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Baseline Risk Assess.ne!

] . 1.0 Introduction

| BLACK & VEATCH Waste Science, Inc. (BVWS) was tasked to provide a
baseline risk assessment utilizing data from a number of previous investigations at
Operable Unit No. 4 (OU4) of the Des Moines TCE Site located in Des Moines,
Towa. A previous risk assessment was performed by Eckenfelder, Inc. on OU2 of the
same site, and the data and findings of that report are not re-evaluated in this report.
There was also an addenuum to that OU2 risk assessment performed by BVWS,
dated November 23, 1993, which evaluated future residential exposures at OU2. This
risk assessment feport is structured in compliance with the Risk Assessment Guidance
for Superfund (RAGS) manual (USEPA, 1989a) and in a manner similar to the OU2
risk assessment in that many of the same assumptions have been used.

Risk assessment is a scientific procedure intended to estimate the probability of
adverse health effects from exposures to toxic substances. The results of the risk
assessment are not absolute statements of every possible human heaith effect.
Accordingly, remedial and risk management decisions should not be exclusively
based upon the baseline risk assessment results, but should consider these results in
conjunction with assessment uncertainties, available technologies, public perceptions,

. and economic feasibilities. Traditionally, Superfund baseline risk assessments have
focused on contaminants and exposure pathways directly related to the site. These
assessments do not address risks from other sources of chemical exposure (e.g.,
dietary exposures) or risks from other contaminants that are not associated with the
site under evaluation. _

Risk assessment is a multi-step process comprising the following tasks:

e Data evaluation.

» Toxicity assessment.

o Exposure assessment.

o Risk characterization.

e  Uncertainty analysis. :

The baseline risk assessment also includes an environmental assessment. A wildlife
toxicity assessment has been completed and accompanies this report. The nature of
the environmental assessment, whether exhaustive or cursory, depends upon various
site conditions.
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The general format for risk asss<sment and definition of terms is consistent with
those provided by United Statcz Environmental Protection Agency (USEPA) Risk
Assessment Guidance for Superfund Volume I (Parts A, B, and C) and Volume II
(1989a). Additional guidance comes from the Office of Solid Waste and Emergency
Response (OSWER) directive 9285.6-03 "Human Health Evaluation Manual,
Supplemental Guidance: Standard Default Exposure Factors" (USEPA, 1991a).

Data evaluation includes the selection of chemicals of potential concern (COPC)
that will be evaluated in the risk assessment, based on issues such as data quality,
frequency of detection, presence in background samples, and presence in laboratory
blanks. _ ,

The toxicity assessment involves determining the adverse health effects associated

_ with chemical exposures, the relationship between magnitude of exposure and adverse

effects, and the related uncertainties involved.

Exposure assessment involves characterizing the contaminated media on site,
identifying and evaluating environmental transport and fate pathways, identifying the
populations potentially exposed to the COPCs, and estimating the magmtudes,
frequencies, and durations of exposures.

Risk characterization is the estimation of health risks associated with the COPCs
based on information from the toxicity and exposure assessments. Although risk
characterization is conducted for all COPCs, the discussion focuses on those
contaminants that contribute most of the total risk, as indicated by the results of the
risk calculations.

Uncertainty analysis is a qualitative and, where possible, quantitative description
of the assumptions and limitations inherent in each step of the risk assessment.

The environmental assessment normally involves an inventory of onsite plant and
animal communities, an explanation of how these communities might be exposed to
onsite contamination, a description of the toxicological and physiological impacts of
this contamination upon individual species, and a qualitative evaluation of some of
the potential risks posed to onsite flora and fauna by the contaminants.

Although these steps are presented sequentially, the risk assessment process is
highly iterative. Information developed in each step of the risk assessment is useful
in subsequent steps and provides feedback to preceding steps. For example,
concentration data from the exposure assessment may be used during the data
evaluation to select COPCs. Toxicity profiles developed in the toxicity assessment
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may provide important qualitative information for use in the risk charactetization or
in the uncertainty analysis.

1.1 Objectives of the Risk Assessment ,
The revision of the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) states that the purpose of the remedial process is to

implement procedures that reduce, control, or eliminate risk to human health and the
". environment. The main objective of the human health evaluation process is to

provide the information necessary to assist in the decision-making process at potential
remedial sites. The following are specific objectives of the human health evaluation
process:

e Provide analysis of preliminary risks (risks that could exist onsite in the
absence of remediation or institutional controls) and help determine what
actions are necessary;

e Provide a basis for determining the levels of chemicals that can remain onsite
and not adversely impact public health;

e Provide a basis for comparing potential health impacts of various remedial
alternatives; and

» Provide a consistent process for evaluating and documenting the site-specific
threats to public health.

The revision of the NCP also calls for the selection of remedial actions that are
protective of environmental organisms and ecosystems. In addition, numerous federal
and state laws and regulations concerning environmental protection are potentially
"Applicable or Relevant and Appropriate Requirements” (ARAR:s).

This risk assessment provides an evaluation of potential risk to human health
and the environment from exposure to the contaminants at OU4 on the Des Moines
TCE Site in Des Moines, Iowa. The assessment resuits will attempt to document the
magnitude and cause of risk at the site. In ~“dition, the results will aid in the
determination of necessary response actions and in the establishment and subsequent
modification of remediation goals. A flow chart of the risk assessment process is
presented in Figure 1-1.

. OUA4 Risk Assessment 3 71400.033

e Cete SEEE Samh TS0 KGR @ GEEs $ OEN 0 GEND 0 Kedy Sited M7




2.0 Approach and Theoretical Considerations

This subsection presents a general discussion of the methods used and theoretical
considerations involved in each step of the risk assessment. The results of each step
of the risk assessment for OU4 are presented in Sections 3.0 through 6.0.

2.1 Data Evaluation

The process of determining the COPCs for OU4 includes an evaluation of the
analytical data, an analysis of the sources of contamination and areas that the sources
impact, and a review of site characteristics. A focused risk assessment has already
been performed to evaluate the South Pond, the area around the South Pond, the
East ditch, and stockpiled soils at QU4 (hereafter referred to as the South Pond
Area). These areas and the data associated with them that were used in the focused
risk assessment memorandum are not further evaluated in this risk assessment.

The media-specific analytes that were not eliminated because of data quality
considerations were identified as COPCs and carried to the next step in the process,
. the toxicity assessment.

- . lnam =

2.2 Toxiclty Assessment

In developing risk assessment methods, USEPA recognized that fundamental
differences exist between the carcinogenic (associated with cancer) and
noncarcinogenic dose-response variables used to estimate risks. Because of these
differences, human health risk assessment is conducted separately for the
carcinogenic and noncarcinogenic effects of contaminants.

The reference dose (RfD) is defined as an estimate of a daily dose for the human
population, including sensitive subgroups, that could be experienced over a lifetime
without appreciable adverse noncarcinogenic health effects (USEPA, 1989a).
Examples of noncarcinogenic effects include liver damage, decreased fertility, birth
defects, and damage to the central nervous system. The RfD is expressed in units
of milligrams of contaminant per kilogram of body Weight per day (mg/kg/day).

‘The RID is usually established from the relationship between the dose of a non-
carcinogen and the frequency of adverse health effects observed in experimental
animals or humans, with the assumption that there is a threshold for the initiation of
noncarcinogenic effects (Dourson and Stara, 1983). The assumption of a threshold
is based on the concept that the body has certain protective mechanisms that must
be overcome before the adverse effect is manifested.

OUA4 Risk Asscssment 4 71400.033




The threshold of observed noncarcinogenic effects (No Observed Adverse Effect

Level, NOAEL, which is used to derive the RfD) is divided by an uncertainty factor

. ~ to account for any of the following potential sources of uncertainty in the available
toxicological database: presence of sensitive subpopulations (e.g., elderly, children,
infirm), extrapolation from animal studies to humans, lack of chronic exposure data,
lack of a dose at which no adverse effects were observed, or inadequate toxicological
database. Each source of uncertainty is usually assigned a factor of 10. These are
_then multiplied together to yield the uncertainty factor. The NOAEL is then divided
". by the uncertainty factor to generate the RfD.

| The uncertainty associated with the RfD can span several orders of magnitude.
For this reason, the RfD should not be viewed as a strict scientific demarcation
between a toxic dose and a nontoxic dose (USEPA, 1989a). Uncertainty factors are
reported along with the RfD; a higher uncertainty factor indicates a larger degree of
uncertainty about the value of the RfD and suggests that the RfD is more likely to

change when additional data become available. -

USEPA classifies the data regarding carcinogenicity according to the weight-of-
evidence system described in Section 4.0 of this report. A carcinogenic slope factor
(SF), which is expressed in units of the inverse of milligrams of contaminant per
kilogram of body weight per day (mg/kg/day)?, is usually calculated for chemicals in
Classes A, B1, and B2, and sometimes also for Class C (defined in detail in Section

. 4.0). The SF is used to estimate an upper bound of the excess probability (above the
background probability) that an individual will develop cancer at some point in the
individual’s life, due to exposure to a potential carcinogen (USEPA, 1989a).

~ Toxicity data were obtained from USEPA's 1994 Integrated Risk Information

" System (IRIS) database (USEPA, 1994a). When data were not currently available

in IRIS, supplemental sources of information, such as values from the Health Effects

Assessment Summary Tables (HEAST) (USEPA, 1994b) or interim values provided
by USEPA, were used.

2.3 Exposure Assessment

USEPA (1989a) specifies three distinct steps for the exposure assessment
process: (1) characterizing the exposure setting, (2) identifying exposure pathways,
and (3) quantifying exposure. The exposure setting is characterized by describing site
physical features as well as identifying potentially exposed populations. Potentially
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exposed populations include those individuals potentially exposed under current or
future land use. '

Exposure pathways generally consist of four elements: (1) a source and
mechanism of contaminant release, (2) a retention or transport medium, (3) a point
of potential human contact with the contaminated medium (i.e., the exposure point),
and (4) an exposure route (i.e., ingestion, inhalation, and dermal contact) at the
contact point. If all four elements of an exposure pathway are present, the pathway
is considered "complete." Points of potential human contact and exposure routes are
evaluated under both current and future land-use scenarios. Exposure routes

~ represent the means of contact between the potentially exposed population and a

medium such as soil. This would include human contact via ingestion and dermal
absorption.

Quantifying the magnitude, frequency, and duration of exposure for the
populations and exposure pathways is the last step in the exposure assessment. This
step involves two stages: estimating exposure point concentrations, and estimating
pathway-specific intakes. The exposure point concentration is the 95-percent upper
confidence limit (UCL) on the arithmetic mean unless the data set comprises less
than 10 data points, in which case the highest detected concentration is used
(USEPA, 1989b). These concentrations and intakes are then combined to estimate
the reasonable maximum exposure (RME) for a specific pathway.

The basic equation used to calculate human intake of a chemical contaminant is:

DI = (C)(HIF)
where: :
DI = Daily Intake (mg of contaminant per kg of body weight per day).
C = Concentration of the contaminant in mg/kg (ppm).

HIF = Human Intake Factor (kg of medium per kg body weight per day).

Each intake variable in the above equation has a range of values. For risk
assessments conducted under RAGS, the intake variable values for a given pathwa,
are selected so that the combination of all intake variables results in an estimate of
the RME for that pathway. The RME is defined as the maximum exposure that is
reasonably expected to occur at or near a site.
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2.4 Risk Characterization
_ The information generated by the toxicity assessment is combined with
. information from the site-specific exposure assessment to quantify the carcinogenic
and noncarcinogenic effects associated with the COPCs.

Carcinogenic and noncarcinogenic effects are calculated for each pathway of
exposure and each COPC. Carcinogenic and noncarcinogenic values, respectively,
are added for all chemicals in an exposure pathway (e.g., incidental ingestion of soil).
The totals for all exposure pathways in a given population (e.g., current onsite
‘resident) are added to give an estimate of the population risks. Risk assessments
generally do not add risks across populations (e.g., a person living and working
onsite) due to the lack of information on specific individuals.

2.4.1 Methodology for Noncarcinogenic Effects. Values for nbncarcinogenic
effects are expressed as a ratio of the estimated intake dose to the reference dose.
The ratio, called the hazard quotient (HQ), indicates numerically whether or not the
RID (ie., threshold) is exceeded. The HQ is not a mathematical prediction of the
incidence or severity of effects, but rather a simple numerical index to identify
potential exposure problems (USEPA, 1989a). An HQ greater than 1.0 suggests that
exposure to a substance exceeds a level of concern (i.e., the RiD) for the cbexmcal.
. The HQ is calculated as follows:

HQ = DI/RID

where:
HQ = Hazard Quotient (unitless).
DI = Daily Intake (mg/kg day).
RfD = Reference Dose (mg/kg day).

. Individual HQ values for all chemicals of potential concern are combined to
- calculate the noncarcinogenic hazard index (HI), which assumes simple summation
* of effects of all COPCs at the site.

HI = HQ, + HQ, + ..HQ or
= (DI,/RfD,) + (DL/RID,) + ... + (DI/RID))
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where:
HQ; = Hazard Quotient of the j** constituent.
DJ, = Daily Intake of the j*® constituent.
RfD; = Reference dose for the j* constituent.

An HI greater than 1.0 suggests that exposure to all chemicals collectively
exceeds a generalized level of concern. The level of concern increases as the HI
approaches and exceeds a value of 1. However, the level of concern does not
increase linearly because individual RfD values do not have equal accuracy or
precision and are not based on the same severity of toxic effects. Furthermore, RfD
values provide no information on the shape of the dose-response curve in or above
the region of concern (i.e., near the RfD). The level of concern for toxic effects may
increase more quickly for some chemicals than for others. Therefore, the HI should
be regarded as a general indicator of the degree of concern.

The initial HI is considered a screening value because it may combine
noncarcinogenic effects for various chemicals with different toxicological endpoints
(e.g., liver damage versus kidney damage). When the initial HI calculated for a
particular population is greater than 1.0, noncarcinogenic effects can be evaluated in
greater detail.

24.2 Methodology for Carcinogenic Effects. Values associated with
carcinogenic effects are expressed as the excess probability (above the background
probability) that an individual will develop cancer over a lifetime exposure. This
presupposes that there is no threshold for carcinogens and that even minute
concentrations will result in some cancers. The carcinogenic potency estimate for a
chemical or SF is generally conservative (i.e., predicts higher cancer potency) because
the SF is often an upper 95th percent confidence limit of the slope of the
dose-response curve. This slope factor will usually only hold true for low doses
because the dose-response curve is approximately linear only in the low dese region.
The excess probability of developing cancer or risk is calculated for a exposure
pathway by multiplying the average daily intake over a lifetime (DI) and the SF for
the chemical as follows:

Risk = (DI)(SF)
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- where:
. DI = Daily Intake (mg/kg day)
SF = Slope Factor (kg day/mg)

Only lifetime average daily intakes are used in conjunction with slope factors to
obtain excess lifetime cancer risk estimates because slope factors are formulated on
the basis of average lifetime exposures. Lifetime average daily intake is obtained by
adding the intake of each age group considered in an exposure scenario and
averaging it over a lifetime of 70 years.

2.4.3 Evaluation of Carcinogenic Effects. The observed national background
cancer risk (no exposure to site contaminants) is approximately 2.5 x 10 (1 in 4).
In the NCP, USEPA set an added cancer risk (above background) of 10°® as the point
of departure for determining remediation goals for Superfund sites [40 CFR
300.430(¢)(2)). Accordingly, remediation cleanup levels should correspond to risks
in the range of 10 to 10*, with a preference for cleanup levels associated with an
added cancer risk of 10% The acceptable risk and actual cleanup levels are
considered a risk management decision and are determined on a case-by-case basis.

. In a recent memo, USEPA (1991b) stated that a site with carcinogenic risk less
than 10 generally should be considered a no-action site, unless any of the following
criteria apply to the site:

e Hazard quotient greater than 1.0

¢  Adverse environmental impacts

o Exceedance of maximum contaminant levels (MCL) or non zero MCL goals

for drinking water

o Significant uncertainties associated with the results of the risk assessment.

Once the need for remediation is determined, the preference remains for cleanup
levels to correspond to risks at the low end of the target risk range (i.e., close to 10)
(USEPA, 1991b). _

USEPA (1989a) recommends that actions at a Superfund site be selected on the
basis of the RME estimated to occur under both current and future land-use
conditions. The rationale for this approach is that average estimates are lower than
the exposures that may be experienced by much of the population. However,
discussion of the results of the risk assessment will focus on risks associated with the
RME case and the other viable exposure routes and populations.
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As with the case for noncarcinogenic effects, carcinogenic effects are combined
for all chemicals in an exposure pathway (total pathway risk) and the risks from
various exposure pathways within a populations are summed (total population risk).
The total pathway risk approximates the true risk due to simultaneous exposures to
a mixture of multiple carcinogens. It is assumed that the intakes of individual
substances are small and that all act independently (i.e., without synergism or
antagonism). Because mixtures of carcinogens are most likely not truly additive, the
total cancer risk estimate may become artificially more conservative as risks from a
number of different carcinogens are combined. Thus, the total carcinogenic risk may
be overestimated.

2.5 Uncertainty Analysis

The uncertainty analysis provides a general evaluation of the uncertainties that
enter the risk assessment at each step of the process. This is necessary because each
step in the process contains required assumptions which may have an effect upon the
risk estimate (i.c., either overestimation or underestimation of risk). For each
identified source of uncertainty, the direction and magnitude of the potential effect
on the risk estimate and the steps taken to mitigate the uncertainty are noted. In
many cases, the only possible steps to mitigate uncertainties are the use of best
scientific judgment and the best available data.

2.6 Environmental Assessment

The NCP calls for identification and mitigation of the environmental impacts of
hazardous waste sites and for the selection of remedial actions that are "protective
of environmental organisms and ecosystems." The Environmental Assessment, a
qualitative and/or quantitative appraisal of the actual or potential effects of a
hazardous waste site -on surrounding flora and fauna (excluding humans and
domesticated species), is performed to fulfill this requirement. It is important to note
that small, chemically induced changes within the food web of an ecological
community can have a dramatic effect on larger specxes within the community
eventually including human beings.

The environmental assessment is intended to reduce the uncertainty associated
with understanding the environmental effects of a site and its remediation, and to
give specific boundaries to that uncertainty. The outputs of the environmental
assessment are semi-quantitative predictions of future onsite ecological effects or
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assessments of ecological risk as stated in the USEPA's "Ecological Assessment of
. ~ Hazardous Waste Sites: A Field and Laboratoiy Reference" (USEPA, 1989c).

A wildlife toxicity assessment has been conducted based on the conditions and
setting primarily in the South Pond area. The wildlife toxicity assessment
accompanies this report. The conclusions of the wildlife toxicity assessment are
presented in Section 8.0.

