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EXTENDED ABSTRACT

INTRODUCTION

Air pollution has emerged as one of the significant environmental challenges facing human societies,
particularly in developing countries (Zhang et al., 2020). This issue has become a serious crisis in Iran,
which is situated in the dry and semi-dry belt of the world. According to the World Health
Organization, approximately 7 million people worldwide die each year due to diseases related to air
pollution (Dehghani, 2017). Numerous studies have shown that major sources of air pollution include
motor vehicles and polluting industries. For instance, industrial activities and heavy traffic can lead to
increased concentrations of heavy metals such as lead and cadmium in dust, which have toxic effects
on human health (Manasreh, 2010). Previous research has indicated that children are more affected by
these pollutants than adults, posing serious health risks to them (Bist and Choudhari, 2022; Kabatas et
al., 2018). Given the increasing phenomenon of dust storms and particulate matter in the Middle East,
particularly in Zabol County, this study aims to determine the concentrations of heavy metals
(chromium, zinc, lead, cobalt, and cadmium) in dust and assess their impact on human health. The
research hypotheses include that high concentrations of these metals are associated with increased
health risks, which will be greater for children than for adults. This study aims to identify the
relationship between heavy metal concentrations and their effects on human health. The results of this
research could serve as a basis for environmental and health-related decision-making and provide
strategies for reducing air pollution.

DATA AND METHODS
Study Area

The Zabol region is located in the northern part of Sistan and Baluchestan Province, bordered by
Afghanistan to the north and east, South Khorasan Province to the west, and Zahedan County to the
south (Figure 1). This region has a population of approximately 300,000 and an area of about 15,197
square kilometres. The climate of this area is desert and dry, with an average of over 160 days per year
characterized by winds carrying dust, which has led to the degradation of its ecosystem (Haidarinasab,

2019; Mirzazahi, 2018)

Sampling and Sample Analysis

To investigate the concentration of heavy metals in the dust of Zabol City, 60 samples were collected
on dusty days from May to September. The city centre was selected as the sampling location due to its
geographical conditions and population concentration. PM10 particles were separated using TCR
sampling devices (Han et al., 2023). Five elements—chromium, zinc, lead, cobalt, and cadmium—
were analyzed using an ICP-OES device (Leong et al., 2008). Additionally, 45 soil samples were

collected from areas surrounding Zabol County (Wang et al., 2021)

Statistical Analysis

Data were analyzed using SPSS.20 software to examine statistical distribution, including range, mean,
standard deviation, and skewness. The normality of the data was assessed using the Shapiro-Wilk test,

and correlations among elements were determined using Pearson's correlation in R. software

Ecological Risk Index (RI)
To evaluate the environmental risk posed by metals present in dust samples, potential ecological risk
indices were utilized (Miao et al., 2022; Rahmat et al., 2022)
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Cancer Risk and Non-Cancer Risk Assessment

This assessment consists of two main components: cancer risks and non-cancer risks, conducted
according to health risk assessment methods established by the United States Environmental
Protection Agency (USEPA) (King et al., 2015). The daily intake values of metals through three

primary pathways—ingestion, inhalation, and dermal absorption—were calculated

Non-cancer risk (HI) for children and adults was computed using relevant equations. Additionally,
cancer risk indices for lead, chromium, and arsenic were calculated based on EPA guidelines

These methods are designed to determine the concentration of heavy metals in Zabol dust and assess
their impact on human health.

