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Summary of Findings

Site soils have been extensively sampled across the golf course, near the drainage ditches, at

the ballfield and at the playground. Detectable organic cherrucals were limited to the surface

soil. There are no ecological concerns within Parcel 3. The human health risk assessment

evaluated risks under five potential exposure scenarios. These scenarios are a golfer, a

baseball player, a child within the playground area, a maintenance worker, and a resident.

Risks for all these receptors were found to be within acceptable limits, except for the
residential scenario. Thus, under current surface soil conditions, the site can be used as a

golf course, baseball field, and playground. This site is not conducive for residential use

without reducing potential exposures to the site COPCs.

Background

The Base Realignment and Closure (BRAC) 95 Commission selected the Defense

Distribution Depot, Memphis, Tennessee (DDMT), for closure under the BRAC process.

GNV_983000021-SLH851DOC 1 113627CP1Z
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All 642 acres of this facility is considered BRAC property. In preparing the Environmental

Baseline Survey (Woodward-Clyde, 1996), the DDMT facility was divided into 35 parcels in

accordance with the environmental condition of the property. The environmental condition

of these parcels is currently being evaluated to assess whether parcels can be transferred or

leased from government control to other private- and public-sector uses.

In October 1992, the U.S. Environmental Protection Agency (EPA) placed DDMT on the

National Priorities List (NPL). To fulfill the requirements of both the BRAC process and the

Comprehensive Environmental Response, Compensation, and Liability Act of 1980

(CERCLA), sampling and analysis of surface soil, subsurface soil, sediment, and surface

water occurred during the winter and spring of 1997. The sampling identified pesticide

contamination, primarily dieldrin, In Parcel 3 including the Golf Course, Baseball Field (also
referred to as the ballpark), and Playground areas. Elevated dieldrin concentrations have

been found In surface soil throughout the DDMT Main Installation.

The City of Memphis is interested In using the Golf Course and associated areas in Parcel 3

under a BRAC lease or transfer agreement. Expedited transfer of the Golf Course is desired

because the Golf Course will deteriorate if not properly managed. The BRAC Cleanup

Team, consisting of representatives from EPA, Tennessee Department of Environment and

Conservation (TDEC), and Defense Depot Susquehanna Pennsylvania-Memphis

Environmental (DDSP-FE), proposed to manage the environmental contamination at

Parcel 3 as a non-time-critical removal action under CERCLA. Specifically, an Engineering
Evaluation/Cost Analysis (EE/CA) will be prepared to evaluate the human health and

ecological risks associated with Parcel 3 as well as applicable remedial alternatives.

The EE/CA will be prepared in accordance with the Guidance on Conducting Non-Ttme-
Critical Removal Actions Under CERCLA (EPA, August 1993).

Preparation of the EE/CA report has been delayed until a laboratory study of the
bioremediation of dieldrin can be completed, and bioremediation can be considered as a

potential remedial option. Because of this delay, this risk assessment (RA) is being prepared
ahead of the EE/CA document to obtain an early regulatory review of the RA for human health

and a qualitative evaluation of the ecological assessment at Parcel 3. Early review of the RA is

required to evaluate the No Further Action (NFA) alternative and expedite transfer of Parcel 3.

Introduction

This RA addresses the potential risks associated with the Golf Course and other recreational

areas located within Parcel 3. This streamlIned risk evaluation is intended to help identify the

need to undertake removal actions under current and future exposure conditions. The data

collected during the BRAC and remedial investigation (RI) sampling events are included in

this risk evaluation. Risks were estimated for potential current and future exposures. Figure 1
presents sampling locations and sample IDs for the Golf Course, Baseball Field, and

Playground areas in Parcel 3. The risk evaluation includes surface soil samples from the Golf

Course, Baseball Field, Playground, as well as soil samples from drainage ditches connecting
t "o Lake Danielson and the Golf Course Pond. Lake Danielson and the Golf Course Pond are

being evaluated as part of a separate RA. This focused RA is conducted to address primarily

the surface soils from the Golf Course and the surrounding open areas that make up Parcel 3.
The groundwater conditions at Parcel 3 will be assessed in a separate RI.

GNV_98300002t -SLH851 DOC 2
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The ecological evaluation was conducted by an evaluation of the sensxtive habitats at and

around the DDMT, following the non-time-critical removal action guidance. Due to lack of

natural ecology around the DDMT and highly industrialized nature of the surrounding

areas, ecological evaluation included a preliminary site survey and description of the

sensitive habitats as per the guidance. This qualitative evaluation is included as part of the

exposure assessment section. Further evaluation of the ecological risks will also be

conducted as part of the RI for the DDMT Main Installation. The following sections describe

the general approach used in the RA as applied to Parcel 3. A conceptual site model has

been developed to present the potential source for contamination in Parcel 3,

release/migration pathways, potential receptors, and exposures pathways. The RA is a

method applied to hazardous waste sites to assess the potential effects on human health and

the environment resulting from the presence of hazardous constituents. The RA has the

following four primary components:

• Hazard identification and selection of chemicals of potential concern (COPCs)

• Exposure assessment

• Toxicity assessment
• Risk characterization

For the streamlined RA at Parcel 3, these four components were evaluated following

CERCLA procedures and using the RA Guidance for Superfund (EPA, 1989), and

streamlined according to the Guidance on Conducting Non-Time-Critical Removal Actions Under

CERCLA (EPA, August 1993). In addition to evaluating remedial goal options (RGOs) for
selected chemicals that present excessive risks, this RA:

• Analyzes the data for chemicals identified as COPCs (hazard identification)

• Describes contaminant migration pathways, potential receptors, and magnitude of
exposures (exposure assessment)

• Identifies toxicity criteria (toxicity assessment)

• Estimates risks and hazard quotients (HQs) (risk characterization)

Conceptual Site Model

A conceptual site model presents an overview of site conditions, potential contaminant

migration pathways, exposure pathways, receptors, and exposure routes. This conceptual

site model includes the finding of the available analytical data used in this RA (see Figure 2).

Parcel 3 is a Golf Course that includes two small ponds (Golf Course Pond and Lake

Danielson), two main cement-lined drainage ditches, a playground, and a baseball field

situated in the southeast comer of the site. Parcel 3 (Golf Course, Ball Field, Playground or

ponds) is not in use at the present time. Historical routine pesticide applications have

resulted in residual organochlorine pesticides in surface soils at the site. The other detected

chemicals include some of the PAHs and metals. Subsurface soils do not have detectable

levels of organic chemicals or inorganic chemicals above background. Thus, surface soil is
the primary medium of interest at this site.

GNV_983000021-SLH851 DOC 4
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There is no undisturbed natural habitat within the site. The land use is highly developed

and industrial in nature, and has very little vegetation. Onslte ponds have limited aquatic

speaes such as fish, amphibians, and waterfowl. The onsite impoundments have been
addressed as part of a separate report (Radian, 1997), and a brief habitat characterization is

included in this report.

Potential release mechanisms for conceptual evaluations include past pesticide apphcations
to the Golf Course. No other spills or releases are known within the Golf Course area. As

indicated by the sampling results, surface soil is the primary medium of interest at this site.

Potential secondary release pathways from the surface soil include surface runoff to the

drainage ditches, potential local runoff into the onsite ponds, and release to air through

airborne dust. Infiltration is not a significant concern as the detected chemicals are not very

mobile for leaching into subsurface soil. This is evidenced by lack of presence in the

subsurface soil samples, in spite of the pesticide application practices at the base for more
than 50 years.

Potential exposure pathways for the surface soils include direct contact and dust inhalation.

Potential receptors for the surface soil include future golfers, maintenance workers, ballfield

users, playground users, and offsite residents receiving dust from Parcel 3. A future

residential use of the Golf Course may be assumed for conservative evaluations. The

potential routes of exposure to all these receptors include direct contact with soils that may

result in incidental ingestion, dermal contact, and inhalation of dust. There are no readily

identifiable terrestrial ecological receptors for Parcel 3. There are some aquatic ecological

receptors in the ponds, which were characterized as part of a separate report (Radian, 1997).

A description of field observations and a brief ecological site characterization are included
in later parts of this section.

COPC Selection

The data set presented in this RA includes samples collected during previous investigations

(Law Environmental, 1990) as well as during BRAC and RI sampling efforts. The samples

and data summaries used in this investigation are listed in Appendix A. The data were

validated, and a Data Quality Evaluation (DQE) memorandum was prepared for the entire
data set for all parcels. Conclusions of the DQE process for BRAC data include the

following:

• The laboratory analyzed the samples according to the EPA methods stated in the work

plan, as demonstrated by the data package dehverables.

Acetone and phthalates (including di-n-butylphthalate and dimethyl phthalate) can be
attributed to field sampling and laboratory contamination rather than to environmental
contamination.

• Spike recoveries and duplicate sample results indicate that the specific sample matrix
did not interfere with the overall analytical process.

Poor duplicate precision for metals in the five duplicate soil samples should be

attributed to poor sample homogeneity as well as to potentially poor sampling and
analysis precision.

GNV_983000021-SLH851 DOC 6
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These data can be used in the project decision-making process without further qualificatnon.

A copy of the DQE will be included in an RI report. A data summary of the samples,

frequency of detections, and concentration ranges is provided in Appendix A.

Only Parcel 3-related data from the database were used in this RA, which includes the data

collected at RI Sites 51, 52, and 69. All detected chemicals were compared against

background concentrations and EPA Region III risk-based criteria (RBC) values, as part of

the Preliminary Risk Evaluation (PRE). During the screening process, all chemicals

exceeding background and RBC values (at risk levels equal to or greater thanl(Y 6, or a

Hazard Index [HI] of 0.1) are included as COPCs for RA. Lead was compared with an RBC

value of 200 milligrams per kilogram (mg/kg) (CH2M HILL, March 1995). Table I presents

the list of COPCs included for surface soils at the Golf Course, Baseball Field, and

Playground. Appendix B includes the screening comparisons for the COPCs selection.

A total of 42 surface soil samples were included from the Golf Course, 8 surface soil samples

were included from the Baseball Field, and 11 surface soil samples were included from the

Playground area for this RA. Samples H(3.5) and I(3.5) were each composites of four

individual samples collected from infield and outfield areas of the Baseball Field,

respectively. These samples were treated as individual samples in the statistical analysis.
The COPCs are the same for the three data subsets.

TABLE1
Listof Chemicalsof PotentialConcernfor SurfaceSoilsatParcel3

Pesticides PAHs Inorganic Chemicals

DDE Benzo(a)anthracene Arsenic

DDT Benzo(a)pyrene Chromium,total

Dleldnn Benzo(b)fluoranthene Copper

Alpha-Chlordane N/A Lead

Gamma-Chlordane N/A Manganese

N/A Nickel

Exposure Assessment

The overall objective of the exposure assessment is to characterize the potential for exposure

to site-related COPCs on a receptor- and site-specific basis. The results of the exposure

assessment are represented as chronic daily intakes (CDIs) for carcinogenic or

noncarcinogenic endpoints specific to each COPC and receptor identified at each area of
Parcel 3.

For this streamlined RA for the surface soil, the exposure scenarios and receptor groups

identified as being potentially relevant for Parcel 3 are included in the quantitative risk

GNV_98300GO21-SLH851 [X)C 7
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evaluation in the following sections. Exposure factors for surface soil are presented in

further detail m Table 2 as well as in Appendix C.

For the most part, the exposure assumptions or parameter values used in the dose

calculations reflect "upper bound" or reasonable maximum exposure (RME) conditions.

No unusually sensitive sub-populatmns were identified within the receptors considered

relevant for the Golf Course within the fenced area of the DDMT property. However, the

Baseball Field and Playground areas in Parcel 3 could be used by children aged I to 16

years. Future exposure scenarios are expected to be identical to the current ones that were

considered in this analysis. There are no sensitive ecological receptors identified within

Parcel 3 or in the vicinity. The following text describes the ecological conditions at Parcel 3.

EcologicalCharacterization

This portion of the facility, which includes nine fairways and a large clubhouse area, is

predominantly maintained as a recreational area for golfing. Landscaping is well

maintained, and there are scattered stands of large oaks, hickories, and cedar trees.

There are no undisturbed natural habitat areas on the site. The Golf Course includes two

surface water impoundments: Lake Danielson and the Golf Course Pond. There are no

flowing streams on the site.

Land use immediately surrounding the site is either highly developed or industrial.

Large DDMT storage facilities are located to the immediate north and west, and contain

little vegetation. A large industrial facility is located to the east, and residential areas are

located to the south. In general, undisturbed natural habitats do not exist around the site.

A site-specific investigation of potentially occurring protected plant or animal species has
not been conducted by CH2M HILL; however, the disturbed land use conditions at this site

are likely to preclude the incident of protected species. In 1997, Radian International LLC

reported that no threatened or endangered species had been sighted on the installation.

The entire Golf Course landscape is maintained by routine mowing and pesticide/herbicide

application; therefore, the area is generally a poor quality habitat. There are no known
wetland or other critical or sensitive habitats in this area.

The two surface water impoundments, Lake Danielson and Golf Course Pond, provide
aquatic habitat for a variety of fish, amphibians, and invertebrates. These water bodies

typically function as stormwater and sedimentation ponds. Lake Danielson historically

contained bass, bluegill, and catfish. A fish kill occurred in this lake in 1993 to 1994, after

which a followup investigation identified the probable cause as temporary oxygen depletion

resulting from sudden lake turnover. Since that time, two attempts have been made to

collect edible fish species from Lake Danielson, but none has been found. Arkansas shiners

and goldfish were the only fish species collected. Canadian geese have been observed

swimming in this lake. Therefore, this and other water bird species may use this aquatic
resource.

The Golf Course Pond is very small (approximately 0.3 acres), and is located near the comer

of K Street and i s_Street. A qualitative site visit was conducted by CH2M HILL in June 1997,

during which tadpoles, adult bullfrogs, and goldfish were observed from the shoreline. The

pond water was fairly clear with a brownish green cast, and filamentous algae was common
along the shallow rocky shoreline, providing about 10 percent surface water cover.

GNV_9830(_021-$LH851 DOC 8
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Overall, the onsite habitat has almost exclusively developed with buildings or pavement.

The lack of suitable onsite wildlife habitat minirmzes the exposure of any wildlife species.
There are no nearby freshwater, estuarine, or marine water bodies. Because the nearest river

is more than five miles away, site impacts to these offsite freshwater resources are not

important due to the long travel distances and to dilution/attenuation from potential

surface runoff. Thus, there are no sensitive habitats within DDMTor in its vicinity. A further

detailed analysis also will be included in the RI report for the DDMT Main Installation.

