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Baseline Risk Assessinei ̂  

1.0 Introduction 

BLACK & VEATCH Waste Sdence, 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, 
Iowa. A previous risk assessment was performed by Eckenfelder, Inc. on 0U2 of the 
same site, and the data and findings of that report are not re-evaluated in this report. 
Tliere was also an addenbum to that OU2 risk assessment performed by BVWS, 
dated November 23,1993, which evaluated future residential exposures at O U l This 
risk assessment report is structured in compliance with the Risk Assessment Guidance 
for Superfund (RAGS) manual (USEPA, 1989a) and in a manner similar to the 0U2 
risk assessment in that maity of the same assumptions have been used. 

Risk assessment is a sdentific procedure intended to estimate the probability of 
adverse health effects from exposures to toodc substances. The results of the risk 
assessment are not absolute statements of every possible himian health effect 
According^, remedial and risk management decisions should not be exclusive^ 
based upon the baseline risk assessment results, but should consider these results in 
conjunction with assessment uncertainties, avaflable technologies, public perceptions, 
and economic feasibflities. Traditionally, Superfund baseline risk assessments have 
focused on contaminants and exposure pathways direct^ related to the site. These 
assessments do not address risks ftom other sources of chemical exposure (e.g., 
dietaiy 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: 
Data evaluation. 
Toxidty assessment 
Exposure assessment 
Risk characterization. 
Uncertainty analysis. 

The baseline risk assessment also includes an environmental assessment A wildlife 
toxidty 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 as«s«sment and definition of terms is consistent with 
those provided by United Statcc 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 Fadors" (USEPA, 1991a). 

Data evaluation includes the selection of chemicals of potential concem (COPC) 
that wfll be evaluated in the risk assessment, based on issues such as data quality, 
frequency of detection, presence in background samples, and presence in laboratoiy 
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 magnitudes, 
frequendes, 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 conduded 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, qiiantitative description 
of the assumptions and limitations inherent in each step of the risk assessment 

The envirormiental assessment normalfy invokes an inventoiy 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 \ised during the data 
evaluation to select COPCs. Toxidty profiles developed in the toxidty assessment 
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1.1 ObjBCUVBS of t h 9 Risk A88B88m9nt 

The revision of the National Ofl 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 I 
environment The main objective of the human health evaluation process is to 
provide the information necessaiy to assist in the decision-making process at potential 
remedial sites. The foUowing are specific objectives of the human health evaluation 
process: 

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

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

• 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 I 
protective of environmental organisms and ecosystems. In addition, numerous federal 
and state laws and regulations conceming envirormiental protection are potentially 
"^plicable or Relevant and ^propriate Requirements" (ARARs). 

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 results 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. 

I 
I 
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2.0 Approach and Theoretical Considerations 
This subsection presents a general discussion ofthe 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 anafysis ofthe 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 stockpfled sofls at 0U4 (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 toxidty assessment 

2.2 Toxicity Aaaaaamont 
In developing risk assessment methods, USEPA recognized that fundamental 

differences exist between the cardnogenic (associated with cancer) and 
noncarcinogenic dose-response variables used to estimate risks. Because of these 
differences, human health risk assessment is conduded separately for the 
cardnogenic and noncarcinogenic effects of contaminants. 

The reference dose (RfD) is defined as an estimate of a daify dose for the human 
population, including sensitive subgroups, that could be experienced over a lifetime 
without appredable 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 inflligrams of contaminant per kflogram of body weight per day (mg/kg/day). 

The RfD is usuaUy 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 effed is manifested. 
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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 avaflable 
toxicological database: presence of sensitive subpopulations (e.g., elderly, chfldren, 
infirm), extrapolation from animal studies to humans, lack of chronic exposure data. 
Jack of a dose at which no adverse effects were observed, or inadequate toxicological 
database. Each source of uncertainty is usuaUy assigned a factor of 10. These are 
then multipUed together to yield the uncertainty fador. The NOAEL is then divided 
fay the tmcertainty 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 strid sdentific demarcation 
between a toxic dose and a nontoxic dose (USEPA, 1989a). Uncertainty factors are 
reported along with the RfD; a higher uncertainty fridor indicates a larger degree of 
uncertainty about the value of the RfD and suggests that the RfD is more Ukely to 
change when additional data become avaflable. 

USEPA classflSes 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 nuUigrams of contaminant per 
kflogram of body weight per day (mg/kg/day)*\ is usually calciflated for chemicals in 
Classes A, Bl, and B2, and sometimes also for Class C (defined in detafl in Section 
4.0). The SF is used to estimate an upper bound of the excess probabflity (above the 
background probabflity) that an individual wiU develop cancer at some point in the 
individual's Ufe, due to exposure to a potential carcinogen (USEPA, 1989a). 

Toxidty data were obtained from USEPA's 1994 Integrated Risk Information 
System (IRIS) database (USEPA, 1994a). When data were not currently avaflable 
in IRIS, supplemental sources of infonnation, such as values from the Health Effects 
Assessment Summary Tables (HEAST) (USEPA, 1994b) or interim values provided 
by USEPA, were used. 

2.3 Expoaure A88088ment 
USEPA (1989a) specifies three distind steps for the exposure assessment 

process: (1) characterizing the exposure setting, (2) identifying exposure pathways, 
and (3) quantifying exposure. The exposure setting is charaderized by describing site 
physical features as weU as identifying potentially exposed populations. PotentiaUy 
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exposed populations include those individuals potentiaUy exposed under current or 
future land use. 

Exposure pathways generaUy consist of four elements: (1) a source and 
mechanism of contaminant release, (2) a retention or transport medium, (3) a point 
of potential human contad 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 aU 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 potentiaUy exposed population and a 
medium such as sofl. 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 mflTimtim 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 B Concentration of the contaminant in mg/kg (ppm). 
HIF B 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 conduded imder RAGS, the intake variable values for a given pathway 
are selected so that the combination of aU 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. 

OU4 Ritk Asceninent 6 71400.033 



2.4 Rl8k Chancterizatlon 
The information generated by the toxicity assessment is combined with 

information from the site-specific exposure assessment to quantify the carcinogenic 
and noncardnogenic effects assodated 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 aU chemicals in an exposure pathway (e.g., incidental ingestion of sofl). 
The totals for aU exposure pathways in a given population (e.g., current onsite 
resident) are added to give an estimate of the population risks. Risk assessments 
generaUy 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 Effecta. Values for noncarcinogenic 
effects are expressed as a ratio of the estimated intake dose to the reference dose. 
The ratio, caUed the hazard quotient (HQ), indicates numericaUy whether or not the 
RfD (ie., threshold) is exceeded. The HQ is not a mathematical prediction of the 
incidence or severity df 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 (Le., the RfD) for the chemical 
The HQ is calculated as foUows: 

H Q » DI/RfD 

where: 
HQ 
DI 
RfD 

a Hazard Quotient (unitiess). 
' - Dafly Intake (mg/kg day). 
« Reference Dose (mg/kg day). 

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

HI = HQl + H Q J -I- ...HQj or 
= (DIi/RfDi) + (DIj/Rffij) + ... + (DIj/R£Dj) 
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HQj « Hazard Quotient of the j * constituent 
D^ B Daily Intake of the j " * constituent 
RfDj » Reference dose for the j " ' constituent 

An HI greater than 1.0 suggests that exposure to aU chemicals collectively 
exceeds a generalized level of concern. The level of concem increases as the HI 
approaches and exceeds a value pf 1. However, the level of concem 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 concem (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 
aoncardnogem'c 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 detafl. 

Z4.2 Methodology for Carcinogenic Effecta. Values associated witii 
carcinogenic effects are expressed as the excess probabflity (above the background 
probabiUty) that an individual wfll develop cancer over a Ufetime exposure. This 
presupposes that there is no threshold for cardnogens and that even minute 
concentrations wfll 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 fador wfll usuaUy only hold true for low doses 
because the dose-response curve is approximately Unear only in the low dose region. 
The excess probabiUty of developing cancer or risk is calculated for a exposure 
pathway by multiplying the average dafly intake over a Ufetime (DI) and the SF for 
the chemical as foUows: 

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

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

Z4.3 EvaluaVon of Carcinogenic Effecta. The observed national background 
cancer risk (no exposure to site contaminants) is approximately 15 x 10*̂  (1 in 4). 
In the NCP, USEPA set an added cancer risk (above backgroimd) of 10^ as the point 
of departure for determining remediation goals for Superfund sites [40 CFR 
300.430(e)(2)]. Accordingly, remediation cleanup levels should correspond to risks 
in the range of 10^ to 10^, with a preference for deanup 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 foUowing 
criteria apply to the site: 

• Hazard quotient greater than 1.0 
• Adverse environmental impacts 
• Exceedance of magimum contaminant levels (MCL) or non zero MCL goals 

for drirfldng water 
• Significant uncertainties assodated 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 wiU 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 alt 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 muhiple carcinogens. It is assumed that the intakes of individual 
substances are smaU and that aU act independently (i.e., without synergism or 
antagonism). Because mixtures of carcinogens are most Ukely not truly additive, the 
total cancer risk estimate may become artifidaUy more conservative as risks from a 
number of different carcinogens are combined. Thus, the total carcinogenic risk may 
be overestimated. 

