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1. INTRODUCTION

1.1 BACKGROUND INFORMATION

Operations and waste disposal activities at the Y-12 plant, the Oak
Ridge National Laboratory (ORNL), and the Oak Ridge Gaseous Diffusion
Plant (ORGDP), located on the U.S. Department of Energy (DOE) Oak Ridge
Reservation (ORR) in eastern Tennessee, have introduced a variety of
airborne, liquid, and solid wastes into the surrounding environment
(Rodgers et al. 1988, 1989). Some of these wastes may affect off-site
areas (i.e., areas beyond the ORR boundary) by entering local streams that
ultimately drain into the Clinch and Tennessee river systems. Previously
reported concentrations of radionuclides, metals, and organic compounds
in water, sediment, and biota of the Clinch River and Watts Bar Reservoir
suggest the presence of a variety of contaminants of possible concern with
regard to the protection of human health and the environment.

The DOE has initiated a comprehensive waste management and
environmental restoration effort to achieve the comprehensive remediation
of releases of hazardous substances, pollutants, or contaminants from the
Oak Ridge Reservation (Jones et al. 1990). This effort has been
undertaken in accordance with a draft Federal Facility Agreement (FFA)
between the Environmental Protection Agency (EPA) Region IV, the State of
Tennessee, and the DOE. The FFA requires that the cleanup of the ORR and
environs be conducted in compliance with both the Resource Conservation
and Recovery Act of 1976 (RCRA), as amended by the Hazardous and Solid
Waste Amendments of 1984 (HWSA), and the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) of 1980, as amended by
the Superfund Amendments and Reauthorization Act of 1986 (SARA).

This preliminary screening of contaminants in the off-site surface
water environment downstream of the DOE ORR represents part of the scoping
phase of the Clinch River RCRA Facility Investigation (CRRFI), which is
a component of the DOE Environmental Restoration Program at Oak Ridge.
The primary objectives of the CRRFI are to (1) define the nature and
extent of off-site surface-water contamination, (2) quantify the potential
risk to human health and to the environment associated with off-site

contamination, and (3) identify and preliminarily evaluate potential

remediation alternatives.




The purpose of this preliminary screening analysis is to wuse
existing data on off-site contaminant concentrations to identify and
prioritize potential contaminants of concern for further evaluation and
investigation. The primary objective of this screening analysis is to
ensure that CRRFI sampling and analysis efforts focus on those
contaminants that may possibly contribute to environmental risk. This
analysis is a preliminary scoping exercise based on existing data; it does
not constitute a baseline risk assessment, and it is not intended to

address issues regarding compliance with regulatory limits.

1.2  ECOLOGICAL RISK ASSESSMENT

Risk assessments, particularly those for hazardous wastes, have
largely ignored ecological effects and emphasized human health effects.
This bias results in part from anthropocentricity and in part from the
mistaken idea that protection of humans will automatically protect the
environment. Some chemicals that pose no risk or a negligible risk to
humans in drinking or bathing water, such as elevated ammonia, chlorine,
and aluminum, or depressed dissolved oxygen, commonly cause mass mortality
of aquatic organisms, and many of the national water quality criteria for
aquatic life are lower than those for human health. In some cases the
greater nonhuman risk is due to routes of exposure that are not credible
for humans such as respiring water, drinking from waste sumps, oral
cleaning of the pelt or plumage, and root uptake. Other chemicals are
inherently more toxic to nonhuman organisms; this is due to modes of
action that do not occur in humans (e.g., eggshell thinning by DDT
metabolites) or for unknown reasons (e.g., the presence of chlorinated
dibenzo-dioxins). There are also modes of action at the ecosystem level,
such as eutrophication by nutrients and blockage of light by suspended
sediments, that have no analog in human health effects. Finally, even
when routes of exposure and modes of action are the same, nonhuman
organisms commonly receive a much higher dose than humans. For example,
humans eat a few meals a week that have fish as one component, while a
bald eagle or otter eats very little other than fish and eats the whole
fish, not just the relatively uncontaminated muscle. As a result, the EPA

has recently begun to emphasize assessment of ecological effects at waste



sites and has provided guidance for ecological investigations (but not
risk assessment) at waste sites (Warren-Hicks et al. 1989).

This screening assessment is not intended to determine what
chemicals are causing effects, the nature of effects, or the sources of
contamination. Rather, it is intended to guide studies in the off-site
surface-water enviromnment by identifying missing information and
determining which risks cannot be well defined from existing information.
The former task is performed by comparing the existing data concerning
off-site contamination with the data set that would be needed to perform
a reliable ecological risk assessment. The latter task is performed by
applying screening criteria to the available data concerning the

concentrations of chemicals in the off-site enviromment that may be

attributable to DOE activities.




2. SCOPE OF THE ASSESSMENT

2.1 SOURCE TERMS

This off-site assessment does not address the individual points of
release of chemicals into the environment (e.g., effluent pipes or leaking
tanks). Rather, the sources of exposure are the contaminated waters and
sediments coming off the Oak Ridge Reservation (ORR). The descriptors of
the ongoing off-site contamination are the concentrations of chemicals in
waters at the point where they are deemed to leave the site. The primary
descriptors of past releases are the concentrations of chemicals in
sediments. The source data, which are drawn from various documents and

data bases, will be described in a separate document.

2.2 SPATIAL SCOPE OF THE ASSESSMENT

This assessment considers that portion of the environment that
receives effluents from DOE’s ORR, and that lies beyond the bounds of
prior on-site assessments. For aquatic effects, the bounds are the Clinch
River from the Solway Bridge over Melton Hill Reservoir to the Watts Bar
Dam. This includes the White Oak Creek embayment up to White Oak Dam and
the Poplar Creek embayment to the confluence of Poplar Creek and East Fork
Poplar Creek.

The streams and rivers are divided into reaches, each of which is
given a number, name, and abbreviation (Table 1). The potentially
affected reaches are: Melton Hill Reservoir (MHR) (1), which receives
leachate from an ash disposal area on McCoy Branch; the White Oak
Creek-Clinch (WOCC) (2), which is the portion of the Clinch River that is
most influenced by contaminants in White Oak Creek; the Poplar Creek
embayment (PCE) (3); ﬁhe Poplar Creek-Clinch (PCC) (4), which is the
portion of the Clinch River most influenced by Poplar Creek; and Watts Bar
Reservoir (WBR) (5), which extends from the confluence of the Tennessee
River to Watts Bar Dam. There are two negative reference reaches, reaches
not influenced by effluents from Oak Ridge operations. They are Norris
Reservoir (NR) (10) and the Tennessee River (TR) (18) between Fort Loudon
Dam and the confluence of the Clinch River. There are three positive

reference reaches, stream reaches that convey emitted chemicals to the




Table 1. Stream and river reaches for the off-site assessment
Reach
number Reach name (description) Abbreviation
1 Melton Hill Reservoir (from the Solway Bridge to MHR
Melton Hill Dam)
2 White Oak Creek-Clinch (White Oak Creek below woCC
White Oak Dam and the Clinch River from Melton
Hill Dam to Poplar Creek)
3 Poplar Creek embayment (Poplar Creek below the PCE
confluence of the East Fork)
4 Poplar Creek Clinch (the Clinch River from the PCC
mouth of Poplar Creek to the confluence with the
Tennessee River)
5 Watts Bar Reservoir (the Tennessee River from the WBR
confluence of the Clinch River to Watts Bar Dam)
10 Norris Reservoir (the Clinch River above Norris Dam) NR
13 Poplar Creek (Poplar Creek above the confluence PC
of the East Fork)

14 East Fork (the east fork of Poplar Creek) EF
18 Tennessee River (the reach between Fort Loudon and TR
Tellico Dams and the confluence of the Clinch River)

99 White Oak Lake (White Oak Creek above White Oak Dam) WOL




off-site reaches. They are Poplar Creek (PC) (13), East Fork Poplar Creek
(EF) (14), and White Oak Lake (WOL) (99).

2.3 ASSESSMENT END POINTS

Assessment end points are expressions of the environmental wvalues
that are to be protected (Suter 1989). The EPA marwal for ecological
assessment of hazardous waste sites (Warren-Hicks et al. 1989) indicates
that assessment end points should Dbe () socially relevant,
(2) biologically relevant, (3) operationally definable, (4) measurable or
predictable, (5) susceptible to the hazard, and (6) logically related to
the decision. For the ecological portion of this assessment, the
following end points were chosen as meeting those criteria: (1) a 10% or
greater reduction in the abundance or production of the local populations
of any fish species, (2) a 10% or greater reduction in the abundance or
production of the local populations of any bird species, (3) a 10% or
greater reduction in the abundance or production of the local populations
of any wild mammal species other than small rodents, (4) a 10% or greater
reduction in the production of any local terrestrial plant population
(this endpoint is not considered in this assessment), and (5) any toxic
effect on 1individuals of an endangered species sufficient to impair
survival or reproduction. It should be noted that effects on species that
are not included explicitly in the end points are nonetheless included in
the assessment. For example, the only end point species in the aquatic
community are fish, but effects on all foodchain species must be included
in the assessment of risks to fish.

