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1-Introduction

Among soil, dust and sediments, which originated mainly from earth crust, dust is the most important
environment affecting human health and welfare (Han et al., 2006). Street dust is a type of dust which is
deposited in roadsides of urban areas and is originated mainly from automobile exhaust, stack of industries, and
tire and brake wear (Li et al., 2013). Controlling the street dust of urban areas, particularly in high traffic
regions, is an important challenge. This particle could be transferred to water resources through runoff or
washing urban streets, and consequently affect water quality (Engelstaedter, 2003). Street dust particles may
contain toxic and hazardous compounds such as heavy metals (Cheng et al., 2014). Contamination by heavy
metals is one of the pollutions caused by human activities, since they could be bioaccumulated and cause health
abnormalities even in low concentrations (Pejman et al., 2015). In recent years, due to the long period of
droughts and the entry of dust particles into the west of Iran, as well as the large population, the development of
industrial centers and the existence of various sources of urban pollutants in Kermanshah metropolis,
concentration of some heavy metals was investigated in street dust of this city. The main objectives include (1)
investigation of contamination degree of Cd, Cr, Ni Cu, Pb and Zn in street dusts, (2) source identification of the
heavy metals, and (3) assessment of potential health risk of contaminated street dusts in the city.

2- Materials and methods

A total of 21 street dust samples collected from different location of the city, were analyzed using ICP-MS
method after preparation and multi-acid digestion to determine the concentration of selected heavy metals. For
data analysis, geochemical and statistical methods including enrichment factor (EF), pollution load index (PLI),
potential ecological risk index (RI), Hazard index (HI) and principal component analysis (PCA) were used
(Hakanson, 1980; Sutherland, 2000; Blaser et al., 2000; USEPA, 2001; Zhang and Liu, 2002; Ferreira-Baptista
and De Miguel, 2005; Adomako et al., 2008; Madish et al., 2009).

3- Results and discussion

Concentration of all the studied heavy metals (except Sc), were higher than their local baseline, and the highest
variation coefficients were obtained for Cd, Pb, Cu and Zn, indicating their various sources and high
concentration changes in Kermanshah city. Also, comparing the data with some other cities around the world
showed that Cu concentration in Kermanshah is higher than Mahshahr, Beijing (China), Ottawa (Canada) and
Tokat (Turkey), while lower than Tehran, Shiraz, Amman (Jordan) and Madrid (Spain). Also, Pb and Zn
showed higher concentrations in street dusts of Kermanshah than Beijing and Ottawa, and Mahshahr, Beijing,
Ottawa and Tokat, respectively. Cadmium was also higher in Kermanshah compared with most of the other
cities (Rasmussen et al., 2001; Tuzen, 2003; Liu and Cen, 2007; de Miguel et al., 2007; Saeedi et al., 2012;
Valdez Cerda et al., 2011; Keshavarzi et al., 2015; Rastegari Mehr et al., 2016). In general, in most of the
sampling stations the enrichment factor is moderate or high, indicating high contamination of street dusts in
Kermanshah for most of the studied metals. The results of pollution load index calculation showed that except
in Tag-e Bostan, in all the stations the values of this index are higher than one. The highest PLI value was
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calculated for Rahnamaee Street with high traffic and high number of car repair shops, indicating the dominance
of anthropogenic sources for heavy metals. The heavy metals in the first component of PCA (Cu, Pb, Zn and
Cd) have anthropogenic origins such as traffic, car repair shops and industrial activities, and the second
component (Cr and Ni) indicates the dominance of geogenic source. However, Cr and Ni were affected by
anthropogenic sources in some locations.

In most of the samples, Cd showed considerable ecological risk (Ei), while the other metals, except in some
stations, have low risk. Moreover, about 52 % of the sampling sites showed moderate risk (150<R1<300). Based
on spatial distribution, the highest and lowest values of Ei and RI were observed in southern and northwestern
parts of the city. Calculated hazard quotients (HQ) revealed the highest risk via ingestion route for both children
and adults. Hazard index (HI) for all the studied metals were higher in children that adults. Also, the highest risk
index value was calculated for Cr in both adults and children. However, all the metals, except Pb in 3 sampling
stations, had HI values below unity, indicating low risk for residents.

4- Conclusion

In general, this study showed that street dusts of Kermanshah are highly contaminated, and urban elements (Cd,
Cu, Pb and Zn) are highly enriched relative to their local baseline. Qil refinery, urban traffic and car repair shops
are the main contamination sources in the area, from which traffic had the major role in distribution of the
pollutants. The high contamination level of the dust particles in Kermanshah may cause damage to respiratory
system and secondary health effect. Among the studied metals, Cr and Pb showed the most risk index, while due
to the dominance of geogenic sourced for Cr, further studies are needed to confirm the mobility and
bioavailability of chromium and therefore its related health risk. The results of this study, indicated a need for
especial attention to pollution sources, management of fuel quality and improve the quality of used automobiles
in the study area.
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4-Health Risk Assessment
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1-Enrichment Factor
2-Pollution Load Index
3-Potential Ecological Risk
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Table 1. Exposure factors for health assessment model.