2.5 Uncertainty Analyala 
The uncertainty analysis provides a general evaluation of the uncertainties that 

enter the risk assessment at each step of the process. This is necessaiy because each 
step in the process contains required assumptions which may have an effect upon the 
risk estimate (i.e., 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 orfly possible steps to mitigate uncertainties are the use of best 
sdentific judgment and the best avaflable data. 

2.6 Environmental Aaaeaament 
The NCP caUs for identification and mitigation of the envirorunental impacts of 

hazardous waste sites and for the selection of remedial actions that are "protective 
of envirorunental organisms and ecosystems." The Environmental Assessment, a 
quaUtative and/or quantitative appraisal of the actual or potential effects of a 
hazardous waste site on surrounding fiora and fauna (excluding humans and 
domesticated species), is performed to fulfiU this requirement It is important to note 
that smaU, chemicaUy induced changes within the food web of an ecological 
community can have a dramatic effect on larger species within the community 
eventual^ including human beings. 

The environmental assessment is intended to reduce the uncertainty associated 
with understanding the envirorunental 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 wfldUfe toxidty assessment has been conducted based on the conditions and 
setting primarily in the South Pond area. The wfldUfe toxicity assessment 
accompanies this report The conclusions of the wfldUfe toxicity assessment are I 
presented in Section 8.0. 

I 
I 
I 
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3.0 Data Evaluation Hesults 
The entire set of sampling data for sofl used in the risk assessment is presented 

in ̂ pendix A. Chemicals of potential concem (COPC) were selected independently 
for each medium (e.g., surface sofl) at 0U4. The analytes were screened by 
qualifiers or "flags" placed next to the reported concentrations during data vaUdation. 
Data results from aU sampUng events are presented in Appendix A, which includes 
data qualifiers. 

Analytes that were analyzed for but not detected above the sample quantitation 
Umit (SQL) were flagged with a "U* or an "ND." In Appendix A the number to the 
left of tiie "U* or *'ND" is tiie SQL. Analytes flagged witii a "U" or "ND" wfll be 
incorporated into the risk assessment if a compound has been deteded at other 
sampUng 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 sampUng 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. AU data assigned with the "J" 
quaUfier 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 
eUminated 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 contrad required detection limit (CRDL) but 
greater than or equal to the instrument detection limit (IDL). 

The objectives of this evaluation procesis are to identify a set of chemicals that 
are Ukefy to be site-related and to guarantee that reported concentrations are of 
acceptable quaUty for use in the quantitative risk assessment Chemicals remaining 
in the quantitative risk assessment are referred to as COPCs. In the evaluation, the 
data vaUdation 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 coUected 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 
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point concentrations, utilizing surface soils (0* to 2') for current exposure scenarios 
and surface plus deep sofls (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 foUowing steps eUminated potential COPQ from further consideration for 
the baseUne risk assessment: 

• Data quaUfiers resulting in rejected data eUminated contaminants from 
further consideration. 

• Contaminants that were orfly deteded once at a level near the SQL were 
eliminated from fiirther consideration, except for exposed sofls data, because 
onfy three samples exist, aU detected contaminants were retained. 

• Contaminants were eUminated if they were nondetected at aU of the 
sampUng locations. 

• Chemicals identified as common laboratoiy contaminants were eUminated if 
the assodated 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 concem. 
Appendix B presents the exposed sofl data, including calculations of exposure point 
concentrations for the chemicals of potential concern. 

Though there would normalfy be two data sets for each major area or operable 
unit (one for current and one for future), in this case there is onfy one data set for 
each. There is orfly a future set for the capped data, because the cap prevents 
current exposure, thus eliminating risk in the present There is orfly one data set for 
the exposed sofl because aU samples are surface samples, therefore no future deep 
sofl 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. 
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#5 Le 3-i Applicability V T Investigatioti Data 
to Ot)4 Risk ABsessnent 
Des Moines TCB Site 
0U4 Risk Assessment 

0U2 Rl Related 
Activities 
(1989 to 1991) 

• 
Building Enaineering 
Evaluation (1991) 

Supplenental Building 
Investigation 
(Deceaber 1992) 

Building Site Assessnent 
(Hay 1993) 

Media 
(saaple mabers) 

Deep Soil 
(08-17 and OB-32 
through 08-56, DB-59. 
08-60. and 08-63) 

Sediaent 
(SS-1 and SS-2) 

Sed1ae«t 
(SS-3 trough SS-5) 

Shallot) Soil 
(S8-47 through SB-55) 

Sediaent 
(SP-A. C. E. I. and J) 

Sediaent 
(SP-B and SP-D) 

Sediaent 
(SP-F. 6. and H) 

ShalloM Soil 
(SB-l through SB-5) 

Surface Soil 
(EE-Oa; through EE-042. 
EE-057 through EE-059) 

Affected hy 
Hhich 
Response 
ActionT 

Surface Cap 

South Pond 

South Pond 

Surface Cap 

South Pond 

South Pond 

Surface Cap 

Surface Cap 

Applicable 
to 
Evaluation 
of RisksT 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

•aesassoaa 
Rationale 

Although these saqiling locations are currently covered 
by an asphalt cap, soil contaainatton is still present 
at these locations and aay caae into contact with future 
populations. 

The sediaent. frea Hhich the SS-1 and SS-2 sediaent 
sallies were obtained, will be excavated and 
consolidated in the South Pond during the South Pond 
response action and aay caae into contact with future 
populations. 

This data is still considered applicable because these 
sediaoit sanple locations will only be covered ihiring 
the South Pond area response acJon m d aay coae into 
contact with future populations. 

Although these sanpling locations are cirently covered 
hy an asphalt cap, soil contaaination ts still present 
at these locations and aay cage into contact with future 
populations. 

The sediaent. froa which the sedinent saqiles were 
obtained, will be excavated and consolidated in the 
South Pond during the South Pond response action and aay 
caae into contact with future populations. 

These saapling locations will be addressed as 'exposed 
soil' locations given that they will not be affected hy 
the South Pond area response action. 

This data is still considered applicable because these 
sediaent sa^>1e locations will only be covered during 
the South Pond area response action and aay case into 
contact with future populations. 

Sawles are located west of Building 1 
Included in previous risk assessaents. 

not 

Although these locations are currently covered by an 
asphalt cap. soil contaaination is still present at 
these locations and aay c a n into contact with future 
populations. 
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^Kntinued) • table 3-1 
Applicability of ^pisstigation Data 

to Ot)4 Risk Assessment 
Des Moines TCE Site. 
Otj4 Risk Assessment . 

Investigation 

Building Flood 
Assessaent 
(July 1993) 

Media 
(sanple nunters) 

Sediaent 
(EE-IOS) 

Affected t v 
which 
Response 
Action? 

Building 

Applicable 
to 
Evaluation 
of Risks? 

Yes 

Rationale 

Saaples are located west of Building 1 and were not 
included in previous risk assessaents. 

Shallow Subsurface 
Investigation 
(January 1994) 

Habitat Evaluation 
(February 1994) 

Shallow Soil 
(06-1 throu]^ 06-5 and 
06-12 through 06-35) 

Surface Cap Yes Although these locations are currently covered by an 
asphalt cap. shallow soil contaaination is still present 
at these locations and aay coae into contact with future 
populations. 

Shallow Soil 
(06-6 and 06-9 through 
06-11) 

South Pond Yes This data is still considered applicable because these 
shallow soil soqile locations will only be covered 
during the South Pond area response action and aay coae 
into contact with future populations. 

Shallow Soil 
(06-7 and 06-8) 

South Pond Yes The shallow soil, froa which the 06-7 and 06-8 sanples 
were obtained, will be excavated and consolidated in the 
South Pond during the South Pond response action and aay 
coae into contact with future populations. 

Sediaent 
(BV-1 and BV-2) 

South Pond Yes This data ts still considered applicable because these 
sediaent saaple locations will only be covered during 
the South Pond area response action and aay coae into 
contact with future populations. 

Drainage Channel 
Characterization 
(April 1994) 

Surface Soil 
(BH/1-10 through 
BN/101-110) 

South Pond Yes The surface soil, froa idilch these sanples were 
obtained, will be excavated and consolidated in the 
South Pond during the South Pond area response action 
and aay coae into contact with future populations. 

Surface Soil 
(BH/111.120) 

Yes This surface soil saqiling location will be addressed as 
an 'exposed soil' location given that it will not be 
affected by the South Pond area response action and aay 

into future populations. 

Soil Pile Saapling 
(August 1994) 

Surface Soil 
(06-107 througti 
06-1011) 

South Pond Yes The stockpiled soil, froa which these saqiles were 
obtained, will be excavated and consolidated in the 
South Pond during the South Pond area response action. 
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P 
I 
I 

2.1 Background 
A comparison of inorganic concentrations present in background versus those 

onsite was not performed due to the inadequacy of background sofl data. 
Background sofl data locations were not of sufficient quantity to adequately assess the 
background condition. This is normalfy 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 aU retained with resped 
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 imnecessaiy for inorganics, which have associated risks below levels of 
concern. Because inorganic risks faU below levels of ccmcem, further evaluation in 
the context of additional discussion of those risks is deemed irrelevant, and inorganics 
are not considered to be of concern for OU4. 

