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Abstract

In Recent decades, pollutions of industrial Sources are considered as the main cause of environmental
degradation. Therefore, the purpose of this study was to investigate the pollution and pathogenicity of
lead, zinc, cadmium and arsenic in the dust of Zanjan City, Iran, which is surrounded by smelting and
refining industries of heavy metals. Dust samples were taken from 5 areas in center of Zanjan city and
after preparing the samples, they were injected into ICP-MS. The results of heavy metal
concentrations were evaluated using pollution, ecological risk and carcinogenic and non-carcinogenic
indicators. Inspring was especially unfavorable in terms of zinc concentration (0.003 mg kg!) and
then lead (4x10-4 mg kg™) and cadmium (5x10-6 mg kg*) and in winter, the concentration of arsenic
(4x10-5 mg kg*) was higher. In spring, arsenic (19.6) and zinc (12) showed more enrichment and in
general, arsenic enrichment index (annual average of 11.8) showed the highest enrichment. In all
seasons, cadmium and lead were moderately enriched. The degree of pollution was highin spring (4.1)
and in other seasons was low to moderate. Children at risk of carcinogenicity were (1.4x10-6) more
than adults. In particular, the risk of swallowing contaminated particles was higher. The results
obtained from the indicators of pollution and health hazards showed that the source of pollution of the
studied metals is anthropogenic activities such as industrial activities around the city of Zanjan, traffic,
industrial facilities and burning fossil fuels.
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Figure 2. Results of dust sampling stations in the center of Zanjan
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Figure 3. Annual zoning maps of heavy metals in the dust of Zanjan
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Figure 4. Results of heavy metal pollution indices in dust of Zanjan city
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Yy



VFV ool oF o)l VY ol S oo o8 wligss

LS L ye paditans jobo 4y Col (Stoe 58 e 5§ S S
sl 4l oy 03 Gl at s syt 5 S0l 4 anllae oyl oy
A5 Al G5l Gl (—biilgn Ll bl 5 (S35 e o 38l sl il 5 (Sog
30 g Sl Lo )0 jiowka YY - BYV: sga 0 olob] O e 35 e Le 90,5 40 Gy g pguedlS (S
sy eihae Lol sy el 0l b olpon Jlo sy bl (S S8 20V 5 g mlio bawgs a5
5 b St o Yoane laol o oy ol 5,5 oS Sl sVl 1 ilos e 0 xSl ol
o 00gl e el ol cl Gojg el (06 gtz rat ) bad ;o olniy 0l S e L 908 o
Wt £9:90 (nl oaans (Las @ly ;0 05,5 oo adaie —00iiS LS Candg Sl e g peedlS (g, clalé
Ol STy 9 &ss8 2 ke Jad yo pgasy ol &S e 9 poreslS «59) 4 (SOl il e polic (nl s
sl 3 ol b o)l (68b 5 s 5l (e Ol @l it oS [ e (03 5l 599 dadiges ;o
aS col o] Goasmoplis (Ko Sl cilags s s Bl bl o o slacudled gams jo Wlils
OS50S sl pgmate s 5 6y (25l s o Al ol
Sls cpl Lice 4 1z ool 03505 0al)3 1, dygd s azsi b ol w5 ,Le 50,5 ;0 0gzge SIS ot 22
pgmat wg by b SLbl aio glacdlas by 5 ol el Sl s s el 4
S5 e lacadlas 5l ol s oy clale 5l isu aS SRS 7Sy (§09930) (5, paigas S 1he o el
KO PP CURTEP IRV Y6 WL oW (gt WP WL J) Jpvie Slls 5l —isy Blas aS cnl ol LS (ol
Jlaioladhis ;o gxie glacaled wig) cdyin | Cedled 5 S 5 555 opas e 5 055 (S
alys ol S Glls 4 Fogll waw (38, VL el il clacogled wilas 5 Late Sl gl
Sl Ceadlas g Sy Janme CieS (T (o 50 9 il o acalllae 5o i Ol 5 e ol Sg )
20 S5 dmogi alpliy il oo SRalS T L Los 55, oS gsh—w p polie (aly Lgd oo adaie
olils Lasl palS cope o (S Sloladl oos] oo dled g o 0aiSTy yiaei] 3 g oad Lis
A O (bl Cupndg get psliie 4 (St 99,5 polie clale lie (28, YU Lol bele (L]
SRS Oyye o) Lice ol Jé 59,5 OIS coniy d amas o e

Reference

Tian L., Ge B., and Li Y. 2017. Impacts of state-led and bottom-up urbanization on land use change in
the peri-urban areas of Shanghai: Planned growth or uncontrolled sprawl? Cities, 60: 476-486.

Tomlinson D. L., Wilson J. G., Harris C. R. and Jeffrey D. W .1980. Problems in the assessment of
heavy-metal levels in estuaries and the formation of a pollution index. Helgolénder.

Abdulaziz M., Alshehri A., Yadav |. C., and Badri H. 2022. Pollution level and health risk assessment
of heavy metals in ambient air and surface dust from Saudi Arabia: a systematic review and meta-
analysis. Air Quality, Atmosphere & Health, 1-12.

