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Compensation, and Liability Act (CERCLA, or organisms often provide a direct measure of bioavailability
Superfund), the National Oceanic and Atmospheridhat integrates exposure over time and integrates exposure

Administration (NOAA) is responsible for protecting and from water, sediment, and food web pathways. In this
restoring natural resources that may be injured by releasesesentation, | will be focusing primarily on the use of
from Superfund sites in coastal areas. As part of NOAA'Sield-collected tissue residue data in exposure and effects
role of providing EPA with technical support in the assessments for aquatic ecological risk assessment. Be-
evaluation of natural resource concerns at hazardowsause of the importance of bioaccumulation for higher-
waste sites, NOAA’s Coastal Resources Coordinatiotrophic level organisms, | will focus my discussion on the
Branch often recommends collecting tissue residue datase of tissue residue data in assessing toxicity and expo-

Tissue residue data can play an important role atureinfish. Addressing these issues is particularly impor-
different stages in the process of evaluating hazardouant since currently available criteria for sediment explic-
waste sites, including ecological risk assessment, modely exclude any consideration of contaminant exposure
ing conducted to evaluate different remedial alternativeghrough the food web. “These [sediment] criteria do not
and the monitoring necessary to determine the effectiveaddress the question of possible contamination of upper
ness of remediation. An ecological risk assessment isteophic level organisms...” (USEPA, 1993a). And, “...a
major component of hazardous waste site evaluationsite-specific investigation appears to be the only available
For an ecological risk assessment to provide useful informmethod for performing an evaluation of the effect of
mation for remedy selection, exposure should be relatecbntaminated sediments on the body burdens of upper-
both to the source of contamination and to an importartrophic level organisms” (USEPA, 1993b).
toxicity endpoint. This means that it is necessary to link Aquatic risk assessment requires information on the
any estimated or observed adverse effects to site-relatdibavailable fraction of the contaminants in gystem.
contamination, which emphasizes the importance of idenAccurate and meaningful assessments of exposure from
tifying and quantifying major exposure pathways. Be-water and sediment are difficult due to a potentiaiiy
cause bioaccumulation is often more of a concern fodegree of temporal and/or spatial variability. Because of
higher-trophic level organisms, which may receive muchigh bioconcentration factors, particularly for hydropho-
of their contaminant exposure via the food web, any efforbic organic contaminants, very low analytical detection
to develop bioaccumulation-based criteria should idenlimits are required to ensure that concentratibew
tify and address significant, sensitive toxicity endpoints inanalytical detection limit values could not contribute to
fish and other higher-trophic level organisms. For exsignificant exposure concentrations. Determining the
ample, reproductive or early life stage toxicity in fish is bioavailable contaminant fraction is also complicated by
both a sensitive toxicity endpoint and an endpoint withpartitioning suspended particulates and dissolved organic
potentially significant implications for the health of a fish carbon. Modeling food web exposure in fish requires
population. making many assumptions for which there is frequently

The appropriate application of tissue residue datdittle site-specific or reliable information available. Col-
depends upon the type of contaminant under considelection of site-specific tissue residue concentrations can
ation. For some contaminants, tissue residue concentratiohs used to reduce some of this uncertainty in the applica-
may be directly linked to toxicity endpoints. Also, the tion of the exposure models used in the assessment. In
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many cases, tissue residue data can be used to providemune dysfunction, increased incidence of liver lesions,
time-integrated and location-specific information on bio-and other histopathological endpoints in fish (Malins et
available contaminant concentrations. al., 1987; Johnson et al., 1988; Varanasi et al., 1992).
High concentrations of PAHs in stomach contents of fish
from a PAH-contaminated harbor indicate that the con-

