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1- Introduction

Population growth, industrial activities and vehicles in large cities are the most important causes of pollution
in the urban environment. Surface soils, sidewalks, and street dust are environmental indicators of urban
pollution (Saeedi et al., 2012). Various studies have shown that increasing urban dust load alone or in
combination with other pollutants can be harmful to human health (Long et al., 2013; Krein et al., 2008).
Analysis of adsorbed organic compounds on deposited dust is a reliable tool for determining contamination
(Cao et al., 2012). Therefore, the study of polycyclic aromatic hydrocarbons (PAHSs) can be of great help in
improving urban health. Polycyclic aromatic hydrocarbons are organic compounds made only of carbon and
hydrogen and have two or more cycles. These compounds have both natural (forest fire and volcanoes) and
anthropogenic (combustion of fossil fuels, vehicles, power plants and industries, oil transmission lines, gas
stations, etc.) sources (Hassan and Khoder, 2012). Several compounds of PAHs and some of their products are
carcinogenic, mutagenic, and allergenic and pose a threat to human health. Due to its geographical location,
large population, development of industrial centers and the existence of various sources of urban pollutants in
Kermanshah, this metropolis is prone to the spread of such pollution. The aims of this study were to 1)
investigate the extent of PAHs contamination and its distribution in Kermanshah street dust, 2) to determine
the origin of these compounds in the dust and 3) to assess the potential cancer risk due to exposure of residents
to contaminated street dust.

2- Material and methods

In this study, 21 street dust samples in July 2019 were collected (using a wooden hand broom and a metal
dustpan) from different streets in Kermanshah. Sampling points were selected to cover the entire city and to
cover the main streets, streets with different traffic load, squares, industrial areas (industrial town, refinery)
and residential areas of the city. The samples were immediately passed through a 2 mm sieve. They were then
placed in pre-prepared 250 g wide-mouthed glass containers, the bottles were covered with thick aluminium
foil, and their plastic caps were finally closed. After labelling, the samples were kept at 4 ° C using dry ice,
were sent to the laboratory of the Petroleum Geology Department of Soran University in Iragi Kurdistan and
analyzed using gas chromatography-mass spectrometer (GC-MS). For health risk assessment and source

determination, chemical indices and statistical methods including toxic equivalency quotient (TWQ),
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incremental lifetime cancer risk (ILCR), isomer ratios principal component analysis (PCA) were used (Nisbet
and LaGoy, 1992; USEPA, 2011; Peng et al., 2011; Pies et al., 2008; Qiao et al., 2006; Butler and Crossley,
1981; Mai et al., 2003; Magi, 2002; Soclo, 2008).

3- Results and discussions

Of the 16 PAH compounds identified by USEPA as carcinogenic hazardous compounds, all target compounds
were detected in the street dust of Kermanshah metropolis. The total concentration of PAHSs varies from 22.80
to 2820.98 ug / kg dry weight, with an average concentration of 1140.79+974 pg / kg. The most abundant
polycyclic aromatic hydrocarbon species in the region are phenanthrene, fluoranthene, pyrene and chrysene.
According to the results, the frequency of PAHs based on the number of rings in the street dust samples of
Kermanshah metropolis includes 4-rings, 3-rings, 5-rings, 6 —rings and 2-rings, respectively. The results also
show that the concentration of carcinogenic PAHs in street dust samples varies from 88.06 ug / kg at Tagh
Bostan station (D3) to 676.84 ug / kg at Azadi Square station (D9), and the average concentration of
carcinogenic PAHs is 804.93 ug / kg. The concentration of PAH compounds in street dust of Kermanshah
metropolis was compared with other regions of Iran and the world. The results showed the higher
concentrations of most of the studied compounds in Kermanshah than that of Tehran, Isfahan, Esbjeg

(Denmark), Ulsan (South Korea), and Guangzhou (China).

The TEQ range from 18.54 pg / kg to 196.64 pg / kg. The highest amount of TEQ is related to Jomhori
Square station (D17), which is one of the closest sampling points to the fuel station and also has high traffic.
Compared to some studies conducted around the world, TEQ in street dust samples of Kermanshah is relatively
low (except Mahshahr and Bandar Abbas), probably due to some factors such as differences in pollution
sources, different volume of traffic, the amount of industries close to cities etc,. The mean cancer risk through
dermal contact and digestion is 2.74x10-1 and 8.73x10-9 in children, and 3.05x10-1 and 6.82x10-9 in adults.
While the average cancer risk from the inhalation route is 2.20x10-1 for children and 5.58x10-2 for adults,
respectively. As a result, children are more likely to develop cancer than adults. The results also show that the
potential risk of carcinogenicity in adults and children through dermal contact is greater than direct ingestion
and inhalation. Different isomeric ratios indicated both petrogenic and pyrogenic origins for PAH compounds
in the study area. Also, based on PCA results traffic, diesel engines, and petroleum emissions from gas stations
or vehicles are the most important sources for PAHs in Kermanshah.

