tiggue Conhc. : Consumption Rate

0 ~ 0.05 ppm unrestricted consumption
0.06 - 0.2 ppm up te 1 meal/week

0.21 - 1.0 ppm up to 1 meal per month
>2.0 ppm do not eat

The present proposal contains an advice gap for tissue
concentrations between 1.0 - 2.0 ppm. The approach also
considers a short term, or vacation consumer, when PCB tissue
concentrations are between 1.1 - 2.0 ppm, consumption should be
restricted to fewer than six meals per year. Whan concentrations
ara.greatar than 2.0 ppm, consumption of those fish should be
ﬁvoided.

********************************************i***************i***i
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Introduction

Three major methodologic proposals for davelopment of
fish consumption advisories have been presentad since the mid
1980s (Clark et al. 1987, National Wildlife Federation 1989,
Dourson and Clark 1990). All of these proposals, discussad
below, have bean based on the application of gquantitative risk
assessment procedures. The U.S. EPA has also daveloped a
guidance document for the assessment of health risks for
consuming contaminated fish and shellfish which 1s discussed

baelow.

Point system - Carcinogens
Clark et al., (1987) proposed a risk-based point system to
develop and lgsue consumption advisories for contaminated sport

fish. The approach was pregsented only for carcincgens but may be

equally applicable for non-carcinogenic substances (through use

and application of a reference aosa - RfD). The approach was
developed for four contaminants - PCHa, DDT, disldrin, and
chlordane - which had adequate tissue contaminant data in fish.
The approach relies on-th; calculation of the upper bhound cancer
risk via use of EPA‘s cancer potency (slope} factor [ql*}, an
assumption that an average fish meal size is 114 g (1/4 pound},
exposure cover a 70 year lifetime, and an average body weight of
an individual consuming contaminated fish of 70 kilograms. The

approach also relied on an assumption of risk-additivity for
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concurrent exposure to more than one carcinogen. An estimate was
then derived of the lifetime cancer risk associated with
consumption of one meal per year of variocus Lake Michigan sport
fish speciesi. Lifetime excess cancer risks for consumption of
various sized lake trout, coho salmon, chinecek salmeon, and
ploater chubs ranged from 2.8 X 10°4 to 5 X 1076,

The authors suggested that direct communicatien of cancer
risk estimates was not the most effective means of communicating
health risk information or consumptlon advice. Rather, they
proposed a point system analogous to point systems used for duck
hunting in Michigan and Wisconsin. (Each duck species carries a
point score, with more common ducks carrying lower scores. A
hunter may shoot up to a predetermined number of points worth of
ducks, e.g. 100, during a daily hunting trip.} The authors
assigned arbitrarily a value of 100 points to a cancer risk of
1 X 1074; thus, yearly consumption of one mesal of contaminated
sport fish which resulted in a lifetime cancer risk of 2.8 X 1074
would raesult in a point total of 280. Yearly consumption of one
meal of contaminated sport fish which resulted in a lifetime
excess cancar risk of 5 X 10”5 would result in a point total of
5. If an imdividual wished to maintain an excess cancer risk at
1 %X 1074 or 1 X 10~5, the individual would restrict the yearly
number of maals of contaminated sport fish species so that the
point total did not exceed 100 or 10 raspectively. The yearly
consumption rate that limited the point total to 100 (or 10}

points could be multiplied by 70 to calculate a lifetime meal
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total. The yearly meal associated point total could then be
exceeded as long as the 1ifetime meal total was not exceeded.
However, the study did not address non-cancer effacts that may
result from consumption of a large number of contaminated fish
meals in a short period of time.

The authors suggest that advisory information on the
risks of consuming ﬁontaminated gport fish should be provided to
the public and the public then permitted to make their own
decisions on which and how much fish to consume. Toc facilitate
dissemination of risk information, the authors suggest that
information on risks of other activities be presented alechg with
the risks of consuming contaminated sport fish to put several
voluntary risks, includinq sport fish consunption, intc'
perspective. They suggest, however, that great care must be
taken in develeping information on comparahle risks so that risk
information is not selected to minimize or elevate the public’s
perception of risks associated with consumption of contaminated
fish. For example, if Lake Michigan fish were ceonsumed at the
same rate as a charcoal broiled steak (114 g/wk}, the lifetime
cancer risk of fish consumption would be 3.8 X 10=3, or a risk of
from 100 to 500 times that from consumption of the stsak.

The method utilized in this study is simply a risk-based
approach for consumption advisory development. As such, it is
scientifically more defensible than an approach that utilizes FDA
action or tolerance levels to trigéer (or communicate} advice.

However, use of a point total rather than a risk estimate is
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proposed to simplify communication of risk information. As such,
the consumer must st_1l determine what is an acceptable risk and
understand the nature of acceptable risk as auch information is
conveyed in the context of other voluntary risks. Aan
understanding of the nature of quantitative risk estimates is
required for the consumer to make a choice of which and th'm&ny
fish to consume regardless of whether that information is
conveyed as a risk estimate or as a point total. Calculation of
a point total associated with an acceptable risk level appears
only to add another layer of complexity to an already highly
complex methodology. Restricting point totals based on risk
levels as proposed in this study, rather than restricting risk
levels themselves may not provide the simplicity necessary to

enhance the widespread use of such a process.

RED Approach

This approach has been proposed by Dourson and Clark
(1990) and relies on a standard risk assessment methodology for
non-carcinogenic substances. The approach is ralatively unique,
however, in that it is proposed for use with combinatlons of
toxicants as wq;}‘al single toxicants. The approach is based on
the U.S8. EPA’s oral refarence dose (RfD}, which is 2 dose of a
toxicant, similar to an allowable daily intake {ADI), that should
not pose adverse effects when ingested dally by a 70 kilogran
individual over a lifetime. The RfD does not necessarily define

a safe dose; rather, the uncertainty about the numbar may be as

NJDEPQ0238003



Page 50

much as an order of magnitude.

The intake rate (ky/day) of a fish contaminated with a

single toxicant would be expressed as:

RED (mg/kg/day) X 70 kg
Fish intake (kg/day) = —m=w=a - e m—— e m— e ———— {Ea. 3)

where RID is the reference dose for that toxicant and tissue
concentration is the average fish tissue concentration {for a
specles or size class of species). The fish intake rate can then
be interpreted as a meal frequency (no. meals per week or month)
based on a determination of average meal size. For example, if
the average meal size is 1/2 pound (230 grams), a fiszh intaka
rate of 10 g/day is derived, and the correspending meal frequency
would be ona meal per month.