Except for endangered species, the end points are effects at the
population 1level of biological organization. Unlike human health
assessments, ecological risk assessments are not concerned with effects
on individual organisms (the exception is endangered species). The fact
that hunting, fishing, and harvesting of plants are encouraged implies
that 1individuals are not protected. Higher 1levels of biological
organization (i.e., communities and ecosystems) are not used at present
because there is little information on toxic effects at these levels, the
toxicity data that are available are highly inconsistent, and effects at

higher levels are nearly always less sensitive than those at the



population level. The 10% level of population effects was chosen as
approximately the limit of detection of field measurement techniques and
is probably below the detection limits of the public (i.e., fishermen
would probably not notice a 10% reduction in the abundance of fish).

The end point is defined at the individual level for endangered
species because of the greater legal and societal concern for these
species. The only federally listed endangered or threatened species that
is known to occur in the area being assessed is the bald eagle (Kroodsma
1987). Bald eagles regularly winter along the Clinch River, but not in
large numbers, and occasionally appear in the summer. Because they feed

primarily on fish, eagles are potentially exposed to contaminants

accumulated from water and sediment.




3. METHODS

3.1 SCREENING CRITERIA

A purpose of this assessment is to separate contaminants into three
classes: those that require further assessment, those that are clearly
unacceptably hazardous, and those that clearly pose no hazard. Therefore,
screening criteria must be established to distinguish the three classes
of chemicals. The upper criterion is one at which serious effects occur
(i.e., an assessment end point is clearly exceeded); the lower criterion
is one at which no significant effects occur (i.e., the assessment end
points clearly will not be reached). Because of the considerable
uncertainty in assessing ecological effects, the lower criteria must be
set at very low concentrations to ensure that no chemical that may cause
effects is excluded from future monitoring and assessment. For that
reason we also use an intermediate screening criterion that corresponds
to a concentration that is expected to cause small effects.

In all cases, the upper limit is set at a median acutely lethal
concentration or dose (LCsy or LDsy). Killing half of the members of an
exposed population is clearly a serious effect. One can be reasonably
certain that unacceptable effects on some populatiorn would occur as a
result of chronic exposure to a concentration that is acutely lethal in
the laboratory, even though there are numerous differences between the
circumstances of the test and the field.

The lower criteria are not as consistent as the upper criteria. 1In
setting this criterion, the goal is to approximate a concentration that,
with allowance for uncertainties, could not cause a decrease in any
population as great as 10s%. The intermediate criterion is set at a
concentration that has been reported to be a threshold level or a minimal
effects level for some effect that could lead to reductions in the
productivity of a population (e.g., reduced fecundity, reduced growth,
damage to some organ, or low levels of mortality). The methods for
deriving screening criteria for each of the contaminated media are

discussed below.




3.1.1 Water

The national water quality criteria (NWQC) for protection of
freshwater aquatic life provide the basis for the screening criteria for
contaminants in water. The acute NWQC are calculated by the EPA as the
fifth percentile of the distribution of 48- to 96-hr LCs, values or
equivalent effective concentration (ECs;) values for each criterion
chemical (Stephan et al. 1985). Hence, the acute NWQC correspond to
concentrations that would cause 50% mortality in 5% of exposed populations
in a few days. This is a reasonable upper screening criterion because
this assessment is concerned with continuous exposures, rather than the
episodic exposures to which the acute NWQC is applied.

The chronic NWQC are based on the threshold for statistically
significant effects in chronic or subchronic toxicity tests, adjusted to
estimate the concentration that would exceed that threshold in 5% of
species (Stephan et al. 1985). This is the intermediate criterion. The
lower screening criterion must be lower than the chronic NWQC for three
reasons. First, the chronic NWQC are based on a threshold for statistical
significance rather than biological significance. In some chronic tests,
because of highly variable results, the statistical threshold corresponds
to greater than 50% effect on a response parameter (Stephan and Rogers
1985, Suter et al. 1987). Second, not all important responses are
included in the subchronic toxicity tests that are used to calculate many
chronic NWQC. In particular, effects on fecundity, which is the most
sensitive response parameter on average in fish toxicity tests (Suter et
al. 1987), are not included. Third, the chronic NWQC are based on the
most statistically sensitive of the measured response parameters in each
chronic or subchronic test. Therefore, cumulative effects over the life
cycle of fish and invertebrates are not considered. Fourth, the criteria
are set at a level that protects "most species most of the time." A lower
screening criterion should protect all species nearly all of the time.

Ideally, the 1lower screening criteria would be generated by
calculating a threshold for population-level effects on local fish,
invertebrates, and plants for each of the assessed chemicals. However,
that would require a large effort, including extraction of the raw data

for every chronic toxicity test for fish and invertebrates, fitting



10

concentration-response models, developing population models for local
species, deriving model parameters from the toxicity data, and running the
models to estimate threshold effects levels.

Instead, we have calculated lower screening criteria by dividing the
chronic NWQC by a correction factor based on prior risk assessments of
effects on fish populations. The factor is set at 100, based on two
pieces of evidence. First, biologically significant effects on particular
response parameters (i.e., 25% mortality or reduction in growth or
fecundity) can occur at as little as 1/50 of the statistical threshold
concentrations (chronic values) used for the chronic NWQC (Suter et al.
1987). Second, 10% reductions in the relative reproductive potential or
the abundance of fish populations are estimated to occur at concentrations
between 1/2 and 1/100 of the statistical threshold concentrations used for
the chronic NWQC (Barnthouse et al. 1987, Barnthouse et al. 1990). This
evidence is not directly applicable to aquatic plants and invertebrates,
but we believe that the chosen factor is sufficiently conservative for
these organisms also. Aquatic plants do not need a large safety factor
because their tests involve all life stages and the end points are based
on effects levels. Invertebrates require a safety factor because their
chronic test end points are not based on effects levels, but we believe
that the factor need not be as large on average as for fish because all
life stages are included in common invertebrate chronic tests. It should
be emphasized that the lower criterion is not a threshold for effects; it
is a concentration that is certain to not cause effects.

NWQC for several metals are functions of water hardness; the
criteria are lower for lower hardness levels. We obtained daily hardness
measurements from water plants on the reach of the Clinch River covered
by this assessment. More than 95% of these are greater than 100 mg/L (the
range was 88 to 161 mg/L), so 100 mg/L was used to calculate criteria that
are conservative but not extreme.

Some chemicals have no NWQC. In those cases, we use the lowest
reported 48- or 96-hr LCs, for the upper screening criterion and the lowest
reported threshold for effects in a chronic or subchronic toxicity test
of a fish or invertebrate species as the intermediate criteria and to

calculate the lower screening criterion. The acute and chronic NWQC would
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be as low as these values or lower. If there are only acute lethality
data for a chemical, the lowest LCsy or incipient lethal level (ILL) is
divided by a correction factor to obtain the intermediate screening
criterion. For LCs;s the factor is 100, and for ILLs the factor is 20.
These are conservative factors in that most measured chronic values would

be higher than those estimated from these factors (Suter et al. 1983).

3.1.2 Sediment

The sediment composition data available for this assessment are
concentrations in dry sediment. However, effects of a particular dry
sediment concentration on sediment-dwelling (benthic) organisms are highly
inconsistent. This is because benthic organisms are exposed primarily to
chemicals in the aqueous phase of sediments (Adams et al. 1985, OWRS
1989). Therefore, it is necessary to estimate the concentration in pore
(interstitial) water. Pore-water concentrations of neutral (non-ionic)
organic chemicals can be calculated by assuming equilibrium partitioning
between the pore water and the organic matter fraction of the sediment
(OWRS 1989). The partitioning coefficient (Kp) is the product of the
organic matter/water partitioning coefficient (K,.) and the fractional
organic matter content of the sediment (f, ). Because sediment-dwelling
organisms are approximately as sensitive to chemicals in water as the
population of species used to derive the NWQC (OWRS 1989), the same
screening criteria can be used as for water but corrected for

partitioning. The formula is:

C. = KC, , or
C, = Ky.£ocCy

s 0oCcocC

where C, and C, are the screening criteria for sediment and water,

respectively. K is seldom available, but it is quite accurately

oC
approximated by the octanol/water partitioning coefficient (K,,) (DiToro
1985).

Concentrations of ionic organic chemicals and inorganic chemicals
in pore water could, in theory, also be calculated from an equilibrium
partitioning model. However, these chemicals are sorbed to multiple

sediment components so they would require several-phase partitioning
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models with a partitioning coefficient and concentration in sediment for
each phase, information that is not available. We assume that ionic
organics behave like neutral organics, only partitioning between water and
sediment organic matter. This is a conservative assumption because
partitioning to other phases would lower the aqueous concentration,
thereby lowering the toxicity of a given whole-sediment concentration.
For metals in sediments, we use the even more conservative assumption that
all of the metal is available.