PotentiallyExposed HumanPopulations

The Golf Course is currently and has not been in use since DDMT closed in September 1997.

Although no such activity was observed during field visits, occasional grass maintenance

work is expected to be performed by facilities maintenance personnel until the Golf Course

is transferred. Thus, the potentially exposed individuals under current conditions are

maintenance workers. The Baseball Field and the Playground also are not in use at the

present time, but currently undergo grass maintenance work

Future land use of the DDMT Parcel 3 area is anticipated as a public golf course.

Although future uses of the Playground and Baseball Field areas have not been finalized, it

is anticipated that they will be used for similar recreational purposes once the land is turned

over to the City of Memphis.

For a conservative evaluation of the potential future uses, assumed use for the Golf Course

is for public commercial golfing. The Baseball Field and Playground are assumed to

continue in their original intended uses. Thus, future exposure populations are assumed to

be golfers at the golf course, youth baseball players using the baseball diamond area, and

children using the playground.

Exposure Assumptions and General Characteristics--Recreational Adult Golfer

The golf course is a 9-hole course. A typical golfer is assumed to be male or female, ranging

from age 20 to 60, with an average age of 50. Based on the geographic location of Memphis,

Tennessee, the DDMT Golf Course should be available for play for all 12 months of the year.
The typical golfer is assumed to play twice a week for 20 years, and five times a week for 10

years, accumulating a total of 4,680 days (events) over a 30-year period. The typical 9-hole

golf game lasts 2 hours. This information was gathered through a series of phone

conversations regarding golfers, as documented in Appendix D.

On the basis of this receptor's expected activities, it is assumed that it would be possible for

the adult golfer to have the potential for direct and indirect contact with surface soils at the

DDMT Golf Course area. Playing, walking, and riding along the course will involve some

physical disturbance of the surface soils, resulting in incidental dust ingestion of 50

mg/day, or dermal contact with disturbed soils. While most of the Golf Course is covered

with grass or sand, occasional disturbed soil could be incidentally ingested. Golfers have

also been reported to place golf tees into their mouths, lick golf balls, or touch their mouths,

food, or drinks with unwashed hands. These actions potentially increase soil consumption

rates from that of dust or sand grit that they may ingest incidentally. The 50-mg/day

ingestion rate is assumed to be adequately protective of exposures to a golfer from all

sources. The inhalation exposure is for 2 hours during a golf event at an inhalation rate of 20
cubic meters (ma)/day. Golfers are assumed to wear shorts, short-sleeved shirts, socks,

GNV_gB3000021-SLH851 DOC t0
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shoes, and hats. The assumed surface area (4,371 square centimeters [cm2]) available for

contact with soils includes hands, half of the arms, and half of the legs (Florida Department

of Environmental Protection, September 1997). The adherence factor of I mg/cm 2 is

assumed. This is protective of the receptor's feet becoming soiled by mud or grass. Golfers

are also known to apply suntan lotions or insect repellants, and may perspire while on the

course, which provides an adherent surface area to exposed areas for grass and dirt.

This scenario is conservative based on the assumptions of soil ingestion rate, the high

frequency of playtime, the large surface area exposed, and the extended duration of

exposure over a 30-year period. Exposure factors are listed in detail in Appendix C.

Exposure Assumptions and General Characteristics--Recreational Youth Baseball Player

This pathway is developed, in part, in accordance with assumptions provided by EPA

(March 1997; see Appendix D) and details the exposure factors for a youth baseball player

that have been adapted for the DDMT recreational area. The recreataonal youth baseball

player may be male or female, between 5 and 13 years of age; the exposure duration is

expected to be throughout the entire 8 years. The youth is assumed to play baseball at the

park one season each year, for 1.5 hours per game. Seasonal games and practice account for

a total of 20 games (events) per year. The baseball player has an age-adjusted weight (30 kg)

to accommodate the specific age range.

On the basis of this receptor's expected activities, it is assumed that it would be possible for
the youth baseball player to have the potential for direct and indirect contact with surface

soils at the Baseball Field. Expected activities such as running, walking, and sliding along

the baseball diamond involve some physical disturbance of the surface soils, resulting in the

generation of dust, which could be inhaled. The inhalation rate of 20 m3/day, resulting in a

total inhalation of 1.25 m3/event, has been assumed for the youth receptor in the Baseball

Field area. A surface area of 1,800 em 2 for the head and arms of the youth was listed in an

EPA memo (March 1997; see Appendix D); however, a more recent surface area listing was

used to derive exposure area value for this risk calculation. The assumed clothing is a

typical baseball uniform consisting of long pants, short-sleeved shirt, socks, shoes, and a hat.

This will allow only the head and arms to be exposed, resulting in a surface area of 2,080

cm 2 (Florida DepartllLent of Environmental Protection, September 1997). Expected activities

could result in a relatively high incidental ingestion of soil and dust. An ingestion rate of 200

rag/event has been assumed for the youth receptor in the risk calculation for the Baseball
Field area. The default ingestion and inhalation rates allow some conservatism in this risk

scenario. Exposure factors are listed in detail in Appendix C.

Exposure Assumptions and General Characteristics--Recreational Child

The default child for the recreational scenario may be male or female, between I to 6 years

of age; the exposure duration is expected to be throughout the entire 6 years. The child is

assumed to play in the Playground area for 4 hours per event, for approximately 2 days a

week during warmer months of the year, which is assumed to be 8 months of the year, for a

total of 64 days per year. Realistically, younger children will not be at the Playground for 4
hours at a time.

On the basis of this receptor's expected activities, it is assumed that it would be possible for
the recreational child to have the potential for direct and indirect contact with surface soils

at the Playground area. Typical behavior of the children (e.g., running, playing, and sitting

GNV_983000021 -SLH851 DOC 11
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in the soil, sand, or grass) is expected, and will revolve some physical disturbance of the

surface soils, resulting in the generation of dust. The default inhalation rate of 15 m3/day,
results in an inhalation rate of 2.5 m3/event. The dermal contact was assumed for a child

receptor wearing shorts and a T-shirt for most of the year while playing at the park.
The assumed surface area (2,394 cm 2) presumes that the hands, half of the arms, half of the

legs, and the feet may be exposed to the environment (Florida Department of

Environmental Protection, September 1997). This is protective of the child receptor getting

his feet dirty from soil, mud, or grass. The default soil ingestion rate of 200 mg/event has

been assumed for the child receptor in the area, and should be sufficient for this risk
calculation.

This is a very conservative scenario based on the assumed high frequency of playtime, the

large surface area exposed, and the default inhalation and ingestion assumptions. Exposure

factors are listed in detail in Appendix C.

Exposure Assumptions and General Characteristics--Default Industrial and Residential
Scenarios

Because recreational land use is not a certainty, default exposure scenarios were evaluated
for a future industrial worker and for future residential use of Parcel 3. All data sets were

combined for these pathways. A default future industrial worker is assumed to have a soil

ingestion rate of 50 mg/day, for 250 days per year, with an exposure duration of 25 years.

Dermal contact with soils was estimated for the exposed skin area of hands, half of arms,

and head (2,458 cmR/event). Dust exposure intake estimations were based on an inhalation

rate of 20 m3/day for a workday of 8 hours/day.

A future residential scenario evaluated an adult and a child exposure scenario using EPA

recommended default exposure factors. These include a soil ingestion rate of 100 mg/day

for an adult and 200 mg/day for a child. For the carcinogenic RA, age-adjusted exposure

factors were used for soil ingestion rate at 114.29 (mg-y/kg-day), age-adjusted inhalation

rate at 12.86 (3-y/kg-day), and age-adjusted surface area for exposure at 1574 cm2-y/kg).

Inhalation rates for noncarcinogenic chemical-related intake estimates of 20 m3/day and 15

m3/day were assumed for an adult and a child, respectively. Further details of the exposure

factors are included in Appendix B. These scenarios were evaluated to provide the

maximum information to assist in the risk-based decisions for Parcel 3, while providing the
worst-case exposure related risks.

Summaryof ExposureAssessment

There are no receptors for the Golf Course, Baseball Field, or Playground under current

land-use conditions. Under future land use, the receptor groups used in deriving estimates

of exposure and health risks for the DDMT Golf Course, Baseball Field, and Playground
areas are as follows:

• Future recreational adult golfer

• Future recreational youth baseball player

• Future recreational child at Playground

• Hypothetical future industrial worker Parcel 3

• Hypothetical future residential receptor (adult and child)--Parcel 3

GNV_983000021-SLH851 DOC 12
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Quantification of Exposure

This section includes the exposure pomt concentration and dose estimation algorithms for

the exposure scenarios identified previously. The estimated doses will be compared with the

toxicity factors identified in the toxicity assessment (next section) to calculate risks and HQs
in the risk characterization section.

ExposurePoint Concentration

Exposure estimates were derived for each COPC on a media- and receptor-specific basis for

both carcinogenic risk and nonearcinogenic hazard estimation purposes.

As described earlier in the COPC selection section, surface soil samples from Parcel 3

included those from the Golf Course, Baseball Field, and Playground, as well as the

drainage ditches from the ponds. Forty-two samples were analyzed for dieldrin (a total of

39 samples were analyzed for all of the pesticides); 28 samples were analyzed for

polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs);

17 samples were analyzed for other semivolatile organic compounds (SVOCs) and volatile

organic compounds (VOCs); and 27 samples were analyzed for target list metals. All of

these samples were combined to estimate exposure point concentration for a future

industrial worker and residential scenarios. However, these data sets were subdivided into

smaller groups based on the location of samples for golfer (from the Golf Course), ball

player (from the Baseball Field), and for a child (from the Playground).

An exposure point concentration (EPC) is the RME, which is the upper confidence limit at

the 95 th percentile on the mean (UCL 95%percent). The UCL 95% calculations, calculation

methodology, and decision flow chart are included in Appendix F. A summary of the
results is included in Table 3.

Intake Estimates

The intake (dose) estimates were calculated for each of the complete exposure pathways.

These estimates were used to compare with cancer slope factors (CSFs) and reference doses

(R_s) for each of the COPCs, and are described in the following paragraphs.

While the specific combination of COPCs, receptors, and exposure routes that are applicable

to each site is unique, many assumptions and values adopted for various exposure

parameters used in the process of deriving dose estimates for each receptor group are

generic. Methods and default values specified in existing EPA (1989) guidance generally

were followed in developing CDI estimates for each receptor group.

Best professional judgment was applied for site-specific exposure scenarios for some

exposure parameters, where warranted, because of the lack of applicable default values in

the available technical guidance, or because the available default value is inapplicable at a

site. Site-specific information regarding recreational activity was considered where

applicable. For example, a golfer scenario was developed for quantitation using best

professional judgement, in consultation with EPA and the state of Tennessee risk assessors,

and information gathered by phone interviews and electronic mail with golf courses

throughout the eastern U.S. and in the Memphis vicinity (see Appendix D). A ballplayer

scenario was developed applying modifications to the "ballplayer scenario" literature

GNV'_983000021 -SLH 851 DOC 13
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provided by EPA (March 1997; see Appendix D), which was used at other sites (see

Appendix D). A child-using-the-playground scenario was developed in accordance with

best professional judgment, assuming conservative exposure conditions as described

previously. These three scenanos are specific to this site.

Additionally, conservative default exposure scenarios that were evaluated include a future

residential use scenario and an industrial use scenario. The factors that were used include

default parameters listed in the guidance, as cited in the Appendix C exposure factors table.

The dose algorithms used for the quantification of exposure to the surface soil for each

receptor group and the potentially applicable exposure route are summarized in

Appendix C. Chemical-specific values adopted for the exposure factors used in the dose

algorithms are also summarized in Appendix C. The results of the quantitative exposure

analysis (dose estimates), along with the risk calculations, are included in Appendix E.

Toxicity Assessment

The toxicity values from EPA toxicity factor sources for the DDMT Parcel 3 COPCs are

presented in Table 4. Eight carcinogens (arsenic; benzo[a]anthracene; benzo[a]pyrene;

benzo[b]fluoranthene; 4'4'-dichlorodiphenyldichloroethene [4'4'-DDE]; 4'4'-

dichlorodiphenyldichloroethane [4'4'-DDT]; gamma-chlordane; and dieldrin) were detected

as COPCs at Parcel 3. Three noncarcinogens (copper, chromium [total], and lead) were
detected as COPCs at Parcel 3.

All toxicity values used for the DDMT Parcel 3 area are chronic values. Acute and

subchronic values are deemed inappropriate for use based on the long-term exposures

assumed for dose estimations. Oral and inhalation CSFs were available for arsenic, PAHs,

and pesticides listed in Table 4. The only COPC without an inhalation CSF is 4'4'-DDE. An

inhalation CSF was also available for chromium (total). Oral RIDs were available for all

inorganics and pesticides listed, with the exception of lead and 4'4"-DDE. An inhalation RID

was available only for chromium (total).

The toxicity equivalency factors (TEFs) for various carcinogenic PAHs have been selected

from EPA Region IV and EPA's provisional guidance (EPA/600/R-93/089). They were

selected and applied to the toxicity factor for benzo (a) pyrene (B(a)P) to estimate risks from

individual PAH compounds. Alternatively, TEFs may be applied to the concentration of

individual PAH compounds to convert them to B(a)P concentration, a practice
recommended by EPA Region IV. However, since other less toxic PAHs often occur at

higher concentrations than B(a)P, to present individual contribution to the total risk, TEFs

were applied to the toxicity factors.

Lack of inhalation toxicity factors is not considered critical, because most of the inhalation

intakes are based on dust inhalation for these SVOCs, and metal COPCs, resulting in very

low doses. In accordance with the conservative assumptions associated with the oral and

dermal exposure pathway evaluations, these missing toxicity values are not considered

important. Lead, which does not have any of the toxicity factors, will be compared with the
generally accepted target concentrations for the risk evaluation.

GNV_98300_21-SLH851 DOC 16
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J

Risk Characterization

The risk charactenzation discusses the qualitahve and quantitative evaluation of potential

risks associated with COPCs detected at DDMT Parcel 3 so that risk managers can make

decisions regardmg removal actions or potential restrictions in the future. The risk

characterization process combines the results of the exposure and toxicity assessments with

yield estimates of excess lifetime cancer risks (ELCRs) for carcinogenic COPCs and a

cumulative HI for noncarcinogenic COPCs. For the purposes of this assessment, cancer risks

and noncarcinogenic health hazards are described on an area-specific basis to facilitate

remedial decision-making. Consistent with the exposure assessment results, cumulative

ELCRs and His are calculated for each COPC as a summation of media-specific results for

each receptor.