' OU4 Risk Assessment 11 71400.033
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3.0 Data Evaluation Kesults

The entire set of sampling data for soil used in the risk assessment is presented
in Appendix A. Chemicals of potential concern (COPC) were selected independently
for each medjum (e.g., surface soil) at OU4. The analytes were screened by
qualifiers or "flags" placed next to the reported concentrations during data validation.

~ Data results from all sampling events are presented in Appendix A, which includes
data qualifiers.

Analytes that were analyzed for but not detected above the sample quantitation
limit (SQL) were flagged with a "U" or an "ND." In Appendix A the number to the
left of the "U" or "ND" is the SQL. Analytes flagged with a "U" or "ND" will be
incorporated into the risk assessment if a compound has been detected at other
sampling locations. The SQL is then divided by 2 and this value is used in the risk
calculations. This is the standard approach to dealing with nondetects when a
compound has been detected at other sampling locations.

Positively detected analytes that were reported below the sample quantitation

- limit were flagged with a "J." This qualifier indicates’ uncertainty in the reported ’
concentration but not in the identity of the analyte. All data assigned with the "J"
qualifier were retained for the next step of the screening process.

Analytes flagged with an "R" were rejected because of questionable laboratory
performance (e.g., deviation from analytical protocols). The "R" flagged data were
eliminated from the remainder of the risk assessment. "B" flagged organic data were
detected in either a laboratory or field blank, but were retained in the data set. "B"
flagged inorganic data were below the contract required detection limit (CRDL) but
greater than or equal to the instrument detection limit (IDL).

The objectives of this evaluation process are to identify a set of chemicals that
are likely to be site-related and to guarantee that reported concentrations are of
acceptable quality for use in the quantitative risk assessment. Chemicals remaining
in the quantitative risk assessment are referred to as COPCs. In the evaluation, the
data validation processes for the risk assessment were reviewed, and the
appropriateness of the data for the risk assessment was determined.

During the initial evaluation, the data collected for OU4 was categorized as to
whether the sample locations were within the South Pond Area, in which case they
were dealt with in the Focused OU4 Risk Assessment. If the data was not evaluated
in the Focused OU4 Risk Assessment, they were included as data points for this OU4
Risk Assessment. The data were divided by depth in order to estimate exposure

.o
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point concentrations, utilizing surface soils (0’ to 2') for current exposure scenarios

. ~ and surface plus deep soils (down to 12’) for future exposures. The data was also
split to include data under the existing asphalt cap in one set and the data that
represents currently exposed soils in another set.

The following steps eliminated potential COPCs from further consideration for
the baseline risk assessment:

e Data qualifiers resulting in rejected data eliminated contaminants from

further consideration.

e Contaminants that were only detected once at a level near the SQL were
eliminated from further consideration, except for exposed soils data, because
only three samples exist, all detected contaminants were retained.

e Contaminants were eliminated if they were nondetected at all of the
sampling locations.

e Chemicals identified as common laboratory contaminants were eliminated if
the associated concentrations of contaminants were less than 10 times the lab
blank value (USEPA, 1992).

Appendix A presents the capped data for the OU4 risk assessment, including
calculations of exposure point concentrations for the chemicals of potential concern.
Appendix B presents the exposed soil data, including calculations of exposure point

. concentrations for the chemicals of potential concern.

Though there would normally be two data sets for each major area or operable
unit (one for current and one for future), in this case there is only one data set for
each. There is only a future set for the capped data, because the cap prevents
current exposure, thus eliminating risk in the present. There is only one data set for
the exposed soil because all samples are surface samples, therefore no future deep
soil data is present that would change the exposure point concentrations in the future
case. Appendices A and B present these two data sets, for capped and exposed soils,

respectively.

-———— onm——" —m— ——— —— . omam —— anm— - ] [ ] A
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t Activities
(1989 to 1991)

Applicability

(D8-17 and DB-32
through DB8-56, DB-59,
08-60, and DB-63)

e 3-1

Investigation Data
to OU4 Risk Assessment

Des Moines TCE Site
OuU4 Risk Assessment

Evaluation
of Msk

Rationale

|
— ]

Although these sampling locations are currently covered
by an asphalt cap, soi) contamination is stil) present
at these locations and may come into contact with future
populations.

Sediment South Pond Yes The sediment, from which the $5-1 and $S-2 sediment
(SS-1 and §5-2) samples were obtained, will be excavated and
consolidated in the South Pond during the South Pond
response action and may come into contact with future
populations.
Sedime 1t South Pond Yes This data is still considered applicable because these
(55-3 arough S5-5) sediment sample locations will only be covered during
the South Pond area response ac.ion and may come into
contact with future populations.
i Building Engineering Shatlow Soil Surface Cap Yes Although these sampling locations are curently covered
Evaluation (1991) (58-47 through SB-55) by an asphalt cap, sofl contamination is still present
' at these locations and may come into contact with future
populations.
Sediment South Pond Yes The sediment, from which the sediment samples were
(SP-A, C, E, 1, and J) obtained, will be excavated and consoltdated in the
South Pond during the South Pond response action and way
come into contact with future populations.
Sediment None Yes These sampling locations will be addressed as “exposed
(SP-B and SP-D) soil” locations given that they will not be affected by
the South Pond area response action.
Sediment South Pond Yes This data s stil) considered applicable because these
(SP-F, 6, and W) sediment sample locations will only be covered during
the South Pond area response action and may come into
contact with future populations.
8 Supplemental Building Shallow Soil Surface Cap Yes les are Jocated west of Bullding 1 and were not
| Investigation (S8-1 through SB-5) fncluded in previous risk assessments.
) (December 1992)
i Building Site Assessment | Surface Soil Surface Cap Yes Although these locations are currently covered by an

| (May 1993)

(EE-037 through EE-042,
EE-057 through EE-059)

asphalt cap, soil contamination is still present at
these locations and may come into contact with future
populations.
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Table 3-1

Applicability of

to 0U4 Risk Assessment
Des Moines TCE Site.
OU4 Risk Assessment

tinued)
stigation bData

5‘ Affected by | Applicable [ Rationale \
- which to ) !
Response Evaluation \
A Iatiomw  Jofmiswr | |
| Building Flood Sediment Building Yes les are located west of Building 1 and were not |
| Assessment (€e-105) . included in previous risk assessments.
i (July 1993) .
i Shallow Subsurface Shallow Soil Surface Cap Yes Although these locations are currently covered by an
: Investigation (06-1 through 0G-5 and asphalt cap, shallow soil contamination is still present
1 (January 1994) 06-12 through 06-35) at these locations and may come into contact with future
! populations.
“ Shallow Soil South Pond Yes This data s still considered applicable because these
; (06-6 and 06-9 through shallow soil sample locations will only be covered
- 06-11) during the South Pond area response action and may come
i into contact with future populations.
i Shallow Sot} South Pond Yes The shallow soil, from which the 06-7 and 0G-8 samples
i (0G-? and 06-8) were obtained, will be excavated and consolidated in the
r South Pond during the South Pond response action and may
come into contact with future populations.
| Habitat Evaluation Sediment South Pond Yes This data is still considered applicsble because these
i (February 1994) (8v-1 and BV-2) sediment sample locations will only be covered during
the South Pond area response action and may come into
; contact with future populations.
i Drainage Channel Surfiace Soil South Pond Yes The surface soil, from which these samples were
§ Characterfization (BM/1-10 through obtained, will be ‘excavated and consolidated in the
1 (April 1994) 8M/101-110) South Pond during the South Pond area response action
i and may come into contact with future populations.
1 Surface Soil None Yes This surface soil sampling location wil) be addressed as
! (84/111-120) an “e soi1® location given that it will not be -
! affected by the South Pond area response action and may
: come into future populations.
o
| Soil Pile Sampling Surface Soil South Pond Yes The stockpiled soil, from which these samples were
# (August 1994) {0G-107 through obtained, will be excavated and consolidated in the
15



3.1 Background

A comparison of inorganic concentrations présent in background versus those
onsite was not performed due to the inadequacy of background soil data.
Background soil data locations were not of sufficient quantity to adequately assess the
background condition. This is normally done in order to assess whether inorganic
levels onsite are due to anthropogenic activity or are simply characteristic of regional
levels. Past site activities have generally involved at least two processes that result
in inorganics contamination, therefore, the inorganics were all retained with respect
to background. These processes included a grey iron foundry and steel wheel
manufacture. The risks generated for inorganics reveal that further evaluation of
inorganics is unnecessary for inorganics, which have associated risks below levels of
concern. Because inorganic risks fall below levels of concern, further evaluation in
the context of additional discussion of those risks is deemed irrelevant, and inorganics
are not considered to be of concern for OUA4.

OU4 Risk Assessment 16 71400.033




4.0 Toxicity Assessment Resuits |
The purpose of the toxicity assessment is to weigh available evidence about the
potential for adverse effects to exposed populations by the chemicals of potential
concern and to provide an estimate of the relationship between the extent of
exposure to a contaminant and the increased likelihood or severity of adverse effects.
" Health hazards for chemicals exhibiting non-carcinogenic effects were evaluated
using RfDs developed by the USEPA RfD work group or obtained from health

". effects assessments (HEA). The RID is an estimate of the daily exposure to the

human population that is not likely to be harmful over a lifetime. RfDs are
expressed in units of mg/kg/day and include exposure to sensitive subpopulations
within the derivation. The RfDs are usually derived from human studies involving
work place exposures or from animal studies. RfDs are adjusted using uncertainty
factors to account for unknown interpolations from the available studies and data.
The RID is a reference point for comparison of chemical intakes.
~ Health risks for chemicals exhibiting carcinogenic effects were evaluated using
SFs developed by USEPA’s carcinogen assessment group. SFs estimate the upper-
bound excess lifetime cancer risk associated with lifetime exposure to potential
human carcinogens. Excess cancer risk is calculated based on the average daily
intake over a lifetime and the cancer SF. The SF is an estimate of a chemical’s slope
of the chronic dose-response curve at low doses. Because it is generally not possible
to measure this slope directly, it 'is calculated from the chronic dose-response data at
high dose levels. These calculations assume linearity of the dose-response curve at
low doses and that the carcinogen has no threshold. Although these assumptions can
be debated, this approach is currently the most appropriate means for estimating
cancer risks in exposed humans.

The USEPA has developed a weight-of-evidence classification system for
potential carcinogens. In this system, chemicals are classified as either Group A, B1,
B2, C, D, or E. Group A chemicals are classified as human carcinogens with
sufficient evidence from epidemiologic studies to support a causal association
between human exposure and cancer. Group B1 and B2 chemicals are classified as
probable human carcinogens. Group B1 applies to chemicals with limited evidence
~ of carcinogenicity in humans from epidemiologic studies, and Group B2 applies to
chemicals with inadequate evidence of carcinogenicity in humans but sufficient
evidence of carcinogenicity in animals. Group C applies to chemicals with limited
evidence of carcinogenicity in animals. Group D is not classified because of
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inadequate evidence of carcinogenicity in animals, and Group E applies to chemicals
that show no evidence of carcinogenicity in humans where there is at least two
adequate animal tests or both epidemiologic and animal studies.

The dermal exposures at OU4 require adjusted RfDs and SFs because the
USEPA has not developed dermal RfDs or SFs. These critical toxicity values were
derived based on available oral RfDs and SFs. This derivation requires conversion
of the RfDs and SFs to absorbed dose rather than the administered dose because
dermal intakes are calculated as absorbed doses. Approximate values for adjusted
RfDs and SFs used in the dermal contact scenarios were derived by simple
extrapolation from oral RfDs and SFs. For RiDs, the oral RfD value was multiplied
by the oral absorption fraction. For SFs, the oral SF was divided by the oral
absorption fraction. This absorption fraction was obtained from the chemical-specific
Agency for Toxic Substances and Disease Registry (ATSDR) Toxicity Profile. If no
chemical specific absorption fraction existed for a contaminant, then a conservative
five percent absorption was assumed (USEPA, 1989a).

2

Appendix C presents oral and adjusted dermal RfDs and SFs for the COPCs in
soil at OU4.

Neither carcinogenic nor noncarcinogenic toxicity values were available for lead
in the IRIS data base. However, USEPA provides recommended acceptable levels
for lead (USEPA, 1993), which are presented in Appendix H. These acceptable
levels are 500 to 1,000 ppm for soil (500 for residential and 1,000 for industrial).
Onsite lead levels in soil exceed both of these concentrations.

USEPA provides a chronic oral RfD value for cadmium based on the ingestion
of water and a separate chronic oral RfD value based on the ingestion of food. To
reflect this distinction, this assessment used the RfD value for food ingestion to
calculate a hazard index for soil ingestion.
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5.0 Exposure Assessment Results

This section presents the results of the exposure assessment for OU4. The
purpose of the exposure assessment is to identify potential receptors and quantify
their potential exposure to the chemicals of potential concern.

5.1 Characterization of Exposure Setting

) The exposure setting consists of two components: the physical features of the
" sites and the potentially exposed populations. The physical features and site

background are presented in this section. Additional detail on site background and

the site setting can be found in the OU2 RI and the OU4 RI reports.

5.1.1 Site Background. The OU2 and OU4 area has been used for a variety of
industrial uses, including a grey iron foundry (built in 1910), a steel wheels
manufacturing plant, chemical and herbicide distribution, and pesticide formulation
-processes. During various activities completed at the site over the years, DICO or
~ related companies have modified drainage patterns and site features through the
construction of several buildings and regrading efforts. The buildings were
constructed as various industrial activities were initiated at the site. In addition,
drainage features across the site have changed significantly over time due to the
construction of a flood control levee; the installation of a storm water bypass to the
Raccoon River that redirects storm water from a large area to the north of DICO;
and the enclosure of the main drainage channel through the DICO property.

Some of the activities conducted within OU2 and OU4 involved bulk chemical
storage and distribution. As reported in the OU2 RI (ECK, 1993a), an entity called
DiChem, Inc. formerly located in Buildings 1 through 5 of OU4, purchased bulk
quantities of various solvents for repackaging and distribution to commercial clients
in the 1950s and 1960s. These solvents included perchloroethylene (PCE), TCE,
toluene, xylene, and 1,1,1-TCA. These solvents were stored in large aboveground
containers and then packaged in 55-gallon drums for distribution. A drum cleaning
area was located to the west of the DICO Production Building. The drum fill area
was located immediately north of Building 1. DiChem also distributed hydrochloric,
phosphoric, and sulfuric acids at the site from the 1940s through the mid to late
1970s.

Other activities conducted almost exclusively within the OU4 area involved
pesticide and herbicide formulation. Buildings 1 through 5 and the Maintenance
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Building were used by DiChem for the formulation of technical grade pesticides and
herbicides. The primary formulation activities were conducted within Buildings 2 and

. : 3 while Buildings 4 and 5 vere primarily used for chemical storage, delivery, and

product storage. These activities reportedly occurred from the mid-1950s through the
early 1970s. Raw materials were provided by several companies who contracted with
DiChem to perform the formulation processes. Successors to these companies,
known as the DiChem Customer Group, who have been notified as to their potential
liability at the site include Amoco Corporation, Chevron Chemical Company, Miles
Inc., Monsanto Company, and Shell Oil Company. The pesticide formulation
equipment was removed from the buildings in the late 1970s.

From the late 1970s, until the summer of 1993, the OU4 buildings were generally
used for painting and warehousing of steel wheels and brake assemblies.

In July 1993, the OU2 and OU4 portions of the site were flooded by up to 6 feet
of water. The flood waters inundated the site, after apparently backing up to the site
inside the existing levee system along the Raccoon River. As flood water receded
from the site, several inches of sediment materials were deposited in the DICO

" buildings. DICO personnel flushed some of the sediment from the buildings

following subsidence of the flood waters to retrieve inventory contained in Bujldings

-1 and 2. However, the majority of the sediment and inventory remained in the

buildings until they were addressed during a building response action subsequently
conducted at the site.

In the fall of 1993, Titan Wheel International Inc. (Titan) purchased the Dyneer
Corporation, DICO’s corporate parent. Subsequently, Titan has taken an active role
in continuing the OU1 remedy and addressing the concerns related to the OU2 and
OU4 portions of the site.

Fourteen separate site investigation activities have been conducted within the
OU4 area of the site. This series of separate, but interrelated site investigations was
conducted concurrent with and subsequent to USEPA’s approval of the OU2 RI
report in February 1993. The site investigations completed within OU4 are can be
summarized as follows (more detailed descriptions can be found in the OU4 RI
report): | .

e OU2 RI related activities were conducted between 1989 and 1993. A
portion of the OU2 RI data is now referred to as OU4 data because a
portion of the OU2 sampling locations are included within the QU4
boundaries of the site. |
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e A building engineering evaluation of dust/residues and insulation materials
‘ : in Buildings 1 through 5 and the Maintenance Building was conducted during
1991. , _

e A supplemental site investigation of Buildings 1 through 3 was also

conducted during December 1992. '

e Archived dust samples from the building engineering evaluation were

"~ analyzed in March 1993.
e A building site assessment of Buildings 1 through 5 and the Maintenance
Building was conducted in May 1993.
e A building flood assessment was conducted in July 1993 to assess the effects
of the May-June flooding on Buildings 1 and 2.
e Additional shallow subsurface soil (0-6 inches) investigation sampling was
performed within the OU4 area in January 1994.
e An ecological habitat evaluation of the South Pond Area was conducted in
February 1994.
e A drainage channel investigation was performed in April 1994.
¢ Building inventory post-washing sampling and analysis within Building 2 was
conducted from May through August 1994.
: o Confirmatory air monitoring of Buildings 4 and 5-was performed during July
C ) 1994.
e Stockpiled soils, remaining after the installation of underground utilities east
of Buildings 4 and §, were sampled and analyzed in August 1994.
e The aldrin tank excavation was performed in September and October 1994.
Soil samples were collected in the excavation area at various stages of the
response action. _
s Confirmatory air monitoring of Buildings 1 through 5 and the Maintenance
Building was performed during November 1994.

Portions of the data obtained during these site investigations are no longer
applicable for the purposes of evaluating the nature and extent of contamination
within the OU4 portion of the site, and thus are not relevant to this risk assessment.
These are further discussed in the OU4 RI report.

Three response actions are in various stages of completion at the site as the
RI/FS process proceeds for OU2 and OU4. Brief descriptions of the response
actions are as follows (more detailed descriptions can be found in the OU4 RI
report):
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In March 1994, USEPA signed an action memorandum and issued a
Unilateral Administrative Order (UAQ) to DICO to clean and encapsulate
various interior portions of DICO Buildings 1 through 5 and the
Maintenance Building. ' |
 In June 1994, USEPA signed an action memorandum and issued a UAO to
DICO. This order required either excavation and offsite disposal of
contaminated soils or the placement of a asphalt cap over a large portion of
OU32 to mitigate human health risk to industrial receptors due to detected
concentrations of pesticides and herbicides. DICO chose to place an asphalt
cap over a larger portion of both OU2 and OU4 areas at the site.
Later this year (1995), a response action is anticipated to begin in the South
Pond area of OU4. It is anticipated that the South Pond area response
action will mitigate the threat presented by the contamination detected
within the South Pond, the drainage ditch that receives discharges from the
South Pond, and soil piles stockpiled directly east of Buildings 4 and S. This
response action will consist of complete excavation and consolidation of
contaminated soils in the South Pond which will be capped with clean fill and
revegetated. Surface drainage pathways will also be re-routed around the
" South Pond as part of this response action. USEPA plans to negotiate an
Administrative Order on Consent (AOC) with a group of PRPs to compiete
the required response action.