Metals sumption of contaminated benthic invertebrates can be an
important exposure pathway (Malins et al., 1985).
The bioaccumulation of metals in benthic Measuring tissue concentrations in invertebrates

macroinvertebrates can provide a useful measure of tithat have minimal capacity for metabolism of PAHSs, such
extent and magnitude of contamination that temporallyas bivalve shellfish, can provide location-specific and
integrates exposure via the water column and sedimertemporally integrated information on bioavailable PAH
Because benthic invertebrates represent an importanbncentrations, which can be used in food web models of
source of food for fish, the accumulation of metals inexposure to fish and other higher trophic level organisms.
invertebrates, which may have some tolerance to chronidsing tissue residue concentrations from caged bivalves
exposure to metals, may also serve as a significant souraows for more control of specific location and other
of exposure to fish. Exposure via the food web may beariables such as organism size or age. Other methods for
particularly important for fish early life stages, which aredetermining the relative differences in PAH exposure
also very sensitive to waterborne exposure to metals. include measuring concentrations of PAH metabolites in
The combined effects of reduced survival and growttfish bile (Krahn et al., 1984, 1986), which can provide
in fish early life history stages, which may have importantuseful information on recent exposure to PAHs, and semi-
implications for adverse effects on the health of a local fisipermeable membrane devices (SPMDs), which provide
population, is one of the most sensitive toxicity endpointé¢emporally integrated measurements of dissolved and
for waterborne exposure to a variety of metals (such gsresumably bioavailable PAHs in the water column at
cadmium, copper, lead, mercury, and zinc). Laboratorgpecific locations (Lebo etal., 1992; Huckins et al., 1996).
studies on the effects of metals contamination on young dfhe patterns of PAH concentrations in field-collected or
the year fish in the Clark Fork River in Montana demon-caged bivalves and SPMDs can also play animportantrole
strated that feeding metals-contaminated invertebrates (&t linking exposure to the source of PAHs using various
concentrations comparable to those found in the riverfingerprinting methods.
resulted in reduced growth and survival in rainbow trout
(Woodward et al., 1994) and reduced growth and physi-
ological abnormalities in rainbow trout and brown trout Polychlorinated Biphenyls (PCBs)
(Woodward etal., 1995). These studies also indicated that
the exposure via dietary intake could be at least asimpor-  Fish tissue residue PCB concentrations, unlike
tant as aqueous exposure in age-0 fish. Another studi?AHs, can provide useful information on both exposure
however, found no effects on survival or growth in age-Gand toxicity. Reproductive and early life stage effects
rainbow trout that were fed metals-contaminated brin€e.g., reduced larval growth or survival), where the pri-
shrimp at similar concentrations (Mount et al., 1994).mary exposure to the developing larvae results from the
Additional studies are needed to more clearly resolve thmaternal transfer of accumulated PCBs to the eggs, is one
relative importance of additional dietary exposure and t@f the most sensitive toxicity endpoints for PCB effects in
develop a method for determining the total effective doséish. Consequently, PCB concentrations in the ovaries of
that includes all exposure pathways. mature female fishimmediately prior to spawning may be
In conducting arisk assessment for metals-contamithe most useful measurement for estimating potential
nated sites, tissue residue concentrations in invertebraggproductive effects in species of concern. Higher-trophic
prey organisms may reduce the uncertainty in estimatingvel species, which tend to accumulate the highest con-
exposure via the water column and sediment (by integratentrations of PCBs, may be at the greatest risk.
ing exposure over time at specific locations) aswellasalso  Field-collected tissue residue PCB concentrations
providing information on exposure via the food web. Thisin fish can play an integral role in exposure assessments,
may be particularly important in assessments involvingince they provide a measure of exposure via all exposure
vulnerable receptor populations (for example, the earlyathways. This is particularly important since fish gener-
life history stages of threatened and endangered salmonjgly receive much of their PCB exposure via the food web.
populations). The composition of the PCBs found in environmental
samples often differs substantially from the original PCB
. . source (e.g., commercial Aroclor mixtures). This differ-