Carcinogenic risk (ELCR), defined as the unitless upper-bound probability of the individual

receptor developing cancer over a lifetime under the specified exposure conditions, is

derived for each carcinogenic COPC as follows:

ELCR = CDI x CSF

Where:

CDI -- Route- and media-specific cumulative daily intake (dose) of a COPC

(mg/kg/day)

CSF = Route-specific cancer slope factor (mg/kg/day) -1 for the COPC

Summing all of the route- and media-specific ELCR estimates provides a total ELCR for a

given COPC for each receptor. The summation of total ELCRs for all of the COPCs provides
the total ELCR for the receptor.

Likewise, the upper-bound noncarcinogenic health hazard is estimated initially by

calculating HQs on a route- and media-specific basis for each COPC for each receptor, as
follows:

HQ = CDI/RfD

Where:

CDI = Route- and media-specific cumulative daily intake (dose) of a COPC

(mg/kg/day)

RfD = Route-specific reference dose (mg/kg/day) (daily intake considered unlikely

to cause adverse effects over a lifetime of exposure) for the COPC

Summing the route- and media-specific HQs provides an estimate of a total HI for a given

COPC for each receptor. The summation of His across COPCs provides a total HI for the

receptor. As noted, this procedure ignores toxicological endpoints and mechanisms of action

as the basis for estimating the noncarcinogenic hazard from multi-contaminant exposure,

thus providing a highly conservative estimate of potential effects.

GNV_983000021-SLH851 DOC 18
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For scenarios presenting excessive noncarcinogenic hazards above a value of 1.0, individual

target organs for each of the COPCs will be separated to identify whether any mdwidual

target organ hazard is above a value of 1.0.

For the purposes of regulatory decision-making at contaminated sites, EPA uses an

acceptable risk range of 10 -4 to 10 .6 (1 chance in 10,000 to I chance in 1,000,000).

Typically, results falling within or below this range are considered a reasonable basis for

NFA, depending on the degree of conservatism and uncertainty associated with the

estimates. Likewise, a total HI of 1.0 or less is considered evidence of de minimus potential

for noncarcmogenic health effects. Conservatism and uncertainties inherent in the analysis

again are considered when interpreting the results.

The results of the risk and noncarcinogenic hazard calculations are provided on a media-,

receptor-, and route-specific basis for each pathway identified in the exposure assessment

section in Appendix C. Cancer risks and His are summarized in Table 5.

The carcinogemc risks from individual constituents of PAils were estimated by applying
TEF to the B(a)P toxicity factor. Thus, nsks are estimated for individual PAH constituents.

Future Golfer Scenario

The total ELCR to a golfer from the surface soil COPCs at the golf course is estimated to be

2 x 10 .5from soil (with an ingestion rate of 50 mg/day). The estimated risks are associated

with ingestion and dermal exposures to arsenic and dieldrin in soil at an EPC of 43 mg/kg

and 3.38 mg/kg, respectively. The estimated risk level is well within the acceptable range of

10.6 to 10-4, typically considered adequately protective of public health. Total

noncarcinogenic health hazard was estimated at approximately 0.1, which is well below a

value of 1.0. These results suggest that no significant risks of adverse health impacts exist at

this site for future golfers.

Future Youth Ballplayer

The total ELCR to a ballplayer from the Baseball Field surface soil COPCs is estimated to be

2 x 10-6, primarily from arsenic in soil at an EPC of 21.8 mg/kg, which is near the

background levels for DDMT. This risk level is well within the acceptable range of 10.6 to

10-4, typically considered adequately protective of public health. Total noncarcinogenic

health hazard was indicated by an HI of 0.05, which is well below a value of 1.0. These

results suggest that no significant risks of adverse health impacts exist at this site for a ball

player under the existing conditions.

Future Recreational Child at the Playground

The total ELCR to a child from the Playground surface soil COPCs is estimated to be 9 x 10.6,

mostly from the presence of arsenic at an EPC of 19.4 mg/kg (below background) and

dieldnn at 0.71mg/kg. This risk level is well within the acceptable range of 1@6 to 1@6,

typically considered adequately protective of public health. Total noncarcinogenic health
hazard was estimated at an HI of 0.3, which is well below a value of 1.0. These results

suggest that no significant risks of adverse health impacts exist at this site for a child under
the existing conditions.

GNV_983000021-SLH851 DOC 19
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TABLE5

Summaryof Rtsksand Hazards

Parcel 3, Streamhned Risk Assessment, DDMT 1998

Excess Lifetime Noncarcinogenic
Medium Exposure Point Cancer Risk Hazard Index

Surface Soil

Recreational Adult Golfer Inctdental Ingesbon 2E-05 0.1

Dermal Absorption 2E-06 0.006

Inctdental Inhalation 6E-09 0.0004

TOTAL 2E-05 0.1

Major Contnbutors Arsemc, Dteldnn

Surface Soil

Recreational Youth

Baseball Rayer

Surface Soil

Recreabonal Child

Surface Soil

Future Restdential Adult

Surface Soil

Future Resldenttal Child

Surface Soil

Future Worker

Incidental Ingestton 2E-06 0.05

Dermal Absorptton 2E-08 0.0002

Incidental Inhalation 2E-10 0.00006

TOTAL 2E-06 0.05

Major Contnbutors Amemc

Incidental Ingesbon 9E-06 0.3

Dermal Absorption 3E-07 0.003

Inctdental Inhalatton 2E-09 0 0006

TOTAL 9E-06 0.3

Major Contnbutom Arsenic, Die/dnn

Incidental Ingesbon 1E-04

Dermal Absorption 4E-05

Inctdental Inhalatton 1E-07

TOTAL 2Eo04

Major Contributors Arsenic, Die/dnn, Benzo(a)Pyrene

0.3

0.1

0.008

0.4

Incidental Ingestion N/A 2.4

Dermal Absorption N/A 0.2

Incidental Inhalabon N/A 0.03

TOTAL 0E+00 2.7

Major Contnbutors Arsentc

Inc=dental Ingesbon 1E-05

Dermal Absorption 1E-05

Incidental Inhalation 8E-08

TOTAL 1E-05

Major Contnbutom Amen/c, Dieldrin, Benzo(a)Pyrene

0.09

0.04

0 006

0.1

GNV_983000021*SLH851 DOC 20
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Hypothetical Future Land Use Conditions

These following scenarios were evaluated to represent the worst-case risk estimation

scenarios.

Future Hypothetical Industrial Worker

The total ELCR to hypothetical future onsite workers at Parcel 3 was estimated to be I x 10 -s,

primarily due to arsenic and dieldrin at their respechve EPCs, 29.3 mg/kg and 2.21 mg/kg.

The estimated risk is within the 10 .6 to 10-4 acceptable risk range typically considered

adequately protective of public health. Total noncarcinogenic HI was estimated at 0.1, wtuch

is well below a value of 1.0. Given the conservatism inherent in the assumptions and

parameter values used in this analysis, these results suggest that no significant risks of

adverse health impacts exist at this site for future industrial/commercial workers.

Future Hypothetical Resident

The total ELCR to hypothetical future onsite adult and child residents at Parcel 3 was

estimated to an adult using age-adjusted soil ingestion, dermal surface area, and inhalation

rate factors. The estimated cancer risk is 2 x lff 4, which is slightly above the upper-bound

limit on the acceptable risk range of 10 -s to 194. A separate child cancer risk was not

estimated because the adult risk represents a time-adjusted exposure. The estimated risk is

due to arsenic at 28.3 mg/kg (compared to a background level of 20 mg/kg) and dieldrin at

2.21 mg/kg. Total noncarcinogenie health hazard was estimated to be an HI of 0.4 for an

adult and an HI of 2.7 for a child. These results suggest that site dieldrin and arsenic levels
render Parcel 3 unusable as a residential site under current contamination conditions.

Health-based Evaluation for Lead

The maximum observed lead concentration at Parcel 3 is 167 mg/kg, with an estimated

mean of 47.3 mg/kg and a UCL95% concentration of 75.9 mg/kg. These concentrations are

well below a residential exposure-based screening level of 400 mg/kg and an industrial

exposure-based screening level value of 1,000 mg/kg. Thus, the observed lead levels at the

site are not expected to pose health hazards for any of the above identified receptors,

because the more conservative residential exposure-based screening level of 400 parts per

million (ppm) was not exceeded at Parcel 3.

Sources of Uncertainty for Parcel 3

Potential sources of uncertainty exist in each of the steps in this RA. The uncertainty

associated with the COPC selection process comes from the sample location, number of

samples, time variation in the sampling events, differences in sample analysis by different
laboratories, and so forth. Most of these uncertainties are minimized at Parcel 3 due to the

presence of a relatively large data set (e.g., 42 samples for dieldrin) and analytical results

produced by a single laboratory. The DQE implemented also minimizes the uncertainties

associated with analytical data quality issues.

An uncertainty that could potentially over-estimate the chemical activity is the presence of

persistent organo-chlorine pesticides that are risk drivers in this risk analysis. Because the

use of these pesticides was discontinued at DDMT in the 1970s, the measured pesticides are

from historical application. Their availability for absorption through skin and intestinal

tracts from soil particles is currently not known. The available toxicity information is based
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on dose estimates from experimental studies or occupational exposures using the pure

chemicals. Thus, dose estimates could be overestimating the bio-avadable fraction from the
soil matrix.

The other risk drivers at the site include arsenic and PAHs (mostly benzo(a)pyrene). Most of

the sample concentrations for arsenic appear to be similar to the naturally occurring

background concentrations in the area. The cancer slope factor for arsenic is based on

drinking water arsenic exposures in human population. The apparent soil matrix effects

cannot be accounted for in these risk estimations, resulting in over-estimates of potential

risks from arsenic. The observed PAHs are also widely distributed across DDMT Main

Installation, and could be from asphalt-paved roadways and other non-point sources.

Toxicity factors for PAHs are based on carcinogenicity among occupationally exposed

workers. Bioavailabihty of the weathered asphalt material and its toxicity likely will be

lower than that indicated during occupational and experimental animal exposures to pure

chemical (not in solid matrix). Thus, these risk estimations could be biased to higher levels.

The exposure pathways evaluated are all based on future hypothetical uses. Summation of

the chemicals across pathways for each medium is a conservative evaluation, because

exposure through all routes may not occur simultaneously.

Summaryof Parcel3 (Golf Course)Risk Assessment

Site soils were thoroughly sampled across the Golf Course, Playground, and Ballfield areas.

Contamination appears to be limited to the surface soils, as subsurface soils do not have any

COPCs. Although the site is currently not in use, the facility is interested in maintaining the

golf course for future public recreational golfing. Thus, future use is likely to remain as a

golf course. If the golf course remains in the current use, the peripheral remote comer

occupied by the Ballfield and Playground could remain the same in the future. Since

children's exposure evaluation is a more conservative risk evaluation, in the event the

Ballfield and Playground are to be a merged part of the golf course, potential risks are

conservatively presented by this RA (children's exposure evaluation) RA.

The total carcinogenic risks were estimated by adding the risks from ingestion, dermal

contact, and inhalation of dust for each receptor from the site. The total carcinogenic risk to

an adult golfer from the site is at 2 x 10 -s, which is within I to 100 in a million risk level The

HI is 0.1, which is well below a target level of 1.0. The total carcinogenic risks estimated for a

youth baseball player is 2 x 10 .6, and a recreational child is 9 x 10.6, both of which are within

the acceptable risk range. The His to these recreational receptors (baseball player is 0.05 and

recreational child is 0.3) are below a value of 1.0. If the site is converted to a future industrial

facility, assuming an outdoor worker is present onsite for the entire workday, the total

carcinogenic risk to an industrial worker is I x 10 -5, and HI is 0.1, both of which are within

acceptable limits. The carcinogenic risk to a future residential aggregate adult (continuously

exposed as a child and as an adult) is 2 x 10 -4, which is above the upperbound limit on the

acceptable nsk level. The HI is 0.4, which is within the acceptable level of 1.0. However, the

HI to a child is estimated at 2.7, which is above the acceptable level of 1.0.

There are no ecological concerns due to lack of natural habitat within Parcel 3, and highly

developed and industrial nature of the surrounding areas. The ponds have some aquatic

receptors which were addressed as a separate report (Radian, 1997). There are no sensitive
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habitats wlthm the s_te or in the vicinity. Thus, ecological receptor exposures are not a
concern for this stte.

All of the evaluated exposure scenarios result in risks within the acceptable limits, except

the residential scenario. Thus, under present surface soil conditions, this site presents risks

wittun acceptable limits to golfers, recreational children, baseball player (youth), and

current and future workers. However, based on the risks estimated, the site is not conducive

for residential use without reducing exposures to the site COPCs.

Remedial Goal Options

The RGOs are the target concentration values for remedial alternatives analysis. Achieving

these goals should fulfill compliance with state and federal standards and satisfy National

Oil and Hazardous Substances Pollution Contingency Plan (NCP) requirements to ensure
the protection of human health and the environment at hazardous waste sites. The RGOs

calculated for DDMT are m accordance with Risk Assessment Guidance for Superfund,

Part-B (EPA, 1991) and EPA Region IV Supplemental Guidance to RAGS (EPA, 1994).

The RGOs are developed only for the chemicals detected at the site that had concentrations

above the applicable state and federal standards or for those that present risks or His above

the acceptable levels. The acceptable risks are defined as risk levels below 100 in a million or

an HI below 1.0 for either current or future exposure pathways analyzed in the RA. The

RGOs are developed only for surface soils that present unacceptable risks and His.

Chemical-specific RGOs are developed for each medium at the site with underlying

assumptions regarding land use (Golf Course, Baseball Field, Playground, or industrial vs
residential) at the site.

The two general sources of RGOs are (1) concentrations based on state and federal standards

and (2) concentrations based on site-specific RA. There are no state or federal standards for
surface soils.

