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Background and Objectives: Airborne particles, commonly known as
aerosols, can carry polluting and harmful particles and elements. Street
dust refers to particles smaller than 70 micrometers that enter urban
environments due to the resuspension of particles from human activities or
dust storms. These particles host various pollutants, including heavy
metals, which are produced from various anthropogenic and natural
sources. The sources and amounts of these metals can be seasonally and
spatially highly variable. The objectives of this research were to investigate
seasonal changes in the concentration and pollution level of selected heavy
metals in street dust and soil samples around a few cities in Isfahan
province, and they have also been compared with several cities in other
parts of Iran and the world.

Materials and Methods: Street dust samples were taken in the first half of
the second month of each of the four seasons in 2018 including 80 samples
from Isfahan, and 40 samples for each of the cities of Flavarjan, Najafabad,
Shahreza, Khomeinishahr and Natanz Each dust sample (about 300 g) was
collected from the surface of pedestrian walkways and stored in plastic
containers. All the samples were then extracted by digestion with 6N nitric
acid, and the concentration of selected heavy elements including copper,
zinc, lead, and cobalt was measured in the extracts by an atomic absorption
spectrometer. Finally, the contamination indices including the geocaccumulation
index and Nemerrow pollution index were calculated in the samples and
the seasonal and spatial changes in the concentration and rate of heavy
metal pollution were investigated.

Results: Spatial and seasonal changes in the concentration and
contamination level of copper and lead showed that the highest pollution
rate of these elements occurred in Isfahan in spring. They also indicated
that the highest degree of street dust pollution with zinc was found in the
city of Flavarjan in the spring season. In case of cobalt, the highest
pollution level was found in Shahreza City in the winter season. For all the
elements, the lowest concentration and level of pollution were obtained
for Natanz City in the summer season, and lead showed the lowest
concentration in the fall. Except cobalt, soil samples taken from non-urban
areas showed the lowest concentration and pollution level. The comparison
of the obtained results with the data reported for other cities of the world
showed a higher level of pollution of street dust in the urban area of
Isfahan compared to other big cities of the world. The concentration of
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copper in the street dust of Isfahan is almost similar to that in Ahvaz and
Huainan (China), and that of zinc is lower than Avilés (Spain) and
Zhuzhou (China). Furthermore, the concentration of lead is lower than that
in Zhuzhou and Huludao (China). Also, cobalt concentration in the street
dust of selected cities was higher than that in all the studied cities except
for Rabat-Saleh highway (northwestern Morocco) and Huainan (China).

Conclusion: The results of this investigation and their comparison with
those of other studies indicated that the mean concentration of copper, zinc,
and lead elements in street dust was highest in all the cities, except for
Natanz. This is mainly due to higher traffic, more population and the
density of machinery, the presence of more and larger constructions in big
cities, the transit of vehicles, and the presence of more intense atmospheric
dust storms in the central areas of Isfahan province, drought and lack of
sufficient rain. The lower concentration of selected heavy elements in the
street dust of Natanz City is probably due to the lower population density,
different types of parent materials as compared to other cities, and its low
industrial activities.
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Figure 1. Locations of street dust sampling in different cities
(a: Natanz, b: Shahreza, c: Najafabad, d: Isfahan, e: Khomeinishahr, f: Falavarjan).
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Table 1. Background concentration of heavy metals in the Earth's crust (mg/kg) (2).
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Table 2. Intensity of pollution based on geoaccumulation index (1geo) (25).
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Figure 2. Spatial and seasonal changes of mean concentration and geoaccumulation index of studied heavy metals
in the street dust samples and soils around the cites investigated (A: Copper, B: Cobalt, C: Lead, D: Zinc).
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Figure 3. Spatial and seasonal changes of the Nemerrow pollution index of the studied heavy metals in the

street dust and soil samples around the cities investigated.
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Figure 4. Seasonal comparison of the percentage loading of the mean concentration of heavy metals in the
street dust of the studied cities.
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Figure 5. Comparison of the percentage loading of the mean concentration of heavy metals studied in the
street dust of the cities investigated with other Iranian cities and cities in the world.

ay



VLY Y a)h».fs AY 0,92 4)|..\.1‘g: ..\“.JyQ‘Slé A.qg.ﬁ.\.o 4?.)'“‘”