Dourscon and Clark suggest that a consumption advisory
could then- be based on the meal frequency derived from the fish
intake rate. For example, if the fish intake rate calculated
from the equation is 1 g/day, the corresponding meal freaguancy is
much less than one meal per month (for either 1/4 or 1/2 pound
meal gizes). Thus, consumption advicae for this species may be
"do-not-eat." Consumption advice based on a fish intake rate of
3 = 7 g/day may be "eat no more than once per month."

Intake rates for fish contaminated with combinations of

contaminants would be developsd as follows:

TC/REDp = Ey/REDy + E,/RED, + ....E{/REDy (Eq. 4)
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where TC is total contaminant load in fish flesh, RfDp is the
mixtures reference dose for the same target organ, Ej is the fish
tissue concentration (mg/kg) for contaminant i and RED; is the
reference dose for contaminant i for the same target organ. The

REDy, is calculated as
RED, = TC/T Ej/RED4. {Eq. §)
The fish intake rate can then be calculated from:

RfD, (mg/kg/day) X 70 kg
Fish intake (kg/day) = ===m=--=m-o-ossesamosessomoss {Eq. 6}
TC (mg/kg}

The fish intake value can then be converted to a meal frequency
based again on assumptions of average meal size as described
above.

This approach, applied to singla chemicals, 1s usseful
only for substances for which a RfD has beesn calculated. Use of
the approach to develop consumption advice for multiple
contaminants is on}y appropriate where RIDs Ifor individual
contaminants in the combination have bsen daveloped and whers
individual RfDs are based on the same target organ. Finally,
this approach is not useful for carcinogens as the RID doss not
address the potency of carcinogenic compounds., However, the

equations used to calculate tish intake rate for single {Eg. 3)
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and multiple contaminantsg (Eg. 6) may be used to determina fish
intake rates for carcincgens by substituting the risk specific

dose, calculated from the EPA’sg cancer slope factor, for the RED.

NWF Approach

The National Wildlife Federation (NWF 1989} developed a
model fish consumption advisory for Great Lakas sport f£ish in
1989. NWF utilized standard risk assessment practices to
calculate the cancer and non-cancer health risks associated with
consumption of contaminated sport fish from Lake Michigan. NWP
utilized fish tissue contaminant data collected by the four
states surrounding Lake Michigan to assess potential human
eéxposura to contaminants through consumption of sport fish.
Contaminant data were gathered from skin-on fillets of several
fish species and expressed for individual spaciss and individual
size classes of species. Four contaminants were commonly found
in the edible tissue of Lake Michigan sport fish - DDT, PCE,
dieldrin, and chlordane.

NWF calculated cancer risks for fiéh contaminated with
¢ne or more of the four toxicants through use of the standarg
U.S. EPA approach to cancer risk assessment. The organization
did not rely directly on U.S. EpA’s cancer slops factor (ql*} ta
determine the potency of individual carcinogens. Rather, NWF
researchers reviewed all pertinent cancer bicassays and chose the
most appropriate study for utilization in prediction of human

cancer risk. The linearized multistage model was utilized to
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calculate an excess cancer risk for low dose expeosures in humans
from high dose exposures in laboratory rodent assays. Risk
additivity was assumed when individual species or size classes of
species contained more than one contaminant.

NWF also calculated the non-cancer risks assoclated with
consumption of sport fish contaminated with DOT, PCB, dieldrin,
and chlordane. Reference dose (RfD) and hazard index (HI)
approaches were utilized, following U.S. EPA procedures for
calculation of these indices, to determine the non-cancer risks
associated with exposure to the four contaminants (described in
the previous section).

NWF determined the cancer and non-cancer risks associated
with consumption of contaminated sport fish at various meal
frequencies, Meal frequencies (number of meals over a lifetime}
were determined for three cancer risk levels - 1 X 1074,

1 X 1073, arnd 1 X 1076 - based on the concantrations of the four
contaminants in tissues of individual size classes gf Lake
Michigan sport fish. Consumption information was tﬁnn issued
through communication of the cancer risks assoclated with
congumption of various lifetime meal frequenciss for each spacies
or size class of species. Communication was based on offering
individuals a cﬁaiée of acceptable cancer risks. For sexarpla,
eleven neals of lLake Michigan lake trout greater than thirty
inches could be consumed over a lifetime without exceeding a

1 X 1074 cancer risk; one meal of lake trout greater than thirty

inches could be consumed over a lifetime without exceeding a
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1 X 107° cancer risk, and no meals of lake trout could be
consumed without exceeding a lifetime risk of 1 X 1075, Further,
for the 1 X 1074 risk level (eleven meals over a lifetime),
advice was included to not consume more than cne meal per yesar to
avoid non-cancer risks (in this case associated with liver
damage). This advice was based on a hazard index derived for the
four contaminants that was greater than one. Again, the cancer
and nen-cancer risk estimates were based on risks associated with
concurrent exposure to the four contaminants.

NWF also recommended more restrictive consumption advice
for women of child bearing age, pregnant women, nursing mothers,
and children fifteen years of age or younger. This advice
recommended that these individuals should not eat any of the Lake
Michigan sport fish species examined during the study. The more
restrictive advice for women and children was based on
information derived from a number of human epidemioclogic studies
and studies of laboratory animals that demonstrated reproductive
and developmental impairment with exposure to halogenated organic
compounds, specifically polychlorinated biphenyls.

NWF issued risk-specific consumption advice for ten
species or gsize classes of Lake Michigan sport fish. It was
assumed that most individuals reading the advice panphlet did not
have a thorough grasp of the nature or meaning of cancer risk
estimates. Therefore, information on the derivation of cancer
and non-cancer risk estimates was included with consumption

advice. Also included was information on comparative risks
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agsociated with consumption of other foods (red meat, cod and
haddock, tuna, chicken, and fish and seafood from othar locations
with contaminant problems such as Puget Sound and Quincy Bay}
contaminated with similar toxicants. Data on chemical
contamination of other foods were derived from U.S. FDA market
basket surveys and from state and federal agency reports for
Puget Sound and Quincy Bay. Cancer risk estimates wers developed
for each food type and shown on a risk continuum along with Lake
Michigan sport fish.