Site-Specific Risk-Based RGOs

Most of the evaluated exposure scenarios did not exceed a risk level of 100 in a million or an

HI of 1.0. Thus, the surface soils within Parcel 3 do not require further remedial actions in

order to be protective of human health. However, risk-based RGOs are provided for

chemicals that present a risk above I in a million or an Hi above 0.1, as an option for risk-

based management decisions. For these chemicals, Tables 6 through 11 present the RGOs for

risk levels 10 -6, 10-5, and 10-4 and Hi levels 0.1, 1.0, and 10, calculated following the EPA
Region IV guidance.
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TABLE10

PrehmlnarySoil Risk Goals - Hypothetical Future Restdenhal Child Scenano

Parcel 3, Streamhned Risk Assessment, DDMT 1998

Chemical

Reasonable Noncarcinogenic
Maximum Effects

Exposure THI =0.1 TH! =1

(mg/kg) (mg/kg) (mg/kg)

TH! =10

(mg/kg)
Metals and Pesticides

Arsemc 29 2 23 232

Chromium 22 78 784 7,837
Copper 31 27,051 270,512 2,705,120
Manganese 983 178 1,778 17,777
Ntckel 26 155 1,546 15,458
Lead 76 N/A N/A N/A

Alpha-chlordane 0.23 3 26 264
Gamma-chlordane 0.27 3 26 264
Dieldrm 2.21 0.29 3 29
DDE 0 80 N/A N/A N/A
DDT 0.96 3 29 288

Semivolatiles

Benzo(a)anthracene 0.25 N/A N/A N/A

Benzo(a)pyrene 0.26 N/A N/A N/A
Benzo(b)fluoranthene 0.28 N/A N/A N/A

Noncarcmogen=c calculation:
RBC = THI x BW x ATnc

(mg/kg) EF x ED x (A+B+C)

An = ((t/RfDo) x IRmg x FIx CF)
Bn = ((1/RfDo) x SA x AF x ABS x CF)

Cn = ((1/RfDi) x IRmh x ((1/VF)+(1/PEF)))
THI = 1.0
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Appendix A

Parcel 3 Sample List for Surface Sod Risk Assessment

Area of Concern

Identifier StationID SampleID

SS BALLPARK G(35) G(35)

SS_BALLPARK G(3 5} G3_5

SS_BALLPARK H(35) H(3_5)

SS_BALLPARK H(35) H3_5

SS_BALLPARK 1(35) 1(3_5)

SS_BALLPARK 1(35) 13_5

SS_BALLPARK J(3 5) J(3_5)

SS BALLPARK 3(3 5) J3_5

SS_GOLF A(3 10) A9

SS_GOLF A(35) A4

SS_GOLF B(35) B4

SS_GOLF C(3 5) C4

SS_GOLF D(3 5) D4

SS_GOLF E(35) E4

SS_GOLF F(3 S) F4

SS_GOLF 0(3 5) 0(3_3)

SS_GOLF P(3 5) P(3_5)

SS_GOLF Q(35) Q(35)

SS GOLF R(3 5) R(3_5)

SS_GOLF $(35) S(3_5)
SS_GOLF SB$1A SGA168

SS GOLF SB51A SGA168RE

S$_GOLF SB51B SGA171

SS GOLF SB51C $GA174

SS_GOLF $B52A SGB148

SS GOLF SBS2A SGB149FD1

SS_GOLF SS52B SGA158

SS_GOLF SB$2B SGA158RE

SS_GOLF SB52B SGA491FD1

SS GOLF SB69A SGA144

SS_GOLF SB69B SGAI47

SS_GOLF SS12 LAWSS12

SS_GOLF S$13 LAWSS13

SS_GOLF SS14 LAWSS14

SS_GOLF S$51A SGB048

SS_GOLF SS51B SGA166

SS_GOLF $$51C SGB116

SS_GOLF SS52A SGBO85

$$_GOLF SS52B SGB041

SS_GOLF SS53C SGB042

SS_GOLF SS52D SGA_53

S$_GOLF SS52E SGB045

SS_GOLF SS69A SGB046

SS GOLF SS69B SGA141

SS_GOLF SS69C SGA142

SS_GOLF SS69D SGAt43

SS_GOLF T(3 5) T(3_5)

SS_GOLF U(3 5) U(3_5)

SS_GOLF V(3 5) V(3_5)

SS_GOLF V(3 5) DUP_2

SS_PLAYGROUND K(3 5) ]<(3_5)

SS_PLAYGROUND K(35) K35

SS_PLAYGROUND K(35) K3_SB

$S_PLAYGROUND L(3 5) L(3_5)

SS_PLAYGROUND L(3 5) 1.35

SS PLAYGROUND M(3 5) M(3_5)

SS PLAYGROUND M(3 5) M3_5

SS PLAYGROUND N(3 5) N(3_5)

SS_PLAYGROUND N(3 5) N3_5

SS PLAYGROUND W(3 5) W(35)

SS_PLAYGROUND X(3 5) X(3_5)

GNV\982960029-Ra114ti)ds
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AppendixC. 370 76
Surface Areas per Receptor

Surface Area for Recreational Youth (Baseball player)

ages Arms Hands Head
5<6

6<7 1212 436 1212
7<9

9<10 1427 615 1392
10<12 - *

12<13 2034 800 1298

Average. 1557 7 617 1300.7
Modlfted: 778.8 617 1300.7

(half)

(cm2)

2080 for soils (l/2arrns+head)

Surface Areal or Recreational Children

ages Arms Hands Legs Feet (cm2)
2<3 697 313 1371 418
3<4 1036 437 1928 519
4<5 1007 410 2000 525
6<7 1212 436 2507 638

Average 988 399 1951.5 525

Modified 494 399 975.75 525

(half) (half)

for sells

2394 (1/2arms+hands+l/21egs+feef)

Surface Area for Recreational Adult Golfer

Arms Hands Legs
Average 2190 793 4965

Modified 1095 793 2482.5

(half) (half)

(cm 2)

for SOdS

4371 (1/2arms+hands+l/21egs)

Surface Areafor Residential Children

ages Arms Hands Legs Feet (cm 2)
2<3 697 313 1371 418
3<4 1036 437 1928 519
4<5 1007 410 2000 525
6<7 1212 436 2507 638

Average 988 399 1951 5 525

Modlhed 494 399 975.75 525

(half) (half)

for soils

2394 (1/2arms+hands+l/21egs+feet)

Surface Area for Residential Adult

Arms Hands Legs
Average 2190 793 4965

Modified 1095 793 2482.5

(half) (half)

Feet (cm2)
1048

for sods

1048 5419 (1/2arrns+hande+l/21egs+feet)

Surface Area for Adult Worker
Arms Hands Head Feet cm2

Average 2190 793 1140 1048

Modified' 1095 793 570

(half) (half)

For soils

1048 2458 (1/2arms+hands+l/2head)

Values from Flonda SCTL.s Guidance

CEHT 1997= Centerfor Enwronmentel& HumanToxicology,TechmcalReport Developmentof SoilCleanupTargetLevels(SCTLs) forChapter 62-785,F AC,
preparedfor theDNISOnof Waste Management,FDEP,September1997

GNV_82960016*RaI136xls
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Appendix C. Algorithms

Recreational Child (Playground) and Youth (Baseball Player)

Incidental Ingestion:
CDI = Cs * IRinq * FI * EF * ED * CF

BW * AT

Dermal Absorption:
CDI = Cs* SA* AF* ABS* ET* EF* ED* CF

BW * AT

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF * ED
BW * AT

Recreational Adult Golfer

Incidental Ingeshon:
CDI = Cs * IRinq * FI * EFDadi * CF

BW * AT

Dermal Absorption:
CDI = Cs *SA * AF * ABS * ET * EFDadi * CF

BW * AT

Dust Inhalation:

CDI = Cs * ((1NF)+(1/PEF)) * IRinh * EFDadi
BW * AT

GNV_982960004-RAL129DOC



370 78

Residential Child and Adult Worker

Incidental Ingestion:
CDI = Cs* IRmq* FI * EF* ED* CF

BW * AT

Dermal Absorption:
CDI = Cs* SA* AF* ABS* EF* ED* CF

BW * AT

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRmh * EF * ED
BW * AT

Residential Adult

Age-adjusted Carcinogenic Incidental Ingestion:
CDI = Cs * IRinq adi * FI * EF * CF

AT

Non-carcinogenic Incidental Ingestion:
CDI = Cs * IRin,q * FI * EF * ED * CF

BW * AT

Dermal Absorption:
CDI = Cs* SA* AF* ABS* EF* ED* CF

BW * AT

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF * ED
BW * AT

GNV_82960004-RAL129 DOC



370 79

d
X

¢L

o

o

fJ Z 1_ 0_

,a_,_ o xO &

T.-.

s

8_s_
>u. E

_g._

_g

_O_z° _ =_,_ _

MJ -- _
Z

¢.

Z
(9



Appendix C. 3 7 0 8 0

Chemical-specific factors

DDMT, 1998

Chemical Name ABS VFresidential

Arsenic

Chromium, total

Copper

Lead

Manganese

Nickel

01% a

0.1% a

0.1% a

01% a

01% a

0.1% a

R/a

n/a

n/a

n/a

n/a

n/a
DDE

DDT

Dleldnn

alpha-Chlordane

gamma-Chlordane

9enzo(a)anthracene

Benzo(a) pyrene

E}enzo(b)fluoranthene

3% b n/a

3% b n/a

3% b n/a

4% b n/a

4% b n/a

10% b 1.09E+07 c

10% b 2.96E+07 c

10% b 5 72E+06 c

a Absorption factors are derived from USEPA Region IV, Supplemental gu=dance to

RAGS: Region 4 Bulletins, Human Health Risk Assessment, November 1995.

b Absorption factors are derived from USEPA Region III, Technical Guidance Manual,

Risk Assessment, Draft: Assessing Dermal Exposure from Soil, August 1995.

c Volatilization factors are denved from CEHT, Technical Report: Sod Cleanup
Target Levels for FDEP, September 2, 1997

GNV_982960018-RaI138xls
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UNITED STATES ENVIRONMENTAL PROTECTION AG ENCY
REGION 4

ATLANTA FEDERAL CENTER
100 AJ.ASAMA STR_'T, S.W.

ATLANTA, GEORGIA 3o3o3-31o4

370 82

4W'D-OTS

PROM:

TO:

CC"

T=x_osum Assump_o_ for Adults and Youths us n_ _c bz_ ticlds,
Nav-_l Ordinanc_ Station LouiPr_Lle.

LouLwiUe, ICY

• -Ted W. Simon, Ph.D.D.A.B.T., To.col
Of_.c_ of T=hnicat Sea'vJccs

(=,

Par.dch Goldba_,

I_'B/BRAC EPA l_n 4

Dr. _ Wes_-ma_

Ke_mck_ D]_

lye. _ S_oga
_rOW12 ,_ _.OOt l_nmC_11

'FOmcr W..A.J_Z, Cbi_-f
of Technical Sc_Jr._

Kcvin Sh,_'tzer, v-ca Pmsid=ot

R,-,,"_hmont: Youth Sports

The p_ of tb;_ memo is to s_m the exposttre assumptions to be.used in the

upcr_._ risk =_P_t at NAVS_ARt -_-rq for contlnued us_ c_ the ba}l fields by

B_-_-hmon[ YOUth SpotT.S. DJox_ cong¢uc_ w¢1¢ d;_'ov¢_:d m the st:_-ac¢ and ,_Suxfacc

soil, and this memo is t_e result of _n_ssions held at T.z_Lcv_c on _v_z_]z 12, 1997 and th=
m_,H_ of the R=_ncadon Advisoz3_ _oazd on _¢ same _venin_.

I want to _ my _dtndc to Mr. Ksvin Sh_ of Bc_h nonr Youth Spits for

discussing_ exposure asmml_ions with m=. His cona-ib_on will_nable the risk

assessme_z m use sit_-sp_£ficexposure ass_u-p_0ns mth_r than lessp _.famble gcne_ic

a.ssnra_t_ons.
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Ia the sp_ng, the flelds are used for bas_all, softball and t-I_l. In the fail, the

ouffield_ of the b_seball =sd softball fidds az_ used for soccer. 900 c dldren play baseball,

so,ball or t-ball with B,_'hmont Youth Sports. Of these 900, about :,0% also play soo--,-r.

Childr_ between the ag_,s of 5 and 13 play both sports, an $ year _ e p_riod. Children

older than 13 do not play in Beec_ont Youth Sports, choosing insure :t junior high or high
school athlexics. It was aLso _u_ncd that an adult/coach would not _ main active in

Beccbmont Youth Sports for no longer _han g years. Hence, the Expc_ure Duration (F_D) for

all receptors was assumed to be $ years.

Fo_r z_pt'ors were cho_._n to represent different levels of exp )sure - a youth playing

baseball only; (2) a youth playing base.b_ and _ (3) a youth plai6ng both sports

spending more time at the field because of a sibling on another tram, mr _,uls, etc.; and (4)

an adult who mows the fields and ooache.s _mms in both _m_rts.

A tre.spagser was not chosen because the fields are in plain vi,_.v of a guard and they
are fe_ 0_4 and l_.ked when not in use.

t_tthways

The two exposure mutes examined wer_ incid-'ntal ing_'rlon oJ' soil and derm_l

contact with soil. Previous xisk e_matcs indicated that _nh_l_on e_ osure was insigu_Cant

comlmr_ with the _ and or_1 routes, and hence, it was not incl_¢¢-__.

Expasur_ Assa,mptions for the four receptors

1) ,4 yowlz plz_ng baaeball only

Base.ba_ soRball or t-ball season c,-_,rs daring 8 wcek_ in the spring from the.atich:lla

to end of April until the end of 2"une. Teams have I practice per woo r.prim- to the season

and practice at other venues during the s_.son. Du_i_g th_ se:_on, to _s play two game_
per week on the fi,qd,q. Ptactic, es and games are assumed to last 1.5 l_urs. Hence, _hcr¢ _e

20 couIact ev_a_ per year. TI_ number of contacz _wnts was assure, _I to be the _posure
_cy ('gF) in days/yr.

2) A yoz_z_ php/.ng ha.re.ha/2 and .¢oceer

Soccer _'=_u occupies for eight wee_ &n'ing th= fallf'mm th; end of August to th=

mid_e of Novcmb_. There is I pra_i_ per we_.k for a month prioz to thc season and 2

game_ per week onc= the season sm_s. Each game o_ practice is e._ reed to last 1.5 hours.

Tlmm-for_ for rhLs r_tor, the_ wouIfl be 40 cont_t evez_ l_r year, i.e. an _ of _0

days/yr.

