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1.0 Introduction

This Baseline Risk Assessment (BRA) Report presents the results of the human health and
environmental risk evaluation for the ravines and Beach Area study areas of the Surplus Operable Unit
(Surplus OU) at Fort Sheridan. This report is based primarily on the information presented in the
Remedial Investigation (RI) Report (Volume I). Information concerning background data, site
description, site history, previous investigations, and scope of the investigation is provided in detail
within the R1.

1.1 Purpose of Report

The purpose of the BRA is twofold. First, the BRA provides an evaluation of the potential threat to
human health and the environment associated with the release or potential release of constituents of
concern from the ravines and Beach Area study areas of the Surplus OU at Fort Sheridan. The primary
objective of this evaluation is to identify constituents of potential concern (COPCs) and exposure
pathways, conduct a toxicity assessment for each COPC, conduct an exposure assessment, and
characterize potential risks to human and environmental receptors. The BRA summarizes and interprets
data collected during the RI to characterize the COPCs, describe constituent migration pathways, identify
potential human and environmental exposure pathways, and assess current and future adverse effects on
human health and the environment under the no action alternative. The second purpose of the BRA is to
evaluate the need for a feasibility study (FS). This evaluation focuses on an evaluation of those potential
risks greater than the acceptable range. This analysis will identify those constituents of concern and the
affected media that drive the need for an FS.

Reuse scenarios for the Surplus OU are based on the Army-approved Fort Sheridan Joint Planning
Committee (JPC) Conceptual Land Use Plan [Johnson, Johnson and Roy, Inc. (JJR), 1997] and with the
legislation as adopted in Section 125 of the Fiscal Year 1966 Military Construction Appropriations Act
(P.L. 104-32). This legislation requires the Army to convey approximately 290 acres of open space and
the existing golf course to the Lake County Forest Preserve District (LCFPD). The Army formally
approved the Conceptual Plan with recommendations on February 3, 1995. As a result of the planned
reuse of the Landfill 2/Small Arms Range North (LF2/SARN) study area as part of an expanded golf
course facility, Hutchinson Ravine, Janes Ravine, and the Beach Area would be expected to provide
additional recreational opportunities.

The methods used in conducting this BRA are those presented in the U.S. Environmental Protection
Agency (USEPA) Baseline Risk Assessment Guidance for Superfund (RAGS)--Volume I (Human
Health Evaluation Manual) and Volume II (Environmental Evaluation Manual) (USEPA, 1989a and
1989b). Other guidance documents used in the preparation of this report include Human Health
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Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors” (USEPA, 1991); the
USEPA Exposure Factors Handbook (USEPA, 1995a); the USEPA Superfund Exposure Assessment
Manual (USEPA, 1988a); and Guidelines for Exposure Assessment (USEPA, 1992a). These and other
appropriate technical guidance documents and information sources used in the preparation of this BRA
are referenced throughout the report.

1.2 Report Organization

This BRA summarizes and interprets data collected during the RI to identify and characterize COPCs;
describe constituent exposure pathways and receptors; and assess actual or potential adverse effects on
human health and the environment from COPCs present at Janes Ravine, Hutchinson Ravine, and the
Beach Area. This BRA report includes several major components:

« Identification of Human COPCs (Section 2.0);

 Exposure Assessment (Section 3.0);

 Toxicity Assessment (Section 4.0);

+ Potential Risk Characterization (Section 5.0);

* Problem Formulation for the Ecological Risk Assessment (Section 6.0);

* Exposure and Ecological Effects Analysis (Section 7.0);

* Potential Ecological Risk Characterization (Section 8.0); and

+ Conclusions (Section 9.0).

Section 2.0, Identification of Human COPCs, presents a summary of the analytical data for the ravines
and Beach Area study areas of the Surplus OU and identifies the COPCs to be evaluated in the BRA.
The available data are reviewed for each environmental medium (soils, groundwater, surface water,
sediments). For inorganic constituents that may occur naturally, site-related environmental
concentrations are compared to available background data to assist in the selection of COPCs.

The Exposure Assessment (Section 3.0) presents the important COPC migration pathways, exposure
routes, and estimated COPC intakes for human receptors. The site characteristics affecting the migration
of COPCs are discussed first, followed by a description of population demographics and local land/water
uses. This information is then combined to develop a conceptual exposure model for the ravines and
Beach Area study areas and to select exposure pathways for detailed evaluation. Section 3.0 also
presents a series of mathematical exposure equations that are used to quantify exposure to the COPCs by
the human receptors for each exposure scenario.

Section 4.0 presents the results of the toxicity assessment. Human toxicity data are presented for the
COPCs. Dose-response criteria are identified for both carcinogenic and noncarcinogenic human health
effects for each constituent and for each potential exposure route (i.e., oral, inhalation, dermal). The
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toxicity assessment also includes a technical summary of the constituents' human and environmental
health effects, target organ toxicity data, quantitative toxicity criteria, and other appropriate standards
and guidelines.

Section 5.0, Potential Risk Characterization, integrates the information developed in the toxicity
assessment and exposure assessment. Potential carcinogenic and noncarcinogenic human health risks are
quantified and presented for the COPCs. Potential human health risks are discussed in conjunction with
identified uncertainties within the analysis.

Section 6.0 presents an introduction to the ecological risk assessment and problem formulation phase of
the ecological risk assessment. Ecological COPCs are identified, an overview of the important study area
characteristics is presented, and the scope of the ecological risk analysis is presented. Environmental
stressors are characterized, ecosystems potentially at risk are identified, and ecological effects are
discussed. This information is combined along with the selection of ecological endpoints to develop a
conceptual exposure model for environmental receptors of concern.

Section 7.0 presents the results of the analysis phase of the ecological risk assessment. A discussion is
provided for the characterization of stressors and ecosystems as well as full analysis and development of
the exposure profile for the ravines and Beach Area study areas.

In Section 8.0, Potential Ecological Risk Characterization, potential exposure concentrations for each
environmental medium are compared to ecotoxicity benchmarks. Potential ecological risks are discussed
in conjunction with identified uncertainties within the analysis.

The conclusions of the human health and ecological risk assessments are presented in Section 9.0.
References for citations throughout the BRA are provided in Section 10.0.
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2.0 Identification of COPCs

COPC:s are subsets of detected constituents that: (1) may be mission-related (i.e., not within normal
background levels or present due to laboratory contamination), (2) may pose potential health concerns to
humans or ecological receptors, and (3) are selected for further quantitative risk evaluation. The first step
in the process by which COPCs are selected is to evaluate the data collection and evaluation procedures.
Then, the methodology for selecting site-related COPCs is presented, and the final list of COPCs is
chosen.

Because data collection and data evaluation considerations are the same for both the human and
ecological risk assessments, both risk assessments are addressed in Sections 2.1 and 2.2. Likewise, the
procedures used to compare chemical concentrations in study area samples to background levels are the
same for both the human and ecological risk assessments. Thus, the background screening is discussed
for both risk assessments in Section 2.3.1. However, the remaining steps of the COPC selection process
are unique to the human and ecological risk assessments and are, therefore, discussed separately. COPCs
for human receptors only are identified in this section of the BRA, while the COPCs for ecological
receptors are presented in Section 7.0.

2.1 Site-Specific Data Collection Considerations

The first step in the COPC selection process is to determine which data will be evaluated in the BRA.

2.1.1 Summary of Available Data

Phases I, IL, and III of the Surplus OU Rl included investigations of numerous study areas or source
areas, and various environmental media, including soil, sediment, surface water, groundwater, and biota
tissue. The complete data set also includes background sediment, surface water, groundwater, and soil
data, as well as quality control (QC) data, including blanks and laboratory spikes. A detailed discussion
of the sampling performed during the RI and the results of the sampling are presented in Volume I.

2.1.2 Data Used in the BRA

Not all data collected during the RI were used in this BRA. The following is an explanation of data that
were collected within the Surplus OU but not used in the quantitative calculations performed in this
BRA:
1. Since the focus of this BRA is Janes Ravine, Hutchinson Ravine, and the Beach Area, only data
collected from these study areas were considered.
2. For the human health risk assessment, only sediment and surface water data were considered for
purposes of selecting COPCs. Because groundwater in the Surplus OU is not and will not be
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used for domestic or industrial purposes due to its poor yield and proximity of a municipal
supply, no direct exposure to groundwater is expected to occur and groundwater data are not
included in the human risk assessment data set. Evaluation of the hydraulic conductivity and
development/presample purging information from the groundwater monitoring wells at Fort
Sheridan indicates that the saturated intervals are not capable of a sustainable yield of 10 gallons
per minute or 150 gallons per day. Although sand lenses within the glacial till matrix do yield
water, the discontinuous nature of these lenses will not allow sustainable yields [Environmental
Science & Engineering, Inc. (ESE), 1996a). There are no potable water supply wells located
downgradient from the Surplus OU. All potable water used at Fort Sheridan and the surrounding
communities comes from Lake Michigan. Also, analytical data for animal tissue samples are not
applicable to the human health risk assessment.

For the ecological risk assessment, sediment, surface water, groundwater, and animal tissue
[Lumbriculus variegatus (L. variegatus)] data were considered for purposes of selecting
COPCs. Although the majority of groundwater samples were collected from wells in the
LF2/SARN study area, groundwater flows from the Surplus OU toward Lake Michigan. Thus,
groundwater is considered in the ecological risk assessment.

Toxicity characteristic leaching procedure (TCLP) data were not included in the BRA data set as
these test results are used to determine if a material can be classified as a hazardous waste and do
not provide constituent concentrations upon which to base potential risks.

Due to Quality Assurance (QA)/QC concerns (see Volume I, Section 4.0), all Phase I thallium
and groundwater data are considered unusable and were not included in the BRA data set.

Summaries of the specific sample identifiers included in each study area evaluated in the human and

ecological risk assessments are presented in Tables 2-1 and 2-2, respectively.

2.2 General Data Evaluation Considerations

Once the analytical data sets are identified, the next step is to evaluate the data following procedures
described in the USEPA Guidance for Data Useability in Risk Assessments (USEPA, 1990). The data
evaluation for this BRA considers the following:

Flagging codes and data qualifiers,

Tentatively identified compounds (TICs),

Filtered data,

Blank contamination, and

Duplicate samples and multiple analytical methods.
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2.2.1 Flagging Codes and Data Qualifiers

Data that have been produced by an analytical laboratory may contain flagging codes that are assigned by
the U.S. Army Environmental Center (USAEC) in its Installation Restoration Data Management
Information System (IRDMIS) to indicate unusual analytical conditions or results. Data qualifiers may
also be assigned as part of the independent data validation process conducted pursuant to the National
Functional Guidelines (NFG) (USEPA, 1993) to indicate data acceptance or rejection based on the
unusual analytical conditions or results. The flagging codes and data qualifiers associated with the BRA
data set are defined in the IRDMIS User’s Guide (USAEC, 1995) and NFG, and presented in Tables 2-3
and 2-4, respectively. The definitions of the codes and qualifiers and the disposition of flagged/qualified
data are also presented in the respective tables. '

The target compound list (TCL) is determined by the approved analytical method, in this case the Army
method. Numerous chemicals that are not included on the Army TCL are reported during the standard
chemical analyses. Data flagged with an “R” indicate that the chemical is not included on the Army TCL
and was not detected. However, while use of a relative response factor not based on the individual
analyte may result in a concentration that is biased slightly high or low, the identity of the chemical is not
in question. Therefore, R-flagged data were used in the quantitative BRA.

Similarly, data flagged with an “S” may indicate that the chemical is not included on the Army TCL but
was detected. For some chemicals (e.g., p,p’-DDD), only certain data are flagged with an “S” while other
data are not. For these chemicals, the S-flagged data are considered with the unflagged data in the
quantitative risk assessment. However, an “S” may also indicate that the chemical is a TIC, in which
case the chemical is not included in the final BRA data set. For a discussion of TICs, see Section 2.2.2.

Furthermore, some surrogates were not properly flagged as such in IRDMIS. According to the Overall
Quality Assurance Project Plan (OQAPP) (ESE, 1995), 3,4-dinitrotoluene is a surrogate for explosives
analysis. Therefore, this chemical is removed from the BRA dataset.

2.2.2 Evaluation of TICs

A TIC is a constituent that is not included in the TCL but is reported in a sample. Due to the nature of the
detection, both the identity and the concentration of the TIC is typically highly uncertain. TICs are
identified in the BRA data set with the flagging code “S” (see Section 2.2.1). According to RAGS
(USEPA, 1989a):

“When only a few TICs are present compared to the target analyte list (TAL) and TCL chemicals,
and no historical or other site information indicates that either a particular TIC may indeed be
present at the site...or that the estimated concentration may be very high..., then generally do not
include the TICs in the risk assessment.”
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Although numerous TICs were reported in the BRA data set, these questionable constituents are not
included in the quantitative BRA calculations. The majority of the TICs are either straight-chain or
methyl-substituted alkanes/alkanoic acids, alcohols, or naturally occurring chemicals (e.g., y-sitosterol).
Since these constituents do not have USEPA-derived toxicity values and exhibit relatively low toxicity
compared to some of the constituents confidently detected at the study areas, these constituents were
excluded from the data set to be used in the quantitative BRA.

In addition, although 2,4,5,6-tetrachloro-1,3-xylene was detected in surface water samples from
Hutchinson Ravine and was not flagged as a TIC, it is considered as such for the following reason. Each
sample was analyzed for constituents on the TCL, and the results are reported as number of hits per
number of samples analyzed for the particular constituent. For example, 15 surface water samples from
Hutchinson Ravine were analyzed for TCL semi-volatile organic compounds (SVOCs) [e.g., benzo(a)
pyrene], and the results are reported as the number of detections per 15 samples [e.g., 1/15 for
benzo(a)pyrene]. Because TICs are not target compounds, they are only reported when they are detected.
For example, although 15 samples were analyzed for SVOCs, the detection frequency for the TICs
2-propanol and hexadecanoic acid were reported as 3/3 and 1/1, respectively. As 2.4,5,6-tetrachloro-1,3-
Xylene is not a target compound and has a reported detection frequency in the 15 Hutchinson Ravine

. surface water samples of 3/3, this constituent is considered a TIC and is not included in the BRA data set.

Summaries of the TICs reported for each study area are presented in Appendix Al.

2.2.3 Evaluation of Data from Filtered Samples

Filtered aqueous samples are often collected along with unfiltered samples to provide a perspective on the
amounts of detected constituents that are dissolved versus the total amounts in the sample. Because
standing surface water available for exposure at the study areas is not filtered, only unfiltered sample data
are utilized in the quantitative BRA. For perspective, summaries of the data from filtered samples for
each study area are presented in Appendix A2.

2.2.4 Blank Contamination

Blank samples provide a measure of contamination that has been introduced into a sample either (1) in
the field during sample collection and/or transport to the laboratory or (2) in the laboratory during sample
storage, preparation, and/or analysis. To prevent the inclusion of non-mission-related constituents in the
BRA, constituent concentrations reported in study area samples are compared to the concentrations of the
same constituents detected in a§sociated blanks, including field, trip, rinse, and method blanks.
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The rules for comparing chemical concentrations in field samples and blanks differ depending on whether

or not the constituent is a common laboratory contaminant. According to RAGS (USEPA, 1989a), the

following methodology should be used for blank samples containing common laboratory contaminants:
“...if the blank contains detectable levels of common laboratory contaminants, then the sample
results should be considered as positive results only if the concentrations in the sample exceed ten
times the maximum amount detected in any blank. If the concentration of a common laboratory
contaminant is less than ten times the blank concentration, then conclude that the chemical was
not detected in the particular sample and, in accordance with EPA guidance, consider the blank-
related concentrations of the chemicals to be the quantitation limit for the chemical in that
sample.”

According to Functional Guidelines for Evaluating Organics (USEPA, 1988b), which is cited in RAGS
(USEPA, 1989a), the only constituents considered to be common laboratory contaminants are acetone,
methyl ethyl ketone (MEK), methylene chloride, phthalate esters, and toluene. The latest version of
USEPA'’s National Functional Guidelines for Organics Data Review (1993), however, no longer includes
toluene as a common laboratory contaminant. Therefore, this constituent is not evaluated as a laboratory
contaminant in this BRA.

RAGS also states that the following methodology should be used for blank samples containing

constituents other than common laboratory contaminants:
“...if the blank contains detectable levels of one or more organic or inorganic chemicals that are
not considered by EPA to be common laboratory contaminants...then consider site sample results
as positive only if the concentration of the chemical in the sample exceeds five times the maximum
amount detected in any blank. Treat samples containing less than five times the amount in any
blank as non-detects and, in accordance with EPA guidance, consider the blank-related chemical
concentration to be the quantitation limit for the chemical in that sample.”

Sample data for each constituent were matched with their corresponding blanks by comparing

(1) medium and sample collection date for field, rinse, and trip blanks; and (2) laboratory lot number for
method blanks. Based on RAGS (USEPA, 1989a), the data were considered positive only if the
concentration detected in the sample exceeded ten times the blank concentration for common laboratory
contaminants or five times the blank concentration for constituents that are not considered common
laboratory contaminants. When a detected sample concentration was within the five or ten times rule, the
detection was requalified to nondetect and the sample concentration was changed to less than the
concentration detected in the corresponding blank. For example, if acetone was detected in a sample at
4 micrograms per liter (ug/L) and in a corresponding blank at 1 pg/L, the detection of 4 pg/L would be
requalified to <1 pg/L. If a constituent was detected in more than one associated blank sample (e.g., in a
field and method blank), the highest detected blank concentration was used for the comparison. The
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summary of the data points that fall within five or ten times their corresponding blank concentrations is
identical for the human and ecological risk assessments and is presented in Appendix A3.

2.2.5 Duplicate Samples and Multiple Analytical Methods

According to QA/QC protocols, a duplicate sample must be collected for every specified number of
samples collected from a particular medium. These duplicates are collected to corroborate the sample
collection and analysis methodologies and are not intended to give added “weight” to a particular sample
location. To adjust the data for these duplicate samples, the concentrations reported for the primary
sample and its duplicate, whether they are detected at or below method detection limits (MDLs), are
averaged. The records for the primary sample and the duplicate are then replaced with a single record
containing the average concentration. If a particular constituent was detected in one or both of the
collected samples, the average concentration is considered as a detection, otherwise the concentration is
designated as below the average detection limit.

In addition to duplicate samples, which are analyzed by the same analytical method, a sample may be
collected and analyzed using different analytical methods. These multiple analyses are performed because
of the different detection limits associated with different analytical methods. Samples are occasionally
analyzed by an analytical method with a less sensitive detection limit as a screen for a particular
chemical. Then, another analysis may be performed with a more sensitive method to provide a better
determination of the actual constituent levels present in the sample. In cases where samples collected
from the same location on the same date were analyzed by different methods, the following criteria for
sample choice were used:

» If a constituent was detected in both analyses, the maximum detection was used,;

» If a constituent was detected in only one of the analyses, the detection was used; and

» If a constituent was not detected in either of the analyses, the minimum detection limit was used.

2.2.6 Final BRA Data Sets

Summaries of the data evaluated in the human and ecological risk assessments by study area resulting
from the above data evaluation procedures are presented in Appendices B1 and B2, respectively.

2.3 Determination of Site-Specific COPCs

After the appropriate data sets are determined, site-specific COPCs are chosen. COPCs are the
mission-related constituents that may pose the most critical health concerns to humans or ecological
receptors. The first step in the determination of COPCs 1s the comparison to background concentrations.
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Because the procedures used to perform the comparison to background concentrations are the same for
both the human and ecological risk assessments, this step of the COPC selection process is discussed for
both risk assessments in Section 2.3.1. However, because the remaining steps of the COPC selection
process are unique to the human and ecological risk assessments, only the selection process for COPCs
for human receptors are discussed after the background comparison. These remaining steps are:

* Risk-based screening;

* Nutritional essentiality screening; and

» Retention of screened constituents based on site considerations.

The remaining COPC selection steps for ecological receptors are presented in Section 7.0.

2.3.1 Background Comparison

The statistical methodology selected for the study area-to-background area inorganic constituent
comparison is based on RAGS (USEPA, 1989a) and Statistical Analysis of Ground-Water Monitoring
Data at Resource Conservation and Recovery Act (RCRA) Facilities (USEPA, 1989¢; 1992b). The
specific methodology is outlined in the Final Revised Final Technical Evaluation Plan (ESE, 1996b). All
analyses were conducted using the Statistical Analysis System (SAS®) (1996), a powerful and
widely-used statistical software package. Additionally, the analyses conducted are standard statistical
methods that can be found in many basic statistical textbooks [e.g., Hollander and Wolfe (1973) for
nonparametric methods and Montgomery (1984) for parametric methods]. The primary decision involved
is whether to conduct a parametric or nonparametric analysis of variance (ANOVA) based on several
criteria to include frequency of detection, normality of the data, and the homogeneity of variances.

A flow chart outlining the procedure for the comparison of background inorganic concentrations to study
area inorganic concentrations is presented in Figure 2-1. Only those inorganic analytes for which there
was at least one detected concentration in both the background and at least one study area were selected
for background analyses. Comparisons were not conducted for the Beach Area samples, as only one
background Beach Area sediment sample was available (BLDBSDO1). Sample identifiers for the human
and background study areas are presented in Tables 2-1 and 2-5, respectively, while sample identifiers
for the ecological and background study areas are presented in Tables 2-2 and 2-6, respectively. Results
of the human and ecological background comparisons are presented in Tables 2-7 and 2-8, respectively.

Several criteria were required to be met in order to conduct a parametric ANOVA (USEPA, 1989b). The
first criterion was to have 15 percent or fewer nondetects in the background and study area(s) (USEPA,
1992b). Second, the data were tested for lognormality using the Shapiro-Wilk test on the natural
logarithm-transformed data. If the data were not lognormal, then the Shapiro-Wilk test was applied to
the untransformed data. The data needed to be lognormal or normal, as indicated by a Shapiro-Wilk
p-value of 0.10 or more. Third, the variances needed to be determined to be homogeneous using Levene’s
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test for homogeneity of variances, which again was indicated by p-values exceeding 0.10 (USEPA,
1992c). If significant differences were detected by the parametric ANOVA, as indicated by a p-value of
0.10 or less, standard multiple comparison procedures were performed to determine where the significant
differences existed (USEPA, 1989b, 1992¢).

If any of the criteria for the parametric ANOVA were not met, a nonparametric ANOVA was performed
(USEPA, 1989b, 1992c). If the nonparametric ANOVA compares the background concentrations to one
study area’s concentrations, then it is referred to as the Wilcoxon Rank Sum Test or the Mann-Whitney
U Test. If it compares the background concentrations to two or more study areas’ concentrations, then it
is referred to as the Kruskal-Wallis Test. If significant differences were detected by the nonparametric
ANOVA, as indicated by a p-value of 0.10 or less, standard multiple comparison procedures were
performed to determine where the significant differences existed (USEPA, 1989b, 1992¢: Hollander and
Wolfe, 1973). Example calculations are provided in Appendix C. Only constituents detected at
concentrations determined to be statistically above background concentrations were carried on to the next
step of the human (Section 2.3.2) or ecological (Section 7.0) COPC selection process.

2.3.2 Risk-Based Screening

A risk-based screening was performed to reduce the list of preliminary human receptor COPCs exceeding
background concentrations to a more manageable number by comparing the maximum detected
concentration to a risk-based screening level (RBSL). The methodologies used to screen analytes in
sediment and surface water are discussed in the following sections.

2.3.2.1 Sediment Screening Methodology

To screen analytes in sediment, the maximum detected constituent concentrations were compared with
the lowest of the following RBSLs:
*  USEPA Region IX Preliminary Remediation Goals (PRGs) for residential soil (USEPA, 1996a);
*  thelesser of the pathway-specific (inhalation, ingestion) USEPA Soil Screening Levels (SSLs)
(USEPA, 1996b); and
¢ the lesser of the pathway-specific (inhalation, ingestion) Illinois EPA (IEPA) Tiered Approach to
Corrective Action Objectives (TACO) Tier 1-Residential Exposure Route-Specific Values for
Soil (IEPA, 1997). '

If any of the above RBSLs were not derived for a particular constituent but a value was available for a
similar constituent, the available value was used as a surrogate for the missing value. For example, no
PRG has been derived for alpha-chlordane, so the PRG for total chlordane was used as a surrogate.
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A list of the constituents detected in sediment and the available PRGs, SSLs, and TACO values are
presented in Appendix D1. Results of the risk-based screening for human exposure to sediment are
presented in Table 2-9.

Of the 67 compounds confidently detected in beach and/or ravine sediment, the only constituents
exceeding RBSLs and evaluated for human exposure further in the BRA are the organochlorine
pesticides chlordane, DDD, and DDT; the polynuclear aromatic hydrocarbons (PAHs) benzo(a)
anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)
anthracene, and indeno(1,2,3-cd)pyrene; and the metals arsenic, beryllium, and manganese.

2.3.2.2 Surface Water Screening Methodology

No risk-based methodology has been developed for Fort Sheridan to screen surface water constituents. In
the absence of a medium-specific screening process, the maximum detected surface water concentrations
were compared to the lesser of the following RBSLs:

»  USEPA Region IX PRGs for groundwater (USEPA, 1996a); and

» 35 Illinois Administrative Code (IAC) Part 620 Class II Groundwater Standards.

While the intermittent surface water present at the study areas is not potable, comparison of surface water
concentrations to drinking water screening levels provides the most conservative screening evaluation for
human exposure.

If no PRG was derived for a particular analyte but a value was available for a similar analyte, the
available PRG was used as a surrogate for the missing value. For example, no PRG has been derived for
decachlorobiphenyl A, so the PRG for polychlorinated biphenyl (PCB) 1254 was used as a surrogate.

A list of the constituents detected in surface water and the available or developed PRGs and 35 IAC
Part 620 groundwater standards are presented in Appendix D2. Results of the risk-based screening for
human exposure to surface water are presented in Table 2-10.

A provisional surface water PRG was developed for one constituent: sulfate. The following formula and
exposure factors provided in USEPA Region IX's PRG Guidance (USEPA, 1996a) were used to develop
the provisional noncarcinogenic PRG for sulfate:

THQ * BW, » AT, » CF

IRW,
EF _xED, *
RfD

o

PRG,, (ug/L) =
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where: AT, =  period of time over which noncarcinogenic exposure is averaged,

= 6years x 365 days/year = 2,190 days.
BW, =  body weight, child = 15 kilograms (kg).

CF =  conversion factor = 1,000 micrograms per milligram (pg/mg).
ED, =  exposure duration, child = 6 years.
EF, =  exposure frequency, residential = 350 days/year.
IRW, =  drinking water ingestion rate, child = 1 liter per day (L/day).
PRG,, = preliminary remediation goal for groundwater (ug/L).
RfDo =  oral reference dose, constituent-specific [milligrams per kilogram per
day (mg/kg/day)].

THQ target hazard quotient = 1.

To produce a more conservative provisional groundwater PRG while still keeping within USEPA Region
IX PRG methodologies, child exposure factors were used to develop the provisional surface water PRG
for sulfate. The oral reference dose (RfD) used to derive the provisional PRG for this constituent and its
source are presented in Table 2-11. Surface water PRGs were not calculated for constituents without
available toxicity data.

Of the 45 constituents confidently detected in site surface water, the only constituents exceeding RBSLs
and evaluated for human exposure further in the BRA are the volatile organic compounds (VOCs)
chloroform and chloromethane; the PAHs benzo(a)pyrene and benzo(k)fluoranthene; bis(2-ethylhexyl)
phthalate; and the inorganics chloride, manganese, and sulfate.

2.3.3 Nutritional Essentiality Screening

According to RAGS (USEPA, 1989a):
"Constituents that are (1) essential human nutrients, (2) present at low concentrations (i.e., only
slightly above naturally occurring levels), and (3) toxic only at very high doses (i.e., much
higher than those that could be associated with contact at the site) need not be considered
Jfurther in the quantitative risk assessment. Examples of such constituents are iron, magnesium,
calcium, potassium, and sodium."

USEPA Region IX does not provide PRGs for any of these essential macronutrients, and no toxicity data
are available to develop RfDs for these constituents (USEPA, 1998; 1997a,b; 1996a). Calcium is
present in all plant and animal tissues and is a major essential constituent of bones, teeth, and soft
tissues. Iron is an essential nutrient for man and is involved in a number of physiologic reactions,
including oxygen transport from the lungs to tissues by hemoglobin and oxygen storage in myoglobin.
Also, divalent iron is a cofactor in heme enzymes, such as catalase and cytochrome ¢, and in nonheme
enzymes, such as aldolase and tryptophane oxygenase. Magnesium is an essential nutrient for living
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organisms because it forms part of the structure of the body and plays a critical role in cell metabolism.
In addition, magnesium is an activator of many enzyme systems and is essential for neuromuscular action
and muscle contraction. Potassium is also an essential nutrient for muscle contraction, nerve function,
cell permeability, intracellular osmotic pressure, and buffering. Sodium is essential for all living
organisms. Extracellular functions in humans include osmotic pressure regulation, buffer systems,
carbon dioxide (CO,) transport, hydration of proteins, cell permeability, and solubilization of organic
acids. Intracellular functions include neuromuscular irritability and sodium pump action to regulate the
intake of many metabolites. Because calcium, iron, magnesium, potassium, and sodium are essential
nutrients and are generally considered to be non-toxic, these chemicals are not considered as preliminary
COPC:s or evaluated further in the BRA.

Additionally, USEPA Region IV guidance (USEPA, 1996c¢) states:
“The only constituents which may be eliminated based on essential nutrients are calcium,
chloride, iodine, magnesium, phosphorus, potassium, and sodium.”

Therefore, chloride, which is important in the maintenance of fluid and electrolyte balance and a
component of gastric juice, is not considered a preliminary COPC and is not evaluated for human
exposure further in the BRA.

2.3.4 Retention of Screened Constituents Based on Site Considerations

RAGS (USEPA, 1989a) guidance requires that a number of factors be assessed following the screening
evaluation to ensure that constituents with special properties, though eliminated in the initial screening,
are retained on the lists of COPCs. According to this guidance, these special properties may include:
+ Historical information--constituents reliably associated with site activities;
»  Exceptional toxicity--constituents that are known or potential human carcinogens;
*  Mobility, persistence, or bioaccumulation--constituents that are exceptionally mobile, persistent
or bioaccumulative, as the screening process does not address these properties;
*  Special exposure routes--some constituents with significant exposure routes that are not
addressed in the screening process (e.g., dermal absorption);
*  Special treatability problems--some constituents are more difficult to treat than others and may be
important during the selection of remedial alternatives; and
»  Exceedance of potential applicable or relevant and appropriate requirements (ARARs)--
constituents exceeding potential constituent-specific ARARs.

According to RAGS (USEPA, 1989a), “It may be practical and conservative to retain a chemical that
was detected at low concentrations if that chemical is a Group A carcinogen.” Because Group B and C
carcinogens have not been definitively determined to be carcinogenic in humans and are screened using a
conservative target risk (1x10°), it is not necessary to retain these constituents as COPCs if they do not
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exceed the RBSL. Additionally, none of the constituents eliminated during the previous screening steps
are known human carcinogens. Therefore, no constituents were retained as COPCs due to carcinogenic
potential.

Conversely, constituents may be removed from the list of preliminary COPCs based on site-specific
circumstances, such as low frequency of detection. Constituents that are infrequently detected may be
anomalies in the data due to sampling or analytical errors and, therefore, may not be site-related (USEPA,
1992a). A detection frequency of 5 percent is suggested as a possible screening level in RAGS (USEPA,
1989a) and has been recommended by USEPA Region VIII (1994a). As frequencies of detection for each
detected constituents is greater than 5 percent, no constituents were eliminated from the list of
preliminary COPCs based on this criterion.

2.3.5 Summary of Site-Specific Human COPCs

Based on the selection methodology presented in Section 2.3, the human receptor COPCs selected for the
Surplus OU beach and ravines include organochlorine pesticides, PAHs, a phthalate, VOCs, and
inorganics as presented in Table 2-12.

2.4 Summary of Uncertainties Associated with Identification of COPCs

Uncertainty may be introduced in the BRA during each step of the COPC selection process, as discussed
in the following sections.

2.4.1 Uncertainties Associated with Data Collection

A limited number of sediment and surface water samples were collected from the study areas. Therefore,
some constituents may be present in these study area media but were not identified due to the limited
sampling. Conversely, since the BRA is based on data collected over a broad time period, the possibility
exists that some constituents detected in the past are no longer present in ravine sediment and/or surface

water.

2.4.2 Uncertainties Associated with Data Evaluation

The use of data with elevated detection limits increases the uncertainty in the evaluation, as constituents
may be present at potentially toxic levels but are not detected. To reduce this uncertainty, COPC
concentrations reported below detection limits are assumed to be present at one-half of the detection
limit.

Use of certain flagged or qualified data also results in some uncertainty. Data flagged with a “J”, “K”, or
“P” indicate uncertainty in the reported concentrations, but not in the identities of the constituents. In
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addition, data flagged with an “R” indicate that the chemical is not included on the TCL and was not
detected, while data flagged with an “S™ may indicate that the chemical is not included on the TCL but
was detected. Use of a relative response factor not based on the individual analyte may result in a
concentration that is biased slightly high or low. However, the identity of the chemical is not in question.
Therefore, use of R- and S-flagged data incorporates some uncertainty. Furthermore, use of Q- and U-
flagged data incorporates some uncertainty as the identity of the reported analyte was not confirmed.

Use of K- and L-qualified data also results in some uncertainty as the sample exceeded its prescribed
holding time in the laboratory and the reported concentration may be lower than the concentration
originally present in the sample due to volatilization or deterioration.

2.4.3 Uncertainties Associated with the COPC Selection Process

The human health-based screening removes constituents from further consideration in this BRA based
primarily on toxicity. However, since constituents may be retained as COPCs based on ARAR
exceedance and other chemical-specific factors, the uncertainty associated with the selection process may
be reduced.
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Table 2-1. Sample Identifiers Included in the Human Health BRA

Study Areas ‘ Medium Sample Identifier
Janes Ravine Sediment B117SD01 JRBSD02
B117SD02 JRBSDO03
C-0031 JRSDO2
C-0130 NKASDO1
C-0242 NKASDO2
JRBSDO1
Surface Water B117sW01 JRBSWO1
B117SW02 JRBSWO02
C-0031 JRBSWO3
C-0130 JRSWQ2
C-0242
Hutchinson Ravine Sediment C-0732 HRSDO1
HRBSD01 HRSD02
HRBSD02 HRSDO3
HRBSDO03 LF2SD01
HRBSD04 LF2SD02
HRBSDO05
Surface Water ‘ C-0732 HRSWO01
' HRBSWO01 HRSWO02
HRBSW02 HRSWO03
HRBSW03 LF2SW01
HRBSW04 LF2SW02
HRBSW05
Beach Area Sediment C-0300 LF2SB06D
C-0690 LF2SB08D
C-0692 OD-1
FTRSB01 TRSDO1
FTRSBO2 TRSDO02
JRBSD06
Surface Water C-0300 C-0692
C-0690 OD-1

Source: QST, 1998.
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Table 2-2. Sample Identifiers Included in the Ecological BRA

Study Areas Medium Sample Identifier
Janes Ravine Animal Tissue JRSBDO1
(L. variegatus)
Sediment B117SD0O1* JRBSDO1 JRSD0O2
B117SD02* JRBSD02 NKASDO1*
C-0031 JRBSDO3 NKASDO2*
C-0130
Surface Water B117SW01* C-0130 JRBSWO03
B117SW02* JRBSWO01 JRSW02
C-0031 JRBSWO02
Hutchinson Ravine  Animal Tissue HRBSDO1
(L. variegatus)
Sediment C-0732 HRBSD04 HRSDO03
HRBSDO01 HRBSDO05 LF2SD01
HRBSDO02 HRSDO1 LF2SD02
HRBSDO03 HRSD(02
Surface Water C-0732 HRBSW04 HRSWO03
HRBSWO01 HRBSWO05 LF2SWO01
HRBSWO02 HRSWO1 LF2SW02
HRBSWO03 HRSWO02 _
Beach Area Animal Tissue HRBSD06 JRBSD06
(L. variegatus)
Groundwater LF2MWO0l LF2MWO06D LFSMW08S
LFZMW(Q2 LF2MWO06S LF2MW(09D
LF2MW04D LF2MW07D LF2MW09S
LFSMWO04S LF2MWO07S LF2MW10
LF2MWO05D LFZMWO08D LF2MW11
LF2MWO05S
Sediment C-0300 FTRSBO1 OD-1
C-0690 FTRSBO02
C-0692 JRBSD06
Surface Water C-0300 C-0692
C-0690 OD-1

*  Samples were collected from pipes located on the sides of Janes Ravine. Therefore, these samples
are qualitatively evaluated separate from the other Janes Ravine samples, which were collected

from the bottom of the ravine.

Source: QST, 1998.
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Table 2-3. IRDMIS Flagging Codes in the Surplus OU BRA Data Set

Flagging Data Used
Code Definition In BRA?
8 Analyte recovery exceeds the upper limit »f the certified range by less than Yes

15% and the laboratory feels a dilution is not warranted. Old code no longer
in use.
C Confirmation analysis was performed. Yes
D Duplicate analysis (see Section 2.2.5). Yes
F Sample filtered prior to analysis (see Section 2.2.3). No
J Estimated value; value is below laboratory reporting limits but above the
instrument detection limit and indicates uncertainty in the reported Yes
concentration but not in its assigned identity. Always used with flagging
code “P”.
K Analyte level is at or near the contract reporting limit or method detection Yes
limit and cannot be accurately quantified due to interference.
L Sample exceeded its prescribed holding time in the laboratory prior to Yes
analysis. This code is no longer used and has been replaced with Data
Qualifier “L” (see Table 2-4).
P The value is below method reporting limits but above the instrument
detection limit and indicates uncertainty in the reported concentration but not Yes
in its assigned identity.
Q Confirmatory analysis was performed; however, sample interference Yes
obscured the area where the peak of interest would have appeared.
R Non-target analyte that was analyzed for but not detected. Code used for
analytes that were analyzed for using GC/MS methods and were not Yes
performance demonstrated or validated.
S Non-target analyte that was analyzed for and detected. Code used for
analytes that were analyzed for using GC/MS methods and were not Yes
performance demonstrated or validated (see Section 2.2.2).
Also used for tentatively identified compounds that are quantified against an No
internal standard (see Section 2.2.2).
U Unconfirmed; a confirmatory analysis was performed but did not verify the Yes

results from the initial analysis.

IRDMIS = Installation Restoration Data Management Information System.

Source: QST, 1998.
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Table 2-4. NFG Data Qualifiers in the Surplus OU BRA Data Set

Data Data Used
Qualifier Definition In BRA?
I Low spike recovéry is high. Yes
J Low spike recovery is low. _ Yes
K Sample exceeded its prescribed holding time in the laboratory prior to
extraction and preparation. While this code may be important when Yes
evaluating the useability of data for volatile organics, which may volatilize
from the sample during storage, it is not as important when evaluating
semivolatiles and inorganics.
L Sample exceeded its prescribed holding time in the laboratory prior to
analysis. While this code may be important when evaluating the useability of Yes
data for volatile organics, which may volatilize from the sample during
storage, it is not as important when evaluating semivolatiles and inorganics.
M High spike recovery is high. Yes
N High spike recovery is low. Yes
0] Low spike recoveries are excessively different. Yes
P High spike recoveries are excessively different. Yes
R Datum is rejected and is not useable. No

NFG = National Functional Guidelines.