Discussion of cleaning and preparation techniques that
could potentially reduce contaminants in sport fish prier to
consumption, as well as discussion of the benefits of consuming
fish were included in the risk communication document. Also
included in the document was information con sources of the
contaminants in Great Lakes sport fish and information on how
these sources might be controlled to reduce contaminaticn of Lake

Michigan and of Lake Michigan sport fish.

U.S. EPA Guidance

The U.S. Environmental Protection Agency has developed a
guidance manual on assessing the health risks fronm contaminated
fish and shellfish (U.S.EPA 1989). The document ls primarily a
reiteration of U.S. EPA guidance for staﬁdnrd risk assessment
practice. The document is intended to describs the staps of a
health risk assessment procedure for consumption of contaminated

fish and shallfish, to define the conceptual basis for standard
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toxicological variables and criteria (e.gq. qi*, RfD) related to
risk assessment, to provide guidance on the presentation of risk
assessment results, and to summarize agsumptions and
uncertainties of the recommended procedure for risk assessment.

Many of the components of a comprehensive risk agsessment
process for carcinogens and non-~carcinogens that are presented in
the EPA guidance manual were discussed in Section I of this
report. Unfortunately, the EPA gquidance document does not offer
proposals for mechanismg to incorporate cancer and non-cancer
risk information into development of consumption advice for
contaminated fish and shellfish. 1In fact, EPA cffers only a few
examples of formats for presenting the results of risk
assessments to risk managers and technical audiences, not to the
consumers of contaminated sport fish. EPA states clearly that
guldance on interpretation of risk estimates to support dacision
making is beyond the scope of the manual. Aas such, the document
is only useful for quantitative risk assessmant and not for
conducting comprehensive risk management activities such as
developing and communicating risk-based consumption advics for
contaminated sport fish.

However, EPA does offer a few recommendations for
communication of risk assessment information {although it is
likely that this information will be more useful to a technically
trained audience). For example, the guidance documant recommends
that plots of estimated risk vs. consumption rate be used as tha

primary means of presenting risk assessment results for
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contaminated fish and shellfish since actual consumption rates
for a population or portions of a population are usually unknown.
EPA also suggests that risk information may be presented by
comparison of risk estimates for the study arsa {or specles} with
risk estimates for consumption of fish from a reference area, or
for risks associated with consumption of alternative Ioods.
Finally, EPA recommends that the assunptions and uncertainties
underlying the risk assessment model along with estimates of the
model variables should be summarized in a concise format {e.g.
table). Agsumptions and uncertainties may include those
associated with the exposure evaluation f{estimates of fish
consumption in a population), with adsorption of an ingested
contaminant (EPA assumes 100%), with the exposure peried for
humans (70 years), with low dose extrapolation for carcinogens,
with risk additivity, with determination of tha weight of
evidence, and others. All of these recommendations have heen
utilized in sevaeral fora that have involved devalopnent of
quantitative risk information and communication of that

information to the lay public.
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OTHER CONSIDERATIONS IN CONSUMPTION
ADVISORY DEVELOPMENT
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OTHER CONSIDEFATIONS IN CONSUMPTION ADVISORY DEVELOPMENT

Introduction
The analyses presented in Sections I - III addrassed only

briefly several important factors in the development of
consumption advisories for contaminated sport fish. Thess
factors include thes potential reduction of +igsue contaminant
levels through preparation and cooking technigques, sampling
protocols for contaminated sport fish, and quality
assurance/quality control procedures for sampling and analysis of
contaminated sport fish tissues. These issuas are addressed

balow.

Preparation and Cecoking of Potentially Contaminated Sport Fish
Saveral states have included with their congunption
advisories advice on preparation (cleaning) and ceoking
techniques to reduce contaminants in sport fish. Relatively
1ittle research has been conducted, however, to deternine whether
various preparation and cooking procedures significantly reduce
tissua contaminant levels. Yet, information on the potential
reduction of tissua contaminant levels by varicus preparation and
cooking activitien-is crucial where assumptions of contaminant
reductions are incorporated into risk-based consumption advice.
For example, the states in the Great Lakes pasin have assumed
that proper preparation and cooking of contaminated sport fish
reduces contaminant levels by fifty percent in the proposed

ragression approach (discussed in Section II}. This approach
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incorporates a 50% reduction factor agscociated with cooking and
cleaning; that is, tiigger levels are increased by 50% due to the
agssumption that cooking and cleaning activities reduce tissue
contaminant levels by this amount. Existing research on the
effects of various cooking and preparation practices is reviewed
in this section.

Saveral-studies have examined reductions in tissue
concentrations of PCBs, DDT, mirex, and a few othar lipophilic
pesticides associated with removal of skin and fatty tissue prior
to cooking and consumption. Reinert et al (1972) reported that
DDT concentrations were seven to 12 times higher in the dorsal,
medial, and ventral (fatty) areas of whole {eviscerated) steaks
of coho salmon than in the loin, and four to eight times more
concentrated in the dorsal, medial, angd ventral areas of whole
steaks of lake trout than in the loin. The DDT concentration in
whole steaks ranged from 14 to 17 ppm. Reinert reported alsc
that filleting of yellow perch removed more than $0% of DDT in

ﬁithaﬁ"spacias. The DDT concentration in whele yellow perch in
“yh;s study was approximately 4 ppm.

Skea et al. (1979) evaluated the sffact of trimming
(removal of skin, belly fat, fat in the dorsal area, and fat
aiggg the lateral line) on reduction of mirex, DDE, and PCBs in

-~ brown trout and smallmouth bass from Lake Ontario. The avaragse
concantrations of these contaminants ranged from 0.03 - 0.17 ppm
mirax, -2.85 -~ 5.18 ppm PCB, and; 0.35 - 0.92 pra DODE. Skea

reportad reductions of mirex, PCBs, and DDE of betwaan 43% and
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64% in trimmed fish compared with untrimmed fish, along with a
fat reduction of over 50%.

Voiland et al. (1991) avaluated the effect of trimming on
reduction of PCBs and mirex in Lake Ontario brown trout. Thase
fish had an average PCB tissue concentration of 1.05 ppm
(untrimmed fillet) and an average mirex concentration of 0.05 ppm
(untrimmed fillet). A 44% reduction in the concentration of
mirex, and a 46{ reduction in the concentraticn of PCES wera
observed in trimmed fillets compared with untrimmed fillets. Fat
content in trimmed brown trout was reduced by over 60% compared
with untrimmed fillets.