Another approach 1is to derive site-specific sediment-water
partitioning coefficients. Blaylock et al. (in review) have proposed a
sediment-water partitioning coefficient for mercury in Watts Bar Reservoir
of 105. This value is derived from concentrations of mercury in suspended
particulate matter and filtered water from Tennessee River Mile 545. It
is probably a reasonable estimate of the mercury K,, although suspended
solids differ from bed sediments, and K, varies with solids concentration
(OWRS 1989) and redox potential.

Besides the risks to benthic organisms, it is necessary to consider
risks to water-column species from chemicals associated with resuspended
sediments. We believe that the screening criteria for benthic organisms
are sufficiently conservative for this purpose. That belief is based on
the following arguments: (1) the screening criteria are based on an
assumption of chronic exposure, but exposures to suspended sediments would
be acute; (2) dilution would rapidly decrease the aqueous concentration
outside the plume and also within the plume once the particulate
concentration dropped sufficiently to prevent attaimment of equilibrium;
and (3) the biological component of the sediment criteria is applicable

because it is based primarily on water-column species.

3.1.3 Tissue Concentrations as Indicators of Effects on Fish

Tissue concentrations can be used in two ways to derive screening
criteria. First, for a few chemicals there are data on the tissue
concentrations at which effects occurred. When they are available, these
data will be used to derive criteria. When they are not available, it is
necessary to use conventional aquatic toxicity data that are expressed as

aqueous concentrations. In that case, bioaccumulation factors (BAFs) are
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used to estimate the average water concentrations to which fish have been
exposed (fish tissue concentration/BAF = water concentration). When
available, field-derived BAFs are used. Otherwise, laboratory-derived
BAFs, or BAFs derived from models of laboratory data [i.e., quantitative.
structure-activity relationships (QSARs) ], are used. The
laboratory-derived factors are 1likely to overestimate the water
concentrations for those chemicals that are accumulated through food
chains, but these overestimates will tend to highlight those chemicals.
The same upper, intermediate, and lower criteria that are used for water
concentrations are then applied to the calculated water concentration to

serve as a screen for the fish tissue concentrations.

3.1.4 Tissue Concentrations and Aquatic Food Chains

The contamination in fish and aquatic invertebrate tissues
represents a route of exposure for piscivorous mammals, birds, reptiles,
and fish. As with the other analyses, the upper screening criteria for
piscivores are based on acute lethality. Usually these are acute median
lethal doses (LDsy;) but lethal concentrations in food (LCs, or LC.) are
preferred. Doses (mg of chemical/kg of animal) must be converted to
concentrations in food by dividing by consumption (kg of food/kg of
animal). TLocal piscivorous birds range from kingfishers to great blue
herons, ospreys, and bald eagles. The highest dose would be obtained by
the smallest bird (because of higher metabolism), and a predatory bird the
size of a kingfisher consumes food equivalent to approximately 8% of its
body weight per day (Kenaga 1973). The principal piscivorous mammal in
the area is the mink. We assume that mink consume food equal to 5% of
their body weight per day. The 8% figure is used to calculate the
screening criteria because it is more conservative, but we consider
effects on mink in the discussion of results. For the conversion of acute
dose to concentration in diet, we assume that one day's consumption is
equivalent to an acute dose.

The lower screening criteria for aquatic foodchain exposures are
quite diverse because test data for chronic oral exposures to birds and

mammals are quite diverse. When data are available concerning the dietary

toxicity of a chemical to wildlife, the lowest test concentration that
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reflects a potential effect on populations is used. If there are no
wildlife data, any available data on domestic animals other than ruminants
are used. In many cases, there are no useful wildlife or domestic animal
data, and the same laboratory rodent data that are used for human health
effects are used in the screening criteria. Toxicity data for ruminants
are the least desirable because their peculiar digestive systems make
their responses unrepresentative of nonruminants. Data from dietary
toxicity tests are preferred to chronic oral dosing tests. The effects
include systemic toxicity, reduced reproduction, severe histological
damage, and terata. We do not assess cancer induction in nonhuman species
because the higher wildlife exposure is not sufficient to overcome the
extremely low frequencies of cancer induction (i.e., 107%) used for the
human health screening analysis. Although tumors have frequently been
found in fish in other studies, effects of cancer on fish population size
or productivity have not been demonstrated.

Unlike the screening criteria that are based on NWQC, these criteria
do not reflect the diversity of organisms that are exposed by this route.
If chronic sublethal effects data are available for either mammals or
birds but not both, a correction factor of 10 for differences in
sensitivity is applied. This factor is based on limited studies that
indicate that birds and mammals can differ in sensitivity by more than an
order of magnitude and either can be more sensitive (Sigal and Suter
1989). If there are data for both birds and mammals, but fewer than five
species with fewer than two birds, a factor-of-5 correction for
differences in sensitivity is assumed. If there are data for five or more
species including at least two avian species, we assume that the variance
in sensitivity of the test species approximates the variance in all avian
and mammalian species and apply no factor for differences among species.
If the most sensitive test end point is death or another severe effect
(e.g., reproductive failure), a factor of 5 is applied to estimate the
threshold for effects on individuals that could result in population
reductions (Tucker and Lietzke 1979). These factors are not applied to
the upper criterion, which is intended to be a concentration at which

effects are certain.
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Because the studies of chemical concentrations in fish that were
conducted in the Oak Ridge area were designed for human health risk
assessments, the reported concentrations refer to the "edible portion."
Piscivores typically consume the entire fish, and the organs and bones
contain higher levels than the muscles of nearly all chemical
contaminants. Metals concentrations in whole fish (minus gut contents)
tend to be approximately 1.5 to 2 times as high as in fillets or carcasses
(Lemly and Smith n.d., Brumbaugh and Kane 1985). Hydrophobic organic
chemicals like PCBs occur in whole fish at 2 to 3 times the concentration
in fillets. Therefore, we apply a factor of 2 to metal concentrations in
fish and a factor of 3 to organic chemical concentrations in fish when
calculating lower and intermediate criteria.

Another source of error is the moisture content of the food. The
concentrations reported from dietary toxicity data are usually based on
the weight of the food as consumed by the animal (i.e., fresh weight), but
may be reported as dry weight. In addition, the water content of foods
is variable and is often unreported in dietary toxicity studies. The
concentrations in fish provided for this assessment are fresh weight. We
assume, unless the source indicates otherwise, that the toxic
concentrations are also fresh weight and that the water content of the
diet and of fish fillets is approximately equal. This assumption could
result in an error of approximately a factor of 5 in the results.

In addition to the uncertainties discussed above, this analysis of
risks to piscivorous birds and mammals does not include other animals that
feed on aquatic organisms. Reptiles and amphibians feed on aquatic
invertebrates and fish but hardly any data exist on dietary toxicity for
these taxa. Raccoons and diving ducks consume aquatic invertebrates, but
tissue analyses are not available for invertebrates in the waters being
assessed. We assume that, because they feed from a variety of sources
other than aquatic invertebrates, these populations will be protected by
the criteria for piscivores. Dabbling ducks consume aquatic macrophytes,
but there are not enough data concerning contamination of these sources
to perform an assessment and too few macrophytes in the Clinch River to

serve as a significant source of exposure. Dietary exposure of predatory

fish to contaminated fish and invertebrates is not a significant route of
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exposure except for the most bioaccumulative chemicals. These are

discussed along with the results on exposure to water.

3.2 DATA FOR INDIVIDUAL CRITERIA

The values for NWQC are taken from EPA (1986a). Bioaccumulation
factors and K,, values are from Barnthouse et al. (1988). Other sources
of data used to derive criteria for individual chemicals are discussed

below.

3.2.1 Metals and Metaloids in Water

Aluminum. The proposed acute and chronic NWQC for aluminum for
circumneutral waters are 750 and 87 ug/L, respectively (EPA 1988b). These
are used as the upper and intermediate criteria; applying the factor of
100 yields a lower screening criterion for these waters of 0.87 pg/L.

Mercury. Because the chronic NWQC for mercury is based on
bioaccumulation and effects on humans, the intermediate criterion for
concentrations in water must be estimated from the lowest freshwater
"chronic value," which is 0.26 pg/L for inorganic divalent mercury and
0.07 pug/L for methylmercury (EPA 1986a, Snarski and Olscn 1982). Applying
the factor of 100 for population thresholds yields lower criteria of
0.0026 pg/L and 0.0007 pg/L. Inorganic mercury accumulates to 1.36 mg/kg
in whole fathead minnows at the 0.26-ug/L exposure concentration (Snarski
and Olson 1982). Brook trout exposed to methylmercury experienced toxic
effects at carcass concentrations of 1.6-4.4 mg/kg and whole-body
concentrations of 3.4-9.4 mg/kg (McKim et al. 1976).

