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areas. Historical groundwater monitoring data indicate that the groundwater pathway has not 
been impacted by the FDTF; therefore, this pathway was not evaluated. 

The FDTF is located on a flat interfluvial area approxbately equidistant fiom Pen Branch to 
southeast and'Fourmile Branch to the northwest. Ground elevations in the vicinity of the FDTF 
range fiom 85 to 95 m (290 to 300 ft) above mean sea level (msl). The terrain is essentially level , . 

and grassy with a few mature trees. The FDTF is in the Fourmile Branch watershed. There are 
no surface waters present near the unit, but a small wet weather conveyance northwest of the unit 
flows in a northerly direction. An unnamed tributary of Fourmile Branch is located 
approximately 450 m (1,500 ft) to the north, northeast of the FDTF. 

. 

The soil sampling activities conducted at the FDTF and background locations in 1996 provided 
'data on the types and extent of constituents present and supplemented soil gas surveys conducted 
in 1986 and 1992. The primary source of contamination at FDTF would be the soil impacted by 
oils and associated fuels burned at the facility. This soil was removed in 1984. 

During the 1996 site characterization the surface soil was sampled fiom 0 to 0.3 m (0 to 1 A) and 
subsurface soil in the interval fiom 0 to 1.2 m (0 to 4 ft) at 5 locations in the FDTF. Samples * 

received a full analytical suite: metaldinorganics, volatile organic compounds (VOCs), semi- 
volatile organic compounds (SVOCs), and pesticides/polychlorinated biphenyls (PCBs)/dioxins 
and furins: .There was no indication that radionuclides had ever been disposed of at the FDTF, 
so samples were only screened for radionuclides. Manganese and two SVOCs, benzo(a)pyrene 
and benzo(g&,i)perylene, were identified as unit specific constituents (USCs) in the surface soil. 
No VOCs, pesticides, PCBs, dioxins, furans or radionuclides were identified as USCs for surface ' 

. soils. 

. Eight metals were identified as USCs in the subsurface soil: aluminum, arsenic, beryllium, 
chromium, iron, manganese, sodium,. and vanadium. T y  SVOCs, benzo(a)pyrene- and 
benzo(g,h,i)perylene, were identified as USCs in- the subsurface soil. The SVOCs were not .. 

detected deeper than 0.3 m (1 .O ft). No VOCs, pesticides, PCBs, dioxins, furans or radionuclides' 
were'identified as USCs for subsurface soils. 

Seven metals were identified as USCs in the deep soil (1.2 to 4.0 m [4 to 13 A]): aluminum, 
arsenic, beryllium, chromium, iron, sodium, and vanadium. No VOCs, SVOCs, pesticides, 
PCBs, dioxins, furans or radionuclides were identified as USCs for the deep soils at FDTF. 
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The historical groundwater monitoring data has resulted in an analytical suite refined to 
aluminum, and total recoverable petroleum hydrocarbons (TPH). No TPHs have been detected 
during the periodic monitoring program, so groundwater sampling was not conducted in the 1996 
investigation. 

The groundwater migration pathway evaluation determined that no constituents are present in the 
soil in quantities sufficient to migrate through the soil to cause concentrations above acceptable 
levels. Previous groundwater monitoring data do not indicate that the groundwater has been 
impacted by the FDTF or any other source of contaminants. The constituents present in the soil 
of the FDTF at concentrations above two times their average background concentration were 
screened against EPA generic soil screening levels (SSLs) using a dilution attention factor of 20 
to identi& those which would require vadose zone transport modeling. No constituent is present 
in the FDTF soil at an average concentration exceeding its generic screening level with a DAF of 
20. 

HUMAN HEALTH RISK ASSESSMENT 

A human health baseline risk assessment 
significance of contamination of the soil and 

(BRA) was conducted in order to evaluate the 
groundwater at the FDTF. One soil exposure uhit 

was identified within which human receptors could reasonably average their exposure. Soil 
monitoring data for this exposure unit was aggregated into exposure groups according to depth in 
soil. 

Summary statistics, including an estimate of the exposure point concentration based on the 
reasonable maximum exposure (ME) ,  were prepared. The RME is intended to provide a 
conservative, yet realistic, estimate of exposure. The exposed receptors were based on current 
and future land uses. The current receptor is identified as an adult, the known on-unit worker. In 
the future, the most likely receptor is believed to be the on-unit industrial worker. Also 
considered for the future are the resident child and adult, although-residential development of the 
FDTF is not considered likely and is prohibited under therecently adopted land use plan for SRS 
(DOE, 1996). 
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Current Worker 

The current worker was evaluated at the 0 to 0.3 m (0 to 1 ft) soil interval only. The total excess 
lifetime cancer risk level for the current worker is 4E-09 and the hazard index is 7E-05. 
Therefore, the current worker is not at risk while working at this unit. 

Future Industrial Worker 

The industrial worker was evaluated at the 0 to 0.3 m (0 to 1 ft) and 0 to 1.2 m (0 to 4 ft) soil 
intervals. For the 0 to 0.3 m (0 to 1 ft) soil interval, the total excess lifetime cancer risk is 9E-07 
and the hazard index is 3E-03. Therefore, the future industrial worker will not be at risk while 
working at the unit based on the evaluation of the surface soils. For the 0 to 1.2 m (0 to 4 ft) soil 
interval, the total excess lifetime cancer risk is 4E-06 and the hazard index is 0.2. The pathways 
which contribute the most to this receptor are soil ingestion and dermal contact, each show a 
cancer risk of 2E-06. The secondary COCs for these pathways are arsenic (84% of the risk for 
the ingestion pathway) and beryllium (54 percent of the risk for the dermal contact pathway). 

Backmound Risk to the Future Industrial Worker 

The background risk (4E-06) at the 0 to 0.3 m (0 to 1 ft) interval is greater than the unit risk, 
9E-07. The pathways which contribute mostly to the total risk are ingestion (arsenic which 
contributes 92% of the risk) and dermal exposure (risk of 2.3E-06 and beryllium contributes 
78%). The background. risk at the 0 to 1.2 m (0 to 4 ft) soil interval is 3E-06 which is within the 
risk range of the unit, 4E-06. The pathways which contribute to the total risk are ingestion (risk 
of 1 SE-06, arsenic contributes 93%) and dermal (risk of 1.6E-06, beryllium contributes 75%). 

Residential AdultKhild 

The residential scenario was evaluated at the 0 to 0.3 m (0 to 1%) and the 0 to 1.2 m (0 to 4 ft) 
soil intervals also. At the 0 to 0.3 m (0 to 1 fi) soil interval, the total excess lifetime cancer risk 
is 1E-05 and the hazard index is 0.5. The secondary COC is benzo(a)pyrene, fiom ingestion of 
produce (risk of 1E-05). 

For the 0 to 1.2 m (0 to 4 ft) soil interval, the total excess lifetime cancer risk is 8E-05 and the 
hazard index is 4. The pathways which significantly contribute to this receptor are ingestion 
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(2E-05), dermal (5E-06), and the ingestion of produce (5E-05). In the ingestion pathway, the 

. cancer secondary COCs are arsenic which contributes 80% of the risk, and benzo(a)pyrene. The 
hazard index for the ingestion pathway is 2.4 and the secondary COCs are iron, which 
cont6butes to 80% of the hazard; arsenic and vanadium. The combined risk for the ingestion of 
produce is 5E-05, the secondary COCs are arsenic and benzo(a)pyrene, of which arsenic 
contributes 98% of the risk. 

Background Risk to the Resident AdultlChild 

The background risk and hazard for the aduldchild at the 0 to 0.3 m (0 to 1 ft) soil interval are 
greater than the unit risk and hazard. The total excess cancer lifetime risk for the background is 
7E-05 while the unit risk is 1E-05 and the hazard index for the background is greater than 1.0 
while the unit is less than 1.0. The secondary COC for the unit is benzo(a)pyrene, while for &e 
background, the secondary COCs are arsenic and beryllium. 

For the 0 to 1.2 m (0 to 4 fi) soil interval, the unit risk and the background risk are the same 
(2E-05) while the hazard at the unit (3) is greater than the background (1). The secondary COCs 
for the unit are arsenic, beryllium, vanadium and benzo(a)pyrene. While for the background they. 
are arsenic, beryllium, iron, and vanadium. Again, the difference is benzo(a)pyrene which is 
present at the unit. 

f i e  examination was extended to the individual constituents within a given exposure pathway or . 

.route to identie the constituents most attributable to the hazards and risks. In this manner, 
constityents of concern (COCs) were identified. Table ES-1 provides a summary of human 
health COCs. 

ECOLOGICAL, RISK ASSESSMENT 

The ecological BRA for FDTF evaluated the likelihood of h a d i d  effects to ecological receptors 
fkom exposure to conkinants in soil. The receptors in the FDTF food web that were evaluated 
include terrestrial plants, earthworms, meadow voles, short-tailed shrews, American robins, and 
red-tailed hawks. These receptors serve as assessment endpoints for the risk to plant and animal 
populations and ecosystems at FDTF. 
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, 

The evaluation of ecological.risk was conducted according to relevant EPA headquarters, US 
EPA Region ivy SCDHEC, and Westinghouse Savannah River Company guidance. The 
assessment methods follow the EPA Framework for Ecological Risk Assessments @PA, 1992b) 
and draft Ecological Risk Assessment Guidance for Superfund (EPA, 1994b). 

Ecological Constituents of Potential Concern (COPCs) were identified from among constituents 
detected at FDTF, and incomplete exposure pathways were eliminated. The risk fiom COPCs in 
FDTF surface soil was evaluated only for those pathways resulting in ingestion of soil or those 
food items exposed directly or indirectly to soil. COPCs are those constituents whose maximum 
measured concentrations exceeded a toxicity screening value for ecological receptors and 2X the 
background mean concentration. 

Based on field reconnaissance, the principal ecological communities at FDTF were characterized 
as maintained grassy fields with scattered mature trees. Most receptors, exposure classes, and/or 
species evaluated in the ecological risk assessment were observed at the unit or potentially reside 
or forage there. No threatened, endangered and sensitive'(TES) species are expected to be' 
exposed to COPCs in surface soil at FDTF. . 

Six assessment endpoints representing environmental values to be protected in accordance with 
two policy goals were evaluated at FDTF. The risks to FDTF populations and ecosystems were 
evaluated by estimating the xisk to populations of the six indicator receptors; tenestrial 
vegetation, earthworms, meadow vole (proxy for herbivorous mammds), short-tailed shrew, 
American robin, and red-tailed hawk; according to ecological relevance, susceptibility, 
accessibility' to prediction or measurement, and relevance to policy goals. 

For the evaluation of risk to FDTF populations and ecosystems, decision rules are stated in terms 
of hazard quotients-(HQs). HQs compare estimatesof exposure based on site measurements 
(e.g., RME concentrations of COPCs + the source mediaJsurface and subsurface soil]) to 
measyes of effect (e.g, test concentrations associated with levels of adverse effect on ecological 
receptors). I 

.. 

Measured concentrations of ecological COPCs in surface soil are used to estimate the RME 
concentrations and doses for ecological receptors. Published toxicity-benchmark data are used to 
derive COPC concentrations associated with levels of adverse effect on ecological receptors at 
FDTF. 
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HQs for current and future exposure of ecological receptors to COPCs in surface and subsurface 
soil were calculated and used to estimate risk. No HQs exceeded one in surface soil (0 - 0.3 m 
[0 - 1.0 fi]); therefore, there are no ecological risks for current conditions. The five metals 
(aluminum, cadmium, chromium, selenium, and vanadium) exceeding an HQ of one are the 
COPCs associated with.fbture conditions at the FDTF. 

There are uncertainties in the parameters used to estimate exposure, but reported values for 
receptors’ ingestion rates, size and home range, soil-to-plant uptake - factors, and soil-to-animal 
bioaccumulation factors are unlikely to be biased or severely and consistently over- or 
underestimate exposure. Exposure may be overestimated for some contaminants because the 
fraction available for absorption by animals may be overestimated. Extrapolation from studies 
involving laboratory doses to exposures at FDTF is a major source of uncertainty in the estimate 
.of risk to ecological receptors because the availability of the contaminant under test conditions 
may be greater than it is to receptors living in field conditions. The weight-of-evidence analysis 
and evaluation of uncertainty for ecological COPCs with HQs exceeding 1.0 resulted in rejection 

. of all five metals as sources of significant risk to ecological receptors at the exposure unit. 

. 

. 

’ 

CONCLUSIONS 

No human health primary or secondary COCs were identified under current land use assumptions. 
Secondiry’ COCs were identified for the hypothetical industrial worker and on-unit resident. 
However, HHRGOs for soil were not developed due to the elimination of the COCs (arsenic, 
benzo(a)pyrene, beryllium, iron, and vanadium) through the uncertainty analysis process. . No 
ecological remedial goal options (RGOs) were developed because there are no ecological COO. 

’ The surface and subsurface soil investigation at the FDTF adequately characterized the levels of 
contamination in soil. This includes both present contamination and the potential for, future 
releases. This investigation has .provided an understanding , .of the nature and extent of 
contamination,’ determined there are no potential impacts to groundwater, and identified the 
human health and ecological risks associated with the unit. 
information is available to proceed with a “No Action” Statement of Basis/ Proposed Plan for the 
FDTF. 

SRS believes that sufficient ‘ 
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Table ES-1. Heaith-Based COCs for Soil and Produce 
Fire Department,Hose Training Facility 

Media I 0 -i ft Soil interval I 0-4 ft Soil Interval 
I I 

$il- 

- 
_I_............... ....".....".I..... 

Current On-Unit Worker - 
Hypothetical Industrial Worker - ' G x C R = 2 x l O 3  

__.-_..__..-___.-_______.___ 
~ w ~ ~ - C ~ O ~  
Arsenic (HQ = 0.3) 
Arsenic (ELCR = 1 s 10 4 
Beryllium 
Iron (HQ.= 2) 

3 x i o  3 : 

- Vanadium (HQ = 0.3) 
Benzo(a)pyrene @La= 3 x 10 Benzo(a)pyrene (ELCR = 2 x 10 "> 

Produce 
Hypothetical Resident Benzo(a)pyrene (ELCR = 1 x 10 Arsenic (ELCR = 4 x 10 3 

Benzo(a)pyrene (ELCR = 1 x 10 ") 
I' I I 

No Constituents of Concern are identified based on exceedances of ARARs. 
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1.0 INTRODUCTION 

.. This .report documents the Resource Conservation and Recovery Act (RCRA) Facility 
InvestigatiodRemedial . Investigation/Baseline Risk Assessment (RFI/RI/BRA) for the Fire 
Department Hose Training Facility (FDTF) (904-1 13G). . 

1.1 RFI/RI/BRA Report Organization 

This RFI/lU/BRA report has nine sections. Section 1 outlines the document organization and 
purpose, and provides the unit description and history. Section 2 presents the Conceptual Site 
Model (CSM) based on results of the study area investigation. A detailed description of the unit 

assessment objectives and activities is also given. Section 3 details the physical characteristics-of 
the unit, as well as the relationship of the unit to the regional physical fiamework. Data results 
fiom the physical characteristics investigation activities are presented in the appropriate 
subsection discussions. 

Section 4 illustrates, tabulates, and interprets the type and horizontal and vertical extent o f .  
contaminants that have resulted fiom the subject unit. Organization in this section follows the 
CSM. and incorporates exposure units from the BRA. 

- 

Section 5 provides a discussion of unit-specific soil contaminants and their potential to contribute 
to future contapination due to leaching to the groundwater. This section includes a discussion 
&i presentation’ of-.the physical and chemical properties that control the behavior of 
contaminants in the environment. A discussion of con taminant pathways in relation to the CSM 
is included, as well as the application and underlying assumptions for the leachability analysis. 
A unit-specific model has been provided for contapinants that exceed their associated soil 
screening levels. ’- 

Section 6 includes the- BRA, which determines the potential for adverse effects associated 4th. 
exposure to constituents present at the unit. The BRA includes both human and ecological 
receptors, and risk calculations are performed assuming no remediation or institutional controls 
at the unit. 

-. 

. .. 

I 

I 
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Section 7 provides remedial goal options (RGOs). RGOs are designed to provide long-term 
targets for the selection and analysis of remedial alternatives. Human health RGOs are provided 
to estimate protective cleanup levels based on risk or hazards to human receptors. Similarly. 
ecological RGOs are provided for ecological receptors. Section 8 presents a summary of the 

, field investigation, nature and extent of contamination, fate and transport modeling, and the risk 
assessment summary for both human and ecological receptors.. .References for Sections- 1 
through 8 are listed in Section 9. 

. 

1.2 RFI/RI/BRA Purpose 

12.1 The RCRQ Facility Investigation m) Program 

The Savannah River Site (SRS) is located in Aileen, Barnwell, and Allendale Counties in South 
Carolina. SRS manages certain waste materials which are regulated under RCRA, a 
comprehekive law requiring stringent management of hazardous wastes. The Hazardous and 
Solid Waste Amendments (HSWA) were passed in 1984 to augment the 1976 RCRA ’ 

requirements. 

. Certain activities conducted at SRS require operating or post-closure permits issued in 
accordance with RCRA. Disposal units covered under RCRA and HSWA are classified as either 
regulated or non-regulated. Regulated units are those surface impoundments, landflls, ahd waste 
piles (collectively termed “landfill-disposal units”) which have received .&dous waste since 
Noyember 19, i980 and require RCRA. operating or post-closure p e d t s .  SRS has received a 
RCRA‘permit from the South Carolina Department of Health and Environmental Control 
(SCDHEC). Part of the permit mandates that SRS establish and implement an RFI program to 
fulfill the requirement of HSWA Section 3004 (u). 

* 

HSWA Section 3004 (u) mandates investigation and corrective action at non-regulated units. . 

These non-regulated units have been termed Solid Waste Management Units (SWMUs) and 
include units where hazardous constituents are uncontrolled and could be released to the . 
environment. Section V.A:1 of the SRS RCRA Permit lists 65 S W s  that were identified by 
the Environmental Protection Agency @PA) Region IV through the RCRA facility assessment 
process. The permit mandates that these 65 SWMUs be M e r  investigated to determine the 
actual or potential impact of each unit to the environment. The FDTF is a non-regulated SWMU 
that must be investigated in accordance with permit requirements. 

: 

. .  
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1.2.2 CERCLA Remedial Investigation (XI) Program 

* The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). as 
amended by the S u p e h d  Amendments and Reauthorization Act; regulates the investigation and 
cleanup of hazardous waste sites. CERCLA utilizes a Hazard Ranking System to evaluate the 
risks that hazardous waste sites pose to human health and the environment. On the basis of 
Hazard Ranking System scores and state requests, sites are placed on the National Priorities List 
(NPL). The NPL is a list of hazardous waste sites which pose the most significant risks to 
human health or the environment. 

On December 21, 1989, SRS was included on the NPL. In accordance with Section 120 of 
CERCLA, the U.S. Department of Energy (DOE) has negotiated a Federal Facility A&eexn.ent 
with the EPA and the SCDHEC to coordinate cleanup activities at SRS. 

A detailed remedial investigatiodfeasibility study (RVFS) is required for sites listed on the NPL. 
The RI/FS evaluates the nature and extent of risks posed by hazqdous waste sites and evaluates 
remedial options in order to select the best remedial alternative. The RI serves as a mechanism 
to collect data to characterize conditions onsite, evaluate the fate of contaminants, and assess the . 
risks to humans and the environment which result from site conditions. The FS uses site-specific 
information generated during the RI to evaluate remedial alternatives and select an appropriate 
remedy for the site. 

ne SRS has recently concluded a surface and subsurface soil investigation at the FDTF lokted 
in the Central Shops Area (also known as N Area) of SRS. Based upon preliminary 
characterization results, SCDHEC concurred with DOE'S proposal to separate the operable unit 

'into two operable units and expedite remedial action. SCDHEC also agreed that the 
investigation at FDTF adequately characterized contamination within that unit and along 
potential migration pathways. In.lieu of a comprehensive RFIM Work Plan, SCDHEC his 
instructed DOE to submit an RFI/RI/BRA Report for the FDTF (Coilinsworth, August 1996). 
This schedule change was acknowledged and approved by the EPA (Froede, August 1996). In 
support of the Streamlined Approach for Environmental Restoration concept, and Expedited Site 
Characterizations program, data collected during previous sampling events has been combined 
with additional samples collected in May through July 1996, tokupport a comprehensive human 
health and ecological risk assessment as well as the evaluation of potential remedial 
technologies. 



RCRA Facility lnvestigation/Remedil  Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training F8cility (904-1 13C) 

WSRC-RP-96-863, Revision 1 
April 1997 

1.2.3 BRA Objectives 

The purpose of the BRA is to assess the potential for adverse effects associated with exposure to 
contaminants likely to be present at the unit. Baseline risks are those risks to human health and 
the environment which can be anticipated to be present in the absence of any institutional 
controls or remedial actions for the unit. The BRA provides the basis for determining whether or 
not remedial action is necessary and the justification for performing remedial actions. 

1.3 Unit Description 

The FDTF is located in the Central Shops Area (N Area) of the SRS as shown in Figure 1-1. The 
unit is approximately 215 m (700 ft) northeast of the intersection of Roads C and 6 qnd 
approximately 6 m (20 ft) west and downgradient of a heat exchanger storage pad (Figure 1-2). 
The area is gently sloping and grassy with a few mature trees. The FDTF is relatively level and 
revegetated. There are orange markers and a sign identifying the FDTF as a RCWCERCLA 
unit. 

1.3.1 Unit History 

The FDTF was built between 1975 and March 1979 and operated by the SRS Fire Department 
between. 1979 and 1982 to train personnel in fighting waste oil fires. The training facility 
consisted of an approximately 6 by 12 m (20 by 40 ft) unlined shallow pit surrounded by an 
approximately 0.5 m (1.5 ft) high asphalt dike. Training exercised typically included pouring 
burnable oil into the unit, igniting the oil, and then having the fire department extinguish the fire. 
No known hazardous wastes were placed in the unit. 

The SRS Fire Department discontinued use of the FDTF and recommended the facility for clean 

on November 21, 1982 and 14 loads of oil-contaminated soil were excavated from an area 
approximately 6 by 6 by 1 m (20 by 20 by 3 A) and transported to the sanitary landfill. However, 
the date of this clean up activity could not be verified since an aerial photograph h m  1983 
shows the FDTF still present. An additional aerial photograph from June 1984 shows the FDTF 
pit has been removed and the area excavated. The excavated llrea is approximately 10 to 12 m 
(30 to 40 ft) wide by 15 to 18 m (50 to 60 ft) long and the pit dikes and visible contaminated 
soils are removed. An additional area 3 to 5 m (10 to 15 fi) wide by 10 to 12 m (30 to 40 ft) 

- 

~ 
up and closure in March 1982. Available documentation indicates clean up activities ocaked 

1-4 ovzIIp7mmecI.Doc 
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.. long, visible on the north side of the main excavation, is an additional remediated area. a pile of 
the excavated material, or material intended for backfill. The photographs indicate that either 
existing documentation is incorrect (11/21/82 is actually 11/21/83) or that a more extensive 
excavation took place between July 1983 and June 1984. Subsequent inspections during 1985 
indicated that an additional area approximately lm by 1 m (3 by 3 fi), of visibly contaminated 
soil was present, possibly fiom illegal dumping or a spill. This area was also excavated to a 

depth of approximately 0.6 m (2 fi) and the soil removed from the site in a manner similar to the 
1982/84 clean up activities. 

' 

All existing documents, verbal information, pictures, and aerial photographic information 
concerning the FDTF, which were found during a records search, are presented in Appendix A-3. 

in 1986, a soil gas survey was conducted at the FDTF. According to the report, an approximately 
6 m by 9 m (20 ft by 30 ft) area of oil stained soil was identified near the center of the study area, 
although to date, no documentation has been found to indicate soil removal. Differences in the 
soil gas surveys conducted in 1986 and 1992 (discussed in Section 1.3.2.1) suggest that possible 
cleanup activities or natural bio-degradation may have occurred. 

1.3.2 Previous Investigations 

1.3.2.1 .s&l. - 

Soil gas and subsurface soil sampling were conducted at the FDTF in November 1986 (Appendix 
A-1). The soil gas survey consisted of 51 samples taken at a depth of 0.9 m (3 ft). These 
samples were analyzed for possible breakdown products of oil including methane, ethane, 
propane, butane, ethylene, and propylene. Total hydrocarbons exceeded 1,000 parts per million 
(ppm) at two locations and exceeded 100 ppm at three locations. Thirty-four soil samples were 
obtained fiom 17 locations between 0.3 'and 1.5 m (1 and 5 ft) below ground surface (bgs). 
These samples were analyzed for pentane, methane, heptane, octane, benzene and toluene, which 
are breakdown products of oil that are more likely to be found in soil than in soil gas. Results of 
soil sample analysis indicated the presence of oil to a depth of approximately 1.2 m (4 ft) bgs. 

A second soil gas survey was conducted at the FDTF in 1992. The survey consisted of 15 
samples analyzed for C1-C14 hydrocarbons, benzene, toluene, ethylbenzene, and xylene, and 
selected chlorinated hydrocarbons (Appendix A-2). The soil gas survey detected the presence of 
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pentane, hexane, heptane, octane, xylene, tetrachloroethylene, methane, ethane. propane. butane. 
ethylene, and propylene above Method Detection Limits. A comparison of the results of this 
survey to the survey conducted in 1986 reveals a marked decrease in petroleum contaminant 
concentra~ons. The maximum recorded * concentrations for methane, propane. ethylene. and 
propylene decreased by an order of magnitude.. Maximum concentrations of ethane and butane 
were less than half of the majcimum value reported in 1986. , -  

. .  

1.3.2.2 Groundwater 

Two monitoring wells are screened across the water taljle in the vicinity of the FDTF (CSO-1 
and CSO-2). From the third quarter of 1994 through the second quarter of 1995, these 
monitoring wells were sampled.twice. 'Based on prior sampling results, the analytes currently 
monitored have been reduced to d i m  and total recoverable petroleum-hydrocarbons (TPH). 
No TPH was detected in the subject wells in 1995. Groundwater monitoring results for wells 
CSO-1 and CSO-2 for the third Quarter 1994 through the second Quarter 1995 are shown in 
Appendix A-5. During field activities in July 1996, groundwater elevations in monitoring wells 
throughout N Area were measured. These data are presented in Section 3~6.2. 

. 

I.3.3 Unit Status 

The FDTF. is. an inactive mt. 
contaminated soil was removed fiom the area and the .pit was backfilled to grade. 

After .training actijities at the facility ceased in 1982, 

.. 
0 
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Figure 1-1. Fire Department Hose Training Facility Location at SRS 
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.2.0 CONCEPTUAL SITE MODEL AND STUDY AREA INVESTIGATION 

This section presents the Conceptual. Site Model (CSM) for the Fire Department Hose Training 
Facility (FDTF). It includes a discussion'of the known and suspected sources of contamination. 
the types of contaminants and potentially affected media, the known and potential routes of 
migration, and the known and potential human and ecological receptors. 

2.1 Conceptual Site Model Application 

Environmental Protection Agency @PA) guidance (EPA, 1989a) stresses the need for and utility 
of a conceptual representation of the unit under consideration. The CSM provides an objecGve 
'fr'mework around which existing information can be organized and synthesized, data gaps car! 
be identified, and sampling programs can be designed to address critical data needs and data 
quality objectives (DQOs). The CSM presented in Figure 2-1 incorporates information obtained 
from the unit characterization and contains additional detail used for the Baseline Risk 
Assessment (BRA) presented in Section 6. 

2.1.1 Primary Sources of Contamination 

Sources of contamination fiom FDTF include material fiom past training activities at the unit. 
The potential contaminants of concern are the oils and other fuels which were applied to the pit 
and burned, and the media used to extinguish the fires. 

2.1.2 Primary Release Mechanisms 

Contaminants may have been released fiom the primary sources by: 
Deposition of conkminants. on the' soil during training sessions 
Infiltratiodpercolation of the waste constituents at the FDTF to subsurface soil 

_.- 

' 2.1.3 Secondary Sources of Contamination 

Environmental media hpacted by release of source contamination may include: 
Surface soil on and around the FDTF 
Subsurface soil beneath the FDTF 
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0 Surface soil in adjacent areas 

0 Subsurface soil in adjacent areas 

2.1.4 Secondary Release Mechan&m 
, .  

Environmental media serve both as a reservoir via chemical bonding and biotic uptake, and as a 
secondary release m e c e s m  of contaminants. Secondary environmental release mechanisms 
may include: 

0 Release of volatile constituents fiom the soil 
Generation of contaminated fugitive dust by wind or other surface soil disturbance 

0 Direct contact with contaminated soils 
Biotic uptake occurring at the FDTF 

Leaching 

2.1.5 Exposure Pathways 

. Contact with contaminated environmental media creates the exposure pathways to human and 
ecological receptors evaluated in the BRA. These include: 

Airin the vicinity of the FDTF 

Direct contact with d a c e  and subsurface soil 
Biota in the vicinity of the FDTF 

Historical monitoring data for groundwater (See Appendix A-5) in the vicinity of the FDTF does 
not indicate contamination fiom the unit. Therefore, groundwater was not investigated. 

2.1.6 Exposure Routes 

Exposure routes for human and ecological receptors may include: 
. Inhalation of volatile emissions and particulates 

0 Ingestion of contaminated media, including soil and produce home-grown by future 
on-unit residents 
Dermal contact with contaminated media 

~II*I/pDIpsLcLDoc 2-2 
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2.1.7 .Receptors 

Human and ecological receptors are identified below. Human receptors may include: 
0 Known on-unit workers 

' 0 Hypothetical industrial workers 
0 Hypothetical on-unit residents 

Since the FDTF is located near the center of the Savannah River Site, trespassers are not 
considered to be potential receptors. 

Ecological receptors may include: 
0 Terrestrial ecological receptors (e.g., plants, earthworms, songbirds, and other mid-level 

and top predators) 

Aquatic'and semi-aquatic receptors are not considered because there is no surface water at or 
near the FDTF. 

2.2 Investigation Objectives 

The DQOs (Appendix A-4) of the investigation at the FDTF were to: 
Screen soil samples fiom the unit for a wide range of potential contaminants. 

. '0 Compare analytical results to site specific background values to derive a list of unit 
specific contaminants. 

The initial site characterization also provided sufficient data to determine the nature and extent of 
contamination from the FDTF. The site characterization activities in 1996 have been evaluated 
and are presented in the subsequent sections 'of this document, Based 'on the analytical results 
pursuant to this investigation, the EPA, South Carolina.Department of Health and Environmental 
Control (SCDHEC), and the U.S. Department of Energy (DOE) agreed that a Resource 
Conservation and Recovery Act (RCRA) Facility InvestigatiodRemedial Investigation (RFIRI) 
Work Plan was not required for .the FDTF. This decision has been documented in 
correspondence between SCDHEC and U.S. DOE (K. Collinsworth to B. Hennessey, 
August 16,1996) and the EPA and DOE (Froede, August 26,1996). 

. 
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23  Unit Assessment Investigation 

This section describes the physical and-contaminant investigations conducted at the FDTF 
between May 13 and July 10, 1996. Sampling activities followed applicable procedures in 
Westinghouse Savannah River Company (WSRC) Manual 345 (WSRC, 1993b). The study was I 

conducted in several stages, which are listed below: 

Background Investigation 

0 Collection of five background soil samples 

Primarv Source Investigation 
No primary source investigation was undertaken. 

Secondarv Source Investigation 
Collection and analysis of soil samples fiom five locations to characterize secondary 
sources of contamination 

Exuosure Pathway Investigation 
Surface soils were collected to determine if these soils are a viable exposure pathway, to 
assess &r and biota as potential exposure pathways, and to evaluate the potential for 
surface soils to impact the subsurface soil pathway. 

. Subsurface soils were collected to identify the potential impact on the groundwater 
.. pathway. 

Phvsical Characteristics Investigation 
.. - 

Collection. of lithological data from four cone penetrometer technology (CPT) locations 

the unit to a depth of 4.0 m (13 ft) 
. Field description of continuous split spoon soil samples to determine lithology beneath 

./ 

2.3.1 Background Samples 

Background soil samples were obtained to establish baseline concentrations for evaluation of 
potential contaminants and pathway information. No groundwater monitoring was conducted. . 

U n l B 7 V  2-4 
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.Locations of the background soil borings are shown on Figure 2-2. Five borings (FBFDBG-01 
through FBFDBG-05) were sampled fiom the following five intervals: 

0 '  0 to 0.3 m ( 0  to 1 ft) 
0 0.3 to 1.2m(1 to4ft) 
0 1.2 to 2 . lm (4 to 7 ft) 

2.1 to 3.0 m (7 to 10 ft) 
3.0 to 4.0 m (10 to 13 ft) 

A stainless steel shovel was used to collect the 0 to 0.3 m (0 to 1 ft) samples, except where 
surface soils were too hard to dig with a shovel. When a shovel could not be used for surface 
'samples, a drill rig and split spoon were employed. Samples deeper than 0.3 m (1 ft) below 
ground surface (bgs) were obtained with a split spoon. Table 2-1 summarizes field data obtained 
fiom background soil samples. Additional details can be found in the field activity report 
(WSRC. 1996a). 

2.3.2 Primary Source Investigation 

According to site records, contaminated soil and the pit dikes were removed from the facility in 
1982 and 1985 (Keaton et al, 1985). Therefore, a primary source investigation was not 
undertaken during the 1996 unit characterization. 

2.3.3 Secondary Source Investigation 

Potential secondary sources of contamination fiom the FDTF include surface and subsurface 
soils. These secondary sources are also the primary media potentially impacted by previous 
activities at the unit. S O ~  samplhg was conducted to define the nature of contamination at thc 
FDTF. -' 

. From May 21 to May 29, 1996, five soil borings (FDTF-01 through FDTF-OS) were drilled 
within the boundaries of the unit. Locations of the borings are shown on Figure 2-2. Five 
samples were obtained fiom each boring. The sample intervalso for borings FDTF-01, FDTF-02, 
FDTF-04, and FDTF-05 were aqdogous to those in the backkound borings. The upper four 
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sample intervals fiom FDTF-03 were.the: same as those in the other FDTF borings. The fifth 
sample was obtained fiom 3.0 to 4 m (10 to 14 ft) bgs. 

A stainless steel shovel was used to collect the surface soil samples, except where the soils were 
too hard to dig with a shovel. When a shovel could not be used for surface samples, a drill rig 
and split spoon were employed. Samples deeper than 0.3 m (1 ft) bgs were obtained with a split 
spoon. Table 2-2 presents the field data recorded fiom each soil boring. Details of field 
activities can be found in the field activity report (WSRC, 1996a). 

2.3.4 Ejcposure Pathwny Investigation 

The CSM identifies pathways potentially impacted by previous activities at the FDTF. These 
pathways include the following: air, surface soil, subsurface soil, biota and groundwater. 
Historical groundwater monitoring data indicate that the groundwaterpathway has not been 
impacted by the FDTF; therefore, this pathway was not evaluated. Soil sampling activities are 
described in Section 2.3.3. Air and biota sampling were not conducted as part of the 
characterization efforts. Surface soil sampling results can be used to estimate volatil&tion of 
organics, concentrations of contaminants in fugitive dust, and potential uptake by biota. 

2.3.5 Physical Characteristics Investigation 

To obtain information about soil characteristics in the vicinity of the FDTF, four CPTs were 
conducted on.July 10, 1996, to a depth of approximately 25 m (80 ft) bgs. CPT locations are 
shown on Figure 2-2. Data collected during the testing included downhole pore pressure, tip 
resistance, and sleeve fiiction. The data indicate interbedded layers of sand, silt, and clay fiom 
the ground surface to between 0.9 to 1.5 m (3 to 5 ft) bgs. . .  Below this depth to approximately 11 
to 12 m (35 to 40 ft) the soils are predomhhtly clay with a few interbedded layers of silt and 
sandy clay. Deeper soils consist of sand interbedded with silty and clayey sand. CPT results are 
presented in Appendix A-6. 

: 

Descriptions from 0 to 4 m (0 to 13 ft) bgs borings taken during field activities indicate fine to 
medium grained sands occur to a depth of approximately 2 m (7 fi) bgs. These samples are 
typically underlain by clay to sandy clay. A ‘%cry stiff clay layer was also encountered at a 
depth of approxhmitely 2 m (7 ft) bgs at a nearby unit (WSRC, 1996a). 

2-6 
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Cone Penetrometer Test Locations 
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H-NU 
Sample Sample Headspace 

Table 2-1. Fire Department Hose Training Facility 
Background Boring Sampling Data 

Location interval (ft) 
FBFDBG-01 0.0-1.0 

1.0-4.0 
4.0-7.0 
7.0-10.0 

10.0-13.0 

Method Reading (ppm Dominant Lithology 
shovel 2.5 Sand, fine grain, moderate yellowish brown 
split spoon 2 Sand. fine grain, moderate yellowish brown 
split spoon Sand, fine. grain, light gray, variegated dark yehwish orange 
split spoon 3 Sand, fine-course grain, light gray, variegated moderate 

yellowish orange 
split spoon Sand, fine-medium grain. light gray. variegated light red 

2.2 

10 

FBFDBG-02 
1 

0.0-1 .O shovel . 7 Sand, fine-medim grain, light brown 
1.040 split spoon 6.5 Sand, moderately graded, light gray, variesated dark 

4.0-7.0 split spoon 6 Sand, well graded, light gray, variegated moderate 
yellowish orange 

FBFDBG-03 

I I I brown 
10.0-13.0 . Isplitspoon I 1.75 Isand, well graded, light gray, Variegated moderate reddish 

7.0-10.0 split spoon 1.8 IClay, light gray, variegated moderate red 
10.0-13.0 split spoon 2.4 Clay, light gray, variegated moderate reddish brown 

0.0-1.0 shovel 0.5 Sand, fine-medium grain, trace gravel, moderate 

1.040 split spoon 0.5 Sand, fine-medium grain, variegated moderate 
yellowish brown 

I 

. .  .4.0:7.0 split sppon 0.5 ' Sand, fme-medium _grain, trace gravel, variega6d moderate 

7.0-1 0.0 split spoon 1.5 Sand, well graded, light gray, variegated moderate reddish . 
yellowish brown 

1- 

. 
I 

FBFDBG-05 0.0-1.0 shovel 10 Clay, variegated moderate reddish brown 
1.040 split spoon 4 Sand, fine grain, moderate yellowish brown 
4.0-7.0 split spoon 7.5 Sand, poorly sorted, dark yellowish orange 
7.0-10.0 split spoon 6.8 Clay, dark yellowish orange - 
10.0-13.0 split spoon 7 Sand, very light gray, reddish brown 

L 
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FDTF-02 

Table 2-2. Fire Department Hose Training Facility Soil Boring Sampling Data 

I I 
0.0-1 .o [shovel 10 Clay, moderate reddish brown 
1.0-4.0 Jsplit spoon . 10 Clay, reddish brown 
4.0-7.0 split spoon 4 Clay, light gray, variegated pale red purple 
7.0-10.0 split spoon 1 Clay, Sght gray, variegated moderate reddish brown 
10.0-13.0 split spoon 1 Clay, very light gray, variegated moderate red 

I I 1 
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3.0 PHYSICAL CHARACTERIZATION OF THE STUDY AREA 

3.1 Surface Features 

The Fire Department Hose Training Facility (FDTF) is located on a flat interfluvial area 
approximately equidistant. from Pen Branch to southeast and Fourmile Branch to the northwest 
(Figure 3-1). Ground elevations in the vicinity of the FDTF range fiom 88. to 91 m (290 to 300 
ft) above mean sea level (msl) (Figure 3-2). %I. terrain is essentiglly level and grassy with a few 
mature trees. 

3.2 Meteorology 

The Savannah River Site (SRS) region has a temperate climate with short, Ixiild winters and long, 
humid summers. The region i's subject to continental influences, but is protected fiom the more 
severe winters in the Tennessee Valley by the-Appalachian Mountains to-the north and 
northwest; it is often influenced by warm, moist maritime air masses throughout the year. Gently 
rolling hills with no unusual topographic features that would significantly influence the general .. . 
climate characterize the unit and the surrounding area. 

The annual average temperature at SRS is 18°C (65°F). The average annual precipitation at SRS 
is 122 cm (48 in.) and is distiibuted fairly evenly throughout the year. The greatest observed 
rainfall for a 24-hour period was about 50 cm (19.6 in.) in October 1990. 

Additional details concerning climatology and meteorology of SRS can be found in the Site 
Characteristics chapter of the Saf'ety Analysis Report for SRS (WSRC, 1995). 

I 

The FDTF is in the Fourmile Branch watershed (Figure 3-1). There are no surface waters present 
near the unit, but a small wet weather conveyance northwest of the unit runs in a northerly 
direction. An unnamed tributary of Fourmile Branch is located approximately 460 m (1,500 ft) 
to the north, northeast of the FDTF (Figure 3-2). 
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: 3.4 Unit Soils 

Soils in the vicinity of the FDTF are shown in Figure 3-3. The soils in the immediate area of the 
units'have been identified as Udorthents with fiiable substratum'(Uo).and Dothan sands (DoB). 
The Soil Conservation Service (SCS) (1990) has described Udorthents as well-drained soils 
formed in heterogeneous materials that are derived as spoil or refuse from excavations and major 
construction operatio&. SCS (1990) described Dothan sands as well-drained soils found on the 
broad ridge tops and smooth side slopes of the Coastal Plain and in areas intermingled with the 
Sand Hills. In the Dothan sands, a perched water table may be present 0.9 to 1.5 m (3 to 5 ft) 
below ground surface (bgs) for brief periods in Winter andearly spring. 

Soils in the general vicinity of the FDTF are Ogeechee sand loam ponded (Og) and Udorthents, 
finn substratum (Ud). The Ogeechee is described as poorly drained soil found in low upland 
depressions and in low areas along stream terraces of the Coastal Plain. The Udorthents are 
classified as fm substratum, well-drained soils usually associated with borrow pits and areas 
compacted by traffic. 

3.5 -Geology 

3.5.1 Regional Geolom 

The Phse  I Remedial Investigation Plan for the Ford Building Waste Site (WSRC, 1992) 
provides. .. a description qf the regional and N Area geology. This site is located approximately 
120 m (400 ft) to the west of the FDTF, and both units have essentially the same geology. 
Fallaw and Price (1995) have since revised the stratigraphic nomenclature for the SRS. 
Figure 3-4 is a comparison of current and previous stratigraphic nomenclature used at the SRS. 

. 

3.5.2 Unit-Specijic Geology .. 
.--- 

During field operations, the soil borings from the background locations and from locations 
.within the FDTF were desgibed in the field activities report (WSRC, 1996aj. The surfixe soils 
included clay and gravel. From 5 to 30 cm (2 to 12 in.) bgs to a depth of &proximately 1.2 m (4 
fi) bgs, the dominant lithology was a moderate reddish b r o w  (10R4/6) clay with 30 to 40 
percent graded sand layers. In most borings, the soils below 1.2 m (4 ft) bgs .were described as 
variegated light gray (N7) and reddish brown (10R4/6) clay with 10 to 30 percent sand. In 

96vDTrsEQ_Iowc 3-2 
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boring FDTF-05, this soil’type was encountered at approximately 2 m (7 ft) bgs. In boring 
.FDTF-03, a clayey sand predominated from 25 cm (10 in.) to approximately 2 m (7 ft) bgs. 
From approximately 2 to 2.7 m (7 to 9 ft) bgs a layer of light gray (N7) moderate reddish brown. 
coarse-grained sand was present. These soil types extended beyond the base of the borings, 
which were terminated between 4.0 and 4.3 m (13 and 14 ft) bgs. 

%e soil borings for the background locations (FBFDBG-01, -03, and -05) were dominantly fine 
to medium grained sands and clayey sands. These soils extended from the ground surface to 
beyond the base of the borings at 4 m (13 ft) bgs. The sand was moderate yellowish brown 
(10YR 5/4), moderate reddish brown (10R 416) and dark yellowish orange (1OYR 6/6). These 
soils also occurred in background borings FBFDBG-02 and -04 fiom the ground surface to a 
depth of 2 m (7 ft) bgs. Below this depth a clay layer was encountered. The clay was described 
as light gray, vaiiegated with moderate reddish brown (10R 4/6), and very dense. The clay layer 

continued below the base of borings FBFDBG-02 and -04, which terminated at 4 m (1 3 ft) bgs. 
More complete descriptions of the unit and background soil borings are included in Section 2.3 
and the field activities report (WSRC, 1996a). These soils are likely part of the Altamaha 
Formation. 

In 1989, a corehole (CPC-1) was drilled in N Area to a depth of 330 m (1,095 ft) bgs 
(Figure 3-5). The geology of the area is represented in the continuous core taken at that time, 
which is illustrated in Figure 3-6. The nomenclature shown on this figure has been superseded 
by that presented in Figure 3-4. A generalized lithostratigraphic column for the central SRS area 
is shown in Figure 3-7. 

3.6 Hydrogeology 

3.6.1 Regional Hydrogeology 

c 

The SRS is located *thin the Southeastern Coastal Plain hydrogeological province in west- 
central South Carolina. The hydrogeological province comprises a multilayered hydraulic 
complex in which retarding beds are interspersed with more permeable beds. Regional 
hydrogeology is discussed in Aadland et al. (1995). A description of the hydrogeology beneath 
N Area and near the FDTF can be found in the Phase I Remedial Investigation Plan for the Ford 
Building Waste Site (WSRC, 1992). 

%\FDTFSEC3-RO.DOC 3-3 
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3.6.2 Unit-Specifc Hydrogeologv 

Because past groundwater monitoring in the vicinity of the FDTF indicated previous activities at 
the facility did not impact groundwater, a hydrogeological investigation was not conducted 
during the unit characterization; therefore, the following discussion of the hydrogeology beneath 
the FDTF is limited. On July 1 and 2, 1996 the water levels were measured in monitoring wells 
throughout N Area (Table 3-1). As indicated in the table, the groundwater level in the two wells, 
CSO 001 and CSO 002, near the FDTF is at an elevation of 77.755 m (255.1 fi) and 
77.846 m (255.4 ft) , respectively, which is 14.295 m (46.9 fi) and 13.503 m (44.3 fi) below the 
ground surface. Figure 3-8 shows the elevation of the water table beneath N Area at that time. 
The groundwater.flow direction is to the southwest. 

The Upper Three Runs Aquifer consists of the water-bearing sediment fiom the water table to the 
top of the Gordon confining unit (Figure 3-7). The Upper Three Runs Aquifer generally 
demonstrates lower transmissivity values than the underlying Gordon Aquifer 
(Aadland et al., 1995). In the central SRS, the “tan clay” confining zone separates the Upper ‘* 

Three Runs Aquifer into the “upper” and “lower” aquifer zones (Figure 3-7) 
(Aadland et al., 1995). 

3.6.2.1 ‘‘UDDer’’ Aquifer Zone of the Umer Three Runs Aquifer (Water Table Aquifer) 

The “upper” aquifer zone of the Upper Three Runs Aquifer includes the-water-bearing sediment 
assigned to the Altamaha Formation, Tobacco Road Sand and upper part of the Dry Branch 
Formation (Figure 3-7). The “upper” aquifer zone includes the material below the water table . 
and above the ‘’tan clay” confining zone. The overall transmissivity of this part of the unit is 
somewhat less than the “lower” aquifer zone due to the relatively large amounts of interbedded 
and interstitial silt and clay (Aadland et al., 1995). . . 

3.6.2.2 “Tan Clay” Confining Zone of the Umer Three Rms Aquifer 

Beneath N Area, the “tan clay” confining zone is located at a depth of approximately 37 to 40 m 
(120 to 130 fi) (Figure 3-6). The “tan clay” confining zone separates the Upper Three Runs 
Aquifer into the “upper” and “lower” aquifer zones (Figure 3-7), 
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3.6.22 “Lower” Aauifer Zone of the Uuper Three Runs Aauifer 

The “lower’‘ aquifer zone of the Upper Three Runs Aquifer includes the water-bearing sediment 
from the base of the “tan clay” co+g zone to the top of the Gordon confming unit. 
Lithologic variations within the “lower” aquifer zone commonly result in significant vertical 

I variations in transmissivity (Aadland et al., 1995). The “lower” aquifer zone is therefore 
, commonly differentiated by upper and lower parts for the purposes of designing well screens. 

3.6.2.4 Gordon Codining Unit 

The Gordon confining unit separates the Upper Three Runs Aquifer from the Gordon Aquifer 
across much of the SRS region. The Gordon confining Unit consists of an interval of clayey s e d  

’and clay. Boundaries between the Upper Three Runs and Gordon Aquifers are defined by the 
vertical extent of the confining units. A confining unit is differentiated from an aquifer by a 
relative increase in silt and clay content that is consistent over a large area. The hydrogeologic 
changes do not always correspond with boundaries between stratigraphic units. Geologic 
formations therefore remain implicit in the hydrostmtigraphy. 

. 3.7 Demography and Land Use 

3.7.1 Demographics 

SRS is located approximately 40 km (25 mi) south& of Augusta, Georgia, and 32 km (20 mi) 
south of A k n ,  South Carolina. According to 1990 census data, the average population densities 
(in people per square mile) for the surrounding South Carolina counties are 111 for Aiken 
County, 36 for Barnwell County, and 28 for Allendale County. For the surrounding Georgia 
counties, the densities are 228 for Columbia County,.524 for Richmond County, 25 for Burke 
County and 21 for Screven County. The population within an c_ 80 km (50 mi) radius of SRS is 
634,784 people. 

The estimated populatiqn for the area in the year 2000 is projected to be 852,000. This estimate 
was calculated utilizing the 1970 to 1980 growth rate of each county in an 80 km (50 mi) radius, 
assuming that the same rate of growth would continue into the.future. The calculation assumed 
that the population would remain constant for counties that experienced a negative population 
growth between 1970 and 1980. 

3-5 
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Additional details on demography can be found in the Site Characteristics chapter of the Safe5 
Analysis Report for SRS (WSRC, 1995). 

3.7.2' Land Use 

The Savanhah River Site Future Use Project Report (DOE, 1996) presents SRS stakeholder- 
preferred future use recommendations. This report recommends that the FDTF area be 
designated for future industrial use. 

General public access to SRS is prohibited, with access limited by guards and security fences. 
Access to the FDTF area is by a road. The area is not fenced and is not routinely mowed. 
Monitoring wells in the area are sampled periodically. . .  

Less than 5 percent of the e+t ing land in the area surrounding SRS is devoted to urban and 
developed uses (DOE, 1990). Most of the urbanized development in the area has occurred in and 
around the cities of Augusta, Georgia, and Aiken, South Carolina. Agriculture accounts for' 
24percent of total land use; forests, wetlands,'water bodies, and unclassified land that is 
predominantly rural accounts for about 70 percent of the total land use. A projected 2 percent 
increase in the development of urban land surrounding SRS is expected by the year 2000. 

Less than 5 percent of the total SRS land area is used by facilities engaged in the production of 
specid nuclear materials. Reservoirs and ponds comprise approximately 13 km2 (5 mi2) of SRS. 
The remainder of the-more than 780 km2 (300 mi2) is comprised of natural vegetation andpine 
plantations. The proposed future land use for the SRS is expected to remain industrial. 

- 
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Figure 3-1. Savannah River Site Watershed Boundaries 
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Figure 3-2. Topographic Map of the Fire Department Training .Facility 
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Figure 3-3. Map of Soils at FDTF 

3-9 96 FDTFSEC3-RO.DOC 



RCRA Facility InvestigationRemediaI Investigation Report with- 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-1 13G) 

WSRC-Rp-96-863. Revision I 
April 1997 

t 
t 
d 
n - 

%WDTFSEC3-RoDoc 3-10 



RCRA Facility InvestigationlRemedial Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-113G) 

WSRC-RP-96-863, Revision I 
April 1997 

Figure 3-5. Location of Corehole CPC-1 
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Figure 3-6. Corehole CPC-1 Lithology with the Hydrostratigraphy and Lithostratigraphic 
Units (Price et al., 1988) 
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Figure 3-8. Water Table Map for the FDTF 
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Well ID 
;p .f N O 4  SUB 

CBh 001 . D 
CBR 002 
CBR 002 D 
CBR 003 
CBR 004 

CBR 006 
CSA 001 
CSA 002 
CSA 003 
CSA OM 
CSD 001 D 
CSD 002 D 
CSD OM D 
CSD 008 D 
CSD 009 D .  
CSD, 010 D 

CSD 012 D 
CSD 013 D 
cso 001 
cso 002 
CSR 001 
CSR 002 
CSR 003 
CSR OM 
HWS 001 
HWS 001 A 
HWS. 002 
HWS 003 
HWS 004 
HXB Oql 
HXB 002 
HXB 003 
HXB 004 D 
HXB 005 D 
PW 071 N 
PW 072 N 
PW 083 N 
CSF .001.  D 
Excepl where noted. 

CBR 005 

CSD 011 D 

Table 3-1. 1996 Static Water Level Measurements for Central Shops Area 

Ekvalion Ill MSL) 
Ground I TOc I TOS 

ND ND . ND 
2988 3009 301 2 
299 6 301 8 302 0 
293 4 295 8 ND 

301 4 303 9 ND 
289 0 2808 290 B 
288 2 290 1 290.2 
287 6 289 4 289.5 
288 4 240 4 290.5 
3134 315 4 ND 
3088 310.8 311.1 
3065 . 3085 . 308.7 
3018 . 303.0 304.1 
296.2 298.2 . 288.4 
2 W 5  206.6 298.9 
2w)Q 203.0 293.3 
299.5 301.6 301.8 
2874 289.5 289.6 
3020 303.9 3M.0 
299.7 301.9 302.1 
272.2 274.1 2742 
295.5 297.7 207.8 
283.1 285.2 215.7 

2985 , 300 6 300 8 

293 3 2959 .. ND- 

2026 ,204.7 2ei.8 
323.2 325.2 ND 
3232 324.6 324.7 
320 3 323.2 323.4 
323 5 323.5 ND 
ND ND ND 

304.2 308.2 306.5 
302.1 304.4 304.6 

3044 307 0 307 1 
3062 308 8 309 0 
2400 292.8 ND 
3120 315.4 ND 
2940 ND ND 
ND ND ND 

all War level measmmmts wem trk 

302.2 304.2 3044 

TOC =Top of Cuing 
TOS = Tap or Slandwe 

NT =Water bvsl for the Wdwrr.nd taken 
' ND No Dab 

. .  
Depth10 WL Measured Ekvatmn 

4704 1038-07/01/96 2538 
Water(fi)' ' I n n - D a y  WLIII) Comments 

NT .- 
56 08 
48 81 

NT 
43 06 
41 11 
44.55 
43.51 
43 41 
44.58 
68.26 
NT 

62.32 
NT 

52.75 
51.35 
47.97 
55.82 
44.65 
48.88 
6 . 7 4  
15.57 
NT 

28.08 
25.25 
NT 

76.71 
74.62 
NT 
NT 

52.55 

245 1 
253.2 

252.8 
2628 
246 4 
246.7 
246.1 
245.0 
247.1 

246.4 

245.7 
245.6 
245.3 
246.0 
244.8 
255.1 
255.4 
2 1 . 6  

259.0 
259.6 

240.0 
248.8 

254.0 
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4.0 NATURE AND EXTENT OF CONTAMINATION/UNIT ASSESSMENT 
INVES.TIGATI0N RESULTS . 

. .  

This section illustrates, tabulates, and inthrets the type and horizontal and vertical extent of 
. contaminants resulting fiom training exercises at the Fire Department Hose Training Facility 

(EDTF). The assessment is presented in the context of the Conceptual Site Model (CSM) 
(Figure 2-1). 

' 

A single exposure unit has been identified in the Baseline. Risk Assessment (BRA) (Section 6.0). 
Data for this exposure unit are grouped by primary source and secondary source. Each source is 
m e r  ca tegohd by type of contaminant as follows: (1) metals, (2) volatile organic compounds 
(VOCs), (3) semivolatile organic compounds (SVOCs), (4) pesticidedpolychlorinated bipheiyls 
(PCBs)/dioxins/furans, and (5)  radionuclide indicators. 

The FDTF (904-1 13G) is comprised of a single unit with no associated ditchesor drainage areas. 
The primary source of contamination identified in the CSM was the material used during past 
training activities at this unit. Through deposition and infiltratiodpercolation of the primary 
source, surface and subsurface soils in the unit may have become initially impacted media. These 
primary media may then have become secondary sources. Through secondary release 
mechanisms; air, surface and s u b d i x e  soils, biota, and groundwater inay become potential 
exposwe pathways to human and ecological receptors. 'Records indicate that'the primary source 
has been removed from the unit. Groundwater monitoring data collected fiom wells in the 
vidinity of the unit do not indicate that the unit has impacted groundwater. Biota and air 
exposure pathways are typically estimated utilizing d i x e  soil data. Therefore, only surface and 
subsurface soils at the FDTF were evaluated. 

Through these evaluations, the quantities of constituents released via each secondary release 
mechanism can be estimated. For example; surface soil samges could be used to estimate the 
volatilization of organic constituents, the concentration of constituents in fugitive dust, the 
potential for biotic uptake, and the constituents available for transport via direct contact. Surface 
and subsurface soil sample data could be used to evaluate the potential for transporting 
constituents to groundwater. 

*-___- . .- 
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Soil samples .were collected from five soil borings within the FDTF unit. Each boring was 

sampled over five depth intervals for a total of 25 Unit samples (Table 4-1). In addition, five 
samples were taken from each of the five backgound borings located in the vicinity of the FDTF 
(Figure 2-2). 'Samples were a n a l p d  for Target Compound List' (TCL) volatiles, semivolatiles, 
pesticidesRCBs, Target' Analyte List (Tk) horganics, .and the radionuclide indicators gross 
al.ha,,nonvolatile beta, and 'gamma spectroscopy. Results of the soil samples collected for this 
project are discussed in the following section. 

The analytical soil data for the 1996 investigation were compared to Eqironmental Protection 
Agency (EPA) Region III residential risk-based concentrkons (RBCs) and to two times (2X) the 
corresponding unit-specific average background concentrations, as an initial screening 
(Table 4-2). Constituents not present & detectable quantities in any soil sample are shown: in 
Table 4-3. The results of the scr&nings and the summary statistics are presented in a series of 
tables (Tables 4-4,4-5, and 4-6). Table 4-7 shows the summary for the FDTF soil intervals fiom 
0 to 0.3 m (0 to 1 ft), 0 to 1.2 m (0 to 4 ft), 1.2 to 2.1 m (4 to 7 ft), 2.1 to 3.1 m (7 to 10 A), 3.1 to 
4.0 m (10 to 13 ft), and 3.1 to 4.3 m (10 to 14 ft); Constituents that exceeded both the RBC and 
the 2X average background concentration criteria were retained as unit 'specific con 
(USCs). If an RBC has not been established for a constituent, then it is considered a USC if its 
maximum concentration exceeds twice the average background concentration. Figures 4-1 and 
4-2 areschematic cross-sections which depict the distribution of various USCs in the soil 
column. 

' 

-ts. 

4.1 Background Investigation Results 

Background soil samples were collected from five boring locations (FBFDBG-01 through 
FBFDBG-05) in order to determine unit specific background soil concentrations. Samples were 
collected fiom five depth intervals, as follows: 0.0 to 0.3 m (0 to 1 ft), 0.3 to 1.2 m (1 to 4 A), 
1.2 to 2.1 m (4 to 7 k), 2.1 to 3.1 m (7 to 10 ft), and 3:l to 4.0 m(10 to 13 A). 

Unit specific background values were computed over three depth intervals that complemented 
the sampling strategy of .the associated unit. Surface soil background concentrations were 
determined for the 0 to 0.3 m (0 to 1 ft) interval. This value was used to screen soil data for the 
human health risk assessment for current exposure scenafibs and for the ecological risk 
assessment. 

lmm3Ec4mul7m 4-2 
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- Subsurface background concentrations correspond to the interval fiom 0 to 1.2 m (0 to 4 fi) and 
*were used to determine the human health risk and ecological risk for future land use. These 
concentrations were computed using the data fiom the first two sampling intervals at each of the 
five background soil sampling locations. - 

. 

Unit-specific background soil concentrations for deep soil were calculated at depths greater than 
1.2 m (4 .fi) to support the evaluation of the nature and extent of contamination. The measured 
concentrations fiom 1.2 to 4 m (4 to 13 ft) were averaged to calculate a mean background 
concentration for these intervals. The background concentrations presented in Table 4-2 
represent the mean of all results fiom each of the background locations for the surface, 
subsurface, and 'deep soil. 

4.2 Primary Source Investigation Results -- 

The.FDTF was used fiom 1979 to 1982 as an area to extinguish _.. oil fires for fire -- department' -- 
training exercises. During this time, the unit consistedof a shallow, unlined pit which measured-- 
approximately 6 m by 12 m (20 ft by 40 ft) and was surrounded by a 45 cm (18 in) high asphalt 
dike. No known hazardous or radioactive wastes were placed in the unit. 

. .  
The primary sources of contamination-at FDR-are-the oils and associated .fiels-bumed -at. the-- 
facility. According to site records, approximately 0.3 m (1 ft) of soil fiom the pit bottom, the -- 
asphalt .dike, and other visibly contaminated soils in the vicinity of the pit'were excavated ._ in -.  . 
-1982, and the-pit w e  .returned to grade with clean fill. A second soil removal activity .was- 
documentedin 1985 (discussed in Section 1.3.1). 

- . .. - - .- 

4.2.1 Soil Data Presentation and Interpretation in the FDTF 

--- - -- - - -_ - - .. - -. . 
Information and data obtained during the field characterization activity are consistent with_.--. 
historical information about past activities at thislocation. b~d-csaturated-soil~separate-p~i,~~ 
sludge were observed on the surface or encountered in any of the borings in the Unit;--Ther' 

. analytical data collected fiom the brings provide further evidence that there is no longer a 
primary source at this unit. Volatile and semivolatile compounds were detected in only one of 
five samples in the interval fiom 0.0 to 0.3 m (0 to 1 ft) and in fewer than two of 10 samples in 
.the interval fiom 0.0 to 12 m (0 to 4 ft) (Tables 4-4 and 45). Of these, only the SVOCs 
benzo(a)pyrene and bem(g,h,i)perylene were detected above screening lev&. These polycyclic 

-I -___- 
-- -. 
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aromatic hydrocarbons are a major constituent of asphalt and can be attributed to bits of asphalt 
remaining after the dike was removed. Volatile and semivolatile compounds were also detected 
in the sampling intervals greater than 12 m (4 ft); however, each was detected in fewer than 
eight of 15 samples and at low concentrations (Table 4-6). None of these compounds was 
detected in the interval between 0.3 and 1.2 m (1 to 4 fi). The paucity of VOCs detected in the 
unit borings suggests that the primary source was successfully removed fiom the unit and that 
only secondary sources remain. 

. 

4.2.2 Primary Source Uncertainty 

No physical or analytical evidence indicates the presence of any source material at FDTF. 
Samples collected fiom the five boring locations should adequately describe the conditiQns 
a&oss the unit. Borings were placed in areas where visibly con tamhated.soil was previouhy 
identified, and intervals where contamination was detected in previous investigations were 
resampled. 

According to the Quality Control Summary Report (QCSR) for the N-kea Ford Building Waste 
Unit (WSRC, 1996b), one of the 25 samples collected for the FDTF was. flagged for questionable 
data. Headspace was present in a VOC sample collected fiom 3.1 to 4.0 m (10 to 13 fi) due to 
difficulty in packing the hard soil in the sample jars. Volatiles which may have been present 
would.have dissipated once the sample container was opened, biasing the data toward lower 
concentrations. Although the validity of this data is uncertain, the lack of significant volatile 
constituents in the overlying or adjacent intervals suggests that low VOC concentrations would 
be anticipated. Because the sampling problem involved only one VOC sample, the results of the 
data for the other analyses conducted for this sample were not affected. 

4 3  Secondary Source Investigation Results 

Four borings were placed along the FDTF perimeter and one%&ing was placed in the center of 
the unit for a total five soil borings. These borings were located along the unit boundaries 
'delineated during the 1986 investigation, and in areas where surface soil contamination was 
previously identified. 

FMFSEUDOC a7197 4-4 
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4.3.1. Surface Soil (0 to 0.3 @ Data Presentation and Interpretation 

The analysis of the baseline risk to humans and ecological receptors considers two intervals: 0 to 
0.3 m (0 to 1 ft) and 0 to 1.2 m (0 to 4 fi). The surface soil sampled fiom 0 to 0.3 m (0 to 1 ft) at 
each of the five locations at FDTF is discussed below (Tables 4-4 and 4-7). 

4i3.1.1 MetalslInorPariics 

Manganese was the only metal identified as a USC in the surface soils at FDTF. Manganese was 
detected in each of the soil borings. Concentratio& ranged fiom 28 mgkg in boring FDTF-03 
to 65.3 mgkg in boring FDTF-04. Of the five samples, only the sample fiom FDTF-04 
exceeded the sample screening criteria. 

4.3.1.2 SVOCs 

Two SVOCs, benzo(a)pyr-ng-.-gd- ~ e - ~ o o ( g ~ i ~ ~ e ~ ~ e n e , - - w ~ e  re-wed as. potential USCs in 
surface soils at the unit.----Thesecompounds-.were detected in one boring, FDTF-01, at 
concentrations of 144 pg/kg.and 121--p/kg;respe&vely (Figure 4-1). These samples were 
obtained in the area where pieces of asphalt have been identified (WSRC, 1996a). The SVOCs ' 
may be attributed to these bits of asphalt material. . - -  - 

4.3.1.3 -VOCS . -  

No VOCs were identified as USCs in Surface soils at FDTF (Table 44). - 

4.3.1.4' Pesticides/PCBs/Dioxins/Furans 

- _- - - - - - - - .  - - .- 

------ --- - 
- . . - _- -- - - -. .- - - - - . .. -_ 

No pesticides/PCBs, dioxins, or furans were retained .as USCs for Surface soils at the unit 
.. - .  . ~ . _ - _  ~ .- - -  (Table 4-4). 

4.3.1.5 Radionuclides . - 

-.----- .-- _. -- .-I No radionuclides w& r e & ~ d & ~ S C s f o ~ f ' i l s  at the unit (Table 4-4). 
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4.3.2 Subsurjace Soil (0 to 1.2 Data Presentation and Interpretation 

Subsurface soil is the interval from 0.0 to 1.2 m (0 to 4 ft) and includes the surface soil discussed 
in Section '4.3.1 and the underlying interval sampled h m  0.3 to 1.2 m (1.0 to 4.0 ft). The 
summary of data at this depth is shown in Table.4-5, and the results for each boring are presented 
in Table 4-7. 

4.3.2.1 Metals 

Eight metals were identified as USCs for FDTF subsurface soil: aluminum, arsenic, beryllium, 
chromium, iron, manganese, sodium, and vanadium. Each of these constituents was detected in 
at least eight of the 10 samples and exceeded screening levels in at least one soil boring. With 
the exception of manganese, all exceedances occurred in the interval between 0.3 and 1.2: m 
(1 to 4 ft). 

Aluminum was detected in all 10 samples with concentrations ranging fiom 1,670 to 12,500 
mgkg. Chromium, iron, and vanadium were also detected in each of the 10 samples with the 
lowest concentrations for each metal identified in FDTF-04 and h u m  concentrations . 

reported in FDTF-02. A comparison of the chromium, iron, and vanadium values across the unit 
shows that concentrations of these constituents are highly variable. The difference between the 
maximum and minimum values reported for each metal is at least one order of magnitude. 
Chromium was'detected above screening levels in boring FDTF-02. Aluminum, iron, and 
vanadium exceeded screening criteria in borings FDTF-02 and FDTF-03, which are located in 
the northwest and c e n d  parts of the unit, respectively. The only other metal detected in each of 
the 10 samples was sodium. Concentrations of this metal are generally consistent across the unit 
and are within +/- 30 mgkg of background. Sodium exceedances were identified in borings 
FDTF-02, FDTF-03, and FDTF-05. 

Arsenic was present in nine of the 10 samples collected for h i s  interval. Concentrations for 
arsenic range fiom 1.2 to 7.3 m a g ,  with one exceedance of screening criteria identified in 
boring FDTF-02. Beryllium was detected in eight samples with values ranging from 0.05 mgkg 
in boring FDTF-05 to 0.201 mgkg in FDTF-03. The only sample in excess of screening levels 
was collected fiom boring FDTF-03. Manganese was detected in all of the samples, but was the 
only metal identified in excess of screening levels in both the 0.0 to 0.3 m (0 to 1 ft) and 
0.3 to 1.2 m (1 to 4 ft) intervals. These exceedances were recorded in boring FDTF-04. 
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In general, no trend was identified across the unit, although a general increase in metal 
concentrations can be seen with depth (Figure 4-2). This vertical trend is anticipated since the 
interval fiom 0.0 to 0.3 m (0 to 1 ft) is comprised of clean fill. Lower concentrations of 
aluminum,' arsenic, beryllium, chromium,' sodium, and vanadium were also noted in borings 
FDTF-04 and FDTF-05, located on the eastern edge of the pit. Metal concentrations in these 
borings are approximately half those reported for borings in the center and along the western 
edge of the unit. This may be an artifact of the previous soil removal activities, which targeted 
areas that exhibited impact. 

' 

4.3.2.2 SVOCs 

Two SVOCs, benzo(a)pyrene and benzo(g,h,i)perylene, were retained as potential USCs in the 
3.0 to 1.2 m (0 to 4 ft) depth interval. These constituents were not detected in samples collected 
from the 0.3 to 1.2 m (1 .O to 4.0 ft) interval, but were retained because of their presence in the 
0.0 to 0.3 m (0.0 to 1 ft) interval in boring FDTF-01. 

4.3.2.3 VOCs 

__ - _ -  --- -~ 

- - L  -- I . __I - - -- 
~ 

No VOCs were identified as USCs for subsurface soils at FDTF (Table 4-5). 
__  

~~ .. . - __ 4.3.2.4 Pesticides/PCBs/Dioxins/Furans 
- _  I - - -  - 

No constituents in this analytical suite were determined to be USCs in subsurface soil at FDTF 
(Table 4-5). 

4.3.2.5 Radionuclides 

No radionuclides were identified as USCs for subsurface soils at FDTF (Table 4-5); 

4.3.3 Deep Soil (51.2 iU) Data Presentation and Interpretation 

The deep soil interval represents all sample depths greater than 1.2 m (4 ft), and includes 
1.2 to 2.1 m (4 to 7 fi), 2.1 to 3.1 m (7 to 10 A), and 3.1 to 4.3 m (10 to 14 ft). A summary of the 
analytical data for this interval is shown in Table 4-6. Results for each sampled interval are 
summarized by boring in Table 4-7. 
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4.3.3.1 Metals 

Seven metals .were retained as USCs for this interval at FDTF: aluminum, arsenic, beryllium, 
chroniium,.iron, sodium, and vanadium. These results concur with the data fiom the previous 
interval, which indicate the presence of th&e constituents in each of the soil borings. Aluminum 
concentrations exceeded both screening criteria in all borings except FDTF-05. Concentrations 
for this metal ranged fiom 2,960 mgkg in FDTF-05 to 12,600 mgkg in FDTF-01. In general, 
aluminum concentrations decrease with depth within the deep soil .interval. However, a 
comparison of subsurface sample results to the results for the deep soii'reveals an increase in 
concentration in the interval fiom 1.2 to 2.1 m (4 to 7 fi3 in brings FDTF-01, FDTF-04, and 
FDTF-05 (Table 4-7). Aluminum concentrations in borings FDTF-02 and FDTF-03 are 
generally consistent with those reported in the preceding interval. 

-. 

. 

Arsenic, iron, chromium, and v@um were each present at concentrations at or above the 
screening. criteria in borings FDTF-01 and FDTF-02, with maximum concentrations. of 11.1 
mgkg, 76,200 mgkg, 59.4 mgkg, and 166 mg/kg, respectively. Iron was also detected above 
screening levels in FDTF-04 and FDTF-05. Metals concentrations within each sampled interval 
are generally consistent across the unit, and a comparison of results reveals no distinctive lateral 
trends. Like aluminum, the concentrations of each of these metals in the interval fiom 1 -2. to 
2.1 m (4 to 7 ft) are generally elevated when compared to the subsurface soil internal. 

Sodit& was identified above screening levels in four of the five borings, with values k g i n g  
@om 60.6 mgkg in FDTF-04 to 86.8 mgkg in FDTF-02. In borings where the concentration 
was below the scr&ning criteria, reported values ranged fiom 27.5 mgkg to 57.3mgkg. 
Beryllium was detected in 11 of 15 samples, and exceeded the screening criteria in samples 
collected fiom borings FDTF-01, FDTF-02, FDTF-03, and FDTF-04. Concentrations of this 
metal ranged from .0.0695 mgkg in FDTF-05 to 0.201 mgkg in FDTF-02. Sodium and 
beryllium concentnkons deep'soil samples show iittle latetal or vertical variability. When 
compared to the analytical results from the subsurface interval, sodium and beryllium 
concentrations are generally consistent. 

: 

.' 

I 

These results concur with data fiom the subsurface soil interval. With the exception of 
manganese, each of the metals identified as a USC in the 0.0 to 1.2 m (0 to 4 ft) interval was 
retained as a USC in this interval and was present in. detectable quantities across the unit. The 
vertical increase in metals concentration from the subsurface soil sampies to the samples in the 
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1.2 to 4.0 m (4 to 7 ft) interval suggests that the samples from the 0.0 to 1.2 m (0 to 4 fi) interval 

are composed of a mixture of clean fill and contaminated soil (Figure 4-2). The samples fiom 
the 1.2 to 4.0 m (4 to 7 ft) interval are probably representative of contaminated soils that were 
undisturbed during the removal activities. The general decrease in metals concentration with 
depth and the lack of a’discernible lateral trends suggest that metal contaminants have adsorbed 
to soil particles and beenimmobilized in the’soil environment. 

4.3.3.2 SVOCs 

No SVOCs were identified as USCs for this interval at FDTF (Table 4-6). 

4.3.3.3 vocs 

No VOCs were identified as USCs for this interval at FDTF (Table 4-6). 

4.3.3.4 PesticidesPCBslDioxinslFurans 

No constituents in this analytical suite were identified as USCs in the deep soiI interval at FDTF 
(Table 4-6). 

4.3.3.5 Radionuclides 

No radionuclides were determined to be USCs in this-interval at FDTF (Table 4-6). 

4.34 Secondav Source Uncertain@ 

There is no documented or physical evidence indicating that materials other than burnable oil 
were applied to the FDTF. Asphalt was the only material identified during field sampling. No 
oil stained soils or-metal debris was observed. The asphalt bits may account for the SVOCs 
detected in excess of the screening levels in surface soil samples. The potential that surface and 
subswface soils are”secondary sources for metal ‘contaminants is also not certain. The 
consistency of the metals concentration across the unit and with depth, particularly in the deeper 
sampled intervals, suggests that some of the metals detected may be naturally occurring. 

As discussed in Section 4.2.3, the greatest uncertainty associakd with the data from the deeper 
soils is the improper preparation of one VOC sample from the 3.1 to 4.0 m (IO to 13 A) interval. 
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The .uncertainty 
because there is 
interval, 

associated with this sample has minimal impact on the data interpretation 
no evidence to substantiate the presence of high VOC concentrations in this 

4.4 Exposure Pathway Investigation Results 

-- From the results of historical groundwater monitoring data, the analytical suite for groundwater 
monitoring wells (CSO-1 and CSO-2) in the vicinity of the FDTF was refined to target metals, 
and total recoverable petroleum hydrocarbons 0. The results of boundwater monitoring 
fiom wells CSO-1 and CSO-2 conducted fiom the third quarter 1994 through the second quarter 
1995 are presented in Appendix A-5. No TPH was detected during the 1995 sampling event. 
Because no hydrocarbon components were detected during the 1995 sampling event, 
boundwater - sampling was not conducted in this investigation. 