4

5.1.2. Physical Features. The topography of both the OU2 and OU4 portions of
the site can be attributed to fill material used to bring the property above the former
elevation of the Raccoon River flood plain. In general, the DICO property is level;
however, the northern portion of the site slopes slightly to the east-northeast away
from the Raccoon River and the southern portion of the site slopes to the south-
southeast. The levee system to the south and west of the developed portion of the
site is approximately 10 feet higher in elevation than the level area on which the
DICO facility is located. Topography in the southwest portion of the site (Frank
DePuydt woods) slopes slightly to the southeast and is approximately 10 feet lower
than the elevation of the DICO facility (20 feet below the top of the levee).

The primary drainageways at the site are the Ingersoll Run (which previously
existed as an open ditch and now exists as an underground culvert) that allows storm
water runoff to flow from north to south through the middle of the site, a ditch
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“adjacent and parallel to the eastern DICO property line, and a ditch parallel to the
. " former railroad spur. Site-specific surface water drainage at the site has been
affected by the placement of the response action asphalt cap over most of OU2 and
OU4, excluding the South Pond area. The presence of the asphalt cap significantly
reduces infiltration of precipitation. Precipitation which lands on asphalt capped
areas moves as overland flow (sheet flow) across the site and enters the primary
drainageways. Storm water runoff flows through the primary drainageways to the

" . southeast area of OU4 and leaves OU4 flowing to the east and south.
| As part of the planned South Pond response action, an extension to the Ingersoll
Run will be constructed to divert storm water runoff around the South Pond area.

The site is located within the 100-year floodplain of the Raccoon River. Based
on the Federal Emergency Management Agency’s (FEMA) flood insurance map, the
levee system protects the developed portion of the site from a 100-year flood event.
The Frank DePuydt woods, outside the levee, is located within the 100-year flood
plain where the base flood elevation is 802 feet above mean sea level (MSL).

In 1993 the DICO facility was fldoded due to a record high crest of the Raccoon
River, described as approximately a 400-year flood event. Since the 1993 flood event,
flood gates were constructed to provide protection against a 400 to 500-year flood.
Several pump stations have also been installed to help alleviate flood potential

. associated with combined sewer overflow conditions during significant rainfall or high
water. These pump stations are designed to handle a 10 year rainfall event. .

The City of Des Moines Planning Department (Planning Department) was
contacted by USEPA and BVWS in November 1994 to determine the current and
anticipated future land use and zoning plans for the site and surrounding area.

The present zoning (as of 1990) for the site (the entire DICO property) is
currently designated as a "heavy industrial district", and the southern portion of OU4,
the Frank DePuydt woods beyond the levee system, is designated as “floodplain".

The Planning Depertment considers that the DICO property is involved in
"warehousing and distribution". The southern portion of the site, containing the

- South Pond, and a section of Frank DePuydt woods, is considered by the Planning
Department to be vacant.

A "Riverpoint Urban Renewal Plan" has been developed for the purpose of
promoting new growth along the Raccoon River in downtown Des Moines. This
renewal plan was prepared because the area is considered to be relatively stagnant,
with under-utilized land and a high percentage of substandard buildings. The
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Riverpoint Urban Renewal Area covers approximately 1,125 acres in an area directly
south of the Des Moines downtown core. The renewal area is generally bounded by
the Raccoon River and Scott Street to the south; Ingersoll Avenue and the Norfolk
Southern Rail Line to the riorth; East 14th Street to the east; and Fleur Drive to the
west. The western extension of the Riverpoint Plan, encompasses the DICO property
and the site. Information presented in the Riverpoint Urban Renewal Plan is
summarized in the OU2 RI report. :

As part of the 15th Amendment to the Des Moines 2000 Land Use Plan, the City
Plan and Zoning Commission held a public hearing to consider amending the plan
by revising the classification of land in the vicinity of SW 15th Street north of the
Raccoon River. The amendment to revise the land classification from High Density
Residential to Industrial was approved by the city council on January 16, 1995.

8.2 Potentially Exposed Populations

Potentially exposed populations include either current or future groups that could
possibly come in contact with contaminants at the site. This can typically range from
a maintenance-type worker with very low exposure potential to future residents who
spend the majority of their time onsite.

§.2.1 Current Populations Onsite. There are no human populations that may
currently be exposed to contaminants at OU4 that are under the cap. For exposure
to soils that are not under the cap, people recreating on the site could come in
contact with exposed soils, but no workers regularly contact this area. For the
purpose of this BRA, exposed soils refers to only those areas which have not been
or are not anticipated to be affected by a response action. These areas of exposed
soils include three samples (SP-B, SP-D, and SS111-120) located east of the east ditch
and near the south end of the Dico property. For current populations, exposure to
exposed soil will be evaluated for current recreational populations.

§.2.2 Future Populations Onsite. In order to adequately assess potential future
risks, it was assumed that OU4 will be developed in one of two ways. Either the site
will remain industrial and the cap will be maintained, or it will become residential
and the cap will be removed. For onsite soil beneath the cap, future residential and
future industrial scenarios will be evaluated assuming the cap is not present. The
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same is true for exposed soils. - Accordingly, future onsite populations that could
potentially be exposed include onsite workers and onsite residents.

5.3 Identification of Exposure Pathways
This section identifies the exposure pathways that will be quantitatively evaluated
in the OU4 risk assessment.

< 5.3.1 Current Land-Use Conditions. The potential exposure pathways for OU4

under current land-use conditions include only pathways typical of soil exposure. The
cap prevents current exposure to nearly all of OU4. For current land use, incidental
‘ingestion of exposed soil and dermal contact with exposed soil are quantitatively
cvaluated.

8.3.2 Future Land-Use CondIitions. The potential exposure pathways for OU4
under future land-use conditions also include pathways typical of soil exposure. For
the capped data, future workers and residents will be evaluated utilizing incidental
ingestion and dermal contact. Exposed soils will be evaluated with the same future
populations and the same future pathways, incidental ingestion and dermal contact.

5.4 Summary of Exposure Pathways
‘Based on the preceding evaluation process, the following pathways have been
retained for subsequent quantitative evaluation:
e Current exposure of recreators to contaminants in soil (0-2') through
. ingestion and dermal contact for exposed soils.
e Future exposure of onsite workers to contaminants in soil (0-12’) through
ingestion and dermal contact for capped soils.
-« Future exposure of onsite residents to contaminants in soil (0-12’) through
ingestion and dermal contact for cappea soils.
- »  Future exposure of onsite workers to contaminants in so:l (0-2") through
ingestion and dermal contact for exposed soils.
» Future exposure of onsite residents to contaminants in soil (0-2") through
ingestion and dermal contact for exposed soils.
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5.5 Quantitation of Exposure

Quantitative characterization of carcinogenic and noncarcinogenic effects requires
estimates of exposure levels for each contaminant. The intake of a chemical is
estimated from six basic factors: exposure frequency, exposure duration, contact rate,
chemical concentration, body weight, and averaging time. In this assessment, intake
is normalized for time and body weight, and is expressed in milligrams of chemical
per kilogram of body weight per day (mg/kg/day).

_Intake is described by the following general equation:

Intake = (C x CR x EF x ED)/(BW x AT)

where:
Intake = Amount of chemical at the exchange boundary (mg/kg/day).
C = Exposure point concentration (units are media dependent).

CR = Contact rate (units are media dependent).

EF = Exposure frequency (days).

ED = Exposure duration (years).

BW = Body weight (kg).

AT = Averaging time over which exposure is averaged (days).

The above intake parameters vary depending on the route of exposure. This
subsection describes the way the exposure concentrations and the human intake
factors are derived.

5.5.1 Exposure Concentration. One possible estimate of the exposure point
concentration term (C) in the intake equation would be to use the arithmetic average
of the concentration that is contacted over the exposure period. However, in order
to be adequately conservative and account for the uncertainty of any estimate of
exposure concentrations, iu. 95th percent upper one-sided confidence limit (95th
UCL) on the arithmetic mean of the average was used for this variable. The 95th
UCL was used to evaluate a RME case. Standard statistical methods (t-test) are
used to calculate the upper confidence limit on the arithmetic mean, and where this
value exceeds the maximum observed concentration, the maximum concentration is
used as the exposure-point concentration. This generally occurs only when the data
set consists of less than 10 sampling points. Contaminant concentrations reported as
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"not detected,” or below the SQL at only some locations in a data set were not
, eliminated from the risk assessment. Instead, the concentrations of these
contaminants were estimated using one-half the SQL and these values, along with
detections, were used to calculate the exposure-point concentrations (USEPA, 1989a).
Contaminants that were reported as "not detected" for all sampling points in a data
set were eliminated from the risk assessment, as were data sets with only one low
level (near the detection limit) detection.
- For the current exposure scenarios at OU4, only surface soils (0-2') were
included in the calculation of exposure-point concentrations.
For the future exposure scenarios at the facility, surface and subsurface soils (0-
- 12’) were grouped together for the calculation of exposure-point concentrations.
Exposure-point concentrations were estimated for the chemicals of potential
concern that were detected in the following media and are presented on the tables
in Appendices D and E. The data was broken down as follows:
Current Exposure:
. » Exposed onsite soils (0 to 2 feet deep).

Future Exposure:
e Capped onsite soils (0 to 12 feet deep).

Appendices D and E present statistical data including the 95th UCL on the
arithmetic mean, the maximum detected value, and the number of samples (N).
‘Where the 95th UCL exceeds the maximum detected value, the maximum detected
value is used as the exposure concentration. The final column on these two tables
presents either the 95th percent UCL or the maximum, whichever is less, and this
column is used as the exposure-point concentration for the computations of hazard
quotient (noncarcinogenic effect) and risk (carcinogenic effect).

The estimates of future soil exposure cone=ntrations presented here assume that
concentrations will remain constant over the duration of exposure (up to 30 years).
This is a conservative assumption because nearly all chemicals, especially volatiles,
are subject to a variety of fate processes (except inorganic chemicals which are highly
persistent). For onsite soils for the future scenarios, a 0 to 12 foot depth range was
selected based on the fact that normal commercial excavation is within this range and
data for these depths was available, making the risk assessment protective of human
health. If future construction or excavating were to occur and foundations were
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Body Weight, Adult (BWA) 70 kg (OSWEEF. 9285.6-03)
Averaging Time, '
Noncarcinogens (ATN) 30 years (OSWER 9285.6-03)
Averaging Time, '
Carcinogens (ATC) 70 years (OSWER 9285.6-03)
Conversion Factor (CF) 0.000001 kg/mg
Dermal Contact
Dermal Contact with Soil (Child and Adult combined):
Surface Area, Child (SAC) 2500 cm?® (USEPA, 1991c)
Surface Area, Adult (SAA) - 5000 cm?* (USEPrA, 1991c)
Fraction from Source 0.166 unitless (2 hrs/12 hr day)

Exposure Duration, Child (EDC) 6 years (OSWER 9285.6-03)
Exposure Duration, Adult (EDA 24 years (OSWER 9285.6-03)

Exposure Frequency, Child (EFC) 52 daysfyr (2 days/wk, 26 wks/yr)
Exposure Frequency, Adult (EFA) 26 daysfyr (1 day/wk, 26 wks/yr)

Body Weight, Child (BWC) 15 kg (OSWER 9285.6-03)
Body Weight, Adult (BWA) 70 kg (OSWER 9285.6-03)
Averaging Time,

Noncarcinogens (ATN) " 30 years (OSWER 9285.6-03)
Averaging Time,

4 Carcinogens (ATC) 70 years (OSWER 9285.6-03)
Adherence Factor (AF) 1.00 mg/cm? (OHEA-E-367)
Conversion Factor (CF) 0.000001 kg/mg
Absorption Factor (ABS) Contaminant specific [CAPCOA values)

8§.5.3.2 Fulure Land Use and Zoning.

Residential Scenarios. For future residential populations, incidental ingestion and
dermal contact for a combined child and adult scenario was evaluated using the
following exposure assumptions:

Incidental I .
Incidental Ingestion of Soil (Child and Adult combined):
Ingestion Rate, Child (IRC) 200 mg/day (7 WER 9285.6-03)
Ingestion Rate, Adult (IRA) 100 mg/day (OSWER 9285.6-03)
Exposure Duration, Child (EDC) 6 years (OSWER 9285.6-03)

. Exposure Duration, Adult (EDA) 24 years (OSWER 9285.6-03)
Exposure Frequency, Child (EFC) 350 days/yr (OSWER 9285.6-03)
Exposure Frequency, Adult (EFA) 350 days/yr (OSWER 9285.6-03)

--—--.—----1@-:

Body Weight, Child (BWC) 15 kg (OSWER 9285.6-03)
Body Weight, Adult (BWA) 70 kg (OSWER 9285.6-03)
Averaging Time,
Noncarcinogens (ATN) 30 years (OSWER 9285.6-03)
l‘ OU4 Risk Assessment 29 71400.033

|
|




Averaging Time,
Carcinogens (ATC)
Conversion Factor (CF)

70 years (OSWER 9285.6-U3)
0.000001 kg/mg

Dermal Contact
Dermal Contact with Soil (Child and Adult combined):

Surface Area, Child (SAC)
~ Surface Area, Aduit (SAA)
- Exposure Duration, Child (EDC)

- . Exposure Duration, Adult (EDA)
Exposure Frequency, Child (EFC)
Exposure Frequency, Adult (EFA)
Body Weight, Child (BWC)

Body Weight, Adult (BWA)
Averaging Time,

Noncarcinogens (ATN)
Averaging Time,

Carcinogens (ATC)
Adherence Factor (AF)
Conversion Factor (CF)

" Absorption Factor (ABS)

Occupational (General Worker) Scenarios.
populations, incidental ingestion and dermal contact for an adult scenario was
evaluated using the following exposure assumptions:

Incidental I .
Incidental Ingestion of Soil (Adult):
Ingestion Rate, Adult (IR)
Exposure Duration, Aduit (ED)
Exposure Frequency, Adult (EF) -
Body Weight, Adult (BW)
Averaging Time,

Noncarcinogens (ATN)
Averaging Time,

Carcinogens (ATC)
Conversion Factor (CF) -

Dermal Contact
Dermal Contact with Soil (Adult):

Surface Area, Adult (SA)
Exposure Duration, Adult (ED)
Exposure Frequency, Adult (EF)

. OU4 Risk Asseasment

2500 cm? (OHEA-E-367)

5000 cm?* (OHEA-E-367)

6 years (OSWER 9285.6-03)

24 years (OSWER 9285.6-03)
350 daysfyr (OSWER 9285.6-03)
350 days/yr (OSWER 9285.6-03)
15kg (OSWER 9285.6-03)

70 kg (OSWER 9285.6-03)

30 years (OSWER 9285.6-03)

70 years (OSWER 9285.6-03)

1.00 mg/cm? (OHEA-E-367)

0.000001 kg/mg

Contaminant specific (CAPCOA values)

For occupational (general worker)

50 mg/day (OSWER 9285.6-03)
25 years (OSWER 9285.6-03)
48 days/yr (Eckenfelder RI)

70 kg (OSWER 9285.6-03)

25 years (OSWER 9285.6-13)

70 years (OSWER 9285.6-03)
0.000001 kg/mg

3120 cm® (USEPA, 1991c)
25 years (OSWER 9285.6-03)
48 daysfyr (Eckenfelder RI)

30
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Body Weight, Adult (BW) 70 kg (OSWER 9285.6-03)
Averaging Time,

Noncarcinogens (ATN) 25 years (OSWER 9285.6-03)
Averaging Time, .

Carcinogens (ATC) 70 years (OSWER 9285.6-03)
Adherence Factor (AF) 1.00 mg/cm? (USEPA, 1991c)
Conversion Factor (CF) 0.000001 kg/mg
Absorption Factor (ABS) contaminant specific (CAPCOA values)

5.5.4 Site-Specific Exposure Assumptions. The site-specific or non-default
exposure assumptions used at OU4 are generally taken from the Exposure Factors
Handbook (USEPA, 1989d) or are factors that were agreed upon in the Eckenfelder
OU2 Risk Assessment. All other assumptions conform to the OSWER Directives
that apply to risk assessthents. For the soil exposures at this site these site-specific
or non-default assumptions include the following:

e Skin surface area for dermal exposures for the adult resident is 5,000 square
centimeters for the RME case which and for the child is 2,500 square
centimeters. These values come from OHEA-E-367.

e The absorption factors for the dermal route are 0.1 for organics, 0.1 for
copper, lead, manganese, selenium, and zinc, 0.2 for cadmium, and 0.01 for
the remaining inorganics. These values are from CAPCOA.

o For workers, an exposure duration of 48 days/year was chosen, which

' represents one day/week exposure for 48 weeks/year. This was agreed upon
for the OU2 risk assessment.

e Dermal surface area for the worker is 3,120 square centimeters, which
represents the 90th percentile value for hands and arms from the exposure
factors handbook.

o There is little guidance on the application of a recreational scenario, and the
values chosen are intended to reflect potential exposures at this site. The
current recreator is assumed to experience 1/12 of the daily exposure from
the site, representing 2 hours/day and a 12-hour day.

-« The adult recreator is assumed to spend 26 days/year at the site, while the
child is assumed to spend 52 days/year at the site. These are based on 1
day/week and 2 days/week, respectively, for the summer months.
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6.0 Risk Characterization Resuits
, The final step in the risk assessment process is risk characterization. Risk
characterization involves reviewing the results from the exposure assessment and the
toxicity assessment in order to present a calculated or estimated risk for each
exposure at the site. The risks are then combined across appropriate exposure
pathways.
The risks calculations, for the compounds carried through the process, are
". presented in Appendix D for the capped soils (Tables 1-6) and exposed soils (Tables
7-15), and can be summarized as follows:

6.1 Current Scenarios .

8.1.1 Exposed Soll Recreator (Current Child/Adult) Risks.

Noncarcinogenic Risk:
Incidental Ingestion surface soil 0 to 2 ft 0.000081 (Table 13)
Dermal Contact surface soil 0 to 2 ft 0.0029 (Table 14)

Incidental Ingestion combined with Dermal Contact 0.003

Carci ic Risk:

. Incidental Ingestion surface soil 0 to 2 ft 1.7x10® (Table 13)

Dermal Contact surface soil 0 to 2 ft 64x107 (Table 14)
Incidental Ingestion combined with Dermal Contact 7x107

6.2 Future Sconaﬂos

6.2.1 Capped Area Residential (Child and Adult) Risks

Noncarcinogenic Risk:
* Incidental Ingestion surface soil 0 to 12 ft 3.6 (Table 1)
Dermal Contact surface soil 0 to 12 ft 140 (Table 2)

Incidental Ingestion combined with Dermal Contact 144

Carci ic Risk:
Incidental Ingestion surface soil 0 to 12 ft 7.5x10* (Table 1)
Dermal Contact site surface soil 0 to 12 ft 3.0x102 (Table 2)

Incidental Ingestion combined with Dermal Contact 3x102
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6.2.2 Capped Area Worker Risks

Noncarcinogenic Risk:
‘ . Incidental Ingestion surface soil 0 to 12 ft 0.093 (Table 4)
L Dermal Contact surface soil 0 to 12 ft ' 96 (Table 5)

Incidental Ingestion combined with Dermal Contact 9.7 -

Carci ic Risk:
Incidental Ingestion surface soil 0 to 12 ft 1.6x10° (Table 4)
Dermal Contact surface soil 0 to 12 ft 12x103 (Table 5)

Incidental Ingestion combined with Dermal Contact 1.7x10?

