Chapter 2
The Risk Assessment Process

This chapter is an overview of the data collection and
evaluation issues thataffect the quality and useability of
baseline human health risk assessments. Ecological
risk assessment is not discussed in this guidance. The
discussion focuses on how the quality of environmental
analytical data influences the level of certainty of the
risk assessment and stresses the importance of
understanding data limitations in characterizing risks 1o
human health,

The chapterhas two sections. Section2.1is an overview
of baseline human health risk assessment and the
significance of uncertainty in each stage of the risk
assessment process. Section 2.2 summarizes the roles
and responsibilities of key participants in the risk
assessment process.

2.1 OVERVIEW OF BASELINE
HUMAN HEALTH RISK
ASSESSMENT AND THE
EVALUATION OF UNCERTAINTY

The approach to the baseline human health risk
assessment process used for exposure to chemicals of
potential concern is well established. The National
Research Council (NRC) prepared a comprehensive
overview of this process (NRC 1983), which hasbecome
the foundation for subsequent EPA guidance (EPA
1986a, EPA 1989a, EPA 1989b). RAGS, Part A (EPA
1989a), discusses in detail the human health baseline
risk assessment process which is used in the Superfund
program.

The risk assessment process has four components:
+ Data collection and evaluation,
« Exposure assessment,
« Toxicity assessment, and
» Risk characterization.

Exhibit 3 lists information sought in each component of
the baseline risk assessment.

Uncertainty analysis is often viewed as the last step in
the risk characterization process. However, asdiscussed
in detail in RAGS, Part A, uncertainty analysis is a
fundamental element of each component of risk
assessment, and the results for each component require
an explicit statementof the degree of uncertainty, These
results are the bases for estimating the degree of

uncertainty in the risk assessment as a whole. This
chapter reviews the issues that determine the level of
uncertainty in each component of risk assessment.

w To maximize data useability for the risk
assessment, the risk assessor must be
involved from the start of the Rl

The importance of obtaining analytical data that fulfill
the needs of risk assessment cannot be overstated, The
risk assessor must be involved from the start of the risk
assessment process to help establish the scope of the
investigation and the design of the sampling and analysis
program,

Allanalytical datacollected for baselinerisk assessment
must be evaluated for their useability. The procedures
for evalnating the adequacy of the data are documented,
along with the resulting estimates of the levels of
certainty. Limitations in the analytical data are not the
only source of uncertainty in risk assessment. Exhibit
4 identifies some typical sources of uncertainty, inherent
ineach component of the risk assessment, which restrict
the depth and breadth of the evaluation, This guidance
deals only with the uncertainty inherent indatacollection
and evaluation. Consult RAGS, Part A, for a more
complete discussion of these and other uncertainties.

Acronyms

ATSDR  Agency for Toxic Substances and Disease
Registry

DQO data quality objective

EPA U.S. Environmental Protection Agency

GIs Geographical Information System

HEAST Health Effects Assessment Summary Tables

IRIS Integrated Risk Information System

LOAEL lowest-observable-adverse-effect level

NOAEL no-observable-adverse-effect level

NRC National Research Council

PAH polyeyelic aromatic hydrocarbon

PCB polychlorinated biphenyl

QA quality assurance

QAPP  quality assurance project plan

QC quality control

RAGS  Risk Assessment Guidance for Superfund

RIC reference concentration

RID reference dose

RI remedial investigation

RME reasonable maximum exposure

RPM remedial project manager

SAP sampling and analysis plan
standard operating procedure

upper confidence Limit




EXHIBIT 3. DATA RELEVANT TO'CO.MPONENTS OF
THE RISK ASSESSMENT PROCESS

Risk Assessment

Component ' - Data
Data Collection and » Background monitoring data for all affected media.
Evaluation

+ Environmental data for all relevant media.
» List of chemicals of potential concern.
» Distribution of sampling data.

* Confidence limits surrounding estimates of
representative valués.

Exposure Assessment * Release rates.

* Physical, chemical and bioldgical parameters, for
evaluating transport and transformation of site-
related chemicals.

+ Parameters to characterize receptors according to their
activity, behavior and sensitivity.

+ Estimates of exposure concentrations for all
chemicals, environmental media and receptors
at risk.

» Estimaties of chemical intake or dose for ail
exposure pathways and exposure areas.

Toxicity Assessment * Toxicity values for all chemicals, exposure
: pathways, and exposure areas of concern.

s Uncertainty factors and confidence measures for
- RfDs; weight-of-evidence classifications for cancer
. slope factors. o

Risk Characterization * Hazard quotients and indices.
» Estimates of excess lifetime cancer risk.

Uncertainty analysis.
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EXHIBIT 4. BASELINE RISK ASSESSMENT PROCESS AND

TYPICAL SOURCES OF UNCERTAINTY

- Exposure Assessment

Assumptions regarding intake
factors, population characteristics,
and exposure pattems may not
adequately characterize exposure
and may rasult in underestimates or
overestimates of risk.

The degree to which release or
transport models are represen-
tative of physical reality may
overastimate ot underestimate risk.

Inapproptiate selection of detection
limit can result in overestimate cor
underestimate of risk.

Assumption of 100% bicavail-
ability of chemicals in environ-
mantal media {soil in particular) may
result in overestimates of risk.

Assumption that chemicals of
potential concem do not degrade or
transform in the environment may
result in underestimates or
overestimates of risk.

Incremental risks associated with

~ exposure to site-related chemicals
of potential concem cannot be fully
characterized and may result in
underestimates of risk.

Methads used to estimate inhalation
exposure to volatiles, suspended
particulates or dust may
overestimate intake and risk.

Very few percutaneous absorplion
factors are available for chemicals
of potential concern. Exposure
from demmal contact may be over-
estimated using conservative
default values.

Data Collection and
Evaluation

Use of inappropriate methad
detection limits may result in
underestimates of risk.