These reductions have been replicated in other studies.
White et al. (1985) demonstrated a 57% reduction in PCB
concentration (45% reduction in lipid content} in trimmed fillets
of striped bass taken from the Hudson River in 1981 compared with
untrimmed striped bass. Sanders and Haynes (1%88) reported a 27%
reduction in PCB concentration in trimmed bluefish purchased from
commercial sources on the North Carolina coast comparad with
untrimmed bluefish. (Contaminant reductions lower than those
obgerved in other studies may have been due to trimming
techniques that did nat remove fat along the lateral.)

Armbruster et al (1.589) examined the effects of trimming on PCH
concentrations in blue fish in the Atlantic Ocean near lLong

Tsland. The mean c¢oncentration of RCBs in raw untrimmed fillats
was 1.76 ppm. Trimming the fillets of these fish resultad in an

average reduction in PCB concentrations of nearly 60%.
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Most of the fish species examined in these studies have
relatively high lipid concentrations. Thus, removal of fatty
areas in the fillet appears affective in reducing the
concentrations of lipephilic contaminants., Howaver, one common
contaminant of gport fish, mercury (in its organic, methylatad
form), is not highly lipophilic; thus, its concentration in fish
tissue is not likely to be reduced by trimming away the skin and
fatty portions of a fillet. Results of research have not been
located to document reductions {or lack of raductions)] of mercury
in fish tissue associated with trimming techniques. Howaver, the
Great Lakes states advise that trimming techniques do not reduce
mercury contamination in Great Lakes sport fish as part of their
fish consumption advisories, Regearch is being conducted
presently through the Michigan Department of Public Health to
deternine the effects of trimming on mercury as wall as othar
contaminant concentrations in sport fish.

various cooking techniques haves been promoted, along with
trimming techniques, to reduce the levals of contaminants in
sport fish. Cooking techniques that have bean reconmended
include methods that allow fats to drain away such as baking,
broiling, and grilling on a rack. Advice also is issued to aveid
pan frying which may concentrate contaminants in the frying
fluids. Data to support these recommendations are not as strong
as data that addrass contaminant reductions associated with
trimming techniques.

Reinert et al (1972) reported that amocked bloaters

contained 16% less DDT than brined fish. However, the percent of
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weight loss during cooking was similar (35%) and the
concentration of DDT in smoked figh (9.0 ppm) changed littls from
the concentration in brined fish (9.2 ppm} . Other studies have
reported inconsistent reductions (or no reductions) associated
with various cooking techniques. Puffer and Gossett {1983}
reported walight normalized reductions in DDT and Pca
concentrations in pan fried fish although actual concentrations
in pan fried fish increased compared with uncooked samples. Skea
et al (1979) reported minor reducticns in mirex, PCB, and DDE in
smoked or deep fried fish compared with raw fish, while increases
in the same contaminants were obsarved in baked and broiled fish
compared with raw fish., Armbruster et al (1987) suggested that,
although PCB concentrations in striped bass were reduced
approximately 10% by cooking, there were no slgnificant
differences in reduction between six cooking methods (baking,
boiling, breiling, frying, microwaving, poaching}. Other studias
(Smith et al 1973, Zabik et al 1982) have alsc reported highly
variable effects of cooking techniques on tissua contaminant
levels, dapendent upon contaminant typa-an& spaciss. Genarally,
most studies conclude that soma reduction in contaminant levals
may result from codkinq,hht that the cooking method may have
ralatively little influence comparatively on the amount of

3T
contaminant reduction.

Sampling Protocols

The U.S. EPA is in the procass of developing guidance for

sample collection and preparation for contaminated sport fish.
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The draft guidance document addresses six subjects associated
with collection and analysis of contaminated sport fish:
Monitoring strategy (screening and intensive), selection of
target species, gelection of target contaminants, fleld
procedures (sample design, collection, processing, atc.,
including QA/QC), laboratory procedures {including Qa/QC), and
analysis and reporting. The guidance document is presantly in
draft form and is likely to be modified before it is finalized.
only a brief overview of the document’s important components are
presented below.

The draft guidance document recommends a two-tiered
monitoring strategy. Tier one is designed to identify
waterbodies, through a screening process, where chemical
contaminants iﬁ fish tissues exceed defined trigger values. Tier
two is designed to conduct intensive nmonitoring of potentially
contaminated sport fish, as indicated from tier one screening
analysis, to determine the magnitude of contaminant residues in
£ish and shellfish and to determine the geographic axtant of
contamination. The draft guidance document suggests that results
of tier one screening are not intended to be used to generate
consumption advisories for contaminated sport fish and shallfish.

A target species approach ig recommanded for use 1n both
the screening (tier one) and intensiva {(tisr two) study phases of
£igh and shellfish monitoring prograns. criteria for selaection
of target fish and shellfish species include the potaential for a

spaciss to accumulate high concentraticns of contaminants,
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geographic ubiquity of the species, pollutant tolerance of the
species, ease in identification and abundance of the species, and
recreational, commercial, or subsistence fishing walue of the
species. The draft guidance document offers a list of species
that possess one or more of these characteristics.

A target c¢cntaminant approach jis also recommended for use
in both the tier one and tier two study phases. Characteristics
of target contaminants include their prevalence and persgistence
in the environment, their potential to accumulate in tissues of
fish and shellfish, their potantial to persist in fish ang
shellfish tissues, their potential to pose human health risks
upon exposure through consumption of contaminated fish and
shellfish, and their analytical feasibility. A list of potential
target contaminants ié presented in the draft guildance document.

EPA also proposes use of a value to trigger consumption
advisories for contaminated fish and shellifish. This trigger
value is derived via a standard risk assessment-based approach
that incorporates consideration of chemical potency and exposure.
Trigger values for non-carcinogens are developad through use of
thae reference dose (RfD) and trigger values for carcinogens are
developed through use of the cancer potency (slope) factor.
Trigger values are offared in the proposed guidance documant for
a number of contaminants for both tier one and tier two studies.

