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Human Health Risk Assessment of Polycyclic Aromatic Hydrocarbons
(PAHs) from Road Dust Sediments in Korea
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Abstract: This research studied human health risk assessment of PAHs (Polycyclic Aromatic
Hydrocarbons) in road dust sediments collected from 6 sites in four different cities in Korea. PAHs
are well known to be human carcinogens and toxic compounds that are commonly generated from
incomplete combustion of fuels and energy products. Such compounds which is absorbed by
atmospheric suspended dust can be emitted into air in gaseous form and often deposited on road
dust sediments. The PAHs which is deposited on sediment particles can also be re-dispersed by
vehicles or winds on the road surface. It can be harmful for humans when exposed via breathing,
ingestion and dermal contact. This study examined human health risk assessment of PAHs in

deposited road dust sediments. Results showed that the excess cancer risk estimates were above
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1.0x10-6 at main traffic roads and resident area in Ulsan city. According to the result of deterministic

risk assessment, dermal-contact was the major pathway, while the contribution of the risk from

inhalation was less than 1%. The probabilistic risk assessment showed similar levels of cancer risk

derived from the deterministic risk assessment. The result of sensitivity analysis reveal that exposure

time is the most contributing factor (69%). Since the values of carcinogenic risk assessment were

higher than 1.0 x 104, further detailed monitoring and refined risk assessment for PAHs may be

required to identify more reliable and potential cancer risks for those who live in the study locations

in Ulsan city.

Keywords : Polycyclic aromatic hydrocarbons, road dust sediments, probabilistic risk assessment,

risk assessment
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Table 1. Summary of road dust deposited samples for PAHs in previous studies

Region year Sampling locations n* PAHs concentration range Reference
main traffic roads 6
Busan 2010 less traffic roads 3 0.402 ~ 4.240 mg/kg Yoo et al. 2010
parks without traffic 3
main traffic roads 8
Incheon 2010 0.598 ~4.517 mg/kg Eom et al. 2010

roads nearby subways

main traffic roads

Gwangju 2015 less traffic roads

0.139 ~ 1.740 mg/kg Kim et al. 2015

parks without traffic

roads nearby industrial complex

main traffic roads
Ulasn 2009

11.840 ~245.12 mg/kg Dong & Lee 2009

roads nearby downtown areas

roads nearby residential area

DN W[ oo W| W[

*: number of samples
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Benzo(a)pyrene (BaP), Dibenz(a, h)anthracene (DbA), 2. EEALIZ|2 MF
Chrysene (Chr), Benzo(ghi)perylene (Bghip), Indeno
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Local Residents

Figure 1. Human exposure scenario of road dust deposited
sediments in this study.

Table 2. Exposure equations by scenarios in this study

Cs X IR, X EF X ET X ED
BW x AT x PEF * 365

Inhalation ADD =

Cs X IRy x EF X ET x ED x CF x 10

: ADD =
Ingestion BW x AT x 365

Cs X SA X AF x ABS x EF x ET x ED x CF x 10
BW x AT x 365

Dermal-contact ADD =

ADD: average daily dose (mg/kg/day), Cs: TEQ-tPAHs concentration in soil (mg/kg), IR.: inhalation rate (m*/hr),

IRs: ingestion rate (mg/day), AT: average time (year), EF: exposure frequency (day/year), ABS: Soil to skin absorption factor (unitless),
ED: exposure duration (year), PEF: soil to air particle emission factor (m*/kg), AF: Soil to skin adhesion factor (mg/cm?),

SA: surface area (cm?/day), BW: body weight (kg), CF: conversion factor (day/hr), ET: exposure time (hr/day)

Table 3. Exposure factors and distributions in this study

Exposure Factors Unit Value Distribution Reference
ED year 30 Normal mean=25 s=8.25 Tong et al. 2018
EF day/year 365 point estimate This study
ET hr/day 2.18 Lognormal m=2.18, s=2.01 NIER 2019
AT year 82.7 point estimate NIER 2019
BW kg 64.5 Lognormal m=64.5 s=12.65 NIER 2019
IRa m?/hr 0.61 Lognormal m=0.61, s=0.13 NIER 2019
IRs mg/day 100 Triangular (20, 100, 1000) Tong et al. 2018
PEF m¥kg 1.36E+09 point estimate Man et al. 2013
SA cm?day 3193 Lognormal m=3193, s=107.55 NIER 2019
ABS unitless 0.13 point estimate Gbeddy et al. 2020
AF mg/cm? 0.2 point estimate US EPA 1997
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Table 4. Slope Factors of benzo(a)pyrene