Phosphorus. The form of phosphorus in some measurements is not
indicated. Although the most common forms are expected to be organic
phosphorus and phosphates, for the sake of screening we must assume that
it is elemental phosphorus, which is highly toxic. A recommended chronic
criterion for elemental phosphorus of 0.04 ug/L (Bentley et al. 1978) is
used as the intermediate criterion. The upper criterion is set at 6 ug/L
based on the lowest reported LC, (Bentley et al. 1978, EPA 1986a).

Phosphate phosphorous. Phosphate in excess of 25 pg/L can cause

nuisance algal blooms (EPA 1976).
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Vanadium. The threshold for chronic toxicity of vanadium to
flagfish was 0.08 mg/L (Holdway and Sprague 1979). This value serves as
the estimate of a chronic NWQC.

Other metals. The estimate of the chronic NWQC for barium, calcium,
cobalt, magnesium, manganese, potassium, sodium, strontium, and tin is the
threshold for reproductive effects on Daphnia magna reported by Biesinger
and Christensen (1972). The estimated chronic NWQC for boron, lithium,
molybdenum, thorium, titanium, and uranium is the lowest ILL or LCsp from
Cushman et al. (1977) or AQUIRE (EPA 1988a) divided by the appropriate

correction factor.

3.2.2 Organics in Water

Benzene. There is no freshwater chronic NWQC for benzene, but
application of the saltwater acute/chronic ratio to the freshwater final
acute value (EPA 1980s) yields an estimated chronic NWQC (intermediate
criterion) of 0.727 mg/L.

Benzidine, There are mno chronic aquatic toxicity data for
benzidine. Applying the acute/chronic ratio of 100 to the acute NWQC
(2.5 mg/L) yields an intermediate criterion of 0.025 mg/L.

Chlorinated naphthalenes. There are no suitable freshwater chronic
toxicity data, but application of the saltwater acute/chronic ratio to the
freshwater final acute value (EPA 1980t) yields an intermediate criterion
of 0.444 mg/L.

Chloroalkyl ethers. The only chronic aquatic toxicity test for this
class of chemicals gave a no-observed-effect concentration (NOEC) of >19
mg/L (EPA 198Q0u). This wvalue is used as a conservative intermediate
criterion.

Chloroethane. No aquatic toxicity data were found for chloroethane.
Because the toxicity of hydrocarbons generally increases with the number
of chlorine substitutions, the value for dichloroethane, 20 mg/L (EPA
1986a), is used as a conservative value for the monochloro form.

Dichloroethene. The only chronic aquatic toxicity test for this
chemical gave a NOEC of >2.8 mg/L (EPA 1980v). This value is used as a

conservative intermediate criterion.
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Ethylbenzene. The only chronic aquatic toxicity test for this class
of chemicals gave a NOEC of >0.44 mg/L (EPA 1980w). This value is used
as a conservative intermediate criterion.

Fluoranthene. In the absence of. NWQC, the upper criterion for
fluoranthene is the lowest LC;;, for freshwater organisms (4 mg/L) and the
intermediate criterion is the lowest chronic value for aquatic life
(0.016 mg/L) (EPA 1986a).

Fluorene. There are no chronic aquatic toxicity data for fluorene.
The lowest freshwater LCs, is 600 ug/L (Eisler 1987b) which, divided by the
generic acute/chronic ratio of 100, yields an intermediate criterion of
6 pg/L. The BAF of 600 is the mean of the range given by Eisler (1987b).

Halomethanes. There is no freshwater chronic NWQC for halomethanes,
but application of the saltwater acute/chronic ratio to the freshwater
final acute value (EPA 1980x) yields an intermediate criterion of 4 mg/L.

Hexachlorobenzene. This chemical is too sparingly soluble to induce
acute lethality and has not been tested for chronic toxicity (Call et al.
1983). A LCs, for pentachlorobenzene (the most similar chemical for which
there are doxicity data) of 0.25 mg/L divided by the acute chronic ratio
for 1,2,4,5-tetrachlorobenzene (the most similar chemical for which there
are chronic toxicity data) (EPA 1980i) yields an intermediate criterion
of 0.038 mg/L.

Isophorone. There is no freshwater chronic NWQC for isophorone, but
chronic values for fathead minnows and Daphnia magna are 14 and 15 mg/L,
respectively (Cairns and Nebeker 1982). Hence we use 14 mg/L as the
intermediate criterion.

Nitrobenzene. The only chronic aquatic toxicity test for this
chemical gave a NOEC of >32 mg/L (EPA 1980k). This value is used as a
conservative intermediate criterion.

Nitrosamines. There are no chronic aquatic toxicity data for
nitrosamines. Applying the acute/chronic ratio of 100 to the lowest LG5,
[5.85 mg/L (EPA 19801)], yields an intermediate criterion of 0.058 mg/L.

PCBs. The chronic NWQC for protection of aquatic life is based on
effects on mink, so it is not applicable to fish and aquatic

invertebrates. The lowest freshwater chronic value of 0.2 pg/L (EPA

1980d) serves as the intermediate criterion.
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Phenanthrene. In the absence of chronic toxicity data, the lowest
LCsy [370 pg/L (Eisler 1987b)] was divided by the generic acute/chronic
ratio to obtain an intermediate criterion of 3.7 ug/L. The BAF of 325 is
the value for Daphnia magna from Eisler (1987b).

Pyrene. The BAF for pyrene of 69 is the value for rainbow trout in
Eisler (1987b).

Toluene, There is no freshwater chronic NWQC for toluene, but
application of the mean saltwater acute/chronic ratio to the freshwater

final acute value (EPA 1980y) yields an estimated chronic NWQC of 0.23
mg/L.

3.2.3 Metals and Metaloids in Fish

Antimony. Antimony causes liver damage in rabbits at 5.5 mg/kg in
diet (NRC 1980). Application of a factor of 10 for wvariance in
sensitivity and 2 for the whole-fish conversion yields a lower criterion

for piscivores of 0.3 mg/kg.

Arsenic. The toxicity and bioaccumulation of arsenic are highly
dependent on the form. The most toxic and bioaccumulative form is
inorganic trivalent arsenic (arsenite salts). Median lethal dietary

concentrations for wildlife range from 99.8 mg/kg in cowbirds to >5000
mg/kg in mallards depending on the arsenical species as well as the
biological test species (NRC 1977, NIOSH 1988), so the upper criterion for
piscivores is set at an approximate median of 1000 mg/kg. Reported
sublethal effects of inorganic arsenic largely fall in this interval, but
there is very little information on sublethal effects on birds. The most
sensitive reported dietary effect in mammals or birds is the NOEC for
growth of rats of 31 mg/kg (NRC 1977, EPA 1985). Applying a factor of 5
for species sensitivities and 2 for whole fish results in a lower
criterion for effects on piscivores of 3 mg/kg.

Beryllium. Beryllium is a serious respiratory toxin and carcinogen,
but has not been noted to cause dietary toxicity. The oral LDs, in rats
is 9.7 mg/kg (EPA 1980r), giving a dietary upper screening criterion of
120 mg/kg. Weight loss occurred in rats fed a diet containing 500 mg/kg
beryllium (EPA 1987). Applying a factor of 10 for variance in sensitivity
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and 2 for the whole-fish conversion yields a lower screening criterion for
piscivores of 25 mg/kg.

Cadmium. The National Research Council (1980) set the maximum
tolerable level for cadmium in animal feed at 0.5 mg/kg based on observed
toxic effects in mammals on 1l-mg/kg diets. This appears to be sufficient
to protect birds because the lowest-reported-effects level in birds is
4 mg/kg (Heinz et al. 1983). The factor of 2 for whole-fish
concentrations gives a lower screening criterion for piscivores of
0.25 mg/kg.

Chromium. Chromium is most toxic to aquatic organisms in the
hexavalent form. That is the form used in cooling towers, and it is the
form that we assume for the aqueous chromium concentrations used in this
assessment. However, it is likely that much of the chromium has been
reduced to the trivalent form in fish tissues. There are 1little
appropriate data for estimating chromium effects on wildlife, but young
black ducks experienced reduced growth and survival at 10 mg/kg chromium
(III) in diet (Eisler 1986). We apply a factor of 5 for wvariance in
sensitivity and 2 for whole fish to derive a lower screening criterion for
piscivores of 1 mg/kg.

Copper. Copper is a well-regulated essential nutrient that is
seldom toxic in terrestrial vertebrates. The National Research Council
(1980) set the maximum tolerable level for the most sensitive mammal
(sheep) at 25 mg/kg, for nonruminant mammals at 100 to 800 mg/kg, and for
chickens and turkeys at 300 mg/kg. Applying a factor of 2 to the lowest
nonruminant level yields a lower screening criterion for piscivores of 50
mg/kg.