Air and biota in the vicinity of the FDTF were also identified in the CSM as exposure pathways: 
The impact on these secondary media via secondary release.mechanisms can be evaluated using, 

-the results of surface soil sampling. Therefore, no ecological samples (biota, fish tissue, 
vegetation, etc.) or air samples were collected during this investigation. 'Groundwater monitoring * 

results for wells CSO-2 and CSO-2 for periods 3rd Quarter 94 through 3rd .Quarter 95 are shown 
is Appendix A-5. 
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PAH = Polycyclic Aromatic Hydmcarbon (pgkg). 
(Data presented for detectable quantites, only.) 
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Figure 4-1. Schematic of Soil Borings with PAH Distribution (pg/kg) 
(no scale implied) 
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Figure 4-2. Schematic of Soil Borings with Metais'Distribution (m&) 
(no scale implied) 
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' Table 4-2. Unit Specific Background Soil Concentrations at the 
Fire Department Hose Training Facility* 

* .  *' The background concentration is the mean of all resulk above tiit detection limit for samples from stations FBFDB-01, 
FBFDB-02, FBFDB-03, FDFDW and FBFDB-05. '"D" indicates that the analh was not detected in any background 
samples in that depth interval. : 
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Table 4-2. Unit Specific Background Soil Concentrations at the 
Fire Department Hose Training Facility" Continued) 

The background concentration is the mean of all results above the detection i i t  for samples from stations FBFDB-01, 
FBFDB-02, FBFDB-03, FDFDB-04 and FBFDB-05. "ND" indicates that the d y t e  was not detected in any background 
samplcs in that depth interval. 
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Table 4-3. Analytes Not Detected in Fire Department Hose Training Facility 
Soil Samples 
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Table 4-3. Analytes Not Detected in Fire Department Hose Training Facility 
Soil Samples (Continued) 



.- 

5. 4 Number of Minimum Average Maximum 
. Measurements §ample Sample Sample 

RCRA Facility Invcstigation/Remedial Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (W113G) 

WSRC-Rp-96863, Revision I 
April 1997 

Table 4-3. Analytes Not Detected in Fire Department Hose Training Facility 
Soil Samples (Continued) 

.. 
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Table 4-3. Anaiytes Not Detected in Fire Department Hose Training Facilic 
Soil Samples (Continued) 



Table 4-4. Summary*Sfatirtics for Analytes I)etected in Soil Samples from 0 to 1 ft I)ccp front the . 
Fire Department Hose ?'raining Facility' 

Cadmium 
Calcium 

315 0.0558 
3 15 0.05 I 
5 1 5  78.8 

.. 
Cyanide 
Iron 

0.405 
4 1 5  
I I5 0.09 I 
5 I5 1480 

I 

' ,  - 
Mean 
Result 

a .  

3690 
I .58 
3.0 I 
13.5 

0.07 19 
0.0847 
. 156 
9.02 
0.6 I 
4.12 
0.338 
6820 
9.58 
72 
37. I 
0.0607 
L.73 
74.3 
0.715. 
54.9 
17 
10.7 

- - 
- 
- 
- - - - 
- 

. .  

! 

.*. 

I 

1 

. .  



Table 4-4. Summary Statistics for Analytes Detected in Soil Samples from 0 to 1 ft Deep from the 
Fire Department Hose Training Facility' (Continued) 

I . -  

Detection 

IBenzo(a)anthracene I I15  
Bento(a)pyrene I15 
Benzo(b)fluoranthene I15 
Benzo(g,h,i)perylene 1 1 5 .  
Benzo(k)fluoranthene I15 
Benzoic acid I15  
Bi~(2-ethylhexyl) I15 - .  

ph$alate- 

Fluoranthene I15 
Chrysene , I15 

Indene( 1,2,3-c,d)pyrene I I 5. 
Pyrene ' I,/ 5 

vocs tPgncl3) \ 

Dichloromethane I15 
(methylene chloride) 
Toluene 1 1 5  

',Mean includes all nsul$ w i t h  no &kc$ set to one haifthe sample quontilatlon limit except for radlonuclides whlch were included at the full reported value. 
ND indicates an analyle that was no1 detected in  the background samples for this depth class. 
NA Indicates M analyte that docs not have II human health scmnlng criterla. 

.. 

.. 



Table 4-5. Summary Statistics for Analytes Ilctected in Soil Samples from 0 to 4 ft Deep from (he 
Fire Department Hose Training Facility' 

.. . 

.. . 

i 
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Table 4-6. Summary Statistics for ‘Analytes Detected in Soil Samples from >4 ft Deep from the 
Fire Pepartment Hose Training Facility’ 

.. . 



I 

... 
. .  

Table 4-6. Summary Statistics for Analytes Detected in Soil Samples from >4 ft Deep from the . 
Fire Department ilose Training Facility' (Continued) 

' Mean includes all results with nodetects set to one half the sample quantitation limit 
reported value. 
ND indicates an analyte that was not detected in the background samples for this depth class. 
NA indicates an analyte that does not have a human health screening criteria. 

.., \ 

. .  

... 
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Table 4-7. Summary of Results by Borehole for Soil Samples From the Fire 
.Department Hose Training Facility Above Both Background and Human Health 

Criteria 
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Table 4-7. Summary of Results by Borehole for Soil Samples From the Fire Department 
Hose Training Facility Above Both Background and Human Health Criteria 

(Continued) 

B N A  Extractables 

* Boring location of FDTF-03 total depth = approx. 14 ft 
ND indicates an analyte that was not detected. 
NA indicates an analpe that was not analyzed. 
Shading indicates value exceeds screening criteria. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

This chapter describes the potential migration pathways and mechanisms for transport of chemical 
substances foynd in soils at the F& Department Hose Training Facility (FDTF). Using the 
information presented in previous chapters, conkmimint fate and transport analyses are typically . 
performed to identify the unit specific contanihant migration constituents of conc.em (CMCOCs). 
predict the rate of contaminant migration, and project contaminant concentrations to receptor 
locations via various media. A simple tiered approach is used to develop the CMCOCs, and 

analytical models are used to define transport of these CMCOCs h m  source areas to receptor 
locations. The overall objectives of these analyses are to evaluate potential future impact to human 
health and the environment. 

Section 5.1 discusses the persistence, mobility, and other physical and chemical properties of the 
metals and organic compounds found at the FDTF at the Savannah - -  River Site (SRS). Section 5.2 
provides a discussion of contaminant migration pathways-in relation to the conceptual site model 
and describes contaminant release mechanisms through various transport media. Section 5.3 
presents a soil leachability analysis describing the application and underly&g assumptions for the 
soil screening analysis. Section 5.4 summarizes the conclusions drawn fiom the results of the 
analyses. 

5.1 Physical and Chemical Properties 

The fate and transport of metals and organic compounds are functions of both site characteristics 
and the physical and chemical interactions between the contaminants and the site media. The 

' physical and chemical properties of the contaminants that influence these interactions include, but 
are not limited to, solubility in water, tendency-to-transform or- degrade (usually described by an 
environmental half-life in a' medhm), .and chemical afhity for. solids or organic matter 
(usually described by a partitioning coefficient-Gch as I(d; L G r  KOw). These properties and. how . . 
they affect the behavior of detected analytes at the FDWlare described below. - 

. 

. - . . - . - 

5.1.1 Metals 
..-..---_- 

Inorganic analytes detected at the FDTF include the metals whichare present above two times (2x) 
the average background concentration listed in Table 5-1. When associated with the aqueous phase 
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: in a soil, these metals are subject to movement with soil water. Aqueous transport mechanisms 
may result in metal migration through the vadose zone to groundwater. Metals, unlike organic 
compounds, b o t  be degraded. However, some metals, such as arsenic and chromium which are 
present at the FDTF in detectable concen&tions, can be tmnsfo&ed to other oxidation states in 
soil, reducing their mobility and toxicity. Metals may also react with soil particles or other solid 
surfaces by ion exchange, a&orption, precipitation, or complexation. Such reactions are affected 
by pH, oxidation-reduction conditions, and the type and mount of organic matter, clay, and 
hydrous oxides present. These reactions are typically reversible, resul*g in dynamic meials' 
solubility in immature or poorly developed soils. In general, ion .exchange, adsorption, 
precipitation, and complexation cause an element's mobility to be retarded.. The retardation factor 
&) describes numerically the extent to which the velocity of the contaminant migration is slowed. 
.It is largely derived fiom the partitioning coefficient 0, as expressed by the following equatioi: 

(Es. 5.1-1) 

where: 
Pb = the soil bulk density (g/cm3) 
0 = soil moisture content (%) 

Table 5-1 presents the range of &s for metals for the two types of soil (sandy soil and loam). The 
bs of metals vary widely in the same soil type and may vary by orders of magnitude between 
samples from the same site. However, for the purpose of transport modeling-typically only the 
average I?, values are used. . -  

In soil, metals are found in one or more of several ''p001s" of the soil, as described by Shuman 
(1991): (1) dissolved in soil solution; (2) occupying exchange sites on inorganic soil constituents; 
(3) specifically &orbed on inorganic soil constituents; (4) associated with insoluble soil organic 
matter, (5) precipitated as pure or mixed solids; (6) pisent in the structure of secondary minerals; 
and (7) present in the. structure of primary minerals; In Situations where mefals have-been 
introduced into the environment through human activities, they are typically associated with the 

'first five pools. The dissolvedlaqueous fiaction and its equilibrium kction are of primary 
importance when considering the migration potential of metals associated with soils. The dissolved 
fiaction is the more mobile and bioavailable fiaction. Of the compounds that are most likely to be 
present in soils, the chlorides, nitrates, and nitrites are the most soluble. Sulfates, carbonates, and 

. .. 
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hydroxides have low to moderate solubility. Soluble compounds are transported in aqueous forms 
that are subject to retardation. Metals form both soluble and insoluble compounds in soil. The 
insoluble compounds remain as precipitates and limit the overall dissolution of a metal. 

5.1.2 Organic Compounds 

The organic constituents ‘detected at the FDTF include volatile organic compounds (VOCs) and 
semivolatile organic compounds (SVOCs). These contaminants may be degraded in the 
environment by various processes including hydrolysis, oxidation/re&ction, photolysis,. or 
biodegradation. Environmental half-lives of organic compounds in different media can vary fiom 
minutes to years, depending on the chemical and on environmental conditions. Degradation 
usually reduces the toxicity, but may not completely eliminate the threat to human health and..the 
environment. Biodegradation rates for organic compounds of inteatst are presented in Table 5-2. 

5.2 Conceptual Site Model and Contaminant Migration 

The Conceptual Site Model (CSM) presents known or expected unit conditions that s m e  as a 
paradigm within which an investigation is developed, and against which new data can be compared. 
and interpreted. The CSM incorporates all the waste unit characteristics that combine to constitute 
the problem being addressed (e.g., hydrogeologic features, primary contaminants and their 
properties,’p.otential human and ecological exposure scenarios, etc.). The predictive function of the 
CSM relies on known information and informed assumptions about $he waste At. The better the 
information and the greater the accuracy of the assumptions, the more accurately the site CSM 
describes the unit, resulting in more reliable predictions. 

The expected unit conditions and components of the CSM at the F’DTF are briefly discussed in the 
following paragraphs. 

512.1 Inflitration and Surface Runoff -. - 

The potential for contaminant transport begins with precipitation. 
processes of infiltration and runoff occw 

The degree to which the 
SRS is variable and dependent primarily upon the 

density of vegetation. Much of the area surrounding the FDTF is vegetated, and infiltration is 
expected to be high. Average annual percolation to the water table at this site is expected to be 36 

’ cm (14 in.). 
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5.2.2 Evapotranspiration 

All inliltrated water does not recharge to ground-, much of it is lost fiom the subsurface via 
evapotranspiration. The amount lost is variable, depending largely on the extent and type of 
vegetative cover. At SRS, a large percent&e of the average a n n d  precipitation is consumed by 
evapotranspiration. 

5.2.3 Subsurface Flow System 

The infiltrated water that is not lost to evapotranspiration:.enters the submfkce flow system. The 
subsurface flow system is comprised of the vadose zone and the saturated zone. The vadose zone at 
the FDTF is composed of duty to moderately clean, cross bedded sands with clay lewes 
representing the Clinchfield and Tinker Formations. The vadose mne is:approximately 15 m 
(50 ft) thick. 

The water table aquifer is known as the “upper” aquifier zone of the Upper Three Runs Aquifer. 
Although many factors influence groundwater flow, topography, surface cover, geologic structure, 
and lithology exhibit strong influence on the hydrogeology. Variations in these features result in 
water flux variations. Groundwater movement in the water table beneath the FDTF is 
predominantly to the southwest from the unit. 

5.2.4 Release Mechanisms 

’rhe pr&ary release mechanisms at the unit are infiltration with leaching to groundwater, surface 
runoff a d  erosion, and gaseous emission and wind erosion. 

5.2.4.1 Infiltration with Leachina to Groundwater 

Precipitation that does not leave the waste unit as surhce runoff infiltrates into &e subsurf8ce. 
Some of this inliltrating water leaves the subsurface enkonment via evapotranspir&on after little 

’ 

’ 
or no subsurfbce flow. The .remainder of the water percolates into the subsurfice flow system. The 
rate of percolation is controlled by soil cover, ground slope, saturated conductivity of the soil, and 
meteorological conditions. 
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Water infiltrating through contaminated surface and subsurface soils may leach contaminants into 
the groundwater. The factors that affect the leaching rate include a contaminant’s solubility and I& 
and the amount of percolation. Whether it is the contaminant’s partition coefficient or solubility 
that controls leaching depends on whether leaching is solubility-controlled or sorption-controlled. 
Compounds &t.h low solubility will precipitate out of sol&ion in the subsurface or remain in their 
insoluble fonn with little leaching. However, the contaminants detected at the FDTF generally do 
not form,insoluble compounds in the ~ t u r a l  environment, so sorption processes and the & will 
have the greatest effect on leaching. Since the retardation. factor describes numerically how the 
velocity of contaminant migration is slowed, the larger the retardation factor, the slower the 
velocity of a constituent in the soil. The is directly prop&tiod to the &, so those contaminants 
with small &s will be leached more effectively than those with larger &s. 

Another factor that affects whether a contaminant will reach the water table is the contaminant’s 
rate of decay. Most organic compounds decay or break down at characteristic rates that are 
described by the substance’s half-life. For a given percolation rate, those con taminants with longer 
half-lives have a greater potential for contaminating groundwater than do those contaminants with 
shorter half-lives. 

Flow and contaminant transport processes in the subsurface are conceptualized from the 
hydrogeology of the site, saturated-unsaturated flow characteristics (such as hydraulic conductivity, 
thickness of the vadose zone, Darcy and seepage velocity), and a constituent’s chemical behavior in 
a specific medium. The hydrogeology of the unit has already been discussed in Section 3. The 
principal release m e c b  at the FDTF is infiltration and leaching to groundwater. Water is 
introduced to con taminants buried in the soils by infiltration of rainwater. Contaminants would 
then be leached from contaminated soils and migrate downward through the vadose zone to the 
water table. The water table is located in the “upper” aquifier &ne of the Upper Three Runs 
Aquifer. In the safurated zone, the contaminants may be Carried laterally to receptor locations in 
solution or in fine particulatks or colloids. As the contaminants migrate downward, they could pass 
from the “upper” aq&er zone of the Upper Three Runs Aquifer through the “tan clay” confining 

. zone and into the underlying “lower” aquifer zone of the Upper Three Runs Aquifer. The depth to 
groundwater is approximately 15 m (50 fi). 

- .  
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5.2.4.2 Surface Runoff and Erosion 

Contaminants that are sorbed onto surfice soils can be released by desorption in surface runoff or 
captured with particulate matter by soil erosion during a rainstod. Surface water runoff from the 
FDTF flows in a north, northeast direction toward an unnamed tributary of Fourmile Branch. 

5.2.4.3 Gaseous Emission and Wind Erosion 

Organic compounds in d a c e  soil are emitted to air via volatilization. b e  rate of emission is 
controlled by the vapor pressure of the organic compoundsr It decreases Gid ly  over a short period 
of time as the volatiles are depleted by release to the atmosphere. VOCs in subsurface soils are 
emitted to the atmosphere via vertical diffusion through soil pores. Depending on how extensively 
diffusion has occurred, gaseous emissions h m  subsurface soils may be significant. 

Particulate matter from contaminated surface soil can become airborne (fugitive dust) as a result of 
wind erosion. This process is controlled by vegetative cover, wind speed, and moisture and other 
fluids in the sdace soils. 

53 Soil Leachability Analysis 

Soil and groundwater are the principal media of contaminant transport. Con taminant fate and 
transport analyses involve conducting a series of screening steps to.define what constituents are 
present at concentrations that warrant vadose zone modeling. The screening process @d not 
i d & w  the presence of any constituents in concentrations high enough to warrant evaluation using 
a vadose zone contaminant transport model. The screening process is discussed in the following 

. sections. 

5.3.1 Comparison of Unitdpecific CSM to Soil Screening Level 

5.3.1.1 Step 1 

.I - .. 

The first step of the screening process was comparison of the maximum detected concentrations of 
all the analytes measured in the soils with 2X their respective average background concentrations. 
As discussed previously (Section 4), soil samples were collected. h m  five soil borings (FDTF-01 
through FDTF-05) drilled within the FDTF. For this screen, all background samples were 

FDTFSECSWC 5 4  
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grouped into one set and samples from the FDTF were grouped into another set. There was no 
distinction in either set according to sample depth. Each analyte in the FDTF group was 

compared with 2X its average background concentration. The results of this background screen 
are presented in Table 5-3. The coxkituents exceeding 2X their average background 
concentration. are evaluhted for tlieir potentid leachability fiom the waste h i t  soil .to the 
groundwater. Essential nutrients (calcium, chloride, iodine, magnesium, phosphorus, potassium,. 
and sodium) are not included in this screening process, because they are not considered to be 
toxic and do not have health based limits. 

5.3.1.2 SteD 2 
The second step of the screening process for this unit compared the average concentration of each 
constituent with the Environmental Protekon Agency (EPA) generic soil screening level (SSL) €or 
Superfimd Sites for migration to the groundwater.pathway (EPA, 1996a).' When the average 
concentration was higher than-the maximum concentration detected, the maximum concentration 
was used. (This occurs when the detection limit for one or more samples is much higher than the 
maximum concentration detected.) The SSL is the concentration of a contaminant in soil that 
represents a level of contamination below which there is generally no concern under the . 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), provided 
conditions associated with SSLs are met. The generic SSLs for the migration to groundwater 
exposure pathway are presented in Table 5-4. 

Using the average soil concentration of a constituent is appropriate for the fate and transport 
screening process, because it provides the .best estimate of the concentration of contaminants 
distributed homogeneously throughout the source. This is one of the simplifying assumptions 
used when SSL models are applied. The natural processes that reduce constituent concentrations in 
the subsurface are also considered in the migration screen. The ef%ct of this natural process is 
accounted for by usmg a dilution attenuation factor OAF). For this unit a DAF of 20 was used for 
the migration to groundwater pathway. The DAF of 20 is the value appropriate forefie size of the 
unit (approximately 7,800 fi2) according to EPA guidance (EPA, 1996a). 

'' 

Generally, if contaminant concentrations in soil f d  below the SSL with DAF, and there is no 
significant ecological receptor of concern, then no M e r  study or action is warranted for that area 
If no generic SSL was available for a chemical for the migration to groundwater pathway, the 
chemical was carried through the screening. 
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.. 5.3.2 Results of Comparison to Soil Screening Levels 

The screening process shows that no constituent with an established SSL is present above the 
SSL when the DAF = 20. Only iron, which does not have an established SSL, is present above 
2X its average background concentration. There are no SVOCs or VOCs present above their 
respective SSLs when the DAF = 20. The results of the screen are shown in Table 5-5. 

5.4 Summary and Conclusions 

The constituents present in the soil of the FDTF at concentrations above 2X their average 
background concentration were screened agahst EPA generic SSLs for the migration to 
groundwater, ingestion and inhalation pathways to identify those which present a potential 
current hazard (inhalation of ingestion) or which would require vadose zone &port modelkg 
(migration to groundwater). To be consistent with the EPA screening guidelines which assume a 
homogeneous soil concentration, the average concentration of the constituents was compared 
with the generic SSLs promulgated by EPA (EPA, 1996a).using a DAF of 20. This screening . 
process would identify constituents to be considered for vadose zone transport modeling. 
Constituents which do not have established, generic SSLs were carried through the screening * 

process. 

No constituent with an established, generic SSL for migration to groundwater is present in the 
FDTF' soil at an average concentration exceeding its .generic screening level. Iron, which does 
nqt have an established,generic SSL and which is sometimes considered an essential nutrient, is 
the only constituent which is not screened out. Iron is not associated with any known previous 
activity at the FDTF.  his suggests it is naturally occurring. There are no vocs or svocs 
present at average concentrations above their SSLs with DAF = 20. ~ 

The results of this analys5 show'that no constituents are gjesent in the soil fiom previous 
activities at the FDTF .at concentrations sufficient to leach to the groundwater in wncentrations 
of concern. 

5-8 
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Table 5-1. List of Distribution Coefficients (Ka) Used to Describe the 
Retardation Factors (Rd) for the Inorganic Site-Related Analytes 

.at the FDTF 

a ICd values taken fiom Sheppard and Thibault (1990) unless otherwise noted; the range 
is provided in p-arentheses if available. 
K,, values obtained fiom Baes et al. (1984) 
Source:-EPA (1996) 

b 



Table 5-2. Physical and Chemical 'Properties of Selected Organic Constituents at the FDTF 

IIcnry'n Kh@ Alr Dllt. 

( n 1 m  cc) (atni.m'/rno~) (crn'/s) 
Consf llacnfr .'Temp. (niUaiaL) Consfnnt (K3 Temp. ' Coell, nil& 1 hnir-iire 

84.9 1.67Et04 25 3 25 0.104 n' I.IZEtO1 G.19E-03 I I2  1.25 
3.09E402 3.3OE-03 210 2 6 9  

22R.3 I.00E-02 24 4.07EtO5 2.94E-OR 25# 0.051 2.57EtO5 2.55E-04 2720 5.61 
3.ROE-03 25 9.55EtO5 4.90E-07 25 0.043 6.02Et05 3.27E44 2420 5.98 

# 3.72Et06 2.94E-07 2%' 0.044 U 2.34EtOG 2.R4E-04 , 2440 6.57 
# G.92Et06 2.54E-05 25U 0.044 4.3GEt06 8.10E-05 8560 6.84 

390.6 1.30Et00 25 2.00Et05 3.00E-07 20 0.032 n 1.26Et05 1.7RE-03 389 5.30 
6.00E-03 25 4.07EtO5 1.05E-06 25 0.046, 2.57EtO5 1.73E-04 4000 5.61 

27R.4 4.00Et02 25 1.5REtO5 2.ROE-07 25 0.042 9.9REtO4 3.01E-02 23 5.20 

ScnlvolatUc Or@c Cornpamads 

202.3 2.65E-01 25 2.14EtO5 6.50E-06 25 0.069 I 1.35Ef05 3.94E-04 I760 5.13 
94. I R.OOEt04 25 2.RREtOI 1.30E-06 25 0.OR7 n I.RlEt01 2.4RE-02 . .2R 1 .46 

202.3 I.GOE-O1 26 1.5IEtO5 5.10E-06 25 0.051 9.54Et04 9.12E.05 7G00 5.18 

.. . ... 
Soluhililies, Hmq% Comtcmt and Log (KW) have heen taken Rom RREL Trcahhility Data Bwe (EPA, 19948) exnpl  
Biodcgradalion hrlClives are takm ftom Hlndhook of EnvirOnrirm(cl1 Degradation R a l n  (I!oward d al., 1991) except u othmvise indiated. 
Air diAlrsion coellicicnla uo ob(rimd ltom EPA (1917), except u o(hawie  indicated. 

othawise indicated. 

I # I indicales STF Dah Buc @PA, 19921) u lhc source. and I s I indicates Shm d rl. (1993) IL- L e  kurcc. .. . 
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Table 5-3. Background Soil Screen for Fate and Transport Anaiysis 

.- 

;ion I 
1997 
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Silver 390 # 34 
Vanadium 550 # 6.0€+3 
Zinc 23.0E+3 # 12.0E+3 

Table 54. Generic Soil Scmning Levels for Exposure Pathways 

U I I 
Constituents H 

l l  . DAF=ZO 

-.. ." 

I I 

&tad I 400 I 400 I 400 H 
I # I # I 5.0E+3 II I 1.6€+3 I 13.OE+3 I 130 . I ._ - 

I 390 I # I 5 ii 

# No soil scmning level established for this substance for this pathway 
Source: €PA (1996a) 

5-12 FmFsEcsDoc 
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Average 
Conc' 

Table 5-5. Soil Screening Level Summary for Soil Migration Pathway 

Maximum Average 
Conc' SSL Conc. 

Detected (DAF~=~o) >SSL Anaiyte 
1 I @AF=20) 

Aluminum I 6,940 I 12.500 1 110.000 I NO . 11 
I I Antimony 1.4 < I 1.4 5 

I I No II Arsenic 4.8 7.3 29 .. NO 

~- 

oluene I 3.0 I 2.36 I 12.000 1 NO 1 
I The concentrations arc for the entire depth sampled, 04.0 m (0-13 fi) 

- 
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.6.0 BASELINE RISK ASSESS- 

The purpose of the Baseline Risk Assessment (BRA) is to assess the potential for adverse effects 
associated with exposure to constituents present at the Fire Department Hose Training Facility 
(FDTF). Baseline risks are thoserisks to human health and the environment that can be 
anticipated to be present @ the absence of any institutional controls or remedial actions for the 
FDTF. The BRA provides the basis for determining whether or not remedial action is necessq 
and the justification for performing remedial actions. 

.' 

c 
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* 6.1 Selection of Constituents of Potential Concern and Exposure Groups 

The objective of constituent identification is. to screen the available information on hazardous 
substances' at the waste Unit, identify constituents of potential' concern (COPCs). and focus 
subsequent efforts in the risk assessment process. COPCs are defined as constituents that are ., 
potentially unit-related, which are present in concentrations that may impact human health and/or 
the environment. COPCs are selected in accordance with guidance froni the Environmental 
Protection Agency (EPA) Headquarters (EPA, 1989a), EPA Region IV..(EPA, 1995c). and the 
South Carolina Department of Health and Environmental Control .(SCDHEC): they are 
quantitatively carried through the risk assessment. 

Two terms are frequently used throughout the risk assessment: exposure unit and esposure 
group. An exposure unit is a geographical area in which receptors are likely to average their 
exposure. The exposure unit is defined on the basis of observed or assumed patterns of receptor 
behavior and the nature and extent of contamination. An exposure group is the particular arra). 
of saiiiple data that is used to represent eFposures within the esposure unit. The COPCs 
identified for each exposure unit (Section 6.1.2) are carried through the risk assessment process 
and arc statistically represented by the samples in the exposure group. Only one unit-related 
esposure unit. soil, is defined for the Fire Department Hose Training Facility (FDTF). There are 
nvo unit-related exposure grovps for soil: shallow (0 to 0.3 m [O to 1 ft]) &d subsurface (0 to 1.2 
111 [0 io 4 fi]). .Data are also available for soil in the background. Groundwater is not included in 
this investigation. (For a discussion of why groundwater is not included+see Section 4.4) 

Based on the results of the risk assessment, COPCs contributing significantly to a pathway that ' 

have a significant human cancer risk or human noncarcinogenic hazard. or that are determined to 
pose unacceptable ecological risk are designated as constituents of concern (COCs). For human 
liealth. COCs are substances associated with -risks or hazards exceeding targets for the protection 
of human health, as defined in the National Contingency Plan and under the Comprehensive ., 

Environmental Response, Compensation, and Liability Act. For ecological resources, a weight- 
.of-evidence approach is conducted to identify ecological COCs. The COCs become the basis of 
and the focus for remediation. 

. 

A multiple-step approach has been adopted for identifying COPCs for the Gsk assessment, and 
for eliminating incomplete exposure pathways. The Conceptual Site Model (CSM) for the FDTF 

. 

6.1-1 
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is presented in Figure 6.1-1. The CSM summarizes the credible exposure pathways and media of 
potential concern for both human and ecological receptors. 

' 6.1.1 . Media of Potential Concern 

_ _  Media of potential concern are defined as any medium through which human or ecological 
receptors may be exposed to constituents or through which constituents may be.transponed IO 
potential receptors. During the unit investigation, coktituent concentrations were determined for 
one medium: There are no surface water or sediment fea&s at the FDTF, and 
groundwater is not included in the investigation. The dak for soil were sorted and grouped in 
order to provide a set of values for further processing; the available data for soil were assigned to 
either a shallow soil or subsurface soil exposure group. 

soil. 

The shallow soils were to assess exposures under cunent conditions. whereas both the shallow 
and subsurface soils were used to assess exposures under future conditions (two separate 
calculations). The 0 to 1.2 m (0 to 4 ft) soil intend was used in a hypothetical scenario in which 
the subsurface soils are excavated and brought to the surface. Generally, 1.2 m (4 fi) is 
considered a reasonable depth for excavation of a footing to support a small structure. The 1.2 m 
(4 fi) depth is also appropriate for use by burrowing animals found in the area. 

* 

For the FDTF. the following exposure groups are identified for both human and ecological 
receptors: 

Surfacesoil from 0 to 0.3 m (0 to 1 ft) 
0 Subsurface-soil from 0 to 1.2 m (0 to 4 fi) 

' There are no "hot spots'' or areas of elevated contamination within the FDTF that warrant a 
separate analysis. The FDTF is small in area, and the top 0 to 1.2 m (0 to I fi) is currently 
comprised of clean fill. For these reasons: &e. entire subsurface_soil layer (0 to 1.2 m [0 to 4'ftt) 
may be considered to bea hot spot, relative to the surface soil layer (0 to 0.3 m [0 to 1 ft]). 

. 
. 

Appendix B provides all environmental data used in the risk assessment, including the sample 
interval, sample location, and sample identification numbers. 

FMpsEcLIDOC4R~ 6.1-2 
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6.1.2 . COPC Selection Process Description 

The following paragraphs describe the process applied to select the media exposure groups and 
COPCs for use in the Baseline Risk Assessment (BRA). Note that no radionuclide constituents 
were evaluated in this investigation since none was detected. Note too that a somewhat different 
process for determining constituents of potential concern was used in previous sections of this 
report to document the nature and extent of contamination. S u m m q  statistics for all intervals 
sanipled are presented in Tables 6.1-1 through 6.1-6. - .. 

6.1 2 . 1  Initial COPC and Exposure Route Processing Stem (Steps A) 

A.1 
. 

The data for the detected analytes in soil are sorted for each constituent as described in 
Section 6.1.1 (soil data fiom 0 to 0.3 m [0 to 1 fi] or soil data fiom 0 to 1.2 m [0 to 4 i]). 
The background data for soil in the appropriate exposure group is then identified. For the 
0 to 0.3 m (0 to 1 ft) soil exposure group, only background samples corresponding to the 
0 to 0.3 m (0 to I ft) soil interval will be used to calculate average background 
concentrations. Furthermore, only 0 to 1.2 m (0 to 4 ft) soil fiom the unit will be 
compared to 0 to 1.2 m (0 to 4 ft) soil in the background. Data that have qualifiers are . 
evaluated to determine whether the qualified data should be retained and how it should be 
treated. 

- -- - -I 

All qualifiers are addressed before the constituent is used or deleted from the quantitative 
risk assessment.. Qualifiers used by the laboratory may differ fiom those used in the data 
validation process in both identity and meaning. Therefore. definitions for all qualifiers 
are reviewed in the Quality Control Summary Report (QCSR) (WSRC, 1996b) prior to 
data evaluation. 

- .  
. 

A.2 For each constituent in a soil exposure group, constituents that have no detects +re 
eliminated. 

/ 

. A.3 For each constituent in a soil exposure group, constituents are eliminated as COPCs ' 

'based on comparisohs to blanks, as follows: 
a. All analytes - COPC is eliminated if the maxhuxnconstituent concentration is less 

than 5 times the maximum concentration detected inthe blank. 
b. Common laboratory contaminants - Common laboratory contaminan ts, such as 

acetone and methylene chloride, are eliminated as COPCs if the maximum 

I 

6.1-3 FDTFSEC6.1DOCuZlB7 
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constituent concentration is less than 10 times the maximum concentration detected 
in the blank. 

Ai4 For each constituent in each medium and exposure group, the following parameters are 
determined: 
a. Maximum detected concentrations 
b. Frequency of detection 
c. Arithmetic average background concentration 
d. Range of detected values (minimum and maximum) 

Appendix C provides a statistical summary of all data evalhed for the risk assessment. 

6.1.2.2 Human Health COPC and Exuosure Route Stem (Steps B) - .  

B.l A screening is performed against the most current EPA Region I11 risk-based 
concentration (RBC) levels by comparing the maximum detected concentration of each 
soil analyte to its relevant screening value. The constituent is retained as a COPC if it 
exceeds the screening level or if a screening level is not available. 

In accordance with EPA Region IV guidance (EPA, 1995d), residential soil RBCs rather 
than industrial soil RBCs are used in the selection of COPC for soil and sediment 
analytes at a risk level of 1 x lo4 or a hazard quotient (HQ) of 0.1. The RBCs for soil 
that are used to conduct the screen are presented in the Tables 6.1 :7 through 6.1~10. 

In accordance with EPA Region IV guidance (EPA, 1995d), the screening is performed 
against an HQ level of 0.1, which is accomplished by multiplying the Region I11 RBC 
screening value for noncarcinogenic effects by 0.1 (RBC screening levels for Region I11 
are based on an HQ level of 1.0 rather than 0.1). Noncarcinogenic constituents are 
retained as COPCS ifthey exceed the HQ screening levelaf 0.1. 

The following is a list of essential nutrients for human health that were detected at the 
unit but are not considered to be toxic and do not have health based limits: calcium, 
chloride, iodine, magnesium, phosphorous, and potassium. 

B.2 

6.1-4 
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For the constituents listed above, the chronic daily intake value is determined and 
compared to the recommended daily allowance (RDA) or the safe and adequate daily 
intake (SADI). The chronic daily intake is calculated by converting concentrations in soil 
to intake concentrations (mdday). .The constituent is e l h t e d  as a COPC if the intake 
value is calculated to be below the RDA or SADI (Tables 6.1 -7 through 6.1-1 0). 

. 

To perform this step, daily intakes for essential nutrients are calculated by multiplying the 
maximum detected concentration in soil by an ingestion rate for soil of 200 mg/day. . 

B.3 For the naturally occurring and anthropogenic inorganics and radionuclides that exceed a 
screening level in steps B.l or B.2, the maximum concentration in soil at the unit is 
compared to 2 times (2% the average background concenqation for soil. The 
comparison is made for each exposure group.[i.e., soil depth inter&). Since the majority 
of organic compounds are manmade, d g  of organics to background is not 
evaluated. To avoid potential bias of the data, nondetected values are not used to calculate 
the average background concentration for use in the background comparison. The 
constituent is eliminated as a COPC. if the maximum is less .than 2X the average 
background concentration in soil (Tables 6.1-7 through 6.1-10). 

For information only, background risk is calculated for any constituent that exceeds the 
. 1 x'10" RBC screening-level or the 0.1 HQ level, but is eliminated when compared to 2X 

the average background concentration (Appendix C). 

- - -  

The estimation of future groundwater concentrations from soil constituents potentially 
leaching to the groundwater is considered in Section 5. Those results are meant to 

support speculation regarding the fate and transport of contaminants in the soil. The 
uncertainty of the model results is considered to be too great to carry into the risk 
assessment. / 

B.4 Previously eliminated constituents, media, or exposure groups are considered for re- 
inclusion based on historical information or considerations such as mobility, 
bioaccumdation, persistence, or toxicity. 

6.1-5 
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. B.5 For each medium andor exposure group, it is determined whether my COPCs remain. If 
.no COPCs remain, the medium andor exposure group is removed from further 
consideration in the human health risk assessment. 

B.6 The kmtituents .and exposure groups that are retained after the application of this 
process are the starting points of the human health risk assessment analysis. Tables 6.1-7 

' through 6.1-10 present the human health-related COPCs identified by the screening 
process. 

6.1.2.3 Ecological COPC and Emsure Route Processing Stem (Stem C) 

C.1 The appropriate ecological receptors are identified for the screening process. For each 
receptor and constituent,' the maximum detected Concentration is compared to the 
appropriate ecological screening value that ixicludes the following: 
a. Soil screening of nonradionuclides using no observed adverse effect levels 

fNOAELS) for wildlife sDecies (based on dietary emosure). 

The maximum concentration of each a n a l p  detected in the soil intervals used for . 
risk assessment is incorporated into a dietary intake equation, and is then compared 
to a risk-based dietary benchmark. The screening intake equation, based on EPA 
Region N Guidance for Wildlve Screening Values (EPA, 1995e), conservatively 
k & e s  that the &tire diet of the receptor consists of soil; all of which contains the 
m u m  detected concentration of the analyte. Receptors for nodonuc l ides  are 
not unit-spe&c but, instead, are the animals used in the anal*-specific toxicity 
studies, as shown in Table 6.1-11. Thm were no radionuclides detected at the 
FDTF. The screening intake equation for nodonucl ides  is: 

. 

where: 
SI = 

.. ' SI=(C&(f)(Vw) 

C& = 

m. 6.1-1) 

screening intake in milligrams per kilogram body weight 
per day (mgflcg/d) 
maximum soil concentration in m a g  

6.1-6 



RCRA Facility InvestigationlRemedil Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-113G) 

WSRC-W-W63, Revision 1 
April 1997 

f 
W = body weight of test animal in kg 

= feeding rate of test animal in kg/d dry weight ingested 

a 

Maximum concentrations of the nopradiological soil analytes are shown in Tables 
6.1-12 and 6.1-13. Toxicity benchmarks reflecting a chronic dietary NOAEL were 
sought for benchmarks in the soil screening. Where chronic NOAEL tests could not 
be found, other tests with endpoints of lowest*-obseped adverse effect level 
(LOAEL) were used, with appropriate uncertainty factors to equate the test to a 
NOAEL. Chronic NOAEL benchmarks were-derived fiom the subchronic NOAEL 
by dividing by 10, and NOAELs were estimated by dividing the LOAEL by 10 
(Opresko et al., 1995). 

Toxicity tests and test endpoints used to develop the preliminv screening values for 
soil constituents are shown in Table 6.1-1 1. Feeding rates and body weights of the 
animals used in the toxicity tests, as well e-results of the toxicity screening for 
nonradionuclides, are shown in Tables 6.1-12 and 6.1-13. Note that the receptor 
with the lower NOAEL was used to screen each constituent. 

C.2 For each constituent, the maximum concentration is compared- to 2X the average 
. background concentration. This comparison is made only for na te l ly  occurring and 
non-anthropogenic inorganics. The comparison is made for each medium and exposure 
group. *The .constituent is ehminated,as a COPC if the maxim& is less than 2X the 
-average background concentration in each medium. 

. 

' . 

C.3 Previously eliminated constituents, media, or exposure groups are evaluated to determine 
whether they should be re-included.based on historical information or considerations such 
as mobility, bioaccumulation, perhence, or toxicity. -3ioaccumulation factors for the 
transfer of constituents from soil to animal tissue are reported in Table 6.1-14. Only 
di-n-octylphthalate .is included as an ecological COPC due to its reported 
bioaccumulation factor (BAF) of 2.4 x IV3. Mercury and cadmium'have BAFs greater 
than 10, but they are not included as COPCs because they wereaot present above 2X the 
average background concentrations, nor did they ixceed the toxicity screening 
benchmarks. Considerations of bioaccumulation are discussed below.. 

.. 

.. 
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Bioaccumulation is the process of absorption and retention of a substance by an organism 
.’ . due to both uptake h m  water (or other surrounding medium) and uptake from ingested 

residues in food, soil and/or sediment. It is quantified by the calculation of a BAF. 
’ Bioconcentration is a component of bioaccumaation, accounting only for the process of 

uptake fiom the inmounding mediim (i.e., water for quatic organisms, soil for terrestrial 
pla& and burrowing invertebrates, such as earthworms). It is quantified by the 
calculation of a bioconcentration factor (BCF). Both BAFs and BCFs are proponionality 
constants, relating the concentration of a constituent in the tissue of an organism to the 
concentration in the surrounding environment andlor the concentration in an animal’s diet 
(Amdur et al., 1991; EPA, 1989b). Professional judgment is used to evaluate the relative 
biological persistence of the COPCs, as well as their potential to pose ecological risk 
based on their propensity to bioaccumulate. Based on these considerations, COPCs may 
be re-included for further evaluation in the ecological risk assessment. 

C.4 For each medium and/or exposure group, it is determnined whether there are any COPCs 
remaining. If no COPCs remain, the medium and/or exposure group is dropped from 
further consideration in the ecological risk assessment. COPCs remain in both FDTF , 

exposure groups. 

C.5 

. .  

The constituents and exposure routes that are retained after the application of this process 
. are then selected for use as the starting point of the ecological risk assessment analysis. 

The COPCs exceeding the human health andecological screening values, as well as the 
m&& detect and Reasonable Maximum Exposure (RME) cdincentration of each, are 
shown in Tables 6.1-15 through 6.1-18. There are two ecological COPCs in surface soil 
at FDTF (1 inorganic, 1 organic) and 16 COPCs in subsuxface soil (14 inorganics, 2 
organics). 

- 

6.12.4 Human H d t h  and.Ecolo&al COPC- S ~ m m a i i e ~  -I 

Summaries of COPCs for ‘the various media are presented in Tables 6.1715 through 6.1-18. 
Summary tables also include the RME concentrations for the human health and ecological 
COPCs that will be firrther evaluated in the risk assessment. RhE concentr&ions are given in 
the same units used in Section 4 tables: mg/kg for inorganii-s, pgkg for organics. Detailed 
statistical summary tables are included in Appendix C. The constituents and exposure routes that 

-1DOCuIUn 6.1-8 
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are retained after applying the screening process are then used as the starting point for the human 
health and ecological risk assessment analyses presented in Sections 6 2  and 6.3. respectively. 
Since ecological and/or human health-related COPCs or exposure routes remain upon completion 
of the screening process, the development of Sections 6.2 and 6.3 is warranted. 

, 
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Table 6.1-1. Summary Statistics for Analytes Detected in Soil Samples from 0 to I Ct Decp 
. in theFDTF*  

..-- . .  
.... 



l’able 6.1-1. Summary Siatistics for Analytes Iletec-id in Sail Samples from 0 to I fI Ilcep .. 
. in the FI)TF* (Continued) 

Dclecled I 
ncnzo(a)nnthracene I/  5 
Iknzo(s)pyrcnc I1 5 
Ikiizo(b)fluoranlhcne I /  5 
I~anzo(g,h.i)pcrylene I1 s 
Iknzo(k)fluornnlhene 11 5 
llcnzoic acid I1 5 
Ills(2-elhylhexyl) phlhalnlc * .  I /  5 
Chrysene I /  5 
Fluoranlhene I1 5 
Indeno(l,ZJ-c,d)pyrene I1 5 

(I’yrene I I1 5 
B.- I 
Volrllle Orgrnlc Comporndr (puke) 
INchlommclhane (melhylme chloride) I1 5 I 

\ I 
Iblucne I/ 5 

I 

A v e n ~ e  resull Includes all resulls wilh nondclecls sei IO one halrlhe sample quanlillcatinn limil excepl for radionuclides whlch were Included at the rull 

Fupulatlon Dlslrlbullon Codes: 
I) Fewer than 5 or 50% delecb. Trcaied as normal. 

‘ 1. Lognormal distribullon. 
N Normil dlrlrlhullon. 
Z Fnpulallon Includes 7cm or nqa l ivc  resullr. treated as normal. 
X Si8nlncm1lly dliTerent from nurmal nnd lngnnminl. [Jse atlihmctic menn nnd Idlrlrihiitlon l i ~ r  92% I K I .  

. .. 
reported value. 

.... 



l'able 6.1-2 Summary Statistics for Analyles Detected in Soil Samples Ikon1 0 to 4 ft Deep 
in the FIYI'F* - .  

I 

.. . 
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Table 6.1-3. Summary Statistics for Annlytes Detected in Soil Samples > 4 ft Deep 
. in the FIlTF* 

I 

I Vanadium . 0.19 28.4 166 I 1 1 1  
Zinc 5.2 

. .  
. .  

.... 

.... 
.... 



... 

Table 6.1-3. Summary Statistics for Analytes Iletectcd in Soil Samples > 4 ft I)ccp 
in the FDTF* (Continued) .. 

A V C ~ B ~  result Includes dl results wlih nondetcds sel lo OM hilrthc sample quanllncallon llmll cxcepl for radionuclides whlch were included 11 the f i l l  
reported value. 

Population Dlstrlbullon Codes: 
D" Fewer Ihm 5 or SOY. delecb.'Treitcd x normal. 
1. Lognormal dlslrlhutlon. 
N N m i l  dlslrlbution. 
2 ropulrllon Includes zero or neylive results. trcilcd n normil., 
X Slgnlflcanlly dlflerenl ihnn mil and lognormil. Use nrlLmcllc mean and !.dislrlhiitlnn fm 9S% UCI. 

. .  

.... 



reported vnfue. 
I~npnlmlon Dtrlribullon Codes: 
1) 
1. 1.ognormnl dlslrlbullon. 
N Normnl dlslrihullon. 
7 Foplnilrm Includes zero or nqa l lvc  rerulls. treated ns normal. 
X Slgnlllcnnll) d l l ~ n t n l  Rom nomint md lagnumnl. Use nri~hmelic nienn nnd I-didrihnlinn linr 9% Wl 
Nl.1 Stntlicr no8 cnlculntcd kcnirc less thin 2 snnrplcs. 

k w c r  than S or 50% delects. Tmnlcd N nonnd. 

. 

. .  ... . 

.:. 

.:. 
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l'ahle 6.1-6. Summnry Slatistics for Soil Ilackgroiintl Concentrations front >4 fl 
. in the FI)'I'F* 

NicRcI' '. 151 I5 I .9 0.333 
Polassium . .: . 151 15 75 81.5 19.5 
Selenium 51 I5 11.6 . 12.7 0.416 
Sodium 81 I5 . 144 I57 10.2 
Vanadium 1st IS 0.781 0.852 8 
Zinc w I5 . . I8 19.6 0.64 

.... 

.... . 
... . 



Table 6.1-6. Summa@ Statislics for Soil IBackgrountl Concentrations from >4 I t  
’ in the FIYTF* (Continued) 

AvcrnBc resiill Includes all rerulls with noniklecls XI loonc hairthe riniplc qi~niill~callon Ilmll erccpi Tor rndlonuclides which were included a i  the rull 
reponed value. 

Ripulallnn Dhirihutloii Codes: 
U Fewer than Z (H SWh IICICCIS. freilcd ai nnrmnl. 
1. lapnormnl disirihutlori. 
N Nnrninl dlrlrlhuilon. . 
Z I’npulallon iacludcs zero nr n c p ~ i v c  raulir. lrcaled IU normal. 
X Sl~niflcintly dilTercnl h m  nami l  m d  lopnormal. IIK vllhmeilc mean and I~dlrlrlhullon Tor 95% [Jci,, 

* .. \ 

.. 
, .. 

.. 
. .  

. .‘ 
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4 

Humn Exceeds hlaximum 
H~mmn Health Human : Detect 

Maximum Health criteria HaRb 2XAvcrage >2X 
Parameter Deteet Criteria . Sourre Criteria Background Background COP 

Table 6.1-7. Human Hcattb Risk Assessment COPC Summary: 
FDTF Surface Soil (0 to 1 ft) 

5.1 10 
0.56 
3.7 
19.4 
0.11 
0.12 
302 
I5 
0.82 
52 
0.09 
11,100 
12.9 
93.6 
653 
0.03 
3.3 
90.3 
1.9 
69.1 
29.9 
22.8 

94.6 
144 
317 
121 
219 
603 
465 
180 
112 
I25 . 
99.8 
6.84 
2.36 

7.800 RBC'O.1 
5.10 RBC'O.1 
0.43 RBC 

550.00 RBC'O.1 
0.15 RBC 
3.90 RBC'0.I 

I,OOO.000 RDA 
39 RBC'O.1 
470 RBC'O.1 
310 RBC'0.I 
160 RBC'O.1 
u00 RBco.1 
400 OSWER 

39 REC'O.1 
1 RBC.O.1 

160 RBC'0.I 

39 RBC'O.1 

I,OOO~000 RDA 

393573 RDA 

55 RBC'O.1 
2300 RBC'O.1 

NO 
NO 
YES 
NO 
NO 
'NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
NO 

NONE 
NO 
NO 

880 
88 
880 

RBC 
RBC . 
RBC 

NO 
YES 
NO 

NONE 
8.800 RBC NO 

31,000.000 RBC'O.1 NO 
46,000 RBC NO 
88.000 RBC NO 
310.000 RBC'O.1. NO 
880 . RBC NO 

12600 
1.33 
652 .. 
25.8 ' 
0.21 : 
0.54 
310 
28.4 
1.02 
22.4 
032 
22400 
15.4 
157 
43.4 
0.09 
3.88 
142 

70.4 
60.8 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 

12.6 . YES 

NA . NA 
NA . NA 
NA NA 
NA NA 
NA NA 
NA . NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 

85.000 RBC . NO NA 
1.600.000 RBC'0.1 NO NA 

230,OOO RBC'O.1 NO I NA 
NA 
NA 

COP( 

COR 

COP( 

BKG - background aiteria 
COPC - constituent of potential a n c a n  
NA -not applicable 
OSWER - EPA Office of Solid W& and EIIICQUIV Response aiteri~n far ];Sa (EPA, 19%~) 
RBC-riskbaKdcOnccntratiOn 
RDA - rrcommcnded daily allowance . 
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Table 6.1-8. Human Health Risk Assessment COPC Summar?.: 
FDTF Subsurface Soil (0 to 4 ft) 

L Human hlaximum 
Hunun Hmhb >Human .. Detect 

hlaximnm Health Criterir Hmltb ZYAvemp >2.\ 

-N-Butyl ph- 

1 3 0 0  
1.4 
7.3 
41 
0 2  
0.64 
735 
45.8 

1 
8.1 
0.12 

44.OOo 
129 
248 
653 
0.05 
3.6 
224 
21 

89.8 
84.6 
22.8 

. 1.9 

94.6 
144 
317 
121 
219 
603 
465 
180 
194 

7.8W RBC'0.I 
3.1 RBC'O.1 
0.43 REC 
550 RBP0.l 
0.15 RBC 
3.90 REC'O.1 

1.OOO.000 RDA 
39 RBC0.I 
470 RBCO.l 
310 RBPO.1 
160 RBP0.1 
2.300 RBC0.I 
400 OSWER 

39 RBC'O.1 
0.78 RBC'O.1 

1m.00 RBC'O.1 
393,273. RDA 
39 - RBP0.I 
39 R B P O . 1  

I,OOO.OOO RDA 

55 RBC'O.1 
2300 RBC'O.1 

880 RBC 
a8 RBC . 
880 RBC' 

8.800 RBC 
31.000.000 RBPO.1 

46.Ooo RBC 
88.Ooo RBC 
780.000 RBC0.l 
160.0.000 RBC'O.1 
310.000 RBC'O.1 

880 RBC 
23o.OOO RBc.0.I 
85.000 RBC 

YES 
NO 
YES 
NO 
YES 
:NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
YES 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

11.800 >BKC 
1.16 >BKG 

26.6 -0. >BKG 
0.19 >BKG 
0.61 . >BKG 
304 >BKG 
25 >BKG 
0.98 >BKG 
13.9 
0.37 . 

21.000 SBKG 
12.1 >BKG 
159 >BKG 
39.4 >BKG 
0.08 
332 >BKG 
138 . >BKG 
0.98 . >BKG 

>BKG 
59.6 >BKG 
54.4 >BKG 
9.04 >BKG 

5.74 >BKG 

>BKG 
>BKG 
>BKG 

. >BKG 
>BKG 

SBKG 
>BKG 
SBKG 
>BKG 
>BKG 
>BKG 
SBKG 
>BKG 

>BKG 

/ 

COP( 

COP( 

COP( 

COP( 

COR 

COP( 

COP( 
COP( 

COP( 

COP( 

BKG - m d  Cri* 
COPC - conninrcnt of potential conam 
NA - Mt applicable 
OSWEFt - EPA office of Solid W e  md Emqmcy Rrsponsc criterion for Ibd (EPA. 1994~) 
RBC-liSkbwd mannation 
RDA - rrconmKadtd drily i l l o ~ c ~  
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h Human rclasimurn 
Human Health >Human Detect 

Maximum Health .Criteria Health 2XAvcrage >25 
Parameter . Detect Criteria Source Criteria Bnckpround Background COP( 
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INORGANICS (mghg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 

'Cobalt 

Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
M c r c u ~  
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc . 

COPPU 

Table 6.1-9. Human Health Risk Assessment COPC Summary: 
Background Surface Soil (0 to 1 ft) . 

9.900 
0.8 
6.9 
26.6 
0 2  
0.44 
219 
27 
0.75 
30.7 
0.22 
22.700 
14.6 
144 
47.9 
0.09 
2.90 
118 
79 
593 
134 

7,800 RBC'O.1 
3.1 - RBC'0.1 
0.43 RBC 
550 RBC'0.I 
0.15 RBC 
3.90 RBC'O.1 

1.000,OOO RDA 
39 RBC'O.1. 
470 RBC'0.I 
310 RBC'O.1 
160 RBC'O.1 
2300 RBC'0.I 
400 OSWER 

I.oO0,o0O RDA 
39 RBc.o.1 
0.78 RBC'0.I 
160 RBC'O.1 

393.273 RDA 

55 RBC'O.1 
2300 . RBC'O.1 

YES 
NQ 

NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
YES 
NO 

YE5 

I2600 
133 
652 
25.8 
0.21 
0.54 
310 
28.4 
1.02 
22.4 
032 
22.400 
15.4 
157 
43.4 
0.09 
3.88 
142 
70.4 
60.8 
12.6 

. NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 
NA. 

COPC 

COPC 

COPC 

COPC 

COPC 

COPC 
COPC 

Y 
- .  

BKG - background cri& 
COPC - constituent of potential concern 
NA - not applicable 
OSWER - EPA Office of Solid Waste and Emergency Response &on for lead (EPA, 1994~) 
RBC - risk baxd concentration 
RDA - rcunnmendcd daily allowance . .  

6J-24 



RCRA Facility Investigation/Remedinl Investigation Report with WSRC-RP-96863, Revision 1 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-113C) April 1997 

Table 6.1-10. Human Health Risk Assessment COPC Summa?: 
Background Subsurface Soil (0 to 4 ft) 

INORGANICS (tnglkg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 

'Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
M ~ ~ M C S C  
Mercuv 
Nickel 
Potassium 
Selenium 

*. Vanadium 
S0di;Ip - 
Zinc 

9,900 
0.8 
6.9 
26.6 
0 2  
0.66 
219 
27 
0.76 
30.7 
0.29 
22.700 
14.6 
144 
47.9 
0.09 
2.9 
118 
0.49 
- 79 
59.3 
13.4 

7,800 RBC'O.1 
3.1 RBC'0.I 
0.43 RBC 
550 RBC'0.I 
0.15 RBC 
3.90 RBC'O.1 

1.OOO.OOO RDA 
39 RBC'O.1 
470 RBC'O.1 
310 RBC'O.1 
160 RBC'O.1 
2300 RBC'O.1 
400 OSWER 

39 RBC'0.I 
I,OOO,OOO' RDA 

0.78 RBC'O.1 
160 RBC'0.I 

39 RBC'O.1 
393273 RDA 

55 RBC'O.1 
2300 RBC'0.I 

YES 
NO 

NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
YES 
YES 
NO 

YkS 

11.800 
1.16 
5.74 
26.6 
0.19 
0.6 1 
304 
25 
0.98 
13.9 
0.37 
21.000 
12.10 
159 
39.4 
0.08 
332 
138 
0.98 
59.6 
54.4 
9-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 

.. NA 
NA 
NA 
NA 

COPC 

COPC 

COPC 

COPC 

COPC 

COPC 
COPC 

BKG -background criteria 
COPC - constituent of potential concern 
NA -not applicable 
.OSWER - EPA Office of Solid Waste and Emergency Response criterion for lead (EP& 1994~) 
RBC -risk based.conmtration 
RDA - recornminded daily allowance 

, 
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Table 6.1-1 I. DePivation *of Toxicity Screening Values for Screening Constituents 
as Ecological C O P C s  at FDTF . *  

f NOAEL TSV Mammal Test NOAEL 

,Inornanlcs 
I  aluminum Mouse I .93 E4 00 8 

Mouse 
Mouse 

Rat 
Rat 
Rat 

Rat 
Mouse 
Mink 
Rat 

Rat 

Rat 
Mink 
Rat 

Mouse 

. Rat - 

1.25E-01 a 
1.26E-01 a 

5. IOEt00 a 
6.60E-01 a 
8.00E-03 8 

2.74Et03 a 
2.06EtOI c 
1.17EtOI 8 
6.87EtOl a 

8.00Et00 a 

8.80EtOI a 
I .00Et00 a 
4.00EtOI a 

7.60E-02 a 

2.10E-01 II 

Ringed dove 

Mallard duck 
Chick 

Mallard duck 

Black duck 

Chick 

Quail 

Quail 
Quail 

Mallard duckling 

Mallard duck 

Mallard duck 

l.lOEt02 a 

5.14Et00 a 
2.08EtOI a 

1.45EtOO a 

1.00Et00 a 

4.70E+OI a 

1.13Et00 a 

9.77Et02.a 
4.50E-01 a 
7.74Et.01 a 

5.00E-01 a 

1.14EtOI a 

Mouse 
Mouse 
Mouse 

Rat 
Rat 
Rat 

Black duck 
Mouse 
Mink 
Rat 

Quail 

Rat 
Quail 
Rat 

Mouse 

:" Rnt 

I .93E.( 00 

I .26E-0 I 
5.10E400 

I .25E-0 I 

6.60E-0 I 
8.00E-0 
None 

I .00Et00 
2.06E4 0 I 
1.17E+OI 
6.87EtOI 

None 
I .  I3Et00 

None 
8.80E+01 

4.OUE40I 
None 

7.6dk-02 
None 
None 

2 . 1 U I ~ 4  I 

4.50E-01 

%Zinc Rat . I .60E+02 a Leghorn chicken I I .45EtOI a Leghorn cliickeii I .451 I I)  I . -  

.. . . 

... 

I 

1 

1 
I 

I 
I 
! 

t 

I 

! 

i 

i 
i 
! 

j 
1 

.. . 



Table 6.1-1 1. Derivation of Toxicity Screening Values for Screening Constituents 
as Ecological COPCs at FUTF (Continued) * 

Mammal test NOAEL NOAEL TSV 
(mglkgld) TSV receptor (nigikgld) 

hrysene 

Pyrene I 
Phthrlrtcs 
Bis(2-ethylhexyl)phthalate 
DI-n-butylphthalale 
Dl-n-oclylphthalate 

svocs 
Benzoic acid 

vocs 
Dichloromelhanc 

\ 

. I  

Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 

Mouse 
Mouse 
Mouse 

I .00E+00 b 
I.OOEt00 a 
I .00E+00 b 
I .00E+00 b 
I .OOE+OO b 
4.768102 c 
1.32EtOI c 
I .00E+00 b 
7.50EtOI c 

1.83EtOI a 
5.50E.1.02 a , 
5,508.1.02 b 

5.85E.1.00 a 

Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 

' I .OOEt00 
I .OOE t 00 
I .OOEi 00 
I .OOE COO 
I .OOE too 
4.76Et02 
I .32E+O I 
I .OOE (00 

* 7.50EtOI 

Ringed dove l.lOEt00 a Ringed dove I.IOEtO0 
Ringed dove l.lOE-01 a Ringeddove I.IOE-OI 

Mouse 5.50Et02 

None 

Rat 5.851: 4 oo 
Mouse 2.6W 10 I 

TSV = Toxicity Screening Value = NOAEL (mg/kg body wllday) for mammal or bird test receptors, whichever is lower 
A Opresko e l  al. 1996 (February data base); Note. rat i s  incorrectly listed as test species for toluene in database. 
h NOAELs for mammals based on measurement for similar or related chemical species 
c NOAELs from EPA (l996b) 



' ,  

Table 6.1-12. Ecologicol Risk-based Scrcenlng for Nonradionuclidcs in FOTF Surface Soil (0 to I TI) 

3.028+02 NIIIK .. .. None Nunc 3.10Et02 Nu < 2x Ukg 
1.508tOI Black duck 1.25E-01 l.2SEt00 I.JOEt00 I.OOEt00 2.84Et01 NO < 2x nkg 
8.228-01 Mnuse 5.508-03 3.00E-02 1.5IE-OI 2.06Et01 I.02Et00 No < TSV 

9.IQE-02 Rat 2.nori.02 3.50~-01 7.21-03 ~.U~E+OI ~ .~OE-OI  N~ <1sv 
I .  I I Et04 Nnnc .- .. None None 2.24EtO4 No < 2% Bkg 
1.29EtOI Japanese qunil 1.698-02 IJOE-01 1.4513tOO l.13Et00 1.54Et01 N o  < 2x nkg 
9.36EtOl None .- .. NOIE None 1.578t02 Nn < 2% Ilk8 

' 5.2OEtOO Mink 1.37E-01 1.00E+00 7.12E-01 l.l7E+OI 2.24EtOl NO <'ISV , . 

6.53EtOI Ral . 2.80E-02 3.5OE-01 5.22Et00 8.8OEtOl 4.34f~tOl NO < TSV 
' 3.008-02 Japanese qubil 1.698-02 l.SOE-01 3.38E-03 4.5OE-OI 8.708-02 Nn < 1sv 

3.3UEt00 Ral 2.808-02 3.SOE-01 2.641;-01 4.008tOI 3.8813tOO No < ' ISV 
9.03EtOI None -- .. None Nolle 1.42EJU2 Nn < 2x IBkg 
1.9iIEt00 None -. ... Mons None ND Yes 
6.91Et01 None .. .. None None 7.04EtOI No .... 

.... 

.... 

... . 



Toblr 6.1-12. Ecological Risk-based Screening Tor Nonradionuciidcs in FUTF Surface Soil (0-1 Tool) (Cnnlinuetl) 

Madmum 101 

9.461301 
1.448402 
3. IfF.+U2 
I.ZIEiO2 
2.191!+02 
I .808+02 
I .  I2E+O2 
I.ZSE+O2 
9.98E+OI 

Miiusc 
Mouse 
Mouse 
Moiise 
Mouse 
Mousc 
Mnusc 
Mnusc 
Mouse 

SSOli-03 

S.S01!-03 
I( S.SOf-U3 

SSOE-03 
S.508-03 
S.SOE-03 
S.SOli-03 
S.SOE-03 

s.snii.03 
3.OOE-02 
3.008-02 
3.00E-02 
3.oUE-02 
3.M)E-UZ 
3.00E-02 
3.001i-02 
3.M)E-02 
3.M)E-02 

4.6SIit02 Riiiged dove 1.7UF.-02 I.SSE-Ol 

6.011i+UI Nunc -. .. 

6.14E+00 Rsl 2.8OE-02 3JOE-01 

1.73lt02 
2ME-02 
SdlE-UZ 
2.228.02 
4.021C02 
3.3OE-02 
2.058.02 
2.29842 
1.83E-02 

S.IOE.02 

None 

S.47E.04 

1.008+00 
I .ona+oo 
I .008+00 
I .001i+00 
1.001~400 
4.76Et02 
1.32EIOI 
I.OOEi00 
7.SOE+OI 

I .  toF.+oo 

None 

No 
N o  
No 
No 
No 
N O  
No 
Nn 
N o  

Nn 

Ycs 

No 

c 'I sv 
.: 'I sv 
C lSV 
C'ISV 
'I sv 

C'ISV 
C ISV 

ISV. 

C I S V  . 

'IW 

.... Dnla from summary slotistics tahlcs in Section 6.1, when units also reporled m mflg for inorganics and p&g for organics ' l c s l  species Tmm Opnko  el at. 1996 (FebrGary dolo hose); Note. rat i s  incomclly listed 81 lesl species Tor loluene in dalahase. 
e k e d h 8  rates r m  opmko d (11. (1994). cxnpl kghom chicken, which is Rom Sample el 81. (1996) ' Oody weights from Opmko et el. 1996 (kbfuary data bosc): where published values vary, one body weight chnscn as slandard 
' Scmnlng Intake Value - Cs.,, x Redin8 Rate x (I~fldywelght). where Cs,.,, ='maximuin detected cniicenlrallnii 
"ISV - Toxicily Screening Value = lower of NOAEL (mg/kg hndy.weigliVdoy) Tor mommol and h i d  tcst species h i n  Qpreskn ct'nl. (1995) niid o~licr sources 
' l l i e  average backpund cnncciilralion in screen is calculaled using niily detected cnncciilraliaiii. as in Scctinii 4. 
'C'otistilucnl is no( en ecolo~ical COPC if'l'SV > SIV or 2 x av'cragc hnckgrnund > iiiaximuni deleclcd cciiicciitroliciii -- r- Not npplicohlc: NI) - Not detected 

.. . 

.... 
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Tnhlc & I -  13. Eco'lsgicnl Risk-hnaetl Screening for Nonmtlionuclitle.r in FDTF Suhaurhce Soil (0 to 4 ft) 

. , T r a t  . ' lest Srrcmliig Toxlrily 2;Y 
hlaxlmum I C S t  Spcrlrs Spcclcs Intake Scrccnlnp, Average 
I?c.tktcd Spcclcs Fwlln)! Body Valur Valur liackgrciund Scrccidng Results 

And y l e  Cine.' Namev R8te (k e/ d \Vel p, ht ( a  k ' (mp/kg I)w/d) (m&R hwld)' CmcL COI'C?h Dash for ReJecHm 

I .25E+04 
* 1.40E400 

3.30Et00 
4.10E+OI 
2.01 E-01 

7.35Et02 
4.$REtO I 
I .008 boo 

' 8. I O E t O O  
I . I 5E-0 I 

4.40E k04 
I .2YEt0 I 

. 2.4RE402 
6.53Et01 

3.60Et00 

6.38 E-0 I 

5.20E-02 

j2.24Et02 
2. IOEt00 
1.90EtOO I 

8.98Ei0 1 
8.46Et01 

Mciuse 
Mouse 
Mouse 

Rat 
Rat 
Kat 

None 
Black duck 

Mouse 
Mink 
Rat 

None 
Japanese quail 

None 
Rsl 

Japanese quail 
Rat 

None 
M r i u i  
None 
None 
Rat 

5.508-03 
5.SOE-03 
5.3w.-o3 
2.80E-02 
2.808-02 
2.808-02 -- 
I .25E-0 I 
5.50E-03 
I 378-0 I 
2.808-02 -- 
I .6Y E-02 

2.8OE-02 
I .fiY E-02 
2.ROE-02 

5.508-03 

-- 

- 
-- .- 

2.808-02 

3.00E-02 
3.00E-02 
3.008-02 
3.SOE-01 
3.50E-01 
3.508-01 -- 
I .25EMO 
3.00E-02 
I .00E+00 
3.5OE-01 

1.50E-01 

3.50E-01 
I SOE-0 I 

- 
- 

3.50E-0 I - 
3.00E-02 - - 
3.SOE-bl' 

2.298403 
2.57E-O I 
1.3413400 
3.2sEioo 
I .6 I E-02 
5. IOE-02 

None 
4.5RE+00 
I .83E-OI 
I.IIE+OO 

None 
I .45E t 00 

None 
5 -22 Et00 
5.868-03 
2.8RE-01 

None 
3.85E-01 

None 
None 

6.77Et00 

Y .20E-O3 

I .Y3Br00 
I .25E-01 
I .26E-0 I 

5.1 OEt OD 
6.6OE-01 
R.OOE-03 

None 
I.OOE+OD 
2.06Et01 
I .I78401 
6.R7BtO I 

None 
' I  .l3Et00 

None 
U.ROE4O I 
4.SOE-01 
4.008t01 

None 

None 
Nnne 

2.10E-01 

7.60E-02 

I .  IREi04 
1.16Ei00 
5.7484 00 

I .Y4E-01 

3.04Et02 
2.50EtOI 
9.80E-01 
1.3YEtOl 

2. IOEtO4 
I .2 IE+OI 
I .598+02 
3 9 4  E40 I 
8.24E-02 
3.32E400 
I .3RE+02 
9.788-0 I 

ND 
5.96Et01 

2.ti6Ei0 I 

6.14E-01 

3.668-0 I 

YCS 

YCS 

Ycs 
NO c TSV 
No . , <TSV 
Yes 
Yes 
Y C S  

No. . 
N I) 
NO 
Yes 
Yes 
Yes 
NO . . 
No 
No 
Yes 
YCS 
Ycs 
Yes 

e TSV 
< TSV 
< TSV 

'I'SV 
(' TSV 
e: TSV 

. .  

2.28EtOl Leghornchicken 1.23E-01 1.94EtOO' 1.45Et.00 I.JSEtOl 9.04E4-00 No I'SV 

... 

.. . 



Tsblc 6.1-13. Ecalogicnl Risk-bnseri'ScrCening for Nenrndionuclitlus in FDTF Subsurfncc Soil (1) to 4 ft) (Continued) .. 
.. . ' l rs t  *lest Scrcrnink Toxic i ty  2x 

hlnximum ' lrst Sprcics Sprclrs Intake ScrrrninR AvrraRc 
1)etccted Sprclrs , Rrclinp Ihdy \'slur Valuc Rackground Scrcenlng Results 

Analyte C1tnc.. Nameb Rate (kgld) \VcIght (kad (mglkg hw/d) (majkg hwld)' Ciinc.' <:OIBC?h Basis for RcJecHoii 

Benzn(a)unthmccne ' 9.46Et0 I 
Rcnzn(a)pymc 1.44Et02 
Bcnzn(b)llunranthene . 3.17Ei02 
Benzo(g,h,i)pcrylcne I .2 I E 102 
Oemo(k)tluoranthene 2.198.102 
Chryscnc I.ROEt02 
Flunrunthene 1.12Et02 
Inden(< I ,2,3-c,d)pyrcne 1.258102 

9.YREtO I ryrenc . .  

Mciusc . 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 

Phthalates 
Ris(2-cthylhcxyl)phthalate 4.658402 Ringed dove 
Di-n-butylpht hulute I .94Et02 Ringed dove 
Di-n-octylphthalate 3.358t02 Muuse 

SVOCS 
Benzoic acid 6.03E101 None 

5 SOE-03 3.0OE-02 
5.508-03 3.00E-02 
5.508-03 3.00E-02 
5.508-03 3 . 0 0 ~ 4 2  
S.SOE-O~ 3 . 0 0 ~ 0 2  
5 .m-03  3 . o m 0 2  
5.501iO3 3.00E-02 
5.50E-03 3.008-02 
5.50E-03 3.00E-02 

I .70E-02 I .5SE-O I 
1.708-02 1.55E-01 
5.50E-03 3.00E-02 

2.808-02 3.5OE-01 

I .73E-02 
2.648-02 
5.8 I E-02 
2.22 E-02 
4.02 E-02 
3.3OE-02 
2.05 13-02 
2.2')E-02 
I .83E-02 

5.10E-02 
2.138-02 
6.14B-02 

None 

7.648-04 

1 .00E IO0 
I.OOEt00 
I .00E+ 00 
I.OOE+OO 
1.008~00 
4.1684 02 
1.328401 
I .00Ei00 
7.50Et01 

I .  I OEtOO 
I .  IOE-01 
5.508i02 

None 

S.RSE+OO 

NO 
No 
No . 
No 
No 
No 
No 
NU 

No 

No 
No 
No 

Yea 

No 

' CTSV 
c 'ISV 
c. ISV 

c 'I'SV 
< 'ISV 
< I'SV 
< ISV 

* e TSV 

C: 'rsv 

* *  CTSV 
'ISV 

c I S V  

e t'sv 
- 2.36EMO.. Mouse 5.508-03 3.00E-02 4.33E-04 2.60EtOI I NO c I'SV 

' Data from summary statisticr tahles in Section 6. I, where units also reported 8s m&g for inorganics and pfig for arganica 
'Test species from Oprcskn el ~1.'1996 (Fehruary dab ha@: Note, rut is incorrectly listed as test species Ior toluene in datahase. 
' Feeding rater h m  Opreska et el. (1994), except Leghorn chicken, which is from Sample et ul. (1996) ' Body weights from Opresko et at. 1996 (February data bare); where puhlished values vary, one hody weighi chosen as stundurd 
* Screening Intake Value = C h  x Feeding Rate x (IIBodyweight). whcre C S , ~  = maximum detected concentrution 
'TSV = Toxicity Screening Value = lower of NOAEL (mglkg body weighVduy) liir mammal and bird test species l iom Opresko et ut. (1995) end citlicr sciiirccs 
' The average huckground conccnlralion in screen is culculatcd using only dctected conccntraticina. us in Section 4. 
hCccnstitucnt is not un ecological COPc if TSV > SIV or 2 xavcruge hiickground 5 muximum dctccted concentrution - - Not applicuhlc; ND = Not detected 

... . 



RCRA Facility hvestigation/Remedil hvestigation Report with . WSRC-RP-9&863, Revision 1 
Baseline Risk Assessment for the Fire Dcpamcnt Hose Training Facility (904-1136) April1997 

i 
. Soil-to-Animal Transfer BAF IO? 

Constituent . BAF, BAF,, COPC? 
Inorganics 
Aluminum 7.50302 a 7.5OE-02 a No 

. .  

Antimony 
Arsenic 
BarilUll 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
lron 
Lead .~ 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
zinc . 

Table 6.1-14. Screening of Food-to-Tissue Bioaccumulation Factors 
for Constituents at I?DW 

5.OOE-02 a 5.00E-02 a No 
6.60E-03 a . 1 . WE-0 1 a'.: No 
7.50E-03 a 75OE-03 a . No 
5.00E-02 a:.. 5.OOE-02 a No 
l.lOE+O1 a 

1.60E-01 a 
l.OOE+OO a 
1.60E-01 a 

O.OOE+OO a 
I.OOE+OO d 

seenote b 
25OE-01 c 
2.OOE-02 a 
3.4OE-01 a 
'2.3OE-01 a 
l.OOE+OO d 
7.60E-01 a 
150E-01 a 

a 2.75E+OO c 
130E-01 a 
1.8OE+OO a 

3.50302 c 

5.00E-02 a 
5.00E-02 a 

. 5.00E-02 a 
5.00E-02, a 
5.00E-02 a 
5.00E-02 a 
5.00E-02 a 
5.00E-02 a 

2.80E-02 a Yes 
3.50E-02 c No 
2.80E-01 a No 
I.WE+UOa : No 
5.OOE-01 a 
O.OOE+OO a 
1.OOEi-00 d 
1.50E-02 a 
2.50E-01 c 
2.00E-02 a 
lJOE+OI a 
3.00E-01 a 
l.OOE+OO d 
7.50E-01 a . 
1.50E-01 a 

2.75€+00 c 
130E-01 a 

S.OOE+00 a 

7.60E-01 a 
1.5OE+OO a 
1,9OE+OO a' 
6.00E+00 a 
1.9OE+OO a 
7.60Eo1 a 
13OE-01 a 

6.00Ei-00 a 

No 
No 
NO 
No 
NO 

N O  
Yes 
NO 
No 
No 
No 

. No 
No 
No 

No 
No 
No 
No 
NO 

. No 
No 
No 

- 
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RCRA Facihy lnvestigation/Remedil Investigation Report with 
,Baseline Risk Assessment for the Fire Department Hose Training Facility (904-113G) 

WSRC-RP-96-863, Revision 1 
April 1997 

Table 6.1-14. Screening of Food-to-Tissue Bioaccumulation Factors 
for Constituents at FDTF (Continued) 

Soil-to-Animal Transfer BAF =- IO? 
Constituent BAF- BAT,, COPC? 