Results may overestimate or
underestimate risk when an
insufficient numberof .
samples are taken,

Contaminant loss during
sampling may result in
underestimates of risk.

Extraneous contamination
intraduced during sampling
or analysis may result in
overestimation of sk,

Risk Characferization

Risk/dose estimates are
assumed to be additive in the
absence of information on
synergism and antagonism.
This may resuliin over-
estimates or underestimates
of risk.

Toxicity values are not
available for all chemicals of

. potential concem. Risks

cannct be quantitatively
characierized for these
compounds and may result in
underestimates of risk.

For some chemicals or
ciasses (2.g., PCBs, PAHs),
in the absence of toxicity
valuas, the cancer slope
factor or RID of a highly toxic
class member is commanly
adopted. This approach may
overestimate risks.

Source: Adapted from EPA 1989a.

Toxicity Assessment

» Cntical toxicity values are
desived from animal studies
using high dose levels,
Exposures in humans occur
at low dose levels.
Assumption of linearity at
low doze may result in
overastimates or under-
estimates of risk.

+ lnappropiiaie selection of
detection limit can result in
overastimates or under-
estimates of rigk.

» Extrapotation of results of
toxicity studies from
animals to humans may
introduce error and
uncertainty, inadequate
consideration of
differences in absorption,
phamacokinetics, and
target organ systems, and
variability in population
sansitivity,

* There is considerable
uncertainty in estimates of
toxicity values, Critical
toxicity values are subject
to change as new evidence
becomes available. This
may result in overestimates
or underestimates of risk.

« Use of canservative high to
low dose extrapolation
models may resultin
overestimation of risk.
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Risk assessment can be a simple operation, using only
screening-level data, or can be comprehensive, requiring
arobustdata setdesigned to support statistical analyses.
Exhibit 5 discusses the range of uncertainty of baseline
rigk assessment. The first column in Exhibit 5 defines
the range of the analysis from a low to a high degree of
uncertainty. Thesecond column describes the associated
data uscability and limitations in the risk analysis.

» The first level of analysis in Exhibit 5 is a
quantitative risk assessment based on a sampling
program that can be statistically analyzed. The
assessment explicitly bounds and quantitates the

uncertainty in all estimates. This analysis may

strive to attain an ideal based upon the complexity
ofthe site. The assessment is “quantitative™ in that
numeric estimates are derived for potentially
adverse non-carcinogenicand carcinogenic effects,
and in that the level of certainty is quantitated.

* The second level of analysis in Exhibit 5 is a
quantitative assessmentbased onalimited number
of samples or on data that cannot be fully

quantitated. Therisk characterization may include
numeric estimates of excess lifetime cancer risks
and the calculation of hazard indices. However,
the Ievel of analytical uncertainty for these
measures may be significant but is either not
quantitated or is estimated. Given the Kmitations
of the analytical data, only a qualitative evaluation
of the analytical uncertainty is feasible. Most
baselinerisk assessments fall within this category.
Bias may need to be determined for its effect on
predicted exposures and consequent risk.

The third level of the contimum is a qualitative
assessment of risk, The assessment is qualitative
because no numeric measures can be derived to
indicate the potential for adverse effects, and the
level of certainty cannot be assessed, The risk to
human health is considered only in general terms.
Qualitative assessments are based upon limited
sources of historical information, such as disposal
records, circumstantial evidence of contamination,
or preliminary site assessment data,

EXHIBIT 5. RANGE OF UNCERTAINTY OF RISK ASSESSMENT

Range of Analyses

Description/Limitations

Quantitative Assessment of Risk:

Uncertainty minimized, quantified,
and explicitly stated. Resulting or
final uncertainty may be highly
variable (sither high or low).

Risk assessment conducted using well-designad,
robust data sets and models directly applicable to site
conditions. Sampling program, based on geostatistical
or random design, will support statistical analysis of
results. Statistical analysis used to characterize
monitoring data. Confidence limits or probability
distributions may be developed for all key input
variables.

Quantitative Assessment of Risk:

Magnitude of uncertainty
unknown. No explicit quantitative
estimates provided. Qualitative,
tabular summary of factors
influencing risk estimates may be
provided for determination of
possible bias in error.

Risk assessment conducted using data set of limited
quality and size. No meaningtul statistical analysis can
be conducted. Results of risk assessment may be
quantified but uncertainty surrounding these measures
cannot be quantified, Only a qualitative statement is
possible. The majority of baseline risk assessments
typically fall within this category.

Qualitative Assessment of Risk:

Only qualitative statemant of
uncettainty is possible.
Uncerainty is high.

Risks cannot be quantified due to insufficient monitoring
or modeling data. Qualitative statement of risks based
on histerical information or circumstantial evidence of
contaminantion is provided. This evaluation must be
considered a preliminary, screening level assessment.

23002008
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w  Alf data can be used in the baseline risk
assessment as long as their uncertainties
are clearly described.

Risk assessments must sometimes be conducted using
data of limited quantity and of differing quality. When
RPMSs and other technical experts involved in the RI
understand the quantity and quality of data required in
risk assessments, they are better able to design data
collection programs to meet these requirements.

2.1.1 Data Collection and Evaluation

Overview of methods for data collection and
evaluation. Data collection begins with a statement of
the risk assessment purpose and a conceptual model of
the currentunderstanding of theproblems to be addressed
for the site under investigation, The mode] draws from
all available historical data (EPA 198%a). It is first
created with a best estimate of the types and
concentrations of chemicals, or of key chemicals that
are likely to be present, given the history of the site. Site
records, site maps, the layout of existing structures,

topography, and readily observable soil, water and air
characteristics on and off the sitc help to estimate
chemicals of potential concern, likely importantexposure
pathways, potentially exposed populations, and likely
temporal and spatial variation. All of these elements
comprise the conceptual mode] (Exhibit 6 and Appendix
IX). Once the conceptual model has been developed
and information has been disseminated to project staff,
the site is scoped to identify data gaps and requirements
for the baseline risk assessment.