RESULTS AND DISCUSSION
Correlation Between Metals and PM10 Concentration

The results of the Pearson correlation matrix indicated significant correlations above 70% between the
metals cadmium and cobalt, manganese and cobalt, manganese and cadmium, lead and cobalt, and
lead with cadmium. Additionally, the highest concentration correlation was observed between

chromium and PM10

Potential Ecological Risk

The average concentrations of heavy metals in Zabol dust were 1.17 (zinc), 0.66 (chromium), 2.01
(lead), 0.69 (cobalt), and 0.09 (cadmium) mg/kg, respectively. The concentrations of all elements,
except zinc, were lower than background levels, indicating low urban traffic in Zabol. The potential
ecological risk was calculated based on the Hakanson method. The results showed that the average Er
for heavy metals decreased in the order of Zn > Pb > Cd > Cr, with zinc, lead, cadmium, and

chromium having low ecological risk potential

Cancer Risk and Non-Cancer Risk Assessment

The assessment of human health risks was conducted through ingestion, inhalation, and dermal
contact. The highest and lowest non-cancer risk (HQ) values for children were associated with
cadmium and chromium, respectively. Chromium posed a high risk for both age groups, while cobalt
was classified as having a high risk for both groups. The overall non-cancer risk (HI) indicated that
this risk was high for adults and very high for children.

CONCLUSION

In this study, the concentration of heavy metals (Zn, Cr, Pb, Co, Cd) in the dust of Zabol City was
examined. The results showed that the concentrations of lead and zinc were the highest, with zinc
concentrations in the samples exceeding background levels. The origin of the dust in Zabol is linked to
both local and external sources, such as the dry Hamoun wetland and the central desert of Iran.
Additionally, human factors such as industrial facilities and traffic also influence the concentration of
heavy metals. The research further indicated that Zabol City faces a critical situation regarding PM10
particles, with concentrations of these particles increasing to dangerous levels. The concentration of
heavy metals in Zabol dust is associated with various factors, including the 120-day winds, industrial
activities, and urban traffic. The results highlighted the necessity for preventive measures to reduce the
risks associated with heavy metals, especially for more vulnerable children. Chromium was identified
as a serious threat to the health of Zabol residents. These findings underscore the need for special
attention to the pathways of element absorption through ingestion and emphasize the importance of
control measures.



4 Journal of Natural Environmental Hazards, Vol 15, Iss 47, March 2026

REFERENCES

References (in Persian)

Arslani, Fatemeh, Alijani, Bahloul, Akbari, Mehri, Mohammad Khan, Shirin. (2019). Investigating the heavy elements (Pb,

Ni, Cu, Cr and Cd) present in the falling dust of Tehran city. Earth Science Research, 11(44):15-36. [In Persian]

Asud, SeydReza. (2019). Comparison and health risk assessment of selected elements in indoor and outdoor dust in Ahvaz,
Zabol and South Pars region. PhD thesis, Tarbiat Modares University. 94 p. [In Persian]

Hamidianpour, Mohsin, Mofidi, Abbas, Sasih, Mohammad (2015). Analysis of the nature and structure of Bad Sistan. Iranian
Journal of Geophysics, 10(2): 83-109. [In Persian]

Khashtabeh, Reyhaneh, Akbari, Mortada, Heydari, Awa, Najafpur, Ali Asghar, (2023): The effect of iron ore mining on the
concentration of some heavy metals and the zoning of soil pollution, a case study: Sangan iron ore mine, Khaf-lran. Water
and Soil magazine. 37(1): 77-94. [In Persian]

Firouzian, Sara, and Saeedabadi, Muhammad Sadig, (2016): Investigating the social effects and harms of fine dust (a case
study of Sistan city). International research conference in engineering, science and technology. Period 4. Pandar Hamaish
Institute of Pars. [In Persian]

Qanawati, Navid (2018): Assessment of the risk of heavy metals on human health in the street dust of Abadan city. Health
and Environment Quarterly. 11(1): 63-74. [In Persian]

Mazloumi, S., Esmaili Sari, A., Bahrami Far, N., and Moin Aldini, M. (2016): Evaluation of the presence of metals and semi-
metals in the street dust of west and east of Tehran. Health and environment. 10(2): 281-292. [In Persian]

Taati, A., Salehi M.H., Mohammadi, J. Mohajer, R. (2019): Assessment of pollution level, non-carcinogenic and
carcinogenic risk of heavy metals on human health in surface soils of industrial areas of Arak, Iran. Health and environment.
13(2): 335-348. [In Persian]

References (in English)

Ahmadi, S., Ezeliora, C.D., Sharki, S.H., Osagie, C., Ghosh, S., Igwegbe, C.A. and Khan, N.A. (2022). Assessment of health
impacts attributed to PM10 exposure during 2015-2017 in Zabol City, Iran. International Journal of Environmental Science
and Technology, 19(5), pp.4123-4136.