Source: QST, 1998.
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i
t Table 2-5. Background Sample Identifiers for Human Health BRA

Background Area Medium Sample Identifiers

Beach Area Sediment BLDBSDO1

Ravine Sediment BGSD-1 BGSD-4
BGSD-2 BGSD-5
BGSD-3

Surface Water BGSW-1 BGSW-4

BGSW-2 BGSW-5
BGSW-3

Source: QST, 1998.
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Table 2-6. Background Sample Identifiers for Ecological BRA

Background Area Medium Sample Identifiers

Beach Animal Tissue BLDBSDO0!
(L. variegatus)

Groundwater BGMWO01 BGMWO03
BGMW(02 BGMW04
Sediment BLDBSDO01
Ravine Animal Tissue JRBSD0O4

(L. variegatus)

Sediment BGSD-1 BGSD-4
BGSD-2 BGSD-5
BGSD-3

Surface Water BGSW-1 BGSW-4
BGSW-2 BGSW-5
BGSW-3

Source: QST, 1998.
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Table 2-7. Results of ANOVA Comparing Study Area and Background Concentrations for
Human Health BRA* (Page 1 of 2)

Are Study Area
Concentrations Elevated
Medium/ Depth  Assumed Data Above Background?
Study Area Analyte (feet) Distribution (Alpha=0.1)
Sediment

Janes Ravine Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Beryllium All Nonparametric No
Calcium All Lognormal No
Chromium, total All Nonparametric No
Cobalt All Nonparametric No
Copper Al Nonparametric No
Tron All Nonparametric No
Lead All Lognormal No
Magnesium All Lognormal No
Manganese All Lognormal No
Nickel All Lognormal No
Potassium All Nonparametric No
Sodium All Nonparametric No
Thallium All Nonparametric No
Vanadium All = Nonparametric No
Zinc All Nonparametric No

Hutchinson Ravine Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Beryllium All Nonparametric No
Calcium All Lognormal No
Chromium, total All Nonparametric No
Cobalt All Nonparametric No
Copper All Nonparametric No
Iron All Nonparametric No
Lead All Lognormal No
Magnesium All - Lognormal No
Manganese All Lognormal No
Nickel All Lognormal No
Potassium All Nonparametric No
Sodium All Nonparametric No
Thallium All Nonparametric No
Vanadium All Nonparametric No
Zinc All Nonparametric No
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Table 2-7. Results of ANOVA Comparing Study Area and Background Concentrations for
Human Health BRA* (Page 2 of 2)

Are Study Area
Concentrations Elevated
Medium/ Depth  Assumed Data Above Background?
Study Area Analyte (feet) Distribution (Alpha=0.1)
Surface Water

Janes Ravine Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Calcium All Nonparametric Yes
Iron All Nonparametric No
Magnesium All Nonparametric No
Manganese All Nonparametric Yes
Potassium All Lognormal No
Sodium All Lognormal No

Hutchinson Ravine Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Calcium All Nonparametric Yes
Iron All Nonparametric No
Magnesium All Nonparametric No
Manganese All Nonparametric Yes
Potassium All Lognormal No
Sodium All Lognormal Yes

ANOVA = analysis of variance.

* A comparison is performed only for those inorganic constituents that have detections in both study area and
background samples for a given depth.

Source: QST, 1998.
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Table 2-8.  Results of ANOVA Comparing Study Area and Background Concentrations for
Ecological BRA* (Page 1 of 3)
Are Smdy Area
Concentrations Elevated
Depth  Assumed Data Above Background?
Medium/Study Area  Analyte (feet) Distribution (Alpha=0.1)
Groundwater
Beach Aluminum All Nonparametric No

Arsenic All Nonparametric Yes
Barium All Nonparametric Yes
Boron All Nonparametric No
Calcium All Nonparametric Yes
Chloride All Nonparametric No
Chromium, total All Nonparametric Yes
Copper All Nonparametric Yes
Fluoride All Nonparametric No
Iron All Nonparametric Yes
Lead All Nonparametric Yes
Magnesium All Lognormal No
Manganese All Nonparametric Yes
Nickel All Nonparametric Yes
Nitrogen, NO2+NO3 All Nonparametric No
Potassium All Nonparametric No
Sodium All Nonparametric , No
Sulfate All Nonparametric No
Vanadium All Nonparametric Yes
Zinc All Nonparametric Yes

Sediment

Janes Ravine Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Beryllium All Nonparametric No
Calcium All Lognormal No
Chromium, total All Nonparametric No
Cobalt All Nonparametric No
Copper All Nonparametric No
Iron All Lognormal No
Lead All Lognormal No
Magnesium All Lognormal No
Manganese All Lognormal No
Nickel All Lognormal No
Potassium Al Nonparametric No
NADATA\PROJM90208NDP\SRPLS-OUBCH-RVN.VTB./04/09/98 .73 OST Environmental Inc




Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Hlinois

Table 2-8. Results of ANOVA Comparing Study Area and Background Concentrations for
Ecological BRA* (Page 2 of 3)

Are Study Area
Concentrations Elevated
Depth  Assumed Data Above Background?
Medium/Study Area  Analyte (feet) Distribution (Alpha=0.1)
Sediment (cont.)
Janes Ravine Sodium All Nonparametric No
(cont.) Thallium All Nonparametric No
Vanadium All Nonparametric No
Zinc All Nonparametric No
Hutchinson Ravine  Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Beryllium All Nonparametric No
Calcium All Lognormal No
Chromium, total All Nonparametric No
Cobalt All Nonparametric No
Copper All Nonparametric No
Iron All Lognormal No
Lead All Lognormal No
Magnesium All Lognormal No
Manganese All Lognormal No
Nickel All Lognormal No
Potassium All Nonparametric No
Sodium Al Nonparametric No
Thallium All Nonparametric No
Vanadium All Nonparametric No
Zinc All Nonparametric No
Surface Water
Janes Ravine Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Calcium All Lognormal ‘No
Iron All Nonparametric No
Magnesium All Lognormal No
Manganese All Nonparametric Yes
Potassium All Nonparametric No
Sodium All Lognormal No
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Table 2-8. Results of ANOVA Comparing Study Area and Background Concentrations for
Ecological BRA* (Page 3 of 3)

Are Study Area
Concentrations Elevated
Depth  Assumed Data Above Background?
Medium/Study Area Analyte (feet) Distribution (Alpha=0.1)
Surface Water (cont.)
Hutchinson Ravine  Aluminum All Nonparametric No
Arsenic All Nonparametric No
Barium All Nonparametric No
Calcium All Lognormal Yes
Iron All Nonparametric No
Magnesium All Lognormal No
Manganese All Nonparametric Yes
Potassium All Nonparametric No
Sodium All Lognormal Yes

ANOVA = analysis of variance.

* A comparison is performed only for those inorganic constituents that have detections in both study area and

background samples for a given depth.

Source: QST, 1998.
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Table 2-9.  Comparison of Maximum Detected Constituents in Sediment to Risk-Based Screening
Levels (RBSLs) (Page 1 of 3)
Maximum Constituent Does Maximum
Concentration Detected Detected Constituent
in Sediment/Soil RBSL¥ Concentration
Study Area Constituent* (mg/kg) (mg/kg) Exceed RBSL?
Janes Ravine Acenaphthene 1.78E+00 3.03E+03% No
Anthracene 1.29E+00 1.90E+042 No
Antimony 9.23E+00 3.07E+012 No
Benzo(a)anthracene 2.30E-01 6.09E-01% No
Benzo(a)pyrene 3.60E-01 6.09E-022 Yes
Benzo(b)fluoranthene 4.30E-01 6.09E-012 No
Benzo(g,h,i)perylene 4.10E-01 1.96E+03° No
Benzo(k)fluoranthene 2.80E-01 6.09E+00% No
Benzoic acid 6.30E-01 2.61E+05% No
Bis(2-ethylhexyl)phthalate 2.00E+00 3.17E+012 No
- Cadmium 9.00E-01 3.83E+012 No
Chlordane, alpha- 3.25E-02 3.42E-01 No
Chlordane, gamma- 2.85E-02 3.42E-01f No
Chlordane, total 5.20E+00 3.42E-01% Yes
Chrysene 3.30E-01 6.09E+012 No
DDD, p,p’- 6.60E +00 1.85E+002 Yes
DDE, p,p’- 4.80E-01 1.31E+00® No
DDT, p,p'- 5.90E+00 1.31E+00% Yes
Di-n-butyl phthalate 1.00E+01 2.30E+03! No
Dibenzo(a,h)anthracene 9.40E-02 6.09E-02% Yes
Fluoranthene 6.50E-01 2.61E+03% No
Fluorene 2.99E-01 2.47E+032 No
Hexachlorocyclohexane, 7.10E-02 3.42E-012 No
gamma- (Lindane)
Indeno(1,2,3-cd)pyrene 2.40E-01 6.09E-012 No
Mercury 2.30E+00 1.00E+01h No
Methoxychlor 1.06E-01 3.26E+02% No
Methylnaphthalene, 1- 2.58E-01 1.96E+03° No
Methylnaphthlaene, 2- 8.00E+00 1.96E+03b No
Naphthalene 6.87E-01 1.65E+032 No
Phenanthrene 3.66E-01 1.96E +03° No
Pyrene 1.30E+00 1.96E+03% No
Silver 6.30E-01 3.83E+022 No
Toluene 1.40E-03 6.50E +02" No
Triphenylene 3.15E-01 1.96E+03° No
Xylenes, total 1.80E-02 4.10E+02 No
Hutchinson 2,4,5-T 2.72E-02 6.52E+022 No
Ravine Acenaphthene 2.45E+00 3.03E+032 No
Acenaphthylene 1.73E+00 1.96E+03° No
Aldrin 2.53E-02 2.61E-022 No
Anthracene 7.00E+00 1.90E +042 No
Antimony 7.88E+00 3.07E+01® No
Benzo(a)anthracene 1.00E+01 6.09E-01% Yes
Benzo(a)pyrene 8.00E+00 6.09E-02% Yes
Benzo(b)fluoranthene 8.00E+00 6.09E-013 Yes
Benzo(g,h,i)perylene 4.00E+00 1.96E +03° No
Benzo(k)fluoranthene 5.00E+00 6.09E+00% No
Bis(2-ethylhexyl)phthalate 2.15E-01 3.17E+01% No
Cadmium 5.36E-01 3.83E+01® No
Carbozole 2.00E+00 2.22E+01% No
Chlordane, alpha- 8.60E-02 3.42E-01f No
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Table 2-9. Comparison of Maximum Detected Constituents in Sediment to Risk-Based Screening

Levels (RBSLs) (Page 2 of 3)

Maximum Constituent

Does Maximum

Concentration Detected Detected Constituent
in Sediment/Soil RBSL+t Concentration
Study Area Constituent* (mg/kg) (mg/kg) Exceed RBSL?
Chlordane, gamma- 9.44E-02 3.42E-01' No
Chlordane, total 9.30B-01 3.42E-012 Yes
Chrysene 1.00E+01 6.09E+012 No
Cyanide, total 7.83E-01 1.30E+038 No
DDD, p,p’- 1.00E+01 1.85E+00* Yes
DDE, p,p’- 5.90B-01 1.31E+00? No
DDT, p,p’- 9.30E-01 1.31E+00® No
Dibenzo(a,h)anthracene 6.00E-01 6.09E-02% Yes
Dibenzofuran 2.00E+00 2.61E+022 No
Endrin 2.03E-02 1.96E+013 No
Fluoranthene 3.00E+01 2.61E+03% No
Fluorene 4.00E+00 2.47E+03% No
Hexachlorocyclohexane, 6.28E-03 3.42E-012 No
gamma- (Lindane)
Indeno(1,2,3-cd)pyrene 4.00E+00 6.09E-012 Yes
Mercury 2.20E-01 1.00E+01 No
Methylnaphthalene, 1- 2.88E+00 1.96E+03° No
Methylnaphthalene, 2- 3.69E+00 1.96E+03 No
Naphthalene 2.31E+00 1.65E+03% No
Phenanthrene 3.00E+01 1.96E+ 03b No
Pyrene 2.00E+01 1.96E+03% No
Selenium 2.71E-01 3.83E+02? No
Silver 1.05E+00 3.83E+02% No
Trichlorofluoromethane 1.20E-02 7.08E+022 No
Beach Area  Acenaphthene 2.39E-01 3.03E+03% No
Aluminum 6.40E+03 7.67TE+042 No
Antimony 1.78E+01 3.07E+01® No
Arsenic 1.31B+01 3.77E-01% Yes
Benzo(a)anthracene 6.11E-03 6.09E-01% No
Benzo(a)pyrene 7.21E-03 6.09E-022 No
Benzo(b)fluoranthene 8.01E-03 6.09E-01% No
Benzo(g,h,i)perylene 9.31E-03 1.96E+03° No
Benzo(k)fluoranthene 4.14E-03 6.09E+00% No
Beryllium 3.41E-01 1.00E-01° Yes
Calcium 1.20E+05 NDd -
Chlordane, total 1.18E-01 3.42E-012 No
Chromium, total 4.68E+00 2.11E+02% No
Chrysene 1.36E-02 6.09E+01% No
Cobalt 3.51E+00 4.57E+03% No
Copper 8.06E+00 2.85E+03% No
DDD, p,p’- 4.30E-01 1.85E+00% No
DDE, p,p'- 3.50E-02 1.31E+00% No
DDT, p,p'- 9.80E-02 1.31E+00% No
Dinitrobenzene, 1,3- 2.97E-01 - 6.52E+00? No
Fluoranthene 1.65E-02 2.61E+03% No
Hexachlorocyclohexane, 1.99E-02 3.42E-012 No
gamma- (Lindane)
Indeno(1,2,3-cd)pyrene 4.60E-03 6.09E-012 No
Iron 1.30E+04 NDd -
Lead 1.46E+01 4.00E+02° No
Magnesium 5.40E+04 NDd -
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Table 2-9. Comparison of Maximum Detected Constituents in Sediment to Risk-Based Screening

Levels (RBSLs) (Page 3 of 3)
Maximum Constituent Does Maximum
Concentration Detected Detected Constituent
in Sediment/Soil RBSL?} Concentration
Study Area "~ Constituent* (mg/kg) (mg/kg) Exceed RBSL?

Manganese 6.27E+02 3.78E+02* Yes
Methylnaphthalene, 2- 1.43E-01 1.96E+03P No -
Nickel 2.78E+01 1.53E+032 No
Phenanthrene 5.30E-02 1.96E +03b No
Potassium 2.01E+03 NDd -
Pyrene 2.76E-02 1.95E+032 No
Sodium 5.13E+02 NDd -
Trichlorofluoromethane 1.00E-02 7.08E+022 No
Triphenylene 2.92E-01 1.96E+03° No
Vanadium 5.90E +01 5.37E+022 No
Zinc 1.40E+02 2.30E+04° No

- = No comparison is performed due to lack of a risk-based screening level.
mg/kg = milligrams per kilogram

ND = No risk-based screening level determined.

PAH = polynuclear aromatic hydrocarbon

RfD = reference dose

SSL = soil screening leve}

TACO = Tiered Approach to Cleanup Objectives

Ce=rgm w0 oo o

*

Provided in USEPA Region IX’s Preliminary Remediation Goals (PRGs) (USEPA, 1996a).
Surrogate value is the PRG for the most toxic non-naphthalene PAH (pyrene) (USEPA, 1996a).
SSL based on ingestion provided in USEPA’s Soil Screening Level Guidance (1996b).

No PRG developed because the analyte is an essential nutrient.

PRG developed from RfD based on acute oral rat L.D50 (NIOSH, 1997).

Surrogate value is the PRG for total chlordane (USEPA, 1996a).

Surrogate value is the PRG for free form cyanide (USEPA, 1996a).

TACO value based on inhalation provided in 35 IAC 742, Appendix B, Table A, 2/18/97.

SSL based on inhalation provided in USEPA’s Soil Screening Level Guidance (USEPA, 1996b).
Surrogate value is the inhalation SSL for 1,2-xylene (USEPA, 1996b).

Constituents either exceeding background concentrations or not evaluated for background comparison.
Minimum of the Region IX PRG, SSL, and the TACO value. Applicable screening values for each chemical are
presented in Appendix D.

Source: QST, 1998.
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Table 2-10.  Comparison of Detected Constituent Concentrations in Surface Water to Risk-Based
Screening Levels (RBSLs) (Page 1 of 2)
Maximum Constituent Does Maximum
Concentration Detected Detected Constituent
in Surface Water RBSLt Concentration Exceed
Study Area Constituent* (mg/L) (mg/L) Lowest RBSL?
Janes Ravine  2,4-D 1.41E-03 3.50E-012 No
Acetone 1.40B-02 6.08E-01° No
Boron 1.49E-01 2.00E+00% No
Butylbenzyl phthalate 2.10E-03 7.30E+00° No
Calcium 1.11E+02 NDb -
Chloride 4.80E+02 2.00E+022 Yes
Copper 1.19E-02 6.50E-01% No
DDD, p,p'- 7.83E-05 2.80E-04° No
DDT, p,p’- 1.05E-04 1.98E-04° No
Hexachlorocyclohexane, 1.10E-05 5.17E-05° No
gamma (Lindane)
Lead 6.50E-03 1.50E-024 No
Manganese 2.21E-01 1.83E-01° Yes
Mercury 3.17E-04 1.00E-022 No
Nitrogen, NO2+NO3 6.60E-01 3.65E+00° No
Sulfate 1.70E+02 1.78E+02f No
Toluene 1.20E-03 7.23E-01° No
Triphenylene 4.09E-03 1.10E+ No
Vanadium 1.13E-02 2.56E-01¢ No
Zine 3.73E-01 1.00E+012 No
Hutchinson Anthracene 9.47E-04 1.83E+00° No
Ravine Benzo(a)pyrene 1.47E-05 9.20E-06° Yes
" Benzo(K)fluoranthene 8.80E-06 9.21E-04° No
Bis(2-ethylhexyl)phthalate 1.40E-02 4.80E-03° Yes
Boron 1.70B-01 2.00E+00? No
Butylbenzyl phthalate 3.00E-03 7.30E+00° No
Calcium 1.51E+02 NDP -
Chloride 1.00E+02 2.0E+02% Yes
Chloromethane 1.20E-02 1.51E-03° Yes
Cyanide, total 5.33E-03 6.00E-012 No
DDD, p,p'- 1.10E-04 2.80E-04° No
DDE, p,p'- 1.20E-05 1.98B-04° No
DDT, p,p'- 2.00E-05 1.98E-04° No
Decachlorobiphenyl 3.30E-04 7.30E-048 No
Fluoranthene 1.02E-04 1.46E+00° No
Fluoride 5.40E-01 2.19E+00° No
Hexachlorocyclohexane, 1.05E-05 5.17B-05° No
gamma- (Lindane)
Lead 7.70E-03 1.50E-02¢ No
Manganese 1.81E+00 1.83E-01°, Yes
Nitrogen, NO2+NO3 9.20E-01 3.65E+00 No
Pyrene 2.80E-04 1.10E+00° No
Sodium 5.40E+02 NDP -
Sulfate 2.00E+02 1.78E+02f Yes
Zinc 7.32E-02 1.00E+012 No
Beach Area Barium 4.20E-02 2.00E+00? No
: Calcium 1.30E+02 NDP -
Chloride 1.20E+402 2.00E+022 No
Chloroform 1.60E-03 1.65E-04° Yes
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Table 2-10.  Comparison of Detected Constituent Concentrations in Surface Water to Risk-Based
Screening Levels (RBSLs) (Page 2 of 2)
Maximum Constituent Does Maximum
Concentration Detected Detected Constituent
in Surface Water RBSL+t Concentration Exceed
Study Area Constituent* (mg/L) Lowest RBSL?
Iron 9.66E-02 ND® -
Lead 3.04E-03 1.50E-029 No
Magnesium 5.30E+01 NDb -
Manganese 2.83E-01 1.83E-01° Yes
Nitrogen, NO2 +NO3 7.80E-01 3.65E+00°® No
Potassium 4.04E +01 NDP -
Sodium 5.09+01 NDP -
Sulfate 2.69E +02 1.78E+02f Yes

=~ = No comparison is performed due to lack of a risk-based concentration.

IAC = Illinois Administrative Code
MCL = maximum contaminant level
mg/L = milligrams per liter

ND = No risk-based concentration determined due to lack of toxicity data.

PAH = polynuclear aromatic hydrocarbon
PRG = preliminary remediation goal
RfD = reference dose

T o a0 op

~ *

Appendix C.
Source: QST, 1998.

Hlinois Class II Groundwater Standard provided in 35 JIAC Part 620.

No PRG developed because the analyte is an essential nutrient.

PRG provided in USEPA Region IX’s Preliminary Remediation Goals (USEPA, 1996a).
USEPA drinking water action level for lead in comm
Surrogate value is the PRG for nitrite (USEPA, 1996a).
PRG developed from RfD based on proposed MCL (USEPA, 1994b).

Surrogate value is the PRG for PCB 1254 (USEPA, 1996a).

Surrogate value is the PRG for the most toxic non-naphthalene PAH (pyrene) (USEPA, 1996a).

Constituents either exceeding background concentrations or not ev.
Minimum of the Region IX PRG, SSL, and the TACO value.

unity water supplies (USEPA, 1994a).

aluated for background comparison.
Screening values are presented in
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Table 2-11. Basis for Developéd PRGs

Analyte  RfD Used to Uncertainty Factor

Developed PRG
(mg/kg/day) Value Source  RfD Source
Sulfate 11.4 NA NA 400 mg/L [proposed MCL (USEPA, 1994b)]

times 2 L/day/70 kg

MCL = maximum contaminant level
mg/kg/day = milligrams per kilogram per day.
NA = not applicable '
PRG = preliminary remediation goal

RfD = reference dose

Source: QST, 1998.
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Table 2-12.  Final Human Health Constituents of Potential Concern (COPCs)

Study Area/Medium Human Health COPCs

Janes Ravine

Sediment Benzo(a)anthracene Chrysene
Benzo(a)pyrene DDD, p,p’-
Benzo(b)fluoranthene DDT, p,p’-
Benzo(k)fluoranthene Dibenzo(a,h)anthracene
Chlordane Indeno(1,2,3-cd)pyrene

Surface Water Manganese

Hutchinson Ravine

Sediment Benzo(a)anthracene Chrysene
‘ Benzo(a)pyrene DDD, p,p’
Benzo(b)fluoranthene Dibenzo(a,h)anthracene
Benzo(k)fluoranthene Indeno(1,2,3-cd)pyrene
Chlordane

Surface Water Benzo(a)pyrene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Chloromethane
Manganese
Sulfate

Beach Area

Sediment Arsenic
Beryllium
Manganese

Surface Water Chloroform
Manganese
Sulfate

Source: QST, 1998.
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3.0 Exposure Assessment

The exposure assessment uses the site description and constituent characterization presented in the
previous sections to identify potentially exposed human populations, identify actual and potential
exposure pathways, and calculate estimated daily intakes of COPCs. Behavioral and physiological
factors influencing exposure frequency and levels are presented in a series of exposure scenarios as a
basis for quantifying constituent intake levels for each identified exposure pathway. The results of the
exposure analysis are applied in the assessment of potential health risks in subsequent sections.

This section incorporates information from each of the preceding sections with site-specific information
such as climate, geology, soils, groundwater, surface water, population demographics, land use, water
use, agricultural practices, etc. to predict the levels of COPCs to which human receptors would be
exposed. Once these exposure levels are determined, they will be compared with the appropriate health
effects criteria in Section 4.0 to characterize potential human health risks in Section 5.0.

The approach taken in the actual calculation of exposure levels (Subsection 3.6) is to provide a
discussion of each of the exposure routes that has been determined to be potentially significant at the
ravines and Beach Area study areas, identify the exposure algorithm, and present the key, variables in a
tabular format. This approach is intended to assist the reader in understanding the methodology and
rationale used in the analysis without burdening the text with numerous calculation tables. However, the
rationale for the selection and the full justification for the exposure assumptions used in the calculations
are discussed in detail within this section of the BRA.

3.1 Characterization of Exposure Setting

The physical characteristics of Fort Sheridan that relate to the potential for constituent migration are
presented in detail in the RI (Volume I, Section 2.0). Information concerning site physiography, local and
regional topography, soils, geology, hydrology, demographics, and climatology are presented in

Volume 1, Section 2.0 and are not duplicated here. Fort Sheridan and neighboring cities and towns
obtain drinking water from Lake Michigan. The nearest town using groundwater as a municipal water
supply is Lincolnshire, approximately 5 miles southwest of Fort Sheridan.

3.2 Identification of Potential Exposure Pathways

This subsection of the exposure assessment uses the characterization of the exposure setting and
population data presented in previous subsections to identify potential or suspected exposure pathways at
the ravines and Beach Area study areas. The assessment of pathways by which potential human
receptors may be exposed to COPCs from the ravines and Beach Area study areas of the Surplus OU
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includes an examination of the source, existing migration pathways, and potential exposure routes as well
as those that may be reasonably expected in the future. The determination of exposure pathways is made
by a careful evaluation of the current extent of affected media at the site in relation to local land and
water uses, and the results of a fate and transport assessment that evaluates constituent migration
pathways. The exposure pathways are developed only for those COPCs selected in Section 2.0.

3.2.1 Source Areas

Site investigations at the ravines and Beach Area study areas have confirmed the presence of COPCs in
surface water and sediment. Details of the constituent characterization in surface water and sediment are
presented in Section 2.0 of this volume. This BRA will consider each study area separately.

The study areas evaluated in the BRA are:
« Janes Ravine;
* Hutchinson Ravine; and
* Beach Area (including the beach outflow areas from Janes Ravine and Hutchinson Ravine, as well
as the intervening beach and the Airport Drain).

3.2.2 Fate and Transport Analysis

COPCs present at the ravines and Beach Area study areas may migrate offsite or may remain persistent
at the site. Some COPCs, such as the VOCs, are expected to be relatively mobile and may be transported
from one environmental medium to another. Other constituents, such as the inorganics, are expected to
be less mobile and may remain in the study area for much longer periods of time. The following
subsections briefly summarize the fate and transport properties of the COPCs at the ravines and Beach
Area study areas.

3.2.2.1 Organic Compounds

Some of the important physical/chemical properties of the organic COPCs detected at the ravines and
Beach Area study areas are summarized in Table 3-1. These constituents include VOCs, PAHs,
pesticides, and phthalate esters.

YOCs

The constituents with vapor pressures greater than 1.0 millimeters of mercury (mm Hg) are generally
considered to be fairly volatile. For the ravines and Beach Area study areas, the only constituents in this
group are chloroform and chloromethane. These constituents are generally soluble in water and have
some of the lower molecular weights of the organic COPCs. The Henry's Law Constant values are
greater than 1.0E-03 atmosphere-cubic meters per mole (atm-m*/mole), which indicate that chloroform
and chloromethane have a tendency to escape from surface water.
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The organic carbon partition coefficients (K,.) for chloroform and chloromethane generally range from 6
to 40 milliliters per gram (mL/g) and suggests that these constituents would not be strongly adsorbed by
organic materials. The octanol-water partition coefficients (log K,,,) range from 0.91 to 1.92 and indicate
that these constituents would not be overwhelmingly distributed to the octanol phase. Thus, chloroform
and chloromethane would not be expected to accumulate in media or tissues whose physicoconstituent
properties resemble that of octanol, especially in biological systems where removal systems are operative.

Chloroform and chloromethane are water soluble and are expected to be present in solution. Because of
their solubility and low K, value, chloroform and chloromethane are expected to be quite mobile in the
aquatic environment. Biodegradation and volatilization are important fate processes that may affect
transport. However, the extent of the control of these processes over migration is expected to be limited
because these processes are expected to be slow compared to the rate of groundwater movement.

PAHs .
PAHs are an important subgroup of the base neutral acids (BNAs). There are two groups of PAHs

detected at the ravines and Beach Area study areas: carcinogenic and noncarcinogenic. However, only
the carcinogenic PAHs were selected as COPCs. The carcinogenic PAHs selected are benzo(a)
anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, and
indeno(1,2,3-cd)pyrene. Based on the physical and chemical properties summarized in Table 3-1, the
carcinogenic PAHs have generally low vapor pressure and water solubilities. Their high organic carbon
partition coefficients suggest that adsorption to soils and sediments is an important transport pathway. In
addition to adsorption, photolysis is considered the most significant fate process affecting these
constituents in the aquatic environment. Volatilization and biodegradation rates are expected to be low
for these PAHs.

Pesticides

The pesticides selected as COPCs for the ravines and Beach Area study areas are chlordane, p,p’-DDD,
and p,p’-DDT. These constituents generally have the highest molecular weights of the organic
compounds and are characterized by low solubilities. The K, values for the pesticides are fairly high and
suggest that these constituents would be strongly adsorbed by organic materials. The log K, values for
the pesticides are also fairly high indicating some poténtial to accumulate in biological media or tissues
whose physicochemical properties resemble that of octanol. Because of these properties, this group of
constituents has a tendency to be persistent in the environment (i.c., biodegradation and other removal
processes are slow).

Bis(2-ethylhexyl)phthalate
Bis(2-ethylhexyl)phthalate is a member of a group of compounds commonly referred to as the dioctyl

phthalates, a group of related phthalate esters. This constituent tends to sorb strongly to soils and
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sediments as evidenced by its relatively high K, value of 1.51E+07 mL/g. Since bis(2-ethythexyl)
phthalate is a relatively nonvolatile constituent, emissions to air are usually less important than releases
to other media. Because of its high octanol-water partition coefficient (log K, of 7.3), bis(2-ethylhexyl)
phthalate is expected to bioconcentrate in aquatic organisms. Sorption, bioaccumulation, and
biodegradation are likely to be competing processes, with the dominant fate being determined by local
environmental conditions.

3.2.2.2 Inorganic Compounds

Some of the physical/chemical properties of the inorganic COPCs selected for the ravines and Beach
Area study areas are presented in Table 3-2. While the pure metallic forms are insoluble in water, many
of the salts are soluble in varying degrees. The primary fate process for these inorganics in relation to
groundwater is adsorption. These constituents may be released into solution depending on pH, the
particular constituent state present, and the presence of aerobic or anacrobic conditions at the site.
Values of the soil-water partition coefficient (Kd) have been reported to range from 31 to 100,000 liters
per kilogram (L/kg) for these inorganic constituents. This suggests that they are likely to be primarily
distributed to the soil phase. The important transport and fate characteristics of the inorganic
constituents are discussed below.

Arsenic compounds tend to adsorb to soils and sediments. Transport and partitioning of arsenic in water
depend upon the constituent form of the arsenic and on interactions with other materials present. Soluble
forms may move with water; however, arsenic may be adsorbed onto sediments, especially clays, iron
oxides, manganese compounds, and organic material.

Most of the common beryllium compounds are soluble in water. However, soluble beryllium salts are
hydrolyzed to form beryllium hydroxide. In most natural environments, beryllium is likely to be present
in sorted or precipitated, rather than dissolved, form.

In freshwater systems, manganese can occur as a soluble ion, in complex organic ions, or in colloidal
suspensions. In soil, the solubility of manganese is increased at low pH and under reducing conditions.
The presence of high concentrations of chlorides, nitrates, or sulfates may also increase solubility.

Sulfate is found almost universally in natural waters in concentrations ranging from a few tenths of a
milligram per liter up to several thousand milligrams per liter. Some sulfate is formed during oxidative
decay of organic matter. Once sulfate has been dissolved in water, it becomes a permanent solute, except
when it is anaerobically reduced to sulfide and precipitated in sediments, released to the atmosphere as
hydrogen sulfide (H,S), or incorporated in living organic matter. Most inorganic sulfates are quite
soluble except for the lead and barium salts.
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3.2.3 Constituent Migration Pathways

The affected media at the ravines and Beach Area study areas are limited to surface water and sediment.
Although soil and groundwater data were collected from the Surplus OU, these media from a human
exposure perspective, are limited to the LF2/SARN study area.

The COPCs at the ravine and Beach Area study areas may potentially migrate toward downgradient
receptor locations and may be transported to other environmental media. COPCs in the ravine sediment
are expected to remain persistent in the ravines, or may be transported via the following major migration
pathways:

 Sediment to groundwater;

» Sediment to surface water; and

+ Sediment to air.

COPCs in the surface water may remain persistent in the study areas or may be transported via the
following major migration pathways:

« Surface water to groundwater;

« Surface water to sediment; and

« Surface water to air.

Due to the high K, values of most of the organics, many of the organic COPCs are expected to be
strongly adsorbed to the sediments. As a result, mobility of these organics is expected to be relatively
low. Due to the generally low solubilities of the inorganics, significant transport is not expected.
However, some of the inorganics may be present in soluble forms that may increase their potential for
migration. COPCs in surface water are expected to be easily transported downstream toward to the
beach area. COPCs in surface water and sediment at the beach are expected to eventually migrate toward
Lake Michigan. The following subsections summarize the potential constituent migration pathways at
the ravines and Beach Area study areas at the Surplus OU.

Sediment-to-Groundwater Pathway
Potentiometric data collected from the Surplus OU indicate that the ravines act as discharge points for the

groundwater (i.e., the streams in the bottoms of the various ravines are gaining streams). Although no
groundwater wells were installed in either Janes Ravine or Hutchinson Ravine, nested wells installed in
Bartlett Ravine (LFSMW04S and LFSMWO04D) exhibit a distinct upward gradient. In fact, LFSMWO04S
is slightly artesian. In addition, the potentiometric contours across the Surplus OU all bend upstream,
indicating a component of flow toward the ravines (i.e., indicating discharge to the ravines). None of the
potentiometric contours bend downstream as would be expected if the ravines represented losing streams
(i.e., indicating flow away from the stream). Consequently, sediment in the ravines is not expected to
provide a source of COPCs to groundwater.
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Sediment-to-Surface Water Pathway

Typically, when precipitation falls, any surface water runoff may contain some constituents in solution
that may be transported along with the surface water to offsite locations. The sediment-to surface water
pathway is potentially important when COPCs are present in sediment and may be resuspended in
surface water. COPCs have been observed in both surface water and sediment samples collected from
Janes Ravine, Hutchinson Ravine, and the Beach Area.

Sediment-to-Air Pathway

The presence of COPCs in sediment samples collected from the ravines and Beach Area study areas
could result in a release of these constituents to the atmosphere as dust or vapor. Air monitoring has not
been conducted at the Surplus OU to determine the potential for dusts or vapors to be generated from the
ravines or Beach Area.

Sediments that have been exposed to natural weathering over a long period of time are likely to have lost
the bulk of volatile constituents as a result of volatilization to the atmosphere, leaching, or surface water
runoff. No volatile COPCs have been observed in sediments collected from the ravines and Beach Area.

COPCs bound to sediments may be transported as suspended particulates or dust and may migrate when
environmental conditions are favorable. Factors influencing the potential for dust entrainment into the
atmosphere include surface roughness, surface soil moisture, soil particle size, type and amount of
vegetative cover, amount of sediment surface exposed to the eroding wind force, physical and constituent
properties of the soil, wind velocity, and other meteorological conditions (USEPA, 1983a). Dust
formation could be significant during extended periods of dry weather. However, the affected sediment
in the ravines and Beach Area study areas remains moist most of the year. The ravines provide a natural
barrier to the eroding wind force, such that wind velocity is greatly reduced within the ravines. Sediments
on the beach are more likely to be affected by lake effects (i.e., wave action from Lake Michigan).

Surface Water-to-Groundwater Pathway

Potentiometric data collected from the Surplus OU indicate that the ravines act as discharge points for the
groundwater (i.e., the streams in the bottoms of the various ravines are gaining streams). Although no
groundwater wells were installed in either Janes Ravine or Hutchinson Ravine, nested wells installed in
Bartlett Ravine (LFSMW04S and LFSMW04D) exhibit a distinct upward gradient. In fact, LFSMW04S
is slightly artesian. In addition, the potentiometric contours across the Surplus OU all bend upstream,
indicating a component of flow toward the ravines (i.e., indicating discharge to the ravines). None of the
potentiometric contours bend downstream, as would be expected if the ravines represented losing streams
(i.e., indicating flow away from the stream). Consequently, surface water in the ravines is not expected to
provide a source of COPCs to groundwater.
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Surface Water-to-Sediment Pathway

Just as constituents may partition from sediment to surface water, constituents may also partition from
surface water to sediment. Constituents dissolved in surface water may precipitate out of solution and be
deposited in the sediment. The surface water to sediment pathway is potentially important when COPCs
are present in surface water and may be deposited in sediment. COPCs have been observed in both
sediment and surface water samples collected from Janes Ravine, Hutchinson Ravine, and the Beach
Area.

Surface Water-to-Air Pathway

Although it is not possible for dusts to be generated from surface water, any volatile COPCs present in
surface water may be released to the atmosphere through volatilization. Low concentrations of volatile
COPCs have been detected in surface water samples collected from Hutchinson Ravine and the Beach
Area. Chloromethane was detected in one out of seven surface water samples collected from Hutchinson
Ravine at a concentration of 12 ng/L. Chloroform was detected in one out of four surface water samples
collected from the Beach Area at a concentration of 1.6 ng/L. Volatilization from these surface water
concentrations is expected to be insignificant.

3.2.4 Exposure Routes

The analysis of exposure to human receptors is a complex process involving the use of numerous
exposure assumptions. The assessment of pathways by which human receptors may be exposed to
COPC:s at the ravines and Beach Area include an examination of existing (current) exposure routes as
well as those that may reasonably be expected to occur in the future. The determination of exposure
routes is made by a careful examination of the current extent of affected media and the results of the fate
and transport assessment for predicting constituent migration pathways and estimating exposure point

concentrations.

This subsection lists the potential exposure routes that have been identified for the ravines and Beach
Area study areas. A more detailed evaluation of each pathway and the justification for including or
excluding specific routes in the detailed quantitative analysis is provided in Section 3.3 (Exposure
Pathway Screening).

Potential exposure routes for human receptors at the ravines and Beach Area include:
+  Ingestion Pathway--This pathway includes ingestion of any of the affected media
(i.e., surface water and sediment);
+  Dermal Absorption Pathway--This pathway includes dermal absorption of COPCs from
~ surface water and sediment; and
+ Inhalation Pathway--This pathway includes inhalation of dusts (emitted from sediment) and
vapors (volatilization from surface water).
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3.2.5 Conceptual Model

The human health conceptual exposure model for the BRA at the ravines and Beach Area study areas
integrates and summarizes the information concerning sources, constituent migration pathways, and
exposure routes into a combination of exposure pathways. The conceptual exposure model for the
ravines and Beach Area is presented in Table 3-3. This model identifies the key potential release
mechanisms, transport media, exposure points, exposure media, exposure routes, and potential receptors
for the ravines and Beach Area. Some of the identified potential exposure pathways included in this
model are not actually known to be complete pathways (i.e., COPCs are not expected to reach receptors).
The model includes all potential exposure pathways and receptors, including some that may not be
quantified in this report.

3.3 Exposure Pathway Screening

The following subsections present a semi-quantitative screening of the potential exposure pathways
associated with the ravines and Beach Area study areas. This screening step identifies those pathways
that are complete (i.e., COPCs are expected to reach receptors). For an exposure pathway to be
complete, the following four elements must be present:

* A source area or a release from a source;

*  Alikely environmental migration route (i.e., leaching or partitioning from one medium to

another);
*  Anexposure point where receptors may come into contact with site-related COPCs; and
*  Anexposure route by which potential receptors may be exposed.

This screening step eliminates from consideration those pathways that are incomplete (i.c., those
situations where COPCs may be released, but for which there is little or no potential for contact with
receptors). The framework for the selection takes the form of a decision network designed to provide a
clear perspective of the relative importance of each potential exposure pathway.

Factors that have been considered in the exposure pathway selection process include:
*  Regional importance of site resources;
*  Local topography;
*  Local land/water use;
*  Land re-use planning;
*  Qualitative prediction of constituent migration; and
*  Persistence and mobility of migrating constituents.

The rationale for the selection of the major routes of exposure through each transport pathway (i.e.,
surface water, sediment, etc.) is presented in the subsections that follow. The selected pathways will
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require detailed quantitative analysis to estimate the potential exposure and associated potential risks at
the ravines and Beach Area study areas.

3.3.1 Groundwater Pathway

Groundwater generally flows to the east toward Lake Michigan. Groundwater in the vicinity of the
ravines is expected to discharge to surface water in the Janes Ravine and Hutchinson Ravine.
Groundwater at Fort Sheridan has been classified as Class 2 General Resource Groundwater (ESE,
1996a).

The groundwater at the site is not suitable as a potable water supply. Evaluation of the hydraulic
conductivity and development/presample purging information from the groundwater monitoring wells at
Fort Sheridan indicates that the saturated intervals are not capable of a sustainable yield of 10 gallons per
minute (gpm) to 150 gpm. Although sand lenses within the glacial till matrix do yield water, the
discontinuous nature of these lenses will not allow sustainable yields (ESE, 1996a). There are no potable
water supply wells located downgradient from the ravines and Beach Area study areas at the Surplus OU.
All potable water used at Fort Sheridan and the surrounding communities comes from Lake Michigan. In
addition, a local ordinance currently in place for the City of Highwood prohibits the use of groundwater
as a potable supply of water. Consequently, the groundwater pathway at the ravines and Beach Area was
eliminated as a potential pathway of concern. Potential exposure to surface water and sediment as a
result of groundwater discharge is discussed in Sections 3.3.2 and 3.3.3.

3.3.2 Surface Water Pathway

Direct exposure to surface water is also an important exposure pathway at the ravines and Beach Area
study areas. Human receptors may be exposed to surface water through incidental ingestion and dermal
absorption. COPCs have been detected in surface water samples collected from Janes Ravine,
Hutchinson Ravine, and the Beach Area. Human receptors that walk or wade through surface water may
be potentially exposed through dermal absorption of constituents present in the water. In addition, a
receptor may unintentionally ingest small quantities of surface water.

Although surface water runoff may occur during precipitation events, there are no significant signs of
erosion that would indicate surface transport of COPCs via the surface water pathway. However, as
discussed previously, groundwater discharges to surface water in both Janes Ravine and Hutchinson
Ravine. A review of the topography of the natural drainage patterns within the ravine system suggests
that groundwater-surface water interaction is very likely. As a result, both current and future exposures
to surface water were quantified in this risk assessment. The primary receptors of interest include current
and potential future recreational users.
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3.3.3 Sediment Pathway

Direct exposure to sediment is another important exposure pathway at the ravines and Beach Area study
areas. Like surface water, human receptors may be exposed to sediment in Janes Ravine, Hutchinson
Ravine, and the Beach Area through incidental ingestion and dermal absorption. COPCs have been
detected in sediment samples collected from Janes Ravine, Hutchinson Ravine, and the Beach Area.