I 
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4.0 Toxicity Assessment Results 
The purpose of the toxicity assessment is to weigh avaflable evidence about the 

potential for adverse effects to exposed populations by the chemicals of {)otential 
concem and to provide an estimate of the relationship between the extent of 
exposure to a contaminant and the increased UkeUhood or severity of adverse effects. 

Health hazards for chemicals exlubiting non-carcinogenic effects were evaluated 
using RfDs developed by the USEPA RfD work group or obtained from health 

. effects assessments (HEA). The RfD is an estimate of the daily exposure to the 
human population that is not likely to be harmful over a Ufetime. 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 invohdng 
work place exposures or from animal studies. RfDs are adjusted using uncertainty 
factors to account for unknown interpolations fit)m the avaflable studies and data. 
The RfD is a reference point for comparison of chemical intakes. 

Health risks for chemicals exhibiting carcinogenic effects were evaluated using 
SFs developed by USEPA's cardnogeri assessment group. SFs estimate the upper-
bound excess lifetime cancer risk associated with lifetime exposure to potential 
human cardnogens. 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 possî ble 
to measure this slope directfy, it is calculated from the chronic dose-response data at 
high dose levels. Tiiese 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, Bl, 
B2, C, D, or E. Group A chemicals are classified as human carcinogens with 
suffident evidence from epidemiologic studies to support a causal association 
between human exposure and cancer. Group Bl and B2 chemicals are classified as 
probable human carcinogens. Group Bl appUes to chemicals with Umited evidence 
of carcinogenidty in humans from epidemiologic studies, and Group B2 appUes to 
chemicals with inadequate evidence of carcinogenidty in humans but sufficient 
evidence of carcinogenidty in animals. Group C appUes to chemicals with Umited 
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 appUes to chemicals 
that show no evidence of carcifiogem'dty 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 avaflable 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 RfDs, the oral RfD value was multipUed 
by the oral absorption fractiort For SFs, the oral SF was divided by the oral 
absorption fractiort This absorption fraction was obtained from the chemical-spedfic 
Agency for Tcxdc Substances and Disease Registiy (ATSDR) Toxidty Profile. If no 
chemical specific absorption fraction existed for a contaminant, then a conservative 
five percent absorption was assumed (USEPA, 1989a). 

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

Neither carcinogenic nor noncarcinogenic toxidty values were avaflable for lead 
in the IRIS data base. However, USEPA provides recommended acceptable levels 
for lead (USEPA, 1993), which are presented in Appendix R These acceptable 
levels are 500 to 1,000 ppm for sofl (500 for residential and 1,000 for industrial). 
Onsite lead levels in sofl 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 
refled this distinction, this assessment used the RfD value for food ingestion to 
calculate a hazard index for sofl ingestion. 
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I 
5.0 Exposure Assessnent Resuits 

This section presents the results of the exposure assessment for 0U4. The I 
purpose of the exposure assessment is to identify potential receptors and quantify 
their potential exposure to the chemicals of potential concem. I 

I 
5.1 Characterization of Expoaure Setting 

The exposure setting consists of two components: the physical features of the 
sites and the potential^ exposed populations. The physical features and site 
background are presented in this sectioiL Additional detafl on site background and I 
the site setting can be found in the OU2 RI and the OU4 RI reports. 

I 
[ 

I 
i 

5.1.1 Site Background. The 0U2 and 0U4 area has been used for a variety of 
industrial uses, including a grey iron foundiy (buflt in 1910), a steel wheels 
manufacturing plant, chemical and herbidde 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 I 
constmction of several bufldings and regrading efforts. The bufldings were 
constmcted as various industrial activities were initiated at the site. In addition, 
drainage features across the site have changed significantfy over time due to the 
constmction 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 invoked buUc chemical I 
storage and distributioiL As reported in the OU2 RI (ECK, 19S^a), an entity caUed 
DiChem, Inc. formerly located in Bufldings 1 through 5 of OU4, purchased buUc 
quantities of various solvents for repackaging and distribution to commercial cUents 
in the 1950s and 1960s. These sohrents inchided perchloroethylene (PCE), TCE, 
toluene, :tylene, and 1,1,1-TCA. These sohrents were stored in large aboveground 
containers and then packaged in 55-gaUon drums for distribution. A drum cleaning 
area was located to the west of the DICO Production BuUding. The drum fiU area 
was located immediately north of BuUding 1. DiChem also distributed hydrochloric, 
phosphoric, and sulfuric adds at the site from the 1940s through the mid to late 
1970s. 

Other activities conducted almost exdusivefy within the OU4 area involved 
pesticide and herbicide formulation. Bufldings 1 through 5 and the Maintenance 
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Buflding were used by DiChem for the formulation of technical grade pesticides and 
herbicides. The primaiy formulation activities were conducted within Buildings 2 and 
3 while Bufldings 4 and 5 vere primarily used for chemical storage, deUveiy, and 
product storage. These activities reportedly occurred from the niid-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 
UabiUty at the site include Amoco Corporation, Chevron Chemical Company, Mfles 
Inc., Monsanto Company, and SheU Ofl Company. The pesticide formulation 
equipment was removed from the bufldings in the late 197Qs. 

From the late 1970s, untfl the summer of 1993, the OU4 bufldings were generaUy 
used for painting and warehousing of steel wheels and brake assembUes. 

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 apparent^ 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 
bufldings. DICO personnel flushed some of the sediment fiom the bufldings 
foUowing subsidence of the flood waters to retrieve inventoiy contained in Bu9dings 
1 and 2. However, the majority of the sediment and inventory remained in the 
bufldings until they were addressed during a buflding response action subsequentiy 
conducted at the site. 

In the faU 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 OUl remedy and addressing the concems related to the 0U2 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 Febmaiy 1993. The site investigations completed within OU4 are can be 
summarized as foUows (more detafled descriptions can be found in the OU4 RI 
report): 

• OU2 RI related activities were conducted between 1989 and 1993. A 
portion of the OU2 RI data is now referred to as 0U4 data because a 
portion of the OU2 sampUng locations are included within the 0U4 
boundaries of the site. 
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A buUding engineering evaluation of dust/residues and insulation materials 
in Bufldings 1 through 5 and the Maintenance Buflding was conducted during 
1991. 
A supplemental site investigation of Bufldings 1 through 3 was also 
conducted during December 1992. 
Archived dust samples from the buflding engineering evaluation were 
analyzed in March 1S^3. 
A buflding site assessment of Bufldings 1 through 5 and the Maintenance 
Buflding was conduded in May 1993. 
A buflding flood assessment was conducted in July 1993 to assess the effects 
of the May-June flooding on Bufldings 1 and 2. 
Additional shaUow subsurface sofl (0-6 inches) investigation sampUng was 
performed within the OU4 area in January 1994. 
An ecological habitat evaluation of the South Pond Area was conducted in 
February 1994. 
A drainage chaimel investigation was performed in April 1994. 
Building inventoiy post-washing sampUng and anafysis within Bufldiiig 2 was 
conduded fiom May through August 1994. 
Confirmatory air monitoring of Bufldings 4 and 5-was performed during July 
1994. 
Stockpfled sofls, remaining after the installation of underground utflities east 
of Bufldings 4 and 5, were sampled and analyzed in August 1994. 
The aldrin tarflc excavation was performed in September and Odober 1994. 
Sofl samples were coUeded in the excavation area at various stages of the 
response action. 
Confirmatoiy air monitoring of BuUdings 1 through 5 and the Maintenance 
BuUding was performed during November 1994. 

Portions of the data obtained during these site investigations are no longer 
appUcable 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 
adions are as foUows (more detafled 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 (UAO) to DICO to clean and encapsulate 
various interior portions of DICO Bufldings 1 through 5 and the 
Maintenance Buflding. 

• In June 1994, USEPA signed an action memorandum and issued a UAO to 
DICO. This order required either excavation and offsite disposal of 
contaminated sofls or the placement of a asphalt cap over a large portion of 
OU2 to mitigate human health risk to industrial receptors due to deteded 
concentrations of pestiddes and herbiddes. 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 antidpated to begin in the South 
Pond area of OU4. It is antidpated that the South Pond area response 
action wfll mitigate the threat presented by the contamination deteded 
within the South Pond, the drainage ditch that receives discharges from the 
South Pond, and sofl pfles stockpfled directly east of Bufldings 4 and 5. This 
response action wiU consist of complete excavation and consoUdation of 
contaminated sofls in the South Pond which wfll be capped with clean fiU and 
revegetated. Surface drainage pathways wiU also be re-routed around the 
South Pond as part of this response actioit USEPA plans to negotiate an 
Administrative Order on Consent (AOC) with a group of PRPs to complete 
the required response action. 