Lead. The National Research Council (1980) recommended that lead
in livestock food be limited to 30 mg/kg, which appears to be protective
of other species (EPA 1984a, Eisler 1988). We apply a factor of 2 for
whole fish to derive a lower screening criterion for piscivores of 15
mg/kg.

Mercury. A U.S. Fish and Wildlife Service report has recommended
that mercury in wildlife food be limited to 0.1 mg/kg because this
concentration of methylmercury caused reduced reproduction in ducks

(Eisler 1987a). Applying a factor of 5 for threshold effects and 2 for
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whole fish yields a lower criterion for piscivores of 0.0l mg/kg. Lethal
dietary concentrations of methylmercury range from 1 mg/kg for mink to 250
mg/kg for chickens (NRC 1980, Sheffy and St. Amant 1982, Wren et al. 1987,
Eisler 1987a). We use 30 mg/kg, the approximate median LCsy, as an upper
criterion for piscivores. Inorganic mercury is not relevant to this end

point because the mercury in local fish is almost entirely methylmercury

(R. R. Turner, ORNL Environmental Sciences Division, personal
communication).
Nickel. The National Research Council (1980) set the maximum

tolerable level of nickel at 50 mg/kg based on weight loss of cattle at
100 mg/kg in diet but no observed effects at 50 mg/kg. Chickens, the only
tested bird, showed a statistically significant decrease in growth at
500 mg/kg in diet but not at 300 mg/kg (NRC 1980). Application of factors
of 5 for variance in sensitivity and 2 for whole-fish concentration yields
a lower chronic criterion for piscivores of 50 mg/kg. The oral LDs, in
rats is 350 mg/kg (NRC 1980). Conversion to dietary concentration yields
an upper criterion of 4400 mg/kg, which is consistent with the sublethal
dietary toxicity data.

Selenium. Dietary selenium effects are difficult to assess because
the toxic levels are near the deficiency levels, uptake is highly variable
among species, and uptake is highly dependent on the form of the selenium
and how it is incorporated into food. Rats experience histological damage
and reduced longevity in lifetime exposures to 3 mg/kg in naturally
contaminated feed, but the same effects occurred at 0.75 mg/kg in spiked
feed (Eisler 1985). Five mg/kg was a no-observed-effects level in feeding
studies of mallards, and 6-9 mg/kg in feed reduced the hatchability of
chicken eggs (Eisler 1985). Mortality and severe reproductive effects in
birds occurred in an area with concentrations of 22-175 mg/kg in food
items (Ohlendorf et al. 1986). Based on these data, the intermediate
criterion is set at 1 mg/kg, which is just above recommended
concentrations in diet to prevent selenium deficiency of 0.1-0.05 mg/kg
(Eisler 1985). That threshold value is divided by 2 for the whole-fish
conversion for a lower screening criterion for piscivores of 0.5 mg/kg in
fish. The upper criterion is set at 100 mg/kg, the lethal dietary

concentration in mallards (Eisler 1985).
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Silver. The National Research Council (1980) set the maximum
tolerable level for silver in animal food at 100 mg/kg based on studies
of rats, chickens, and turkeys. Application of factors of 5 for variance
in sensitivity and 2 for the whole-fish conversion yields a lower
screening criterion for piscivores of 10 mg/kg.

Thallium. Thallium is highly toxic to mammals, and thallium salts
have been used as rodenticides (Venugopal and Luckey 1978). It is also
highly toxic to birds with an acute lethal threshold in diet of 12 mg/kg
in bobwhite quail (EPA 1980a). The no-observed-effect level for thallium
in the diet of rats is 5 mg/kg (EPA 1980a). Applying factors of 5 for
variance in sensitivity and 2 for the whole-fish conversion yields a lower
screening criterion for piscivores of 0.5 mg/kg. The upper criterion is
set at the dietary LCg, in rats of 30 mg/kg (EPA 1980a).

Zinc. The National Research Council (1980) set the maximum
tolerable level for zinc in sheep feed at 300 mg/kg and in swine and
poultry feed at 1000 mg/kg, but adverse effects on young Japanese quail
fed laboratory diets occurred at 125 mg/kg (Hamilton et al. 1979). Using
the Japanese quail datum as the intermediate criterion and applying a
factor of 2 for the whole-fish conversion yield a lower screening

criterion for piscivores of 60 mg/kg.

3.2.4 Organics in Fish

DDT and metabolites. DDT and its metabolites DDD and DDE are
notorious for their effects on piscivorous birds. Birds experience
reduced survival or reproduction at 3-0.15 mg/kg in diet (Lincer 1975,
Anderson et al. 1975). Applying a factor of 5 for an effects threshold
and 3 for the whole-fish conversion yields a lower criterion for
piscivores of 0.0l mg/kg. The acute oral LDs; for birds is approximately
1000 mg/kg (Matsumura 1985), which 1is equivalent to a dietary
concentration in kingfishers of approximately 12,500 mg/kg, the upper
criterion for piscivores. Fish themselves experience effects at 3-11
mg/kg body burden (EPA 1980c). Since 3 mg/kg is lethal to cutthroat trout
fry, we apply the factors of 5 for an effects threshold and 3 for whole-
fish-basis to obtain a lower criterion for protection of fish of
0.2 mg/kg.
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Polychlorinated biphenyls (PCBs). PCBs are persistent,
bioaccumulative, and highly toxic. Mink are the most sensitive species
to PCBs, experiencing reproductive failure at 0.64 mg/kg in diet (Ringer
1983, Fuller and Hobson 1986). Birds experience reproductive and
immunotoxic effects at 10-40 mg/kg in diet (Peakall 1986). Because these
levels induce catastrophic reproductive effects, the International Joint
Commission [IJC (1988)] recommends a concentration in fish of 0.1 mg/kg
to protect piscivores. Using the mink effects level as the intermediate
criterion and applying the factor of 5 for effects thresholds
approximately yield the IJC criterion. Applying the factor of 3 for
organics in whole fish yields a lower criterion for piscivores of 0.04
mg/kg. The acute dietary LCsy in birds is 747-12,000 mg/kg (Peakall 1986).
Using 1000 mg/kg and dividing by 3 for the whole-fish conversion yields
an upper criterion of 300 mg/kg.

Other organics. All 104 of the other organic chemicals that were
analyzed in fish tissues were not detectable. The detection limits ranged
from 0.01 to 33 mg/kg with more than 10 fish sampled for all chemicals.
Except for the pesticides, which are not generated or used in large
amounts by DOE operations, there are very few dietary toxicity data or
avian toxicity data of any sort for these chemicals.

The undetected chemicals that pose the greatest risk (absent
toxicity data) are those with the highest detection limits. The three
undetected chemicals with detection limits greater than 10 mg/kg are
dinitrophenol, dinitrocresol, and benzidine. Dinitrophenols are
intermediates in various industrial syntheses and are specific uncouplers
of oxidative phosphorylation. The acute oral lethal dose to mammals
ranges from 1 to 200 mg/kg with a median of approximately 20 mg/kg (EPA
1980f, NIOSH 1988). The threshold for dietary toxicity in male rats was
500 mg/kg. Dinitrocresols, which were formerly used as pesticides, have
acute oral lethal doses in mammals and birds ranging from 8.3 to 85 mg/kg,
with birds being a factor of 2 to 10 more sensitive than rodents (EPA
1980f, NIOSH 1988). The median LDs, is 30 mg/kg. In one rat dietary test,
63 mg/kg of dinitrocresols was a no-observed-effects level, but 125 mg/kg
caused lethalities (EPA 1980f). We could find no appropriate data for

noncarcinogenic effects of benzidine, but sublethal injury in rodent
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dietary studies occurred at 100 and 430 mg/kg for chloro- and acetyl-
substituted benzidine, respectively (EPA 1980e, NIOSH 1988). We use the
diacetylbenzidine result because we judge that it is more 1likely to
approximate benzidine toxicity than the dichlorobenzidine result.
Applying a factor of 5 for variance in sensitivity and 3 for whole fish
results in lower screening criteria of 30 mg/kg for benzidine and
dinitrophenols and 4 mg/kg for dinitrocresols. Converting to a dietary
basis yields upper screening criteria of 250 mg/kg for dinitrophenols and
375 mg/kg for dinitrocresols.

Several undetected organic chemicals had detection limits of 3.3
mg/kg in fish. Many of these are polycyclic aromatic hydrocarbons (PAHs).
Effects other than carcinogenicity are poorly documented for this class
of chemicals. Acute oral LDsys for rats range from 50 to 9430 mg/kg with
a median of approximately 1000 mg/kg (EPA 1980h, Eisler 1987b, NIOSH
1988). Converting to dietary concentration yields an upper screening
criterion for all PAHs of approximately 12,500 mg/kg. There is not
sufficient information to develop a lower screening criterion for exposure
of piscivores to PAHs (EPA 1980g, EPA 1980h, Eisler 1987b, NIOSH 1988).
However, the detection limit (3.3 mg/kg) is almost 100 times the lower
criterion for PCBs, and the high biological activity of the 4-6 condensed
ring PAHs suggests that they could have more than one one-hundredth of the
toxicity to wildlife of PCBs. On that relatively weak basis, we estimate
that dietary toxic effects might occur below the detection limit.