6.2.3 Exposed Solls Area Regidential Risks

\

Noncarcinogenic Risk:

Incidental Ingestion surface soil 0 to 12 ft 0.0039 (Table 7)
Dermal Contact surface soil 0 to 12 ft 017 __ (Table 8)

Incidental Ingestion combined with Dermal Contact 0.2

Carci ic Risk:

Incidental Ingestion surface soil 0 to 12 ft 8.2x107 (Table 7)
Dermal Contact surface soil 0 to 12 ft 3.8x10°S (Table 8)

'@  Incidental Ingestion combined with Dermal Contact 4x10°

6.2.4 Exposed Soils Area Worker Risks

- Noncarcinogenic Risk:
Incidental Ingestion surface soil 0 to 12 ft 0.000099 (Table 10)
Dermal Contact surface soil 0 to 12 ft 0012 _ (Table 11)
Incidental Ingestion combined with Dermal Contact 0.01
Carcinogenic Risk:
Incidental Ingestion surface soil 0 to 12 ft 1.8x10°8 (Table 10)
Dermal Contact site surface soil 0 tol 2 ft " 21x10° (Table 11)

Incidental Ingestion combined with Dermal Contact 2x10¢
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‘ 6.3 Evaluation of Risks

6.3.1 Evaluating Noncarcinogenic Effects. " The values for adverse
noncarcinogenic effects from chemical exposure are expressed as a HQ. The HQ is
the ratio of the DI a human receives to the RfD, the estimated dose below which it

is unlikely for even sensitive populations to experience adverse health effects.
] All HQ values for chemicals within each exposure pathway are summed to yield
-7~ the hazard index (HI). If the value of the HI is less than 1.0, it indicates that the
hazard of noncarcinogenic injury is low. If the HI is greater than 1.0, it indicates
some degree of concern for noncarcinogenic effects. Using the HQ equation, the DI
values as calculated using the equations in Subsection 2.4 (presented in detail in the
Tables in Appendix D) and the RfD values in Tables in Appendix C, a hazard
quotient for each of the exposure scenarios considered in this risk assessment were
calculated for each chemical of potential concern associated with each pathway and
exposure point. Only chronic HIs are derived, as the subchronic effects within a
given exposure scenario will always be equal to or less than the chronic effects for
that scenario. The entire calculation process for the exposure pathways at OU4 is
presented in Appendix D. These tables present the exposure assessment results as

’ well as the quantitation of carcinogenic and noncarcinogenic effects.

The tables in Appendix D present the exposure assumptions and formulas used
to generate the HIFs and both noncarcinogenic and carcinogenic effects. The HIF
is generated from the formula and assumptions presented at the bottom of each
table. The formula used to derive "Intake" is also presented at the bottom of each
table. The RiDs, SFs, and permeability constants are given in the tables in Appendix
C. The reépective carcinogenic and noncarcinogenic values from each chemical are’
summed to yield the final pathway carcinogenic risk and noncarcinogenic effect
hazard.

6.3.2 Evaluating Carcinogenic Risks. The risk of cancer from exposure to a
chemical is described in terms of the probability that an exposed individual will
develop cancer during a lifetime from that exposure. The risk value is calculated
from the multiplicatioh of the DI and the SF. OSWER directive 9355.0-30 states that
cumulative site risks of less than 1 x 10* indicate that remedial action is generally
unnecessary unless onsite levels of a contaminant exceed chemical specific standards
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(e.g, MCLs, MCLGs, etc.) or there are "imminent and substantial" adverse
environmental impacts (USEPA, 1991b).

Using the equation from Section 2.4 and employing the DI values calculated for
lifetime exposure (Appendix D) along with the SF values (Appendix C), cancer risks
were calculated for lifetime exposures that may occur at OU4. A summary of the
carcinogenic risk results is presented in Section 6.2. It is important to note that the
carcinogenic risk estimates presented in Section 6.2 represent the summation of the
individual risks associated with each of the chemicals of potential concern for which
adequate cancer information is available.

For comparison purposes, pathways with risks that exceed 1 x 10”° are discussed
in detail, while pathways with lower risks are deemed to be less significant. This level
is simply the midpoint of the acceptable risk range (1 x 10 to 1 x 10*) as defined
by USEPA in OSWER directive 9355.0-30 (USEPA, 1991b), and represents a
reasonable point at which more discussion is appropriate. In addition, any pathway
or population for which remedial action is generally warranted (i.e., risks equal to or
greater than 1 x 10*) are noted.

6.3.3 Summary of Capped Soll Risks. There are no current risks to contaminated
soil that is under the cap because the cap has essentially eliminated a complete
exposure pathway. If the exposure pathway is incomplete, the potentially exposed
population is not in contact with contaminants in the media of concern, therefore
quantifiable risks do not exist.

Future residents (Appendix D Tables 1 and 2) could come in contact with
contaminated soils if the cap were disturbed or allowed to deteriorate, resulting in a
completion of the soil exposure pathways (incidental ingestion and dermal contact).
The future residential scenario is the RME for this site, and yields the most restrictive
cleanup levels (i.e. lowest) for the contaminants of concern, though it is somewhat
less likely to occur than the future occupational (worker) scenario. The zoning for
this area was recently changed to maintain the industrial land use setting.
Noncarcinogenic risks to the future resident are well over the 1.0 level that is the
level where increased concern is triggered. Both incidental ingestion (HI = 3.6) and
dermal contact (HI = 140) are above the level of concern, indicating the presence
of increased concern for future residents in the event of residential development.
The largest single risk driving contaminant is aldrin with an HI of 2.2 for incidental
ingestion. Aldrin also yields an HI of 105 for dermal contact. Additional
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noncarcinogenic risk driving contaminants include the two congeners of chlordane,
heptachlor epoxide, and dieldrin, which all have HQ’s above 1.0, and 4',4-DDT,
MCPP, aluminum, and manganese with HQ’s slightly below 1.0. Carcinogenic risks

~ also yield results that are well in excess of the acceptable risk range, defined as risk

that fall between 1x10 to 1x10%. The incidental ingestion pathway yields a risk total
of 8x10* while the dermal contact pathway yields a risk total of 3x102. These values

indicate a concern for carcinogens for the future residential population. Risk driving
 carcinogens include aldrin, dieldrin, and chlordane, which all exceed the 1x10* risk
level. Additionally, 4,4-DDD, 4,4'-DDE, 4,4-DDT, heptachlor, heptachlor epoxide,

2,3,7,8-TCDD (dioxin), arsenic and beryllium all exceed the 1x10° risk level, but fall
within the acceptable risk range (between 1x10“ and 1x10).

Future workers (Appendix D Tables 4 and 5) represent the most likely future
population if any development occurs on the site. They could come in contact with
contaminated soils if the cap were disturbed or allowed to deteriorate, resulting in a
completion of the soil exposure pathways (incidental ingestion and dermal contact).
Future worker noncarcinogenic risks exceed the 1.0 level of concern for
noncarcinogens. The incidental ingestion scenario hazard index is well below 1.0 (HI
= 0.093), but the dermal contact hazard index exceeds 1.0 (HI = 9.6). Primary risk

_drivers are aldrin, dieldrin, and chlordane. No other contaminants yield an HQ that

approaches 1.0. Carcinogenic risk for the future worker exceeds the acceptable risk
range, with incidental ingestion yielding a risk of 1.6x10° and the dermal contact
pathway yielding a risk of 1.7x10°%, The risk drivers include aldrin and dieldrin, which
exceed 1x10™%, and chlordane, 4,4-DDD, 4,4'DDE, 4,4*-DDT, heptachlor, heptachior
epaxide, 2,3,7,8-TCDD (dioxin), and beryllium, which all exceed 1x10* but fall within
the acceptable risk range.

6.3.4 Summary of Exposed Soll Risks. The current risks to contaminated soil that
is exposed include recreational populations that may come in contact with soils that

. are currently exposed. The current recreational population (Appendix D Tables 13

and 14) shows noncarcinogenic risk that is well below a level of concern (1.0) for
both incidental ingestion (HI = 0.000081) and for dermal contact (HI = 0.0029),
indicating little reason for concern for noncarcinogenic hazards for current
populations. Carcinogenic risks are well below the acceptable risk range for both
pathways (incidental ingestion and dermal contact), and no risks exceed 1x10 for
current recreational populations. Incidental ingestion yielded a total risk of 1.7x10®

OU4 Risk Assessment 36 71400.033

L] A [ _____] ] [ ] ] ] [ ] o L] L] A [ 8




while dermal contact yielded a total risk level of 6.4x107, indicating little concern for
current recreational population’s exposure to exposed soils.

Future residents (Appendix D Tables 7 and 8) could come in contact with
contaminated soils. The future residential scenario is the RME for this site, and
yields the most restrictive cleanup levels (i.e. lowest) for the contaminants of concern,
though it is somewhat less likely to occur than the future occupational (worker)
scenario. Noncarcinogenic risks to the future resident are below the 1.0 level that is
the level where increased concern is triggered. Both incidental ingestion (HI =
0.0039) and dermal contact (HI = 0.17) are below the level of concern, indicating
little concern for future residents in the event of residential development as far as
exposed soils are concerned. Carcinogenic risks yield results that are below the
acceptable risk range (defined as risk that fall between 1x10™ to 1x10) for incidental
ingestion (8.2x10°"), and are within the acceptable risk range for dermal contact
(3.8x10%). These values indicate little concern for carcinogens for the future
residential population for exposed soil.

Future workers (Appendix D Tables 10 and 11) represent the most likely future
population if any development occurs on the site. They could come in contact with
contaminated soils if future development occurred at the site. Future worker
noncarcinogenic risks do not exceed the 1.0 level of concern for noncarcinogens. The
incidental ingestion scenario hazard index is well below 1.0 (HI = 0.000099), and the

" dermal contact hazard index is also well below 1.0 (HI = 0.012). Carcinogenic risk
for the future worker is within the acceptable risk range, with incidental ingestion
yielding a risk of 1.8x10® (below the acceptable risk range) and the dermal contact
pathway yielding a risk of 2.1x10° (within the acceptable risk range). The risk drivers
are aldrin and dieldrin.

6.3.5 Cleanup Levels. In Appendix D, each pair of exposure pathway tables is
followed by a table of cleanup levels based on those scenarios. In this way cleanup
levels are presented for each population of concern for all current and future
scenarios in the risk assessment. It is important to note that these are contaminant
specific cleanup levels, and do not represent the final word in targeting a potential
cleanup. For example, aldrin and dieldrin have nearly identical SFs and RfDs, and
are essentially identical in their endpoints in the human anatomical system. If the
target risk level (for example only) was set at 1x10™ and the worker scenario was
deemed the RME (again for example only), Table 6 shows a cleanup leve! of 1.4 for
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aldrin and 1.5 for dieldrin. If these were both cleaned up to 1.5, the resultant total
risk (from both contaminants) for the future worker would be 2x10, which is above
our theoretical target of 1x10*. The effect of this is to take compounds that have
similar endpoints and estimate levels of these compounds that can remain and still
yield a concentrations that meet a cleanup goal. In this example, the two compounds

-~ .would both need to be cleaned up to 0.75 mg/kg, resulting in a summed risk of 1x10*
"+ (5x10% + 5x10°%). This theory should be expanded to include all the primary risk

drivers, which in the case of the OU4 risk assessment would include aldrin, dieldrin,
and the two chlordanes at a minimum. Since levels present rarely yield the same
exact risk values, interpretation of site specific data is important to determining if
cleanup goals are indeed being protective. In the case where there is one
contaminant that significantly exceeds all others as far as the risks generated aré
concerned, and where treatment of the media of concern is identical for the
contaminants (e.g. all with the same treatment), it makes sense to assume that if the

one large risk driver is treated, all the others are also treated and the result of

additivity is negligible. In the case, howevez, where there are several risk drivers, and
these fall under differing treatment options (e.g. volatiles and pesticides), the final
remedy must be selected to reduce the various groups of contaminants and take into
account chemical additivity. For OU4, nearly all significant risks are from pesticides,

and additivity of individual compounds within a class (e.g. pesticides) is important,
. whereas additivity across compound class boundaries (e.g. pesticides + volatiles) is

less critical..
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© 7.0 Uncertainty Anaiysis

Uncertainties associated with risk can be assessed through a variety of means.
Monte Carlo statistical analysis offers a sophisticated quantitative approach for
estimating the range of uncertainty around a risk estimate. Studies using Monte
Carlo analysis have demonstrated that the typical range of uncertainty for a
carcinogenic risk estimate is 1 to 2 orders of magnitude (USEPA, 1989a). Using
Monte Carlo analysis, researchers have found that the probability distribution of a
carcinogenic risk estimate is skewed to the left (i.e., toward larger risks), with the
expected value (i.e., the most commonly generated value) approaching the 90th
percentile for the distribution (Burmaster and von Stackelburg, 1988). The expected
value was significantly larger than the estimate derived using average values for all
input parameters.

7.1 Data Evaluation Uncertainty

The practice of estimating concentrations for nondetected contaminants is
probably the single largest contributor of uncertainty in data evaluation. Current
guidance mandates that the sample quantitation limit be used as a proxy
concentration for nondetects (USEPA, 1989a). However, the actual concentration
of these contaminants may be much lower or even zero. Since the actual
concentration cannot be determined, the conservative assumption that the
contaminant is present at one-half the quantitation limit is used. As a result of this
conservative assumption, the actual or real EPCs and thus risks may be equal to or
of varying magnitudes lower than the estimated EPCs and risks.

7.2 Toxicity Assessment Uncertainty

The prediction of human health consequences likely to occur following exposure
to a given dose of a chemical is imprecise because of the many uncertainties in
toxicological information available on dose-response relationships. The quantity of
toxjcity information fu. the chemicals evaluated is typically limited, with
correspondingly varying degrees of uncertainty associated with the calculated toxicity
values. -

Sources of uncertainty associated with toxicity values that may result in an

“incorrect risk estimation include the following:
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e Using dose-response information from v.ffects observed at high doses to
. predict the adverse health effects that may occ .« wom exposure to the low
levels expected from human contact with the agent in the environment.

e  Using dose-response information from short-term exposure studies to predict
the effects of long-term exposures, and vice versa. '

e Using dose-response information from animal studies to predict effects in
humans (i.e., variability in species sensitivity).

e Using dose-response information from homogeneous animal populatlons to
predict the effects likely to be observed in a general population consisting of
individuals with a wide range of sensitivities.

Only two carcinogens analyzed for in the human health evaluation for OU4,
arsenic and viny! chloride, are classified as Group A, known human carcinogen. For.
these contaminants, there is little uncertainty regarding their carcinogenicity in
humans.

Most of the remainder of the carcinogens, including all the pesticides, identified
at OU4 are classified as Group B2, probable human carcinogens, based on no
evidence in humans but sufficient evidence in animals. There are a number of
uncertainties regarding evidence of carcinogenicity based on animal tests. One is the
use of maximum tolerated doses that cause cellular damage, which, quite apart from

. chemical carcinogenicity, increases the rate of cell growth during repair processes.
High rates of cell growth tend to increase the potential for carcinogenic effects as a
result of the exposure. Therefore, the cause of carcinogenicity (whether physical or
chemical) is uncertain. Another source of uncertainty is the assumption that all
chemicals that are carcinogenic in animals are also carcinogenic in humans.
Therefore, for chemicals classified as Group B2, lack of evidence of carcinogenicity
in humans produces considerable uncertainty in the carcinogenic risk estimates.

Uncertainty factors based on extrapolations in the toxicological data for most of
the RfD values are in the range of 100 to 1,000. This indicates considerable
uncertainty regarding the actual value of the RfD. These high uncertainty factors
allow for uncertainties in laboratory animal to human dose extrapolation,
interindividual sensitivity, subchronic to chronic extrapolation, and lowest observed
adverse effect level (LOAEL) to no observed adverse effect level (NOAEL)
extrapolation. On the other hand, the uncertainty factors for the oral RfDs for
arsenic and barium are less than 10. This indicates very little uncertainty regardmg
the actual values for these RfDs.
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The assumption that response is linear with respect to dose and that there is no
threshold for induction of cancer are important sources of uncertainty. Current

~ theories suggest that carcinogens may act by several different mechanisms, which

could result in more than one type of dose-response curve. In addition, there is
increasing evidence that at least some carcinogens do have a carcinogenic threshold,

indicating that there may be a level below which there is no carcinogenic effect.

Currently, however, data are inadequate to support wnore detailed assumptions

regarding dose-response. The uncertainties associated with carcinogenic SFs make

the greatest contribution to the total uncertainty ofa carcinogenic risk estimate.

Risks associated with dermal contact with soils were evaluated only for a limited
number of contaminants. Because most metals are not absorbed easily through the
skin, the dermal route is not expected to contribute substantially to total risks for
metals. However, there is a great deal of uncertainty regarding the absorption rates
of most chemicals used for both the dermal and the oral routes of exposure.

The use of chronic RfDs in evaluating exposure will slightly overestimate risks.
Because subchronic RfDs are usually higher than chronic RfDs (i.e., to produce the
effects of concern), a lower concentration of a chemical is needed to produce a
chronic effect than to produce a subchronic/acute effect over the same time frame.

7.3 Exposure Assessment Uncertainty

The generation of estimated average daily exposure levels to chemical
contaminants at OU4 included a number of uncertainties. These uncertainties are
generally inherent in risk assessments associated with remedial investigations,
particularly because of the type and amount of data that can be collected in the short
sampling episodes. The most important uncertainties are summarized as follows:

e Although current exposure levels are based on measured concentrations in
the media of concern, these values are uncertain due to limited sampling and
analytical variation. To account for this, the 95th UCL of the mean
concentration values and the average values were used in dose calculations.
This is likely to result in an overestimation of the actual average dose.