Although sediments may be suspended in surface water runoff during precipitation events, there are no
significant signs of erosion that would indicate surface transport. However, groundwater discharges to
surface water in Janes Ravine and Hutchinson Ravine. While some COPCs are expected to remain
dissolved in the surface water, other COPCs are expected to adsorb to sediments in the ravine. Human
receptors that walk through these sediments may be potentially exposed through dermal absorption and
unintentional ingestion of COPCs present in the sediment. As a result, both current and future exposures
to sediment were quantified in this risk assessment. The primary receptors of interest include current and
potential future recreational users.

3.3.4 Air Pathway

Potential exposures to air are expected to be limited to either dust emissions of COPCs from sediment or
vapor emissions of COPCs from surface water. As discussed previously in Section 3.2.3, the potential
for dust and vapor emissions from the ravines and Beach Area is very low. Dust formation from
sediments in the ravines and Beach Area are not expected to be significant because of generally wet
conditions and protection from the eroding force of the wind. Vapor emissions from surface water in the
ravines and Beach Area are not expected to be significant because of the low detection frequency and low
concentration o f volatile COPCs. Future activities in the ravines and Beach Area are not expected to
result in human exposure to COPCs in the air. Consequently, the air pathway was eliminated from
further consideration.

3.4 Receptors of Concern

The preceding discussion identified those pathways that are potentially significant (complete) and those
that are included in the detailed quantitative analysis of exposure. The exposure assessment estimates
the total intake of COPCs that the key receptor groups are expected to receive over various exposure
periods. The key human receptor groups for the ravines and Beach Area study areas are:

* Current Recreational (a golfer); and

» Future Recreational (a golfer or other recreational user, such as a hiker).

Current recreational exposure is expected to be limited to Janes Ravine and Hutchinson Ravine. There is
no current exposure at the Beach Area. Current recreational activities in the vicinity of the ravines are
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limited to golfing. Since this activity precludes young children, current recreational exposures at Janes
Ravine and Hutchinson Ravine are limited to adults (i.e., current exposure to young children is not a
viable scenario and is not evaluated for these ravines).

Future recreational activities are expected to occur at Janes Ravine, Hutchinson Ravine, and the Beach
Area. Future recreational exposure at the ravines and beach may include both golfing and hiking. Since
~ hiking may include potential exposures to both adults and children, both adults and children are
considered significant receptors and are evaluated for the future recreational scenario at Janes Ravine,
Hutchinson Ravine, and the Beach Area.

The current conservative linear cancer potency models that the USEPA uses in cancer risk assessments
consider the expression of carcinogenic effects to be a function of cumulative dose over a lifetime of
exposure. Since a child has a higher ingestion rate and lower body weight compared to an adult,
childhood exposures may be greater than those received as an adult. Therefore, carcinogenic exposures
were estimated as a time-weighted average which considers the cumulative exposures received as both a
child and adult. Noncarcinogenic exposures are calculated for both children and adults; however,
exposures to children are expected to be greater because of their lower body weight. Therefore, for
purposes of this analysis, future recreational exposures are calculated for both an adult and a child.

3.5 Exposure Point Concentrations

In the risk assessment process, potential risk is estimated as a function of exposure with the potential risk
of adverse effects increasing as exposure increases. Information on the levels of exposure experienced by
different members of the population is key to understanding the range of potential risks that may occur.
In order to describe the range of potential risks, both high and central tendency descriptors are used to
convey the variability in potential risk levels experienced by different individuals in the population. For
purposes of this risk assessment, an estimate of the high end risk descriptor is the reasonable maximum
exposure (RME) and the estimate of the central tendency descriptor in the reasonable average exposure
(RAE).

An exposure point concentration is the concentration of a COPC in an environmental medium that may
reach the potential receptor. The exposure concentration is typically defined as the average concentration
contacted at the exposure point. Under USEPA guidance, a conservative estimate of this average
concentration is the upper 95th percent confidence limit (UCL95) (USEPA, 1992c). The UCL95
concentration was used as the RME concentration for the ravines and Beach Area study areas. In the
event that the UCL95 concentration exceeded the maximum detected concentration at the site, then the
maximum detected concentration was used as the RME concentration.
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Typically, the central tendency or RAE concentration is the arithmetic mean exposure (average estimate)
or the median exposure (median estimate). Since it was not possible to construct true median or mean
estimates for all of the factors included in the calculation of exposure, the UCL95 concentration was also
used as the best estimate of the RAE concentration for the ravines and Beach Area study areas.

Current recreational exposures at Janes and Hutchinson Ravines were evaluated for surface water and
sediment. The current exposure concentrations for surface water and sediment were based on measured
concentrations in surface water and sediment of Janes Ravine and Hutchinson Ravine.

Future recreational exposures at Janes Ravine, Hutchinson Ravine, and the Beach Area were also
evaluated for surface water and sediment. The future exposure concentration for surface water and
sediment were based on measured concentrations in surface water and sediment of Janes Ravine,
Hutchinson Ravine, and the Beach Area.

The exposure point concentrations for current and future recreational exposures to surface water at the
ravines and Beach Area study areas are presented in Table 3-4 The exposure point concentrations for
current and future recreational exposures to sediment are presented in Table 3-5. The exposure point
concentrations for exposure to background surface water are presented in Table 3-6. The exposure point
concentrations for exposure to background sediment are presented in Table 3-7. The methodology used
to calculate exposure concentrations is presented in Appendix E.

3.6 Quantification of Pathway-Specific Constituent Intakes

Exposure estimates are calculated for each of the potentially exposed human réceptors identified for each
exposure pathway selected in the preceding analysis. Generally, the human exposure assumptions for
each pathway were selected in accordance with the guidance provided by RAGS (USEPA, 1989a) and the
Exposure Factors Handbook (USEPA, 1995a). Receptor intakes were calculated separately for
carcinogenic and noncarcinogenic effects.

The degree of potential exposure via each pathway is determined by behavioral, constituent, and
physiological factors. Behavioral factors include the amount of time spent in contact with the
constituents of concern in soil, water, leachate, surface water, sediment, air, and the volume of material
ingested. Constituent factors affecting the degree of exposure relate to the tendency for a compound to
be absorbed through the skin as well as the physical state of the constituent in the environment (e.g.,
solubilized in water). Physiological parameters such as the condition of the skin (i.c., degree of hydration
and skin breaks) and the ability of the body to metabolize and eliminate the constituent(s) also determine
the amount and type of exposure that may occur. To quantify potential exposures in the risk assessment
process, it is necessary to make assumptions regarding each of these factors. These assumptions,
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expressed as exposure factors and equations, are presented in Appendix F for each identified complete
exposure route.

As discussed previously, potential risk is estimated as a function of exposure, with the potential risk of
adverse effects increasing as exposure increases. Information on the levels of exposure experienced by
different members of the population is key to understanding the range of potential risks that may occur.
In order to describe the range of potential risks, both high end (RME) and central tendency (RAE)
estimates of exposure are used to convey the variability in potential risk levels experienced by different
individuals in the population.

For each factor involved in the calculation of an exposure estimate, there is a range of values that may
describe the magnitude of exposure which may occur to a given individual. In many cases, the state of
the science is not yet adequate to define the distributions of all exposure factors that are used in the
calculation of the exposure estimates. Consequently, the RME and RAE should be viewed as best
approximation of the high end and central tendency exposures, respectively. The RME exposure
estimate has been developed using high end values for most of the exposure factors (see Appendix F).
Using high end estimates (e.g., above 90th and 95th percentile) for the majority of the exposure variables
may result in an estimate of exposure beyond the distribution of actual expected exposure and doses
(USEPA, 1995b). Consequently, it is likely that the RME exposure may be over estimated in this report.
Because it is not possible to construct a true mean or median estimate (i.e., 50th percentile estimate) for
all exposure variables that are included in the exposure algorithms, the RAE was approximated by
applying a modifying factor of 5 to the RME estimate. Considering the number of exposure variables,
and the potential that most are high end estimates, this is a reasonable approach to estimate the central
tendency exposure and is consistent with agency guidance (USEPA, 1995b).
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Table 3-1. Physical/Chemical Properties of Organic COPCs
, Organic
, Octanol/Water Carbon
Molecular Water Partition Vapor Henry's Law  Partition
Weight Solubility =~ Coefficient Pressure Constant  Coefficient
Constituent (g/mole) (mg/L) (Log K.)) (mm Hg) (atm-m*/mole) Ky, mL/g)
Benzo(a)anthracene 228 0.0094 5.7 2.2E-08 3.3E-06 3.98E+05
Benzo(a)pyrene 252 0.00162 6.11 5.6E-09 1.1E-06 1.02E+06
Benzo(b)fluoranthene 252 0.0015 6.2 5.6E-07 1.11E-04 1.23E4-06
Benzo(k)fluoranthene 252 0.0008 6.20 5.0E-07 8.29E-07 1.23E+06
Bis(2- 390.6 0.34 7.3 6.2E-08 1.02E-07 1.51E+07
ethylhexyl)phthalate
Chlordane 410 0.056 6.32 1.0E-05 4.85E-05 1.2E+05
Chloroform 19.38 7,920 1.92 1.59E+02 3.67E-03 3.98E+01
Chloromethane 50.5 5330 0.91 3.67E+03 8.82E-02 6.3E+00
] Chrysene 228 0.0016 5.70 6.3E-09 9.46E-05 3.98E+05
DDD, p,p’- 320 0.09 6.10 1.89E-06 4.00E-06 1.0E+06
DDT, p,p'- 355 0.025 6.53 5.5E-06 8.10E-06 2.63E+06
Dibenzo(a,h)anthracene 278 0.00249 6.69 1.0E-10 1.47E-07 3.8E+06
Indeno(1,2,3-cd)pyrene 276 0.000022 6.65 1.0E-10 1.6E-06 3.47TE+06

atm-m*/mole = atmosphere-meter cubed per mole
COPC = constituent of potential concern

g/mole = grams per mole

mg/L = milligrams per liter

mL/g = milliliters per gram

mm HG = millimeters of mercury

Sources: HSDB, 1997; IEPA, 1997; and USEPA, 1996b.
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Table 3-2. Physical/Chemical Properties of Inorganic COPCs

Atomic Water Soil/Water Partition
Weight Boiling Point Melting Point  Solubility Coefficient
Constituent (g/mole) (°C) (°C) (mg/L) (Kd, L/kg)
Arsenic 75 613 817 Cs 31
Beryllium 9 2,970 1,290 Cs 100,000
Manganese 55 1,962 1,244 CS 65
Sulfate CS CS - CS CS CS

COPC = constituent of potential concern
CS = constituent specific

°C = degrees centigrade

g/mole = grams per mole

L/kg = liters per kilogram

mg/L = milligrams per liter

Sources: Baes et al., 1984; USEPA, 1985; and IEPA, 1997.
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Table 3-3. Conceptual Exposure Model of Potential Exposure Pathways
Exposure

Affected Release Transport Exposure Media/Exposure Potential
Media Mechanisms Media Points Routes Receptors
Sediment None Sediment Ravines and Beach  Sediment, ingestion, Workers,

Area dermal absorption Recreational User
Sediment Wind erosion, Air, dust Ravines and Beach  Inhalation of dust Workers,

mechanical erosion Area Recreational User

Sediment Volatilization Air, vapors Ravines and Beach  Inhalation of vapors Workers,

Area Recreational User
Sediment Leaching Groundwater  Ravines and Beach  Ingestion, dermal Workers

Area absorption Recreational User
Sediment Sediment to water Surface water  Ravines and Beach Ingestion, dermal Workers .

partitioning Area absorption Recreational User

Surface None Surface water  Ravines and Beach  Surface water ingestion, Workers,
Water Area dermal absorption Recreational User
Surface  Volatilization Air vapors Ravines and Beach Inhalation of vapors Workers,
Water Area, and Recreational User

Downwind of Site
Surface  Infiltration Groundwater  Ravines and Beach Ingestion, dermal Workers,
water Area absorption Recreational User
Surface  Precipitation; Sediment Ravines and Beach Ingestion, dermal Workers,
Water Deposition Area absorption Recreational User

Source: QST, 1998.
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Table 3-4.  Exposure Point Concentrations (mg/L) for Current and Future Recreational Exposure to

Surface Water
Constituents of Maximum Calculated  Selected Exposure Point
Potential Concern Distribution Detected 95% UCL Concentration
Hutchinson Ravine
Bis(2-ethylhexyl)phthalate LN 1.4E-02 3.72E-03 3.72E-03
Benzo(a)pyrene N 1.47E-05 1.11E-05 1.11E-05
Benzo(k)fluoranthene LN 8.75E-06 NC 8.75E-06
Chloromethane LN 1.2E-02 8.54E-03 8.54E-03
Manganese N 1.81E+00 8.91E-01 8.91E-01
Sulfate N 2.00+02 1.55+02 1.55E+02

Janes Ravine

Manganese N 2.21-01 1.65E-01 1.65E-01
Beach Area

Chloroform N 1.60E-03 1.38E-03 1.38E-03

Manganese N 2.83E-01 2.76E-01 2.76E-01

Sulfate N 2.69E+02 2.48E+02 2.48E+02

LN = data are lognormally distributed
mg/L = milligrams per liter

N = data are normally distributed

NC = not calculated (too few data points)
UCL = upper confidence limit

Source: QST, 1998.

N:ADATA\PROM90208\DPASRPLS-OU\BCH-RVN.VTB./04/09/98 3-18 QST Environmental Inc



Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, lllinois

Table 3-5.  Exposure Point Concentrations (mg/kg) for Current and Future Recreational Exposure

to Sediment
Constituents of Maximum Calculated Selected Exposure Point
Potential Concern Distribution  Detected 95% UCL Concentration
Hutchinson Ravine
Benzo(a)anthracene LN 1.00E+01 1.64E+01 1.00E+01
Benzo(a)pyrene LN 8.00E+00  8.56E+00 8.00E+00
Benzo(b)fluoranthene LN 8.00E+00  8.52E+00 8.00E+00
Benzo(k)fluoranthene LN 5.00E+00  6.74E+00 5.00E+00
Chlordane LN 9.30E-01 7.65E-01 7.65E-01
Chrysene LN 1.00E+01 1.65E+01 1.00E+01
DDD, p,p’- LN 1.00E+01 3.44E+01 1.00E+01
Dibenzo(a,h)anthracene N 6.00E-01 2.70E-01 2.70E-01
Indeno(1,2,3-cd)pyrene LN 4.00E+00 4.21E+00 4.00E+00
Janes Ravine
Benzo(a)anthracene N 2.3E-01 1.23E-01 1.23E-01
Benzo(a)pyrene N 3.6E-01 1.72E-01 1.72E-01
Benzo(b)fluoranthene N 4.3E-01 1.93E-01 1.93E-01
Benzo(k)fluoranthene N 2.8E-01 1.34E-01 1.34E-01
Chlordane LN 5.20E+00 1.68E+01 5.20E+00
Chrysene N 3.3E01 1.47E-01 1.47E-01
DDD, pp’- LN 6.60E+00 1.21E+04 6.60E+00
DDT, pp’- LN 590E+00  6.70E+02 5.90E+00
Dibenzo(a,h)anthracene N 9.40E-02 8.55E-02 8.55E-02
Indeno(1,2,3-cd)pyrene N 2.4E-01 1.35E-01 1.35E-01
Beach Area
Arsenic N 1.31IE+01  6.85E+00 6.85E+00
Beryllium N 3.41E-01 2.51E-01 2.51E-01
Manganese N 6.27E+02  4.68E+02 4.68E+02

LN = Data are lognormally distributed.
mg/L = milligrams per liter

N = Data are normally distributed.
UCL = upper confidence limit

Source: QST, 1998.
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Table 3-6.  Exposure Point Concentrations (mg/L) for Current and Future Recreational Exposure to
Ravine and Beach Area Background Surface Water

Constituents of Maximum Calculated Selected Exposure Point
Potential Concern Distribution Detected 95% UCL Concentration
Ra.vinw
Benzo(a)pyrene - ND - -
Benzo(k)fluoranthene - ND -- -
Bis(2-ethylhexyl)phthalate N 5.4E-02 2.12E-02 2.12E-02
Chloromethane -- ND - -
Manganese N 2.18E-01 1.5E-01 1.5E-01
Sulfate - ND - -
Beach Area
Chloroform - ND - -
Manganese N 2.18E-01 1.5E-01 - 1.5E-01
Sulfate A -- ND - -

mg/L = milligrams per liter

N = data are normally distributed
ND = not detected in background
UCL = upper confidence limit

Source: QST, 1998.
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Table 3-7.  Exposure Point Concentrations (mg/kg) for Current and Future Recreational Exposure
to Ravine and Beach Area Background Sediment

Constituents of Maximum  Calculated Selected Exposure Point
Potential Concern Distribution  Detected 95% UCL Concentration
Ravines
Benzo(a)anthracene N 2.0E+00 1.32E+-00 1.32E+00
Benzo(a)pyrene N 2.0E+00 1.32E+00 1.32E+00
Benzo(b)fluoranthene N 2.0E+00 1.32E+00 1.32E+00
Benzo(k)fluoranthene N 1.0E+00 6.96E-01 6.96E-01
Chlordane N 5.24E-02 4.31E-02 4.31E-02
Chrysene N 2.0E+00 1.32E+00 1.32E+00
DDD, pp’- N 2.6E-01 2.12E-01 2.12E-01
DDT, pp'- N 6.46E-02 5.8E-02 5.80E-02
Dibenzo(a,h)anthracene - ND - -
Indeno(1,2,3-cd)pyrene N 1.0E+00 7.09E-01 7.09E-01
Beach Area
Arsenic LN* 2.26E+00 NC 2.26E+00
Beryllium - ND - -
Manganese LN* _ 2.26E+02 ___NC 2.26E+02
* Assumed distribution (only one sample available).
LN = data are lognormally distributed
mg/kg = milligrams per kilogram
NC = not calculated (only one sample available)
ND = not detected in background
UCL = upper confidence limit
Source: QST, 1998.
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4.0 Toxicity Assessment

The toxicity assessment weighs the available evidence regarding the potential for a particular constituent
to cause adverse effects in exposed individuals and provides an estimate of the extent of exposure and
possible severity of adverse effects. The toxicity assessment is performed in two steps: (1) hazard
identification and (2) dose-response assessment. The hazard identification determines the potential
adverse effects associated with exposure to a constituent along with the types of potential health effects
involved. In the dose-response assessment, quantitation of the toxicity values and estimation of reference
dose values are performed.

The human health COPCs selected for the Surplus OU are the organochlorine pesticides chlordane, p,p’-
DDD, and p,p’-DDT; the PAHs benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)
fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene; bis(2-ethylhexyl)phthalate;
the VOCs chloroform and chloromethane; and the inorganics arsenic, beryllium, manganese, and sulfate.
A technical summary of each constituent’s human health effects, target organ toxicity data, and
quantitative toxicity criteria is provided in Appendix G. Since the majority of the COPCs are well
studied, USEPA's Integrated Risk Information System (IRIS) (USEPA, 1998) and Health Effects
Assessment Summary Tables (HEAST) (USEPA, 1997a) were the primary information sources used to
gather information on pharmacokinetics and human health effects. Cancer slope factors (CSFs) for
carcinogenic effects and RfDs for noncarcinogenic effects presented in this section reflect the most
current toxicological information available from USEPA (1998; 1997a,b; 1996a) and other sources.
These factors are used to estimate potential carcinogenic risk values and noncarcinogenic hazard index
(HI) values in the risk characterization.

4.1 Evaluation of Potential Carcinogenic Risks

In evaluating potential human health risks, both carcinogenic and noncarcinogenic health effects must be
considered. The potential for carcinogenic effects is limited to exposure to certain substances.
Therefore, it is necessary to identify and select carcinogenic health criteria only for those COPCs that
have evidence of carcinogenicity.

To assess potential human carcinogenic risks, USEPA uses a two-part evaluation: determination of a
weight-of-evidence (WoE) classification and calculation of a CSF. The WOE classification is an
evaluation of the amount of data available that can be used to classify a constituent as a human
carcinogen. Data used to determine the WoE consists of epidemiological data as well as results of animal
tests.
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Generally, a CSF is a plausible upperbound estimate of a response per unit intake of a constituent over a
lifetime. Toxicity to carcinogens can be expressed in several ways. The CSF is usually the UCL95 of the
slope of the dose-response curve and is expressed as (mg/kg/day)". Toxicity values for carcinogenic
effects can also be expressed as risk per unit concentration of the substance in the medium of exposure,
referred to as unit risks. The methods used by USEPA to derive CSFs or unit risks are described in
RAGS (USEPA, 1989a). For carcinogens, USEPA usually assumes a nonthreshold response. That is, at
every dose level of a carcinogen there is some amount of adverse response. In other words, no dose is

believed to be risk-free.

While USEPA currently provides oral and inhalation CSFs for numerous potentially carcinogenic
constituents in IRIS (USEPA, 1998) or HEAST (USEPA, 1997a), dermal CSFs have not been derived.
However, in RAGS (USEPA, 1989a), USEPA does recommend developing dermal CSFs and provides
methodology to calculate these values from oral CSFs. Since the majority of oral CSFs are based on the
administered dose of a constituent and the dermal exposure equation results in an absorbed dose, it is
necessary to convert the oral CSF from an administered to an absorbed dose. According to RAGS
(USEPA, 1989a), a dermal CSF may be calculated by dividing the oral CSF by a gastrointestinal
absorption factor (GAF). Chemical-specific GAFs were obtained for the majority of carcinogenic COPCs
from toxicological profiles produced by the Agency for Toxic Substances and Disease Registry | ‘
(ATSDR). In the absence of chemical-specific values, USEPA Region IV (1996¢) default values were
used.

The potentially carcinogenic COPCs selected for the ravines and Beach Area study areas and their
respective CSFs, WoE classifications, and GAFs are presented in Table 4-1.

The majority of the COPCs are either known, probable, or possible human carcinogens. Of the COPCs,
USEPA has classified arsenic as a Group A human carcinogen,; bis(2-ethylhexyl)phthalate, chlordane,
chloroform, p,p’-DDD, p,p’-DDT, all of the PAHs, and beryllium as Group B2 probable human
carcinogens; and chloromethane as a Group C possible human carcinogen. Oral and inhalation CSFs are
provided for all of the carcinogenic COPCs (USEPA, 1998; 1997a,b; 1996a).

4.2 Evaluation of Noncarcinogenic Effects

Excessive exposure to any chemical constituent may potentially produce noncarcinogenic health effects.
Therefore, it is necessary to identify and select noncarcinogenic health criteria for each COPC to be
evaluated in the BRA, including potential carcinogens.
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4.2.1 Toxicity Information for Noncarcinogenic Effects

An RfD is an estimate (with uncertainty spanning approximately an order of magnitude) of a daily
exposure to the human population (including sensitive subgroups) that is likely to be without an
appreciable risk of deleterious effects if experienced continuously during a lifetime and is the toxicity
value most often used to evaluate the noncarcinogenic effects from exposure to constituents. RfDs are
specific to the route of exposure (i.., an inhalation RfD is used for inhalation exposure), critical effect
(developmental or systemic), and the length of exposure evaluated. Chronic RfDs are specifically
developed to be protective against long-term exposure to a constituent. Subchronic RfDs are developed
to characterize potential noncarcinogenic effects associated with shorter-term exposures. The derivation
procedure for an RfD can be found in RAGS (USEPA, 1989a) or other technical guidance documents for
criteria development. The concentrations of evaluated constituents detected in environmental media, the
exposure scenarios, and the potential completed exposure routes evaluated are more relevant to a chronic
exposure scenario. Therefore, only chronic toxicity receptors were evaluated.

USEPA currently provides only oral and inhalation RfDs for numerous constituents and does not derive
dermal RfDs. Similar to the oral-to-dermal CSF conversion, it is necessary to convert the oral RfD from
an administered to an absorbed basis (USEPA, 1989a). To calculate a dermal RfD, the oral RfD is
multiplied by a GAF. Chemical-specific GAFs were obtained for the majority of COPCs from ATSDR
toxicological profiles. In the absence of chemical-specific values, USEPA Region IV (1996¢) default
values were used.

The list of COPCs for the ravines and Beach Area study areas and their respective RfDs and GAFs are
presented in Table 4-2. The RfDs listed are the chronic RfDs, as guidance (USEPA, 1989a) requires use
of chronic exposure dose (RfD) levels. Chronic RfDs are applicable because: (1) the constituent
concentrations typically found at sites are low, and (2) the expected intake rate of constituents is similar
to the chronic dose levels administered to experimental animals in chronic toxicity studies. Compérison
to the chronic RfDs provides a more conservative evaluation of potential impacts to human health.

4.2.2 Constituents with No Established RfDs

Noncarcinogenic effects were evaluated for each of the selected COPCs, including potentially
carcinogenic constituents. The majority of constituents selected as COPCs have oral toxicity values
developed by USEPA. Only arsenic, beryllium, and sulfate do not have inhalation RfDs.

No oral RfDs have been developed by USEPA for p,p’-DDD, the PAHs, or sulfate. To evaluate
p,p’-DDD, the oral RfD for the parent compound p,p’-DDT was used as a surrogate. To evaluate the
potential noncarcinogenic effects of the carcinogenic PAHs, the oral RfD for the most toxic non-
naphthalene PAH, pyrene, was used as a surrogate (USEPA, 1996¢). It is not appropriate to apply the
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RID for naphthalene to other PAHs because of the differences in the physicochemical and biological
properties.

To evaluate exposure to sulfate, an RfD was derived based on the proposed drinking water maximum
contaminant level (MCL) of 400 milligrams per liter (mg/L) (USEPA, 1994b) and assuming that a
healthy 70-kg adult ingests 2 L/day of water. Because the derived oral RfD is based on direct
gastrointestinal effects, it is not appropriate to develop a dermal RfD based on the MCL.

4.3 Uncertainties Related to Toxicity Information

The quantitative uncertainty factor (UF) associated with each human toxicity value is listed in Table 4-2.
The greater the UF, the greater the uncertainty behind applicability of the value to the environmental
exposure conditions. Also, use of surrogate values may over- or underestimate potential risks. In
addition, although the method used for developing CSFs assumes a nonthreshold approach, experimental
evidence indicates that some of the potential carcinogens have dose-response curves that suggest a
response threshold.

The oral RfD for manganese in soil and water of 0.047 mg/kg/day (USEPA, 1998) is based on a no-
observed adverse effect level (NOAEL) of 10 milligrams per day (mg/day). IRIS (USEPA, 1998) states,
“In applying the reference dose for manganese to a risk assessment, it is important that the assessor
consider the ubiquitous nature of manganese, specifically that most individuals will be consuming about
2 to 5 milligrams (mg) of manganese per day in their diet. This is particularly important when one is
using the reference dose to determine acceptable concentrations of manganese in water and soils. Thus,
according to IRIS, up to 50 percent of the acceptable manganese intake will be consumed in the diet, and
it would be conservative to base the RfD for ingested environmental media (e.g., sediment) on the actual
acceptable manganese intake from those non-food sources (5 mg/day). Use of the unadjusted RfD
provides a less conservative evaluation and may allow for excess manganese exposure.

The chemical-specific GAFs chosen for the COPCs are typically the minimum value of a range, resulting
in a more conservative dermal CSF or RfD. In the absence of chemical-specific values or default values
from IEPA or USEPA Region V, a default GAF [specific to a chemical group (i.e., volatile organics,
semi-volatile organics, or inorganics)] estimated by USEPA Region IV (1996c) is used. Due to the
variability in gastrointestinal absorption, use of the default GAF may underestimate or overestimate
potential absorption and result in a more conservative or less conservative dermal CSF/RfD.
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Table 4-1. CSFs and Potential Carcinogenic Effects for the Human COPCs (Page 1 of 3)

CSF WoE* Type or Site CSF Basis
Chemical (mg/kg/day)”! Classification ~ of Cancer (CSF Source)
Arsenic
Oral LS A Human: multiple tumor  Drinking water
sites (USEPA, 1998)
Dermal 1.6 A Human: multiple tumor ~ Oral CSF + GAF of 0.95
sites (ATSDR, 1993a)
Inhalation IS A Human: long tumors Inhalation
(USEPA, 1998)
Benzo(a)anthracene
Oral 0.73 B2 Multiple species: total Based on benzo(a)pyrene
tumors (USEPA, 1996a)
Dermal 1.8 B2 Multiple species: total Oral CSF + GAF of 0.4
tumors (ATSDR, 1995a)
Inhalation 0.73 B2 Hamster: lung tumors Route extrapolation from
benzo(a)pyrene
(USEPA, 1996a)
Benzo(a)pyrene v
Oral 7.3 B2 Multiple species: total Multiple pathways
tumors (USEPA, 1998)
Dermal 18 B2 Multiple species: total Oral CSF + GAF of 0.4
tumors (ATSDR, 1995a)
Inhalation 7.3 B2 Hamster: lung tumors Route extrapolation
(USEPA, 1996a)
Benzo(b)fluoranthene
Oral 0.73 B2 Multiple species: total Based on benzo(a)pyrene
tumors (USEPA, 19961)
Dermal 1.8 B2 Multiple species: total Oral CSF + GAF of 0.4
tumors (ATSDR, 1995a)
Inhalation 0.73 B2 Hamster: lung tumors Route extrapolation from
benzo(a)pyrene
(USEPA, 1996a)
Benzo(k)fluoranthene
Oral 0.073 B2 Multiple species: total Based on benzo(a)pyrene
: tumors (USEPA, 1996a)
Dermal 1.8 B2 Multiple species: total Oral CSF + GAF of 0.4
tumors (ATSDR, 1995a)
Inhalation 0.73 B2 Hamster: lung tumors Route extrapolation from
benzo(a)pyrene
(USEPA, 1996a)
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Table 4-1. CSFs and Potential Carcinogenic Effects for the Human COPCs (Page 2 of 3)

CSF WoE* Type or Site CSF Basis
Chemical (mg/kg/day)’! Classification  of Cancer (CSF Source)
Beryllium
Oral 43 B2 Rat: gross tumors Drinking water
(USEPA, 1998)
Dermal 22 B2 Rat: gross tumors Oral CSF + GAF of 0.2+
(USEPA, 1996¢)
Inhalation 84 B2 Human: lung tumors’ Inhalation (USEPA, 1997a)
Bis(2-ethylhexyl)phthalate
Oral 0.014 B2 Mouse: liver tumors Diet (USEPA, 1998)
Dermal 0.07 B2 Mouse: liver tumors Oral CSF + GAF of 0.2
(ATSDR, 1993b)
Inhalation 0.014 B2 Mouse: liver tumors Route extrapolation
(USEPA, 1996a)
Chlordane
Oral 0.35 B2 Mouse: liver tumors Diet (USEPA, 1998)
Dermal 0.44 B2 Mouse: liver tumors Oral CSF + GAF of 0.8
(ATSDR, 1994a)
Inhalation 0.35 B2 Mouse: liver tumors Diet (USEPA, 1998)
Chloroform
Oral 0.0061 B2 Rat: kidney tumors Drinking water
(USEPA, 1998)
Dermal 0.0061 B2 Rat: kidney tumors Oral CSF + GAF of 1.0
(ATSDR, 1995b)
Inhalation 0.081 B2 Mouse: liver tumors Oral gavage (USEPA, 19972)
Chloromethane
Oral 0.013 (o Mouse: kidney tumors Inhalation (USEPA, 1997a)
Dermal 0.016 Cc Mouse: kidney tumors Oral CSF + GAF of 0.8}
(USEPA, 1996c¢)
Inhalation 0.0063 Cc Mouse: kidney tumors Inhalation (USEPA, 1997a)
Chrysene ‘
Oral 0.0073 B2 Multiple species: total Based on benzo(a)pyrene
tumors (USEPA, 1996a)
Dermal 0.018 B2 Mutltiple species: total Oral CSF + GAF of 0.4
tumors (ATSDR, 1995a)
Inbalation 0.0073 B2 Hamster: lung tumors Route extrapolation from

benzo(a)pyrene
(USEPA, 1996a)
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Table 4-1. CSFs and Potential Carcinogenic Effects for the Human COPCs (Page 3 of 3)

CSF WoE* Type or Site - CSF Basis
Chemical (mg/kg/day)?! Classification ~ of Cancer (CSF Source)
DDD, pp’-
Oral 0.24 B2 Mouse: l:ver tumors Diet (USEPA, 1998)
Dermal 0.34 B2 Mouse: liver tumors Oral CSF + GAF of 0.7
(ATSDR, 1994b)
Inhalation 0.24 B2 Mouse: liver tumors Route extrapolation
(USEPA, 1996a)
DDT, p,p’- '
Oral 0.34 B2 Mouse: liver tumors Diet (USEPA, 1998)
Dermal 0.49 B2 Mouse: liver tumors Oral CSF + GAF of 0.7
(ATSDR, 1994b)
Inhalation 0.34 B2 Mouse: liver tumors Diet (USEPA, 1995a)
Dibenzo(a,h)anthracene
Oral 73 B2 Multiple species: total Based on benzo(a)pyrene
tumors (USEPA, 1996a)
Dermal 18 B2 Multiple species: total Oral CSF + GAF of 0.4
' tumors (ASTDR, 1995a)
Inhalation 7.3 : B2 Hamster: lung tumors Route extrapolation from
benzo(a)pyrene
(USEPA, 19963a)
Indeno(1,2,3-cd)pyrene .
Oral 0.73 B2 Multiple species: total Based on benzo(a)pyrene
tumors (USEPA, 1996a)
Dermal 1.8 B2 Multiple species: total Oral CSF + GAF of 0.4
tumors (ASTDR, 1995a)
Inhalation 0.73 B2 Hamster: lung tumors Route extrapolation from
benzo(a)pyrene

(USEPA, 1996a)

COPC = constituent of potential concern
CSF = cancer slope factor

GAF = gastrointestinal absorption factor
mg/kg/day = milligrams per kilogram per day

B2

humans).
Cc

Source: QST, 1998.

SVOC = semi-volatile organic compound
VOC = volatile organic compound
WoE = weight of evidence

*  Weight-of-evidence to classify the chemical as a human carcinogen.
A = human carcinogen (sufficient evidence from epidemiologic studies to support a causal association

between exposure and cancer in humans).

probable human carcinogen (sufficient evidence of ¢

arcinogenicity in animals and inadequate data in

possible human carcinogen (limited evidence of carcinogenicity in animals and no data in humans).
+ Default gastrointestinal absorption factor (USEPA, 1996c¢): Inorganics 0.2; SVOCs 0.5; VOCs 0.8
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Table 4-2. Chronic RfDs and Potential Noncarcinogenic Effects for the COPCs (Page 1 of 3)

Confidence

Critical

RfD Basis

RfD
Chemical (mg/kg/day) Level Effect (RID Source) UF*?
Arsenic
Oral 0.0003 Medium  Human: skin Drinking water 3
: effects (USEPA, 1998) D,S
Dermal 0.00029 Medium  Human: skin Oral RfD x GAF of 3
effects 0.95 (ATSDR, D,S
1993a)
Inhalation -- - - - -
Beryllium
Oral 0.005 Low Rat: NOAEL Drinking water - 100
(USEPA, 1998) H.,S
Dermal 0.001 Low Rat: NOAEL Oral RID x GAF of 100
0.2° (USEPA, 1996c) H,S
Inhalation - - -- -- --
Bis(2-ethylhexyl)phthalate
Oral 0.02 Medium  Guinea pig: Diet (USEPA, 1998) 1,000
increased liver HL.,S
weight
Dermal 0.004 Medium  Guinea pig: Oral RfD x GAF of 1,000
increased liver 0.2 (ATSDR, 1993b) HL,S
weight
Inhalation 0.022 - - Route extrapolation 1,000
(USEPA, 1996a) HL.S
Chlordane
Oral 0.0005 Low Mouse: liver Diet (USEPA, 1998) 300 H,S.R
necrosis v
Dermal 0.0004 Low Mouse: liver Oral RFD x GAFof 300 H,S,R
necrosis 0.8 (ATSDR, 1994a)
Inhalation 0.0005 - - Route extrapolation 300 H,S,R
(USEPA, 1996a)
Chloroform _
Oral 0.01 Medium  Dog: liver cysts Oral (USEPA, 1998) 1,000
H,L.,S
Dermal 0.01 Medium  Dog: liver cysts Oral RD x GAF of 1,000
1.0 (ATSDR, 1995b) HL,S
Inhalation 0.01 - - Route extrapolation 1,000
(USEPA, 1996a) HL,S
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Table 4-2. Chronic RfDs and Potential Noncarcinogenic Effects for the COPCs (Page 2 of 3)

RfD Confidence Critical RID Basis
Chemical (mg/kg/day) Level Effect (R{D Source) UF*
Chloromethane
Oral 0.0036 NA Human: CNS Inhalation (USEPA, 1,000
effects) 1989d) ‘ HL.S
Dermal 0.0029 NA Human:CNS ~ OralRfD xGAFof 1,000
effects 0.8° (USEPA, 1996¢) HL,S
Inhalation 0.0036 - - Route extrapolation 1,000
(USEPA, 1996a) HL.,S
DDD, p,p’-
Oral 0.0005°¢ Medium  Rat: liver lesions Oral(USEPA, 1998) 100 H,S
Dermal 0.00035¢ Medium Rat: liver lesions Oral RfD x GAF of 100 H,S
0.7° (ATSDR, 1994b)
Inhalation 0.0005¢ -- - Route extrapolation 100 H,S
(USEPA, 1996a)
DDT, p,p’-
Oral 0.0005 medium  Rat: liver lesions Oral (USEPA, 1998) 100 H,S
Dermal 0.00035 Medium  Rat: liver lesions Oral RfD x GAF of 100 H,S
0.7 (USEPA, 1994b)
Inhalation 0.0005 - - Route extrapolation 100 H,S
(USEPA, 1996a)
Manganese
Oral 0.047 Medium  Human: CNS Diet (USEPA, 1998) 3(MF) S
effects
Dermal 0.0014 Medium  Human: CNS Oral RfD x GAF of 3(MF)S
effects 0.03 (ATSDR, 1992)
Inhalation  0.000014¢ Medium  Human: CNS Inhalation (USEPA, 1,000
effects 1998) DJF,L.S
PAHs, carcinogenic
Oral 0.03¢ Low Mouse: kidney Oral gavage (USEPA, 3,000
effects 1998) C,DHS
Dermal 0.012° Low Mouse: kidney Oral RfD x GAF of 3,000
effects 0.4 (ATSDR, 1995a) C.DHS
Inhalation 0.03¢ - - ' Route extrapolation - 3,000
(USEPA, 1996a) C,DHS
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Table 4-2. Chronic RfDs and Potential Noncarcinogenic Effects for the COPCs (Page 3 of 3)

RfD Confidence Critical RfD Basis ' .
Chemical (mg/kg/day) Level Effect (RfD Source) UF
Sulfate
Oral 1.4¢ NA Human: Drinking water NA
gastrointestinal (USEPA, 1994b)
effects
Dermal -8 -- -- - --
Inhalation - -- -- -~ -
-- = not determined.
CNS = central nervous system.
COPC =  constituent of potential concern
GAF = gastrointestinal adsorption factor
LOAEL =  lowest-observed-adverse-effect level.
MCL = USEPA maximum contaminant level.
MF = modifying factor.
NA = not available.
NOAEL =  no-observed-adverse-effect level.
PAH = polynuclear aromatic hydrocarbon
RfD = reference dose.
SVOC = semi-volatile organic compound
UF = uncertainty factor
VOC = volatile organic compound
a Uncertainty factors:
C = toextrapolate from a subchronic study to a chronic endpoint.
D = to account for deficiencies in the database.
F = to account for varying toxicity among different forms of the chemical.
H = to extrapolate from an animal study to humans.
L = toextrapolate from a LOAEL to a NOAEL.
R = lack of reproductive effects.
S = to protect sensitive human subpopulations.

Default GAF (USEPA, 1996c¢): Inorganics 0.2; SVOCs 0.5; VOCs 0.8

No RiDs are available for p,p’-DDD; values for the parent compound p,p’-DDT are used as
surrogates.

Based on an RfC of 5E-5 mg/m® (USEPA, 1998) and assumes that a healthy 70-kilogram adult
inhales 20 m*/day of air.

No oral RfDs are available for the carcinogenic PAHs [benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-
cd)pyrene]; values for the most toxic non-naphthalene PAH (pyrene) are used as surrogates.

Based on the proposed MCL of 400 mg/L (USEPA, 1994b) and assumes that a healthy 70-kilogram
adult ingests 2 L/day of water.