Several key issues that are part of the development of
data quality objectives (DQOs) should be addressed at
scoping (Neptune, et. al. 1990);

+ The types of data needed (e.g., environmental,
toxicological),

« How the data will be used (e.g., site character-
jzation, extent of plume, etc., what chemicals of
concemn will drive the risk-based decision), and

+ The desired level of certainty for the conclusions
derived from the analytical data (e.g., whatare the
probabilities of false positive and false negative
results as a function of risk and concentration).

Carefully designed sampling and analysis programs
minimize the subsequeni need to qualify the
environmenial data during the data assessment phase,
The objective of the data collection effort is to produce
data that canbe used to assess risks to human health with
a known degree of certainty,

11l

A complete list of chemicals of potential concern is
produced when the analytical data bave been collected
and evaluated. This list of analytes is the focus of the
risk assessment. EPA no longer advocates the selection
of “indicator compounds,” because this practice may
not accurately reflect the total risk from exposure to
multiple site chemicals of potential concern, nor does it
improve the quality or accuracy of the risk assessment
(EPA 10R9a).

Uncertainty in data collection and evaluation. Four
principal decisions must be made during data collection
and evaluation in the risk assessment:

+ The presenceand levels of contaminants at the site
ata predefined level of detail,

« If the levels of site-related chemicals differ
significantly from their background levels,

+ Whether the analytical data are adequate toidentify
and examine exposure pathways and exposure
areas, and

+ Whether the analytical data are adequate to fully
characterize exposure areas,

These decisions are examined in detail in subsequent
chapters. The discussion in this section introduces basic
concepts.

Determining what contamination is present and at
what level. Once a site is suspected to be contaminated
and chemicals of potential concern havebeenidentified,
the levels of chemical contamination in the affected
environmental media must be quantitated to derive
exposure and intake estimates. Estimates of the site
contamination must be produced, with explicit
descriptions of the degree of certainty associated with
the concentration values.

Variability in observed concentration levels arises from
a combination of variance insampling characteristics of
the site, in sampling techniques, and in laboratory
analysis. The key issue in optimizing the useability of
data for risk assessment is to understand, quanufy, and
minimize these variabilities.

EPA’s objective is to protect human health and the
environment, Therefore, the design of RI programs is
intended to minimize two potential errors:

+ Not detecting site contamination that is actually
present (i.e., false negative values), and

« Deriving site concentrations that donotaccuraiely
characterize the magnitude of contamination.
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Determiningifsite concentrations differ significantly
from background concentrations. A fundamental
decision in baseline risk assessmenis is whether the site
poses an increased risk to human health and the
environment. The decision depends on the degree of
cerainty that the background concentrations are
significantly different from the concentrations of the
chemicals of potential concern at the site. Generally,
this question can be confidently answered only if the
design of the sampling program accommodates the
collection of both site and background samples and if
the selection of analytical methods is appropriate.

The differences between site and background
concentrations is evaluated by comparing observed
levels of chemicals of potential concern at the site with
measured background concentrations of the same
chemicals in the same environmental media.
Statistically, this is a test of the null hypothesis, that the
mean conceniration of achemical at the study areais not
significantly different from the mean concentration of
the chemical at the background location, (Historical on-
site levels or nearby off-site levels may be used ©
supplement background data. Anexample ofan off-site
area is the 4-mile radivs used for the air exposure
pathway in the Hazard Ranking System.) If data from
background samplesare clearly different from theresults
of site monitoring (e.g., mean chemical concentrations
differ consistently by twoorders of magnitude), statistical
analysis of the data may not be necessary. Under such
circumstances, RAGS indicates that the primary issue is
establishing a reliable representation of the extentof the
contaminated area. Determining extent of contamination
is not discussed in this guidance and involves different
decisions, DQOs, and sampling designs. If the results
of site monitoring are less than two orders of magnitude
above background, the procedures used for sampling

and analysis for risk assessment should follow the

recommendations of Chapter 4.

Thenull hypothesis isalways evaluated and accepted or
-rejected with aspecified level of certainty. This level of
certainty is defined by the significance, or confidence,
level. A type I error is the probability that the null
hypothesis is rejected when in fact it is true (which
contributes to false positive conclusions), A type 11
erroris the probability that the null hypothesisis acoepted
when it is false (a false negative conclusion). How
sampling and analysis design affects the likelihood of
these two types of errors is described in Chapter 4.

Evaluating whether analytical data are adequate to
identify and examine exposure pathways and their
exposure areas. Identifying and delineating exposure
pathways and their exposute arcas are important in
identifying potentially exposed populations and for
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developing intake estimates. In the baseline risk
asscssment, the risk assessor combines data on
contamination with information on human activity
patterns to identify exposure pathways and to determine
the exposure area. The ability to accomplish this
depends on the adequacy of analytical data.

Sampling should be designed to provide representative
data for exposure areas at a site, to address hot spots, to
evaluate the transport of site-related chemicals of
potential concern, and to facilitate the identification of
all exposure pathways. A well-designed sampling and
analysis program results in data of known quality and
quaniification of spatial and temporal variability; it
specifies how to interpret the magnitude of observed
values (such as by comparison with background levels
or some other benchmark). Amalytical data should
characterize the extent of contamination at the site in
three dimensions.

Evaluating whether analytical data are adequate to
fully characterize exposure areas. Heterogeneity
should be considered in the envirommental medium
under evaluation. Hot spots need to be identified and
characterized. Nephime, et. al. 1990, have proposed the
concept of an “exposure unit” as the area over which
receptors integrate exposure. This concept establishes
a basis for summarizing the results of monitoring and
transportmodeling. The sampling and analysis program
must be designed to enable the risk assessor to refine the
initial characterization of exposure pathways and to
spatially and temporally identify the critical areas of
exposure,

2.1.2 Exposure Assessment

Overview of methods for exposure assessment. The
objectives of the exposure assessment are:

» To identify or define the source of exposure,

+ To define exposure pathways along with each of

their components {e.g., source, mechanism of

“release, mechanism of transport, mediem of
transport, etc.),

+ To identify potentially exposed populations
(receptors), and

+ To measure or estimate the magnitude, duration,
and frequency of exposure tosite contaminants for
each receptor (or receptor group).