Abedini, Y. 2016. Investigation of heavy metal concentration due to activity Specialized town on the
city of Zanjan.

Abrahim G. M. S., and Parker R. J. 2008. Assessment of heavy metal Enrichment factors and the
degree of contamination in marine sediments from Tamaki Estuary, Auckland, New Zealand.
Environmental monitoring and assessment, 136(1-3): 227-238.

Ahmadi Doabi S., Afyuni M., Khademi H., and Karami M. 2016. Statistical Analysis of Heavy Metal
Contamination in Atmospheric Dusts of Kermanshah Province, Iran. Journal of Water And soil
Science, 20 (76) :29-43 (In Persion)

Alipour H., Jalalian A., Honarjoo N., Toomanian N., Sarmadian F. 2022. Evaluation of Heavy Metal
Dust Pollution and their Origin in the Atmosphere of Kuhdasht, Lorestan Province. Journal of
Water and Soil Science; 25 (4) :147-162 (In Persion)

Al-Khashman O. A. 2007. Determination of metal accumulation in deposited street dusts in Amman,
Jordan. Environmental Geochemistry and Health, 29(1): 1-10.

YA



g Ol et g San¥l ;)]

Aminfar R., Landi A., Hojati S. 2020. Source Identification and Distribution Mapping of some Heavy
Metals in Dust Particles Collected Around the Hoveyzeh-Khorramshahr Dust Center. Applied soil
research, 9 (4):1-14 (In Persion)

Bhattacharya P., S. Frisbie E. Smith R. Naidu G. Jacks and B. Sarkar. 2002. Arsenic in the
environment: a global perspective. In: Marcell Dekker Inc, Handbook of Heavy Metals in the
Environment, New York PP. 147-215.

Cervantes-Ramirez L. T., RamirezL6pez M., Mussali-Galante P., OrtizHernandez M. L., Sanchez-
Salinas E., and Tovar-Séanchez E. 2018. Heavy metal biomagnification and genotoxic damage in
two trophic levels exposed to mine tailings: a network theory approach. Revista Chilena de
Historia Natural, 91(1), 6.

Chabukdhara M., anf Nema AK. 2013. Heavy metals assessment in urban soil around industrial
clusters in Ghaziabad, India: probabilistic health risk approach. Ecotoxicology and Environmental
Safety, 87:57-6.

Chen A, LinC.,LUuW.,WuY.,MaY. LiJ., ZhuL. 2007. Well water contaminated by acidic mine
water from the Dabaoshan Mine, South China: Chemistry and Toxicity, Chemosphere, Vol: 70, P:
248-255.

Cheng J-l., Zhou S and Zhu Y.W. 2007. Assessment and mapping of environmental quality in
agricultural soils of Zhejiang Province, China. Journal of Environmental Sciences, 19(1): 50-54.

Chonokhuu S., Batbold C., Chuluunpurev B., Battsengel E., Dorjsuren B., & Byambaa B. 2019.
Contamination and health risk assessment of heavy metals in the soil of major cities in mongolia.
International journal of environmental research and public health, 16(14), 2552.

Davashi L., Azimzadeh H. R., Dadfarnia S., & Daniali S. R. 2013. An investigation on soil lead
pollution due to vehicle traffic in Ghamishlu Refuge. Journal of Environmental Studies, 39(3), 49-
57.

Davtalabnezam S., Shakeri A., Rezaei M. 2016. Pollution, origin and health risk assessment of
potential elements in Shahr Park and Laleh Park in Tehran City. Journal of Kharazmi Earth
Sciences, 2:209-226 (In Persion).

Farahmankia Z., Mehrasebi M., Sakavatjo M., Hasanalizadeh A., Ramazanzadeh Z. 2009.
Investigation of heavy metals in particles deposited from the air of Zanjan . Journal of Health and
Environment, 2(4): 240-249 (In Persion)

Ghanavati N. and Nazarpour A. 2018. Environmental investigation of heavy metals concentration in
Ahvaz city street dust, by using Geographical Information Systems (GIS). Enviromental Studies,
44(3): 393-410. (In Persion).

Goudie A.S. 2014. Desert dust and human health disorders. Environ. Int. 63, 101-113.

Hakanson L. 1980. An ecological risk index for aquatic pollution control. A sedimentological
approach. Water research, 14(8): 975-1001

Han 1., Whitworth K. W., Christensen B., Afshar M., Han H. A., RammahA., and Symanski, E. 2022.
Heavy metal pollution of soils and risk assessment in Houston, Texas following Hurricane
Harvey. Environmental Pollution, 296, 118717.

Hu B., Liu B., Zhou J., GuoJ., SunZ., Meng W., Guo X. and DuanJ. 2016. Health risk assessment on
heavy metals in urban street dust of Tianjin based on trapezoidal fuzzy numbers. Human and
Ecological Risk Assessment: An International Journal, 22: 678-692.