Phthalates 
Bis(2-ethylhexy1)phthalate 5.OOE-02 a 1.9OE-01 a No 
Di-n-butylphthalate 5.OOE-02 a 2.40E-01 a No 
Di-n-octylphthalate 5.OOE-02 a 2.40Ei-03 a I. Yes 

svocs 
Benzoic acid 5.00E-02 c 1.86E-06 c No 

vocs 
Dichloromethane 5.OOE-02 a 3.00E-05 a No 
Toluene 5.OOE-02 a 7.60E-04 a No 
BAF= Bioaccumulation Factor (unitless); mv = mvgrtebrate, mamm =mammal 
a HAZWRAP (1994) 
b Calcium-dependent (HAZWRAP 1994): see foomote to Appendix D-2 
c Travis and A r m s  (1988); for Koys see Table 0-2 
d Inorganic default value = 1.0, organic default value = 0.05 (HAZWRAP . 1994) 
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RCRA Facility Investigation/Remedial Investigation Repon with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-1 13G) 

WSRC-RP-W63, Revision 1 
April 1997 

' 

Table 6.1-15. COPC Summary: FDTF Surface Soil (0 to 1 ft) 

INORGANlCS (mglkg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium hexavalent 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
Zinc 

ORGANlCS 
Benzo(a)anthracenc 
Benzo( a ) p y m e  
Benzo( b)fluoranthcne 
Benzo(g.h.i)perylene 
B m o (  k)fluoranthcne 
Benzoicacid 
bis(2-Ethylhcxyl)ate 
Chryscne 
Fluomthcnc .. 
Indeno(l,2,3-cd)pyrcne 
?nene  

Toluene 
M e t h y h c  Chloride 

Exceeds. Exceeds 
Human H a l t  Ecological Maximum RME 

Parameter Screening Screening Detect Concentration 

0 

x 

x 

X 

X 

3.1 10 4.980 
0.56 0.56 

-. 3.7 9 1  
2. I 

19.4 
... 0.1 1 

0.12 
302 
15 
0.82 
5 2  
0.09 
11,100 
12.9 
93.6 
653 
0.03 
3.30 
90.3 
1.90 
69.1 
29.9 
22.8 

94.6 
144 
317 
121 
219. 

x 60.3 
465 

/I80 
112 
125 
99.8 
6.84 
2.36 

. .  

' 19.4 
0.10 
0.1 I 
302 
14 

. 0.82 
52 
0.09 

10.900 
12.9 
93.6 
52.2 
0.03 
3.30 
90.3 
1.35 
67.7 
27.4 
22.8 

94.6 
144 
317 
121 
219 
60.3 

- 357 
180 
112 
125 
99.8 

' 6.43 
236 

COPC - constituent of potential c o n a m  
RME - reasonable maximum concentration; this concentmion was uscd m the risk Bsscumcnts 
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RCRA Facility lnvestigation/Remedial Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-1 13G) 

WSRC-RP-96-863, Revision I 
April 1997 

.. .: 

Table 6.1-16. COPC Summary: FDTF Surface Soil (0 to 4 ft) 

INORGANICS (qf ig)  
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium. hcxavalmi 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mcrcur?. 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

Exceeds Exceeds 
Human H a l t  Ecological Maximum RME 

Parameter Screening S&ning Deteet Concentratioi 

ORGANICS ( q f i k g )  
Benzo(a)anthracenc 
Benzo(a)p?me 
Bcm(b)fluoranthene 
Benzo(g.bi)perylenc 
Bcnzo(k)fluoranthene 
Benzoic acid 
bis(2-Ethyihcxy1)phthalatc 
Chrysene 
di-N-Butyl phthalate 
di-N-Octyl phthalate 
Fluoranthcne 
Indend 1,2,3-cd)pyrene 
Pyrcne 
Methylene Chloride 

x .. 

x 

X 

x 

X 

x 

x 
x 

x 
x 
x 

X 
X 
X 

x 

X 

x 

12300 
1.4 
7.3 
41 

020 
0.64 
733 
43.8 

1 
8.10 
0.12 

44,OOo 
12.9 
248 
65.3 
0.05 
3.60 
224 
2.1 
1.9 

89.8 
84.6 
22.8 

94.6 
144 
317 
121 
219 
60.3 
465 
180 
-’ 194 

335 
112 
125 
99.8 
9.55 

10.400 
t.4 
6 

28.4 
0.15 
0.45 
512 
38.5 
0.81 
3.62 
0.12 

44.Ooo 
11.3 
202 
54 

0.05 
3.04 
1 63 
2.1 
0.86 
70.5 
84.6 
14.6 

94.6 
144 
317 
121 
219 
603 
294 
180 
I 9 4  
335 
112 
I 2 5  
99.8 
6.79 

11 

COPC - constituent of potential concern 
Rh4E - rrasonable maximum concentration; this conccntratian was used m the risk aaessmats 
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RCRA Facility lnvestigation/Remcd~l investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-1136) 

WSRC-W-96-863,Revision 1 
April 1997 

. . -_ -- . 

Table 6.1-17. COPC Summary: 
Background Surface Soil (0 to 1 ft) 

. HumanHcatth Maximum RME 

X 9,900 
0.8 

X 6.9 
26.6 

X 0.2 
0.44 
219 
27 

' 0.75 
30.7 
0.22 

14.6 
144 

X 47.9 
0.09 
2.9 
118 

X 79 
x 59.3 

13.4 

X 22,700 

9,sm 

6.9. 
26.6 
0.2 
0.4 
215 
27 . 

0.67 
30.7 
0.22 

19,400 
14.6 

47.9 
0.08 
2.8 
118 
79 

593 . 
13.4 

0.8'. 

121 . 

COPC - constituent of potential concern 
RME - reasonable maximum concentration; this concentration was used in the risk assessments 

.. 
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. 

Table 6.1-18. COPC Summary: Background 
Subsurface Soil (0 to 4 ft) 

INORGANICS (ntgkg) 
Aluminum 
Antimony 
Arsmic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

~ Cyanide 
Iron 
Lead 
Magnesium 
ManganCSC 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 

I Zinc 

Copper 

-Exceeds 
. HumanRalth Maximum RME 

Parameter Screening Detect Concentration 

- .  

X 

X 

X 

X 
X 

9900.00 
0.80 
6.90 

26.60 
0.20 
0.66 

219.00 
27.00 
0.76 

30.70 
029 

22700.00 
14.60 
144.00 
47.90 
0.09 
2.90 

1 18.00 
0.49 

79.00 
5930 
13.40 

7630.00 

532 
20.40 
0.13 
0.61 

185.00 

058 
24.20 
029 

22700.00 
8.51 

101.00 
47.90 
0.07 
237 
9930 
0.49. 
59.30 .. 
5930 
10.20 

o%o 

3.70 

COPC - constituent of potential concern 
RME - reasonable maximum concentration; this concentmion was wd in the risk assessments 
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6.2 Human Health Risk Assessment 

The human health risk assessment characterizes both the potential risk from exposure to 
carcinogenic substances and adverse health effects fiom noncarcinogens to human receptors 
exposed to unit-related constituents under current and future land use conditions. The 
Environmental Protection Agency @PA) Risk Assessment Guidance for Superfind (RAGS) 
(EPA, 1989a) and Region IV SuppZemental Guidance to RAGS (EPA, 1995d) are used as 
primary guidance. for the human health risk assessment. Using this process, the human health 
risk assessment has been organized into the following sections: 

Human Health Constituents of Potential Concern and Exposure Pathways 
(Section 6.2.1) 
Exposure Assessment (Section 6.2.2) 
Toxicity Assessment (Section 6.2.3) 
Risk Characterization (Section 6.2.4) 
Summary of the Human Health k s k  Characterization (Section 6.2.5) 
Uncertainty (Section 6.2.6) 

6.2.1 Human Health Constituents of Potential Concern and Ejiposure Pathways 

The human. health constituent of potential concern (COPC) selection process described in 
, Part B of Section 6.1.2 is used to screen the initial COPCs identified in each exposure group. 
The humaq health COPCs remaining from the selection process are identified below. 

Data for each exposure group are evaluated with respect to the data qualifiers identified in the 
Quality Control Summary Report (QCSR) (WSRC, 1996b). A description of the relevant 
data qualifiers and their associated interpretation for use in the risk assessment is provided in 
the QCSR. Tables 6.1-7 through 6.1-19 list constituents eliminated because their maximum 
concentrations are less the risk-based concentration (RBC)--levels. Developed by the EPA, 
the RBCs include constituent concentrations in soil that produce threshold risk (Le., cancer 
risk of 1E-06 or a hazard quotient [HQ] of 1). An HQ of 0.1 is used in the screening process 
to account for potentii'additive effects of noncarcinogenic constituents. 

Tables 6.1-7 through 6.1-10 list essential nutrients that are eliminated because their 
maximum concentration is less than the recommended daily allowance (RDA).or safe and . 
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adequate daily intake (SADI). Daily intakes for essential nutrients are calculated based on an 
ingestion Ate of200 mg/kg soil. 

The maximum concentration of naturally occurring and "anthropogenic inorganics that 
exceeded the RBC and essential' nutrient screens is compared to two times (2X) the average 
background, concentration. . A  constituent is eliminated as a COPC if the maximum I 

concentration is less 'than 2X the background average concentration in each medium. To 
avoid potential bias of the data, nondetected values are not used to calculate the average 
background concentration. 

Tables 6.1-7 through 6.1-10 list all'constituents that were eliminated because the maximum 
detected concentration is less than 2X the average background concentrations. Tables 6.1715 
through 6.1-18 present the COPCs to be used ip the human health nsk assessment that are 
identified for soil as a result of the screening process. Tables 6.1-1 through 6.1-6 provide the 
statistical summary information including fiequency of detection, detection limits, minimum 
detected value, maximum detected value, 95 percent upper confidence limit (95 UCL), and . 

the exposure concentration for the COPCs remaining in soil after the screening process. 

6.2.2 Ejrposure Assessment 

Theiobjective of the exposure assessment is to estimate the type and magnitude of the 
potential' human exposures- to the COPCs identified in Section 6.2.1. For a given receptor 

. group (i.e., workers; residents), this result is an estimate of chronic daily intake or dose that 
may occur fiom exposure to the COPCs in the soil. In identifying primary pathways of 
exposure, current and future land uses of the unit and surrounding area are considered. 

The exposure assessment, in conjunction with the subsequent toxicity assessment (discussed 
in Section 6.2.3), supports'the characterization of potential risks to human health (discussed 
in Section 6.2.4). .Information developed in this. section includes land use assumptions, 
potential receptors, exposure pathways, the concentration of the COPCs at points of human 
exposure, and receptor intakes (doses). Reasonable maximum exposure (RME) estimates are 
presented for chemical intakes within each scenario. Uncertainties of the exposure 
assessment are discussed in Section 6.2.6. 

I 
. 
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6.2.2. I Land Use Assumptions and Potentiallv Exposed Receptors 

This section describes land uses at the Fire Department Hose Training Facility (FDTF) and the 
human receptors that may be exposed. to unit-related codtuents. Potential receptors are 
expected to differ for the current and future land usexenarios. The possible receptor under the 

I current land use scenario includes the known on-unit worker. The possible receptors under the 
future land use scenario include the on-unit industrial worker and the on-unit resident (adult and 
child). 

. .  . 

6.2.2.1.1 Current Land Use 

Currently, the FDTF is inactive; it was formerly a Eue training area where flammable materials . 

’ were ignited and then extinguished. The top 0 to 0.3 m (0 to 1 fi) of soil has been removed and 
replaced with clean fill, and the samples used in the risk assessment represent this condition. 
Access to the Savannah River Site (SRS) is controlled by the Department of Energy (DOE). 
Once within the SRS boundaries, access to the FDTF is not restricted. Paved roads exist near 
the FDTF, and access on foot is easy and unrestricted. The stmounding area is partially 
developed, and there are wooded areas nearby. Because the area is developed, there is human * 

activity in the area (e.g., grass is mowed; there are nearby structures and roads). Based on a 
recent unit visit, there is no evidence to suggest that there is any appreciable activity or potential 
for exposure within the FDTF area itself. Signs of casual trespassing (e.g., people, litter, 
campsites) were not observed during the unit visit. . 

Groundwater in the vicinity of the FDTF is not currently being used for consumption by on-unit . 

workers. The potentially exposed receptors that are evaluated for the current land use scenario 
are known on-unit workers. An on-unit worker may be a researcher, a groundwater sampler, or 
personnel in close proximity to the unit. 

The receptor population that is considered for current exposure to constituents at the FDTF is 
the on-unit worker. Known on-unit workers are defined as SRS-related individuals who visit. 
the unit under actual land use conditions on an infrequent or occasional basis (e.g., a 
researcher associated with SRS who uses the unit as an outdoor laboratory). These receptors 
may be involved in the excavation or collection of contaminated media; however, they would 
be using SRS procedures and protocols for sampling at hazardous waste units. 

I. 
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6.2.2.1.2 Future Land Use 

According to the Savannah River Site: Future Use Project Report (DOE, 1996), “residential 
uses of SRS land should be prohibited” In this report, the FDTF is identified as a ‘‘current 
industrial (with buffer)” area. The funue yse recommendation contained in the Future Use 
Project Report is for “future industrial (non-nuclear)”. In the future, this unit is most likely to 
remain as it is currently: an open grassy area. No residential use of the FDTF is anticipated 
for the future. 

If land use conditions remain industrial, the only future human receptors are considered to be 
industrial workers. However, until deed notifications are established, the possibility exists that 
new buildings could be constructed,.and the area at or near the FDTF could be converted to 
residential use in the kture. Although residential development is unlikely, a hypotheticai 
residential exposure scenario for both adults and children is presented for comparative 
purposes. This is in accordance with EPA Region IV guidance (EPA, 1995d) which states that 
residential development cannot be entirely ruled out. However, the future use of the land is not 
likely to change fiom current use. 

Because institutional controls preventing the excavation of contaminated soils cannot be 
guaranteed, the future scenario assumes the possible excavation of soils from depths of 0 to 
1.2 m (0 to 4 ft) and subsequent spreading of those soils on the surfice as the result of 
construction activities. Approximately 1.2 m (4 ft) is considered a reasonable depth f0r.a 
residential contractor to excavate during typical construction in the SRS area. 

The potentially exposed receptors that are evaluated for the future land use scenario include: 
Hypothetical on-unit industrial worker 
Hypothetical on-unit resident (age adjusted adultkhild) 

-1 

6.2.2.1.2.1 Hypothetical &-Unit Industrial Worker 

The hypothetical on-unit industrial exposure scenario addresses long-term risks to workers 
who are exposed to unit-related constituents while working within an industrial setting. The 
hypothetical on-unit industrial worker is an adult who w o r e  in an outdoor industrial setting 
for the majority of his time. 
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6.2.2.1.2.2 Hypothetical On-Unit Resident (Adult & Child) 

. The hypothetical on-unit resident exposure scenario evaluates long term risks to individuals 
expected to have unrestricted use of the unit. It assumes that residents live on-unit and are 
,chronically exposed (both indoors and outdoors) to unit-related constituents. The 
hypothetical on-unit resident includes adults and children who are exposed to all the 
contaminated media. 

6.2.2.2 Identification of Potential Human Exposure Pathwavs 

. Exposure pathways describe “the course a chemical or physical agent takes fiom the source to 
the exposed individual” @PA, 1989a). Four components comprise an exposure pathway: 

A source and mechanism of constituent release 
A retention or transport medium (or media) 
A point of potential human contact with the contaminated medium (the exposure 
point) 
An exposure route (e.g., ingestion, demal contact, and inhalation) 

If any of these elements is missing, the pathway is incomplete and is not considered further in 
the risk assessment. A pathway is complete when all four elements are present to permit 
potential exposure of a receptor to a source of contamination. Quantification of some 
potentially complete pathways may not be warranted because of minimal contribution to risk 
relative to other major pathways. The domin&t pathways from constituent sources and 
exposure media to human receptors potentially exposed to COPCs at the unit are presented 
in a graphical form as a Conceptual Site Model (CSM) (Figure 6.1-1). As shown in the model, 
only soil and produce pathways are considered in the human health risk assessment. 

The primary source of contamination fiom the FDTF is soil that is contaminated as a result of 
past fire training activities. The potential on-unit exposurz points for soil constituents’are 
surface soil or subsurface soil that has been excavated and redistributed onto the surface. 
Constituents may be released fiom the soil via windblown dust and vegetative uptake. The 
potential for leaching to groundwater is considered to be minimal, as discussed in Section 5. 
Volatile emissions from soil are not evaluated further, since there are no volatile COPCs in the 
soil at the FDTF. As noted, there are no surface water or sediment features at or in the 
immediate vicinity of the FDTF, and groundwater is not included in this investigation. 
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. 6,222.1 Known On-Unit Worker 

The following are the primary pathways proposed for the evaluation of exposures to the known 
on-unit worker: 

0 Exposure via direct contact with contaminated soils through ingestion, dermal contact, 
and inhalation of windblown dust 

6.2.2.2.2 Hypothetical On-Unit Industrial Worker 

The primary pathways proposed for the evaluation of exposures to the hypothetical on-unit 
industrial worker include: 

Exposure via direct contact with contaminated soils through ingestion, dermal contact, 
and inhalation of windblown dust 

6.2.2.2.3 Hypothetical On-Unit Resident (Adult & Child) 

The primary pathways proposed for the evaluation relative to the hypothetical on-unit resident . 

include: 
Exposure via direct contact with contaminated soils through ingestion, dermal contact, 
and inhalation of windblown dust, and ingestion of homegrown produce 

6.2.2.3 Derivation of Exuosure Concentrations 

Exposure concentrations are the concentrations of constituents ih a gven mediurri to which 
human receptors are exposed at the point of contact. Exposure concentrations are used to 
calcdate the constituent intakes or doses for human receptors based on methodology provided 
in EPA risk assessment guidance @PA, 1989a and 1991). The calculation of constituent 
intakes or doses for the human receptors is discussed in Section 6.2.2.4. 

Because of the uncertainty associated with any estimate'of exposure concentration,'the 
95 UCL of the meai or the maximum constituent concentration (whichever is lower) is used 
to determine the exposure concentration in each medium (EPA,1989a). This exposure 
concentration is the RME concentration. Appendix C presents the procedure and summary 
statistics for calculating the 95 UCL and the RME concentrations for each medium. Tables 
6.1-7 through 6.1-10 present the statistical data used to evaluate the COPCs in the risk 
assessment. 

6.2-6 



RCRA Facility InvestigatiodRemedial 1nvestigation.Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-1136) 

WSRC-RP-96-863, Revision 1 
April 1997 

6.2.2.4 DeveloDment of Constituent Intakes 

Human intake factors (HIFs) are calculated based on the RME concentrations for each 
principal complete pathway. The RMEs represent the highest exposure that is reasonably 
expected ’to‘ occur in a small, hut definable “high-end” segment of the potentially exposed 
population. Constituent-specific intakes, or doses, are calculated for the receptors and 
exposure pathways identified for quantitative evaluation in Sections 6.2.2.1 and 6.2.2.2. 
respectively. The development of constituent intakes is based on EPA methodology 
presented in EPA’s Risk Assessment Guidance for Superfind (EPA, 1989a) and the Ofice of 
Solid Waste and Emergency Response (OSWER) Directive 9285.6-03 @PA, 1991). 

Under the current and future land use scenarios, estimated intakes are calculated for the 
known on-unit worker, hypothetical on-unit industrial worker, and hypothetical on-unit 
resident for exposure to constituents in the soil previously described in Section 6.2.2.2. The 
constituent-specific intakes are developed for the principal complete exposure pathways 
(EPA, 1992b) and are presented with risk calculations in Appendix C. RME exposure point 
concentrations upon which the intake and dose are based are presented in Tables 6.1-15 
fhrough 6.1-18. The exposure parameters and intake equations are discussed below and are * 

provided in Appendix C. 

6.224: 1. Exposure Equations 

. Appendix (=I presents the equations used to calculate constituent-specific RME intake or dose. 
The appendix includes equations for exposure to soil (dermal contact, ingestion, and 
inhalation of particulates) and ingestion of homegrown produce grown in the unit soil. 

6.2i2.4.2 Exposure Parameters . . .  

The RME intakes or doses are calculated by using par-meters that represent the 95th 
percentile for a population or by using best professional judgment in the absence of unit- 
specific data (EPA, 1995a). Exposure parameters are provided for each complete exposure 
pathway as defined above. Appendix C presents the values used for the exposure parameters 
and the technical basis on which parameter values are based. Additional input parameters 
required to calculate intake or dose include the RME concentrations that are described in 
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Section 6.2.2.3 are presented in Appendix C (e-g., dermal permeability coefficients and soil- 
to-plant transfer factors). 

6.2.3 Toxicity Assessment 

The toxicity assessment presents and discusses constituent-specific quaniitative dose- 
response data for the COPCs identified in Section 6.2.1. The objectives of the toxicity 
assessment are to evaluate the inherent toxicity of the substances under investigation and to 
identify and select toxicity values for use in risk characteriza tion. For the assessment of human 
health risks fiom exposure to chemicals and radionuclides, the following toxicity values are of 
principal importance: 

Reference doses (RfDs) for oral exposure; acceptable intake values for chronic 
exposure (noncancer effects) 
Reference concentrations (RfCs) for inhalation exposure; acceptable intake values for 
chronic exposure (noncpcer effects); these have been converted to inhalation RfDs 
by multiplying by 20 m /day and dividing by 70 kg 

0 

. 

Cancer sloDe factors (CSFs) for oral and inhalation exposure routes 

Toxicity idormation is preferably obtained from the Integrated Risk Idormation System . 
(IRIS) @PA, 1996b). If values are not available fiom IRIS, the Health Effects Assessment 
Summary Tables (HEAST) (EPA, 1995a) or provisional toxicity values developed by the 
EPA’s SuperfUnd Health Risk Technical Support Center-National Center for Environmental 
Assessment (SHRTSC-NCEA) are used. 

Appendix C presents the toxicological data used in the risk assessment for the COPCs, and ‘ 

abbreviated toxicity profiles for COPCs. Appendix C includes a table of toxicity values that 
briefly summarizes carcinogenic toxicity data for each of the COPCs, including weight-of- 
evidence classifications, Cancer Slope Factors (CSFs), and target organs. 

6.2.3.1 Chemical Toxicity 

6.2.3.1.1 Noncarcinogens 

All three COPCs for surface soil, and eight of the ten COPCs for subsurface soil are toxicants 
that are assigned an RfD for evaluating noncancer effects. ‘An RfD, reported as a chemical 
intake (mgkg-day), is the toxicity value used most often in evaluating noncarcinogenic 
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. effects, RfDs are developed and verified for specific chemicals by the EPA. and are defined 
as "an estimate of a daily exposure level for the human population, including sensitive 
subpopulations, that is likely to be without an appreciable risk of deleterious effects during a 
lifetime" (EPA, 1989a). Reference concentrations (RfCs), which are reported as a 
concentration in air (in mg/m3), are also used to evaluate noncarcinogenic effects. Derivation 

' and/or conversion from an RfC (concentration) to an RfD (dose) is employed. Appendix C 
presents the RfD, confidence level, critical effects, and uncertainty/modifying factors for 
each of the noncarcinogenic COPCs. The uncertainty introduced by-.the lack of an RfD for 
two constituents is discussed in Section 6.2.6. 

6.2.3.1.2 Carcinogens 

One COPC in surface soil and three COPCs in subsurface soil at the.FDTF are potential 
carcinogens that have CSFs assigned to them by.the EPA: arsenic, benzo(a)pyrene, and 
beryllium. Of these, arsenic,is assigned the greatest weight-of-evidence classification of A, a 
known human carcinogen. Benzo(a)pyrene and beryllium are classified as type B2 
carcinogens, and are considered to be probable human carcinogens. 

. .  

6.2.3.2 Constituents Without Toxicity Values 

EPA toxicity values are available only for the oral and inhalation routes. As discussed-below 
for *e demal contact route, it is sometimes necessary to convert the administered dose toxicity 

. value to an absorbed dose in order to calculate risk for the dermal pathway. In addition, when a 
constituent has' no chronic toxicity values, the toxicity value of a constituent that is related both 
chemically and toxicologically may be used. Except for aluminum and sodium, all of the 
COPCs in this investigation have either noncancer or cancer toxicity values. 

In accordance with RAGS @PA, 1989a), absorbeddose toxicity values are derived fiom the 
oral administereddose toxicity values to estimate risk associied with the dermal contact route. 
Adjustment of the oral administereddose toxicity values from absorbeddose toxicity values 
requires sufficient data fiom the principal laboratory studies on oral absorption efficiency (i.e., 
gastrointestinal absorption factors) in the species on which the toxicity values are based. 
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Using these data, the administered-dose toxicity value is multiplied (if it is an RfD) or divided 
(if it is a CSF) by a gastrointestinal absorption factor to derive a toxicity value based on the 

. .absorbed dose. In cases where constituent-specific absorption factors are not available. EPA 
Region‘ N provides default absorption”factors of 80 percent €or volatile organic compounds 
(VOCs), 50 percent for semivolatile organic compounds (SVOCs),’and 20 percent for inorganic 
substances @PA, 1995d); Appendix C presents the demal permeability coefficients, dermal 
absorption factors, and gastrointestinal absorption factors used’in this risk assessment. 

. 

6.2.4 Risk Characterization 

Risk characterization combines the exposure intake values and toxicity assessment values to 
determine a quantitative risk for all human receptors defined in the human hedth risk 
assessment. The objective of the human health risk characterization is to determine whether 
exposure to constituents associated with the unit poses risks that exceed target levels for human 
health effects. The results of the human health baseline risk assessment support the 
determination of need for unit remediation. 

This section presents the human health cancer risks and constituent hazard estimates for the 
current land use and hypothetical scenarios for the unit Quantitative evaluations of exposure 
pathways for human receptors include a known on-unit worker, a hypothetical on-unit 
(industrial) worker, and a hypothetical on-unit resident. Appendix C presents constituent- 
specific RME risks for each receptor and pathway. Figure 6.2-1 summarizes risks and 
hazards across pathways and media for nonradiological chemicals. - 

6.2.4.1 EPA Methods for Risk Characterization 

This risk characterization presents a separate evaluation of noncancer and cancer effects. EPA 
. methods distinguish cancer fiom noncancer effects because organisms typically respond 

differently following exposure to noncarcinogenic or carcinogenic agents. The outcome of this 
comparison is used to determine whether the constituent concentrations detected in 
environmental media at the unit may be associated with adverse effects on the health of humans 
potentially exposed to unit-related constituents. 

#’ 

. 
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The risk characterization requires that the potentially toxic effects associated with exposures to 
each of the COPCs be combined across envkonmental media and exposure pathways. As 
described in the exposure assessment, the current and/or future receptors could be concurrently 
exposed to the COPCs through direct- contact exposure to &t soils (i.e., ingestion, dermal 
contact and inhalation of dust). In the case of the resident, the soil exposures could idso be 
combined with ingestion exposure to produce grown in unit soil. In general, the hazards and 
risks are combined across exposure pathways to develop a reasonable total risk estimate for 
each receptor. 

The potential noncarcinogenic hazards and carcinogehic risks are assessed quantitatively by 
' evaluating exposure estimates with respect to available toxicity values for the constituents of 

potential concern. 

6.2.4.1.1 Evaluation of Noncarcinogenic Hazards 

The risk of adverse noncarcinogenic effects from constituent exposure is expressed in terms of 
the HQ. The HQ is the ratio of the estimated chronic daily intake of a COPC to the reference 
dose level (RtD). RfDs are described in Section 6.2.3 and are provided in Appendix C. . 

To evaluate exposure from more than one noncarcinogen, the constituent-specific HQs are 
summed for each environmental medium and exposure pathway to obtain the hazard index 
(HI). After individual pathway risks are calculated, HIS may be combined across pathways to 

. estimate total unit risk for each receptor. An HI greater than 1.0 has been defined as the level of 
potential concern for adverse noncarcinogenic health effects @PA, 1989a). 

6.2.4.1.2 Evaluation of Carcinogenic Risks 

. Cancer risks are estimated as.the incremental excess probability of an individual developing 
cancer over a lifetime as' a result of pathway-specific expo& to radionuclides and chemical 
carcinogens (Le., incremental or excess individual lifetime risk over the course of a 70-year 
lifetime for chemicals and a 50-year lifetime for radionuclides). This value is calculated by 
multiplying the average daily intake over a lifetime by the CSF for the constituent. In order to 
account for simultaneous exposure to multiple carcinogens through a given pathway, the 

. 
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. xjsks calculated for each individual carcinogen in that medium are summed to obtain an 
estimate .of the total cancer risk for the pathway. 

Cancer risks less than 1 x lo4 are considered to be adequately protective of human health. 
Cancer ri'sks greater than 1 x'104 are generally considered to represent exposure levels 
requiring a risk management decision regarding the need for remediation. 

6.2.4.2 Intemretation of Human Health Risk Assessment Results 

Human health primary (COCs) are constituents in a totd exposure pathway 
(medidreceptorhoute) with a cumulative noncancer hazard greater than 3 or a cumulative 
ELCR greater than 1 x lo4. Primary COCs have a constituent-specific noncancer m d  
greater than or equal to 0.1 or a cancer risk greater than 1 x lo4. 

Human Health secondary COCs are chemicals in a total exposure pathway 
(medidreceptorhoute) with a cumulative noncancer hazard between 1 and 3 or a cumulative I. 
Excess Lifetime Cancer Risk (ELCR) between 1 x lo4 and.1 x 10'. Secondary COCs have a 
constituent-specific noncancer hazard greater than or equal to 0.1 or a cancer risk greater than or a 

e q d  to 1 x IO&. 

6.2.5 Summary of the Human Health Risk Characterization 

To evaluate the risks to human receptors due to the contamination at the FDTF, unit-specific 
analytical data are used to identify COCs. RME concentrations are determined for each COC 
to estimate the potential exposure for various receptors and exposure scenarios. Receptors are 
selected based a single current land use (known on-unit worker)-and two potential 
scenarios (hypothetical on-unit industrial worker, and a hypothetical on-unit resident). 

future 

Following the selection of individual receptors, chemical &cer risks and health hazards are , 

estimated for each COC for pathway/receptor combinations based on EPA guidance ' 

@PA, 1989a). Carcinogenic risks and noncarcinogenic hazards are summarized across 
pathways and media for each receptor at the FDTF. For example, the risks to the known on- 
unit worker resulting fiom the ingestion of, dermal contact vyith, and inhalation of soil COCs 
are combined to estimate a total risk for nonradioactive carcinogens fiom soil. The totals for 
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each medium are then' summed to obtain a total risk value that includes all reasonable 
. pathways for each receptor. 

The RME.risk estimates for current and future land use for human receptors at the FDTF are 
discussed in the following sections. Tables 6.2-1 and 6.2-2 and Figure 6.2-1 provide 
summaries of unit-related carcinogenic risk and noncarcinogenic hazard for the pathways and 
receptors identified for quantitative evaluation. Tables 6.2-3 and 6.2-4 provide the hazard and 
risk estimates for exposures in the background. 

In order to help ascertain the significance of the hazard and risk estimates, the background 
hazards and risks for the same soil intervals are provided. In addition, the hazards and risks 
for the substances that were screened out in the background comparison have been calculated 
and are presented in the discussion of uncertainties (Section 6.2.6.3). Note that for the 0 to 
1.2 m (0 to 4 ft) soil interval, no constituents were screened out in the background 
comparison. 

. .  

6.2.5.1 Results for Current Land Use 

Under the current land use scenario, carcinogenic risks and noncarcinogenic hazards are 
characterized for exposure of an on-unit worker to soil. 

'*6.2.5.1.1 Known On-Unit Worker 

' 6.2.5.1.1.1 Nonc&cinogenic Hazard 

Noncarcinogenic HIS for the known on-unit worker exposure pathways are presented in 
Tables 6.2-1 and 6.2-3. None of the HIS exceeded 1.0, indicating that under current 
conditions, noncarcinhgenic constituents at the unit do not pose a toxic hazard of concern for 
human health. Estimates of the HI by pathway for the nonradioactive noncarcinogens .are 
summarized for &e known on-unit worker in Figure 6-2.1. 

- 
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0 to 0.3 m (0 to 1 ft) Soil Interval 
0 For the 0 to 0.3 m (0 to 1 fe) soil interval, the total HI for the known on-unit worker is 

0.00007. 
0 By comparison,.exposures to the 0 to 0.3 m (0 to 1 fi) soil interval in the background 

also resulted in a total HI for the known on-unit worker of 0.002. 
. .  

6.2.5.1.1.2 Carcinogenic Risk 

Estimates of total risk by pathway for nonradioactive.carcinogens are summarized for the 
known on-unit worker in Figure 6.2-1. All of the estimated total cancer risks are less than 
1 x lo6, indicating that under current conditions carcihogenic risk is insignificant at the unit. 
Carcinogenic. risk for the known on-unit worker exposure pathways are presented in Tables 
6.2-1 through 6.2-4. 

0 to 0.3 m (0 to 1 ft) Soil Interval 
For the 0 to 0.3 IJ (0 to 1 fi) soil interval, the total site cancer risk for the known on-unit 
worker is 4 x 10 . 

0 By comparison, exposures to the 0 to 0.3 m (0 to 1 ft) soil interval in.fB" background 
also resulted in a total cancer risk for the known on-unit worker of 2 x 10' . 

6.2.5.1.2 Future Land Use 

Under the future land use scenario, carcinogenic risks and noncarcinogenic hazards are 
calculated for exposure of the hypothetical on-unit resident (adult and child) to surface and 

. redistributed subsdace soils, and homegrown produce. For the hypothetical on-unit 
i n d h a l  worker, exposures are to surface soil and redistributed subsurface soil (but not 
produce). The summary of carcinogenic risks and noncarcinogenic hazards is shown in 
Figure 6.2-1. 

6.2.5.1.2.1 Noncarcinoge&c Hazard for the Hypothetical osrunif Industrial Worker 

Noncarcinogenic HIS for the hypothetical on-unit industrial worker exposure pathways are 
presented in Tables 6.2-1 through 6.2-4. None of the HIS exceed 1.0, indicating that under 
current conditions, noncarcinogenic constituents at the unit are not of concern for human 
health. 
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0 to 0.3 m (0 to 1 ft) Soil Interval 

’ industrial worker is 0.003. 
0 For the 0 to 0.3 m (0 to 1 ft) soil interval, the total HI for the hypothetical on-unit 

0 By comparison, exposures to the 0 to 0.3 m.(O to 1 ft) soil interval in the background 
, resulted in a higher total HI of 0.1 for the hypothetical on-unit industrial worker. 

0 to 1.2 m (0 to 4 ft) Soil Interval 
0 For the 0 to 1.2 m (0 to 4 A) soil interval, the total HI for the hypothetical on-unit 

industrial worker is 0.2. This is below the limit of 1 for noncancer effects, indicating 
that under these exposure assumptions the noncancer hazards are not of concern. 
Although the HI is greater than 0.1, this is the result of the combination of the ingestion 
and dermal contact pathways, each with an HI of about 0.1. All of the constituent HQs 
are less than 0.1; therefore, there are no COCs. 

0 By comparison, exposures to the 0 to 1.2 m (0 to 4 ft) soil interval in the background 
resulted in a similar total HI of 0.1 for the hypothetical on-unit industrial worker. 

6.2.5.1.2.2 Noncarcinogenic Hazard for the Hypothetical On-Unit Resident 

Noncarcinogenic HIS for the hypothetical on-unit resident exposure pathways are presented 
in Tables 6.2-1 through 6.2-4. 

0 to 0.3 m (0 to 1 fi) Soil Interval 
0 

. o  

The total HI (soil and produce exposures combined) for the hypothetical on-unit 
resident exposed to this soil is 0.5, which is below the limit of 1. The HI for the soil 
exposures is 0.03 (i.e., excluding the produce exposures). 

By comparison, exposures to the same soil intend in the background resulted in a 
highertotal HI of 2 for the hypothetical on-unit resident. The HIS for the soil exposure 
and produce bgestion in the background are each 1. 

.I 0 to 1.2 m (0 to 4 fi) Soil Interval 
For this soil interval, the total HI for the hypothetical on-unit resident is 4. This is. 
primarily due to the soil exposures (HI = 3), of which soil ingestion is most important 
(HI = 2). The HI for produce ingestion is 1. 

. 

The secondary COCs for soil exposure are: 
- Arsenic (1 1 percent of the HI for soil ingestion, HQ = 0.3) 
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- Iron (78 percent of the HI for soil ingestion; HQ = 2) 
- Vanadium (6 percent of the HI for soil ingestion, and 72 percent of the HI for 

demal contact; HQ = 0.3)' 
0 . By comparison, exposures to this soil interval in the background resulted in a total HI of 

2 for the hypothetical on-unit resident. This exceeds the upper limit of 1 for noncancer 
effects. 

6.2.5.1.2.3 Carcinogenic Risk Hypothetical On-Unit Industrid Worker 

Estimates of total risk by pathway for carcixiogens are summarized for the hypothetical on- 
unit industrial worker in Figure 6.2-1. 

. .  

0 to 0.3 m (0 to  1 ft) Soil Interval . . 
0 For the 0 to 0.3 m (0 to 1 ft) soil interval, the total cancer risk for the hypothetical on- 

unit industrial worker is 9 x lo-'. This is below 1 x lo', the initial level of concern for 
cancer risk. 

0 By comparison, exposures to the 0 to 0.3 m (0 to 1 ft) soil interval in the background 
resulted in a higher total cancer risk of 4 x 10" for the hypothetical on-unit industrial 
worker. The finding of a slightly higher cancer risk in the background is most likely due 
to natural variation in the concentration of metals (i.e., arsenic and beryllium) in soil. 

0 to 1.2 m (0 to 4 ft) Soil Interval 
. 0 For the 0 to 1.2 m (0 to 4 ft) soil interval, the total cancer risk for the hypothetical on- 

unit industrial worker is 4 x lo4. The cancer risk is attributable to the ingestion (ELCR 
= 2 x 104 and dermal contact (ELCR = 2 x 104 pathways. - . 

The secondary COCs for exposure to soil in this interval are: 
- Arsenic (84 percent of the ELCR for soil ingestion; ELCR = 2 x 1 04) 
- Beryllium (54 percent of the ELCR for soil dermal contact, ELCR = 1 x 10 6> 
By comparison, exposures to the 0 to 1.3 m (0 to 4 ft) soil intend in the background 
also resulted in a total cancer risk for the hypothetical on-unit industrial worker of 
3x10". . 

6.2.5.1.2.4 Carcinogenic Risk for the Hypothetical On-Unit Resident 

Estimates of total risk by pathway for nonradioactive carcinogens are summarized for the 
hypothetical on-unit resident in Figure 6.2-1. 
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0 to 0.3 m (0 to’l ft) Soil Interval 
0 For this soil interval, the total cancer risk for the hypothetical on-unit resident is 

1 x lo”. This is above 1 x 1 04, the initial level of concern for cancer risk. Media with 
cancer risks of greater than 1 x IO4 are soil and ingestion of produce grown in the soil 
(1 io-’). 

The secondary COC for exposure to soil in this interval is: 
- Benzo(a)pyrene (100 percent os the ELCR for soil ingestion and 100 percent for 

dermal contact; ELCR = 3 x 10 ) 

The secondary COC for exposure to produce in this interval is: 
- Benzo(a)pyrene (100 percent of the ELCR for tuberous vegetables; 

ELCR= 1 x io-’) 
a By comparison, exposures to the same soil interval in the background resulted 5 a 

higher total cancer risk for the hypothetical on-unit resident of 7 x lo-’. The finding of a 
higher cancer risk in the background is most likely due to natural variation in the 
concentration of metals (i.e., arsenic and beryllium) in soil. 

0 to 1.2 m (0 to 4 ft) Soil Interval 
0 For this soil interval, the total cancer risk for the hypothetical on-unit resident is * 

8 x 10”. This‘exceeds the initial level of concern of 1 x lo4. Media with cancer risks 
of greater than 1 x lo4 are soil and produce grown in the soil. 

The secondary COCs for exposure to soil in this interval are: 
- Arsenic (84 percent of the ELCR for soil ingestion; ELCR = 1 x 1 O-5> 
- Berylliuh (6 percent of the ELCIJ for soil ingestion and 54 percent of the dermal 

contact pathway; ELCR = 3 x 10 ) 
- Benzo(a)pyrene (10 percent of the ELC for soil ingestion and 28 percent of the 

dermal contact pathway; ELCR = 3 x 10 3 
The secondary COCs for expasure to produce are: 

- Arsenic (98 percent of the ELCR for leafy vegetables, 42 percent of thf ELCR for 
tuberous vegetables; 98 percent of the ELCR for fruit; ELCR = 4 x 10‘ ) 

- Benzo9)pyrene (58 percent of the ELCR for tuberous vegetables; ELCR = 
l x l o - )  

By comparison, exposures to the 0 to 1.3 m (0 to 4 ft) soil interval in the background 
resulted in a total cancer risk for the hypothetical on-unit resident of 5 x 10”. The cancer 
risk in the background is attributable to arsenic and beryllium in the soil. 
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6.2.5.1.3 Constituents of Concern 

Table 6.2-5 provides a summary of the human health secondary COCs. The following briefly 
siunmarizes the findings: 

e 

e 

e 

e 

e 

e 

6.2.6 

For current land use, there are no primary or secondary COCs. 

For the &me industrial land use, there are two secondary COCs. 
For the future residential land use, there are five secondary COCs. 

For the 0 to 0.3 m (0 to 1 fi) soil interval, there is one secondary COC, benzo(a)pyrene, 
for the on-unit resident. 
For the 0 to 1.2 m (0 to 4 ft) soil interval, there are five secondary COCs for the 
hypothetical on-unit resident. There are two secondary COCs for the future industrial 
worker. 
There are no ARAR-driven COCs because thm are no ARARS for constituents 
detected in the FDTF soil. 

Uncertainty 

Uncertainty will always surround estimates of environmental concentrations at waste units. 
Uncertainty in the analytical data may be linked to sample density and distribution, collection 
procedures in the field, seasonal fluctuations, and accuracy of the sample analyses. 

'Sample collection procedures are established to reduce uncertainty surroimhg the sample 
- results. Standard Quality Assurance/Quality Control measures (e.g., proper decontamination of 

equipment and collection of trip blanks, field blanks, and matrix spikehatrix spike duplicates) 
are followed to reduce uncertainty associated with the analytical data. The uncertainly 
associated with sample collection procedures has the potential for either overestimating or 
underestimating risks to receptors. 

.I 
Uncertainty also may be introduced at the laboratory.. Standardized procedures are followed 'by 
the laboratory to reduce this uncertainty. For example, procedures include the use of surrogate. 
spikes to monitor constituent recovery, intemal standards to monitor instrument sensitivity, and 
laboratory blanks to determine whether laboratory preparation has introduced contamination to 
the sample. These measures are explained in the data quality assessment for the FDTF (WSRC, 
1996b) 
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. 6.2.6.1 Provisional Toxicitv Value for Iron 

The designation of iron as a COC is highly uncertain. There is no EPA-verified toxicity value 
for iron, and a provisional toxicity value for iron was used. The provisional toxicity value was 
developed for use by the EPA h theii risk assessments, and is not included in either IRIS or 
HEAST because the value has not been verified by the EPA's RFD Workgroup. Conclusions I 

based on the use of the provisional toxicity value should be cautiously viewed in light of the 
weakness of the available provisional toxicity value. Note that neither arsenic nor vanadium 
would have been designated as R D s  if iron had not been designated a COC. 

Note that the US. Food and Drug Administration (FDA) dietary value (DV) for iron is 18 
mg/day, which for a 70 kg adult corresponds to a recommended daily dose of 026 mgkg/day. 
This is the daily dose of iron that is recommended as part of a healthy diet. In order to ingest 
this amount of iron fiom soil, the concentration of iron in the soil would have to be very high, 
on the order of 180,000 m a g .  This assumes 350 days per year of exposure at a rate of 100 
mg/day for 30 years to a 70 kg adult who gets all his or her iron fiom the soil (which is 
unlikely). The concentrations soil at the FDTF are typically an order of magnitude lower than 
'180,000 mgkg, indicating that iron in the soil is very unlikely to be of concern at the FDTF. ' 
This discussion is very simple, since there are other important sources of iron, particularly in 
the diet. The point is, however, that there is a large discrepancy between the findings based on 

. the'provisional toxicity value for iron versus the findings based on the DV. When determining 
the need for remediation at the FDTF, this large degree of uncertainty should be considered. 

6.2.6.2 Constituents Without Toxicity Values 

The'number of COPCs included in the investigation of the FDTF is small; there are three 
COPCs in the surface 0 to 0.3 m (0 to 1 ft) soil interval, and 10 in the subsurface 0 to 1.2 m 
(0 to 4 ft) soil interval. Of these, only a.luminum and sodiywere included as COPCs without 
EPA-verified toxicity values. 

. . .  

The FDA has developed a DV of 2,400 mg/day for the dietary intake of sodium. Note that the 
DVs were formerly called RDAs by the FDA. The DV for sodium does not vary for differing 
intake levels or for different age groups. Based on the DV for sodium and a body weight of 70 
kg, the upper limit of sodium intake for use in the risk assessment is 34. mgkg-day ([2,400 
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mg/day]/70 kg = 34 mgkg-day). Using the same methods to derive an upper acceptable 
concentrakon in soil for screening other nutrients, the upper acceptable concentration in soil for 
sodium is greater than 1,000,000 mgkg. This value is greater than could exist in soil, and is so 
because the DV has been theoretically applied to the ingekion of small amounts of soil 
containing sodium. The relevance of the finding is that it would be acceptable to consume up to 
the full DV of soil ingested in a day as dietary sodium. The' effect of not quantitatively 
evaluating sodium is thus likely to be negligible. 

Although the degree of uncertainty resulting fiom the lack of a quantitative evaluation of 
aluminum makes it difficult to assess, the direction of the bias is likely to be toward 
underestimation of the noncancer effects. 

6.2.6.3 Uncertaintv in the COPC Selection Process 

There is inherently some uncertainty introduced by screening constituents out before the risk 
assessment. The screening consists of a health-based screening and a background comparison. 
The health-based screen is very conservative, and for this reason it is unlikely to result in 
appreciable uncertainty in the risk estimates for the r e w g  constikents. The background 
comparison is important, since it is designed to identify and eliminate naturally-occurring levels 
of constituents from the risk assessment. Naturally-occurring levels of constituents may, 
however, represent significant hazards or cancer risks. - 
The document was prepared according to the protocol in the SR!3 FFA Implementation Plan 
(FIP) (WSRC-RP-94-1200, December 1996), which was appropriate at the time the 
document was generated. Since then, SRS has reviewed the analytes which were eliminated 
as a result of the 2 times average background rule. Tables 6.1-7 (0 to 0.3 m [0 to 1 ft] 
interval) and 6.1-8 (0 to 1.2 m [O to 4 ft] interval) are COPC'summaries for the unit and 
Tables 6.1-9 and 6.1-10 Ne COPC summaries for background. All four tables are affected by 
the 2 times average background d e .  However, the -unitqJecific tables, Tables 6.1-7 and 
6.1-8, are the issue'at hand. The remaining two tables, Tables 6.1-9 and 6.1-10 are provided 
for risk management decisions. 

In Table 6.1-7 (0 to 0.3 m [0 to 1 ft] interval) there were three constituents which were 
eliminated as a result of the 2 times average background ' d e :  arsenic, iron, and sodium. 
Table 6.1-4 provides the fiequency of detection for all analytes which were detected in the 
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background for the soilinterval 0 to 0.3 m (0 to 1 fi). The frequency of detection €or arsenic 
and iron was 5/5 which means that surrogate values are not required since there were not any 
non-detects. Sodium fiequency of detection is 315 which means that surrogate values are 
required based on the new protocol. The method detection limit is 12.9 mg/kg for sodium and 
to include it as a surrogate for the k o  non-detectswill reduce the average background 
concentration to 23.68 mgkg or 47.36 for 2 times the average background concentration. 
Therefore, the maximum unit value (69.1 mg/kg) for sodium will be greater than the revised 
2 times average background value and it would be identified as a COPC. Under the new 
protocol, sodium *would be carried through the entire risk assessment. process without a risk 
or hazard quotient determination because there is no toxicity data available for it. Sodium is 
considered an essential human nutrient and the recommended dietary allowance or 
benchmark value for a child is 400 mg/day and for an adult it is 500 mg/day. If one assumes 
that the daily soil intake for a child is 200 mg/day and the adult is 100 mg/day, then the 
concentration range that one can intake on a daily basis is 2Et-06 to 5Et-06 mgkg. The unit 
maximum concentration for sodium (69.1 mgkg) is therefore insignificant to the daily intake 
concentration range. 

* 

While reviewing Table 6.1-8 (0 to 4 ft soil interval), it was determined that none of the . 
constituents were eliminated due to the comparison of 2 times the average background. 

As mentioned earlier, Tables 6.1-9 and 6.1-10 are provided for risk management decisions. 
'These tables provide a summary of the background analytes being screened against the 

e .  COPC selection protocol as the unit analytes, As a result, background risk was determined on 
the remaining analytes. 

. 

Based on these observations, implementation of the new protocol will not affect this unit and 
the outcome of the risk or hazard. 

.. 

The direction of the bias introduced by screening out constituents before the risk assessment 
would always be toward underestimating the hazard or risk, since the screened constituents are 
not included in the risk assessment. In order to assess the significance of the screening process, 
risk estimates have been calculated for the chemicals that were screened out in the COPC 
selection process. The findings are as follows: 
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On-Unit Worker 

0 For the 0 to 0.3 m (0 to 1 fi) soil interval, the total HI for exposures to the constituents 
that were screened out is 0.0006 for the known on-unit worker, and the total cancer risk 
is 6 x lo-'. This is well below the upper limit of 1 for'noncancer hazards, and is also 
well below @e. initial level of concern of 1 x 10" for cancer risk. 

Hypothetical On-Unit Industrial Worker 

0 For the 0 to 0.3 m (0 to 1 ft) soil internal, the total HI for exposures to the screened 
constituents is 0.03 for the hypothetical on-unit industrial worker, and the total cancer 
risk is 1 x lo4. The HI is well below 1, and the cancer risk is at the lowest level of 
concern. 

0 For the 0 to 1.2 m (0 to 4 ft) soil interval, there were no constituents screened out in the 
COPC selection process. 

Hypothetical On-Unit Resident 

0 

0 

e 

The total HI (soil and produce combined) for exposures to the screened constituents 
fiom the 0 to 0.3 m (0 to 1 ft) soil interval is 0.8, and the cancer risk is 5 x lo-'. The HI 
for the soil exposures (not including'produce) to the screened coxjstituents fiom the 0 to 
0.3 m (0 to 1 ft) soil interval for the hypothetical on-unit resident is 0.6, and the cancer 
risk is 9 x lO".'There is only one constituent with B cancer risk of greater than 1 x lo4, 
as follows: 

Arsenic (ELCR = 9 x 10" for soil ingestion, 7 x 10" for leafy vegetables, 5 x 10" for 
tuberous vegetables,-md 1 x lo5 for fruits) 

For the 0 to 12 m (0 to 4 ft) soil interval, there were no constituents screened out in the 
COPC selection process. 

' 

These findings indicate that there is minimal uncertainty in the risk estimates that may be 
attributable to the COPC selection process. In case of the highest hazards or risks for the 
screened ConstiGents (e.gi,' the cancer risk of 5 x lo-'), the estimates appear to be entirely 
attributable to natuqilly-occurring levels of arsenic and beryllium in the soil. Note that the 
background comparison used in the COPC selection process isvery simple, increasing the 
uncertainty of whether naturally-occuning substances are wried through to the risk 
assessment. In particular, although arsenic and beryllium were not always screened out in the 
COPC selection process, these naturallysccurring substance? do not appear to be site-related 
and may still be present at naturally-occurring levels. 

/ 
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Tatile 6.2-1. RME Rlsk'Characterlzation Summary: FDTF Surface Soil (0 to I foot) 

Medium Exposure 
Route 

Soil . Ingestion 
DermaVExternal 
Inhalation 

Leafy Vegetables Ingestion 
Tuberous Vegetables Ingestion 
Fruits , Ingestion 

Combined Hazard Index: 

Combined Cancer Risk: 
\ 

Current Future 
Noncancer HI Cancer Risk Noncancer HI Cancer Risk 

On-Unit On-Unit Industrial Industrial 
Worker Worker Resident Worker Resident Worker 

3E-05 
4E-05 
4E-06 

NA 
NA 
NA 

9E-10 
3E-09 
3E-14 

NA 
' NA 

NA 

3 E-02 
3E-03 
8E-04 

1E-01 
2E-0 1 
2E-01 

1 E-03 2E-06 
I E-03 1 E-06 
2E-04 2E-11 

NA 3E-12 
NA 1 E-05 
NA 6E- 13 

2E-07 
7E-07 
7E- 12 

NA 
NA 
NA 

7E-05 I I 5E-01 I 3E-03 I 

I 1E-05 I 9E-07 

NA - pathway not evaluated 

.. 

'* i 

I 

I 
I 
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o :I ft Soil Intervd 

- ..... WW"-..".II11.""IU...."..nU...."...U., 

- - _. 

- - 
3enzo(a)pne (ELCR = 3 x 10 3 

senzo(a)pyrene (ELCR = 1 x 10 -'; 

Table 6.2-5. Health-Based COCs for Soil and Produce 
.Fire Department Hose Training Facility 

M ft soil InteAaI 

- ..... ..... Y".....". .... ."...."-..."........"...................... 
h h i c  (ELCR = 2 x 10 ") 
gm>m (ELCR= 1 x 10 &) 
Arsenic (HQ = 0.3) 
Arsenic (ELCR = 1 ?I 10 -') 
Beryllium (ELCR = 3 x 10 4). 
Iron (HQ = 2) 
Vanadium (HQ = 0.3) 
Benzo(a)pyrene (ELCR = 2 s 10 &) 

Arsenic (ELCR = 4 x 10 
Benzo(a)p-mne (ELCR = 1 x 10 -') 

P............. . .........., 

Media 

Current On-Unit Worker 
Hypothetical Industrial Worker 

....... ......." .... " ........ .. ...... "..."UI..."".".-~"-...*."..---. 

Hypothetical On-Unit Resident 

Produce 
Hypothetical Resident 

No Constituents of Concern are identified based on exceedances of ARARS. 
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6.3 'Ecological Risk Assessment 

The purpose of the Ecological Risk Assessment (ERA) component of the Baseline Risk 
Assessment (BRA) is to ,evaluate the likelihood that adverse ecological effects may occur or are 
occurring as a result of exposure to unit-related constituents based on a weight-of-evidence 
approach. An ecological risk does not exist unless a given constituent has the abiliv to cause 
one or more adverse effects and it either co-occurs with. or is contacted by. an ecological 
receptor for a sufficient length of time, or at a sufficient intensity to elicit the identified adverse 
effect(s) (EPA, 1994b). 

The methodology used in this assessment is based on and complies with the intent of the Risk I .  

'Assessment . Guidance for Superfund, Volume . 11, Environmental Evaluation Muntial (EPA, 
1989b); Framework for Ecological Risk Assessment @PA, 1992c), the draft Ecological Risk 
Assessment Guidance for Superfund Process for Designing and Conducting Ecological Risk 
Assessinenrs (EPA, 1994b), and the draft Supplemental Guidance to Risk Assessment Guidance: , 

Region 4 Bulletins, Ecological Risk Assessment (EPA, 1995d). These documents do not provide 
a detailed step-by-step approach to ERAs. overall approach to 
considering ecological effects and identi@ sources of information for ERAs. Thus, professional 
knowledge and experience are important in performing ERAS to compensate for the limited 
specific guidance and established methods. 

Instead, they discuss 

The ecological assessment methodology consists of four interrelated steps: problem formulation 
(Section 6.3.1), exposure assessment (Section 6.3.2), effects assessment (Section 6.3.3). and risk 
characterization (Section 6.3.4). 

Included in the ERA is a decision regarding the need to conduct additional field studies in order 
to complete the assessment. This decision is based on the quality of information about the unit 
already available from-, previous studies, including the follo&g: the constituents of potential 
concern (COPCs) identified; ecological, physical, and other characteristics of the unit; the ability 

'to estimate exposures of assessment endpoints; and the ability to predict possible effects on 
assessment endpoints that may result from such exposures. This decision is discussed in Section 
6.3.4.1.3. 

. , 
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* 43.1 Problem Formulation 

Problem formulation establishes the goals, breadth, and focus of the ERA through the following: 
Identification of the ecological COPCs 

Characterization of ecological communities 
0 .Selection of assessment endpoints . 

Presentation of an ecological Conceptual Site Model (CSM) 
0 Selection of an analysis plan (including measures of effects) 

6.3.1.1 Identification of Ecological Constituents of Potential Concern 

Ecological COPCs are identified for each exposure group and medium following qualification 
and evaluation of analytical data and comparison to ecological risk-based screening values and 
unit-specific background concentrations as described in Section 6.1.2. The COPCs (including 
their basis for designation) are presented in Tables 6.1-12 and 6.1-14, along with the analytes' 
maximum detected concentrations, reasonable maximum exposure (RME) concentrations, and 
risk-based screening values. 

Table 6.1-1 1 presents the toxicity data and derivation of toxicity screening benchmarks used to 
screen nonradioactive constituents in soil. Soil screening is done by calculating a screening 
intake dose, as described in Section 6.1.2.3. As shown in Tables 6.1-12 and 6.1-13, the intake 
dose is compared to the. toxicity screening benchmark. Radionuclides were not detected at the 
unit (see Section 4); therefore, they are not included in the ecological BRA. . 

There are no sediment and surface water at these units; therefore, there is no screen for non- 
radioactive and radioactive constituents in sediment or surface water. . 

Comparison of concentratiok of constituents in unit samples 6 t h  background concentrations is - 
. .  

. conducted for the medium of soil (as shown in Tables 6.'1-12 and 6.1-13). 

The ecological COPCs identified through this screening process serve as the constituents for 
quantitative ecological risk assessment for all media of concern. Tables 6.1-1 through 6.1-6 
contain detailed summary statistics for all constituents eval&ted. The ecological COPCs 

uzIwr\FDTF6jJHK: 
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.remaining after the selection process are presented below by exposure group and listed in 
Tables 6.1-12 through 6.1-14 with their associated €WE concentrations. 

6.3.1 2 Characterization of.Ecologica1 Communities 

The following paragraphs discuss the methods for ecological characterization of the exposure 
groups, including field reconnaissance and habitat mapping if applicable. The ecosystem 
potentially at risk comprises only a few plant community types. n e  most prevalent is a 
community consisting of maintained grass with scattered mature trees; a pine plantation 
community is also present in the area. The immediate vicinity of the exposure unit is maintained 
as a grassy field with scattered mature trees nearby (WSRC, 1996a). The exposure unit occupies 
a total of approximately 0.01 hectare (0.025 acre). 

Overall habitat quality appears low. There are no visual indications of vegetative stress, nor are 
there any observable indicators of stress to the wildlife community. 

6.3.1.2.1 Vegetation 

A brief site visit was conducted by Science Applications International Corporation (SAIC) 
personnel. As noted in a previous study that describes the major plant communities of the 
Savannah River-Site (SRS) (Workman and McLeod, 1990), vegetative community type patterns 
are' found to be dependent on topography, soil type, moisture, and degree of disturbance: No 
previous studies describing the vegetative communities of the Fire Department Hose, Training 
Facility. (FDTF) ke'known. Based on the brief site visit, the following three vegetative 

. 

communities have been identified in the immediate area. 

Community Type No. 1 : Maintained grassyfield with scattered mature trees. This vegetative 
community occupies the area surroundin'g the FDTF,'and extends for some distance in all 
directions. This compunitjl-is typified by a 1imited.variety of grass species, with a limited 
number of mature trees present as individuals or small clumps. There are essentially no 
herbaceous, mid-level, or canopy layers present. 

. . .  
/ 

Community Type No. 2: Transportation, transmission linelpipeline right-of-way. This 
vegetative community OCCLUS along the rights-of-way associated with transportation and utility 
corridors. The habitat is open and ranges from grassy to more weedy in nature. Species 

6.3-3 
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fiequently found in the community type include bahia grass (Paspalum notatum), lespedeza 
(Lespedeza capitata), sericea (Lespedeza..sericea), and broom'. sedge (Andropogon spp.). The 
canopy level is completely absent due to periodic mowing. 

Community Type No. 3: Pine plantation. Thk vegetative community is represented nearby (a 
few hundred feet away) by ireas that have been planted to monoculture stands of either loblolly 
pine (Pinus taeda) or longleaf pine (P. palustris). The canopy level displays little diversity in 
species present. The mid-level is poorly developed, as is the herbaceous layer, due to forestry 
maintenance practices. 

. 

6.3.1 2.2 Wildlife 

No site visits specifically for the purpose of wildlife observations are known to have been made. 
As discussed above, one brief site visit by SAIC personnel has taken place. 

6.3.1.2.2.1 Mammals 

No mammals were observed during the site visit by SAIC personnel. Based on observations o f .  
the area. white-tailed deer (Odocoileus virginiunus) and raccoon (Procyon lotor) are likely 
inhabitants of the area. Additionally, some areas within the mowed grass areas would offer 
potential habitat for smaller mammals such as the cotton mouse (Peromyscus gossypinzrs) and 
shrews (Blarina brevicauda). 

6.3.1.2.2.2 Avifuana 

Although no birds were observed during the site visit, the area could offer potential. habitat for 
several species, including the American robin (Turdus rnigratorius), red-bellied woodpecker 
(Melanerpes carolinus), northern cardinal (Cardinalis cardinalis), and eastern bluebird (Sialia 
sialis). / 

6.3.1.2.2.3 Herpetofauna 

Although the possible presence of small mammal species increases the likelihood that reptilian 
predators are present, no species were observed during the site 'c;isit. 
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63.1 23.4  Aquatic Life 

Due.to the upland location of the study area, no water bodies are present: thus. no forms of 
aquatic life are present. 

6.3.1.2.3 Threatened and Endangered Species 

No surveys, literature reviews, or other studies concerning the presence of threatened. 
endangered, or sensitive (TES) species are known to have been canied out close to the unit. 
However, in May, June, and July 1994, Savannah River Forest Station (SRFS) personnel carried 
out a TES survey at the CS-Area BurningRubble Pit; located approximately 365 m (400 yards) 
south of the FDTF (SRFS, 1994). Most findings of that survey would be generally applicable. to 
:he FDTF. 

No individuals of federally-listed TES species were observed during that survey. However, it is 
possible that two such species could occur in the area. Smooth purple coneflower (Echiiiaceu 
Zuevigata) occurs in open sandhill habitat, some of which is present in the area. Potential habitat 
also exists for the red-cockaded woodpecker (Picsides borealis). The nearest known active 
colony of this species, however, is several miles ea& of the unit. Timber management plans for 
the area do not include attempts to recruit the species (SRFS, 1994). It is also possible that 
individual bald eagles. (HaZiaeerus Zeucocephalus) may move briefly through the area. .These 
individuals would not be permanent residents, however, due to their requirement for aquatic 
habitats for foraging and nesting (Table 6.3-1). 

6.3.1.3 Ecological Assessment Enduoint(s) 

EPAs draft Ecological Risk Assessment Guidance for Superfind: Process for Designing and 
Conducting Ecological Risk Assessments (EPA, 1994b) states that the selection of assessment 
endpoints depends on *e follo&g: -.-’ 

. 1. The constituents present and their concentrations 
2. Mechanisms of toxicity to different groups of organisms 
3. Potential species present 
4. Potential complete exposure pathways 

- 
uLIMWDTF6-3.DOC 6.3-5 



RCRA Fac'ility InvestigatiodRernediaal Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (9061 13G) 

WSRC-Rp-96-863, Revision 1 
April 1997 

The constituents and concentrations are discussed in detail in Section 4. Mechanisms of toxicity 
.are evaluated conceptually in the analysis plan in Section 6.3.1.6.1. Potential species present are 
discussed in Section 6.3.1.2 and receptor selection is presented in Section 6.3.1.4. Potential 
complete exposure pathways are part of &.e ecological conceptual'site model in Section 6.3.1 5. 

To assess whether significant adverse ecological effects have occurred or may occur at the FDTF . 
as a result of ecological receptors' exposure to COPCs, ecological endpoints were selected. An 
assessment endpoint is an ecological component that may be affected by exposure to a stressor 
(e.g., a constituent). 'Assessment endpoints represent environmental values to be protected and 
generally refer to characteristics of populations and ecosystems (EPA, 1994b). Unlike the 
human health risk assessment process, which focuses on individual receptors, the ERA focuses 
on populations or groups of interbreeding non-human, non-domesticated receptors, In the ERA 
process, risks to individuals are assessed only if they are protected under the' Endangered Species 
Act, or if they are species that are candidates for protection or are considered rare. 

Given the diversity of the biological world and the multiple values placed on it by society, there 
is no universally applicable list of assessment endpoints. Therefore, EPA, in the Proposed 
Guidelines for Ecological, Risk Assessment (EPA, 1996c) has suggested three criteria that should 
be considered in selecting assessment endpoints suitable for a specific ERA. These criteria 'are 
ecological relevance. susceptibility to the constituent(s), and representation of management 

0 Ecological relevance. The assessment endpoint should have bioiogicaYecologica1 
significance to a higher level of the ecological hierarchy. Relevant endpoints help sustain 
-the'natural structure, function, and biodiversity of an ecosystem. For example, an' 
increase in mortality or a decrease in fecundity of individuals is ecologically significant if 
it affects the size or productivity of the population. Likewise, a decrease in the size of a 
population is ecologically significant if it affects the number of species, the productivity, 
or some other property of the ecosystem. 
SusceDtibi1iI-y to the constituerit(s). The assessment endpoint should be susceptible to 
exposure to the constituent(s) and should be responsive/sensitive to such exposure. That 
is, assessment endpoints should be chosen that are likely to be exposed to constituents at 

. the unit, either directly or indirectly (e.g., through the food chain), and they should be 
sensitive enough that such exposure may elicit an adverse response. Ideally, this 
sensitivity should be at such a level that other unit-related receptors of potential concern 
are adequately protected under the selected endpoints response threshold. 

goals. - .  
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0 Representation of management goals. The value of a risk assessment depends on whether 
it can support quality management decisions. Therefore the assessment is based on 
values and organisms that reflect management goals. The protection of ecological 
resources (e.g., habitats and species of plants and animals) is a principal motivation for 
conducting ERAS. Key aspects of ecological protection are presented as policy goals. 
which are general goals established by legislation or agency policy based on societal 
concern for the protection of certain environmental resources. For example. 
environmental protection is mandated by a variety of legislation and government agency 
policies (e.€., Comprehensive Environmental Response, Compensation. and Liabilit! 
Act, National Environmental Policy Act). Other' legislation includes the Endangered 
Species Act 16 U.S.C. 703-71 1 (1993, as amended). Table 6.3-2 shows the policy goals 
established for the unit. To determine whether these protection goals are met at the unit. 
assessment and measurement endpoints are formulated that define the specific ecological 
values to be protected and the degree to which each may be protected. 

. 

r 1  4 

Because of the small size of the unit and its low habitat quality, it does not provide habitat for 
many species. The TES survey of the CS Area BurningRubble Pit concluded that the area does 
not provide habitat for any such species; therefore, the assessment endpoint of no reduction in 
numbers of any TES is met. However, the field surveys concluded that the unit is likely to be 
used by small mammal populations. Accordingly, the assessment endpoint that has been selected . 
to represent the policy goal of protection of terrestrial populations and ecosystems is 'ho 
substantial adverse effect on survival, growth. and reproduction of resident mouse populations.'' 

Selection of measurement endpoints, or measures of effects, is discussed in Section 6.3.1.6.1. 

6.3;. 1.4 Receptor Selection 

Potential receptor species likely to be exposed to unit-related constituents are judged by the 
criteria identified in Section 6.3.1.3 as part of the assessment endpoint selection process. That is, 
receptors are selected to represent assessment endpoints based principally on their importance in 
the community food web, their susceptibility (through exposure and 'sensitivity) to the unit- ~ 

related constituents, the amount of available data describing their potential for exposure, the 
.toxicological effects that may result fiom exposure, and the extent to which.they are valued by 
society or are important to another species valued by society. The results of this analysis indicate 
that the most appropriate assessment endpoint species are those described below. 

Vegetation or plants 
- treesbine) 
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. - vines(honeysuckle) 
0 Soil dwelling invertebrates 

- earthworms 
0 Herbivorous animals 

- voles (proxy). 
Worm-eating andor insectivorous mammals and birds 

. - short-tailedshews 
- Americanrobins 

0 Terrestrial top predator 
- red-tailed hawks 

These receptors or their ecological equivalents are likely to be present and were selected in 
accordance with the Environmental Protection Agency Framework Document @PA, 1992~). All 
are ecologically and socially relevant because they 'represent major groups of receptors exposed 
along the pathways leading from the identified source media. All are susceptible to unit 
contaminants, and there are toxicity data for each to evaluate effects and predict risk. These , 

receptors have been defined in clear operational terms, and their relationship to policy goals is 
indicated in Table 6.3-2. The receptors and'their major exposure routes are explained below. . 
Figure 6.1-1 provides a summary. - 

6.3.1.5 . .  Ecological ConceDtual Site Model 

The CSM will serve as a conceptual hypothesis for the exposure characterization, the objective of 
which is to gather information from which to determine the pathways and media through which , 

ecological receptors may be exposed to COPCs. The exposure characterization typically , 

involves determining the following: 

1. 'The ecological setting of the unit 
2. The inventory of constituents that are or may be present at the unit 
3. The extent and.magnitude of the constituent concentrations present, along with spatial 

I 

. and temporal variability of those concentrations 
4.. The environmental fate and transport of the constituents 

The ecological setting is described in Section 6.3.1.2, and the inventory of constituent extent and 
magnitude is presented in Section 4, Nature and Extent of Contamination. The environmental 
fate of the COPCs and the potential exposure pathways is discussed in the following paragraphs. 
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The CSM presents the ecological receptors at the unit that are potentially exposed to hazardous 
.substances in soil across several pathways (Figure 6.1-2). A complete exposure pathway consists 
of the following four elements: 

0 A source and mechanism of constitpent release to the environment 
0 An environmental transport mechanism for the released constituents 
0 A point of contact with the contaminated medium 

A route of constituent entry into the receptor at the exposure point 

If any of these elements is missing, the pathway is incomplete and is not considered further in the 
ERA. A pathway is complete when all four elements are present, permitting potential exposure 
of a receptor to a source of contamination. Quantification of some potentially complete 
?athways may not be warranted because of minimal contribution to risk relative to other major 
pathways. The dominant pathways from constituent sources and exposure media, through the 
food web, to ecological receptors potentially exposed to ecological COPCs at the unit are 
presented in Figure 6.3-1. 

The-principal sources of contaminants are the constituents placed on the FDTF. Primary release . 
mechanisms are deposition to surface soil and infiltration to subsurface and deeper soils. From 
there: a variety of secondary release mechanisms (e.g., volatilization, biotic uptake, direct 
contact, and leaching) place the constituents in pathways and potential receptor exposure routes. 
Begause this part of the remedial investigation deals with ecological resources, the following 
discussion on rkeptors is provided. 

6.3.1.5.1 Vegetation 

Trees and forbs are exposed to ecological COPCs primarily by direct contact with soil. It is 
assumed that 'they &e exposed to the full soil concentration. 

6.3.1.5.2 Soil-Dwelling Invertebrates 

-' 

Earthworms and other soilldwelling invertebrates are exposed to ecological COPCs in surface 
soil by ingestion and direct contact. It is assumed that earthworms ingest only soil and are 
exposed to the full-measured concentration. 
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6.3.1.5.3 Herbivorous Mammals 

Herbivorous .mammals (e.g., voles, Microtus penmylvanicus, which serve as a proxy) are 
exposed piimarily through ingestion of plant material and incidental ingestion of Contaminated 
surface soil and direct radiation. Exposure by dermal contact with soil and inhalation is assumed 
to be negligible for small .mammals at the FDTF exposure unit and background location. 
Receptor exposure is the sum of ingested soil and plant matter plus absorbed material. Small 
mammals at each exposure unit are assumed to obtain everything they ingest from that exposure 
unit. 

6.3.1.5.4 Worm-Eating and/or Insectivorous Mammals and Birds 

insectivorous mammals (e.g., short-tailed shrew, BZarina brevicauda) and birds (e.g., American 
robin, Turdus nzigratorius) are primarily exposed by ingestion of potentially contaminated prey 
(e.g.. earthworms, insect larvae, slugs) as well as ingestion of soil. Robins are also exposed by 
ingestion of seeds and h i t .  For the FDTF exposure unit, the exposure for this class of receptors 
is the sum of soil absorption fiom the plants and animals they ingest. The soil fraction of their 
diet includes soil from the intestinal tracts of-their prey. Exposure by direct contact. and 
inhalation was not evaluated. This class ofreceptors may also be exposed to soil contaminants by 
dermal contact and inhalation of volatile and semivolatile organic compounds and particulates. 
However, exposure by dermal contact with soil is assumed to be negligible for small mammals 
and birds at the FDTF exposure unit and background location. There are few data on inhalation 
toxicity or toxicity by direct contact with contaminated soil (or the par&eters required to model 
contaminant absorption). Instead, conservative values for soil ingestion and dietary composition 

. 

. 

. were used for shrews and robins. 

6.3.1 3.5 Terrestrial Top Predators 

Top predators are exposed primarily to ecological COPCs that have accumulated in their prey. 
Terrestrial top predators (e.g., red-tailed hawk, Buteo jarnaicensis) feed primarily on terrestrial 
prey. Some terrestrial predators also may incidentally consume soil; hawks do not. Hawks are 
assumed to forage over an area that is large in relation to that of the FDTF exposure unit, so their 
exposure includes only the fraction of their diet that comes from the contaminated area. This is 
estimated as a function of the size of home range relative to the size of exposure unit. 

I 

.. 

. .  
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6;3.1,.6 Analvsis Plan 

The analysis plan is the final stage of problem formulation. In this step, risk hypotheses 
presented in the CSM are evaluated to determine how these hypotheses will be assessed using 

hypotheses identified in the CSM: measures of effect (also termed measurement endpoints). 
measures of exposure, and measures of ecosystem and receptor characteristics. 

unit-specific data. The analysis plan includes three categories of measures to evaluate the risk 

6.3.1.6.1 Measures of Effect 

Measurement endpoints are measurable responses to a stressor that are related to the valued 
characteristics chosen as assessment endpoints (EPA, 1992c). Assessment endpoints generally 
-.efer to characteristics of populations and ecosystems. It is usually impractical to measure 
changes in these characteristics as part of an assessment (Suter, 1993). Consequently. 
measurement endpoints are selected that can be measured and extrapolated to predict effects on 
assessment endpoints (EPA, 1992c). The most appropriate measurement endpoint@) relating to 
the assessment endpoint(s) are the exposure point concentrations (RME) for each COPC. For 
each assessment endpoint, there are one or more . measurement ' endpoints. Every endpoint 
evaluation begins with the RME concentration and is then modified. Typical modifications are 
uptake factors: ingestion rates, unit foraging factors, and body weight conversions. These 
modifications are intended to make the exposure at the receptor more realistic. This class of 
'receptors may also be exposed to soil contaminants by direct contact axid inhalation of volatile 
and semivolatile organic compounds and particulates. For example, . .  the assessment endpoini for 
protection of terrestrial animals has the measLernent endpoint of the RME concentration in the " 

soil 'for each COPC. 

- .  

Reliable measures of effects are not available .for each exposure route for each constituent. 
Effects from exposure through inhalation and dermal contact are not well developed for 
ecological receptors; consequently, these exposure routes are analyzed qualitatively. 

The measures of ecosystem and receptor characteristics include such characteristics as the 
behavior and location of the receptor and the distribution of a constituent, both of which may 
affect the receptor's exposure to the constituent. The typical foraging area of the receptor, as 
well as the quality of the habitat in the unit, have been considered in the estimation of exposure, 
as discussed in Sections 6.3.2.2 and 6.3.2.3. 