3) A youd_ plz_g both s2_ris wi_ a xibling playing bo_ s porz_

For the purposes of *hi_ agse_meat, a youth _eacLug _vic _. as many contact

events was _xplo_3. This re_-'ptor is assumed to be a player whose _ibling pracfic_ on

alter,,_t_ nights. Each child aIIends th_ other's p_ and games bcmuso of _ pooting,

etc. Thus, for th_ v-et_tOr, there would be 80 C_ImCt Cv¢_tS per y_I, i.e. an El; of'80 days/yr.
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4)/.n adWJ coach w_ also cu_'rhe grass
It was assumed that the adult co_h would work with two bas-._l] t_ms and two

sc_-_-,-rte_ms. In addition,from April through June, there would be one additior_!contact

=vent p_r week when thisrec.ep_r would cut the grass. YAc_u Iuno through S_p_mbex, the

grass would grow more slowly and would _ cuating only once a _rmight. From October

through re&A-November, the grass would be'cutonc._a wce.k. For _i.srecepzor,them wo_jld

Ix: 105 conm_ ¢ven_ per year. _t was a_umed that, at e_ch of the ¢ontact events, this

rer.eptor would wear sho_ts and a short-slee_ed shirt.

2_le body we_ht of the youth is the _ adjusted weight at the 50th [ erc,mr.ile for ages 5 tO

13 consid_rin_ both m_lcs and f_ma_es, t The body weight of the adult is the standard

d_fault, The skin surface _ of the youth is die age adjust_ v_uc it the 50th pcrcemtflc

for ages 5-13. _ ]___e.b_J_f_fl_]lft-h_11 phyers were s._umed to have their arms and hea&

exposed. Soe_'_rp_ycrs wca_ sssumed _ have flair arms, h_tds an(.Isgs cxposr._i.Tables
from which these _alues were dezived am ,n_-hsd.

;Bumms_.r DE, Lloyd KJ. Crouch EAC (1994) Lognormaldistrilmtions ot bo_ wzigbt _ e function of

age for female and male chgdren in _he Unhed Sr_zea. cized in EPA-s Draft Exp_sme Factors Handbook.
NCEA.W-O0_, May 199_;

zDreft Exposure_actons Hamlbook. NCEA-W-O05, May 1995
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Dioxin Slope Fa._ors

The v_triouscongeners of dioxin should be m)_plied by the 'roxicityF.quivalency

Factors crEPs) zo arrive_ an equivalentconccDu-adon of 2,3,7,g-ze_mchloroch'benzodioxin

(TCDD). 5 This equlvalznr concentration is referred to as "TEQs" oz toxic equivalents. A

tableof l'__.t_sfor the vazious dioxia _ngznsrs is_rr_ched. Tho oralcancer slope racer

(CSFo_) for TCDD is 1.5E+05 per (mg/kg-day), a_d the dezznalcalccr slope factor

(CSFz_) is 3-0E+05 per (mgI!kg-daY).

Uncertainties in the Exposure Assessment

The equ_ons on tho following ,_ sho-)A pmvld_ a guide _) those conductiDg risk

z_sessmcnts at zhe _I! fields at NAVSURFWARCEN, Lou/sv/]le. _r/th the site-specific

exposu_ assumptions provided, this_sessm_t is tailoredto the _ e_t _ptors. Where

site-specificvalues wore not av_il_ble,values wcrc assumed thatwot Id tend to bc pr0recfivo
of human health.

Uncertainties _;_,_ the toxicity of chlorZmated dioxins and fm _n_

The values of the canaer slot_ factors for d/oxin wen> obta3_: t from animal s_udie_

and zxu-alx)12t_to man. There isc.o_._aez-able unity aclazowle_ged by ]_PA reg_ng

carcinogenic zffec,tsof dioxinfor dio:_n in soils.EPA 'class_ dio;_n as a probable human

czrc/nog_. However health d_a zbora low levelsof exposuro, si_fi_rto thatexpzri_ced

by conc_:z wJ_h so_lcontaining1-50 partsper billion_, axe very I_ _

a.

=F.szim,,tingExposureto D_dn-l._e Compaunds,Velorne I. ExeczfdveSummaP,, Review Draft, E_I6OOI_-
88/0o_Ca

=Healzh A_e_n .e.FtDocument for 2,3.7J_.T=Uacldoroci-,hanzo-p-dioxin(I"CDD) and related mrnpounds.
Review Draft EPAIBQOIBP.92_/O01c
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Risk Calculation Equations

.A

E

-C

D

E

F

G

H

I

Tmdd_--t_1 soil inge_on for the youth ba_k_/pIayer

r.c._demtal rail ingestion for the youth _ player

Dermal conr_ct with soft, youth baseball player

contact v,'ithsoil,youth sc__cer player

lncidtmtal so_l ingestion, adult ¢m_

Incidental soil inge._'_on, adck coa_ dorivg gr_Ss mowing
Dermal conga with soil, adult coach

Dermal ¢onta_ with _il, ad_lt cinch during grass mo_ ing

.A _ EF_ x ED x CSFo. _ z IP_,o_

B ,. F_.F_,._ z ED x CSFo_ x 12_,,,,_

.C = EF_._ x ED z CSF_.._ x SSA_._ x SAF z A_S

D . EFs_ _ x ED z CSF_o,_ z SSA¢__ = SAF z AgS

E -- (EF_ + EFt=,) z ED x CY_'c,_ z 1R_

F = EFu_ z F.D x CSF_ x lRa_

G = (EF_ + EFt__) : ED x CSF_._ x _$Ar_.. = SAF z AB$

. Receptor 1: Rf.._k=

Receptor 2:

Receptor 3:

P.ecepzor 4:

mg

BWr. _ z AT

C.v,,_ z I0 _/_ =[A ','B "," C _D]

BW_ x AT

C_xlO -_kg =2x[A +B _ C +D]

R/sk; _ mg
BWro,_ z AT

Cso_x i0"6/'_gz[E + F _"G + H]
,RL_ : --' m.,g --,_.

BW_ :: AT

,°,
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Pl_.qe letmc Imow ifyou n.,-_d_any furthe,rhc,lp.

Ar,achmen_s .(4):
1. Ler_r. from Mr. Kevin Slmr_er of ]_echmont Youth Spores r__o-ar_-_ the exposure

.

3.

4.

as_mpdons.

3 Tables (4--6,4-7 and 4-8) showing _ body su_-_ccarea oJ ¢hildr_ and

pcrc.._tag¢ by part

4 Tablc_ (5-5, 5-7, 5-8, 5-9) showing body weight for childrC_t 5 to 13 ymrs

Tabl¢ of Toxic _juiv-al_ncy Factors for CDDs and CDI=s

T.W. Simon/tws:4WD-OTS:2864Z/03/18/971A:'_DISKl_AR97'_O-' L_BF.EXP

..,+
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18, 1997

M_ T_t_

(_B)4o4562-8642
404 562-_66

De_Te_

Thepur_se of _ m_o is _ocoo_0o2zca= ,._kve_-_ ofyee=_ay momiag,on_ =x_ of _
to e_e _ bad1,R.I_.

wee3_, zhe seeso= _mlsts of two _ _ _Teek Oim= Ib._ of'L5 hoersper.,_,-e on fl_=averase).

2- 1_,_1_,,_ op*_,_ a fall _-'_-.r _,._=_ wh_.hr_ for _e,_ujthne_y e_]_ _4,_; the s_ts_ c=)ns_ of

wm _ Per wcr-k (f_e ].imit of_ hotu'per 8am= a- _he _). _ l [n_ _ II= _,Ids _ ofone

is ao_ _a_mbl= f_ 3p_-ere. .,

4.. c_;_ _ ad_bna_ _- _ _h='_a_y _o s_od m._IE:zg'_a_iv_ies; t_ amo_ ,,- ,w.,.,,,.,.t_r..,'y two
ta:m_ p_a-w_:k

6. T_:fi_l_slw.k_whm_e_rapra_'_areno_hsessi_ Tau=i_, ea=fit_l_ _s_.opm_ t_

Bi_cm_o1_r You1-H Sl_O_TS
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Weights 6 Mond_ _ 20 Y_.r_ of Age

9!

  orma.l ero  s Pzocs
Curve

or.,"
?.

6 months to 1 2.16 0.145
1 u_ 7. 2.38 0.17.3
2 m 3 2.58 0.112
3 to 4 2,69 0.137
4 to 5 2.&3 0.133
$ to 6 2.9g 0.163

6 _ 7 3.10 0.174

7 m 8 3.19 0.174

8 to 9 3.3I 0.156
9 to 10 3.46 0.214

I0"_o 11 ' 3.57 0.1:99
'11_ 12 3:71 0.226
12:m 13 3.b-'2 (1213
13m 14 3.92 0.216

#

14 to 15 3.99 0.187

15 to 16 4.00 0.156
16 to 17 4.06' 0.167
17 to lg 4.08 0.165

18 W 19 4.07 0.147
19 to 20 4.10 0.149

-- i i

" _, o., - correspond to the mse.u and _ d_v';.a,don, rea:_'dvely, of the tog_ormal
dism._u1_im_.

Source= Btumas_ e_ a/., 1994.

5-II
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StaJi_ic5forI'_-_-_.tlL-yI_ 1E_,_on A_ aly_,;IV,alc"sP.-_yWeights
6 M_a_hs to 20 Y_ of Age

Log_rn_ _kiii_

,, .
6 raoada._m I 2.23, O. 132

I to 2 2.46 0.119
2 m 3 2.60 0.120

3 _ 4 2.75 0.114

4 To 5 2.87 0.133

5 m 6 2.99 0.13_
6 m _/ 3.13 0.1#5

7 to 8 3.21 0.151
8 to 9 3.33 0.181

9 m I0 3.43 .0.165

I0 to 11 3.59 0.195

11 to 12 3.6g 0.252
i2 m 13 3.78 0.2_-4

13 m 14 3.88 0.215

14 m 15 4.02 0.181
15 to 16 4.09 0.159
16 to 17 4_20 0.168

17 m 18 4.19 0.167
18 m 19 4.25 0.159

19 to 20 4.26 O.154,

_., _z - c_,-'_-_--p.,,.ato the
d_:dbudon.

m_- _rtd standm-d

Souzr..c: B=nu._t= e_ at.,1994.

d_-i_on, respecdvely, of" the Io_normal

5",12
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-- is

• < $ 0.6II o _ 0_-/3 "-"-- 0.664 D."_I) 0,715 o._9 o.7_,L

6 _ " - .... ,-_,; e.746 0793; _ o,,_, ._
-- a 0.75"/ 0.711 • _ o """ -'--- .-m, v._"_s o.915

7 < s o."_ o._'= o_,_ ,,'_-, ,.,.e_, :).9.t_ o..9_'s ;..ol 1._
s < 9 • _ _-e ,.... ',,..-,, O.F'_ :P.J_3 l .Ol 1 06 z 11

,,," -- ,_ l.ul 1.Or, 1.06 1.10 , .. --,_ 1,_3 1.._
2.1 < 12 1._ 1 n,_ L' .... ._.._o L2_ 1.3S I.,10 1.4._

• -'" 1.30 1.47 -62 1 6"/ " "
14 • 1_ 1.33 1.39 1 4._ ---- " " ]-'P_ 1.Sl

- _.a,; _..aa 1 70 79 .,"
16 < 17 Z.tS I.._ 1 61 . _- • - 1._ 1._0 .._2

" • .Me; 0.1;31 _ -01 1._ i.o_ 1.1_ _.

I_ _,- ,e _ _.'_- 1,27 1.32 1.49 ] ._ I ";3 _'-x7 , ,,c
.... ,_--_ I.._ I.S9 1.65 1 7I ' ] 86 -'_-- """ *"_

" : i.>'_ 2-01 2.11

_m_l _ (:'5;_h_ _m_I _ 1I a-,- _';'_" *f,_m L-_a f_,r _1_ _ _,,,_.

r....,._: U.S. _. 1_1.

4-13
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2 < 3 0,.q16 0.._2 0._4 05J'7 0..¢'_ o.,:IO o._¢z, 0._3-r 0C_¢_
3 < 4 O S:;:; o.q-/o CJD O.r=_r 0.Si9 O.&g= 0,70'7 0.'72;[ O.'J3";

4, < S 0._"/ O._S) O.6_J 0.666 0.Tqb 0,7:;'8 0.7"/'/ rL'FJ._ g.S_
$ < 6 0.6r5 O.mO 0.714 0.735 O.';'PJ 0 r'_ O.ZTO O S_.; 0._'?
6 < 7 o.'J_ 0.748 0.7"/0 0.791 0J183 0.914 O.g_l O-q_.) 1 er_
7 < 8 0.?g2 0.,I;i OJCl9 OJLq4 0.917 O.g"n 1.02 1. 'me 1.13

< 9 O.llE3 o. *-'_ 0.91.3 0.932 I.OD I.M Z.[Z 1.11 I.lZ

9 < 10 O-JP_' O..q_ O.._g i.DI I.M 1.1 "L I-_- 1.31 1,4I
10 < I1 0.91_7. 1.01 1._" LIO 1.17 1-29 1.34 I-T7 1.43

11 < 12 I.M 1.C9 1.12 1.101 1.3o l,,dO IM I-._ 1._.
12 < 1:3 1.,1.3 1.;.9 1-2_ 1.-.-'7 1._) 1,-ql 1-_ I._. 1.'_
3 < 1'_ 1.21 1._'x 1.32 1 _Le 1.42, 1,.,_ 1.6"7 1."_ I,M

14, < l__ 1_31 1.._4 1,39 1.4_ 1._5 1 _-_ 1.7L 1..'76 1.S8

4= 16 1_311 L4,9 L'3 1.47 1-%'_ 1.6"7 1._ 1.76 1.U
16 < 17 1.4_ 1,_e_ 1._1_ 1.-q3 1.60 LM 1._g 1.1_. 1.91
17 < 111 1.47. 1.¢P 1-;l 1M 1.83 1.')3 1.1_ 1.$& 1._

3 < 6 O..q_; 0.610 O.E30 0.654 0.711 0.770 O.SI_ 0.831 0.11"/_

6 < 9 O.7_L 0.790 0._ o.s_q 0.919 I.QD 1.0_ 1.0"7 1.13
9 .1::t_. o_q_'/' 0..q50 1,_ I.M 1.16 1-31 1.]11 1.43 1..q6--

12 < 15 1.2.1 i.,.---'7 1,.30 1.37 1",42, 1.61 l.d;S 1.74. 1_
< 15 1.dO 1. *_ 1._'; 1.51 1.60 1.?0 1._6 1.3¢' 1._

_-_-_ U-5. _A, 1_._.