The draft guidance document offers guidance on fiald
sampling design for tier one and tier two monitoring studies, on

collection, processing, preservation, and shipping of flald
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samples, and a comprehensive quality assurance program for field
gampling. The document also presents guidance on laboratory
procedures to be followed from the time a sample is raceived,
through analysis, to final archiving. The document prasents
extensive quality assurance/quality control recommendations for
all laboratory activities as well as proceduras for chain=-of-
custody, sample processing, sample distribution, and sanmple
analysis.

Finally, the draft document provides guidance on data
analysis and evaluation to determine the necessity for issuance
of consumption advisories for contaminated fish and shellfish.
Included in this quidance are recommendations for statistical
analysis of data and recommendations for issuing various types of
£ish and shellfish consumption advisories. Recommendations for
interpretation of monitoring data and use in consumptiocn advisory
development are most pertinent to the present analysis.
Unfortunately, only two pages of the draft guidance document are
devoted to data interpretation and adﬁiscry devalopmant.
Recommendations presented in these two pages mirror thosa

discussed in earlier sections of this report.

******ii*i*t*******************i***i*****i*it*i**i************* & %
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ANALYSIS AND RECOMMENDATIONS
Introduction

The management programs for contaminated £ish and
shellfish of twelve jurisdictions were examined in detail for
this study (Table 2). Most of these programs rely on the use of
FDA action or tolerance lavels to generate coensumption advice
although several of the jurisdictions either rely in part on risk
asgessment procedures to manage contaminated fish and shellfish
or incorporata risk assessment procedures into the development of
action levels. Several of these jurisdictions are considering
moving away from reliance on action levels to an entirely risk-
based approach to the management of contaminants in f£ish aﬁd
shellfish. Such an approach is recommended by the U.S5. EPA.

The States in the Great Lakes basin hava made perhaps the
greatest progress toward development and adoption of a risk-based
approach to consumption advisory development. Howaever, only
Minnesota has adopted and relies exclusi?ely on such an approach
to manage contaminants in sport fish. California has also
utilized a risk-based approach to consumption advisory
development although California has not adopted a state-wide
methodology to monitor and manage contaminants in fish and
shellfigh.

Mechanisms to develop a technically scund, sclentifically
supportable approach to manage contaminants in fish and shellfish
have been dgvelopad by saveral entities. Clark et al. (19387),

Dourson and Clark (1990}, and the National Wildlife Fesderatiocn
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Table 2. Methods used to develop fish consumption advisories in nine States and by the U.S. EPA.
{See text for details on each junsdictional program)

Guidelines Availabie
Develops Risk- Risk Level Develops Action for Retesting and Preparation and
JURISDICTION  based FCAs Meal Size Level-based FCAs FCA Removal Cooking Advice
LS. EPA recommended Ni not recommended NOQ NO
i " NO NI YES* YES YES
Ontaric 227 grams
1 X10°
California YES 297 grams NO NO YES
Ni
Delaware YES NI YES NO NO
Ni
Maryland NO NI YES NO NO
-
Missouri YES 1 g;“ YES YES YES
L. Mich.” YES - HG ﬁ: YES NO YES
2 NI ) YES
L. Ene NO NI YES NO
NI ) YES
Minnesota YES N NO NO YES
227 grams

1. Michigan, Wieconein, liinois, kkana

2. Ohio, Pennsyivania

N|-Nolm‘ucaladorrdlmd

~ - Does Nt develop FCAS based on Carcinogenasis
A Crates Sk Caeoedian seshoun bwelky gine riek-Dasod
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9) nave each proposad risk-based mechanisms to develop
(198

wn,umpti"
gechanisms have been utilized by some jurisdictions
tpest

dtnouq

n advise for contiminated sport fish. Portions of

h no jurisdiction has adopted any of these approaches in
\ntirety as part of a comprehensive, risk-based approach to
' o contaminants in fish and shellfish. Yet, these approaches

::“:h. post scientifically defensible and will provide the

rast protection to human health if utilized comprehensively
oo

s ftate programs to manage contaminated fish and shellfish.
Recowendations are made below for the development and
slgtion of a risk-based approach to manage contaminants in fish
ahdelifish in New Jersey.
“ ¢ontaminant Management Activities in New Jersey

t™he State of New Jersey took aggregsgsive action in 1983 to
Mt dmans from exposure te contaminants {specifically PCBs)
BOa b shellfish. This action resulted in the closure of
“hu and American eel fisheries and prohibitien of sale
.“ Wecles in designated New Jersey waters. The action
‘N"‘ In issuance of consumption advisories for striped
pad TN

!
k. ™ northeast region. Advice to restrict consumpticn

], bluefish, white perch, and white catfish

. _-‘

A than Ohe meal per week as well as instructions for
-

e, Reparation was also issued by the state. This

: " t

TOM the analysis of fish and shellfish that

¢ of detectable levels of PCBS [Aroclor 1254)

NJDEPQ0238024



Page 68

in 75% of finfish and 50% of shellfish monitored as part of the
study. Elever percent of finfish exceeded the FDA action level
for PCBs of 2.0 ppn (mg/kg). Nonhe of the shaellfish had tissue
concentrations that exceeded the FDA acticn level.

A document published by the New Jarsey Department of
Environmental Protectlion (NJDEP 1990) gsummarizes fish and
shellfish prohibitions issued by, and in affect for New Jarsey.
The state has prohibited the sale of all striped bass statewlde
and recommended limitations of consumption (not more than conce
per week for general population, no consumption for pragnant
women, children, nursing mothers, or women of child bearing age}
of large bluefish statewide.

Expansion of advisories and salae prohibitions from a
regional to a state-wide wagis occurred in 1588. Halgren et al.
(1988) concluded that PCB concentrations in bluefish larger than
60 centimeters had the highest probability of exceading the FDA
action level of 2 ppm, and there were no regional differences
identified in PCB laevels for large bluefish {> 60 cm) collected
throughout the stata. Regional actions ware alsc taken ranging
from prohibitions on the sale and consﬁmpticn of all specias of
fish, :hollfiﬁh, and crustaceans, to limitaticns on the
consumption of selected species.