Actions athazardous waste sites are based on an estimate
of the reasonable maximum exposure (RME) expected
to occur under both current and future conditions of land
vse (EPA 1989a). EPA defines the RME as the highest
exposure that is reasonably expected to occur at a site



overtime. RMEs are estimated for individual pathways
and combined across exposure pathways if appropriate.
Once potentially exposed populations are identified,
environmental concentrations at points of exposure
must be determined or projected. Intake estimates (in
mg/kg-day) are then developed for each chemical of
potential concern using a conservative estimate of the
average concentration to which receptors are exposed
over the exposure period. (RAGS recommends a 95%
upper contidence limit (UCL) on the arithmetic mean.)
The concentration estimate is then combined with other
exposure parameters (e.g., frequency, duration, and
body weight) to calculate intake.

In the risk assessment report, estimates of intake are
-accompanied by a full description (including sources)
of the assumptions made in their development. This
information may be used subsequently in sensitivity
and uncertainty analyses in the risk characterization.

Uncertainty analysis in exposure assessment.
Exposure assessments can introduce a great deal of
uncertainty into the baseline risk assessment process.
Small measures of uncertainty in each of the input
parameters which comprise an exposure scenario may
result in substantial uncertainty in the final assessment,
The largest measure of uncertainty is associated with
characterizing transportand transformation of chemicals
inthe environment, establishing exposure settings, and
deriving estimates of chronic intake. The ultimate
effect of uncertainty in the exposure assessment is an
uncertain estimate of intake.

The following sections discuss the significance of the
uncertainty in the analytical data set on selected aspects
of exposure assessment, For amore complete discussion
of the exposure assessment process, the readerisreferred
to RAGS, Part A. :

Characterizing environmental fate, identifying

exposure pathways, and identifying receptors at

risk. Anevaluation of the transport and transformation

. ofchemicals in the environment is conducted for several
reasons: :

.+ To understand the behavior of site-related
chemicais of potential concem,

+ To project the ultimate disposition of these
chemicals,

. To identify _éxposure pathways and receptors
potentially at risk, and

« To characterize environmental concentrations at
the point of exposure. '

These evaluations cannot be accomplished with any
degree of certainty if the analytical data are inadequate.
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Monitoring data are most appropriately used to estimate
current or existing exposure when direct contact with
contaminated environmental media is the primary
concern. Modeling may be required, however, in order
toevaluate the potential for fiture €XpOsure, O eXposure
at a distance from the source of release, or to predict
presentconcentrations where measurement is too costly.
In each case, success in estimating potential exposures
depends heavily on the adequacy of the analytical data,

Environmental fate and transport assessment often uses
models to estimate concentrations in environmental
media at points distant from the source of release,
Models, of necessity, are simplifications of a real,
physical system. Consequently, it is critical that the
limitations of the model (the way that the model differs
from reality) be understood and considered when
applying the model to a particular site. The degree to
which the model differs from reality (in critical areas of
theanalysis) contributesto the nncertainty of the analysis,
Transport models arecommonly selected for their utility
in describing or interpreting a set of monitoring data.
Chemical transport models must be carcfully selected
for their ability tomeaningfully characterize the behavior
of chemicals in the environmental medium for the
specific site under investigation. Models that are
inappropriate for the geophysical conditions at the site
will result in errors in the exposure assessment. For
example, the model may be designed to predict
contaminant movement through sand, while soils at the
site are primarily made up of clay. Additionally, if the
analytical data set is severely limited in size or does not
accurately characierize the nature of contamination at
the site, a transport model cannotbe properly selected or
accurately calibrated. This introduces additional
uncertainty.

w Uncertainty in the analytical data,
compounded by uncertainty caused by the
selection of the transport models, can yield
results that are meaningless or that cannot
be interpreted.

Estimating chemical intake. Uncertainties in all
elements of the exposure assessment come together,
and are compounded, in the estimate of intake, Itjs here
that the professional judgment of the risk assessor is
particularly important. The risk assessor must examine
and interpret a diversity of information:

. Thenature,extentandmagniwdeofcontaminaﬁdn,
» Results of environmental transport modeling,

* Identification of exposure pathways and areas,



» Identification ofreceptor groups currently exposed
and potentially exposed in the foture, and

« Activity patterns and sensitivities of receptors and
1eceptor groups.

Basedon this information, the risk assessor characterizes
the exposure setting and quantifies all parametersneeded
in the equations to estimate intake (EPA 1989a).
Chemical intake is afunction of the concentration of the
chemical at the point of contact, the amount of
contaminated medium contacted per unit time or event,
the exposure frequency and duration, body weight, the
ability of the chemical to penetrate the exchange
boundary, and the average time period during which
exposure occurs, Exhibit 7 is the generic form of the
intake equation used in €Xposure assessment.

Thespecific form of the intake equation varies depending
upon the exposure pathway under consideration (e.g.,
ingestion, inhalation, dermal contact) (EPA 198%9a).
Each of the variables in these equations, including
chemical concentration, is commonly characterized as
a point estimate. However, each intake variable in the
equation has a range of possible values, Site-specific
characteristics determine the selection of the most
appropriate values, In an effort to increase consistency
among Superfund risk assessments, EPA hasestablished
standardized exposure parameters to be used when site-
specific data are unavailable (EPA 1991b). Note that
the combination of all factors selected should result in
an estimate of reasonable maximum exposure for each
chemical in each pathway (EPA 1989a),

For most risk assessments, it may not be possible, nor
necessarily advantageous, to develop a quantitative
uncertainty analysis. In these cases, a summary of
major assumptions and their anticipated effects on final
exposure estimates should be included to provide a
qualitative characterization of the level of certainty in
the intake estimates.