Ly Ole Joad 55 5 i Sl 55 b axls
jaéjs 2 u).w)(_gj‘) cwﬁwwé‘f
ok il 4 GUs 538 (S5 Olsen 05 e
.J.LAJL;d QLLJ)L@.:J&)J b
Ol oo andllae ol 51 ol b v st
SS jead 5 g a5l Sl eslinad L oaS a8
S eslanal sl g2 s e 5 A E Al )J‘i‘
sl J s ol Gl bl s Lables i
Al 5 e Sl sl e Ol 4L L
Jolo et slasls 5 35 L3 s oS
Sl s Cilie slayed o1y Sl jle 55 8
Sbad &S 5 05 35 b sd e slely (rar e
N s R ol Llge S ges e
L;J—:Slﬁ)@%)u\ﬁub Jjﬁ-du.b h;;;ﬂ
S odlea 355 al 36 d lakae e
B s s Gt SN sl s
ol bl el VT e Lo s S Ay
bl}g‘ L E) cJ.iJJf JJ'J.S GL.& 5}{_54.3 ¢LAJ€.J:
O S5l Gt J& 5 Jom bl slagme

Sl Pl
Qﬁ‘ tl;u‘ Lsud..ijh LY QLW‘ JM oKﬁJ‘J )"

.»dea 18 (sl 3 505 u,:.alj L sk

1.McPherson, M. J. (1993). The hazardous
nature of dusts. P 741-764, In: M. J.
McPherson (Ed.). Subsurface ventilation
and environmental engineering. Springer,
Netherlands. Dordrecht.

2.Amato, F. (2018).  Non-exhaust
emissions: an urban air quality problem
for public health; impact and mitigation

g

IS (6 5 o

Gty Jaoee o Glae VT 5l K ole

et 5 S adiba s 5 ol Of s o e
Clle il s ol pl e eal s OO
Ghle 55 Ul JLE 5 58 s oS jole
Sl e wosline e cJles g5 & ey alises
5oadlas ool 53 basle p s dol a2
W oS coils Ol Oy e llae sl b aslie
sy BV 4 jole Fp chle (Sle 03y
S oEk e s Sl S GV SIS
5 ok sl 5 ool sy YTk
AN o) Sop oglagd > Sake
wr o bles 25l bl 5 ey (Olgasl
Gols 52,8 Sballish sz ilas 51 8w s el
Olgiol Okl 55 0 Gblu 43 SLAE (5 ]
NP ('S .»de» oslal B8 OLL 55 5 JLsSlis
Ui b sl o3 50 (R pobe (i polis
Sslite g3l Blpe p8 eSS Cerex SIS 4
Sbadld 5 oadlas )50 sla,ed ple 4 Cod
Sl Gl axls sl cans O FeS s
Sl arle Jold Gl sle 5 58
bjed Sl 5 03 spes 5ol pasle 5 (o)
Sl S das e 0L |y Sl e 55 8 S
g3ose ol Aile e LS L by 510
ol ol el (i (Sl 5 sl50lal sl U

ol e es S e Aol L Sl Sl 558

measures. Academic Press. Cambridge,
Massachusetts, United States. 342p.
3.Denby, B. R., Kupiainen, K. J., &

Gustafsson, M. (2018). Review of road
dust emissions. P 183-203. In: F. Amato
(Ed.). Non-exhaust emissions. Academic
Press. Cambridge, Massachusetts. United
States.



4 Jayarathne, A., Egodawatta, P., Ayoko,
G. A & Goonetilleke, A. (2017).
Geochemical phase and particle size
relationships of metals in urban road dust.
Environmental Pollution. 230 (1), 218-226.
doi: 10.1016/j.envpol.2017.06.059.

5.Tanner, P. A., Ma, H. L., & Yu, P. K.
(2008). Fingerprinting metals in urban
street dust of Beijing, Shanghai, and
Hong Kong. Environmental Science &
Technology. 42(19), 7111-7117. doi:
10.1021/es8007613.

6.Aelion, C. M., Davis, H. T., Mcdermott,
S., & Lawson, A. B. (2008). Metal
concentrations in rural topsoil in South
Carolina: Potential for human health
impact. Science of the Total Environment.
402(1-2), 149-156. doi: 10.1016/j.
scitotenv.2008.04.043.

7.Ahmed, F., & Ishiga, H. (2006). Trace
metal concentrations in street dusts of
Dhaka city, Bangladesh. Atmospheric
Environment. 40(21), 3835-3844. doi:
10.1016/j.atmosenv.2006.03.004.

8.Shi, G., Chen, Z., Bi, C., Wang, L., Teng,
J., Li, Y., & Xu, S. (2011). A comparative
study of health risk of potentially toxic
metals in urban and suburban road dust in
the most populated city of China.
Atmospheric Environment. 45(3), 764-771.
doi: 10.1016/j.atmosenv.2010.08.03.

