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Margaret MacDonell, Karen Woytowich, Deborah Blunt and Mary Picel
Argonne National Laboratory
Argonne, Illinois

ABSTRACT

Biouptake of contaminants and subsequent human exposure via food ingestion represents a
public concern at many contaminated sites. Site-specific measurements from plant and animal
studies are usually quite limited, so this exposure pathway is often modeled to assess the
potential for adverse health effects. A modeling tool was applied to evaluate baseline risks at
a contaminated site in Missouri, and the results were used to confirm that ingestion of fish and
game animals from the site area do not pose a human health threat. Results were also used to
support the development of cleanup criteria for site soil.

BACKGROUND

Although contaminated sites are often found in urban industrial areas, many are located in rural
areas that provide habitat for a variety of plants and animals. The VS. Department of Energy
(DOE) is conducting environmental restoration activities at a number of sites across the country,
including those in rural areas that cover hundreds to thousands of acres and support a variety
of biota. The Weldon Spring site is one such site; it is located about 48 km (30 mi) west of
St. Louis, Missouri, next to thousands of acres of state-owned wildlife areas. These wildlife areas
receive over one million visitors per year and support recreational activities that include hunting
and fishing.

The 88-ha (217-acre) chemical plant area of the Weldon Spring site was used by the Department
of the Army during the 1940s to produce nitroaromatic explosives. This area (hereafter referred
to as the site) was later revamped by the Atomic Energy Commission (AEC, predecessor of DOE)
to process uranium and some thorium ore concentrates during the 1950s and 1960s. About 18%
of the site is covered by surface water, contained in two ponds and four old waste pits, and
about 25% of the site consists of old-field/upland forest habitat; the remainder consists of shrubs
and grassland, most of which is regularly mowed. The waste pits are fairly heavily
contaminated with radium, thorium, and uranium, whereas generally low levels of contaminants
(primarily uranium) are scattered across site soil. Low levels of uranium have also been detected
in several samples from three lakes in the wildlife area to the north that receive surface runoff
from the site (1).

Over 200 species of plants and animals are probably present at and around the Weldon Spring
site. More than 15 species of waterfowl (including ducks and geese) have been observed feeding
and resting at the contaminated pits and ponds on-site, and seve.al game animals (including
deer, rabbit, and wild turkey) have been seen in both the wooded and open areas of the site.
People hunt in the adjacent wildlife areas and fish in the lakes. To ensure that the public is
being protected from any adverse health effect associated with ingestion of site contaminants in
fish or game animals, a number of monitoring and biouptake studies have been conducted over
the past several years. Results of these studies have indicated that no threats are associated with
food ingestion, but the local community has continued to ask about the potential risk of eating
food from the wildlife area. This concern was one of the primary reasons that health risks



associated with biouptake and subsequent food ingestion were evaluated as part of the baseline
risk assessment for the site (1).

OBJECTIVES

The objective of the biouptake and food ingestion evaluation was twofold. First, the study was
to assess the potential for risks under existing conditions to provide a comprehensive response
to the public's concerns about that issue. Second, the study was to assess whether future risks
might be possible if no cleanup action were taken at the site — to address the possibility that
future land use might be recreational (hunting) or residential (gardening) — so those exposures
could be factored into the development of cleanup criteria for the site. In addition, evaluating
biouptake supported the ecological component of the baseline risk assessment.

The information needs were greater than for surface water because the results of this evaluation
were to be used to support the development of soil cleanup criteria. These criteria were not
needed for site surface water because an interim action to remove and treat that water was
already under way. For the off-site surface water (lakes in the wildlife area), the Missouri
Department of Health and the Agency for Toxic Substances and Disease Registry had each
conducted fish ingestion studies that evaluated the chemical contaminants. Thus, the additional
effort for those lakes focused only on uranium. Because soil was the critical medium for this
study, most of the remaining discussion focuses on the approach taken to address the terrestrial
system.

DATA LIMITATIONS

Obviously, tissue measurements are the best input data for a biouptake evaluation. However,
the data for the site were limited and variability was relatively high — which is quite typical and
simply reflects the difficulties inherent in conducting biotic studies (especially for animals). For
example, although a study design may identify a number of individuals of specific species that
should be collected to provide an adequate sample size, it is usually difficult to collect the
targeted number and type of samples. As a result, compositing is often necessary to amass
enough tissue for analysis, and this was one of the limitations for the site studies.

Another problem results from not knowing how long a collected specimen has been exposed to
the contaminated medium. For example, it is very difficult to know the amount of time a deer
may have spent in a contaminated soil area. Further, when interpreting studies that have been
conducted by different individuals over time, comparing results can be complicated by
inconsistencies in species sampled, tissue types, sample sizes, detection limits, and the manner
in which results are reported (e.g., wet weight versus dry weight). Each of these factors were
issues for the Weldon Spring site. Finally/ data for "background" tissue concentrations are
generally unavailable for the animals and contaminants of concern at a site, and such was the
case for the Weldon Spring site.

To fill the data gaps and support the evaluation of the food pathway for contaminated sites
where comprehensive measurements are limited, potential impacts can be modeled.
Unfortunately, no standard parameters are available for estimating biouptake, and values for the
physicochemical and biological inputs vary widely. The approach selected for modeling
biouptake at the Weldon Spring site included site-specific considerations with regard to
contaminant availability and the home ranges and feeding patterns of the primary species.