- 6.3-11 
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6.3.1.6.2 Measures of Exposure 

Measures of exposure are the amounts, in dosage or concentration, that the receptors are 
hypothesized to receive. These include concentrations of constituents in the impacted media 
(presented in Tables ..6.3-3 through 6-3-15, and summarized in Section 6.3.2.1) and 
concentrations or dosages of the constituents to which the receptor is exposed (discussed in 
Section 6.3.2.3). 

Decision rules are specified for evaluating effects on the assessment endpoints. Table 6.3-2 
shows the decision rules that describe the logical basis for.choosing among alternative actions for 
the assessment endpoints based on the results of the measurement endpoints. Together, the 
assessment endpoint, measurement endpoint, and decision rules define the- following: 

0 An entity (e.g., terrestrial community) 
0 A characteristic of the entity (e.g., health of the individuals in the population) 
0 An acceptable amount of change in the entity (e.g., loss of no more than 20 percent of a 

population) 
0 A decision on whether the policy goal is or is not met 

The results of the assessment are presented in terms of hazard quotients (HQs). The HQ is’the 
ratio of.the measured or predicted concentration of an ecological COPC to which the receptors 

an organism based on a toxicity threshold. If the measured concenkation or estimated dose is 
less than the concentration or dose expected to have the potential to produce an adverse effect 
(Le.. the ratio of the two is less than l), the risk is considered acceptable (protective of the 
ecological receptor). Any quotient greater than or equal to 1 indicates that the ecological COPC 
warrants further evaluation to determine the actual likelihood of harm. COCs are selected only 
after an additional weight-of-evidence evaluation of the conservatism of the exposure 
assumptions, toxicity values, and uncertainties is conducted. 

are exposed in environmend medium, i d  the measured concentration that adversely affects 

I 

6.3.1.6.3 Measures of Ecosystem and Receptor Characteristics 

Section 6.1.2.3 discusses the measured concentrations of ecological COPCs. Section 6.3.3 
discusses the toxicity values associated with these COPCs. Endpoints stated in terms of specific 
ecological receptors or exposure classes (groups of species exposed by similar pathways) often ‘. 
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. require data on the processes that increase or decrease the exposure concentration above or below 
the measured or predicted environmental concentration. Thus, some quotients incorporate 
exposure factors (e.g., dietary soil fiactions and bioaccumulation factors). Section 6.3 2 
discusses exposure factors for the unit. 

6i3.2 Exposirre Assessment 

The exposure assessment evaluates potential exposures of ecological receptors to unit-related 
constituents and consists of the following: 

0 Description of the spatial distribution of COPCs (Section 6.3.2.1) 

0 Description of the spatial and temporal distribution of ecological receptors (Section 

Quantification of receptor exposures that may result from overlap of these distributions 
(Section 6.3.2.3) 

* 6.3.2.2) . .  

6.3.2.1 Constituent Distribution 

The nature and extent of contamination at the FDTF are discussed in detail in Section 4. 

The FDTF encompasses approximately 0.0 1 hectare (0.025 acres). Data aggregates for FDTF 
include samples taken at depths of 0 to 0.3 m (0 to 1 ft) and depths of 0 to 1.2 m (0 to 4 ft). 
Background data aggregates were also computed for each of the two depth intervals in soil that 
had not been contaminated by unit operations. 

Exposures were evaluated by using RME concentrations. The RME concentration of each 
’ constituent in soil was the lower of the 95th-percentile upper confidence limit of the mean and 

the maximum detected concentration for that data aggregate. RME soil concentrations were used 
to calculate daily exposures (EDsGi,)’for each receptor by methods discussed in Section 6.3.2.3. . 

The magnitude of the contaminant exposures that may be experienced by ecological receptors is . 

.affected by the degree of their spatial and temporal associations with the unit. These associations 
are discussed in Sections 6.3.2.2 and 6.3.2.3. 

, ./- 
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. 6.5.2.2 ReceDtor Distribution 

The approximately 0.01 hectare (0.025 acre) study area is characterized in terms of ecological 
communities and receptors that could potentially be exposed to unit-related constituents (see 
Section 6.3.12 and. Figure 6.3-2): All three of the plant communities identified (Section 
6.3.1.2.1) overlap the areas of contamination identified at'the unit. All receptors and exposure 
classes in the food web cokd regularly use the exposure units for foraging and/or shelter. 

The receptors selected for evaluation were vegetation, earthworms, short-tailed shrews (Blarina 
brevicauda), meadow voles (Microtus pennsyhanicus, a'proxy for small mammal herbivores). 
American robins (Turdus migratorius), and red-tailed hawks (Buteo jamaicensis). These 
receptors are appropriate for evaluation of risks to the ecosystem for the following reasons: . (1) 
conditions are favorable for vegetation growth throughout the area, which is an essential 
component of the food web; (2) single-chemical toxicity data are available for many COPCs; (3) 
there are standard techniques for determining site-specific toxicity of soils: and (4) for each 
endpoint, the receptors are present at the unit or potentially occur based on habitat availability. 
Earthworms are abundant and are likely to occur at the unit. Earthworms are important because 
their feeding and burrowing activities help maintain soil fertility. There are single-chemical 
toxicity data available for many COPCs, and there are standard techniques for determining site- 
specific toxicity.to earthworms. Shrews are highly exposed to soil COPCs because they live and 
burrow in the soil, have s m d  home ranges, and consume large quantities of soil and soil- 
dwelling organisms. Because voles are potentially exposed to soil contaminants, predominantly 
through ingestion of plkts, their diet may subject them to high exposure to COPCs that are 
bioaccumulated by plants. Voles also have a small home range that may restrict them to areas of 
high contamination by COPCs. Also, single-chemical toxicity data for small mammals are 
available for many COPCs. Robins are abundant and provide an evaluation of exposure from a 
mixed diet comprised of earthworms and'other soil invertebrates along with associated soil and 
h i t s  and berries. The hawk was selected since some hawks &-protected species; they are also . 
top predators that may be .highly exposed, because they consume wildlife which may have 
.bioaccumulated COPCs. However, because hawks have a large home range, they may feed at 
the unit only infrequently. Single-chemical toxicity data for birds and small mammals are 
available for many COPCs. 
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.FDTF exposures to all six receptor groups were evaluated. Because the FDTF represents a small 
d t  of landscape where only a few organisms interact, a food web, where many or_ganisms 
interact, is evaluated as a conservative approach to the potential for exposures at this unit. 

A variety of’factors may affect the extent and significance of potential exposures. Receptor 
exposures are affected by the degree of spatial and temporal association with the unit. For 
example. the receptors‘ mobility may significantly affect their potential exposures to unit-related 
constituents. Many species may only inhabit the study area during seasonal periods (e.g.. 
breeding season, nonrmigratory periods). Non-migratory species may remain in the vicinity 
throughout the year. These species, particularly those with longer life spans (and usually larger 
home ranges), have the greatest potential duration of exposure. However, species with small 
home range sizes have the greatest potential frequency of exposure. Other factors affecting 
exposures include habitat preference, behavior (e.g., burrowing, rooting, foraging), individual 
home range size (larger home ranges correspond to far less fiequent use of study area), and diet. 
Diet is of particular importance in exposure as related to food source availability (larger amounts 
of preferred food sources equal a greater potential for receptor usage) and bioaccumulative 
constituents. Constituents that bioaccumulate may also tend to biomagnify’ in the food chain. As 
a result, predatory species at higher trophic levels may receive their most significant exposures 
through their prey. However, the possibility of a population, or even an individual predator. 
utilizing the unit as a primary source of food is considered extremely remote. 

Table 6.3-3 presents typical home range areas of the selected receptor species. It also presents 
the fraction of each home range that each exposure unit and all units combined would comprise if 
the receptors made maximal use of the exposure units. The FDTF is smaller than the home range 
of shrews, voles, robins, and the red-tailed hawk. The unit foraging factor (UFF) for each 
receptor is also shown in Table 6.3-3 (see Section 6.3.2.3). 

. .  
6.3.2.3 Ouantification of Exposure I 

Evaluation of the degree to which constituent and receptor distributions (described in the 
previous two sections) coincide at the exposure units indicated that plants, earthworms, short- 
tailed shrews, meadow voles, American robins, and red-tailed hawks are the receptors (exposure 
classes and species) likely to have the greatest potential exposures to COPCs in soil. 
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To quantify exposures of terrestrial receptors to each COPC, a daily intake of each constituent 
was calculated. Conversion of the environmental concentration of each COPC to an estimated 
daily intake for a receptor at the unit is necessary prior to evaluation of potentially toxic effects. 
Exposure rates for short-tailed shrews, meadow voles, American robins, and red-tailed hawks 
were based upon ingestion of constituents from-these media and also from consumption of other 
organisms. 'The ecological risk assessment did not attempt to measure potential risk from dermal 
and/or inhalation exposure pathways given the insignificance of these pathways relative to the 
major exposure pathways (e.g., ingestion) and due to the scarcity of data available. 

The first step in measuring exposure rates for terrestrik wildlife is the calculation of food 
ingestion rates for short-tailed shrews, meadow voles, American robins, and red-tailed hawks. 
The EPA's WiZdZij2 Exposure Factors 'Handbook (EPA, 1993) includes a variety of exposure 
information for a number of avian, herptile, and mammalian species. Information regarding 
body weights, food ingestion rates, and dietary composition is available for the selected receptor 
species. For example. the information in EPA (1993) includes the average total daily dietary 
intake, with separate measures of daily ingestion of animal matter, ingestion of vegetable matter, 
and incidental ingestion of soil, as well as other life history information on the receptors. 
Average body weights and food intake rates for the receptors are presented in Appendix 
Table D- 1. 

The Fi!iZdl$e Exposure Fuctors handbook (EPA, 1993) also presents average values for intake of 
animal matter and vegetable matter for the selected receptors, as well as incidental soil ingestion. 
Food and soil ingestion rates for each receptor are presented in AppendixTable D-1 . 

A unit-specific exposure dose of each constituent was calculated using a food chain uptake 
model consistent with EPA Region IV guidance (EPA, 1995~). This algorithm accounts for 
exposure via incidental ingestion of contaminated soil, ingestion of plants grown in contaminated 

. soil, and ingestion of lower trophic level kimals associated-with contamination. The soil . 

exposure equation for shrews, voles, and robins is as follows: 

EDsoil = [(C, x SP x CF x Ip) + (C, x BAF x 13 + (C, x I,)] x UFF / BW (Eq. 6.3-1) 

where: 

Soil exposure dose for terrestrial receptor (mg/kg/day) 

RME concentration in soil (mg/kg) 

6.3-16 4/zlB7wDTF6-3.Doc 
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SP = Soil-to-plant uptake factor (unitless) 

CF = Plant wet-weight-to-dry-weight conversion factor (unitless) = 

0.2 (used if SP values are based on dry weight) 

I P  = Receptor-specific ingestion rate of plant material (kglday) 

BAF . = Constituent-specific bioaccumulation factor (unitless) 

Ia = Receptor-specific ingestion rate of animal material (kg/day) 

I S  = Receptor-specific ingestion rate of soil (kg/day) 

UFF = Unit foraging factor (unitless) (see explanation below) 

BW = Body weight (kg) 

For the exposure of hawks to COPCs fiom soil in their diet, an algorithm similar to the exposure 
equation for shrews, voles, and robins was used. However, bioaccumulation by shrews (the most 
highly contaminated diet potential diet items for hawks) was included in the calculation as 
follows: 

EDsoil= [(cs X s p  >I CF X Ip(hawk) i- (Cshrew x la(hawk) + (cs x Is(hawk) 11 UFF 1 BW (Eq-.6.3-2)’ 

CF 

lp(hawk) 

Cshre\\r 

Ia( hawk) 

Is(hawk) 

UFF 

BW 

Soil exposure dose for terrestrial receptor (mg/kg/day) 

W E  concentration in sail (mgkg) 

Soil-to-plant uptake factor (kg soilkg tissue) 

Plant wet-weight-to-dry-weight conversion factor (unitless) = 

0.2 (used if SP values are based on dry weight) 

Ingestion rate of p l a t  material by hawk (kglday) 

Concentration in shrew tissue (mfig) 
. .  

’ Ingestion rate of animal material by hawk (kglday) 

Ingestion rate of soil by hawk (kglday) 

Unit foraging factor (unitless) . 

Body weight of hawk (kg) 
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The concentration of a COPC in shrew tissue was calculated using a bioaccumulation factor for 
ingested contaminants to tissue (BAF,& derived fiom studies of cattle (Ng et al., 1982). This 
factor relates contaminant concentration in tissue to daily contaminant intake rather than to 
concentration in soil and has units of d&g [concentration in tissue (mgkg) divided by daily 
intake (mg/d)J. The equation for concentration in shrew tissue is: 

Cshrew = cs cSp Ip(shmv) + Bminv X'Ia(shrew) $- Is ) Bmrnamrn (Eq. 6.3-3) 

where: 

Ip(shre,) = Ingestion rate of plant materid by shrew (kdd) 

B A F i n v  = Constituent-specific bioaccumulation factor for earthworms (kg 
soilkg tissue) 

Ia(shrc,\.) = Ingestion rate of animal material by shrew (kg/d) 

' BAFmamrn - - Bioaccumulation factor of constituent ingested by shrew (dkg) 

Therefore, the following equation was used to calculate the indirect exposure of hawks to soil 
COPCs: 

because hawks ingest no plant matter (Ip(hawk) = 0) and no Soil (Is(hawk) = 0). - 

Bioaccumulation is the process by which constituents are absorbed fiom ingested soil or 
sediment, food, and water and retained in tissues. It is quantified by the calculation of a 
bioaccumulation factor (BAF), which is a proportionality constant relating the concentration of a 
constituent in tissue to the concentration in the exposure medium'(Amdur et al., 1991; EPA, 
1989b). 

Bioaccumulation may be a significant component of exposure to COPCs for the receptors. For 
the terrestrial receptors, bioaccumulation was evaluated by means of specific soil-to-plant and ' 

soil-to-invertebrate tissue BAFs. Soil-to-plant uptake factors (termed SPs) were obtained fiom 
Baes et al. (1984) for inorganics. Values presented by Baes et al. (1984) are calculated on a dry- 
weight basis for plant tissue and were adjusted to a wet-weight basis by assuming a moisture 
content of 80 percent and, therefore, multiplying the BAFs by 0.2. BAFs for organic 

-1 
.* 
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constituents were calculated by using an empirical equation presented by Travis and Arms 
(1988). This equation is based on the observed relationship of constituent uptake rate to octanol- 
water partitioning coefficients of the constituents. Adjusted BAFs (wet weight basis) for 
vegetative'(1eaf and stem) and reproductive (seed and fruit) parts of plants (SPY and SPr. 
respectively) are presented in Appendix Table D-2. Therefore, the wet-weight-to-dry weight 
conversion factor, CF, is not used to calculate EDsoil. BAFs for earthworms were taken from 
HAZWMP (1994). BAFs for diet-to-tissue uptake by mammals were taken from Ng et a1 
(1982) and Baes et al. (1984) as reported in H A Z W  (1994). Valuesfor soil-to-invertebiate 
and diet-to-tissue uptake factors are presented in Appendix Table D-2.. When COPC-specific 
values were not available, surrogate values were substituted (e.g., BAFi,, of 0.2 for most 
organics [HAZWRAP, 19941, and values for polychlorinated byphenyls (PCBs) were used for 
.dioxins and furans [Table D-21). 

Terrestrial soil-to-plant transfer factors (Bioconcentration Factors [BCFs]) and plant-to-animal 
BAFs for organic COPCs were estimated using regression equations from Travis and Arms 
(1988) when observed values were unavailable from the literature. The equation for calculating 
soil-to-plant BCFs is: 

Log BCF 1.588 - 0.578 log &,y 

The equation for calculating plant-to-animal BAFs is: 

Log BAF (-7.6 + log &,v) x 8 

(Eq. 6.3-5) 

(Eq. 6.3-6) 

The calculated BAF is multiplied by a factor of 8 to adjust for the feeding rate used in the study 
Travis and Arms (1988). BAFs reported in HAZWRAP (1994) and used here result from 
multiplying the calculated BAF by a factor of 12 (HAZWRAP, 1994). A default value of 1 was 
used for BAFi,,, of metals when data were not available. These are thought to be conservative 
default values. 

I 

A UFF was calculatedto account for the reasonably expected use of an exposure unit. Because 
of the small home range area and year-round residence, shrews, voles, other small mammals, and 
non-migratory songbirds living on or near the unit potentially would use the contaminated areas 
only a fraction of the time. Hawks, with their large feeding range, are likely to be exposed even 
less frequently to contaminants derived from FDTF soils. UFFs for each receptor are shown in 
Table 6.3-3. 

63-19 
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Because it was assumed that the vegetation consumed by shrews and voles comprises largely 
leaves, stems, and roots of plants @PA, 1993), values of SPv were used to calculate their 
exposure to COPCs. Because robins consume predominantly berries and h i t s  when they eat 
plant matter @PA, 1993), values of SPr were used to calculate their exposure to COPCs. BAFi,, 
was used to calculate the exposure of shrews and 'robins to COPCs by ingestion of soil 
invertebrates. BAF,,, was used to calculate the tissue concentr$tion of shrews as the most. 
highly contaminated potential diet of hawks. 

' 

. . 

Daily exposures of small mammals and birds to COPCs were calculated using the RME exposure 
concentration at each exposure unit and for each depth aggregate. Exposures were not calculated 
for plants and earthworms because their toxicity benchmarks are direct measurements of soil' 
constituent concentrations rather than dietary exposures. The daily exposures of small mammals 
and birds to COPCs (EDsoil) at each exposure unit are pqsented in Tables 6.3-4 through 6.3-7. 

6.3.3 Effects Assessment 

The effects assessment defines and evaluates the potential ecological response to ecological 
COPCs in terms of the selected and measurement endpoints. The effects assessment includes the 
derivation of toxicity reference values (TRVs) that are the basis of the evaluation. Section 6.3.4 
uses the results of the effects assessment to identify ecological COCs and characterize ecological 
risk. 

* 

- .  

6.3.3.1 Methodology 

This section describes the methods used in assessing potentially toxic effects of COPCs to 
ecological receptors exposed to soil at FDTF. 

. .  
6.3.3.1.1 Nonradioactive Constituents 

The methods for assessing the potentially toxic effects of nonradioactive COPCs was based on. 
the derivation of a TRV for each COPC in each medium. The TRVs were derived to represent 
reasonable estimates of the constituent concentrations that, if exceeded in an environmental 
medium, may produce toxic effects in ecological receptors exposed to that medium. Ideally, 
TRV values are based on uriit-specific toxicity data. However, in the absence of unit-specific 
data, toxicity data from the literature are used by establishing data selection criteria such that e 

6.3-20 I I z l ~ T F 6 - 3 . D O C  
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background for the soil interval 0 to 0.3 m (0 to 1 ft). The frequency of detection for arsenic 
k d  iron was 5/5 which means that surrogate values are not required since there were not any 
non-detects. Sodium frequency of detection is 3/5 which means that surrogate values are 
required based on the new protocol. The method detection 1 G t  is 12.9 mgkg for sodium and 
to include it as a surrogate for the two non-detects. will reduce the average background 
concentration to 23.68 mgkg or 47.36 .for 2 times the average background concentration. 
Therefore, the maximum unit value (69.1 m a g )  for sodium will be greater than the revised 
2 times average background value and it would be identified as a COPC. Under the new 
protocol, sodium would be carried through the entire risk assessment.process without a risk 
or hazard quotient determination because there is no toxicity data available for it. Sodium is 
considered an essential human nutrient and the recommended dietary allowance or 
benchmark value for a child is 400 mglday and for an adult it is 500 mglday. If one assumes 
that the daily soil intake for a child is 200 mglday and the adult is 100 mg/day, then the 
concentration range that one can intake on a daily basis is 2E+06 to 5E+06 m a g .  The unit 
maximum concentration for sodium (69.1 mg/kg) is therefore insignificant to the daily intake 
concentration range. 

While reviewing Table 6.1-8 (0 to 4 ft soil interval), it was determined that none of the 
constituents were eliminated due to the comparison of 2 times the average background. 

As mentioned earlier, Tables 6.1-9 and 6.1-10 are provided for risk management decisions. 
These tables provide a summary of the background analytes being screened against the 
COPC selection protocol as the unit analytes. As a result, background risk was determined on 
the remaining analytes. 

Based on these observations, implementation of the new protocol will not affect this unit and 
the 'outcome of the risk or hazard. 

The direction of the bias introduced by screening out constituents before the risk assessment 
would always be toward underestimating the hazard or risk, since the screened constituents are 
not included in the risk assessment. In order to assess the significance of &e screening process, 
risk estimates have been calculated for the chemicals that were screened out in the COPC 
selection process. The findings are as follows: 

* .  
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. .  

On-Unit Worker 

0 For the 0 to 0.3 m (0 to 1 ft) soil interval, the total HI for exposures to the constituents 
that were screened out is 0.0006 for the known on-unit worker, and the total cancer risk 
is 6 x lo-’. This is well below the upper limit of 1 for‘noncancer hazards, and is also 
well below the. initial level of concern of 1 x IOd for cancer risk. 

- Hypothetical On-Unit Industrial Worker 

0 For the 0 to 0.3 m (0 to 1 fi) soil interval, the total HI for exposures to the screened 
constituents is 0.03 for the hypothetical on-unit industrial worker, and the total cancer 
risk is 1 x lod. The HI is well below 1, and the cancer risk is at the lowest level of 
concern. 
For the 0 to 1.2 m (0 to 4 ft) soil interval, there were no constituents screened out in the 
COPC selection process. 

Hypothetical On-Unit Resident 
. .  

0 The total HI (soil and produce combined) for exposures to the screened constituents 
from the 0 to 0.3 m (0 to 1 fi) soil interval is 0.8, and the cancer risk is 5 x 10”. The HI 
for the soil exposures (not including.produce) to the screened constituents from the 0 to 
0.3 m (0 to 1 fi) soil interval forthe hypothetical on-unit resident is 0.6, and the cancer 
risk is 9 x 1 Od. There is only one constituent with a cancer risk of greater than 1 x 1 Od, 
as follows: 

. 

‘ i4rseqic (ELCR = 9 x lod for soil ingestion, 7 x lo4 for le@ vegetables, 5 x lod for 
tuberous vegetables,-and 1 x 10” for f i ts)  

For the 0 to 1.2 m (0 to 4 ft) soil interval, there were no constituents screened out in the 
; COPC seledtion process. 

These findings indicate that there is minimal uncertainty in the .risk estimates that may be 
attributable to the COPC selection process. In case of the highest hazards or risks for the 
screened constikents (e.g;. the’cancer &k of 5 x lo-’), the estimates appear to be entirely 
attributable to naturglly-occurring levels of arsenic and beryllium in the soil. Note that the 
background comparison used in the COPC selection prFess is very simple, increasing the 
uncertainty of whether. naturally-occurring substances are carried through to the risk 
assessment. In particular, although arsenic and beryllium were not always screened out in the 
COPC selection process, these naturally-occUnring substances,do not appear to be site-related 
and may still be present at naturally-occuning levels. 

I 
’ 

6.2-22 
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magnitude of risk fiom ecological COPCs at each exposure unit and assess the risk to ecological 
receptors. Risk characterization includes two main steps: risk estimation and risk description. 
Risk estimation (Section 6.3.4.1) uses the results of the exposure and effects assessments to 
calculate an HQ for each COPC. The HQs are based on relevant measurement endpoints and are 
indicative of the COPCS' potential to pose ecological risk to receptors. Risk assessment-related 
uncertainties are also analyzed and discussed. Section 6.3.4.2, Risk Description. summarizes the . 

conclusions of the risk estimation and discusses confidence in the risk estimates based on a 
weight-of-evidence evaluation. Any COPCs for a given exposure unit :and medium that were 
identified as likely to pose significant risk to receptors are classified as ecological constituents of 
concern (COCs). 

63.4.1 Risk Estimation 

Estimation of the potential of COPCs to pose significant risk to receptors is based on the 
magnitude of the HQ value calculated for each contaminant, as well as other factors such as the 
bioaccumulationhiomagnification potential, mechanism of toxicity, physicochemical 
characteristics, environmental fate, and ecological relevance of each contaminant. Tables 6.3- 1 1 
through 6.3-16 present the calculation of HQs for COPCs in surface and subsurface soil at the 
exposure unit. An HQ is a ratio of the estimated exposure dose (for small mammals and birds) or 
exposure concentration (for plants and earthworms) of a contaminant to the TRV. Generally, the 
greater this ratio, or quotient, the greater the likelihood of the effect. A quotient of-1.0 is 
considered the threshold level at which effects may occur. The T'RVs'on which the HQs were 
based were derived to be conservative and represenhtive of chronic exposures, as described, 
previously in Section 6.3.3. A Hazard Index (HI) is calculated by summing two or more HQs if 

. the constituents exhibit consistent modes of toxicity and effect endpoints (EPA, 1995e). 

The calculated HQs were used to assess the potential' that toxicological effects will occur among 
the unit's receptors. The HQs were compared to HQ guidelines-for assessing the risk posed fiom 
contaminants (Menzie-et al., 1993). These guidelines suggest that HQs less than or equal to 1 .O ' 

present no probable risk, HQs greater than 1.0 but less than 10 present a small potential for 
environmental effects, HQs greater than 10 but less than 100 present a significant potential for 
ecological effects, and HQs greater than 100 present the highest potential for expected effects. 
The likelihood that terrestrial plants, earthworms, small m&als, songbirds, and hawks could 
be significantly impacted by the toxicological effect(s) produced by a given COPC was a major 
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factor in the subsequent determination (in Section 6.3.4.2) of whether that contaminant should be 
classified as an ecological COC. 

Ecological risk fiom nonradioactive contaminants was characterized for both current and 
potential fu&e land use. conditions' at the F i t  (Sections 6.3.4.1.1 and 6.3.4.1.2, respectively). 

. Under current conditions, .ecological receptors are unlikely to be exposed to soils deeper than 0.3 
m (1 A). while under hypothetical future land uses involving trenches for construction. deeper 
soils could be excavated and distributed on the surface. Therefore, samples for the FDTF were 
taken to depths of 0.3 m (1 ft) and 1.2 m (4 ft). Soil data fiom the surface down to 0.3 m (1 ft) 
were used for current conditions. Soil data to a depth of 1,2 m (4 fi) were used in characterizing 
future risk associated with the FDTF. 

5.3.4.1.1 Current Land Use 

HQs for exposure of ecological receptors to surface soil at FDTF are presented in Tables 6.3-1 1 
through 63-13. No HQs exceeded 1.0. 

For all six receptors, HQs could not be calculated for the two COPCs, silver and benzoic acid, . 

because .there are no toxicity benchmarks for these COPCs. 

6.3.4.1.2 Future- Land Use. 

In the future, excavation is possible and, therefore, soil exposure can change. Chemical 
concentrations in soil depths of 0 to 1.2 m (0 to 4 ft) would be used to compute HQs. The 
computations for future ecological risk were done using soil concentration data for that depth. 
Projected land uses (e.g., residential, industrial, other) also influence the specific receptors, but 
not necessarily the receptor exposure classes. Therefore, future estimated risks to the plants and 
animals at the exposure units can be considered to be very similar to cunent risks fiom exposure 
at that depth in the soil. Changes in habitat type. or. ecological succession could occur, and 

. exposure of large trees and burrowing animals could increase; computations were made only for . 
future conditions. 

. 

I 

-,. 

HQs for exposure of plants and earthworms in deeper soil (0 to 1.2 m [0 to 4 ft]) at FDTF are 
presented in Table 6.3-14. For plants, HQs that are greater than 1 were calculated for aluminum 
(208), chromium (38.5), selenium (2.1) and vanadium (42.3). For plants, HQs could not be 

63-24 u 2 m T F 6 - 3 . D o c  
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. calculated for calcium, iron, magnesium, potassium, sodium, and benzoic acid because there are 
no toxicity data for the COPCs and receptors. For earthworms, the only HQ greater than 1 was 
calculated for chromium (1.2). HQs could not be calculated for earthworms for aluminum. 
antimony, calcium, iron, magnesium, potassium, silver, sodium, vanadium. and benzoic acid 
because there are no toxicity data for the COPCs and receptors. 

HQs for small mammals and birds are presented in Tables 62-15 and 6.3-16. For shrew. HQs 
that are greater than 1 are for aluminum (1.28) and cadmium (2.32). For voles, there were no 
HQs greater than 1. For mammals, HQs could not be calculated for calcium, iron. magnesium. 
potassium, silver, sodium, and benzoic acid because there .are no toxicity data for the COPCs and 
receptors. For birds, there are no HQs greater than 1. For birds, HQs could not be calculated for 
antimony, calcium, iron, magnesium, potassium, silver, sodium, and benzoic acid. 

6.3.4.1.3 Uncertainty 

, Uncertainty is inherent in each step of the ERA process. 
uncertainty in this risk assessment are discussed qualitatively in the following sections. 

Major factors contributing to 

Problem formulation 
Exposure assessment 
Effects assessment 
'Risk characterization 

These are identified and evaluated in Table 6.3-17, where the effect of uncertainty on the risk 
assessment is indicated in terms of the likelihood of overestimating or underestimating risk. 

6.3.4.1.3.1 Uncertainties in Problem Formulation 

There is uncertainty about which analytes in environmental media at FDTF qualifj, as ecological - 
COPCs. For instance, 'some substances are undetectable at contract-required detection limits, but. 
may be present at or accumulate to toxic concentrations in biota. There is also uncertainty about 
what organisms potentially exposed at FDTF are most at risk and are not adequately recognized 
in the assessment endpoints evaluated in the ERA. 
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6.3.4.1.3.2 Uncertainties in Exposure Assessment 

The primary uncertainties in the exposure assessment concern unit-specific and receptor-specific 
exposure factors. There is uncertainty about the unit-specific properties of soil that determine the 
availability of ecological COPCs to' ecological receptors; There is also uncertainty about the 
receptor-specific exposure parameters that.. determine the magnitude of their exposure to 
contaminated media (e.g., dietary composition and time spent at unit). In general, the ERA is 
designed to conservatively overestimate exposure. 

. 

6.3.4.1.3.3 Uncertainties in Effects Assessment 

The major uncertainties in the effects assessment include the consequences of extrapolating fiom 
published toxicity thresholds for test organisms, the lack of toxicity data for some receptors foi 
some ecological COPCs, the lack of toxicity data for chemical mixtures, and the ecological 
relevance of organismal toxicity for characterizing risks to populations and communities. The 
weight-of-evidence indicates that the effects assessment is conservative and thus likely 
overestimates risk. 

6.3.4.1.3.1 Uncertainties in Risk Characterization 

The uncertainty in the. risk characterization is the uncertainty about the actual HQ values and. 
thus, their interpietation in te&s of current and future risks to plants and animals at FDTF. In 
general. the HQs are more likely to overestimate than underestimate risk to ecological receptors 
at this unit. Also, ecological COPCs with no threshold data show-uncertainty. It is not possible 
to evaluate risks of toxicity of silver, benzoic acid, bromomethane, carbon disulfide, and phenol 
to wildlife. However, concentrations of phenol were well below toxicity benchmarks for plants 
and earthworms. ' T ~ s  indicates that risks fiom phenol to wildlife are likely to be low as well. 
Four additional areas of unce&inty in risk characterization are off-unit risk, cumulative risk, 
future risk, and background risk. If more certainty is needed, then field and laboratory studies 

-.' 

. will be required. 

Off-unit risk. Off-unit receptors can be exposed to contaminants via physical and organismal 
transport processes; evaluating the magnitude of this exposure would require additional studies. 
There is little reason to expect that con taminants migrating off-unit would be concentrated above 
measured concentrations at the FDTF unless they bioconcentrate in organisms with extensive 

. 
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mobility. In.general, the risk to most off-unit receptors is likely to be overestimated by the risk 
estimate for on-unit receptors. 

Cumulative risk. The ERA estimates the risk to populations of ecological receptors from 
individual contaminants. Generally, the methods used are sufficiently conservative so risk from 
individual COPCs is overestimated. Nevertheless, cumulative risk is possible when plants and ' 

animals are exposed to multiple COPCs simultaneously. Risks from radionuclides are summed 
because they have similar modes of action, while risks for inorganic and .organic COPCs do not. 
Ecological risk characterization for FDTF is unlikely to overestimate actual r isks to plants and 
animals because of cumulative risks. 

Future risk. A third area of uncertainty in ecological risk characterizatiqn is future risk to p la t s  
and animals from FDTF contamination. The baseline ERA characterizes current risk based on 
chronic exposure to measured concentrations of toxicants with potential to persist in the 
environment for extended periods of time. Risk quotients for ecological receptors estimate the 
risk to plants and animal species that would be natural parts of future successional stages. 
Nevertheless. mechanisms exist that could 'increase (e.g., erosion, leaching to groundwater, 
excavation) or decrease (e.g., enhanced microbial degradation) risk to future plants and animals 
at the unit. 

. .  
Background risk. Another -source of uncertainty is ecological risk relative to background 
conditions. Some ecological COPCs are likely above background only 'by a statistically 
insignificant kovnt , .  such that concentrations at the exposure unit are actually less *than the 
backgrbund concentration. This conservative approach to comparing unit concentrations to 
background likely overestimates the risk fiom ecological COPCs not associated with The FDTF 

. 

exposure unit. 
. .  

The primary sources of uncertainty in the four steps of the FDTE- ERA do not seriously affect the 
credibility of the risk characterization. . 

6.3.4.2 Risk Description . 

The risk description has two main elements: (1) the ecological risk summary, which summarizes 
the results of the risk estimation and uncertainty analysis and assesses confidence in the risk 
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estimates based on weight of evidence; and (2) the interpretation of ecological significance. 
which describes the magnitude of the identified risks to the assessment endpoint@). 

6.3.4.2.1 Ecological Risk Summary 

The current and future risks’.to ecological receptors at each exposure unit are characterized by 
evaluating ecological assessment endpoints using HQs. HQs were calculated for different 
receptors for every ecological COPC for which a toxicity threshold concentration was available 
from published information on toxicity tests. Each HQ compares two concentrations: (1) the 
estimated exposure for a given receptor at a particular ‘exposure unit based on the measured 
environmental concentration in soil; and (2) the toxicity threshold concentration for the 
ecological COPC and receptor. The ’ toxicity threshold concentration is the c0ncentrati.m 
expected to cause no harm to the receptor, minimal harm with no ecological significance, or 
minimal harm to a community of organisms (Le., assemblage of species) exposed to the 
ecological COPC in the appropriate medium. Thus, the toxicity threshold is a safe or protective 

. I  

.. 

concentration as required by the decision criteria associated with the assessment endpoints. ’The ’ 

HQ benchmark was set at 1.0, and several COPCs exceeded that number. These COPCs are 
further evaluated based on weight-of-evidence, and a determination is made as to whether any 
have a high likelihood of being a significant risk to the receptor population analyzed for this risk 
assessment or the ecological community that encompasses the study area. -. 

Table 6.3-18 shows the highest HQs for each COPC with an HQ greater than 1 at the exposure 
unit. Neither of the two COPCs has an HQ greater than 1 in surface soil (0 to 0.3 m [0 to 1 ft]) at 
the FDTF. Aluminum: cadmium, chromium, selenium, and vanadium have HQs greater than 1 
in subsurface soil (0 to 1.2 m [0 to 4 fi]) at the FDTF. 

The COPCs with HQs exceeding 1.0 were evaluated to determine whether the COPC has a high 
probability of being a COC at FDTF. This evduation considerdwhether the variables that were 
used to derive the estimated dose (ED) and TRV resulted in an HQ that is too conservative, that 
is, overestimates the risk to ecological receptors. For both the ED and TRV, receptor properties, 
contaminant properties, and properties of the relationship between receptor and contaminant 
were considered. 

.. 

: 

Properties of the ecological receptors that influence the magnitude of the EDs include the dietary 
intake rates (Ip, Ia, and Is), the UFFs, and body weight. The values used for these parameters, 
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* including the home ranges used to calculate UFFs, are those published in EPA (1993) and 
Sample and Suter (1994). They are unlikely to either greatly underestimate or overestimate the 
exposure of ecological receptors at the FDTF. , 

The chemical property of COPCs that most influences the exposure of ecological receptors to a 
COPC in soil is h e  COPC's tendency to adsorb to soil particles. If the adsorptive tendency of a 
COPC is, great enough, then the COPC may not be fully available for absorption by the 
ecological receptor as soil particles pass through the receptor's digestive system. Here the 
absorption of COPC fiom soil particles is modeled at 100 percent. Absorption fiom soil is likely 

to be less for most, if not all, COPCs, but especially 'strongly adsorptive COPCs. such as 
aluminum. Aluminum, for example: is a structural component of clay particles in soil and is 
unlik'ely to be available for uptake by ecological receptors at even 15 percent of the measured 
concentration. The HQs for soil ingesting receptors (shrew, vole, and robin) likely overestimate 
the risk from aluminum, resulting in EDs for aluminum that are too high. 

The uptake and bioaccumulation of COPCs in organisms is a property of the organisms, the 
COPC. and the unit-specific conditions. The uptake and bioaccumulation factors (SPY. SPr. and 
BAFs) that are used to estimate EDs for animals at the FDTF are published values from one or 
more sites. Because these values represent various organisms and unit-specific conditions. these 
factors are equally likely to either overestimate or underestimate uptake and bioaccumulation by 
ecological receptors at FDTF. There is at present no reason to conclude that HQs are 
consisteiitij. overestimated as a result of the uptake and bioaccumulation factors used to estimate 
EDS at the FDTF. 

, One parameter of the receptors that can influence the magnitude of the TRVs is body weight. 
Published toxicity benchmarks (mgkg bw/d) for test species are adjusted by the body weight of 
the FDTF ecological receptors. There is 'no reason to expect that body weights used to calculate 
TRVs for FDTF ecological receptors are not representative of receptors at the unit. 

. .  

Properties of COPCs that influence the magnitude of the TRVs include the chemical form of the 
contaminant and the mode of delivery (i.e, exposure medium). The methods used to measure the 
concentration of COPCs in soil do not distinguish among the different forms of inorganic 
compounds, primarily metal salts. Although it is not known whether the form of contaminant 
used in the published toxicity test is the same as that which occurs in FDTF soils, in some cases 



RCRA Facility InvestigationlRemedial Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (906113G) 

WSRC-RP-96-863, Revision 1 
April 1997 

it *is likely that the form used in the test is more mobile and available for uptake by organisms 
than is the naturally-occurring form. This is most likely the case for aluminum and cadmium. 
For example, the TRV for aluminum is based on the toxicity benchmark for aluminum chloride. 
but aluminum chloride adsorbs less strongly than aluminum oxides, which are likely to be the 
more prevalent unbound form in soil. The TRV for cadmium is based on the toxicity of 
cadmium chloride, which is unlikely to be the prevalent form of cadmium in soil. The HQs for ' 

aluminum and cadmium at the FDTF may be overestimated due to differences between the 
chemical forms of these COPCs that were used to derive TRVs and those occurring at the unit. 

Another important factor for the evaluation of HQs is'the difference between the exposure 
medium used to .deliver the contaminant to the receptor in the published toxicity test and the 
exposure medium at the unit, that is, natural soil and plant or animal tissues of various types. 
The HQs for aluminum for short-tailed shrews and for chromium and seienium for plants at 
FDTF likely overestimate the risk slightly. The TRVs for the COPCs are derived from studies 
where the animal tests species was exposed to the contaminant in drinking water, or sandy soil in 
the case of plants. The availability of these contaminants is likely to be lower in natural soil with 
higher clay and silt content than water or sandy soils.' For example, the LOAEL for chromium 
(VI) with an endpoint of fresh shoot weight (30 percent reduction) was 30 mgkg in a loam 'soil. 
The NOAEL for chromium (VI) was 4 in a loamy sand compared to an LOAEL of 1 for a more 
acidic. sandy soil. The TRVs based on these data would be correspondingly higher, which would 
redace &e magnitude of the HQs. Given this fact, coupled with the low HQs, aluminum is not 
judged to be a COC for shrews, and chromium and selenium are not considered to be'COCs for 
plants at FDTF. 

Aluminum (plants and mammals), cadmium (mammals), chromium (earthworms), and vanadium 
(plants) were also evaluated with respect to their toxicity, which is the most important factor 
influencing the maghitude bf HQs: 

The toxicity of a subsmce to a receptor is a property of both the receptor and the COPC. 
LOAELs were used as the basis for TRVs for plants and earthworms, as well as for mammals * 

and bkds. The LOAELs for plants and earthworms are briefly evaluated below. 

There is low confidence in the plant LOAEL benchmarks reported for toxicity of aluminum and 
vanadium because of the lack of data (Will and Suter, 1996). The authors reviewed one study on 
aluminum. There were no primary reference data for vanadium. Aluminum toxicity to plants is 

' 

.. 
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. likely to be dependent on soil acidity because of the effect of acidity on aluminum binding 
capacity of soil. Based on this one published toxicity value for a soil with pH = 5. the 
benchmark for aluminum is not enough to warrant considering aluminum a COC at the FDTF. 
Likewise. there is sufficient uncertainty about the threshold concentration for significant 
ecological effects of vanadium on plants to disregard vanadium as a COC for plants at FDTF. 

Examination of the toxicity data for chromium leads to the conclusion that chromium is not a 
COC for earthwornis at the FDTF. The TRV of 32 mgkg for chromium (111). based on a 3 0  
percent reduction in growth, is questionable considering that a comparable. effect on reproduction 
occurred at 100 mgkg. The LOAEL for chromium (111) based on reproduction effects is, thus. 
- greater by a factor of 3.0. There is sufficient uncertainty in the relevance of the TRV endpoint 
that chromium should not be considered a COC for earthworms at the FDTF when the HQ is less 
than 3.0, as it is for earthworms in subsurface soil at the FDTF (Table 6.3-14). 

Aluminum and cadmium have HQs greater than 1 for mammals. The toxicity data on which the 
TRVs for these COPCs were based are evaluated below. 

The endpoint of the observed LOAEL for mammals exposed to aluminum in drinking water.was 
detrimental growth effects on offspring, not survival or reproduction. No LOAEL is available 

' for birds. The LOAEL is estimated to be 10 times the No Observed Adverse Effects Leyel 
(NOAEL). Combined with the lower availability of aluminum in natural soil and the hiiher 
LOAELs necessary for ecologically significant effects on mammals and birds. aluminum is 
unlikely to be a COC far animals at FDTF. Aluminum should not be considered to be a COC 
without. additional toxicity data. 

. 

5 - 

Cadmium is not considered to be a COC for mammals at the FDTF; The observed LOAEL for 
cadmium was associated with 28 percent .lower fetal survivorship. Given the high reproductive 
capacity of small mammals, .this level of effect is unlikely to besignificant to the maintenance of 
populations. Given the form of cadmium tested ' (cadmium chloride), the questionable 
significance to natural populations of the observed effect, and the magnitude of the HQs, 
cadmium is judged not to be a COC at FDTF. Cadmium should not be considered a COC for 
small mammals without additional toxicity data. -. 

In addition, background risk was computed (Appendix Tables D-3 through D-12). It was found 
that background risks were lower (less than an HQ of 1.0) for all animal (earthworm, small 

: 
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m ' m a l  and bird) receptors. There were HQs greater than 1 .O for plants for aluminum (1 18). 
chromium (12.5) and vanadium (13.6). The high plant HQs support the weight-of-evidence 
analysis that these COPCs are not COCs. . 

In summary, following .examination of the data used to estimate EDs and TRVs for ecological 
- receptors at the FDTF, all COPCs with HQs greater than 1.0 were eliminated from further 

consideration as COG. Aluminum, chromium, selenium, and vanadium are not judged to be 
COCs for plants growing in FDTF soil because of the low confidence in the published 
phytotoxicity values. Nevertheless, there is uncertainty about whether aluminum and chromium 
should be considered COCs for plants exposed to subsurface soils at FDTF because of the high 
HQs there. There are no COCs for earthworms at FDTF. There is sufficient published evidence 
on the toxicity of chromium to conclude that the levels of these COPCs in soil at ,FDTF do not 
pose much risk to earthworms. The risk to mammals and birds from aluminum and cadmium is 
sufficiently overestimated by conservative HQs that these are not considered COCs at the FDTF 
without additional experimental evidence of toxicity of FDTF soil. 

, 

The weight-of-evidence includes habitat information about the FDTF.. All four terrestrial 
exposure units are small. occupying 0.01 hectare (0.025 acres) total. This area is not large 
enough .to encompass an entire home range of individual endpoint receptors: populations of 
\\?ildlife species require more space than this for their combined home .ranges. Therefore, 
exposure and ecological risk are limited due to a small number of organisms. 

- .  

The small units consist of disturbed (e.g., weedy and grassy) vegetation and scattered trees. This 
type of habitat provides (1) limited cover for protection, (2) limited food, and (3) limited 
additional resources necessary to sustain an active multiple individual food web. The few 
species that do live there. such as plant species, earthworms. small birds, and small mammals, are 
typical of inhabitants of.many other small patches of disturbed vegetation at SRS. There is 
nothing unique about the commonly encountered habitat and species at this unit. 

6.3.4.2.2 Interpretation of Ecological Significance 

There are no ecological COCs present in surface and subsurface soils at the FDTF. 

- 
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. .  

0 = Biota that are the subjects of an assessment endpoint 

I Terrestrial Vegetation 

Figure 63-1. Food Web for the FDTlF BERA 
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Table 6.3-1. Threatened, Endangered, and Sensitive Species that Could Potentially Occur in the Area of the FIYTF ‘ 

Common Name 
Bald eagle 

Red-cockaded woodpecker 

Smooth purple coneflower 

Scientific Name 
Haliaeetirs letrcocephalus 

Picoides borealis 

Echinacea Iaevigala . 

Federal Status 
Endangered 

Endangered 

Preferred Habitat 
Only as transient; prefers 
aquatic habitat for feeding and 
nesting 

Requires savannah-like areas of 
mature pine with open 
midstory. Currently there is no 
intent to manage stands in the 
area for recruitment of red-. 
cockaded woodpecker 

Potential habitat is open areas 
with sandy soil 

Endangered 

.. 

.. 

.. 

.. 



, 

Policy Goals 

Policy Coal 1: 
The conservation 
of threatened and 
endangered 
species. 

Policy Goal 2: 
The protection of 
terrestrial 
populations and 
ecosystems 

.. 

Table 6.3-2. Policy Goals, Ecological Assessment and Measurement 
Endpoints, and Decision Rules for the FDTF ERA 

Assessment Endpoint 

Assessment Endpoint 1: No 
reduction in numbers of any state- 
or federallydesignated threatened 
or endangered species 

Assessment Endpoint 2: No 
substantial adverse effect on 
terrestrial plant community 

Assessment Endpoint 3: No 
substantial adverse effect on 
populations of soil-dwelling 
invertebrates, e.g., earthworms 

Measurement Endpoint 

Measurement Endpoint I: 
COPC concentrations in 
physical media and predicted 
concentrations in prey species 
I 

Measurement Endpoint 2: 
Concentrations of COPCs in 
surface soil 

~ 

Measurement Endpoint 3: 
Concentrations of COPCs in 
surface soil 

Decision Rule 

Decision Rule for Assessnient Endpoint I: If 
T&S are not present, or COPC RME . 
concentrations in the media do not exceed 
lower toxicity thresholds or dietary NOAELs 
(Le., HQs el), the assessment endpoint is met 
and T&E species are not at risk. 

Decision Rule for Assessment Endpoint 2: If 
the ratios of COPC RME concentrations in 
surface soil to phytotoxicity benchmarks (HQs) 
are 4, then Assessment Endpoint 2 has been 
met and terrestrial plants are not at risk. If the 
HQ > I ,  a weight-of-evidence evaluation will be 
conducted to determine the potential for 
ecological risk. 

Decision Rule for Assessment Endpoint 3: If 
the ratios of COPC RME concentrations in 
surface soil to benchmarks for adverse effects 
on soil invertebrates (HQs) are 4, then 
Assessment Endpoint 3 has been met and soil- 
dwelling invertebrates are not at risk. If the 
HQ 3 I, a weight-of-e9fdence evaluation will 
be conducted to determine the potential for 
ecological risk. 

, 

.. 

.. 



Table 6.3-2. Policy Goals, Ecological Assessment and Measurement 
Endpoints, and Decision Rules for the FDTF ERA (Continued) 

Assessment Endpoint 

Assessment Endpoint 4: No 
substantial adverse effect on 
populations of herbivorous 
animals,.e.g., voles 

Assessment Endpoint 5: No . 
substantial adverse effect on 
populations of worm-eating and/or 
insectivorous animals, e.g., shrew, 
robin 

Measurement Endpoint 

Measurement Endpoint 4: 
Concentration of COPCs in 
surface soil and vegetation 
predicted from soil 
concentrations 

Measurement Endpoint 5: 
Concentration of COPCs in 
surface soil and soil-dwelling 
invertebrate prey predicted from 
soil concentrations 

Decision Rule 

Decision Rule for Assessment Endpoint 4: If 
ratios of estimated exposure concentrations 
predicted from COPC RME concentrations in 
surface soil to dietary limits corresponding to 
LOAEL benchmarks for adverse effects on 
herbivorous animals (HQs) are < I  , then 
Assessment Endpoint 4 is met, and herbivorous 
animals are not a t  risk. If the HQ > I a 
weight-of-evidence evaluation will be 
conducted to determine the potential for 
ecological risk. 

Decision Rule for Assessment Endpoint 5: If 
ratios of estimated exposure concentrations 
predicted from COPC RME concentrations in 
surface soil to dietary limits corresponding to 
LOAEL benchmarks for adverse effects on 
insectivorous animals (HQs) are 4, then 
Assessment Endpoint 5 is met, and 
insectivorous animals are not at risk. If the HQ 
> I ,  a weight-of-evidence evaluation will be 
conducted to determine the potential for 
ecological risk. . . 

5 

.. 
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Table 6.3-2. Policy Goals, Ecological Assessment and Measurement 
Endpoints, and Decision Rules for the FDTF ERA (Continued) 

.. 

Assessment Endpoint 
~ . ~~ 

Assessment Endpoint 6: No 
.substantial adverse effect on 
populations of terrestrial 
predators, e.g., hawk 

.. 

.. 

Measurement Endpoint 

Measurement Endpoint 6: 
Concentrations of COPCs in prey 
predicted from concentrations in 
surface soil 

Decision Rule 
i 

Decision Rule for Assessnient Endpoint 6: 
If ratios of estimated exposure concentrations 
predicted from COPC RME concentrations in 
surface soil to dietary limits corresponding to 
LOAEL benchmarks for adverse effects on 
terrestrial top predators (HQs) are <I, then 
Assessment Endpoint 6 is met, and terrestrial 
predators are not at risk. If the HQ > I ,  a 
weight-of-evidence evaluation will be 
conducted to determine the potential for 
ecological risk. 
P 

COPC = Constituent of potential concern 
TES = Threatened and endangered species 
LOAEL = Lowest observed adverse effects level 
NOAEL = No observed adverse effects level 
RME = Reasonable mzkimum exposure 
HQ. = Hazardquo(ient 

i 

.. 
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Table 6.3-3. Unit Foraging Factors for Ecological 
Receptors at FDTF 

Home Range UFF 
Area = 0.01 ha 

Receptor acres)a (0.025 acres) 

Short-tailed shrew 3.9OE-01 (0.93 2.56E-02 
Meadow vole 8.30E-02 (0.21) 1.20E-0 1 
American robin 4.20E-01 (1.0) 2.38E-02 
Red-tailed hawk 4.29E-05 

"Data from Sample and Suter (1994) 
FDTF = Fire Department Training Facility 
UFF = Unit Foraging Factor, the smaller of 1 .O and the ratio 
of the area of the FDTF exposure unit and the Receptor 
Home Range 

. .  
, 
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Table 6.3-4. Exposure of-Mammals to Ecological 
COPC~ et FDTF Surface Soil (0 to I ft) 

. Inorganics (rngkv) 
Silver 1.35E+OO 5.6 IE-03 1.92E-03 

Organics (pgkg) 

1)Benzoic acid 6.03E+O1 1.63E-04 3.63E-05 

aEDsoil= [(Cs x SPv x Ip ) + (Cs x BAFinv x Ia ) + (Cs x 1s )] x UFF / BW 
Cs = RME soil concentration (mgkg for inorganics, pg/kg for organics) 
SPv = Soil-to-plant uptake factor for vegetative parts (Table D-2) 
Ip = Daily plant ingestion rate (1.24E-03 kg/d for shrews, 5.00E-03 kg/d for voles 
BAFinv = Soil-invertebrate uptake factor (Table D-2) 
Ia = Daily animal ingestion rate (7.76E-03 kg/d for shrews, 0 for voles) 
Is = Daily soil ingestion rate (1.17E-03 kg/d for shrews, 1.20E-04 kgld for voles) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body weight (0.015 kg for shrews, 0.044 kg for voles) 
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Table 6.3-5. Exposure of Birds to Ecological COPCs at 
FDTF Surface Soil (0 to 1 ft) 

EDsoil ( m g k  bw/d) 
American Red-Tailed 

COPC cs Robin' Hawkb 
lnorganics (mgkg) 
Silver 1.35E+OO 4.09E-03 2.05E-09 

Organics ( p g k g )  
svocs 
Benzoic acid 6.03EM1 9.61305 7.38E-16 

aEDsoil= [(Cs x SPr x CF x Ip ) + (Cs x BAFinv x Ia ) + (Cs x 1s )] x UFF./ BW 
Cs = RME soil concentration ( m a g  for inorganics, pgkg for organics) 
SPr = Soil-to-plant uptake factor for reproductive parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
Ip = Daily plant ingestion rate (4.65E-02 kg/d) 
BAFjnv 
Ia = Daily animal ingestion rate (4.65E-02 kgld) 
Is = Daily soil ingestion rate (1.90E-03 kgld) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body weight (7.70E-02 kg) 

Soil-invertebrate uptake factor (Table D-2) 

kDsoil= [(cs X spv  X CF X Ip(shrew) -t (cs X BAFinv X Ia(shrew) + (cs X Is(shrew) 11 
. x BAFmmm x Ia(hawk) x UFF / BW (See Eq. 6.3-4) 

Cs = RME soil concentration (mgkg for inorganics, ugkg for organics)' 
SPv = Soil-to-plant uptake factor for vegetative parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
I p ( s w )  = Daily plant ingestion rate by shrews (1.24E-03 kgld) 
BAFinv = Soil-invertebrate uptake factor (Table D-2) 
Ia(shm) = Daily animal ingestion rate by shrews (7.76E-03 kgld) 
BAFmmm = Mammal intake-to-tissue uptake factor (Table D-2) 
Is(shrew) = Daily soil ingestion rate by shrews (1.17E-03 kg/d). 
Ia(hawk) = Daily animal ingestion rate by hawks (1.09E-01 kgld) 

BW =,Body weight (1.13 kg) 
UFF = Unit.foraghg factor (Table 6.3-3) ./ 
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Inorganics (mgkg) 
Aluminum 
Antimony. 
Arsenic 
Cadmium . 
Calcium 
Chromium 
Iron 
Lead 
Magnesium 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

Table 63-6. Exposure of Mammals to Ecological COPCs 
at FDTF Subsurface Soil (0 to 4 ft) 

I 

EDsoiI' ( m e  b d d )  
Short-Tailed 

COPC CS Shrew Meadow Vol 

Organics (pg/kg) 
svocs 
Benzoic acid II 

1.04E+04 
1.40EMO 
6.OOE+OO 

5.12E+02 
3.85€+01 
4.4OEW 
1.13EMI 
2.02E+02 
1.63EM2 
2.1 OEM0 

7.05EM I 
8.46EM.l 

4.48E-01 

8.64E-01 

6.03E+01 

3.12EM1 
3.85E-03 
126E-02 
6.64302 
2.02EMO 
1 S9E-O 1 
6.72E+02 

1.16EM0 
2.56EMO 

2.54E-0 1 

2.54E-02 
3.59E-03 
2.71EMO 
3.1 5E-01 

1.63E-04 

3.53E+OO 
123E-03 
2.63E-03 
8.22E-04 
5.08Ei-00 

1.49EM 1 
1.34E-02 

5.1 1E-03 
6.19E-0 1 
5.00E-0 1 
8.34E-04 
1.23E-03 
3.76E-02 
2.91E-02 

3.63E-05 

Phthalates 
Di-p-octylphthalate 3.35EM2 8.92E-04 l.lOE-04 

aEDsoil= [(Cs x SPv x CF x Ip ) + (Cs x BAFinv x Ia ) + (Cs x 1s )] x UFF / BW 
Cs = RME soil concentration (mgkg for inorganics, pgkg for organics) 
SPv = Soil-to-plant uptake factor for vegetative paits (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0 2  for dry weight SP values 
Ip = Daily p l b t  ingestion rate (1 :24E-02 kg/d forshrews, 5.00E-03 kg/d for voles) 
BAFinv = Soil-invertebrate uptake factor (Table D-2) .I 
Ia = Daily animal ingestion rate (7.76E-03 kg/d.for shrews, 0 for voles) 
Is = Daily soil ingestion rate (1.17E-03 kg/d for shrews, 1.2OE-04 kg/d for voles) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body weight (0.015 kg for shrews, 0.044 kg for voles) 

~ I I ~ T F ~ - ~ . D O C  6.3-42 
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ED,Z(mg/kg bw/d) 
American Red-Tailec 

. COPC C S  Robin' Hawkb 
Inorganics (mg/kg) 

Antimony 1.40E+00 1.95E-03 4.68E-30 
Aluminum 1.04E+04 1.73E+01 5.68E-06 

Arsenic 6.00E+00 4.20E-03 3.07E-09 
Cadmium 4.48E-01 7.13E-02 4.52E-09 
Calcium 5.12E+02 1.07EW 1.72E-07 
Chromium 3.85E+01 1.12E-01 1.08E-07 
Iron 4.40E+04 6.59E+02 1.63E-03 
Lead 1.13E+01 2.58E-01 9.26E-09 
Magnesium 2.02E+02 1.16E+00 7.05E-07 
Potassium 1.63E+02 2.7OEMO 6.21E-06 
Selenium 2.10E+00 2.43E-02 4.63E-08 
Silver 8.64E-01 2.62E-03 1.31E-09 
Sodium 7.05E+01 2.84E+00 1.81E-05 
Vanadium 8.46E+01 2.09E-01 9.96E-08 

Organics (pplkg) 
svocs 
Benzoic acid 6.03E+01 9.61E-05 738E-16 

Phthalates 
Di-nsctylphthalate 3.35E+02 4.38E-04 5.2OE-06 

Table 6.3-7. Exposure of Birds to Ecological COPCs 
FDTF Subsurface Soil (0 to 4 ft) . 

aEDsojl = [(Cs x SPr x CF x Ip ) + (Cs x BWinv x la 1 + (Cs x IS )] x UFF / BW 
Cs = RME soil concentration ( m a g  for inorganics, p a g  for organics) 
SPr = Soil-to-plant uptake factor for reproductive parts (Table D-2) . 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
Ip = Daily plant ingestion rate (4.65E-02 kg/d) 
BAFjnv = Soil-invertebrate uptake factor (Table D-2) 

. 

I, = Daily animal ingestion rate (4.65E-02 kgd) 
1, = Daily soil ingestion rate (1.90E-03 kg/d) 
UFF =Unit foraging factor (Table 6.3-3) 
BW = Body weight (7.70E-02 kg) 

EDsoil? [(cs X spv X CF X Ip(shrew) + (cs X BMinv X lashrew) + (cs X Is(shnw) 11 b 

'X BAFmmm X Ia(hawk) X UFF / BW (See Eq. 6.3-4) 
Cs = RME soil concentration ( m a g  for inorganics, pgkghr organics) 
SPY = Soil-teplant uptake factor for vegetative.parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
IHshrrw) = Dailyplant ingestion rate by shrews (1.24E-03 kdd) 
BAFinv = Soil-invertebrate uptake factor (Table D-2) 
1 4 s h r r ~ )  = Daily animal ingestion rate by shrews (7.76E-03 kg/d) 
BAFmmm = Mammal intake-to-tissue uptake factor (Table D-2) 
Is(shrcw) = Daily soil ingestion rate by shrews (1.17E-03 kgd) 
Ia(hawk) = Daily animal ingestion rate by hawks (1.09E-01 kdd) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body weight (1.13 kg) 
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Table 6.3-8. Toxicity Reference Values for Ecological Receptors: 
Plants and Earthworms 

Inorganics 
Aluminum 
Antimony 
Arsenic 
Cadmium 
Calcium 
chromium 
Iron 
Lead 
Magnesium 
Potassium 
Selenium 
silver 
sodium 
Vanadium 

Organics 
svocs 
Benzoic acid 

Phthalates . 

LOAEL 
P h t S  Earthworms 

COPC (mg/kg soil) ' (mg/kg soil) 

50 
.5 
10 

: 3  
None 

1 
None 
50 

None 
None 

1 
2 

None 
2 

None 
: None 

60 
20 

None 
32 

None 
500. 

None 
None 
70 

None 
None 
None 

None None 

. bi-n-octylphthalate 100" 20Ob 

-LOAEL = Lowest Observed Adverse Effect Level 
Plant LO- are from Will and Suter (1 995), LOAEL for chromium is for total chromium. 
Earthworm LOAELs are fkom Will and Suter (1 996); Note, LOAEL for chmium is 

*Surrogate value, LOAEL for diethylphthalate 
for chromium (m). 

Surrogate vd&, LOAEL for dimethylphthalate 
I 



Table 6.3-9. Derivation of Toxicity Reference Values for Ecological Receptors: Mammals 

Short-Tailed Shrew Mcadurv .Vole 
Test 

tn TRV Conversion , TRV 

Mouse 3.00E-02 1.93EtOI a 1.26EtOO 2.43EtOI 8.80E-01 1.70E+01 
Mouse ‘3.00E-02 I .25E+00 a 1.26EtOO I .57E+00 8.80E-01 1 .10E+00 
Mouse 3.00E-02 1.26Et00 a I .26EtOO 1.59E+OO 8.80E-01 1. I IE+OO 

Rat 3.50E-0 I 1.00E-02 2.86Et00 2.86E-02 2.00E+00 2.0011-02 
None None None None None 

None None None None None 
Rat 3.50E-01 2.74Et04 2.86EtOD 7.82E+O4 2.00E+00 5.4GE+04 

Rat 3.50E-01 8.00EtOI 2.86EtOO 2.29E-t-02 2.00E+00 1.60E+02 

Mouse 3.OOE-02 7.60E-01 1.26E+OO 9.588-01 8.8OE-01 6.69B-01 
None None None None None None 
None None I None None None . None 
Rat 2.60E-01 2. IOEtOO 2.59EtOO 5.43EtOO 1.8 1 E+OO 3.80E+00 

hthalates 

h 

a 

tl 

n 

None None None None 
.. 

pi-n-oct y 1 p hthdate Mouse 3.00E-02 5.50Et02 c l.26EtOO 6.93E+02 X.8UE-01 4.84Et02 

LOAEL = Lowest Observed Adverse Efl’ect Level 
TRV = Toxicity Reference Value 
a Opresko 1996 (February database) 
b Opresko 1996 (February database); NOAEL x IO ‘ 
c Surrogate, value for di-n-hexylphthalate; Opresko 1996 (Fehmry database) 
d Body weight conversion factor = (test species body weighureceptor body weight)o33: See equation (4) .in Oprcsko el HI. (190s) 



American Roltin Red-Tailed Hawk 
Test 

Body Benchmark Weight Weight 
Species Toxicity Body- Body- 

Weight LOAEL Conversion TRV Conversion TRV 
COPC Test Species (k) (mglkgld) Source Factord (mdkdd) Factord (rng&/d) 
Inurganics 
Aluminum Ringed dove 
Antimony 
Arsenic Mallard duck 
Cadmium Mallard duck 
Calcium 
Chromium Black duck 
Iron 
Lead Japanese quail 
Magnesium 
Potassium 
Selenium Mallard duck 
Silver 
Sodium 
Vanadium Mallard duck 

Organics \ 
svocs 

enzoic acid 

I .55E-O I 1.10EW3 

1.00Ei-00 1.28EWl 
I .  15EfflO 2.0OEW 1 

1.25EfflO 5.OOE+OO 

None 

None 

None 

None 
None 

None 
None 

1.50E-01 1.13EW1 

1.00EtO0 1 .OOEtOO 

1.17EfflO 1.14EW2 

None 

1.26EWO 
None 

2.3 5EW0 
2.4GEi-W 

None 
2.53EfflO 

None 
1.25EWO 

None 
None 

2.35EWO 
None 
None 

2.48EMO ' '  

3.39Bi-03 
None 

3.O2E-W 1 
4.93EW I 

None 
1.27E-K) 1 

None 
1.4 1EW i 

None 
None 

2.35E-t-00 
None 
None 

2.82E4-02 

5. ICE-01 
None 

1 .O 1 EWO 
None 

1.04E-WO 
None 

5.llE-Oi 
None 
None 

None 
None 

1.01EWO 

9.G 1 E-O 1 

9.6 1 E-01 

5.66EW2 
None 

I .23EW I 
2.02EW1 

None 
5.18EWO 

None 
5.77BWO 

None ' 
None 

None 
None 

1.15Ei-02 

9.6 1E-O 1 

None None None None 

.. 
IDi-nactylphthalate Ringed dove 1.55E-01 l.lOEW0 c . 1.26Ei-00 1.39EfflO 5.168-01 5.68EOl 
LOAEL = Lowest Observed Adverse Effect Level 
TRV = Toxicity Reference Value 
a Opresko 1996 (February database) 
b Opresko 1996 (February database) NOAEL x IO 
c Surrogate, value for di-n-butylphthalate; Opresko 1996 (February database) 
d Body weight conversion factor = (test species body weighVreceptor body weight)on; See equation (4) in Opresko et nl. ( 1  995) 

.. 

.. 
.. 
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Plants 
COPC c ,  TRV HQ 

Table 6.3-11. Ecological HQs for Plants and Earthworms Exposed to 

Earthworms 
TRV HQ 

FDTF Su-dace Soil (0 to 1 ft) . 

C, = Rh4E soil concentration (mglkg for inorganics, uglkg for organics) (See Table 6.3-4) 
TRV = Toxicity Reference Value (See Table 6.3-8) 
HQ = Hazard Quotient = C,lTRV 
Cells with heavy outlines = HQs >I  
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Short-Tailed Shrew . 

EDmiI Cr'RV 
COPC (mgntg/d) (mglkgld) HQ 

Meadow Vole 
EDsoiI TRV 

(mg/kg/d) (mgkg/d) HQ 

EDwil = Estimated dose from soil (See Table 6.3-4) 
TRV = Toxicity Reference Value (See Table 6.3-9) 
HQ = Hazard Quotient = ED/TRV 
Cells with heavy outlines = HQs >1 

- 

6.3-48 ~ ~ ~ T F ~ - ~ . D o c  
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American Robin Red-Tailed Hawk 
EDsoiI TRV EDsoil TRV 

COPC (mglkgld) (mgkgld) HQ (mgntg/d) (mgAcg/d) HQ 
Inorganics 
Silver 4.096-03 None 2.05E-09 None 

Organics 
svocs 
Benzoic acid 9.61E-05 None 7.38E-16 None 1- 
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Table 63-14. Ecological HQs for Plants and Earthworms Exposed to FDTF 
Subsurface Soil (0 to 4 ft) 

Plants Earthworms 
COPC c* TRV HQ TRV HQ 
lnorganics (mglkg) 
Aluminum 1.04EW 5.00Et.01 None 
Antimony 1.40Et.00 5.00Et.00- 2.8OE-01 None 
Arsenic 6.00Et.00 l.OOEt.01 6.OOE-01 6.00Et.01 1.00E-01 
Cadmium 4.48E-01 3.OOE+OO 1.49E-01 Z.OOE+Ol 224E-0; 
Calcium 5.12EM2 None None 
Chromium 
Iron 
Lead 
Magnesium 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

I 

3.85Et.01 1.OOEi-00 3.20E-141 
4.40Ei-04 None None 

Organics (pg/kg) 
svocs 

1.13E+O1 5.00Eel 2.26E-01 5.00Efl2 226E-02 
2.02E+02 None None 
1.63Et.02 None None 
2.1OE+OO I.OOE+OO -1 7.00E4-01, 3.OOE-02 
8.64E-01 2.00Ei-00 4.32E-01 None 
7.05Et.01 None None 
8.46E-l-01 2.OOE+OO 1-1 None 

- 

Benzoic acid 6.03Ei-01 None None 

Phthalates 
Di-n-octylphthalate 3.35Ei-02 1.00E+05 3.35E-03 2.00E+05 1.68E-03 

63-50 4 I l ~ T F ~ . D O C  
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.- Short-Tailed Shrew Meadow Vole 
ED,n TRV EDKIII TRV 

COPC (rng/kg/d) (mgncgld) HQ (mg/kg/d) (mgkgld) HQ 
Inorganics 
Aluminum 3.12Ei-01 2.43E+01)1.28E+ooi 3.53Ei-00 . 1.70E+Ol 2.08E-01 
Antimony 3.85E-03 1.57EMO 2.44E-03 123E-03 ' 1.1 OEM0 1.12E-0: 
Arsenic 1.26E-02 1.59EMO 7.95E-03 2.63E-03 I .  1 1 E+OO 2.37E-0: 
Cadmium 6.64302 2.86E-02 8.22E-04 2.00E-02 4.12E-0; 
C a 1 c i u m 2.02Ei-00 None 5.08EMO None 
Chromium 1.59E-01 7.82EW 2.03E-06 1.34E-02 5.46E+04 2.46E-0; 
Iron 36.72Ei-02 None 1.49EMl . None 

Magnesium 1.16EMO None 6.19E-01 None 
Potassium 2.56E+OO None 5.00E-01 None 

Silver 3.59E-03 None 1.23E-03 None 
Sodium 2.71E+OO None 3.76E-02 None 

Lead 2.54~-01 2 . 2 9 ~ ~ 2 .  1.1 IE-O~ 5.1 I E - O ~  i . 6 0 ~ ~ 2  3.20~-05 

Selenium 2.54E-02 9.58E-01 2.65E-02 8.34E-04 6.69E-0 1 1.25E-03 

Vanadium 3.15E-01 5.43E+00 5.80E-02 2.91E-02 3.8OEMO 7.66E-03 

Benzoic acid 1.63E-04 None 3.63305 None 

Phthalate: 
. .  

Di-n-octylphthalate 8.92E-04 6.93E+02 l.29E-06 l.lOE-04 4.84Ei-02 228E-07 

EDsil = Estimated dose from soil (See Table 6.3-6) 
'TRV = Toxicity Reference Value (See Table 6.3-9) 
HQ = Hazard Quotient = ED/TRV 
Cells with heavy outlines = HQs > I  

. .  
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Table 6.3-16. Ecological HQs for Birds Exposed 
to FDTF Subsurface Soil (0 to 4 ft) 

I 

I I American Robin Red-Tailed Hawk 

COPC ' . I(mg/lcg/d) (mg&/d) HQ I ( m g w d )  (mgflrg/d) HQ 
inorganics . 

Antimony 1.95E-03 None 4.68E-10 : None 
Aluminum 1.73Ei-01 139E+03 1.25E-02 5.68E-06 5.66E402 1.00E-OE 

Arsenic 4.2OE-03 3.02E+01 139E-04 3.07E-09 123E+01 2.49E-IC 
Cadmium 7.13E-02 4.93E+01 1.45E93 4.52E-09 2.02E+01 2.24E-1 C 
Calcium 1.07EtOO None 1.72E-07 None 

Iron 6.59E-i-02 None .1.63E-03 None 

Magnesium 1.16E+00 None 7.05E-07 None 
Potassium 2.70Ei-00 None 62lE-06 None 

Silver 2.62E-03 None 1.3 1E-09 None 
Sodium 2.84Ei-00 None 1.81E-05 None 

Chromium 1.12E-01 1.27E+01 8.82E-03 1.08E-07 5.18E+OO 2.09E-OE 

Lead 2.58E-01 1.41Ei-01 1.83E-02 926E-09 5.77E+00 1.60E-OS 

Selenium 2.43E-02 2.35E+OO 1.04E-02 4.63E-08 9.61E-01 4.81E-08 

Vanadium 2.09E-01 2.82EM2 7.39E-04 9.96E-OS 1.15Ei-02 8.63E-10 

Organics 
svocs 
Benzoic acid I1 9.61E-05 None 7.38E-16 None 

4.38E-04 1.39E+00 3.15E-04 5.2OE-06 5.68E-01 9.16E-06 

EDmiI =.Estimated dose from soil (See Table 6.3-7) 
TRV = Toxicity Reference Value (See Table 6.3-10) 
HQ = Hazard Quotient = EDRRV 
Cells with heavy outlines = HQs >1 

. -' 
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Potential for 
Either Under o r  
Overestimating 

Risk 

Table 63-17. Qualitative Evaluation of Uncertainty for 
FDTF EcologicaI Risk Assessment 

Potential for 
Overestimating 

Risk . 
Source o r  

Area of Uncertainty 

I 

Potential for 
Underestimating 

Risk 

Identification of COPCs Medium 

Identification of sensitive receptors Low 

- -  ~ --* --..--.:-., c. l'i ->F-+x*:-..- :-%:-.--. .:.t--- 
,.,-..<- 
. .- , Exposure Assessment . . . ...- :. +:-- - --+=- A ' .  - - - -  . -  . ._ -9 - . __. _..- ."- - _.- 
. ,. - - . . . .  

. - - - . _ _  . ..-..-, . .  
-. - L ,  

" -  
.- . . I .. 

- '7 'L--L - f 

Site-specific bioavailability of COpCs Medium 

Use of published toxicity values 

No toxicity values for some contaminants 

Medium 

Medium 

Ecological risk quotient values . 

Off-unit ecological risk 

Cumulative ecological risk 

Future ecological risk 

Background ecological risk . 

Low 

Low 

Low 

Low 

Medium 

Organismal toxicity used for higher levels of 
= II ecological organization 

Medium 

Evaluation given only for potentialeffect with most serious consequences for ecological risk management decisions. 1 

. .  
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Table 63-18. Summary of Highest HQs for Ecological 
COPCS in FDTF soil 

I : chromilrm NOne 
(38.5) plants 
Vanadium 

(42.3) plants 

Cadmium None >1, <10 

HQ = Hazard Quotient 

6.3-54 4nmTF6-3.Doc 
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710 REMEDIAL GOAL OPTIONS 

Remedial Goal Options (RGOs) are cleanup concentrations for contaminated environmental media 
that are designed to provide conservative, long-term targets for the selection and analysis of 

' remedial alternatives. The Baseline Risk Assessment (BRA) is used to determine the potential for 
. adverse health effects to human and ecological receptors. The Remedial Investigation (RI) and 

BRA are used to support the risk management decision-making process. Risk management 
decisions may be based on a variety of information, including the site-specific &dings of the RI 
and BRA. The intention of the RI and BRA is to provide a scientific..and technically sound 
foundation of information that allows for idormed decision-making. The RI and BRA should be 
unprejudiced regarding such decisions. 

An important risk management decision, based on the findings of the RI and BRA, is to decide 
whether there is a need to remediate the con M o n .  If the RI indicates that there is a need to 
consider remediation, cleanup targets are developed for the Constituents of Concern (COG). The 
initial step in the development of the cleanup targets is calculation of human health and ecological 
RGOs. RGOs represent a range of potential protective cleanup levels based on risk to human and 
ecological receptors. The RGOs are carried through to the Feasibility Study (FS), where *final . 
remediation goals are selected fiom the RGOs and applied to the detailed analysis of remedial 
alternatives. 