5.1.2 Physical Features. The topography of both the OU2 and OU4 portions of 
the site can be attributed to fiU 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 northem portion of the site slopes sUghtly to the east-northeast away 
from the Raccoon River and the southem 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 faciUty is located. Topography in the southwest portion of the site (Frank 
DePuydt woods) slopes sUghtly to the southeast and is approximately 10 feet lower 
than the elevation of the DICO facUity (20 feet below the top of the levee). 

The primary drainageways at the site are the IngersoU Run (which previously 
existed as an open ditch and now exists as an underground culvert) that aUows storm 
water runoff to flow from north to south through the middle of the site, a ditch 
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adjacent and paraUel to the eastem DICO property Une, 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 0U2 and 
OU4, excluding the South Pond area. The presence of the asphalt cap significantiy 
reduces infiltration of predpitation. Precipitation which lands on asphalt capped 
areas moves as overland flow (sheet flow) across the site and enters the primaiy 
drainageways. Storm water runoff flows through the primaiy drainageways to the 

. southeast area of OU4 and leaves OU4 flowing to the east and south. 

As part ofthe planned South Pond response action, an extension to the IngersoU 
Run wiU be constmded 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 Agent'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 facflity was flooded due to a record high crest of the Raccoon 
River, described as approximatefy a 400-year flood event Since the 1S>93 flood event, 
flood gates were constmcted to provide protection against a 400 to 500-year flood. 
Several pump stations have also been instaUed to help aUeviate flood potential 
associated with combined sewer overflow conditions during significant rainfaU or high 
water. These pump stations are designed to handle a 10 year rainfaU event , 

The City of Des Moines Planning Department (Planning Department) was 
contacted by USEPA and BVWS in November 1994 to detennine the current and 
antidpated 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 
currentty designated as a "heavy industrial district", and the southem portion of OU4, 
the Frank DePuydt woods beyond the levee system, is designated as "floodplain". 

The Planning Depcrtmnnt considers that the DICO property is invohred in 
"warehousing and distribution". The southem portion of the site, containing the 
South Pond, and a section of Fraiflc DePuydt woods, is considered by the Plarming 
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 bufldings. 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 generaUy bounded by 
the Raccoon River and Scott Street to the south; IngersoU Avenue and the Norfolk 
Southem Rafl Line to the north; East 14th Street to the east; and Fleur Drive to the 
west The westem extension ofthe 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 pubUc hearing to consider amending the plan 
by revising the classification of land in the vidnity of SW 15th Street north of the 
Raccoon River. The amendment to revise the land classification fiom High Density 
Residential to Industrial was approved by the city coimcfl on Januaiy 16,1995. 

5 2 Potentially Exposed Populatlona 
PotentiaUy exposed popiulations include either current or future groups that could 

possfljly come in contact with contaminants at the site. This can typically range fiom 
a maintenance-type worker with veiy low exposure potential to future residents who 
spend the majority of their time onsite. 

5.Z1 Current Populatlona Onalte. There are no human populations that may 
currentfy be exposed to contaminants at 0U4 that are under the cap. For exposure 
to sofls that are not under the cap, people recreating on the site could come in 
contact with exposed sofls, but no workers regularly contad this area. For the 
purpose of this BRA, exposed sofls refers to orfly those areas which have not been 
or are not anticipated to be affeded by a response action. These areas of exposed 
sofls indude three samples (SP-B, SP-D, and SSl 11-120) located east ofthe east ditch 
and near the south end of the Dico property. For current populations, exposure to 
exposed sofl wiU be evaluated for current recreational populations. 

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

5.3 Identification of Exposure Pathwaya 
This section identifies the exposure pathways that wfll 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 orfly pathways typical of sofl exposure. The 
cap prevents current exposure to nearfy aU of OU4. For current land use, inddental 
ingestion of exposed sofl and dermal contad with exposed sofl are quantitatively 
evaluated. 

5.3.2 Future Land-Use Condltiona. The potential exposure pathways for OU4 
under future land-use conditions also include pathways typical of sofl exposure. For 
the capped data, future workers and residents wiU be evaluated utiUzing incidental 
ingestion and dermal contad. Exposed sofls wiU be evaluated with the same future 
populations and the same future pathways, inddental ingestion and dermal contact 

5.4 E m m e r y Of Expoaure Pathways 
Based on the preceding evaluation process, the foUowing pathways have been 

retained for subsequent quantitative evaluation: 
• Current exposure of recreators to contaminants in sofl (0-2') through 

ingestion and dermal contact for exposed soils. 
• Future exposure of onsite workers to contaminants in sofl (0-12') through 

ingestion and dermal contad for capped sofls. 
• Future exposure of onsite residents to contaminants in sofl (0-12') through 

ingestion and dermal contact for capped sofls. 
• Future exposure of onsite workers to contaminants in sofl (0-2') through 

ingestion and dermal contact for exposed sofls. 
• Future exposure of onsite residents to contaminants in sofl (0-2') through 

ingestion and dermal contact for exposed sofls. 
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5.5 Quantitation of Exposure 
Quantitative characteriution 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 milUgrams of chemical 
per kflogram of body weight per day (mg/kg/day). 

Intake is described by the foUowing general equation: 

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

where: 
Intake a Amount of cheinical at the exchange boundaiy (mg/kg/day). 
C "B Exposure point concentration (units are media dependent). 
CR B Contad rate (units are media dependent). 
EF B Exposure frequency (days). 
ED « Exposure duration (years). 
BW » Body weight (kg). 
AT » Averaging time over which exposure is averaged (days). 

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

5.5.1 Exposure Concenration. 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, iliw 95th percent upper one-sided confidence Umit (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 Umit 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 onfy when the data 
set consists of less than 10 sampUng points. Contaminant concentrations reported as 
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"Aot detected," or below the SQL at orfly sonie locations in a data set were not 
eUminated 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 aU sampUng points in a data 
set were eUminated from the risk assessment, as were data sets with only one low 
level (near the detection Umit) detediort 

For the current exposure scenarios at 0U4, onfy surface sofls (0-2') were 
induded in the calculation of exposure-point concentrations. 

For the future exposure scenarios at the facflity, suiface and subsurface sofls (0-
12*) were grouped together for the calculation of exposure-point concentrations. 

E]q)osure-point concentrations were estimated for the chemicals of potential 
concem that were deteded in the foUowing media and are presented on the tables 
in Appendices D and E. The data was broken down as foUows: 
Current Eiqiosure: 

, • Exposed onsite soils (0 to 2 feet deep). 

Future Exposure: 
• Capped onsite sofls (0 to 12 feet deep). 

Appendices D and E present statistical data including the 95th UCL on the 
arithmetic mean, the maximum deteded value, and the number of samples (N). 
Where the 95th UCL exceeds the maximum deteded value, the maTJmum 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 (noncardnogeruc effed) and risk (carcinogenic effect). 

The estimates of future sofl exposure cnnc'^trations presented here assume that 
concentrations wiU remain constant over the duration of exposure (up to 30 years). 
This is a conservative assumption because nearly aU chemicals, especially volatUes, 
are subjed to a variety of fate processes (except inorganic chemicals which are highly 
persistent). For onsite sofls for the future scenarios, a 0 to 12 foot depth range was 
selected based on the fad that normal commercial excavation is within this range and 
data for these depths was avaflable, making the risk assessment protective of human 
health. If future constmction or excavating were to occur and foundations were 
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Body Weight, Adult (BWA) 
Averaging Time, 

Noncarcinogens (ATN) 
Averaging Time, 

Cardnogens (ATC) 
Conversion Factor (CF) 

Dermal Contact 
Dermal Contact with Sofl (Chfld and 
Surface Area, Chfld (SAC) 
Surface Area, Adult (SAA) 
Fraction fiom Source 
Exposure Duration, Chfld (EDQ 
E}q)osure Duration, Adult (EDA 
Ejqmsure Frequency, Chfld (EFQ 
E3q)osure Frequenity, Adult (EFA) 
Body Weight, Chfld (BWC) 
Body Weight, Adult (BWA) 
Averaging Time, 

Noncarcinogens (ATN) 
Averaging Time, 

Carcinogens (ATQ 
Adherence Fador (AF) 
Conversion Factor (CF) 
Absorption Fador (ABS) 

70 kg (OSWER 9285.6-03) 

30 years (OSWER 9285.6-03) 

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

Adult combined): 
2500 cm^ (USEPA, 1991c) 
5000 cm^ (USEi»A, 1991c) 
0.166 unitless (2 hrs/12 hr day) 
6 years (OSWER 9285.6-03) 
24 years (OSWER 9285.6-03) 
52 daysfyr (2 daysMk, 26 wks^) 
26 daysfyr (1 day/wk, 26 wks^) 
15 kg (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) 

&5JL2 Future Land Use and Zoning. 
Residential Scenarios. For future residential populations, inddental ingestion and 
dermal contad for a combined chfld and adult scenario was evaluated using the 
foUowing exposure assumptions: 