9.Alloway, B. J. (2013). Sources of heavy
metals and metalloids in soils. P 11-50.
In: B. J. Alloway (Ed.). Heavy metals in
soils: trace metals and metalloids in soils
and their bioavailability.  Springer.
Dordrecht, Netherlands.

10.Breward, N. (2007). Arsenic and

presumed resistate trace element
geochemistry of the Lincolnshire (UK)
sedimentary ironstones, as revealed by a
regional geochemical survey using soil,
water and stream sediment sampling.
Applied Geochemistry. 22(9), 1970-1993.
doi: 10.1016/j.apgeochem.2007.03.058.

11.Li, C., Zhou, K., Qin, W, Tian, C., Qi,

M., Yan, X., & Han, W. (2019). A
review on heavy metals contamination
in soil: effects, sources, and remediation
techniques.  Soil and  Sediment
Contamination. 28(4), 380-394. doi:
10.1080/15320383.2019.1592108.

0

12.Rascio, N., & Navari-lzzo, F. (2011).
Heavy metal hyperaccumulating plants:
how and why do they do it? And what
makes them so interesting? Plant
Science. 180(2), 169-181. doi: 10.1016/
j.plantsci.2010.08.016.

13.Shabbaj, I. I., Alghamdi, M. A., Shamy,
M., Hassan, S. K., Alsharif, M. M., &
Khoder, M. I. (2018). Risk assessment
and implication of human exposure to
road dust heavy metals in Jeddah, Saudi
Arabia. International  Journal  of
Environmental Research and Public
Health. 15(1), 36. doi: 10.3390/ijerph
15010036.

14.Liu, J., Zheng, B., Aposhian, H. V.,
Zhou, Y., Chen, M. L., Zhang, A., &
Waalkes, M. P. (2002). Chronic arsenic
poisoning from burning high-arsenic-
containing coal in Guizhou, China.
Journal of the Peripheral Nervous
System. 7(3), 208. doi: 10.1046/j.1529-
8027.2002.02026_12.x.

15.Xiang, L., Li, Y., Yang, Z., & Shi, J.
(2010).  Seasonal  difference  and
availability of heavy metals in street
dust in Beijing. Environmental Science
and Health, Part A. 45(9), 1092-1100.
doi: 10.1080/10934529.2010.486340.

16.Marin Sanleandro, P., Sanchez Navarro,
A., Diaz-Pereira, E., Bautista Zufiiga, F.,
Romero Mufioz, M., & Delgado Iniesta,
M. J. (2018). Assessment of heavy
metals and color as indicators of
contamination in street dust of a city in
SE Spain: influence of traffic intensity
and sampling location. Sustainability.
10(11), 4105. doi: 10.3390/su10114105.

17.Kabadayi, F., & Cesur, H. (2010).
Determination of Cu, Pb, Zn, Ni, Co,
Cd, and Mn in road dusts of Samsun
city. Environmental Monitoring and
Assessment.  168(1), 241-253. doi:
10.1007/s10661-009-1108-1.

18.Trujillo-Gonzalez, J. M., Torres-Mora,
M. A., Keesstra, S., Brevik, E. C., &
Jiménez-Ballesta, R. (2016). Heavy
metal accumulation related to population
density in road dust samples taken from
urban sites under different land uses.
Science of the Total Environment.
553(1), 636-642. doi: 10.1016/j.scitotenv.
2016.02.101.


https://doi.org/10.1016/j.envpol.2017.06.059
https://doi.org/10.1021/es8007613
https://doi.org/10.1016/j.scitotenv.2008.04.043
https://doi.org/10.1016/j.scitotenv.2008.04.043
https://doi.org/10.1016/j.atmosenv.2006.03.004
https://doi.org/10.1016/j.atmosenv.2010.08.03
https://doi.org/10.1016/j.apgeochem.2007.03.058

VLY Y a)h».fs AY 0,92 c)l..\-j.tg: A“Jygdlé A.qg.ﬁ.\.o 4.1).»»

19.Halil, M., Ghanavati, N., & Nazarpour,
A. (2019). Assessment of the
environmental pollution of some heavy
metals in abadan city street dust using
geographic information system (GIS).
Iran. Journal of Water and Soil Science.
1(23), 209-221. [In Persian]

20.Keshavarzi, B., Tazarvi, Z., Rajabzadeh,
M. A., & Najmeddin, A. (2015).
Chemical speciation, human health risk
assessment and pollution level of
selected heavy metals in urban street
dust of Shiraz, Iran. Atmospheric
Environment. 119(1), 1-10. doi: 10.1016/
j.atmosenv.2015.08.001.