2.1.3 Toxicity Assessment

Overview of methods for toxicity assessment. The
objectives of toxicity assessment are (0 evaluate the
inherent toxicity of the compounds at the site, and to
identify and select toxicity values to evaluate the
significance of receptor exposure to these compounds.
Toxicity assessments rely on scientific data available in
the literature on adverse effects on humans and
nonhuman species.

Severatl values of toxicity are important in human health
rigk assessments. Reference doses (RfDs) and reference
concentrations (RfCs) are used for oral and inhalation
exposure, respectively, to evaluate non-carcinogenic
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and developmental effects; cancer slope factors and unit
risk estimatcs are used for the oral and inhalation
pathways for carcinogens.

RfDsand RfCs are values developed by EPA toevaluate
the potential for non-carcinogenic effects in humans.
The RfD is defined as an estimate (with uncertainty
spanning an order of magnitude or more) of a daily
exposure level for human populations, including
sensitive sub-populations, thatis likely to be without an
appreciable risk of adverse health effects over the
period of exposure (EPA 1989a). Subchronicor chronic
RfDs may be derived for a chemical for intermediaie or

- Jong-term exposure scenarios. These valuesare typically

derived from the no-observable-adverse-effect level
(NOAEL) or the lowest-observable-adverse-effect level
(LOAEL) and the application of uncertainty and
modifying factors (EPA 1989a). Uncertainty factors
are used to account for the variation in sensitivity of
human sub-populations and the uncertainty inherent in
extrapolating the results of animal studies o humans.
Modifying factors account for additional uncertainties
in the studies used to derive the NOAEL or LOAEL.

Cancer slope factors and unit risk values are defined as
plausible, upper-bound estimates of the probability of
cancer response in an exposed individual, per onit
intake over a lifetime exposure period (EPA 1989a).
EPA commonly develops slope factors for carcinogens
with weight-of-evidence classifications that reflect the
likelihood that the toxicant is ahuman carcinogen (EPA
1989a).

To reduce variability in toxicological values used for
risk assessment, a standardized hierarchy of available
toxicological data is specified for Superfund. The
primary source of information for these data is the
Integrated Risk Information System (IRIS) database
(EPA 1989d). IRIS consists of verified RfDs, RfCs,
cancer slope factors, unitrisks, and otherhealthrisk and
EPA regulatory informaticn. Data in IRTS are reguiarly
reviewed and updated by an EP A workgroup, Iftoxicity
values are not available in IRIS, the EPA Health Effects
Assessment Summary Tables (HEAST) (EPA 1990a)
are used as a secondary current source of information.
Additional sources of toxicity information are provided
inRAGS.

The toxicity assessment is conducted parallel with ihe
exposure assessment, but may begin as early as the data
collection and evalnation phase. As chemicals of
potentialconcem are identified at the site, the toxicologist
begins to identify the appropriate toxicity values, A
well-designed sampling and analysis program facilitates
timely identification of the chemicals that will be the
focus of the risk assessment. '



EXHIBIT 7. GENERIC EQUATION FOR
CALCULATING CHEMICAL INTAKES

CR x EF 1
=0x (D) x &

Where: ) ) '
I = intake; the amount of chemical at the exchange

boundary (mgfkg body weight-day}

Chemical-related variable

€ = chemical concentration; the average
concentration contacted over the exposure
petiod (e.g., mg/liter water)

Variables that describe the exposed population

CR = contact rate; the amount of contaminated
medium contacted per unit time or event (e.g.
liters/day)

EFD = exposure frequency and duration; describes how
: long and how often exposure occurs. Often
calculated using two terms (EF and ED):
EF = exposure frequency (days/year)

ED =exposure duration (years)

BW = body weight; the average body weight over the
exposure pericd (kg)

Assessment-determined variable

AT = averaging time; period over which exposure is
averaged (days)

Seource: RAGS (EPA 1939a).

21-002-007
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Uncertainty analysis and toxicity assessment, The
toxicity assessment is another contributor to uncertainty
in risk assessment, Limitations in the analytical data
from environmental samples affect the resulis of the
toxicity assessment, butnotto theextent that they affect
other components of the risk assessment process, Data
on physical and chemical parameters thatmay influence
bioavailability can influence route-to-route and vehicle-
related adjustments to toxicity values, The selection of
appropriate toxicity values is influenced by monitoring
data from environmental samples to the extent that this
information assists inidentifying chemicals of potential
concern, exposure patbways, and the time periods over
which exposure may occur. Based on this information,
the toxicologist identifies sub-chronic or chronic RiDs,
RfCs, and cancer slope factors for oral, dermal, and
inhalation exposure pathways.

A list of toxicity values for risk assessment should
include an indication of the degree of certainty associated
with these values. Weight-of-evidence classifications
provide aqualitative estimate of certainty and should be
included in the discussion of cancer slope factors.
Uncertainty and modifying factors used in deriving
RfDsand RfCs should also be included in the discussion
of mon-carcinogenic effects.

2.1.4 Risk Characterization

Overview of methods for risk characterization. The
last step in the baseline risk assessment is risk
characterization, This is the process of integrating the
results of the exposure and toxicity assessments, by
comparing estimates of intake with appropriate
toxicological values to determine the likelihood of
adverse effects in potentially exposed populations, Risk
characterization is considered separately for
carcinogenic and non-carcinogenic effects, because
organisms typically respond differently following
exposure to carcinogenic and non-carcinogenic agents.
For non-carcinogenic effects, toxicologists recognize
the existence of a threshold of exposure below which
there is likely to be no appreciable risk of adverse health
impacts in an exposed individual. It is the corrent EPA
position that exposure to any level of carcinogenic
compounds is considered to carry a'risk of adverse
effect, and that exposure is not characterized by the
existence of a threshold.