Factor Definition Unit Value
Children Adults
IRing Ingestion rate mg d* 100? 502
IRinh Inhalation rate mé d! 7.6 20°
PEF Particle emission factor m? kg! 1.36x10%¢ 1.36x10%¢
SA Exposed skin area cm? 26992 39502
AF Skin adherence factor mg cm2 d-? 0.2¢ 0.07¢
ABS Dermal absorption factor - 0.001°¢ 0.001°¢
ED Exposure duration Year 6° 24°¢
EF Exposure frequency dy? 3502 350°
BW Average body weight Kg 18.6° 802
AT Average life span for heavy metals d EDx365¢ EDx365¢

AUSEPA, 2011; ®Van den Berg (1995); USEPA (1991); “USEPA (2001); Ferreira-Baptista and De Miguel (2005)
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Table 2. Descriptive statistics and baseline values of heavy metals in street dust samples.

Element Mean Median Min Max  Std.Deviation Skewness Coefficient Local background in

of Kermanshah
Variation (DOE, 2008)
Cd 0.34 0.3 0.1 1.3 0.25 3.04 0.71 0.1
Cr 412.28 395 199 695 117.44 0.36 0.27 155
Cu 128 105 39 622 121.05 3.67 0.92 35
Ni 213.9 211 96 341 56.76 0.37 0.25 150.5
Pb 98.71 98 36 329 58.79 3.17 0.58 14.3
Zn 282.14 258 122 845 156.77 2.44 0.54 107.6
Sc 11.55 11.7 9.8 14.2 1.18 0.35 0.01 19

N1
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Table 3. Comparison of heavy metals’ mean concentration (mg/kg) in street dusts of Kermanshah with

various cities.

Location Cu Pb Zn Cr Cd Ni Reference
Kermanshah 128 98.71 282,14 41228 0.34 213.9 This study
Mahshahr (Iran) 65.9 132.43  173.63 37.8 0.4 - Rastegari Mehr et al. (2016)
Tehran (Iran) 136.34 116 403 67 0.5 78 Saeedi et al. (2012)
Shiraz (Iran) 225.3 257 873 34 11 35 Keshavarzi et al. (2015)
Beijing (China) 46 54 219 87 1.1 34 Liu and Cen (2007)
Ottawa(Canada) 38 33 101 42 0.3 15 Rasmussen et al. (2001)
Amman (Jordan) 139 271 351 29 1.9 66 Valdez Cerda et al. (2011)
Madrid (Spain) 188 1927 467 61 - 44 de Miguel et al. (2007)
Tokat (Turkey) 29 149 63 30 3 - Tuzen (2003)
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Fig. 3. Enrichment factor values for heavy metals in street dust samples.
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Fig. 4. Column diagram of pollution load index for heavy metals in street dust samples.
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Table 4. Results of principal component analysis.

Element Component
1 2
Cu 0.971 0.066
Zn 0.963 -0.053
Pb 0.956 0.173
Cd 0.918 -0.219
Cr -0.053 0.945
Ni 0.042 0.908
Proportion of Variance (%) 60.52 30.04
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Fig. 5. Potentlal ecologlcal rlsk values and risk index of heavy metals in street dust samples.
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Table 5. Mean HQ and HI of heavy metals in street dust of Kermanshah metropolis.

Element Cd Cr Cu Ni Pb Zn
Oral RfD 1.00E-03¢ 3.00E-03¢ 4.00E-02° 2.00E-02° 3.50E-03¢ 3.00E-01°
Dermal RD 5 hoE-0s2 6.00E-05¢ 1.20E-02? 5.40E-03" 5.30E-042 6.00E-02¢
Inhal. RfD 1,00E-03° 2.86E-05¢ 4,02E-02° 2.06E-02° 3.52E-03¢ 3.00E-01°
Children
wg"?‘” 3.64E-03 6.28E-01 1.50E-02 4.94E-02 1.32E-01 4.34E-03
ing
Mean
HQinn 9.03E-08 3.80E-03 8.39E-07 2.74E-06 7.39E-06 2.48E-07
Mean
HQinn 1.74E-04 1.75E-01 2.71E-04 1.01E-03 4.74E-03 1.20E-04
Mean
HQuerm 3.81E-03 8.06E-01 1.53E-02 5.04E-02 1.37E-01 4.46E-03
Adults
Mean
HO 1.88E-04 7.53E-02 1.75E-03 5.86E-03 1.55E-02 5.15E-04
ing
Mean
HQinn 9.51E-07 4.00E-02 8.83E-06 2.88E-05 7.78E-05 2.61E-06
Mean
HQinn 2.08E-05 2.08E-02 3.23E-05 1.20E-04 5.64E-04 1.42E-05
Mean
HQuerma 2.10E-04 1.36E-01 1.79E-03 6.01E-03 1.61E-02 5.32E-04

RfDing: Ingestion reference dose; RfDin: Inhalation reference dose; RfDger: Dermal reference dose; HQing:
Hazard quotient through ingestion; HQinn: Hazard quotient through inhalation; HQqer: Hazard quotient through

dermal contact; HI: Hazard index.
2Ying et al., 2016

bLjetal., 2015

°De Miguel et al., 2007
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