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ABSTRACT

By using a newly developed Korean risk-based corrective action (K-RBCA) software (K-RBCA) and the RBCA Tool Kit,
risk assessment was performed on a site that was contaminated with aromatic hydrocarbons and heavy metals. Eight
chemicals including benzene, ethylbenzene, xylenes, naphthalene, benz(a) anthracene, benzo(b) fluoranthene, benzo(a)
pyrene, and arsenic that exceeded the US EPA Soil Screening Level were chosen as the target pollutants. A conceptual site
model was constructed based on the site-specific effective exposure pathways. According to the RBCA Tool Kit the
carcinogenic risk of arsenic was larger than 107, which is the generally acceptable carcinogenic risk level. The K-RBCA
estimated the same level of carcinogenic risk for arsenic. With the RBCA Tool Kit, the carcinogenic risk of benzo(a)
pyrene was estimated to be about 1.3 x 107, However, with the K-RBCA benzo(a) pyrene did not exhibit any risk. The
inconsistency between the softwares was attributed to the different fundamental settings (i.e., medium division) between
the two softwares. While the K-RBCA divides medium into surface soil, subsurface soil, and groundwater, the RBCA
Tool Kit divides medium into only soil and groundwater. These differences lead to the different exposure pathways used
by the two softwares. The K-RBCA considers the exposure pathways in surface soil and subsurface soil separately to
estimate risk, however, the RBCA Tool Kit considers the surface soil and subsurface soil as one and uses the integrated
exposure pathways to estimate risk. Thus the resulting risk is higher when the RBCA Tool Kit is used than when the K-
RBCA is used. The results from this study show that there is no significant difference in the risks estimated by the two
softwares, thus, it is reasonable to use the K-RBCA we developed in risk assessment of soil and groundwater. In addition,
the present study demonstrates that the assessor should be familiar with the characteristics of a contaminated site and the
assumptions used by a risk assessment software when carrying out risk assessment.
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Table 1. Main functions of K-RBCA developed in this study and commonly used softwares for risk assessment

Main functions CalTOX API's DSS RBCA Tool Kit K-RBCA
Database Management O O O O
Exposure Pathway Identification O O O O

Risk Calculation/

Result Output Process RBSLs' Calculation

Operable Unit Division X

Transport and Fate Modeling Package X

Risk Calculation

Risk Calculation/

RBSLs Calculation RBSLs Calculation

X X O
O O X

'RBSLs: Risk-Based Screening Levels
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Table 2. Physicochemical properties and toxicities of target pollutants
Target Pollutants
Property
Arsenic  Benzene Ethylbenzene Naphthalene Xylenes Benz(a) Benzo(b) Benzo(a)
anthr-acene fluo-ranthene py- rene
Molecular weight 7, 78.1 106.2 1282 106.2 2283 252 2523
(g/mol)
Water solubility 44X 10° 1,750 169 31 198 57% 107 0.015 1.6X103
(mg/L)
Vapor pressure
0 95.2 10 0.23 7 15X 107 6.7x107 57x10*
(mmHg)
Henry's law constant . 4 .
(atm-m?/mol) 0 0.23 0.33 0.02 0.29 5.7X10 83X 10 4.66X 10
Sorption coefficient
(log Lkg) - 1.77 2.56 33 2.38 6.14 5.74 6.01
Difusion coefficient 0.088 0.075 0.059 0.72 0.051 0.023 043
in air (cm?/s)
Ditfusion coefficient 0 < 10% % 10% % 10% % 10% % 10% < 10% % 10%
in water (cm%s) 9.8X10 7.8X10 7.5X10 8.5X10 9.0X10 5.6X10 9.0X10
Carcinogen
Class (IRIS) A A D D D B2 B2 B2
Oral slope factor "
(ke-day/mg) 1.5 0.029 - - - 0.73 0.73 7.3
Inhalation unit risk < 10° < 10% i i i %< 10° % 10° %< 10°
factor (1/[pg/m’]) 43X107 83X10 8.8X10 8.8X10 2.1X10
Oral reference dose
2 -4 A -3 _ _ _
(meke-dag) 3.0X10% 3.0X10 0.1 04 02
Inhalation reference 5
dose (mgke-day) 5.9X10 1 1.4 0.1 1 1 11
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Table 3. Soil and groundwater concentrations of chemicals of concern