Ali, M.U., Yu, Y., Yousaf, B., Munir, M.A.M., Ullah, S., Zheng, C., Kuang, X. and Wong, M.H. (2021). Health impacts of
indoor air pollution from household solid fuel on children and women. Journal of hazardous materials, 416, p.126127.

Bai, B., Bai, F., Sun, C., Nie, &, Sun, S, (2023); Adsorption mechanism of shell powders on heavy metal ions Pb2+/Cd2+
and the purification efficiency for contaminated soils. Frontiers in Earth Science, 10, p.1071228.

Behrooz, R.D., Kaskaoutis, D.G., Grivas, G. and Mihalopoulos, N. (2021). Human health risk assessment for toxic elements
in the extreme ambient dust conditions observed in Sistan, Iran. Chemosphere, 262, p.127835.

Bist, P., and Choudhary, S, (2022); Impact of heavy metal toxicity on the gut microbiota and its relationship with metabolites
and future probiotics strategy: a review. Biological Trace Element Research, 200(12), pp.5328-5350.

Chabukdhara, M. and Nema, A.K. (2013). Heavy metals assessment in urban soil around industrial clusters in Ghaziabad,
India: probabilistic health risk approach. Ecotoxicology and environmental safety, 87, pp.57-64.

Cirelli, P., Bilo, F., Tsuiji, K., Matsuyama, T., Siviero, G., Pisani, L., Zacco, A., Depero, L.E., Eichert, D., Borgese, L. (2022).
Assessment of calibration methods for Pb-loaded aerosol filters analyzed with X-ray fluorescence under grazing incidence.
Spectrochimica Acta Part B: Atomic Spectroscopy, 192, p.106414.

Dehghani, S., Moore, F., Keshavarzi, B. and Beverley, A.H. (2017). Health risk implications of potentially toxic metals in
street dust and surface soil of Tehran, Iran. Ecotoxicology and environmental safety, 136, pp.92-103.

Fei, X., Lou, Z., Xiao, R., Lv, X. and Christakos, G. (2023). Contamination and health risk assessment of heavy metal
pollution in soils developed from different soil parent materials. Exposure and Health, 15(2), pp.395-408

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

Han, Q., Wang, M., Xu, X., Li, M., Liu, Y., Zhang, C., Li, S. and Wang, M. (2023). Health risk assessment of heavy metals
in road dust from the fourth-tier industrial city in central China based on Monte Carlo simulation and bioaccessibility.
Ecotoxicology and Environmental Safety, 252, p.114627.

Heydari Nasab, M., Karam, A., Negaresh, H. and Pahlavanravi, A. (2019). Morphometric Analysis of Sand Dunes and the
Speed of Their Displacement in Sistan Plain. The Journal of Geographical Research on Desert Areas, 7(1), pp.149-164.
Javid, A., Nasiri, A., Mahdizadeh, H., Momtaz, S.M., Azizian, M. and Javid, N. (2021). Determination and risk assessment of
heavy metals in air dust fall particles. Environmental Health Engineering And Management Journal, 8(4), pp.319-327.
Kabatas, B., Pierce, R.B., Unal, A., Rogal, M.J. and Lenzen, A. (2018). April 2008 Saharan dust event: Its contribution to
PM10 concentrations over the Anatolian Peninsula and relation with synoptic conditions. Science of the Total
Environment, 633, pp.317-328.

Leung, A.O., Duzgoren-Aydin, N.S., Cheung, K.C., Wong, M.H. (2008); Heavy metals concentrations of surface dust from
e-waste recycling and its human health implications in southeast China. Environmental science & technology, 42(7),
pp.2674-2680.