The oral RfD is based on direct gastrointestinal effects; therefore, it is not appropriate to develop a
dermal RfD based on the MCL.

Source: QST, 1998.
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5.0 Potential Risk Characterization

The objectives of characterizing potential risk are to integrate information developed in the exposure
assessment (Section 3.0) and the toxicity assessment (Section 4.0) into a complete evaluation of the -
current and potential future human health risks associated with COPCs detected in samples collected at
the ravines and Beach Area study areas of the Surplus OU. The BRA evaluates the nature and degree of
risk to potential human receptor populations described in Section 3.0. Potential risk estimates are
derived for individual COPCs and for the total COPC contribution from the ravines and Beach Area to
identify the media and COPCs posing the most significant concerns. The results of the risk
characterization are used to develop recommendations for remedial action planning. The methods used in
the human health risk analysis are those presented in RAGS (USEPA, 1989a), the Human Health
Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors" (USEPA, 1991), and
other appropriate USEPA exposure guidance.

Potential human health and environmental risks were determined for each of the exposure pathways
described in Section 3.0. The potential human health risks were evaluated separately for noncarcinogenic
and carcinogenic effects. Carcinogenic compounds were also evaluated for their noncarcinogenic effects.
The potential human health risks were evaluated for the ravines and Beach Area based on the RME and
RAE assumptions presented in Sections 3.5 and 3.6.

Following the description of the potential risks associated with human exposure to COPCs at the ravines
and Beach Area, the uncertainties associated with the risk analyses are presented. These uncertainties
may be attributable to lack of monitoring data, incomplete understanding of the mechanisms involved in
constituent transport, assumptions used in exposure assessments, or lack of toxicological information for
a particular constituent.

Potential human health risks are presented independently for carcinogenic and noncarcinogenic
constituents because of the different toxicological endpoints, relevant exposure durations, and methods
employed in characterizing potential risk.

5.1 Potential Human Carcinogenic Risks

Incidental potential human health risks associated with exposure to carcinogenic COPCs were calculated
based on USEPA’s Guidelines for Carcinogenic Risk Assessment (USEPA, 1986a) and Guidelines for
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- the Health Risk Assessment of Chemical Mixtures (USEPA, 1986b). Potential cancer risks were first
calculated for individual COPCs by multiplying exposure levels of each COPC by the appropriate CSF
(refer to Section 4.0 for specific CSFs) as follows:

Risk = I x CSF
where: Risk = Probability of an individual developing cancer,
I = Chronic daily constituent intake averaged over a lifetime of 70 years

(mg/kg/day), and
CSF = Slope factor, expressed in (mg/kg/day)*

Although estimating potential risk by considering one COPC at a time may significantly underestimate
the potential risks associated with simultaneous exposures to several COPCs, the total combined
potential health risks were also evaluated for each pathway by summing estimates derived for each
COPC for that pathway as follows: '

Risk, = ZRisk,.

where: Risk; = The total cancer risk, expressed as a unitless probability; and
Risk, The risk estimate for the i substance.

The additive approach is in accordance with USEPA guidelines on constituent mixtures in which -
potential risks associated with carcinogens are considered additive. Thus, risks from inhalation, dermal
absorption, and oral exposures can be added to estimate total overall potential risk to human receptors as
follows:

Total Exposure Cancer Risk = Risk (exposure pathway 1) + Risk (exposure pathway 2)
... + Risk (exposure pathway I)

The site-specific potential carcinogenic risk estimates were based on the RME and RAE exposure factors
presented in Section 3.0. To provide a perspective on the potential risks associated with the ravines and
Beach Area study areas, the magnitude of the potential cancer risks associated with the known or
suspected carcinogens detected at the study areas were compared to the USEPA acceptable cancer risk
range of 1.0E-4 to 1.0E-6. Acceptable exposure levels are the residual concentration levels that represent
an excess cancer risk to an individual of between 1.0E-4 to 1.0E-6 [55 Federal Register (FR) 8848]
based on the dose and response information for the particular constituent. The National Contingency
Plan (NCP) has identified an excess upper-bound lifetime cancer risk of 1.0E-6 as the point of departure
for determining the need for remediation of constituents that do not have ARARs or for which an ARAR
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is not sufficiently protective because of the presence of multiple constituents or multiple pathways of
exposure (55 FR 8848).

5.2 Potential Human Noncarcinogenic Effects

The measure used to describe the potential for noncarcinogenic toxicity to occur in an individual is not
expressed as a probability. The potential for noncarcinogenic effects is evaluated by comparing an
exposure level over a specified time period (¢.g., the daily dose in mg/kg/day for a long period up to a
lifetime) with an RfD derived for a similar period (USEPA, 1989a). This ratio of exposure to toxicity is
called a noncarcinogenic HI and is calculated as follows:

Noncancer HI = £
RfD
where: E = Exposure level (or constituent intake averaged over the exposed duration),
and
RfD = Reference dose (RfDs are presented in Section 4.0)

The HI assumes that there is a level of exposure (i.e., RfD) below which it is unlikely for even sensitive
populations to experience adverse health effects (USEPA, 1989a). If the exposure level exceeds the
threshold level [i.e., if the exposure level per reference dose (E/RfD) exceeds unity or HI >1.0], there may
be concern for potential noncarcinogenic effects. As with the carcinogenic constituent evaluation,
estimating noncancer hazard potential by considering one COPC at a time may significantly
underestimate the potential risks associated with simultaneous exposures for each pathway. By summing
estimates derived for each COPC, the total pathway HI is calculated as follows:

i

E, E E,
= + +..+
RD, RD, ~ RMD,

HI

H

where:  E; Exposure level (dose for the i™ constituent,
RfD,

1

Reference dose for the i constituent,

This additive approach assumes that multiple subthreshold exposures could result in an adverse effect
and that the magnitude of the effect is proportional to the sum of the ratios of the exposure to acceptable
exposures. The assumption of additivity is applicable to COPCs that induce the same type of effect. If
the H is greater than unity, COPCs are re-evaluated by critical effect, and separate Hls are calculated by
type of effect. The possible effects of multimedia exposures are evaluated by summing the HI values for
the relevant exposure routes.
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As an HI approaches 10 to 3,000, the uncertainty in the RfD is greatly reduced because of the safety
margin incorporated into the RfD (on the order of 10 to 3,000 to account for animal-to-human dose
extrapolations and species-to-species differences). Therefore, an HI ranging from 10 to 3,000 not only
indicates that chronic effects are posed to potential human receptors, but acute and subchronic effects
may also be posed.

- Following is a discussion of the calculated potential health risks to human receptors associated with the
ravines and Beach Area study areas. The potential risks discussed are specific to the previously
presented exposure scenarios.

5.3 Site-Specific Potential Risks

The potential site-specific human health risk estimates associated with current and potential future
exposure at the ravines and Beach Area are presented in detail in Appendices Hand I. A summary of the
potential human health risks are presented in the following sections. The potential risks characterized in
this section should be reviewed in light of the various associated uncertainties in the analysis as presented

in Section 5.5.

5.3.1 Potential Risks Associated with Janes Ravine

Current and future recreational users of Janes Ravine may be potentially exposed to COPCs in surface
water and sediment. Exposure may occur through incidental ingestion and dermal absorption of COPCs
in surface water and sediment. The total current and future potential noncarcinogenic and carcinogenic
risks associated with these human health exposures at Janes Ravine are summarized in Table 5-1.

The total current recreational user (golfer) HIs for the exposure pathways combined range from 3E-03 to
3E-02. Since the pathway-specific and total HIs are less than unity, there is no concern for potential
noncarcinogenic health effects for the current recreational scenario at Janes Ravine.

The total current recreational user (golfer) potential carcinogenic risk levels for the pathways combined
range from 4E-07 to 2E-06. Since these cancer risk estimates are lower than or well within the
acceptable range (1E-04 to 1E-06), there is no potential unacceptable carcinogenic health risk associated
with the current recreational scenario at Janes Ravine.

The total adult and child future recreational user (hiker) potential Hls for the exposure pathways
combined range from 1E-02 to 6E-02 and from 4E-02 to 6E-01, respectively. Since the pathway-specific
and total HIs are less than unity, there is no concern for potential noncarcinogenic health effects. The
total future recreational user potential carcinogenic health risk levels range from 1E-06 to 6E-06. Since
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each cancer risk estimate is within the acceptable range (1E-04 to 1E-06), there is no potential
unacceptable carcinogenic health risk associated with future recreational use of Janes Ravine.

5.3.2 Potential Risks Associated with Hutchinson Ravine

Current and future recreational users of Hutchinson Ravine may be potentially exposed to COPCs in
surface water and sediment. Exposure may occur through incidental ingestion and dermal absorption of
COPCs in surface water and sediment. The total current and future potential noncarcinogenic and
carcinogenic risks associated with these human health exposures at Hutchinson Ravine are summarized
in Table 5-2.

The total current recreational user (golfer) HIs for the exposure pathways combined range from 8E-03 to
2E-02. Since the pathway-specific and total Hls are less than unity, there is no concern for potential
noncarcinogenic health effects for the current recreational scenario at Hutchinson Ravine.

The total current recreational user (golfer) potential carcinogenic risk levels for the pathways combined
range from 4E-07 to 2E-06. Since these cancer risk estimates are lower than or within the acceptable risk
range (1E-04 to 1E-06), there is no potential unacceptable carcinogenic health risk associated with the
current recreational scenario at Hutchinson Ravine.

The total adult and child future recreational user (hiker) potential HIs for the exposure pathways
combined range from 8E-03 to 4E-02 and from 3E-02 to 1E-01, respectively. Since the pathway-specific

- and total HIs are less than unity, there is no concern for potential noncarcinogenic health effects. The

total future recreational user potential carcinogenic risk levels range from SE-06 to 3E-05. Since each
cancer risk estimate is well within the acceptable range (1E-04 to 1E-06), there is no potential
unacceptable carcinogenic health risk associated with future recreational use of Hutchinson Ravine.

5.3.3 Potential Risks Associated with the Beach Area

The Beach Area is currently closed to the public and no current exposure is occurring. Future
recreational users of the Beach Area may be potentially exposed to COPCs in surface water and
sediment. Exposure may occur through incidental ingestion and dermal absorption of COPCs in surface
water and sediment. The total future potential noncarcinogenic and carcinogenic risks associated with
these human health exposures at the Beach Area are summarized in Table 5-3.

The total adult and child future recreational user (hiker) potential Hls for the exposure pathways
combined range from 6E-03 to 3E-02 and from 3E-02 to 1E-01, respectively. Since the pathway-specific
and total HIs are less than unity, there is no concern for potential noncarcinogenic health effects. The ‘
total future recreational user potential carcinogenic risk levels range from 1E-06 to 5SE-06. Since each
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cancer risk estimate is well within the acceptable range (1E-04 to 1E-06), there is no potential
unacceptable carcinogenic health risk associated with future recreational use of the Beach Area.

5.4 Risk Comparison

A variety of comparisons can be made to provide perspective on the potential risk estimates for the
exposure scenarios at the ravines and Beach Area study areas. While the comparison of potential risks is
useful to obtain perspective on the magnitude of the problem caused by a study area, risks have a number
of qualities beyond magnitude. For example, risk may be voluntary or involuntary, familiar or
unfamiliar, controllable or uncontrollable, and the consequences may be dreaded or not, and offset by
benefits or not. The best comparisons are those that match as many qualities as possible. For purposes
of this report, potential risks associated with background conditions are presented to provide some
perspective of the potential risk estimates.

5.4.1 Potential Background Risks

The potential carcinogenic and noncarcinogenic human health risk estimates associated with potential
exposures to background surface water and sediment are presented in detail in Appendix I. The
following sections present a summary of the potential human health risks for background conditions at
Fort Sheridan. Potential background risks were estimated only for the same COPCs and exposure
pathways selected for the ravines and Beach Area study areas. In addition, the potential background risks
characterized in this section are based on the same assumptions regarding exposure that were used to
characterize potential risks associated with the ravines and Beach Area presented in Section 3.6 and
should be reviewed in light of the various uncertainties presented in Section 5.5. The estimated potential
background risks presented in this section are provided for purposes of a relative comparison to the
estimated potential risks associated with the ravines and Beach Area,

Potential Background Risk Associated with Janes Ravine

The total potential background noncarcinogenic and carcinogenic risks associated with exposure to
current and future recreational users at Janes Ravine are summarized in Table 5-4. The total background
noncarcinogenic HIs for the current recreational scenario range from 1E-04 to 6E-04 and equate to
approximately 2 percent of the potential noncarcinogenic risk estimate for the current recreational user at
Janes Ravine. The total background potential carcinogenic risk levels for the current recreational
scenario range from 3E-08 to 2E-07 and equate to approximately 4 percent of the potential carcinogenic
risk estimate for the current recreational scenario at Janes Ravine.

The total background adult and child HIs for the future recreational scenario range from 4E-04 to 2E-03
and from 8E-04 to 4E-03, respectively. These background HIs equate to approximately 10 percent of the
potential noncarcinogenic risk estimate for the future adult and child recreational user at Janes Ravine,
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The total background potential carcinogenic risk levels for the future recreational user range from 8E-07
to 4E-06 and equate to approximately 70 percent of the potential carcinogenic risk estimate for the future
recreational scenario at Janes Ravine.

Potential Background Risks Associated with Hutchinson Ravine

Current and future recreational users at Fort Sheridan may be exposed to COPCs in background surface
water and sediment. Exposures may occur though incidental ingestion and dermal absorption of COPCs
in surface water and sediment. The total potential noncarcinogenic and carcinogenic risks associated with
these exposures to background conditions at Hutchinson Ravine are summarized in Table 5-5.

The total background noncarcinogenic HIs for the current recreational scenario range from 8E-04 to
4E-03. These background HIs equate to approximately 3 percent of the potential noncarcinogenic risk
estimate for the current recreational user at Hutchinson Ravine. The total background potential
carcinogenic risk levels for the current recreational scenario range from 1E-07 to SE-07. These
background cancer risk estimates equate to approximately 25 percent of the potential carcinogenic risk
estimates for the current recreational scenario at Hutchinson Ravine.

The total background adult and child HIs for the future recreational scenario range from 4E-03 to 2E-02
and from 9E-03 to 4E-02, respectively. These background HIs equate to approximately 5 to 8 percent of
the potential noncarcinogenic risk estimate for the future adult and child recreational user, respectively,
at Hutchinson Ravine. The total background potential carcinogenic risk levels for the future recreational
user range from 1E-06 to 7E-06. These background cancer risk estimates equate to approximately 20
percent of the potential carcinogenic risk estimate for the future recreational scenario at Hutchinson
Ravine.

Potential Background Risks Associated with the Beach Area

The total potential background noncarcinogenic and carcinogenic risks associated with exposure to future
recreational users at the Beach Area are summarized in Table 5-6. The total background adult and child
HIs for the future recreational scenario range from 2E-03 to 1E-02 and from 1E-02 to 6E-02,
respectively. These background Hls equate to approximately 40 percent of the potential noncarcinogenic
risk estimate for the adult and child recreational user at the Beach Area. The total background potential
carcinogenic risk levels for the future recreational user range from 3E-07 to 1E-06 and equate to
approximately 25 percent of the potential carcinogenic risk estimate for the future recreational scenario at
the Beach Area. '
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5.5 Uncertainty Analysis

The goal of an uncertainty analysis in a risk assessment is to provide the appropriate decision makers
(i.e., risk managers) a wide range of information about risk assessment assumptions, their inherent
uncertainty and variability, and the effect of uncertainty and variability on the estimate of potential risk.
This subsection discusses the uncertainties in the BRA for the ravines and Beach Area study areas. The
major impact of the uncertainty analysis is that the predicted potential risks are relative in nature and do
not represent an absolute quantification. This is an important point that is vital to the proper
interpretation and understanding of the potential risks presented in this report.

For any potential risk to exist, both exposure to the COPCs and toxicity at the predicted exposure levels
must be present. The human health toxicological uncertainties primarily relate to the methodology by
which both carcinogenic and noncarcinogenic criteria are developed. As discussed in Section 4.0, the no-
threshold theory of cancer development assumes that there is no "risk-free" level of exposure to any
constituent that has been shown or suspected to cause cancer. The assumption is that, even if relatively
large doses of a constituent were required to cause cancer in laboratory animals, the data can be
extrapolated down many orders of magnitude to estimate slope factors for humans. The logic behind this
assumption is that, since it is not known if a threshold exists (an uncertainty), the proper approach is to
assume a worst-case theory of cancer formation so that it is very unlikely that the risk can be
underestimated. With the noncarcinogenic criteria, a variety of uncertainty factors are typically applied to
existing data to determine levels at which no effects are expected.

Toxicity criteria for the dermal exposure pathway for some COPCs were derived using default GAFs for
VOCs, SVOCs, and inorganics that have been recommended by USEPA (1996¢). The GAF values were
applied to oral CSFs and oral RfDs. Gastrointestinal absorption of orally administered doses is highly
constituent-specific and is dependent upon a number of factors related to the physiological condition of
the individual exposed. These default GAFs are crude estimates of the actual gastrointestinal absorption
that may occur for any particular constituent and are consequently a source of uncertainty in this risk
assessment. Many of the COPCs for the ravines and Beach Area have a higher gastrointestinal
absorption than suggested by the default GAFs. Consequently, the risks associated with the dermal
exposure pathway may have been overestimated.

In addition, the evaluation of risk associated with dermal exposure to PAHs followed the procedure
recommended by USEPA’s Exposure Methods Branch and IEPA. In this method, it is assumed that
dermal contact with PAHs in soil may cause comparable risks to direct ingestion of the soil. Thus, the
oral exposure formula was used to estimate the risk from dermal contact with PAHs in soil. This
approach accounts for systemic risks from dermal absorption, but does not account for direct, point of
contact effects.
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ATSDR (1995a) has reported that no toxicological studies have been conducted that demonstrate a direct
association between human dermal exposure to individual PAHs and induction of skin cancer. However,
reports of skin tumors among individuals exposed to mixtures containing PAHs lend some qualitative
support to their potential for carcinogenicity in humans. In addition, studies in laboratory animals have
demonstrated the ability of carcinogenic PAHs to induce skin tumors following intermediate dermal
exposure. The risk of skin cancer associated with dermal exposure to PAHs could not be quantified in
this risk assessment because there is no appropriate method to characterize these potential point of
contact effects. Since the carcinogenic potency associated with these point of contact effects has not been
determined, it is difficult to evaluate the potential implications on the calculated risk estimates.
Nevertheless, there is some potential that the estimated cancer risks associated with the dermal exposure
pathway may have been either unaffected or may have been underestimated.

Inhalation unit risk factors for arsenic and beryllium were converted to internal doses in HEAST. Since
these inorganics are suspected to cause tumors at the point of first contact, these conversions may lead to
additional uncertainty in the risk assessments. It is possible that the inhalation cancer risk associated
with these constituents may have been underestimated.

In addition to toxicology criteria, the risk equation also requires an estimation of the dose that a
hypothetical individual may receive from COPCs associated with the ravines and Beach Area study areas.
As discussed in earlier sections, exposure scenarios were developed to allow calculation of the exposure
and, ultimately, the potential risk. These exposure scenarios are based on a number of assumptions that
are common or standard in most risk assessments of this type. These assumptions are designed to be
conservative and may likely overestimate exposure. The following paragraphs discuss these exposure
assumptions in some detail.

A number of assumptions were made in this BRA that are designed to overestimate exposure in areas
where the available data make more specific quantification difficult or impossible. It is inherent in these
assumptions that the actual case would clearly result in lower exposure relative to the hypothetical. The
assumptions are presented in detail in Section 3.0. The exposure estimates include assumptions
concerning exposure point concentrations, fate and transport modeling, and pathway specific exposure
parameters. Each category of assumption has an effect resulting in either an over- or underestimation of
potential risks at the ravines and Beach Area. The effects of each assumption on the estimation of
potential risks for the ravines and Beach Area are presented in Table 5-7.

Many of the COPCs selected for the analysis of risk associated with soil, sediment, and surface water at
the ravines and Beach Area were also detected at comparable concentrations in background samples.
Risks associated with background were estimated only for the same COPCs and exposure pathways
selected for the ravines and Beach Area study areas. As discussed in Section 5.4, background risks

NADATA\PRON90208 \NDP\SRPLS-OU\BCH-R VN.BRA/04/08/98 59 QST Environmental Inc.



Final BRA for Ravines and Beach Area Study Areas Surplus OU , Fort Sheridan, Illinois

account for up to 40 percent of the risk associated with the ravines and Beach Area for some exposure
scenarios. A comparison of the range of exposure point concentrations for the inorganic COPCs at the
ravines and Beach Area with the background comparison values and the range of background
concentrations reported for Illinois Metropolitan Statistical Areas (IEPA, 1994) are presented on

Table 5-8. The exposure point concentrations for the ravines and Beach Area study areas are within the
range of background concentrations reported for Fort Sheridan and the State of Illinois.

From this comparison, it is apparent that a portion of the estimated risk associated with the ravines and
Beach Area may be due to background conditions instead of a release due to mission-related activities.
Consequently, there is a moderate potential that risks associated with mission-related activities at the
ravines and Beach Area have been over estimated.

Data were not available for exposure to dusts as discussed in Section 3.0. Constituents in air (dust) were
not measured. The use of models and other assumptions to calculate constituent concentrations increases
data uncertainty. Generally, the model used to estimate dust concentrations is conservative and tends to
predict higher concentrations than would likely occur over time. Consequently, the potential risks
associated with the dust pathway may have been overestimated by as much as one order of magnitude.

Overall, there is a moderate potential for overestimation of potential human health risks at the ravines
and Beach Area study areas. It is especially high for the RME through each pathway evaluated.
Exposures through the direct contact pathway assumed that the exposure point concentrations were from
the most affected areas at the ravines and Beach Area regardless of accessibility. As a result of these
conservative assumptions, the potential risks to most human receptors may have been overestimated by
at least one order of magnitude and have a moderate degree of uncertainty associated with the analysis.

The potential risks presented in this section need to be viewed in light of the information presented in
Table 5-7. This table illustrates the fact that, although some uncertainty does exist that would indicate a
potential for underestimation (i.e., either overestimation or underestimation), there is no significant
underestimation identified. Furthermore, there are a significant number of assumptions that represent
moderate to high overestimations of potential risks.
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Table 5-1. Summary of Potential Human Health Risks Associated with Janes Ravine

Hazard Index Cancer Risk Level*
Exposure Scenario/Pathway Group RAE RME RAE RME
Current Recreational (Golfer) ' »
Surface Water Ingestion Adult 4E-07 2E-06 - -
Dermal Absorption - Surface Water ~ Adult 1E-05 7E-05 - -
Sediment Ingestion Adult 1E-04 5E-04 1E-08 5E-08
Dermal Absorption - Sediment Adult  6E-03 3E-012 4E-07 2E-06
Total Adult 6E-03 3E-02 4E-07 2E-06
Future Recreational (Hiker)
Surface Water Ingestion Adult 2E-06 1E-05 - -
| Child 1E-05 6E-05 * *
Dermal Absorption - Surface Water ~ Adult 8E-05 4E-04 - -
Child 2E-04 8E-04 * *
Sediment Ingestion Adult 1E-03 5E-03 2E-07 1E-06
Child 1E-02 5E-02 * *
Dermal Absorption - Sediment Adult 1E-02 5E-02 8E-07 4E-06
Child 2E-02 1E-01 * -
Total Adult 1E-02 6E-02 1E-06 6E-06
Child 4E-02 2E-01 * *

-- No carcinogenic constituents of potential concern were detected for this pathway.
RAE = reasonable average exposure
RME = reasonable maximum exposure

* Lifetime cancer risk estimate. Childhood cancer risk is included in value presented for adult.

Source: QST, 1998.
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Table 5-2. Summary of Potential Human Health Risks Associated with Hutchinson Ravine

Hazard Index Cancer Risk Level*
Exposure Scenario/Pathway Group RAE RME RAE RME
Current Recreational (Golfer)
Surface Water - Ingestion Adult 4E-06 . 2E-05 1E-11 6E-11
Dermal Absorption - Surface Water  Adult 2E-04 1E-03 1E-08 6E-08
Sediment Ingestion ) Adult 6E-05 3E-04 1E-07 5E-07
Dermal Absorption - Sediment Adult 4E-03 2E-02 2E-07 1E-06
Total Adult 4E-03 2E-02 4E-07 2E-06
Future Recreational (Hiker)
Surface Water - Ingestion Adult 2E-05 1E-04 8E-11 4E-10
Child 1E-04 6E-04 * *
Dermal Absorption - Surface Water  Adult 1E-03 6E-03 1E-07 SE-07
Child 2E-03 1E-02 * *
Sediment Ingestion Adult 6E-04 3E-03 2E-06 1E-05
Child 6E-03 3E-02 * *
Dermal Absorption - Sediment Adult 6E-03 3E-02 2E-06 1E-05
Child 1E-02 6E-02 * *
Total Adult 8E-03 4E-02 5E-06 3E-05
Child 2E-02 1E-01 * *

RAE = reasonable average exposure
RME = reasonable maximum exposure

* Lifetime cancer risk estimate. Childhood cancer risk is included in value presented for adult.

Source: QST, 1998.
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Table 5-3. Summary of Potential Human Health Risks Associated with the Beach Area

Hazard Index Cancer Risk Level*
Exposure Scenario/Pathway Group RAE RME RAE RME
Future Recreational (Hiker)
Surface Water Ingestion Adult 4E-05 2E-04 1E-11 5E-11
Child 8E-04 4E-03 * *
Dermal Absorption - Surface Water ~ Adult 2E-04 1E-03 8E-11 4E-10
Child 2E-03 1E-02 * *
Sediment Ingestion Adult 2E-03 9E-03 8E-07 4E-06
Child 2E-02 8E-02 * *
Dermal Absorption - Sediment Adult 4E-03 2E-02 2E-07 1E-06
Child 8E-03 4E-02 * *
Total Adult 6E-03 3E-02 1E-06 SE-06
Child 3E-02 1E-01 * *

RAE = reasonable average exposure
RME = reasonable maximum exposure

¥ Lifetime cancer risk estimate. Childhood cancer risk is included in value presented for adult.

Source: QST, 1998.
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Table 5-4. Summary of Potential Background Human Health Risks Associated with Janes Ravine

Hazard Index Cancer Risk Level*
Exposure Scenario/Pathway Group RAE RME RAE RME
Current Recreational (Golfer)
Surface Water - Ingestion Adult 4E-07 2E-06 - --
Dermal Absorption - Surface Water ~ Adult 1E-05 6E-05 - --
Sediment - Ingestion Adult 2E-06 1E-05 1E-08 7E-08
Dermal Absorption - Sediment Adult 1E-04 5E-04 2E-08 1E-07
Total Adult 1E-04 6E-04 3E-08 2E-07
Future Recreational (Hiker)
Surface Water - Ingestion Adult 2E-06 1E-05 - -
Child 1E-05 5E-05 * *
Dermal Absorption - Surface Water ~ Adult 8E-05 4E-04 - --
| Child 1E-04 7E-04 * *
Sediment - Ingestion Adult 2E-05 1E-04 1E-07 2E-06
| Child  2E-04 1E-03 * *
Dermal Absorption - Sediment Adult 2E-04 1E-03 4E-07 2E-06
Child 4E-03 2E-03 * *
Total Adult 4E-04 2E-03 8E-07 4E-06
Child 8E-04 4E-03 * *

-- No carcinogenic constituents of potential concern were detected for this pathway.

RAE = reasonable average exposure

RME = reasonable maximum exposure

* Lifetime cancer risk estimate. Childhood cancer risk is included in value presented for adult.

Source: QST, 1998.
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Table 5-5. Summary of Potential Background Human Health Risks Associated with Hutchinson

Ravine
Hazard Index Cancer Risk Level*
Exposure Scenario/Pathway Group RAE RME RAE RME
Current Recreational (Golfer)
Surface Water - Ingestion Adult 6E-07 3E-06 1E-11 7E-11
Dermal Absorption - Surface Water  Adult 8E-04 4E-03 8E-08 4E-07
Sediment - Ingestion Adult 2E-06 1E-05 1E-08 7E-08
Dermal Absorption - Sediment Adult 8E-05 4E-04 2E-08 9E-08
Total Adult  8E-04 4E-03 1B-07 SE-07
Future Recreational (Hiker)
Surface Water - Ingestion Adult 4E-06 2E-05 1E-10 5E-10
Child 1E-05 7E-05 * *
Dermal Absorption - Surface Water ~ Adult 4E-03 2E-02 6E-07 3E-06
Child 8E-03 4E-02 * *
Sediment - Ingestion Adult 2E-05 1E-04 4E-07 2E-06
Child 2E-04 1E-03 * *
Dermal Absorption - Sediment Adult 2E-04 8E-04 4E-07 2E-06
Child 4E-04 2E-03 * *
Total Adult 4E-03 2E-02 1E-06 7E-06
Child 9E-03 4E-02 * *

RAE = reasonable average exposure

RME = reasonable maximum exposure

* Lifetime cancer risk estimate. Childhood cancer risk is included in value presented for adult.

Source: QST, 1998.
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Table 5-6. Summary of Potential Background Human Health Risks Associated with the Beach
Area

Exposure Pathway Hazard Index Cancer Risk Level*
RAE RME RAE RME

Future Recreational (Hiker)

Surface Water - Ingestion Adult 4E-06 2E-05 - -
| Child  8E-05  4E-04 * *
Dermal Absorption - Surface Water Adult 1E-04 7E-04 - -
Child 1E-03 5E-03 * *

Sediment - Ingestion Adult 6E-04 3E-03 2E-07 1E-06
Child 6E-03 3E-02 * *

Dermal Absorption - Sediment Adult 2E-03 1E-02 6E-08 3E-07
Child 4E-03 2E-02 * *

Total Adult 2E-03 1E-02 3E-07 1E-06
Child 1E-02 6E-02 * *

-- No carcinogenic constituents of potential concern were detected for this pathway.
RAE =reasonable average exposure
RME = reasonable maximum exposure

* Lifetime cancer risk estimate. Childhood cancer risks are included in values presented for the adult.

Source: QST, 1998.
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Table 5-7 Summary of Uncertainty Analysis for the Ravines and Beach Area Study Areas

: Potential for Over Potential for Under  Potential for Over
Source of Uncertainty Estimation Estimation or Under Estimation

Environmental Data
Adequacy of Environmental Database Low
Constituent Selection
- Background Moderate
Fate and Transport Models
Dust Model High
Exposure Parameter Estimation

Standard assumptions regarding body weight, Moderate
period exposed, life expectancy, population
characteristics, and lifestyle

Media Intake Rates Moderate

Exposure Frequency ' Moderate

Exposure Duration ’ Moderate

Dermal Absorption Factors Moderate

Future Exposure Point Concentrations Moderate
Texicity Data

USEPA RiDs and CSFs Moderate

CSF = cancer slope factor
RfD = reference dose

Source: QST, 1998.
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Table 5-8. Comparison of Exposure Concentrations for Inorganic COPCs to Background Levels

Exposure
Point Fort Sheridan
Constituent ;Medium  Concentration Units Background Hllinois Background
Janes Ravine
Manganese SW 0.165 mg/L 0.15* NA
Hutchinson Ravine
Manganese SwW 0.891 mg/L 0.15* NA
Sulfate SwW 155 mg/L ND NA
Beach Area
Arsenic SD 6.85 mg/kg 2.261 4.1 - <14**
Beryllium SD 0.25] mg/kg ND NA
Manganese SD 468 mg/kg 226% 500 - <1,700%*
Manganese SW 0.276 mg/L 0.15* NA
Sulfate SwW 247 mg/L ND NA
mg/kg = milligrams per kilogram
mg/L = milligrams per liter
NA =not available
ND =no data
SD = sediment
SW = surface water
*  95% UCL of background data.
t  Maximum detected concentration.
**  Stream and lake sediment data.
Sources:  IEPA, 1994; QST, 1998; and Mitzelfelt, 1996.
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6.0 Problem Formulation for the Ecological Risk Assessment

The objectives of the ecological risk assessment are to utilize currently available information and data
regarding ecological COPCs (ecoCOPCs), ecotoxicology, and ecology to estimate the potential for
undesirable ecological effects and to provide a means of balancing and comparing potential risks
associated with environmental problems (Wentsel ef al., 1996). This baseline ecological risk assessment
was performed to evaluate the potential for adverse ecological effects to the environment (ecological
resources) at the Janes Ravine, Hutchinson Ravine, and Beach Area (as well as the immediately adjacent
littoral zone of Lake Michigan) study areas due to the constituents present in sediments and surface water
at these areas at Fort Sheridan. Results of the ecological risk assessment were used to:
» Determine if specific ecoCOPCs associated with the ravines and Beach Area are significantly
adversely affecting ecological receptors;
« Determine if the potential risks from specific constituents are greater than the acceptable
range; and
« Assist in the determination of whether remedial actions are necessary.

These results may also be used to help select remedial alternatives that are not themselves
environmentally destructive and to prioritize areas needing remedial actions. Based upon the ecological
risk assessment results, remediation objectives may also be derived.

This ecological risk assessment follows the currently accepted process that consists of the following
components:
* Problem formulation (Scction 6.0);
» Analysis (Section 7.0) which includes characterization of both exposure and ecological
effects; and
« Potential risk characterization (Section 8.0).

This ecological risk assessment is conducted in accordance with the Tri-Service Procedural Guidelines
for Ecological Risk Assessment (U.S. Army Edgewood Research, Development and Engineering Center
(ERDEC) (Wentsel et al., 1996). It is also consistent with:
» Risk Assessment Guidance for Superfund, Volume II: Environmental Evaluation Manual,
EPA/540/1-89/001 (USEPA, 1989b);
+ USEPA Region V, Regional Guidance for Conducting Ecological Assessments (no date);
« Terrestrial Ecological Risk Assessment, Army Materials Technology Laboratory, SSIM-AEC-BC-
CR-95071 (USEPA, 1995c);
» Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments, USEPA, Environmental Response Team, June 5, 1997 (Interim
Final); and

NADATAWPROTW90208 A\DPASRPLS-OU\BCH-RVN.BRA/04/09/98 6-1 OST Environmental Inc.



Final BRA for Ravines and Beach Area Study Areas Surplus OU , Fort Sheridan, Illinois

* Proposed Guidelines for Ecological Risk Assessment, USEPA Risk Assessment Forum,
EPA/630/R-95/002B, 1996 (Draft).

6.1 Stressor Characteristics

Data are available for groundwater, sediments and surface water associated with Janes Ravine,
Hutchinson Ravine, and the Beach Area and sediments in the littoral zone of Lake Michigan. A detailed
discussion of analytical data is presented in Section 2.0, Results of sampling efforts conducted between
1991 and 1996 indicate that metals, PAHs, and explosives-related compounds are present in Beach Area
groundwater samples and in surface water and sediment samples collected at Janes and Hutchinson
Ravines and the Beach Area (see Volume D.

6.2 Identification of Ecosystem(s) Potentially at Risk

Most of the natural habitat at Fort Sheridan has been disturbed as a result of extensive residential,
commercial, and industrial development. As a result, the presence of well-defined, distinct natural
communities is limited. Approximately 600 acres of Fort Sheridan consist of artificially maintained,
landscaped habitat including manicured lawns and horticultural vegetation (USACE, 1990).
Approximately 100 acres are undeveloped and contain a variety of native tree, shrub, and herbaceous
species, as well as several mosses and liverworts, As aresult of extensive development at Fort Sheridan,
few undisturbed, distinct natural communities exist, and species diversity and densities have been
reduced. The ravines, Lake Michigan shoreline and bluffs, golf course, and undeveloped areas of Fort
Sheridan and the adjacent wildlife preserve provide the most habitat for wildlife species found onsite
(USACE, 1990).

The undeveloped areas of Fort Sheridan are characterized by ravines, bluffs, and the shoreline of Lake
Michigan, which forms the eastern boundary of the installation (USACE, 1990). Six ravines drain the
area of the installation, but the natural vegetation and community structure of these ravines have been
seriously disturbed. Some have been used as landfills and storm sewer drainages, and one (Bartlett
Ravine) has been paved for use as a roadway to the beach (Gross et al., 1982). In the past, activities at
the Beach Area bluff included disposal of ordnance and use as a small arms firing range. Storm water
drainage at the installation primarily follows the ravine system including Janes and Hutchinson Ravines
which discharge into Lake Michigan via the shoreline/beach area. Habitat within each of these ravines is
somewhat limited due to scattered vegetation and erosion with subsequent sedimentation of drainage
channels.
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Preliminary Exposure Pathways
The stressors identified in Section 6.1 may cause adverse effects to ecological receptors. However, for

adverse effects to be caused, the receptors in the ecosystems [Janes Ravine, Hutchinson Ravine, and the
Beach Area (including the littoral zone)] must be exposed to these stressors for enough time and in
sufficient concentrations to produce the adverse effect. Suitable habitat within each of the study areas is
limited by development or other anthropogenic causes that have occurred in the past at Fort Sheridan. It
is important to consider the fact that, although the exposure at these areas is relatively limited, the
potential exists for wildlife species of interest to come in contact with constituents in surface water and/or
sediments. Surface water and sediments have been found to contain mission-related constituents.
Generalized potential exposure pathways by which terrestrial and aquatic organisms may come into
contact with constituents at Janes Ravine, Hutchinson Ravine, and Beach the Area (including the littoral
zone) include:

«  Ingestion of or dermal contact with sediments by benthic invertebrates or wildlife;

«  Ingestion of or dermal contact with surface water by benthic invertebrates or wildlife; and

»  Ingestion of prey.

Sediments and surface water are evaluated for the ravines and Beach Area (sediments only in the littoral
zone) as these media represent the most significant pathways for ecological exposure to constituents.
Because some of the stressor constituents do bioaccumulate, the extent to which the ingestion of prey
may be a significant pathway will be evaluated after selection of constituents of potential concern to
ecological receptors (ecoCOPCs) and evaluation of primary (direct) exposure to surface water and
sediments.

6.3 Ecological Effects

Fort Sheridan resources include natural and disturbed habitats including forested ravine systems with an
aquatic element, bluff communities, grasslands, and lake shore systems associated with Lake Michigan.
Recent surveys for fauna at Fort Sheridan confirm a nearly complete lack of fish, amphibians, and
reptiles in ravines despite the presence of suitable habitat and the identification of several species in
previous studies (U.S. Navy, 1995). It is probable that fish cannot maintain populations in the ravine
areas due to the dynamic conditions present. Lack of flowing water during drought and low flow
conditions, which are natural for these habitats, would contribute to the lack of fish populations. The
lack of fish, however, should allow for increased amphibian populations. The ravine banks appear to
offer excellent habitat for adult amphibians. Plentiful surface water in the ravine pools during snowmelt
provides ideal habitat for amphibian reproduction. The near absence of amphibians may, therefore, be
due to constituent stressors rather than ecosystem structure or other natural explanations. Physical
conditions of the ravine banks may contribute to the lack of a well developed aquatic system. Significant
erosion of ravine slopes has been noted to cause high sediment loads in the aquatic portion of the system
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and is likely to produce a negative effect on maintaining a healthy aquatic ecosystem. Data concerning
species presence and abundance are not available for offsite ravines which would enable a site-specific
comparison. Also, site-specific data regarding benthic invertebrates were not available during problem
formulation. If benthic communities are lacking in diversity or richness, it follows that higher forms of
aquatic life will also be minimized.

General surveys of wildlife species indicate that numerous avian and mammalian species may be found in
and around the ravines of the installation (U.S. Navy, 1995). Although these surveys indicate the
potential for exposure, they were not designed to identify population effects. Examples of wildlife of
interest include, but are not limited to, amphibians, woodchucks, and raccoons. Feral cats are also
plentiful at Fort Sheridan and are also evaluated as they are representative of potentially occurring non-
feral animals (pets) due to conversion of much of the surplussed property to residential use.

Abiotic media that contain potential constituent stressors and are encountered by ecological receptors
include surface water and sediments. Screening level ecological effects benchmarks (or criteria) were
identified (if available) from the literature for constituents identified in groundwater, surface water, and
sediment. These conservative screening values were used to help develop the ecoCOPCs in Section 7.2.
Potential ecological effects, including site-specific test results and review of the ecotoxicity of
ecoCOPCs, are characterized further in Section 8.2.

6.4 Endpoint Selection

Based upon the review of potential constituent stressors, potential exposure pathways in the ravines and
Beach Area ecosystems and potential ecological effects, ecologically-based endpoints have been chosen
for further evaluation. These endpoints were formulated with the collaborative effort of risk assessors
and risk managers as a scientific/management decision point.

6.4.1 Assessment Endpoints

The primary issues to be addressed in the ecological risk assessment are stated as assessment endpoints.
An assessment endpoint is defined as an explicit description of the ecological value to be protected
(Wentsel e al., 1996). Assessment endpoints generally have both a biological and societal value, so that
scientific information and risk management goals can be linked. Assessment endpoints selected for this
evaluation include:

*  Assessment Endpoint 1--adverse population effects on terrestrial wildlife (i.e., woodchucks,
raccoons, shrews, and feral cats) due to ingestion of ecoCOPCs from surface water via
drinking.

