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Study on the Exposure Assessment Methodology for Outdoor Air Inhalation
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ABSTRACT

Exposure assessment methodology for outdoor air inhalation pathways (i.e., inhalation of volatile compounds and fugitive
dust in outdoor air) was investigated. Default values of several parameters currently used in Korea (e.g., Q/C; inverse
value of concentration per unit flux, and frs; soil fraction in PM10) may not be suitable and lack site-specificity, as they
have been adopted from the risk assessment guidance of the United States or the Netherlands. Such limitation can be
addressed to a certain degree by incorporating the volatilization factor (VF) and the particulate emission factor (PEF) with
Box model. This approach was applied to an exposure assessment of a site contaminated with petroleum hydrocarbons in
Korea. The result indicated that the suggested methodology led to more accurate site-specific exposure assessment for
outdoor inhalation pathways. Further work to establish methodology to determine site-specific Q/C values in Korea needs
to be done to secure the reliability of the exposure assessment for outdoor air inhalation pathways.
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Fig. 1. Data needed to calculate particulate emission factor (PEF). (a) Relationship between the threshold friction velocity and the mode of
the soil size distribution, (b) Roughness heights for various surfaces, and (c) Graph and equation of function F(x). All graphs are modified
from Cowherd et al. (1985).
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Fig. 2. Description of the target site and the sampling points for
soil, volatile, and PM10.
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Table 1. Exposure concentrations of TPH fractions in soil (C) and outdoor air (C,) at the study site

TPH fraction

Exposure concentration in soil

Exposure concentration in outdoor air

(Cs, mg/kg) (C,, mg/m’)
. . Cs-Cg NDY 0.0057
Aliphatic
TPH VPH Co-Cy» 34 0.0044
Aromatic Cy-Cy 32 0.0023
Co-Cig 99.9
Aliphati Ci9-Cs6 339.1
TPH EPH iphatie 19736 NA?
C36-Cyo 27.3
Aromatic C-Cp 85.9

D Not detected
2 Not applicable. Non-volatile fractions.

Table 2. Site- and chemical-specific parameters of the study site used to calculate volatilization factor (VF) and particulate emission

factor (PEF)
Parameter Description Unit Value

LS Length of the site perpendicular to the wind direction =~ m 40

A Area of the site m? 2,600

Po Soil bulk density g/mL 1.76

Ps Soil particle density g/mL 2.65

n Soil porosity L/L 0.34
TPH VPH aliphatic Cs-Cq: 3.7

Ky Soil-water distribution coefficient L/kg TPH VPH aliphatic Co-Cyy: 242.5
TPH VPH aromatic Co-C,q: 2.9

O, Water-filled soil porosity L/L 0.19

0, Air-filled soil porosity L/L 0.15

Un Wind speed m/s 3.1

Z, Roughness height cm 0.5

ut* Threshold friction velocity m/s 0.8

U, Equivalent threshold friction velocity at 10 m height m/s 14.5

T Exposure interval S 190,000,000
TPH VPH aliphatic Cs-Cq: 4.4E-03

Da Apparent diffusivity cm?/s TPH VPH aliphatic Co-Cy,: 1.5E-04
TPH VPH aromatic Co-Cyy: 6.5E-05

sets1rt oleist] uhee] 2 o] thi Egkor} & Aolg Mol sich. PEFE 7

AFdMe 2xE 3
B 299579 &2 W ZolQl 40m (Fig. 2)= AASIA
=4, o= VF == PEFY] #E2 FAslgozx Q8=
7} BpAo® JHEESR S LS otk U, LSS
Aelg F4] g R%‘%@ ol ApEL FFZAL
Az} == d3Y R AAIE 71EGRS o]-83te] A3t
ATH(Table 2). VF= 324 £2<1 TPH VPH #39%
o thsliet AgsldEt, Viole L9E2 SAdgke]
F=]7] wiol Frol 7 EYEE APgur, ) =3l
AA1E Q/C 71EFE T Box model2 #1835k 23
VF ZY58 Table 39| FAI3ITE. 2 23}, Box model
< 288 o Hoh Q/IC 7|EgES o8 Aol VF
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Table 3. Volatilization factors (VF) of TPH VPH fractions at the study site

TPH VPH fraction

VF (m*/kg)

when default value of Q/C was used

when Box model was applied

Aliphatic Cs-Cg 7.2E+02 5.0E+02
Co-Cn 3.8E+03 2.6E+03
Aromatic Co-Cig 5.9E+03 4.1E+03

Table 4. Reference concentration (RfC) values provided in the risk assessment guidance for each TPH fraction (KMOE, 2018)

TPH fraction RfC (mg/m?)
L. Cs-Cy 2.0E-1
Aliphatic
TPH VPH Cy-Ci5 2.0E-1
Aromatic Co-Cyg 5.0E-2
Co-Cyg 2.0E-1
TPH EPH Allphatlc C]&)-ng(, NA;)
Cs36-Cao NAD
Aromatic C] ]-C22 5.0E-2

D Not available in the Guideline (KMOE, 2018)

Table 5. Hazard quotients (HQ) through inhalation of volatiles estimated by various methods at the study site

HQ

TPH fraction

Based on measured volatile
concentration

Based on prediction using VF
when default value of Q/C

when box model

was used was applied
o Cs-Cq 2.7E-02 NDY NDVY
Aliphatic
TPH VPH Co-Cy» 2.1E-02 43E-03 6.2E-03
Aromatic Co-Cyg 4.4E-02 1.0E-02 1.5E-02
Sum 9.3E-02 1.5E-02 2.1E-02

D Not detected in soil

AP ZFeM AFAS ool el AAJsial e 7]
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Table 6. Hazard quotients (HQ) through inhalation of particulates emitted from soil estimated by various methods at the study site

HQ

Based on (TSP x frs)

TPH fraction Based on prediction
When measured TSP When default value of TSP . p
using PEF
was used was used

Co-Cig 1.4E-05 1.7E-05 2.8E-12
TPH EPH Ahphatlc CI&)-C3(, NA:)
Cs56-Cao NAY

Aromatic C1-Cp 4.7E-05 5.8E-05 9.6E-12

Sum 6.1E-05 7.4E-05 1.2E-11

D Not available in the Guideline (KMOE, 2018)
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