Inddental Ingestion 
Incidental Ingestion of Sofl (Quid and Adult combined): 
Ingestion Rate, Chfld (IRQ 200 mg/day (C'WER 9285.6-03) 
Ingestion Rate, Adult (IRA) 100 mg/day (OSWER 9285.6-03) 
Exposure Duration, Chfld (EDC) 6 years (OSWER 9285.6-03) 
Exposure Duration, Adult (EDA) 24 years (OSWER 9285.6-03) 
Exposure Frequency, Chfld (EFC) 350 days/yr (OSWER 9285.6-03) 
Exposure Frequency, Adult (EFA) 350 days/yr (OSWER 9285.6-03) 
Body Weight, Chfld (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) 
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Averaging Time, 
Carcinogens (ATC) 

Conversion Factor (CF) 

Dermal Contact 
Dermal Contact with Sofl (Chfld and 
Surface Area, Chfld (SAC) 
Surface Area, Adult (SAA) 
Exposure Duration, Chfld (EDC) 
Exposure Duration, Adult (EDA) 
Exposure Frequency, Chfld (EFQ 
Exposure Frequent, Adult (EFA) 
Body Weight, Chfld (BWQ 
Body Weight, Adult (BWA) 
Averaging Time, 

Noncarcinogens (ATN) 
Averaging Time, 

Carcinogens (ATQ 
Adherence Fador (AF) 
Conversion Factor (CF) 

' Absorption Fador (ABS) 

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

Adult combined): 
2500 cm* (OHEA-E-367) 
5000 cm* (OHEA-E-367) 
6 years (OSWER 9285.6-03) 
24 years (OSWER 9285.6-03) 
350days^ (OSWER 9285.6-03) 
350 days/yr (OSWER 9285.6-03) 
15 kg (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) 

Occnpatioiial (General Worker) Scenarios. For occupational (general worker) 
populations, inddental ingestion and dermal contad for an adult scenario was 
evaluated using the foUowing exposure assumptions: 

Inddental Ingestion 
Inddental Ingestion of Sofl (Adult): 
Ingestion Rate, Adult (IR) 
Exposure Duration, Adult (ED) 
Exposure Frequency, Adult (EF) 
Body Weight, Adult (BW) 
Averaging Time, 

Noncarcinogens (ATN) 
Averaging Time, 

Carcinogens (ATQ 
Conversion Factor (CF) 

Dermal Contact 
Dermal Contad with Sofl (Adult): 
Surface Area, Adult (SA) 
Exposure Duration, Adult (ED) 
Exposure Frequency, Adult (EF) 

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

25 years (OSWER 9285.6-03) 

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

3120 cm* (USEPA, 1991c) 
25 years (OSWER 9285.6-03) 
48 days/yr (Eckenfelder RI) 
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Body Weight, Adult (BW) 
Averaging Time, 

Noncarcinogens (ATN) 
Averaging Time, 

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

70 kg (OSWER 9285.6-03) 

25 years (OSWER 9285.6-03) 

70 years (OSWER 9285.6-03) 
1.00 mg/cm* (USEPA, 1991c) 
0.000001 kg/mg 
contaminant specific (CAPCOA values) 

5.5.4 Slte-Speclflc Exposure Assumptions. The site-specific or non-default 
exposure assumptions used at OU4 are generalfy taken from the Exposure Factors 
Handbook (USEPA 1989d) or are factors that were agreed upon in the Eckenfelder 
OU2 Risk Assessment AU other assumptions conform to the OSWER Directives 
that apply to risk assessments. For the sofl exposures at this site these site-specific 
or non-default assumptions include the foUowing: 

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

• The absorption fadors 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 

• For workers, an exposure duration of 48 days^ear was chosen, which 
represents one day/week exposure for 48 weeks^ar. This was agreed upon 
for the OU2 risk assessment 

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

• There is Uttie guidance on the appUcation 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^ear at the site, whfle the 
chfld is assumed to spend 52 days^ear at the site. These are based on 1 
day/week and 2 days/week, respective^, for the summer months. 
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6.0 Risic 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 
toxidty 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 sofls (Tables 1-6) and exposed sofls (Tables 

7-15), and can be summarized as foUows: 

6.1 Current Scenarioa 

6.1.1 Exposed Soil Recreator (Current Child/Adult) Risks. 

NQncareinQgcnic Risk: 
Inddental Ingestion surface sofl 0 to 2 ft 0.000081 (Table 13) 
Dennal Contad surfiace sofl 0 to 2 ft 0.0029 (Table 14) 

Inddental Ingestion combined with Dermal Contad 0.003 

Carcinogenic Rials: 
Inddental Ingestion surface sofl 0 to 2 ft 1.7x10* (Table 13) 
Dermal Contad surface sofl 0 to 2 ft 6.4T10'^ (Table 14) 

Incidental Ingestion combined with Dermal Contad 7x10"̂  

6.2 Future Scenarioa 

62.1 Capped Area Residential (Child and Adult) Risks 
Noncardnof enic Risk: 

Inddental Ingestion surface sofl 0 to 12 ft 3.6 (Table 1) 
Dermal Contad surface sofl 0 to 12 ft 149 (Table 2) 

Inddental Ingestion combined with Dermal Contact 144 

Cardnogenic Risk: 

Inddental Ingestion surface sofl 0 to 12 ft 7.5x10^ (Table 1) 
Dermal Contact site surface sofl 0 to 12 ft 3.0x10-* (Table 2) 

Incidental Ingestion combined with Dermal Contact 3x10'* 
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6.22 Capped Area Worker Risks 

Noncardnpggnic Rii?k: 
Incidental Ingestion surface sofl 0 to 12 ft 0.093 (Table 4) 
Dermal Contact surface sofl 0 to 12 ft 2 i ^ (Table 5) 

Incidental Ingestion combined with Dermal Contad 9.7 

Carcinogenic Risto 
Incidental Ingestion surface sofl 0 to 12 ft 1.6x10̂ ^ (Table 4) 
Dermal Contad surface sofl 0 to 12 ft 1.7x10-̂  (Table 5) 

Inddental Ingestion combined with Dermal Contad 1.7x10̂ ^ 

6L2.3 Exposed Soils Area Residential Risks 
Noncarcinogenic Risk: 

Inddental Ingestion surface sofl 0 to 12 ft 0.0039 (Table 7) 
Dennal Contad surface sofl 0 to 12 ft 0.17 (Table 8) 

Inddental Ingestion combined with Dennal Contad 0.2 

Cardnogenic Risk: 
Inddental Ingestion surface sofl 0 to 12 ft 8.2x10''̂  (Table 7) 
Dermal Contad surface sofl 0 to 12 ft 3.8x10^ (Table 8) 

Inddental Ingestion combined with Dermal Contad 4x10̂ ^ 

6.2.4 Exposed Soils Area Worker Risks 
Noncardnogenic Risk: 

Inddental Ingestion surface sofl 0 to 12 ft 
Dermal Contact surface sofl 0 to 12 ft 

Inddental Ingestion combined with Dermal Contact 

0.000099 (Table 10) 
0012 (Table 11) 
0.01 

Cardnogenic Risk: 

Inddental Ingestion surface sofl 0 to 12 ft 1.8x10^ (Table 10) 
Dermal Contad site surface sofl 0 tol 2 ft 2.1x10* (Table 11) 

Incidental Ingestion combined with Dermal Contact 2x10'* 
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6L3 Evaluation of Risks 

6.3.1 Evaluating Noncarcinogenic Effecta. The values for adverse 
noncardnogenic 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 uiflflcely for even sensitive populations to experience adverse health effects. 

AU HQ values for chemicals within each exposure pathway are summed to yield 
the hazard index (HI). If the value of the HI is less than 1.0, it indicates that the 
hazard of noncarcinogenic injuiy is low. If the HI is greater than 1.0, it indicates 
some degree of concem for noncardnogenic effects. Using the HQ equation, the DI 
values as calculated using the equations in Subsection 2.4 (presented in detafl in the 
Tables in Appendix D) and the RfD values in Tables in ^ p e n d i x C, a hazard 
quotient for each of the exposure scenarios considered in this risk assessment were 
calculated for each cheinical of potential concem associated with each pathway and 
exposure point. Onfy chronic His are derived, as the subchronic effects within a 
given exposure scenario wiU 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 .^pendix D. These tables present the exposure assessment results as 
weU as the quantitation of carcinogenic and noncardnogenic 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 RfDs, SFs, and permeabflity constants are given in the tables in Appendix 
C The respective 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 probabflity that an exposed individual wfll 
develop cancer during a Ufetime from that exposure. The risk value is calculated 
from the multipUcation 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 generaUy 
unnecessary imless 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 
emrironmental impacts (USEPA 1991b). 

Using the equation from Section 2.4 and employing the DI values calculated for 
Ufetime exposure (Appendix D) along with the SF values (Appendix C), cancer risks 
were calculated for Ufetime 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 assodated with each of the chemicals of potential concem for which 
adequate cancer information is avaflable. 

For comparison purposes, pathways with risks that exceed 1 x 10*' are discussed 
in detafl, whfle pathways with lower risks are deemed to be less significant This level 
is simpfy 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 wananted (le., risks equal to or 
greater than 1 x 10 )̂ are noted. 

