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Comparison and Validation of Human Health Risk Estimation Methods
for the Inhalation Pathway of Soil-Derived Volatile Compounds
in Indoor Air at Petroleum-Contaminated Sites

Mu Yeol Lee, Young Rang Kim, Yun-ju Jo, Minah Oh, Young Kyu Lee, and So Young Moon

National Instrumentation Center for Environmental Management (NICEM), Seoul National University

ABSTRACT

In human health risk assessment, indoor vapor inhalation exposure concentration evaluation methods based on field
measurements using multiple environmental media, including soil, soil gas and indoor air have been proposed to quantify
contaminant fluxes and their vapor intrusion from soil to buildings. However, only soil and indoor air are currently
considered to evaluate the impact of vapor intrusion in domestic guidelines. This study assessed indoor vapor inhalation
exposure concentration and conducted human health risk assessment for BTEX and TPH in soil, soil gas and indoor air
samples collected from petroleum-contaminated sites. Calculated vapor inhalation risks based on soil concentrations were
approximately 10>-10° times higher than those based on soil gas and indoor air. Additionally certain compounds, such as
benzene, were not detected in soil samples, indicating the potential omission of target analytes. Vapor inhalation risks
based on soil gas and indoor air were generally comparable, whereas naphthalene was detected only in indoor air samples,
suggesting potential interference from non-soil sources, such as external infiltration. These results highlight the essential
role of soil gas measurements in accurately assessing the vapor intrusion pathway.
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Table 1. Summary of QA/QC parameters for target contaminants in soil, soil gas and indoor air

. . MDL LOQ Accuracy Percision
Media Contaminants (mg/ke) (mg/ke) %) %)
Cs-Cg Aliphatic Hydrocarbons 0.357 1.136 107 0.6
Cy-Cy, Aliphatic Hydrocarbons 0.367 1.168 96 1.2
Cy-Cyo Aromatic Hydrocarbons 0.300 0.956 109 1.3
Soil VPH Benzene 0.013 0.042 103 1.6
Toluene 0.020 0.062 118 1.4
Ethylbenzene 0.018 0.056 107 1.6
Xylenes 0.053 0.170 104 1.3
Media Contaminants (pl\é/]?nL}) (H]:;r%) AC(C;: )a y Per(g/l:)l on
Cs-Cg Aliphatic Hydrocarbons 6.66 21.22 100.08 2.70
Cy-Cy, Aliphatic Hydrocarbons 2.11 6.73 100.46 2.81
Cy-C;o Aromatic Hydrocarbons 1.13 3.57 99.09 2.73
Benzene 1.21 3.87 102.00 2.72
Soil Gas, Toluene 0.30 0.97 100.57 1.34
Indoor Air APH Ethylbenzene 0.16 0.52 98.10 5.01
Xylenes 1.03 327 98.41 5.67
Naphthalene 0.21 0.68 98.99 5.81
1,3-Butadiene 0.65 2.05 98.61 10.51
Methyl tertiary butyl ether 0.91 2.89 104.64 8.58
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Table 2. Equation and input parameter used for exposure concentration
calculation

Exposure Route Equation

Soil vapor inhalation ~ € = 90% UCL=x+1ys
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Table 3. Definitions and input values of exposure parameters for average daily exposure calculation

Symbol Definition Unit Value
ADE Average daily exposure mg/m’ -
Ci Indoor vapor inhalation exposure concentration mg/m? Site specific
EF Exposure frequency days/year 41.7
ED Exposure duration years 25
AT Average time days Carcinogenic: 25,550

Noncarcinogenic: 9,125
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Table 4. Inhalation Unit Risk Factors (URF;;;) and Reference
Concentrations (RfC) for TPH and BTEX
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Table 5. Equations and input parameters used for Excess Cancer
Risk and Hazard Quotient calculations

Inhalation Inhalation Risk Assessment Equation
Contaminants URFy,, RfC Excess Cancer Risk ECR = URF;,, < ADE x CF,
(ng/m’y™) (mg/m’) .

by ¢ Hazard Quotient HQ = 4DE
Cs-CgAliphatic Hydrocarbons - 2.0E-1 RfC
Co-Cj,Aliphatic Hydrocarbons - 2.0E-1 ECR: excess cancer risk, URFjy;: inhalation unit risk factor ((ug/m’)™),
Cy-CipAromatic Hydrocarbons - 5.0E-2 ADE: average daily exposure (mg/m’),

CF,: unit conversion factor (10E+3 ng/mg), HQ: Hazard Quotient,
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Table 6. Number of sampling locations with detected contaminants in soil, soil gas and indoor air

Contaminants

Soil (n=100)

Soil Gas (n=13) Indoor Air (n=6)

Cs-CgAliphatic Hydrocarbons
Cy-C,Aliphatic Hydrocarbons
Cy-CpAromatic Hydrocarbons
Benzene

Toluene

Ethylbenzene

Xylenes

Naphthalene

1,3-Butadiene

Methyl tertiary butyl ether

43/100 4/13 6/6
54/100 13/13 6/6
31/100 13/13 4/6
0/100 11/13 5/6
3/100 13/13 6/6
5/100 13/13 6/6
7/100 13/13 6/6

b 0/13 1/6

D 0/13 0/6

b 0/13 0/6

1) Compound was not analyzed of the applied analytical method
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Table 7. Calculated indoor vapor inhalation exposure concentration, Total Excess Cancer Risk (TCR) and Hazard Index(HI)

0]

T:_L-z

.

-
-

Indoor vapor inhalation exposure concentration (mg/m°)

Contaminants
Soil Soil Gas Indoor Air
-CgAliphatic Hydrocarbons 6.37E+02 2.63E-01 2.50E-01
Cy-C,Aliphatic Hydrocarbons 5.33E+01 9.87E-01 1.43E-01
Cy-CpAromatic Hydrocarbons 2.21E+00 4.32E-03 9.19E-03
Benzene D 6.96E-04 4.07E-03
Toluene 8.11E-02 3.47E-03 1.16E-02
Ethylbenzene 1.08E-01 2.53E-04 2.43E-03
Xylenes 7.06E-02 6.35E-04 5.16E-03
) Total Excess Cancer Risk and Hazard Index
Contaminants

Soil Soil Gas Indoor Air

-CgAliphatic Hydrocarbons 3.64E+02 1.50E-01 1.43E-01
Cy-C,Aliphatic Hydrocarbons 3.04E+01 5.64E-01 8.17E-02
Cy-CpAromatic Hydrocarbons 5.06E+00 9.87E-03 2.10E-02
> TPH fractions 3.99E+02 7.24E-01 2.46E-01

Benzene D 2.65E-03 1.55E-02

HI Toluene 1.85E-03 7.92E-05 2.65E-04
Ethylbenzene 1.23E-02 2.89E-05 2.78E-04

Xylenes 8.07E-02 7.25E-04 5.89E-03

TCR Benzene D 2.22E-07 1.29E-06

1) Not detected
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