Polycyclic Aromatic Hydrocarbons ence results from physicochemical and biological pro-
(PAHSs) cesses that differentially affect individual PCB congeners
(Safe et al., 1987). For example, the solubility and
Because fish rapidly metabolize and excrete PAHsyolatility of individual PCB congeners range over several
fish tissue residue concentrations of parent PAHbrders of magnitude and greatly affect partitioning be-
compounds do not provide a useful measure of exposutereen sediment-water and water-air interfaces. Thus, less
to fish (Varanasi et al., 1989). However, exposure tehlorinated congeners tend to be more soluble in water
PAHs has been linked to reproductive impairmentand are more quickly removed from sediment into water.
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Biological processes also alter the pattern of congenenvestigated in trout and compared to the toxicity of
distributions in tissue residue samples. Differences imlioxinto develop fish-specific toxic equivalent factors, or
uptake, depuration, metabolism, and efficiency of assimiTEFs (Walker and Peterson, 1991; Zabel et al., 1995).
lation among individual congeners may result in largerhe TEFs for the non-ortho congeners calculated for trout
differences between the PCB mixtures in samples and iare 1 to 2 orders of magnitude less than the TEFs deter-
commercial Aroclor mixtures, and these differences wouldnined for mammalian systems. Thus, using mammalian-
be expected to increase with increasing trophic level. based TEFs for PCBs may overestimate the potential for
Because of the major differences between the PCHBioxin-like reproductive toxicity in fish.
congener distributions in environmental samples and in
commercial mixtures, analysis methods based on Aroclor
standards can provide only a semi-quantitative estimate €onclusions
total PCBs (Safe et al., 1987). Modeling PCB behavior in
the environment, monitoring trends in PCB concentra- Tissue residue data can play an important role in
tions, and relating fish tissue PCB residues to their sourcesjuatic ecological risk assessments at hazardous waste
can be considerably enhanced by congener-specific analgites, in part by linking exposure to the source of contami-
sis. Samples of several species of fish collected fromation and to important toxicity endpoints.
multiple locations over 170 miles of the Hudson River The development of bioaccumulation-based criteria
were analyzed for PCB congeners as part of the ecologicshould identify and address toxicity endpoints in fish that are
risk assessment for a Superfund Remedial Investigatiomoth sensitive and ecologically significant. This is particu-
Samples of the same species at a given location had veerly important for higher-trophic level species, which may
similar congener compositions, although their total PCBeceive much of their contaminant exposure via the food web.
concentrations sometimes varied by a factor of 2 or more For some contaminants, such as PAHs and possibly
on either a wet weight or lipid-normalized basis. The PCBnetals, dose-response models that include all exposure
congener compositions and concentrations in fish tissugathways need to be developed. Tissue residue concentra-
are being used in the ecological risk assessment to hdlipns in macroinvertebrates may provide key input into
clarify the relationship between the PCB sources in thexposure models for these types of contaminants.
river and the fish body burdens. Tissue residue PCB concentrations in fish have
Two general screening approaches are available ismportant applications to both exposure and toxicity as-
evaluate the potential toxicity of PCBs to fish based orsessments. Because the PCB congener distributions in
PCB body burdens: comparison to total PCB concentraenvironmental samples often differ considerably from the
tions associated with adverse effects, or estimation ajriginal commercial PCB mixtures, congener-specific
dioxin toxic equivalent concentrations and comparison td?CB analysis of fish tissue samples provides more useful
No Observable Adverse Effect Levels (NOAELSs) for information on exposure than a standard Aroclor analysis.
2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD). A variety PCB concentrations in the ovaries of mature female fish
of field and laboratory studies provide evidence of reproimmediately prior to spawning may be the most useful
ductive and other adverse effects in different fish specieseasurement for estimating potential reproductive toxic-
at low total PCB tissue residue concentrations. The totaty in fish species of concern.
PCB concentrations in fish tissue residue samples associ-
ated with adverse effects range over several orders of
magnitude, which may reflect the differences in toxicity References
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