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Article Info ABSTRACT

Article type: Background and Objectives: Among the complex components of street
Full Length Research Paper  qust are heavy metals, which have become an urban and environmental
problem due to their high toxicity, concealment, persistence, and
bioaccumulation, and have attracted much attention. The presence of

Article history:

Received: 02.12.2023 heavy metals in street dust leads to their accumulation in the human body,
Revised: 05.29.2023 posing health hazards. The study aimed to assess health risks and identify
Accepted: 05.31.2023 the contributions of pollutant sources to heavy metals in street dust in
Boroujerd city using Positive Matrix Factorization (PMF).
ggm?ergsl' Materials and Methods: 41 street dust samples were collected. The
Health risk, samples were obtained as a composite (mixture of 3 samples together at a
Positive matrix factorization distance of 5 to 10 m) and with an approximate weight of 100 g and the
(PMF), samples were transferred to the laboratory for heavy metal analysis and
Street dust finally the total (semi-total) concentration of As, Cd, Pb, Zn, Cu and Ni

metals was first extracted by acid digestion method using 4 N nitric acid.
The Positive Matrix Factorization (PMF) was used to identify and quantify
the pollutants.

Results: The average concentrations of lead, cadmium, copper, nickel,
zinc, and arsenic were 66.61, 0.97, 19, 49.76, 264.43, and 40.04 mg/kg,
respectively. Therefore, the average trend in heavy metal concentrations is
as follows: Zn > Pb > Ni > As > Cu > Cd. According to the PMF results,
the share of each factor in the total source share was obtained. Of which
natural source (F1), vehicle tire coating source (F2), industrial gas source
(F3), and transportation source (F4) constitute 27.1%, 17.3%, 29.6%, and
26% of the total share, respectively. According to the risk assessment
results, the HI values for lead and arsenic in children exceeded the
threshold (HI=1), indicating that these metals may pose a high risk of
non-cancerous diseases for children; however, for adults, the HI values for
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all metals were calculated to be less than 1. The risk of cancer through
inhalation for children and adults is also almost negligible.

Conclusion: The concentration of heavy metals in the street dust of the
studied area was primarily influenced by industrial emissions. Considering
vehicle traffic in Borujerd city, the transportation source (F4) also
accounts for 26% of the region's total pollution, mainly consisting of lead
and zinc. Given the high proportion of these metals, it can be assumed that
their elevated concentrations are largely due to urban traffic. Overall, the
results of this study provide useful information for local authorities to
select and develop sustainable policies to control and reduce pollution
emissions in Borujerd city.
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Figure 1. Distribution map of sampling points in Borujerd County.
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As Zn Ni Cu Cd Pb Heavy metals
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Figure 2. Extracted factors based on the PMF.
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Table 4. PMF model validation.

%RMSE RMSE ME Heavy metals
1.37 2.08 -0.023 As
41.02 0.48 0.0039 Cd
2.29 0.31 0.0059 Cu
1.37 1.28 -0.013 Ni
0.73 0.76 -0.0026 Zn
197 0.75 -0.0071 Pb
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Table 5. CDI of dust in each route, separated into adults and children.

CDlI total CDI dermal contact CDI Ingestion CDI Inhalation
Heavy metals

Adults Children Adults Children Adults Children Adults Children

5.23E-5 5.57E-4 2.2E-7 1.32E-6 7.66E-9 1.55E-8 5.21E-5 5.56E-4 As
1.34E-6 142E-5 562E-9 3.37E-8 196E-10 3.96E-10 1.33E-6 1.42E-5 Cd
2.51E-5 2.67E-4 1.05E-7 6.32E-7 3.68E-9 7.44E-9 2.5E-5 2.67E-4 Cu
6.36E-5 6.77E-4  2.67E-7 1.6E-6 9.31E-9 1.88E-8 6.33E-5 6.74E-4 Ni
4.22E-4  4.49E-3 1.77E-6 1.06E-5 6.18E-8 1.25E-7 4.2E-4 4.49E-3 Zn
1.04E-4 1.1E-3 4.36E-7 2.61E-6 1.52E-8 3.1E-8 1.03E-4 1.1E-3 Pb
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Figure 3. The hazard quotient (HQ) and the cumulative hazard index (HI) values of trace elements in street
dust separated into adults and children.
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Table 6. Values of the lifetime average daily dose (LADD) and carcinogenic risk (CR) of trace elements in
street dust through inhalation route.

CR LADD
Heavy metals

Adults Children Adults Children

3.3E-8 2E-8 2.19E-9 1.33E-9 As
3.51E-10 2.14E-10 5.59E-11 3.39E-11 Cd
2.23E-9 1.36E-9 2.66E-9 1.62E-9 Ni
4.03E-8 2.45E-8 TCR
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