« Contaminant concentrations in all media for future use was assumed to be
the same as current contaminant concentrations, with no adjustment due to
dilution, biodegradation, or volatilization, which likely results in an
overestimation of those concentrations in the future.
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o The background soil assessment for OU4 is basically nonexistent, therefore,
further background sampling would be required to adequately represent
regional inorganic concentrations in order to determine if the concentrations
onsite are above background levels or not. Because metals are not
particularly important in the context of the OU4 risk assessment, this results
in little impact to the conclusions of the risk assessment.

» Few site-specific data were available on worker activity patterns, so standard
default values (USEPA, 1991a) combined with a reasonable approach for
duration and frequency of time at the site and degree of contact with the soil
were used.

e Dermal uptake of chemicals from soil, especially inorganics that are not
well-absorbed dermally, is difficult to estimate because the value depends on
both chemical-specific characteristics of contaminants and the soil at the site,
affecting the extent of elemental fixation, desorption, and adsorption to soil
particles. The absorption values employed to estimate dermal uptake,
particularly when no chemical specific values are available, are highly
uncertain, leading to an overestimation of dose.

Most of the assumptions in the exposure assessment involved use of default
values recommended by USEPA for standardized risk assessments (USEPA, 1991a).
Unccn_ainties regarding the use of default exposure assumptions stem from the
natural variabilities among individuals of parameters such as body weight or soil
ingestion rate, as well as from insufficient data on the distribution of these
parameters.

Contaminant concentrations in soil were assumed to remain constant throughout
the duration of exposure. This assumption is reasonable for the inorganic
contaminants. However, for organic contaminants with significant removal processes
(e.g, volatilization, microbial degradation), this assumption may result in
overestimation of risk in future populations.

7.4 Risk Characterization Uncertainty

The factors that contribute uncertainty to the estimates of exposure
concentrations, daily intakes, and toxicity information also contribute uncertainty to
the estimates of carcinogenic and noncarcinogenic effects. These factors include the
following:

e Chemicals not included.
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e Exposure pathways not ccnsidered.

e Derivation of exposu.e roint concentrations.

o Intake uncertainty.

» Toxicological dose-response and toxicity values.

When values for carcinogenic and noncarcinogenic effects are summed across
chemicals, it is assumed that the chemical-specific carcinogenic and noncarcinogenic
effects are independent and additive. Actually, these effects may interact to produce
7  a less-than-additive effect (antagonism) or a more-than-additive effect (synergism).
Unfortunately, data on chemical interactions are lacking for most chemical mixtures.
In the absence of mixture-specific toxicity data, the assumption of additivity is a
standard conservative approach. This may result in overestimation or
underestimation of the carcinogenic and noncarcinogenic effect.

aau -
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8.0 .Conclusions

It is important to understand the limitations of this risk assessment. It is part of

a larger picture for the Des Moines TCE Site, which has included a risk assessment
for OU2, a Risk Assessment Addendum to the OU2 risk assessment, Risk
calculations regarding the buildings, and a Focused Risk Assessment addressing risks
" in the South Pond Area. The results of those previous studies are not reiterated
here. The conclusions of this risk assessment are based on risks for areas, the area
. of OU4 that has been capped and the area of OU4 that has not been capped
" (excluding the South Pond Area, which has already been addressed in the Focused
Risk Assessment). '

8.1 Conclusions Regarding Capped Soils

In conclusion, current risks to contaminated soil under the present cap have been-

eliminated because the cap eliminates any complete current exposure pathway. If the
exposure pathway is incomplete, the potentially exposed population is not in contact
with contaminants in the media of concern, therefore quantifiable risks do not exist.
Therefore, current risks associated with soils under the cap are not of concern.

Future residential risks are well over levels of concern, both for noncarcinogens
and for carcinogens. For future residents both incidental ingestion and dermal contact
are above the level of concern, indicating the presence of increased concern for
future residents in the event of residential development. Carcinogenic risks are also
well in excess of the acceptable risk range, defined as risk that fall between 1x10 to
1x10%. Again the incidental ingestion pathway and dermal contact pathway yield
risks above the acceptable risk range. These values indicate a concern for
carcinogens for the future residential population. Therefore, the soils under the cap
exhibit risks that are of great concern for the future residential population. In
conclusion, future residential development can not occur without remedial action to
reduce the contaminant levels present under the cap.

Future workers could also come in contact with contaminated soils if the cap
were disturbed or allowed to deteriorate, resulting in a completion of the soil
exposure pathways. Future worker noncarcinogenic risks exceed the 1.0 level of
concern for noncarcinogens. In this case, only the dermal contact hazard index
exceeds 1.0. Carcinogenic risk for the future worker exceeds the acceptable risk
range, with incidental ingestion within the risk range and the dermal contact pathway
above the risk range. This indicates that there is concern for the future worker if the
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integrity of the cap is not maintained. In conclusion, the cap must be maintained to
prevent concern for risks to future workers on the propcry. '

"Tn-e.
®

8.2 Conclusions Regarding Exposed Solls
] The current risks to contaminated soil that is exposed include recreational
- populations that may come in contact with soils that are currently exposed. The
current recreational population shows npncaicinogenic risk that is well below a level
of concern (1.0) for both incidental ingestion and for dermal contact, indicating little
reason for concern for noncarcinogenic hazards fo- current populations.
Carcinogenic risks are well below the acceptable risk range for both pathways
(incidental ingestion and dermal contact), and no risks exceed 1x10 for current
recreational populations. This indicates a low level of concern for current
recreational population’s exposure to exposed soils. :

Future residents could come in contact with contaminated soils. Noncarcinogenic
risks to the future resident are below the 1.0 level that is the level where increased
concern is triggered. Both incidental ingestion and dermal contact are below the
level of concern, indicating little concern for future residents in the event of
residential development as far as exposed soils are concerned. Carcinogenic risks
yield results that are below the acceptable risk range (defined as risk that fall
between 1x10* to 1x10°%) for incidental ingestion, and are within the acceptable risk
range for dermal contact. These values indicate that the contaminants present in
exposed soils are low enough to be of little concern, thus remedial action involving
exposed soils is not necessary.

Future workers represent the most likely future population if any development
occurs on the site. They could come in contact with contaminated soils if future
development occurred at the site. Future worker noncarcinogenic risks do not exceed
the 1.0 level of concern for noncarcinogens. Carcinogenic risk for the future worker
is within the acceptable risk range, with incidental ingestion yielding a risk of 1.8x10%
(below the acceptable risk range) and the dermal conizi. athway yielding a risk of
2.1x10% (within the acceptable risk range). These values indicate a low level of
concern for the risks associated with future workers, and support no further action
on exposed soils. |

’

; L.

OU4 Risk Assessment 45 71400.033

r
®




8.3 Conclusions Regarding the Wildlife roxicity Assessment
The conclusions of the Wildlife Toxicity Assessment suggest that there may be
significant ecological risks associated with portions of the site. The risks are
significant enough that remedial action may be required to be protective of the
environment, however, remedial actions in the wetland area and the South Pond
- would physically alter or eliminate the habitat it is intended to remediate. To leave
the area as it is will continue to allow aldrin and dieldrin, which are both
bioaccumulative, to persist in the food chain and would not be protective of water
species and wildlife. In conclusion, available remedial options should reduce or
~ eliminate the exposure threat to contaminated sediments in the wetland area
including the South Pond. Remedial options and their impacts are further discussed

in the Wildlife Toxicity Assessment.
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APPENDIX A

- , CAPPED SOIL DATA
WITH EXPOSURE POINT CONCENTRATION CALCULATIONS
FOR CURRENT AND FUTURE EXPOSURES
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0.1 0.00 0.088 0.005 0.1 0.1 0.1 0.4
0.02 Q.13 0.019 0.010 0.021 0.035 0.02 0.18
0.01 0.000 0.0008 0.0008 0.0t o0 o 0.0%2
L ]
%70 9510 7810 10400 3070 9500
0.98 oes 09 0.9 31 1
2 X ] (X ] 3 (X ] 24
133 12 12 120 108 77
0.04 0.3 0.88 0.80 1.3 0.80
02955 0% 0.08 0.49 16 0.7
108 4.1 124 188 108 187
78 87 0.1 (X} 7 84
12 132 s 179 200 12
0.01 008 0.078 0.008 0.005 Q.01
178 o 23 10.1 X} 107
3520 4010 o 3380 6430 2020
640 7 430 .14 687 430
0.08 0018 003 0.02 0.41 [ L.-1
19.0 143 733 187 212 19.4
o188 0.40 0.18 018 12 0.44
0.1 212 201 20 27 28
o3 1 3 8.3 _Sa1




Capped OU4 Data
With Exposure Point Coiicencrations
For Curréent and Future Exposures

OU4 Risk Assessment
Subsurface Subsuttace Subsurface Subsurface Subsurface Subsurtace Subsurtace Subsurface
Soi Soi Soil Soit Soll [ Soil Soil
0853 08-%4 0854 08-55 0888 0858 o888 Da-ss
oy &8 g0 X g8 - (X} g1z
0.003 0.009 0.0085 0.003 0.003 0.0155 0.018
0.009 0.003 0.0008 0.003 0.003 0.0188 0018
0.004 0.00¢ 0.008 0.008 0.007 0.063 0.081
0.033 0.032 0.54 0.042 0.088 1 0.00
0.003 0.003 0.008% 0.003 0.003 0.0185 0018
0.009 0.003 0.0008 6.203 0.003 0.0188 0.010
0.007 0.003 0.008 0.003 0.004 0.001 0033
0.003 0.003 0.0005 0.003 0.008 0.01868 0.018
0.003 0.003 0.0088 0.003 0.003 0.018 o018
0.003 0.003 0.0083 0.003 0.009 00185 0018
0.0008 0.008 00128 0.008 0.0008 0.0318 0032
0.008 0.00 0.0008 0.003, 0.003 (L] o016
0»
e
0.108
0.195
. 0.185
008
0.188
0.188
0.198
0.198
0.198
0188
0.14
0.188
0.188
0.198
0.185
0.198
0.198
0.188
o.a 00188 [\ 1] 00178 0.055 a0188 0338 0.02
0.0 0.0198 0.02 0.0178 0.088 0.0185 0338 0.02
0.0 a0 0.01 0.0008 0.0278 0.0006 85 028
0.1 0.1 01 0.088 £ 0.088 79 0.1
01 0.1 0.1 0.088 32 0.005 108 0.1
0.0 0.0198 am o072 0.088 0.0188 0.3 0.02
0.0 0.01 0.01 0.0085 034 0018 s 0094
10800 10400 7990 0820 10000 10500 13700 9380
0.8 00 005 0.85 T 095 1 1
67 Y] 32 0.18 0.168 4 31 20
100 19 107 9%.0 "2 108 103 839
072 078 0.6 0.53 0.62 0.63 0.04 0.7
o 088 0.0285 0228 0.248 0.258 1 0.268
16.8 18.7 129 10.7 138 144 326 160
a8 78 74 83 7 as 89 76
19 177 133 186 109 17.2 207 108
0.088 0.008 0.08 [ [ 02 0438 028
76 n 18.2 248 200 186 291 276
27 3220 2630 10100 2% 2000 8790 2880
63 1 817 838 496 689 89 000
0.028 0.03 0.03 0.08 0.018 0.02 0.03 0.03
20.1 178 149 148 129 18 174 18.2
0.48 087 0.14 0.1 14 018 0178 0.168
18 F-] 208 2.2 244 23 7 F- X}
2 1K) 0 8 420 454 187 _S13
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Capped OU4 Data
With Exposure Point Concentrations
For ‘;urrent and Future Exposures

OU4 Risk Assessment
Subsustace Subsurface Subsurtace ubsuriace Subsurface Sediment Sediment
Sol Soil Soil Soil 8ol
o8- 06-89 Da-80 os-& 0883 - sPL sP.E
T Hli L L S 0519
0.008 11 0,008 0.00%8
0.008 88 0.0038 0.0088
0.008 108 0.4 0.1
0.008 108 047 049
0.003 1 0.0088 0.0085
0.009 «Q 0.0038 0.007
0.007 6.8} 0.007 0.0t
0.003 88 0.0085 0.00%8
0.003 [ 0.0058 0.0083
0.003 88 0.0088| 0.0085
0.008 108 0.011 oot
0.003 se0] 02 0.000
012 oots 0.088
0.048 0.04 oo oot 0.2 0014 0.24
[T ] 0.040 0.048
0048 0.04 (Y.] 0018 0.12 0049 0.074
0023 ox 0.011 0.000 oss 002 0.8
s 0.2 0.108 0.00 11 o1s 11
oxs 0. 0.108 0.09 16 028 13
(Y] o1 .o 0.006 20 1 ]
0.083 0.0047 0.0%8
(X} 0.014 0.025
o3 o 0,011 0.000 018 0.0084 0.28
ors 2.0070 o
4008 120
a7 00
3 a8
226 339
0.4 03
2 084
84 as
32 o1
ns 2000
0118 0.2
% 351
10800 4880
388 8
0.2 018
a9 104
0.8 as
79 0.2
1040




;appe . Il sati
With Expr sure Point Concentrations
For Cur. vt :n | Future <«posures '

OU4 Ris« Assessmen:
r PG 8PN 8P4 8Py 88-1 882 833 884
0810 10 r.u.n 0008 _ logdy ‘000§ 0008
0.0078 0.0085 0.002 0.008
0.0078 0.0083 0.0085 0018
0.00¢ 0.003 0.002 0.007
0.002 0.001 0.00¢ 0.01
0.a 0.28 0.00091 0.041 © o7 00245 008 0.158
1.3 28 0.0018 0.0M ™ 0.148 0.0408 01 03
0ss os 0.0012 0138 L 0.145 0.0408 01 H
088 18 0.0088 0138 s 0.145 0.0408 0.1 03
04 0.49 oo 0.0 [~ oo 0.0245 008 on
s 27 0.001 ox © 07 0.245 08 158
72 22 a.oo a.28 ] o7 0.245 os 1585
72 17 0.018 1.6 10 04 1.1 Y] 03
a1 092 0.00108 0.012 ™ 0.148 0.0408 01 0.3
0.048 0.008 0.0007 0019 ™ c.148 0.04838 09 03
0.208 a.0%% 0.00 007 © .07 0.0248 0.08 0.185
0.206 0.043 0.001 007 @ .07 0.0245 0.08 0188
94 es 87 es
2 13 14 L 14
17 0.7 081 0.7
18 12 12 33
108 04 @3 187
1438 62 83 13
87 1 308 78.4
040 0.188 0278 0.0
1580 8 204 s78
8120 8370 3820 ™o
a8 37 202 e82
0.08 0.24 0.09 0%
r 208 20 )3
18 0.39 15 2
721 e 08 ne
N1 2. ril

iy aturtn C 7
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R PO TR B | U ~XP  sures
- U sk \sjess.e t
Godiment | Bovth Pond - outh Pond Burl oy Surtace Butace Surtace Surface Surlsce
Sediment S diment Soll Soil Soil Soil Sod Soil
888 001 002 88110 851120 8821-30 833140 884180 835160
009 BY |BM Y] BM__ JF“
aot1s
0.0118 |
0.008 .
0.008
¢
13 012 0.009 0.0000 00108 0.0108 0012 0.01 001
27 o 0.20 0.009 0.002 0.031 002y .07 0019 .
2m o.18 0.21 0.0080 0.0%2 0.081 0.081 0.046 0078
an oz oz 0017 0.04 0.02 0.0 0.07 01
13 73 15 0.018 0.08¢ 0.13 0.1¢ 0.081 019
17 2 21 0.003 0.2 048 040 ['}] o
13 23 28 0.13 o5 arn 0.82 0.44 1.1
. 0.18 0.19 08 14 32 22 15 39
2 0.04338 0.0438 0.00178 oo o 0.023 0.2 0019
d.0s0 0.18 0.00178 (13 002 0.023 002 0019
278 0.018 0.0438 aole .06 on| , 0oee 0.041 0.1
13 0.022% 0.0%s 0.0042 0.0013 0.0048 0.008¢ 0.02¢ 0.087
13 ooz 0.088 0.0072 00108 0088 0.081 a.0s 0.085
0.225 0.228 0.000 0.108 0.108 0.12 0.1 0.1
0.0408 0083 28 26 28 28 28 28
0.0498 0.088 0.0028 0.0028 0.0025 0.002% 0.0025 0.002%
00128 ao012s 0.0128 00128 00128 0.012%
0.000072 o0m2s| 00DOOZ2S| 0.0000208) 0.0000325| 0.0000208{  0.0000335 ©.00008
76
208 4
1 .
27 .
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Y
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;apped OU4 Daty
With Exposure Point Concuntrations
For Current and Future Exposures

_ '1')4 Risk Assessinent
Surface TEurface Surface Surece ~ [Surtace Suftece Surface Sutfece |
Soll rnu Soil Soll Soit Soil Soit Soil |
888170 857180 $5-81.90 8591100 88101110 | 8oil Piie 8oil Ptie Soil Pile ]
BM M EM 2y, BM 06108 06109 . 1
i
i
]
9
00128 0128 0012 00128 0.00128
o0 024 0038 (1 0.0048
0.11 0.17 0.0% 0.023 0.0073
0.02¢8 0.24 0.0 0.0248 0.0029
02 0.128 Q083 0.048 0.0087 0.18 1.4 0.050
18 2 04 0.3 on
22 3 042 0.3 0.1 -
81 7 21 20 0.64 18 21 13
0.0248 024 0.023 0.0245 000248
0.0245 0.24 002 0.02¢5 0.00248
0.082 024 0,023 0.0096 0.0021
0.038 0125 0012 00125 0.00050
0.083 0.128 0.0083 00128 Q.0027
0.128 128 a12 0.125 0.0128
as 2s 28 2s as
0.0071 0.0073 0.0028 0.0025 0.0028
00125 002 00128 00128 00128
0.0000218 ©.00008 0.000048 0.0000205]  0.0000488
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Capped - ‘U4 ')ata
With - :posure ‘oiut Cotc;triti n3
.‘or ';urrent and Future :x, .osures
- QU4 Risk A ssess.ient

Suttace Sutece . IM ™ r Surt o8 Sutface Sutace Surface :
Soil Soit Soil Soil Boil Soil Soil Sodl .
Soil Pile Sail Pie !
00-110 149 EED8 EE09 BG40 EED41 ‘
'!
<
L J
0017
0.011
o.018
0.088 0.0%8 0.08
0019 00154 o028 0616 0.508 424
0.021 00152 0.0308 1.08 0.839 s.47
14 31 0.0 0.04 0.049 185 34 108
0.038
oo
0011 0.159
¢
0.000144
]
[ Y
A
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With Expesura Point Concentrations

Capped 044 a.: l
For Current and Future Exposures

OU4 Risk Assessmait l
& Surtace Surteoe Sediment TR [ Surface Surtace
Soll 80l Soil Soil Sol Soil Soi
88.1 X I 832 832
EE098 EE-108 F o &L (2 3

30
30
0.03 0.1 0.078 30
0.000 003 8.3
(14 Q012 12 2
0.00 0.013 151 3
083 007 41 32
s
0.041
48
0.028
d -
0.00000 0.08 0.12 [:X4) 0.78
TEO8 0.04 0.8 16 a2
0.00003




: Capped OU4 Data
With Exposure Point Concentrations
. For Current and Future Exposures
OU4 Risk Assessment
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Capped OU4 Data
With Exposure Point Concentrations
For Current and Future Exposures .