These actions appear to have baean triggered by widespread
contamination of fish and blué crabs with PCBs, although thars is
gsome indication that dioxin and chlordana have contaminated blue

crabs from seolected sites. Comparison of tigsus contaminant
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levels with FDA action levels for PCBs and chlordane appears Lo
provide the basis for prohibitions on sale and consumption, and
for issuance of advice to restrict consumption of contaminated

species.,

A risk assegsment was conducted for dioxin contamination
of blue c¢rabs from Newark Bay (Belton, 1987) and recommendations
were made for prohibition on the sale and consumption of this
spacies based on unacceptable risks to consumers of blua crabs.
Lobsters were alsc analyzed but data were classified as
ingsufficient to characterize the health risks associated with
consunmption of lobster. Further analysis indicated that 50% of
blue crab samples taken from Raritan Bay contained TCDD levels
greater than the FDA recommended level for no consunption {50
ppt). Mean TCDD concentrations in lobster were bhetween 25 and 50
ppt.

In 1589, the New Jersey DEP issued a consumption advisory
for bluefish longer than 24 inches and greater than six pocunds.
DEP recommended that thesae fish should be consumed no more than
once per week, and that women of child bearing age, pregnant
women, nursing mothers, and children should not consume any of
thaese fish. The basis for this advice was the racognition that
PCB concentrations in bluefish were greatar than the FDA action
lavael for PCBs of 2 ppm. It appears, then, that New Jersey has
relied, like many states in the U.S., on FDA action, toleranca,
or othar guideline levals as well as risk assassmant procedurss
to issue consumption advice and to take regqulatory actlons for

contaminated fish and shellfish,
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The purpose of this project is the developmant of
recommendations on how New Jersey should utilize contaminant
monitoring data for fish and shellfish to issue consunption
advisories :and to take regqulatory actions. These recommendations
are offered below and are based on tha analyses presented in

previous sections of this report.

Recommendations
A Risk-based Approach to Advisory Development

Sixty eight parcent of gtates surveyed in the late 1%230s
relied predominantly on the use of FDA action levels to trigger
consumption advice for contaminated fish and shellfish. oOnly 20%
of states utilized a risk-based approach to adviscry development,
although many states usad some combination of FDA action levels
and risk assessment. Despite the widespread use of FDA action
levels to trigger consumption advice, both the U.S. EPA and the
U.S. FDA recommend against the use of action levels to develop
advice for local or regional fish and shellfish contamination
problems. 1In place of the tolerahce/action lavel-based approach,
a2 more scisntifically justifiable approach is recommended which
is based on quantitative risk assessment procedures to trigger
consumption‘adviée as well as to makas regulatory decisions
associated with contaminated fish and shellfish.

Although a majority of states rely on FDA action laevals
to trigger consumption advice for contaminated figh and

shallfish, several statas, including those in the Great Lakes
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basin, have recognized that a risk-based approach is more
appropriate and more protective of human health, These states
are in the process of developing risk-based approaches to trigger
congumption advice (and in some cases to take regulatory actions)
for contarinated fish and shellfish.

A risk-based approach to advisory developmant and
regqulatory programs for contaminated fish and shellfish is
recommended for the State of New Jersey. Thisz recommendation is
made for several reagons: First, it is technically and
scientifically better justified than an action lavel approach; it
will more adequately protect human health, and; the approach is
recelving increasing acceptance in many state advisory programs.
The approach is described in detail below.

A risk~based aﬁproach in its simplest form would follow
U.S. EPA qguidelines for quantitative risk assesssment. Stats
agencies with substantial resources available for chemical hazard
assessment may prefer to conduct four-step risk assessments
(hazard evaluation, dose-response evaluation, exposure
evaluation, and risk characterization) for each contaminant in
fish and shellfish. Such assessments would then serve as the
basis for consumption advisories and regulatory actions. An
alternative to this approach is reliance on U.S. EPA sstablished
potency derivations for common contaminants in fish and
shallfish. The U.S. EPA has established potency (slope) factors
for common carcinogens and estimates of allowable daily intakes

(refarence doses) for common systemic toxicants (non-
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carcinogens). The values are available through U.S. EPA’S
computerized Integrated Risk Information Systenm {IRIS), which may
be accessed via the National Library of Medicine’s TOXNET
database.

gome Limitations apply to potency agtimates for chenicals
available through TRIS, the most jmportant of which is the
inability for some of +these values to reflect very racent
advances in toxicologic knowledge. For exampla, a reference dase
for PCBEs available through IRIS does net reflect recent data
derived from epidemiologic studies that address the developmental
affects associated with PCB exposure. However, usa of EPA
derived potency ox raference values available through IRIS,
combined with incorporation of very racent toxicologic
informatien, should provide an adequate basis for justifiable and
protective trigger levels for contaminants in fish and shellfish.

Use of the slope oOr potency factor to issue consumption
advisories for tish and shellfish contaminated with one or more
carcinogens requires gevaeral agsumptions. First, a state must
choogae one r more acceptable cancer risk levels around which
advice will be generated. Levels of additional oT axtra risk
ranging froﬁ 1 x"10‘4 to 1 X 10”6 are most commonly racognized as
wacceptable® for exposed human populations {acceptable risk
levals were discussed sarlier in this raport}. As no single risk
1gvel is considered the most appropriate, it is recommended that
New Jersey choose a cancer risk level within the rangse of 107% to

10" to generata consumption advice for contaminatad fish and
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shellfish., It is recommended further that advice be generated
for only one risk level rather than offering dlfferent advice
associated with different risk levels and allowing the consumer
to choose which risk level and associated advice is appropriate.
This recommendation is derived from experience gained in former
risk assessment, risk management, and risk communication
activities. Communication of risk assessment information to lay
persons is particularly difficult and generally confusing.
Rather than offering an array of advice assoclated with different
risk levels, advice associated with a single risk level raduces
the amount of information that needs to be communicated and
absorbed by the public,

Advice based on acceptable risk levels should he
accompanied by information showing comparable risks for other
activities. Conparable risk information should only be derived
for similar activities (e.g. from consumption of othar
contaninated or non~contaminated foods) not from activities whara
risk aestimates have been derived with different methods {a.g.é
risks associated with automobile accidents derived from actuarial
data). For example, the NWF advisory procedure (copy enclosed)
included information on comparative risks associated with
consumption of other foods contaminated with similar toxicanta.
Foods included red meat, cod and haddock, tuna, chicken, as wall
as fish and seafood from other locations with contaminant
problems such as Puget Sound and Quincy Bay. These data were

obtained from the U.S. FDA market baskat surveys and from state
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expertise in thig area (e.g. Dr. Barbara Knuth, cornell
University).