*  Assessment Endpoint 2--adverse population effects on amphibians due to direct exposure of
egg masses and larval amphibians to ecoCOPCs in surface water.
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*  Assessment Endpoint 3--adverse population response by aquatic invertebrates and fish to
direct exposure to ecoCOPCs in surface water in the ravines and Lake Michigan, respectively

*  Assessment Endpoint 4--adverse population or community effects on benthic invertebrates
due to exposure to ecoCOPCs in sediments.

*  Assessment Endpoint 5--adverse population effects on raccoons due to incidental ingestion of
ecoCOPCs in sediments.

¢ Assessment Endpoint 6--adverse population effects on avian species (common snipe) due to
incidental ingestion of ecoCOPCs in sediments. _

*  Assessment Endpoint 7--adverse population effects on terrestrial and aquatic species due to
bioaccumulation of ecoCOPCs in the food chain.

6.4.2 Measurement Endpoints

Adverse population effects can be expected if mortality, reproductive impairment, or significant growth
reductions occur. Indirect effects may also occur, but are not as readily evaluated with the data available.
Changes in populations may also cause significant changes in community and ecosystem structure.
Fundamental changes in populations are ecologically relevant, and can generally be inferred from acute or
chronic ecotoxicity benchmarks related to mortality, reproductive impairment, and (in some cases)
growth reduction. Measurement endpoints that correspond to the assessment endpoints include the
following: '

*  Measurement Endpoint 1--drinking water benchmarks for ecoCOPCs associated with
NOAELS or lowest observed adverse effect levels (LOAELS) for mortality or reproductive
effects (if available).

*  Measurement Endpoint 2--aquatic ecotoxicity benchmark values for ecoCOPCs (laboratory
or field studies) for impairment of amphibian reproductive success.

*  Measurement Endpoint 3--results of site-specific fathead minnow bioassays using
groundwater samples and aquatic invertebrate ecotoxicity benchmark values for ecoCOPCs.

*  Measurement Endpoint 4--results of site-specific sediment chronic bioassays using sediments
from Janes and Hutchinson Ravines and the Beach Area and sediment ecotoxicity benchmark
values for ecoCOPCs in Lake Michigan sediment.

*  Measurement Endpoint 5--dietary benchmarks for mammals associated with NOAELSs or
LOAELS: (if available) and adjusted for incidental sediment ingestion of ecoCOPCs.

*  Measurement Endpoint 6--dietary benchmarks for avian species associated with NOAELSs or
LOAELS (if available) and adjusted for incidental sediment ingestion of ecoCOPCs.

*  Measurement Endpoint 7--dietary benchmarks associated with NOAELS or LOAELS (if
available) and adjusted or ingestion of ecoCOPCs bioaccumulated in prey by avian species or
terrestrial mammals, and direct measurement of body burdens in L. variegatus.
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6.5 Conceptual Model

The conceptual model based upon the ecosystem(s) potentially at risk, the selected endpoints, and the
potential exposure to constituent stressors from Janes Ravine, Hutchinson Ravine, and the Beach Area
are presented in Figures 6-1 and 6-2.
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7.0 Exposure and Ecological Effects Analyses

With the problem formulation phase completed, the ecological risk assessment process proceeds to the
analysis phase. During the analysis phase, the exposure and ecological effects analyses are completed
and linked together. A detailed description of data evaluation and data collection procedures, including
the background ANOVA evaluation for ecoCOPCs, are presented in Section 2.0.

7.1 Characterization of Exposure

The characterization of exposure is a key element of any ecological risk assessment. Although
constituent stressors may be present, if receptors are not exposed to these constituents, no adverse effects
would be anticipated. Exposure is characterized by three steps:
« Evaluating the constituent stressors, selecting ecoCOPCs, and evaluating the fate of ecoCOPCs
in the environment;
» Characterizing the ecosystem that may be exposed; and
» Developing the specific exposure pathways to be evaluated as identified in the conceptual model.

7.1.1 Stressor Characterization

The stressor characterization for Janes Ravine, Hutchinson Ravine, and the Beach Area (including the
Lake Michigan littoral zone) focuses on the constituents present at these study areas. It is understood
that other ecological stressors, both natural and anthropogenic, may also be influencing the ecosystems of
interest. Examples of such stressors include, but are not limited to:
+ Janes and Hutchinson Ravines
o Erosion of ravine banks, both natural and due to human activities;
o Runoff from roadways, and
o Dumping of yard wastes and other refuse.
» Beach Area
o Erosion of shoreline and bluff areas, due to both natural and human activities;
o Runoff from roadways;

[+]

Discharge of stormwater runoff;, and
o Routine landscaping maintenance (mowing, pruning).
» Lake Michigan
o Erosion of shoreline and bluffs resulting in sedimentation;
o Industrial and municipal waste discharge; and
o Commercial and recreational boat traffic.
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Groundwater associated with the Surplus OU is assessed in the ecological risk assessment as part of the
Beach Area because it represents a direct transport pathway to Lake Michigan (see Section 2.0).
Additionally, Beach Area sediments and surface water and Lake Michigan sediments are also evaluated
for exposure potential. Potential exposures to ravine sediments and surface water are assessed for Janes
and Hutchinson Ravines. Finally, the extent to which some of these media (ravine and Beach Area
sediments) contribute to the food web pathway is also evaluated. The data used for the following
analysis were defined in Section 2.0 and the data summaries are provided in Appendix B.

7.1.1.1 Data Evaluation for Selection of Ecological COPCs

Upon completion of the appropriate data set evaluations (see Section 2.0), specific preliminary
ecoCOPCs are selected for each of the study areas (Janes and Hutchinson Ravines, Beach Area, and Lake
Michigan). EcoCOPCs are site-related constituents that may pose the most risks to eco-receptors due to
toxicity, bioaccumulation, etc. The ecoCOPC selection was conducted according to procedures and
guidelines presented in various USEPA agency-wide and region-specific guidance, if available.
Preliminary review of the data sets showed that metals, PAHs, munitions, and pesticides are likely to
dominate the ecoCOPC list. The steps used to select ecoCOPCs by reduction of the initial list of potential
ecoCOPCs include: ,

* Comparison of the detected inorganic concentrations to background concentrations by study area
and medium (see Section 2.0);

¢ Comparison of the maximum concentration of a constituent in surface water or sediment to a
conservative ecotoxicity screening value. Screening criteria are selected from region-specific
guidance, national standards, criteria and screening values (e.g. USEPA), or other relevant
sources [toxicological studies reviewed from the literature, or compilations of these, and for this
site, Ontario Ministry of the Environment (OME) sediment values]. Region V guidance is very
limited for ecological screening criteria for specific constituents. Therefore, screening values
were acquired from other regions (i.e., USEPA Regions IIl and IV). Screening values must be
relevant for the medium evaluated and the endpoint of interest. Special attention must also be
given to site-specific chemical conditions for each constituent, such as TOC for organic
constituents and hardness for inorganics. Specific parameters may be adjusted for site-specific
conditions, which will result in altered toxicity values. Professional judgement is exercised to
select the most relevant and applicable benchmarks to ensure relevance to the study areas and
receptors of interest, conservatism, and benchmarks relative to the measure and assessment
endpoints of interest.

* Consideration of the constituent itself in terms of natural occurrence, similarity to other
constituents, and essential nutrients. Some professional judgement is used in this evaluation step
when considering the potential for natural occurrence of a constituent. One must determine
whether regional and site-specific data are conclusive enough to eliminate constituents from the
ecoCOPC list. Also, judgement is necessary to determine if groups or families of constituents are
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sufficiently represented as ecoCOPCs. For example, subsequent to the data evaluation, 15 PAHs
are included in the ecological risk assessment data set. Best professional judgment should be
used to determine which PAHs have the potential for significant effects on ecological receptors
and, therefore, should be carried through the remainder of the evaluation. Essential nutrients are
not retained as potential ecoCOPCs based upon the dietary needs of these constituents by
ecological receptors. Essential nutrients include, but are not limited to calcium, potassium,
magnesium, nitrogen, phosphate, iron, and sodium.

+ EcoCOPCs that have been removed from consideration by the previous steps may be retained as
potential ecoCOPCs due to potential for bioaccumulation and exceedance of site-specific
ARARSs. Constituents that have been removed as potential ecoCOPCs by the previous steps may
be retained if they exhibit a strong potential to bioaccumulate in the environment. Typically,
bioconcentration factors (BCFs) of 100 are used as a starting point to determine if constituents
bioaccumulate. If the BCF for a constituent exceeds 100, typically a comparison is made
between the screening criteria and the constituent concentration. A judgement is then made as to
whether to retain the constituent or eliminate it. Additionally, if similar members of a group of
constituents are represented (PAHs), the constituent may be eliminated. Constituents may also
be retained as ecoCOPCs if site-specific concentrations exceed local and/or state guidance. For
Fort Sheridan, IAC criteria are used as additional screening criteria for surface and groundwater
constituents. If a constituent is screened out using regional criteria, yet fails the IAC screening
step, it is retained as a potential ecoCOPC.

« Evaluation of the frequency of detection of a constituent and its relationship to known site- -
related constituents may be used to eliminate potential ecoCOPCs from further consideration.
Constituents not known to be related to mission activities that are detected in less than 5 percent
of the analytical samples may be removed from the list of ecoCOPCs.

EcoCOPCs are selected to limit the number of constituents to be evaluated to those that represent the
greatest portion of the potential risk. Screening values are low to help ensure that no constituent is
climinated from considerations without warrant. Surface water data used in the ecological risk
assessment were for unfiltered samples. The use of unfiltered samples is a conservative approach to
estimate ecological risks because, although a constituent may be measured in the unfiltered sample, it
may be associated with particulates and, therefore, not readily bioavailable. Some constituents also have
screening level values and criteria [e.g., Ambient Water Quality Criteria (AWQCs)] that vary with
general water chemistry such as hardness. Water hardness for surface water and groundwater within the
study areas has a range of 545 mg/L (Janes Ravine surface water) to 682 mg/L (groundwater) of calcium
carbonate (CaCQ,) (see Appendix I). Surface water screening values used in this assessment (Tables 7-1
and 7-2) have been adjusted using a site-specific average water hardness of 651 mg/L of CaCO, (Tables
7-3 and 7-4).
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The sediment screening values (Table 7-5) include values that are calculated for a sediment total organic
carbon (TOC) content of 1 percent. The bioavailability of many constituents is inversely related to the
TOC content. The TOC for sediment samples collected in Janes and Hutchinson Ravines and the ravine
discharge areas along the beach exceed 1 percent. Therefore, those screening values are especially
conservative in that they overestimate the bioavailability of these constituents in Fort Sheridan sediments.

The results of the ecotoxicity screening for the various media are presented by study area in Tables 7-6
through 7-13. The sediment screening results for Janes Ravine, Hutchinson Ravine, and the Beach Area
(including Lake Michigan) are presented in Tables 7-6 through 7-9, respectively. Surface water
screening results are presented in Tables 7-10 through 7-12 for Janes Ravine, Hutchinson Ravine, and
the Beach Area, respectively. Groundwater screening results for the Beach Area are presented in Table
7-13.

Constituents that exceeded the ecotoxicity screening values were evaluated individually to determine if
the constituent was naturally occurring, site-related, or an essential nutrient. Essential nutrients
eliminated as potential ecoCOPCs for the Beach Area media include calcium, chloride, magnesium, iron,
potassium, nitrogen, and sodium. Essential nutrients eliminated as potential ecoCOPCs for Janes Ravine
media include calcium, chloride, and nitrogen, and for Hutchinson Ravine media include calcium,
chloride, nitrogen, and sodium.

Constituents eliminated as potential ecoCOPCs by the previous steps were considered for retention based
upon the potential for bioaccumulation and exceedance of site-specific ARARSs, namely IAC criteria for
surface water and groundwater. Preliminary ecoCOPCs eliminated during the screening process include
metals, PAHs, and pesticides. Based strictly upon the potential to bioaccumulate, two constituents were
retained as potential ecoCOPCs: DDT in Janes Ravine surface water and zinc in groundwater.
Additionally, cadmium and zinc were retained as potential ecoCOPCs for Hutchinson Ravine and Beach
Area sediments, respectively, based upon their potential to bioaccumulate in the environment and because
they were detected in worm tissue (L. variegatus) samples. The screening process also incorporated IAC
surface water criteria in determining final ecoCOPCs for surface water and groundwater. This screening
is presented in Table 7-14. Consideration was given to retain iron, detected in ravine surface water, as a
potential ecoCOPC based upon exceedance of IAC screening criteria. However, because iron
concentrations in ravine surface water were below site-specific background concentrations and iron is
considered to be an essential nutrient, it was not retained as a potential ecoCOPC. Therefore, no
constituents were retained based solely upon IAC criteria exceedances.

As a final step in determining ecoCOPCs, constituents were evaluated for removal from the preliminary
list of ecoCOPCs based on site-specific circumstances, such as low frequency of detection. Constituents
that are infrequently detected may be anomalies in the data due to sampling errors or analytical errors
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and, therefore, may not be site-related. Potential ecoCOPCs eliminated in this step include acetone and
beryllium for groundwater. A complete discussion on the frequency of detection screening procedure is
presented in Section 2.0 with the accompanying data summaries presented in Appendix B2.

Based on the selection methodology presented in this section and Section 2.0, the ecoCOPCs chosen for
Janes Ravine, Hutchinson Ravine, and the Beach Area (including Lake Michigan) include explosives,
PAHs, metals, and pesticides. These ecoCOPCs are presented in Tables 7-15 through 7-17, respectively.

7.1.1.2 Summary of Uncertainties Associated with Identification of EcoCOPCs

Numerous uncertainties exist in the determination of ecoCOPCs for sediment, surface water, and
groundwater media at the ravines and Beach Area study areas. Most of the uncertainties associated with
the identification of ecoCOPCs are presented in Section 2.0. The potential exists that some constituents
may be present in environmental media at concentrations below MDLs. There is also the potential that
the samples collected may not accurately represent the constituent concentrations present in the ravines
and Beach Area. The ecotoxicity benchmark screening removes constituents from further consideration
as ecoCOPCs based solely on toxicity. Available toxicity data are limited and may not be applicable to
the specific species present at Fort Sheridan.

7.1.1.3 Physical and Chemical Parameters of EcoCOPCs

The physical and chemical attributes of the ecoCOPCs help define the fate and transport of these
constituents and the degree to which these constituents may contact receptors, be bioavailable, and
bioaccumulate. Relevant physical/constituent parameters for organic and inorganic ecoCOPCs are
presented in Tables 7-18 and 7-19, respectively.

7.1.2 Ecosystem Characterization

The ecosystems of interest consist of the ravine areas at both Janes and Hutchinson Ravines, the
shoreline and intermediate zone at the Beach Area, and the littoral zone of Lake Michigan. The abiotic
and biotic attributes are described in the following sections.
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7.1.2.1 Physical Environment

Janes and Hutchinson Ravines

Janes and Hutchinson Ravines are situated in the northeastern portion of Fort Sheridan. The ravines are
deeply incised with 30 to 60 percent slopes caused by the eroding forces of surface water and surficial
groundwater draining through the glacial till to Lake Michigan. Compared with other ravines on the
installation, Janes Ravine is relatively undisturbed. The steep sides of the ravine are subject to mass
wasting (down slope movement of sediment due to gravity), slowed somewhat by the existing vegetation.
Surface water drainage is efficient within the ravines due to the excessive slopes. The natural erosion
process within the ravine is important in maintaining species diversity by providing sites for colonization
of early successional species (U.S. Navy, 1995).

Beach Area
The beach landform represents the eastern boundary of the installation where it meets Lake Michigan.

The Beach Area study area extends north from Hutchinson Ravine to the mouth of Janes Ravine and
ranges from 3 to 10 meters in width. On the west, the beach is bounded by a steep bluff ranging from 40
to 70 feet in height. The beach substrate is composed primarily of sand and includes water rounded rocks.
In its natural state, the beach is an eroding shoreline. Groins have been placed from the beach into Lake
Michigan to slow the erosion of sand and soils of the steep bluff.

Surface water inflows to Lake Michigan include several major rivers and many minor inflows such as the
small streams in the ravines of Fort Sheridan. Important physical features of the lake include its large
area and depth which represent a great volume of water, geographic location, climatic effects on regional
weather, and its location with respect to socioeconomic centers. Because of the large volume of water
contained within Lake Michigan and a relatively low outflow, the residence time of water in the lake is
estimated at 100 years (Schelske, 1980). This condition is extremely significant with respect to the
quality of constituents that enter the lake and the processes that occur within it.

Many of the inputs to the lake are a result of discharges to the lake and tributary rivers from the highly
populated metropolitan and urban areas. Another significant input is from agricultural runoff, occurring
mainly in the southern portions of the lake. Water quality in the nearshore zone is distinct from that of the
deeper offshore zone. The nearshore zone receives higher nutrient loading from tributaries. Physical
processes in the nearshore zone reflect stronger currents and greater interaction between surface water
and sediments (Schelske, 1980). The nearshore zone of Lake Michigan has been suggested to include the
area from the shore to a depth of 30 meters (approximately 10 kilometers wide) (Mortimer, 1975).

The shoreline of Fort Sheridan is made up of sand- and water-rounded stones and is influenced
significantly by erosion of soils of the steep bluffs along the coastline. It is expected that much of the
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nearshore habitat is similar to the beach. Lake Michigan contains many rocky areas or reefs, resulting
from the retreat of glaciers. Natural reefs may occur in nearshore areas adjacent to Fort Sheridan.
‘However, if not, similar habitat is present in the form of man-made groins extending into the lake to slow
erosion of the lake shore substrate. Currents along the shoreline from Milwaukee to Chicago have been
measured and move predominantly southward, causing sands to migrate southward and accumulate along
the north side of the groins.

The lake bottom is characterized by fine and very fine sand in the shallower depths (11 tol17 meters) and
coarse to medium coarse sands at deeper locations with a layer of detritus. A decline of the detrital layer
in shallow areas is attributed to resuspension of the material by wave action and redeposition to deeper
waters of Lake Michigan (Nalepa and Quigley, 1983).

7.1.2.2 Flora and Fauna

A list of wildlife species potentially occurring or observed at Fort Sheridan is presented in Table 7-20.
Most of the area covered by Fort Sheridan reflects the high degree of development. Approximately

86 percent of the installation is developed, supporting office, housing, and training areas and associated
support features (roads, parking areas, landfills, etc.). Landscaped areas are artificially maintained and
support manicured lawns and horticultural plantings. Approximately 100 acres within Fort Sheridan
support natural systems including wooded ravines, beach/lakeshore, and bluff habitat. Because of the
high degree of development throughout both the installation and the region, natural resource diversity is
observed to be low. The natural areas that remain reflect higher resource values and diversity, especially
within the portions of ravines that have not been impacted.

Mammals that are commonly observed throughout Fort Sheridan include raccoon (Procyon lotor),
Eastern cottontail (Sylvilagus floridanus), Eastern chipmunk (Tamias striatus), striped skunk (Mephitis
mephitis), and woodchuck (Marmota monax). These species commonly occur in urban and rural areas as
they are tolerant of human activity. Similarly, many bird species that utilize urban and rural areas are
common throughout the installation.

Most of the installation does not provide suitable habitat to support endangered or threatened terrestrial
wildlife species. The limited natural areas of the ravines and undeveloped areas could provide some
critical habitat, but the lack of suitable habitat overall precludes the presence of any endangered or
threatened mammals, reptiles, or amphibians [Argonne National Laboratory (ANL), 1989]. Thirteen
species of special concern were noted during the bird censuses at Fort Sheridan (U.S. Navy, 1995).
These included four state endangered species, three state threatened species, and six species on the
Illinois Watch List (see Table 7-20). There is also one state threatened species of plant (Oryzopsis
racemosa, rice grass) reported from the ravines at Fort Sheridan (U.S. Navy, 1995).
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Janes and Hutchinson Ravines

The ravines represent habitats of high floral diversity and support a number of tree, shrub, vine, and
herbaceous species. The overstory of ravine slopes are composed of sugar maple (Acer saccharum), red
oak (Quercus rubra), and American basswood (7ilia americana). Also occurring are American beech
(Fagus grandiflora), paper birch (Betula papyriera), cottonwood (Populus deltoides), and willows
(Salix spp.). Composition of understory vegetation commonly includes saplings of species found in the
canopy as well as witch hazel (Hamamelis virginica), smooth juneberry (Amelanchier laevis), dogwood
(Cornus alternifolia), and hornbeam (Ostrya virginica). Ground cover species include grasses and
forbes including several species of wildflowers. Several State of Illinois listed plant species have been
identified as occurring in ravine habitats.

Recent surveys for fauna at Fort Sheridan confirm a nearly complete lack of fish, amphibians, and
reptiles in the ravines despite the presence of suitable habitat and the identification of several species in
previous studies (U.S. Navy, 1995).

Beach Area

The Beach Area is a long narrow strip between the bluff and Lake Michigan beginning at the mouth of
Janes Ravine and extending south to the mouth of Hutchinson Ravine and includes the littoral zone of
Lake Michigan. The limited open sandy areas of the beach provide sparse habitat for annual plants that
primarily consist of sea rocket and seaside spurge. Avian use of the beach area is primarily by migratory
waterfowl, shorebirds, and raptors. Small mammals, such as mice and raccoons, commonly feed along
the shoreline of Lake Michigan and along the tributaries that discharge into the lake (primarily Janes and
Hutchinson Ravines in the Surplus OU).

Lake Michigan
The aquatic ecological resources of Lake Michigan represent a major economic resource to the region.

Benthic invertebrates, phytoplankton, and zooplankton of the nearshore waters provide resources for fish
populations which in turn provide resources for predatory fish species. In addition to providing resources
for all levels of the food chain, nearshore areas also provide habitat for fish to spawn. While much
research has been conducted on the resources of Lake Michigan, little information could be found
detailing specific resources in the immediate vicinity of Fort Sheridan. It is believed that no site-specific
investigations of the aquatic communities (fauna or flora) adjacent to Fort Sheridan have been conducted.
In the absence of such information, it is assumed that communities reported for the southern portion of
Lake Michigan potentially occur in the nearshore areas of the lake at Fort Sheridan as well. The
southeastern region of Lake Michigan has been the focus of several studies, including the composition of
benthic invertebrates. Ecological resources are highly dependent on physical characteristics, which
provide habitat resources for reproduction, shelter, or protective cover.
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The amphipod Pontoporeia hoyi (P. hoyi), is the most abundant benthic organism in Lake Michigan
(Eadie et al., 1982). This abundant invertebrate constitutes up to 88 percent of the zoobenthic biomass in
the upper Great Lakes (Cook, 1975). Because of their great densities and relatively high metabolic rates,
these organisms play an integral role in cycling materials through the benthic system (McIntyre, 1969;
Gerlach, 1971 and 1978). Lipophilic toxins such as PCBs and PAHs are bioaccumulated by P. hoyi to
levels much greater than occur in surrounding sediments (Eadie et al., 1983). P. hoyi is eaten by a wide
variety of fishes and may affect contaminant transfer dynamics in the lakes (Wells, 1980).

Taylor et al. (1996) list eight crayfish species as occurring in Lake Michigan, all of which are estimated
to sustain currently stable populations. Crayfish occur in nearly every type of aquatic habitat. They are
important to aquatic ecosystems in that they facilitate important ecological processes, sustain recreational
and commercial bait fisheries, serve as a food source, and often make up a large proportion of the aquatic
biomass (Taylor et al., 1996). Crayfish are important as processors of organic matter and in the
transformation and flow of energy (Hobbs, 1991). Crayfish are classified as burrowers and non-
burrowers. Burrowers inhabit areas not subject to permanent standing water and non-burrowers inhabit
permanent surface waters. Crayfish are generally opportunistic omnivores that feed on a wide variety of
items including aquatic and terrestrial vegetation, microbially enriched plant detritus, insects, snails, and
small aquatic vertebrates (Taylor et al., 1996; Hobbs, 1991). Most crayfish live two to three years
(Taylor et al., 1996).

Much information on the commercial and sport fisheries of Lake Michigan has been amassed.
Historically, the major fish species of importance in commercial and sport fishing included lake whitefish
(Coregonus culpeaformis), lake trout (Salvelinus namaycush), deepwater ciscoes (Coregonus
Johannae) (now extinct), lake herring (Coregonus artedii), lake sturgeon (Acpinser fulvescens), yellow
perch (Perca flavescens), and two introduced species, rainbow smelt (Osmerus mordax) and carp
(Cyprinus carpio). A significant event occurred with the introduction of Alewife (4losa
pseudoharengus) into Lake Michigan in 1949. This exotic species proliferated and out competed other
species until the introductions of Salmonids, which helped keep the alewife population in check. More
recently, incidental introduction of the zebra mussel has caused a serious change in the ecology of Lake
Michigan and other waters of the United States. This exotic species is taking over suitable substrates
including water intakes of commercial and public industrial facilities and some bottom substrates. The
mussel can completely cover bottom substrates, reducing the area over which native and introduced fish
species spawn as well as covering areas that would normally produce food resources for fish. In addition,
the mussel is responsible for increasing the clarity of lake water by feeding on suspended matter, much of
which represents food for other organisms. Current and historically common fish species of Lake
Michigan are presented in Table 7-21.
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7.2 Characterization of Ecological Effects

The determination of the potential or actual ecological effects that are occurring or may occur as a result
of exposure to ecoCOPCs is an important component of the ecological risk assessment process. Natural
variability in ecosystems is high. Therefore, field observations cannot be presumed to identify a cause
(i.e., an adverse effect due to exposure to an ecoCOPC) merely by establishing an apparent deficiency by
observation. The characterization presented here relies upon a weight of evidence approach to accurately
depict any ecological effects due to exposure to ecoCOPCs within the Surplus OU. This includes field
observations, site-specific bioassays and bioaccumulation tests, and ecotoxicity benchmark values from
the literature relevant to the chosen assessment endpoints.

7.2.1 Ecotoxicity of EcoCOPCs

This section summarizes the ecotoxicity of ecoCOPCs from available literature. Brief summaries are
presented below which focus on toxicity relevant to the assessment and measurement endpoints described
in Section 6.0.

Polycyclic Aromatic Hydrocarbons (PAHs)

Toxicity data specific to sediments were not available for many of the specific PAHs designated as
ecoCOPC:s for the ravines and Beach Area study areas. Ecologically relevant toxicity benchmark data
were available for only a few of the PAH compounds. Benchmarks for benzo(a)pyrene, chrysene, and
naphthalene were used as the conservative estimate of the benchmarks for the remaining ecoCOPC
PAHs. PAH compounds consist of hydrogen and carbon arranged in the form of two or more fused
benzene rings, differing in the number and position of aromatic rings as well as the position of
substituents. The PAH ecoCOPCs detected in the ravine and Beach Area sediments range from two to
six benzene rings. PAHs of this size are a concern due to their mobility and persistence in the
environment. PAHs containing two to three rings (e.g., naphthalenes, fluorenes, phenathrene, and
anthracene) have significant acute toxicity to some organisms (e.g., rats and mice in laboratory tests),
whereas heavier weight (four to seven rings) do not. On the other hand, PAHs that are believed to be
carcinogenic are among the heavy weight PAHs. Unsubstituted aromatic PAHs with less than four
condensed rings have not been shown to be tumorgenic. PAHs in aquatic sediments degrade very slowly
in oxygen-poor basins and in anoxic sediments. Available information indicates that PAH compounds
can be bioaccumulated by mammals. Most of the readily available PAH bioaccumulation data concern
benzo(a)pyrene (Eisler, 1987). In aquatic biota, bioconcentration factors tend to increase with increasing
PAH molecular weight. PAH log K., is also positively correlated with lipid affinity. National Oceanic
and Atmospheric Administration (NOAA) (1990) estimated an effects range-low (ER-L) of 4,000 ..g/kg
for total PAHs in sediments.
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Acenaphthene
Acenaphthene consists of three benzene rings. Available information indicates low acute toxicity to

mammals; information concerning chronic toxicity and bioaccumulation potential was not available
(Faust, 1994a). The K, indicates a moderate affinity for tissue.

Acenaphthylene
Acenaphthylene consists of three benzene rings. Available information indicates low acute toxicity and

moderately chronic toxicity to mammals. Information concerning bioaccumulation was not available
(Faust, 1994b). The K, and K, indicate a moderate affinity for carbon and tissue.

Benzo(a)anthracene

Benzo(a)anthracene consists of four benzene rings. Information concerning specific toxicity was not
available, but a biocentration factor (BCF) of >10,000 has been reported for Daphnia pulex (Eisler,
1987). The USEPA interim mean freshwater sediment quality criteria (SQC) based upon equilibrium
partitioning (assuming 1 percent TOC) is 13,200 n.g/kg. On the other hand, the ER-L is 230 parts per
billion (ppb) (NOAA, 1990).

Benzo en

Benzo(a)pyrene consists of five benzene rings. A BCF of 166 was measured for Chironomus larvae, and
a BCF of > 82,000 was observed in snails (Eisler 1987). The USEPA interim SQC (at 1 percent TOC)
is 10,630 ng/kg, and the observed ER-L is 430 wg/kg (USEPA, 1996d). Available information
indicates low chronic toxicity to mammals (mice). For example, an acute oral medial lethal dose (LDs,)
of 50 milligrams per kilogram (mg/kg) has been reported for rodents. Information concerning
bioaccumulation in terrestrial organisms was not available (Faust, 1994c).

Benzo(b)fluoranthen
Benzo(b)fluoranthene consists of five benzene rings. Information concerning toxicity and
bioaccumulation was not available.

Benzo(g h.i)pervlene

Benzo(g,h,i)perylene consists of six benzene rings. Information concerning toxicity and bioaccumulation
was not available.

Benzo(k)fluor. n _
Benzo(k)fluoranthene consists of five benzene rings. Information concerning toxicity and
bioaccumulation was not available.
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Chrysene
Chrysene consists of four benzene rings. Little information concerning toxicity and bioaccumulation was
available. NOAA (1990) reports an ER-L of 400 ng/kg for chrysene. However, the sediment safe value

for acute effects is 115,000 .g/kg based upon equilibrium partitioning,

ibenzo(a,h cen
Dibenzo(a,h)anthracene consists of five benzene rings. Information concerning ecotoxicity and
bioaccumulation for terrestrial organisms was not available. The sediment safe value for acute effects is
reported as 240,000 ..g/kg based upon equilibrium partitioning. However, the ER-L is 60 ng/kg
(NOAA, 1990).

Fluoranthene
Fluoranthene consists of four benzene rings. The available data indicates low acute toxicity of

fluoranthene to mammals. An acute oral LD, of 2,000 mg/kg has been reported for rats. Information
concerning bioaccumulation is not available. The USEPA interim SQC is 2,900 1.g/kg calculated by
equilibrium partitioning with an assumed TOC of 1 percent (Faust, 1993a).

Indeno(1,2,3-cd)pyrene

Indeno(1,2,3-cd)pyrene consists of six benzene rings. Information concerning toxicity and
bioaccumulation was not available.

1-Methylnaphthalen 2-Methylnaphthalene

Little information concerning these two PAH compounds was available. Comparisons of ecotoxicity
benchmark values for marine species tested with 1-methylnaphthalene, 2-methylnaphthalene, and
naphthalene suggest a relative toxicity of naphthalene < 1-methylnaphthalene < 2-methylnaphthalene;
however, the toxicity of these three compounds is similar (Eisler, 1987). Some data suggest that
bioaccumulation potential increases with increasing methylation. An ER-L of 65 .g/kg is reported for 2-
methylnaphthalene (NOAA, 1990).

Naphthalene
Naphthalene consists of two benzene rings. An ER-L of 340 ng/kg is reported (NOAA, 1990). Eisler

(1987) reports a BCF for Daphnia pulex of 131. Available data indicate low acute and chronic toxicity
to mammals (Faust, 1993b). In one set of studies, an acute oral LD, for rats was reported at

2,300 mg/kg, and for mice was reported at approximately 600 mg/kg. In a chronic study, rats were fed
10 to 20 mg/rat/day for 600 days with no mortality. In another study, mallard ducks were fed 4,000 mg
PAH/kg food for 7 months with no mortality or visible signs of toxicity. In this study, the PAHs were
mostly naphthalenes and phenanthrene (Eisler, 1987). Information concerning bioaccumulation in
terrestrial organisms was not available, but the log K_,, would predict a relatively low potential.
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Phenanthrene »

Phenanthrene consists of three benzene rings. The ER-L was determined to be 225 n.g/kg. However, the
USEPA interim SQC 1s 850 g/kg based upon equilibrium partitioning and 1 percent TOC (USEPA,
1996d). A BCF of 325 has been reported for Daphnia pulex (Eisler, 1987). Available information
indicates low acute toxicity of phenanthrene to mammals (mice). An acute oral LD, was reported as 700
mg/kg for rodents. Information concerning chronic toxicity and bioaccumulation was not available
(Faust, 1993c).

Pyrene

Pyrene consists of four benzene rings. The USEPA interim SQC is 13,100 vk/kg, while the ER-L is
660 pg/kg (Faust, 1993d). Information concerning terrestrial toxicity and bioaccumulation is not
available.

Pesticides

The pesticides identified as ecoCOPCs in the ravine and Beach Area abiotic media are p,p’-DDD, p,p’-
DDE, and p,p’-DDT. DDD and DDE are metabolites of DDT, which is a well-documented
organochlorine insecticide. The majority of the relevant ecotoxicity data located for the pesticide
ecoCOPCs is for p,p’-DDT. When data were not available for the other two DDT metabolites,
information for p,p’-DDT was used for those compounds. DDT and its metabolites are readily absorbed
to sediments, which can act as a sink or long term source. DDT can be bioaccumulated from an
organism’s surrounding medium (e.g., water or sediment) or its food. Body burdens tend to increase with
increasing trophic level. For aquatic organisms, uptake from water is frequently the dominant pathway.
However, in terrestrial fauna, the dietary pathway generally predominates. Since these compounds are
resistant to breakdown, they can persist for long periods in the environment as well as the tissue of living
organisms. DDT and its metabolites are toxic to aquatic invertebrates, especially the early larval stages,
in short-term and chronic exposures. Larval amphibians also appear more sensitive than adults. DDE
and DDD both appear to be less toxic to aquatic organisms than DDT. NOAA (1990) ER-Ls have been
determined for each: 2.0 pg/kg for both DDD and DDE, and 1.0 ug/kg for DDT. An ER-L of 1.6 ug/kg
is presented as a national screening level for total DDTs in freshwater sediments. Data indicate that DDT
is accumulated and retained by wild mammals. Data concerning toxic effects on wild mammals is limited
mostly to bats, but does suggest that DDT can have toxic effects on mammals [World Health
Organization (WHO), 1989].

Aldrin is another pesticide that is acutely toxic to freshwater species at low concentrations, with rainbow
trout among the most sensitive fish species tested. Aquatic plants are not as sensitive to aldrin. In

terrestrial mammals, aldrin acts as a central nervous system stimulant.

Chlordane, an insecticide, may act as a neurotoxin. Bioaccumulation of chlordane is limited.
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Metals

Aluminum

Aluminum is a silver-white, flexible metal and a natural element in the earth. It is always found combined
with other elements, such as ores. It is used in several different forms. These forms include aluminum
chloride, aluminum nitrate, aluminum hydroxide (used in antacids), aluminum chlorohydrate (used in
deodorants), and aluminum sulfate (used for treatment of drinking water). The concentration of aluminum
in natural waters and drinking water is generally below 0.1 mg/L (ATSDR, 1997).

In lower pH environments, aluminum is more available and is generally considered more toxic to aquatic
organisms. An aluminum level of 2.6 mg/L caused reductions in reproduction and survival of a |
freshwater cladoceran (Ceriodaphnia dubia). Weight reductions were reported for fathead minnows
(Pimephales promelas) exposed to aluminum at 2.3 and 4.7 mg/L. Aluminum was found to
bioconcentrate in tests conducted with juvenile brook trout; however, data are insufficient to adequately
characterize the potential for bioaccumulation (USEPA, 1988c). The EPA chronic ambient water quality
criterion for aluminum is 87 n.g/L.

Aluminum is not especially toxic in aquatic systems at circumneutral pH, but toxicity increases with
decreasing pH. Aluminum may be translocated into plants, and aluminum may be phytotoxic to some
crops at concentrations as low as 4 mg/kg (USEPA, 1983b).

Arsenic

Arsenic is a silver-gray or white metallic solid and not considered an essential nutrient. Arsenic is found
in nature, predominantly in sulfide ores. Although arsenic is rarely encountered in natural waters as a
free element, most arsenic compounds are soluble in water. Arsenic is typically non-biodegradable.
However, it can change from one form to another by natural constituent reactions, and also by the action
of bacteria that live in water. Although some fish and shellfish build up arsenic in their tissues, most of
this is in a form (often called "fish arsenic") that is not toxic. (ATSDR, 1997).

Effects observed in wildlife may be similar to those in livestock that have ingested arsenic. Chronic
toxicosis from phenylarsonic compounds involves peripheral nerve degeneration, which may result in
quadriplegia (Ledet ef al., 1973). For chickens, the lowest oral lethal dose of trivalent arsenic as arsenic
trioxide and sodium arsenite reported is 50 and 10 mg/kg-bw/day, respectively. These are equivalent to
doses of 15 and 2.3 mg/kg/day (Hatch, 1977). For wild rabbits, a toxic dose of 10.5 mg/kg-bw arsenic
was reported for copper acetoarsenite. However, the copper may play a role in the reported toxicity, as
higher doses were reported for other arsenic compounds (ESE, 1989). White-tailed deer evidenced
toxicity at a total dose of 923 mg sodium arsenite. For mice, Gough et al. (1979) report a 96-hour LD,
of 11.2 mg/kg-feed, which is equivalent to 1.6 mg/kg/day.
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Barium
Barium is an earth metal and does not occur free in nature. It is present in igneous rock and is a natural
constituent of fossil fuels.

Barium is present in almost all surface waters and contributes to the hardness of the water. Transport of
barium in water is subject to interaction with other ions. Therefore, information regarding the transport
of barium is limited (HSDB, 1997). The median lethal concentration (LC,,) values for fish in fresh water
range from 46 to 78 mg/L (WHO, Environmental Health Criteria 107, 1990). Based on limited available
information, it seems that barium may adversely affect some aquatic organisms.

In the rat, acute oral LDy, values of 118, 250, and 355 mg/kg-bw were measured for barium chloride,
fluoride, and nitrate, respectively [National Institute of Occupational Safety and Health (NIOSH), 1985].
The acute effects of barium ingestion include saluration, nausea, diarrhea, tachycardia, hypokalaemia,
twitching, flaccid paralysis of skeletal muscles, respiratory muscle paralysis, and ventricular fibrillation.
Respiratory muscle paralysis and ventricular fibrillation may cause death.

QOQQCT

Copper is a minor nutrient for animals but is toxic to freshwater aquatic organisms at concentrations only
slightly higher. Data for several freshwater species indicates that the toxicity of copper in water decreases
with increasing hardness, alkalinity, and total organic carbon. Bioaccumulation potential ranges from low
(fish) to moderately high (alga and mollusk species) (USEPA, 1985). Available data for mammals
indicate acute toxicity at elevated levels. Information concerning bioaccumulation by mammals is not
available. The USEPA Region V guideline for pollution classification of sediments and the OME dredge
spoil guidelines are 25 mg/kg for copper. The Great Lakes Harbors (GLH) classification for nonpolluted
sediments is <25 mg/kg (NOAA, 1990). ‘

Lead

Lead, a soft metal, is strongly absorbed onto sediment particles, which reduces its availability to
terrestrial organisms. The toxicity of lead to wildlife is not well-documented. Lead tends to precipitate
out of complex solutions due to low solubility and remains tightly bound to sediment particles in aquatic
systems (WHO, 1989). Data indicate a low to moderate toxicity of lead to aquatic organisms (e.g.,
daphnids, snails). The potential for bioaccumulation of lead in aquatic and aquatic/terrestrial systems is
reduced when organic material and sediment are present. In many organisms, it appears that lead may be
absorbed rather than bioaccumulated (WHO, 1989). The GLH classification for nonpolluted sediments
is <40 mg/kg and the USEPA Region V guidelines for pollution classification of sediments is 40 mg/kg.
The OME guideline is 50 mg/kg. The Federal Water Pollution Control Association (FWPCA) Chicago
guideline for no alteration to benthos is 0 to 40 mg/kg (NOAA, 1990).
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Mercury

Mercuric salts and methylmercury are readily taken up by organisms, but elimination is much faster for
nonorganic forms. In aquatic systems, most of the mercury present in fish can be expected to be
methylated. However, in terrestrial systems, the proportion of inorganic mercury is greater, dependent
upon the extent of terrestrial organisms feeding on aquatic organisms. In aquatic systems, organic forms
of mercury are generally more toxic than inorganic forms, and toxicity is affected by salinity, water
hardness, temperature, and dissolved oxygen. Plants are generally unaffected by exposure to mercury,
but birds exhibit growth reduction from oral ingestion of mercury.