_m. ~

OU4 Risk Assessment
Maximum Point
Conosnd Concent-
N Megn 2% UL iretien £olion
[ 14 1.21E01 318601 8.808+00 316801
(14 1.23801 3.20E-0 8.80E+00 3. 20601
82 220€.00 8.65E-01 1.03E+01 8.85E-01
82 30EDN 7.20E.01 1.058+01 7.20€-01
82 110601 283601 8.808+00 208E.01
a 1.326+00 2 34E+00 0.20E+01 3.84E+00
2 1.3¢E.01 349E 01 G.60E+00 3.40E-01
a 1.21E01 3.18E-1 6.502+00 3.18E-01
a 1.52€+00 3.84E+00 0.20E+01 3.845+00
a9 1. 1ED 31801 8.80E+00 318601
L 14 231801 0.07€0t 1.058+01 8.07601
47 124601 3.ME+01 8.00E+02 3.3168+01
[ ] 3NN NA 1.038+00 1.058+00
8 1.138+00 NA 4.00E+00 1.05E+00
] 8.14601 NA 1.03E+00 1.05E+00
] 3.80E-01 NA 1.00E+00 1.00E+00
] 4. 4E01 NA 1.05E+00 1.056+00|
L] 1.35E+00 NA 3.00E+00 3.00E+00
$ 7.00E01 NA 8.00E+00 3.00E+00
8 204E01 NA 220801 220E01
[ 1 204801 NA 2WEO 22060
] 1.308+00 NA S.30E+00 $.30E+0D
' ] 2.80E01 NA 4.40E0" 4.40E-0N
-] 3.T0E.01 A 1.108+00 1.10E+00
[} 1.73E.01 NA o 22080 220E-01
8 238601 NA 3.00E-01 $.80E-01
-3 346801 NA 1.00E+00 1.00E+00
[ ] 072601 WA 2006+00 260E+00
0.10601 NA . 2206+00 2.206+00|
8 3.39E01 NA 1.058+00 1.055+00
$ 1.086+00 A 4.30E+00 4.30E+00
] 1.356+00 NA G.00E+00 S5.00E+00
70 7.008-01 1.74E+00 4.00E+01 1.74E+00
197 8.00E-01 1.94E+00 7.60B+01 1.048+00
-3 1.17E+00 204E+00 7.60E+01 2848+00
120 0.8¢E-01 200&+00 7.80E+01 200E+00
124 7.14E+00 1.018+01 8.20E+02 1.01E+01
128 1.71E+00 2456+00 4.00E+01 24SE+00
123 1.71E«00 2.43E+00 4,00E+01 243E+00
10 3.08E+00 8.60E+00 1.10E+02 8.68E+00
b4l 1.81E+00 3.2TE+00 7.508+01 $.27TE+00
0 S.4E01 STEO 3.108+00 $.711E01
7 1.48£+00 3.25E+00 7.80E+01 3.25E+00
118 6.02601 1.18E+00 4.00E+01 1.18E+00
T2} 7.78&-01 1.706+00 4.008+01 1.70E+00
70 1.71E+00 2.48E+00 1.88E+01 1.48E+00
87 3.018-01 7-20E.01 2.30E+00 7.20E-01
[ -} 3.036-02 7.01E-02 9.10E01 71.01€02
s7 228E 0% 49TE-01 7.40E+00 4.5TE-ON
2 T.30EL3 1.11E04 8.00E-04 1.11E-04
-
22
3
3
-
n
s
»
3
3
9
3
R~
3
3
3
3
1
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Exposed Solls OU4 Data

f!
] e With Exposure Point Concentrations
For Current and Future Exposures
' OuU4 Risk Assessment
.o ) Sediment |Sediment|Surface  {Point .
N ;I’ 1 Soil Concent-
{£ocation 8P8 [SP-D  [SS5111-120|mation .
{Depth 0510 0510 (Maximum)
1)
: Aralyte (all in PPM)
HC : 0.001| 00012] 000115| 1.20£-03
{44-DDD 0.0014| 0.0019 0.0011| 1.235E-03
pA‘-DDE 0.0038| 0.0019 0.0045! 4.S0E-03
4-D0T 0.01[ 00019 0.00089| 1.008-02
Adeirin - 0.0058| 0.0012| 00118 1.15E-02
0.001 0.001 0.0047| 4.70E-03
0001] 00018]  0.00S| 5.00E-03
Diekrin 0011| oo015| 00038 1.s0g-02
{stone 0.0038{ 0.0029| 0.0022S| 3.60E-03
0.001] 0.001] 0.00088| 1.00E-03]
File: DICODADD.WCS
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APPENDIX C

- TOXICITY DATA FOR CHEMICALS
OF POTENTIAL CONCERN
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Chemlcal-apec:ﬁc loxicity Values
Ingestion Exposures
OU4 Risk Assessment
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1~ intograted Rish Womulion System

- Hoalh Eouts Assssemant Surverary Tebion

2 - Hoalth £ffects Asessamars Busrwnary Tebies, tabie 2 -’

A- Progicied veiue Ssted in "EPA Ressarsh end Oovelapynent, Suerim Guidance fer Darmal
Eipenwe Assssament.” March, 1991

9 - Modsied vaie tsted in “EPA Research ang Ooveispment, item Quidance fer Oerrmal
Eponre Assessrnant.” March, 1881

€ - Value besed on unkt sk

O - Memo en nercercinogenic efests of Ote Fusl. Andersen, 1952

- Value based on EPA-ECAQ Guidanse

# « Risk Assessmant Ferurn. interin Procedises fer Sxtimaling Riske Asseasied with
Expoaurss 9 Mitres of Chinrinaied Olheree-9-daiing end Obenactisars,
USEPA, March 1981 .

G- Basedonen MCLO of 1.3 ML

I . M+ Memo on Carcinogeniclly of Senzolsirwens and PAHs, Pal-Fung Huret. MAR 22, 1891
p 18 - Absorption faciors frem Ryen. ot al, 1967

X+ Region X valie

1D @ Reference ODese RIC = Reference Conceiration

WT OF £V = Weight of Evidance Classiication

9. EPA Reglon it TEF Agproach

[FLEDICOCAP. WXY,




g L Lcnucal-dpeciic 1oxicity vaiues

1= tograten Rtisk Wormation Bystem

-+ Moah Effects Assesumant Sunvrary Tobiss

2 - Hostth Efects Assssamert Survnary Tabiss, tabis 2

A~ Prodicsed vaius Sted in “EPA Research and Dovelopmurnt, it Guidancs for Denal
Gpoare Assesanant ~ March. 1901

8 - Moaguied vaiue feted in "EPA Resoarch enet Qevelepmaent. et Guisiance for Ommal
Exponse Assossment.” Merch, 1991 .
€+ Valus besed on Wil fiek

D+ Mome on sencarcinegeric sftecty of Oto Fusl, Andersen. Y802

€ - Vaiue 5304 on EPA-ECAD Qudance

# - Rigk Assesemart Forum. indevirn Precedures for Gslimating Rishe Assecieted wily
xposurss to Mbiwes of Chissinetsd Dibenzo-p-eing and Olbentetrens.

USEPA, March 1901

G- Sessdonen MCLG of 13MA

M - Mamo on Carcinegerscity of Berzeta)pyens end PAMe, Pel-Fung Hurst, MAR 22. 1991
R - Absorpyon facters om Ryen. ot. al., 1987

X Region X veive

RO = Reference Dose RIC = Reference Concentralion

WT OF §V = Waight of Gvidence Claseilication

3-EPA Region &I TEF Approech

FREDICOCAP WIX3

Dermal Exposures
. o OU4 Risk Assessment
a ! Dermal [~ Darmal
i ond ord Reterence Slops ' ht:p
: Cotaminanty Absurption Aborpthm Dese fastor ton R
- ’ [ [ D) on Pacter .
i Shomisale oasent Sy —akadw | _ hodeve. hndesal L0
1.%-Trichioresthans Univown ATSOR, 989 4.58-0 28801 &
- Unimown ATSOR, 1900 43808 80| »
MEX 208 25801 A
20801
[~ Oiagide 2380V A
i 0.280(A e 9. 238-01] A
’ Chigrisle S.5€+01|ATBON, 1087 19 258011 8
waziioresth 1 ATSOR, 1987 1.08-021 25801 8
oluens 10 23801 A
mcaiarcee 9.08-01/ATIOR. 908 * A1 ase0r| 8
ol Oerige 1.0E+02| ATSDA, 1908 ) 25801 §
. vions prized) $28+01(ATSOR, 1909 108200 25801) 8
- e ovon [ATSOR. T 1 1o ¥4
* Unnoun ATSOR, 1900 1.0801
-y 19601
1.08-01
[Bersvic Auid 20801 10801 8
o A Q. VE<O1|ATEOR, 1987 10801] 8
ity 0.78+01/ATSOR, 1900 0. 10801 8
| . 1.0800
I 10801l 8
} 10801
[frdeec 23efPywen 10801 8
> Usiooun ATSOR, 1980 1080 8
! 10801
I r 10601
1.08+GI{ATROR, 1987 0| 8
8.58901/ATSON, 1967 10801 ®
Uninouwn ATSOR, 1987 108011 8
‘ 10801} 8
! 148 10801
i' ” 1.08-01
p 21801 10801] 8
; B ' 15801 10801 0
X 11801 10801 8
| | vetmren ATSOR, 1982 14808 . 1 10801 8
! . . 26801 10801 8
. e 208401, 10801 8
Unimoun ATSOR, 1887 1 10601 8
[v = 1.08-01
! fan N 10801
! Katene 1,080
tachic 1 ATSDR, 1987 $.08-04 10801 ®
ptachior Sipesis 1.08+02|ATSOR, 1987 1 Y 10801
— 25504 10801
NCPE $.08.08 1.08-01
(pred :nm
|
l- 8- Tene-£OD S.TE<01{ATEDR, 1989 1. 2A5E01| 10801 8
oBR-02) |M
[ 08-0 10842
258401/ ATSOR, 1987 30 uuﬁ 0804 108a o
! 801 1.08-02
{ Unimoun ATSOR, 1987 23804 8Re01 22809 106-02| &
C tloed) B-0 10802,
l- pam (W) 408.01|ATSDR, 1887 40803 1.0842
20803 25804 106-03] A
SUB+01|ATSDR, 1009 1.08-03 10802 B
S.08+01|ATSOR 1988 10802 ns-nl 1.08-02| 8
1.58+01(ATEDR 83 Aca 13804 10802} 8
10842
Gosd) 7.08-00) 1.08-02
x 1.58-08 1984 1.08-02| 8
~ . ATSOR, 1987 1R 10802 §
v ° 0180 10802| ®
d 315804 1.08-02
NOTES:
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APPENDIX D

RISK AND CLEANUP LEVEL CALCULATIONS



ncidental Ingestion of Soil

OT iit. hil /Adult (Capped Data)

( " 1tus » esidential Scenario)

Py
ﬂ T LI M -
Chrints *_ 2 .choy
it R O
Conc | Sntake Pacter L] ol intake Facter Daty Slepe
cn e [ ] (] o) - aake Paster sk
: 3.15801 3453808 116808 200802
320601 3.435-08 197508 9.008-03
- one WIEK) 45801 345808 207808 €.008-01
! 720801 303508 2.035-08 100801
Hiosben Diswiigle 280801 345808 1.056-08 1.008-01
: 3.548000 363608 1.398-09 1.008-01
ne Cidoride 349801 305808 125508 €.008-02 7.506-03
«Frerec : 3.188-01 363808 116208 1.008-02 $.208-02
‘shiene 8400 305508 129803 2008-01
} : 0 345801 185508 1.165-08 00803 1.106-02
: i Chioride S.078-01 103808 222508 1.508+00
b M-—' 1318001 285800 121504 2.008+00
[2.4.8-Tichisrephensl. 1.085+00 205808 10400 1.108:02
-Metybagt 1.035+00 305808 3.848-08
: roig A Peryiens 305800 393E-00
. 0 1.058+00 305508 14808 7.30802
e 0O +00 105808 1.90808 730803
. Dre-0uy 2208-01 3038408 L0007 1.008-01
c ‘ * 2.208-01 143508 0.048:07 400803
: 0 +00 305808 1.945-08 4.008-02
6.408-01 3.438-08 181808 4008-a2
’ : 2(12.3e0Pywens 1.108+00¢ 3055-08 402808 7.308-01
220801 195808 804807 4.008-02
panaghity 3.00801 105808 139808
2ol Metvesens 200800 185808 0.908-08 730801
g 2206400 305808 soeds 7.308+00
1.058+00) 105808 U450 7.308-01
} ‘ 430800 345808 157809
. Defie-8 176800 S8 435508
. 4-000 1948000 105808 7.008-08* 2408-01
14.6.00 00 3.036-08 037808 3.008-01
‘ 0O@+0C 080 | 131808 $.008-0¢ 2.408:01
101800 345808 (T30 2] 3.008-08 170800
: - 55+00 105508 0.9585-08 0.006-03 1.308+00
‘ - 2638+00 105808 . 003508 600808 1.308+00
0 ja00 105800 + 200808 £.005-03 1408+01
b Sutiole [78+00] 105808 120809
> [ ] $.718-01 165808 2.006-08
\ ’ 1108900 285000 [ $.008-00 4508+00
(eaptost 1706400 30698 ADEN 120600 2108400
| m - 2.408+004 303808 2.078-08 $.008-03
! 720601 365508 243508 1.008-03
R4St 7.018-02 155808 294807 1.006-02
0 457801 105808 147508 1.006-02
21.7.0-Tus-COD 111808 305808 AMB-10 1.908+08
} ege0] GBS ANEW@ 100800
1.25G+00, 105808 490808 400804
0388400 105808 133808 3.008-04 1.758+00
1.798+02] 163808 €.388-0¢ 7.008-02
0.738-01 205808 219808 $.008-03 430800
L] 1.385+00 106808 49508 3.006-03
- um 1838401 283508 1.298-04 1.008+00
. Go 00| 383608 317808 60082
2.008+02 301808 7.906-04 3.708-02
0 196501 105608 7.188:07 2008-02
0g+02] 305508 11780 :
7803 205508 25182
oot 2105508 140801
! 132601 1080 401807 3.008-04
265401 1056508 19608 100802
g 7.908-01 385808 74808 $.006-03
2758401 305508 101804 »  7.008-03
Nt £l = Sm bl LoD 1
1] (] Ly
-
. NCIDGNTAL nodETION OF SO0,
ﬂ-m-dmnum
1.006-08 CF = ging - Convarsien Fecior, (EPA, 19850)
200E+03 IRC = 200 mg/iey - ingestion Rale of soll by & child (0-8 ye.). (OBWER, 1981)
1.006+03 IRA = 100 mg/day - ingestien Rats of seil by an ackat ($-30 ye.). (OGWER, 1891)
1.008+00 Fi @ .6 - Fraction of iniahe rem sowree, 100 percent (RAGS)
€.006+00 EOC = & yrs - Gxpomee Oursiion for & Sl (0-8 yre), (CIWER, 1891)
2408+01 EDAR 24 yu - fDponre Ouralion for an adut (8-30 yre), (OOWER, 1901)
3508+02 §FC = 350 deye/r - Exponure Fraquansy for o childd (0-8 ye), (DSWER, 1901)
3308402 EFA = 350 soyar - Bponsre Frequincy for sn st (6-30 we), (OBWER, 1881)
1.508+01 BWC = 15 iy - Sesly Weight far 2 child (16 yr3), (OSWER, 1991)
7.008+01 BWA = 79 iy - Gody Weight far st\&. (CSWER, 1991)
300§+t ATN » 30 yre - Aversgng Tims for aon-carcinogerse compounds, (OOWER, 1981)
7.006+01 ATC & 70 yrs - Averagng Tims for caramoganic compeunts, (OSWEN, 1991)
HIE=NON-CARCINOGENIC—e® 3.058-08 MIF = (IRC * A * BFC * EDC 7 BWC) » (IRA * Kl * EFA * BDA / GWA))"CF / (ATN)38S)
HP=CARCINOGENIC e 157808 1F = (ORC A * £FC * GOC/BWC) * (ORA ° R * EFA * BDA/ BWA)'CF / (ATC)(285)
DALY INTAKE = (C8 * HIF)
RISK (nen-carcinegenie) s (INTAKE / R1D)
RIS (caruinagenic) = INTAKE * SLOPE FACTOR)
' AL DICOCAP W3 .