4--I4 -
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MEMORANDUM

370

CH2MHILL

O6

Inquiries on Typical Golfers

TO:

FROM:

DATE:

PLEASE RESPOND BY:

Jeff Cox

PGA Section President

Germantown Country Club

Elizabeth Garland/CH2M HILL Environmental Soenhst

April 14, 1998

Wednesday, April 15, 1998

I received your name and number from the Tournament Players Club (Kathy m

Communications - PGA Tour). I am a human health risk assessor with the engineering

consulting firm, CH2M HILL. I am developing a golfer exposure scenario for a federal client

in Tennessee. An exposure scenario evaluates the type of activities and exposure to

contaminants in a particular setting.

I would appreciate if you would be able to assist me with some information regarding

typical golfers in the Tennessee area. Answers to the following questions will help develop

a golfer exposure scenario for my risk assessment report:

• What is the average age/gender of a golfer?

• What type of clothing does the average golfer wear year-round?

• How long is the average golf game?

• How many games on average does a golfer play per week?

• What is the typical age range for golfers?

• For how many years does a typical golfer play?

Thank you for your help and any information you may be able to offer at this brae. I can be

reached at the office today, as well as on Wednesday, April 15, 1998 at (352) 335-7991, ext.

295. Please call if you have any questions regarding this memo.

G NV_98296000_RAL130 DOC I 130845 PM.ZZ
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CH2MHILL
TELEPHONE CONVERSATION RECORD

Call To:

Phone No.:

TPC (Tournament Players
Club)

1-904-273-3244

Kathy - Communications - PGA
tour

Date: April 14, 1998

Call From: Elizabeth Garland Time: 01:30 PM

Message
Taken By:

Subject:

Betsey Garland

Inquiries on typical golfers/golf courses

Kathy was not able to provide any direct reformation, but was helpful _nsuggesting the NGF
(National Golf Foundation) at 1-561-744-6006 for statistical information, and the PGA -

section president for the Tennessee area, Jeff Cox, at the Germantown Country Club at 1-
901-754-6453.

GNV_982960006-RAL131 DOC 1 130845 PM.z_
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TELEPHONE CONVERSATION RECORD

Call To: PGA National - Mark

Phone No.: 1-800-832-6235 Date: April 14, 1998

Call From: Elizabeth Garland Time: 01:10 PM

Message
Taken By:

Subject:

Betsey Garland

Inquiries on typical golfers

An employee of the PGA National, located in Palm Beach Gardens, Florida, was kind
enough to give me some reformation from his experiences at the 5 courses located there.

A typical golf game can last from 4 to 5 hours. Your average golfer can play 2 to 5 games a
week, year round. The maximum here will represent a retiree who wdl play more frequently.
The average gender and age of a golfer can range from men/women in their 20's - 60's.
The average duration a golfer will play can be anywhere from 10 to 30 years.

Typical clothing of a golfer was agreed to be shorts, short sleeve shirts, socks, shoes and

hats. Golfers will be sticky from sweat and sunscreen lotions, will get d=rty from
playing/walking, and have been known to put golf balls and tees into their mouths.

Mark referred me to the TPC (Tournamnet Players Club) at Ponte Vedra, Florida for further
information regarding golfers and golf courses located within Tennesse.

GNVL982960007-RAL 132. DOC 1 130845 PM
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TELEPHONE CONVERSATION RECORD

Call To:

Phone No.:

Call From:

Message

Taken By:

Subject:

Germantown Country Club,
TN
1-901-754-6453

Elizabeth Garland

-Gene

Date: April 16, 1998

Time: 11:00 AM

Betsey Garland

Inquiries on golfer scenario

An employee of the Germantown Country Club, Gene, was able to answer my questions
which had been faxed to Jeff Cox recently. They are listed below:

• What is the average age/gender of a golfer? In the 50's; usually male

• What type of clothing does the average golfer wear year-round? Shorts, short sleeve

shirts, socks, shoes, hats

• How long is the average golf game? 4 to 4 ½ hours per game

• How many games on average does a golfer play per week? 2 times a week; 5 times for

retirees, but this is a minority at their course, not a majority

• What is the typical age range for golfers? 30-50, mostly in their 50's

• For how many years does a typical golfer play? 30 years

• How many months does the golf course operate during the year? Open 12 months

Gene informed me that Germantown is located east of Memphis, TN.

GNV_982960010-RAL133DOC 1 1t 3627CP;'7
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TELEPHONE CONVERSATION RECORD

Call To: NGF (National Golfers Trish Davis
Foundation)

Phone No.: 1-561-744-6006 Date: April 14, 1998

Call From: Elizabeth Garland Time: 01:40 PM

Message
Taken By: Betsey Garland

Subject: Inquiries on typical golfers/statitlcal information

Trish Davis was helpful in informing me of the statitical package that NGF offers that has
regional information on the types of golfers, the average games, demographics of the
golfers, etc. etc.

This package is available for the price of $250 for non-members, and can be sent to us
directly.

I thanked her for her time and let her know that I would need approval from a supervisor in
order to request the package.

GNV_982950008-RAL134DOC 1 130845PM ZZ
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Soil - Hypothetical Future Golfer Exposure Scenario

DDMT Reporf, 1998

Ingestion:

CDI =

BW*AT

Cs =

IRing =

FI =

EFDadj =
CF =

BW =

AT =

Concentration in soil (mg/kg)

Ingestion Rate (rag/event)

Fraction Ingested (undless)

Time-adjusted Exposure Frequency (events, for 30 years)

Conversion Factor (kg/mg)

Body Wetght (kg)

Averagmg Time (days)

Dermal:

CDI =

Cs =

SA =

AF=

ABS =

ET=

EFDadj =

CF=

BW =

AT =

C$ *$A * AF * ABS * ET * EFDad! * CF
BW * AT

Concentration m sod (mg/kg)

Surface Area (cm2/event)

Sod-Skin Adherence Factor (mg/cm 2)

Absorption Factor (umtiess)

Exposure Time (event/day)

Time-adlusted Exposure Frequency (events, for 30 years)

Conversion Factor (kg/mg)

Body Weight (kg)

Averaging Time (days)

Dust Inhalation:

CDI = Cs * fLINF_+!I/PEF)) * IRinh * EFDad_I
BW * AT

Cs = Concentration in soil (mg/kg)

PEF = Particulate Emission Factor (m3/kg)

VF = Volatthzatton Factor (m3/kg)

IRinh = Inhalation Rate (m3/event)

EFDadj = Time-adjusted Exposure Frequency (events, for 30 years)

BW = Body Weight (kg)

AT = Averaging Time (days)

Carclnooenlc Noncarclnogenlc

RME RME

50 a 50 a

100% 100%

4680 b 4680 b

1 00E_06 1 OOE-06

70 c 70 c

25550 c 9125 c

RME

4371 d 4371 d

lo le

(Chemical Specific) f (Chemical Specific) f

O 083 g O 083 g
4680 b 4680 b

1 00E-06 1 00E-06

70 C 70 C

25550 C 9125 C

RME RME

1 32E+09 h 1 32E+09 h

(Chemical Specific) i (Chemtcal Specific) i

1 67} 1 67j

4680 b 4680 b

70 c 70 c

25550 c 9125 c

References:

a = Best professional ludgement based on a golfer's behavior, sod intake is assumed to 50 mg for a 2 hour golfing event

b = Golf activity over thirty years is assumed to be twtce a week for twenty years, and five ttmes a week for ten years, per best

professtonal ludgement Thts accumulates to 4680 days over thtrty years

EFDadl = (104 days/yr x 20 yrs) + (260 days/yr x 10 yrs) = 4680 days

c = U.S EPA, Human Health Evaluat=on Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991.

d = Surface area of hands, 1/2 arms and 1/2 legs of an adult, adapted from CEHT, Technical Report. Soil Cleanup Target Levels,

for FDEP, September 2, 1997

e = U S. EPA Dermal Exposure Assessment Pnnclples and Apphcataon, January 1992.

f = Chemtcal-speclfic absorption factors are found m Appendix C.

g = Time spent outdoors playing golf per best professtonal ludgement (2 hour event per 24 hour day).

h = Part=oulate emission factor (PEF), adapted from U S.EPA, Soil Screemng Gu=dance. Techntcal Background Document, May 1996

t = Chemtcal-specthc volatdlzatlon factors are found in Appendix C.

I = Inhalation rate is determined by 20 mS/day d,wded by 24 hours/day, and multlphed by the 2 hours/event

GNV_982960019*RaI139xls
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Soil - Hypothetical Future Ballplayer (Youth) Scenario
DDMT Report, 1998

Ingestion:
CDI =

BW * AT

Cs =

iRing =
FI =
EF =
ED =
CF =
BW =
AT =

Concentration rn sorl (mg/kg)
Ingestion Rate (mg/event)
Fraction Ingested (umtless)
Exposure Frequency (events/year)
Exposure Duratron (year)
Conversion Factor (kg/mg)
Body Weight (kg)
Averagmg Time (days)

Dermal:
CDI = Cs * SA* AF* ABS* ET* EF* ED* CF

BW * AT

Cs = Concentration rn soil (mg/kg)

SA = Surface Area (cm2/event)

AF = SoJI-Skm Adherence Factor (mg/cm 2)

ABS = Absorption Factor (unltless)
ET = Exposure Time (events/day)
EF = Exposure Frequency (events/year)
ED = Exposure Durat=on (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF * ED
BW*AT

Carcinogenic Noncarcino_clenic

RME RME
200 a 200 a

100% 100%

20 b 20 b
8c 8c

1.00E-06 1 00E-06
30 d 30 d

25550 e 2920 e

RME RME

2080 f 2080 f

lg lg
(Chemical Specific) h (Chemtcal Specific) h

0 0625 _ 0.0625 i
20 b 20 b

8c 8c
1 00E-06 1 00E-06

30 d 30 d
25550 e 2920 e

Cs = Concentrat=on =nsod (mg/kg) RME RME

PEF = Parhculate EmLsslon Factor (m3/kg) 1.32E+09 j 1 32E+09 j

VF = Volat=hzation Factor (m3/kg) (Chem=cal Spec=fic) k (Chem=cal SpecFfiC) k
IRJnh = Inhalation Rate (m3/event) 1 25 I 1 25
EF = Exposure Frequency (events/year) 20 b 20 b
ED = Exposure Duration (year) 8 c 8 c

BW = Body We=ght (kg) 30 d 30 d
AT = Averaging T=me (days) 25550 e 2920 e

References:

a = U S. EPA, Human Health EvaluatEon Manual, Supplemental Gu=dance "Standard Default Exposure
Factors," OSWER DtrectNe 9285 6-03, March 25, 1991.

b = Outdoor actwdy assumed to be twice a week dunng season, plus practice games per U S EPA memo, March 1997
(total of 20 days/year)

c = Exposure duration of 8 years, per U.S. EPA memo, March 1997

d = Age-adjusted body weight for youth (age 5-13 years) at 50th percentile, per U S EPA memo, March t 997
e = Best profesa=onal judgement.

f = Surface area of 1/2 arms and head of a youth (5-13 years), adapted from CEHT, Technical Report SoJICleanup Target
Levels for FDEP, September 2, 1997.

g = U S EPA Dermal Exposure Assessment. Principles and Applicahon, January 1992
h = Chemlcal-specff¢ absorption factors are found in Appendix C

==Ttme spent outdoors playing baseball per best profess=onal Judgement (1.5 hour event/24 hour day).
j = Part=cuJate emission factor (PEF), adapted from U S EPA, Sod Screemng Guidance: Technical Background

Document, May 1996.
k = Chemical-specific volat=hzatlon factors are found in Appendix C

I = Inhatatlon rate is determined by 20 m3/day divided by 24 hours/day, and mult=phed by the 1 5 hours/event.

GNV%982960020-RaI140 xls
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370

Soil - Hypothetical Future Residential Child Scenario
DDMT Report, 1998

Ingestion:
CDI = Cs * IRina * FI * EF * ED * CF

BW * AT

Cs =

IRing =
FI =
EF =
ED =
CF =
BW =
AT =

Concentration in soil (mg,'kg)
Ingestion Rate (mg/event)
Fractlon Ingested (unitless)
Exposure Frequency (events/year)
Exposure Duration (year)
Conversbon Factor (kg/mg)
Body Weight (kg)
Averaging Time (days)

Dermal:
CDI = CS* SA* AF* ABS* EF* ED * (_F

BW * AT

CS = Concentrat=on in soil (mg/kg)

SA = Surface Area (cm2/event)

AF = Sod-Skin Adherence Factor (mg/cm 2)
ABS = Absorption Factor (umtless)
EF = Exposure Frequency (events/year)
ED = Exposure Durahon (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Ttme (days)

Dust Inhalation:

CD! = Cs * ((1/VF)+(I/PEF)) * IRinh * EF * ED
BW * AT

Noncarcinooenic

RME
200 a

100%
350 a

6a
1.00E-06

15a

2190 a

RME

2394 b

lc

(Chemtcal Specific) d
350 a

6a
1 00E-06

15a
2190 a

Cs = Concentrahon in sml (mg/kg) RME

PEF = Part=culate Emission Factor (m3/kg) 1.32E+09 e

VF = Volatthzat=on Factor (m3/kg) (Chemical Specific) f

IRinh = Inhalat=onRate (m3/event) 15 a
EF = Exposure Frequency (eventshjear) 350 a
ED = Exposure Duration (year) 6 a
BW = Body Wetght (kg) 15 a
AT = Averagmg Ttme (days) 2190 a

References:

a = U.S EPA, Human Health Evaluation Manual, Supplemental Gutdance: "Standard Def,
Factors," OSWER Dtrective 92853-03, March 25, 1991

c = Surface area of hands, 1/2 arms, 1/2 legs and feet of a child (age 1-6 years), adapted
Sod Cleanup Target Levets for FDEP, September 2, 1997

d = U.S. EPA Dermal Exposure Assessment. Pnnclples and Application, January 1992.
e = Chemlcal-specfftc absorption factors are found in Appendtx C
f = Particulate emission factor (PEF), adapted from U.S.EPA, Sod Screening Guidance: T,

Background Document, May 1996.
g = Chemical-specific volahhzatJonfactors are found m Appendix C.