Nickel

Nickel is a trace metal that tends to remain bound to sediment and organic matter, but can be released
from sediment under particular physical/constituent conditions. The ER-L was estimated as 30 mg/kg.
The GLH classification for nonpolluted sediments is <20 mg/kg and the USEPA Region V guidelines for
pollution classification of sediments is 20 mg/kg (NOAA, 1990). The OME guideline is 25 mg/kg. Few
data are available regarding any toxic effects of nickel on terrestrial organisms. Data regarding the
potential for bioaccumulation of nickel by terrestrial organisms are limited to herbivorous organisms for
which there is some evidence of bioaccumulation. Data for aquatic organisms indicate that
biomagnification is unlikely (WHO, 1991).

Silver

Silver is a relatively rare element, occurring most commonly as elemental silver and the monovalent silver
ion, and is insoluble in water (Faust, 1992). The lowest chronic values for silver regarding fish and
daphnids are 0.12 and 2.6 14g/L, respectively (Suter II, 1996). Acute toxicity of silver to terrestrial
animals appears to be high, with oral LDy, values of 100 mg/kg (colloidal silver) and 125 mg/kg (silver
nitrate) for mice. The oral LDy, of silver cyanide to rats is 125 mg/kg. The results of one study indicated
that a long-term exposure (37 weeks) to 222 mg silver/kg/day in drinking water resulted in reduced
lifespan and growth of rats (Faust, 1992). The Region IIl BTAG screening level BCF value for fish is
150, indicating a relatively low potential for bioaccumulation of silver.

Vanadium

Vanadium is relatively insoluble in water. Limited information on the toxic effects to aquatic organisms
is available. A growth-feeding trial was conducted by Hilton and Bettger (1988) in which juvenile
rainbow trout were fed diets supplemented with 0 to 10 grams vanadium per kg diet for 12 weeks. All
levels of supplemented vanadium significantly reduced growth and feeding response in the trout. An LCy,
value of <0.16 1.g/L was determined for a 96-hour study (USEPA, 1985) and chronic toxicity (5- to 28-
day LCs,) was noted at approximately 2,000 w.g/L. The literature typically indicates that vanadium is
better tolerated by small animals than larger bodied animals. Laboratory rats given a dose of 0.05 to

0.5 mg/kg/day developed impairment of conditional reflexes over an 80-day period (Seljankina, 1961).
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Zinc

Zinc is one of the most mobile of the heavy metals and can occur in many forms in aquatic sediments.
The bioavailability of the different forms of zinc in sediments is not well-documented. Zinc is an essential
micronutrient for all organisms and is, therefore, readily accumulated. Only data for aquatic organisms is
available and indicates a moderate to high potential for bioaccumulation of zinc (USEPA, 1987). The
GLH classification for nonpolluted sediments is <90 mg/kg and the USEPA Region V guidelines for
pollution classification of sediments is 90 mg/kg. The FWPCA Chicago guideline for no alteration to
benthos is 0 to 90 mg/kg (NOAA, 1990).

Other Constituents

zole
Carbazole is a semi-volatile organic compound that is insoluble in water. The only information

el

concerning the toxic effects of carbazole is dated and was not used as a benchmark. However, this
information does indicate that the toxicity of carbazole to mammals is low (Windholz et al., 1976).
Information regarding bioaccumulation potential for terrestrial mammals was not available.

Chloride

Chloride is generally identified as a problem in surface waters due to anthropogenic sources such as
deicing salts. Invertebrates are generally more sensitive than invertebrates. There is no evidence that
bioaccumulation of chloride poses a problem.

Decachlorobiphenyl

PCBs are currently released to the environment from landfills containing PCB waste materials and
products, incineration of municipal refuse and sewage sludge, and improper disposal of PCB materials.
PCBs are mixtures of different congeners of chlorobiphenyl. The relative importance of the
environmental fate mechanisms generally depends on the degree of chlorination. In general, the
persisténce of PCBs increases with an increase in the degree of chlorination. Mono-, di- and
trichlorinated biphenyls (Aroclor 1221 and 1232) biodegrade relatively rapidly. Tetrachlorinated
biphenyls (Aroclors 1016 and 1242) biodegrade slowly. Higher chlorinated biphenyls (Aroclors 1248,
1254, and 1260) are resistant to biodegradation (HSDB, 1997).

PCBs are notable for their persistence in the environment. PCBs can be transformed by photochemical
and microbial processes. However, the rates are very slow, particularly for higher chlorinated biphenyls,
such as decachlorobiphenyl. Under reducing conditions, however, the components of PCBs have been
shown to dehalogenate, forming less chlorinated PCBs that can, in turn, be biodegraded under acrobic
conditions. The environmental persistence of PCBs is demonstrated by their frequent occurrence in
environmental samples, even though production of these constituents has been prohibited since 1977.
PCBs have been shown to bioconcentrate significantly in aquatic organisms. There are no specific
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toxicity values available for decachlorobiphenyl; however, an oral PCB LDy, of 11 grams per kilogram
(g/kg) has been determined for rats (HSDB, 1997).

1.3-Dinitrobenzene

1,3-Dinitrobenzene is one of the many nitroaromatic compounds that are used in the manufacture of dyes,
explosives, industrial solvents, and pesticides and, thus, may be released to the environment as a result
of such uses. 1,3-Dinitrobenzene may biodegrade in water and volatilization may occur. However,
biodegradation is expected to be slow. While direct photolysis may occur, sufficient information is not
available to estimate a rate. Bioconcentration and hydrolysis are not expected to be significant because
of low estimated bioconcentration factors and the lack of hydrolyzable groups, respectively (HSDB,
1997). Oral LD, toxicity values for 1,3-dinitrobenzene of 74.7, 59.5, and 42 mg/kg were determined for
the mouse, rat and bird, respectively (NIOSH, 1997).

Sulfate

Sulfate is present in inorganic compounds and salts formed with metal cations. Sulfates occur naturally in
the environment in sediments, and rocks. They also may enter surface waters through acid rain (sulfuric
acid levels increase) or through disposal of wastes containing sulfates.

Animal studies suggest that sulfate is not mutagenic, carcinogenic, or teratogenic in mammals. The
current EPA national secondary drinking water standard for sulfate is 250 mg/L based on taste and odor.
The WHO has recommended an upper limit of 400 mg/L in drinking water {40 Code of Federal
Regulations (CFR) Part 141].

Trichlorofluoromethane
Trichlorofluoromethane is a VOC that is relatively insoluble in water (Windholz et al., 1976). Aquatic

toxicity information is limited to an acute lower exposure concentration (LEC) of 11,000 ©g/L (USEPA,
1998) for freshwater. Data concerning toxic effects and bioaccumulation potential for terrestrial
mammals is not available.

7.2.2 Site-Specific Study Results

Bioassay tests were run on two invertebrate and one vertebrate species.

7.2.2.1 Site-Specific Sediment Bioassay Study Results

Chronic toxicity tests were conducted with freshwater invertebrates to evaluate toxicity of ecoCOPCs
contained within sediment collected from Janes and Hutchinson Ravines and their respective outflow
areas along the Beach Area. Bioaccumulation of ecoCOPCs by aquatic invertebrates in ravine and Beach
Area sediments is also a potential pathway for exposure at Janes and Hutchinson Ravines and their
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discharge areas. Chronic toxicity and bioaccumulation tests using site-specific sediment samples
collected from the ravines and Beach Area are discussed in the following paragraphs.

H._azteca
Whole sediment toxicity tests were conducted with the freshwater invertebrate, H. azteca, on samples
collected from both Janes and Hutchinson Ravines. The effect criteria for the tests were survival and

growth (length and dry weight).

A total of three sediment samples from Janes Ravine (JRBSDO1, JRBSD02, and JRBSD03), two
background sediment samples from the north arm of Janes Ravine (JRBSD04 and JRBSDOS5), and one
laboratory control were used in the toxicity tests. After 28 days of exposure, there were no significant
differences (P<0.05) in the survival of H. azteca between the laboratory control sediment (94 percent)
and the background sediment samples (91 and 94 percent). Also, there were no significant differences
(P<0.05) in the survival of H. azteca between the background sediments and the three site sediment
samples. Survival in sediments JRBSDO1, JRBSD02, and JRBSDO03 was 99, 96, and 99 percent,
respectively. Growth, as dry weight and length, of H. azteca in the background sediments was not
significantly different (P<0.05) from the laboratory control. After the 28-day exposure, there were no
significant differences (P<0.05) in the growth of H. azteca between the'background sediments and the
three Janes Ravine sediment samples: JRBSDO1, JRBSD02, and JRBSDO3.

A total of three sediment samples from Hutchinson Ravine (HRBSDO01, HRBSD02, and HRBSDO03),
two sediment samples from the northern arm of Hutchinson Ravine (HRBSD04 and HRBSDOS), one
background sediment sample from the upper end of Shenck Ravine (SRBDO1), and one laboratory
control were used in the toxicity tests. After 28 days of exposure, there were no significant differences
(P<0.05) in the survival of H. azteca between the laboratory control sediment (94 percent) and the
background sediment (94 percent). Also, there were no significant differences (P<0.05) in the survival of
H. azteca between the background sediment and the three Hutchinson Ravine sediments. Survival in the
Hutchinson Ravine sediments ranged from 88 to 100 percent. Growth, as dry weight and length, of H.
azteca in the background sediment was not significantly different (P<0.05) from the laboratory control.
After the 28-day exposure, there were no significant differences (P<0.05) in the growth of H. azteca
between the background sediment and the five site sediments: HRBSD01, HRBSD02, HRBSD03,
HRBSDO04, and HRBSDOS.

L. variegatus
Flow-through whole sediment bioaccumulation tests were conducted with the freshwater invertebrate, L.

variegatus, on sediment samples collected from Janes and Hutchinson Ravines. The effect criteria for
the tests were survival and adequate tissue for constituent analyses. The tests consisted of five replicate
chambers per sediment sample (16 grams of L. variegatus per replicate), with each chamber containing
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approximately 3.0 kg of sediment and 8.0 liters of overlying water. Each chamber received two volume
additions of overlying water per day during the 28-day exposure period. After 28 days of exposure, the
test organisms were held in fresh overlying water for 24 hours to allow the organisms to purge their gut
contents. At the conclusion of the 24-hour purge, constituent analyses of the L. variegatus tissue were
performed for metals, explosives, semivolatile organic compounds, pesticides, and PCBs. For each
sediment, the organisms from the five replicate chambers were pooled together to provide sufficient
tissue mass for the constituent analyses (i.e., the constituent analyses were not replicated).

One sediment sample from Janes Ravine (JRBSDO01), one background sediment sample from the north
arm of Janes Ravine (JRBSD04), and one laboratory control were used in the bioaccumulation tests for
Janes Ravine. After 28 days of exposure, a sufficient mass of L. variegatus tissue was collected for
constituent analyses from the laboratory control, background sediment, and Janes Ravine sediment.
Survival of L. variegatus in sediment JRBSDO1, based on the amount of tissue recovered, was greater
than survival in the laboratory and background exposures. No abnormal behavior or dead organisms were
observed in sediment Sample JRBSDO1 during the test.

One site sediment sample from Hutchinson Ravine (HRBSDO1), one background sediment sample from
the north arm of Janes Ravine (JRBSD04), and one laboratory control were used in the bioaccumulation
tests for Hutchinson Ravine. After 28 days of exposure, a sufficient mass of L. variegatus tissue was
collected for constituent analyses from the laboratory control, background sediment, and the Hutchinson
Ravine sediment. Survival of L. variegatus in sediment Sample HRBSDO1, based on the amount of
tissue recovered, was greater than survival in the laboratory and background exposures. No abnormal
behavior or dead organisms were observed in sediment Sample HRBSDO01 during the test.

Two sediment samples from the beach outflow areas of Janes and Hutchinson Ravines (JRBSDO6 and
HRBSDO06), one background sediment from Boles Loop Drain (BLBSD01) and one laboratory control
were used in the bioaccumulation tests for the Beach Area. Afier 28 days of exposure, a sufficient mass
of L. variegatus tissue was collected for constituent analyses from the laboratory control, background
sediment sample, and the ravine sediment samples. Survival of L. variegatus in sediment Samples
JRBSD06 and HRBSDO06, based on the amount of tissue recovered, was greater than survival in the
laboratory control and less than survival in the background sediment sample. The reduction in
survival/tissue mass is most likely due to the sterile nature of the beach sediments. No abnormal behavior
or dead organisms were observed in sediment Samples JRBSD06 and HRBSDO6 during the test.

Constituent concentrations in L. variegatus tissue samples were evaluated for each study area to
determine which sediment ecoCOPCs had bioaccumulated in the tissue samples. Because examination
by study area resulted in small sample sizes, data were not statistically compared to background.
Concentrations of sediment ecoCOPCs that were detected in L. variegatus tissue samples were compared
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graphically by study area [i.e., Janes Ravine (Figure 7-1), Hutchinson Ravine (Figure 7-2), and the Beach
Area (Figure 7-3)]. While some constituents had higher concentrations in the L. variegatus tissue
samples from the study areas compared with the background tissue samples (e.g., DDT and derivatives),
these differences may not be significant. Such observed differences may reflect subtle differences
between the study area and background sampling locations that influence bioaccumulation.
Bioaccumulating constituents consisted of metals and pesticides. The tissue data were reviewed for
constituents that had potentially bioaccumulated or have a significant potential for bioaccumulation but
which had not been identified as ecoCOPCs in sediments, to determine if additional constituents should
be evaluated for exposure ﬂuough the food web. As a result of this evaluation, the following constituents
were also evaluated for exposure through the food web: (1) selenium and zinc in Hutchinson Ravine;

(2) cadmium, chromium, mercury, and selenium in Janes Ravine; and (3) cadmium, chromium, and
selenium at the Beach Area.

The zebra mussel, which has spread ubiquitously in the Great Lakes, efficiently filters phytoplankton and
detritus from surface waters and bioaccumulates chemicals such as metals, PAHs, PCBs, and pesticides.
These organisms are effective biomonitors because of their ability to rapidly accumulate industrial
pollutants (de Kock and Bowmer, 1993). Among the metals, cadmium and selenium have been shown to
accumulate to unacceptable levels in other aquatic systems (Secor et al., 1993). However, exposure
concentrations were not reported. In another study completed at a site in New York, PAHs, PCB Aroclor
1248, arsenic, chromium, and barium accumulated to levels in zebra mussel tissue that represented a
potential hazard to fish and birds feeding upon them (Roper et al., 1996). However, sediment exposure
concentrations at this site were also reported to be much higher than those observed in Lake Michigan
sediments (one to two orders of magnitude higher for metals, and several orders of magnitude higher for
organics). Based upon the potential exposure concentrations of ecoCOPCs in Lake Michigan sediments,
one would not expect tissue body burdens in zebra mussels to reach levels predicted to represent a.
concern to fish or birds. This evaluation is consistent with the results of the site-specific bioaccumulation
studies with L. variegatus.

7.2.2.2 Site-Specific Groundwater Bioassay Study Results

Definitive static-renewal acute toxicity tests were conducted with the fathead minnow, P. promelas, using
groundwater samples which are evaluated as part of the Beach Area. The effect criterion for the acute '
toxicity tests was survival. The 96-hour, static-renewal test of each groundwater sample consisted of two
replicates per test concentration (20 organisms per concentration), with each test vessel containing 200
mL of test solution. The test concentrations were 0 (dilution water control), 6.25 12.5, 25, 50, and 100
percent groundwater. The dilution water was moderately hard reconstituted water prepared from
deionized water.
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Three groundwater samples were collected downgradient of the Beach Area at monitoring Wells
LF2MW06S, LF2MWO08S, and LF2MW09S. Three background samples were also collected from Fort
Sheridan monitoring Wells BGMW02, BGMWO03, and BGMWO04. After 96 hours of exposure, mortality
in the control exposure was 0 percent. Survival of P. promelas in the five test concentrations of the
Beach Area and background water samples ranged from 90 percent (100 percent LF2MW09S
groundwater) to 100 percent (100 percent BGMWO04 groundwater). There was no significant difference
(p=<0.05) in mortality between the laboratory control and any of the Beach Area or background water
samples. Under the conditions of the study, the 96-hour LC,, values for the groundwater samples were
greater than 100 percent, indicating that neither the study area nor background samples were acutely
toxic to P. promelas.

7.2.3  Stressor-Response Profile

The stressor-response profile summarizes the ecotoxicity benchmark values and/or site-specific data that
apply to the chosen measurement endpoints. Variables used to determine benchmark values and evaluate
risk characterization for terrestrial wildlife are presented in Tables 7-22 through 7-29.

7.2.3.1 Measurement Endpoint 1--Benchmarks for Surface Water Ingestion by Terrestrial
Mammals

Benchmarks for surface water ingestion by mice, woodchucks, and raccoons were calculated for as many

surface water ecoCOPCs as possible utilizing test endpoints for other mammalian organisms (e.g. rats

and mice). The chronic endpoints (Original Endpoint Value) used for each of the benchmarks were the

LOAEL and/or the NOAEL located during a search of the literature. The source for the test endpomts

was Toxicological Benchmarks for Wildlife: 1996 Revision (ES/ER/TM-86/R3).

The Original Endpoint Value (mg/kg/day) for the Test Organism (rat or mink) was converted to an
Endpoint Wildlife Value (mg/kg/day) for the four terrestrial mammals using the following equation:

Endpoint Wildlife Value = Original Endpoint Value * (bw, / bw,)""*

where: bw, Test Organism body weight (kg)
bw,, endpoint Wildlife (terrestrial mammal) body weight (kg)

The Endpoint Wildlife Value for the terrestrial mammals was then converted into a surface water
benchmark (mg/L), representing the concentration of an ecoCOPC in surface water that is a dose
equivalent of the Endpoint Wildlife Value. Surface water benchmarks were calculated using the
following equation:

Surface Water Benchmark = Endpoint Wildlife Value (terrestrial mammal) * bw,, / IR,,
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where: IR, = water consumption rate (L/day) for the particular terrestrial mammal

The final surface water benchmarks for ingestion of surface water ecoCOPCs by the four terrestrial
mammals, as well as the factors used in the above calculations, are presented in Table 7-30. As noted in
the ecotoxicity discussion (Section 7.2.1), relevant and appropriate ecotoxicity benchmark values were
not available for every ecoCOPC. The constituent surrogates used for ecoCOPCs in cases where
appropriate benchmarks for the ecoCOPC were not identified from the literature are also presented in
Table 7-30.

7.2.3.2 Measurement Endpoint 2--Benchmarks for Amphibians

Amphibians are sensitive bioindicators of environmental stress or change due to their permeable skin and
biphasic development. Early life stages are particularly sensitive to environmental conditions. A literature
search was performed to locate toxicological information on the effects of constituent constituents and
physical properties of the environment on amphibians. The initial search produced articles discussing the
effects of acidification/pH, metals, alcohols, pesticides, SVOCs, VOCs, and petroleum products on
amphibian embryo and larval development. Any numeric toxicity values, such as LCs,s and NOAELSs,
and general effects, such as a reduction in biomass, located in the articles were pooled into a spreadsheet.
Based on ravine and Beach Area data, information related to pH was eliminated from the database since
the pH at the study areas was determined to be neutral. The database was then reduced to only data points
related to surface water eccoCOPCs. Data on the effects of the surface water ecoCOPCs on amphibians is
presented in Table 7-31.

7.2.3.3 Measurement Endpoint 3--Site-Specific Groundwater Bioassays and Benchmarks for
Aquatic Invertebrates
Site-specific bioassays with fathead minnows, P. promelas, were performed using groundwater samples
evaluated as part of the Beach Area study area. Groundwater bioassays were performed for a 96-hour
period to determine toxicity to aquatic species. Toxicity tests using groundwater determined that
ecoCOPCs present in the groundwater are not acutely toxic to the test species. Additionally, chronic
toxicity values for aquatic invertebrates (primarily daphnid species) were located for ravine surface water
ecoCOPCs and are presented in Table 7-32.

7.2.3.4 Measurement Endpoint 4--Site-Specific Sediment Bioassays and Sediment Ecotoxicity
Benchmark Values for EcoCOPCs in Lake Michigan Sediments

Site-specific bioassays were performed for 28 days using sediment samples collected from Janes Ravine,

Hutchinson Ravine, and the Beach Area. Test organisms for the bioassays included the amphipod, H.

azteca, and the blood worm, L. variegatus. Two types of bioassays were conducted using these test

species to determine if the ecoCOPCs present in ravine sediments are toxic over a 28-day period to

benthic invertebrates and/or bioavailable. Survival and growth results of the H. azteca toxicity tests
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determined that ecoCOPCs present in the ravine sediment samples were not chronically toxic to the test
species. Bioaccumulation results of the L. variegatus toxicity tests determined that ecoCOPCs present in
the ravine sediment samples were not chronically toxic to the test species and had not bioaccumulated to
toxic levels. Tissue body burden results were also used to evaluate the potential for food web exposure
(see Section 7.2.3.6). Because no site-specific bioassays were performed using sediment from Lake
Michigan, ecotoxicity benchmarks were obtained from the literature for benthic invertebrates that may be
exposed to lake sediment constituents. Ecotoxicity benchmarks for benthic invertebrates are presented in
Table 7-33.

7.2.3.5 Measurement Endpoints 5 and 6--Dietary Benchmarks for Incidental Sediment Ingestion
by Raccoon and the Common Snipe
Ecotoxicity benchmarks for sediment ecoCOPCs that may be incidentally consumed by small mammal
and avian species during preening, feeding, and other activities at the ravines and Beach Area are
presented in Tables 7-34 and 7-35. In general, representative ecotoxicity benchmark values for
ecoCOPCs are identified from the literature and converted to the wildlife species of interest (see
discussion below) utilizing site-specific exposure assumptions. The chronic endpoint (original endpoint
value) used for the ecotoxicity benchmarks was a LOAEL or a NOAEL. Extrapolation within classes of
organisms, although containing some inherent uncertainty, is a generally accepted practice (as described
below). On the other hand, extrapolations between phylogenetic Classes is more uncertain, and the
reliability of such extrapolations is unknown. Extrapolations from mammalian benchmarks to avian
benchmarks may underestimate toxicity when based solely on body weight (EPT, 1996). Ecotoxicity
benchmark values for some ecoCOPCs were not readily available in the literature for avian receptors.
For estimation of avian oral toxicity for these ecoCOPCS, a regression technique was employed
(Shortelle et al., 1997), and the results are presented in Table 7-36 for antimony in Beach Area
sediments.

The source for the benchmark calculation is the Toxicological Benchmarks for Wildlife: 1996 Revision
(ES/ER/TM-86/R3). The Original Value (mg/kg/day) for the Test Organism was converted to an
Endpoint Wildlife Value (mg/kg/day) for the species of concern using the following equation:

Endpoint Wildlife Value = Original Value * (bw, / bw,)""*

Test Organism body weight (kg)
Endpoint Species (Species of Concern) body weight (kg)

where: bw,

bw,,

The Endpoint Wildlife Value for the avian and small mammal species was then converted to an intake
benchmark (mg/kg), representing the concentration of an ecoCOPC in food that is a dose equivalent of
the Endpoint Wildlife Value. Intake benchmarks were calculated using the following equation:
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Sediment Intake Benchmark = Endpoint Wildlife Value / £

i

where: f (food factor)
IR,

IR,/ bw,,
sediment consumption rate (kg/day) for species

The final benchmarks for ingestion of ecoCOPCs by the common snipe and the raccoon, as well as
factors used in the above calculations and any constituent surrogates used to determine the benchmarks,
are presented in the tables as identified above. As noted in the ecotoxicity discussion (Section 7.2.1),
relevant and appropriate ecotoxicity benchmark values were not available for every ecoCOPC.

7.2.3.6 Measurement Endpoint 7--Dietary Benchmarks for Ingestion of Forage and Prey (Food
Web Exposure) |
Benchmarks for ecoCOPCs that may be consumed by small mammals (i.e., raccoons) and avian species
(i.e., common snipe) feeding on small prey (e.g., L variegatus) and foraging on plants from Janes Ravine,
Hutchinson Ravine, and the Beach Area are presented in Tables 7-37 and 7-38. Benchmark values for
some ecoCOPCs are not readily available in the literature for some of the animal species evaluated.
However, for ecoCOPCs that have benchmark values, a calculated value is presented utilizing test
endpoints for other phylogenically similar species (i.e. within phylogenetic class). The chronic endpoint
(original endpoint value) used for the benchmarks was a LOAEL or a NOAEL. Extrapolation among
classes of organisms, although containing some inherent uncertainty, is a generally accepted practice (as
described below). On the other hand, extrapolations between phylogenetic classes is more uncertain, and
unlikely to be reliable. Extrapolations from mammalian benchmarks to avian benchmarks may
underestimate toxicity when based solely on body weight (EPT, 1996). Benchmark values for some
ecoCOPCs were not readily available in the literature for avian receptors. For estimation of avian oral
toxicity for these ecoCOPCs, a regression technique was employed (Shortelle et al., 1997).

The source for most of the benchmark calculations is the Toxicological Benchmarks for Wildlife: 1996
Revision (ES/ER/TM-86/R3). The Original Value (mg/kg/day) for the Test Organism (rat, mouse, dove,
chicken, duck) was converted to an Endpoint Wildlife Value (mg/kg/day) for the species of concern
(raccoon and Common Snipe) using the following equation:

Endpoint Wildlife Value = Original Value * (bw, / bw,)"*

where: bw, = Test Organism body weight (kg)
bw, = Endpoint Species (Species of Concern) body weight (kg)
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The Endpoint Wildlife Value for the species of concern was then converted into an ecoCOPC intake
benchmark (mg/kg), representing the concentration of an ecoCOPC in either forage and prey that is a
dose equivalent of the Endpoint Wildlife Value. F orage and prey intake benchmarks were calculated
using the following equation:

Food Intake Benchmark = Endpoint Wildlife Value (species of concern) / f

where: f (food factor)
IR,

IR/ bw,,
site-specific food consumption rate (kg/day) for species of concern

Il

The final benchmarks for ingestion of sediment ecoCOPCs via ingestion of forage and prey from species
in Janes and Hutchinson Ravines, and the Beach Area are presented in Tables 7-37 and 7-38. These
tables also present the factors for small mammals and avian species used in the above calculations and
any constituent surrogates used to determine the benchmarks. As noted in the ecotpxicity discussion
(Section 7.2.1), relevant and appropriate ecotoxicity benchmark values were not available for every
ecoCOPC.
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Table 7-1. Ecological Screening Benchmarks for Surface Water and Groundwater Constituents
(Page 1 of 2)
Listcode Chemname/Surrogate Standard Units Type Comments
246TNT 2,4,6-Trinitrotoluene 1.30E-01 mg/L WQC Chronic Water Quality Criteria
ACET Acetone 1.12E4+01 mg/LL TierII  Secondary Chronic value
ANTRC  Anthracene 1.00E-04 mg/L BTAG Region 3 Value for Aquatic Fauna
SB Antimony 1.60E+00 mg/L AWQC Chronic; LOEL
AS Arsenic 1.90E-01 mg/L AWQC Total dissolved;Value for Arsenic ITI
BA Barium 3.90E-03 mg/LL TierlI  Total dissolved
BAPYR Benzo(a)pyrene 1.40E-05 mg/L Tiernl
BKFANT Benzo(k)fluoranthene/ 1.40E-05 mg/L Tierl
Benzo(a)pyrene
BE Beryllium 5.10E-03 mg/L TierI  Total dissolved
B2EHP Bis(2-ethylhexyl) phthalate 3.20E-02  mg/L Tier I
B Boron S4TE-01 mg/L TierI  Secondary chronic value
BBZP Butylbenzyl phthalate 1.90E-02 mg/L Tierll
CA Calcium 1.16E+02 mg/L LCV Lowest chronic value - daphnids
CL Chloride 1.20E+01 mg/L Lake Michigan Water Quality
Standard
CHCL3 Chloroform 1.24E4+00 mg/L AWQC Chronic; LOEL
CH3CL Chloromethane/ 1.24dE+00 mg/L AWQC Chronic; LOEL
Chloroform
CR3 Chromium I 8.26E-01 mg/L. AWQC Total dissolved; hardness-dependent
(based on site-specific bardness of
651 mg/L as CaCO3)
CRé6 Chromium VI 1.00E-02 mg/L AWQC Total dissolved
CR Chromium, total 7.42E-01 mg/L AWQC No value available; assumed
chromium IX
(8(0) Cobalt 3.00E-03 mg/L Tierll Total dissolved
CU Copper 5.63E-02 mg/L AWQC Total dissolved; bardness-dependent
(based on site-specific hardness of
651 mg/L as CaCO3)
CYN Cyanide, total 5.20E-03 mg/LL. AWQC Total dissolved
PPDDD DDD, p,p'- 1.00E-05 mg/L TierII  Secondary chronic value
PPDDE DDE, p,p'- 1.0SE+00 mg/L AWQC Acute; lowest observed effect level
(LOEL)
PPDDT DDT, p,p'- 1.30E-05 mg/L Tierll
CL10BP  Decachlorobiphenyl/ 1.90E-04 mg/LL TierII  Ecotox, 1996
PCBs
24DNT Dinitrotoluene 2.30E-01 mg/L AWQC Chronic; LOEL for dinitrotoluene
nonspecific
ENSLF*  Endosulfan, total 5.10E-05 mg/L TierI
FANT Fluoranthene 8.10E-03 mg/LL FCV
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Table 7-1. Ecological Screening Benchmarks for Surface Water and Groundwater Constituents

(Page 2 of 2) _
Listcode  Chemname/Surrogate Standard Units Type Comments
F Fluoride . 270E4+00 mg/L BTAG Region 3 value for fauna
LIN Hexachlorocyclohexane, 8.00E-05 mg/L AWQC
gamma-(Lindane)
FE Iron 1.00E+00 mg/L AWQC Total dissolved
PB Lead 2.73E-02 mg/L AWQC Total dissolved; hardness-dependent
(based on site-specific hardness of
, 651 mg/L as CaCO3)
MG Magnesium 8.20E+01 mg/L LCV Lowest chronic value - daphnids
MN Manganese 8.00E-02 mg/lL TierII  Total dissolved
NI Nickel 7.6TE-01 mg/L AWQC Total dissolved; hardness-dependent
(based on site-specific hardness of
651 mg/L as CaCO3)
PHANTR  Phenanthrene 6.30E-03 mg/L FCV
K Potassium 5.30E+01 mg/L LCV Lowest chronic value - daphnids
PYR Pyrene/Benzo(a)pyrene 1.40E-05 mg/L TierI
NA Sodium 6.80E+02 mg/L LCV Lowest chronic value - daphnids
SO4 Sulfate 2.40E+01 mg/L Lake Michigan Water Quality
Standard
CILAXYL  Tetrachloro-1,3-xylene,2,4, 1.80E-03 mg/L TierII  Ecotox, 1996; EPA calculated value
5,6-/Xylene
TL Thallium 4.00E-02 mg/L AWQC Chronic; LOEL
v Vanadium 1.90E-02 mg/L TierlI  Total dissolved
ZN Zinc 5.11E01 mg/L AWQC Total dissolved; hardness-dependent
(based on site-specific hardness of

651 mg/L as CaCO3)

AWQC = Ambient Water Quality Criteria
BTAG = Biological Technical Assistance Group
FCV = final chronic value

LCV = lowest chronic value

LOEL = lowest observed effect level

mg/L = milligrams per liter

WQC = water quality criteria

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, lllinois

Table 7-3. AWQCs for Constituents Affected by Water Hardness

Conversion

COPC Slope (m) y Intercept (B) Factor Units in mg/L*
Chromium (total 8.19E-01 1.56E+00 8.60E-01 0.825572
trivalent)

Copper 8.55E-01 -1.47E+00 9.60E-01 0.056265
Lead 1.27E+00 -4, 71E+00 7.91E-01 0.027322
Nickel 8.46E-01 " 1.16E+00 9.97E-01 0.766868
Zinc 8.47E-01 7.61E-01 9.86E-01 0.511088

Note: Water hardness of 651 mg/L used in calculations.

AWQC = Ambient Water Quality Criteria -
mg/L = milligrams per liter

*  Calculation based upon criteria equation of exp(m{In(hardness)]+b) x conversion factor obtained

from Eco Update, 1996 (USEPA, 1996d).

Source: QST, 1998,
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, Hlinois

Table 7-4. 1AC Criteria Adjusted for Site-Specific Water Hardness

COPC Standard Factor A Factor B Value in mg/L*
Cadmium Acute -2.92E+00 1.13E+00 8.06E-02
Chronic -3.49E+00 7.85E-01 4.94E-03
Chromium (total ~ Acute 3.69E+00 8.19E-01 8.05E+00
trivalent)
Chronic 1.56E+00 8.19E-01 9.60E-01
Copper Acute -1.46E+00 9.42E-01 1.04E-01
Chronic -1.47E+00 8.55E-01 5.86E-02
Lead Acute -1.46E+00 1.27E4+00 8.86E-01
Chronic Not applied

Note: Water hardness of 651 mg/L used in calculations.

IAC = Illinois Administrative Code

mg/L = milligrams per liter

*  Based upon calculation of exp[Factor A + Factor B(In(hardness)] obtained from 35 IAC

Subpart B Section 302.208.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Illinois

Table 7-6. Ecological Risk-Based Screening of Constituents in Janes Ravine Sediments

Maximum
Concentration Ecological Does Maximum Detected
Detected in Sediment ~ Benchmark Concentration Exceed

Constituent (mg/kg) (mg/kg) Benchmark Concentration?
Acenaphthene 1.60E-01 6.20E3-01 No
Anthracene 5.37E-02 8.53E-02 No
Antimony 9.23E+00 1.50E+02 No
Benzo(a)pyrene 3.20E-02 4.30E-01 No
Benzo(b)fluoranthene 4.60E-02 3.20E+00 No
Benzo(g,h,i)perylene 2.03E-02 6.70E-01 No
Benzo(k)fluoranthene 1.70E-01 2.40E-01 No
Bis(2-ethylhexyl) phthalate 5.20E-01 1.30E+00 No
Chlordane, total 5.20E+00 5.00E-03 Yes
Chrysene 3.30E-01 3.84E-01 No

DDD, p,p’- 6.60E+00 8.00E-03 Yes

DDE, p,p’- 4.80E-01 5.00E-03 Yes

DDT, p,p’- 5.90E+00 8.00E-03 Yes
Dibenzo(a,h)anthracene 6.24E-03 6.34E-02 No
Fluoranthene 4.40E-01 2.90E+00 No
Hexachlorocyclohexane, 7.10E-02 3.00E-03 Yes

gamma- (Lindane)

Methoxychlor 1.06E-01 1.90E-02 Yes
Methylnaphthalene, 2- 3.70E-01 3.30E-01 Yes
Naphthalene 1.72E-01 4.80E-01 No
Phenanthrene 3.01E-01 8.50E-01 No

Pyrene : 5.30E-01 6.60E-01 No

Silver 6.30E-01 5.00E-01 Yes

mg/kg = milligrams per kilogram

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, Illinois

Table 7-7. Ecological Risk-Based Screening of Constituents in Hutchinson Ravine Sediments

(Page 1 of 2)

Maximum
Concentration Ecological Does Maximum Detected
Detected in Sediment ~ Benchmark . Concentration Exceed

Constituent (mg/kg) (mg/kg) Benchmark Concentration?
245-T 2.72E-02 -- NE
Acenaphthene 2 45E+00 6.20E-01 Yes
Acenaphthylene 1.73E+00 4.40E-02 Yes

Aldrin 2.53E-02 2.00E-03 Yes
Anthracene 7.00E+00 8.53E-02 Yes

Antimony 7.88E+00 1.50E+02 No
Benzo(a)anthracene 1.00E+01 2.61E-01 Yes
Benzo(a)pyrene 8.00E+00 4.30E-01 Yes
Benzo(b)fluoranthene 8.00E+00 3.20E+00 Yes
Benzo(g,h,i)perylene 4.00E+00 6.70E-01 Yes
Benzo(k)fluoranthene 5.00E+00 2.40E-01 Yes
Bis(2-ethylhexyl) phthalate 2.15E-01 1.30+00 No

Cadmium 5.37E-01 1.20E+00 No

Carbazole 2.00E+00 - NE
Chlordane, alpha- 8.60E-02 5.00E-03 Yes
Chlordane, gamma- 9.44E-02 5.00E-03 Yes
Chlordane, total 9.30E-01 5.00E-03 Yes

Chrysene 1.00E+01 3.84E-01 Yes

Cyanide, total 7.83E-01 1.00E-01 Yes

DDD, pp’- 1.00E+01 8.00E-03 Yes

DDE, p.p’- 5.90E-01 5.00E-03 Yes

DDT, p,p’- 9.30E-01 8.00E-03 Yes
Dibenzo(a,h)anthracene 6.00E-01 6.34E-02 Yes
Dibenzofuran 2.00E+00 2.00E+00 No
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, Ulinois

Table 7-7. Ecological Risk-Based Screening of Constituents in Hutchinson Ravine Sediments

(Page 2 of 2)

Maximum
Concentration Ecological Does Maximum Detected
Detected in Sediment ~ Benchmark Concentration Exceed

Constituent (mg/kg) (mg/kg) Benchmark Concentration?
Endrin 2.03E-02 2.00E-02 Yes
Fluoranthene 3.00E+01 2.90E+00 Yes
Fluorene (4.00E+00 5.40E-01 Yes
Hexachlorocyclohexane, ‘6.28E-O3 3.00E-03 Yes
gamma- (Lindane)
Indeno(1,2,3-cd)pyrene 4.00E+00 6.00E-01 Yes
Mercury 2.20E-01 1.50E-01 Yes
Methylnaphthalene, 1- 2.89E+00 1.35E+02 No
Methylnaphthalene, 2- 3.70E+00 3.30E-01 Yes
Naphthalene 2.31E+00 4.80E-01 Yes
Phenanthrene 3.00E+01 8.50E-01 Yes
Pyrene 2.00E+01 6.60E-01 Yes
Selenium 2.71E-01 1.80E+03 No
Silver 1.05E+00 5.00E-01 Yes
Trichlorofluoromethane 1.20E-02 6.76E+01 No

mg/kg = milligrams per kilogram

NE = not evaluated due to lack of benchmark data

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Lilinois

Table 7-8 Ecological Risk-Based Screening of Constituents in Beach Area Sediments (Page 1 of 2)

Maximum
Concentration Ecological Does Maximum Detected
Detected in Sediment ~ Benchmark Concentration Exceed
Constituent (mg/kg) (mg/kg) Benchmark Concentration?
Acenaphthene 2.39E-01 6.20E-01 No
Aluminum 6.40E+03 1.00E+03 Yes
Antimony 6.90E+0 1.50E+02 No
Arsenic 1.31E+01 8.20E+00 Yes
Benzo(a)anthracene 6.11E-03 2.61E-01 No
Benzo(a)pyrene 7.21E-03 4.30E-01 No
Benzo(b)fluoranthene 8.01E-03 3.20E+00 No
Benzo(g,h,i)perylene 9.31E-03 6.70E-01 No
Benzo(k)fluoranthene 4.14E-03 2.40E-01 No
Calcium 9.10E+04 - NE
Chlordane, total 1.18E-01 5.00E-03 Yes
Chromium, total 4.68E+00 8.10E+01 No
Cobalt 3.51E+00 5.00E+01 No
Copper 8.06E+00 3.40E+01 No
DDD, p.p’- 4.30E-01 8.00E-03 Yes
DDE, p,p’- 3.50E-02 5.00E-03 Yes
DDT, p,p’- 9.80E-02 8.00E-03 Yes
Fluoranthene 1.65E-02 2.90E+00 No
Hexachlorocyclohexane, 1.99E-02 3.00E-03 Yes .
gamma- (Lindane)
Indeno(1,2,3-cd)pyrene 4.60E-03 6.00E-01 No
Iron 1.30E+04 2.00E+04 No
Lead 1.46E+01 4.70E+01 No
Magnesium 4.60E+04 - NE
Manganese 6.27E+02 4.60E+02 Yes
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, lllinois

Table 7-8 Ecological Risk-Based Screening of Constituents in Beach Area Sediments (Page 2 of 2)

Maximum
Concentration Ecological Does Maximum Detected
Detected in Sediment ~ Benchmark Concentration Exceed

Constituent (mg/kg) (mg/kg) Benchmark Concentration?
Methylnaphthalene, 2- 1.43E-01 330E-01 No
Nickel 2.78E+01 2.10E+01 Yes
Phenanthrene 5.30E-02 8.50E-01 No
Potassium 2.01E+03 - NE
Pyrene 2.76E-02 6.60E-01 No
Sodium 5.13E+02 - NE
Trichlorofluoromethane 1.00E-02 6.76E+01 No
Vanadium 5.90E+01 5.00E+02 No
Zinc 1.40E+02 1.50E+02 No

mg/kg = milligram per kilogram
NE = not evaluated due to lack of benchmark data

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Hlinois

Table 7-9. Ecological Risk-Based Screening of Constituents in Lake Michigan Sediments

Maximum Concentration ~ Ecological =~ Does Maximum Detected
Detected in Sediment Benchmark Concentration Exceed

Constituent - (mg/keg) (mg/kg) Benchmark Concentration?
Aluminum 1.45E+03 1.00E+03 Yes
Arsenic 3.04E+00 8.20E+00 No
Benzo(a)anthracene 2.87E-03 2.61E-01 No
Benzo(a)pyrene 2.76E-03 4.30E-01 No
Benzo(b)fluoranthene 3.56E-03 3.20E+00 No
Benzo(k)fluoranthene 1.51E-03 2.40E-01 No
Beryllium 3.41E-01 3.32E+00 No
Calcium 5.47TE+04 - NE
Chromium, total 4.63E+00 8.10E+01 No
Chrysene 1.36E-02 3.84E-01 No
Copper 7.37E+00 3.40E+01 No
Dinitrobenzene, 1,3- 2.97E-01 4.00E-02 Yes
Fluoranthene 8.94E-03 2.90E+00 No
Indeno(1,2,3-cd)pyrene ' 3.92E-03 6.00E-01 No
Iron 6.85E+03 2.00E+04 No
Lead 5.46E+00 4.70E+01 No
Magnesium | 3.19E+04 - NE
Manganese 3.60E+02 4.60E+02 N6
Nickel 4 89E+00 2.10E+01 No
Potassium 3.07E+02 - NE
Pyrene 8.58E-03 6.60E-01 No
Sodium 3.82E+02 - NE
Triphenylene 2.92E-01 6.60E-01 No
Vanadium 1.34E4-01 5.00E+02 No
Zinc 3.81E+01 1.50E+02 No
-- = No benchmark data available.