The RGOs are multiple cleanup targets representing a range of health protection. Based on the 
findings of the *€U/FS, the risk managers make decisions that will lead to the selection of the final 
cleanub levels, which will be presented in the Proposed Plan and formalized in the Record o f .  
Decision for the Fire Department Hose Training Facility (FDTF). The €inal cleanup levels are to be 
protective of both human and ecological health, and must comply with federal and state applicable 
and relevant and appropriate requirements. (ARARs): If remediation is found to be necessary, 
remedial activity at the waste unit will be conducted to meet the c*- fjnal cleanup levels. 

This section describes the process used to develop the RGOs for the soil at the FDTF. Food chain. 
exposures were projected in the BRA by means of transport models. There is a high level of 
uncertainty in the models used to project the uptake of contaminants in soil into plants, and for this 
reason RGOs are not developed for the food chain. 

. 

. 
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7.1 .Development of Human Health RGOs for Soil 

7.1.1 Introduction 

The Environmental Protection Agency @PA) has published guidance (EPA, 1991) on the 
determination of Preliminary Remediation Goals (PRGS) for human health. PRGs are similar to 
Human Health RGOs (HHRGOs); except that. the original guidance did not explicitly state that a 
range of cleanup options should be generated. Furthermore, PRGs are normally determined during 
the early part of the RI before the COCs are known. They ae calculated l isig an equation that is 
similar to the risk equation, setting the noncancer H-d Index (Icn)..or cancer risk to the 
appropriate target, and solving the equation for the concentdon tem. 

Federal guidance is not available for the determination of HHRGos. Howevery EPA Region IV has 
provided guidance @PA, 1995e) that can be used in conjunction with the. federal guidance to 
develop HHRGOs. In accordance with EPA Region IV guidance, HHRGOs are calculated using 
noncancer target HIS of 0.1, 1, and 3 and target cancer risks of lo4, lo-’, and lo4. Therefore, 
multiple HHRGOs are calculated for a given receptor and medium. 

The purpose of determining multiple HHRGOs for a single medium is to provide the risk manager 
with a range of possible risk-based cleanup levels. This range also allows flexibility in the 
determination of remedial alternatives. The selection of the final remediation level is made by the 
risk manager and will be presented in the Record of Decision for the FDTF. 

7.1.2 Exposure Units and Exposure Scenarios 

Under current land use assumptions, the-risk assessment evaluated surface soil exposures for known 
on-unit workers who are occasionally in close proximity to the FDTF. Only one exposure unit for 
soil and produce was defined for the FDTF. 

Under current land use, human health effects were projected to M e l o w  EPA targets for noncancer 
and cancer effects. No primary or secondary COCs’ were identified under current land use 
,assumptions. Secondary COCs were identified for hypothetical industrial worker and on-unit 
resident. 

’ 
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Residential and industrial exposure scenarios were evaluated in the human health risk assessment 

under future land use assumptions. The same exposure unit that was used under current land use 
assumptions was applied to the future scenarios. 

. Although the .fume industrial exposure scenario is more likely, the future residential scenario was 
included as a conservative measure. An evaluation of the residential scenario is normally included 
in the. BRA, even if it is not a likely future &e of the unit. In this situation. the funve residential 
scenario, although unlikely, may be usell  as a point of comparison for decision makers. The 
default residential assumptions used in the evaluation provide a common fi-ame of reference to 
other similar sites. The residential scenario is also useful if the non-residential use of the unit 
cannot be assured over time. 

,.The HHRGOs are not unique to'a given exposure area, that is, they are not dependent on the 
concentrations of constituents at the unit. Rather,' they are estimates of the upper acceptable 
concentration for a given receptor exposed to soil. They take into consideration exposure fiom 
multiple exposure routes evaluated in the risk assessment. For example, a soil HHRGO takes into 
account risks fiom soil ingestion, dermal contact with soil, and inhalation of suspended particulates. 

. 7.1.3 Findings 

HHRGOs were not calculated for chemical COCs as defined and identified in the human health risk 
assessment' because an uncertainty analysis .was performed (Section 7.2) and all the constituents 
were eliminated. 

7.1.4 Summary of Human Health COCs 

Human health COCs are defined and presented in this section. 
Primary COCs in the human health risk assessment are defined as constituents that either 
individually'produce or significantly contribute to risk estimates that exceed a 1 x .lo4 
risk or and HI of 3 by selecting individual COCs equal to or greater than a cancer risk of 

. 1 x 1 O4 or a noncancer hazard of 0.1 in any pathway. 
Secondary COCs are defined as constituents in each medium with a cancer risk equal to or 

' greater than 1 x lo4 or an HI equal to or greater than 0.1 by selecting individual COCs with 
a cancer risk equal to or greater than 1 x lo4 or a noncancer hazard equal to or greater than 
0.1 in any pathway. 

- 
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7.1.4.1 Current Land Use . 

Under current land use there are no primary or secondary COCs identified for the surface soil. 

7.1.4.2 Future Land Use 
Under fitwe industrial land use, arsenic and beryllium were identified as secondary COCs for 
the subsurface soil. 

Under future residential land use, the following human health secondary COCs for soil have been 
identified: 

0 Arsenic 
Beryllium 
Iron 
Vanadium 
Benzo(a)pyrene 

7.2 Uncertainty Analysis for the Human Health COCs 

The risk and hazard to the current worker, future on-unit industrial worker, and the future on-unit 
resident are summarized below. Key uncertainties are examined to determine whether it is 
appropriate to develop an RGO for each COC identified. 

22.I Current Worker 

The current worker was evaluated at the 0 to 0.3 m (0 to 1 ft) soil interval only. The total excess 
lifetime cancer risk level for the current worker is 4 x log and the hazard index is 7 x lo’. 
Therefore, the current worker is at an insignificant risk while working at this unit. 

7.2.2 Future Industrial Worker 

. 

~ e’ 

The industrial worker was evaluated at the 0 to 0.3 m (0 to 1 ft) and 0 to 1.2 m (0 to 4 fi) soil 
intervals. For the 0 to 0.3 m (0 to 1 ft) soil interval, the total excess lifetime cancer risk is 9 x lo’ 
and the hazard index is 3 x The hazard and risk to future industrial worker will be 
insignificant while working at the unit, based on the evaluation of the surface soils. For the 
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0 to 1.2 m (0 to 4 ft) soil interval, the total excess lifetime cancer risk is 4 x 10" and the hazard 
index is 0.2. The soil exposure pathways that contribute the most to this receptor are ingestion 
and dermal, each with a cancer risk of 2 x lo4. The secondary COCs for these pathways are 
arsenic (84% of the cancer risk for the soil ingestion pathway) and beryllium (54 % of the cancer 
risk for the soil dermal contact pathway. 

Background Risk- The background cancer risk (4 x lo4) at the 0 to 0.3 m (0 to 1 fi) soil interval 
is greater than the unit cancer risk (9 x The background risk at the 0 to 1.2 m (0 to 4 fi).soil 
interval is 3 x lo4 which is similar to the cancer risk for the unit, 4 x 10". The pathways 
contributing most to the total risk are soil ingestion (cancer risk of 2 x lo4, arsenic is 93% of the 
total) and dermal contact with soil (cancer risk of 2 x lo6, beryllium is 75% of the total). The 
results below show that the unit risk for this receptor is equivalent to the background risk'for fie 
same pathway. 

Industrial Worker - 0 to 1.2 m (0 to 4 ft) Soil Interval 

Soil Pathwav Unit Cancer Risk . Backmound Cancer Risk 

Ingestion 2 x lo4 /Arsenic 2 x lo4 /Arsenic 

Dermal Contact 1 x lo4 /Beryllium 2 x /Beryllium . 

7.2.3 Resident AdulUC'hild 

The residential scenario was evaluated separately for the 0 to'0.3 m (0 to 1 fi) and the 0 to 1.2 m 
(0 to 4 ft) soil intervals. Food chain exposures were projected in the BRA by means of uptake 
(partitioning) models. There is a high level uncertainty in the models used to project theuptake 
of contaminants in soil &to plants; and for'this reason RGOs are not developed for the food 
chain. 

7.2.3.1 Surface Soil 

For the 0 to 0.3 m (0 to 1 ft) soil interval, the total excess lifetime cancer risk is 1 x lo-' and the 
hazard index is 0.5. Benzo(a)pyrene is the significant contributor to risk. The most important 
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pathways for this contaminant are ingestion (cancer risk is 2 x lo4) and dermal (cancer risk is 
1 x lo4). 

Frequency of Detection 

RGOs should be calculated for any constitueut that exceeds a cancer risk of greater than 1 x 10-4 I 

or a h&d index of 1 .O. However, professional judgment should be used to exclude constituents 
that may not be clearly site-related for which risks may be overestimated. In particular, the 
cancer risk for benzo(a)pyrene (3 x 10“ for the unlikely residential land use) is based on the 
maximum detected concentration value, because in this c&e the exposure point concentration is 
the maximum observed value. Benzo(a)pyrene was detected in only 1 out of 25 on-unit samples. 
Because of the low (< 5%) frequency of detection, benzo(a)pyrene should not be considered €or 
XGO determination. 

Background Risk 

The background cancer risk and hazard for the aduldchild at the 0 to 0.3 m (0 to 1 ft) soil interval 
are greater than the cancer risk and hazard at the unit. The total excess cancer lifetime risk for the , 

0 to 0.3 m (0 to 1 fi) s o i l h  the background is 7 x ‘lo-’ while the cancer risk for the same soil 
interval at the unit is 1 x lo”. The hazard hdex for the 0 to 0.3 m (0 to 1 fi) soil in the 
background is greater than 1.0 while at the unit it is less than 1.0. The secondary COCs for the 
unit are arsenic, beryllium, be&o(a)pyrene, iron, and vanadium. By comparison, the secondary 
COCs for the background are arsenic, beryllium, and iron. The difference between the secondary 
COCs at the unit and in the background are vanadium and benzo(a)pyrene. 

Resident (AduWChild) - 0 to 0.3 m (0 to 1 ft) Soil Interval 

Pathway Unit Cancer Risk ’ Hazard . Bkg Cancer Risk Bkg Hazard 

Soil Ingestion 2E-06 4 .o 2E-05 I 
Benzo (a) pyrene Arsenic 

Soil Dermal 1E-06 4 .o 4E-06 . <0.1 
Benzo (a) pyrene Beryllium 

Total 3E06 4 . 0  233-05 1 

7-6 



R C I U  Facility InvestigatiodRemedial Investigation Report with 
Baseline Risk Assessment for the Fire Department Hose Training Facility (904-1136) 

WSRC-RP-96-863, Revision 1 
April 1997 

7.2.3.2 Subsurface Soil 

For the 0 to 1.2 m (0 to 4 ft) soil interval, the total excess lifetime cancer risk is 2 x lo-' and the 
hazard index is 2. The pathways that significantly contribute to this receptor are ingestion 
(2 x lo5) and dermal contact (5 x IO">. For the soil ingestion pathway, arsenic is a secondary 
COC that contributes 84% of the cancer risk and benzo(a)pyrene is a COC that contributes 10% 

. of &e .cancer risk. The hazard index for the ingestion pathway is 2 and the secondary COCs are. 
iron. which contributes to 78% of the hazard; arsenic, which contributes 11% of the hazard: and 
vanadium, which contributes 6% of the hazard. In the demal pathwayzthere is one secondary 
COC based on cancer risk, beryllium which contributes 54% of the cancer risk. 

Background Risk 

For the 0 to 1.2 m (0 to 4 fi) soil interval, the cancer risk at the unit and the in the background are 
basically the same while the hazard index at the unit is greater than in the background. In both 
cases, the major contribution to the hazard is iron. The secondary COCs for the unit are arsenic, , 

beryllium, and benzo(a)pyrene. Once again, the only notable difference between the unit and the 
backgrourid is the benzo(a)pyrene that is present at the unit. 

- .  Resident (AduWChild) - 0 to 1.2 m (0 to 4 ft) Soil Interval 

Pathway Unit Cancer Risk Hazard Bkg Cancer Risk. - Bkg Hazard 

Soil Ingestion 

Soil Dermal 

Total 

2E-05 2 
Arsenic, Iron, 

Benzo (a) pyrene Vanadium, 
Arsenic 

5E-06 ' 
Beryllium 

2E05 

0.2 
Vanadium 

3 

1.3E-05 
Arsenic 

3 .OE-06 
Bqll ium 

2E05 

1 
Iron, Arsenic, 

Vanadium 

0.1 
Vanadium 

1 
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7.2.4 Other Uncertainties in the RGOs 

Several factors should be considered in selecting the appropriate use of the RGOs. There is no 
EPA-verified toxicity value for iron. The designation of iron as a secondary COC is based on the 
use. of a provisional toxicity value for iron. The provision4 reference dose (RfD) for iron has not 
been verified or approved for use in risk assessments by EPA's RfD Workgroup. The provisional 
toxicity value was developed for use by the EPA in their risk assessments, and is not included in 
either IRIS or HEAST. 

There are indications that the provisional RfD for iron is extremely conservative. The USFDA 
daily value @V) for iron is 18 mg per day. For a 70 kg adult, this corresponds to a recommended 
dai1y:dose of 0.26 mg/kg/day. This is the daily dose of iron that is recommended as part of  a 
healthy diet. In order to ingest this amount of iron fiom soil, the concentration of iron in the soil 
would have to be very high, on the order of 180,000 m a g .  This assumes 350 days per year of 
exposure at a rate of 100 mglday for 30 years to a 70 kg adult who gets all his or her iron fiom 
the soil (which is unlikely). The exposure point concentration for 0 to 1.2 m (0 to 4 ft) soil at the 
FDTF is 44,000 mgkg, and 22,700 mgkg for the background. These are both more than an order 
of magnitude lower than 180,000 mg/kg, indicating that iron in the soil is very unlikely to be of ' 

concern at the FDTF. 

Although there are other important sources of iron, particularly in. the diet, there is a large 
discrepapcy between the findings based on the provisional toxicity value for iron versus the 
findings based on the DV. When determining the need for remediation at the FDTF, this large 
degree pf uncertainty should be considered. 

The designation of iron as a secondary COC is thus highly uncertain. Note that arsenic and 
vanadium would not have been designated secondary COCs for noncancer effects, had iron not 
been designated & a secondary COC. Conclusions based omthe use of provisional toxicity value 
should be viewed cautiously in light of the weakness of the availiible provisional toxicity value. 

' 7.3 Development of Ecological RGOs for Soil 

There are no ecological COCs and, therefore, there is no need for RGOs. The surface soil (0 to 
0.3 m [0 to 1 ft]) has a small amount of risk to ecological receptors, but the risk is so small that 
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. the decision criteria are not exceeded. Subsurface soil (0 to 1.2 m [0 to 4 fi]) exhibits HQs 
greater than 1.0, but the COPCs do not pass the weight-of-evidence analysis. Further. the unit 
occupies a very small piece of grassy habitat. 

7.4 Summary of RGOs 

RGOs were not ’calculated for chemical COCs as defined and identified in the human health risk 
assessment based on the uncertainty analysis. As a result of this finding, it is recommended that a 
“No Action” be considered for the Fire Department Hose Training Facilitjl. 

, 

- 
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.8.0 SUMMARY AND CONCLUSIONS, 

The soil sampling activities conducted at the Fire Department Hose Training Facility (FDTF) and 
background locations provided data on the types and extent of constituents present. These data 
were used to evaluate the human health and ecological risks associated with any residual 
contamination remaining at the waste units. 

. 

8.1 Summary of Primary Sources 

The FDTF was used between 1979 and 1982 by the Savannah River Site (SRS) Fire Department 
to train personnel in fighting waste oil fires. The training facility consisted of a shallow, unlined 
.pit surrounded by a 50 cm (18 in.) high asphalt dike. The dimensions of the pit were 
approximately 6 by 12 m (20 by 40 ft). Training exercises typically included pouring burnable 
oil into the basin, igniting it, and then having fire department personnel extinguish the fire. No 
known hazardous wastes were placed in the unit. 

The primary source of contamination would be soil impacted by the oils and associated fbels 
burned at the facility. The soil was removed to a depth of 1.2 m (4 ft) between November '1 982 
and June 1994. The exact date is not known. An additional one meter square (3 by 3 ft) area was 
cleaned up in 1985. This was attributed to a small petroleum product spill. A soil gas survey 
conducted in 1986 identified organic contaminants at a depth of 1 m (3 ft) below ground surface 
(bgs). This finding was supported by data from soil .samples collected -in conjunction with the 
soil gas survey. Field observations at the time of this sampling identified oil satkted soil in the 
northeast comer of the unit. This soil was apparently removed between 1982 and 1985. 

. Following soil removal, the site was returned to grade with clean fill. The results of a second soil 
gas survey performed in 1992 again showed petroleum contaminants, but at markedly lower 
concentrations than those reported .in the 1986 survey. Therefore, it is concluded the primary 
source has been removed. I 

8.2 Summary of Secondary Sources 

Surface and subsurface soils are the primary media impacted by past operations conducted at the 
FDTF. Therefore, they are also the secondary source of c o n b a n t s .  The surface soil was 
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sampled fiom 0 to 0.3 m (0 to 1 ft), and subsurface soil was sampled in the interval from 0 to 
. 1.2 m (0 to 4 ft) at five locations in the FDTF. 

8.2.i Surface Soil in the FDTF 

Manganese and two semivolatile organic compounds (SVOCs), benzo(a)pyrene, and benzo- 
(g.hh,i)perylene, are the USCs in the surface soil. No volatile organic compounds (VOCs), 
pesticides, polychlorinated biphenyls (PCBs), dioxins, furans or radionuclides were identified as 
USCs for surface soils. 

8.2.2 Subsu@ace Soil in the FDTF 

.Eight metals were identified as USCs in the' subsurface soil: aluminum, arsenic, beryllium, 
chromium, iron, manganese, sodium, and vanadium. With the exception of manganese, all 
exceedances occurred in the interval between 0.3 and 1.2 m,(l to 4 ft). No trend was identified 
across the unit, although a general increase in concentrations occurred with depth. Two SVOCs, 
benzo(a)pyrene and benzo(g,h,i)perylene, are USCs in the subsurface soil. These constituents 
were not detected in the 0.3 to 1.2 m (1.0 to 4.0 ft) interval. No VOCs, SVOCs, pesticides, 
PCBs, dioxins, furans, or radionuclides were identified as USCs for subsurface soils at the 
FDTF. 

8.2.3 'Deep Soils at the FDTF 

The deep soil intervd is comprised of depths greater than 1.2 m (4 ft). Samples were collected to 
a depth of 4.0 m (13 ft). Seven metals were identified as USCs for the deep soil: aluminum, 
arsenic, beryllium, chromium, iron, sodium, and vanadium. With'the exception of manganese, 
each metal identified as a USC in the 0 to 1.2 m (0 to 4 ft) interval is a USC in the deep soil. The 
concentrations of the metals generally decrease with 'depth, which suggests the metals have 
adsorbed to soil pd.cles and been immobilized in the soil. No VOCs, SVOCs, pesticides, 
PCBs, dioxins, furans, or radionuclides were identified as USCs for the deep soils. 

/ 

8.2.4 Data Interpretation 

The soil characterization identified only metals as USCs in'all three soil intervals; surface; 
subsurface and deep soils. The two SVOCs identified as USCs in the surface and subsurface 
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soils were detected only in the uppermost interval sampled, 0 to 0.3 m (0 to 1 ft). The available 
records indicate that only petroleum products were placed in the FDTF. It is also probable that 
soils containing hydrocarbon residues were removed (and clean backfill placed) three times over 
a 4 to’ 10 year period. 

’ Based upon the unit’history and the results of the soil characterization, the metals and SVOCs 
identified as USCs do not appear to be the result of fire hose training activities. 

8.3 Summary of Exposure Pathways 

The groundwater has been monitored in the vicinity of the FDTF for many years. Prior to the 
start of this characterization (and unrelated to it), SRS evaluated the historical groundwater 
nionitoring data and reduced the analytical suite to aluminum and total recoverable petrolek 
hydrocarbons (TPHs). Since TPHs have not been detected in the groundwater, groundwater 
sampling .was not conducted in this investigation. The potential for constituents present in the 
soil to migrate to groundwater was evaluated. Only iron was present in concentrations above its 
generic soil screening level with a dilution attenuation factor of 20. 

Air and biota in the vicinity of the FDTF were also identified in the Conceptual Site Model 
(CSM) as exposure pathways. The impact on these secondary media via secondary release 
mechanisms c& be evaluated using the results of surface soil sampling. Therefore, no ecological 
s&ples (biota, fish tissue, vegetation, etc.) or air samples were collected during‘ this 
inyestigation. 

. 

The characterization data analysis and unit history indicate there is no exposure pathway 
impacted by the FDTF. 

8.4 Summary of Baseiie Risk Assessment 

A Baseline Risk Assessment (BRA) was conducted to assess the potential for adverse effects 
.associated with exposure to contaminants at the FDTF in the absence of any institutional controls 
or remedial actions for &e units. The BRA provides the basis for determining whether or not 
remedial action is necessary and the justification for performing remedial action. 
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8 . U  ‘Summary of Human Health Risk Assessment 

A human health BRA was conducted in order to evaluate the significance of contamination of the 
soil and groundwater at the FDTF. One soil exposure unit was ‘identified within which human 
receptors could reasonably average their exposure. Soil monitoring data for this exposure unit 
were aggregated into exposure groups according to depth in soil. : 

Summary statistics, including an estimate of the exposure point concentration based on the 
reasonable maximum exposure (RME), were prepared. The RME is intended to provide a 
conservative, yet realistic, estimate of exposure. The exposed receptors were based on current 
and future land uses. The current receptor is identified as an adult, the known on-unit worker. In 
the future, the most likely receptor is believed to be the on-unit industrial worker. Also 
considered for the future are the resident child and adult, although residential development of the 
FDTF is not considered likely and is prohibited under the recently adopted land use plan for SRS 
(DOE: 1996). 

Exposure .parameters were developed to define the intensity of exposure to each receptor and to 
develop an RME estimate of intake by the receptor. Noncancer hazards and.cancer risks were 
estimated for all exposures encountered by the receptor. If the total hazard index was greater 
than 1.0, or if the total cancer risk was greater than 1 x loa, then the exposure pathways and 
routes were examined to determine the source of the excessive hazard or risk. 

The examination was extended to the individual constituents within a given media to identify the 
constituents’most attributable to the hazards &d risks. In this manner, constituents of concern 
(COCs) were identified. Table 6.2-5 provides a summary of human health COCs. 

: The BRA for human hedth did not identify any primary or secondary COCs for the known on- 
unit worker from exposures to the surface soil (0 - 0.3 m [0 - ly). The.BRA for the scenario of 
the hypothetical on-unit worker identified two cancer COCs, arsenic and beryllium, from the 
exposure to soil. The BRA for the future use scenario of the on-unit resident identified three : 
noncancer secondary COCs; arsenic, iron, and vanadium; from the exposure to soil. It also 
identified arsenic, beryllium and benzo(a)pyrene as cancer secondary COCs from exposure to 
soil. 

.. 
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8i4.2 Summary of Ecological Risk Assessment 

The ecological BRA for the FDTF evaluated the likelihood of harmfhl effects to ecological 
receptors from exposure to contaminants in soil. The receptors in the FDTF food web that were 

. evaluated include terrestrial plants, earthworms, meadow voles, short-tailed shrews, American 
. . robins, and.red-tailed hawks. These receptors serve as assessment endpoints for the risk to plant 

and animal populations and ecosystems at the FDTF. 

The evaluation of ecological risk was conducted according to relevant EPA Headquarters, U.S. 
EPA Region IV, South Carolina Department Health and Environmental Control, and 
Westinghouse Savannah River Company guidance. The assessment methods follow the EPA 

Framework for Ecological Risk Assessments (EPA, 1992b). 

Ecological Constituents of Potential Concern (COPCs) were identified from constituents 
detected at FDTF, and incomplete exposure pathways were eliminated. The risk fkom COPCs in 
FDTF surface soil was evaluated only for those pathways resulting in ingestion of soil or those 
food items exposed directly or indirectly to soil. COPCs are those constituents whose maximum 
measured concentrations exceeded a toxicity screening value for ecological receptors and 2X the . 
background mean concentration. The toxicity screening value was the lower of the benchmark 
doses associated with no observed adverse effect on test species of mammals and birds reported 
by Opresko et al. (1995). 

Based on field reconnaissance, the principal ecological communities at the FDTF were 
characterized as m a i n h e d  grassy fields with scattered mature trees; transportation, transmission . 

line/pipeline right-of-way; and pine plantation. The dominant habitat on the FDTF is a grassy 
field. A Savannah River Forestry Service inventory in 1994 (SWS, 1994) documented the 
animals in habitats at @e CS Area Burning/Rubble .Pit located about 400 yards south of the 
FDTF. Most receptors, exposure classes, and/or species evaluated ". in the ecological-risk 
assessment (ERA) were observed at the unit or potentially reside or forage there. No threatened, 
endangered and sensitive (TES) species are expected to be exposed to COPCs in surface soil at .  
FDTF; however, three TES species (one plant and two animal) could occur in the area. 

. 

Six assessment endpoints representing environmental values to: be protected in accordance with 
two policy goals were evalated at FDTF. The risks to FDTF populations and ecosystems were 
evaluated by estimating the risk to populations of the six indicator receptors' (terrestrial 
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.vegetation, earthworms, meadow vole [proxy for herbivorous mammals], short-tailed shrew, 
American robin, and red-tailed hawk) according to ecological relevance, susceptibility, 
accessibility to prediction or measurement, and relevance to policy goals. 

The CSM, represented by the six issessment endpoints and the exposure pathways diagram, 
shows the links between the source media (surface and subsurface.soi1) and the six ecological 
receptors. The exposure routes that are evaluated for each receptor and the food web indicating 
feeding relationships among biota are also specified. 

.. 

For the evaluation of risk to FDTF populations and ecosyStems, decision rules are stated in terms 
of hazard quotients (HQs). HQs compare estimates of exposure based on site measurements 
(e.g., RME concentrations of COPCs in the source media [surface and subsurface Soil])..to 
measures of effect. (e.g., test concentrations associated with levels of adverse effect on ecological 
receptors). 

Measured concentrations of ecological COPCs in surface soil &e used to estimate the RME 
concentrations and doses for ecological receptors. The RME concenmtion for plants and 
earthworms is the RME soil concentration. The reasonable maximum e h a t e d  dose (EDsoi,) for 
animals that are exposed by ingestion is the RME soil concentration adjusted for reported daily 
ingestion rates, body weights, bioaccumulation and soil-to-plant uptake factors, estimates of 
absorption from soil, and the degree of overlap of receptor home range and the exposure unit. 

' 

Published toxicity-benchmark data are used to derive COPC concentrations associated 'with 
levels of adverse effect on ecological receptors at FDTF. Toxicity reference values (TRVs) for 
plants and earthworms are published soil concentrations with the lowest observed adverse effect 
on the test species of plant or earthworm. TRVs for mammals and birds are concentrations of 
COPCs in ingested matter associated with lowest observed adverse effect levels (LOAELs) on 
the mammal and bird test species. I 

HQs for current and future exposure of ecological receptors to COPCs in surface and subsurface 
soil were calculated and used to estimate risk. No HQs exceeded 1.0 in surface soil (0 to 0.3 m 
[0 to 1 .O e]); therefore, there are no ecological risks for current conditions. For future conditions 
in deeper soil (0 to 1.2 m [0 to 4 ft]), five metals (aluminum, cadmium, chromium, selenium, and 
vanadium) had an HQ greater than 1.0. No organics had an HQ greater than 1.0. The COPCs are 
aluminum, cadmium, chromium, selenium, and vanadium. 
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There are uncertainties in the parameters used to estimate exposure, but reported values for 
receptors' ingestion rates, size and home range, soil-to-plant uptake factors, and soil-to-animal 
bioaccumulati'on factors are unlikely to be biased or to severely and consistently overestimate or 
underestimate exposure. Exposure may be overestimated for some contaminants because the 
fraction available for absorption by animals may be overestimated. Extrapolation from studies 
involving laboratory doses to exposures at the FDTF is a major source of uncertainty in the 
estimate of risk to ecological receptors, because the availability of the contaminant under test 
conditions may be greater than it is to receptors living in field conditions. 

The weight-of-evidence analysis and evaluation of uncerdnty for ecological COPCs with HQs 
exceeding 1.0 resulted in rejection of all five metals as sources of significant risk to ecological 
receptors at the exposure unit. 

No remedial goal options (RGOs) were developed because there were no ecological COCs. 

8.5 Summary of Remedial Goal Options 

8.5.1 Human Health Risk-Based RGOs 

RGOs are cleanup concentrations for contamiriated environmental media that are designed to 
provide conservative, long-term targets for the selection and analysis of 'remedial alternatives. 
RGOs were not developed for the COCs at the FDTF. 

No primary or secondary COCs were identified under current land use assumptions. 

.Residential and industrial exposure scenarios were evaluated in the human health risk assessment 
under future land use assumptions. Although the future industrial exposure scenario is more 
likely, the future residential scenario was included as a conservative measure. Secondary'COCs 
were identified for the hypothetical industrial worker and on-unit esident. 

Human health RGOs (HHRGOs) are not unique to a given exposure arw they are estimates of 
the upper acceptable concentration for a given receptor exposed to soil. The following briefly 
summarizes the findings of the BRA as it pertains to the development and application of the 
HHRGOs: 
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0 . 'For current land use, there are no primary or secondary COCs. 
0 .For the future industrial land use, there are two secondary COCs. 
0 For the future residential land use, there are five secondary COCs. 
0 For the 0 to 0.3 m (0 to 1 ft) soil interval, there is one COC, benzo(a)pyrene, for the on- 

0 For the 0 to 1.2 m (0 to 4 ft) soil interval, there are five secondary COCs for the 
' hypothetical on-unit resident. There are two secondary COCs for the f;ture industrial 

worker. 

. unit resident: 

There are no ARAR-driven COCs because there are no ARARs forsoil. 

For the future residential land use scenario, HHRGOs for soil were not developed for arsenic, 
benzo(a)pyrene, beryllium, iron, or vanadium because they were eliminated through the 
uncertainty analysis process. Most important in this regard are the following findings discussed 
in detail in Sections 6 gnd 7: 

Iron was designated as a COC based on an uncertain provisional toxicity value, which is 
not meant to be used in the general risk assessment community. 

h a p p e r  limit on the concentration of iron in soil can be estimated using the U.S. Food . 
and Drug Administration Dietary Value for iron. This upper limit is an order of 
magnitude greater than the exposure point concentrations for iron in soil at the FDTF. 
The hazards and cancer risks at the FDTF are generally similar to background. The 
h k d  at the unit is greater than background for the 0 to 1.2 m (0 to 4 ft) soil interval, due 
to iron. 
Benzo(a)ppene was detected at a fiequency of less than 5 percent. 

8.5.2 Development of Ecological RGOs for Soil 

There are no ecological COCs and, therefore, there are no ecological RGOs. 

8.6 Conclusions 

The Surface and subsurface soil investigation at the FDTF adequately characterized the levels of 
contamination in soil. This includes both present contamination and the potential for future 
releases. This investigation has provided an understanding .of the nature and extent of 
contamination, determined there are no potential impacts to groundwater, and identified the 
human health and ecological risks associated with the unit. Based on the results of the 
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. uncertainty analysis presented in Sections 6 and 7, all analytes are dropped from the HHRGO 
list. There are no ecological COCs and, therefore, no ecological RGOs. As a result of these 
findings, SRS believes that sufficient information is available to proceed with a “No Action“ 
Statement of BasisA’roposed Plan and eliminate the Corrective Measures StudyEeasibility Study 
for the FDTF. 

. 
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APPENDIX A-1 

1986 SOIL GAS SURVEY 
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FUGRO GEOSCIENCES, INC. 
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Westinghouse Savannah River Company 
Building 772-7B, Room 2 
9000 Brookhaven Drive 
Aiken, SC 29803-6105 

~GGRO 

August 6,19B 
Report Number 03016122 

6105 Rookin - 
Houston, Tx DO74 

Phone : 713-178-5580 
Fax :713-m5501 

Attention: Ms? Jannelle Janssen 

.I 

Dear Ms. Janssen: 

CONE PEN'ETROMETER7ESTING 
AND RELATED SERVICES 

FBW / FDTF CENTRAL SHOPS 
SAVANNAH RIVER SlTE 

Please find enclosed herewith the final mutts of the cone penetrometer tests conducted at the above 
referenced location.. 

For your infohation, the soil stratigraphy was identified using Campanella and Roberlon's Simplified Soil . 
Behavior Chart. PleaSe note that because of the empirical nature of the soil behavior chart, the soil 
identification should*be verified locally. 

Fugm Geosciences appreciates the opportunity to be of service to your organization. If you should have any 
questions, or if we can be of further assistance, please do not hesitate to contact us. We look forward to 
working with you in the future. 

Very truly yours, 
FUGRO GEOSCIENCES, INC. -2s L 
Recep Yilmaz 
President 

RYlrsp 
I Diskette(s) Endosed 
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1 . Key To Soil Classification and Symbols . 

i SOIL N P E  W P L E t Y P E  
 own in Symbol Wumn) . (shorn, in S m p k s  Column) r m  

' .  . .  

Parting: 
Seam: 
hyec 
Fissured: 

ssnrftivc: 

intebdded: 

hminated: 

CalCarS0US: 

Wall Graded: 

Fkalmed: 

Skkmdded: 

hrfinSy S i d e d :  
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1992 SOIL GAS SURVEY 
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n 1  
FT I 
R' 18 
FT 1 
R l  
FI 1 
FT 12 

. Ff 14 
FT 15 
FT lb 
FT 17 
'n 20 
n 21 
F; 22 
R 2s 
FT 26 
FT 27 
FT 20 
FT 29 
Fi 41 
FT 41 
FT 4 1  
FT 4 1  
Fl 4 1  
FT 41 
FT 47 
FT 41 
FT 47 
FT 41 

' FT 51 
F? 51 
FT 51 
FI 51 
FT 51 

1.0 
2.0 
2.0 
3.0 
4.0 
5.0 
2.0 
2.0 
2.0 
'2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0, 
2.0 
2.0 
2.0 
1.0 
2.0 
3.0. 
4.0 
5.0 
1.0 
2.0 
3.0 *d 

4.0 
5.0 - -  
1.0 
2.0 
5.0 
4.0 
5.0 

n 1  1.0 
FT 1 2.0 
n 1R 2.0 
R l  3.0 
R 1  4.0 
n r  5.0 
FT 12 2.3 
R I4 2.0 
n 1s 2.0 
FT 16 2.0 

I7 2.0 
R 26: 2.0 
n 2s 2.0 
nz2 2.0 
R23 2.0 
FT 26 2.0 
FT 21 2.0 - 
FT 19 2.0 
FT 29 2.0 
FT 41 . 1.0 * 

FT 41 2.0 - 
. FT 41 3.0 

FT 41 4.0 
FI I 1  5.0 
FT 47 1.9 
n 47 2.0 
FT 47. 3.0 
Fl 47 4.0 
n I1 5.0 
n 51 1.0 
n 51 2.0 
FT 51 3 . 0  

FT 51 5.0 
FT SI 4.0 , 
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TECHNICAL DIVISION 
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3. E. GORDON 
74catla- 
P. CORBO 

..- 

cc: C .  A .  P?- lmio t to ,  773-42~ 
C. R. Sherman, 703-A. 
A.  M. N o w i c k i ,  703-A  

November 5 ,  1986 

SOTL GA!5 SC?.VEY OF FIRE DEPZUW X T  ROSE TRAINING FACILITY 

A s o i l  gas su rvey  of the  F i r e  Department Hosr! T r a i n i n g  
F a c i l i t y  (Bui ld ing  904-1136) w a s  conducted r e c e n t l y  t o  de te rmine  
whether any contaminat ion  was pr - - sen t  f r o m  waste oil t h a t  was 
burned when t h e  f a c i l i t y  was used  t o  t r a i n  f i r e  depar tment  
p e r s c m e l .  The r e s u l t s  of t h e  su rvey  s u g g e s t  that  some o r g a n i c  
residile has been l e f t  i n  t h e  >.rea of the  T r a i n i n g  F a c i l i t y .  The 
survey and r e s u l t s  are described below. 

Tne g r i d ' u s e d  in performing  t h e  soj.1 su rvey  i s  g i v e n  i n  F igure  
1. The a r e a  I n  t he  c e n t e r  square is where t h e  p i t  appears to have 
been located based on f i e l d  i n s p e c t i o n .  :-ieces of asphalt w e r e  also 
observed ' in the . . en te r  sectio ... 
i n d i c a t e s  where o i l  was p r e s e n t  on t h e  soil. Both soil samples and 
s o i l  gas samples-were used i n  .this study. Soil'gas samples  were 
t z k e n  a t  a three-foot depth at all locations. Soil .samples w e r e '  

* t ~ . ~ - e n  at several l o c a t i o n s  at a t w o - f o o t  depth. Five-foot cores 
were . taken  a t  f.our l c x a t i o n s  and  ana lyzed  evesy  foot t o  determine a 
depth  p ro t i l e .  

The shaded  area i n .  the center 

- 
-. 

The soil gas was ana lyzed  for methane, e t h a n e ,  propane, butane,  
e t h y l e n e ,  ..nd propylene .  These compounds w e r e  chosen as possible 
breakdown p roduc t s  of o i l .  The data are presented i n  Table 1 end : 
summarized i n  Figure  2. Most of t h e  h igh  c o n c e n t r a t i o n s  of t o t a l  
hydrocarbons w e z e  found w i t h i n  i n  t h e  o u t l i n e d  area i n . F i g u r e  2 .  A t  
f i v e  of these l o c a t i o n s ,  greater t h a n  100 ppm of to ta l  hydrocarbons 
were observed. 

. 

. 

t 

Soil sampPes were t a k e n  az l o c a t i o n s .  l isted i n  Table 2 a t  
several  two-foot depths at;d a t  f o u r  fit.:-fobt d e p t h s  which  were 
analyzed  a t  one-foot i n t c r v a l r .  So i l  samples w e r e  ana lyzed  for 
pentar. -, hexane, heptane,  octane, benzene, and t o l u e n e .  Tnese 
compounds w e r e  chosen as p o t e n t i a l  breakdown p r o d u c t s  of o i l ,  and 
are  more l i k e l y  t o  be as oic ia ted  wi th  soil rather t h a n  soi l 'gas 
s i n c e , t h e y  are heavier cGmpared t o  the compounds measured i.7 the 
so i l  gas. 

i 

' .  



_ _  . . .--- " 

Several of t h e  heavier hyCrocarbon compounds w e r e  Observed at a 
two-foot depth for sample l o c a t i o n s  22, 41; and 31. 
and 4 1 ,  which showed low levels  Of total hydrocarbons in the s o i l  

. gas, ' d i d  not  contain any of t h e  compounds throughout the  f ive- foot  
sample depth. 
c.ornpounds i n  the first four feet of the f i v e - f d o t  core.. Location 51 
showed the presence of the h e a v i e r  compounds in t h e  two, thre.:, and 
four-foot sections.  
concentrations of total hydrocarbons i n  the soil gas. These 
r e s u l t s  suggest that waste oil may be present t o  a del?,th of four 
f e e t .  

Locat ions  1 

Location 4 7  showed the presence of the  heavier  

Locations 47 and 5 1  both had high 

The z e s u l t s  of t h e  soil gas Sunrey can be - ;ed a screening fo r  
contamination at the F i r e  Department Hose Training F a c i l i t y .  . 
Further testing is needed E o  determine whether.this area cuntains  
any hazardous 'mater ia ls .  

' 

. .  
I. . .  
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UNIT HISTORICAL INFORMATION 
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APPENDIX A 4  

DATA QUALITY OBJECTIVES 



AERIAL PHOTOGRAPH, EG&G, 4997-107, 05-19-1985 



1- 
AERIAL PHOTOGRAPH, EG&G, 4736-084, 06-09-1984 
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AERIAL PHOTOGRAPH, EG&G, 4126-078, 08-26-1982 



AERIAL PHOTOGRAPH, EG&G, 3388-050,09-02-1980 



AERIAL PHOTOGRAPH, SRP SC, F16, 279-21, 03-07-1979 



AERIAL PHOTOGRAPH, EG&G , 89 2 - 0 15,12 - 11 - 19 7 5 



Fire Department Hose Training Facility; Aerial Photograph, AEC, FS2-181,2-13-74 
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'YTER-OFFICE MEMORANDUM 
SAVANNAH RIVER PLANT 

.. 

December 5,  1984 

TO : . M I  B e  HUGHES, 703-A 
CHAIRMAN, WASTE SITE CLOSU&E TASK. FORCE .-- 

FROM: P. F. BECK, 7 0 9 - 4 A  
LIAISON, FIRE PROTECTION 

. .  

. 

FIRE PROTECTION'S ABANDONED HOSE TRAINING FACILITY 

. .  I 
P r i o r  t o  t h e  waste s i te  c l o s u r e  meeting on J u l y  13, 1984 we had 
d i scussed  t h e  F i r e  P r o t e c t i o n ' s  abandoned hose t r a i n i n g  f a c i l i t y ,  
904-123G, n e a r  t h e  Ford build in^. 
f a c i l i t y  would b e ' t r e a t e d  as a 
approval  f o r  u s  t o  have T & T excava te  t h e  small area, hau l  t h e  s p o i l  
t o  the s a n i t a r y  l a n d f i l l  and b a c k f i l l  w i th  c l e a n  d i r t .  

I n  o u r  d i s c u s s i o n  you s a i d  t h a t  t h e  
s p i l l "  and would only need DEHEC's 

Would you check  wi th  DEHEC and see if they  have approved ou r  plan. 
so,  I w i l l  i s s u e  a M U C  to T & T t o  proceed. 

PFB:rs . 
A t t  

CC: R. B. Jewell, 742-A 

If 
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OSR 3 4 A  
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INTER-OFFICE MEMORANDUM 
SAVANNAH R I V E R  PLANT 

October 17, 1985 

TO: M. B. HUGHES, 703-A 
. CHAIRMAN, WASTE SITE CLOSURE TASK FORCE 

SAFETY AND FIRE PROTECTION 

FIRE DEPARTMENT HOSE TRAINING FACILITY 904-1136 

As a Waste Site Closure Plan this memo would' list proposed clean-up 
and closure recommendations,. however in writing the closure plan for 
904-1136 it was noted that clean up and closure was requested by the 
Fire Division in March of 1982, and then T & T Department completed 
the following : 

. * 

o Removal of all oil contaminated s o i l ,  approximate size 
20'x20tx3' ; 

1. o Clean soil was backfilled; 
. .  
% o Disposal of o i l  contaminated soil at burial ground. 

Inspections during April, July and September 1985 revealed that 
vegetation had recovered and the appearance of the training area was 
similar to that of the surrounding area with the.exception of an area- 

up for this 3'~3'~2"'area was the same as the 1982 clean-up procedure... 

Documentation concerning clean up is limited to: 

o MIAC #BG 676 IDP 566390506 11/2k/8?' 

o 

. in size 3'x3'x2". This area has been dumped on illegally. The clean 
/ 

T & T-Log Book Entry: 11/21/82 14 loads of oil-contaminated 
soil were excavated and sent to burial 
ground. 

KEK:rs 



WESTINGHOUSE SAVANNAH RIVER COMPANY 

INTEROFFICE MEMORANDUM 
PROJECTS ENGINEERING AND CONSTRUCTION DMSION 
SITE GEOTECHMICAL SERVICES DEPARTMENT -- 

PWCD-SGS-97-0089 

April 15, 1997 

TO: Sharon Fraley 

FROM: Stephen KnUnel 

RE: Fire Department Hose Training Facility (FDTF) (#go41 13G) - Update on Document Search 

The following is a rewrite of my November 15, 1996 interoffice memorandum which includes new 
information obtained from aerial photographs received on March 6, 1997. 

A document search was conducted to locate information concerning clean up activities and disposal of 
materials at the Fire Department Hose Training Facility (Building #904-113G). Documentation of clean up 
activities are limited due to the dates of clean up (1982 - 1984) and the subsequent removal of the facility 
from the SRS database. 

From the available information, the following history of the unit can be made: 

The FDTF was build between 1975 and March 1979 and operated by the SRS Fire Department 
between 1979 and 1982 to train personnel in fighting waste oil fires. The training facility consisted 
of an approximately 6 x 12 m (20 x 40 ft) unlined shallow pit surrounded by an approximately 0.5 
m (1.5 ft) high asphalt dike. Training exercises typically included pouring burnable oil into the unit, 
igniting it, and then having the fire department extinguish the fire. No known hazardous wastes 
were placed in the unit. 

. 

The SRS Fire Department discontinued uses of the FDTF and recommended the facility for clean up 
and closure in March of 1982. Available documentation indicates that clean up activities occurred 
on 11/21/82 and that 14 loads of oil-contaminated soil were excavated from an approximately 6 x 6 
x 1 M (20 x 20 x 3 ft) area and sent to the sanitary landfill. However, the date of this clean up 
activity could not be verified since an aerial photograph from 1983 shows the FDTF still present. An 
additional aerial photograph from June 1984 shows the FDTF pit has been removed and the area 
excavated. The excavated area is approximately 10-12 M (30-40 ft) wide by 15-18 M (50-60 ft) 
long and the pit dikes and visible contaminated soils are removed. An additional 3 x 5 M (1 0-1 5 ft) 
wide by 10-12 M (30-40 ft) long area is visible on the north side of the main excavation which 
either an additional remediated area, a pile of the excavated material, or material intended for 
backfill. The photographs indicate that either existing documentation is incorrect (1 1/21/82 is - 
actually 1 1/21/83) or that a subsequent more extensive excavation took place between July of 1983 
and June of 1984. Subsequent inspections during 1985 indicated that an additional approximately 1 
x 1 M (3 x 3 ft) area of visibly contaminated soil was present, possibly from illegal dumping or a 
spill. This area was also excavated to a depth of approximately 0.5 M (2 ft) and the soil removed 
from the site similar to the 1982/84 clean up activities. 

The existing documents, verbal information, pictures, and aerial photographic information concerning the 
FDTF are discussed below. 
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.- 

INTER-OFFICE MEMORANDUM 
SAVANNAH RlVER PLANT 

J u l y  16,  1984 

TO: - M e  B. HUGHES, 703-A 
. .  

FIRE PROTECTION DIVISION HOSE TRAINING FACILITY 904-1136 

?his p i t  w a s  used as a hose  t r a i n i n g  s i te  .from 1979 t o  February  1983 ., 
when it  w a s  abandoned. It i s  approx ima te ly  20 feet by 40 feet w i t h  
one-foot  d i k e s  on a l l  s i d e s  and has o i l - s a t u r a t e d  soi.1 about  three 
inches  deep i n  the bottom. Our plans for  cleanup ate listed below. 

( .  . 

1. The p i t  d i k e s  or  w a l l s  and one  foot  of s o i l  on t h e  f loor  W i l l  
be removed and s e n t  t o  the P l a n t  S a n i t a r y  L a n d f i l l  by 
T & T Department. 

S u f f i c i e n t  c l e a n  t o p s o i l  w i l l  be hauled  i n  t o  r e f i l l  and level 
t h e  p i t ,  a g a i n  by T & T Department. 

2. 

If you feel that  DEHEC-Aiken would- l i k e  t o  i n s p e c t  t h e  p i t  b e f o r e ,  
du r ing  o r  af ter  the j o b ,  plerise ca l l  m e  on X1897, and I w i l l  a r r a n g e  
f o r  badge and escort. _- 
PFB : rs - 
CC: J. C. l f o r r i s ,  703-A 

P. E. McBeath, 703-ZA 
K. B. J e w e l l ,  742-A 

/- 
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GROUNDWATER MONITORING DATA 



Pathway Media 
. Groundwater 

Probable Conditions 
Not impacted. 

I 

. Exposure Pnthwry 
rndlor Release 
Mechanisms 
Infiltration 

I 

FD1 a- 
UQO WORKSHEET 

PATHWAY 

Data Needs and DQOs 
. Including 

EnglneeringlPhysIcal 
Processes 

Empirical soil data lo 
predict leaching 

potential. 

I 

! 

Sampling and Field 
Activities Including 

Removal and 
Characterization 

Soil samples. 

Cone Penetrometer Testing. 

Evnluate pre-existing soil 
data for Central Shops Area 

soil samples collected to 
determine unit specific 

contaminants. 

Parameters 
Gnmma spectroscopy 
(PI IA) radionuclides. 

gross nlpha, noli volatile 
bctn. speciation when 

required. 
TCLU'AL with TICS. 

Pore pressure, tip and 
slceve resistance. 

. .  

.' Pntentinl 
Remedirl Action 

Alternatives 
. No further action. 

RI:IIRI/I:ocused DRA 
Report. 



. Secondary 
Source Media 

FD? r 
DQO WORKSHEET 

SECONDARY SOURCE MEDIA 
(0 TO 4 FEET) 

Probable Conditions 

Exposure Pathways 
andlor Release 

Mechanism 
Potential exposure 
pathways for 0-1 n 

are incidental 
ingestion o f  

contaminated soil, 
dermal contact, 
inhalation. and 

potential uptake by 
biota. For 1-4 n zone, 
exposure is driven by 

future excavation 
scenario. Potential 

leaching to 
groundwate'r could 
occur over time. 

Contaminated Soil 0-4 n 1 

Dnta Needs and DQOs 
Including 

EngineeringlPhyslcal 
Processes 

Determine the nature 
and extent/ fate and 

transport of 
contamination at the 0-4 

ft interval. 

Natural processes, such 
as inlil.tration, wind 

erosion,' surface water 
runoff, and 

bioturbation, may be 
dispersing 

contaminants. Definitive data for risk 
assessment needs. 

Leaching potential with 
empirical data and/or 
EPA SSL guidance. 

Physical parameters for 
leachability evaluation. 

Verification that 
contaminated material 

was removed. 

Snmpling and Field 
Activities Including 

Removal and 
Characterization 

0-4 It Soil samples. 

Cone Penetrometer 
Testing. 

Evaluate pre-existing soil 
data for Central Shops 

Area. 

(PHASE I) 

! 

Parameters . 
Gamma spectroscopy . 
(PIIA) radionuclides, 

gross alpha, non 
volatile betn. speciation 

when required. 
I C I J T A I ~  with TICS. 

Pore pressure, tip and 
sleeve resistance. 

(PIIASE I )  

Potential Remedial 
Action Alternatives 

No further action. 

RFI/RI/I:ocused 
BRA Report. 

I 

(PI i ASE I) 

I. 



I 

I 

(I 3SVHd) 

( I  ZJSVHd) 

(133d P 4 



Primary 
Source Material 
Oil in the FDTF 

I 

Probable Conditions 
The primary sources at the 
PDI I :  have been removed, 
land the unit backfilled to 
level conditions with clean 

fill. 

F D r  11 
DQO WORKSHEET 

PRIMARY SOURCE MATERIAL 

Exposure Pathway 
sndlor Release 

Mechanisms 
NIA 

Data Needs and DQOs 
Including 

EngineeringlPhysical 
Processes 

NIA 

Field Activities 
Including Removal 

and Characterization 
NIA 

Parameters 
NIA 

' Potential  
Remedial  Action 

Alternatives 
NIA 

I 



Secondary 
Source Media 

Soil 0-1 n 

Exposure Pathways . 
and/or Release 

Mechanism ' 
Potential exposure 

, 

Data Needs and DQOs 

EnglneeringlPhysical Removal and 

Sampling and Field 
Including Activities Including 

Processes Characterization 
0-1 n soil samples Determine the nature and 

Probable Conditlons 
' Backfill material. 

Some bioturbation may 
have caused intermix o f  
potential contamination 

from below I R 

pathways for 0- I It are 
incidental ingestion of 

contaminated soil, 
inhalation, dermal 

contact. and potential 
uptake by biota. 

extent/ fatb and transport 
of contamination at the 

0- I R interval. 

Definitive data for risk 
assessment needs. 

Verification that 
contaminated material 

was removed. 

(PHASE I) 

Parameters 
Gamma spectroscopy 
(PI IA) radionuclides, 

gross alpha, non- 
volatile beta, 

speciation when 
rkquired. 

TCL/TAL with TICS 
(PHASE I )  

Potential Remedial 
Action Alternatives 
No rurther action. 

RFVRVPocused I3RA 
Report. 

(PIIASE I )  ! 
I 

I 

\ 

I I 
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WSRC-RP~96-00863, Revision 1 
April 1997 

-.. 
-. 

2nd Quarter 1995 

* WELLCSO 1 
MEASUREMENTS CONDUCTED IN THE FIELD 
Sam bMe.W18/95' 
De& lo water: 46 74 R 14.25 rn) blow TOC 
Waler ebvatim: 257.166 (78.38 m) MI 

prior to mw: 80 0.I . .  

R A .':E SQL ' (krn rn - 
1,670 W L  GE EPM111 

The Savannah River Site's Groundwater Monitoring Program 
Second Quarter 1995 0 

ESH-EMS-950394 
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-: 

-. 
1st  Quarter 1995 

WELLCSO 1 . 
MEASUREMENTS CONDUCTED INTHE FIUD 

1 A L m k m . ~ n c o v m b *  33 

WELLCSO 2 
MWVREHENTS CONDUClED W M E  FIELD 

MIXI - 

Tm: 1428 
PH’ 4.9 
A Y . l w O m g R  w.w n m p n ~ :  19.4% 
A a a m p o v l :  1l.g.C 

The Savannah River Site’s Groundwater Monitoring Program 
First Quarter 1995 (U) 

ESH-EMS-950393 
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F 

3rd Quarter 1994 

. The Savannah River Site's Groundwater Monitoring Program 
Third Quarter 1994 (U) 
ESH-EMS-940516 
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FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANkLYSlS RESULTS SUMMARY 

- 
FBFDBOlO4 FBFDBOl OS 

FBFDBOlO4 FBFDB0105 
107599 107800 
35216 35216 

7 -  10 10 - 13 

Sample Name 
.. .. 
-. 

Station 
Sample ID 
Date 

3260 
4 . 2 7  

'1.3 
1.7 

0.0576 
0.176 
51.9 
12.8 

4 .02  
2.7 

CO.89 
4710 

2.8 
55.6 

1.5 
<0.157 

0.846 
23 

42 .2  
J2.7 

' 102 
0.64 
119 

0 9 1  
1.75 
0.45 
ND 

<-0.02 
0.07 
4.0 1 

ND 
60.1 
<OS5 
co.0 1 
c0.49 
<0.81 

0.98 
co.05 

Depth (ft) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium . 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 
Di-n-octyl phthalate 
Phenol . 
Actinium-228 
Americium-24 1 
Antimony- 124 
Antimony-125 
Barium-133 
Cesium-134 
Cesium-137 
Cobalt-60 
Europium-152 
Europium-I55 
Manganese-54 
Neptunium-239 
Plutonium-238 
Potassium40 
Promethium-146 

Analysis 

. 

. 

- 

. 

N D :  

- 

FBFDBOlOl I FBFDBO102 

107595 107597 
35216 

1410 
G.34 
0.821 

9.5 
0.0703 
0.0737 

63.6 
2.7 

0.244 
1 

4 . 8 8  
1700 

3.6 
23 2 
47.9 

-4.154 
0.708 
32.3 
<I2 
12.8 
4.3 
1.5 
ND 
ND 

0.72 
ND 

G0.02 
ND 
ND 
ND 

4.04 
a . 0 2  
<-0.07 

022  
ND 
ND 

CO.84 
c0.63 

3 12( 
e .82  

1 
20.8 

0.12; 
o.1c 
1 72 
4.c 

0.48; 
1.4 

<0.8 
403C 

2.8 
73.6 
29.3 

0.038 
0.987 

53 
<1 0.3 

13.8 
9.1 
1.6 

ND 
NE 

NE 
<(I 

ND 
ND 
NE 

<0.01 
co.01 
c0.02 
0.35 
ND 
ND 

4 .73  
1.36 

1.18 

NDI ND 

FBFDB0103 

FBFDB0103 
107598 : 
3521 6 
4 - 7  

6210 
0.807 

6.3 
8.2 

0.0645 
0.697 

124 
22.6 

<1.06 
3.5 

c0.92 
19300 

4.3 
96.5 

1.9 
0.083 
0.967 
60.3 

0.416 
17.3 
68.2 

0:782 
4 0 2  
4 0 2  
1.44 
0.64 
ND 

<0.01 
c0.02 

---0.06 
ND 
ND 

GO21 
0.18 

<O 
50.53 
4 .99  

1.15 
<-0.03 

2150 
4 . 3 4  
0.603 

2.1 
0.0598 
0.0897 

46.5 
9.1 

. x1.04 
1.3 

<0.88 
2700 

2 
56.1 

1.4 
<o. 155 

0.598 
23.5 

a 2 . 1  
102 
S6.9 

0.773 
235 
0 87 
1.27 
0.52 
ND 

<O.M 
<0.03 

<O 
ND 
ND 

CO.21 
0.17 

c0.03 
<OS 
<0.7 
0.94 

co.01 I 
I 

APPENDIX B-1 



FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS SUMMAJZY 

FBFDB0102 

FBFDB0102 
.I07597 
35216 
1 - 4  

FBFDB0103 FBFDBOl04 FBFDB0105 

FBFDB0103 FBFDB0104 FBFDBOIOS 
107598 107599 107800 
35216 35216 35216 
4 - 7  . 7-10  10 - 13 

Sample Name ' - -  -. - 
Station 
Sample ID 
Date 
Depth (ft) 

Analysis Units 
Prdmethium- I 47 PCik 
Radium-226 Pcvg 

Ruthenium- 106 PCi/g 
Strontium-90 PC% 
Technetium-99 Pcvg 
Thorium-228 ' pcvg 
Thori~m-232 PCi/g 
Tho~i~m-234 PCik 
Tin-1 13 P W  
Uranium-235 PCik 
Yttrium-88 PCa 
Zinc-65 Pcug 

Radium-228 Pcvg 

ND 
0.27 

<0.94 
ND 

<O 
0.1 1 
1.16 
1.05 

C0.06 
ND 
co 

<0.01 
ND 

FBFDBOlO1 

FBFDBOlOl 
107595 
35216 
0 - 1  

NE 
0.1 1 

<I -52 
NIJ 

<(3 
X0.06 
a.48 

0.43 
<021 

ND 
c0.05 

G0.0 1 
ND 

1.12 
0.24 

<I .22 
C-0.35 

.- <0.02 
0.37 
1.53 
1.65 

4 . 5 2  
60.02 

0.14 
ND 

G O . 0 4  

CO. 13 
0.12 

-. c1.65 
. CO.13 

co 
0.37 
1.59 
1.68 

<0.65 
<0 

<0.03 
ND 

<0.06 

<0.38 
0.3 1 
6.75 

<0.14 
0.78 

<0.07 
1.85 
1..7 

c0.62 
4 . 0 2  
c0.05 
ND 

<O 

.. 

APPENDIX B-2 
, 



FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS SUMMARY 

FBFDB0201 FBFDB0202 I SampleName FBFDB0203 FBFDBOZO? 

FBFDBO204 
107585 
35214 
7- 10 

FBFDB0205 

FBFDB0205 
107586 
35214 

10 - 13 

9900 
0.798 

6.9 
11.6 

0.0709 
0.3 12 

169 
27 

0.568 
17.3 

0.147 
22700 

9 
75.5 

16 
0.03 

1.5 
84.2 

C12.1 
79 

59.3 
7.9 
ND 
ND 
1.53 
ND 

0.06 
ND 
ND 
ND 
0.19 

-4.01 
c0.06 

0.4 1 
ND 
ND 

0.32 
0.91 

NDI ND 1' G0.02 

6670 
0.445 

3.1 
20.1 

0.109 
c0.155 

196 
12 

0.756 
3.5 

0.144 
11 100 

* 5.6 
112 
11.6 

0.038 
1.6 
101 

<I 1.9 
60.1 
27.4 
3.4 
ND 
ND 
1.37 
ND 

co.01 
ND 
ND 
ND 

c-0.02 
0.06 

C-0.22 
0.74 
ND 
ND 

0.14 
2.2 

2040 
4.05 
-42.8 

3.1 
c0.347 

c0.0833 
542 

<O. 178 
Q 

0.146 
2660 

3.5 
57 

0.979 
0.02 

0.484 
39.1 
<I2 
72.2 
9.9 

4 8 6  
0 8 6  
1.22 

c0.67 
N D -  

<0.01 
a .03  

<O 
- N D :  

ND 
0.3 

0.34 
c0.03 

GO.0 1 
0.28 
1.33 

:2 

~ 1 8 . 6  

599c 
0.612 

3.t 
7,s 

.. <0.352 
-4.164 

53.8 
13.4 

4.266 

0.185 
13200 

5.7 
62.3 

0.972 
0.03 
0.86 
71.3 

<I23 
52.8 
38.8 

24 1 
0 9 1  
1.46 

<I -09 
ND 

G0.02 
C0.02 

<4).02 
NE 
ND 

. 0.3 
c0.17 
0.06 

50.33 
0.3 I 
1.07 

4 

5.8 

. 

* 

. 

2690 
4 . 1 5  

. 2 <I32 
3.7 

-4.356 
. a 4 7 4  

55.6 
2.1 

50.209 
4 . 9  
co.9 
63 5 
2.4 

55.2. 
0.3 13 
0.03 

0.333 
39.2 

<12.3 
45.8 

8 
4.1 
1 94 

0 9 5  
1.58 

4 - 1 7  
ND 

<0.08 
<0.02 

<O 
ND 
ND 

<o.o 1 
0.22 
0.06 

c0.33 
a .14 
2.78 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 



FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS SUMMARY 

FBFDB0201 FBFDB0202 FBFDB0203 Sample Name 
-. -.. -- 

Station 
Sample ID 
Date 
Depth (ft) 

Promeihium-147 
Radium-226 
Radium-228 
Ruthenium-I06 
Strontium-90 
Technetium-99 
Thorium-= 
Thorium-232 
Thorium-234 

Uranium-235 
Yttrium-88 
Zinc-65 

. Analysis 

Tin-1 13 

FBFDB0204 

FBFDBO201 
.I07582 

35214 
0 - 1  

FBFDB0202 FBFDBO203 FBFDB0204 
107583 107584 107585 
35214 35214 35214 
1 - 4  4 - 7  7-10  

ND 
0.33 
2.2 1 
ND 

<o. 19 
0.28 
1.57 
1.54 

<1.18 
ND 

<0.11 
<O 

ND 

<-0.8 1 
0.3 

1.98 
<0.06 
<0.05 

0.16 
1.76 
1.38 

<- 1 -48 
<0.03 

<O 
ND 

GO.01 

NE 
0.38 
1 2 8  
ND 
4 

0.1 1 
1.41 
1.43 
4 . 3  
ND 

c0.06 
0.05 
ND 

G O .  I4 
0.29 

.. 4 - 0 2  
G0.2 1 

<O 
0.09 
1.51 
1.51 

<0.94 
<o.o 1 
eo. 1 
ND 

<O 

FBFDB0205 

FBFDB0205 
107586 
35214 

10 - 13 
G O .  I 
0.28 
3.65 

<0.1 I 
c0.11 

0. I 
1.65 
1.1 1 

4.36 
0.08 

co.08 
ND 

G0.06 

APPENDIxB-4 



FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS SUMMARY 

FBFDB0305 

FBFDB0305 
107592 
35215 

10 - 13 

3790 
G .92 

1.5 
2.7 

0.0593 
0.308 

52.6 

0.168 
2.4 

C0.88 
7980 

3.8 
64.1 

1.8 
<O. 154 
0.643 
39.5 

4 1 . 6  
4 4 4  
30.9 
.<18 
425 
a84 

. s:4 

* 

FBFDB0301 FBFDB0302 I 

9540 
e.84 

3 
12.3 

0.0954 
0.486 

151 
15.2 

0.441 
3.5 

<0.86 
I2200 

4.7 
114 
8.3 

0.055 
2.1 
104 

<I 1.4 
15.9 
31.1 
2.9 
ND 
ND 
1.52 
ND 

<-0.01 
ND 
ND 
ND 

<O 
<0.01 

C-0.13 
0.5 
ND 
ND 

<OS7 
0.58 
ND 

FBFDB0301 FBFDB0302 
107588 .lo7589 
35215 35215 1 1 - 4  0 - 1  

Sample Name .. 
-. 

Station 
Sample ID 
Date 
Depth (ft) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium . 
Chromium 
zobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium . 
Vanadium 
Zinc 
Di-n-octyl phthalate 
Phenol 
Actinium-228 
Americium-24 1 
Antimony-124 
Antimony-125 
Barium-I 33 
Cesium-I34 
Cesium- 137 
Cobalt-60 
Europium- 152 
Europium- 155 
Manganese-54 
Neptunium-239 
Plutonium-238 
Potassium-40 
Promethium-146 

Analysis 
8230 

c3.79 
2 

26.6 
0204 
0.225 

219 
8.6 

0.749 
2.8 

. 0.11 
6810 

5.3 
144 
17.7 

0.094 
2.9 
118 

<11.3 
4 4 0  
15.3 
5.2 
ND 
ND 
1.13 
ND 

co.01 
ND 

. ND 
ND 

c0.02 
<O 

<0.11 
0.18 
ND 
ND 

<0.62 
1.6 
ND 

5680 
0.66 

* 4.4 
5.7 

0.05 
0.586 
38.8 
18.3 

0.122 
2.8 

0.12 
14800 

3.9 
40.1 

2.5 
0.02 

1.1 
45.7 

c12.4 
4 5 4  
63.5 

4 9 . 2  
210 

4 9 8  
1.43 
0.69 
ND' 

c0.04 
K0.03 

e-Q.02 
ND 
ND 

60.01 
0.34 

60.01 
<O. 16 
<OS6 

1 
c0.03 

FBFDB0303 FBFDB0303 
107590 ' 107591 
35215 35215 1 7 - 1 0  4 - 7  

122 
1.63 

G0.03 
c0.02 

<-0.02 
- ND 

ND 
0.32 
0.36 

<O 
C0.89 
<057 

1.75 
4.02 

N D -  

367C 
0.564 

3.7 
4.4 

0.04 
1.2 

84.5 
2C 

S0.895 
2.2 

co.9 1 
2810C 

6.; 
69.E 
2.7 

0.0; 
0.5; 
49.: 

<I 1.c 
44 
96.L 
<I 8 
15 1 

a 9 9  
1 2 5  
1.12 
ND 

G0.03 
<O 
<O 
ND 
ND 

<-0.08 
<0.18 
CO.01 
4 . 6 6  
c0.59 

2.86 
xo.01 

APPENDIX B-5 



FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS SUMMARY 

Units 
PCik 
PCik 

P C a  
Pcyg 
PCik 
PCik 
PC% 
Pcgg 
PCi/g 
pcgg 

PCik 

Pcug 
PCik 

FBFDB0301 FBFDB0302 FBFDBO303 FBFDB0304 FBFDB0305 
107588 107589 107590 .. 107591 107592 
35215 35215 35215 35215 352 15 

10- 13 0 - 1  1-4 4 - 7  7 - 1 0  

ND ND G O .  15 C-0.52. <-OS 
<0.13 eo29  <025 <o. 19 CO.22 

1.16 ' 0.77 2.68 . ** 0.76 1:15 
ND ND <0.13 . G0.06 2.1 

e026 0.47 : <O <O <O 
0.15 0.09 0.12 0.1 0.1 

1.3 1 -42 1.31 1.67 1.21 
0.93 1.08 1.66 0.93 1 .+I 
1.95 4 . 6 3  <0.9 1 5-0.07 c-0.01 
ND ND co.01 eo - <0.01 

C0.02 0.13 <0.07 <o C0.02 
C0.03 G0.03 ND ND ND 

- N D  ND c0.03 co.0 I <-0.03 

.. -: - 
Station 
Sample ID. . 
Date 
Depth (ft) 

Promethium- 147 
Radium-226 
Radium-228 
Ruthenium-1 06 
Strontium-90 
Technetium-99 

Analysis . 

ThoIi~m-228 
ThoIi~m-232 
Thorium-234 
Tin-1 13 
Uranium-235 
Yttrium-88 
Zinc-65 

APPENDIX B-6 



FIRE DEPARTMENT HOSE TRAINING FACILITY 

ANALYSIS RESULTS SUMMARY 
BACKGROUND SAMPLES . 

FBFDB0401 FBFDB0402 FBFDB0403 
~ 

Sample Name -. -.. -- 
Station 
Sample ID - 
Date 
Depth (ft) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium . 
Chromium 
Cobalt 
Copper 
Cyanide 
iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium ' 
Vanadium 
Zinc' 
Di-n-octyl phthalate 
Phenol 
Actinium-228 
Americium-24 1 
Antimony- 124 
4ntimony-125 
Barium-I33 
Cesium- 134 
Cesium-137 
Zobalt-60 
Europium- 152 
Europium-155 
Manganese-54 
Veptunium-239 
'lutonium-238 
'otassium-40 
'rornethium- 146 

Analysis 

FBFDB0404 

4440 
0.442 

2 
11.8 

0.117 
0.293 

201 
9 2  

0.488 
30.7 

c0.84 
7330 
14.6 

93 
193  
0.03 

1.9 
53.6 

<I 1.4 
13.7 
18.4 
13.4 
ND 
ND 
0.84 
ND 

<0.04 
ND 
ND 
ND 

0.16 
G0.02 

0.33 
0.24 
ND 
ND 
ND 

0.76 
NDJ N D ~  c0.01 I 0.05 

5820 
0.462 

4 
7.9 

0.0657 
0.662 

179 
16.8 

0.221 
3 2  

<0.87 
17600 

4.4 
70.1 
2.6 

0.046 
1 2  

44.9 
0.489 

13.3 
41.7 

1.4 
ND 
ND 
1.12 
ND 

<0.03 
ND 
ND 
ND 
<o 
<O 

<0.22 
c0.32 
ND 
ND 
ND 
1.72 

: 

' 

742C 
1 

4.8 

5680 
0.473 

3.9 
5.8 

0.048 
0.929 
96.4 
18.9 

0.168 
4.9 

a . 8 7  
23200 

6.6 
75.8 

1.6 
0.03 

0.964 
43.9 

1 
12 
63 

0.957 
142 

a 8 0  
0.98 
ND 
ND 

G0.08 
<-0.03 
<4.02 
ND 
ND 

CO.1 
0.15 

a . 0 3  
50.45 

ND 
0.84 

5 
0.134 

1.1 
98.3 
30.9 

50.305 
8.8 

<0.9 1 
48000 

17.8 
110 
1.9 

<O. 16 
0.864 
67.2 
2.9 

4 5 2  
138 

48.9 
308 

4 0 0  
1.33 
ND 
ND 

<-0.01 
<0.05 

c-0.03 
ND 
ND 

co.05 
0.27 

co.01 
c0.67 
ND 

.1.76 

. : 

FBFDB0405 

FBFDB0405 
107806 
35219 
10 - 13 

544( 
4.1 

'1 .t 
5.: 

0.1 1; 
0.28 
52.1 

0.468 
6 

' 0.257 
I 130C 

6. I 
81.4 
4.9 

1.1 
50.6 

<I22 
16.2 

42 
2.2 

268 
44.9 
1.16 
ND 
ND 

0.16 
co.01 

<O 
- ND 

ND 
0.3 
0.2 
-4 

0.87 
ND 

2.45 
G0.02 

4.c 

< o m  
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FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANk.,YSIS RESULTS SUMMARY 

Sample Name FBFDB0401 FBFDB0402 
-. -- 
- 

Station FBFDB04Ol FBFDB0402 
Sample ID . 107801 107802 
Date 35216 35216 
Depth (ft) 0 - 1  1-4 

Analysis Units 
Promethium- 147 Pcgg ND ND 
Radium-226 P C a  ND ND 
Radium-228 Pcgg ND ND 
Ruthenium-1 06 PcUg ND ND 
Strontium-90 PCik ND 
Technetium-99 Pcgg ND ND 
Thorium-228 . pcilg ND ND 

Thorium-234 Pcgg 1.02 1 .08 

Uranium-235 PcVg ND ND 
Ymium-88 PCik G0.03 <O 

Thorium-232 Pcgg ND ND 

Tin-113 PcQg ND ND 

Zinc-65 PcQg ND ND 

FBFDB0403 FBFDB0404 FBFDB0405 

FBFDB0403 FBFDB0404 FBFDB0405 
107803 ’ 107805 107806 
35216 352 19 35219 
4 - 7  7- 10 i o  - i3  

ND ND ND 
ND ND ND 
ND . :  ND ND 

<0.08 . <0.09 <0.23 
N D :  ND ND ND 

ND ND ND 
ND ND ND 
ND ND ND 

<0.91 .<-0.23 1.63 
<O <0.02 <-0.03 

ND ND ND 
ND ND ND 
CO <O G0.06 
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FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS SUMMARY 

FBFDBOSO1 FBFDB0502 FBFDB0503 FBFDB0504 FBFDB0505 Sample Name 
-. _. -- 

Station 
Sample ID 
Date 
Depth (ft) 

Aiuminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium . 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 
Dh-octyl phthalate 
Phenol 
Actinium-228 
Americium-24 1 
Antimony-124 
Antimony-I25 
Barium-1 33 
Cesium-I34 
Cesium-I37 
Cobalt-60 
Europium-I52 
Europium- 155 
Manganese-54 
N eptunium-23 9 
Plutonium-238 
Pomsium-40 
Promethium-I46 

Analysis , 

FBFDB0501 FBFDB0502 FBFDB0503 
107807 107809 107813 ' 
35219 35219 35220 1 1 - 4  0 - 1  I 4 - 7  

2200 
G.49 

1.3 
6.8 

0.0598 
0.109 
50.4 

5.5 
0.456 

1.8 
0.289 
3890 

4.5 
30.9 
37.2 
0.02 

0.967 
32.8 

40 .4  
4 2 9  
10.5 
<16 
ND 
ND 

0.89 
ND 

c-0.0 1 
ND 
ND 
ND 

c-0.02 
CO 

0.35 
CO. 16 

ND 
ND 
ND 

0.86 

7540 
0.749 

4.6 
5.1 

0.0529 
0.444 

. 123 
23.4 

a 2 9 9  
4.3 

0223 
17500 

5.9 
57.8 
7.5 

0.02 
2.7 

66.8 
c12.2 
<I52 
54.8 
3 -4 
ND 
ND 
1.14 
ND 

c-0.0 1 
ND 
ND 
ND 

c0.02 
co.0 1 
K0.06 

c-0.11 
ND 
ND 
ND 
1.38 

' 

2430 
0.769 
3.1 
3.1 

0.0875 
0.4 16 

45 
13 

a . 2 2 6  
3.7 

0.254 
17900 

7.7 
45.8 

3.1 
< O S 6  

0.704 
19.5 

<I 1.8 
4 4 7  
84.4 

48 .3  
29 1 

a 9 0  
0.76 

ND 
C-0.03 
a . 0 2  

GO.0 1 
. ND 

ND 
0.29 
0.13 

<O 
<0.22 

0.97 

7970 
0.826 

5 
21.7 

: 0.0959 
0.602 

287 
22.4 

a .394  
4.9 

0.15 
25300 

. 6.1 
132 
8.8 

0.047 
1.7 

93.2 
1.5 

4 5 1  
64.8 
2.1 

95.4 
4 9 0  
1.23 

ND 
0.14 

c0.02 
-/. 4 
ND 
ND 
CO 

0.42 
C0.03 

c-D.34 

1.31 

., 

. 

- 

'. 