The next most common class of undetected chemicals with detection
limits of 3.3 mg/kg is nonpesticide, nonphenolic chlorinated aromatic
hydrocarbons. Because the oral toxicity of these chemicals is poorly
characterized, the relatively well studied compound hexachlorobenzene
(HCB) is used as a model compound for this group. The acute lethal dose
is 1000 mg/kg or greater (EPA 1980i, EPA 1984b, NIOSH 1988), so the upper
criterion for concentrations in fish is 12,500 mg/kg. HCB causes liver
damage in Japanese quail at 5 mg/kg in diet (EPA 1980i) and causes
immunosuppression in mink and ferrets (by different criteria) at 25 and
1 mg/kg in diet (Bleavins et al. 1983). Using the l-mg/kg level as the

intermediate criterion and applying a factor of 3 for whole-fish basis

yield a lower screening criterion of 0.3 mg/kg for piscivores.




25

A third class of undetected chemicals with detection limits of 3.3
mg/kg is the chlorinated phenols. Median oral LDses are 500, 1000, and 100
mg/kg for monochloro, trichloro, and pentachloro phenols, respectively,
and 1000 mg/kg for chlorinated cresols (EPA 19800, EPA 1980p, EPA 1980q),
yielding upper screening criteria of 6250, 12,500, 1250, and 12,500 mg/kg.
Appropriate dietary or chronic oral toxicity data were found only for
trichloro and pentachloro phenols. 2,4,5-Trichlorophenol caused mild
histological damage at 3000 mg/kg in the diet of rats (EPA 1980p). This
effect level is used as the intermediate criterion for all monochloro,
dichloro, and trichlo phenols and the dichloro cresol because toxicity
generally increases with increased chlorination. Pentachlorophenol caused
decreased weight in parental rats and increased stillbirths at 30 mg/kg
in the diet (EPA 1980q). Application of a factor of 10 for variance in
sensitivity and 3 for whole fish yields a lower screening criterion for
piscivores of 1 mg/kg for pentachlorophenol and 100 for the other
chlorinated phenols.

Another class of undetected chemicals with detection limits of
3.3 mg/kg is phthalate esters. Oral LDy, values for mammals range from
1000 to 34,000 mg/kg, with a median across esters and species of
approximately 10,000 mg/kg (EPA 1980j, NIOSH 1988). Converting to
whole-fish dietary basis yields an upper screening criterion for all
phthalate esters and piscivores of 125,000 mg/kg. Threshold dietary
effects levels in rats are 40,000 mg/kg for dimethyl phthalate;
50,000 mg/kg for diethyl phthalate; 2500 mg/kg for dibutyl phthalate; and
2000 mg/kg for bis-2-ethylhexyl phthalate (EPA 1980j, NIOSH 1988).
Because we found no avian toxicity data, we apply a factor of 10 for
variance in sensitivity and a factor of 3 for the whole-fish conversion
to obtain lower screening criteria of 1000, 2000, 80, and 70 mg/kg for
dimethyl, diethyl, dibutyl, and bis-2-ethylhexyl phthalate, respectively.
Because we could not find appropriate data for dioctyl phthalate or butyl
benzyl phthalate, we assigned them the same lower criterion as the
ethylhexyl phthalate, 70 mg/kg.

Mononitrophenols also are undetected at detection limits of 3.3
mg/kg. Oral LDgys for mononitrophenols range from 350 to 2800 mg/kg with
a median of approximately 1000 mg/kg (EPA 1980f, NIOSH 1988). Converting
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to dietary basis yields an upper screening criterion for piscivores of
12,500 mg/kg for mononitrophenols. We could find no dietary toxicity data
or chronic oral dosing data for mononitrophenols. We assume that the
relative chronic toxicity of nitrophenols is equal to their relative acute
toxicities. Since dinitrophenols are three times as acutely toxic as
mononitrophenols, the proportional lower screening criterion for
mononitrophenols is 240 mg/kg.

Nitrobenzene is acutely lethal to mammals at a dose of approximately
700 mg/kg (EPA 1980k), which gives an upper dietary criterion of 8750
mg/kg. It causes degeneration of guinea pig organs at 50 mg/kg in diet
(EPA 1980k). Applying a factor of 10 for variance in sensitivity and 3
for the whole-fish conversion yields a lower screening criterion for
piscivores of 2 mg/kg.

Dinitrotoluenes (DNT) are primarily products of munitions
industries. The median oral LDs, for rodents is approximately 1000 mg/kg
(Etnier 1986), which gives a dietary upper criterion of 12,500 mg/kg. A
threshold dietary concentration for effects in rats is 1.5 mg/kg/day for
2,4-DNT, and the 2,6 isomer has approximately equal chronic toxicity
(Etnier 1986). Applying a factor of 10 for variance in sensitivity and
3 for whole fish yields 0.05 mg/kg for DNT.

N-nitroso dimethyl, di-n-isopropyl, and diphenyl amines have LDgys
in rats of 40, 480, and 3000 mg/kg (EPA 19801), which yield upper criteria
of 500, 6000, and 37,500 mg/kg. Dietary effects of nitrosamines other
than carcinogenicity are not sufficiently well documented to allow
estimation of intermediate and lower criteria.

LDgys for isophorone range from 1870 to 2370 mg/kg (EPA 1980m, NIOSH
1988). Using a median of 2000 mg/kg yields a whole-fish dietary upper
criterion of 25,000 mg/kg. Isophorone reduced the growth of rats at
3000 mg/kg (EPA 1980m). Applying a factor of 10 for wvariance in
sensitivity and 3 for whole fish yields a lower screening criterion for
piscivores of 100 mg/kg.

LDsys for phenol range from 100 to 600 mg/kg (EPA 1980n, NIOSH 1988).
Using a median of 500 mg/kg yields a whole-fish dietary upper criterion
of 6250 mg/kg. Phenol reduced the growth of rats consuming 55 mg per day
in drinking water (EPA 1980n). Consumption of 20 g of food daily by a
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200-g rat corresponds to an equivalent dietary concentration of 2750
mg/kg. Applying a factor of 10 for variance in sensitivity and 3 for
whole fish yields a lower screening criterion for piscivores of 90 mg/kg.
The phenol criteria are also used for methyl phenols.

All other organic chemicals were undetected, and the detection
limits were 0.5 mg/kg or less. These chemicals were either not associated
with DOE operations (e.g., toxaphene), are unlikely to cause toxic effects
at the detection limits (e.g., toxaphene), or are unlikely to persist in
off-site surface waters at significant concentrations (e.g., chlorinated

solvents).

3.2.5 Radionuclides

Effects of radionuclides on nonhuman biota are not analyzed in this
assessment for three reasons. First, previous studies of radionuclide
exposure and effects in White 0ak Lake found no evidence of effects or of
exposures sufficient to cause effects in controlled exposures (Blaylock
and Trabalka 1978), and concentrations of radionuclides are much lower
off-site than in White Oak Creek (see Hoffman et al. 1990). Second, the
mode of action of radionuclides is the same in nonhuman organisms as in
humans so the ranking of radionuclides produced by the human health
assessment, which includes bioaccumulation by fish and ingestion of fish
by humans, would be applicable to ecological effects. Third, a screening
assessment of radionuclide effects on nonhuman populations would have no
consequences because an extensive off-site radionuclide monitoring program
will be conducted for human health assessment regardless of potential
ecological effects. The results of those studies, including body burden
data for fish, birds, and mammals, will be analyzed for evidence of

ecological risks in future assessments.

3.3 AMBIENT CONCENTRATIONS

Data concerning chemical concentrations in water, sediment, and fish
flesh were compiled from various sources including surveys conducted by
the Tennessee Valley Authority, Oak Ridge National Laboratory, and
individual investigators, plus water treatment plant records. The

specific data sources and the procedures for compiling the data are
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described by Hoffman et al. (1990). Maxima consist of the highest
detected concentration or limit of detection for a medium and reach. Mean
concentrations are means of both detected concentrations and the limits
of detection when concentrations could not be determined. When means

included limits of detection they are reported as "<x."