A choice of meal size is alse Nacessary to devalop risk—
based advice for contaminated figh ang shellfish (for poth
carcinogens ang Systemic toxicants). Common wmeal sizes range
from 113 grams to 227 grams (one quarter to one half pound) .,
Information ¢n meal frequency is not necessary since it ig
recommended that consumption advice pe issued on a maal frequency
basis (described further below). Finally, agsumptiong regarding
the standard Individual te be protected {size ana axXposure
pPericd/life span) must be articulated. The standard assumptions
for human waeight and exposure period/life SpPan are 70 kilograms
and seventy years respectively. other choices for standard
weight ang exposure periocds may be appropriate, for exampla where
children may be highly exposed.

Advice should be generated to restrict conaumption of
contaminated fish ang shellfish to limit coentaminant intake
(exposure) to levals that do not posa Unaccaeptabla cancer risks
or excaeed the Appropriate refarence dose. Such advice should bha
issued on a meal-par-week or neal-par-month basis. For exampla,
advice shoulg state that consumers shoulgd rastrict consumpticon of
species X to no Rore than once pPer week (or nonth). Purther

refinement of consumption advice (e.g. consuma ne more than two
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meals par week or 3.5 peals per month) is likely to result in
overly complex advice which is subsequently ignored by the

consumer, and is not recommended.

Procedures
Advice for consumption frequency and regqulatory decisions
for contaminated fish and shellfish should be determined as
follows for individual carcinogens:
RAI (mg/kg/day) X 70 kg

Fish intake (kg/day) = ———-wammeocecemctnccm e ——— (Egq. 7},
TC (mg/kg)

where RAI = Risk Associated Intaka, defined as the intake in
kg/day that would not result in exceedence of the accaptable
cancer risk level for individual contaminants, and TC = fish

tissue concentration. The RAI is calculated ag:
RAI = 1/q;* X ARL . (Eg. 8),

where ARL = Acceptable Risk lLevel (e.g., 1 X 10 =5y, The fish
intake rate can then be converted to a meal fraquency (no. meals
per week or month) based on a determination of avarage meal aize
following Dourson and Clark {1990). For example, if a fish
intake rate of 10 g/day is derived from Equation 7, and if tha
average meal size is assumed to be 227 granms {1/2 pound), the
corresponding meal frequency would calculated as followa:

10 g/day X 30 days/mo

---------------------- = 1.32 meals/mo (Eq. 9.
227 g/maal '
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Rounding 1,32 meals/mo yields a meal freguency of one meal per
month to avoid exceeding an acceptablae cancer risk level of

1 X 10”5, Dpourson and Clark (1990) have suggested, and it is
recommended hare that consumption advisories be based on the meal
fraequency darived from the fish intake rate. For example, if the
fish intake rate calculated from Equatich 7 is 1 g/day, the
corresponding meal frequency is much lass than one meal per month
(for aithaer 1/4 or 1/2 pound meal sizes). Thus, consumption
advice for this species should be "“do-not-egat.” Further, where
the calculated consumption rate is less than one meal per =month,
regqulatory decisions to ban or prohibit thae sale or distribution
of contaminated fish or shellfish may be appropriate.

This procedure (Equation 7) is also recoumended to derive
consumption advisories and to take regulatory actions for fish
and shellfish contaminated with systemic toxicants (non-
carcinogens). In this case, Equation 3, based on the reference
dose for individual toxicants should be used to determine the
fish intake rate. Meal frequency advice is then ganarated as in
Equation 9. The approaches to advisory development recommended
here are similar to the approaches utilized by Minnesota and
proposed for utiiization by scientists in tha Great Lakes basin
(regrassion approach). The approach is simplified only in that
it utilizes a single tissue contaminant leval inatead of a range
of levels as utilized by Minnesota. Further discussion of
appropriate tissue contaminant concentrations to be utilized in

Equations 7 and 3 is presented below.
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Since the tissues of many fish species will contain
combinations of two or more contaminants, it is recommended that
consumption advice and regqulatory actions for contaminated fish
and shellfish reflect the health risks associated with exposure
to combinations of contaminants. Intake rates for fish
contapinated with combinations of non-carcinogens would be
developed after Equation 6 (Dourson and Clark 1994) such that:

RED, (mg/kg/day) X 70 kg
Fish intake (kg/day) = =ewesmmcm e cccccececm {Eg. 8)
TC (mg/kg)
where,

REDy = TC/ S Ey/RED; {Eq. 5)

where TC is total contaminant load in fish flesh, RiD, is the
mixtures reference dose for the same target organ, E; is the fish
tissue concentration (mg/kg) for contaminant i and RfDy is the
raeference dose for contaminant i for the same target organ. The
fish intake value can then be converted to a real fregquency based
again on assumptions of average meal size as described akova.
These equations can be modified to calculate the intake
rate for combinations of carcinogens as follows:
Fish intake (Kg/day) = -eosB. ng/K9/d2y) X 70 kg (Eq. 10)
TC (mg/kg)
where RAI, = Risk Assoclated Intake for the mixturs of
carcinogens, defined as the intake in kg/day that would not

result in exceedence of the acceptable cancer risk lavel for a
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combination of contaminants, assuming risk additivity, and

calculated as:
RAIy = TC/ S E{/RAL§ {Bqg. 11}

where TC is total contaminant load in fish flash, RAIy is the
risk associated intake for the mixture, Ej is the fish tissue
concentration {mg/kg) for contaminant i and RAI; is the risk
associated intake for contaminant i from Egquation 8. The fish
intake value can then be converted to a meal frequency based

again on assumptions of average meal size as described above.

Sampling Procedures

Perhaps the most important recommendation for sampling
£ish and shellfish to generate consumption advice or to take
regulatory actions is to apply consistant sampling mechanisms
throughout the monitoring program. Consistancy allows
comparisons of data to establish trend information ovar time with
confounding problems aggsociated with different sampling
procedures.