4- Conclusion

The average concentration of PAHs compounds depends on the characteristics of the sampling points such as
traffic and the type of industry. In addition, the most abundant species were phenanthrene, fluoranthene, pyrene,
and chrysene. The mean concentration of 2- to 3-ring PAHs (LMW) was 62.16 pg / kg, while the mean
concentration of 4- to 6-ring PAHs (HMW) was 76.98 pg / kg, indicating a predominant combustion source
among street dust PAHSs. The results of incremental lifetime cancer risk showed that children are more prone
to cancer than adults because children put their hands in their mouths, which makes dust easily enter their
bodies. In addition, children are more sensitive to PAH compounds due to their low body weight. Combustion
of fossil fuels and petroleum products and emissions from vehicles and traffic are the most important sources
of pollution in Kermanshah metropolis. In other words, PAHs have the same source in most locations in
Kermanshah urban area. The results of this study clarify the need to pay special attention to the quality of
consumed fuel as well as the quality of vehicles. Due to the possibility of re-suspending street dust, not paying
attention to the quality conditions of fuel and cars, increase the possibility of residents being exposed to these
pollutants, damage the ecosystem and impose treatment costs on residents.
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Table 1. Coefficients used to calculate carcinogenic risk assessment.

Exposure Variable Unit Children Adults Reference
Body weight (BW) Kg 15 61.5 USEPA, 2011
Exposure frequency dat 180 180 USEPA, 2011
(EF)
Exposure duration A 6 24 USEPA, 2001
(ED)
Inhalation rate (IRinn) meday! 10 20 Van den Berg, 1995
Dust ingestion rate mg day* 200 100 USEPA, 2011
(|Ring)
Dermal Exposure area cm? 2800 5700 USEPA, 2011
(SA)
Dermal adherence mg cm2 0.2 0.07 USEPA, 2001
factor (SL)
Dermal absorption Unitless 0.13 0.13 USEPA, 2001
fraction (ABS)
Average lifespan Span D 70 x 365=25.550 70 x 365=25.550 Ferreira-Baptista and
(AT) De Migu, 2005
Particle emission md kg? 1.36 x 10° 1.36 x 10° USEPA, 2001
factor (PEF)
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Fig. 3. Chart of plenty PAHSs based on the number of aromatic rings.
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Table 2. Descriptive statistics of PAHs and amounts TEF in street dust of Kermanshah City (pg/kg).

N=21 TEF | LOD? Mean Median | Std.Dev | Skewness Min Max
Naphthalene (NP) 0.001 | 0.01 20.68 16.9 14.16 2.57 3.1 68.14
Acenaphthylene (Acey) | 0.001 | 0.01 9.87 8.3 7.82 2.7 1.5 38.47
Acenaphthene (Ace) 0.001 | 0.01 13.85 13.2 7.66 0.89 1.2 34.33
Fluorene (FI) 0.001 | 0.01 19.39 13.3 15.33 0.97 1.2 56.14
Phenanthrene (Phe) 0.001 1.00 286.08 236.6 112.02 1.47 85.33 631
Anthracene (Ant) 0.01 0.10 23.1 20.3 12.41 1.79 7.61 62.3
Fluoranthene (Flu) 0.001 | 1.00 221.04 152.6 172.85 1.35 8.45 652
Pyrene (Pyr) 0.001 | 1.00 196.18 182.2 108.46 1.44 21.3 512.4
Benzo[f‘éznAt;‘race”e 01 | 010 | 6753 | 655 | 39.94 0.57 65 | 153.9
Chrysene (Chr) 0.01 1.00 | 103.96 100.5 48.64 2.04 48.13 239.4
Benz"[b(]gt‘)‘;’; anthene |\ 59 | 100 | 2182 | 195 | 12.29 0.85 429 | 456
Benzo[k(]gl‘(‘g)r anthene | 59 | 010 | 2562 | 196 | 1538 147 79 | 683
Benzo[a]pyrene (BaP) 1 0.50 39.51 37.8 15.33 -0.02 8.24 71.4
Dibenzo[ah]anthracene
(DIBA) 1 0.10 335 30.1 16.53 0.65 7.4 67.4
Benzolghilprylene | o1 | 010 | 3624 | 353 | 1028 | -0.98 102 | 55.1
(BghiP)
Indene[L2.3cdlpyrene | o1 | 001 | 2441 | 223 | 1430 | 126 25 | 651
(IndPy)
z PAHs - - 1140.79 974 623.49 19.02 224.85 | 2820.98
LMW? - - 62.16 349.15 | 110.23 2.58 1.2 631
HMW® - - 76.98 41.27 96.83 3.12 2.5 652
CANPAHs¢ - - 804.93 679.6 | 403.72 1.32 136.79 | 1977.24
NCANPAHs® - - 334.41 | 293.71 | 153.79 0.85 88.06 | 676.84

a Limit of Detection.

b Low Molecular Weight.
¢High Molecular Weight.
dCarcinogenetic PAHs.