Liu, X.X., Hu, X,, Cao, Y., Pang, W.J., Huang, J.Y., Guo, P., Huang, L. (2019). Biodegradation of phenanthrene and heavy
metal removal by acid-tolerant Burkholderia fungorum FM-2. Frontiers in microbiology, 10, p.408.



Investigating the correlation of heavy metals (zZn, Cr, Pb, Co, Cd).... 5

Luo, H., Wang, Q., Guan, Q., Ma, Y., Ni, F., 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,
p.126878.

Madadi, R., Mohamadi, S., Rastegari, M., Karbassi, A., Rakib, M.R.J., Khandaker, M.U., Farugue, M.R.l. and Idris, A.M.,
(2022). Health risk assessment and source apportionment of potentially toxic metal (loid) s in windowsill dust of a rapidly
growing urban settlement, Iran. Scientific reports, 12(1), p.19736.

Madiha, Z., Rashid, A., Ayesha, A., Yasir, Sh., Liagat, A., Mahpara, F., Khalid, A. and Shuangfei, L. (2022). Health and
environmental effects of heavy metals. Journal of King Saud University-Science, 34(1), p.101653.

Manasreh, W., Hailat, |. and El-Hasan, T.M. (2010). Heavy metal and anionic contamination in the water and sediments in
Al-Mujib reservoir, central Jordan. Environmental Earth Sciences, 60, pp.613-621.

Miao, F., Zhang, Y., Li, Y., Fang, Q. & Zhou, Y. (2022). Implementation of an integrated health risk assessment coupled
with spatial interpolation and source contribution: A case study of soil heavy metals from an abandoned industrial area in
Suzhou, China. Stochastic Environmental Research and Risk Assessment, pp.1-15.

Mirakzehi, K., Pahlavan-Rad, M.R., Shahriari, A. and Bameri, A. (2018). Digital soil mapping of deltaic soils: A case of
study from Hirmand (Helmand) river delta. Geoderma, 313, pp.233-240.

Miri, A., Maleki, S. and Middleton, N. (2021). An investigation into climatic and terrestrial drivers of dust storms in the
Sistan region of Iran in the early twenty-first century. Science of the Total Environment, 757, p.143952.

Miri, A., Shirmohammadi, E. and Sorooshian, A. (2023). Impacts of dust storms on indoor and outdoor bioaerosol

concentration in the Sistan region of Iran. Journal of Building Engineering, & 302.

Najmeddin, A., Moore, F., Keshavarzi, B. and Sadegh, Z. (2018). Pollution, source apportionment and health risk of
potentially toxic elements (PTEs) and polycyclic aromatic hydrocarbons (PAHSs) in urban street dust of Mashhad, the second

largest city of Iran. Journal of Geochemical Exploration,. pp0L54-169

Panging, Y., Abliz, A., Xiaoli, S., Aisaiduli, H. (2023); Human health-risk assessment of heavy metal-contaminated soil
based on Monte Carlo simulation. Scientific Reports, 13(1), p.7033.

Patel, D.K. and Jain, M.K. (2022). Health risk assessment of trace elements in the ambient air along the roadside in Dhanbad,
India. International Journal of Environmental Science and Technology, 19(5), pp.4107-4122.

Qing X, Yutong Z, Shenggao L. (2015). Assessment of heavy metal pollution and human health risk in urban soils of steel
industrial city (Anshan), Liaoning, Northeast China. Ecotoxicology and Environmental Safety. 120:377-85.

Rahmat, M.A., Ismail, A.F., Rodzi, N.D., Aziman, E.S., Idris, W.M.R., Lihan, T. (2022); Assessment of natural radionuclides
and heavy metals contamination to the environment: Case study of Malaysian unregulated tin-tailing processing industry.
Nuclear Engineering and Technology, 54(6), pp.2230-2243.

Rashki, A., Kaskaoutis, D.G. and Sepehr, A. (2018). Statistical evaluation of the dust events at selected stations in Southwest
Asia: From the Caspian Sea to the Arabian Sea. Catena, 165, pp.590-603.