EPA’s procedure for calculating risk from exposure 0
carcinogenic compounds (EPA 1986a, EPA 1089,
EPA 1989b) uses anon-threshold, dose-response model.
The model is used to calculate a cancer slope factor
(mathematically, the slope of the dose-response curve)
for each chemical. Generally, the cancer slope factoris
used in conjunction with the chronic daily intake to
derive a probabilistic upperbound estimate of excess
lifetime cancer risk to the individual.
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The dose-response model most commonly used by EPA
in deriving the cancer slope estiiates is linearized and
multistage. The mathematical relationship of the model
assumes that the dose-response relationship is linear in
the low-dose portion of the curve (EPA 1989a). Given
this assumption, the slope factor is a constant, and risk
is directly proportional to intake.

The recommended practice for evaluating the potential
for non-carcinogenic effects is to compare the RfD of a
given chemical to the estimated intake of the potentially
exposed population from a given exposure pathway
(EPA 1989a). This ratio (intake/RfD) is termed the
“hazard quotient.” It is not a probabilistic estimate of
risk, but simply a measure of concern, or an indicator of
the potential for adverse effects. A more detailed
discussion of risk characterizationispresented in RAGS,
Further discussion of methods for risk characterization,
and of specific factors such as metabolic rate factors,
gender differences, and variable effects due to multiple
chemicals of potential concern, is available from many
sources (EPA 1988a, EPA 1989b, EPA 1989c).

Uncertainty analysis in risk characterization. No
risk assessment is certain. Risk assessment is a process
that provides an estimate of potential (present and
future) individual risk, along with the limitations or
uncertainties associated with the cstimates. The most
obvious effect of limitations in the analytical data on
risk characterization is the ability to accurately ¢stimate
the potential for adverse effects in potentially exposed
individuals. Clearly, if the available monitoring data do
notfacilitate ameaningful determination of RME values,
the risk estimates will directly reflect this uncertainty.

w Uncertainties in toxicological measures
and exposure assessment are often
assumed to be greater than uncertainties in
environmental analytical data; thus, they
are assumed to have a more significant
effect on the uncertainty of the risk
assessment.

Resourceand timeconstraints often limit the opportunity
todevelop a well-designed and comprehensive data set.
Risk assessments must be conducted using the available
information, even when there is no opportunity t0
improve the data sct. However, the results should be
presented withan explicit statement regarding limitations
and uncertainty. '

If possible, asensitivity analysis should be conducted to
bound theresults of risk assessments. A simple approach
might consist of establishing the range of potential
values (e.g., minimum, most likely, and maximum) for
key input variables and discussing the influence on the
resulting risk estimates. The key variables can then be
ranked with respect to the magnitude of potential effect
on the risk estimates, In certain instances, more




quantitative approaches to uncertainty analysis may be
useful if they can be supported by the available
information. Combining probability distributions using
Monte Carlotechnigues is one commonly cited cxample
(EPA 1988b, EPA 19892, Finkel 1990). An overview
of recommended methods for assessment of uncertainty
in risk' characterization is presented in RAGS.
Risk*Assistant, a software tool developed for EPA,
provides an uncertainty analysis that determines the
effect on the final risk estimate of nsing alternative
parameter values, indicates the relative contribution of
each pathway torisks from the contaminated media, and
(for carcinogenic risks) determines the percentage of
total risk from a contaminant in each medium (Thistle
Publishing 1991). A more detailed consideration of
uncertainty analysis in risk assessment may be found in
Methodology for Characterization of Uncertainty in
Exposure Assessment (EPA 1985) and Confronting
Uncertainty inRisk Management: A Guide for Decision-
Makers (Finkel 1990).

2.2 ROLES AND RESPONSIBILITIES
OF KEY RISK ASSESSMENT
PERSONNEL

‘The risk assessor generally enlists the participation of
individuals with specific skills and technical expertise.
The quality and utility of the baseline risk assessment
will ultimately depend on the planning and interaction
of these technical professionals. Key participantsinclude
the RPM and the risk assessor, who are primarily
responsible for ensuring that data collected during the
RI are useable for risk asscssment activities. Other
participants include hydrogeologists, chemists,
statisticiams, quality assurance staff, and other technical
support personnel involved in planning and conducting
the RI. Exhibit 8 summarizes the roles and
responsibilities of the risk assessment participants.

. 2.2.1 Project Coordination

All data collection activities that support the risk
assessment are coordinated by the RPM. The RPM’s
responsibilities begin upon site listing and continne
through deletion of the site from the National Priorities
List. A network of technical cxperts, including
representatives of other agencies involved in human
health or environmental/ecological assessments or
related issnes, is established at the start of the RY. This
ensures that the potential for adverse effects to human
health and the environmentisadequately assessed during
the RI. To successfully plan and direct the sampling and
analysis effort, the RPM must facilitate interaction
among key participants.
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2.2.2 Gathering Existing Site Data
and Developing the Conceptual
Model

The RPM is responsible for gathering and ¢valnating all
historical and existing site data. This is an important
element in planning the scope of the risk assessment and
data collection, and in determining additional data needs.
Sources of information especially pertinent for risk
assessment include data from potentiatly responsible
parties, industrial records identifying chemicals used in
processes, preliminary natural resource studies, Agency
for Toxic Substances and Disease Registry (ATSDR)
health studies, environmental impact statements,
transport manifests, site records, site inspection
documents, and site visits. Aerial photographs and site
maps showing past and present locations of structures
and transportation corridors should also be collected.
The RPM should also consider the application of a
computer-based Geographical Information System
(GIS) as a major tool,

The RPM should ensure that a broad spectrum analysis
was conducted at the site for all media and should
review industry-specific records to minimize the

- potential for false negatives, From the inspection of

historical data and broad spectrum analyses, a
preliminary list of the chemicals of potential concern is
prepared to assist in scoping and in developing the
conceptual model of the site. Once all the existing
historical site data have been collected, the RPM works
with the risk assessor to develop a conceptual model.
The conceptual model is a depiction and discussion of
the current understanding of the contamination, the
sources of release to the environment, transport
pathways, exposure pathways, exposure areas and
receptors atrisk. Preliminary identification of potential
¢xposure pathways at the site under investigation is
particularly important for the design of a thorough data
collection effort. The conceptual site model should be
provided to all key participants in the RI during the
project scoping and should be included in the workplan.
As work progresses and the site is better characterized,
the RPM and the risk assessor should update the
conceptual model,

2.2.3 Project Scoping

The adequacy of the sampling and analysis effort
determines the quality of therisk assessment., Therefore,
it is imperative that the risk assessor be an active
member of RI planning and continue to be involved
during the entire course of the project.