6.3.3 Summary of Capped Soil Risks. There are no current risks to contaminated 
sofl that is under the cap because the cap has essentialfy eliminated a complete 
eiqxMure 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 soUs if the cap were disturbed or aUowed to deteriorate, resulting in a 
completion of the sofl exposure pathways (inddental 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 Ukefy to occur than the future occupational (worker) scenario. The zoning for 
this area was recentfy changed to maintain the industrial land use setting. 
Noncarcinogenic risks to the future resident are weU over the 1.0 level that is the 
level where increased concem is triggered. Both inddental ingestion (HI - 3.6) and 
dennal contact (HI « 140) are above the level of concem, indicating the presence 
of increased concem 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 
ingestioiL Aldrin also yields an HI of 105 for dermal contact. Additional 
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u noncarcmogenic risk driving contaminants include the two congeners of chlordane, 
heptachlor epoxide, and dieldrin, which aU 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 weU in excess of the acceptable risk range, defined as risk 
that faU between 1x10* to 1x10^. The incidental ingestion pathway yields a risk total 
of SxlO"* whfle the dermal contad pathviray yields a risk total of 3x10"*. These values 
indicate a concem for carcinogens for the future residential population. Risk driving 
carcinogens include aldrin, dieldrin, and chlordane, which aU exceed the IxlO'̂  risk 
level AdditionaUy, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, heptachlor, heptachlor epoxide, 
2,3,7,8-TCDD (dioxin), arsenic and beiyUium aU exceed the 1x10^ risk level, but faU 
within the acceptable risk range (between 1x10^ and 1x10^). 

Future workers (Appendix D Tables 4 and 5) represent the most Ukely future 
population if any development occurs on the site. They could come in contact with 
contaminated sofls if the cap were disturbed or aUowed to deteriorate, resulting in a 
completion of the sofl exposure pathways (inddental ingestion and dermal contact). 
Future worker noncarcinogenic risks exceed the 1.0 level of concem for 
noncarcinogens. The inddental ingestion scenario hazard index is weU below 1.0 (HI 
» 0.093X but the dermal contad hazard index exceeds 1.0 (HI a 9.6). Primaiy 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 inddental ingestion yielding a risk of 1.6x10*̂  and the dermal contad 
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, heptachlor 
epaxide, 2,3,7,8-TCDD (dioxin), and beiyUium, which aU exceed 1x10^ but faU within 
the acceptable risk range. 

6.3.4 Summary of Expoaed Soil Rlaka. The cunent risks to contaminated sofl that 
is exposed include recreational populations that may come in contact with sofls that 
are currentiy exposed. The current recreational population (Appendix D Tables 13 
and 14) shows noncarcinogenic risk that is weU below a level of concem (1.0) for 
both inddental ingestion (HI » 0.000081) and for dermal contact (HI « 0.0029), 
indicating Uttie reason for concem for noncarcinogenic hazards for cunent I 
populations. Carcinogenic risks are weU 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*̂  
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while dermal contact yielded a total risk level of 6.4x10'̂  indicating little concern for 
current recreational population's exposure to exposed sofls. 

Future residents (Appendix D Tables 7 and 8) could come in contact with 
contaminated sofls. The future residential scenario is the RME for this site, and 
yields the most restrictive cleanup levels (le. lowest) for the contaminants of concem, 
though it is somewhat less Ukely 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 concem is triggered. Both incidental ingestion (HI » 
0.0039) and dermal contad (HI « o.i7) are below the level of concern, indicating 
Uttie concem for future residents in the event of residential development as far as 
exposed sofls are concemed. Carcinogenic risks yield results that are below the 
acceptable risk range (defined as risk that faU between 1x10^ to 1x10**) for inddental 
ingestion (8.2x10"̂ ), and are within the acceptable risk range for dermal contad 
(3.8x10*̂ ). These values indicate Uttie concem for carcinogens for the future 
residential population for exposed soil 

Future workers (Appendix D Tables 10 and 11) represent the most Ukely future 
population if any development occurs on the site. They could come in contact with 
contaminated sofls if future development occuned at the site. Future worker 
noncarcinogenic risks do not exceed the 1.0 level of concem for noncarcinogens. The 
inddental ingestion scenario hazard index is weU below 1.0 (HI « 0.000099), and the 
dermal contad hazard index is also weU below 1.0 (HI «> 0.012). Carcinogenic risk 
for the future worker is within the acceptable risk range, with inddental ingestion 
yielding a risk of 1.8x10̂  (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 dieldriiL 

6.3.5 Cleanup Lavela. In Appendix D, each pair of exposure pathway tables is 
foUowed by a table of cleanup levels based on those scenarios. In this way cleanup 
levels are presented for each population of concem for aU cunent 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 essentiaUy identical in their endpoints in the human anatomical system. If the 
target risk level (for example onfy) was set at 1x10* and the worker scenario was 
deemed the RME (again for example orfly). Table 6 shows a cleanup level 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 effed of this is to take compounds that have 
similar endpoints and estimate levels of these compounds that can remain and stfll 
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 theoiy should be expanded to include aU the primaiy 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 
exad 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 I 
contaminant that significantfy exceeds aU others as fiar as the risks generated are " 
concemed, and where treatment of the media of concem is identical for the 
contaminants (e.g. aU with the same treatment), it makes sense to assume that if the 
one large risk driver is freated, aU the others are also treated and the result of 
additivity is negUgfl̂ le. In the case, however, where there are several risk drivers, and j 
these faU under differing treatment options (e.g. volatfles and pesticides), the final 
remedy must be seleded to reduce the various groups of contaminants and take into 
accoimt chemical additivity. For OU4, nearly aU significant risks are from pestiddes, 
and additivity of individual compounds within a class (e.g. pestiddes) is important, 
whereas additivity across compound class boundaries (e.g. pestiddes + volatfles) is 
less critical.. 

i 

I 
I 
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7.0 Uncertainty Ahaiysis 
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 anafysis, researchers have found that the probabiUty distribution of a 
carcinogenic risk estimate is skewed to the left (le., toward larger risks), with the 
expeded value (le., the nost commonly generated value) approaching the 90th 
percentfle for the distribution (Burmaster and von Stackelburg, 1988). The expeded 
value was significantly larger than the estimate derived using average values for aU 
input parameters. 

7.1 Data Evaluation Uncertainty 
The practice of estimating concentrations for nondetected contaminants is 

probabfy the single largest contributor of uncertainty in data evaluation. Cunent 
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 carmot be determined, the conservative assumption that the 
contaminant is present at one-half the quantitation Umit 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 foUowing exposure 

to a given dose of a chemical is imprecise because of the many uncertainties in 
toxicological infonnation avaflable on dose-response relationships. The quantity of 
toxidty information fui. the cherrucals evaluated is typicaUy Umited, with 
conespondingly varying degrees of uncertainty assodated with the calculated toxicity 
values. 

Sources of uncertainty associated with toxidty values that may result in an 
inconect risk estimation indude the foUowing: 
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• Using dose-response information from effects observed at high doses to 
predict the adverse health effects that may occ .1 uom exposure to the low 
levels expected from human contact with the agent in the environment 

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

• Using dose-response information from animal studies to predict effects in 
humans (le., variabUity in species sensitivity). 

• Using dose-response information from homogeneous animal populations to 
predid the effects Ukely to be observed in a general population consisting of 
individuals with a wide range of sensitivities. 

Only two carcinogens anafyzed for in the human health evaluation for OU4, 
arsenic and vinyl chloride', are classified as Group A, known human carcinogen. For 
these contaminants, there is Uttie uncertainty regarding their carcinogenidty in 
humans. 

Most of the remainder of the carcinogens, including aU the pestiddes, identified 
at OU4 are classified as Group B2, probable human carcinogens, based on no 
evidence in humans but sufficient evidence in animab. There are a number of 
uncertainties regarding evidence of carcinogenidty based on animal tests. One is the 
use of TTinYimiim tolerated doses that cause ceUular damage, which, quite apart from 
chemical carcinogenidty, increases the rate of ceU growth during repair processes. 
High rates of ceU growth tend to increase the potential for carcinogenic effects as a 
result of the exposure. Therefore, the cause of carcinogenidty (whether physical or 
cheinical) is uncertain. Another source of uncertainty is the assumption that aU 
chemicals that are carcinogenic in animals are also carcinogenic in humans. 
Therefore, for chemicals classified as Group B2, lack of evidence of carcinogenidty 
in humans produces considerable uncertainty in the carcinogenic risk estimates. 

Uncertainty fadors 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 adual value of the RfD. These high uncertainty factors 
aUow for uncertainties in laboratoiy 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 Uttie uncertainty regarding 
the actual values for these RfDs. 
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The assumption that response is Unear with resped to dose and that there is no 
threshold for induction of cancer are important sources of uncenainty. Cunent 
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. 
Currentiy, however, data are inadequate to suppon more detafled assumptions 
regarding dose-response. The uncertainties associated with carcinogenic SFs make 
the greatest contribution to the total uncertainty of a cardnogeruc risk estimate. 