Ravankhah, N., Mirzaei, R., Masoum, S. (2016). Human health risk assessment of heavy metals in surface soil. Journal of
Mazandaran University of Medical Sciences. 26(136): 109-120.

Rehman, A., Liu, G., Yousaf, B., Zia-ur-Rehman, M., Ali, M.U., Rashid, M.S., Faroog, M.R. and Javed, Z. (2020).
Characterizing pollution indices and children health risk assessment of potentially toxic metal (oid) s in school dust of
Lahore, Pakistan. Ecotoxicology and Environmental Safety, 190, p.110059.

Safiur Rahman, M., Prashant Kumar, Mohammad Ullah, Yeasmin N. Jolly, Shirin Akhter, Jamiul Kabir, Bilkis A. Begum,

Abdus Salam(2021). Elemental analysis in surface soil and dust of roadside academic institutions in Dhaka city, Bangladesh

and their impact on human health. Environmental Chemistry and Ecotoxicology 3 - 197-208.

Shahsavani, A., Tobias, A., Querol, X., Stafoggia, M., Abdolshahnejad, M., Mayvaneh, F., Guo, Y., Hadei, M., Hashemi,
S.S., Khosravi, A. and Namvar, Z. (2020). Short-term effects of particulate matter during desert and non-desert dust days on
mortality in Iran. Environment International, 134, p.105299.

Shan, W., Yin, Y., Lu, H. and Liang, S. (2009). A meteorological analysis of ozone episodes using the HYSPLIT model and
surface data. Atmospheric Research, 4(93), pp.767-776.

Wang, X., Qin, Y., Qin, J., Yang, Y., Qi, T., Chen, R., Tan, J. and Xiao, K. (2021). The interaction laws of atmospheric
heavy metal ions and water-soluble organic compounds in PM2. 5 based on the excitation-emission matrix fluorescence
spectroscopy. Journal of Hazardous Materials, 402, p.123497.

Wei, X., Gao, B., Wang, P., Zhou, H., Lu, J, (2015); Pollution characteristics and health risk assessment of heavy metals in
street dust from different functional areas in Beijing, China. Ecotoxicology and environmental safety, 112,.186-192.
Yarmoradi, Z., Nasiri, B., Mohammadi, G.H. and Karampour, M. (2020). Long-term characteristics of the observed dusty
days and its relationship with climatic parameters in East Iran. Arabian Journal of Geosciences, 13(6), p.242.

Zhang, W., Chang, W.J., Zhu, Z.C. and Hui, Z. (2020). Landscape ecological risk assessment of Chinese coastal cities based
on land use change. Applied Geography, 117, p.102174.

Zong, Y., Xiao, Q., Malik, Z., Lu, S. (2023). Exploring Environment Pollution and Risk Assessment of Heavy Metals in
Road Dusts from a Typical Steel-Industrial City (Anshan), Northeastern China. Water, Air, & Soil Pollution. 234(1): p.34.



o PP o,

& . .
@ b bz Of Yoo l .;
—— FIV1-£TAG ;K : : : oAl
-£TA0 g TN bLY  FIVL-ETYY i ol> bls *
h Homepage: https:/jneh.usb.ac.ir

VP8 (523798 ) b 0 o FY 0o IO 0,93 o s Lanmo &l yboliie i}y ook aloxe

PM g @l 143 g (Zn, Cr, Pb, Co, Cd) oo 1 38  Siwwod (v 3 93
i3 e 0 8T ool S 5 3351 9 JLE g8 ¥ 4 392 90