Ibrahimovi¢ E., Pugonja E., Trako N., Huremovi¢ J., Selovi¢ A., Sulejmanovic J., and Omanovi¢, R.
2022. Heavy metal contamination of street dust of Canton Sarajevo, Bosnia and Herzegovina—
Health risk assessment. Human and Ecological Risk Assessment: An International Journal, 28(1),
100-113.

Kamani H., Hoseini M., Safari GS, Jaafari J., Ashrafi S., and Mahvi A. 2017. Concentrations of heavy
metals in surface soil of Zahedan City. Journal of Health, 8(2):182-90 (in Persian).

Kamunda C., Mathuthu M., and Madhukcu M. 2016. Health risk assessment of heavy metals in soils
from Witwatersrand gold mining basin, South Africa. International journal of environmental
research and public health, 13(7): 663.

Li D., Liu G., Li X., LiR.,WangJ., & Zhao Y. 2022. Heavy Metal (loid) s Pollution of Agricultural
Soils and Health Risk Assessment of Consuming Soybean and Wheat in a Typical Non-Ferrous
Metal Mine Area in Northeast China. Sustainability, 14(5), 2953.

¥4



VFV ool oF o)l VY ol S oo o8 wligss

Luo H., WangQ., GuanQ., Ma Y.,NiF., Yang E., and Zhang, J. 2022. Heavy metal pollution levels,
source apportionment and risk assessment in dust storms in key cities in Northwest China. Journal
of Hazardous Materials, 422, 126878.

Merrington G., Oliver 1., Smernik R. J. and McLaughlin M. J. 2003. The influence of sewage sludge
properties on sludgeborne metal availability. Adv. Environment. Res. 8: 21-36.

Mirkazehi Z., and Rezaee, M. 2019. The study of Heavy Metals deposited dust binding and soil
surface Khash City landfill. Journal of Environmental Science Studies, 4(2), 1208-1215 (In
Persion)

Moradi Baseri M., Kamani H., Ashrafi S. D., Bazrafshan E., & Kord Mostafapour F. 2018. Non-
carcinogenic risk assessment of Hg and Cu in streets dusts of Zahedan city. Iranian Journal of
Health and Environment, 11(3), 391-402 (In Persion)

NicholsonF. A., Smith S. R., Alloway B. J., Carlton-Smith C. and Chambers B. J. 2003. An inventory
of heavy metals inputs to agricultural soils in England and Wales. Sci. Total Environment. 311:
205-219.

Nour M. 2015. Study of emissions caused by the activity of a specialized town on Zanjan, Master
Thesis of Zanjan University, P: 155. In Persion)

Ogunbileje J. O., V. M. Sadagoparamanujam J.I. Anetor E.O. Farombi O.M. Akinosun and
Okorodudu A.O. 2013. Lead, mercury, cadmium, chromium, nickel, copper, zinc, calcium, iron,
manganese and chromium (V1) levels in Nigeria and United States of America cement dust,
Chemosphere, 90 (11): 2743-2749.

Pascal M., Corso M., Chanel O., Declercq C., Badalon C., Cesaroni G., and Medina S. 2013.
Assessing the public health impacts of urban air pollution in 25 European cities: results China.
Ecotoxicology and environmental safety, 120, 377-385.

Rafiei B., Rahmani S., and Khodaee A. S. 2022. Spatial distribution of lead and zinc and their
potential risk levels in the soils around the Ahangaran mine, Malayer, Hamedan Province. Iranian
Journal of Mining Engineering, 17(54) (In Persion)

Roy S., Gupta S. K., Prakash J., Habib G., and Kumar P. 2022. A global perspective of the current
state of heavy metal contamination in road dust. Environmental Science and Pollution Research, 1-
22.

Shao Y., Wyrwoll K.H., Chappell A., Huang J., Lin, Z., McTainsh G.H., Mikam, M., Tanaka T.,
Wang X., Yoon S. 2011. Dust cycle: an emerging core theme in Earth system science. Aeolian Res.
2 (4), 181-204.

Solgi E., and Keramaty M. 2015. Assessment of health risks of urban soils contaminated by heavy
metals (Bojnourd City). Journal of North Khorasan University of Medical Sciences. 7(4):813-27
(In Persion)

Wang H., Magbool A., Xiao X., Yang H., Bi, W., & Bian Z. 2022. Seasonal pollution and risk
assessment of heavy metals in atmospheric dust from coal mining area. International Journal of
Environmental Science and Technology, 1-10.

Wei B., F. Jiang X. Li and Mu S. 2010. Heavy metal induced ecological risk in the city of Urumqi,
NW China. Environmental Monitoring and Assessment, 160(1-4): Qingjie G., Jun D., Yunchuan
X., Qingfei W., & Ligiang Y. 2008. Calculating pollution indices by heavy metals in ecological
geochemistry assessment and a case study in parks of Beijing. Journal of China university of
geosciences, 19(3): 230-241.

WHO. 2000. Air quality Guideline, Second Edition, Copenhagen, Denmurk.