GNV_982960021-Ra114Lxls
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370 ]I0
Soil - Future Recreational Child Scenario - Playground
DDMT Reporf, 1998

Ingestion:
CDI = Cs * IRing * FI * EF * ED * (_F

BW * AT

CS =

IRing =
FI =
EF =
ED =
CF =
BW =
AT =

Concentrat=on Insod (mg/kg)
Ingestton Rate (mg/event)
Fract=on Ingested (unttless)
Exposure Frequency (events/year)
Exposure Duration (year)
Converston Factor (kg/mg)
Body Weight (kg)
Averaging Time (days)

Dermal:
CDI = Cs* SA* AF* ABS * ET* EF* ED* (_F

BW * AT

Cs = Concentration In soil (mg/kg)

SA = Surface Area (cm2/event)

AF = SotI-Sktn Adherence Factor (mg/cm 2)
ABS = Absorption Factor (umtless)
ET = Exposure Time (event/day)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averagmg Ttme (days)

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF * ED
BW * AT

Carcinoaenic Noncarcinogenic

RME RME
200 a 200 a

100% 100%
64 b 64 b

6a 6a
1.00E-06 1 00E-O6

15 a 15 a
25550 a 2190 a

RME RME

2394 c 2394 c

ld ld

(Chemical Specific) e (Chemical Specific) e
0.167 f 0.167 f

64b 64b
6a 6a

1 00E-06 1.00E-06
15 a 15 a

25550 a 2190 a

Cs = Concentration in sell (mg/kg) RME RME

PEF = Particulate Emission Factor (m3/kg) 1.32E+09 g 1 32E+09 g

VF = Volatlhzatton Factor (m3/kg) (Chemical Specfftc) h (Chemtcal Specific) h
IRinh = Inhalation Rate (m3/event) 2.5 i 2.5 =
EF = Exposure Frequency (events/year) 64 b 64 b
ED = Exposure Duration (year) 6 a 6 a
BW= BodyWe=ght (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a 2190 a

References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure
Factors," OSWER Directive 9285.6.03, March 25, 1991.

b = Best professional Judgement. Child visiting park 2 days/wk during 8 (warmer) months of the year
c = Surface area of hands, 1/2 arms, 1/2 legs and feet of a chtld (age 1-6 years), adapted from CEHT,

Technical Report. Sod Cleanup Target Levels for FDEP, September 2, 1997.
d = U S. EPA Dermal Exposure Assessment: Principles and Apphcation, January 1992
e = Chemical-specific absorption factors are found =nAppendix C.

f = Time spent outdoors, best professional judgement (4 hour event/24 hour day).
g = Particulate emission factor (PEF), adapted from U.S.EPA, Sod Screening Guidance: Techmcal

Background Document, May 1996.
h = Chemical-specific volahhzatton factors are found m Appendix C.

i = Inhalation rate ts determined by 15 m3/day divided by 24 hours/day, and multtpked by the 4 hours/event.

GNV_982960022-RaI142xls
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370 I13

Soil - Hypothetical Future Residential Adult Scenario
DDMT 199,9

Ingestion:
Intake for non-carcinogen¢c compounds
CDI= * * * * D*

BW*AT

Carcinoaenlc Noncerclnogenic

Age-specific intake (for carcinogenic compounds only)

CDle__ =

Cs = Concentration in soil (mg/kg) RME

IRa_ = Age-Specific Factor (ingestion) (mg - year)/(kg - day) 114 29 g
IRing = Ingestion Rate (rag/event) na
FI = Fraction Ingested (unltless) 100%
EF = Exposure Frequency (events/year) 350 a
ED = Exposure Duration (year) na
CF = Conversion Factor (kg/mg) 1 00E-06
BW = Body Weight (kg) na
AT = Averaging Time (days) 25550 a

Dermal:
CDI =

AT

RME

na
100 a

100%
350 a

30 a
1 00E-06

70 a
10950 a

CS* SA* AF* ABS* EF* ED* CF
BW * AT

Cs = Concentration in soil (mg/kg) RME RME

SA = Surface Area (cm2/event) n/a 5419 b

SAad] = Age-adjusted Surface Area (cm2-y/kg) 1574 h n/a

AF = Sod-Skin Adherence Factor (mg/cm 2) t c 1 c

ABS = Absorption Factor (umtless) (Chemical Specific) d (Chemical Specific) d
EF = Exposure Frequency (events/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Dust Inhalation:

CDI = * ((1/VF)+(1/PEF)) * JRinh * EF * ED
BW * AT

Cs = Concentration in soil (mg/kg) RME RME

PEF = Particulate Emission Factor (m3/kg) 1 32E+09 e 1 32E+09 e

VF = Volahhzatlon Factor (m_/kg) (ChemJcal Specific) f (Chemical Specific) f
IRinh = Inhalatton Rate (m3/event) n/a 20 a
IR_inh_a_ Age-adjusted =nhalation rate (m3-y/kg-day) 12 86 I n/a
EF = Exposure Frequency (events/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
BW = Body Weight (kg) 70 a 70 a
AT = Averag=ng Time (days) 25550 a 10950 a

References:

a U.S. EPA, Human Health Evaluation Manual, Supplemental Gu=dance "Standard Default Exposure
Factors," OSWER D=rectwe 9285.6-03, March 25, 1991.

b Surface area of hands, 1/2 arms, 1/2 legs and feet of an adult, adapted from CEHT, Techmcal Report:
Soil Cleanup Target Levels for FDEP, September 2, 1997

c U.S EPA Dermal Exposure Assessment Prmc=ples and Apphcabon, January 1992
d Chemrcal-speclfJc absorption factors are found m Appendix C
e Particulate em_sston factor (PEF), adapted from U.S.EPA, Sod Screening Guidance. Technical

Background Document, May 1996.
f Chem=cal-specific volabhzation factors are found m Appendix C

g Age-adjusted ingestion rate for adults, adjusted for body we=ght and time for carcinogen=c exposure.
IRadj = IB_ + _ = 200 x 6 + 100 x (30-6)

BWc BWa 15 70
= 114.29 (mg-year)/(kg-day)

h Age-adjusted surface area (SAad})

SAadj = (SAexEDc/BWc)+(SAa X EDa/BWa) = (1418x6/15)+(2936x24/70)=1574 (cm2-year/kg)
J Age-adjusted mhalatton rate (IR_lnh_adj)

IR_lnh adJ= (IR_lnhcxEDc/BWc)+(IR_lnhaxEDa)/BWa) = (20x6/15)+(20x24/70) = 12 86 (m3-yeadkg-day)

GNV_982960023*RaI143xls
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370 If7
Soil - Hypothetical Future On-site Worker Scenario

DDMT Reporf, 1998

Ingestion:
CDI = Cs * IRin_o* FI * EF * ED * CF

BW * AT

Cs =

IRing =
FI =
EF =
ED =
CF =
BW =
AT =

Concentration =nso=l (mg/kg)
Ingestion Rate (mg/event)
Fraction Ingested (umtless)
Exposure Frequency (events/year)
Exposure Duration (year)
Conversion Factor (kg/mg)
Body Weight (kg)
Averaging Ttme (days)

Dermal:
CDI = Cs* SA* AF* ABS* EF* ED* CF

BW * AT

Cs = Concentrat=on =nso=t(mg/kg)

SA = Surface Area (cm2/event)

AF = So=l-Skin Adherence Factor (mg/cm 2)
ABS = Absorptton Factor (unttless)

EF = Exposure Frequency (events/year)
ED = Exposure Durat=on (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging T=me (days)

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF * ED
BW * AT

Carcinogenic Noncarcinogenic

RME RME
50 a 50 a

100% 100%
250 a 250 a

25 a 25 a
1 00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

RME RME

2458 b 2458 b

lc lc

(Chemical Spec=fic) d (Chemical Specific) d
250 a 250 a

25 a 25 a
1.00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

Cs = Concentration =nsoil (mg/kg) RME RME

PEF = Parttculate Emtssion Factor (m3/kg) 1.32E+09 e 1.32E+09 e

VF = Volatdizat=on Factor (m3/kg) (Chemical Spec=fic) f (Chem=cal Specff=c) f
IRinh = Inhalat=on Rate (mZ/event) 20 a 20 a
EF-- Exposure Frequency (events/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Ttme (days) 25550 a 9125 a

References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure
Factors," OSWER D=rective 9285.6-03, March 25, 1991.

b = Surface area of hands, 1/2 arms and 1/2 head (face) of an adult worker, adapted from CEHT,
Technical Report. So=t Cleanup Target Levels for FDEP, September 2, 1997.

c = U.S. EPA Dermal Exposure Assessment: Principles and Apphcat=on, January 1992.
d = Chem=cal-spectfic absorption factors are found m Appendix C.
e = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance' Technical

Background Document, May 1996.

f = Chemtcaf-spectfic volatd_zatton factors are found m Appendtx C.

GNV_982_0024-RaI144.xls



370 I18,

0
h.

C,)
o
U)

.o
=

0)
0
C

0

o

o

.C

C 99 , , _ °oo
_. (x_LO _" LO ¢_1 1,00J "r-

J

o0099 _ o_9i i i i i i *
W W W W W W W W W W W W W llJ

9 oooo 99
LU

- 999 °_o999900o oo
u_wwwwwwwu_u_u_ u_u_u_

_j _._o._o_._-o_-_0 _o_

_J 9 ooooo , 90
•_ w -',u_u_-';-'; www

0000000000 _- 9_,o w '," ',', ,,', _ -', ......W UI LUWI&I I11W _.

OOC

m + +ww_

_1 0000000000 '_. "

dooooddOdO oo

;_,--_;;;;Ooo 99.... 99_,UJ -F + 4- -t- -I- -¢- * _ -k

WWWWWLUWWWWW LU LU '"

O_ _ 0 _0 LO LO _'_, (00,J 0 (0 _OLO

oo oo _ 9_

oo _, _+_,_, -o_o + °N°
I_ W W LU LU LU LU W LU
f_ 0 0000 OOC)

=: mmmmmN mmm

_LUI

_-o_ _ '

o_

0_

9

0

0

o

0

X

E

X

0

II

W

II (,_

_UJ

0 ii

II

W

o

0
Z

m

,4-

Z



370 ! !,9

r_

o
0

.o

C
o

Z

o
o

S
k_

¢ac_ i

o_
o

o
o

°
0
o

0

oo

°88°°
oo o ooo 0

°oo° 0 Oo o
oo

oooooooo_oo ggg
W_W_WWWW_ WW_

o_o oo_ o
o_ooo oo0 o

O0 0 O0 0
O0

99999999_99 , , ,
WWWWWWWWW_W _WW

000
+++

00_00000000 _

00000000000 000

++++++,,+,, 000,**

o

00000 0 0 0

_ 3

L

w i
Z "

-- _CZ£

00_0_000000 _0_

o0_oo00o_00 oO

°__

II

Co

0

° _
II

9

o

W

II

_U

IX

o
II

0

"8

g

o
Z



370 120

_o, n+ Conc_rx_-r_+ior_CUOL qS_7_)

_qq-_+ho4_ol%5



Appendix F: RADB Statistics
370 I3I

This section descrxbes the statistics used in the RADB toolset. The reasonable maximum

exposure (RME) is calculated in the RADB toolset. The RME is defined as the highest
exposure that is reasonably expected to occur at a site (EPA, 1989). The RME is used to -to

calculate the potential risk posed by a site and is calculated using EPA guidance for
statistical analysis of groundwater monitoring data (EPA, 1989 and EPA, 1992a), where

appropriate.

The specific statistical methodology used to evaluate the RME is described below. Section

1.1 describes the methodology for small data sets (data sets with less than 4 analytical

results). Section 1.2 describes the basic tests and equations used to select the statistical

protocol. Section 1.3 descrxbes the specific statistical tests used to evaluate the normality of

the data set, thereby selecting the appropriate equations for calculating the RME. Section 1.4

presents the references that serve as the basis of the statistical protocol.

1.1 The RMEfor DataSetswith Lessthan4 AnalyticalResults
For data sets consisting of three or less valid analytical results, the maximum detected
concentration is used as the RME.

1.2The RME for DataSetswith4 or MoreAnalyticalResults
For data sets with 4 or more analytical results, the methodology used for calculating the
RME is described below.

There are two different ways to calculate the RME in the RADB toolset, using a frequency of

non-detect analysis or a simple RME calculation. The methodology for the simple RME

calculation used for NASA MSFC RI is presented graphically in Figure 1-1.

GNV_982960009-RAL135 DOC F-1
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Assemble
Enwronmental Data for

Statistical Analysis

No

Test for normahty of
transformed and

untransformed data with

Shaplro-Wllk test (_<50
samples, see Figure 1-3) and
D'Agostmo test (>50 samples;

see Figure 1-4)

Calculate parametne

UCL9 s

FIGURE 1-1

Overview of Stat_sttcal Protocol
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370 123

1.2.1 Calculationof 95% UpperConfidenceLimit (UCL,5)

If the data set was distributed normally, the 95 percent UCL was calculated using the
following formula (EPA, 1992a):

UCL = x +

Where:

UCL = upper confidence lirmt

x = mean of the untransformed data

= Student-t statistic (e.g., from Table A2 published in Gilbert, 1987)

= standard deviation of the untransformed data

n = number of samples

If the data set was distributed lognormally, the 95 percent UCL was calculated using the
following formula (EPA, 1992a):

UCL = e (;+o_s2+_W4_)

Where:

UCL

e

X

S

H

n

upper confidence limit

= constant (base of the natural log, equal to 2.718)

= mean of the log-transformed data

= standard deviation of the log-transformed data

= H-statastic (Table A12 in Gilbert, 1987)

= number of samples

If the Shapiro-Wilk test indicated that the data for data sets between 3 and 50 samples

follow both normal and lognormal distributions, the distribution with the largest W-test

statistic was selected, and the 95 percent UCL was calculated using either Equation I or
Equation 2, as appropriate.

If the D'Agostino test indicated that the data of sets with more than 50 samples fit both

normal and lognormal distributions, the assumption was that the data was distributed

lognormally and the 95 percent UCL was calculated using log-transformed data and

Equation 2. This assumption was based on Gilbert's Statzstzcal Methods for Environmental

Pollution Momtoring (1987) and the Resource Conservation and Recovery Act (RCRA)

guidance for statastical analysis of data (EPA, 1989). These references state that, in general,

environmental data most closely follow a lognormal distribution. The RCRA guidance

explains that pollutant sources are randomly and repeatedly diluted by mixing in the

environmental media, which leads mathematically to a lognormal distribution of

(1)

(2)
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concentrations. Therefore, the lognormal distribubon is usually more appropriate as a
default statisbcal model than the normal distribution.

If either test (Shapiro-Wilk or D'Agostino) indicated that the data set did not fit either the

normal or lognormal distributions, a nonparametric confidence interval was calculated

according the methodology m the RCRA guidance (EPA, 1989) described in Section 1.3.3
below.

All calculated 95 percent UCLs were compared to the maximum detected concentration,

and if the 95 percent UCL was greater than the maximum detected concentration, then the
maximum detected concentration was used as the EPC.