EXHIBIT 8. ROLES AND RESPONSIBILITIES OF
RISK ASSESSMENT TEAM MEMBERS

Remedia! project manager

« Directs, coordinates and monitors all activities.

+ Establishes network with other data users including federal, state and focal agencies.

* Creates cohceptual model.

+ Gathers existing site data.

» Organizes scoping meetings.

» Controls budget and schedule.

« Guides preparafion of QA documents.

+ Ensures that the risk assessor receives praliminary analytical data.

+ Contributes to data assessment.

+ Develops preliminary list of chemicals of potential concem.

+ Resolves problems affecting Rl objectives, including risk assessmentissues (e.g., resampling,
reanalysis).

Risk assessor

« Reviews all relovant existing site data. :

+ Assists the RPM in developing the conceptual model and the preliminary list of chemicals of potential
cohcem.

+ Contributes to recommendations on sampling design, analytical requivements, including chemicals of
potential concem, detection limits and quality control needs during project scoping.

» Helps to refine the conceptual model.

o Communicates frequently with the RP M, hydrogeologist and chemist to ensure that data collection
meets needs.

+ Reviews and contributes to SAP and QA documents.

*» Assesses preliminary data as soon as available to verify conceptual site model.

+ Specifies additicnal needs,

» Assesses reviewed data for useahility in risk assessment.

» Communicates all site activities with specific groups, such as chemists.

+ Prepares risk assessment.

Hydrogeologist, chemist and other technieal support

+ Provides technical input to scoping.

« Prepares/provides input to SAP and QA documents in suppett of risk assessment data neads.

» Communicates frequently with the RPM and/or risk assessor on status of data collection and issues
affecting data.

*» Provides preliminary data to the RPM and/or risk assessor for review.

« Supports fate and transpornt modeling for the exposure assessment.

» Implements corrective actions to improve data useability.

Quality assurance specialist

+ Hesponsible for data quality review and tachnical assistance in preparing QA documents,
+ Provides historical performance QA data or recommendations for appropriate QC.

» Ensures adequate QA procedures are in place, including field and analytical audits.

2%-002-008

19



w Analytical data collected sofely for other
purposes may not be of optimal use to the
risk assessment,

Data obtained solely with the aim of characterizing the
nature and extent of contamination at a site may not
fully supporttheneeds of therisk assessor in quantitating
exposure, and therefore the potential for adverse effects

in human and nonhuman receptors, Data on the nature

and extent of contamination may therefore be rejected
by the risk assessor, requiring an additional round of
sampling. For example, data identifying the boundaries
of the site may not be representative of the level of
contamination within an exposure area. Therefore, it is
important to maintzin the risk assessment data
requirements as a high priority throughout remediat
investigations.

Sampling and analysis methods discussed during scoping
should uitimately be based on site-specific data needs.
The RPM, risk assessor, hydrogeologist, statistician,
andproject chemist must maintain open communication

during scoping and throughout the R1 to ensure that this
occurs, Datareview and deliverable requirements should
be determined during the scoping meetings so that these
specifications can be included in the sampling ang
analysis plan (SAP) for the RI. The RPM should
prepare a checklist of considerations for the scoping
meetings and provide it to all individuals involved.
Exhibit 9 presents an example checklist of items nseful
forrisk assessment to be considered by the RPM during
scoping. Chapters 3 and 4 give specific guidance for
planning the data collection efforts to support risk
assessments.

2.2.4 Quality Assurance Document
Preparation and Review

After scoping, the RPM guides the preparation of the
workplan and quality assurance documents. The
workplan, the SAP, and the quality assurance project
plan (QAP)P) should docurnent the combined decisions
of the RPM, risk assessor, and other project staff.

EXHIBIT 9. EXAMPLE RISK ASSESSMENT
"~ CHECKLIST FOR USE IN SCOPING

and/or field analysis)? .

» Has all historical information been gathered and characterized
and is it appropriate and avallable for use?

= What sample matrices should be investigated?
+ What analytical methods should be used?

» Are the methods appropriate for risk assessment, given
specific contaminants present and their toxicity?

= Will any special quality control requirements be necessary?
* Who will conduet the analysis (8.g., which type of laboratory)?

+ What analytical data sources should be used (fixed laboratory

+ What sampling designs are appropriate?
¢ How many samples will be needed?
+ How will the data review be accomplished?

= What types of deliverables will be required? Specify the types of
deliverables required from both laboratory and data validation,

= What budget or other limitations constrain data collaction (e.g.,
due date, contractor availability)?
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Particularemphasis is placed on establishing confidence
limits, acceptable error, and level of quality control
(discussed in Chapter 3}, This facilitates cost-effective
design of the sampling and analytical program and
minimizes the collection of data of limited use for risk
assessment.

The risk assessor reviews the workplan and SAP to
engure that the relevant data quality issues, sampling
design, analytical needs, and dataassessment procedures
are adequately addressed for risk assessment, Exhibits
10 and 11 provide checklists to aid the review of the
workplan and SAP.

2.25 Budgeting and Scheduling

As the overall site manager, the RFM must address and
balance risk assessment data needs with other data use
needs, such as health and safety, treatability studies,
transport, and the naiure and exient of contamination.
The risk assessor is responsible for identifying specific
data requirements for risk assessment and
communicating these needs o the RPM. The RPM is
responsible for developing and implementing the
schedule for acquiring the data. Balancing costs and
services while adhering to the schedule 1s a major
responsibility of the RPM.

