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Abstract O c.,

A framework has been developed to evaluate and compare the carcinogenic risk
implications of two approaches to establishing soil remediation goals at hazardous waste
contaminated sites. The approaches considered are (I) site-specific risk assessment to
achieve a specified level of carcinogenic risk and (2) the use of uniform, concentration=
based soil quality guidelines. Uncertainty in site-specific risk assessments and variability
in site conditions when a uniform approach is used are taken into account. For each
approach, cumulative distribution functions representing the regional variability in risk
across sites are developed using a soil risk model. The two approaches are then compared
based on these distributions. This paper describes the evaluation framework and presents
some preliminary results of ongoing research to apply the framework to sites contaminated
with trichloroethylene (TCE). Preliminary work in applying the framework to sites
contaminated with polychlorinated biphenyls (PCBs) is also described.

1. Introduction

"How clean is clean enough?" How this question is addressed at individual sites has a
major impact on the time and resources required to accomplish the cleanup effort and the
consistency of the end result. Unlike other environmental media, few explicit
concentration-based guidelines exist for judging soil contamination or establishing cleanup
goals. Instead, cleanup goals are set site by site based on detailed risk assessments. For
example, the National Contingency Plan for implementation of the Superfund 1program,
has specified an acceptable risk level rather than concentration levels to be achieved in
remediation (U.S. EPA, 1990). Thus, measurable remediation goals must be determined at
each site individually.

Although the site-specific approach is predominant in the U.S. currently, there is
increasing interest in establishing uniform, concentration-based soil quality guidelines to
promote consistency among remediation efforts. The uniform guidelines for
polychlorinated biphenyls (PCBs) are among the few that exist at the national level (U.S.
EPA, 1987). Several European countries and Canada have established soil quality criteria
for a range of inorganic and organic contaminants. In some cases, the specified levels are
applicable at all contaminated sites. In other cases, the levels differ according to site
characteristics such as land use and soil organic content.

Some argue that a site-specific assessment is best because each contaminated site is
unique (e.g,. Killian, 1989). However, this approach is resource and data intensive and

)' ,Y',:

1 ComprehensiveEnvironmentalResponsibility,CompensationandLiabilityAct (CERCLA)as ,__
amendedby the SuperfundAmendmentandReauthorizationActof 1986(SARA).

"l'ha a_mntlea menu)o_ naa tiron
aaahotad lav a contractor of the 0.$,

un(_ e(m_act No. I_-
ACOS-OaOR21(OO, _(:o.fm_, t)_ U.S.

Govammeat rmlina _ nonncme_.. rov_ly-trm _ to or rc_rockJoe
_ form of _ c_n_, or

ottlm',,to do Io, for U.S. _!
m-_."

_BLITIOCq OF THIS DOOUMENT IS UNU_ _



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringeprivately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



often results in delayed cleanups. In addition, it can be applied inconsistently and result in
an inconsistent level of protection of human health from site to site. For example, two
neighboring Superfund sites in Texas, North Cavalcade and South Cavalcade, are
contaminated primarily with polynuclear aromatic hydrocarbons (PAH) from creosote
operations. Despite their nearly identical settings, the soil remediation goal for PAHs at the
North Cavalcade site was set at 1 ppm, and at South Cavalcade site, 700 ppm. The
difference is attributed primarily to disparity in the quality and extent of site data used for
the assessments at the sites and widely varying exposure assumptions (Environmental
Defense Fund et al., 1990).

Uniform soil quality criteria, on the other hand, can be applied consistently across sites
without the need for costly site-specific risk assessments. However, differences in land
use, soil types, and subsurface environments can influence exposure and health risk
significantly at sites with similar contaminant levels in the soil. Hence, a wide range of risk
levels can result from the application of the same soil quality criteria at different sites.

There has been a lot of debate about which of these two approaches is more appropriate,
yet very little quantitative analysis has been performed to support the debate. An important
question is, what are the risk implications of each approach? In principle a site-specific
approach achieves a uniform level of risk at ali sites. However, there is a great deal of
uncertainty in risk assessment even if site-specific information is collected and taken into
account. On the other hand, when a uniform soil concentration is achieved at all sites, the
risk will vary because of differences in site characteristics.

The purpose of the work described herein was to develop a framework to quantify and
compare the human health risk implications of the two approaches in terms of risk
variability across sites in a region. The definition of risk used was excess lifetime cancer
risk to the hypothetical maximally exposed individual. This paper also presents ongoing
research to apply the evaluation framework to sites contaminated with TCE and preliminary
work in applying it to sites contaminated with PCBs.

2. Development of a general framework for evaluating risk implications

2.1 Evaluating the site-specific approach

In a site-specific approach, an acceptable level of risk is established and a site-specific
goal is back-calculated using a soil risk model (Figure 1). The input parameters are
specified from measurements of or assumptions about contaminant and site-specific
properties, and the exposure scenario. Currently, a deterministic approach is taken in
which point estimates of the input parameters are specified.