3.4 CALCULATIONS
Results are obtained by dividing the concentrations in water,
sediment, or fish tissues by the criteria to obtain quotients. Quotients

greater than 1 indicate that the criterion was exceeded.
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4. RESULTS

The mean and maximum concentrations in water, sediment, and fish
flesh, and the results of comparisons to toxicological screening criteria
are presented in Appendix A, arranged by medium. The results are
summarized in Table 2 and are discussed in this section. However, there
are some generic observations. (1) The concentrations of metals in
sediment are largely irrelevant because they are total concentrations in
dry sediment. For example, a concentration of >10% aluminum clearly
includes phases which are not available to organisms, including strongly
sorbed aluminum and mineral aluminum. Except for mercury, there is no
acceptable means to estimate available metal concentrations. All of the
maximum metal concentrations in sediments are above the lower screening
criteria, all but antimony in MHR are above the chronic NWQC, and most
exceed the upper criterion. All that we can conclude concerning metals
other than mercury in sediments is that effects in benthic organisms
cannot be excluded. Therefore, individual metals in sediments other than
mercury are not discussed. (2) Although both mean and maximum
concentrations of chemicals are included in the analyses, mean water
concentrations are not discussed because nearly all are "less-than"
values. (3) The maximum concentrations in water of all metals are above
the lower screening criteria. Therefore, the discussions of metals in
water will only address the cases in which the upper or intermediate
screening criteria (i.e., acute or chronic NWQC or equivalent) were
exceeded. (4) Although the problem is not as great as for sediment, the
appropriateness of the aqueous concentrations is uncertain because the
forms of the chemicals in water and the methods of analysis are not
specified in the data base. Aquatic toxicity data are obtained from
relatively pure laboratory waters, so the concentrations are most relevant
to ambient measurements of dissolved and disassociated chemicals.
However, the factor-of-6 difference between maximum iron and maximum
dissolved iron in WBR suggests that the reported concentrations may
include considerable particle-associated material. Even well-filtered

samples contain chemicals that are associated with dissolved humic

material and have variable speciation. (5) The factor-of-100 conservatism




Table 2. Summary of results: Media in which maximum values or limits of detection exceeded
criteria, media for which critical reaches were measured, and necessary and desired sensitivity
of chemical analyses

Criteria
exceeded? Critical Analytical sensitivity®
reachesP
Water/ - Water (ug/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary Desired

fish (water) fish
Aluminum Y/ Y/ / N/Y/N 87 0.87
Antimony N/N/y/y N/N/Y 1600 16 300 5.5
Arsenic, pentavalentd Y/Y/N/Y Y/Y/Y 48 0.48 3000 31
Arsenic, trivalent 190 1.9
Barium N/Y/ / N/N/N 5800 58
Beryllium N/Y/N/Y N/N/Y 5.3 0.053 2500 500
Boron Y/N/ / N/N/N 7850 78
Cadmium Y/Y/N/y Y/Y/Y 1.1 0.011 250 1
Calcium Y/ / / N/N/N 116000 1160 n.a.
Chromium, hexavalentd Y/Y/N/y Y/Y/Y 11 0.11 100 10
Chromium, trivalent 210 2.1 100 10
Cobalt Y/Y/ / N/N/N 10 0.1
Copper Y/Y/N/Y Y/Y/Y 12 0.12 50000 100
Cyanide Y/Y/ / Y/Y/N 5.2 0.052
Iron Y/Y/ / N/N/N 1000 10 n.a.
Lead Y/Y/N/Y Y/Y/Y 3.2 0.032 15000 30
Lithium Y/ / / N/N/N 130 1.3
Magnesium N/ [/ / N/N/N 82000 820 n.a.

Manganese Y/ Y/ / Y/N/N 41000 41
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Table 2 (continued)

Criteria
exceeded® Critical Analytical sensitivity®
reachesP
Water/ - Water (ug/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary Desired

fish (water) fish
Mercury, methyld Y/Y/Y/Y Y/Y/Y 0.07 0.0007 0.1 0.01
Mercury, inorganic 0.26 0.0026 8 4
Molydenum N/ / / N/N/N 2350 23
Nickel Y/Y/N/y Y/Y/Y 160 1.6 500 50
Niobium 2/ /) / N/N/N ? ?
Phosphate Y/ / / N/N/N 25 n.a.
Phosphorus, elementald Y/ / / N/N/N 0.04 0.0004 n.a.
Potassium Y/ / / N/N/N 53000 530 n.a.
Selenium Y/Y/Y/Y N/Y/Y 35 0.35 5 ' 1
Silicon ? N/N/N ? ? n.a.
Silver Y/Y/N/Y N/Y/Y 0.12 0.0012 100 10
Sodium Y/ / / Y/N/N 68000 680 n.a.
Strontium N/Y/ / N/N/N 42000 420
Thallium N/Y/y/N N/N/Y 40 0.4 5 0.5
Thorium N/Y/ / N/N/N 565 5.6
Tin N/ /7 N/N/N 350 3.5
Titanium N/Y/ / N/N/N 230 2.3
Uranium N/Y/ / N/N/N 280 2.8
Vanadium Y/, / N/N/N 80 0.8
Zinc Y/Y/N/y Y/Y/Y 110 1.1
Zirconium N/Y/ / N/Y/N 140 1.4
1,1,1 Trichloroethane N/N/?/N N/N/Y 9400 94 ? ?
1,1,2,2-Tetrachloroethane N/N/?/N N/N/Y 2400 24

1,1,2-Trichloroethane /N/? /N N/N/Y 9400 94
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Table 2 (continued)

Criteria
exceeded? Critical Analytical sensitivity®
reachesb)
Water/ Water (pg/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary Desired

fish (water) fish
1,1-Dichloroethane N/N/?/N N/N/Y 20000 200 ? ?
1,1-Dichloroethylene N/N/?/N N/N/Y 11600 116 ? ?
1,2,4-Trichlorobenzene y/y/vy/y N/N/Y 50 0.5 1 0.3
1,2,5,6-Dibenzanthracene /?/?/? N/N/Y ? ? 3
1,2-Dichlorobenzene y/N/Y/N N/N/Y 763 7.6 1 0.3
1,2-Dichloroethane N/N/?/N N/N/Y 20000 200 ? ?
1,2-Dichloropropane N/N/?/N N/N/Y 5700 57 ? ?
1,2-Diphenylhydrazine /?/?/7 N/N/Y ? ? ? ?
1,3-Dichlorobenzene y/y/Y/N N/N/Y 763 7.6 1 0.3
1,3-Dichloropropene / /?/ N/N/Y ? ?
1,4-Dichlorobenzene y/y/Y/N N/N/Y 763 7.6 1 0.3
2,4,6-Trichlorophenol N/y/N/? N/N/Y 970 9.7 3000 100
2,4-Dichlorophenol y/y/N/? N/N/Y 365 3.6 3000 100
2,4-Dimethylphenol N/y/N/y N/N/Y 2200 22 2700 90
2,4-Dinitrophenol yv/Y/y/? N/N/Y 150 1.5 500 30
2,4-Dinitrotoluene y/Y/Y/y N/N/Y 230 2.3 1.5 0.05
2,6-Dinitrotoluene v/Y/N /vy N/N/Y 230 2.3 1.5 0.05
2-Chloroethyl vinyl ether 2/?/?/? N/N/Y ? ? ? ?
2-Chloronaphthalene y/?/Y/? N/N/Y 440 4.4 1 0.3
2-Chlorophenol N/y/N/? N/N/Y 2000 20 3000 100
2-Nitrophenol y/Y/N/? N/N/Y 150 1.5 15000 240
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Table 2 (continued)

Criteria
exceeded?® Critical Analytical sensitivity®
reaches®
Water/ - Water (ug/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary Desired

fish (water) fish
3,3’ -Dichlorobenzidine 2/?2/Y/? N/N/Y ? ? 1 0.3
4,6-Dinitro-ortho-cresol y/?/Y/? N/N/Y 150 1.5 63 4
4-Bromophenyl phenyl ether y/N/2/7 N/N/Y 122 1.2 ? ?
4-Chlorophenyl phenyl ether y/y/Y/? N/N/Y 122 1.2 1 0.3
4 -Nitrophenol y/Y/N/? N/N/Y 150 1.5 1500 240
Acenaphthene y/y/?/y N/N/Y 520 5.2 ? 3
Acenaphthalen ? N/N/Y ? ? ? ?
Acrolein /Y/?/N N/N/Y 21 0.21 ? ?
Acrylonitrile /y/?/N N/N/Y 2600 26 ? ?
Aldrin ? N/N/Y ? ? ? ?
Anthracene ? N/N/Y ? ? ? ?
Benzene N/N/?/N N/N/Y 727 7.3 ? ?
Benzidine y/Y/N/Y N/N/Y 25 0.25 430 30
Benzo(a)anthracene 2/2/?/? N/N/Y ? ? ? 3
Benzo(b) fluoranthene ? N/N/Y ? ? ? 3
Benzo(g,h,i)perylene ? N/N/Y ? ? ? 3
Benzo(k)fluoranthene ? N/N/Y ? ? ? 3
Benzo(a)pyrene 2/?2/?/? N/N/Y ? ? ? 3
Bis(2-chloroethoxy)methane ?2/?2/¥/? N/N/Y ? ? 1 0.3
Bis(2-chloroethyl)ether N/2?2/Y/? N/N/Y 1900 19 1 0.3
Bis(2-chloroisopropyl)ether N/?2/Y/? N/N/Y 1900 19 1 0.3
Bis(2-chloromethyl)ether N/N/Y 1900 19 1 0.3
Bis(2-ethylhexyl)phthalate Y/Y/N/Y N/N/Y 3 0.03 2000 70
Bromoform N/N/?/? N/N/Y 4000 40 ? ?
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Table 2 (continued)