1.3 StatisticalTestsfor CalculatingSampleSetNormality
The statistical tests used to evaluate the normality of the sample set are described below.

The normality of the sample set was used for selecting the most representative equation for
calculating the EPC.

1.3.1 Shapiro-WilkTest (4 to 50 AnalyticalResults)

The Shapiro-Wilk test (W-test) was used for data sets with 4 to 50 analytical results. The

W-test is based on the assumption that if a set of data (or the natural log values of a data

set) is normally distributed, the ordered values should be highly correlated with

corresponding quantiles taken from a normal distribution. The W-test gives substantial

weight to evidence of non-normality in the tails of the distribution, where the robustness of

statistical tests based on the normality assumption is most severely affected (EPA, 1992b).

The methodology used to calculate the EPC based on the W-test is presented graphically in
Figure 1-2. The following steps were followed to calculate the W-test statisbc:

1. Begin with the log transformed data set and order the data from smallest to largest

concentration (x(,))and from largest to the smallest concentration (x(,_,+_)); where n is

the number of observations.

2. Compute the differences x(,_,÷j) - x(,).

3. Compute k as the greatest integer less than or equal to n/2, where n is the number of

samples and k is used to identify the coefficients for the W-test.

4 Look up the coefficient a,_,+ I from Table A-1 in the Statistical Analysis of Groundwater

Monitoring Data at RCRA Facilities Addendum to Interim Final Guidance (EPA, 1992b).

5. Compute the mean ( E ) and standard deviation (SD) of the log transformed data set

using the following formulas:

_ 1 °
X =--_X:

n i--I

(3)

Where:
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and

Where:

n

x_

= total number of observations

= 1 observation

= mean of the log transformed data

SD = standard deviation of the log transformed data

x, = i" observation

2" = mean of the log transformed data (from Equation 3)
n = total number of observations

(4)

GNV_982960009-RAL135,DOC F-5



370 12_

E

D

i .

o0
2

o_



,

370

Calculate the W-test statistic using the following equation:

and

(5)

+,(x,°+,,x,,) (6)

Where:

SD

n

a n-t+l

standard deviation of the log transformed data
total number of observations

coefficient for the W-test

7. Compare the W-test statistic to the 5 percent critical value for sample size n in Table A-2

of Statistical Analysis of Groundwater Monztormg Data at RCRA Facihties Addendum to

Interim Final Guidance (EPA, 1992b). If the W-statistic is greater than the critical value,
the data set is considered normally distributed.

8. The same tests for normality are conducted on the untransformed data using the

methods described above. If both the untransformed data set and log-transformed data

set had W-test statistics greater than the critical value, the distribution with the greater
test statistic was selected for calculating the 95 percent UCL.

9. If the W-test indicated that the data set deviated from both the normal and lognormal

distributions, a nonparametric UCI was calculated according to methodology described
in Section 1.3.3.

127

1.3.2 D'Agostino's Test (More than 50 Analytical Results)

The D'Agostino test was used to evaluate the normality of the data sets with more than

50 samples. The methodology used to calculate the EPC based on the D'Agostino test is

presented graphically in Figure 1-3. The test uses the following steps (Gilbert, 1987):

1. Order the data from smallest to largest.

2. Compute the D statistic from the following equation:

" 1

n2s

where

I

(7)

(8)
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.

and

-- l n

x = --2_x, (9)
El t=l

Transform the D statistic to the statistic Y by computing:

D - 0.28209479

Y = 0.02998598 / -_n (10)

If n is large and the data are drawn from a normal distribution, then the expected value

of Y is zero. For nonnormal distributions, Y will tend to be either less than or greater
than zero, depending on the particular distribution. This fact necessitates a two-tailed
test.

If Y is less than the % (i.e., 0.025) quantile or greater than the 1- _/2 (i.e., 0.975)

quantile of the distribution of Y (Table A8 in Gilbert, 1987), the untransformed data do

not fit a normal distribution at the 95 percent significance level (or a = 0.05).

If the data do not follow a normal distribution, then the values are transformed by
taking the natural logarithm of each concentration value to check if the data are

distributed lognormally. The same tests for distribution fit were conducted on the log-
transformed data using the methods described above. If the test indicated the

untransformed data set and log transformed data set do not follow a normal

distribution, a nonparametric upper confidence interval is evaluated (Section 1.3.3).

1.3.3 NonparametricUpperConfidence Interval(50 to 90 PercentNondetect
Values)

A nonparametric UCI was calculated for data sets containing between 50 and 90 percent

nondetects. The steps described below were followed for determining the nonparametric
UCI:

1. Order the n data by value from least to greatest denoting the data

byx_ < x 2 _<x 3 _<..._<x, where n is the total number of observations.

, Calculate M from the following equation:

M = _+ 1+Z099_

Where:

(11)

n

Zo 99

number of observations

99 'h percentile from the normal distribution (Table 4, Appendix B in EPA,

1989) and equals 2.33.
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3. Take values of the M'" data point IX(M)] as the upper confidence interval.

4. Use the maximum detected value in the UCI if M was a nondetect.

1.4 References

EPA, 1989. Statistical Analysis of Groundwater Momtoring Data at RCRA Facihtles - Interim

Final Guidance. Office of Solid Waste Management Division. PB89-151047. April.

EPA, 1992a. Supplemental Guidance to RAGS: Calculating the Concentration Term. Office of

Solid Waste and Emergency Response. Publication 9285.7-081. May.

EPA, 1992b. Statistical Analysts of Groundwater Monitoring Data at RCRA Facihties Addendum

to Interim Final Guidance. Office of Solid Waste, Permits and State Programs Division. June.

Gilbert, 1987. R.O. Gilbert. Statistical Methods for Environmental Pollution Monitoring. Van
Nostrand Reinhold. New York.
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MEMORANDUM CH2MHII I

PREPAREDFOR: Dorothy Richards/CEHNC

PREPAREDBY: Vijaya Mylavarapu/CH2M HILL/GNV

Greg Underberg/CH2M HILL/ORO

DATE: July27,1998

This memo includesresponse tocomments received on TechnicalMemorandum,

Streamlined Risk Assessment, Parcel3,DDMT-dated June 9,1998.Responsesto the

comments from EPA, StateofTennessee, and DDMT are addressed separately.

EPA Comments

Comment 1

RA needs a conceptual site model

Response: A conceptual site model will be included as part of the introduction, before

COPC Selection, in the revised report. A flow chart presenting the potential sources,

primary and secondary release pathways/mechanisms, potential exposure pathways, and

receptors will be included in the revised report.

Comment 2

The use of exposure time per event in Table 2 is confusing, especially with fractional
events/day. ET is usually given in hours.

Response: Comment noted. The exposure time (ET) presented in Table 2 is not the same

ET as that indicated in RAGS Part A. This ET represents the fraction of the day spent

(2hr/(golf) event divided by 24 hr/day) in the contaminated area; and exposure frequency

(EF) presents the number of days in a year spent at the site (contaminated area). This was

applied for dermal and inhalation route intake estimates. The ET will be presented as
hrs/day, as suggested.

Comment 3

In many tables, concentrations were expressed in scientific notation. Generally, it is
preferred to express concentrations in number format.

Response: Concentrations will be presented in number format in the revised report.

Comment 4

In general, the tables in this document were extremely difficult to read.

Response: An attempt will be made to re-format tables for easier reading.
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Comment 5

TEFs for PAHs should be applied to concentrations rather than to slope factors per Region 4

guidance. PAHs should be assessed together as benzo(a)pyrene concentration equivalents
rather than as individual PAHs.

Response: Comment noted. The resulting risks from either applying the TEF to the toxioty

factor or the concentration will be the same. Since the TEFs stand for the potency variation

in the toxicity, it is assumed to apply to the toxicity factors in current risk assessment

practices (although slope factors are statistical estimates). EPA Region III RBC tables

include the CSF factors included in this RA for the PAH compounds. The EPA's Provisional

Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons

(EPA/600/R-93/089) includes relative potency factors for differences in the toracity.

Applying the TEFs to concentrations converts all the PAHs into benzo(a)pyrene, which

could become a issue for the risk management and public communication, as often BaP

concentrations much lower than the other less toxic PAHs. Thus for practical reasons such

ease of risk documentation and risk management, the TEFs are apphed to the toxicity
factors.

Comment 6

On page 16, under the future golfer scenario, the risks to current maintenance workers is

discussed. I assume this is a typo.

Response: The typographical error will be corrected in the revised report.

Comment 7

On page 18, cancer risk to the lifetime resident should be assessed as the sum of childhood

risk for 6 years and adult risk for 24 years.

Response: The age adjusted intake factors for soil ingestion (which accounts for majority of

the dose) is meant to be the same as estimating risk for child with an ingestion rate of

200 mg/day for 6 years and as an adult at 100 mg/day for 24 years. However, age-adjusted

factors were not used for dermal and inhalation exposure assumptions. The revised report

will include age-adjusted assumptions for these pathways also, following the existing

guidance from the State of Florida, which derives its factors from EPA's exposure factors

handbook. However, the overall risk estimates to a future hypothetical resident are not

anticipated to change significantly due to these modifications.

Comment 8

On page 18, the screening level for lead in soil of 400 mg/kg is termed an RBC. This is

incorrect. It is most correctly a screening level.

Response: The reference to the 400 mg/kg will be made as screening level in the revised
report.

Comment 9
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On page 19, the second sentence of the second paragraph under Remedial Goal Options. I

think what is meant is "unacceptable risks" rather than "acceptable risks."

Response: Agree with the comment. Suggested correction will be made in the revised

report.

13,1
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State of Tennessee Comments

Comment 1: Page 4, Line

I would like to see a copy of the Data Quality Evaluation (DQE) memorandum for Parcel 3.

Response: A DQE memorandum will be prepared and submitted as part of the Main
Installation RI.

Comment 2: Page 7 paragraph2

It is stated that the Golf Course Pond...was found to contain an abundance of goldfish and

bullfrogs. In the Baseline Risk Assessment for Golf Course Impoundments at the Defense

Distribution Depot, Memphis, Tennessee prepared by Radian in December, 1997, the only

fish caught were Arkansas shiners. The source for the aquatic animals should be disclosed
for an adequate assessment of the Pond.

Response: The statement refers to the observations made durmg site visit by the ecologist.

These are qualitative field observations and represent seasonal variation in the aquatic
species observed in the pond. Further details of the field notes will be included in the

revised report.

Comment 3: Table 5 After Page 16

This table summarizes the risks and hazards. There are arithmetic errors made in summing

the excess lifetime cancer risks and noncarcinogenic hazard index. The cancer risks and

noncancer hazards across all media add up to 4.35 x 10 -4 and 7.27, instead of 2 x 104 and 1.0
as shown on the table.

Response: The last row in Table 5 will be eliminated in the revised report, as it has no
practical meaning. Also, it is not correct to add TOTAL and individual values for the

pathway, as totals are sum of the individual pathway risks and His. The total cancer risks

and the HI per receptor are presented as a "TOTAL" in the last row of each receptor

category summary, with a list of risk drivers in the table, which is what is discussed in the
text.

Comment 4: Page 18 Line 16

For the future hypothetical resident scenario, the age-adjusted ingestion rate was calculated

to estimate the adult cancer risk. The equation was shown in Appendix E, but the calculated

age adjusted ingestion rate was not. The inhalation exposure pathways also has inhalation
rates that are different for adult and children. This calculation for inhalation cancer risks

should be adjusted.

Response: The age-adjusted soil ingestion rate is 114.29 (mg-kg/event-year), as listed in
Table 2.0. An age-adjusted factor will be used for dermal contact and inhalation in the

revised report.

Comment 5: Page 18 Sources of Uncertainty for Parcel 3

In discussing the uncertainty of the risk assessment for dieldrin, it is stated that the available

toxicity information is based on dose estimates from experimental studies or occupational
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exposures using pure chemicals. These points by no means cover the range of available

information on dieldrin in soil. When these points are made, they need to be accompanied

by cited references. The chemicals of potential concern also mchide arsenic and

benzo(a)pyrene, the uncertainties associated with these chemicals need to be specifically
addressed.

Response: The uncertainty section is a qualitative evaluation of the factors influencing the
risks and His calculated. The uncertainty section presented some of the uncertainties

associated with each risk assessment step. The presented uncertainty section is not

exhaustive of all the factors that could influence the risk numbers. However important

factors will be attempted to be included in the revised report. Reference for the dieldrin

toxicity factors related statement is from EPA's tOrdCity profile from IRIS, 1998. While

dieldrin bioavailability from soil is not known, generally chemicals in the solid matrix are

less bioavailable than when present in pure chemical form or dissolved in aqueous media.

The toxicity factors for arsenic and benzo(a) pyrene (BaP) are also from drinking water

(arsenic) and occupational exposures and experimental exposures (BaP) to higher

concentrations. These additional uncertainty discussions will be added to the revised

report.

Comment 6: Page 19 Risk Characterization

The cancer risks and noncancer hazards for each exposure scenario have been discussed.
But the total cancer risks and noncancer hazards have not been summarized in the text. In

view of the updated cancer risks and noncancer hazards shown in the comment for Table 5

and the proximity of Parcel 3 to the residents, we need to discuss acceptable residential

cancer risks and subsequent PRGs.

Response: Risks are summed across all the pathways for each receptor. We can not sum

risks across receptors (please refer to the response to Comment 3 above) and the last row of

this table was presented in error. The sum of the risks and hazard index to a receptor from

each of the chemicals is provided in Table 5, as well as in Appendix E and discussed in the
risk characterization text. This is in accordance with the current EPA's risk assessment

guidelines. An acceptable risk for the site should be decided based on the cancer risks and

non-cancer hazard index presented for each receptor, and by choosing the most appropriate
land use for this Golf Course.

DDMT- Shawn Phillips

Comment 1

Provide a table of contents

Response: A table of contents will be included in the revised report.

Comment 2

Page 7, second paragraph. Refer to the September 1997 angling and trapping sampling

event and how no fish were recovered except for Arkansas Shiners. Also refer to the

planned upcoming electroshocking event to certify that there are in fact no game species
present in Lake Danielson.
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Response: The referenced paragraph is based on the historical records of the pond and the
field observations during the sxte visit by an ecologist. The results (or lack thereof) of the

1997 angling and trapping event will also be referenced. The planned upcoming

electroshocking event will be referred to as an upcoming opportunity to verify the

assumption--based on previous observations and reports--that no game fish are present.
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