107814 107815 
35220 35220 

10 - 13 

6040 
1.5 
5.9 
5.5 

0.0913 
1.3 

185 
42.8 

. C0.15 
5.7 

0.156 
53900 

16.3 
113 

2 
4.162 

0.926 
55.5 
2.9 

-457 
148 

4 9 . 6  
294 

4 0 5  
1.06 

ND 
C0.03 
<0.03 

GO.0 1 
ND 
ND 

'<O. 16 
0.26 

GO.01 
KO.64 

. 3-51 
NDI NDI co.01 I c0.021 G0.02 

- 
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FIRE DEPARTMENT HOSE TRAINING FACILITY 
BACKGROUND SAMPLES 

ANALYSIS RESULTS su-Y 

FBFDBOSO4 

FBFDBO504 
107814 
35220 
7 - 1 0  

Sample Name 
-. -. 
-_ 

Station 
Sample ID 
Date 
Depth (ft) 

Promethium- 147 
Radium-226 
Radium-228 
Ruthenium-] 06 
Strontium-90 
Technetium-99 
Thorium-228 

Thorium-234 
Tin-I I3 
Uranium-235 
Yttrium-88 

Analysis 

Thorium-232 

FBFDBOSOS 

FBFDB0505 
107815 
35220 

10- 13 

FBFDBOSOl I FBFDBOSOZ I FBFDBOS03 

. .  
, c0.11 

e-0.34 
<O 

ND 
CO.04 

FBFDB0501 
107807 
35219 
0 - 1  

ND 
. ND 

ND 
ND 
ND 
ND 
ND 
ND 

<I .58 
ND 
ND 

- <0.01 
ND 

G O .  

C0.3~ 
-4 

NI 
4 

FBFDB0502 
107809 

. 35219 
1 - 4  

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

G O . 4 4  
ND 
ND 

<-0.02 
ND 

FBFDB0503 
107813 .' 
35220 
4 - 7  

-=-0.12 

G.88 
<O 

ND 
0.08 
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FIRE DEPARTMENT HOSE TRAINING FACILITY 
WASTE UNIT 

ANALYSIS RESULTS SUMMARY 

Sarnple'Narne , . FDTFOlOl 

Station - FDTFOlOl 
Sample ID 107539 

Date 5/21/96 

-. 

. 0-.1 

FDTFOlO2 FDTF0103 FDTF0104 FDTFOlO5 FDTF0201 

FDTFOlO2 FDTF0103 FDTF0104 FDTFOl05 FDTF0201 
107541 107542 107548 107549 107550 
5/21/96 5/21/96 5/21/96 5/21/96 5/22/96 

0-  1 10- 13 1 - 4  4 - 7  7 -  10 . 

. 

51 10 
a .69  

2.3 
18 

0.107 
0.1 19 

302 
15 

0.822 
5 

<0.8 
9560 

11 
86.7 
31.6 
0.03 
3.3 

90.3 
<I 1 
1.9 

33.5 
21.3 

15 
94.6 
144 
317 
I21 
219 

<I760 
<35 1 

180 
a5 1 
<35 1 

112 
125 

99.8 
C9.03 

Depth (ft) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium ' 

Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
zinc 
Benzo(a)anthracene . 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic acid 
Bis(2-ethylhexyl) phthalate 
Chrysene 
Di-n-butyl phthalate _. 
Di-n-octyl phthalate 
Fluoranthene 
Indeno( I ,2,3-c,d)pyrene 
Pyrene 
Methylene chloride 
Toluene 

Analysis 

- 
- 

8350 
G.98 
3.4 

26.4 
0.14 

0.075 
308 
19.2 

0.825 
4.5 

<0.86 
15900 

5 -4 
171 
14.1 
0.02 
2.3 

' 156 
<I 1.8 

0.1 1 
25.9 
352 
3.5 

a 7 9  
a79 
a 7 9  
a 7 9  
a 7 9  

4900  
. a 7 9  
' a 7 9  

<379 
39.9 

a 7 9  
a 7 9  
a 7 9  
c15.8 

1 I300 
1.2 

11.1 
7.1 

'0.165 
0.409 

219 
552 

0.491 
13 

CO.91 
76200 

11.1 
168 
7.8 

0.02 
1.4 
105 
5.5 

4.08 
27.5 
135 

<I92 
a 9 8  
a 9 8  
a 9 8  
4 9 8  
-398 

<I990 
-398 
a 9 8 .  
-398 

69 
a 9 8  
<398 
a 9 8  
43.5 

12600 
0.578 

6 3  
10.5. 

0.152 
0.5 18 

1 76 
31.8 
0.43 
8.9 

<0.920 
39800 

24.6 
204 
22 

<o. 162 
1.6 
158 
2.6 

<I .09 
73.3 
115 

5 
4 0 5  
4 0 5  
405 
4 0 5  

- 4 0 5  
a 0 2 0  

<I 10 
4 0 5  
4 0 5  

391 
4 0 5  
405 
4 0 5  
13.2 

6050 
0.583 

16 
5.1 

0.0921 
0.17 
74.2 
11.6 
1.15 
4.7 

1.09 
10200 

6.8 
89.4 
.4.1 

0.192 
1.2 

82.4 
15 
1.3 

74.8 
28.4 
23.2 
4 8 0  
4 8 0  
4 8 0  
4 8 0  
4 8 0  

e 4 0 0  
4 8 0  
4 8 0  
4 8 0  
462 

4 8 0  
4 8 0  
4 8 0  
10.5 

4 3 3  
0.556 

11.5 
0.0926 
<O. 177 

169 
112 

0.501 
5 

3 ' :  
-u 

<o.n 
8960 
12.9 
93.6 
28.7 

C0.137 
2 

82.6 
<10.7 
0.454 
61.8 
22.4 
8.8 

0 4 3  
0 4 3  
0 4 3  
e 4 3  
0 4 3  

<I 720 
0 4 3  
0 4 3  
0 4 3  
0 4 3  
e 4 3  
0 4 3  
0 4 3  
6.84 
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FIRE DEPARTMENT HOSE TRAINING FACILITY 

Sample-Name , . -- 
Station . 
Sample ID 

Date 

WASTEUNIT 
ANALYSIS RESULTS SIJMMARY 

FDTF0202 FDTF0203 FDTFO204 FDTFO205 

FDTF0202 FDTF0203 FDTF0204 FDTF0205 
107551 107552 107554 107555 
5/22/96 5 ~ 2 ~ 6  5122196 5/22/96 

. 

. 

Depth (ft) . 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium . 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
zinc 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo(g,h,i)perylene 
BenzoQfluoranthene 
Benzoic acid 
Bis(2-ethylhexyl) phthalate 
Chrysene 
Di-n-butyl phthalate _. 
Di-nsctyl phthalate 
Fluoranthene 
lndeno( 1,2,3-c,d)pyrene 
Pyrene - 
Methylene chloride 
Toluene 

Analysis 
. 

Units 
12400 

1.4 
7.3 

27.1 
0.101 
0.638 

735 
45.8 

0.55 1 
8.1 

<I .07 
44000 

9 2  
239 

8 
0.052 

2.5 
1 92 
2.1 

<I26 
89.8 
84.6 
3.1 

4 6 7  
4 6 7  
4 6 7  
4 6 7  
4 6 7  

a 3 4 0  
4 6 7  
4 6 7  

1 94 
4 6 7  
4 6 7  
4 6 7  
4 6 7  
9.55 

7-10 10 - 13 1 - 4  4 - 7  

12300 
1.9 

9 
26.9 

0.123 
0.846 
1190 
59.4 

0.362 
7.8 

0.98 
53400 

16.5 
574 
9.2 

0.03 
1.3 
198 
2.8 

<1.16 
86.8 
166 

20.8 
-430 
430 
4 3 0  
-430 
4 3 0  
72.9 . 

4 3 0  
-430 
4 3 0  

100 
4 3 0  
-430 
4 3 0  
1 l.6 

23.5 
1 

6.7 
c0.93 
24900 

9.1 
248 
18.8 

<0.158 
3.6 

224 
c12.7 

4 . 1  
87.1 
57.5 
6.6 

4 0 6  
4 0 6  
4 0 6  
4 0 6  

GO30 
386 

1 4 0 6  
4 0 6  

335 
4 0 6  
4 0 6  
90.2 

. <I3 
4 

4 0 6  

5280 5490 
0.482 -4.1 

3.7 6.3 
.0.201 0.1883 
0.797 0.283 
91.1 67.6 
18.7 11 

0.465 0.457 
5.1 5.7 

0.176 0.104 
48300 18200 

17.1 10.2 
101 119 

32.8 11.8 
<. 153 <.I52 
0.583 1.1 
74.4 99.2 

1.9 -42.2 
<I .06 4.05 

73 57.3 
116 . 52;8 

4 8.9 4.1 
a 9 2  <390 
-392 a 9 0  
-392 a 9 0  
a 9 2  e 9 0  
4 9 2  - a 9 0  

4960  44.6 
a 9 2  e 9 0  
a 9 2  0 e 9 0  
a 9 2  e 9 0  
459 457 

-392 a 9 0  
a 9 2  e 9 0  

40.5 

3 2  I .5 

-392 a g o '  

. 

. - 

.. 

FDTF0301 

FDTF030 1 
107557 
5/23/96 

0 - 1  

3030 
c3.62 

1.2 
19.4 

<o. 109 
0.0849 

144 
4.6 

0.78 
5.2 

<0.79 
3020 
12.4 
90.1 

28 
<0.135 

1.4 
88.4 

40 .8  
0.267 
57.1 
7.6 

22.8 
4 7 2 0  
4 7 2 0  
<I 720 
-4720 
4 7 2 0  
<8620 

465 
<I720 

FDTF0302 

FDTF0302 
107558 
5/23/96 

1 - 4  

12500 
0.549 

5.4 
41 

0.20 1 
0.436 

455 
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c 

FDTF0403 

FDTF0403 
107568 
5124196 

4 - 7  

10400 
0.759 

6.7 
7.9 

<.125 
0.938 

21 1 
32,4 

0.35 1 
7.4 
C.9 

5 1000 
12.6 
147 
3.5 

c.155 
.1.2 
126 
3.8 

4.07 
60.6 

' 111 
3.1 

0 9 6  
0 9 6  
0 9 6  
0 9 6  
0 9 6  

4980  
63.5 

0 9 6  
496 
0 9 6  
0 9 6  
0 9 6  
-396 
6.77 

e6 

FIRE DEPARTMENT HOSE TRAINING FACILITY 
WASTEUNIT 

ANALYSIS RESULTS SUMMARY 

, 

. 

- 

SampleName , . FDTFO303 FDTF0304 FDTF0305 

FdTF0303 FDTF0304 FDTF0305 

-- 
Station . 
Sample ID 

Date 

FDTF0401 FDTF0402 

FDTF0401 FDTF0402 

Depth (it) 
Analysis. 

107559 
5l23196 

4 - 7  

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium ' 

Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic acid 

107560 107561 107564 107566 
5/23/96 5/23/96 5l24196 5/24/96 
7-10 10 - 13 0 - 1  1 - 4  

Bis(2-ethylhexyl) phthalate 
Zhrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Fluoranthene 
lndeno( 1,2,3-c,d)pyrene 
Pyrene - 
Methylene chloride 
roluene 

12200 
0.5 1 
3 .+6 
11.7 
<.13 

0.3 12 
213 
16.3 

0.447 
7.6 

<.94 
20100 

8.9 
221 
3.3 

C.161 
2.2 
162 
1 -4 

4.12 
69.7 
58.7 
4.4 

4 1 4  
4 1 4  
4 1 4  
4 1 4  
4 1 4  

e 0 7 0  
4 1 4 .  
4 1 4  
4 1 4  
98.9 

4 1 4  
4 1 4  
4 1 4  
c13.8 

<6 

81101 . 16701 
53.57 
<I 1 .j 

9- 
cO.0989 

0.05 1 

2.5 
0.405 
a2 

0.091 
1480 

6.9 
47.6 
653 

<O. 133 
0.74 
54.8 

c10.6 
CQ.9 1 8 

53.2 
3.6 
4.6 

0 4 0  
0 4 0  
0 4 0  
0 4 0  

- 4 4 0  
4700  
0 4 0  
-340 
a 4 0  
0 4 0  
-340 
0 4 0  
-340 
4.23  

78.8 

4650 
4.19 
43.3 

3.1 
<. 147 
029 1 

8 3  
0.26 
6.3 

0.9 1 
187200 

6.9 
65.7 
6.3 

C. 156 
0.51 1 
68.9 

<12.4 
4 - 0 8  

81.7 
41.1 

3 
0 9 9  
0 9 9  
0 9 9  
0 9 9  
0 9 9  
84.7 

0 9 9  
-399 
a99 
0 9 9  
a 9 9  
0 9 9  
a 9 9  
4.26  

-3.5 

68 

4.14 
3.4 
6.5 

'0.183 
0.527 

105 
20.1 

0.538 
7.7 
c.9 

29500 
12.7 
111 
10.1 

<. 154 
2.9 
129 

C12.3 
4.06 

77.4 
83.7 
5.2 

0 9 4  
0 9 4  
0 9 4  
0 9 4  
0 9 4  
46.1 

0 9 4  
-394 
a94 
0 9 4  
a 9 4  
0 9 4  
0 9 4  
(1.8 

_. 

41.- - c51 

3400 
4.76 

1.4 
20.1 
0.16 

0.0548 

5 -3 
0.8 19 
a.8 

<0.82 
3830 

5 -3 
96.5 
50.8 

c0.14 
1.8 

85.9 
-=I 1 2  

C0.968 
53.7 
9.2 
4.1 

0 5 8  
0 5 8  
0 5 8  
0 5 8  
0 5 8  

4790  
0 5 8  
a 5 8  
-358 
0 5 8  
a 5 8  
0 5 8  
-358 
4.89 
c5.5 

118 
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FIRE DEPARTMENT HOSE TRAINING FACILITY 
WASTE UNIT 

ANALYSIS RESULTS SUMMARY 

I Sample'Narne . . FDTFO404 FDTF0405 

FDTFO404 FDTF0405 
107569 107570 
ma196 m m i  

. 7-10 10- 13 

FDTFO501 FDTF0502 FDTF0503 FDTF0504 

FDTF0501 FDTF0502 FDTF0503 FDTF0504 
107573 107575 107576 107577 
~na196 5na196 5na196 51~196 

0 - 1  1 - 4  4 - 7  7-10 

7 

. 
3300 

<3.95 
<12.5 

2.8 
<.0858 

0.169 
44.1 
4.9 

0.163 
4 

C.86 
11800 

7.2 
47.7 

1.2 
a.147 

0.27 
40.7 

<I 1.7 
<I .02 

66.7 
37.5 
2.2 

4 7 6  
4 7 6  
4 7 6  
4 7 6  
-376 

<I880 
4 7 6  
-376 
4 7 6  
-376 
4 7 6  
4 7 6  
4 7 6  
a 5 5  

. .  

4480 
4.14 

3.2 
7.6 

0.187 
0.604 
55.7 
19.4 

0.424 
6.7 

<0.900 
35900 

18.4 
89.6 

10 
<O. 154 

1.3 
. 80 
42.3 
4 -06 

65.6 
104 
3.1 

4 9 4  
4 9 4  
4 9 4  
4 9 4  
-394 

4970  
4 9 4  
4 9 4  
4 9 4  
4 9 4  
4 9 4  
4 9 4  
4 9 4  
4.31 

' 

4310 
4.83 

3.7 
9.8 

0.0558 
<0.16 

115.5 
11.8 

0.544 
4.3 

a .83  
11 100 

4.7 
41.9 
32.1 

<0.142 
1.2 

55.4 
<I 1.4 

<0.985 
69.1 
29.9 
2.5 

4 6 5  
4 6 5  
4 6 5  
4 6 5  
-365 
60.3 

4 6 5  
465.0 
47.6 
4 6 5  
a 6 5  
4 6 5  
4 6 5  

<I 1.9 

- 
Station 
Sample ID 

Depth (ft) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium . 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
zinc 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic acid 
Bis(2-eth ylhexyl) phthalate 
Chrysene 
Di-n-butyl phthalate _. 
Di-nsctyl phthalate 
Fluoranthene 
Indeno( Iy2,3-c,d)pyrene 
Pyrene 
Methylene chloride 
Toluene 

Date 

Analysis 

- 

2190 

1.4 
13.1. 

0.079 
4.047 

78.1 
4.2 

0.743 
e . 4  

0.1 15 
3740 

3.8 
58.2 
34.3 

C0.139 
0.984 
62.8 

-41.1 
<0.96 1 

56.8 
8.1 
2.5 

4 5 6  
4 5 6  
4 5 6  
4 5 6  

--,<356 
<I780 
4 5 6  
4 5 6  
4 5 6  
4 5 6  
4 5 6  
4 5 6  
4 5 6  
(1.59 

<3.74 
5 120 
0.68 
4.2 
9.2 

0.0695 
0.302 

187 
20.9 

C0.373 
5.1 

<0.910 
26.7 

6.4 
98.8 
14.8 

<O. 156 
0.779 
73.4 

1.4 
4.08 

64.8 
59.3 
2.2 

4 0 0  
400 
400 
e o 0  
4 0 0  

e o 0 0  
4 0 0  
400 
4 0 0  
400 
400 
4 0 0  
400 
e . 7  

3350 
4 .04  

1.4 
4.3 

0.0797 
0.28 
65.7 
9;3 

C0.282 
3.4 

0.306 
24200 

55.1 
19.7 

<0.150 . 
0:526 

.45 
C12.0 
<1'.04 

51.9 
40.6 

48.6 
4 8 5  
-385 
4 8 5  
a 8 5  
a85 - 

, 4 9 2 0  
4 8 5  
-385 
-385 : 
-385 
4 8 5  
-385 
4 8 5  

<I 1 

8.9 , 
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.. Sample Name 

FIRE DEPARTMENT HOSE TRAINING FACILITY 
WASTE UNIT 

ANALYSIS RESULTS SUMMARY 

FDTF0505 

Station 
Sample ID 

Date 

? Analysis 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
S e 1 en i u m 
Silver 
Sodium 
Vanadium 
zinc 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
BenzoQfluoranthene 
Benzoic acid 
Bis(2-ethylhexyl) phthalate 
Chrysene . 
Di-n-butyl phthalate 
Di-nsctyl phthalate 
Fluoranthene 
Indeno( 1,2,3-c,d)pyrene 
Pyrene 
Methylene chloride 
Toluene 

FDTF0505 
107580 
5/28/96 

2960 
0.716 . 

1.5 
2.4 

0.122 
0.462 
47.9 
24.9 

<0.360 
5.4 

0.1 13 
37000 

9.8 
44.8 
19.8 

<0.158 
0.702 
39.8 

1-4 
4-07 

51.5 
55, 

a9 .1  
a 9 5  
a 9 5  
a 9 5  
a 9 5  
4 9 5 ~  

4 9 8 0  
a 9 5  

-.a95 
a 9 5  

103 
a 9 5  
a 9 5  
a 9 5  
4.99 

. 
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Appendix C 

C.1. 

Health-based screening levels were used in the selection of chemicals of potential concern 

(COPCs) for the human.health risk assessment. The COPC selection process is discussed in 

Section 6.1 of the report. The purpose of this secti0n.k to identify the sources for the levels 

against which the data were screened for use in the risk assessment. Tables in Section 6.1 

present the summary statistics as well as the chemicals that were screened out as a result of the 

comparison with these health-based screening levels. Table C-1 presents the health-based 

SCREENING LEVELS FOR COPC SELECTION 

screening levels used in the COPC selection process. ' 

USEPA Region III risk based concentrations (RBCs) @PA, 1996) served as the primary Source 

for screening levels. Since RBCs are not available for all the chemicals detected at the site, 
other sources provided screening levels and methods for determining screening levels. Note 

that if screening levels are not available, even after using the methods presented in the 
following paragraphs, the chemicals were included in the risk assessment. 

For screening of essential nutrients (Le., calcium, chloride, iodine, magnesium, phosphorous, 

potassium, and sodium), RBCs are not available. Instead, the Food and Drug Administration 
(FDA) recommended daily allowances (RDAs) were used in conjunction with residential 

exposure assumptions to determine screening levels. Table C-2 presents the RDAs that were 

used to determine the screening levels. The following equations were used to determine the 
screening level for essential nutrients in soil and groundwater using the U.S. FDA RDAs- 
Essential nutrient screening levels for soil: 

- 

RDA 

Soih + Soiln, + Soiknh 
Nuw= 

1 



where: 

NUSOil -. 
-: 

-- RDA ' 

soil, 

Soil,,, 

SoilIh 

. .  

Chemical concentration of essential nutrient in soil (mg/kg soil) 

Recommended Daily Allowance (mg/kg BW/day) 

Soil intake for the ingestion pathway, excluding the concentration 

term (kg soil/day/kg BW) (Section C.3.1.1) 

Soil contact for the dermal pathway, excluding the concentration 

term (kg soiI/day/kg BW) (Section C.3.1.2) 

Soil intake for the inhalation pathway, excluding the 

concentration term (kg soil/day/kg BW) (Section C.3.1'.3) 

. .  

. .  

C.2. DERIVATION OF EXPOSURE POINT CONCElWlUTION§ 

Exposure point concentrations for the risk estimates will be developed from sampling and 

analytical data. In accordance with EPA's Supplemental Guidance to RAGS: Calculating the 

Concernation Tern (EPA 1992b), the 95-percent upper-confidence limit on the arithmetic mean 

should be used as -the exposure point concentration. Note that if the UCL, exceeds the 

maximum detected concentration, the maximum detected concentration will replace the UCL, as 

the exposure point concentration used in the risk assessment. 

. The methods used. to derive exposure point concentrations will depend upon the underlying shape 

of the distribution of the data set. The Shapiro-Wilk W test (Gilbert 1987) was used to determine 

if the data are normally or lognormally distributed. The following equation has been used for - 
normally distributed data: 

UCL 95 = K+ t (e) 
- 

where: 
= 

arithmetic mean for normally distributed data 

95% upper confidencehit of arithmetic mean 
= 

2 



t 

S = standard deviation for normally- distributed data . 

= Student-t statistic at 95* percentile and n-1 degrees of freedom 

= number of samples .. n .. 

The foliowing equation has been used for normally distributedkata: 

(P+OSS'+*) UCLM= e 

where: 

UCJ-95 
distribution 

- 
X 

S 

H 
n 

= 95 % upper confidence limit of mean of lognormal 

= 

= 
= 

= number of samples 

mean of log-transformed data for lognormally distributed dab 

standard deviation of log-transformed data 

H-statistic at 95" percentile (Gilbert 1987) 

C.3. CHEMICAL INT- EQUATIONS 

Intake equations for evaluating chemical exposures are presented in the following sections.. 

Table C-3 provides the values for each of the parameters included in the following equations. 

C.3.1. Exposure to Sod 

Direct soil contact exposure pathways include ingestion, dermal contact, and inhalation of 
fugitive dust. Potential receptors that have been evaluated include on-unit workers, residents, 

and industrial workers. The following sections describe the methods that were used -to quanti@ 
exposures resulting from direct soil contact. 

- 

. 
/ 

3 



C.3.1.1. Soil Ingestion 

For the soil ingestion pathway, on-unit worker and industrial worker exposures were evaluated 

using -: the .. first equation presented below. For the residential pathway, exposures have been 
eval-Gated separately for noncarcinogenic and carcinogenic effects. Therefore, two different 

equations are presented. The equation used to detemine intakes for evaluating 

noncarchogenk effects is presented fmt  (note that this is the same equation that is used in the 
‘ evaluation of’worker exposures). The equation that is used to calculate intakes for evaluating 

chemical carcinogenicity is presented second. Note that intakes were calculated for all 

chemicals and for both toxicological endpoints. 

Children ages 1 through 6 (Le., 15 kg) have been evaluated for noncarcinogenic effects. For 

the integrated receptor, age-adjusted intake factors have been used to generate excess lifetime 

cancer risk estimates that are considered to be more protective than adult-only risks. These 

risks are calculated and account for the differences in the age-specific contact rates, exposure 

durations, and body weights for children and adults over the expected duration of 30 year of 

exposure. 

Soil Ingestion (On-unit Visitors and Workers; Residents for Noncarcinogenic Effects Only): 

where: 

cso 
CF 

IR 
BAF 

EF 

Cso x CF x IR x BAF x EF x ED 
BWxAT Intake = 

_.- 
= _. Chemical concentration in soil (mgkg) 

= Conversion factor (lod kg soiymg soil) 
-= Ingestion vte (mg/day) 

= Bioavailability factor (1 unitless) . 

= Exposure frequency (days/year) 

4 



ED = 

BW = 

AT = .. .. -- 

Exposure duration (years) 

Body weight (kg) 

Averaging time - noncarcinogenic effects (10,950 days) 

Averaging time - carcinogenic effects (25,550 days) 

Soil Ingestion (Residents for Carcinogenic Effects Only): 

([(IPU~BAFF~~ED. IRnx BAF x EF x ED, >+( BW. Intake = CroxCFx  

where: 

- - 
G o  

I R , =  
R =  
BAF = 

EF = 

ED, = 

ED, = 

CF 
BWC 

BWi3 

AT, 

Chemical concentration in soil (mgkg) 

Ingestion rate - child (mglday) 

Ingestion rate - adult (mglday) 

Bioavailability factor (unitless) 

Exposure frequency (dayslyear) 

Exposure duration - child (years) 

Exposure duration - adult (years) 

Conversion factor (lo" kg soil/mg soil) 
Body weight - child (kg) 

Body weight - adult (kg) - 
Averaging time - .carcinogenic effects (25,550 days) 

I 

I 

Bioavailability is a k c t i o n  of both compound-specific physicalkhemical properties i d  the 

properties of the soil matrix itself. When soil is inadvertently ingested, not all of the 

contaminants Gthe ingested soil are available to be absorbed across the gut lining. In 

accordance with EPA Region IV guidance @PA, 1995), a default value of 1.0 was used in the 

risk assessment. Use of an oral bioavailability factor (BAF) of 1.0 for chemicals in soil may -' 

5 



... . ~. . . . 

result in an inaccurate estimate of dose if there are differences in the uptake levels under the 

laboratory study conditions versus environmental exposure conditions. Because chemical- 

specific data are not available to support the use of a bioavailability factor other than 1, the 

Region IV default value was used. 

- 

.. -: 

C.3.1.2. Soil Dermal Contact 

Dermal exposure is assumed to occur simultaneously with soil ingestion exposure. Soil dermal 

exposures have been evaluated using the following equations: 

Soil Dermal Contact (On-unit Visitors and Workers; Residents for Noncarcinogenic Effects 

. Only): 

'C, x CF x SA x AF x ABS x EF x ED 

BW x AT Intake = 

where: 

- - c, 
CF = 

SA = 

A F =  

ABS = 

EF = 

E D =  
BW = 

AT -= 

Chemical concentration in soil (mgkg) 

Conversion factor (lod kg soil/mg soil) 
Skin surface available for contact (cm2/day) 

soil to skin adherence factor (1 mg/cm2) 

Dermal absorption factor (0.001 for inorganics; 0.01 for organics) 

Exposure'frequency (350 daydyear), 

Exposure duration (years) . 

Body weight (kg) 

Averaging time - noncarcinogenic effects (10,950 days) 

Averaging time - carcinogenic effects (25,550 days) 

- 
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Soil Dermal Contact (Residents for Carcinogenic Effects Only): 

%XAFXrnXEFXEQ )+( BW, 
!%xAFxAl3sxEFxm 

BWc 
.. 

where: 

- - c s o  

SA, = 

S& = 

A F =  

ABS = 

CF = 

EF = 

ED, = 

ED, = 

BW, = 

. BW, = 
AT, = 

Chemical concentration in soil (mgkg) 

Conversion factor ( lod kg soil/mg soil) 

Skin surface available for contact - child (cm2/day) 

Skin surface available for contact - adult (cm2/day) 

soil to skin adherence factor (mg/cm2) 

Dermal absorption factor (0.001 for inorganics; 0.01 for organics) 
Exposure frequency (daydyear) 
Exposure duration - child (years) 

Exposure duration - adult (years) 

Body weight - child (kg) 

Body weight - adult (kg) 

Averaging time - carcinogenic effects (25,550 days) 

C.3.1.3. Fugitive Dust Inhalation 

Intake of soil (fugitive dust) via inhalation has been evaluated for all receptors. The intake 

equations follow: 

- 

/. 

Soil Inhalation (On-unit Visitors and Workers; Residents for Noncarcinogenic Effects Only): 

C, x I R  x EF x ED 
PEF x BW x AT Intake = 



where: 

.. -. 
-- c, = ' Chemical concentration in soil (mgkg) 

IR = mationrate(m3/day) 

EF = Exposure frequency (daydyear) 

ED -= Exposure duration (years) 

BW = Body weight (kg) 

PEF = Particulate emission factor (4.63 x 10 m k g )  

AT = Averaging time - noncarcinogedc effects (10,950 days) 

. .  
9 3  

= Averaging time - carcinogenic effects (25,550 days) 

Soil Inhalation (Residents for Carcinogenic Effects Only): 

RCxEFxEDc) + ( IILxEFxED~,)] / PEF x AT, 
BWc BWa 

where: 

.. - 

csa = . Chemical concentration in soil (mgkg) 

IR, = Inhalation rate - child (m3/day) 

Inhalation rate - adult (m3/day) = 

EF .= Exposure frequency (daydyear) 

ED, = Exposure duration - child (years) ,.A 

ED, = .. Exposure duration - adult @ears) 

BW, = Body weight - child (kg) 

BW, = Body weight - adult (kg) 

PEF = 

AT, = Averaging time - carcinogenic effects (25,550 days) 

9 3  Particulate emission factor (4.63 x 10. ' m k g )  

8 



C.3.2. Produce Ingestion Exposure Pathways 

The2roduce ingestion pathway was included in the risk assessment for residents. Chemical 

intakes are assumed to result from ingesting leafy vegetables(e.g., kale and lettuce), tuberous 

vegetables (e.g., potatoes and carrots), and fruits (e.g., tomatoes). The equations are the same 
for all plant parts, however, the values for two of the parameters differ: ingestion rate and . 

fraction ingested from the contaminated area. Table C-3 presents the values for both of these 

parameters, as well as all the others, for each of the plant parts. Section C.4 discusses the 

values used for the soil-to-plant biotransfer factors (BTFs). 

Produce Ingestion Exposure (Residents for Noncarcinogenic Effects Only): 

CsoiEBTFARc xFIxEFxED~ 
BWe x A T ~  Intake = 

where: 

I R , =  
FI .= 

EF = 

ED, = 

BW, = 

AT, = - 

Chemical concentration in soil (mgkg) 

Soil-to-plant biotransfer factor - chemical specific 

(mgkg plant)/(mgkg soil) 
Ingestion rate - child (kg/day) 

Fraction ingested from contaminated area.(unitless) 

Exposure frequency (days/year) 

Exposure duration - child (years) I 

Body weight - child (kg) 

Averaging time - noncarcinogenic effects (10,950 days) 

Produce Ingestion Exposure (Residents for Carcinogenic Effects Only): 

9 



I IL~EFxED.)  + (kxEFxED. ) ]  BW, I . AT, } {[( BWC Intake = CSO~~XBTFXFIX 

where: .- 
-. 

- csoi - 
BTF = 

F I =  

K =  
R =  
EF = 

ED, = 

ED, = . 

BW, = 

BW, = 

AT, = 

chemical concentration in soil (mg/kg) 

Soil-to-plant biotransfer factor - chemical specific 

(mgkg plant)/(mg/kg soil) 
Fraction ingested from contamhated area (unitless) 

Ingestion rate - child (kglday) . 

Ingestion rate - adult (kg/day) 

Exposure frequency (dayslyear) 
Exposure duration - child (years) 

Exposure duration - adult (years) 

Body weight - child (kg) 

Body weight - adult (kg) 

Averaging time - carcinogenic effects (25,550 days) 

- 

C.4. SOIL TO PLANT BIOTRANSFER 

. Direct measurement of site related chemicals in biota or other food chain items has not been 

conducted. In order to evaluate the potential effect of chemical releases on the food chain, 

ingestion of garden-grown produce has been evaluated in the risk-assessment. In the evaluation, 

uptake of inorganic and organic chemicals into the edible portions of vegetation (Le., leafy 

vegetables, tuberous vegetables, and fiuits) has been considered. 

.. 

10 



' Since monitoring data for chemical concentrations in produce are not available, these 

concentrations were calculated using an equilibrium partitioning model for inorganics (Travis and 

6, 1988; Belcher and Travis, 1989; and National Council on Radiation Protection and 

Measurements [NCRPJ, 1989). In this model, biotransfer factors (BTF) are used to derive 

concentrations of substances in foods from measured concentrations in soil. The equation for 

uptake into produce is shown below: 

where:. 

CpRo 
cso 
BTFpRo = Biotransfer factor fkom soil to plant for vegetation 

= Chemical concentration in produce (mgkg produce tissue) 
= Chemical concentration in soil (mg k g  soil) 

([mg pollutantkg plant] per [mg pollutantkg soil]). 

The BTF in the above equation is a multiplier representing the uptake of contaminants into 

produce. For inorganics, published BTFs were used. A review of the number of surveys 

published in scientific literature was conducted to identify produce- and chemical-specific soil to 

plant biotransfer factors for inorganics. These include the TechnicaZ Support Document for Land 
Application of Sewage Sludge: Volumes I and II (EPA, 1992), Environmeental ProJles and 
Hazard Indices for Constituents of Municipal Sludge (EPA, 1985); Belcher and Travis (1989); - 
Baes et al. (1984); Hoffman and Baes (1979); Ng et al. (1977); Ng (1982); NCRP (1989 and 

1991); and, NUREG (1994). In addition, a model to assess-acute radionuclide fallout on 
agricultural systemi'was reviewed (Idaho National Engineering Laboratory -1,1993; 

Abbott and Rood, 1994). BTFs published in NUREG (1994) were used in this risk assessment. 

For the r e d g  inorganics, BTFs were presented in the NCRP reports, Numbers 3 and 20 

(NCRP, 1989 and 1991). If BTFs were st i l l  not available fkom these sources, the values 

presented in Baes et al. (1984) were used. 

. 

.. 
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For organic chemicals, however, there are far fewer published values and models available. 

EPA (1991a) indicates that in the absence of sampling data for produce, uptake into,plants can be 

estimated using procedures developed by Briggs et al. (1982). A computer-based model was 

devdoped by Trapp et al. (1994) and Trapp and Matthies (1995) based upon the study conducted 

by Briggs. The computer model is based on mass balance andestimates chemical concentrations 

in plant roots, stem, leaves, and fruits. This model requires chemical-specific inputs of log KOw, 
dimensionless Henry's Law constant, and molecular weight. In addition, this model also requires 

a chemical- and plant-specific metabolic half-life. Since values for this parameter are not readily 

available for all the COPCs, a default half-life of 1.8 days was used. This is the half-life 

presented for bromacil by Trapp et al. (1994). The G o g a t e  value for bromacil was selected 

because it is a herbicide that is believed to persist in plants longer than the majority of COPCs. 

- -  -. 

The model does not provide a BTF. Instead, it estimates the concentration in each plant part and 

the concentration in remaining in soil after equilibrium has been reached. The BTFs used in the 

risk assessment are the ratio of the plant concentration (Le., in roots, leaves, and fruits) to the 

residual soil concentration for all soil COPCs and are presented in Table C-4. The exposure 

point concentrations for produce are presented in the risk characterization tables that evaluate the 

produce ingestion pathway. 

C.5. TOXICITY ASSESSMENT 

EPA recommends two different approaches for evaluating noncancer and cancer health'effects 

for chemicals. The two approaches for chemicals reflect a fundamental difference in the 

proposed mechanism of toxic action. 

. In assessing the potential for noncancer health effects, EPAcassumeS that there is a toxicologic 

threshold below whkh no adverse health effects &ur. These toxicologic thresholds are 
represented by reference doses (RfDs) for oral exposures and reference concentrations (RfCs) 

for inhalation 6xposures. The RfDs and RfCs are levels (with uncertainty spanning an order of 

magnitude or greater) of daily human exposures below whikh adverse health effects are not 

anticipated, even for the most sensitive members of a population @PA; 1989a). EPA derives : 

12 



RfDs and RfCs based on estimates of the no-observable-adverse-effect level (NOAEL) or 

lowest-observable-adverse-effect level (LOAEL) in humans or test animals. Table C-5 

presents the toxicity values for evaluating noncarcinogenic effects. .. -. -- 
For carcinogens, however, EPA believes that the assumption.of a threshold is inappropriate 

(EPA, 1989a). An extremely low level of exposure to a carcinogen may result in 
chromosomal 'or enzyme changes leading to cancer. Therefore, EPA does not estimate a 

threshold for carcinogens. Instead, EPA uses a two-part evaluation in which: (1) a chemical 

is assigned a weight-of-evidence classification, and (2) a cancer slope factor (CSF) is calculated 

for the chemical. In risk assessment, the CSF is used'to estimate the probability of a cancer 

effect occurring in an exposed receptor over a lifetime. Cancer slope factors for evaluating 

chemical exposures are presented on Table (2-6. ' 

The weight-of-evidence classification evaluates the evidence that a given chemical is a 

carcinogen to humans and animals. These ratings are as follows: 

0 A: Hukcarcinogen 
0 B 1 : Probable human carcinogen-limited human data are available 

B2: Probable human carcinogen-sufficient data in animals, and inadequate or no 

evidence in humans 
0 C: Possible humancarcinogen 
0 D: Not classifiable as to human carcinogenicity. 

EPA develops CSFs for carcinogens that have been classified as A, B1, and B2 and for many 
that have been classified as C. The CSFs for, chemicals are'in units of inverse dose: 

(mg/kg/day)-'. 

13 



C.5.1. Toxicity Equivalency Factors for PAILS 

Toxicity equivalence factors (TEFs) are used to convert each carcinogenic PAH slope factor €0 

an equivalent - -  slope factor of benzo(a)pyrene. The adjusted slope factors are used to calculate 

risk30 human h & h .  TEFs have been provided for seven PAHs (Table C-7). These values 
- .. 

are related to the toxicity of benzo(a)pyrene and are based on reliable studies in which PAfIs 

caused cancer after repeated exposures to mouse skin. 

In accordance with EPA Region N guidance (EPA 1995c), dermal contact and inhalation of 

carcinogenic PAHs have been evaluated using the oral slope factor listed in IRIS and an 

inhalation slope factor of 3.1 mgkg-day, respectively. The inhalation slope factor is a 
provisional toxicity value, which is based on a hamster inhalation study. 

. .  

. .  

For PAHs exhibiting noncancer effects without EPA-approved RfDs, the RfD for pyrene was 

used as a surrogate. Naphthalene was not used for,this purpose because a risk assessment for 

this substance is currently under review by an EPA work group and no toxicity value is 
available on either IRIS or HEAST. 

C.5.2. Toxkity for Evaluation of the Dermal Pathway 

Table C-8 presents the toxicity measures needed to evaluate the dermal exposure pathways. 

C.6. EPA METHODS FOR RISK CHARACTERIZATION 
- 

As described ip the previous section, USEPA recommends two approaches for evaluating 

chemical exposures which are based on the toxicological endpoints .. (Le., noncarcinogenicity . 

and carchogenicity). 

EPA methods for risk characterization distinguish cancer from noncancer effects because 

organisms typically respond differently following exposure :to noncarcinogenic or carcinogenic 

agents. The cancer risk is the probability of excess (incremental) lifetime cancer risk (ELCR) 

14 



for an individual &at can be attributed to long-term exposure to chemicals. The terms excess 

and hcremental imply risk that may be attributable to the site. This means that health effects - 
resulting from exposure to chemicals at other sites unrelated to the study areas under 
investigation have been excluded. 

-. -: 

The procedure for calculating risk associated with exposure to carcinogenic compounds has 

.:been established by EPA (1989). A nonthreshold, dose-response model is used to calculate a 

cancer slope (potency) factor (which mathematically is the slope of the dose-response curve) 

for each chemical. To derive an estimate of risk for low levels (Le., below estimated risks of 

0.01), the CSF is multiplied by the estimated chronic & l y  dose (intake) experienced,by the 
exposed individual: 

Risk = CDIxCSF 

where: 

Risk = 

CDI = 

CSF = 

Estimate of the excess lifetime cancer risk to an individual (unitless probability) 

Chronic daily intake averaged over a 70-year period (mgkg body weighthy) 

Cancer slope factor, which is the 95 percent upper confidence limit of the slope 

of the dose-response curve (mgkg body weightMay)-'. 

In evaluating risk of exposure to more than one carcinogen, the fisk measure for each - 

. compound may be summed to provide an overall estimate of total risk of cancer effects (EPA, . 

!. 1989a). This assumes that the chemicals have independent &ions (no chemical interactions 

that may increase or decrease an individual chemical's toxicity) and that al l  of the chemicals 

produce the saqe effect (Le., cancer). The summation of risks is conducted for each source of 
environmental release, each associated exposure pathway, .and each receptor group at risk of 
exposure. 
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The traditionally accepted practice of evaluating exposure to noncarcinogenic compounds has 

beento experimentally determine a NOAEL and to divide it by a safety factor to establish an- 

acceptable human dose (e.g., acceptable daily intake or RfD). The RfD is then compared to 

the average daily dose experienced by the exposed population to obtain a measure of concern 
-. -: 

for adverse noncancer effects: 

Dose 
HQ = - 

R f D  

where: 

HQ = Hazard quotient, which is a measure of the potential for adverse noncancer 

effects 

Dose = Average daily dose for subchronic or chronic exposure (mgkg body 

weighthy) 

RfD = Reference dose, which is an acceptable intake for subchronic or chronic . 

exposure (mgkg body weighthy). 

Dose and the RfD are expressed in the same units and are based upon common exposure 

periods (i.e., chronic [long-term], subchronic, or shorter-term). Guidelines for evaluating 
exposure'to mixtures of noncarcinogens aie presented by EPA (1989). Essentially, the 

EPA-recommended approach involves summing the HQs (ratio of daily doseRfD) for all 

chemicals under evaluation to obtain the hazard index 0. 

. 

-. .. - 

After individual pathway risks are calculated, risks or HIS &e combined for a receptor. The .. 

risk assessor must exercise judgment in identifying "reasonable exposure pathway 

combinations" -and in determining "whether it is likely that the same individuals would 

consistently face the RME by more than one pathway" @PA, 1989a). 

16 



C.7. REMEDIAL GOAL OPTIONS 

The following sections present the equatio-ns that were used to calculate remedial goal options- 

(RGOs) for COCs (Le., HQ > 1) and for COPCs that are significant contributors (i.e., HQ > 
0.1) t o  a total pakway HI > 1. Human health RGOs (HHRGOs) are presented in Section 7 of 

the report. 

' The CalcuiationS of HHRGOs use EPA-approved toxicity values and exposure assumptions from 

the risk assessment. HHRGOs are determined using multiple noncancer target hazard indexes 

(i.e., 0.1, 1, and 3). HHRGOs have been calculated using the exposure assumptions described in 

Section 6. 
HHRGOs for soil were calculated assuming combined exposure via ingestion, dermal contact, 

and inhalation of fugitive dust. The following equation was used to calculate HHRGOs for soil: . .  

THQ 
((Intake],, /mod) +(Intakeh /RfD-) +(Intakelnh / R I D l . h ) )  

RGOIoil = 

where: 

RG0,il = remedial goal option (mgkg soil) 

THQ = target hazard quotient for deriving noncancer-based RGO (&itless) - 

Illtake& . = 'soil intake for the ingestion pathway, excluding the concentration 

term (kg soWdaykg BW) (Section C.3.1.1) 

Intake,, = soil intake for the dermal contact pathway, excluding the 

concentration term (kg soil/day/kg BW) (Section C.3.1.2) 

soil intake for the inhalation pathway, excluding the concentration 

term (kg soWdaykg BW) (Section C.3.1.3) 

- 

Intake,, = 

RfDo, =. oral reference dose (mgkg BW/day) 

Rfblal- = inhalation reference dose (mg/kg BW/day) 

RfD,nn = dermal reference dose (mgkg BW/day) 

17 
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Table C-1. Health Based Screening Levels: 
EPA Region III Risk Based Concentrations, Essential Nutrient Screening Levels . 

_ -  -. 
- Residential Soil Residential Soil 

( m a g )  (mg/kg) 

-INORGANIC9 
Aluminum 
Antimony ’. 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromiv,  hexavalent 
Cobalt 

.. Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

7800 
3.1 
0.43 
550 
0.15 
3.9 

1000000 
39 
470 
310 
160 
2300 
40 

1000000 
39 
0.78 
160 

393273 
39 
39 
NA 
55 

2300 

ORGANICS 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo@)fluomthene . 
Benzo(g,h,i)peryiene 
Benzo(k)fluoranthene 
Benzoic acid 
di-N-Butyl phthalate 
Chrysene 
bis(2-Ethylhexy1)phthalate 
Fluomthene 
Indeno( 1,2,3-cd)pyrene 
Methylene Chloride 
di-N-Octyl phthalate 
Pyrene 
Toluene 

. .  

880 
88 

NA 
8800 

3 1000000 
780000 
88000 
46000 
310000 
880 
85000 
160000 
230000 
1600000 

880 



.. 

Iron 

Magnesium 

Phosphorous 

Table C-2. RDkS Used to Derive Screening Levels 
Soil and Groundwater for Essential Nutrients 

0.26 

5.7 

14 

Calcium 

Potassium 

SOdiUm 

I 14 

0.57 

NO data 

Chloride I . O S 1  

Iodine 0.0021 

U.S. recommended daily allowance (RDA) of essential minerals or 

Food and Drug Administration (FDA) supplemental mineral levels for 

a 70 kg adult 



Table (2-3. Exposure Assumptions 

Known On-unlt 
Worker 

I 

Resident Industrial 
Worker Child (Noncmer) Integrated CbildjAdult (Cancer) 

I 

I 

I 

50 
6 g 

1E-06 - 

'athway Assumpdon 
leneral 

Body Weight 
Exposun Duration 
Averaging Time - Noncancer 
Averaging Time - Cancer 

lngestlon Rate 
Elrpasun Frequency 
Convenion Factor - Chemicals 

Skln Surface Area Available 
Soil-ta-skin Adherence Factor 

oil Ingestion 

oll D c d  Contad 

a l a  a 5 0 b  200 a 200 I 100 
* 350 a 250 a 350 a 
1E-06 1E-06 - lE-06 - 

Dermal Absorption Factor 
Exposun Fr&cncy 
Conversion Factor 

InhalaUon Rate 
Particulate Emission Factor 
-E Fmluemy 

FugiUvc Dnst InhPlaUon 

Leafy Vegetables Inpstlrm 
Ingestion date 
ExposunFmluency . ,  
Fraction hcsted 

5800 d 
1 

ihemical specific 
6 g 

1E-06 - 
20 a 

4.638+09 f 
6 

rubcrow Vegetables Ingedon 
Ingestion Rate 
Exposun Frequency 
Fraction Ingested 

Fruit Ingedon 
Iryesuon Rate 
Exporun Frequency 
Fraction Ingestsd 

5800 d 2010 d 2010 I 5800 d I d 
1 a 1 . a  

350 a 
1E-06 

a l a  
hemical specifi chemical specific chemical specific 

250 a 350 a 
1E-06 - 1E-06 - 

a 
4.638+09 f 

350 a 

a 15 I 20 15 20 a 
4.63E-I-09 f 4.63E+09 f 

g 2 5 0 a  350 a 

0.042 e 0.042 I 0.113 e I e 
350 a 350 a 

0.042 C 0.042 . e 

0.075 e 0.075 I 0.202 e I e 
350 a 350 a 

0.119 C 0.119 e 

0.045 I 0.123 e I e 0.045 e 

0.487 e 
350 a 350 a 

0.487 e 
.. 

Units 

kg 
years 
days 
days 

mg soillday 
daysly ear 

kg soiVmg soil 

cm'lday 
mg soillcm' 

unllless 
daysly ear 

g soillmg soil 

m' airlday 
m3 airntg soil 

dayslyw 

kg producelday 
days 

uniuess 

kg producelday 
days 

uniuess 

kg producelday 
days 

uniuess 

'5" E bi  '6' b/ 15 I IO d . / b  
a a 6 I 24 a l a  

1825 
25550 a '25550 a 25550 a 

9125 a 2190 a 

I 



. Table C-3. Exposure Assumptions (continued) 

EPA 1995c, Supplemental Guidance to RAGS: Region.4 Bulletins Human Health Risk Assessment 
EPA 1991a, Human Health Evaluation Manual, Supplemental Guidance: Standard Dejhult Expdsure 
EPA 1993a, Supemnil's Standard Defarrlt Exposure Factors for the Central Tendency and Reasonable Marimurn Erposure 
EPA 1992a, Demtal Etposure Assessment; for skin surface area available during dermal contact with soil, assumes 25 percent 
of toth body surface area is exposed @p.'8-10 and 8-12) 
- EPA 1989b, hposure Facton Handbook 
EPA 1991b, default values from Human Health Evaluation Manual, Pan B 

II - In accordance with EPA 1995c, the exposure assumptions for the current visitor land use scenarios has been developed 
with consideration of site-specific factors 

If guidance was not available for CTE but does exist for RME, the RME vdue was adopted for CTE 
' A default value of 1 percent for organic compounds and 0.1 percent for inorganic chemicals was used 

I 

I .  

I 

, 
I 



Table C-4. SoiI-t+PIant Biotransfer Factors 

Soil-to-plant Biotransfer Factors ' 
Root Leaf Fruit 

-. -: 

- INORGANICS 
. Aluminum 

Arsenic 
Beryllium 
Chromium, hexavalent. 
Iron 
Manganese (food) 
SOdiUm 
Vanadium 

ORGANICS 
3enzo(a)pyrene 
Benzo(g,h,i)perylene 

0.004 
0.006 
0.0015 
0.0045 
0.001 
0.15 
0.055 
0.002 

7.07E-02 8.72E-08 132E-09 
3.61E-02 3.64E-09 5.43E-11 .. 

0.004 
0.04 
0.0 1 

0.0075 
0.004 

. 0.56 
0.075 
0.002 

. 0.004 
0.006 
0.00 15 
0.0045 
0.001 
0.05 

0.055 
0.002 

The units for soil-to-plant biotransfer are expressed in mgkg plant per m a g  soil 



I 

Table (2-5. Toxicity Valuu for Evaluation of Noncarcinogenic Effeclr: Ingestion and Inhalation Pathways 
I 

Oral Route lnhaiation Route 
Chronic Effects Chronic Effects 

m' Uncertainty RE' mb Uncertainty Noncarcinogenic 
(mgkglday) Factor Source (mglm') (mg/kg/day) Factor Source Target Organ and Critical Effect 

I 

INORGA N f c s  
Aluminum 
Arsenic 3E-04 3 C - -  - -  - -  * -  skin; keratosis, hyperpigmentation 
Beryllium 5E-03 100 C - -  - -  - -  .- no observed effects 
Chromium, hexavalent 5E-03 500 C - -  - -  - -  - -  no observed effects 
Iron 
Manganese 2E-02 1 c,r 5E-05 1E-OS 1000 C oralCNS effects. inhat.-impairment of neurobehaviorai function 
Sodium 

-I - -  - -  - -  - -  - -  - -  - -  

- -  II -I - -  - -  - -  .- - -  
-.) - -  - -  - -  - -  - -  - -  - -  

. Vanadium 7E-03 100 d - -  - -  - -  - -  no observed effects 

ORGANICS 
Benzo(8)pyrene 
Benzo(g,h,i)perylene 

3E-02 
3E-02 

I- - -  h 
h 

- -  
e -  

.)- - -  I- - -  

a. EUD. Reference dose. Rflc: Reference concentration. 
b. Inhalation K s  have been converted to inhalation RfDs by multiplying by 20mYday and dividing by 70 kg. 
c. EPA IRIS Data Base (March 1996). 
d. USEPA ORD Health Effects Assessment Summary Tables (EAST) FY 1995 Annual (May 1995) and FY-1995 Supplement (Nov. 1995). 
h. In the absence of toxicity data, the RfDs for pyrene have been adopted for this compound. 
r. Thrh6toxicity value is for manbanese in the diet; for nondietary exposures (e.g., soil, groundwater), the dietary toxicity value has been adjusted using a modifLing factor of 3. 

' 

1. 

I 



I 

Table C-6. Toxicity Values for Evaluation of Carcinogenic ENects: Ingestion and Inhalation Pathways 

,Oral Route Inhalation Route 
Slope Factor Unit Risk Slope Factor Unit Risk 

,EPA Weight- 
of-Evidence 

(mglkslday)” Source (pgk)” Source (mglklkglday)’’ Source (ug/m’Y’ Source , Classification 
I 
INORGANICS 
Aluminum . - -  - e  - -  
Arsenic c 5.00E-05 c 
Beryllium c 1.20E-04 c 
Chromium, hexavalent - -  * *  - -  
Iron 
Manganese -I - -  - -  
Sodium - -  - e  - -  
Vanadium - -  - -  - -  

- -  - -  

- -  
so 
8.4 
41 

- -  

e -  

4.30843 
2.40E-03 
1.20E-02 

- -  

7.3 , c 2.10E-04 c - -  I- - -  - -  3.1 - -  8.80E-01 - -  U 

c. EPA IRIS Data Base (March 1996). 
d. USEPA ORD Health Effects Assessment Summary Tables (HEAST) FY 1995 Annual (May 1995) and FY-199s Supplement (Nov. 1995). 
u. EPA 1995. Supplemental Guidance to RAGS: Region IV BulletinS. Toxicity Assessment, Bulletin No, 2, Version .No. 1, September 1995. 

\ 

I 

I .  



.. 
- 

Compound TEF 

Benzo(a)pyrene 1 .o 

Table C-7. TEFs for Polycyclic Aromatic Hydrocarbons 

Benzo(b)fluoranthene 
BenzoQ fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

0.1 

0.01 

0.001 

1.0 

0.1 

1 Benzo(a)anthracene I -  o. 1 I 



I 

Table C-8. Toxicity Values for Evaluation of Noncanccr and Carcinogcnlc Elfects: Dermal Pathway 

Dermal Route Dermal Route Gastrointestinal Dermal 
Chronic RfD ' Slope Factor Absorption Factor Absorption Factor 
(me/kg/day) (mg/kg/dayY' (unitless) Source (unitless) Source 

INORGA N I B  
. Aluminum 

Arsenic 
Beryllium 
Chromium, hexavalent 
Iron 
Manganese 
Sodium 
Vanadium 

ORGANICS 
Benzo(a)pynne 
Benzo(g,h,i)perylene 

- -  
1.238-04 
5.00E-05 
1.00E-04 

2.00E-03 - -  
7.00E-OS 

9.30E-03 
9.308-03 

- -  
3.66EtOO 
4.30Et02 - -  

- I  - -  

2.35EtOl - -  

0. I 
0.4 1 
0.01 
0.02 
0.15 
0.04 

I 
0.01 

0.3 1 
0.3 I 

C 
C 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.01 
0.01 

h 
h 
h 
h .  
h 
h 
h 
h 

h 
h 

a IUD: Reference dose. RfC  Reference concentration. 

c. EPA INS Data Base (March 1996). 
h. In the absence of toxicity data, the R f D s  for pyrene have been adopted for this compound. 

' b. Inhalation RfCs have been converted to inhalation RfDs by multiplying by 20mYday and dividing by 70 kg. 

i 

I I 

I .  



Table C- 9. Risk characterhation for soil (0 to 1 foot): FDTF 
on-unit workers -ingestion exposure (current hnd use) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Hazard Excess -. ... -- Exposure Chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent Daily Oral Cancer Percent 
Parameter Concentration Intake' IUD Quotientb ofTotal . Intake' CSF Risk' ofTotal 

INORGANICS (mg/kg) - -  - -  Manganese 5.22Ei-01 . 6.13E-07 0.024 2.55E-05 99.6% 4.38E-08 - -  
ORGANICS (mg/kg;) 
Benzo(a)pyrene 1.44E-01 1.69E-09 0.03 5.64E-08 0.2% 1.21€-1' 7.3 8.82E-10 100.0% - -  - -  Benzo(g,h,i)perylene 1.2lE-01 1.42E-09 0.03 4.74E-08 0.2% 1.01E-10 - -  

Chemical hazards combined exposure: ' 

Hazard index (HI): 

Excess lifetime cancer risk: 

I 2.56E-05 I 100% i 

(EPCxCFxlRxEFxED) 
(BWAT) 

a CDI = 

C ELCR = CDIXCSF 
where 
CDI. 
EPC 
CF 
IR 

. EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake (m& BWIday) 
Exposure Point Concentration in Soil (mg chem/kg soil) 
Conversion Factor - Chemicals (0.0OOOOl kg soiUmg soil) 

Exposure Frequency (6 daydyear) 
Exposure Duration (5 years) 
Body Weight (70 kg) 
Averaging Time - Noncancer (1 825 daySr 
Averaging Time - Cancer ( U S S O  days) 

Ingestion Rate (50 mg soiUday) - 

18.82E-101 100% 1 



Table C - 10. Risk chamcteriution for roil (0 Eo 1 foot): FDTF 
on-unit rvorkers - dennnl exposure (current hod use) 

Noncarcinogenic Effects Carcinogenic Effects 
soil Hazard Excess 

Dermal chronic Quotient chronic Lifetime ELCR 
-- Pomt Absorption Daily Dermal Hazard Pacent Daily Dermal Cancer Percent 

Parameter Concentration Factor Intake' RfD Quotientb ofTotal Intake* CSF . Risk' ofTotal 

9.- .. -.. 

0.001 

0.010 
0.010 

7.11E-08 0.002 3.5SE-05 98.9% 5.08E-09 - -  . --  - -  

1.96E-09 0.009 2.11E-07 0.6% . 1.4OE-IO 23.548 3.30E-09 100.00/0 
1.65E-09 0.009 1.77E-07 05% 1.1&10 - -  - -  - -  . .  

Chemical hazards combined cxposurc: 
Hazardindcx(HI): 3.59E-05 I 1Wh 

330E-091 1Wh 

(EBCxCFx SAxAFxABSxEFxED) 
(BWxAT) 

a CDI = 

CDI 
H Q = =  

ELCR = CDIXCSF 

. 
EPC 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 
AT 
AT 

chtonic Daily Intake ( m a  BW/day) 
Exposure Point Concentration in Soil (mg chcmlkg soil) 
Convasion Factor (0.0WOOl kg s o h g  soil) 
Skin Surfirce A m  Available (5800 d d a y )  
Soil-to-skinAdhercnccFactor(1 mgsoiYcm2) 
Dermal Absorption Factor (chemical specific - unitless) 

Expure D u d o n  (5 years) 
Body Weight (70 kg) 

Averaging T i i t  - Cancer (25550 days) 

Exposure Frrquency (6 day*=) 

Averaging T i c  - Noncancer (1825 days) 



* Table C - 11. Riak ch8mcteriution for 4 (0 to 1 foot): FDTF 
on-unit workers - inhalation exposure (current land w) 

Carcino enicEffects 
Soil Particulate Hazard Exass 

-: _. Exposure Emission Chronic Quotient Chronic Lifetime ELCR 
- Point Factor Daily Inhalation Hazard P a a n t  Daily Inhalation Canar Pcrcmt 

Parameter Concentration (PEF) Intake. RfD Quotientb ofTotal Intake* CSF Risk' ofTotal 

INORGANIC9 (mi?) -- -- Manganese 5.22E+O1 4 . 6 3 0 W  53OE-11 1.4E-05 3.71E-06 100.00? 3.78E-12 - -  
ORGANICS (I?@& 
Benzo(a)pyrene 1.44E-01 4.63OEW 1.46E-13 -- - -  - -  1.04E-14 3.1 323E-14 100.0% 
Btnzo(g,h,i)pcrylenc 1.21E-01 4.630E4-09 1.23E-13 -- - -  - -  8.77E-15 - -  --  -- 

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifctime cancer risk 

(EPCXIRXEFXED) 
(PEFxBWxAT) ".CDI = 

CDI 
HQ---- - RfD 

ELCR = CDIXCSF 
where 
CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chronic Daily Intake (rnglkg BWIday) 
Exposure Point Conccntraton in Soil (mg c h d g  soil) 
Inhalation Rate (20 m3 &/day) 
Exposure F w m w  (6 daysiyear) . 
Expos= Dura!ion (5 yeas) 
Body Weight (70 kg) 
Averaging Time - Noncanccr (1825 days) 

Particulate Emission Factor (4.63E+09 m3 airkg soil) 
Avaaging Timt -Can= (25550 days) 



Table C - 12. Risk characterization for soil (0 to 1 foot): FDTF 
industrial workers - ingestion exposure (mre land use) 

Noncarcinogenic Effects Carcinogenic Effects 
-. Soil Hazard ExCeSS 

-: - 'Exposure chronic Quotient Chronic Lifetime F U R  
Point Daily Oral Hazard Percent . Daily Oral Cancer Percmt 

Parameter Concentration Intake. RfD Quotientb ofTotal ' Intake' CSF RiskC ofTotal 

EVORGANICT(mg/kg) 
Manganese . 522E+01 2.55E-05 0.024 1.06503 W.6% 9.12E-06 - -  --  - -  
O R W C S  (ingkg) 
B=(a)PWe 1.44501 7.05E-08 0.03 2.35E-06 0.2% 2.52E-08 7.3 1.84E-07 100.0% 
Benzo(g,h,i)perylene 1.21E-01 5.92E-08 0.03 1.97E-06 02% 2.11E-08 - -  - -  - -  

Chemical hazards combined exposure: 
Hazard index (HI): 1 1.07503 I 100% 

Excess lifetime cancerrisk 

(EPCxCFxIRxEFxED) 
(BWXAT) 

a CDI= 

CDI  H Q = =  

ELCR = CDIXCSF 
. where 

CDI 
.EpC 

CF 
IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake ( m a g  BW/day) 
Exposure Point Concentration in Soil (mg chem/kg soil) 
Conversion Factor - Chemicals (0.0OOOOl kg soivmg soil) 
Ingestion Rate (50 mg soivday) 
Exposure Frequency (250 daydyear) 
Exposure Duration (25 years) 
Body Weight (70 kg) 
Averaging T i e  - Noncancer (9125 days)' 
Averaging T i e  - Cancer (25550 days) 



Table C - l3. Risk cluracterintion for roil (0 to 1 foot): FDTF 
industri.1 workers - dcnnd exposure (fPtare land w) 

S o g e n i c  ~ffectr Carcinogenic Effects 
soil Hazard Excess 

.. Exposure Dermal Chronic Quotient chronic Lifetime ELCR 
'Point Absorption Daily Dtnnal H a z d  Percent Daily Dermal Cancer Percent 

Concentration Factor Intake' RfD Quotientb ofTotal Intake* CSF Risk' ofTotal 

INORGANICS (i?i@g) 
Manganese 5.22EiQI 0.001 2.- 0.002 1.48E-03 98.9% 1.06E-06 - -  

0.010 8.17E-08 0.009 8.79E-M 0.6% 2.92E.48 23.548 6.87E-07 100.0?/0 
0.010 6.87E-08 0.009 7.38E-06 05% 2.4S-08 - -  - -  - -  . .  

Chemical hazards combined exposure: 
Hazard index 0: 

Excess lifetime cancer risk: 

(EPCxCFx SAxAFxABSxEFxED) 
(B W xAT) ' CDI = 

b 

C 

C D I  
HQ - -  - RED 

ELCR = CDIXCSF 
VfllCrC 
CDI 

CF 
SA 
AF 

ABS 
EF 
ED 
BW 
AT 
'AT 

JilJC 
Chronic Daily Intake ( m e  BWIday) 
Exposure Point Conctntration in Soil (me chcm/lrg soil) - 
convcrSion Factor (0.0OOOOl kg s o h g  soil) 
Skin Surface Area Available (5800 d d a y )  
Soil-to-skinAdhercnctFactor(1 mgsoUcm2) 
Dermal Absorption Factor (chemical specific - unitless) 
Exposure Frtqucncy (2.50 daysEy=) 
Exposun -on w y-1 
Body WCiBht 0 0  43) 
Averaging Tie - Noncancer (9125 days) 
Averaging Tic - Cancer (25550 days) 



' Table C - 14. Risk chrrrcterintion for soil (0 to 1 foot): FDTF 
industri.l workers- inhalation exposure (future land we) 

Noncarcinogenic Effea- Carcino enic Effects 
SoiI Particulate Hazard Excess 

-: .. Exposure Emission Chronic Quotient chronic Lifetime ELCR - Point Faaor Daily Inhalation Hamd Percent Daily Inhalation Cancer Percent 
panrmetn Concentmion (PEF) Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

INORGANICS 
Manganese 522E+01 4.630EM9 2.2lE-09 1.4E45 1.54E-04 100.00? 7.88E-I0 - -  
ORGANICS (@& 

Bcazo(g,h,i)perylene 12IE-01 4.63OEW 5.1 1E-12 - - Bcw(a)pyrrne 1.44E-01 4.630E-W 6.09E-12 -- 

Chemical hazards combined ucposurc: 
Hazard inda (HI): 

Exccss lifetime cancerrisk: 6.74E-121 lW? 

(EPCxIRxEFxED) 
(PEFxB WxAT) a CDI = 

CDI H Q = =  

ELCR = CDIXCSF 
where 
CDI 
EPC 
-IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chronic Daily Intake ( m a g  BW/day) 
Exposun Point Concentration in Soid (mg chmrflrg soil) 
Inhalation Ratc (20 m3 &/day) 
ExPo=FrcqmcY (250 dayslycar) 
Expi~surc Duration (25 years) 
Body Weigh! (70 kg) 
Averaging Time - Noncancer (9125 days) 

Particulstc Emission Factor ( 4 . 6 3 E W  m3 airkg soil) 
Averaging Time -Can= (25550 days) 



Table C - 15. Risk characterization for soil (0 to 4 feet): FDTF 
industrial workers -ingestion exposure (future land use) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Hazard Excess -. -: -- Exposure Chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent Daily Oral Cancer Percent 
Parameter Concentration Intake' RfD Quotientb ofTotal ' Intake' CSF Risk' ofTotal 

INORGANICS (mg/kg) 
Aluminum 
Arsm'ic 
Beryllium 
Chromium, hexavalent 
Iron 
Manganese 
Sodium 
Vanadium. 

1.04EW . 
6.00EHO 
1.5OE-01 
3.85Ei-O 1 
4.40EW 
5.4OE-H)l 
7.05EH1 
8.46EH1 

5.09E-03 
2.94506 
7.34E-08 

2.15E-02 
2.64505 
3.45E-05 
4.14E-05 

1.88E-05 

- -  
3E-04 
0.005 
0.005 
0.3 

0.024 

0.007 
- -  

- -  
9.78E-03 
1.47E-05 
3.77E.03 
7.1 8E-02 
l.lOE-03 

5.91503 
- -  

-- 
10.6% 
0.0% 
4.1% 
77.7% 

: 1.2% 

6.4% 
- -  

1.82303 
1.0%-06 
2.62E-08 
6.738-06 
7.69E-03 
9.44E-06 
123505 
1.48E-05 

- -  - -  
1.5 1.57E-06 
4.3 1.13E-07 
e -  - -  - -  - -  

- -  
. ORGANICS (mg/kg)) 
Benzo(a)pyrene 1.44E-01 7.05E-08 0.03 2.35E-06 0.0% 252E-08 '7.3 1.84E-07 9.8% 
Benzo(g,h,i)perylene 1.21E-01 5.92E-OS 0.03 1.97E-06 0.0% 2.1 1E-08 - - - -  - -  

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk 

9.23E-02 I 100% 

ELCR = CDIXCSF 
where 
CDI 
EPC 
CF 
IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake (mgkg BW/day) 
Exposure Point Concentration in Soil (mg ch&g soil) 
Conversion Factor - Chemicals (0.0OOOOl kg soiVmg soil) 
Ingestion Rate (50 mg soiVday) 
Exposure Frequency (250 daydyear) 
Exposure Duration (25 years) 
Body Weight (70 kg) 
Averaging Time - Noncancer (9125 days): 
Averaging Time - Cancer (25550 days) 



Table C - 16. Risk eluncterintion for d ( 0  to 4 feet): FDlT 
industrial workcn -dermal crposurc (fotorc Lad w) 

Noncarcinogenic Effects Carcinopenic Effects 
soil Hazard Excess 

-: Exporn Damal chronic Quotient Chronic Lifetime ELCR 
'Point Absorption Daily Dermal Hazard P-t Daily Dermal CUI= Pcrccnt 

Parameter Concentration Factor Intake' RfD Quotientb ofToral Intake' CSF Risk' ofTotal 

INORGANICS (m 
Aluminum 
A r s t n C  
Beryllium 
Chromium, hexavalent 
Iron 
Manganese 
Sodium 
VanadiUm 

1.04Ei-04 
6.00E4-00 . 
1.5OE-01 
3.85EM1 
4.40Ei-04 
5.40EM1 
7.05EM1 
8.46EM1 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

5.9oE-04 - -  
3.41E-07 1E-04 
8.51E-09 5E-05 
2.18E-06 1E-04 
2.50E-03 - -  
3.06E-06 0.002 
4.00E-06 -- 
4.80E-06 7E-05 

- -  
2.77E-03 
1.70E-04 
218E-02. 

1.53E-03 

6.86E-02 

- -  
- -  

- -  
2.9% 
02% 
23.Ooh 

1.6% 

72.3% 

- -  
- -  

2.1 1E-04 
122E-07 
3.04E-09 
7.80E-07 
8.92E-04 

1.43E-06 
1.71E-06 

1:09E-06 

- -  
4.45E-07 
131E-06 - -  

18.2% 
53.6% 

ORGANICS (mg/kg) 
Bcnzo(a)pyr&e 1 AE-01 0.010 8.17E-08 0.009 8.79E-06 0.0% 2.92E-08 23.548 6.87E-07 282% 

-.- . .  Bcnzo(g,h,i)pcxylcnc 121M1 0.010 6.87E-08 0.009 738E-06 0.Wh 2.49248 - -  -- . .  

Chemical hazards combined exposure: 
Hazardindex(HI): 

Excess lifetime cancer risk: 

9.49E-02 I lOO?? 

(EPCxCFx SAxAFxABSxEFxED) 
(B W xAT) a CDI = 

C.D I H Q = =  

'. ELCR = CDIXCSF 
WhCE 

CDI 
EPC 
CF 
SA 
AF 
ABS 
EF 
ED 
BW 
AT 
AT 

Chronic h i l y  Intake ( m e  BW/day) 
Exposure Point Concentration in Sod (mg chewkg soil) 

Skin Surface Ama Available (5800 d d a y )  
Soil-to-sldn Adhcrcnce Factor (1 mg soiVcm2) 
Dermal Absorption F k r  (chemical specific - unitlcss) 

convasion Factor (0.oooOOl kg soiVmg soil) 
I 

ExposratFrequencYw~daydycar) / 
EXP==-~(2ZY-) 
Body W a l t  0 0  m 
Avaaging T i c  - N o n ~ a n ~ a  (9125 day) 
Avaaging T i e  - Can= (25550 days) 



' Table C - 17. Risk chrracterhtion for roil (0 to 4 feet): FDTF 
industrial workers - inhalation uposnrc (fnturc land rue) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Particulate h d  Exccss 

.. Exposure Emission Chronic Quotient Chronic Lifetime ELCR - Point Factor Daily Inhalation Hazard P a n t  Daily Inhalation Cancer Percent 
-. 

Parameter Concentration (PEF) Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal , 

INORGANICS (WW 
Aluminum 

Beryllium 
Chromium, hexavalent 
Iron 
Manganae 
Sodium 
Vanadium 

: Arsenic 
4.630E+09 4.40E-07 
4.630E+09 2.54E-10 
4.630E+09 634E-12 
4.630E+09 1.63E-09 
4.630E-W 1.86E-06 
4.630E+09 228E-09 
4.630E+09 2.98E-09 
4.63OEW 3.58E-09 

- -  

1.57E-07 
9.06E-11 
226E-I2 
5.81E-10 
6.64E-07 
8.lSE-10 
1.06E-09 
128E-09 

- -  
so 
8.4 
41 -- 

ORGANIC3 (@a 
B=4a)pynne 1.44E-01 4.630E-W 6.09E-12 - -  -- - -  2.17E-12 3.1 6.74E-12 O.O?/o 
Benza(g,h,i)pcrylene 121E-01 4.630E+09 5.1 1E-12 - - -- -- 1.83E-12 - -  - -  -- 

Chemical hazards combined exposun: 
Hazard index (HI): 1.60E-04 I 1W/0 

Excess lifetime cancer risk 2.84E-081 1 W h  

(EPCxIRxEFxED) 
(PEFxB WxAT) ' CDI= 

C D I  
H Q = =  

ELCR = CDIXCSF 

whm 
CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chronic Daily Intake (m& BW/day) 
.Exporn Point Conaneation in Soil (mg chemlkg soil) 
Inhalation Rate (20 m3 &/day) 
ExposunFnqumcY(250daysiyear) 
Exposun Duration (25 years) 
Body Weight (70 kg) 
AVeragingTime -Nonct~1ctr(9125 days) 
Averaging T i e  - Cancer (25550 days) 
Particulate Emission Factor (4.63E+09 m3 airkg soil) 

/ 



Table C- 18. Risk chamcterkation for soil (0 to 1 foot): FDTF 
midents - ingestion erposnrv (future land use) 

Noncarcinogenic Effects Carcinogenic Effects 
- -  Soil Hazard Excess 
-- ' Exposure Chronic .Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent. Daily Oral Cancer Penxnt 
Parameter Concentration Intake' IUD Quotientb ofTotal Intake' CSF Risk' ofTotal 

- -  INORGANIC3 ( ~ . i d  
Manganese 5.22E3-01 6.67E-04 0.024 '2.78502 99.6% 8.17E-05 - -  - -  
ORGAMcr(mg/kg) 

Benz&,h,i)perylene 1.21E-01 1.55E-06 0.03 5.16E-05 0.2% 1.89E-07 - -  - -  - -  B-(a)PPe 1.44501 1.84506 0.03 6.14E-05 0.2% 2.232-67 7.3 1.65E-06 100.0% 

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancerrisk 

2.79E-02 I 100% 

(EPCxCFxIR ,xEFxED c )  
a C D I =  

(B W cxAT,, 1 

(IR ' x E F x E D  c )  (IR . x E F x E D  a )  ' CDI = E P C x C F x  + 
( B W a  1 

C D I  
R f D  

H Q = -  

where 
CDI ' 
EPC 
CF 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

C E L C R  = C D I X C S F  

Chronic Daily Intikc (mglkg BW/day) 
Exposure Point Concentration in Soil (mg chem/kg soil) 
Conversion Factor - Chemicals (O.OOOOOl kg soiymg soil) 
Ingestion Rate - Child (200 mg soiyday) 
Ingestion Rate - Adult (1 00 mg soiVday) 
Exposure Frequency (350 dtiydyear) 
Exposure &on - Child (6 years) , 
Exposure Duration - Adult (24 years) 
Body Weight - Child (15 kg) ' 
Body Weight - Adult (70 kg) 
Averaging T i e  - Noncancer (2190 days) 
Averaging T i e  - Cancer (25550 days) 

- 



Table C - 19. Rirk chrncterintion for st13 (0 to 1 foot): FJ)m 
&dents - demd exposure (future land tw) 

s Carcinogenic Effects 
Soil Hazard Fixccss 

Exposure Dermal Chronic Quotient Chronic Lifetime ELCR 
'Point Absorption Daily Dtrmal Hazard P m t  Daily Dermal Cancer Percent 

.. -: -- 
Parameter Conmuation Factor Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

INORGAh!KS (mgfltg) 
Manganese 5.22Ei-03 0.001 6.71E-06 0.002 335E-03 98.9% 2.00E-M - -  - -  - -  
ORGRNICT (in@& 
B = (ahyrene 1.44EO 1 0.010 1.85E-07 0.009 1.99E-05 0.6% . 551E-08 23.548 130E-06 100.00/0 
Bauo(g,h,i)pcrylenc 12lE-01 0.010 1.592-07 0.009 1.67E-05 05% 4.63E-08 - -  - -  - -  

Chemical hazards combined exposure: 
Hazard index (HI): 339E-03 I 100% 

Excess lifetime caacer risk 

(EPCxCFxSA ,xAFxABSxEFxED,) 
(B W,xAT,, 1 ' CDI = 

(SA ,xAFxABSxEFxED ,) (SA ,xAFxAB SxEFxED , ) + 
(BWC) (BWJ 

' CDI = EPCxCFx 

C D I  H Q = =  

When 
CDI 
EPC 
CF 
SA 
.SA 
AF 

. ABS 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

E L C R  = C D I X C S F  

Chronic Daily Intalce (mgkg BW/day) 
Exporn Point ConcmPation m Soil (mg chemlkg soil) 
convasion Factor (0.0OOOOl kg soiymg soil) 
Skin Surface Area Available - Child (2010 d d a y )  
Skin S& Ana Available - Adult (5800 &day) 
Soil-to-skin Adhacnct Factor (1 mg soWcm2) 
Dermal Absorption Famr (Chemical specific - unitless) 

- Exposure F~qucncy (350 dayslyear) . -. 