The definition of risk used in this work is risk to a hypothetical individual faced with a
reasonable maximum exposure (RME). This is the same approach adopted by the U.S.
EPA to calculate carcinogenic risk (U.S. EPA, 1989) at Superfund sites. In general, the
major exposure assumptions specified by the U.S. EPA are used here. From this point on,
the word risk will be used to mean excess lifetime cancer risk to the RME.

In principle, the risk implications of the site-specific approach are obvious, lt could be
referred to as a 'uniform risk' approach since a level of risk is established as acceptable and
site-specific assessments are intended to allow the determination of a soil concentration to
be achieved in remediation which will result in the established risk level. However, the
resulting risk is not without uncertainty. Incomplete knowledge of the physical/chemical
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Figure 1. Schematic of the current site-specific approach. A
soil goal is established using a soil risk model, point estimates of input
parameters, and an acceptable level of risk.

processes governing contaminant fate and transport, incomplete characterization of site
parameters, and unknown exposure conditions contribute to the uncertainty in the site-
specific risk estimate.

To quantify the uncertainty in post-remediation risk estimates made using current risk
assessment guidance for Superfund sites requires consideration of both model and
parameter uncertainty. An evaluation of the sensitivity of the risk estimate to model
uncertainty is performed by identifying alternative environmental fate and transport sub-
models available for each of the major exposure routes and comparing the risk assessment
at a single site using several model formulations. To examine the uncertainty in risk due to
parameter uncertainty, a single version of a soil risk model is chosen. This is depicted in
Figure 2. Parameter uncertainty is evaluated from information about current practices of
site investigation and then cumulative probability distribution functions are assigned to the
input parameters (parl-parn in Figure 2). Uncertainty in the post-remediation risk estimate,
R, at a single site when the soil remediation goal, C *s, is used can be determined by
evaluating a cumulative distribution function for R.
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Figure 2. Uncertainty in the post-remediation risk estimate due to parameter
uncertainty at a single site can be determined by characterizing the uncer-
tainty in the input parameters. The deterministic soil goal is determined
using the procedure illustrated in Figure 1.
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In order to compare the uniform and the site-specific approaches, it is necessary to
determine the variability in risk across a number of sites in a region that results from the use
of each approach. An important question is: how generalizable to other contaminated sites
is the cumulative distribution function of risk at the soil remediation goal for a case study
site. One approach to this issue is to assume that the acceptable risk, the method used to
establish the soil goal at each site, and the degree to which the site is characterized are the
same at ali sites in the region. Then the cumulative distribution function at the case study
site can be shown to be representative, and it can be said to be equivalent to a regional
distribution of risk variability.

2.2 Evaluating the uniform approach

When uniform soil concentration guidelines are used, risk can vary across sites because
differences in land use and site characteristics can influence exposure and health risk
significantly at sites with similar contaminant levels in the soil. A uniform level for a
particular contaminant will result in some sites whose actual risk exceeds the desired risk
goal and others whose actual risk is lower than the goal, suggesting a less or more stringent
soil remediation goal would have been adequate at the respective sites. To evaluate the
variability in risk across sites due to use of a uniform soil concentration, variability in site
conditions across a region of sites must be quantified as cumulative distribution functions.
As shown in Figure 3, these distributions, along with the uniform soil goal, are input to a
soil risk model to determine a cumulative distribution function for the post-remediation risk
at a random site.
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Figure 3. When a uniform soil goal for a particular contaminant is applied
to all sites in a region, the post-remediation risk at the random site can be
determined. The variability in the input parameters across the sites in the
region must be specified.

2.3 Comparison of the two approaches

The general framework developed for creating cumulative distribution functions
representing the regional variability in risk can be used to compare the site-specific and
uniform approaches to setting remediation goals with respect to their relative risk
implications. As discussed previously, use of the uniform approach will result in variation
of risk across sites because of differences in site characteristics. However, the site-specific
approach also results in variability of risk across sites due to the uncertainty and variability
in the data and models used in risk assessment. A major question is how much more or
less variability is associated with use of the uniform concentration approach. This
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' question can be addressed with the framework described by comparing the cumulative
distribution functions of risk developed for each approach.

3. Application of the framework

This section describes ongoing work to apply the framework developed to sites
contaminated with TCE. TCE has been chosen because it is one of the most common
contaminants found at Superfund sites (Grisham, 1986; Siegrist, 1992) as well as U.S.
Department of Energy sites (Riley et al., 1992), it is classified as a probable human
carcinogen by the U.S. EPA due to significant increases in the incidence of liver tumors in
mice upon exposure to it (U.S. EPA, 1988; U.S. EPA, 1991), and it is representative of
other chlorinated aliphatics and volatile organic compounds. Work on evaluating the risk
implications of the uniform approach for PCB contaminated sites is also described. The
work on PCBs was motivated by the fact that PCBs are the only contaminant for which
uniform guidelines exist at the national level (U.S. EPA, 1987). PCBs are also classified
as probable human carcinogens by the U.S. EPA (U.S. EPA, 1988; U.S. EPA, 1991).