Iy . . [ A . L \ .
e SIS (gt y00 ¢ 39yt 00 pod Loy ¢ (g Sms Lo oo 5 (Sloenty Qoo (e (B8 (pamo
OS5 sl rsel g @i pe 0aSizils (bly JyuS g Capae 5550 (sezeiils )
(J gomns 00damn 93) 5 5515 pu5n] 5 5 50 008l o bl sblie Cuite 05,5 Lokl .Y
ORCID: https://orcid.org/0000 000248138151 / ali.mohammadian@gau.ac.ir: juos!
OB S, ssul 5 @ e saSiils ( Sblo bl o o 09,5 Luzils Y
Dl esrmde molis 0aSLasls sy daizeo 05,5, Loliul P
g T ool dngs g (aisms Slakioe duge ¢ Lokl .0

oS> Ao OleMb|
S o5y o e SlaSogl ol b ol dgrlyr Gl i e 3] e e S5 e g5
ijSZn ‘Cr‘Cd‘COk},iw)aL;cwa)ﬂ adlas cpl 5l Bos ol (X g5 Ao

oS 9 ololid Caz Guizs ol 50 ool il o 50 o] cudle S, b, PM10 w3
TCR s paiges laolKiws 3l solazul L ,Le § diges £ s g Le clale
2 SO pages Geobacws 5l 00 2 5k 9 0,5 diged B Syse e o VRV ANA sedl s g,
S5 angs Bl S 5o ssseed baulsl B ciguas)l 2l 5105, 1Y slasl g Lo lish slas, b
S RUERW) J.‘.L?u ICP'OESO&‘AO Ja...:y f}...aO'S 9 s.,JLS €Oy (59, 5t°5)5 PAIE T e
c. - S8 edale : ¢ . 2. d c. VEYNVYA: Gl gyl

Ot S (53031 5| PM10 3 9 )b 9 05 S polie (pm (Saod (o) FAR T
oty PML0 lale g g8 505 s ols oLt g lel ol 5 3o 5 ol gl o ol | TP/ VoV i 5LaaT 0,0

Sl Carsg odias Glis iy es 0 PMI0 @IS cdale (1S5l .o ls 092 o sine (Srad

VECYN VY iy g g sG

S50 u.,_i..w Ql}lé &lp (ER)é)y;l Sy 2l u.._i;L.a C"L"’ RIST NI Ve O.’.l 16oals sejly
b ol cnals Wy, g e0e ZNSPE>CA>Cresjsm 40 L 5 0,5 sladiges jo asdlas b3 PMyg ps,8 Légo 5
o aalllas (oS IS (sl (0T (o 09,5 0 2ol e S e (n S g G i PRI

N0 g VYY) =Y Y )5 09,5 50 9 (MAIKD) AYOX) =18 5 VVEx) =Y s &
cdale pSKils el Caws 4 pg,S g ponedlS b 4 Loy Jlaie oy yidus 5 0350 (MOIKY ¥/FYX -
ol el 00T (pSins I3l 51 bl e a5 ols plis bly oliw e JLé g 9,5 50 onaSiw I3l
el (gela S YU ) polie JUil g el alex 5l alise Jolse 0 wilg oo I3l cdale
SV losie b (Bpb Jlad 5 Jlod Gblis Caa 3l 635, 1T+ slask alewsas PM10 &1

il bgiye Comaz (i 5 (608 Sl o glacdled

o O F0) L e i glSulS 5 Lo 559,00 08,5080, Lo joue> w5 K, (e b Sl phesms s (rmmo , o8] 5 0l
5 e 50 Ll et Sty 25yl 9 ,Lége,5 50 99290 PM10 3lee =3 4 (ZN, Cr, Pb, Co, O X @ljls Sacon
V-YY (FYN O, ol oo bl

< ; S s gl /cd.;....;sj ©
Lz sl 5 Gl olisls 1 bl O 295 2 ©NoIS)
- - DOI: 10.22111/jneh.2024.47416.2010 SROIS