Exposure Duration -Adult (24 ycars) 
~ o d y  Weight - (15 
Body WCight - Adult (70 kg) 

Exposurt MOD -Child (6  year^) 

_. 
AV-g T i e  - N ~ n ~ a n ~ a  (2190 days) 
AV-g T i e  - Can= ( days) 

.. 



Table C - 20. Risk Lbrractcrbtion for roil (0 to 1 foot): FDTF 
residents - inhalition exposure (future lrnd rue) 

A- - ' .  -- 
Noncarcinogenic Effects Carcinogenic Effects 

Soil PEStiCUlatC Hazard Exccss 
-: -- Exposure Emission Chronic Quotient chronic Lifetime ELCR - Point Factor Daily Inhalation Hazard Pcrcent Daily Inhalation Cancer Pcrccnt 

Parameter Concentraton 0 Intake' IUD Quotientb ofTotal Intake' CSF Risk' ofTotal 
F 

ZNORGAMCS' 
5.22E+O1 4.63OEi-W 1.08E-08 1.4E-05 7.57E-04 100.0?? 1.99E-09 - -  -- - -  MmganCSC 

. .  
ORGANICS' (@k& 
Benzo(a)pyzcnc 1.44E-01 4.630E+09 2.98E-11 - -  -- -- . 5.48E-12 3.1 1.7OE-11 100.0?h 
Btnzo(@,i)perylene 121E-01 4.630Ei-09 2.51E-11 -- -- -- 4.6OE-12 - -  - -  - -  

Chemical hazards combined wposur~: 
Hazard index (HI): ) 7.57E-04 I 1Wh 1 

(EPCxIR ,xEFxED e )  

(PEFxB W,xAT,, ) 
* CDI = 

CDI  
H Q = R ~ D .  

whcre 
CDI 
EPC 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 
PEF 

ELCR = CDIXCSF 

Chronic Daily Intake (mg/kg BW/day) 
Exposure Point Conmeation m Soil (mg ch&g soil) 
Inhalation Rate -Child (15 m3 aidday) 
Inhalation Rate -Adult (20 m3 aidday] 

Exponac Duration - Chiid (6 years) 
Exposure Duration -Adult (24 years) 
Body Weight -Child (IS kg) 
Body Weight - Adult (70 kg) 
Averaging T i e  -Noncanccr (2190 days) 
Averaging Time -Cancer ( days) 
Particulate Emission Factor (4.63E+09 m3 airkg soil) 

Exponac Frrsmcy 050 daysiyear) . 



Table C - 21. Rbk chrracterintion for roil (0 to 4 feet): FDTF 
residents - ingestion exposurc (futorc land ruc) 

. Exposure chronic Quotient chronic Lifetime ELCR 
Point Daily oral Hazard Percent Daily oral Cancer Perant 

Concentration Intake' IUD Quotient ofTotal '. Intake' CSF Risk' ofTotal 

INORG4NICS'(ntg/kg) 
AlUlllillUlll 
ArscniC 
Beryllium 
Chromium, hexavalent 
h n  
Manganese 
Sodium 
Vanadium 

1 .MEW 
6.00E+OO 
1.5OE-01 
3.85E+01 
4.40E+04 
5.40E+O1 
7.05E+O1 
8.46J3-01 

1.33E-01 
7.67E-05 
1.92E-06 
4.92E-04 
5.63E-01 
6.90E-04 
9.01E-04 
1.08E-03 

- -  
3 w  
0.005 
0.005 
0.3 

0.024 

0.007 
-- 

- -  
256E-01 
3.84E-04 
9.84E-02 
1.88E+OO 
2.88E-02 

155E-01 
-- 

- -  
10.6% 
0.0% 
4.1% 
77.7% 
12% 

6.4% 
-- 

1.63E-02 - -  -. 
939E-06 1.5 1.41E-05 
23SE-07 4 3  1.01E-06 
6.03E-05 - -  - -  
6.89E-02 ** - -  - -  
8.492-05 - -  - -  
l.10E-04 . --  - -  
132E-04 -- - -  

O R W a ( n t g / i d  

Benzo(g,h,i)perylene 121E-01 1.5SE-06 0.03 5.16E-05 OB?6 1.89E-07 -- - -  -- Benzo(a)pyrme 1.44E-01 1.84E-06 0.03 6.14E-05 0.0% . 2.2SE-07 73 1.6SE-06 9.8% -. 

Chemical hazards combined expo&: 
Hazard index (Hl): 

Excess lifetime cancer risk: )I.67E-05) 100% 1 

(EPCxCFxIR ,xEFxED c )  ' C D I =  
(B w XAT,, 

(IR ,xEFxED c )  (IR ,xEFxED ' )  CDI  = EPCxCFx + ( B W . 1  . ] f A T c  

C D I  H Q  = - b 
R fD 

Wfim 
CDI 
EPC 
CF 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

- 

C E L C R  = C D I X C S F  

- chronic Daily Intake ( m a  BW/dq) 
Exposure Point Concentration in Soil (mg chrmlkg soil) 
Conversion Factor - Chemicals (O.WO001 kg soiVmg soil) 
Ingestiop Rate - Child (200 mg soil/day), 
Ingestion Rate - Adult (100 mg soil/&) 

Exposure Duration - Child (6 y m )  __. 

Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Avuaging T i e  - Noncancer (2190 days) 
Averaging T i e  - Cancer (US50 days) ', 

Exposure Fresumcy (350 dayslyear) 

Exposure Duratiio11. - Adult (24 ycar~) 



Table C - 22. Risk cbaracteriution for soil (0 to 4 feet): FDTF 
residents - dennnl u p u m  (futum had W) 

- 
Noncarcinogenic Effects Carcinogenic Effects 

soil Hazard Excess 
.'. -. Exposun Dcrmal Chronic Quotient Chronic Lifetime ELCR 

Pomt Absorption Daily Dmnal Hazard Percent Daily Demal Cancer Percent 
Concentration Factor Intake' RfD Quotientb ofTotal Intake' CSF . Risk' of Total 

- 

134EA3 
7.71E-07. 
1.93E-08 
4.95E-06 
5.6SE-03 
6.94E-06 
9.06E-06 
1.09E-05 

3.98M - -  
230E-07 3.6585 
5.74- 430 
1.47E06 - - 
1.68E-03 - -  
2;07&06 - -  
2.70E46 - -  
324E-06 -- 

I .ME* 
6 . 0 0 E q  
150E-01 

3.8SE+01 
4.40E* 
5.40E+01 
7.05E+01 
8.46E+01 

0.001 
.0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

-- 
627E-03 
3.8- 
4.95E-02 

-- 
2.9% 
02% 

23.0% . 

--  
8.40E-07 
2.47E-06 - -  

-- 
18.2% 
53.6Yo 

0.002 

7E-05 
-- 1.6% 

723% 
- -  - -  

ORGANICS ( m m  
B-(a)pyrrne 1.44E-01 0.010 1.85E-07 0.009 1.99305 0.0Dh 551E-08 23.548 13OE-06 282% -- Baxm@,h,i)paylene l2lE-01 0.010 1.5SE-07 0.009 1.67E-05 0.0% 4.63E48 - -  , - -  . 

Chemical hazards combined exporn: 
H a z a r d i n d e x ~ :  2.15E-01 I 1Wh 

Excess lifetime cancerrisk: 

(EPCxCFxSA ,xAFxABSxEFxED,) CDI= 
(BWcxATnc) 

(SAcxAFxABSxEFxED,) (SA,xAFxABSxEFxED,) + 
(BWJ (B w. 1 

' CDI = EPCxCFx 

Y Y W A  

RfD 
wilere 
CDI 
EPC 
CF 
SA 
SA 
AF 
ABS 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

Chronic Daily Intake (m& BW/day) _ I .  

Exposurr Point Concentration m Soil (mg chanlkg soil) 
Ccnvcrsion Factor (0.OOOOOl kg s o h g  soil) 
sldn Slrrfacc AIWI Availabl~ - Child (2010 
Slrin Surfs# Arcs Availrble - Adult (5800 &day) 

Damal Absorption F m  (chemical specific - 
E x p o r n  Duration - Child (6  year^) 

Soil-twkinAdhnmwFador(l mgsoWcm2) 

ExPo==FrtqucncY (350 &Ys/ycsr) 

Exposurr Duration -Adult (24 ycars) 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
AVtraging T i c  - NODCRUC~~ (2190 days) . 
Avaaging T i e  - Can= ( days) 

e '  



Table C - 23. Risk characterization for roil (0 to 4 feet): FDTF 
midenB - inbahtion (futtrm land m) - -_I > Noncarcinogenic Effects Carcinogenic Effects 

Soil Partidate Hazard Excess 
-: --  Exposun Emission Chronic Quotient Chronic Lifetime ELCR 
-- Point Factor Daily Inhalation Hazard P e m t  Daily Inhalation Cancer Percent 

Parameter Concentration (PEF) Intake' IUD Quotientb ofTotal Intake' CSF RiskC ofTotal 

INORGANIC3 (I@& 
Aluminum 

Beryllium 
Chromium;hexavdent 
Iron 
Manganese 
Sodium 
Vanadium 

' Arsenic 
1.04Ei-04 
6.00E4-00 
1.5OE-01 

3.85E+01 
4.40E+04 
5.4OE4-01 
7.05E+01 
8.46E+01 

4.630E+09 2.15E-06 
4.630E+09 1.24E-09 
4.630E+09 3.11E-11 
4.630E+09 7.97E-09 
4.630E+09 9.1 IE-06 
4.630E+09 1.12E-08 
4.630E+09 1.46E-08 
4.63OEW 1.75E-08 

3.%E-07 
2.28E-10 
5.71E-12 

. 1.46E-09 
1.67E-06 
2.m-09 
268E-09 
3.22E-09 

- -  e -  - -  
so 
8.4 
41 - -  

- -  
1.14E-08 

6.00E-08 
4.79E-11 

-- -- 
e -  -- 

ORGANICS ( . &  
BcWdpyrcfie 1.44E-01 4.630E+09 298E-11 -- -- -- 5.48E-12 3.1 1.70E-11 O.oO? 
Benzo(g,h,i)perylene l.2lE-01 4.630E+09 2.51E-11 - -  -- -- 4.6OE-12 - -  --. -- 

Chemical hazards combined exposure: 
Hazard index (HI): 7.83E-M I IW? 

Excess lifetime cancer risk 

(EPCxIR ,xEFxED 
(PEFxB W,xAT,,) a CDI= 

E P C  (IR , x E F x E D  ,) (IR , x E F x E D  ,) 
PEF '[ (BW,) + 

(BW') 
' C D I  = - 

C D I  
RfD ELCR = CDIxCSF .HQ = - b 

where 
CDI 
EPC 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 
PEF 

Chronic Daily Intake ( m a g  BW/day) 
Exposure Point Conantration in Soil (mg chcm/lrg soil) 
Inhalation Rate - Child (15 m3 aidday) 
Inhalation Ratc -Adult (20 m3 &/day) 

Exposure Duration -Child (6 ycars) 
Exponac I h t i o n  -Adult (24 years) 

Body Weight - Adult (70 kg) 
Avenging Time - Noncancer (2190 days) 
Averaging T i e  - Cancer ( days) 
Particulate Emission Factor (4.63E+09 m3 airkg soil) 

Exposure Fmmw (350 day*=) 

Body Weight - Child (15 kg) -1 



Table C - 2-4. Risk chrrrcterintion for kify vegetables (0 to 1 foot soil): FDTF 
midents - ingestion exposure (future land w) 

Noncarcinogenic Effecrs Carcinogenic Effects 
soi l .  Soil-to-Plant Hazard Exccss 

-I *. E,qsun  (LeafyVcg.) Chronic Quotient Chronic Lifetime ELCR 
Point Biotransfkr Daily Oral Hazard P m t  Daily Oral Cancer Pcrcent 

Fkmllcter Concentration Factor Intake' RfD Quotientb ofTstal Intake' CSF ' Risk' ofTotal 

c 

5.60E-01 330503 0.024 137E-01 1OO.oo/o 934E-04 - -  e -  - -  
ORGANICS'(ms/ks) . 
B-(a)pyrrne 1.44E-01 8.72E-08 1.42E-12 0.03 4.-11 O.O?? . 4.01E-13 73 2.93E-12 100.0?/0 
Bcnzo(g,h,i)pcrylene 121E-01 3.64E-09 4.96314 0.03 1.69512 0.0% 1.41E-14 - -  - -  - -  . .  

Chemical hazards combined ucposurr: 
Hazardmdur(HI): 

Exc.css lifetime cancer risk: 

( E P C x B T F x  F I x I R , x E F x E D  ,) ' C D I =  
' (B w , x A  T,, 1 

(IR , x E F x E D  c )  (IR , x E F x E D  ,) + 
( B Y )  

' C D I  = EPC x B T F x C F X  

b C D I  H Q  = - R f D  

Wfim 
CDI 
EPC 
BTF 
FI 

IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

IR 

ELCR = CDIXCSF 

Chronic Daily In& (m& BWlday) 
Exporn Point Conccnaation m Soil (mg chcm/kg soil) 
Soi-to-plant Biotransfcr Factor (chemical specific - mg chcm/lrg plant per mg chcm/kg soil) 
Fraction Ingested (0.042 unitlcss) 
Ingestion Rate - Child (0.042 kg producclday) 
Ingestion Rate - Adult (0.1 13 kg producdday) 
Exposun Frequency (350 days) 
Exposure Duration - Child (6 ycars) 
Exposure Duration -Adult (24  year^) 
Boay Wtight- Child (15 kg) 

Avrraging T i e  - N i m a ~ e r  (2190 w) Body Weight - Adult (70 kg) 

Awaging T l e  - Cancer (25550 days) 

..- 



Table C - 25. Rlsk chrracteriution for tuberow vcgetabla (0 to 1 foot SOU): FDTF 
residents - ingestion aposum (f-m h d  w) 

Noncarcinogenic Effccts Carcinogenic Effects 
Soil soil-to-Plant Hazard Excess 

-: -. + o m  (TllkVeg.) chronic Quotient chronic Lifetime ELCR 
Point Biotmnsfer Daily Oral Hazard P m t  Daily Oral Cancer Percent - 

Parameter Concentration Factor Intakc' R€D Quotientb ofTotal Intake. CSF Risk' ofTotal 

, INORGANZCS' (m&?) 
5,22E+01 1.50E-01 4.47E-03 0.024 1.86E-01 99.9?? 1.27E-03 - -  - *  --  Manganese 

ORGANICS' (mg/kg) 
1.44E-01 7.07E-02 5.81E-06 0.03 1.94E-04 0.1% 1.65E-06 73 1.2OE-05 100.00? -- B-(~)PY= 

Bnw(g,h,i)pcrylene l.2lE-01 3.61E-02 2.49506 0.03 831505 0.OOh 7.0p-07 - -  -- 

Chemical hazards combined exposun: 
Hazard index (HI): 

Exccss lifetime cancer risk 

(IR,xEFxED,) (IR,xEFxED.) + 
(BW, 1 ' CDI = EPCXBTFXCFX 

H Q =  
where 
CDI . 
EPC 
BTF 
Fl 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

C D I  E L C R  = C D I x C S F  

Chronic Daily Intake (mglkg BW/day) 
Exposure Point Concentration m Soil (mg chcm/kg soil) 
Soii-to-plant Biotransfcr Factot (chemical specific - mg chcm/kg plant per mg chcm/kg soil) 
Fraction Ingested (0.1 19 unitless) 
Ingestion Rate - Child (0.075 kg productlday) 
Ingestion Rate - Addt (0.202 kg productlday) 
Exposun Frequency (350 days) 
Exposure Duration - Child (6 ycars) 
Exporn Dmati~n -Adult (24  year^) 
Body WCight - Child (IS kg) 
Body Weight - Adult (70 kg) 
Averaging Time - Noncancer (2190 days) 

-. 

Avenging Time - Canca (25550 days) ,I 



. Table C - 26. Risk characterintion for fntftr (0 to 1 foot roil): FDTF 
residents - ingation e x p u r e  (future h d  IW) . 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Soil-to-Plant Hatard Excess 

-: -- 9" (TubCrVeg.) chronic Quotient chmnic Lifetime ELCR 
Point B i o w f e r  Daily Oral Hatard Percent D d y  Oral Cancer P m t  

Parameter - Concentration Factor Iatake' RfD Quotientb ofTotal Iatalte' CSF Risk' OfTotal 
- 

INORGAMCS (mg/lrk) 
Manganese 522E+O1 5.00E-02 3.66E-03 0.024 1.52E-01 1OO.OOh 1.0SE-03 -- - -  -- 
ORGANICS (mg/kg) 
B=(a)pyrene 1.44E-01 132E-09 2.67E-13 0.03 8.9OE-I2 O.O?h . 7.6%-14 7.3 5.58E-13 lOo.O?h 
B t n z o O p c r y l ~ ~ ~ t  l2lE-01 5.43E-11 92OE-15 0.03 3.07E-13 0.0% 2.64E-15 - -  -- -- 

Chemical hazards combined exposure: 
Hazard index (HI): 

5.S8E-I3 I 1Wh 

( E P C x B T F x F  I x I R  , x E F x E D  = )  ' C D I =  
(B w J A  T,, 1 

(IR,xEFxED,) (IR,xEFxED a )  + 
(BW.1 

' CDI = EPC xBTFxCFX 

CDI 
H Q = =  
wilere 

EPC 
BTF 
FI 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

CDI 

ELCR = CDIxCSF 

Chronic Daily Intake (mg/kg BWIday) 
Exposure Point Concentration in Soil (mg chemllrg soil) 
Soil-to-plant Biotransfa F m r  (chemical specific - mg chemllrg plant per mg chcm/kg soil) 
Fraction Ingested (0.487 unitItss) 

Ingestion Rak -Adult (0.123 kg producelday) 
IngStim Ratt - Child (0.045 kg prod~cclday) 

EXPO- Fresuency (350 days) 
Expos~n Duration - Child (6 ycar~) 
Exposure Duration -Adult (24 years) 
Body Weight - Child (IS kg) 
Body Weight - Adult (70 kg) 
Averaging T i e  - Nmcanccr (2190 days) 
Averaging T i e  - b c a  (25550 days) 

- 

.I 



T8ble C - 27. Risk ch.ractcrintion for lrify vegetablu (0 to 4 feet mil): FDTF 
ruidcnb - i n g d o n  exposure (future land use) 

soil soil-to-Plant Hazard Excess 
l $ q o S u n  (LeafYVcg.) chronic Quotient Chronic Lifetime ELCR 

Point Biotransfcr Daily Oral Hazard Perant Daily Oral Cancer P e m t  
Parameter Concentration Factor Intake' IUD Quotientb ofTotal Intake1 CSF . Risk' ofTotal 

-. -. -- 

INORGAVICS (mgkt?) 
Aluminum 
ArscniC 
Beryllium 
Chromium, hexavalent 
Iron 
Manganese 
Sodium 
Vanadium 

1.04E+O4 
6.00E+00 
1.50E-01 
3.85E+01 
4.4OEW4 
5.40Ei-01 
7.05E+01 
8.46Ei-01 

4.00E-03 
'4.00E-02 
1.00E-02 
750E-03 
4.00E-03 
5.60E-01 
7.50E-02 
2.00E-03 

4.69E-03 -- 
.2.71E-05 3E-04 
1.69E-07 0.005 
326E-05 0.005 
1.98E-02 0 3  
3.41E-03 0.024 
5 . 9 m  -- 
1.91E-05 0.007 

-- 
9.02E-02 
338E-05 
651E-03 
6.62E-02 
1.42E-01 

2.73E-03 
- -  

-- 
293% 
0.0% 
2.1% 
215% 
462% 

0.9?? 
-- 

133E-03 
7.67E-06 
4.79-8 
923E-M 
56-43 
9.66E-04 
1.69E-04 
5.41E-06 

ORGANICT (mgkt?) 
B=(a)PPe 1.44E-01 8.72E-08 1.4ZE-12 0.03 4.72E-11 O.O?? 4.01E-13 7 3  2.93E-12 O.O?/o -. . .  .Bmza(g,h,i)pcrylene 121E-01 3.64E-09 4.96E-14 0.03 1.6512 O.oO/o 1.41E-14 -- -- 

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk: 1.17Eo5( 100% 

(EPCxBTFxFIxIRcxEFxED 
C D I  = 

(B w c xA T,, 1 

( IR , x E F x E D  ( I R , x E F x E D  l )  + 
(BW.1  

C D I ' =  E P C  x B T F x C F x  

ELCR = CDIxCSF C D I  . 
R fD H Q  = - b '  

where 
CDI 
EPC 
BTF 
n 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

ChronicDailyIntakc(mg/kgBW/day) 
Exposure Point Conantration m Soil (mg chcmikg soil) =. 
Soil-to-plaut Biotransfa Factor (chemical specific - mg chcmikg plant per mg chcm/kg soil) 
Fraction Ingcsted (0.042 unitless) 
IngeStiOn Rate - Child (0.042 kg prolcc/day) 
IngdOn Rate - A u t  (0.1 13 kg -day) / 

Expos~n - Child (6 y-) 

Body Wtight - Child (15 kg) 

ExposurrFrulucnCY(35Odays) . 

Exposurr Dutation -Adult (24 years) ..- 

Body Weight -Adult (70 kg) 
Averaging T i e  - Noncanar (2190 days) 
Averaging Time - Char (25550 days) 



Table C - 28. Risk ChnrctetCrintion for tuberous vcgctsblu (0 to 4 feet mil): FDTF 
midents - ingestion exposure (future land use) 

Noncarcinogenic Effects Carcinogenic Effects 
soil Soi-to-Plant Hazard Exccss 

-: .- fi”p””” (TubCrVeg.) chronic Quotient Chronic Lifetime ELCR 
Point Biomfer Daily Oral Hazard Percent Daily Oral Cancer Perccnt 

P a r a m C t C r  Concentration Factor Intake’ RfD Quotientb ofTotal Intake* CSF Risk‘ ofTotal 

INORGAMCT (in@& 
Aluminum 
Arsenic 6.00E+OO ‘6.00E-03 2.05E-05 3E-04 6.85E-02 18.1% 5.82E-M 1.5 8.74E-06 41.8% 
Beryllium 1.SOE-01 150E-03 1.28E-07 0.005 2.57E-05 0.0% 3.64E-08 4.3 1.57E-07 0.7% 

- 

1.04E+04 4.00E-03 237E-02 - -  e-  -- 6.73E-03 - -  --  - -  

Chromium. hexavalent 3.85E+01 4.50E-03 9.88E-05 0.005 1.98E-02 52% ’ 2.80E-05 - - - -  -- 
iron 4.40E+04 -1.00E-03 251E-02 03 837E-02 22.1% 7.1z-03 - -  - -  - -  
Mangincse S.~OE+OI I ~ O E - ~ I  4.m-03 0.024 1 . 9 3 ~ 1  s o . ~ ~  13im3 - -  - -  --  
sodium 7.0SE+01 550E-02 221E-03 - -  -- -- 6.27E-04 - -  - -  -- 
Vanadium 8.46Ei-01 2.00E-03 9.6SE-05 0.007 138E-02 3.6% 2.74E-05 - -  -- -- 
ORGAhTCS’ (mN& 
B-(a)pyrrne 1.44E-01 7.07E-02 5.81E-06 0.03 1.p4E-04 0.1% 1.65E-06 7.3 120E-05 575% -- ,B~(g,h,i)pcrylent 1.21E-01 3.61E-02 2.49E-06 0.03 831E-05 0.Wo 7.07E-07 - -  -- . . 

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk: 

3.79E-01 I lW? 

(EPCxBTFxF IxIR,xEFxED 
a C D I =  

(B w c xA T,, 1 

L 

CDI 
b’ HQ = R ~ D  

w f i a c  
CDI 
EPC 
BTF 
FI 
IR 
IR 
EF 
ED 
ED 
BW 
BW - 
AT 
AT 

E L C R  = C D I x C S F  

Chronic Daily Intake (mg/kg BW/day) 
Expwun Point Concentration m Soil (mg chemlkg soil) :. 
Soil-to-plant Biomfer Factor (chemical specific - mg chcm/kg plant per mg chcm/kg soil) 
Fraction Iugcstcd (0.1 19 unitless) 

- 

IngtSti~n Rate - Child (0.075 kg produalday) 
Ingestion R& - AMt (0.202 Irg -day) 

Exposure - Child ( 6 y m )  

’ 
Exposure Frrsuency (350 days) 

Expome Duration -Adult (24 yam) -- 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
AVcraging Tire - Noncancer (2190 days) 
Averaging Time - Cancer (25550 Qys) 

.. 



-. Table C - 29. Risk clurrctcrkation for fruits (0 to 4 feet sou): FDTF 
residents - ingestion exposure (future land me) - Carcmo caicEffects 

soil soil-to-Plant Hazsrd Excess 
... E,xpom (TuberVeg.) Chronic Quotient chronic Lifetime ELCR 

Point Biotransfw Daily oral Hazard Ptrcent Daily Oral Cancer Percent 
Concentration Factor Intake' RfD Quotientb ofTatal Intake' CSF Risk' ofTotal 

-- 

INORGANICT (rng/d 
Aluminum 
Arsenic 
Beryllium 
Chromium, hexavalent 
Iron 
Manganese 
Sodium 
Vanadium 

5.83E-02 - -  
5.04E-05 3E-04 
3.15307 0.005 
2.43E-04 0.005 
6.16E-02 0.3 
3.78E-03 0.024 
5.43303 - -  
237E-04 0.007 

1.04EW 
6.OOE+OO 
1 SOE-0 1 
3.85EM1 
4.40E-W 
5.40EH1 
7.05EHl 
8.46EHl 

4.00E-03 
6.00E-03 
1 SOE-03 
4.50E-03 
1 .OOM3 
5.00302 
5.50E-02 
2.00E-03 

1.67E-02 
1.4zE-05 
9.03E-08 
6.9SE-05 

'1.08E-03 
156E-03 
6.79E-05 

1.77.E-02 

- -  
2.17E-05 
3.88E-07 

982Vo 
1.8% 

1.68E-01 
63OE-05 
4.85E-02 
2.05E-01 
1.58E-01 

339E-02 
- -  

27.4% 
0.0% 
7.9% 
33.5% 
25.7% 

5.5% 
-- 

1.5 
4 3  

- -  e -  --  

1.44E-01 132E-09 2.67E-13 0.03 8.9OE-12 0.Ph 7.6zE-14 73 558E-13 O.O?h 
121E-01 5.43511 9.2OE-15 0.03 3.07E-13 0.0% 2.64E-15 - -  - -  . -. 

Chemical hazards combined exposure: 
Hazard index (HI): 6.14E-01 I 100% I 
Excess lifetime cancer risk: 

( E P C x B T F x F  I x I R c x E F x E D c )  ' C D I =  

(IRcxEFxEDc) (IR'xEFxED,) + 
(BW.1 

' CDI.= EPCxBTFxCFx 

C D I  
H Q = =  ELCR = CDIXCSF 

where 
CDl 
EPC 
BTF 
FI 
Iu 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

Chronic Daily In& (mg/lrg BWlday) 
Expome Point Conmeation m Soil (me chcm/kg soil) .. 
Sod-to-plant Biotnmsfer Factor (chemical specific - mg chcmlkg plant per mg c h d g  soil) 
Fraction Ingested (0.487 unitless) 
Ingestion b - Child (0.045 kg prod~cdw) 
Ingestiw Ratt -Adult (0.123 kg pd~cdday)  . ._ ./ - Fresumcy (350 days) 
Exposun Duration - Child (6 years) 
Exposure Duration -Adult (24 years) 
Body Weight - Child (IS kg) 
Body Weight - Adult (70 kg) 
Avcragiag Tie - Noncancer (2190 days) 
Averaging Tire - Csnm (25550 dap) E 



Table C - 30. Risk ehrracteription for soil (0 to 1 foot): Background 
on-unit workers - ingestion exposure (cunmt land use) 

.. 
Noncarcinogenic Effects Carcinogenic Effects 

Soil Hazard Excess 
-- ' Exposure chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent Daily Oral Cancer Percent 
Parameter Concentration Intake' RfD Quotientb ofTotal intake' CSF Risk' ofTotal 

-: 

m O R W V  (&& 
AluminUltl 9.52Ei-03 
Arsenic 6.90Ei-00 
Beryllium 2.04E-01 
Iron 1.94Ei-04 
Manganese 4.79E-H)l 
sodium 7.90EM1 
Vanadium 5.93Ei-01 

1.12E-04 - -  e -  - -  7.98E-06 - -  - -  - -  
8.1OE-08 3E-04 2.70E-04 23.4% 5.79E-09 1.5 8.68E-09 92.2% 
2.4OE-09 0.005 4.79E-07 0.Wo 1.71E-10 4.3 736E-10 7.8% 
2.28E-04 0.3 7.59304 65.9% 1.63E-55 - -  - -  - -  
5.62E-07 0.024 234E-05 2.0% 4.02E-08 - -  - -  -- 
9.28E-07 -- -- . -- 6.63M8 -- - -  - -  
6.96E-07 0.007 9.95E-05 8.6% 4.97E-08 - -  - -  - -  

.- Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk 

1.1%-03 I 1W/o 

I 9.42E99l 100% 1 

(EPCxCFxIRxEFXED) 
@WXAT) 

a CDI= 

C ELCR = CDIXCSF 
where 
CDI 
EPC 
CF 
IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake ( m a g  BW/day) 
Exposure Point Concentration in Soil (mg chcm/kg soil) 
Conversion Factor - Chemicals (O.OMO01 kg d i m g  soil) 
Ingestion Rate (50 mg soivday) 

Exposure Duration (5 years) 
Body Weight (70 kg) 
Averaging Tie - Noncancer (1 825 dqs) 
Averaging Time - Can= (25550 days) 

ExposureFreil~=Y(6daYsry=9 , 



Table C - 31. Risk cbracteriution for mil (0 to 1 foot): Background 
oa-unit norken -dermal exposum (current Lnd rue) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Hazard Excess 

-. Exposurc Dermal Chronic Quotient chronic Lifetime ELCR 
-- 'Point Absorption Daily Dermal Hazard Pcrctnt Daily Dermal Cancer Pcrccnt 

Parametcr Concentration Factor Intake. RfD Quotientb ofTotal Intake. CSF Risk' ofTotal 

INORGAMCT (mg/kg) 
Aluminum 952EM3 
Arsenic 6.9OEi-00 
Beryllium ' 2.04E-01 
Iron 1.94E+04 
Manganese 4.79EM1 
Sodium 7.9OEH1 
Vanadium 5.93EM1 

- -  -- 0.001 13oE-05 -- e -  -- 92-7 - -  
0.001 9.40E-09 1E44 7.64E-05 6.0% .6.71E-10 '3.6585 2.46E-09 223% 
0.001 2.78510 S O 5  556E-06 0.4% 1.98E-11 430 853E49 77.7% 
0.001 2.64E-05 - -  - -  - -  . 1.89E-M -- 
0.001 6.52E-08 0.002 3.26E-05 2.6% 4.66E-09 - -  - -  - -  
0.001 1.08E-07 -- - -  - -  7:69E-09 - -  
0.001 8.08E-08 7E-05 l.lSE-03 91.oOh 5.77E-09 - -  - -  -- 

-- - -  
- -  - -  

Chemical h-ds combined exposure: 
Hazard iudcx o: 
Excess lifetime cancerrisk : . 

1.27E-03 I 100% 

' (EiPCxCFxSAxAFxABSxEFxED) 
(BWxAT) * CDI = 

b 

C 

CDI 
HQ = -  RfD . 

ELCR = CDIXCSF 
where 
CDI 
EPC 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Incake (m& BWIday) 
Exposure Point Concentration in Sod (mg chcmntg soil) 
Conversion Faaor (0.0OOOOl kg soilimg soil) 
Skin Surface Area Available (5800 an2/day) 
Soil-to-skin Adherence Factor (1 mg soiVcm2) 
Dermal Absorption Factor (chemical specific -Unities) 
ExposureFruluency(6W-) - 
Exposure Duration (5 Ytars) 
Body Weight (70 kg) 

Averaging Time - Cancer (25550 days) 
AVCraging T i c  - NOnmw (1825 days) 



Table C - 32. Risk Ch8r8ttcI'htiOn for mil (0 to 1 foot): BacLground 
on-nnit workera - inhalation exposure (comnt land w) - 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Particulate Hazard Exccss 

-- Exposure Emission Chronic Quotient chronic Lifetime ELCR 
Point Factor Daily Inhalation Hazard Pcrccnt Daily Inhalation Cancer Percent 

P8JiUlletrr Concentration VEF) Intake' IUD Quotientb ofTotal Intalc' CSF Risk' ofTotal 

INORGANIS 
Aluminum 9.52EH3 4.630- 9.66E-09 -- -- -- 6.9OE-IO - -  -- -- 
Arsenic 6.9OE+OO 4.630E+09 7.OOE-I2 -- -- -- 5.OOE-13 50 2.5OE-11 99.5% 

1.48E-14 8.4 134E-13 0.5% Beryllium 2.04E-01 4.630EW 2.07E-13 -- -- -- 
Iron 1.94Em 4.630EW 1.97E-08 -- -- -- 1.41E-09 -- - -  -- 
M8IlgrmCSC 4.79Ei-01 4.63OEM9 4.86E-11 1.4E-05 3.40E& 100.0?? 3.47E-12 - -  - -  - -  
Sodim 7.9OEH1 4.630E+09 8.01E-1 I -- -- -- 5.m-1.2 -- -- -- 
Vauadium 5.93EH1 4.63OEi-09 6.02E-1 I - - -- -- 43OE-12 - -  -- - -  

Chemical hazards combined exposure: 
Hazard index (HI): 

. Exccsslifetimecanarrisk: 

3.40E-06 I IW? 

12.51E-lll lW? I 

(EPCxIRxEFxED) 
(PEFxBWxAT) 

a CDI= 

CDI  H Q = =  

ELCR = CDIXCSF 
where 
CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chnic  Daily Intake ( m a g  BW/day) 
Exposun Point Concentration m Soil (mg chm& soil) - 
Inhalation Rate (20 m3 airlday) 
ExposlrrcFnq~cY(6days/y~) 
Exposure Duration (5 years) ' 

Body Weight (70 kg) 
Averaging T i e  -Noncanccr (1825 days) 
A v q g  Ti - Cancer (25550 days) 
Particulate Emission Factor (4.63E+09 m3 airkg sonil) 

I' 



Table C - 33. Risk characterization for soil (0 to 1 foot): Background 
industrial workers -ingestion exposure (fntum land me) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Hazard Excess -- 1 Exposure Chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent Daily Oral Cancer Percent 

-. .. 

Parameter Concenlra!ion Intake. RfD Quotientb ofTotal . Intake. CSF Risk' ofTotal 

INORGANICS (mg/kg) 
Aluminum 9.52EM3 . 4.66E-03 - -  . --  - -  1.-03 - -  - -  - -  
Arsenic 6.90Ei-00 3.38506 3E-04 1.13502 23.4% 121E-06 1.5 1.81E-06 92.2% 
Beryllium 2.04E-01 9.98E-08 0.005 2.00E-05 0.0% 3.56E-08 4 3  1.53E-07 7.8% 

1.94Ei-04 9.49E-03 0.3 3.16E-02 65.9% 3.39E-03 - -  - -  - -  
4.79E+01 2.34E-05 0.024 9.76E-04 2.0% 837E-06 - -  - -  - -  Manganese - -  . - -  138E-05 -- - -  - -  

Vanadium 5.93E+01 2.90E-05 0.007 4.14503 8.6% 1.04E-05 - -  --  - -  
Iron . 

Sodium 7.90E+01 3.86E-05 -- 

. Chemical hazards combined exposure: 
Hazard index (HI): 4.8OE-02 I 100% 

Excess lifetime cancer risk 1.96E-06) 100% 

(EPCxCFxIRxEFxED) 
@Wfm a CDI= 

CDI  
H.Q = - RfD 

ELCR = CDIXCSF 
where 
CDI 
EPC 
.cF 
IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake (mgkg BW/day) 
Exposure Point Concentration in Soil (mg chcmflrg soil) 
Conversion Factor - Chemicals (0.0OOOOl kg soiVmg soil) 
Ingestion Rate (50 mg soiYday) 
Expo= Frequency (250 dayslyeat) 
Exposure D u d o n  (25 years) I 

Body Weight (70 kg) 
Averaging T i e  - Noncancer (9125 days) 
Averaging Time - Cancer (25550 days) 



Table C - 34. Rirk cbanctcrintion for roil (0 to 1 foot): Background 
industrid worken - d c d  a p u r e  (future h a d  rut) 

Noncarcinogenic Effects Carcinogenic Effects 
soil Hazatd Excess 

Exposlat Dennd chronic Quotient Chronic Lifetime ELCR 
'Point Absorption Daily Dcrmal Hszard Percent Daily Dmnal Cancer Pcrcent -- 

Parameter Concentration Factor Intake' R€D &dentb ofTotal Intake' CSF . Risk' ofTotal 
~ 

INORGAMCT (n!@g) 
Aluminum 9.52Eia3 0.001 
Arsenic 6.90E+OO .0.001 

Iron 1.94E+O4 0.001 
4.79EM1 0.001 

SOdiUm 7.90EMI 0.001 
Vi3lladiUm 5.93E+01 0.001 

Beryllium 2.04E-01' 0.001 

- -  --  1.93E-04 - -  - -  -- 5.40E-04 - -  
3.92E-07. 1E-04 3.18E-03 6.Vh 1.40E-07 '3.6585 5.12E-07 22Th 
1.16E-08 5E-05 232E-04 0.4% 4.13- 430 1.78E-06 77.7% 
l.lOE-03 -- -- . --  3.93E-04 - -  -- - -  
2.72E-06 0.002 136303 2.6% 9.71E-07 - -  - -  - -  
4.48E-06 - -  --  - -  1.aE-06 - -  - -  - -  
337E-06 7E-05 4.81E-02 91.0% I 2 O E e  - -  - -  - -  

Chemical combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk 

I 529E-02 I 1Wh 1 

(EPCxCFx SAxAFxABSxEFxED) 
(B W xAT) ' CDI = 

CDI H Q = =  

ELCR = CDIXCSF 
dtre . 
CDI 
EPC 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 
AT 
AT 

Cgnic  Daily Intake (mgikg BW/day) 
Exposun Point Concentration m Soil (me chem/kg soil) 
convcrSion Factor (0.0OOOOl kg s o h g  soil) 
Skin Surface Area Available (5800 cm2/day) 
Sod-to-skin Adhcrrnce Factor (1 mg soiYcm2) 
Dermal Absorption Factor (chemical specific - unitlcss) 
ExPosure Frrsucncy (250 WW 
*-on(UY=$ -. 
Body weight 0 0  Itg) 
Avcragiag Tiie  - N ~ n ~ a n c ~ r  (9125 days) 
Avcragiag Time - Cancer (US50 days) 



Table C - 35. Risk c h a r l c t c ~ t i o n  for roil (0 to 1 foot): Background 
industrial workers - inhalition uporurc (futun land use) 

Noncarcinogenic Effects Carcinogenic Effects' 
Soil Particulate Hazard Exctss 

.: -- Exposure Emission Chronic Quotient Chronic Lifetime ELCR 
-- Point Factor Daily Inhalation Hazard F'crant Daily Inhalation Cancer Percent 

Parameter Cancentration (PEF) Intake' RfD Quotientb ofTotal Intake' - CSF Risk' ofTootal 

INORGANICS (@& -- -- Aluminum 9.52EM3 4.630EW 4.02E-07 -. --  -- 1.44E-07 - -  
Beryllium 2.04E-01 4.630E+09 8.62E-12 - -  e -  -- 3.08E-12 8.4 2.59E-11 0.5% 
Iron 1.94E-W 4.630EW 820E-07 -- -- -- 2.93E-07 -- 
Manganese 4.79EM1 4.630E+09 2.02E-09 1.4E-05 1.42E-04 100.0?? 7.23E-10 - -  
Sodium 7.90EMl 4.630E-W 3.34E-09 -- -- -- 1.19E-p9 - -  
Vanadium 5.93EM1 4.630E+09 2.51E-09 -- - -  -- 8.9SE-10 - -  

. Arsenic 6.90EMO 4.630E+09 2.92E-IO - -  -- -- 1.04E-10 50 521E-09 99.5% 

- -  -- - -  - -  - -  .- -- -- 

Chemical hazards combined exposure: 
Hazard index (HI): 1.42E-041 1Wh 

Excess lifetime cancer risk: 

(EPCxIRxEFxED) 
' CD1 = (PEFxB W xAT) 

CDI  H Q = =  

ELCR = CDIXCSF 

where 
CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chronic Daily Intake ( m a g  BWIdfty) 
Exposure Point Conctntration in Soil (mg chemlkg soil) 
Inhalation Rate (20 m3 airldfty) 

Exposure Duration (25 ywrs) 
Body Weight (70 kg) 

Averaging T i  -Cancer (USSO days) 
Particulate Emission Factor (4.63E+09 m3 airkg soil) 

Exposun Fnsumcy (250 bYslycar) 

Avereging T i  - Noncancer (9125 days) 



-. 

Table C - 36. Risk characterization for soil (0 to 4 feet): Background 
industrial workers - ingestion exposure (future land use) 

Noncarcinogenic Effects Carcinogenic Effects 
- -  -. soil Hazard Excess 
- ' Exposure chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent Daily Oral Cancer Percent 
PfUallleter Concentration Intake' RfD Quotientb ofTotal . Intake' CSF Risk' ofTotal 

lNORGANICT (mg/kg) 
Aluminum . 7.63EiU3 3.73503 - -  - -  - -  133503 - -  - -  - -  
Arsenic 532E-H)o 2.60E-06 3E-04 8.68E-03 17.1% 93OE-07 1.5 .139E-06 93.3% 
Beryllium 1.33E-01 6.51E-08 0.005 130E-05 0.0% 232E-08 4.3 9.99E-08 6.7% 
Iron . 2.27EW l.lIE-02 03 3i70E-02 72.8% 3.97E-03 - -  - -  - -  
Manganese 4.79EM1 234505 0.024 9.76E-04 1.9% 837E-06 - -  - -  - -  
Sodium 5.93EM1 2.90505 - -  - -  . - -  1.04E-05 - -  - -  - -  
Vanadium 5.93EM1 2.90E-05 0.007 4.14503 8.2% 1.04E-05 - -  -- - -  

.. Chemical hazards combined exposure: 
Hazard index (HI): 1 5.08Eo2 I 1Wh 1 
Excess lifetime cancer risk 

(EPCxCFxIRxEFxED) 
0 

a CDI = 

CDI 
H Q = =  

C ELCR = CDIXCSF 
.Where 
CDI 
EPC 
CF 
IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake ( m a g  BW/day) 
Exposure Point Concentration in Soil (mg chtmflcg soil) 
Conversion Factor - Chemicals (0.00OOOl kg &l/mg soil) 
Ingestion Rate (50 mg SoiVday) 
Exposure Fmipency (250 dayslyear) 
Exposure Duration (25 years) _, 

Body Weight (70 kg) 
Averaging Time - Noncancer (9125 days) 
Averaging Time - Cancer (25550 days) 



Table C - 37. Rial< chrrmcterization for SOU (0 to 4 feet): hckgmnnd 
industrial workers - dermal exposure (future land we) 

.. 
Noncarcinogenic Effects Carcinogenic Effects 

soil Hazard Excess 
Exporn Dcrmal chronic Quotient chronic Lifetime ELCR 
'Point Absorption Daily Dermal Hazard Perant Daily Dermal Cancer Pcrccnt 

Concentration Factor Intake. RfD Quotientb ofTotal Intake. CSF Risk' ofTotal 

I N O R G M B  ( m m  
Aluminum 
Arsenic 
Beryllium 
Iron 
Manganese 
sodium 
Vanadium 

7.63Eh3 0.001 4.33E-04 -- - -  --  155E-04 - -  - -  - -  
1.33E-01 0.001 755E-09 5E-05 151E-04 03% 2.70E-09 430 1.16E-06 74.6% 
227E-i-04 0.001 129E-03 -- e -  - -  4.60E-04 - -  --  - -  
4.79E+01 0.001 2.72E-06 0.002 1.36E-03 2.6% 9.71E-07 - -  -- -- -- -- 120&fx - -  -- - -  5.93E+01 0.001 337E-06 -- 
5.93EH1 0.001 3.37E-06 7E-05 4.81E-02 92.4% 12OE-06 - -  - -  -- 

532Ei-00 . 0.001 3.02E-07. 1E-04 2.492-03 4.7% 1.08E-07 '3.6585 3.94E-07 25.4% 

Chemical hazards combmcd exposure: 
Hazard in&x (HI): 

Excess lifetime cancer risk: 

520E-02 I 1Wh 

(EPCxCFx SAxAFxABSxEFxED) 
(B W xAT) ' CDI = 

b 

C 

CDI 
HQ = RfD. 

ELCR = CDIXCSF 
when 
CDI 
EPC 
CF 
SA 
AF 
ABS 
EF 
ED 
BW 
AT 
AT 

&nic Daily Intake (mglkg BW/day) 
Exposure Point Concentration m Soil (me chan/kg soil) 
Conversion Factor (0.0OOOOl kg soilhng soil) 
Skin Surfact Ana Available (5800 d d a y )  
Soil-to-skinAdhamceFactor(1 mgsoUan2) 
Dermal Absorption Factor (chemical specific - unitless) 
ExposureFrcqucncY(250day~=) 
Exposure -on (u Years) 
Body WeiBht 0 0  kg) 
Averaging T i e  - N ~ n ~ a n ~ e r  (9125 days) 
AVeragiag T i e  - Can= (25550 days) 



. Table C - 38. Risk characterization for roil (0 to 4 feet): Background 
industrial workers - inhatrtion uposurc (future land me) 

-p Carcino enic Effects 
Soil Particulak Hazard Exctss 

-I .. Exposure Emission Chronic Quotient chronic Lifetime ELCR - Point Fador Daily Inhalation Hazard Percent Daily Inhalation Cancer Percent 
P m C t n  Concentration (PEF) Intake' IUD Quotientb ofTotal Intake. CSF Risk' ofTotal - 
INORGANIC9 (a 
Aluminum 7.63E+O3 4.630E+09 322E-07 -2 -- -- 1.15E-07 -- 

' Arsmic 5.32E+OO 4.630E+09 2.2SE-10 - -  --  -- 8.03E-11 50 
Beryllium 133E-01 4.63OEW 5 .a -12  - -  - -  -- 2.01E-12 8.4 - -  3.43E-07 -- Iron 227E+O4 4.630Ei-09 9.59E-07 - -  -- 
Mrmgancse 4.79EM1 4.630E+09 2.02E-09 1.4E-05 1.42E-04 lOO.O?h 7.23E-10 - -  
Sodium 5.93E+01 4.630E+09 2.51E-09 -- - -  - e  8.95E-10 - -  -- 8.95E-10 - -  Vanadium 5.93E4-01 4.630E-W 2.51E-09 -- -- 

-- - -  
4.02E-09 99.6% 
1.69E-11 0.4% 

Chemical hazards combined exposure: 
Hazardindarn): . 

. Exccsslifctimecancerrisk 

1.42E-04 I 1W/o 

14.03E-091 1W/o 

(EPCxIRxEFxED) 
(PEFxB WxAT) ' CDI = 

ELCR = CDIXCSF 

where 
CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chronic Daily Intake (mgkg BW/day) 
~xposun Point Concentration in Soil (mg chmi~rg soil) 
Inhalation Rate (20 m3 aidday) . 
-m F=quency (250 day*=) 
Exposun Dufation (25 y-1 
Body Weight (70 Irg) 
Averaging Tune - Noncanccr (9125 days) 

Particulate Emission Factor (4.63EW m3 airkg soil) 
Averaging T i i t  -Can- (25550 days) 

: 



Table C - 39. W k  characterization for soil (0 to 1 foot): Badrground 
residents - iugcstion exposure (future land use) 

Noncarcinogenic Effects Carcinogenic Effects 
.. , Soil Hazard Excess 

-: -- * Exposure Chronic Quotient Chronic Lifetime ELCR 
Point Daily Oral Hazard Percent . Daily Oral Cancer Percent 

Parameter Concentrition Intake' RfD Quotientb ofTotal Intake. CSF Risk' ofTotal 

INORGANIC9 (mg/kg) - -  -- 1.49E-02 - -  - -  - -  Aluminum ' 9.52EH3 1.22E-01 -: 
Arsenic 6.90EHO 8.82E-05 3504 2.94E-01 23.4% 1.08E-05 1.5 '1.62E-05 92.2% 
Beryllium 2.04501 2.61E-06 0.005 5.22E-04 0.0% 3.19E-07 4 3  1.37E-06 7.8% 

1.94EM 2.48501 0 3  8.27E-01 65.9% 3.04E62 - -  - -  - -  
4.79EH1 6.12E-04 0.024 2.55502 2.0% 7.50E-05 -- - -  - -  - -  . - -  1.24E-04 - -  - -  - -  

Iron ' 

Manganese 
Sodium 7.90EH1 1.01503 - -  
Vanadium 5.93EH1 7.58504 0.007 1.08501 8.6% 9.28505 - -  - -  - -  

v. Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk 

126E+OO I 100% 

1 I .76E-O5 I 100%. 

(EPCxCFxIR ,xEFxED ,) 
* C D I =  

(B W CXAT,, 1 

(IR ,xEFxED .) (IR ,xEFxED ,) + 
(BW,) 

' C D I  = E P C X C F X  

C D I  
R. f D  

b .  H Q  = -- 

. where 
CDI 
EPC 

* CF 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

C E L C R  = C D I X C S F  

Chronic Daily Intake (mg/kg BWIday) 
Exposure Point Concentration in Soil (mg chcm/kg soil) 
Conversion Factor - Chemicals (0.OOOOOl kg soillmg soil) 
Ingestion Rate - Child (200 mg soillday) 
Ingestion Rate - Adult (100 mg soillday) 
Exposun Fqucncy (350 daydyear) 
Exposun Duration - Child (6 years) 

Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Averaging Time - Noncancer (2190 days) 
Averaging Time - Cancer (25550 days) 

I 

Expos~re MOD - Adult (24 



Table C - 40. Risk cbmcterhrtioa for SOU (0 to 1 foot): B.clrgrouad 
d d t n t r  - d c d  C X ~ O S I I ~  ( f m m  hnd W) 

: Carcino enicEficts 
soil Hazard EXCCSS 

- -  -. Eylorn h a l  chmnic Quotient chronic Lifetime ELCR 
Point Absorption Daily h a l  Hazard Percent Daily Dermal Cancer Percent 

Parameter Concentration Factor Incake* RfD Quotientb ofTotal Intake' CSF Risk' ofTootal 

- 

INORGANICS (mg/g) 
Aluminum 952E4-03 
Arscnic 6.90EtUO 
Beryllium 2.04E-01 
Iron 1.94E+04 
Mangallwe 4.79Ei-01 
sodium 7.90E+01 
Vanadium 5.93E4-01 

0.001 122E-03 -- - -  - -  3.64E-04 -- -- -- 
'0.001 8.87E-07 1E-04 721E-03 6.00h 2.64E-07 3.6585 9.66E-07 223% 
0.001 2.62E-08 5E-05 524E-04 0.4% 7.80E-09 430 336E-06 77.7% 
0.001 2.49E-03 - -  - -  . - -  7.42E-M - -  --  - -  
0.001 1.02E-05 -- -- . -- 3.D2E-06 - -  - -  -- 
0.001 7.62E-06 7E-05 1.09E-01 91.o?h 2.27E-06 - -  -- - -  
0.001 6.1SE-06 0.002 3.08E-03 2.6% 1.83Eq - -  -. .- 

Chemical h a ~ & ~  combined ~ ~ p o r n :  
Hazardmdcx(HI): 

'(EPCxCFxSA ,xAFxABSxEFxED,) ' CDI = 
(BKXAT,,) 

(SA ,xAFxABSxEFxEDc) (SA,xAFxABSxEFxED,) + [ -  (BW,) (BWJ 
a CDI = EPCXCFX 

C D I  
H Q = =  

what 
CDI 
EPC 
CF 
SA 
SA 
AF 

ABS 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

C E L C R  = C D I x C S F  

chronic Daily Intake (mg/kg BW/day) 
Exposure Pomt Conanmion m Soil (mg &cm/kg soil) 
Canvasion Factor (0.0OOOOl kg soithng soil) 
Skin Surface Area A ~ d a b l t  - Child (2010 d d a y )  
Skin Surface Ana Available - A M t  (5800 cm2/day) 

Damal Absorption F-r (chemical specific - Imidcss) 

Exporn Duration -Child (6 ycars) 

Body Weigh! - Child (15 kg) 

sOil.to-skin A d h e n n ~  Factor (1 mg saivcm2) 

Exposure Frrsucncy (350 dw&=) 

Exposure Duration - Addt (24 YWXS) 

Body WCight - Addt (70 kg) 
AVaaging T i e  - Noncancer (2190 days) 
Averaging T i e  - Cancer ( days) 



T8bk C -41. Risk characterization for roil (0 to 1 foot): Backgronad 
residcnb - inhalation uposure (future land ux) 

- , - -D 

Noncarcinogenic Effccts Carcinogenic Effccts 
Soil Particulate Hazard E x a s  

.. -- Exposure Emission Chronic Quotient Chronic Lifetime ELCR 
-- Point Factor Daily Inhalation Hazard Peraat Daily Inhalation Cancer Perant 

Parameter Concentration @EF) intake' RfD Quotientb ofTotal Intake' CSF Riskc ofTotal - 
INORGANIC9 (&gl 
Aluminum 9.52EM3 4.630Ei-W 1.97E-06 :- -- -- 3.62E-07 

' Arsenic 6.9OE+OO 4.630Ei-W I.43E-09 - -  - -  -- 2.62E-10 
Beryllium 2.04E-01 4.630E+09 4.22E-I1 -- -- -- 7.76E-12 
Iron 1.94E+04 4.630Ei-W 4.02E-06 -- - -  -- .738E-07 
Mmgan~e 4.79EMl 4.630Ei-W 9.92E-09 1.4E-05 6.94E-04 1OO.OOh 1.82E-09 
Sodium 7.90EM1 4.630Ei-W 1.64E-08 -- -- - -  3.01E-09 
Vanadium 5.93EM1 4.630Ei-W 1.23E-08 - -  -- -- 236E-09 

- -  - -  -- 
SO 131E-08 99.5% 
8.4 6.52E-11 0.5% 

Chemical hazards combined exposure: 
Hazmd index 0: . 

.. Excess lifetime cancer risk 

6.94E-M I 1Wh 

(EPCxIR ,xEFxED ,) 
a CD1 = (PEFxBW,xAT,,) 

EPC ( I R . x E F x E D , )  ( I R , x E F x E D , )  
PEF '[ ( B W , )  + 

( B W . 1  
' C D I  = - 

CDI - 
H Q = =  ELCR = CDIXCSF 
when 
CDI 
EPC 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

. PEF 

Chronic Daily Intake (m& BW/day) 
Exposure Point Concamtion in Soil (mg c h d g  soil) 
Inhalation Rate -Child (15 m3 air/day) 
Inhalation Rate -Adult (20 m3 &/day) 

Exponac Duration -Child (6 years) 
Exponrn Duration -Adult (24 ycars) 
Body Weight - Child (IS kg) 
Body Weight -Adult (70 kg) 

Averaging Time -Can= ( days) 
Particulate Emission Faaoi(4.63Ei-09 m3 airkg soil) 

Exponac F r r s ~ c Y  (350 day*=) 

AvVaaping T i  -Noncanccr (2190 days) 

,I 



Table C - 42. Risk chamctehtion for soil (0 to 4 fcet): Badrgroand 
residents - ingestion exposure (fnture land use) 

Noncarcinogenic Effects Carcinogenic Effects 
. soil Hazard Excess 

-: - 'Exposure Chronic Quotient Chronic Lifetime ELCR 
Point Daily oral Hazard Percent .. Daily Oral Cancer Percent 

Parameter Concentration Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

WORGANICT (mg/kg) 
Aluminum . 7.63E+03 9.76E-02 -- - -  --  
Arsenic 5.32EW 6.80E-05 3E-04 227E-01 17.1% 
Beryllium 1.33E-01 1.70E-06 0.005 3.4OE-04 0.0% 
Iron ' 2.27EM 2.9OE-01 03 9.67E-01 72.8% 
Manganese 4,79E+01 6.12E-04 0.024 255E-02 1.9% 
Sodium 5.93E+01 7.58E-04 - -  - -  . - -  
Vanadium 5.93E+01 7.58E-04 0.007 1.08E-01 82% 

l.19E-02 - -  - -  - -  
833E-06 1.5 1.25E-05 93.3% 
2.08E-07 4 3  8.95E-07 6.7% 

7.50E-05. - -  - -  - -  
9.28E-05 - -  - -  - -  
9.28E-05 -- - -  - -  

3.5%-02 - -  - -  - -  

. Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk: 

133EW I 100% 

1134E-051 100% i 

(EPCxCFxIR ,xEFxED c )  
C D I =  

(BWcxAT,, 1 

(IR , x E F x E D  ,) (IR , x E F x E D  a )  + 
( B W . 1  

' C D I  = E P C X C F X  

C D I  
R f D  H Q . =  - 

where 
CDI 
EPC 
CF 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

C E L C R  = C D I x C S F  

Chronic Daily Intake (mgkg BW/day) 
Exposure Point Concentration in Soil (mg chemkg soil) 
Conversion Factor - Chemicals (0.0OOOOl kg & i h g  soil) 
Ingestion Rate - Child (200 mg soiyday) 
Ingestion - Adult (100 mg soiVday) 
Exposure Frequency (350 dayslyear) 
Exposun Duration - Child (6 years) 
Exposure Duration - Adult (24 years) 
Body Weight - Child (15 kg) . 

Body Weight - Adult (70 kg) 
Averaging Time - Noncancer (2190 days) 

I 

Averaging Time - Cancer (25550 days) 



Table C -43. Risk eiuractcrization for dl (0 to 4 feet): Background 
residents - d c m l  exposure (future land rue) 

Noncarcinogenic Effects Carcinopenic Effects 
Soil Hazard Exccss 

Exporn mal chronic Quotient Chronic Liktimc ELCR 
Point Absorption Daily Dermal Hazard Perant Daily Dermal Cancer Pcrccnt 

Parameter . Conmeation Factor Intake' IUD Quotientb ofTotal Intake' CSF Risk' ofTotal 

.. -: - 

. INORGANICS (m@@ - -  - -  Aluminum 7.63EM3 0.001 9.80304 -- -- -- 2.- - -  
Arsenic 532EfflO . 0.001 6.84E-07 1E-04 556E-03 4.7% 2.04E-07 '3.6585 7.45E-07 25.4% 
Bkyllium 133E-01 0.001 1.71E-08 5E-05 3.42E-04 03% 5.09E-09. 430 2.19E-06 74.6% 
Iron 227Ei-04 0.001 2.92J5-03 - -  - -  --  . 8.68E-04 - -  
Manganese 4.79Effll 0.001 6.15E-06 0.002 3.08E-03 26% 1.83E-06 - -  
Vanadium 5.93EM1 0.001 7.62E-06 7E-05 1.09E-01 92.4% 227E-06 - -  

-- - -  --  -- 
- e  -- Sodium 5.93Effll 0.001 7.62E-06 -- - -  - -  217&06 - -  - -  - -  

Chemical haqards combined exposure: 
Hazard index @I): 

' .  
Excess lifetime cancer rislc 

1.18E-01 I l W ?  

(EPCxCFxSA .xAFxAB SxEFxED.) 
a CDI = 

(BWCXAT,,) 

[(SA ,XAFXABSXEFXED J (SA,XAFXABSXEFXED.) 
(BWJ (B w. 1 

4- ' CDI = EPCxCFx 
L .  

CDI  
HQ = - RED 

b 

wtlcrc 
CDI 
EPC 
-cF 
SA 
SA 
AF 
ABS 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

E L C R  = C D I X C S F  

Chronic Daily Intalrt (mg/kg BW/day) 
Exposure Point Concentration m Soil (mg chcmntg soil) 
Conversion Factor (0.0OOOOl kg soWg soil) 

Soil-to-skin Adherence Factor (1 mg soWcm2) 

 ski^ Slnface Arra Available -Chiid (2010 d d &  
Sldn Slnface Arra Available - Adult (5800 d w )  

.-. 
Dermal Absorption Factor (Chemical specific - unitless) 
Exposurt Frequency (350 dayslyear). 
Exposme Duration -.Child (6 y m )  
Exposure Ihaati01.1- AMt (24 ycar~) 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 

/ 

Avaagiag T i e  - NODWIICC~ (2190 days) 
AVCraging T i e  - Can= ( days) 



Table C - 44. Risk charicterizmtion for d l  (0 to 0 feet): Background 
reaideats - inhalation aposurr (futum hod rue) - Noncarcinogenic Effects Carcinogenic Effects 

Soil PartiCUlatc Hazard Exass 
.-: -- Exposun Emission Chronic Quotient chronic Lifetime ELCR 
c Point Factor Daily Inhalation Hazard Percent Daily Inhalation Cancer Pcrunt 

ParSmCtCr Concentration (PEF) Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

INORGANIC9 (&& 
Aluminum 7.63E+03 4.630W 1.58E-06 - -  -- -- 2.90E-07 - -  -- -- 
h m i c  532EHH) 4.630Ei-09 l.lOE-09 -- -- -- 2.02E-10 50 1.01E-08 99.6% 
Beryllium 133E-01 4.630EiW 2.75E-11 -- -- -- SME-I2 8.4 4.25E-11 0.4% 
iron 227E+04 4.630EiW 4.70E-06 -- -- -- ' . 8.64E-07 - -  - -  - -  

4.79EMl 4.630Ei-09 9.92E-09 1.4E-05 6.94E-W 100.0% 1.82E-09 - -  -- - -  
SOdiUm 5.93l3-01 4.63OEi-09 1.23E-08 -- -- -- 2.26E.109 - -  - -  - -  Maw= 

Vanadium 5.93EM1 4.630Ei-09 123E-08 -- -- - -  2.26E-09 - -  -- -- 

Chemical hazards combined exposure: 
Hazard index (HI): 

. Exccssliictimecanarrisk: 

(EPCxIR .xEFxED c )  

(PEFxB WcxAT,,) CDI= 

(IR'xEFxED .) 
( B W 8 )  

* C D I  = - + 
CDI - 

H Q = =  ELCR = CDIXCSF 

where 
CDI 
EPC 
Et 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 
PEF 

Chronic Daily Intake (mgnCg BW/day) 
Exposure Point Concentration in Soil (mg chemllrg soil) 

Inhalation Rate - Adult (20 m3 &/day) 
EXPO= Frrrl=cY (350 dam=) 
Exposlat Duration -Child (6 years) 
Exposure Duration -Adult (24 ycars) 
Body Weight - Child (15 kg) 
Body Weight -Adult (70 kg) 

Inhalation Rate - Child (15 m3 air/&) 

AvCraging Ti - Noncanccr (2190 days) 
AvCraging.Tie -Can= ( days) 
Particulate Emission Factor (4.63Ei-09 m3 airkg soil) 

I 



Table C - 45. Ritk chrmctcrhrlhn for leafy vcgctsblu (0 to 1 foot d): Background 
ruidentt - ingestion uposurc (fnturc h d  tue) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil Soil-to-Plant Hazard Excess 

Exposure (LcafyVcg.) chronic Quotient Chronic Lifetime ELCR 
Point B i o w f c r  Daily Oral Hazard Percent Daily Oral Cancer Percent 

.. 

Paramet& Concentration Factor Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

. mORGANICS (mg/kg) 

. Arsenic 
- -  -- 1.22E-03 - -  -- - -  9.52Et03 4.00E-03 429E-03 -- 

6.9OEW '4.00E-02 3.11E-05 3E-04 1.04E-01 39.80?' 8.82E-06 1.5 332E-05 97.9% 
Aluminum 

Beryllium 2.04E-01 1.00E-02 230E-07 0.005 4.60E-05 O.oO? 6.52E-08 43 2.80E-07 2.1% - -  _ _  Iron 1.94E+04 4.00E-03 8.7SE-03 03 2.92E-02 112h 2.48E-03 - -  
Maagancse 4.79Et01 5.6OE-01 3.02E-03 0.024 136E-01 483% 857E-04 - -  
sodium 
Vanadium 5.93E+01 2.00E-03 1.34E-05 0.007 1.91E-03 O.??? 3.79E-06 - -  - -  --  

-- - -  
7.90Et01 7.50E-02 6.68E-04 -- - -  -- l.89E-04 - -  - -  

Chemical hazy& combined exposun: 
Hazard index (HI): 

EXCCSS lifetime cancerrisk: 

2.61E-01 I 1Wh 

( E P C x B  TFxF IxIR , x E F x E D  
* C D I =  

(BWcxATnc) 

(IR , x E F x E D  ') (IR , x E F x E D  ,) + 
W W . 1  

' C D I  = EPC x B T F x C F X  

b C D I  
R f D  H Q  = -  

where 
CDI 
EPC 
B T F .  
Fl 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

ELCR = CDIxCSF 

Chronic Daily Intake (mgikg BW/day) 
Exposure Point Conctatntion in Soil (mg chunkg soil) 
Soil-to-plant BiotransfFFactor (chemical spccific - mg chunkg plant per mg chemlkg soil) 
Fraction Ingested (0.042 rmitIcss) 
IngMim Rate - Child (0.042 kg prod~cclday) 
Ingestion Ratc - Addt (0.1 13 kg prod~cclday) 
Exponrre Fresu=Y (350 days) 
E x p o s ~ r r  Duration - Child (6  year^) 
Exposurc Duration -Adult (24 years) 
Body Weight - Child (15 kg) 
Boay Weight - Addt (70 kg) .I 
Averilging T i e  - N ~ W I I ~  (2190 w) 
Avaaging Time - Cmccr (25550 days) 



Table C - 46. Risk characterintion for tuberous vegetables (0 to 1 foot roil): Background 
residents - ingestion exposure (future hind use) 

Noncarcinogenic Effects Carcinogenic Effects 
soil si-to-Plant Hazard Excess 

Lifetime ELCR 
Point Biotransfer Daily Oral Hazard Percent Ddy Oral Cancer Percent 
9" (TIlbmVcg.) chronic Quotient Chronic 

PXaIDCtCr Concentration Factor Intake' IUD Quotientb ofTotal Intake' CSF . Risk' ofTotal 

1NORGANlCT {mgfkg) 
Alummum 9.52E4-03 4.00E-03 2.17E-02 -- -- -- 6.1-3 - -  - -  -- 
Arsenic 6.9OE+qO '6.00E-03 236E-05 3E-04 7.87E-02 26.6% 6.70E-06 1.5 1.00E-05 97.% 
Bnyliium 2.04E-01 1.50E-03 1.75E-07 0.005 3.49E-05 0.Vh 4.9E-08 4.3 2.13E-07 2.1% 
Iron 1.94EW 1.00E-03 1.11E-02 03 3.69E-02 125% 3.14E-03 - -  - -  - -  
Manganese 4.79Ei-01 1.50E-01 4.10E-03 0.024 1.71E-01 57.7% 1.1-3 - -  - -  --  
Sodium 7.90E4-01 55OE-M 2.48E-03 - -  -- -- 7.03E-04 - -  - -  -- 
Vanadium 5.93EM1 2.00E-03 6.77E-05 0.007 9.67E-03 33% 1.92E-05 - -  - -  - -  
Chemical haquds combined exposure: 

Hazardindex(HI): 2.96E-01 I IW? 