[ LD
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Vermal Contact with 0il
Onsite Child/Adult (Capped Data)
(Future esidential Scenario)

Brar il

10802

[ 5 - B R

112602 ¢
190800 4

2ne0 8
4.00800
0008«00 041
0.008+00 &
3.408+03

T 200801

200801
g2 o
490800 1#
LWE00 &

172808  7.10809

1048000 437604
S.008+01 11‘44
[ ___3.06-02]

OERMAL CONTACT WITH S0

€8 = Concertiation of chamicel in sell (mphy)

ABS © Absorption Facier - Asssmes te Be 0.1 fer erganics. 0.1 fer copper. fead,

mangansse. salium and zinc, 0.2 for caiviem, and 0.01 for inerganics (CAPCOA valuse)

1.008-08 CF = 0.000001 igping - Conversion Fector, (EPA, 19850)
250803 SAC = 2500 9q am - Siin Surace Ares Avaliabis (Child 0-8 wa.), hands, e, legs. (OHEA-E-387)
$.00E+03 SAA = 5000 g o - Siin Susfece Arss Avasiaiie for Cantact, (ABD), hand, amwa, (OMEA-S-387)
1.008+00 F1 = 1.0 - Frastion of intahe frOm S0WTe, 100 parcent (RAGS)
3.508+02 EFC = 350 deys/yr - Exposure Frequancy, (Chikt: 0-6 ye.) (OSWER. 1901)
350802 EFA = 350 daya/r - Exposwre Frequancy, (A 6-30 ya.), (OBWER, 1991)
6.00E+00 EDC = § yry « Ouration for child (1-8 yv.), (OSWER, 1991)
2408+01 EDA = 24 yrs - Expooure Duration for st (630 yra.), (OSWER, 1981)
1.808+01 BWC = 13 iy - Body Waight for @ chils (18 we.), (OBWER, 1991)
7.006+01 BWA = 70 kg - Body Weight for adut, (CSWER, 1991)
3008+01 ATN = 30 ws - Averaging Time for nen-Carcinegenic sempounds, (CBWER, 1591)
T006+01 ATC = 70 yu - Aweraging Time for carsinegenic compewis, (OSWER. 1991)
1.008+00 AF = 1.00 mpieq om - Agharence Facter, (GPA, Regien

Q63E-03 HIF = ([[BAC * F * EFC * EDC * AP /SWC) ¢ (BAA * R * EFA * EDA * AF /SWA]) * CF / (ATHY23))
3726-05 MEF = ({(SAC * F1 * BFC * §DC * AF / SWC) @ (8AA * P * §FA * EDA * AF /BWA)) * CF / (ATCI63H
(DAILY INTAKE = (C8 * ABS * HIF)
RSK tnon-carcinogenic) = INTAKE / RID)
FIBK (carcinogenic)  ® UNTAKE * SLOPE FACTOR)

St
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' Cleanup Levels 107 ingestion and Uermal LONLACt
' : Onsite Child/Adult (Capped Dat?)
(Future Residential Scenario)

l |
! genis
: Claamp
p Contwminants Ny | Owwal | th Oumel | inhebe Love Lovel
. - oution | Contact | ation Contact | oton | Yo | mmeing | meaeras
N ! Shenica . w_| —mato | mots |
.'E.v.q-m 1268 e150e
*11 3-Dichiorosthemimisiew) 3504 82803
yvesny 14508 19504
; = :'mn e+
Olevite X
e . 13804 23608 9
' Ihaatione Crisnde L1508 02508 10800 v - T ..
Iiretrachisrosthens 12804 2.88-0¢ 1608 [ ¥ 358+02,
15604 :& 3808 1 wmes|
. ; X 1 . .
l Chionge 43808 & 1.08+01 1
b reeier [8] 0 Y .}
] tis organics
8- Trenioraphanel sy [y, 128402 1
(P . 1380 615
' e 12807
aeis Acld 2748 13804 I
’.’ . 00808 20808
. 20804 95803
pobo 45504 2380
. 40803 1380 .
e eevvacens 12503 00804
[iBerzoia)stvacene 20808 808001 .
Po(e)Pyrene 215803 0.08+00 oﬁ
' oM )IFeraniine 1 05801 [ &
. ©sot 21802
] 29808 $.58900
- N 2138+00
' e.000 15802 ‘uun 81805 gslow 3
.G 19801 7.48+00 24504 280 1.08+00 1
: c 13801 708500 24804 108900 1
43881 208001 Py s
l --
Katone
rachic LTE 21802 20808 }:ﬂ 428000 u:d
chier Epcide 40501 118000 s2808 21800 29
eiic 14500 40802
- UM 1280
T 20803 1280
0 17804 736
23.7-teve-cOD 71608 uun* 11804 1184
[asoranse Ve 1880
11802 854602
7802 1380 4508 298001 2960
21G0  36 I
B0 30803 20803 ¥ 288000 2
& oo 1604 28GR
- o0 13804 1.7503
S2604 28803
& 21842 416Q
o 10808 17808
ooy 10802 LR
16503 18203 N
: 4S80 35882
S580¢ 26842
A A88.00 226501




Inci 1:ntal I 1gestion o ‘Joil
Adult Y rke (Capped Dats)
(Future Worker Scenario)

Chranio NenCarein, s B i3 L Jwin®, Carcinegeris ffects
e | Wewn : Warard | WA
Cane intala Pastor oW on Quotent | itake P coor Ouly Slepe
[ - ] [ ] ke an [ ol ) intake Pacter Aok
3.108-01 439808 335508 107808
3.208-01 9308-08 335500 1.078.08
8.658-01 0.308-08 335808 1.908-08
7.208-01 $.306-08 135808 2428-08
2.088-01 9.398-08 3.358-00 068800
3 .- 939800 335608 119807
349801 9.396-00 135508 1.176-08 7.508-0
3.188-01 9.398-08 335500 107808 S.208-02
L1 00 9.358-08 335808 119607
210801 0.306-08 35508 107500 1.108-02
$.078-01 030500 335508 104808 1908+00
AN 0.395-00 333800 1.11808
1.098+00 930808 335600 by . ] t.0802
1.058+00] 230808 191800 3152808
1.058+00 9.396-08 336808 3153808
1.008+00 0.308-08 235800 3.30508
1.056+00 0.30808 335808 180 730802
3.008+00 039800 335808 10807
3.008+00 0.398-08 335508 101807 10803
2.208-01 239608 325500 7.308-00
2.208-01 9.306-00 335808 130508
8308200 0.208-08 139500 1.70807
440800 0.208-08 +4.13808 25808 140500
1.108+00 2.30808 335800 190800 1.308-01
220601 2395-08 11808 1380
3.008-01 930800 135808 17808
1.008+004 939500 3135808 326808
2008400} 2398508 310808 L.T2800 7.308-01
108 00 139608 136800 74808 7308400
1.058+00; 0.208-08 135800 1.528-00 730801
4.308+00 0.208-08 336500 144807
4.0 2.505-08 335508 18807
1.748+00 030808 30800 5.038-08
1 00 930500 333800 0.908-08 240800
2948+00 9.298-08 3135808 451808 3.408-01
0O&+00 0.398-00 139808 472800 340801
18180 239808 1358-08 a.orear 1. 70801 1
Sl+00 9.308-08 335808 $228-08 1308+00 1
2438400 0.308-08 335500 4165408 10800
$.68E+00 930600 138808 1.0t8.07 100801
[7G+00] 2.208-08 135800 1.908-07
S.ME01 030808 335508 153608
5«00 9.398:08 3135808 1.008-07
1.108+00 230808 138808 197808 490000 m
1,.708+00| 9.396-08 324800 §.728-00 8.108+00
2. 00 9.308-00 20807 3.358-08 4.238-08
7.208-01 $.398-08 L76E-08 1358-08 141808
7.018-02 039608 45500 335808 235809
4STEN 0.308-08 429608 128608 153500
1.918:0 2.206-00 1.048-11 330800 NS 1.508+08 S.57%00
i 2.088+03 039808 49518504 1.008+00 491 136808 3.048-0¢
1.288+00 9.396-08 A1 400606 2 3135508 419800
1 00|  $338408  SWEIT  L00E04 3B 2WE0? 1Mo 3
"t 02 -9.396-00 104608 7.006-02 335808 S.088-08
- ATE0 0.30608 4.208-08 800803 9 135608 2608 400 1
- n (loed) 1.388+00| 9.306-08 17807 $.006-03 289 1356508 405508
o J] 31838+01 9.396-00 132408 1.006+00 : 3135608 1.188-08
53800 0.386-08 (- 4 CO00E-02 ¢ 3.355-08 208607
- 08E+02] 0.398-00 1.958-08 1.708-02 3.355-00 400808
- 1.968-01 .9.396-00 1.058-08 2008-02 38808 690800
B0E+0X 9.308-08 2008603 3.368-08 107808
o 0.305-00 45804 i 135808 2208-04
ool 230808 €.528-03 140801 40080 239808 229809
D 1.328-01 9.206-00 T248-08 300804 412608 335608 442800
pNic 2448401 9.308-08 220808 200802  1.198-04 3.358-08 810807
; 7.508-01 9.396-08 7.058-08 $00603 1.4Y 135808 22500
L d iﬁl‘ﬂ 9.396-08 2.508-08 7.008-03 " . 135808 :mw
e . Vi 1.5l k -t Ll N s Al A
A-D 1 L oL T —x 02 L 1.95-03]
INCIDENTAL INGESTION OF 501
€3 = Concgriration of chermical in sell (woAg)
G- Asswned Veise 1.006-08 CF = 0.000001 kgng - Conversion Ractor, (EPA, 198%a)
$.008+01 IR = 53 mgdwy - Ingestion Rete of asil by an ekt werkr, (CBWER, t.n
1.006+00 A = 1.0- Fractien of intake frem seurce. 100 percent (RAGS)
2.508+01 ED =25 yry - Bxponure Owration for an st washer, (OBWER. 1991)
4.008+01 EF © 48 days/r - Eponure Frequency for on achd worker (1 dyek fer 48 win) §
7.008+01 BW = 70 kg - Body Weigst for st workier. (OSWER, 1981)
250K+01 ATN® 25y - mmmmm.mtm)
T008+21 ATC » 70 e - Averaging Tims for cartinspenc campiwrds, (ODWER. 1381)
HIE=ON-CARCINOGEMIC > 939608 HIF = ((CF * IR * Fi * ED * BF / SW))/ (ATHICI8S)
HIF=CARCINOGENIC——remaen> 335800 HIF = ((CP * IR * FI * ED * EF / BW)) / (ATC)(383)
OAILY INTAKE = (C8 * MIF)
RISK (non-carcineganic) » (INTAKE / RTD)

RISK (caramogenic) = (INTAKE * SLOPE FACTOR)




.
Dermal Contact with Soil
Adult Worker (Capped Daca)
(Future Worker Scenario)
[
Cons
! [
‘ 118801 1.008-01 4.068-00 1.068.07 4.506-03 2096-08
120801 1.00801 $.555-08 1871607 4.508-04 2008-08
. 945801 1.00E-01 S.006-08 131807 3.00E02 . 209808
7.208-00 1.008-01 8.0685-08 422807 9.008-03 2.096-08
280801 1.008M 5.068-08 165807 8.008-03 200808
3 1.008-01 0.085-00 208800 9.208-02 202808
34980 1.00801 0.458-08 203807 3.306-02 200808
L0 100801 8.085-08 106807 1.008-02 209608
1.008-01 0.086-08 204508 1.008-02 2058408
11801  1.008-01 0.005-08. 187807 5.588-03 209508
CO07801| 1.00601 8.088-08 358807 200808
33E01 100801  S.e800 194809 1.4G00 200808
1 1.008:01 S.065-08 S15807 200608
1 1.008-01 S.085-08 S.19807 190804 200800
1 1.008-01 S.008-08 15807 2.006-08
1.008: 100801 9.088-08 0.006-07 209808
1.036+00]  1.00G-0% 0.065-08 e 200600
3 1.008-01 5.0485-08 1.968-08 200681 209600
1 1.008-01 5.066-08 1.768-00 209808 ¢ 20507
30801 100801 LY ] 126497 LRGN 100808 45150
: 2208-00f  1.00801 4.06808 120607 2006-04 209808 451508
1.008-01 5.00808 111608 200603 2098-00 19950
AACB0tl  1.008-0% s TB07 200808 &R
1.9 1.008-01 0.00808 45807 209608 230607
220801  1.006-01 S.088-08 129807 2008-03 2.008-08 481608
300601 100801 s.ass-0 2807 83808 799608
1 4.008-00 5.085-08 S.6807 190802 209608 209607
.006-01 5.555-08 152808 2098-08 844807
100801 .088-08 129608 109508 481807
14 100801 5.068-08 S.15807 200808 220807
1.008-01 4.065-00 202808 2008-00 9.008-87
1.908-01 6.058-08 L3008 190803 zuu:ﬂ 200808 117808
1. 1.008-81 $.068-00 142008 200808 304807
1 4.006-01 S.48-08 1. 94608 103608 408847 400600 1
1.008-01 $.066-08 140808 . 200608 [ 31124 400800 34
1.008-01 4.04808 117808 280803 ¢ 209608 4196407 = 6.006°00
181801 100601 S.08808 108808 150808 7. 20608 119608 a8 9
. 1.008-01 0.065-08 1.44808 300600 479601 100608 8.136.07 260840t 4
p Y 100801 5.088-08 103508 300808 A.TSBO1 200808 $.00807 2408001 1
8. 100801 S.08808 1308 2068 4 200808 1.96-08 A208+03 389
1.008-01 0.068-08 12608 200808 83807
871801  1.008-0% 5.0858-08 3358407 21006-08 130807
100601 4.92-08 150808 100608 (¥ 21
1.1 1.008-01 $.005-08 [l S008:0¢ 138503 200808 24807 4.908+00 w
1 1.008-01 8.008-08 299807 130803 7 200808 357807 9.10E+00
4 1.008-01 S.08808 146800 280604 4. 2096-00 0.20607
7.208-01 1.008-01 6.088-08 422807 8.008-03 1008-08 151807
4 7.0 100801 $.005-08 4.11508 S.008-0¢ A1 200800 147808
v 4STROt 190801 1.008-08 280807 800804 100808 257808
1.11604] 1.00801 S.058-08 G081 200808 232811 1728+08  4.008-08
9.088-03] 500608 8.3168-0¢ 600802 ¢ 200808 1.908-04
[) 1 S.082-08 7326808 200603 209608 261E-08
1 S.085-08 174807 05808 10 203E-08 1UE07 140800 2
. 1. 1 5.088-08 1.028-08 15620 209608 3.638-08
i a8 9 800600 $.126-08 230504 100508 183608 0801 1
) 2.008-01 0.086-08 183808 250804 & 203808 0.008-07
153801 1 2.068-08 207608 4008603 8.1 208-08 7.308-07
0 [t 1 2.088-08 §.008-07 300803  1.478-04 2008-08 179607
0 a 1.008-01 5.088-00 1.228-04 222802 209808 4.258-08
196801 ¢ 5.068-08 1.158-00 100802 1% 209608 4180
i 1.008-01 806808 1857804 1.006-08
[ X 1 2.00808 4.00650¢ 2006-08 1.048-04
1 tlosd) 1.008-01 £$.068-08 4.078-0¢ 700803 98¢ 2008-08 1.656-04
h 1.228-01 1 4.08800 1.728.08 1950608  $.158-04, 200808 7809
- 2448+01 1 4.008-08 1.438-08 4.008-0¢ 2008-08 $.11607
1 T508-01]  1.008-01 $.068-08 4.408-07 280604 1 209800 157807
17!8001 1 8.068-08 1.018-08 180808 oM 209608 %m-m
. Nol otel HEEARS IRGE——— otal Righ—e>
DERMAL CONTACTWATHSEOIL  »
€8 = Concertration of chamicel in soll (mpied)
SRR @ Absorpiien Fector - Asswived t9 b8 0.1 for arganics, 0.1 for sapper. teadl.
. manganese. seinium snd ginc. 0.2 for cadmien,. and 0.01 for inorganics (CAPCOA valuse)
@- Asmerad Ve . 1.008-08 CF = 0.000001 hgtng - Converson Fesor. (GPA, 1008e)
928400 OA = 3120 og om - Siin Swrface Ares Avalsbie ter Contact, hande, anwe. (BPA, 1088e)
1.006+00 R = 1.0 - Praction of ininke from 100 percent (RAGS)
4008+01 BF = 48 daye/r - Expesure Pracuency for an achll weriesr (1 duyivk for 48 wis) 8
2008+01 €D » 29 yry - Gponse Owration for sk, (OSWER, 1901)
7.006+01 BW = 701 - Body Waght fer s, (OSWER, 1991)
2.50B+01 ATHN = 25 ws - Arersgng Time 157 RON-CIFTINODENC COTPOUNKS, (OSWER, 1991)
7.008+01 ATC = 70 ws - Avaraging Time for carcineganic compounds, (OSWER, 1891)
1.008+00 AF = 1.00 mg/aq om - Adherents Facior, (EPA, Region X)
HIF=HON-CARCINOGENIC v S.065-08 KIF = (CF * 3A * 1 * €F * €D * AF /BW) / (ATNX365))

HIFCARCINOGENICmrrmammmmsim® 109608 HiF o (CF * GA * 11 ° EF * €D * AF / BW)) / (ATCX(365)]
DAILY INTAXE = (CS * ABS * KiF)
RIBX (non-eartinogenic) = (INTAKE / RD)
RIBK (carcinogenic) = INTAKE * SLOPE FACTOR)




Cleanup Leveis for ingestion and Vermal Contact
Adult Worker (Capped Data) |
(Future Worker Scenario)

Cloamp
vo | Demet | o
ostien ) Contact | allen Totd | (Rinkwilld)
~119 - .
23807 43808
13608
L9608 118405
SEOT 04808
27607 148408
33808 23808
35807 $3800 119 238004 338002
30808 19803 . 738408 )
17508 21800
80808 32608 LT TR 3
2282
10508 11808
22803
3350 4180
[R] ] 4.9
70808 80808 |
138 «l-u' o
2847 13508
83808 €404
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27808 ul-uﬁ 41801
52807 4849
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44800 4180 4.9
s
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La0te ¢
Incidental Ingestion of Soil
Onsite Child/Adult
(Future Residential Scenario)

Exposed Soils
OU4 Risk Assessment

‘\

120203] 3esE08  AE®M 187208
105503 36508 6TeER 15708
4S0ECY| 3esE0e 164EM 157508
100E03] sesEos  36SE0S  S00EO4 73G08]  187508
180E02| 365E08  B43EDS  JO00EOS 103803|  187E0S
4A70E0)] 206808 172508  CGODEOS 206EO04|  1.57E08
600603 sesE0e  1e3E08 GOOEOS 304E04|  167E0S
150802] 36808  645c08  SO0EOS 110803  1.STE-00
60e03| descos 132608 167600
100603] 3e3E08s  2eSEO0 130808 20180¢] 1S7E
Total Pathway FRIEN NGai——b YD)
INCIDENTAL INGESTION OF SOL

€S = Concentration of chamioni in soil (mp/g)

1.00E-00 CF = 0.000001 kg/mg - Corversion Factor, (EPA, 1080s)

2008402 IRC » 200 mg/day - ingestion Rate of soil by & child (0-8 yrs.), (DBWER, 1801)

1.00E+02 [RA = 100 mg/day - ingestion Rate of soll by an sduRt (0-30 yre.), (OSWER, 1891)
. 1.006+00 Fi= 1.0 - Fraction of intake from souros, 100 percent (RAGS)

©6.006+00 EDC = 0 yre - Exposure Duration for 8 child (0-8 ym), (OSWER, 1001)

240E+01 SDA » 24 yrs - Exposure Duration for an aduft (8-20 yrs), (OBWER, 1981)

3.608+02 £FC = 350 daye/yr - Exposure Frequency for 8 child (08 yre), (OSWER, 1601)

AS0E+02 EFA = 350 daya/yr - Exposure Frequency for en aduk (8-30 yrs), (OSWER, 1901)

1.80E+01 BWC s 15 kg - Body Waeight for a child (1.8 yrs), (OSWER, 1891)

7.006+01 BWA = 70 kg - Body Weight for aduRt, (OSWER, 1001)

3.006+01 ATN & 30 ys - Averaging Time for non-carcinogenic sempounds, (OSWER, 1001)

7.006+01 ATC » 70 yu - Averaging Time for caroinogenic compounds, (OSWER, 1091)

3.05E08 HIE » (URC * K1 * EFC* EDC/ BWC) ¢ IRA* i * EFA * EDA / BWA)"CP / (ATN) 305)
1.5TE080 MIF = (JRC * FI * EFC * EDC / BWC) ¢ (RA * R * BFA ° EDA / BWA)J°CF / (ATC)(308)
DALY INTAKE = (C8 ° MtF)
RISK (non-carcinogenic) » GNTAKE / RID)
18K (earcinogenic) = GNTAKE * SLOPE FACTOR)