21.Kaydan, Z., Ghanavati, N., &
Nazarpour, A. (2019). Evaluation of soil
pollution with heavy metals (Pb, Zn, Cu,
Cr, Ni and V) in Ahvaz parks (2016).
Journal of Health. 10(2), 228-239.
[In Persian]

22.Han, X., Lu, X., Zhang, Q., Wuyuntana,
Hai, Q., & Pan, H. (2016). Grain-
size distribution and contamination
characteristics of heavy metal in street
dust of Baotou, China. Environmental
Earth Sciences. 75(1), 468. doi:
10.1007/s12665-016-5316-z.

23.Khademi, H., Gabarrén, M., Abbaspour,
A., Martinez-Martinez, S., Faz, A., &
Acosta, J. A. (2019). Environmental
impact assessment of industrial activities
on heavy metals distribution in
street dust and soil. Chemosphere.
217(1), 695-705. doi: 10.1016/j.
chemosphere.2018.11.045.

24.Kim, W., Doh, S. J, & Yu, Y.
(2009). Anthropogenic contribution of
magnetic particulates in urban roadside
dust. Atmospheric Environment.
43(19), 3137-3144. doi: 10.1016/j.
atmosenv.2009.02.056.

25.Kowalska, J. B., Mazurek, R., Gasiorek,
M., & Zaleski, T. (2018). Pollution
indices as useful tools for the
comprehensive evaluation of the degree
of soil contamination—a  review.
Environmental ~ Geochemistry  and
Health. 40(1), 2395-2420. doi: 10.1007/
510653-018-0106-z.

26.Moradi, Q., & R. Mirzaei. (2015).
Spatial variability analysis of heavy

N

metals in street dusts of Kashan City.
Iranian  Journal of Health and
Environment. 9(4), 443-456. [In Persian]
27.Norouzi, S. (2014). Spatial and temporal
changes of dust characteristics in Isfahan
region and possibility of using plane tree
leaves for biomonitoring atmospheric
pollution. Ph.D. Dissertation in Soil
Science, Faculty of Agriculture, Isfahan
University of Technology. [In Persian]

28.Mazloumi, S., Esmaili-Sari, A,
Bahramifar, N., & Moin Al-Dini, M.
(2016). Evaluation of the presence of
elements and quasi-elements in the street
dust of west and east of Tehran. Iranian
Journal of Health and Environment.
10(2), 292-281. [In Persian]

29.Davies, B. E., & Wixson, B. G. (1987).
Use of factor analysis to differentiate
pollutants from other trace metals in
surface soils of the mineralized area of
Madison county, Missouri, USA. Water,
Air, and Soil Pollution. 33(1), 339-348.
doi: 10.1007/BF00294202.

30.Amjadian, K., Pirouei, M., Mehr, M. R.,
Shakeri, A., Rasool, S. K., & Haji, D. I.
(2018). Contamination, health risk,
mineralogical and morphological status
of street dusts-case study: Erbil metropolis,
Kurdistan  region-lrag.  Environmental
Pollution. 243(1), 1568-1578. doi:
10.1016/j.envpol.2018.09.116.

31.Li, Z., Feng, X., Li, G., Bi, X., Zhu, J.,
Qin, H., Dai, Z., Liu, J, Li, Q., &
Sun, G. (2013). Distributions, sources
and pollution status of 17 trace
metal/metalloids in the street dust of a
heavily industrialized city of central
China. Environmental Pollution.
182(1), 408-416. doi: 10.1016/j.envpol.
2013.07.041.

32.Mihailovi¢, A., Budinski-Petkovi¢, L.,
Popov, S., Ninkov, J., Vasin, J., Ralevic,
N. M., & Vasi¢, M. V. (2015). Spatial
distribution of metals in urban soil of
Novi Sad, Serbia: GIS based approach.
Journal of Geochemical Exploration.
150(1), 104-114. doi: 10.1016/j.gexplo.
2014.12.017.

33.Dankob, Z. (2009). Spatial correlation of
magnetic  susceptibility — with total
concentration of heavy metals in surface


https://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Norouzi

soils of Isfahan region. Master's Thesis
of Soil Science, Faculty of Agriculture,
Isfahan  University of Technology.
[In Persian]

34.Mahmoudi, Z. (2011). Investigating
the geochemical and mineralogical
characteristics of atmospheric dust
in Isfahan. Master's Thesis of Soil
Science, Faculty of Agriculture, Isfahan
University of Technology. [In Persian]

35.Karei, M. T. (2015). The geological and
mining situation of Isfahan province.
P 95-152. In: M. T. Karei (Ed.). Road
Map of Geosciences And Mining Of
Isfahan Province (Preliminary Edition).
Organization of Geology and Mineral
Explorations of the country. Ministry
of Industry, Mine and Trade. Tehran.
[In Persian]

36.Atabaki, M. R. (2018). Investigation of
soil heavy metals concentrations (Pb,
Cd, Zn and Cu) in different areas of
Isfahan in 2017. Journal of Research
in Environmental Health. 4(1), 21-30.
[In Persian]

37.Cook, A., Weinstein, P., & Centeno, J.
(2005). Health effects of natural dust.
Biological Trace Element Research.
103(1), 1-15. doi: 10.1385/BTER:103:
1:001.