- mg/kg = milligram per kilogram
NE = Not evaluated due to lack of benchmark data.

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Illinois

Table 7-10.  Ecological Risk-Based Screening of Constituents in Janes Ravine Surface Water

Maximum
Concentration
Detected in Surface Ecological Does Maximum Detected
Water Benchmark Concentration Exceed

Constituent (mg/L) (mg/L) Benchmark Concentration?
Boron 1.49E-01 5.47E-01 No
Butylbenzyl phthalate 2.10E-03 1.90E-02 No

Chloride 4.80E+02 1.20E+01 Yes

Copper 9.31E-03 5.63E-02 No

DDD, p,p’- : 2.20E-05 1.00E-05 Yes

DDT, p,p’- 1.10E-05 1.30E-05 No
Hexachlorocyclohexane, 1.10E-05 8.00E-05 No

gamma- (Lindane)

Lead 6.50E-03 2.73E-02 " No
Manganese 2.21E-01 8.00E-02 Yes

Nitrogen, NO2 + NO3 6.60E-01 -- NE

Sulfate 1.70E+02 2.40E+01 No

Vanadium 1.13E-02 1.90E-02 No

Zinc 5.00E-02 5.11E-01 No

-- = No benchmark data available.
mg/L = milligram per liter
NE = Not evaluated due to lack of benchmark data.

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Farf Sheridan, Illinois

Table 7-11. Ecological Risk-Based Screening of Constituents in Hutchinson Ravine Surface Water

Maximum
Concentration
Detected in Surface Ecological Does Maximum Detected
Water Benchmark Concentration Exceed

Constituent (mg/L) (mg/L) Benchmark Concentration?
Anthracene 9.47E-04 1.00E-04 Yes
Benzo(a)pyrene 1.47E-05 1.40E-05 Yes
Benzo(b)fluoranthene 8.80E-06 1.40E-05 No
Bis(2-ethylhexyl) phthalate 1.40E-02 3.20E-02 No
Boron 1.70E-01 5.47E-01 No
Butylbenzyl phthalate 3.00E-03 1.90E-02 No
Calcium 1.51E+02 1.15E+02 Yes
Chloride 1.00E+03 1.20E+01 Yes
Chloromethane 1.20E-02 1.24E+00 No
Cyanide, total 5.33E-03 5.20E-03 Yes
DDD, p,p’- 1.10E-04 1.00E-05 Yes
DDE, p,p’- 1.20E-05 1.05E+00 No
DDT,p,p’- 2.00E-05 1.30E-05 Yes
Decachlorobiphenyl 3.30E-04 1.90E-04 Yes
Fluoranthene 1.02E-04 8.10E-03 No
Fluoride 5.40E-01 2.70E+00 No
Hexachlorocyclohexane, 1.05E-05 8.00E-05 No
gamma- (Lindane)

Lead | | 7.70E-03 2.73E-02 No
Manganese 1.81E+00 8.00E-02 Yes
Nitrogen, NO2+NQO3 9.20E-01 - NE
Pyrene 2.80E-04 1.40E-05  Yes
Sodium 5.40E+02 6.80E+02 No
Sulfate 2.00E+02 2.40E+01 _ Yes
Tetrachloro-1,3-xylene, 7.77E-04 1.80E-03 No
Zinc 7.32E-02 5.11E-01 No

-- = No benchmark data available.

mg/L = milligram per liter
NE = Not evaluated due to lack of benchmark data.
Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, Hlinois

Table 7-12. Ecological Risk-Based Screening of Constituents in Beach Area Surface Water

Maximum
Concentration
Detected in Surface Ecological Does Maximum Detected
Water Benchmark Concentration Exceed
Constituent (mg/L) (mg/L) Benchmark Concentration?
Barium 4.20E-02 3.90E-03 Yes
Calcium 1.30E+02 1.16E+02 Yes
Chloride 1.20E+02 1.20E+01" Yes
Chloroform 1.60E-03 1.24E3+00 No
Iron 9.66E-02 1.00E+00 No
Lead 3.04E-03 2.73E-02 No
Magnesium 5.30E+01 8.20E+01 No
Manganese 2.83E-01 8.00E-02 Yes
Nitrogen, NO2+NO3 7.80E-01 -- NE
Potassium 4.04E+00 5.30E+01 No
Sodium 5.03E+01 6.80E+02 No
Sulfate 2.69E+02 2.40E+01 Yes
-- = No benchmark data available.
mg/L = milligram per liter
NE = Not evaluated due to lack of benchmark data.
Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, llinois

Table 7-13.  Ecological Risk-Based Screening of Constituents in Beach Area Groundwater
Study Area Constituent Maximum Ecological Does Maximum Detected
Concentration Detected Benchmarks Concentration
in Groundwater mg/L Exceed
mg/L Benchmark Concentration?

Beach  Acetone 3.20E-02 1.12E+01 No
Amino-2,6-dinitrotoluene, 4- 1.77TE-04 - NE
Anthracene 6.60E-04 1.00E-04 Yes
Antimony 5.30E-02 1.60E+00 No
Arsenic 4.15E-02 1.90E-01 No
Barium 1.03E+00 3.90E-03 Yes
Benzo(a)anthracene 3.03E-05 - NE
Benzo(a)pyrene 5.42E-05 1.40E-05 Yes
Benzo(g,h,i)perylene 1.10E-04 - NE
Benzo(k)fluoranthene 2.13E-05 - NE
Beryllium 1.75E-02 5.10E-03 Yes
Bis(2-ethylhexyl) phthalate 2.70E-03 3.20E-02 No
Calcium 5.88E+02 1.16E+02 Yes
Chromium, total 2.66E-01 7.42E-01 No
Cobalt 1.08E-01 3.00E-03 Yes
Copper 2.38E-01 5.63E-02 Yes
DDD, p,p'- 2.40E-05 1.00E-05 Yes
DDT, p,p'- 2.50E-05 1.30E-05 Yes
Dinitrotoluene 2.68E-04 2.30E-01 No
Endosulfan sulfate 8.20E-05 5.10E-05 Yes
Fluoranthene 5.07E-05 8.10E-03 No
Hexachlorocyclohexane, 5.30E-06 - NE
alpha-
Indeno(1,2,3-cd)pyrene 1.39E-04 - NE
Iron 2.07E+02 1.00E+00 Yes
Lead 9.50E-02 2.73E-02 Yes
Manganese 4.05E+00 8.00E-02 Yes
Mercury 3.62E-04 1.30E-03 No
Methylnaphthalene, 2- 3.80E-03 - NE
Nickel 2.65E-01 7.67E-01 No
Phenanthrene 7.62E-04 6.30E-03 No
Pyrene 1.33E-04 1.40E-05 Yes
Thallium 3.90E-03 4.00E-02 No
Trinitrotoluene, 2,4,6- 1.31E-03 1.30E-01 No
Vanadium 3.36E-01 1.90E-02 Yes
Zinc 4.54E-01 5.11E-01 No

— = No benchmark data available.

mg/L = milligrams per liter
NE = not evaluated due to lack of benchmark data.

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Hllinois

Table 7-15. Ecological Constituents of Potential Concern for Janes Ravine

Medium Ecological Constituent of Potential Concern

Surface Water DDD, p,p’-
DDT, p,p’-
Manganese
Sulfate

Sediment Chlordane, total
DDD, p,p’-
DDE, p,p’-
DDT, p,p’-
Hexachlorocyclohexane, gamma- (Lindane)
Methoxychlor
Methylnaphthalene, 2-
Silver

. Source: QST, 1998,
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Illinois

Table 7-16.  Ecological Constituents of Potential Concern for Hutchinson Ravine

Medium Ecological Constituent of Potential Concern

Surface Water Anthracene
Benzo(a)pyrene
Cyanide
DDD, p,p’-
DDE, p.p’-
DDT, p,p’-
Decachlorobiphenyl
Manganese

Pyrene
Sulfate

Sediment 245-T
Acenaphthene
Acenaphthylene
Aldrin
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Cadmium
Carbazole
Chlordane, alpha-
Chlordane, gamma-
Chlordane, total
Chrysene
Cyanide, total
DDD: pap,'

DDE, p,p’-

DDT, p,p’-
Dibenzo(a,h)anthracene
Endrin

Fluoranthene

Fluorene
Hexachlorocyclohexane, gamma- (Lindane) -
Indeno(1,2,3-cd)pyrene
Mercury
Methylnaphthalene, 2-
Naphthalene
Phenanthrene

Pyrene

Silver

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas : Surplus OU, Fort Sheridan, Lllinois

- Table 7-17.  Ecological Constituents of Potential Concern for the Beach Area (Including Lake
Michigan Sediment)

Medium Ecological Constituent of Potential Concern

Beach Area

Groundwater Amino-2 6-dinitrotoluene, 4-
Barium Endosulfan sulfate
Benzo(a)anthracene Indeno(1,2,3-cd)pyrene
Benzo(a)pyrene Lead
Benzo(g,h,i)perylene Manganese
Benzo(k)fluoranthene Mercury
Cobalt Methylnaphthalene, 2-
Copper Pyrene
DDD, p,p’- Vanadium
DDT, p,p’- Zinc

Sediment Aluminum
Antimony
Arsenic
Chlordane
DDD, p,p’-
DDE, p,p’-
DDT, p,p’-
Hexachlorocyclohexane, gamma (Lindane)
Manganese
Nickel
Zinc

Surface Water Barium
Manganese
Sulfate

Lake Michigan

Sediment Aluminum
Dinitrobenzene, 1,3-

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, Hllinois

Table 7-19.  Physiocochemical Properties for the Inorganic EcoCOPCs

Atomic Water Boiling Melting

Weight Solubility* Kdt Point* Point*
Inorganic EcoCOPC (g/mol) (mg/L @ 25°C L/kg) °C) O
Aluminum 27 Neg 1500 2327 660
Antimony 122 Neg 45 1635 630
Arsenic 75 Neg 200 615 817
Barium 137 Neg 60 137 1640
Cadmium 112 Neg 7 765 321
Cobalt 59 Neg 45 2870 1493
Copper 64 Neg 35 2567 1083
Cyanide, total 26 NA NA NA NA
Lead 207 Neg 900 1740 328
Manganese 55 Neg 65 1962 1244
Mercury 201 Neg 10 357 -39
Nickel 59 Neg 150 2732 1453
Silver 108 Neg 45 2000 960
Sulfate 64 NA NA NA NA
Vanadium 51 Neg 1000 3380 1917
Zinc 65 Neg 40 908 420

COPC = constituent of potential concern

°C = degrees Celsius

g/mole = grams per mole

Kd = soil-water distribution coefficient.

L/kg = liters per kilogram

mg/L = milligrams per liter

NA = not applicable; compound-specific value.

Neg = negligible for elemental metal. Solubility is dependent on the speciation reactions in water.

*  Values for HSDB, TOMES CD/ROM, Volume 33 (exp. 7/31/97), unless otherwise specified.
T Values are rough estimates and are not meant to be used as exact measurements of coefficient values (ORNL,
1984).

Source: QST, 1998.
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, Illinois

Table 7-20.  Wildlife Species Potentially Found or Observed at Fort Sheridan, Illinois

(Page 1 of 2)
Common Name Scientific Name State Status Federal Status
Mammals
Eastern chipmunk Tamias striatus
Eastern cottontail Sylvilagus floridanus
Eastern mole Scalopus aquiticus
Gray squirrel Sciurus carolinensis
Meadow vole Microtus pennslyvanicus
Opossum Didelphis marsupialis
Raccoon Procyon lotor
Striped skunk Mephitis mephitis
White footed mouse Peromyscus leucopus
White tail deer Odocileus virginianus
Woodchuck Marmota monax
Reptiles and Amphibians
American toad Bufo americanus
Chicago garter snake Thamnopis sirtalis

semifasciata

Eastern hognose snake Heterodon platyrhinos
Eastern plains garter snake Thamnophis radix

Eastern tiger salamander
Fowler's toad

Fox snake

Green frog

Snapping turtle

Stinkpot

Westemn chorus frog
Birdst

American crow
American robin

Ambystoma tigrinum tigrinum
Bufo woodhousei fowleri
Elaphe vulpina

Rana clamitans melanota
Chelydra serpentina
Sternotherus odoratus
Pseudacris triseriata triseriata

Corvus brachyrhynchos
Turdus migratorius

Bald eagle* Haliaeetus leucocephalus E T
Barn swallow Hirundo rustica
Black-capped chickadee Cyanocitta cristata
Bluejay _ Cyanocitta cristata
Black and white warbler Mniotilta varia WL
Brown creeper* Certhia familiaris T
Brown-headed cowbird Molothrus ater ater
. Brown thrasher Toxostoma rufum
Cardinal Cardinalis cardinalis
Chimney swift Chaetura pelagica
Common snipe Capella gallinago WL
Common tern* Sterna hirundo
Cooper’s Hawk Accipiter copperii E
DoublE-crested cormorant Phalacrocorax auritus T
Downy woodpecker Picoides pubescens
Ducks Family Anatidae
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, Illinois

Table 7-20.  Wildlife Species Potentially Found or Observed at Fort Sheridan, Illinois

(Page 2 of 2)
Common Name Scientific Name State Status Federal Status
European starling Sturnus vulgaris vulgaris
Forster's tern* Sterna forsteri E
Goldfinch Spinus tristis
Grackle Quiscalus quiscula
Gray catbird Dumetella carolinensis
Hawks Family Accipitridae
Herring gull Larus argentatus
Hooded merganser Lophodytes cucullatus WL
Killdeer Charadrius vociferus
Least flycatcher Empidonax minimus WL
Mourning dove Zenaida macroura
Northem oriole Icterus sp.
Osprey Pandion haliaetus E
Ovenbird Seiurus aurocapillus WL
Peregrine falcon* Falco peregrinus
Piping plover* Charadrius melodus
Purple finch Carpodacus purpureus
Red-bellied woodpecker Centurus carolinus
Red-winged blackbird Agelaius phoeniceus
Ring-billed gull Larus delawarenis
Rock dove Columba livia
SlatE-colored junco Junco hyemalis
Sparrows Passer spp.
Tufted titmouse Parus bicolor
Veery* Catharus fuscescens T
Wood thrush Hylocichla mustelina WL
Yellow-shafted flicker Colalptes auratus
* Migratory species

 Many additional bird species have been observed in the most recent surveys.

T=threatened; E=endangered; WL=Illinois watch list

Source:  USACE, 1990.
Gross et al., 1982.
U.S. Navy, 1995.
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Final BRA for Ravines and Beach Area Study Areas

Surplus OU, Fort Sheridan, lllinois

Table 7-21.  Common Fish Species in Lake Michigan

Common Name Scientific Name
Sea lamprey Petromyzon marinus
Lake sturgeon Acipenser fulvescens
Alewife Alosa pseudoharengus
Lake whitefish Coregonus clupeaformis
Blackfin cisco C. nigripinnis
Deepwater cisco C. johannae

Longjaw cisco C. alpenae

Shortjaw cisco C. zenithicus

Bloater C. hoyi

Kiyi C. kiyi

Shortnose cisco C. reighardi

Lake herring C. artedii

Round whitefish Prosopium cylindraceum
Lake trout Salvelinus namycush
Brook trout S. fontinalis

Rainbow trout (steclhead) Salmo gairdneri

Brown trout S. trutta

Coho salmon Oncorhynchus kisutch
Chinook salmon O. tshawytscha

Rainbow smelt Osmerus mordax
Northern pike Esox lucius

Carp Cyprinus carpio
Emerald shiner Notropis atherinoides
Spottail shiner N. hudsonius

Longnose sucker Catostomus catostomus
White sucker C. commersoni

Channel catfish Ictalurus punctatus
Bullheads L sp.

Trout-perch Percopsis omiscomaycus
Burbot Lota lota

Ninespine stickleback Pungitius pungitius
Smallmouth bass Micropterus dolomieui
Yellow perch Perca flavescens
Walleye Stizostedion vitreum vitreum
Freshwater drum Aplodinotus grunniens
Slimy sculpin Cottus cognatus
Spoonhead sculpin C. ricei

Fourhom sculpin Mpyoxocephalus quadricornis

Source: Wells and McClain, 1973.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU, Fort Sheridan, lllinois

Table 7-31.  Summary of Ecotoxicity Benchmark Values and Observed Effects of Selected
EcoCOPCs on Fowler's Toad (Bufo woodhousei fowleri)

ListCode Additional Stat Concentration Units Exp Effect/Comments
Code

PPDDT DDT, p,p’- LCs50 1 mg/L  96th Tadpole 4-5 weeks old

PPDDT DDT, p,p’- LC50 0.0087 mg/L  96th Tadpole 6 weeks old

PPDDT DDT, p,p’'- LC50 0.03 mg/L  96th 7 weeks old

COPC = constituent of potential concern
LCs = median lethal concentration (a concentration where mortality is observed in 50 percent of the
study species.
.mg/L = milligrams per liter.

Source: QST, 1998.

N:\DATA\PROJM90208 N\DP\SRPLS-OU\BCH-RVN2.VTB./ 04/09/98 7.72 QST Environmental Inc
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Final BRA for Ravines and Beach Area Study Areas Surplus QU , Fort Sheridan, Illinois

8.0 Potential Ecological Risk Characterization

The environmental media and exposure pathways evaluated for ecological receptors are: (1) ingestion of
sediments by avian, invertebrate and mammalian receptors; (2) ingestion of prey (e.g., L. variegatus) by
avian and mammalian receptors; (3) ingestion of surface waters by mammalian receptors; (4) exposure of
aquatic and benthic invertebrates to surface water or sediments; and (5) exposure of amphibians to
surface water. Benchmark values corresponding with the appropriate measurement endpoints are
compared with potential exposure concentrations. The development of the exposure concentrations is
presented in Section 2.0 and Appendix I . The appropriate media considered for these assessments are
surface water, groundwater, sediments, and biota. The estimated ecoCOPC concentrations for each
medium were compared to the benchmarks as follows:

Ecotoxicity Quotient = EcoCOPC Concentration + Ecotoxicity Benchmark

Ecotoxicity quotients (EQs) less than 1 suggest that the benchmark effect is unlikely to occur. Those
instances where the individual EQs are greater than 1 require further evaluation. Although the EQ
method does not provide an estimate of uncertainty and is not an estimation of potential risk, it is
commonly used for screening the potential for ecological effects from exposure to hazardous
constituents. Supplementing the EQ evaluation are site-specific data (bioassays and tissue body
burdens).

The risk estimation was conducted for the following study areas within the Surplus OU: Janes Ravine,
. Hutchinson Ravine, and the Beach Area (including Lake Michigan sediments proximal to the Beach
Area). ‘

8.1 Risk Estimation

Estimation of potential risks for exposure pathways are presented by study area. Exposure pathways for
the ravines include exposure to sediments by benthic invertebrates (L. variegatus); incidental ingestion of
sediments by raccoons; exposure to surface water by amphibians and aquatic invertebrates; ingestion of
surface water by terrestrial wildlife; and foodweb bioaccumulation exposure for raccoons ingesting

L. variegatus. . |

Exposure pathways for the Beach Area include incidental ingestion of sediments by raccoons and avian
species (snipe); exposure to sediments by benthic invertebrates (H. azteca); and foodweb
bioaccumulation exposure for the raccoon and snipe by ingestion of L. variegatus.

N:ADATA\PROIM902087\DP\SRPLS-OU\BCH-R VN . BRA/04/09/98 8-1 QST Environmental Inc.



Final BRA for Ravines and Beach Area Study Areas Surplus OU , Fort Sheridan, Illinois

Due to the limited availability of data, the only exposure pathway evaluated directly for Lake Michigan is
exposure of benthic invertebrates to sediments. Fathead minnow bioassay results are presented in the
evaluation of groundwater ecoCOPC toxicity for Lake Michigan surface water (groundwater discharging
to lake surface water) which is evaluated as part of the Beach Area. The bioassay results represent an
extreme, greater than worst case exposure.

8.1.1 Janes and Hutchinson Ravines

The Measurement Endpoints analyzed for Janes and Hutchinson Ravines were Endpoints 1,2, 3, 4, 5,
and 7 (Section 7.0).

Samples evaluated in the ecological risk assessment for Janes Ravine primarily consist of those samples
collected from the bottom of the ravine, inclusive of sediments and surface water. Additionally, soil
samples were collected from the upper slopes of Janes Ravine, which may affect resources in the ravine
area. These samples were not quantitatively evaluated in the ecological risk assessment because of their
nature. These soil samples were collected from drainage pipes near the upper edge of the ravine and thus,
could not reasonably be combined with the sediment samples collected from the bottom of the ravine.
These data were reviewed, however, and the constituents and concentrations represented in the soil
samples are adequately represented by the stream sediment samples. In addition, it is expected that the
stream sediments, although dynamic, represent a focused exposure to wildlife and are a focusing point for
soils and/or sediments in this habitat.

Measurement Endpoint 1--Drinking Water Benchmarks for EcoCOPCs Associated with NOAELSs
or LOAEL: for Mortality or Reproductive Effects (if available). EQs were calculated for shrews,
feral cats, woodchucks, and racoons that may obtain drinking water from the ravines and thereby ingest
surface water constituents (Table 8-1). All EQs for which appropriate ecotoxicity benchmark values were
available are below one. An appropriate benchmark for sulfate was not available. Although sulfate is
present in the ravines at concentrations that exceed background, the source of this sulfate is not
immediately apparent. However, sulfate is a naturally-occurring constituent in aquatic systems. For
general use waters, the IAC aquatic criterion in 500 mg/L. This level is not exceeded in the surface
waters of either ravine. Thus, no adverse effects are anticipated for the level of sulfate observed in the
ravine surface water. It should be noted that the observed concentration does exceed the IAC Lake
Michigan value of 24 mg/L, and the lake is the receiving water from the ravines. However, inputs from
the ravines to Lake Michigan are minimal and the contribution from the ravines would not be detectable
from the normal fluctuations of sulfate levels in the lake system due to the many orders of magnitude of
dilution. Thus, no adverse effects on lake resources are anticipated from the ravines” contribution. Also,
no adverse effects are anticipated for terrestrial mammals obtaining drinking water from the ravine areas.

NADATAWPROIM90208\DP\SRPLS-OU\BCH-R VN.BRA/04/09/98 8-2 QST Environmental Inc.
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Final BRA for Ravines and Beach Area Study Areas Surplus OU , Fort Sheridan, Illinois

Measurement Endpoint 2--Aquatic Ecotoxicity Benchmarks Values for EcoCOPCs (Laboratory
or Field Studies) for Impairment of Amphibian Reproductive Success. Results of the comparison of
ravine surface water ecoCOPC exposure concentrations to toxicity benchmarks for amphibians is
presented in Table 8-2 along with the resulting EQs. Toxicity benchmark data for amphibian species is
very limited in the literature and data for several of the ecoCOPCs are unavailable. Available data were
primarily restricted to pesticides and metals. Among the pesticides, DDE, DDD, and DDT are considered
ecoCOPCs for the ravines. EQs for the exposure of amphibians to ecoCOPCs in Janes Ravine and
Hutchinson Ravine surface water were determined. None of the EQs for the constituents exceed one,
indicating no potential for adverse effects to amphibians due to exposure to pesticide concentrations
present in ravine surface waters.

There has been an observed lack of amphibians in the ravines despite the absence of fish. Amphibian
reproduction is sometimes adversely affected by metals in a low pH environment, but this phenomenon
has not been observed in these ravines. Currently, there is no evidence that site-specific constituents are
contributing to the apparently small amphibian populations in the ravines. These populations may be
naturally low, despite the absence of fish, due to the highly variable nature of the surface water flows in
the ravines, or may be adversely affected by physical stressors, such as erosion and scouring. This
evaluation is limited by the availability of suitable ecotoxicity benchmark values for amphibian
reproduction. Habitat degradation due to erosion and scouring has been observed, and may explain the
apparently low levels of some organisms in the ravines. However, this cannot be quantified with
available data. No baseline data are available whereby ecoCOPC effects on amphibians and other
aquatic species can be evaluated, and historical anecdotal information is not sufficient to determine the
prior species complement in these habitats. Therefore, specific effects due to possible ecoCOPC
exposure for some constituents, especially for amphibians, cannot be fully quantified. Generalizations
based upon existing ecotoxicity data were used in the evaluation and effects were estimated based upon
the existing ecotoxicity data and resulting effects.

Measurement Endpoint 3--Aquatic Invertebrate Ecotoxicity Benchmark Values for EcoCOPCs.
Results of the comparison of ravine surface water ecoCOPC exposure concentrations to toxicity
benchmarks for aquatic invertebrates is presented in Table 8-3 along with the resulting EQs. All of the
EQs for both ravines are less than one, indicating no potential for adverse effects to aquatic invertebrates
that may reside in either Janes Ravine or Hutchinson Ravine surface water.

Measurement Endpoint 4--Results of Site-Specific Sediment Chronic Bioassays Using Sediment
from Janes and Hutchinson Ravines. Site-specific sediment chronic bioassays using H. azteca were
conducted using samples from both Janes and Hutchinson Ravines. The results of these studies indicate
that invertebrate exposure to sediments is not chronically toxic. Therefore, no adverse effects are
anticipated for sediment invertebrates exposed to ravine sediments.
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Measurement Endpoint 5--Dietary Benchmarks for Mammals Associated with NOAELS or
LOAELS: (if available) and Adjusted for Incidental Sediment Ingestion of EcoCOPCs. EQs for the
incidental ingestion of sediment ecoCOPCs by raccoons feeding in Janes and Hutchinson Ravines are
presented in Table 8-4. EQs for both of the ravines are less than one, indicating no potential for adverse
effects to raccoons ingesting sediments while feeding in the ravines.

Measurement Endpoint 7--Dietary Benchmarks Associated with NOAELSs or LOAEL: (if
available) and Adjusted for Ingestion of EcoCOPCs Bioaccumulated in Prey of Terrestrial
Mammals, and Direct Measurement of Body Burdens in L. variegatus. Evaluation of food chain
bioaccumulation of constituents was performed by comparing the exposure concentrations of L.
variegatus tissue constituents to ingestion benchmarks for the raccoon. The results of the comparison for
ingestion of L. variegatus by raccoons feeding in Janes and Hutchinson Ravines is presented in

Table 8-5. EQs for worm tissue constituents are below one, indicating no potential adverse effects for
raccoons feeding in the ravine areas. Although not evaluated as sediment ecoCOPCs, cadmium, mercury,
chromium, zinc, and selenium were included in the worm tissue ingestion evaluation for Janes Ravine.
Similarly, selenium and zinc were evaluated for the prey ingestion pathway at Hutchinson Ravine. The
evaluation for worm ingestion by raccoons was based upon the assumption that the entire diet of the
raccoon would be obtained from the ravines and no additional factors were incorporated in the evaluation
(i.e., home range). The inclusion of additional factors for raccoon species (i.e., home range) were not
necessary given that none of the EQs exceed one. Therefore, it is not anticipated that adverse effects will
result from raccoons ingesting worms in the ravine areas.

8.1.2 Beach Area

The Measuremént Endpoints analyzed for the Beach Area were Endpoints 1, 3, 4, 5, 6, and 7
(Section 7.0).

Measurement Endpoint 1--Drinking Water Benchmarks for EcoCOPCs Associated with NOAELs
or LOAEL:s for Mortality or Reproductive Effects (if available). EQs were calculated for shrews,
feral cats, woodchucks, and racoons that may obtain drinking water along the Beach Area and thereby
ingest surface water constituents (Table 8-6). All EQs for which appropriate ecotoxicity benchmark
values were available are below one. An appropriate benchmark for sulfate was not available. Although
sulfate is present in Beach Area surface water at concentrations that exceed background, the source of
this sulfate is not immediately apparent. However, sulfate is a naturally-occurring constituent in aquatic
systems. For general use waters, the IAC aquatic criterion is 500 mg/L, which is greater than the
observed exposure concentration. This level is not exceeded in the surface waters of the Beach Area.
Thus, no adverse effects are anticipated for the level of sulfate observed in the Beach Area surface water.
It should be noted that the observed concentration does exceed the IAC Lake Michigan value of 24 mg/L,
and the lake is the receiving water for the Beach Area. However, inputs from the Beach Area to Lake
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Michigan are minimal, and these inputs would not be detectable from the normal fluctuations of sulfate
levels in the lake system due to the many orders of magnitude of dilution. Thus, no adverse effects on
lake resources are anticipated. Also, no adverse effects are anticipated for terrestrial mammals obtaining
drinking water from the Beach Area or Lake Michigan.

Measurement Endpoint 3--Aquatic Ecotoxicity Benchmark Values for EcoCOPCs. Results of the
comparison of Beach Area surface water ecoCOPC exposure concentrations to toxicity benchmarks for
aquatic invertebrates are presented in Table 8-7 along with the resulting EQs. Benchmark data for all
ecoCOPCs were not available in the literature. EQs for the Beach Area ecoCOPCs for which benchmark
data were available are less than one, indicating no potential for adverse effects to aquatic invertebrates.
An ecotoxicity benchmark value was not available for sulfate, a naturally-occurring constituent in aquatic
systems. For general use waters, the IAC aquatic criterion for sulfate is 500 mg/L. This level is not
exceeded in the surface waters of the Beach Area, which results in an EQ less than one. Thus, no adverse
effects are anticipated for the level of sulfate observed in the Beach Area surface water. It should be
noted that the observed concentration does exceed the IAC Lake Michigan value of 24 mg/L, and the lake
is the receiving water for the Beach Area. However, any inputs from the Beach Area to Lake Michigan
are expected to be minimal, and these inputs would not be detectable from the normal fluctuations of
sulfate in the lake system due to the many orders of magnitude of detection. Thus, no adverse effects on
beach or lake surface water resources are anticipated.

Measurement Endpoint 4--Results of Site-Specific Sediment Chronic Bioassays Using Sediments in
the Beach Area. Site-specific sediment chronic bioassays using H. azteca were conducted using
samples from the Beach Area. The results of these studies indicate that invertebrate exposure to
sediments is not chronically toxic. Therefore, no adverse effects are anticipated for sediment invertebrates
exposed to Beach Area sediments.

Measurement Endpoint 5--Dietary Benchmarks for Mammals Associated with NOAELs or
LOAEL: (if available) and Adjusted for Incidental Sediment Ingestion of ecoCOPCs. EQs for the
incidental ingestion of sediment ecoCOPCs by racoons feeding along the Beach Area are presented in
Table 8-4. EQs for most of the sediment constituents are below one. The EQs for aluminum and arsenic
slightly exceed one indicating a potential for adverse effects on raccoons ingesting sediments. However,
the potential for adverse effects is expected to be overestimated due to the conservative evaluation in
determining benchmarks for sediment constituents. Toxicity benchmarks were determined with the
assumption that the raccoons would only obtain food from the Beach Area and, thus, did not incorporate
the home range of the animal into the evaluation. Most wildlife will obtain food while meandering and
not strictly from one area. Consideration of the home range for the raccoon (4,157 acres) in the exposure
evaluation produces EQs that are below one. Therefore, significant adverse effects from Beach Area
sediment constituents are not anticipated due to incidental sediment ingestion by the raccoon.
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Measurement Endpoint 6--Dietary Benchmarks for Avian Species Associated with NOAELSs or
LOAEL: (if available) and Adjusted for Incidental Sediment Ingestion of EcoCOPCs. The results
of the comparison of sediment exposure concentrations to benchmark data for incidental sediment
ingestion by snipe at the Beach Area are presented in Table 8-8. None of the EQs exceed one, indicating
no potential for adverse effects to snipe feeding along the Beach Area.

Measurement Endpoint 7--Dietary Benchmarks Associated with NOAELs or LOAEL:s (if
available) and Adjusted for Ingestion of EcoCOPCs Bioaccumulated in Prey of Terrestrial
Mammals and Avian Species, and Direct Measurement of Body Burdens in L. variegatus.
Evaluation of foodweb bioaccumulation of worm tissue constituents was performed by comparing the
exposure concentrations of worm tissue constituents to ingestion benchmarks for the raccoon and the
snipe. Although not evaluated as sediment ¢coCOPCs, cadmium, chromium, and selenium were included
in the worm tissue ingestion evaluation for the Beach Area based upon their presence in worm tissue and
their potential to bioaccumulate. EQs for the ingestion of L. variegatus by raccoons and snipe feeding
along the Beach Area are presented in Tables 8-5 and 8-9, respectively. All EQs for worm tissue
ingestion by the raccoon are below one, indicating no potential adverse effects to raccoons feeding along
the beach. The evaluation for worm ingestion by raccoons was based on the assumption that the entire
diet of the raccoon would be obtained from the Beach Area and no additional factors were incorporated in
the evaluation (i.e., home range). Based upon the EQs for this evaluation, it is not anticipated that
adverse effects will result from raccoons ingesting worms along the Beach Area.

Excluding chromium and manganese, all EQs for worm tissue ingestion by the snipe are below one. The
EQ for chromium is slightly greater than one (2.87) and the EQ for manganese is 82.2, indicating a
potential for adverse effects on snipe feeding along the Beach Area. However, the evaluation for worm
ingestion does not incorporate the home range of the snipe (approximately 72 acres), which is
considerably larger than the Beach Area (approximately 8.24 acres). Taking the home range into account,
there is little potential for adverse effects to snipe obtaining a portion of their diet (ingesting worms)
along the Beach Area.

8.1.3 Littoral Zone of Lake Michigan

Measurement Endpoint 3 was used to evaluate effects that groundwater ecoCOPCs from the Surplus OU
may have on Lake Michigan. Measurement Endpoint 4 was used to evaluate effects on benthic
invertebrates that may live in Lake Michigan sediment.

Measurement Endpoint 3-Site-Specific Fathead Minnow Bioassays Using Groundwater Samples.
EcoCOPCs in groundwater consist primarily of ubiquitous PAHs and some metals. Results of the site-
specific bioassays with fathead minnows directly exposed to undiluted groundwater did not show any
acute toxicity associated with this exposure. The groundwater that may discharge into Lake Michigan
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would be diluted many orders of magnitude, and, thus, no adverse effects on lake resources are
anticipated. However, it should be noted that, although no toxicity was reported for the bioassay studies,
the pesticides DDT and DDD were detected in groundwater samples at concentrations that exceed the
proposed Great Lakes Tier I Wildlife Criteria of 0.87 picograms per liter (pg/L). DDT and its
derivatives are among the very few constituents for which such criteria have been specifically proposed,
due to the effects on wildlife within the Great Lakes attributable to these constituents. Resultant
concentrations in the lake water itself from the discharge of Surplus OU groundwater can be expected to
be much lower. These resultant concentrations would not be expected to cause a problem in and of
themselves, but contribute to the cumulative problem of DDT’s adverse effects on wildlife, an identified
problem in the Great Lakes.

Measurement Endpoint 4--Sediment Ecotoxicity Benchmark Values for Benthic Invertebrates for
EcoCOPCs in Lake Michigan Sediment. The results of the comparison of sediment constituent
exposure concentrations to benchmark data for benthic organisms are presented in Table 8-10. EQs for
two Lake Michigan sediment ecoCOPCs, aluminum and 1,3-dinitrobenzene, slightly exceed one,
indicating a potential for adverse effects to benthic invertebrates inhabiting the lake. No sediment
specific toxicity benchmark data are available in the literature for these two constituents. Therefore, a
benchmark value for 1,3-dinitrobenzene was developed based on an SQC value and the toxicity value for
aluminum was based on a soil benchmark for invertebrates. As discussed in the RI (Volume I),
1,3-dinitrobenzene was detected in one lake sediment sample at a low concentration (just above the
MDL). It is possible this explosive-related constituent is related to the burning of off-specification
munitions and/or the Beach Area’s history as an impact area. Evaluation of additional lake sediment
samples (Appendix K) collected as part of the Department of Defense (DoD) OU RI determined that no
additional detections of 1,3-dinitrobenzene were reported for Lake Michigan sediment samples. The fact
that only one detection of 1,3-dinitrobenzene has been reported in the beach/lake sediment samples and
this detection is just above the MDL, suggests that this detection may be anomalous. Given that the
occurrence of 1,3-dinitrobenzene in Lake Michigan sediments appears limited to one location at the
Surplus OU and that this detection of 1,3-dinitrobenzene appears to be anomalous, significant adverse
effects to the aquatic community are not anticipated.

Statistical analyses of sediment samples collected as part of the DoD OU Rl indicate that the aluminum
concentrations detected in the Beach Area Lake Michigan sediment samples are at the low end of the
range of aluminum concentrations detected in all lake sediment samples (see Appendix K). Twenty
sediment samples were collected from Lake Michigan as part of the DoD OU Rl. Summary statistics of
sediment sample aluminum concentrations are presented in Table 1 of Appendix K. The aluminum
concentrations of the Beach Area sediment samples (TRSDO1 and TRSDO02) are at the low end of the
range of aluminum concentrations of the combined Beach Area/DoD OU sediment samples. Aluminum
concentrations are 1,450 and 1,430 micrograms per gram (g/g) in Samples TRSD01 and TRSD02,
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respectively (Table 2 Appendix K; note that the table also includes the values measured in duplicate
samples). Aluminum concentrations detected in the DoD OU RI sediment samples ranged from 1,450 to
3,100 ng/g. Considering the entire Fort Sheridan beach and lake area, it appears that effects of benthic
invertebrates due to aluminum exposure concentrations in the Beach Area lake sediments are minimal
when compared to aluminum concentrations elsewhere in the lake.

8.2 Ecological Significance of Risk

Based on the results described in Section 8.1. 1, site-specific bioassays indicated no chronic toxicity to the
benthic species H. azteca and L. variegatus following exposure to sediments from Janes and Hutchinson
Ravines. Incidental ingestion of sediment ecoCOPCs from both ravines does not pose a threat to
raccoons. Ingestion of ecoCOPCs contained in surface water at the ravines does not pose a threat due to
ingestion by mammals such as shrews, feral cats, woodchucks, and raccoons. The results in Section 8.1.1
indicate that exposure to ecoCOPCs in surface water located in the ravines does not pose a threat to
amphibians or aquatic invertebrates. Field surveys have noted that amphibian populations are smaller
than might be expected in the ravine habitat given that fish are not present. This assessment concludes
that exposure of ecoCOPCs to juvenile amphibians in ravine surface waters does not explain why these
populations are small. There is also little potential for adverse effects on raccoons ingesting L. variegatus
using ravine sediments as a substrate.

Based on the results described in Section 8.1.2, site-specific bioassays indicated no chronic toxicity to the
benthic species L. variegatus following exposure to sediments from the Beach Area. Results for the
scenario of raccoons ingesting beach sediment indicated a potential for adverse effects due to two
€coCOPCs, aluminum and arsenic. However, the evaluation did not incorporate the home range of the
receptor species, which would minimize any adverse effects. Ingestion of ecoCOPCs in sediment does not
pose a threat to snipe in the Beach Area. The results in Section 8.1.2 indicate that ecoCOPCs in surface
,water do not pose a threat to shrews, feral cats, woodchucks, and raccoons ingesting surface water from
the Beach Area or lake. Analyses of the potential ingestion of L. variegatus using the Beach Area
sediment as a substrate by the Common snipe indicate that there are two ecoCOPCs (chromium and
manganese) that could cause adverse effects to the species. The evaluation did not incorporate the home
range of the snipe, which would minimize any potential for adverse effects.