Chemicals of Concern Surface Soil Subsurface Soil Groundwater
(mg/kg) (mg/kg) (mg/L)
Arsenic 4.32 15.5 20.3
Benzene 0 0.330 0.0610
Ethylbenzene 2.39 44.1 2.78
Naphthalene 0.48 11.0 1.10
gifggsisomers) 7.39 722 720
Benz(a) anthracene 0 0.120 470X 107
Benzo(b) fluoranthene 0 0.240 0
Benzo(a) pyrene 0 0.140 0
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Fig. 1. Expected reasonable maximum exposure pathways (Screen of drawing up Conceptual Site Model, K-RBCA).
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Table 4. Exposure factors for commercial/industrial human receptors

Parameters Commercial/Industrial
AT, Averaging time for carcinogens (yr) 70
AT, Averaging time for non-carcinogens (yr) 25
BW Body weight (kg) 70
ED Exposure duration (yr) 25
t Averaging time for vapor flux (yr) 25
EF Exposure frequency (days/yr) 250
EFp Exposure frequency for dermal exposure (days/yr) 250
IRy, Ingestion rate of water (L/day) 1
IR, Ingestion rate of soil (mg/day) 50
SA Skin surface area for dermal exposure (cm?) 5,800
M Soil to skin adherence factor 0.5
Target Health Risk Values
TR Target Risk (class A & B carcinogens) 1.0X 10
THQ Target Hazard Quotient (non-carcinogenic risk) 1.0

Table 5. Risk-Based Screening Levels (RBSLs) results of K-RBCA and soil and groundwater concentrations at the site

Surface Soil Subsurface Soil Groundwater
Chemicals of Concern RBSLs Field Concentr-ation RBSLs Field Concentr-ation RBSLs Field Concentr-ation

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Arsenic 3.80 4.32 7.10 15.5 44.1 20.3
Benzene 13.8 0 0.521 0.330 1.78X10° 0.0610
Ethylbenzene 1.39x10* 239 3.28%10* 44.1 1.52X10? 2.78
Naphthalene 4.92X10? 0.480 9.62X10% 11.0 31.0 1.10
Xylenes (mixed isomers) 1.05X10° 7.39 1.13X10* 722 4.18%10* 720
Benz(a) anthracene 6.33x 10" 0 3.53X 107 0.120 140X 102 470X10°
Benzo(b) fluoranthene 6.33X 10" 0 429%107 0.240 1.50X 102 0
Benzo(a) pyrene 6.33x1072 0 6.44x10° 0.140 3.00x107 0
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Table 6. Risk-Based Screening Levels (RBSLs) equations used in RBCA Tool Kit

39

Exposure
Pathways

RBSLs Equations”

Soil Ingestion, Inhalation,
and Dermal Contact

RBSL

TR-BW-AT,
" EF-ED-[(SF,-IR,)+ (URF-1000-BW-(VF _+ VF )+ (SF,-SA4-M-RAF,)]

TR: Target Risk

BW: Body weight (kg)

AT,: Averaging time - carcinogens (yr)
EF: Exposure frequency (d/yr)

ED: Exposure duration (yr)

SF,: Oral Slope Factor (mg/kg/d)’
IR;: Soil Ingestion rate (kg/d)

UREF:

Unit Risk Factor (ug/m®)’!

VF,,: Surface soil to ambient air volatilization factor (mg/m>-air)/(mg/kg-soil)
VF,: Particulate emission factor (mg/m*-air)/(mg/kg-soil)

SF4: Dermal Slope Factor (mg/kg/d)’

SA: A3 WA Skin surface area for soil dermal contact (cm?)

M: Soil-to-skin adherence factor (mg/cm?d)

RAFd:

Relative adsorption factor for soil dermal contact (unitless)

Volatilization to
Ambient Air

TR-AT,
EF-ED-URF-1000-VF,

samb

RBSL, =

TR: Target Risk

AT,: Averaging time - carcinogens (yr)
EF: Exposure frequency (d/yr)

ED: Exposure duration (yr)

UREF:

Unit Risk Factor (ug/m?)’!

VFms: Subsurface soil to ambient air volatilization factor (mg/m>-air)/(mg/kg-soil)

D Connor et al, 2000
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