38.Steinnes, E. (1984). Heavy metal
pollution of natural surface soils due to
long-distance  atmospheric  transport.
P 115-122. In: B. Yaron, G. Dagan and
J.  Goldshmid (Eds.). Pollutants in
Porous Media. Springer. Dordrecht,
Netherlands.

39.Steinnes, E., Solberg, W., Petersen,
H. M., & Wren, C. D. (1989). Heavy
metal pollution by long range
atmospheric transport in natural soils of
southern Norway. Water, Air, and Soil
Pollution. 45(1), 207-218. doi: 10.1007/
BF00283452.

40.0rdonez, A., Loredo, J., De Miguel, E.,
& Charlesworth, S. (2003). Distribution
of heavy metals in the street dusts and
soils of an industrial city in Northern
Spain.  Archives of Environmental
Contamination and Toxicology.
44(1), 160-170. doi: 10.1007/s00244-
002-2005-6.

ayv

41.Ghanavati, N., Nazarpour, A., & De
Vivo, B. (2019). Ecological and human
health risk assessment of toxic metals in
street dusts and surface soils in Ahvaz,
Iran. Environmental Geochemistry and
Health. 41(2), 875-891. doi: 10.1007/
$10653-018-0184-y.

42 Kamani, H., Mirzaei, N., Ghaderpoori,
M., Bazrafshan, E., Rezaei, S., &
Mahvi, A. H. (2018). Concentration and
ecological risk of heavy metal in street
dusts of Eslamshahr, Iran. Human
and Ecological Risk Assessment.
24(4), 961-970. doi: 10.1080/10807039.
2017.1403282.

43.Tang, Z., Chai, M., Cheng, J., Jin, J.,
Yang, Y., Nie, Z., Huang, Q., & Li, Y.
(2017). Contamination and health risks
of heavy metals in street dust from a
coal-mining city in Eastern China.
Ecotoxicology and  Environmental
Safety. 138(1), 83-91. doi: 10.1016/j.
ecoenv.2016.11.003.

44 Adachi, K., & Tainosho, Y. (2004).
Characterization of heavy metal particles
embedded in tire dust. Environment
International. 30(8), 1009-1017. doi:
10.1016/j.envint.2004.04.004.

45.Apeagyei, E., Bank, M. S., & Spengler,
J. D. (2011). Distribution of heavy
metals in road dust along an urban-rural
gradient in Massachusetts. Atmospheric
Environment. 45(13), 2310-2323. doi:
10.1016/j.atmosenv.2010.11.015.

46.Christoforidis, A., & Stamatis, N.
(2009). Heavy metal contamination in
street dust and roadside soil along the
major national road in Kavala's region,
Greece. Geoderma. 151(3-4), 257-263.
doi: 10.1016/j.geoderma.2009.04.016.

47.Lu, S., Wang, H., & Bai, S. (2009).
Heavy metal contents and magnetic
susceptibility of soils along an urban-
rural gradient in rapidly growing city of
eastern China. Environmental Monitoring
and Assessment. 155(1), 91-101. doi:
10.1007/s10661-008-0420-5.

48.Elik, A. (2003). Heavy metal
accumulation in street dust samples in
Sivas. Communications in Soil Science
and Plant Analysis. 34(1-2), 145-156.
doi: 10.1081/CSS-120017422.



VLY Y a)h».fs AY 0,92 c)l..\-j.tg: ..\“.JyQ‘Slé A.qg.ﬁ.\.o 4?.)'“‘”

49.Zheng, N., Liu, J., Wang, Q., & Liang,

Z. (2010). Health risk assessment of
heavy metal exposure to street dust in
the zinc smelting district, northeast
of China. Science of the Total
Environment. 408(4), 726-733. doi:
10.1016/j.scitotenv.2009.10.075.

A

50.Grace, B., Baghdad, B., El Hadi, H., &

Laghlimi, M. (2019). Assessment of
metal trace element contamination of
surface soils by road traffic (Rabat-Sale
highway, = Morocco).  International
Journal of Civil Engineering and
Technology. 10(3), 1462-1477. doi:
10.34218/13CIET.10.3.2019.263.