Risks assodated with dermal contad with sofls were evaluated only for a Umited 
number of contaminants. Because most metals are not absorbed easUy through the 
skin, the dermal route is not expeded to contnliute substantiaUy 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 wiU sUghtly overestimate risks. 
Because subchronic RfDs are usualfy higher than chronic RfDs (le., to produce the 
effects of concem), a lower concentration of a chemical is needed to produce a 
chronic effect than to produce a subchronic/acute effed over the same time fiame. 

7.3 Exposure Assessment Uncertainty 
The generation of estimated average daily exposure levels to cheinical 

contaminants at OU4 included a number of uncertainties. These uncertainties are 
generaUy inherent in risk assessments assodated with remedial investigations, 
particularly because of the type and amount of data that can be coUected in the shon 
sampUng episodes. The most important uncertainties are summarized as foUows: 

• Although cunent exposure levels are based on measured concentrations in 
the media of concern, these values are uncertain due to Umited sampUng and 
anafytical 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. 

• Containinant concentrations in aU media for future use was assumed to be 
the same as cunent contaminant concentrations, with no adjustment due to 
dflution, biodegradation, or volatilization, which likely results in an 
overestimation of those concentrations in the future. 
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• The background sofl assessment for 0 U 4 is basicaUy nonexistent, therefore, 

further background sampling would be required to adequately represent . 1 

regional inorganic concentrations in order to determine if the concentrations 

onsite are above background levels or no t Because metals are not 

parficularly important in the context ofthe OU4 risk assessment, this results 

in Uttie impact to the conclusions of the risk assessment 

• Few site-specific data were avaUable on worker activity patterns, so standard 

de&ult values ^USEPA, 1991a) combined with a reasonable approach for ' 

duration and frequency of time at the site and degree of contad with the sofl {] 

were used. 

• Dennal uptake .of chemicals from sofl, espedaUy inorganics that are not 

weU-absorbed dermaUy, is difficult to estimate because the value depends on 

both chemical-spedfic charaderistics of contaminants and the sofl at the site, 

affecting the extent of elemental fixation, desorption, and adsorption to sofl 

particles. The absorption values employed to estimate dermal uptake, 

particularly when no chemical specific values are available, are highly I 

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). 

Uncertainties regarding the use of default exposure assumptions stem from the 

natural variabflities among individuals of parameters such as body weight or sofl 

ingestion rate, as weU as from insufficient data on the distribution of these 

parameters. I 

Contaminant concentrations in sofl were assumed to remain constant throughout 

the duration of exposure. This assumption is reasonable for the inorganic 

contaminants. However, for oiganic contaminants with significant removal processes 

(e.g., volatilization, microbial degradation), this assumption may result in 

overestimation of risk in future populations. 

I 
I 

i 
I 

7.4 Risk Characterization Uncertainty j 

The factors that contribute uncertainty to the estimates of exposure 

concentrations, daify intakes, and toxidty information also contribute uncertainty to I 

the estimates of carcinogenic and noncardnogenic effects. These factors include the 

foUowing: i 

• Chemicals not included. 1 
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• Exposure pathways not considered. 
• Derivation of expos we point concentrations. 
• Intake uncenainty. 
• Toxicological dose-response and toxicity values. 
When values for carcinogenic and noncardnogeruc effects are summed across 

chemicals, it is assumed that the chemical-spedfic carcinogenic and noncarcinogenic 
effects are independent and additive. ActuaUy, these effects may interact to produce 
a less-than-additive effed (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 cardnogeruc and noncarcinogenic effect 

OlMRisk 43 71400.033 



8.1 Conclusions Regarding Capped Sella 
In conclusion, cunent risks to contaminated sofl under the present cap have been 

eliminated because the cap eUminates any complete cunent exposure pathway. If the 
exposure pathway is incomplete, the potentially exposed population is not in contact 
with contaminants in the media of concem, therefore quantifiable risks do not exist 
Therefore, cunent risks assodated with sofls under the cap are not of concem. 

Future residential risks are weU over levels of concern, both for noncarcinogens 
and for carcinogens. For future residents both inddental ingestion and dermal contad 
are above the level of concern, indicating the presence of increased concem for 
fiiture residents in tiie event of residential development Carcinogenic risks are also 
weU in excess of the acceptable risk range, defined as risk that faU between 1x10* to 
1x10"̂ . Again the incidental ingestion pathway and dermal contad pathway yield 
risks above the acceptable risk range. These values indicate a concem for 
carcinogens for the future residential population. Therefore, the sofls under the cap 
exhibit risks that are of great concem 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 sofls if the cap 
were disturbed or aUowed to deteriorate, resulting in a completion of the sofl 
exposure pathways. Future worker noncarcinogenic risks exceed the 1.0 level of 
concern for noncarcinogens. In this case, orfly the dennal 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 concem for the future worker if the 
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B.0^Conclusion8 ] 
It is important to understand the Umitations of this risk assessment. It is pan 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 bufldings, 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 0U4 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). 
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3 integrity of the cap is not maintained. In conclusion, the cap must be maintained to 

prevent concem for risks to future workers on the propcny. 

t^ 8.2 Conclusions Regarding Exposed Soils 

a The cunent risks to contaminated sofl that is exposed include recreational 

populations that may come in contad with sofls that are cunently exposed. The 
"̂  cunent recreational population shows noncarcinogenic risk that is weU below a level 
fi of concem (1.0) for both incidental ingestion and for dermal contact, indicating Uttie 

reason for concem for noncarcinogenic hazards fo' cunent populations. 

I Carcinogenic risks are weU below the acceptable risk range for both pathways 

(inddental ingestion and dermal contad), and no risks exceed 1x10^ for cunent 
_ recreational populations. This indicates a low level of concem for cunent 
• recreational population's exposure to exposed soils. 

Future residents could come in contact with contaminated sofls. Noncardnogeruc 
S risks to the future resident are below the 1.0 level that is the level where increased 
^ concem is triggered. Both inddental ingestion and dermal contad are below the « level of concern, indicating Uttie concem for future residents in the event of 

residential development as far as exposed sofls are concemed. Cardnogenic risks 
yield results that are below the acceptable risk range (defined as risk that faU 
between 1x10^ to 1x10**) for incidental ingestion, and are within the acceptable risk 
range for dennal contact These values indicate that the contaminants present in 
exposed sofls are low enough to be of Uttie concern, thus remedial action invohdng 
exposed sofls is not necessaiy. 

Future workers represent the most likely future population if any development 
occurs on the site. They could come in contad with contaminated sofls if future 
development occuned at the site. Future worker noncarcinogenic risks do not exceed 
the 1.0 level of concem for noncarcinogens. Cardnogeruc 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 con^iv. -̂athway yielding a risk of 
2.1x10"* (within the acceptable risk range). These values indicate a low level of 
concem for the risks associated with future workers, and suppon no further action 
on exposed sofls. 
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8.3 Conclusions Regarding the Wildlife toxicity Assessment 
The conclusions of the Wildlife Toxicity Assessment suggest that there may be 

significant ecological risks associated with poriions of the site. The risks are 
significant enough that remedial adion may be required to be protective of the 
environment, however, remedial adions in the wetland area and the South Pond 
would physicaUy alter or eliminate the habitat it is intended to remediate. To leave 
the area as it is wiU continue to aUow aldrin and dieldrin, which are both 
bioaccumulative, to persist in the food chain and would not be protective of water 
species and wfldUfe. In conclusion, avaflable remedial options should reduce or 
eUminate the exposure threat to contaminated sediments in the wetiand area 
including the South Pond. "Remedial options and their impacts are further discussed 
in the WUdUfe Toxidty Assessment 
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APPENDIX A 

CAPPED SOIL DATA 
WITH EXPOSURE POINT CONCENTRATION CALCULATIONS 

FOR CURRENT AND FUTURE EXPOSURES 
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Cleanup Levels tor Ingestion and ilermai Contact 
Adult Worker (Capped DaU) 

(Future Worker Scenario) 
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l ao ie / 
Incidental Ingestion of SoO 

Onsite ChUd/AduIt 
(Future Residential Scenario) 

Exposed Soils 
0 U 4 Risk Assessment 
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Dennal Contact with SoO 

Onsite ChUd/Adult 
(Future Residential Scenario) 

Exposed Soils 
0U4 Risk Assessment ' 
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I Table 9 
Geanup Leveb for Ingestion and Dermal Contact 

Onsite ChUd/Adult 
(Future Residential Scenario) 

Exposed Soib 
0U4 Risk Assessment 

Nw4wcteSQtlll6 WMl 
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Table 10 
Incidental Ingestion of So!! 