Documentation on CERCLA sites with TCE contaminated soil is being reviewed to
identify the soil-risk models being used, how they are applied, and the range of soil goals
being established. Some results are summarized in Table I. Preliminary observations
include that in ali cases TCE levels in soil were set to achieve acceptable TCE
concentrations in groundwater, several different modelling approaches are in use, and the
soil goals established for TCE range over 3 orders of magnitude.

The different modelling approaches used at sites in the review will be evaluated to
determine the sensitivity of the site-specific risk estimate to model uncertainty as described
in Section 2.1. Then, a single TCE soil risk model will be developed for use in the
development of a distribution function for risk. A case study site will be chosen based on
those presented in Table I. Probability distribution functions will be assigned to site
parameters after rigorous evaluation of the data collected at the case study site. A
cumulative distribution function will be developed for the site-specific risk estimate
(calculated at the soil remediation goal) at the site. Results of the single site analysis can be
extended to estimate the variability in the risk across a region of sites when the site-specific
approach is used as discussed in Section 2.2.

The risk implications of the uniform approach to establishing soil remediation goals at
TCE contaminated sites will be evaluated as depicted in Figure 3. The variability of risk at
the random site in the region can be determined by assigning probability distribution
functions to the input parameters to a soil risk model. The variability in site conditions
across the U.S. will be determined from a number of sources (e.g., Smith and
Charbeneau, 1990). The soil risk model used will be the same as that used for the case
study site above. As shown in Figure 3, a cumulative distribution function representing the
variability in risk across the sites in the U.S can then be determined.
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In preliminary work (Labieniec, 1992), an analysis similar to that described here was
performed for PCB contaminated sites. A risk model developed by the U.S. EPA for soil
contaminated with PCBs was reproduced and modified for the analysis. Continuous
probability distributions representing the variability in site conditions across the U.S.
(Smith and Charbeneau, 1990) were assigned to parameters in the fate and transport model
to examine the effect that such variability has on individual risk when uniform cleanup
levels for PCBs in soil are used. Two different definitions of the RME were used, one
where the RME individual is present onsite, and one where the RME individual is present
at least 0.1 km offsite and the contaminated site is inaccessible, lt was found that
consideration of variability in site conditions resulted in risk variability of only about a
factor of two for onsite exposure, but roughly two orders of magnitude for the offsite
exposure.

In the soil risk model for PCB contaminated soil, the exposure routes considered for the
onsite exposure were soil ingestion, dermal absorption, vapor and dust inhalation. The
groundwater ingestion exposure route was not considered mainly because PCBs are
expected to partition strongly to the soil solid phase. PCBs have a relatively high
octanol:water partition coefficient and thus adsorb readily to organic matter in soil.

For the other compound to be investigated, TCE, the groundwater exposure route is
expected to be the major exposure route. TCE has a considerably lower octanol:water
partition coefficient and is much more soluble in water than PCBs. lt is expected that the
inclusion of the groundwater exposure route and the different chemical properties of TCE
will result in different conclusions than those drawn from the PCB analysis.

The two alternatives can be compared by comparing the cumulative distribution
functions representing regional risk variability. The cumulative distribution functions will
be displayed on the same scale. It is expected that the use of the uniform approach will
result in an increase in risk variability relative to the site-specific approach. Of course, the
increase will be affected by the method used to establish the uniform goals. This analysis
will allow the amount of the increase to be quantified by examining the differences in the
risk at various fractiles. The variances of the distributions will be compared also.

4. Summary

There has been a lot of debate about which approach is more appropriate for establishing
soil remediation goals at hazardous waste remediation efforts, a site-specific approach or a
uniform concentration approach, yet very little quantitative analysis has been performed to
support the this debate. It is important to ask, what are the risk implications of each
approach? In principle a site-specific approach achieves a uniform level of risk at all sites.
However, there is a great deal of uncertainty in risk assessment even if site-specific
information is collected and taken into account. On the other hand, when a uniform soil
concentration is achieved at all sites, the risk will vary because of differences in site
characteristics.

The purpose of this work is to evaluate and compare the risk implications of two general
approaches to establishing soil remediation goals at hazardous waste contaminated sites.
The definition of risk used is excess lifetime cancer risk to the hypothetical individual with
a reasonable maximum exposure. A framework to quantify and compare the human health
risk implications of the two approaches in terms of risk variability across sites in a region
has been developed. This framework is being applied to sites contaminated with TCE. In
preliminary work, the human health risk implications of uniform concentration guidelines at
sites with PCB contamination have been examined. It was found that if the hypothetical
maximally exposed individual is defined as residing onsite, risk varies by only about a
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factor of 2 from site to site. On the other hand, if the hypothetical maximally exposed
individual is defined as residing offsite, risk varies a great deal, roughly two orders of
magnitude, from site to site.
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