Criteria
exceeded? Critical Analytical sensitivity®
reachesP
Water/ - Water (pg/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary  Desired

fish (water) fish
Carbon tetrachloride N/N/? /N N/N/Y 4000 40 ? ?
Chlordane /Y/2/y N/N/Y 0.0043 0.000043 ? ?
Chlorobenzene y/y/N/N N/N/Y 50 0.5 1 0.3
Chlorodibromomethane /N/?7/N N/N/Y 4000 40 ? ?
Chloroethane N/N/?/N N/N/Y 20000 20 ? ?
Chloroform N/N/?/N N/N/Y 1240 12 ? ?
Chrysene ? N/N/Y ? ? ? ?
Dichlorobromomethane N/N/?/N N/N/Y 4000 40 ? ?
Dichlorodifluoromethane /N/?2/N N/N/Y 4000 40 ? ?
Dieldrin /Y/?/y N/N/Y 0.0019 0.000019 ? ?
Diethylphthalate Y/Y/N/Y N/N/Y 3 0.3 50000 2000
Dimethylphthalate Y/Y/N/? N/N/Y 3 0.3 50000 2000
Di-n-butylphthalate Y/Y/N/Y N/N/Y 3 0.3 50000 2000
Di-n-octylphthalate Y/Y/N/y N/N/Y 3 0.3 50000 2000
Endosulfan, alpha /Y/?/7 N/N/Y 0.056 0.00056 ? ?
Endosulfan, beta /Y/?/7 N/N/Y 0.056 0.00056 ? ?
Endosulfan, sulphate /Y/?/? N/N/Y 0.05 0.00056 ? ?
Endrin /Y/?/Y N/N/Y 0.0023 0.000023 ? ?
Endrin aldehyde ? N/N/Y ? ? ? ?
Ethylbenzene y/N/?/N N/N/Y 440 4.4 ? ?
Fluoranthene Y/y/?/Y N/N/Y 5 0.05 ? 3
Fluorene Y/Y/?/y N/N/Y 6 0.06 ? 3
Freon ? N/N/N ? ?

Heptachlor /Y/?/y N/N/Y 0.0038  0.000038 ? ?
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Table 2 (continued)

Criteria
exceeded? Critical Analytical sensitivity®
reachesP
Water/ - Water (pg/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary Desired

fish (water) fish
Heptachlor epoxide ? N/N/Y ? ? ? ?
Hexachlorobenzene y/y/Y/? N/N/Y 38 0.38 1 0.3
Hexachlorobutadiene u/y/Y/? N/N/Y 9.3 0.093 1 0.3
Hexachlorocyclohexane, alpha ? N/N/Y ? ? 1 0.3
Hexachlorocyclohexane, beta ? N/N/Y ? ? 1 0.3
Hexachlorocyclohexane, delta ? N/N/Y ? ? 1 0.3
Hexachlorocyclohexane, gamma /Y/?/y N/N/Y 2 0.02 1 0.3
Hexachlorocyclopentadiene Y/y/Y/Y N/N/Y 5.2 0.052 1 0.3
Hexachloroethane y/y/Y/y N/N/Y 540 5.4 1 0.3
Indeno (1,2,3-CD) pyrene ? N/N/Y ? ? ? 3
Isophorone N/y/N/y N/N/Y 14000 140 3000 100
Methyl chloride /N/?2/? N/N/Y 4000 40 ? ?
Methyl bromide /N/?2/? N/N/Y 4000 40 ? ?
Methylene chloride y/y/?/y N/N/Y 4000 40 ? ?
Naphthalene y/y/?/y N/N/Y 620 6.2 ? ?
Nitrobenzene N/yv/y/? N/N/Y 32000 320 50 2
n-Butylbenzyl phthalate Y/Y/N/Y N/N/Y 3 0.3 2000 70
n-Nitrosodimethylamine v/Y/?/Y N/N/Y 58 0.58 ? ?
n-Nitrosodiphenylamine v/Y/?/Y N/N/Y 58 0.58 ? ?
n-Nitrosodi-n-propylamine y/Y/?/Y N/N/Y 58 0.58 ? ?
p,p’'-DDD /Y/Y/y N/N/Y 0.001 0.00001 0.15 0.01
p,p' -DDE /YNy N/N/Y 0.001 0.00001 0.15 0.01
p,p'-DDT /Y/Y/Y N/N/Y 0.001 0.00001 0.15 0.01

Parachlorometa cresol N/ /N/? N/N/Y 2000 20 3000 100
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Table 2 (continued)

Criteria
exceeded? Critical Analytical sensitivity®
reachesP
Water/ - Water (ug/L) Fish (mg/kg)

Compound sediment/ Water/

fish (pisc.)/ sediment/ Necessary Desired Necessary Desired

fish (water) fish
PCBs Y/Y/Y/N N/N/Y 0.2 0.002 0.1 0.04
Pentachlorophenol Y/v/vy/y N/N/Y 13 0.13 30 1
Phenanthrene Y/N/?/y N/N/Y 3.7 0.037 ? 3
Phenol(s) N/Y/N/N N/N/Y 2560 36 2700 90
Pyrene 2/2/2/? N/N/Y ? 3
Tetrachloroethene N/ // N/N/N 840 8.4
Toluene y/N/? /N N/N/Y 230 2.3 ?
Toxaphene /Y/?/? N/N/Y 0.0002 0.000002 ? ? w
trans-1,2-Dichloroethene y/N/?/? N/N/Y 2800 28 ? ? <
trans-1,2-Dichloropropene N/ // N/N/N 240 2.4
Trichloroethylene N/ // N/N/N 21900 219
Trichlorofluoromethane /N/?7/N N/N/Y 4000 40 ? ' ?
Vinyl chloride ? N/N/N ? ?

&Y indicates that the intermediate criterion for a medium is exceeded; y indicates that the
lower criterion but not the intermediate criterion was exceeded; N indicates that no criteria were
exceeded; ? indicates no toxicity data, bioaccumulation data, or K,, data; and a blank indicates that
the compound was not measured in the medium in any reach. Sediment maxima include all depths.

by indicates that the compound was measured in water or sediment in WOCC, PCE, and PCC, or in
fish in WOCC and PCE. N indicates that not all of these critical reaches were measured.

°The necessary levels of sensitivity are the intermediate criteria and the desired levels of
sensitivity are the lower criteria. A ? indicates no toxicity data, n.a. indicates chemicals with no
significant dietary toxicity, and a blank indicates that the compound was not measured in that
medium.

9The codes for criteria exceeded and reaches measured are based on total analyses, not the
indicated chemical species.
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of the lower criteria for water and sediments relative to the intermediate
criteria (chronic NWQC) had little effect on the results. Very few
chemical concentrations in water or sediments exceeded the lower criterion
without also exceeding the intermediate criterion (Table 2). (6) In the
following discussion the intermediate criteria for concentrations in water
are referred to as "chronic NWQC" or "estimated chronic NWQC" and the
upper criteria for concentrations in water are referred to as "acute NWQC"
or "estimated acute NWQC" to emphasize the relationship of the reported
concentrations to standard benchmarks. However, the reader should bear
in mind that these results include water concentrations from nonstandard
sampling and analysis methods and water concentrations estimated from
sediment or fish tissue concentrations. Therefore, violations of

standards are not implied by exceedances of these criteria.

4.1 RESULTS FOR METALS AND TOXIC INORGANIC CHEMICALS

Aluminum. Maximum concentrations of aluminum in WOCC and PCE water
are above the upper criterion (proposed acute NWQC), and in WBR they are
above the intermediate criterion (proposed chronic NWQC). Aluminum has
not been measured in water in other reaches or in fish flesh in any reach.

Antimony. The detection limits for antimony in fish tissues are
above the 1lower screening criterion for piscivores but below the
intermediate criterion (the level that caused liver damage).

Arsenic. The maximum concentration of arsenic in WOCC water is
above the acute NWQC, and in MHR it is above the chronic NWQC. Other
analyzed reaches (PCE and PCC) have much lower maximum aqueous
concentrations. However, analysis of fish tissues suggests that the fish
in PCE and PCC have been exposed to potentially toxic concentrations of
arsenic. These conclusions are based on the assumption that the arsenic
is pentavalent. If it is trivalent, MHR and WOCC maximum water
con