(EPCxBTFxF IxIR,xEFxED ,) 
CDI = 

(B W ,xA T,, 1 
(IR,xEFxEDc) (IR,xEFxEDl) _ .  + 

(B W' 1 ' CDI = EPC xBTFxCFX 

CDI 
H Q = =  
whcn 
CDI 
EFT 
BTF 
FI 
IR 
IR 
EF 

'ED 
ED 
BW 
BW 
AT 
AT 

C E L C R  = C D I x C S F  

chronic Daily In& (m& BW/day) 
Exposun Point Concentration m Soil (mg chcm/kg soil) 
Soil-@plant Biotransfer Factor (chemical specific - mg chem/kg plant per mg chemntg soil) 
Fraction Ingcsted (0.1 19 unitless) 
Ingestion Rate - Child (0.075 kg producclday) 
Ingestion Rate -Adult (0202 kg prod~cclday) 
Exposun F=quencY (350 days) 
Expome Duration - Child (6 ycars) 
Exposwe Duration - Adult (24 yaws) 
Body Weight - Child (IS kg) 
Body Wcight - Adut (70 kg) 
Amagiag T i e  - N ~ n ~ a n c ~ r  (2190 days) 
Amaging T i e  -Can= (25550 days) 

I 



Table C - 47. Rirk ch.mcterhrtion for fntitr (0 to 1 foot soil): Backgrod 
residents - ingestion exposure (future land rue) 

.. 
Noncarcinogenic Effects Carcinogenic Effects 

Soil soil-to-Plant Hazard Exccss *" (TuIxrVcg.) chronic Quotient chronic Lifetime ELCR 
Point Biotnmsftr Daily oral Hazard P a a n t  Daily oral Cancer Pcrctnt 

Parametcr . Concentration Factor Intake' RfD Quotientb ofTootal Intake' CSF . Risk' ofTotal 

INORGMCS (in@& 
Aluminum 9.52EH3 4.00E-03 533E-02 - -  
M C  6.9OEtOO 6.00E-03 5.8OE-05 3E-04 1.93E-01 43.2% 1.66E-05 15 2.49E-05 97.9% 
Beryllium, 2.04E-01 1JOE-03 4.29E-07 0.005 8.57E-05 0.0% 123E-07 4 3  5.28E-07 2.1% 
Iron 
Manganese 
sodium 
Vanadium 

-- -- 1.53E-02 - -  - -  

1.94EW 1.00E-03 2.72E-02 0 3  9.06E-02 20.2% 7.79E-03 - -  e -  - -  
4.79EH1 5.00E-02 336E-03 0.024 1.40E-01 31.2% 9.61.E-04 - -  - -  
7.90EH1 5.50E-02 6.09E-03 - -  -- -- 1.74E-03 - -  -- -- 
5.93EH1 2.00E-03 1.66E-04 0.007 237E-02 53% 4.76E-05 - -  - -  -- 

+ -  

~~~ 

Chemical h-ds combined exposun: 
Hazard index (HI): 

Excess lifetime cancer risk: 

( E P C x B T F x F  I x I R c x E F x E D  c )  ' C D I =  
(B w , x A  T,, 1 

( I R c x E F x E D c )  (IR,xEFxED.) + 
(BW, 1 ' CDI = EPC xBTFxCFX 

b C D I  
HQ = R ~ D  
whcn 
CDI 
EPC 
BTF 
FI 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

ELCR = CDIXCSF 

Chronic Daily Intake ( m e  BW/day) 
~xponne Point concentration in SO~I (mg ~ h e m / k g  ;Oil) 
%&to-plant Biotransfer Fador (chemical spccific - mg chcm/kg plant per mg chem/kg soil) 
Fraction Ingested (0.487 unitless) 

Ingestion Ratc - Adult (0.123 kg producclday) 

Exposure Duration - Child (6 years) 
Exposure Duration - Adult (24 years) 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Averaging T i e  - Noncancer (2190 days) 
A V W g  Tie - ~ C U  (25550 days) 

hgestion Rstc - Child (0.045 kg produdday) 

Exposure Frtsucncy (350 ~ Y . 9  

/ 

.- 



Table C - 48. Risk duracterization for leafy vgchblea (0 to 4 feet sr~ll): Background 
residents - ingation cxpmure (fntnre land me) 

Noncarcinogenic Effects Carcinogenic Effects 
soil. sod-&Plant Hazard EXCCSS 

*sun (LCafyVcg.) chronic Quotient Chronic Lifetime ELCR 
Point B i o m f e r  Daily Oral Hazard Pcrccnt Daily oral Cancer Percent 

Parametrr Concentration Factor Intake' RfD Quotientb ofTotal Intake' CSF . RiskC ofTotal 

INORGANXT(mg/kg) 
Aluminum 
Arsenic 
Beryllium 
Iron 
Manganese 
Sodium 
Vanadirrm 

7.63E+03 
. 532Em 
. 133E-01 

2.27E+04 
4.79Ei-01 
5.93Ei-01 
5.93E+01 

4.00E-03 3.44E-03 -- -- -- 9.7sE-04 - -  - -  --  
i1.OOE-02 2.40E-05 3- 8.00E-02 33.0% 6.80E-06 I S  1.02E-OS 98.2% 
1.00E-02 150E-07 0.005 3.00E-05 0.0% 4252-08 4.3. 1.83307 1.8% 
4.00E-03 1.02E-02 03 3.41E-02 14.1% 2.90E-03 -- - -  
5.60E-01 3.02E-03 0.024 1.26E-01 52.1% 8.57jX4 -- - -  - -  
7.50E-02 5.02E-04 - -  -- - -  1.42E-04 - -  - I  .. 
2.00E-03 134E-05 0.007 1.91E-03 0.8% 3.79- - -  - -  -- 

Chemical hazards combined exposurr: 
Hazard index (HI): 

Exctss lifetime cancerrisk: 

( E P C x B T F x F I x I R , x E F x E D  ,) ' C D I =  
(B w , x A  T,, 1 

(IR , x E F x E D  ,) ( IR , x E F x E D  .) + 
( B W . 1  

' CDI = E P C x B T F x C F x  

b C D I  H Q  = -  R f D  

wilere 
CDI 
EPC 
BTF 

IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

kI 

ELCR = CDIXCSF 

Chronic Daily Intake (m& BW/day) 
Exposure Point Conctntration m !MI (mg chrmllrg soil) 
Wd-to-plant Biotransfkr Factm (chemical specific - mg chcmkg plant per mg chcm/kg soil) 
Fraction Ingested (0.042 unitless) 
Ingestion Rare - Child (0.042 kg producdday) 
Ingcstion~-Adult(O.l13kgproducc/drmy) 

Exposure Duration - Child (6 ycars) 
Exposun Duration -Adult (24 yesn) 
Body Weight - Child115 kg) 
Body Weight - Adult (70 kg) 

Ejrposun mmcy (350 ~ y s )  

~ v a a ~ i n g r i e - ~ 0 1 t = = ( 2 1 ~ d a y s )  
~vaag ing  r i e  - can= (suo days) 

I 



Table C - 49. Risk chrractcriution for tuberous vgctnblu (0 to 4 feet roil): Background 
residents - ingestion exposurr (future lnnd w) 

-Noncarcinogenic Effects Carcinogenic Effects 
soil Soil-to-Plant Hazard Exass 

-: .. y o s u r e  ('TubcrVeg.) Chronic Quotient chronic Lifetime ELCR 
Point Biotransfer Daily Oral Hazard Percent Daily Oral Cancer Pcrcent 

Parameter Concentration Factor Intake' RfD Quotientb of'htd Intake* CSF Risk' ofTotd 

-- 

INORGANICT 

Arscnic 532EMO 
Alumhum 7.63E+03 

Beryllih 1.33E-01 
Iron 2.27E+04 

. Manganese 4.79EM1 
sodium 5.93EM1 
Vanadium 5.93EM1 

4.00E-03 1.74E-02 - - - -  --  4.94E-03 - -  - -  - -  
'6.00E-03 1.82E-05 3E-04 6.07E-02 213% 5.16E-06 1.5 7.75E-06 98.2% 
1.50E-03 1.14E-07 0.005 2.28E-05 0.0% 323E-08 43 139E-07 1.8% 
1.00E-03 13OE-02 03 432E-02 152% 3.67E-03 - -  - -  - -  
1.50E-01 4.10E-03 0.024 1.71E-01 60.1% l.l(iE-03 - -  - -  --  
5.50E-02 1.86E-03 - -  -- -- 5.28E-04 - -  - -  -- 
2.00E-03 6.77E-05 0.007 9.67E-03 3.4% 1.92E-05 - -  e -  - -  

Chemical h& combined exposure: 
Hazard index (HI): I2.84E-01 I 1ooo/o i 

Excess lifetime cancer risk: 

(EPCxBTFxF IxIR,xEFxED ,) ' CDI = 
(B w CXA T,, 1 

(1R.xEFxED ,) (IR,xEFxED,) + 
(BW, 1 * CDI = EPCXBTFXCFX 

HQ= 
where 
CDI 
EPC 
BTF 
FI 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

CDI  E L C R  = C D I x C S F  

Chronic Daily Intake (mgkg BW/day) 
Exposure Point Concentration in Soil (mg chem/kg soil) 
Soi-to-plant Biotransfa Factor (chemical specific - mg chem/kg plant per mg chem/kg soil) 
Fraction Ingested (0.1 19 uaitlcss) 
Ingestion Ratc - Child (0.075 kg produalday) 
Ingtstion Ratc - Adult (0202 kg produalday) 

Expo= Duration - Child (6 ycar~) 
Exposure Duration -Adult (24 ycar~) 

Exposure Frcsucncy (350 days) 

Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Averaging T i e  - N O I I C ~ ~ C ~  (2190 aayS) 
Averaging Tie - & l ~ a  (25550 days) 

/ 



Table C - 50. Rhk ch.ntteMtiOn for frP& (0 to 4 ftct SOU): hdyrouad 
residents - ingestion uporurc (future lnnd w) 

Noncarcinogenic Effects Carcinogenic Effects 
soil Soil-&Plant Hazard Exccss 

-: -. E;”p”” (TubCrVcg.) chronic Quotient chronic Lifetime ELCR 
Point Bioaansfer Daily Oral Hazard Pcrccnt Daily Oral Cancer Perccnt 

Parameter Conccneation Factor Intake’ RfJ3 Quotientb ofTatal Intake’ CSF Risk‘ ofTotal 

INORGANICS (m@@ 
. Alrrminum 7.63E+03 , 

ArscniC 532E+Oo 
Beryllium 133E-01 
Iron 227EMM 
Manganese 4.79E+01 
sodium 5.93Ei-01 
VanadiUm 5.93Ei-01 

4.00E-03 4.28E-02 - -  -- -- 1.23E-02 - -  - -  --  
6.00E-03 4.47E-05 3E-04 1.49E-01 35.6% 1.28E45 1.5 1.92E-05 982% 
1.50E-03 2.79E-07 0.005 SJ9E-05 O.oO? 8.01E-08 4.3 3.44E-07 1.8% 
1.00E-03 3.18E-02 0.3 1.06E-01 253% 9.11E-03 - -  - -  - -  
5.00E-02 336E-03 0.024 1.40E-01 33.4% 9.61.W - -  - -  -. 
5.50E-02 4.57E-03 - -  - -  -- ‘131E-03 - -  - I  -- 
2.00E-03 1.66E-04 0.007 237E42 5.7% 4.76E-05 - -  -- -- 

Chemical hazards combined exposure: 
HazardindexO: 

Exass lifetime csnccrrisls: 

4.19E-01 I IW? 

( E P C x B T F x F I x I R , x E F x E D  c )  * C D I =  
(B w , x A  T J  

(IR,xEFxED,) (IR’xEFxED.) + 
(BW, 1 ’ CDI = EPC xBTFxCFX 

H Q =  
where 
CDI 
EPC 
BTF 
FI 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

CDI ELCR = CDIxCSF 
RfD 

Chronic Daily Intake (m& BW/day) 
Exposure Point Conceneation m Soid (mg chcm/kg soil) 
Soil-to-pllmt Biotrzmsk Factor (chemical spccific - mg chcm/kg plant per mg chcmllrg soil) 
Fraction Ingested (0.487 unitless) 
Ingestion Rate - Child (0.045 kg producelday) 
Ingestion Rate -Adult (0.123 kg producc/day) 
Exposurr F m c y  (350 days) 
Exposure Duration - Child (6 YUKS) 
EXPOSIXC Duration - Adult (24 y m )  
Body Weight - Child (15.kg) 
Body W @ l t  - Adult (70 kg) / 

Av- Tic - Nm~anm (2190 aayS) 
A m g  T i e  - C~.UCCI (25550 days) 



! 

I 

Table C - 51. RME Risk Characterization Summary: F'DTF Surface Soil (0 to 1 foot)(Screened Inorganics) 
I 

Medium Exposure 
Route 

Soil Ingestion 
Dermal/External 
Inhalation 

Leafy Vegetables ' Ingestion 
Tuberous Vegetables Ingestion 
Fruits Ingestion 

Combined Hazard Index: 

Combined Cancer Risk: 
i 

NA - pathway not evaluated 

~~ 

Current * Future 
Noncancer HI Cancer Risk Noncancer HI Cancer Risk 

On-Unit Industrial Industrial On-Unit 
Worker Worker Resident Worker Resident * Worker 

6E-04 B 5E-09 B 6E-01 B 2E-02 B 9E-06 B 1E-06 B 
4E-05 B 1E-09 B 4E-03 B 2E-03 B 5E-07 B 3E-07 B 

OE+O B 1E-11 B OE+O B OE+O B 7E-09 B 3E-09 B 

NA NA 7E-02 B NA 3E-12 B NA 
NA NA 6E-02 B NA 1E-05 B NA 
NA NA 2E-01 B NA 6E-13 B NA 

6E-041 9E-01 B( 3E-02 

OE+&J - pathway evduated but no risks could be calculated due to lack of EPA-approved toxicity values 
B - HI 5 1 or ELCR 5 lo4 for chemical risks 
E - HI > 1 or ELCR > lo4 for chemical risks 

I 

I .  



Table C - 52. Risk ehamcterjzation for soil (0 to 1 foot): FDTF (Screened Inorganics) 
on-unit workers - ingestion exposure (current land use) 

Noncarcinogenic Effects Carcinogenic Effects 
.. Soil Hazard Excess .: -- 1 Exposure Chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent. Daily Oral Cancer Percent 
Parameter Concentration Intake' RfD Quotientb ofTotal Intake. CSF Risk' ofTotal 

INORGAMCT (I@& 
Arsenic 3.70E4-00' 4.34E-08. 3E-04 1.45E-04 253% 3.1OE-09 1.5 4.6SE-09 100.0% 
Iron 1.09E-W 1.28E-04 0.3 4.27E-04 74.7% 9.14E-06 - - - -  - -  
Sodium 6.77E+01 7.95E-07 - -  - -  -.. 5.68E-08 - -  - -  - -  

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk. 
. .  

5.71E-04 I 100% 

(EPCxCFxIRxEFxED) 
(BWXAT) 

a CDI = 

C D I  
H Q  = RfD 

C ELCR =.CDIxCSF 
where 
CDI 
EPC 
CF 
IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake (mgkg BWIday) 
Exposure Point Concentration in Soil (mg chemfl<g soil) 
Conversion Factor - Chemicals ( 0 . ~ ~ 1  kg soiYmg soil). 
Ingestion Rate (50 mg soivday) 
Exposure Frequency (6 daydyear) 
Exposure Duration (5 years) 
Body Weight (70 kg) 
Averaging Time - Nonmncer (1 825 days) 
Averaging %e - Cancer (25550 days) 

I 



Table% - 53. Risk characterizstion for roil (0 to 1 foot): FDTF (Scmntd Inorganics) 
oa-unit norken - dermal expornre (current had rue) 

Noncarcinogenic Effects Carcinogenic Effects 
soil Hazard Excess F- Dermal chronic Quotient Chronic Lifetime ELCR 

-- Pomt Absorption Daily Dcnnal Hazard Percent Daily Dermal Cancer Percent 
.. -: 

Parameter . Concentration Factor intake* RfD Quotientb ofTotal Intake* CSF Risk' ofTotal 

WORGAMCT (m#W 
A r s C l l i C  3.7OEGO 0.001 5.04E-09 lE-04 4.10E-05 100.O?h 3.6OE-10 3.6585 132E-09 IOO.O?? - -  - -  Iron 1.09E+04 *0.001 1.48E-05 -- -- - -  1.06E-06 - -  - -  - -  sodium 6.77EM1 0.001 9.22E-08 - -  -- -- 6.59E-09 - -  

Chemical hazards combined exposure: 
Hazard index o: 4.10E-05 I 1000.4 

Excess lifetime caucer risk: 

(EPCxCFx SAxAFxABSxEFxED) 
(BWxAT) a CDI = 

C D I  
H Q = =  

ELCR = CDIxCSF 
where 
CDI 
EPC 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intakc (mgkg BW/day) 
Exposure Point Concentration m Soil (mg chan/kg soil) 
Conversion Factor (0.ooOOOl kg soiYmg soil) 
Skin Surfact Arca Available (5800 an2/day) 
Soil-to-skin Adhcrcncc Factor (1 mg soUcm2) 
Dcnnal Absorption Fador (chemical specific - 
m F r r q u m c y  (6 dayslyear) 
m - o n  (5 Ycars) 
Body Weight (70 kg) 
Averaging Tie - Noncancer (1825 days) 
Averaging Tie - Cancer (25550 days) 



Table C - 54. Risk ehrlrctcrintion for Mil (0 to 1 foot): FDTF (Scmncd Inorganies) 
on-unit worLm - inhdation aposure (current land use) 

* 
Noncarcinogenic Effem Carcinogenic Effects 

Soil PartiCUlatC Hazard Exctss 
.. -. Exposm Emission Chronic Quotient Chronic Lifetime ELCR - Point Factor Daily Inhalation Hszard Percent Daily Inhalation Cancer Percent 

parameter ' Concentration (PEF) Intake' RfD Quotientb ofTotal Intake' CSF Risk' of'fotal 

INORGANICS (a 
Arsenic 3.7OE+OO 4.630E+09 3.75E-12 -- -- -- 2.68E-13 50 134E-11 100.0?? 
iron 1.09E+04 4.630E+09 1.11E-08 -- -- -- ?.WE-IO -- -- - -  
Sodium . 6.77EMl 4.630E+09 6.87E-11 -- -- - -  4.91E-12 -- -- - -  

Chemical hazards combined exposun: 
Hazard index (HI): 

. .  

(EPCxIRxEFxED) 
(PEFxBWxAT) a CDI= 

CDI 
H Q = =  

ELCR = CDIXCSF 
. what 

CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF . 

Chronic Daily Intake (mgkg BW/day) 
Expo- Point Concentration in Soil (mg Chtmnhg soil) 
Inhalation Ratc (20 m3 aidday) 
EXPO- FrrsmCy (6 days/Ycar) 
Exposure -on (5 years) 
Body Weight (70 kg) 
~ ~ e ~ i i - ~ o n m c e r ( 1 ~ 2 ~  days) 
Avaaging Tim -Cancer (25550 days) 
Mcula te  Emission Factor (4.63Ei-09 m3 airkg soil) 



Table C - 55. Risk characterkation for soil (0 to 1 foot): FDTF (Scmned Inorganics) 
industrial workers - ingestion exposun (future iand use) 

Noncarcinogenic Effects Carcinogenic Effects 
.. . Soil Hazard Excess -: -. Exposure Chronic Quotient Chronic Lifetime ELCR 

Point Daily Oral Hazard Percent . Daily Oral Cancer Percent 
Parameter Concentration Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

INORGAh!IC3 (ntgAg) 
h e n i c  , 3.70Ei-00. 1.81E-06 3Eo4 6.03E-03 25.3% 6.46E-07 1.5 9.70E-07 100.0% 
Iron 1.09E+04 5.33E-03 0.3 1.78E-02 74.7% 1.90E-03 - -  - -  - -  
Sodium 6.77EH1 3.31505 - -  -- - -  1.18505 - -  - -  - -  

Chemical hazards combined exposure: 
Hazard index (HI): 

Excess lifetime cancer risk: 

2.38E-02 I 100% 

(EPCxCFxlRxEFxED) 
(BWXAT) 

a CDI= 

b 

C 

CDI  
HQ = R ~ D  

ELCR = CDIXCSF 
where 
CDI 
EPC 
CF 

* IR 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake (mg/kg BW/day) 
Exposure Point Concentration in Soil (mg ch&g soil) 
Conversion Factor - Chemicals (0.WOOOl kg soil/mg soil) 
Ingestion Ratc (50 mg soiYday) 
Exposure Frequency (250 daydyear) 
Exposure Duration (25 years) 
Body Weight (70 kg) 
Averaging Time - Noncancer.(9125 days) 
Averaging T i e  - Cancer (25550 days) 

.I 



- -  

Table C - 56. Risk chrractcrization for SOU (0 to 1 foot): FDTF (%mend inorganic~) 
industrid worlrcra -dermal uposurc (future Isad PK) - 

Noncarcinogenic Effects Carcinogenic Effects 
soil Hazard Excess 

-: .- Exposure Dcrmal Chronic Quotient Chronic Lifetime ELCR 
- 'Point Absorption Daily Dcrmal Hazard Pcrcent Daily Dermal Cancer Percent 

Parameter Concentration Factor Intake. RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

INORGANICS (mg/itg) 
ArscniC 3.7OE+OO 0.001 2.10E-07 1E-04 1.71E-03 100.OOh 7.50E-08 3.6585 2.74E-07 1OO.O?h 
iron 1.09Et04 -0.001 6.19E-04 - -  - -  - -  2.21E-04 - -  - -  
SOdiUm 6.77EM1 

- -  . 
0.001 3.84E-06 -- e -  --  137E-06 - -  - -  - -  

Chemical hazards combined urposurc: 
Hazardindex(HI): 

Excess lifctimc cancerrisk: 2.74E-07) 1Wh 

(EPCxCFx SAxAFxABSxEFxED) 
(B W xAT) . '  CDI = 

C D I  HQ = - RfD 
b 

ELCR = CDIXCSF 
where 
CDI 
EPC 
CF 
SA 
AF 
ABS 
EF 
ED 
BW 
AT 
AT 

Chronic Daily Intake (m& BW/day) 
Exposun Point Concentration in Soil (mg chcmlkg soil) 
Conversion Factor (0.oooOOl kg soil/mg soil) 
Skin Surfkc Arra Available (5800 d d a y )  
Soil-to-skin Adhmcc  Factor (1 mg soil/&) 
Dermal Absorption Factor (&mi@ specific - unitless) 
EXPO- Frtqumcy (250 &Ys/Ycar) 
--onWY-) 
Body Weight (70 kg) 
Averaging Time - Noncanctr (9125 days) 
Averaging Time - Cancer (25550 days) 



Table C - 57. Rirk chrracterirrtion for roil (0 to 1 foot): FDTF (Screened iaorgmia) 
industrirl workers - inhalation exposure (future land w) 

s + -- - -  Noncarcinogenic Effects Carcinogenic Effccts 
Soil Particulate Hazard ExCCSS 

.. _. Exposun Emission Chronic Quotient Chronic Lifetime ELCR 
-- *Point Factor Daily inhalation Hazard Paant Daily Inhalation Cancer Percent 

Parameter Canmaation (PEF) Intake' IUD Quotientb ofTotal Intake' CSF Risk' ofTotal 
L L  

INORGANIC9 (nqp/isg) 
Arsenic 3.70E+OO 4.630EW 1.56E-IO -- -- - -  5.59E-11 50 2.79E-09 10O.O?/0 
Iron 1,09E+O4 4.63OEi-09 4.61E-07 -- -- -- 1.65E-07 -- -- - -  -. -- 1.02E-09 - -  -- -. Sodium 6.77E+01 4.630E+09 2.86E-09 . -- 
Chemical hazards combined exposure: 

Hazard index (HI): 

Excess lifetime cancer risk 

. .  
O.OOE+OO 1 O?? 

2.79E-091 1oOOh 

(EPCxIRxEFxED) 
(PEFxB W xAT) ' CDI = 

C D I  
RfD 

HQ=- 

ELCR = CDIxCSF 
whcn 
CDI 
EPC 
IR 
EF 
ED 
BW 
AT 
AT 
PEF 

Chronic Daily Intake (mglkg BW/day) . 
Exposure Point Concentration in Soil (mg chemlkg soil) 
Inhalation Rate (20 m3 aidday) 
Exposun Fnqucncy (250 daysiyear) 
Exposure Dura!ion (25 years) 
Body Weight (70 kg) 
Averaging T i e  -Nonwnar (9125 days) 

PQticulote Emission Factor (4.63EW m3 airkg soil) 
Avaaging Ti - clm~a (25550 days) 



, . .. . . . 

Table C - 58. Risk characterization for soil (0 to 1 foot): FDTF (Scmned Inorganics) 
residents - ingestion exposure (future land we) 

Noncarcinogenic Effects Carcinogenic Effects 
. Soil Hazard EXCeSS 

-- ' Exposure Chronic Quotient Chronic Lifetime ELCR 
Point Daily oral Hazard . _  Percent . Daily Oral Cancer Pemnt 

PtlE3Illeter Concentration Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 
L - 

INORGANICT (ntgkg) 
Arsenic 
Iron 
Sodium 

3.70E+tM 4.73E-05 3E-04 1.58E-01 25.3% 5.79E-06 1.5 8.69E-06 100.0% 
l.O9E+O4 139E-01 03 4.65E-01 74.7% 1.71E-02 - -  ..- - -  
6.77EM1 8.66E-04 - -  - -  - -  1.06E-04 - -  - -  - -  

Chemical hazards combined exposure: 
Hazard index (HI): 6.22E-01 I 100% 
Excess lifetime cancer risk: 

(EPCxCFxIR ,xEFxED c )  
a C D I =  

(B W $AT,, 1 

..I AT, 1 (IR ,xEFxED c )  (IR ,xEFxED ' ) + 
(BW') 

' C D I  = EPCxCFx  

where 
CDI 
EPC 
CF 
IR 
IR 
EF 

'ED 
ED 
BW 
BW 
AT 
AT 

C D I  
R f D  

H Q = -  C E L C R  =. C D I x C S F  

Chronic Daily Intake ( m a g  BW/day) 
Exposure Point Concentration in Soil (mg chcm/kg soil) 
Conversion Factor - Chemicals (0.0OOOOl kg soiVmg soil) 
Ingestion Rate - Child (200 mg soiVday) 
Ingestion Rate - Adult (100 mg soiVday) 
Exposure Frequency (350 daydyear) 
Exposure Duration - Child (6 years) 
Exposure Duration - Adult (24 years) 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Averaging Time - Noncancer (2190 days) 
Averaging T i e  - Cancer (25550 days) 

/- 



T8ble.C - 59. Risk characterization for soil (0 to 1 foot): mlTF (Sereend Iwrganics) 
midents - dermal exposure (futore land use) 

& Carcinogenic Effects 
Soil Hazard Excess 

-: Exposun Dermal chronic Quotient Chronic Lifetime ELCR 
Point Absorption Daily Dermal Hazard P m t  Daily Dermal Cancer P m t  

Concentration Factor Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTotal 

- 

INORGANICT (mg/kgl 
Arsenic 3.70E+OO 0.001 4.79507 1E-04 3.87E-03 100.00/0 1.42E-07 3.6585 5.18E-07 100.00h 
Iron 1.09E+04 0.001 1.40E-03 - -  
Sodium 

-- -- 4.17E-04 - -  - -  -- 
6.77EHI 0.001 8.70E-06 - -  - -  --  2.59E-06 - -  --  -- 

Chemical hazards combined exposun: 
Hazard index (HI): 

. .  
3.87E-03 I 1Wh 

Excess lifetime cancer risk 5.18E-071 1Wh 1 

(EPCxCFxSA,xAFxABSxEFxED,) ' CDI = 
(BKxAT,,) 

(SA ,xAFxABSxEFxEDJ + (SA,xAFxABSxEFxED.) 
(BW,) (B W, 1 ' CDI = EPCXCFX 

C D I  
H Q = R ~ D .  

where 
CDI 
EPC 
CF 
SA 
SA 
AF 
ABS 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

C E L C R  = C D I X C S F  

Chronic Daily Intake (m& BW/day) 
Exposun Point Concentration m Soil (mg c h d g  soil) 
Conversion Factor (0.0OOOOl kg soiymg soil) 
Sldn Surface h Available - Child(2010 d w )  
Skin Sltrfscc Arca AvailabIe - Adult (5800 cm2/day) 
Soil-to-skin Adherence Factor (1 mg soUcm2) 
Dermal Absorption Factor (chemical specific - unitless) 
ExPo=FrequencY 050 
Exposurc Duration - Child (6 ycar~) 
Exposurc Duration -Adult (24 years) 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Averaging Ti t  - Noncanccr (2190 days) 
A V m g  T i e  - Can= ( days) .I 



Table C - 60. Risk ciuracterintion for soil (0 to 1 foot): FDTF (Sann& Inorganits) 
residents - inhalation upware (falure lnnd rue) 

Noncarcinogenic Effects Carcinogenic Effects 
Soil . Particulate Hazard Excess 

-: -- Exposure Emission Chronic Quotient Chronic Lifetime ELCR - Point Faaor Daily Inhalation Hazard Percent Daily Inhalation Cancer Percent 
Parameter Concentration (PEF) Intake' RfD Quotientb ofTotaJ Intake' CSF . Risk' ofTotal 

1NORGANIcs 

Iron 
Arsenic 3.70E+OO 4.630Ei-09 7.66E-10 -- -- -- 1.41E-10 50 7.04E-09 lOO.oO/o 

I .WE* 4.630E+09 2.26E-06 - - -- -- 4.15E-07 - -  -- -- 
S0;dium .. 6.77EM1 4.630Ei-09 1.40E-08 -- -- -- 2.58E-09 - -  - -  -- 
Chemical hazards combined exposure: 

Hazard i n k  (HI): 

Excess lietime cancer risk: 

(EPCxIR ,xEFxED ,) 
(PEFxB W xAT,, ) .* CDI = 

E P C  
PEF '[ ( B W , )  

(IR , x E F x E D  .) + ( IR'xEFxED ') 
( B W . 1  

' C D I = -  

CDI  HQ=- 

wherc 
CDI 
EPC 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 
PEF 

ELCR = CDIXCSF 

Chronic Daily Intake ( m a g  BW/day) 
Exposure Point Concentration in Soil (mg chrmlkg soil) 
Inhalation Rate -Child (15 m3 air/day) 
Inhalation Rate -Adult (20 m3 aidday) 

Exponrn Durarion -Child (6 years) 

Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 

Expo== Fnsmcy (350 daysiyear) 

. Expos= MOD -Adult (24  year^) 

AVCraging Ti - N o n t ~ ~ =  (2190 days) 
Averaging Time -Can- ( days) 
P~culatc Emission Factor (4.63Em m3 airkg soil) 



Table C - 61. Risk charrcteriution for I- vegetables (0 to 1 foot roil): FDTF (Scmed Inorgha)  
residents -ingestion exposum (fatnm land ase) 

Noncarcinogenic Effects Carcinogenic Effecrs 
soil soil-to-Plant Hazard Excess 

-: .. -sure W V e g . )  Chronic Quotimt chronic Lifetime ELCR 
-- Point Biotransfer Daily Oral Hazard Percent Daily Oral Cancer Percent 

Parameter Concentration Factor Intake' RfD Quotientb ofTotal Intake' CSF Risk' ofTofal 

INORGANICS (m&) 
Arsenic 3.7OE+OO 4.00E-02 1.67E-05 3E-04 556E-02 772% 4.73E-06 1.5 7.09E-06 100.0?? 
Iron 
Sodium' 

1.09E+04 .-4.OOE-03 4.92E-03 0.3 1.64E-02 22.W 139E-03 -- - -  -- -- - -  --  -- 1.62E-04 - -  6.77Ei-01 7.50E-02 5.73E-04 - -  

Chcmikal hazards combined exposure: 
Hazard index (Hf): 

Exass lifetime cancer risk 

720E-02 I 1W? 

( E P C x B T F x F I x I R , x E F x E D , )  
a C D I =  

(BWCXAT,,) 

(IR , x E F x E D  e )  (IR , x E F x E D  * )  + 
CBW.1 

' C D I  = EPC x B T F x C F X  

b C D I  H Q  = -  R fD 

where 
CDI 
EPC 

FI 
IR 
JR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

BTF , 

ELCR=CDIxCSF . 

Chronic Daily Intake (m& BW/day) 
Exposure Point Concentration in Soil (mg chcmlkg soil) 
Soil:to-plaut Biotransfer Factor (chemical specific - mg chtm/kg plant per mg chcmflrg soil) 
Fraction Ingested (0.042 unitless) 
Ingestion Rate -Child (0.042 kg producelday) 

Expo~Frrqucncy(35OdaYs) 
Ingestion Rate - Addt (0.1 13 kg @cc/day) 

Exposun Ihaation - Child (6ycar~) 
Expo= Duration -Ad& (24ytars) 
Body Weight - Child (IS kg) 

Avenging T i c  - Noncanar (2190 days) 
Avaaging T i c  - Cancer (25550 days) 

Body Weight - Adult (70 kg) -- 

I 



Table C - 62. Rirk characterintion for tobcmus vegetables (0 to 1 foot mil): FDTF (Scrrened Inorgmh) 
residents - ingestion exposure (future hnd w) 

Noncarcinogenic Effects Carcinogenic Effects 
soil soil-to-Plant Hazard Excess 

-: -- fluberVeg.) chronic Quotient chronic Lifetime ELCR 
Point Biomnsfer M y -  Oral Hazard Paccnt Daily Oral Cancer Pcrccnt 

Parameter * Concentration Factor In&' R€D Quotientb of'htal Intake' CSF Risk' ofTotal 

-- 

INORGANIC3 (mg/kg) 
ArscniC 3.7OE+OO 6.00E-03 1.27E-05 3E-04 4.22E-02 67.1% 3.59E-06 1.5 539E-06 100.0?? 
Iron 1.09E+W '1.00E-03 6.22E-03 03 2.07E-02 32.90h 1.76E-03 - -  - -  -- 
sodium 6.77EM1 5.50E-02 2.12E-03 - -  - -  --  6.02E-04 - -  - -  --  

Chcmid hazards combined cxpo~urr: 
Hazard mdex (in): 

Excess lifetime cancer risk: 

63OE-02 I 100% 

( E P C x B T F x F  IxIR , x E F x E D  ' C D I =  
(B W , x A  T,, 1 

(IR,xEFxED,) (IRaxEFxEDa) + 
(BW, 1 a CDI = EPC xBTFxCFx 

CDI  E L C R  = C D I x C S F  H Q = R ~ D .  
where 
CDI 
EPC 
BTF 
FI 
IR 
IR 
EF 
ED 
ED 
BW 
BW 
AT 
AT 

Chronic Daily Intake (mgnCg BW/day) 
Exporn Point Concentration m Soil (mg chcm/kg soil) 
Soi-to-plant Biotransfer Factor (chemical spccific - mg chcmlkg plant per mg chcm/kg.soil) 
Fraction Ingested (0.1 19 unitless) 
Ingestion Rate - Child (0.075 kg produdday) 
Ingestion Rate - Adult (0202 kg producelday) 
Exposurr Frrqu=Y 0 5 0  says) 
Exposun Duration - Child (6 years) 
Exposun Duration - Adult (24 years) 
Body Weight - Child (15 kg) 
Body Weight - Adult (70 kg) 
Averaging T i e  - Nonclmcer (2190 days) 
Avcragiug T i e  - Cancer (25550 days) 



Table C - 63. Risk chrmcte&ation for fdts  (0 to 1 foot ro4: FDTF (Screened lnorganiu) 
residents - ingestion exposure (future land rue) 

.. 
s i c  ~ ~ e c t s  Carcinogenic Effects 

soil Soil-to-Plant Hazard Excess 
- s u n  flukrVcg.) chmaic Quotient Chronic Lifetime ELCR 

Point Biotransfcr Daily Oral Hazard Pcrccnt Daily Oral Cancer Percent 
Conccneation Faaor Intake* RfD Quotientb ofTotal Intake' CSF ' Risk' ofTotal 

INORGAh!ZCS (mg/kg) 
Arsenic 3.70Ei-00 6.00E-03 3.11E-05 3E-04 1.04E-01 67.1% 8.91E-06 15 134E-05 100.0?/0 
Imn 
Sodium 

. 1.09E+04 '1.00E-03 153E-02 0.3 5.09E-02 32.9% 438E-03 - -  -- - -  
6.77EH1 550E-02 5.22E-03 - -  -- -- 1.49E-03 --.  - -  -- 

Chemical hazards combined cxposm: 
Hazard iadcx 0: 

Excess lifetime cancer risk: 

. .  
1.55E-01 I 1Wh 

( E P C x B T F x F  IxIR , x E F x E D  
a C D I =  

(B w ,xA T,, 1 

(1R.xEFxED.) (IR'xEFxED.) + 
(BW. 1 ' CDI = EPC xBTFxCFX 

b CDI 
HQ = R ~ D  
wllm 
CDI 
EPC 
ElTF 
FI 
IR 
IR 
EF 
m 
ED 
BW 
BW 
*AT 
AT 

C ELCR = CDIXCSF 

Chronic Daily Intake (m& BWIday) 
Exposurt Point Concentration in Soil (mg chcm/kg soil) 
Sod-to-plant Biotransfcr Factor (chemical specific - mg chcmlkg plant per mg chan/kg soil) 
Fraction Ingested (0.487 unitlcss) 
Ingestion Rate - Child (0.045 kg produdday) 
Ingestion Rate - Adult (0.123 kg produdday) 
ExposureFrcqu~cY(35~days) 
E ~ ~ O S W C  - Child (6 YCZUS) 
Expwure Duration - Addt (24 ytars) 
Body Weight - Child (15 kg) 
Body Weight - Addt (70 kg) 
AVaSging Time - Noncancer (2190 days) 
Averaging Time - Cancer (25550 days) 



ALUMINUM . .  . . . .  

.CAS No($): . 7426-90-5 - 

Major Synonym(s): NA 

.- -: .Alummum is the third most abundant element (American Conference of Governmental 
Industrial Hygienists 1986) comprising about 8.8 percent of the carth's crust by weight 
(Merck Index 1983). Aluminum docs not occur k l y  m nature, but is widely distributed 
combined with oxygen, fluorine, silicon, and other Constrmmts. It is a silvery-white. 
malleable, ductile, light-weight metal. It is soluble m alkali and in hydrochloric and 
sulfuric acid, and insoluble m concentrated nitric acid, hot acetic acid, and water (Weast 
1979). Ithas a molecular weight of 26.98 ghole,  melts at 6600C, boils at 2,450"C (at 1 
atmosphere), has a vapor pressure of 1 mm Hg at 12840C, and has a specific gravity of 
2.70 at 20°C/40C. 

Fate and Transport 
Aluminum is abundant m soils although concentmiom vsky with solubility, which is a 
function of pH (National Research Council 1981). It is amphoteric, bemg more soluble in 
acidic and basic solutions than m more neutral soiutions (US. Environmental Prokction 
Agency 1988). Some acid so& contain slrgiicimt alumbum in soluble form to kill some 
types of plants (Farm ChemicaIs Handbook 1984). Soil concentrations of alummum 
have btenkcorded up to 150 to 600 gams per kilogram (Friberg et al. 1979). Human' 
activities tend to increase alummum content m surfice waters (Friberg et al. 1979) and 
acid rain can cause aluminum to leach out of soil at a higher than normal rate, thus 
increasing the aluminum uptake by plants and animals. Aiummum concmtmtions m 
urban air arc rrported ashigh as 10 mg per cubic meter. In non-urban areas, values as 
low as 05  mg per cubic meter have been reported ( F n i  et al. 1979). Aluminum tends 
to bioaccumulate only slightly m aquatic orgmhns. Cleveland et al. (1986) reponed 
BCFs of 50 to 230 among young brook trout. 

Human Health Effects 
Humans arc cxposcd to.al&um by ingestion of foods and bevemges and by hhaMon 

. .hnn the atmosphen. Hum& ingestion of aluminum is typically 30 to 50 mg per day 
(Bjorkrten 1982), with a M y  absorption rate 0.1 to 2 mg (Rosas 1978). Although not 
essential for human health, normal total body content of alummum m humans is around 
30 milligrams. Soluble forms of alumhum chloride, aluminum fluoride, and ailrminum 
dfatc arc potenthlly toxic, and may play a role m s c v d  disease conditions. lnsolublb 
forms ofduminum do not seem to have a measurable scme rrsponse (Rumack and 
Spocrke 1989). Chronic inhahion of fine metallic aluminum dust, such as may occur m 
the mufactme of aluminum abrasives, explosives, and fireworks, has been shown to . 
cause a distinctive type of pulmonary fihsis with emphysema, c b m i c  

. 

. pneumonia, dyspnea, cough, and pncumothumx (Clayton and Clayton '1981). In 

which the brain shows evidence of nwrofibdlay degeneration (Venugopal and Luckcy 
- 1978). Gastrointestinal problems develop when alumhum hydroxide is Ehronically 

t u h m t m d  orally, causmg seven comipaion by inhibiting muscle contraction of the 
intestines (Hamhm and Hardy 1974). It wn:also cause flatulence, idlamam 'on, and 
colitis. Aiuminum salts may cause a &lysis mccphalophy syndrome among kidney 
patients, resuhg m piogressive faral b n b  disease dmmcmed * byimpaid- : 
dementia, and seiprns (Rumack and Spowikc 1989). Increasing evidence indicates that 
the brains .of Alzheimer's victims contain a much higher than normal level of aluminum 
(Rumack and Spoalre 1989). Rcpeatea coma~t of the skin with soluble aluminum salts - 

additiw,theinhalationofthis~uminumdtasthascausedprogrmiveen~~apathy,m 
' 

. .  
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. .  . .  . .. 
. .  . * * .  

ARSENIC . ' . . . .  

CAS No(sj: 71440-38-2 

Major Synonym(s): None 
_ -  -. 

' Arsenic exists m low c o n d o n s  m all mvironmental media as a ~ n ~ a l  component 
of the carrh's crux Typical arsenic ConceLltratioIIS arc less than ten parts per billion in 
water and less than 40 parrs per million in soil (US. Department of Health and Human 
Services 1991). It & a silver-gray, brittle, crysralline substance (International Labour 

in d c  and nonsxidizing acids. It has a molecular weight of 74.92 g/mole, sublimes 
at 613OC, melts at 817°C (at 28 atmospheres), has a.vapor presntre of 1 mm Hg at 372OC. 
and has a density of 5.73 at 14'C (US. Department of Health and Human Services 1991). 
Arsenic will vaporize when heated to lOO'C, with rapid vaporization at 45OoC (Merck 
1983). 

office 1983) that is SolUble in nitric acid but insolUble in (Wwt  1987-1988) and 
. 

Fate and Transport 
Arsenic is found primarily m soil or rock and is mainly uansj)orkd adsorbed-onto 
particulate material. In water, soluble fonns of d c  am be d e d  long distances, but 
may be adsorbed onto sediments or miis due to chemical or biological reactions that 
changearsenic speciation (U.S. Department of HcaW and Human Services 1991). In 
soil, arsenic is subject to a number of transformation processes, such as oxidation- 
reduction reactions, ligand excbge, biotramsformation, precipitation, and adsorption. It 
is rarely encountered as a fkc element m mtud waters (U.S. Environmental Protection 
Agency 1980), where it is also subject to proasses such as oxidation-reduction reactions, 
ligand exchange, bionansfonnation, pnciaion, and adsorption (US. Depamnent of 

. Health and Human Services 1991). Arsenic accumulates to Vrvying degrees in some 
organisms such as algae and shellfish, but does not biomagnify in the food chain. Some 
arsenic is absorbed via inhslah'on and oral mutes, but dermal absorption is considered to 
be minor (U. S. Department of Health and Human Snvices 1991). 

Human Health Effects 
. .  

Inorganic arsenic compounds 8t gemrally more toxic than organic forms. For inorganic 
arsenic, human oral mposures of qpmxmmc ly 1 to 3 mgpcr.kg body weight appearto 
be the minimum lethal dose, based upan clinical rqunts (US. Department of Heattb and 
Human Services 1991). Populations at special risk h m  d c  exposure include 

n m l o g i c  or hepatic disease, or nnal lesions. Children may be at special risk for the 
effects of inorganic aisaric. Exposrtre to bigb lmls of .arsenic results m a number of . 
systumic effects on .the xespirarory system, h t i a  and vasculm system, &asaointestinal 

-system, blood, liver, kidney, skin, eye, and ntrvous system. Sptcific effects repotted .' 
include dccnastd production of red and white blood cells, a b n d  heart and nerve 
function, damage to blood vessels, kidneys and liver, and possible mutagenic activity. 
The burden of evidence shows inorganic arsenic to be a carcinogen, multing in an 
inneased risk of lung and dermal amccr By inhRlrttion and oral exposure, respectively. 
Orgauic arsenic has not been h o x i s m c d  to be carcinogenic to humans. The US. 
Environmental Protection Agency has classifid arsenic as class A, a known humrm 
carcinogen. 

pmons with existing diabetes, cardiovascular disursts, allergic or otha skin diseasm- 

- 

Ecological Effects . - 
Arsenic toxicity to micmoqmhs produces a decline m growth and mearboIic rates. 
The more tolcrant species am wibbmd arsenic kvels up to 1,OOO ppm, whereas the 



BENZO(A)PYRENE - . 

CAS No(s).: 

Major Synonym(s): 

50-32-8 

NA 

Human Health Effects 
Benzo(a)pyrene is a polycyclic aromatic hydrocarbon (PA€€) formed from the incomplete 
combustion of organic matter (US. Public Health Service 1987). Bcnzo(a)pyrene is 
absorbed by inhalation, oral, and d m a l  routes of exposure. It may be distributed in the 
liver, tissues of the gastrointestinal tract, kidneys, and blood (US. Public Health Service 
1987). 

' 

MetaboIi  of PAHsoccurs in the liver, bronchus epithelium, esophagus, kidney, colon, 
placenta, and skin. ElcctrophiIic PAH metabolites bind:to DNA and other cellular 
macromolecules. Such adduct formati& has been found for benzo(a)pmne for almost 
every tissue that has been examined regardless of species or route of administration. 
Bcnzo(a)pyrcne is metabolized in two phases. In the first phase, benzoopyrene may be 
metabolized into several arene oxides. In the second phase, metabolites from the..first 
phase arc transfomed into one of sev& bay-region diol epoxides, of which B(a)P 73-  
diol-9,IO-cpoxide has been established as an ultimate carcinogen (US. Public Health 
Service 1987). 

. 

Although human data specifically liinking benzoopyrene to a carcinogenic effect' are 
lacking, there are multiple animal studies m rodent and non-rodent species demonstrating 
bcnzo(a)pyrene to be a potent carcinogen following admhkmb 'on by oral, intratracheal, 

. several in vitro bacterial and mammalian genetic toxicology assays. Consequently, 
benzo(a)pyrene has been classified by IARC as a probable human carcinogen (2B) and 
by the U.S. EPA as a B2 carcinogen. BenzoOpyrene has an oral cancer slope factor of 
[73 mg/kg/dayr' and an inhalation slope factor of [6.1 mglkgldayr'. No oral or 
inhalation RfDs have been established (US. EPA 1994). 

inhalation, and dermal routes. In addition, the compound has produced positive & in * 

Then is an increasing body of evidence that several carcinogenic PAHs produce seven, 
. long tcrm immunotoxicity. Exposure to benzoopyrene, among others, & m long 

mice to a single dose (100-150 mg/kg) of benzoopyrene produced scverc suppression of 
antiidy. response in pups shortly after birth (Dean et al. 1986). Under certain 
conditions, bcnzoopyrene seems to be able to ca& a mitogenic response, and topical - 
application of thii PAH to mouse skin-has been shown to stimulate mitosis m the 
epidermis. 

lasting reductions m the activities of imtiiy-producing cells. Exposun of pregnant 



BEN~O(G,H,I)PERYL;ENE - .. 

CAS No(s).: 191-24-2 

Major Synonym@): NA 
-. , -: 

Human Health Effects 
Bcmo&h,i)perylene, bemg a PAH, is highly lipid soluble and is probably readily 
absorbed from the GI tract (US. EPA, 1984). 

In genekl, PAH metabolism by the microsoinid mixed function oxidase enzyme system ' 
yields sevcral types of reactive and potentially carcinogenic intermediates (U.S. EPA, 
1984). Chemicals known to induce or inhibit this enzyme system subsequently alter the 
panerns of PAH metabolii; thneforc, their toxic and carthogenic properties may also 
bealtered. 

Benzo&h,i)pcrylene has been classified m group D, not classifiable as to human 
carcinogenicity (U.S. EPA, 1992). No human data arc available, and animal data fiom 
animal bioassays arc inadequate to establish a positive classification &' a human 
carcinogen. 

-. - 

No oral or inhalation Rfl)s have been estabiished (U.S. EPA, 1992). 



. .  
” BERYLLIUM . .  

CAS No@).: - 7qO-41-7 

Major Synonym(s): Beryilium-9, Glucinium. Glucinum. Beryllium 
metallic -. -: -- 

Beryllium does not occur naturally, but is produced commercially from bernandite and 
beryl o m  (Weast 1985)..Most of the berylrim produced is converted to alloys used in 
electrical parts, metal springs, aircraft engine parts, precision instruments. non-sparking 
tools, and injection molded plastics (EPA 1987). Pure beryllium metal, produced from 
beryllium hydroxide, is I@ in aircraft brakes, space technology, fuel containers, and 
precision instruments (EPA 1987). Beryllium oxide, also produced from beryllium 
hydroxide, is utilized in ceramics, electronics, microwave ovens, gyroscopes, military 
vehicles, rocket nozzles, and laser structural components @PA 1987). 

. .  

! 

Beryllium is a hard, gray’metal having a molecular weight of 9.012. It is a solid at 
ambient conditions with a melting point of 1,287-1,2EoC and a boiling point of 2,97OoC. 
It is insoluble in water, but certain of its compounds am water soluble. Beryllium metal 
and most of its compounds arc soluble m acidic andlor alksIie solvents (HSDB 1990). 

Fate and Transport 
Beryllium is released to the atmosphere during processing of o m  and production and use 
of beryllium alloys and chemicals. Combustion of fuel oils and coal account for the 
majority of beryllium releases to the air, however much of the beryllium contained in 
coal fly ash is captured by emission conml devices (Holcombe et al. 1985; Fishbein 
1981). Beryllium is also released atmospherically in relatively small amounts from 

. volcanoes and as wind-blown dusts (ATSDR 1991). It is suspected that most of the 
beryllium released atmospherically is m the form of beryllium oxide. This compound 
cannot be destroyed; however ,it may be converted to other more water-soluble forms 
such as beryllium sulfate and beryllium nitrate. These compounds are subject to both wet 
and dry deposition to tansr ia l  and aquatic stnfaces (ATSDR 1991; EPA 1987). 

Beryllium deposited in soil is expected to adsorb tightly to particles and to displace other 
. .  divalent cations with a lowet affinity for soil particles (Fishbein 1981). The d e p  of 

adsorption is pH dependent with the affiaity for soil higher at low pHs (Callahan et al. 
1979). Beryllium in soils may be hydrolyzed (the soluble salts) andlor convated to other 
forms. There is no evidence that biotransformation of beryllium occurs in soils (ATSDR 

. .  

1991). 

Beryllium which reaches s u r h x  waters typically becomes concentrated in aquatic 
sediments, w h m  it may be complexed with particles or simply present as insoluble 
forms of beryllium (Bowen 1979). 

Human Health Effects - 
In studies of inhalation expome, the toxicity and subsequent lethality of beryllium was 
dependent on the water solubility of the specific beryllium compound 4a led .  The 
soluble forms of beryllium produced acute pneumonitis whereas the insoluble forms of 
beryllium have been associated with chronic beryllium disease, a disease characterized 
by respiratory granulomas (ATSDR 1991). Case histories indicate that chronically 
exposed individuals suffered from respiratory irritation, anorexia, weight loss, increased 
fatigue, labored breathing, cough, and hypertrophy of the right atrium and ventricle 
(Hardy and Tabershaw 1946). The cardiovascular changes associated with beryllium 

+ 
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! CHROMIUM 

-- 

I 

-. -. .. 

.:.. 

CAS No.: 

Major Synonym(s) 

7440-47-3 (Cr VI), 18540-29-9 (Cr HI) 

Chromium 111, Chromium VI 

Chromium is a n a d l y  occurring element foun'h in rocks, plants and animals. soil. and 
volcanic dust and gases as Chromium 0. Other forms,'such as Chromium (0) and 
Chromium (VI) are produced commercially. Chromium compounds of sodium, 
potassium, and aluminum arc also produced industrial * ly, principally using the forms. 
Chromium @I) and Chromium (VI). Thcsa products are used for chrome plating. in the. 
manufactwe of dyes, leather (as a tanning agent), wood preservatives, in toner for 

. ' 
copying machines, and in textilk. . .  

Chromium is a steel-gray metal that can be highly polished. It has a molecular weight 
of 52. It melts at 1857°C and bok at 267OOC (EHRAV 1995). 

Fate and Transport 
Chromium release to the atmosphere occu~s primarily from industq and fuel 
combustion. Natural releases result form continental dust and volcanic dust and gases 
(Fisbcin 1981; Towill et al. 1978). 

The predominant form of atmospheric chromium is particulate, and transport and 
deposition art determined primarily by particle size and density (Cay 1982). 
Chromium is reduced by other clemenfs and compounds pnsent in air, however, 
removal of chromium from the atmosphere is accomplished through wet and dry 
deposition of the materials to soil and surface water (Schroeder et al. 1987). 

Excessive chmmium in surface and ground waters are generated by waste water from 
industry and deposition of airborne chromium. In water, oxidation and reduction 
reactions occur, generally at slow .rates. 

Disposal of commercial chromiumcontaining products, industrial dispbsal, agricultural 
wastes, animal wastes, and atmospheric deposition a m u n t  for the prcscince of 
unnaturally high levels of chromium in soil 'Most soil-bound chromium is in an 
insoluble form and not mobile; however, rainwater and anaerobic biodegradation of 
plant materials tend to in- mobility, particul&ly in acidic conditions (Stackhod 
and Benson 1989). Mobile chromium may be transported to surface water, ground 
water, or the atmosphere. 

Human Health Effects 

The primary damage from inhalation of hexavalent Chromium (Cr vr> compounds is to 
the respiratory mct as a consequence of their acidic and oxidative nature. Subchronic 
exposure in the workplace can lead to accumulation of Cr VI compounds in the lining of 
the nose, with resultant perforation of.the nasal septum (Royle 1975). Rhipitis and 
pharyngitis are frequently reported (Mancuso 1951). Kidney damage may result from 
absorption of soluble chromatcs through the lungs (Rinehart and Gad 1986). 

- 
In laboratory animals wrposure to Cr VI by inhalation, either acutely or chronically, has 
produad bronchitis and pnaunonia, chronic imtation of the bronchi and lung 
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IRON 
CAS No(s).: 7439-89-6 

Major Synonym(s): NA 

9 Iron is the 4th most abundant element m the earth's c~s t .  Chemically unstable metallic 
iron is converted to the fmus or ferric state. The fnric form of iron is insoluble in water 
and is found in rock and soils. Iron is used m the production of steel; oxides and 
carbonates are the primmy ora  from which the metal is extracted (Parmeggiani 1983). 

Iron hris a molecular weight of 55.85, a melting point of 1,53SoC, and a boiling point of 
2,750"C. It is insoluble in water but will dissolve in acids. It is a tough, malleable, silver 
magnetic metal. 

Fate and Transport 
Iron is not subject to significant environmental release by natural weathering processes. 
However, air pollution may occur as releases of aerosols during the processing of iron. 
Smaller particles suspended in the air will be washed out by rain, whereas largergarticles 
fall to the earth by gravity (BOW= 1979). 1 

Contamination of surface waters may rtsult h nm off due to the industriaLpradtice of 
uskg water to quench coke and slag and fimm scrubbing of particulates. Iron tends to 
sink in water, ahd aquatic sediments act as an effective sink in both frcsh and estuarine 
systems (Moore and Moore 1976; Bowen 1979). ' 

Human Heatth Effects 
Inhalation of silica or iron oxide dusts during mmmg and preparing iron ores may result 
in siderosis and pneumoconiosis (Parmeggiani 1983). Siderosis results when the body's 
iron storage capacities have been exceeded, and excess iron is deposited in vital organs. 
The liver and pancreas are primary target organs and damage to these systems produces 
cirrhosis of the liver and diabaes, rrspectively. A small amount of iron may be 
deposited in myocardium, producing abnormal rhythms of the hczm Pneumoconiosis is a 
lung disease, most commonly observed among coal minm. This disease progresses fiom 
diffuse fibroids in lung tissue to progressive massive fibrosis, affecting the air exchange 
tissues of the lungs. This disease is reversible prior to entering the progressive stage. Iron 
workcrs'also have an increased incidence of lung cancer and hepatic cell carcinoma- 
(Jorgensen 1973; Morgan 1978). . -  

Ingested iron is toxic butrarely Edtai in adults. Young children are most susceptible to 
iron poisoning. Acute symptoms include abdominal pain, diarrhea, and vornjting. Life- 
tkeatmiing effects are manifested as &tnosis, Iarshude, hwsiness, acidosis, and 
dehydration and may culminate in cardiovascular collapse and shock (Finch 1980). 

Ecological Effects 

The availability of iron in nature is limited. It &I be solubilized by acids or convc'ked to 
organic compounds by microorganisms. Plants take up iron h n  soils and store it within 
their slnxctures. Bacteria are also able to take up iron fimn soil and have adaptive 
mechanisms which make them efficient at this process. Iron is passed up the foodchain to 
higher vertebrates in the form of p h t  and animal food stuffs. 

. 



MANGANESE. . ' - 

CAS No(s).: - 7439-96-5 

Major Synonyrn(s): NA 
-. -: 

' Manganese is a widely-distribnted metal constmning 0.085 p e n t  of the earth's crust. It 
is found m the mmcrals manganosite and braunite, and in minute quantities in water. 
plants, and animals (Merck Index 1983). Nodules on the floors of the Pacific Ocean and 
Lake Michigan contaiu mqgmese (Clayton and Clayton 1981-1982; WoNing and 
Walker 1987). Manganese may be gray-pink, steel-gray, whitish-gray, or silvery white 
m color, depending upon its form or refining process (Weat'1988-1989; Merck Index 
1983; Browning 1969). .It has a molecular weight of 54.938 @mole, melts at 1244 +/: 
3'Cy boils at 1,962 ?Cy and has a density of 7.47 for the alpha form. it is readily 
dissolved in dilute m i n d  acids and in sodium or potassium bicarbonate (Worthiig and 
Walker 1987;Sittig 1985). 

Fate and Transport 
Manganese entm the atmosphere primarily through antbpogenic sources.. Vegetation 
may concentrate manganese under some conditions. Oars and barley grown in acid 
sulfate soils have unusually high concentrations of cobalt, nickel, and manganese (palko 
and mi-Hala 1988) due to higher concentrations of amactable cobalt, nickel, and 
manganese in the acidic so&. The World Health Organization (1981) reported 
availability of soil manganese to vegetation is influenced by the activity of soil 
microorganisms that Can alter pH and oxidationireduction potentials of manganese 
compounds. Heavy fertilization of acidic soils without Iiming incrcases manganese 
solubility and availability. Addition of organic material to soils can increase manganese 
uptake by vegetation under certain pH and aeration conditions. However, the absorption 
capacity of plants varies fiom species to species with as much as a 60-fold difference in 
absorption capaciry between species. Honda et al. (1987), studied manganese 
accumulation in Japanese serows, which are long-lived and h-ranging ruminants 
related to cattle. ?he body burden of manganese m scrow fetuses was low compared to 
mothers (less than one pemnt of the adult females). High manganese concentrations in 
the intestinal organs of two adult serows was thought to be specific to the species because 
serows have not developed an excntory system for manganese via bile. The serow's 
uptake of manganese correlated with the concentration found in plants utilized as a 
source of food. 

(" 
_c 

-- 
Human Heatth Effects 

Human exposure to manganese is typically via inhalation, although ingestion through 
diet, drinking watery and inhaled particles c l d  fiom the respiratory tract also occurs 
(US. Environmental Protection Agency 1984). Manganese is considered essential to .' 
human health. No cases of manganese toxicity have been reportcd f h n  excessive 
human intake in foods or beverages (National Research Council 1980). The World 
Health Organization (1981) reported sixteen cases of manganese poisoning, including 
three fimlities, in a small Japanese community where dxy-ccll batteries were buried near 
water supply wells in which manganese concentrations varied h m  8 m g 5  to 14 m a .  
Individuals affected exhibited psychological -'and neurological disorders typical of 
industrial manganese poisoning. Susceptibility to inhaled manganese varies widely 
among individuals.. The very young, individuals with iron deficiency, and workers 
exposed to manganese at or near the recamended threshold limit value arc at greatest 
risk for adverse effects due to manganese exposure (US. Environmental Protection 
Agency 1984). High levels of manganese may increase anemia by interfering with iron 

. 
- 

-' ( 

a b s d o n  Mational Research Council 1980) Inhnlntirm nf mnnuanrcr nnd itc 



VAN AD I UM, 

. .  

. .I 

CAS No(s).: 

Major Synonym(s): 

7440-62-2 

NA 

Vanadium occu~s naiurally in more than 65 different minerals and in oxidized form. 
usually as metal vanadate. Trace amounts are found in fossil fuels (National Research 
Council 1977). Vanadium is.usualty a light-grey or white lusvous powder, but can be 
found in fused hard lumps. It is r d a t k l y  insoluble in water, hydrochloric acid, and 
alkali solutions. (Merck Index 1983). It is soluble in aqua regia sulfuric acid, niuic 
acid, and hydrogen fluoride (Wcast 1979). . Vanadium has a molecular weight of 50.94 
g/mole, melts at 1,917"C (at one atmosphere), boils at 3,380"C (at one atmosphere). and' 
has a specific gravity of 6.11 at 18.7"C. 

. 
- 

Fate and Transport 

Vanadium is ubiquitous, entering the environment from mining operations, dineria, 
and the use of petroleum produas, as well as via plants that absorb vanadium from 
naturally occurring s o ~ ~ ~ ~ t s .  It can form d e n t  bonds with organic molecules t0:crcatt 
organomdal compounds (National Rtstarch Council 1977). Vanadium has been 
m d  in uhan air in the United States as a result of the use of fossil fuels in thest 
areas. Marine invertebrate% such as the ascidians, and plants tend to accumulate 
vanadium, which is deposited in sediment upon their death. Among terrestrial 
mammals. inhaled soluble salts of vanadium arc readily absorbed, while there is little 
absorption of salts in the gastrointestkd mct and only minor amounts of absorption 
through the skin (World Health organization 1988). 

Human Health Effects 
Vanadium is considered nontoxic as a metal when ingested (Hawley 1977). Humans do 
not store or adcumulate vanadium in toxic amounts. MOS~ ingested vanadium itmains 
unabsorbed in the gastrointestinal tract and is excreted (National Research Council 1977 
and 1980). The only reported biological effect of ingested van?dium is the possible 
alteration of sulfur metabdLism of the liver and an increased tumwer.of protein sulfur 
(Clayton and Clayton 1981-1982). Dermatitis was reported in workers expo@ to 6.5 
mg vanadium pentoxide per cubic meter in air (World Health Organization 1988). 
Short-term exposure to vanadium symptoms include respiratory irritation, including 
coughing, wheezing, breathing difficultits, bronchitis, and chest pains; q e  irritation:, 
possible skin imtation; and greenish black discoloration of the tongue (National 
Institute for Occupational Safety and Health 1977; National Academy of Sciences 1974). . 
Among persons who rixover from acute vanadium txposure, persistent bronchitis 
resembling asthma, as well as labored breathing, can occur (National Institute for 
Occupational Safety and Health 1977). There is no evidence of carcinogenicity for: 
vanadium and the U.S. Environmental Protection Agency has classed it as a Class D 
carcinogen. 

. 

Ecological Effects 

Vanadium has been shown to reduce growth levels in rainbow tmut (Hilton ani Bettger 
1988). At high levels of dietary vanadium (greater than 493 mgkg). feed avoidance and 
i n d  mortality were apparent. The dietary vanadium appeartd to bioaccumulate in 
the fish as opposed to waterborne vanadium, which does not bioaccumulate. G i l a  et al. 
(1979) reported a 96-hour LC* of 6.43 to 21.75 m@L for rainbow trout. while Sprague 

.' 
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SODIUM 
CAS No(@.: 

Major Synonym(s): 

7440-23-5 

Natrium, Sodium metal, Sodium23 

Sodium is a naturally occurring element which is found in the earth's crust in 
combination with other elements such as the halides, silicates, and carbonates (Budvari 
1989). Sodium is the principal cation in the hydrosphere (E3udvari 1989). Sodium .has 
excellent electrical conductivity and has a high capacity for heat absorption (Sax 1987). 

Sodium'is a silver-white alkali metal with a molecular weight of 22.9. It has a melting 
point of 97.82"C and a boiling point of 881.4"C. Pure metallic sodium burns in air to 
form sodium oxide, which takes up water to form sodium hydroxide. When the pure 
form of this metal mixes with water, it forms sodium hydroxide and releases hydrogen, 
which can ignite spontaneously (Budvari 1989). 

Fate.and Transport 
No information was available on the Fate and Transport of sodium in the environmcrlt. 

Human Health Effects 
Sodium and sodium hydroxide are irritating to the gastrointestinal tract when ingested. 
Burns to the lips, tongue, oral mucosa, and esophagus may occur. Exposure of the eye to 
sodium causes distortion of cellular membranes, loss epithelium, and loss of the 
endothelium of the cornea and blood vessels. Inhalation exposure to sodium and sodium 

. hydroxide produces stridor, dyspnea, and pulmonary edema in the respiratory tract and 
abdominal pain, emesis, and sysphagia with drooling in the GI tract. Dermal exposure 
leads to severe skin irritation and lesions (HSDB 1994). 

Ecological Effects 

References 

No information was available on the ecological impacts of sodium release to the 
. environment. 

Budvari. 1.989. The Merck Index. 1 Ith ed. Rahway, NJ: The Merck Corporation. 

f"- L.. 

Weast, RC. 1988. CRC handbook of chemistry and physics. 69th ed. Boca Raton, FL: 
CRC Press. 

I 



RCRA Facility InvestigationEtemedial Investigation Report with 
Baseline Risk Ass'essment for the Fire Department Hose Training Facility (904-113G) 

WSRC-RP-96-863, Revision 1 
April 1997 

APPENDIXD 

ECOLOGICAL RISK CHARACTERIZATION 



Dietary Intake Rates ' 
Receptor I,(kg/d) I,(kgld) I,(kg/d) 

Short-tailed shrew 1.24E-03 7.76E-03 1.17E-03 
Meadow vole 5.OOE-03. O.OOE+OO 12OE-04 

Red-tailed hawk O.OOE+OO 1.09E-01 O.OOE+OO 
American robin 4.65E-02 4.65E-02 1.9OE-03 

I,, = Daily ingestion of plants 
I, = Daily ingestion of animals 

BWO<g) 
1 SOE-02 
4.4OE-02 

'1,13E+OO 
7.70E-02 

Is.= Daily ingestion of soil 
BW ,= Body weight 
A11 values from Sample and Suter (1994) 
where Ia + Ip = Food Consumption Rate (kgl d wet weight) 



Table D-2. Biouptake Factors for Ecological COPCs at FDTF 

-. 

COPC 
Inorganics 
Aluminum 
Antimony 
Arsenic 
Cadmium 
Calcium 
Chromium 
Iron 
Lead 
Magnesium . 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

Organics 
svocs 
Benzoic acid 

Phthalates 
IDi-n-octylphthalate 

Soil-to-Plant Transfer 
SPV . I SPr 

8.OOE-04 a 
4.00E-02 a 
8.00E-03 a 
l.lOE-01 a 
7.OOE-01 a 
1.50E-03 a 
8.00E-04 a 
9.00E-03 a 
2.OOE-01 a 
2.00E-01 a 
5.OOE-03 a 
8.00E-02 a 
1.50E-02 a 
l.lOE-03 a 

1.30E-04 a 
6.OOE-03 a 
1.20E-03 a 
3.00E-02 a 
7.OOE-02 a 
9.00E-04 a 
2.00E-04 a 
1.8OE-03 a 
l.lOE-O1 a 
l.lOE-O1 a 
5.00E-03 a 
2.00E-02 a 
1.10E-02 a 
6.00E-04 a 

2.OOE-02 b 

3.73E-05 d 

2.00E-02 b 

3.73E-05 d 

Soil-to-Animal Transfer 

7.5OE-02 b 
5.OOE-02 b 
6.60E-03 b 
1.1OE-t-01 b 
3.50E-02 b 
1.6OE-0 1 b 

1 .OOE+OO b 
see note c 

1 .OOE+OO b 
7.60E-0 1 b 

2.75E-t-00 b 

2.5OE-0 1 b 

1.5OE-0 1 b 

1.30E-01 b 

5.OOE-02 b 

7.5OE-02 b 
5.00E-02 b 
1 .OOE-0 1 b 
2.8OE-02 b 

.3.50E-02 b 
2.80E-01 b 

.I .OOE+OO b 
1 SOE-02 b 
2.50E-0 1 b 
l.OOE-t-00 b 
7.50E-O 1 b 

2.75E-t-00 b 
1.50E-01 b 

1.3OE-0 1 b 

1.86E-06 d 

5.00E-02 b ~ 2.40Et-03 b 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
. NA 
NA *' 

NA 
NA 
NA 

1.87 e 

9.2 b 

SP = Soil-to-Plant Transfer; v = vegetative parts, r = reproductive parts 
BAFiny = Bioaccumulation factor, soil to earthworms (kg soilkg tissue) 
BAF-, = Bioaccumulation factor, ingestion to small mammals (dlkg) 
K, = Octanol-water partitioning coefficient 
NA = not applicable 
a Baes, C.F., R.D. Sharp, A.L. Sjoreen, and R.W. Shor. 1984. A Review ofAnalysis of Parameters for Assessing 

Transport of Environmentally Released Radionuclides through Agriculture. ORNL-5786, Oak Ridge 
National Laboratory, Oak Ridge, TN. Note: These values are adjusted to wet-weight basis. 

Systems, Inc. Draft. Note: These values are presented on a wet-weight basis. 

(HAZWRAP 1994) 

Environ. Sci. Technol. 22(3):271-274. Note: These values are adjusted to wet-weight basis. 

Environmental Degradation Rates. Lewis Publishers, Inc. Chelsea, MI. 

b. HAZWRAP. 1994. Loring Air Force Base Ecological Risk Methodology. Martin Marietta Energy 

c. Calcium-dependent: BAF-Pb = CWom.pb / CSil-pb, where CWorm-pb = 14.45 x 10 0.91610g(cs0i1-pb) / I O  o~3z610g(CSoi1Ca) 

d. Travis, C.C., and A.D. Arms. 1988. "Bioconcentration of Organics in Beef, Milk, and Vegetation." 

e. Howard, P.H., R.S. Boethling, W.F. Jarvis, Jr., W.M. Meylan, and E.M. Michalenko. 1991. Handbook of 
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' EDsoil' (mg/kg bw/d) 
Short-Tailed Meadow 

COPC c* Shrew Vole 
Inorganics (mg/kg) . 
Silver ND 

Table D-3. Exposure of Mammals to Ecological COPCs at FDTF 
.. $ Background Subsurface Soil (0-1 ft.) 

I' 
aED,il = [(C, x SP, x CF x I, ) + (C, x BAFinv x I, ) + (C, x I, )] x UFF / BW 

C, = RME soil concentration (mgkg for inorganics, j@kg for organics) 
SP, = Soil-to-plant uptake factor for vegetative parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
I, = Daily plant ingestion rate (1.24E-03 kg/d for shrews, 5.OOE-03 kg/d for voles) 
BAFinv = Soil-invertebrate uptake factor (Table D-2) 
I, = Daily animal ingestion rate (7.76E-03 kg/d for shrews, 0 for voles) 
I, = Daily soil ingestion rate (1.17E-03 kg/d for shrews, 1.2OE-04 kg/d for voles) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body.weight (0.015 kg for shrews, 0.044 kg for voles) 

ND =Not detected 

I 



Table D-4. Exposure of Birds to Ecological COPCs at FDTF 
Background Surface Soil (0-1 fi.) 

' EDsoil (m&g bw/d) 
American Red-Tailed 

COPC c, Robin' H awkb 
Inorganics (mgkg) 
Silver ND 

Organics (pgkg)  
Benzoic acid ' N D  

-aEDSoii = [(C, x SP,x CF x Ip)  + (C, x BAFhv x I,) + (C, x I,)] x UFF / BW 
C, = RME soil concentration (mgkg for inorganics, pgkg for organics) 
SP, = Soil-to-plant uptake factor for reproductive parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
I, = Daily plant ingestion rate (4.65E-02 kg/d) 
BAS,. = Soil-invertebrate uptake factor (Table D-2) 
I, = Daily animal ingestion rate (4.65E-02 kg/d) 
I, = Daily soil ingestion rate (1.9OE-03 kg/d) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body weight (7.70E-02 kg) 

EDsd = [(cs spv x CF x $(shrew) ) + (cs BAFinv Ia(shnw) ) + (cs x 1s(shrcw) 11 b 

x BAF,,, x Ia(hawk. x UFF / BW (See Eq. 6.3-4) 
Cs = RME soil concentration ( m a g  for inorganics, pgkg for organics) 
SP,. = Soil-to-plant uptake factor for vegetative parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
lp(shm) = Daily plant ingestion rate by shrews (1.24E-03 kg/d) 
BAFk,, = Soil-invertebrate uptake factor (Table D-2) 
Ia(lhrW) = Daily animal ingestion rate by shrews (7.76E-03 kgld) 
BAF,,, = Mammal intake-to-tissue uptake factor (Table D-2) 

Ia(h.,,&) = Daily animal ingestion rate by hawks (1.09E-0 1 kg/d) 
UFF = Unit foraging factor (Table 6.313) 
BW = Body weight (1.13 kg) 

= Daily soil ingestion rate by shrews ( I .  17E-03 kgld) 

ND = Not detected 

I 
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Antimony 
Arsenic 
Cadmium 
Calcium 
Chromium 
tion 
Lead 
Magnesium 
Potassium 
Selenium 
Silver 
Sodium . 
Vanadium 

Organics (clgnCg) 
svocs 
Benzoic acid 

Phthalates 
Di-n-ocwlphthalate 

i 

Table D-5. Exposure of Mammals to Ecological COPCs at FDTF 
-: -. Background Subsurface Soil (0-4 ft.) -- 

' EDsoil' (mgkg bw/d) 
Short-Tailed Meadow 

COPC c s  Shrew Vole 

Inorganics (rngkg) 
Aluminum 5.89E+03 

5.79E-0 1 
2.87E+OO 

1.52E+O2 
1.25E+O 1 
1.05E+O4 
6.04E+OO 
7.94E+O 1 
6.91E+01 

ND 
2.98E+01 
2.72E+O 1 

3.07E-0 1 

4.89E-01 

ND 

ND 

1.76E+O 1 

6.04E-03 
1 S9E-03 

4.55E-02 
6.OOE-01 
5.16E-02 
1.60E+O2 
2.06E-01 
4.56E-0 1 
1.08E+00 
5.91E-03 

1.15E+OO 
1 .O 1 E-01 

2.OOE+OO 
5.07E-04 
1.26303 
5.63E-04 
1.5 1 E+OO 

3.57E+OO 
4.36E-03 

2.73E-03 
2.44E-0 1 
2.12E-01 
1.94E-04 

1 S9E-02 
9.35E-03 

aED,il = [(C, x SP, x CF x I, ) + (C, x BAFi, x I, ) + (C, x I, )] x UFF / BW 
C, = RME soil concentration (mgkg for inorganics, pgkg for organics) 
SP, = Soil-to-plant uptake factor for vegetative parts (Table D-2) 
CF = Plant wet to dry weight conversion factor (unitless), 0.2 for dry weight SP values 
I, = Daily plant ingestion rate (1.24E-03 kg/d for shrews, 5.OOE-03 kg/d for voles) 
BAFiny = Soil-invertebrate uptake factor (Table D-2) 
I, = Daily animal ingestion rate (7.76E-03 kg/d for shrews, 0 for voles) 
I, = Daily soil ingestion rate (1.17E-03 kg/d for shrews, 1.2OE-04 kg/d for voles) 
UFF = Unit foraging factor (Table 6.3-3) 
BW = Body weight (0.015 kg for shrews, 0.044 kg for voles) 

ND = Not detected 

I 



Table D-6. Exposure of Birds to Ecological COPCs at FDTF 
Background Subsurface Soil (0-4 ft.) 

-: 

-- I1 EDsoil (m&e bwv/d) 

COPC C, .. Robin' Hawkb 
Inorganics (mplkg) 

Antimony 
Arsenic 
Cadmium 
Calcium 
Chromium 
Iron 
Lead 
Magnesium 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

Aluminum 5.89E+03 9.88EMO 3.22E-06 

. 

- - -  
Amencan Red-Tailec 

Oeanics (vplkg) 
svocs 
Benzoic acid ND 

Phthalates 
Di-n-octylphthalate ND 

5.79E-01 1.09E-03 1.93E-IO 
2.87E+OO 2.29E-03 1.47E-09 
3.07E-01 4.92E-01 3.09E-09 
1.52E+O:! 1:70E+OO 5.11E-08 
1.25E+OI 3.64E-02. 3.51E-08 
1.05E+04 1.57E+O2 3.9OE-04 
6.04E+OO 2.14E-01 . 7.5OE-09 

..7.94E+O1 5.6OE-01 2.77E-07 
6.91Et01 123E+OO 2.63E-06 
4.89E-01 5.67E-03 1.08E-08 
ND 

2.98E+O1 120E+OO 7.67E-06 
2.72E+OI 6.73E-02 3.20E-08 

i 



COPC 

I 

Plants Earthworms 
cs TRV HQ TRV HQ 



Short-Tailed Shrew 
EDsoil TRV 

Organics . .  
Benzoic acid ND None ND None 
EDsoil = Estimated dose from soil (See Table D-3) 

Meadow Vole 
EDsoil TRV 

TRV = Toxicity Reference Value (See Table 6.3-9) 
HQ = Hazard Quotient = ED/TRV 
Cells with heavy outlines = HQs >1 

.ND = Not detected 

I 
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American Robin 
EDsoil TRV 

COPC (mg/kg/d) (rngkdd) HQ 

Table D-9. Ecological HQs for Birds Exposed to FDTF Background Surface Soil (0-1 
ft.1 .. -: 

Red-Tailed Hawk 

(mgfl<g/d) (mgflcdd) HQ 
EDsoil TRV 

-- 

TRV = Toxicity Reference Value (See Table 6.3-10) 
HQ = Hazard Quotient = ED/TRV 
Cells with heavy outlines = HQs >1 

* ND = Not detected 

I 



Table D-10. Ecological HQs for Plants and Earthworms Exposed to FDTF 
:: -. Background Subsurface Soil (0-4 ft.) - 

. 

Plants : Earthworms 
COPC cs TRV HQ TRV HQ 
Inorganics (mg/kg) 
Aluminum - 5.89Ei-03 5.00Ei-01 -1 . None 

. 

[rg anics (pg/kg) . 
svocs 
Benzoic acid 

Phthalates 

Antimony 
Arsenic 
Cadmium 
Calcium 
Chromium 
Iron 
Lead . 
Magnesium 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

5.79E-01 
2.87E+OO 

1.52E+02 
1.25E+O 1 
1.05E+04 
6.04Ei-00 
7.94E+O 1 
6.9 1 E+O 1 

ND 
2.98E+O1 
2.72E+O 1 

3.07E-0 1 

4.89E-0 1 

ND 

None 
l.OOE+OO 

None 

None 
None 

2.00Ei-00 
None 

2.00Ei-00 -1 

5.00E+O 1 1.2 1 E-0 1 

1 .OOE+OO 4.89E-01 

l.OOE+Ol 2.87E-01. 6.00E1-01 
3.OOE+OO 1.02E-0 1 2..OOE+O 1 

None 
3.20E+O 1 

None 
5.00E+02 

None 
None 

7.00Ei-01 
None 
None 
None 

None None 

4.78E-02 
1 S4E-02 

3.9 IE-01 

1.2 1 E-02 

6.99E-03 

IDi-n-octylphthalate ND 1 .OOE+O5 2.00E+05 
C, = RME soil concentration; mgkg for inorganics, ugkg for organics (See Table D-5) 
TRV = Toxicity Reference Value (See Table 6.3-8) 
HQ = Hazard Quotient = Cs/TRV 

Cells with heavy outlines = HQs >1 
ND = Not detected 

i 
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Short-Tailed Shrew Meadow Vole 
EDsoil TRV EDsoil TRV 

COPC (rngkdd) (rngkdd) HQ (rngflcdd) (rncgkgd) HQ 
Inorganics 
Aluminum 1.76Ei-01 

: 

Organics 
svocs 

Antimony 
Arsenic 
Cadmium 
Calcium 
Chromium 
Iron 
Lead 
Magnesium 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

Benzoic acid 

Phthalates 

1 S9E-03 
6.04E-03 

ND 
6.00E-0 1 
5.16E-02 
1.60Ei-02 
2.06E-01 
4.56301 
1 .OSE+OO 
5.91E-03 

ND 
1.15Ei-00 
1 .O 1E-0 1 

ND 

2.43Ei-01 
1.57E4-00 
1.59Ei-00 

None 
7.82Ei-04 

None 
2.29Ei-02 

None 
None 

None 
None 

5.43E+OO 

2.86E-02 

9.58E-01 

None 

7.26E-0 1 
I -0 1 E-03 
3.8OE-03 

6.59E-07 

9.OOE-04 

6.17E-03 

1.86E-02 

2.00Ei-00 
5.07E-04 
126E-03 

ND 
1.5 1Ei-00 

3.57Ei-00 
4.36E-03 

2.73E-03 
2.44E-0 1 
2.12E-0 1 
1.94E-04 
ND 

1 S9E-02 
9.35E-03 

ND 

1.7OE+O 1 
l.lOE+OO 
: 1.1 1Ei-00 

None 
5.46Ei-04 

None 
1.60Ei-02 

None 
None 

None 
None 

3.80E4-00 

2.00E-02 

6.69E-0 1 

None 

1.18E-01 
4.6 1 E-04 
1.13E-03 

7.99E-08 

1.7 1 E-05 
. .  

2.90E-04 

2.46E-03 

6.93Ei-02 ND 4.84E+02 IIDi-n-octylphthalate ND 
EDsoil = Estimated dose from soil (See Table D-5) 

i 

TRV = Toxicity Reference Value (See Table 6.3-9) 
HQ = Hazard Quotient = ED/TRV 
Cells with heavy outlines = HQs > I  
ND = Not detected 
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Table D-12. Ecological HQs for Birds Exposed to FDTF Background Subsurface Soil (O- 

COPC 

4 ft.) 

American Robin Red-Tailed Hawk 
EDsoil TRV EDsoil TRV 

(mg/kg/d) (m&g/d) HQ (mg/kg/d) (me/kg/d) HQ 

Organics 

Benzoic acid ND None ND None 

Phthalates 

EDsoil = Estimated dose from soil (See Table D-6) 
TRV = Toxicity Reference Value (See Table 6.3-10) 
HQ = Hazard Quotient = ED/TRV 
Cells with heavy outlines = HQs >1 
ND = Not detected 

Di-n-octy lphthalate ND 1.39E+00 ND 5.68E-0 1 
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