‘The RPMmust coordinate the use of analytical services.
Data from different analytical sources provide the

flexibility needed to balance cost with sampling needs
and time constraints, The advantages and disadvantages
of field analyses and fixed laboratory analyses should
be considered, as described in Chapters 3 and 4. The
risk assessment participants can assistin the development
of field sampling plans and the selection of appropriate
analytical methods that will provide the risk assessor.
with a set of useable data, within the budgeting and
scheduling constraints of the RPM.

2.2.6 Ilterative Communication

Continuing, open, and frequent communication among
the participants is critical to the suceess of the RI and
baselinerisk assessment. A singlemeeting or discussion
is rarely adequate to ensure that all relevant issues have
been addressed. Development of the risk assessment
within the RI report is an iterative process of action,
feedback, and correction or adjustment,

After review of the workplan, the SAP, and the QAPjP,
the RPM monitors the flow of information. The risk
assessor assists the RPM to ensure that the dataprodnced
are in compliance with therequirements of the workplan
and SAP. Key questions they consider once the data
become available are:

» Have correct sampling protocols been followed?

= Have all critical samples been collected?

EXHIBIT 10. CHECKLIST FOR REVIEWING THE WORKPLAN

+ Does the workplan address the objectives of baseline risk assessment?

Does the workplan document the current understanding of site history and the physical setting?
Have historical data been gathered and assesséd?

Has information on probable background concentrations been obtained?

Does the workplan provide a conceptual site model for the baseline risk assessment, including a
summary of the nature and extent of contamination, exposure pathways of potential

concern, and a preliminary assessment of potential risks to human health and the environmenl?

Does the workplan document the decisions and evaluations made during project scoping,
including specific sampling and analysis requirements for risk assessment?

Does the workplan address all data requirements for the baseline risk assessment and explicitly
describe the sampling, analysis and data review tasks?

21-002-010
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EXHIBIT 11. CHECKLIST FOR REVIEWING THE SAMPLING
AND ANALYSIS PLAN

established in the scoping meeting?
risk assessment?

adequately addressed in the SAP?

assessment:

+ Have the samples been analyzed as requested?
* Are data arriving in a timely fashion?

 Haveappropsiate sample guantitation limits/detec-
tion limits been achieved?

+ Has quality assurance been addressed as stated in
the SAP and QAPjP? ’

» Have the data been reviewed as stated in the SAP?

+ Is the quality of the analytical data acceptable for
their intended use?

Basedupon these considerations, the RPM, risk assessor
and other technical team members must jointly determine
if any corrective actions are needed, such as requesting
additional sampling, using alternative analytical
methods, or reanalyzing samples.

2.2.7 Data Assessment

The RPM and risk assessor work with other participants
to identify z list of chemicals of potential concern and
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* Dothe bbjectives of the QAPJP and the field sampling plan meet risk assessment needs
 Are QA/QC procedures provided for in the SAP adequate for the purposes of the baseline
* Have the data gaps for risk assessment that were identified in the Rl workplan been

*  Are there sufficient QC samples to measure the likelihood of false hegatives and false

positives, and to determine the precision and accuracy of resulting data?

* Have analytical methods been selected that have detection limits adeguate to quantitate
contaminants at the concentration of concem?

* Have SOPs been prepared for sampling, analysis and data review?

*  Willthe sampling and analysis program result in the data needed for the baseline risk

-- toaddress each medium, exposure pathway and chemical of potential concern,

-- to evaluate background concentrations,

-~ to provide detail on sample locations, sampling frequency, statistical design and analysis,
-- 1o evaluate temporal as well as spatial variation, and

-- to support evaluation of current as well as future resource uses?

&1-002-01

decide on data review procedures. This information is
developed during project scoping and incorporated into

-the workplan and SAP. The RPM, risk assessor, and

project chemist should agree on the type and level of
data review required for both positive and “non-detect”™
results. Typically, the RPM assesses the overall data
reviewed by the chemist, and the risk assessor reviews
data relevant to risk assessment, unless other
arrangements have been established and explicitly stated
in the SAP.

The risk assessor may request preliminary data, ot
results that have received only a partial review, in order
toexpedite therisk assessment to save time and resources.
Preliminary data can be used to validate the conceptual
model ortobegin the foxicity assessment, The datamay
also indicate aneed formodifying sampling or analytical
procedures. However, preliminary data should not be
usedin calculating risk. Once the full analytical data set
is obtained, the RPM and risk assessor should consult
with the project chemist and statistician to assess the
utility of all available information.



2.2.8 Assessment and Presentation
of Environmental Analytical
Data

Once environmental data are evaluated in the data
review process, the risk assessor develops a final data
setforuseinthe baselinerisk assessment. Allchemicals
of potential concemn should now be identified. The risk
assessor prepares summary tables containing the
following information;

» Site name and sample locations,

» Number of samples per defined, representafive
areaof eachmedium (¢.8., donot countbackground
samples together with other samples),

+ Sample-specific results,
» Analyte-specific sample quantitation limits,
+ Number of values above the quantitation limit,
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+ Measures of central tendency {e.g., 95% UCL on
the arithmetic mean of the environmental
concentration),

= Specifications for the treatment of detection or
quantitation limits and treatment of qualified data,
and

» Ranges of concentrations.

All assumptions, qualifications, and limitations should
be explicitly stated in the tables. The risk assessor
provides the final data summary tables to the RPM,
project hydrogeologist, project chemist, and other
appropriate project staff forreview. These are the data
that will be used in the baseline risk assessment to
determine the potential risk to human health, It is
essential, therefore, that this information consists of the
best data available and reflects the collective review of
the key participants in the risk assessment., An example
of such a set of data is given in Appendix L.
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