Adult Worker 
(Current and Future Worker Scenario) 

Exposed Soib 
0U4 Risk Assessment 
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Table 11 
Dennal Contact with SoO 

Adult Worker 
(Current and Future Worker Scenario) 

Exposed Soib 
0U4 Risk Assessment 
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Table 12 
Cleanup Leveb for Ingestion and Dermal Contact 

Adult Worker 
(Current and Future Worker Scenario) 

Exposed Soib 
OU4 Risk Assessment 
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Table 13 
Incidental Ingestion of SoU 

Onsite ChUd/Adult 
(Current Recreational Scenario) 

Exposed SoUs 
0U4 Risk Assessment 
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2006*W 
2406*01 
2306*01 
2806*01 
1.806*01 
7.006*01 
2006*01 
7.006*01 

BCC6NrAL saesnoN OP SOB. 
CS ' CoMMvsttan of citMinBH InsoH piiyni^ 
CP a 2000001 h^mg . Oamamian Factor. (9A, 18891) 
IRC a s n mgMay. bigaeSon Reto of ood by a (tidd (04 ym.). (OSWBI. 1991) 
SIAa 100 mgMey-bigaoSen Rota cfaed by en adutt (840 ym.), (OSWER. 1881) 
R • ttin. FiaeSon at tatake bcm eeufce, 3 hmMay (1 day a 13 hm wveeunp 
600 • 8 ym. Bvoaura OunSen tor a ctdW (04 ym), (OaweR 1891) 
eOA • 34 ym . e*eeum Oumdon tor en adutt (840 ym), (0SW6R, 1SB1) 
? C a 83 daya/tr. evoMRo Flaqueney tor a cfdM (04 ym), 3 daiWMi lor 8 monsn^ 8 
6 F A » » daya/yr. briieuiaFiaquonoy (won adutt (8-30 ym).1da|Aii4i tor 8 mui«ha/yi» 
BWCa 18 kg-Bedy Weight toraehdd (14 ym), (OSWER, 1991) 
BWA • 70 kg . Body WeigM tor adu2 (OSWGR. 1991) 
ATX • » ym. Auoraglng Tbna tor I M I oankaigeido wm^eMWli. (OBWBt. 1991) 
ATCa TO ym.Aawigin Tbna tor coidnngwikicon^Mundi. (OSWBt. 1381) 

7.88648 HPa(ORC*R*EFC*60C/BWC)*ORA*R*?A*60A/BWA))*eP/(ATN)(98S) 
238648 HF«(fRC*R*EFC*B)C/BWq«0RA*R*EFA*EOA/BWA))*CP/(ATC)(Se8) 

OAa-YB<TAKEa(CS*HV) 
RISK (ncn^ombwgoido) a (fNTAKE / RID) 
RlSK(flewbiogonle) • (|NTAK6 * SL0P6 FACTDR) 



Table 14 
Dermal Contact with SoU 

Onsite ChUd/Adult 
(Current Recreational Scenario) 

Exposed SoUs 
0U4 Risk Assessment 

1 
• f 

Datt»6HC 
4/r.QOO 
4,4--006 
4/4r-0Or 

MA.OotaNoiAmitabta 

RSH 
Cone 
(68) 

1.30648 
1.SS643 
4.60643 
1006-n 
1.80643 
270643 
sooen 
1.80643 
3.80643 
1.00643 

CBwrte Mm CaiUiiuyoBlo 68»cta 

Aboarpaen [ Maawa 
Paeter MtokePoclor 
(MS) (MP) 

1.00641 
140641 
1.00641 
1.006-01 
1.00641 
1.00641 
1.00641 
1.00641 
1.00641 
1.00641 

1.48648 

1.4S6n 
1.48648 
1.48648 
1.48648 
1.46648 
1.46646 
1.466n 
1.48648 

SSL 

1.786-10 
2716-10 
2866-10 
1.46648 
230648 
2666-10 
7236-10 
3.30646 
2376-10 
1.486-10 

AdJuatM 
Dermal 

RO 

280648 
1.90648 
200648 
200648 
3J0648 

1^0648 

• • • » 

Heart 

(HQl 

286648 
1.48643 
238644 
244644 
278644 

1.13648 

i ted 

Huataa 
bittkePaa(ar 

(WP) 

8.37647 
8.37647 
237647 
237647 
237647 
237647 
8.37647 
237647 
237647 
237647 

DdSir 
b M w 

7.836-11 
1.166-10 
2636-10 
2376-10 
2416-10 
2896-10 
2146-10 
2416-10 
2386-10 
2376-11 

Dermal 
Stape Factor 

4.aoe*n 
280E*n 
2806*n 
2406*n 
2806*01 
2aa6*oi 
2306*a 

2106*« 

Total PaSwuayRlah • 

i 

Risk 
unwaea 

2876-101 
1.926-ni 
4.376-n! 
2306471 
7.076-ni 
2 i f f i4g i 

201647 

2716-10 

S4E47I 

WP-WOWOMtCBOaCWC-

OeiMAL OONTACT WITH SOO. 
CB * ConocnttvHon Qr vhtfrecst lfl 8M pnQn|p 
ABS •AbaoipSonPBelDr.Aeaumedtobeaifereqanics.ttltorc 

mengaHeoa.eetonkan,itaROL2 tor ladmlum. and ttOI tor bioiganKs (CAPCOA natoee) 
CP • ttOOOOOl k^»« . Comenton Factor, (9A. 1999B) 
SAC • 39n aq cm. Skki Surfbaa Ama Aaadabta (Ohdd 04 ym.), kandi arma, to80, (0H6A«487) 
SAA • son eq cm. SMn Surihca Am* AwNobta tor OenlMt (Adu«, handa, tamo, ( 0 H 6 A « 4 8 7 ) 
R • a m . FiaeHon ef bWm bom eeume, 3 hrMay (I day • 13 hm aiveoum)B 
0 0 • S3 daya/yr. evoaum Pmquaney toracMd (04 ym), 3 dayaAab tors manSi^S 
6FA a 38 deya/yr. Bveeun Pmquanoy tor an edutt (840 ym), 1 daiMi lor 8 menSa^r « 
EDC • 8 ym . Dumdan tor ehdd (14 yra.), (0SW6R, 1881) 
6DA • 34 ym. Bwoeum Oumlen tor adutt (840 ymj. (OSWBt. 1881) 
BWC • 18 ke. Body WOigMtora cMd (14 ym.), (OSWBt, 1891) 
BWA • 70 kg. Body WeIgM lor adu2 (OSWBI, 1991) 
AW • » ym. Anawgkig Tbna tor nwi rairtaiiHaiib Munpuuwli, (0SW6R. 1981) 
ATC" TO ym.Axaaghig Tbne tor iiBbiogonimMmgeMnda. (OSWER. 1881) 
AP •140mgtoqam-AdhaianoaFactor,(»A,Hogtan)Q 

1.486-n HP a (((SAC * R * 6FC * B)C * AP / 8Wq « (BAA * R * 6FA * 6DA * AF / BWA)) * CP / (ATNHSSS)] 
237647 HP • a(SAC * R * EPC • 60C * AF f BWq • (BAA * R * 9 A • B M * AP / BWA)) * CF / (ATC)(389)] 

OAI.V B4rAK6 a (CS * A8S * HF) 
RISK (nnn reicbiogaidi)"(XrAK6/Rm) 

• 0NTAK6 * SL0P6 FACTOR) 

2Sa6*n 
2006*n 
1.SS841 
2306*01 
2806*01 
2006*n 
2406*01 
1206*01 
7.006*01 
2006*01 
7.006*01 
1. 



Il» 

Table IS 
Cleanup Leveb for Ingestion and Dennal Contact 

Onsite Child/Adult 
(Current Recreational Scenario) 

Exposed SoUs 
0U4 Risk Assessment 

ar 

M t a « C 
(.rf-OOO 
(.4-.006 
i^-oor 
Mdrin 

^iiddiijiitawa ^ 

H.R<.f.tae.«d.Rta. 

S»8-
MttM 

Dermal 
eentact 

MQ 

1.«648 2S64B 
28648 1.8643 
8 0648 * v r JU 
24648 
23648 

2B64S 

24644 
28644 

1.1648 

tahal-
dSen 
HQ 

Total 

20648 
12643 
24644 
28644 
20644 

i . 7 s n 

Non-

Lovel 
(HM.1I 

1.76*01 
1.Q6*n 
2 0 6 * n 
2 0 6 * n 
i .76*n 

S L 8 6 * « 

6 « & d c 
CtaamiF 
Uval 

(HQ-1J) 

1.7E*a 
1ffi*01 
206*01 
206*01 
1.76*01 

286*01 

to* 
Oarm^ 
Contact 

tabal-
aflen 

1.86-11 286-10 
206-11 1.8649 
1.16-10 23649 
24649 23647 
9 flcia y ymjiA 

216-10 
7.3648 

206-10 

236-n 
20647 

278-10 

TBtal 
Riak 

S.76-10 
20648 
4.4649 
3.3647 
79649 
24649 
21647 

276-10 

Oarclneganlc 

Laval 
(Rtott-164) 

3 2 6 * n 
2 3 6 * n 
23E*a 
4.SE*n 
206*01 
8.06*01 
4.S6*« 

1.16*« 

i 

Ctaanup 1 

(Rtak>1B4) j 

1 

! 
22E*Wl 
216*» l 
236*001 
4.SE42I 
806-01 
8.0641 
4.1648 

1.16*W 

V 
PB£OCSXPRCWXS 