Slope Factor Value Unit Reference

Ingestion SF 7.3 (mg/kg/day)! Knafla et al. 2006
Dermal-adjusted SF 25 (mg/kg/day)! US EPA 1994

Inhalation SF 3.85 (mg/kg/day)! Wang 2007
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Table 5. Concentration distributions of PAHs in road dust deposited sediment by four different regions

PAHs? U (mg/kg) I (mg/kg) B (mg/kg) G (mg/kg) U-R (mg/kg) I-S (mg/kg)
Nap 0.00 0.117 0.083 0.040 0.020 0.218
AcPy 0.53 0.039 0.058 0.000 0.090 0.044
AcP 1.97 0.034 0.037 0.026 1.340 0.150
Flu 0.69 0.054 0.033 0.036 0.370 0.146
PhA 0.98 0.337 0.339 0.161 0.740 0.660
Ant 0.35 0.073 0.112 0.025 0.240 0.155
FluA 10.70 0.586 0.413 0.179 5.100 0.616
Pyr 10.06 0.468 0.368 0.211 6.090 0.364
BaA 0.00 0.307 0.192 0.081 0.000 0.218
Chr 0.00 0.303 0.143 0.066 0.000 0.238
BbF 0.00 0.156 0.170 0.089 0.000 0.146
BKF 23.41 0.117 0.131 0.089 12.41 0.107
BaP 10.63 0.142 0.094 0.057 4320 0.204
InP 6.05 0.098 0.136 0.030 1.460 0.078
DbA 11.84 0.044 0.023 0.011 3.650 0.044
Bghip 14.64 0.234 0.171 0.090 9.930 0.068
TEQ-tPAHs 20.63 0.327 0.300 0.124 8.067 0.342

(mg/kg)

» Naphtalene (Nap), Acenaphthylene (AcPy), Acenaphthene (AcP), Fluorene (Flu), Phenanthrene (PhA), Anthr-acene (Ant), Fluoranthene
(FluA), Pyrene (Pyr), Benz(a)anthracene (BaA), Benzo(b)fluoranthene (BbF), Benzo(k)fluoranthene (BKF), Benzo(a)pyrene (BaP),
Dibenz(a,h)anthracene (DbA), Chrysene (Chr), Benzo(ghi)perylene (Bghip), Indeno(1,2,3-C,D)pyrene (InP)

®U: Main road of Ulsan, I: Main road of Incheon, B: Main road of Busan, G: Main road of Gwangju U-R: Residential area of Ulsan,

I-S: Subway station of Incheon
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Table 6. Source identification by using PAHSs ratio and energy fuel types

Sites (B:E’jzhr) BaP/Bghip (Flﬁglflfyr) ( An?fIi/hA) (BaBAfﬁéhr) Reference
U 1.00 0.73 0.52 0.26 -
I 0.32 0.61 0.56 0.18 0.50
B 0.40 0.55 0.53 0.25 0.57
G 0.46 0.63 0.46 0.13 0.55
U-R 1.00 0.44 0.46 0.24 -
I-S 0.46 3.00 0.63 0.19 0.48
Gasoline <0.4 0.3~0.4 0.20-0.58 0.06-0.27 0.23-0.89 a,b
Diesel >1 0.45-0.83 0.60-0.70 0.11 0.18-0.69 c
Wood/grasses combustion 0.41-0.67 0.13-0.29 0.27-0.58 d
Lignite and brown coal 0.59-0.85 0.00-0.16 0.39-0.49 e, f
Hard coal briquettes/coal tar 0.52-0.62 0.18 0.30-0.54 g h
Cement production 0.3-0.4 0.40-0.50 i

a) Rogge et al. 1993; b) Li & Kamens 1993; ¢) Yunker et al. 2002; d) Jenkins et al. 1996; e) Grimmer et al. 1983; f) Oros & Simoneit
2000; g) Ratajczak et al. 1984; h) Grimmer et al. 1985; 1) Tobiszewski & Namiesnik 2012.
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Table 7. ECR estimates of PAHs in road dust deposited sediment by DRA in different regions

ECR U 1 B G U-R I-S
ingestion 9.54E-06 9.75E-08 6.92E-08 3.71E-08 3.53E-06 1.15E-07
Dermal 2.71E-05 2.77E-07 1.97E-07 1.05E-07 1.00E-05 3.28E-07
Inhalation 5.42E-10 5.54E-12 3.93E-12 2.10E-12 2.01E-10 6.56E-12
Total ECR 3.67E-05 3.75E-07 2.66E-07 1.42E-07 1.36E-05 4.44B-07
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Figure 2. The result of probabilistic risk assessment in this study.
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