¢ Non-carcinogenetic PAHs.
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Table 3. Comparison of PAH concentration in Kermanshah metropolis street dust with other regions of Iran and the world.

PAHSs Kermanshah | Tehran Isfahan Esbjeg Ulsan Guangzhou Nlterq
(Denmark) | (Korea) (China) (Brazil)
Naphthalene 20.68 5.51 22.72 - - 0.14 271
Acenaphthylene 9.87 10.77 7.04 - 0.53 0.01 9.1
Fluorene 19.39 2.23 32.3 0.03 0.69 0.03 6.8
Phenanthrene 286.08 16.87 167.27 - 0.98 0.52 111
Anthracene 23.1 10.3 13.3 - 0.35 0.04 27
Fluoranthene 221.04 6.01 162.55 0.73 10.7 0.9 246
Pyrene 196.18 2.88 246.18 - 10.06 0.56 217
Benzo[a]anthracene 67.53 2.24 30.17 - - 0.21 184
Chrysene 103.96 2.4 129.88 - - 0.52 88
Benzo[b]fluoranthene 21.82 - 1.64 - 0.34 - 191
Benzo[k]fluoranthene 25.62 1.22 - 0.5 23.41 - 299
Benzo[a]pyrene 39.51 2.68 68.54 0.55 10.63 0.24 142
Dibenzo[ah]anthracene 335 1.03 - - 11.84 0.09 56
Benzo[ghi]prylene 36.24 7.23 - 0.36 14.64 0.48 343
Indene[1,2,3-cd]pyrene 24.41 4.33 - - 6.05 0.4 112
Reference This study Halek et Soltani et | Essumanget | Dong et Liu et al., O;':\;eiflra
al., 2008 al., 2015 al., 2011 al., 2009 2007 2011
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Fig. 4. The amount of TEQ in different sampling site.
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Fig. 5. Map of the zoning TEQ in the study area.
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Table 4. Comparison of TEQ value coefficient in street dust samples of Kermanshah metropolis with other
regions of Iran and the world.

Reference Range (ug/kg) Study area
Present study 18.54 — 196.64 Kermanshah
Soltani et al., 2015 25-230.9 Isfahan
Rastegari Mehr et al., 2016 16.5 — 156.07 Mahshahr
Mousavi et al., 2017 0.01-1.62 Bandar Abbas
Liu et al., 2007 27.2 —863.6 Ulsan (South Korea)
Peng et al., 2011 270 -1152.1 New Delhi (India)
Guo et al., 2003 194.1 - 738 Istanbul (Turkey)
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Table 5. Calculated cancer risk in children and adults.

Child Adult
E:&?;:;g ILCRsing ILCRsder ILCRsinh | Cancerrisk | ILCRsing | ILCRsder | ILCRsinh | Cancer risk
Mean 2.20E-01 2.74E-01 8.73E-09 4.94E-01 5.85E-02 | 3.05E-01 | 6.82E-09 3.64E-01
Min 4.56E-02 5.69E-02 1.81E-09 1.03E-01 3.56E-02 | 6.33E-02 | 1.41E-09 9.89E-02
Max 4.22E-01 5.26E-01 1.67E-08 9.48E-01 3.29E-01 | 5.85E-01 | 1.31E-08 9.14E-01
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Table 6. Results of principal component analysis.

PAH Componet

1 2 3
Naphthalene 0.014 0.129 0.974
Acenaphthylene 0.046 0.162 0.940
Acenaphthene 0.251 0.098 0.856
Fluorene 0.337 0.687 0.553
Phenanthrene 0.413 0.768 0.374
Anthracene 0.904 0.309 0.171
Fluoranthene 0.726 0.639 0.066
Pyrene 0.520 0.819 0.138
Benzo[a]anthracene 0.535 0.636 0.482
Chrysene 0.362 0.907 0.042
Benzo[b]fluoranthene 0.763 0.552 0.139
Benzo[k]fluoranthene 0.908 0.344 -0.028
Benzo[a]pyrene 0.724 0.295 0.554
Dibenzo[ah]anthracene 0.698 0.435 0.421
Benzo[ghi]prylene 0.424 0.553 0.508
Indene[1,2,3-cd]pyrene 0.871 0.343 0.185
Proportion of variance (%) 35.85 28.99 25.52
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