The U.S. EPA has proposed guidance for sampling
procedures in its draft document on sample collection and
preparation for contaminated sport fish. Therafore, only a few
recommendations for sample collection and preparation are offered
here. Fixst, it is advised that only the edible tissues of
finfish be used for analysis of contaminant levels. Samples

should be analyzed as skin-on fillets, and sampling conducted
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where possible for specific size-classes and species. Thesa
procedures are utilized most frequently in states with
comprehensive monitoring programs and they result in monitoering
of those portions of contaminated finfish most likely to be
consumed by the public. It has been the experiaence in the Great
Lakes basin that, even though advice to remove skin from fish
prior to cooking is offered, many individuals do not follow this
advice; thus, analysis of skin-on fillets may provide the best
egtimate of potential human exposure to contaminants in sport
fish.

Analysis of whole fish may be necessary whare a
particular species is consumed whole by a sub~pgpulation or where
wildlife exposure is of concern. 1In this casa, a monitoring
program should incorporate collection of additional samples of
fish species for whole sample analysis.

It is generally recommended that composite sampling be
avoided and that samples from individual fish and shellfish be
analyzed. Such analysis allows assessment of the variation that
may occur in tissue contaminant levals between spncias; within a
species, and size classes of species, Analysis of variatién is
nacessary to determine whether species~ or size class-specific
statistical differences exist betwean contaminant tyﬁas and
levels. However, the U.S. EPA in its draft guidance document on
fish sampling and analysis recommends analysis of composita
samplaes from fillets of ten fish, although separate composite

samples are recommended for all subgroups (e.g. size or age
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classes, sex, etc.). The choice for composite or individu$1
sample analysis will depend upon the available resocurces to
conduct the analysis. composite analysis, although it eliminates
some information, may be desirable as it reduces the numbar of
samples that must pe analyzed, thus reducing costs associated
with analysis. Regardless of whether individual or composite
analysis is conducted, it is recommended that replicate samples
pe collected as part of +he fiald QA/QC progranm. The ¥.S. EPA
has developed recommendations on the number of replicate samples
that should be collected.

Tha average tissue concentratioen of contanminants should
be utilized to determine whether to issua 2 consumption advisory
for a specles or gize-class of sport fish species. It is
recommended that the mean tissue concentration for a gpecies or
gize-class bae used to determina consumption adviscries in
eguations 3 - 7, 10, and 11 of this report. The U.%. EPA has
developed racomnmendations for statistical analysis of tissue
concentrations associated with gpecific consumption advice (or
trigger lavels) in its draft guidante document on fish sampling
and analysis. These recommendations should be followaed as
advisories and regulatory actions ara develcoped for contaminated
fish and shellfish.

where a of range of size classas of a particular'spacias
of finfish may be consumed, analysis of the relationship bestween
gize class and contaminant level is nacassary. Such analysis

gshould be conducted with appropriate atatistical procedures,
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usually linear regression medels. Where the mean tissue
concentration is significantly different between size classes,
consumption advice can then be issued on a size-class specific

bagis.

Removing an Advisory and Retesting Contaminant Species

It will be useful to New Jersey to determine where and
how often to retest sites for fish and shellfish contamination,
particularly where all sites cannot be retested yearly or more
frequently. The procedures of Ontarioc appear adequate to
determine retesting protocols. Areas where contaminant levels
for pollutants are elevated or change substantially should be
retested every one to three years. Areas which show no signs of
substantial changes in contaminant levels but are popular finfish
or shell fish harvesting sites should be retested at least every
five years. All other areas, including relatively remote
locations with no major sources of pollution nearby and no
indication of changing contaminant levels in fish or shellfish
should be retested at least every ten years.

The State of New Jersey should also consider mechanisms
to remove a consumption advisory or remove bans on sala or
distribution of fish and shellfish as contaminant levels warrant.
The procedures of Missouri appear useful to determine where and
when to remove consumption advisories. Generally, this mechanism
requires consistent reduction in contaminants over time to levels

that can be confirmed statistically to be below concantrations of
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concern. For example, advice for no~consumpticn may be lifted
after two subsequent years where tissue levels are such that a
consumption advisory is not necessary (fish are safe for
unlimited consumption). Lifting of less stringent advisories may

require one year of subsequent no=consunption advice.

Advice for Preparation and Cooking
Some preparation techniques reduce the contaminant burden
in finfish by a considerable amount (up to 50%), although nct all
contaminant concentrations are reduced by all preparation
techniques. Cooking techniques, however, do not appear to
significantly reduce potential exposure levels. Therefore, it is
recommended that consumption advisories in Hew Jersey be
accompanied by advice to prepare finfish appropriately to remove
the greatest number and amounts of chemicals possible.
Such advice may be stated as follows:
You can significantly reduce the level of PCBs and most
pesticides (tut not mercury) by properly claaning,
trimming and skinning your catc¢h. Therefore, you should
trim all the fat from four key areas: tha bally Zflap,
lateral line, along the backbone; and adjacent to the
skin. Also, remove the skin from your fish prior to
cooking it.
This languaée is derived from a statament preparaed and
utilized by the Great Lakes states, It should accompany any
consumption advisory and should also includa a picture

demonstrating the four Xkey areas and appropriatae removal

techniques. Advice on cooking to remove contaminants is likely
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not appropriate for shellfish, although data are not avallable to
address whaether any preparation or cooking technigques raduce

chemical contaminant levels in shellfish.

Other Recommandations

PCBs are one of the mest common contaminants in fish and
shellfish. Traditionally, PCB contamination has heen assessed
through analysis of the technical PCB formulations Aroclor 1242,
1254, and 1260. These formulations consist of multiple PCR
congeners which contribute differentially to the toxicity of the
mixture. Unfortunately, the toxicity of PCB has been determined
from the toxicity of the Aroclor mixtures, particularly for
carcinogenecity. Thus, analysis of tissue contaminant levels in
fish and shellfish, and consumption advice based on that
analysis, will require Aroclor specific monitoring. However,
work has begun to focus on the toxicity of individual PCEB
congeners; thus, some states, particularly in the Great Lakes
basin, ara monitoring PCBs in fish and shellfish on a congener-
specific basis. However, consumption advice is not yet
genaratad from congener-specific analyées as the toxicologic
information available for PCB congeners is not sufficlsnt to
develop conclusions‘on Eﬁa human health impacts of spacific PCB
congeners.,

New Jersey toxicologists should follow developnants in
congener~spacific PCB toxicology. Appropriate modifications to

fish and shellfish monitoring programs, and development of
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consumption advice based on these modifications should ba
daveloped as understanding of the human health impacts of

axposure to specific PCB congeners increases.
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