MODELING APPROACH

For the first step of the model, the concentration of contaminant i in plants (Cp,) via uptake from
soil was estimated by multiplying its concentration in soil (CS1) by the contaminant-specific
uptake factor (UF,). The 95% upper confidence limit of the arithmetic averages were used to
represent the contaminant concentrations in soil. Various UF values can be found in the
scientific literature from fallout studies, chemical correlation studies, sludge-amended soil
studies, and market basket surveys. The primary sources of information for the UFs used in this
evaluation were Baes et al. (2), Sheppard and Thibault (3), and Thibault et al. (4).

Plant uptake is a complex process that is affected by several factors, many of ivhich are
controlled by site-specific conditions. These factors include the geochemistry of the soil; the type
of plant; and the chemical form of the contaminant its solubility, and its distribution coefficient
between soil and solution (Kdj). For organic contaminants, Briggs et al. (5) have developed an
empirical relationship between a compound's equilibrium concentration in the transpiration
stream to its concentration in soil solution. The tissue concentration of a contaminant can then
be estimated by multiplying this ratio by its soil concentration and dividing by the Kd that has
been modified to account for the adsorptive effect of soil organic carbon, with appropriate
adjustment for plant water content.

To support the development of cleanup criteria, this information was combined to model
contaminant uptake by plants from site soil so potential exposures to future gardeners could be
estimated. To assess the link between plants and game animals, the model continued to the
second stage. The contaminant concentration in edible animal flesh (Cfl) resulting from the
animal's dietary intake was modeled by multiplying an assumed plant ingestion rate (IR) by the
contaminant-specific assimilation or biotransfer factor (BF;). While some data are available in
the biological literature for estimating the ingestion rates, appropriate data for the biotransfer
factor (i.e., pharmacokinetics) are quite limited. These factors were determined from the
available literature for inorganic contaminants (2,6-8). For organic compounds, the biotransfer
factor was calculated from the contaminant-specific octanol-water partition coefficient (KOW()
using an empirical relationship from Travis and Arms (9).

The third step of the model considered the time spent by the animal in a contaminated area.
Some limited infonnation is available in the scientific literature on home ranges for the species
evaluated in this assessment (e.g., nonmigratory white-tailed deer and wild turkey in Missouri).
These data were used to apportion the time reasonably spent at the Weldon Spring site over the
given animal'.; lifetime, from which the fraction of its diet ingested from a contaminated source
(FI) was derived.

Finally, to assess human exposures to site contaminants via ingestion of game animals, wildlife
area use data from the Missouri Conservation Department were incorporated into EPA's
standard intake equations for food ingestion (10). The lengths cf the hunting seasons and the
size of the site relative to the wildlife areas were also factored into those estimates. (Similarly,
data for use of the wildlife area lakes and allowable catch limits were incorporated into the
estimate of human exposure via fish ingestion.) Standard toxicity values from EPA's Integrated
Risk Information System were then used to calculate the potential risks and noncarcinogenic health
effects from the exposures estimated for individuals who might hunt and fish in the area of the
Weldon Spring site.

RESULTS



The results of the biouptake and food ingestion analyses indicated that there are no current or
projected future health risks to humans from ingesting animals or fish from the area of the
Weldon Spring site. Modeled concentrations in game animals were generally similar to the
limited measurements that were available (1). Although soil cleanup criteria for the site were
developed primarily from the results for other human exposure pathways (e.g., inhalation and
incidenial ingestion), the results of modeled biouptake and subsequent food ingestion were used
to support these criteria.

RECOMMENDATIONS

A number of lessons were learned in developing the biouptake and food ingestion analyses for
the Weldon Spring site, from which general recommendations can be made. First, the analyses
should be tailored to fit the decision needs for each site. For example, screening-level analyses
can be conducted for media that do not require a more extensive evaluation to support
environmental restoration decisions (as for the water in the on-site pits). This will control the
"use of modeling for modeling's sake" and keep limited resources focused on critical issues
during the assessment phase.

Second, the analyses should be streamlined by using existing data as much as possible. For
example, incorporate by reference other information that partially satisfies a decision need and
limit new analyses to satisfying the remainder of that need (as for the radiological versus
chemical analysis for the off-site lakes).

Third, conservative assumptions should not be used in each step of the model where critical
decisions are being supported, or the results may be inappropriately high (e.g., indicating a
potential threat where none exists). Rather, site-specific reason and best judgment should be
invoked in selecting parameter values. For example, one should account for the contamination
patterns at a site, as well as the activity patterns of humans and animals, and fractions rather
than unit values should be considered where appropriate (e.g., for the time a migratory bird, or
a large game animal with a considerable home range, might spend in a contaminated area).
Similarly, the potential effect of site-specific soil properties on contaminant availability should
be considered when selecting uptake factors.

Last, the results for naturally occurring radionuclides and chemicals should be put in perspective
by running parallel calculations with local background concentrations for comparison. This can
prove helpful in calibrating the selection of plant uptake and animal biotransfer factors from the
range of values available because it serves to flag estimates that are orders of magnitude higher
than would be expected from other correlation data (such as measured soil-to-plant ratios).

In summary, modeling contaminant movement into plants and animals and assessing subsequent
human exposures can help answer the question sometimes asked by the public: "Is it safe to eat
food from nearby?" The modeling effort can bring together varied separate pieces of information
that can otherwise be confusing to a public searching for a comprehensive answer to the
question of safety. These pieces of information include the results of DOE monitoring studies
and biotic surveys (which are often variable and benefit from a consolidated review), and data
on properties of the primary environmental media that can affect contaminant availability (such
as the clay content and pH of site soil). The model results can provide an integrated picture of
the food chain pathway and its relative Importance in the overall decision-making process for
a site. Thus, although considerable uncertainty is inherent in evaluating biouptake and
subsequent exposures, modeling can provide a useful tool that supports the assessment of



baseline risks and the development of site cleanup plans.
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