Table 8 .
Dermal Contact with Soil
_ Onsite Child/Adult
. (Future Residential Scenario)

Exposed Soils
0U4 Risk Assessment *

Abgorption l
Fector
(ARS) i
_unittess |
|
1.008-01 sen. 8 104808 372608 448500 |
1.008-01 6.63508 161808 ATELS G88E00  480E+00 3.30E-08!
1.006:01 0.088.08 2.608-08 372608 167608  O.80E+00 1.14E07)
1.006-01 8.63E08 8.63E08 250608 3MTEDY 372608 I7ZEQ0  BO0E«00 25387
1.00E-01 8.686-03 1.308-07 1.50E08 8.68E-02 172608 S88E08  3405+02 1.90E-0%
1.00E-01 8.082.08 4.088-080 300208 1.30E02 372803 1.7SE.08 2608+01 ASME?
1.00€-01 8.63E-08 4.4E08 SO00H08  1.45E02 372608 1.86E08  260E+01  4.03EDY
1.008-01 6.68E-08 1.30607 250608 SNEXR 372808 SSIE08  1.208+02 1.78E08
1.00601 8.08E-05 312608 3.72E08 1.ME08
1.008.01 6.635-08 8850 130808 @.67E04 172508 372600 0105400 3.38E08
Yol Patwey Fatard s ——> CiEs Youi Paeny R L1608
DERMAL CONTACT WITH SO0

CS = Concentration of chemics! in eoil (mg/kg)
ABS s Absorption Factor - Assumed to be 0.1 for organics, 0.1 for copper, isad,
manganese , selenium and Zinc, 0.2 for cadmium, and 0.01 for inorganics (CAPCOA veluss)
1.00E-08 CF = 0.000001 kg/mg - Conversion Fector, (EPA, 190e)
2.50E+03 SAC = 2500 sq cm - §kin Swisoe Area Awailable (Child 0-8 yre.), hands, arms, fegs, (OHEA-E-387)
S.00E+03 SAA = 5000 8q em - Skin Surface Ares Aveiiabie for Contact, (Adull), hands, arme, (OHEA-E-387)
1.00E+00 Fi = 1.0 - Fraction of intake from source, 100 percent (RAGS)
3.60E+02 EFC = 350 days/yr - Exposure Frequency, (Chilkt: 0-0 yre.) (OSWER, 1901)
3.80E+02 EFA = 350 dayn/yr - Bxposurs Prequency, (Adult 6-30 yre.), (OSWER, 1091)
©6.00E+Q0 EDC = 0 yrs - Duration for child (3-8 yre.), (OSWER, 1981)
. &40E+01 EDA s 24 ys - Eposure Duration for aduRt (5-30 yra ), (OSWER, 1691)
1.50E+01 BWC = 18 kg - Body Weight for @ child (148 yra.), (OSWER, 1801)
7.00E+01 BWA = 70 kg - Body Weight for adult, (OSWER, 1981)
3.006+01 ATN = 30 yrs - Averaging Time for aon-carcinogenic compounds, (OSWER, 1991)
7.005+01 ATC = 70 yrs - Averaging Time for carcinogenic compounds, (OSWER, 1991)
1.002+00 AF = 1.00 mg/aq om - Adherence Fecter, (EPA, Region X)

SE-NON-CARCINOGENIC wamet 8.63C-08 HIF = ({(SAC * F1 * EFC * EDC * AF / GWC) * (3AA * F1° EFA * EDA * AR/ BWA)) * CF / (ATN)(383))
HE-CARCINOGENICressmnsed S.72E08 HIF = [{(SAC * R * EFC * EDC * AF / BWC) + (BAA °* R * BFA * EDA * AF/ BWA)) ° CF / (ATC)(385))
DALLY INTAKE = (C8 * ABS * HiF)

RISK (noncarcinogenic) s GNTAKE / RID)
RISK (carcinogenic) = ONTAKE * SLOPE FACTOR)




| a _ : Table 9
Cleanup Levels for Ingestion and Dermal Contact

. Onsite Clild/adult
(Future Residential Scenario)
. ' Exposed Soils
‘ OU4 Risk Assessment

- Garcinogenic | Carcinogenic::
Clesnup Cleanwp |

——
Nen- Non-
Carcinogenic | Carcinogenis
Cleanup ) Clesnup
Lavel Lavel - Lavel |
(MQ=0.1) (MQe1.0) fon jContsct| ation Total | (Risk=184) | (Risk=12-8) |
2080 288400
17502 17801
34802 34E01
14802 3.4E01
28802
11601

20801| 36507 1.8808 18808| 8202  e2E04

118400 14808 34E08 45808 218+00 l1!-02i
J

&




Table 10
- . Incidental Ingestion of Soft
, Adult Worker
f. (Current and Future Worker Scenario)
Exposed Soils
OU4 Risk Assessment O
: —
Ciwonic Nen-Carcinegenic Effects : Litetme Carcinogenic Sfects
Wuman | | I vazare Human (]
. | ntake Festor Oally [ ] Quotent | intake Factor Oatly Slope
[y ] Irntake RO Ha) er) intake Factor Ris
) 0.30E-00 1.1%-10 3.36E-08 4.038-11
9.39E-08 1.748-10 . 333c.08 O.NE-11 240E01
0.30E08 423810 335608 1.51E€.10 34000

0.39E-08 0.39E-10 S.00E04 1.68E08 335608 3.35E-10 3.40E01
0.30E08 1.41600 300608 4.70608 335608 6.038-10 1.70E+01
9.39€-08 441610 GO0E08  7.36E-08 3.368.08 1.88E-10 1.30E+00
0.39€-08 4.70E.10 GO0E0S  7.636-08 3.33E-08 1.68E-10 1.30E+00
9.30E08 141500 SO00E08 2ME08 339508 §.03€-10 1.00E+01

0.396-08 3.30E-10 3.0E-08 1.2E10
9.306-00 0.30€-11 1.30608 723808 L NEN 3.358-11 9.10E+00
Yotal Pathwey HAZerd ndes———> Totsl Pathwoy Rish-—>
INCIDENTAL INGESTION OF SOIL
€3 = Concentration of chemical in soll (mghkg)
# - Assurmed Vaiue 1.00E-08 CF s 0.000001 kg/mg - Cormersion Fector, (EPA, 1908a)

8.008+01 IR = 80 mg/day - Ingastion Rate of s0il by an adult worker, (OSWER, 1081)

1.00E+00 M & 1.0 - Fraction of intake from souree, 100 percent (RAGS)

2.80E+01 = 25 yrs - Exposure Ourstion for an aduit worker, (OSWER, 1091)

4.00E+01 EF ® 48 deys/yr - Exposure Frequenoy for an adult worker (1 deyek for 48 wke) §

7.00E+01 BW ® 70 kg - Body Waight for adult worker, (CSWER, 1801)

2808+01 ATN = 25 yvg - Averaging Time for non-carcinogenic sompounds, (DEWER, 1891)

7.00E+01 ATC = 70 yre - Averaging Time far sarsinegenic sompounds, (OSWER, 1901) -

HF=NON-CARCINOGENIC et 0.35E08 HIF = (ICF * IR * F1 * €D * EF/ BW)) / (ATN)(05)
236508 HF = ((CF *R * M * £D * E5/BW))/ ATC)385)
. DAILY INTAKE = (C8 * HIF)

RISK (non-carcinogenic) s ENTAKE / RID)
RISK (oemsinagenic) = ONTAKE * SLOPE FACTOR)

FLEDICOEXP. WKS
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Table 11

Dermal Contact with Soil
Adult Worker
(Current and Future Worker Scenario)
Exposed Soils
OU4 Risk Assessment
T
! .
[]
I Chemicats
or
I
120E-03] 1.008-01 8.006-08 7.03&-10 20008 a281E-10 l
£-00D 1.85E03] 1.00ED ©.0¢E-00 1.08E00 208808 387610 400E+00 1.08E.09)
DOE - 4.50E-03] 1.00E-01 8.806E-08 264800 2.006-08 0.42E.10 QO0E+00 0.41E-09!
4007 . 1.00E-02] 1.00E.01 8.88E08 8.06E-00 28008 2.34E0¢ 200€-00 2.00E-00 6.00E+00  1.42E-08!
g 1.50E.02] 1.00-01 85.06E.08 0.796-00 1650608 SO0ED 2.00E08 3.14600 3.40E+02 1.07E-08|
4.T0E03| 1.00E-01 S.06E.08 2.75E-00 300608 0.10E04 200E-00 0.84E-10 2.00E+01 250!03!‘
S.00E-03] 1.006-01 8.80E.08 20800 S00E-08 O.776-04 200E-08 1.068.00 200B-01  272€08|
1.80E02| 1.008-01 S.00E08 8.75800 280E00 3852603 200E.08 3.14E-00 3.206-02 1.“-“‘ .
atone 360603 1.00601 8.84E-08 J1E0 200E-08 T.84E-10
) Epoxide 1.00E.03] 1.008-01 S.00E-08 8.886-10 130808 481E08 200E-08 200E-10 9.10E+00 1.“5“‘
NA - Data Not Avaiiable Total Puiway Hazan Indes——>b Towl Pathwey Risk—r | z,";gﬁ?
OERMAL CONTACT WITH SOK.

€S = Conoentration of chemical in sol (moAg)
ABS & Absorption Factor - Assumed t be 0.1 for organios, 0.1 for cspper, lead,
mangenese , selenium and zinc, 0.2 for cadmium, and 0.01 for inorganics (CAPCOA veiuss)
&+ Agsurned Value 1.00E-08 CF = 0.000001 kg/mg - Corversion Fecor, (EPA, 1960a)

3.126+03 SA » 3120 9q om - Skin Surface Area Avetiable for Contact, hands, srme, (EPA, 1680a)
1.00E+00 F1® 1.0 - Fraction of intaie from source, 100 percent (RAGS)
4.80E+01 EF = 48 dayw/yr - Exposwre Frequency for an sdult worker (1 daywi for 43 wis) ¢
2808+01 ED = 28 yrs - Exposure Durstion for aduR, (OSWER, 1891)
7.006+01 BW » 70 kg - Body Waight for sdult, (DSWER, 1991)
280E+01 ATN = 28 yrs - Averaging Time for non-careinogenic sumpounds, (OSWER, 1991)
7.008+01 ATC & 70 wrs - Averaging Tirne flor carcinogenic compounds, (OSWER, 1891)
1.006+00 AP = 1.00 mg/eq cm - Adherense Fector, (EPA, Region XQ

HIF=NON-CARCINOGENIC st S.88E.00 HIF = (CF * 8A * F1* BF * ED * AF / BW)) / (ATN)(305))
HIF=CARCINOOENICsmmsenseont 200E-08 HIF = (CP* 3A * Fi * £F * ED * AF | BW)) / (ATC)(308])
DALY INTAKE = {CB * ABS * HIF)
RISK (non-carcinogenic) = INTAKE / RID)

NISK (caroinogenic)  « INTAKE * SLOPE FACTOR)



Table 12
Cleanup Levels for Ingestion and Dermal Contact
Adult Worker
\. (Current and Future Worker Scepario)
Exposed Soils
‘ OU4 Risk Assessment .

‘




‘ Table 13
' Incidental Ingestion of Soil

l Onsite Child/Adult
(Current Recreational Scenario)
Exposed Soils
" OUd Risk Assessment
—— R e |
Human Hazard Human “Oonat
intaks Factor |  Duily Orat Quotent | intake Fecter |  Delly Stope
ir) intake AD ™M) our) tntake Pactor Rk
7.00E-00 9.198-11 J20E08
7 142810 328608

INCIDENTAL INGESTION OF SO

C8 s Concentration of chemical in soll (mg/kg)
1.008-08 CF = 0.000001 kg/mg - Conversion Factor, (EPA, 1088a)
2.00E+02 IRC = 200 mg/day - ingestion Rste of s0il by & child (0-8 yra.), (CSWER, 1801)
1.00E+02 IRA » 100 mg/day - ingestion Rate of soil by an adult (8-30 yrs.), (OSWER, 1081)
1.66E-01 Fi = 0.100 - Fraction of intake from souros, 2 hre/day (1 day = 12 s exposurn)s
6.00E+00 EDC = 0 yrs - Exposure Durstien for s child (00 yrs), (OSWER, 1091)
2.406+01 EDA = 24 y» - Exposure Durstion for en adult (3-30 yrs), (OSWER, 1991)
8.20E+01 EFC = 52 dayaiyr - Exposure Frequency for a child (0-8 yrs), 2 days/wk for 8 monthe/yr 8
200E+01 EFA = 20 days/yv - Exposure Frequency for an aduit (5-30 yre), 1 deywk for 8 monthe/yr # -
1.50E+01 BWC = 15 kg - Body Weight for 8 child (18 yra), (OSWER, 1901)
7.006+01 BWA = 70 kg - Body Weight for adult, (OSWER, 1801)
3.00E+01 ATN = 30 ws - Averaging Time for non-cercinogenic compounds, (OBWER, 1991)
T.00E+Q1 ATC = 70 yrs - Averaging Time 10r carcinogenic compounds, (GSWER, 1091)

7.06E-08 HIF = (ORC * A1 * EFC * EDC / BWC) + (RA * M * £FA * EDA / BWA))'CR / (ATN)(38S)
3.28E-08 HIF = (ORC * FI * EFC * EDC / BWC) ¢ (RA * R ° EFA * EDA / SWA))°CF / (ATC)0S)
DALY INTAKE ® (C3 * HIF)
RISK (non-garvinogenic) s NTAKE / RID)
RISK (ocmrainogenic) = NTAKE * SLOPE FACTOR)




it

e

" Table 14
Dermal Contact with Soil
Onsite Child/Adult
(Current Recreational Scenario)
Exposed Soils
OU4 Risk Assessment

usted [
Dermal Quotant | intake Faster Daily
RO (e

|
ssﬂ
i i
i
EH ]
;
T
E_

1.406-00 1.766-10 0.278-07 7.83E-11
145608 2ME10 0.2TE-07 1.16€-10 480E+00 S.S7E-10I
1.46E-00 0.80€-10 - 0.2TBO7 282E-10 G.80E+00  1.62E-00!
1.48E-08 1.468-00 250E08  §.08E.05 0.2TE07 0.27€-10 0.00E+00 4.27E-09'
1.40E-00 220800 1.80E00 1.40E03 SITELY 9.41E-10 3.40E+02 3.20E-07|
1.40E-00 6.88E-10 3.00E08 220604 6.27E07 295€-10 200E+01  7.67E-0!
1.46E-08 1.3265.10 300EQ8 244E04 4.27607 3.14E-10 200E+0t  8.1¢E-0!
1.46E-08 220600 250808 O.7880¢ 627607 0.416-10 3.20§+02 1015-07|
1.482-08 8.278-10 6.27EO07 226E-10
1.48E08 140830 130608 113808 0TED? 027811 9.10E+00 l.715-10|
Total Patireay Hazard Ndeieeed Yotal Paiwey Foak—>
DERMAL CONTACT WITH 808

C8 = Concentration of chemical in soll (mg/hyg)
ABS = Absorption Factor - Assumed o be 0.1 for erganics, 0.1 for copper, lsed,
menganese, selenium, ginc, 0.2 for eadmium, and 0.01 for inorganics (CAPCOA vaiues)

1.00E-08 CF = 0.000001 kg/mg - Conversion Facior, (EPA, 1988u) '
280E+03 SAC = 2500 8q cm - Skin Surface Area Awsiisble (Thild 0-8 yre.), hands, arme, legs, (OHEA-E-367)
6.008+03 SAA = 5000 sq cm - Skin Surface Ares Available for Contact, (Adull), hands, arms, (ONEA-E-387)
1.068-01 Fi = 0.108 - Fraction of intake from source, 2 hraiiey (1 day ® 12 hre exposure)l
EFC = 52 days/yr - Exposure Fraquency for & child (0-8 ys), 2 daysiwk for § monthelyr #
200E+01 EFA = 28 days/yr - Exposure Fraquency for sn sdult (8-30 yre), 1 ésyiwk for 6 monthe/yr #
G.00E+00 EDC = 8 yrs - Duration for child (18 ye.), (OSWER, 1991)
240E+0t DA = 24 yrs - xposure Duration for adult (8-30 yra.}, (OBWER, 1801)
1.50E«01 SWC = 18 kg - Body Weight for @ ohild (18 yrs.), (GSWER, 1991)
7.00E+01 BWA = 70 kg - Body Weight for adult, (OSWER, 1901)
3.006+01 ATN = 30 yre - Averaging Time for nan-carcinogenic compounds, (OSWER, 1001)
7.00E+01 ATC = 70 yrs - Averaging Time for cercinogenic compounds, (OSWER, 1981)
1.00E+00 AF = 1.00 mg/aq em - Adherence Factor, (EPA, Regien X

§

1.40E-08 HIF = (({SAC * R * EFC * EDC * AF / BWC) ¢ (BAA * R * EFA * EDA ® AF 1 BWA)) * CF / (ATN)(389))
G.2TEO7 HIF = ({((SAC * R * EFC * EDC * AP/ BWC) + (BAA * 1 * EFA * EDA * AF / GWA)) * CF / (ATC)(383)} .
DALY INTAKE » (CS * ABS * HIFF)
RISK (non-carcinogenic) = (INTAKE / RID)
RISK (carcinogenic) = ENTAKE * SLOPE FACTOR)




. Table 15 :
Cleanup Levels for Ingestion and Dermal Contact

Onsite Child/Adult
(Current Recreational Scenario)
Exposed Soils
. OU4 Risk Assessment
Carcinogenic | Carcinogenic Carcinogenic | Carcinegenic!
. Cleanup Claanup ’ Clsanup Claanup i
tng- | Dormat | senak Level tavel | tngest | Dermat | tnmat Lavel v ] -
estion |Contset| eton | Tom | (HOw0.1) | Mo=18) | low [Contact| ation | Tewmi | Riske1B4) | RisK=1ES) |
Ha, Ha Ha naka masg .. __.nm_..l
!
15611 5.0610 87610 328+ 3.28+00|
SOE11 15609 20600 2362 236+00!
15808 80608 £.06-08 178401 176+ 11E10 430 saE09| 2362 2384001
38608 15EM 15803 1.06+00 10E«01| Q4800 32647 33807 486+ 48021
GOE08 23504 24604 20E+00 208+01| 20610 7.7800 7.06-00 #.06+01 £0€01
04E08 24504 28604 208+00| 206401 21610 82609 4E00 8.06+01 S.0E01
23603 0504 $.08-04 17800 1780V | 79600 30807 L1807 ASE+00 e
50600 1.1808 1.78.08 85800 s.08+01| 20810 87810 L7E-10 R 116000