Based on the results described in Section 8.1.4, two ecoCOPCs detected in sediment from Lake Michigan
could potentially cause adverse effects to benthic invertebrate species. The ecoCOPCs of concern are
aluminum and 1,3-dinitrobenzene. Due to the small sample size and limited data for the Surplus OU, it is
not possible to determine on the basis of these data alone if the ecoCOPCs are actually site-related or if
any in-situ adverse effects could be expected. However, the evaluation of additional lake sediment
sample data collected as part of the DoD OU RI showed no detections of 1,3-dinitrobenzene. In addition,
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aluminum concentrations detected in Surplus OU lake sediment samples are less than those detected in
the DoD OU RI Lake Michigan sediment samples. Undiluted and direct input media from the site to Lake
Michigan have been directly evaluated. These include surface waters and sediments from the ravines and
Beach Area, as well as groundwater. The site-specific bioassays indicated no acute toxicity to the fathead
minnow following exposure to groundwater. These evaluations concluded that these media, by whatever
exposure pathway, do not pose a significant potential for adverse effects to ecological receptors.

Results of Combined Pathway Risk Evaluation

Some receptors may be potentially exposed to ecoCOPCs by multiple exposure pathways and/or in
multiple study areas. Both the raccoon and the snipe were evaluated for multiple exposure

As presented in Table 8-11, the combined sediment and worm EQs for total chromium and manganese
for snipe feeding along the Beach Area exceed 1. It is also apparent that the exceedance is the result of
the ingestion of worms. This scenario is conservative and assumes that the snipe is obtaining 100 percent
of its prey from the 8.24 acre Beach Area. Snipe, however, have an average home range of 72 acres.
Therefore, the Beach Area represents only 11 percent of an average snipe home range. Assuming that
only 11 percent of snipe feeding occurs at the Beach Area would reduce the EQs for total chromium and
manganese to 0.33 and 9.4, respectively. This analysis indicates that manganese may represent a
potential problem for snipe feeding at the Beach Area, but that chromium would not. However,
concentrations of manganese in prey from the Beach Area (2.69 mg/kg; see Table 8-9) appear similar to
background concentrations in prey (2.16 mg/kg; see Table 5-23, Volume I). Therefore, this exposure
may be a naturally occurring phenomenon.

As presented in Table 8-12, the combined media intake of ecoCOPCs for either Hutchinson Ravine or
Janes Ravine do not pose risks for the raccoon. However, for the raccoon feeding and drinking along the
Beach Area, the total EQs for aluminum and arsenic are greater than 1. The total EQs result primarily
from the incidental ingestion of Beach Area sediments. This evaluation is conservative and assumes that
100 percent of the incidental ingestion of sediments by raccoons is from the Beach Area. The average
home range of a raccoon is 4,157 acres. Each ravine is approximately 19.5 acres and the Beach Area is
8.24 acres. The ravines each represent only 0.5 percent of a raccoon’s home range and the Beach Area
represents only 0.2 percent of a raccoon’s home range. The three study areas combined represent only
1.2 percent of a raccoon’s home range. Assuming that only 1.2 percent of incidental sediment ingestion
by raccoon occurs at the ravines and Beach Area would reduce the total EQs for aluminum and arsenic to
0.05 and 0.02, respectively. Consideration of the home range of the raccoon indicates that cuamulative
exposure to any ecoCOPC for any medium present at the ravines and Beach Area study areas does not
pose a risk for ecological receptors.
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8.3 Uncertainties Associated with the Ecological Risk Assessment

The derivation of ecological EQs for different constituents and different indicator species was conducted
using laboratory toxicity data that were available in the literature. A considerable amount of uncertainty
associated with inter- and intraspecies extrapolation exists when determining benchmark data. The
preferred benchmark value that was sought was a chronic LOAEL dose. When there was no chronic
LOAEL value available for a constituent in the literature, other values such as LD, were used or, as in
the case of sulfate, an IAC screening criteria was used in the evaluation for aquatic effects, which
includes additional uncertainty. Additionally, uncertainty exists when a soil toxicity value was used for
sediment media as with Lake Michigan sediment ecoCOPCs. An uncertainty also exists for estimation of
exposure when exposure concentrations are based upon a small sample size that may not adequately
reflect the presence of ecoCOPCs at the site. For example, the data available for the Lake Michigan
littoral zone was relatively small (only two sediment samples). The use of Lake Michi gan sediment
sample data from the DoD OU RI was used to augment the validity of the exposure evaluation.
Additional consideration for uncertainty must be given when using data collected and evaluated for other
OUs. Additionally, assumptions must be made regarding actual exposure. Little is know about the
potentially synergistic or additive toxicological effects of ecoCOPCs in mixtures. The potential for such
effects cannot be evaluated in this risk assessment. To balance such uncertainties, assumptions tend to
be conservative, which will over estimate rather than underestimate risks. In addition, site-specific studies
and data decrease the need to rely on literature toxicity information, and increase confidence in risk
estimation and conclusions. Bioassay tests include a certain degree of uncertainty, such as the possible
degradation of toxicants in the site samples during shipment to the laboratory. Uncertainties in the
bioassay tests were decreased by minimizing the holding times for the samples, conducting reference

toxicant tests, and replicating each test exposure concentration.
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Table 8-1. Ecotoxicity Quotients for Evaluation of Surface Water EcoCOPC Ingestion by Four
Terrestrial Species at Janes and Hutchinson Ravines (Page 1 of 2)

Exposure  Ecotoxicity Does Ecotoxicity
Study Endpoint Benchmark Concentration Quotient  Quotient Exceed
Area EcoCOPC Species (mg/L) (mg/L) (Unitless) One?
Janes DDD, p,p'- Shrew 5.20E+01 1.55E-05 2.99E-07 No
Ravine Feral Cat 4.47E+01 1.55E-05 3.47E-07 No
Woodchuck  2.09E+01 1.55E-05 7.43E-07 No
Raccoon 1.86E+01 1.55E-05 8.35E-07 No
DDT, p.,p'- Shrew 5.20E+01 1.10E-05 2.12E-07 No
Feral Cat 447E+01 1.10E-05 2.46E-07 No
Woodchuck  2.09E+01 1.10E-05 5.27E-07 No
Raccoon 1.86E+01 1.10E-05 5.92E-07 No
Manganese Shrew 3.69E+03 2.00E-01 5.43E-05 No
Feral Cat 3.18E+03 2.00E-01 6.30E-05 No
Woodchuck  1.48E+03 2.00E-01 1.35E-04 No
Raccoon 1.32E+03 2.00E-01 1.52E-04 No
Sulfate Shrew - 1.61E+02 - NE
Feral Cat - 1.61E+02 - NE
Woodchuck - 1.61E+02 - NE
Raccoon - 1.61E+02 - NE
Hutchinson Anthracene Shrew 1.30E+04 8.91E-04 6.86E-08 No
Ravine Feral Cat 1.12E+04 8.91E-04 7.97TE-08 No
Woodchuck  5.22E+03 8.91E-04 1.71E-07 No
Raccoon 4.64E+03 8.91E-04 1.92E-07 No
Benzo(a)pyrene Shrew S.73E+01 1.11E-05 1.93E-07 No
Feral Cat 4.93E+01 1.11E-05 2.25E-07 No
Woodchuck  2.30E+01 1.11E-05 4.82E-07 No
Raccoon 2.05E+01 1.11E-05 5.41E-07 No
Cyanide, total Shrew 8.21E+02 2.20E-03 2.68E-06 No
Feral Cat 7.07TE+02 2.20E-03 3.11E-06 No
Woodchuck  3.30E+02 2.20E-03 6.67E-06 No
Raccoon 2.94E+02 2.20E-03 7.49E-06 No
DDD, p,p'- Shrew 5.20E+01 6.35E-05 1.22E-06 No
Feral Cat 4.47E+01 6.35E-05 1.42E-06 No
Woodchuck  2.09E+-01 6.35E-05 3.04E-06 No
Raccoon 1.86E+01 6.35E-05 3.42E-06 No
DDE, p,p'- Shrew 5.20E+01 5.67TE-06 1.09E-07 No
Feral Cat 4.47E+01 5.67E-06 1.27E-07 No
Woodchuck  2.09E+01 5.67TE-06 2.72E-07 No
Raccoon 1.86E+01 5.67E-06 3.05E-07 No
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Table 8-1. Ecotoxicity Quotients for Evaluation of Surface Water EcoCOPC Ingestion by Four
Terrestrial Species at Janes and Hutchinson Ravines (Page 2 of 2)

Exposure  Ecotoxicity Does Ecotoxicity
Study Endpoint Benchmark Concentration  Quotient  Quotient Exceed

Area EcoCOPC Species (mg/L) (mg/L) (Unitless) One?
DDT, p,p'- Shrew 5.20E+01 1.00E-05 1.92E-07 No
Feral Cat 4.48E+01 1.00E-05 2.23E-07 No

Woodchuck  2.09E+01 1.00E-05 4.79E-07 No

Raccoon 1.86E-+01 1.00E-05 5.38E-07 No

Decachlorobiphenyl Shrew 3.25E+01 3.30E-04 1.02E-05 No
Feral Cat 2.80E+01 3.30E-04 1.18E-05 No

Woodchuck  1.30E+01 3.30E-04 2.53E-05 No

Raccoon 1.16E+01 3.30E-04 2.84E-05 No

Manganese Shrew 3.69E+03 8.91E-01 2.42E-04 No
‘Feral Cat 3.18E+03 8.91E-01 2.80E-04 No

Woodchuck  1.48E+03 8.91E-01 6.02E-04 No

Raccoon 1.32E+03 8.91E-01 6.76E-04 No

Pyrene Shrew 5.73E+01  1.94E-04  3.39E-06 No
Feral Cat 4.93E+01 1.94E-04 3.93E-06 No

Woodchuck  2.30E+01 1.94E-04 8.44E-06 No

Raccoon 2.05E+01 1.94E-04 9.48E-06 No

Sulfate Shrew - 1.55E+02 - NE
Feral Cat - 1.55E+02 - NE

Woodchuck - 1.55E+02 - NE

Raccoon — 1.55E+02 — NE

~ = Not available in literature
COPC = constituent of potential concern
mg/L = milligrams per liter

NE = Not evaluated due to lack of benchmark data

Source: QST, 1998.
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Table 8-2. Ecotoxicity Quotients for Evaluation of Surface Water EcoCOPC Exposure for

Amphibians at Janes and Hutchinson Ravines

Does
Exposure Ecotoxicity Quotient

Study Benchmark  Concentration  Ecotoxicity Exceed

Area EcoCOPC (mg/L) (mg/L) Quotient One?

Janes Ravine DDD, p,p'- 8.70E-03 1.55E-05 1.78E-03 No
DDT, p,p'- 8.70E-03 1.10E-05 1.26E-03 No
Manganese - 2.00E-01 - NE
Sulfate - 1.61E+02 - NE

Hutchinson DDD, p,p'- 8.70E-03 6.35E-05 7.30E-03 No

Ravine DDE, p,p'- 8.70E-03 5.6TE-06 6.52E-04 No
DDT, p,p’- 8.70E-03 1.00E-05 1.15E-03 No
Anthracene - 8.91E-04 - NE
Benzo(a)pyrene - 1.11E-05 - NE
Cyanide, total - 2.20E-03 - NE
Decachlorobiphenyl - 3.30E-04 - NE
Manganese - 8.91E-01 - NE
Pyrene - 1.94E-04 - NE
Sulfate - 1.55E+02 - NE

COPC = constituent of potential concern

mg/L = milligrams per liter

NE -- Not evaluated due to lack of benchmark data

Source: QST, 1998.
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Table 8-3. Ecotoxicity Quotients for Evaluation of Surface Water EcoCOPC Exposure for Aquatic
Invertebrates at Janes and Hutchinson Ravines

Exposure Ecotoxicity =~ Does Ecotoxicity Quotient

Study Benchmark Concentration Quotient Exceed
Area EcoCOPC (mg/L) (mg/L) (Unitless) One?
JanesRavine  DDD, p,p'- 3.20E-03 1.55E-05 4.85E-03 No -
DDT, p,p'- 1.60E-05 1.10E-05 6.88E-01 No
Manganese 1.10E+00 2.00E-01 1.82E-01 No
Sulfate 5.00E+02 1.61E+02 3.22E-01 No
Hutchinson Anthracene 2.10E-03 8.91E-04 4.24E-01 No
Ravine Benzo(a)pyrene  3.00E-04 1.11E-05 3.69E-02 No
Cyanide, total 1.83E-02 2.20E-03 1.20E-01 No
DDD, p,p'- 3.20E-03 6.35E-05 1.98E-02 No
DDE, p,p- 1.60E-05 5.67E-06 3.55E-01 No
DDT, p,p'- 1.60E-05 1.00E-05 6.25E-01 No
Decachlorobi- 2.10E-03 3.30E-04 1.57E-01 No
phenyl '
Manganese 1.10E+00 8.91E-01 8.10E-01 No
Pyrene 3.00E-04 1.94E-04 6.47E-01 No
Sulfate 5.00E+02 1.5SE+02 3.1E-01 No

-- = Not available in literature

COPC = constituent of potential concern
mg/L = milligrams per liter

NE - Not evaluated due to lack of benchmark data

Source: QST, 1998.
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Table 8-4. Ecotoxicity Quotients for Evaluation of Sediment Ingestion by Raccoons at Janes and
Hutchinson Ravines and the Beach Area (Page 1 of 2)

Ingestion Exposure Ecotoxicity Does Ecotoxicity
Study Benchmark Concentration  Quotient Quotient Exceed
Area EcoCOPC (mg/ke) (mg/ke) (Unitless) One?
Janes Chlordane, total 3.36E+02 5.20E+00 1.55E-02 No
Ravine DDD, p,p'- 3.32E+02  6.60E+00 1.99E-02 No
DDE, p,p'- 3.32E+02 4.80E-01 1.45E-03 No
DDT, p,p'- 3.32E+02  5.90E+00 1.78E-02 No
Hexachlorocyclohexane, 6.63E+02 7.10E-02 1.07E-04 No
gamma- (Lindane)
Methoxychlor 6.63E+02 1.06E-01 1.60E-04 No
Methylnaphthalene, 2- 4.1SE+03 2.17E-01 5.24E-05 No
Silver 8.39E+03 5.69E-01 6.78E-05 No
Hutchinson 2,4,5-T 8.29E+02 1.89E-02 2.28E-05 No
Ravine Acenaphthene 6.40E+03  2.45E+00  3.83E-04 No
Acenaphthylene 3.66E+02 1.39E+00 3.79E-03 No
Aldrin 8.29E+01 1.63E-02 1.96E-04 No
Anthracene 3.66E+04  7.00E+00 1.92E-04 No
Benz(a)anthracene 4.86E+02 1.00E+01 2.06E-02 No
Benzo(a)pyrene 3.66E+02  8.00E+00 2.19E-02 No
Benzo(b)fluoranthene 4.86E+02 8.00E+00 1.65E-02 No
Benzo(g,h,i)perylene 4.86E+02 2.T4E+00 5.64E-03 No
Benzo(k)fluoranthene 3.66E+02 5.00E+00 1.37E02 No
Cadmium 8.29E+02 3.31E-01 3.99E-04 No
Carbazole 3.66E+02 1.53E+00 4.19E-03 No
Chlordane, alpha- 3.36E+02 2.43E-02 7.22E-05 No
Chlordane, gamma- 3.36E+02 2.96E-02 8.81E-05 No
Chlordane, total 3.36E+02 7.65E-01 2.27E-03 No
Chrysene 4.86E+02 1.00E+01 2.06E-02 No
Cyanide, total 5.24E+03 3.32E-01 6.33E-05 No
DDD, p,p'- 3.32E+02 1.00E+01 3.01E-02 No
DDE, p,p'- 3.32E+02 2.92E-01 8.82E-04 No
DDT, p,p'- 3.32E+02 5.00E-01 1.51E-03 No
Dibenzo(a,h)anthracene 4.86E+02 2.70E-01 5.55E-04 No
Endrin 3.36E+01 1.09E-02 3.25E-04 No
Fluoranthene 1.83E+04 3.00E+01 1.64E-03 No
Fluorene 4.57TE+03 3.49E+00 7.64E-04 No
Hexachlorocyclohexane, 6.63E+02 3.38E-03 5.10E-06 No
gamma- (Lindane)
Indeno(1,2,3-cd)pyrene 4.86E+02  4.00E+00 8.23E-03 No
Mercury 1.18E+02 9.71E-02 8.25E-04 No
Methylnaphthalene, 2- 4.15SE+03  3.70E+00 8.91E-04 No
Naphthalene 4.15SE+03  2.31E+00 5.57TE-04 No
Phenanthrene 3.66E+02 3.00E+01 8.21E-02 No
Pyrene 3.66E+02  2.00E+01 5.47E-02 No
Silver 8.39E+03 6.14E-01 7.32E-05 No
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Table 8-4. Ecotoxicity Quotients for Evaluation of Sediment Ingestion by Raccoons at Janes and
Hutchinson Ravines and the Beach Area (Page 2 of 2)

Ingestion Exposure  Ecotoxicity —Does Ecotoxicity

Study Benchmark Concentration  Quotient Quotient Exceed

Area EcoCOPC (mg/ke) _(mg/ke) (Unitless) One?

Beach Area  Aluminum 7.06E+02  3.10E+03  4.39E+00 Yes
Antimony 4.5TE+01 8.68E+00 1.90E-01 No
Arsenic 4.61E+00 7.63E+00  1.66E+00 Yes
Chlordane, total 3.36E+02 1.18E-01 3.51E-04 No
DDD, p,p'- 3.32E+02 2.53E-01 7.64E-04 No
DDE, p,p'- 3.32E+02 3.50E-02 1.06E-04 No
DDT, p,p'- 3.32E+02 9.80E-02 2.96E-04 No
Hexachlorocyclohexane, 6.63E+02 1.99E-02 3.00E-05 No
gamma- (Lindane)
Manganese 2.35E+04  5.00E+02 2.12E-02 No
Nickel 6.63E+03 1.30E+01 1.96E-03 No
Zinc 2.65E+04  6.84E+01 2.58E-03 No

COPC = constituent of potential concern
mg/kg = milligrams per kilogram

Source: QST, 1998.
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Table 8-5 Ecotoxicity Quotients for Ingestion of EcoCOPCs in L. variegatus by Raccoons at the

Ravine and Beach Areas
Does Exposure
Exposure Concentration
Concentration  Benchmark  Ecotoxicity Exceed
_Study Area EcoCOPC (mg/kg) (mg/ke) Quotient One?
Janes Ravine Cadmium 8.26E-02 1.06E+03 7.83E-05 No
Chromium, total 2.17E-01 1.39E+03 1.56E-04 No
DDD, p.p*- 8.00E-02 4.22E+02 1.90E-04 No
DDE, p.p- 3.40E-02 4.22E+H02 8.05E-05 No
DDT, p.p- 2.40E-03 4.22E+02 5.69E-06 No
Mercury 1.49E-02 1.50E+02 9.95E-05 No
Selenium 2.86E-01 3.54E+01 8.09E-03 No
Silver 1.03E-02 1.07E+04 9.64E-07 No
Zinc 4.46E+01 3.38E+04 1.32E-03 No
Hutchinson Ravine Aldrin 1.90E-03 1.06E+02  1.80E-05 No
Cadmium 3.72E-02 1.06E+03  3.52E-05 No
Chlordane, 3.60E-03° 428E+02 5.41E-06 No
alpha-
Chlordane, 5.50E-03 428E+02  1.28E-05 No
gamma-
DDD, p,p™- 3.80E-01 422E+02  9.00E-04 No
DDE, p.p'- 9.60E-02 422E+02 2.27E-04 No
DDT, p,p'- 2.30E-03 422E+02  5.45E-06 No
Mercury 1.09E-02 1.50E+H02  7.28E-05 No
Selenium 3.18E-01 3.54E+01 8.99E-03 No
Silver 1.17E-02 1.07E+04  1.10E-06 No
Zinc 4 83E+01 3.38E+04 1.43E-03 No
Beach Area Aluminum 2.52E+01 8.98E+02 2.81E-02 No
Arsenic 2.52E-01 5.86E+00  4.30E-02 No
Cadmium 3.77E-02 1.06E+03  3.57E-05 No
Chromium, total ~ 9.40E-02 1.39E+03  6.78E-05 No
DDD, p.p- 6.40E-02 4.22E+02 1.52E-04 No
DDE, p,p'- 1.20E-02 422E+02  2.84E-05 No
DDT, p,p™- 3.30E-03 422E+02  7.82E-06 No
Manganese 2.69E+00 3.00E+04 8.97E-05 No
Nickel 4.80E-01 8.44E+03 5.69E-05 No
Selenium 3.27E-01 3.54E+01  9.25E-03 No
Zinc 5.17E+01 3.38E+04 1.53E-03 No

COPC = constituent of potential concern

mg/kg = milligrams per kilogram

Source: QST, 1998.
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Table 8-6. Ecotoxicity Quotients for Ingestion of Surface Water EcoCOPCs by Terrestrial Mammals at

the Beach Area
Does
Exposure
Exposure  Ecotoxicity Concentration
, Endpoint ~ Benchmark Concentration Quotient Exceed
Study Area EcoCOPC Species (mg/L) (mg/L) (Unitless) One?
Beach Area Barium Shrew 7.12E+01 4.20E-02 5.90E-04 No
Feral Cat 6.13E+01 4.20E-02 6.85E-04 No
Woodchuck  2.86E+01 4.20E-02 1.47E-03 No
Raccoon 2.55E+01 4.20E-02 1.65E-03 No
Manganese Shrew 3.69E+03 2.76E-01 7.47E-05 No
Feral Cat 3.18E+03 2.76E-01 8.68E-05 No
Woodchuck  1.48E+03 2.76E-01 1.86E-04 No
Raccoon 1.32E+03 2.76E-01 2.09E-04 No
Sulfate Shrew - 2.48E+02 NE NE
. Feral Cat - 2.48E+02 NE NE
Woodchuck - 2.48E+02 NE NE
Raccoon - 2.48E+02 NE NE
-- = Not available in literature
COPC = constituent of potential concern
mg/L = milligrams per liter
NE = Not evaluated due to lack of benchmark data
Source: QST, 1998.
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Table 8-7. Ecotoxicity Quotients for Evaluation of Aquatic Invertebrate Exposure to Surface Water

EcoCOPCs at the Beach Area
Does
Exposure Ecotoxicity Ecotoxicity
Benchmark Concentration Quotient Quotient
Study Area EcoCOPC (mg/L) (mg/L) (Unitless) Exceed One?
Beach Area Barium 5.80E+00 4.20E-02 7.24E-03 No

Manganese 1.10E+00 2.76E-01 2.51E-01 No
Sulfate 5.00E+02 2.48E+02 4.96E-01 No

COPC = constituent of potential concern
mg/L = milligrams per liter

Source: QST, 1998.

N:ADATA\PROJM90208N\DP\SRPLS-OU\BCH-RVN2.VTB./ 04/09/98 8-19 . QST Environmental Inc



Final BRA for Ravines and Beach Area Study Areas ‘ Surplus OU, Fort Sheridan, Hlinois

Table 8-8 Ecotoxicity Quotients for Evaluation of Sediment EcoCOPC Ingestion by Common Snipe

at the Beach Area
Does
Ecotoxicity
Ingestion Exposure  Ecotoxicity =~ Quotient
Study Endpoint Benchmark  Concentration Quotient Exceed
Area EcoCOPC Species (mg/ke) (mg/kg) _ (Unitless) One?
Beach  Aluminum Common Snipe 7.93E+03 3.10E4+03  3.91E-01 No
Area  Antimony Common Snipe ~ 4.55E+01  8.68E+00 1.91E-01 No
Arsenic Common Snipe 1.21E+02 7.63E+00  6.30E-02 Yes
Chlordane, total Common Snipe 1.15E+02 1.18E-01  1.02E-03 Yes

Hexachlorocyclohéxane, Common Snipe 2.69E+02 1.99E-02  7.39E-05 No
gamma- (Lindane)

Manganese Common Snipe S4TE+04 5.00E+02  9.14E-03 No
Nickel Common Snipe 9.60E+03 1.30E+01  1.35E-03 No
DDD, p,p'- Common Snipe 5.72E+00 2.53E-01  4.43E-02 No
DDE, p,p'- Common Snipe S5.12E+00 3.50E-02  6.12E-03 No
DDT, p,p'- Common Snipe 5.72E+00 9.80E-02 1.71E-02 Yes
Zinc Common Snipe 2.43E+03 6.84E+01  2.81E-02 Yes

COPC = constituent of potential concern
mg/kg = milligrams per kilogram

Source: QST, 1998.
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Table 8-9 Ecotoxicity Quotients for Evaluation of Ingestion of EcoCOPCs in L. variegatus

by Snipes at the Beach Area
Does
Ecotoxicity
Exposure Ecotoxicity =~ Quotient
Study Concentration ~ Benchmark Quotient Exceed
Area EcoCOPC (mg/kg) (mg/kg) (Unitless) One?
Beach Aluminum 2.52E+01 1.22E+03 2.07E-02 No
Area Arsenic 2.52E-01 1.86E+01 1.36E-02 No
Cadmium 3.77E-02 3.15E+01 1.20E-03 No
DDD, p,p'™- 6.40E-02 8.78E-01 7.29E-02 No
DDE, p,p'- 1.20E-02 8.78E-01 1.37E-02 No
DDT, p,p*- 3.30E-03 8.78E-01 3.76E-03 No
Nickel 4.80E-01 1.47E+03 3.26E-04 No
Selenium 3.27E-01 1.09E+01 3.01E-02 No
Zinc 5.17E+01 3.73E+02 1.39E-01 No
Chromium, total  9.40E-02 3.27E-02 2.87E+00 Yes
Manganese 2.69E+00 3.27E-02 8.22E+01 Yes
COPC = constituent of potential concern
mg/kg = milligrams per kilogram
Source: QST, 1998.
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Table 8-10. Ecotoxicity Quotients for Evaluation of Sediment EcoCOPC Exposure for
Benthic Invertebrates in Lake Michigan
Does
Ecotoxicity Exposure Ecotoxicity Ecotoxicity
Benchmark Concentration Quotient Quotient
Study Area  EcoCOPC (mg/kg) (mg/kg) (Unitless) Exceed One?
Lake Aluminum 1.00E+03 1.45E+03 1.45E+00 Yes
Michigan
Dinitrobenzene, 1.91E-01 2.97E-01 1.55E+00 Yes

1,3-

COPC = constituent of potential concern
mg/kg = milligrams per kilogram

Source: QST, 1998.
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Table 8-11. Total Ecotoxicity Quotients for Snipe at the Beach Area

Ecotoxicity Quotient (EQ) Total EQ
CopPC Sediment Worm Total Exceed 1?
Aluminum 3.91E-01 2.07E-02 4.12E-01 No
Antimony 1.91E-01 - 1.91E-01 No
Arsenic 6.30E-02 1.36E-02 7.65E-02 No
Cadmium - 1.20E-03 1.20E-03 No
Chlordane, total : 1.02E-03 - 1.02E-03 No
Chromium, total - 2.87E+00 2.87E+00 Yes
DDD, p,p'- 4.43E-02 7.29E-02 1.17E-01 No
DDE, p,p'- 6.12E-03 1.37E-02 1.98E-02 No
DDT, p,p'- 1.71E-02 3.76E-03 2.09E-02 No
Hexachlorocyclohexane,
gamma- 7.39E-05 - 7.39E-05 No
Manganese 9.14E-03 - 8.22E+01 8.22E+01 Yes
Nickel 1.35E-03 3.26E-04 1.68E-03 No
Selenium - 3.01E-02 3.01E-02 No
Zinc 2.81E-02 1.39E-01 1.67E-01 No

-- = Not evaluated as a ecoCOPC in specific media.
COPC = constituent of potential concern

Source: QST, 1998.
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Table 8-12, Total Ecotoxicity Quotients for Raccoons in Janes Ravine, Hutchinson Ravine,

and the Beach Area (1 of 2)
Ecotoxicity Quotient (EQ)
Surface Total EQ
Study Area/COPC Sediment Water Worm Total Exceed 1?
Janes Ravine
Cadmium - - 7.83E-05 7.83E-05 No
Chlordane, total 1.55E-02 - - 1.55E-02 No
Chromium, total - - 1.56E-04 1.56E-04 No
DDD, p,p'- 1.99E-02 8.35E-07 1.90E-04 2.01E-02 No
DDE, p,p'- 1.45E-03 - 8.05E-05 1.53E-03 No
DDT, p,p'- 1.78E-02 5.92E-07 5.69E-06 1.78E-02 No
Hexachlorocyclohexane, 1.07E-04 ‘_ _ 1.07E-04 No
gamma-
Manganese - 1.52E-04 - 1.52E-04 No
Mercury - - 9.95E-05 9.95E-05 No
Methoxychlor 1.60E-04 - - 1.60E-04 No
Methylnaphthalene, 2- 5.24E-05 - - 5.24E-05 No
Selenium - - 8.09E-03 8.09E-03 No
Silver 6.78E-05 - 9.64E-07 6.87E-05 No
Sulfate - - - - No
Zinc - - 1.32E-03 1.32E-03 No
Hutchinson Ravine
2,4,5-T 2.28E-05 - - 2.28E-05 No
Acenaphthene 3.83E-04 - - 3.83E-04 No
Acenaphthylene 3.81E-03 - - No
Aldrin 1.96E-04 - 1.80E-05 3.81E-03 No
Anthracene 1.91E-04 1.92E-07 - 1.92E-04 No
Benzo(a)anthracene 2.06E-02 - - 2.06E-02 No
Benzo(a)pyrene 2.19E-02 5.41E-07 - 2.19E-02 No
Benzo(b)fluoranthene 1.65E-02 - - 1.65E-02 No
Benzo(g,h,i)perylene 5.64E-03 - - 5.64E-03 No
Benzo(k)fluoranthene 1.37E-02 - - 1.37E-02 No
Cadmium 3.99E-04 - 3.52E-05 4.35E-04 No
Carbazole 4.19E-03 - - 4.19E-03 No
Chlordane, alpha- 7.22E-05 - 8.41E-06 8.06E-05 No
Chlordane, gamma- 8.81E-05 - 1.28E-05 1.01E-04 No
Chlordane, total 2.27E-03 - - 2.27E-03 No
Chrysene 2.06E-02 - - 2.06E-02 No
Cyanide, total 6.33E-05 7.49E-06 - 7.08E-05 No
DDD, p,p'- 3.01E-02 3.42E-06 9.00E-04 3.11E-02 No
DDE, p,p'- 8.82E-04 3.05E-07 2.27E-04 1.11E-03 No
DDT, p,p'- 1.51E-03 5.38E-07 5.45E-06 1.51E-03 No

Decachlorobiphenyl - _2.84E-05 - 2.84E-05 No
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Table 8-12. Total Ecotoxicity Quotients for Raccoons in Janes Ravine, Hutchinson Ravine,
and the Beach Area (2 of 2)
Ecotoxicity Quotient (EQ)
Surface ' Total EQ

Study Area/COPC Sediment Water Worm Total Exceed 1?
Dibenzo(a,h)anthracene 5.55E-04 - - 5.55E-04 No
Endrin 3.25E-04 - - 3.25E-04 No
Fluoranthene 1.64E-03 - - 1.64E-03 No
Fluorene 7.64E-04 - - 7.64E-04 No
Hexachlorocyclohexane, 5.10E-06 _ _ 5.10E-06 No
gamma-
Indeno(1,2,3-cd)pyrene 8.23E-03 - - 8.23E-03 No
Manganese - 6.76E-04 - 6.76E-04 No
Mercury 8.25E-04 - 7.28E-05 8.98E-04 No
Methylnaphthalene, 2- 8.91E-04 - - 8.91E-04 No
Naphthalene 5.57TE-04 - - S.5TE-04 No
Phenanthrene 8.21E-02 - - 8.21E-02 No
Pyrene 5.47E-02 9.48E-06 - 5.4TE-02 No
Selenium - - 8.99E-03 8.99E-03 No
Silver 7.32E-05 - 1.10E-06 7.43E-05 No
Sulfate - - - - No
Zinc - - 1.43E-03 1.43E-03 No

Beach Area
Aluminum 4.39E+00 - 2.81E-02 4.42E+00 Yes
Antimony 1.90E-01 - - 1.90E-01 No
Arsenic 1.66E+00 - 4.30E-02 1.70E+00 Yes
Barium - 1.65E-03 - 1.65E-03 No
Cadmium - - 3.57E-05 3.57TE-05 No
Chlordane, total 3.51E-04 - - 3.51E-04 No
Chromium, total - A - 6.78E-05 6.78E-05 No
DDD, p,p'- 7.64E-04 - 1.52E-04 9.16E-04 No
DDE, p,p'- 1.06E-04 - 2.84E-05 1.34E-04 No
DDT, p,p'- 2.95E-04 - 7.82E-06 3.03E-04 No
e crocyclohexaze, 3.00E05 - - 3.00B05  No
Manganese 2.12E-02 2.09E-04 8.97E-05 2.15E-02 No
Nickel 1.96E-03 - 5.69E-05 2.01E-03 No
Selenium - - 9.25E-03 9.25E-03 No
Sulfate - - - - No
Zinc 2.58E-03 - 1.53E-03 4.11E-03 No

-- = Not evaluted as an ecoCOPC in specific media.
COPC = constituent of potential concern

Source: QST, 1998.
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9.0 Conclusions

Outlined below are specific conclusions for the Surplus OU based on the results of the BRA. The
detailed results of the human health risk analysis (i.e., data evaluation, exposure assessment, toxicity
assessment, and risk characterization) are presented in Sections 2.0, 3.0, 4.0, and 5.0, and are not
duplicated here. The detailed results of the ecological risk analysis are presented in Sections 6.0, 7.0, and
8.0, and are also not duplicated here.

The conclusions presented here are based on the information provided in Sections 2.0 through 8.0

9.1 Summary of Potential Human Health Risks

The summary of potential human health risks associated with estimated exposures at the ravines and
Beach Area study areas is presented for each exposure scenario (i.e., current recreational and future
recreational) in Table 9-1. Adverse noncarcinogenic and carcinogenic effects to recreational users are not
expected from potential exposure to COPCs present in surface water or sediment at Janes Ravine,
Hutchinson Ravine, and the Beach Area. The uncertainty analysis has determined that many of the
exposure factors considered in the evaluation of these risk estimates may have been overestimated. This
overestimation of exposure may have resulted in substantially higher risk estimates than would actually
be expected to occur.

One example of the potential for overestimation for risk was the consideration of potential risks
associated with background exposures. A summary of the potential human health risks associated with
background exposures is presented in Table 9-2. A comparison of the potential risks associated with
each study area to the background risks presented in Table 9-2 suggest that a portion of the potential
risks associated with the ravines and Beach Area study areas may be due to background conditions.

9.2 Summary of Potential Ecological Risks

A summary of the ecological risk analyses for Janes and Hutchinson Ravines, and the Beach Area
(including the littoral zone of Lake Michigan) is provided in Table 9-3.

9.2.1 Janes and Hutchinson Ravines

Adverse effects to wildlife, including amphibians and aquatic invertebrates, are not expected from
potential exposure to ecoCOPCs present in surface water or sediments at Janes or Hutchinson Ravines.
Additionally, no adverse effects are expected for ingestion of prey species from the ravine areas by the

raccoon.
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9.2.2 Beach Area

Adverse effects from ingestion of ecoCOPCs detected in sediment and surface water are not anticipated
for wildlife foraging along the Beach Area. It should be noted that EQs for aluminum and arsenic for the
raccoon ingesting sediment while foraging did exceed one. However, when the home range for the
mammal is considered in comparison to the forage area provided at the Beach Area, the EQs are
considerably less than one, indicating that adverse effects are not likely to occur. Similarly, for snipes
ingesting L. variegatus worms from the Beach Area, some potential exists that individuals may be
affected by ingestion of chromium and manganese contained in the worm tissue. However, considering
the home range of this avian species and similar background concentrations of manganese, there is little
potential for significant exposure and adverse effects to occur. No adverse effects are anticipated for
aquatic invertebrates that may be present in Beach Area surface water.

9.2.3 Lake Michigan

EQs for the two sediment constituents indicate that adverse effects on benthic invertebrates may occur.
However, consideration of additional sediment data indicate that the detection of 1,3-dinitrobenzene may
be an anomaly and that aluminum concentrations associated with Surplus OU Lake Michigan sediments
are less than those found elsewhere in the Lake. Although a conclusive determination of the effects to
benthic invertebrates from sediment ecoCOPCs cannot be made, it is anticipated that adverse effects, as a
result of the constituents present in the lake sediments, are not expected.
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Table 9-1. Summary of Potential Human Health Risks*

Exposure Scenario

Total Noncarcinogenic

'Hazard Index

Total Carcinogenic

Riskt

Janes Ravine
Current Recreational
Future Recreational
Adult
Child

Hutchinson Ravine
Current Recreational
Future Recreational

Adult
Child

Beach Area
Future Recreational
Adult
Child

6E-03 to 3E-02

1E-02 to 6E-02

4E-02 to 2E-01

4E-03 to 2E-02

8E-03 to 4E-02
2E-02 to 1E-01

6E-03 to 3E-02
3E-02 to 1E-01

4E-07 to 2E-06

1E-06 to 6E-06

1.

4E-07 to 2E-06

5E-06 to 3E-05
T

1E-06 to 5E-06
T

* The range of risks provided are reflective of estimated exposures to the RAE and RME,

respectively.

t Lifetime cancer risk estimate. Childhood cancer risks are included in values presented for the

adult.

Source: QST, 1998.
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Table 9-2. Summary of Potential Human Health Risks for Background*

Total Noncarcinogenic Total Carcinogenic

Exposure Scenario

Hazard Index

Risk

Janes Ravine
Current Recreational
Future Recreational
Adult
Child

Hutchinson Ravine
Current Recreational
Future Recreational

Adult
Child

Beach Area
Future Recreational
Adult
Child

1E-04 to 6E-04

4E-04 to 2E-03
8E-03 to 4E-03

8E-04 to 4E-03

4E-03 to 2E-02
9E-03 to 4E-02

2E-03 to 1E-02
1E-02 to 6E-02

3E-08 to 2E-07

8E-07 to 4E-06
T

1E-07 to 5E-07

1E-06 to 7E-06
T

3E-07 to 1E-06
T

* The range of risks provided are reflective of estimated exposures to the RAE and RME,

respectively.

T Lifetime cancer risk estimate. Childhood cancer risks are included in values presented for the

adult.

Source: QST, 1998.
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Table 9-3. Summary of Potential Risks to Ecological Receptors

Exposure Medium  Receptor Type Number of EcoCOPCs  Significance

Time EQ>]  with EQ>]

Janes Ravine

Sediment Raccoon 0/8
Sediment Lumbriculus and Results indicate sediments not chronically
Bioassays Hyalella toxic to benthic invertebrates.
Surface Water Shrew 0/3
Surface Water Feral Cat 0/3 ‘
Surface Water Woodchuck 0/3
Surface Water Raccoon 073
Hutchinson Ravine
Sediment Raccoon 0/33
Sediment Lumbriculus and Results indicate sediments not chronically
Bioassays Hyalella toxic to benthic invertebrates.
Surface Water Shrew 0/10
Surface Water Feral Cat 0/10
Surface Water Woodchuck 0/10
Surface Water Raccoon 0/10
Surface Water Amphibians 0/3
Surface Water Aq. Invertebrates 0/10
Lumbriculus Raccoons 0/11
Beach Area
Sediment Raccoon 2/11 Aluminum Potential for adverse effects however,
consideration of the animals home range
) significantly reduces the potential for
Arsenic exposure therefore no adverse effects are
anticipated.

Sediment Snipes 0/11
Sediment Lumbriculus Results indicate sediments not chronically
Bioassays toxic to benthic invertebrates.
Surface Water Shrew 0/2
Surface Water Feral Cat 0/2

Woodchuck 02

Surface Water
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Table 9-3. Summary of Potential Risks to Ecological Receptors

Exposure Medium  Receptor Type Number of =~ EcoCOPCs  Significance
Time EQ>1  withEQ>1

Beach Area (cont.)
Surface Water Raccoon 072
Lumbriculus Snipes 2/11 Chromium, Some potential for adverse effects but
total consideration of the home range should
reduce the potential for exposure and any
adverse effects.. Additionally,
Manganese consideration of background
concentrations of manganese in prey do
not indicate adverse effects
Surface Water Aq. Invertebrates 0/3
Lumbriculus Raccoons 0/11
Lake Michigan
Surface Water Fathead Minnows Results indicate groundwater not acutely
Bioassays toxic to fish species.

Source: QST, 1998.
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