\4 VFel (90,959 ) (2l oylols FY o)lols D 0590 (b Lo Ol bl

dodio

5 ol am g S50 Sl 5 o il Olsieay a8 Coul SLudl melsr 0 snes sla il 5l S Ip o)l
Sloy3iS )3 ppasar oS ol I (Sogll g el (il (S 50 e s CISEe ke 5l S
Bblis 53 55k slaonay Aozl s 55 5 Léga ) (Yo T+ (o)lSen 5 ' S5 anl 3ptin Sl dnmagi Jl o
ol oy 1) Sy lazma g Cedlas e Sl o5 witn Bblio (ol b lymen 3blia b 5 Sidaas 5 Sis
30 6ol saeily W S e g L bl o legd I @3 15 (VFY ) Kee g alias) wyle
2 a5, pema 5 Jless T onny 3l sladle J3 (VYY (oes 5 T il e Sl o
9 i S 3 (8813 lear 18 Gl (s e g Sanl 4Bl Gl (6 Keda jobay ailsgl>
Ol 3 alise sladhaialp Bblio 5 (Jowe sla)legs S g oo 55, (om0 polie jsbar (o Sisdas
SYsb S augie LIsas 500w sbyd et Jolgms B 535 50 slonl 51 a8l ol (VY T Slano)
Sl olnl 55 aihte ol 5 wlidlsr B (Shy s cesl Bgpme 05y VY ol 4 gl Jad o ()]
yebds a5 i s (18 059, VY slaol 13U o bl g e s slalin 0l (VY0 () Se 5 e boses)
LidpS 4>l Sy 3929 5l sk (pl oS o (Big 4 £98 H3 0 B 0lo s slale jo g Ll Jad jo (cages
Gl e 53 QlalS 350 9 Wgdioe (AU 2 sbyo g IRl G Jled o Jladn a4l Ko Glpl G0 50
o 9 00d ST LSy (iS5l Lss S glap sk (655 ISE anld (VYT () Ken 5 (5 5me) 05l 18 oo,
Qs yoo Olas 5lyd 5 GSly a4 Soles j0 g s dilate 4y Gldlidl 02 5 Glul,> 5,0 ddbie 5l s
ol 5 8 Gaskee Vosgua Jlo s widlage Sl glojle (515 Golul 2 (VA e asi':“))
(JoIo (ed ar aamd o0 Cews 5l 1) 353 e (A 5 ()l lse (So b b e slags Lo Sdeas e
a5 S jlare g Cdl i) 50 Sl Al o a4 23 sladle s lsa (Fogll altas o)Ly Lo Sl
cly Legs T 5 Fyp 6l ,ed 45 Conoz 5 ool o i ilug slowd o i slaceled Lial5El Coul sn
s s iz 5 Bliiel el Gl 5wl o LE0S )0 d5zse eSi Sil 5 955 e e (Sl
5 Mt gous o5 SBCLIE S o S Sl LU (Y VY (il 5 ol i) Wi gl o
S sl le 53 Szge eFiw SIS Ygena (VoYY () lKan 5 lepie) 08 a doagd 1y (Sofslom (555
o oadosliiul Sledad 3 iy ilayd daplasle Sisbod aulio nfiw Sudly 5l 56 sl e
(S35 sy dile S SIS (V) Mo ulie) wil Led lacdgn 3l s Sowe sl dag s>
S Belse nienz 5 e alezil i ghjren 5 o Sools Jsas )5 5 St )T pgeedls (e
& yoie Wlgige (i S8 51 as 5l solital (YY) () San 5 ugl) aumo e oSt 1) Cann s laicne
Sy & 9 &S @l ) 5 S S e s e @ ] ozl age 5 0l lacegene

! Zhang

2 Luo

3 Dehghani

4 Lower wind

5 Rashki

6 Safiur Rahman
" Madiha

8 Manasreh

9 Javid



PM Gles &3 4 (Zn, Cr, Pb, Co, Ol pufiw o3l Scad (o) o A

2l s obadl 2 (Sl Sludl 5 s @S B pue ot Sl (VoYY (l)iKen 5 ' o) 53,5
LSe 5 Tl YY) o Sen 5 Silg) Wyl s B Coenl o8 slacdile s S won) Slogrse
05 ose ol oDl g2 g0l s e ST el W jame o eSSl YL cbile (Y- YY
Slde (VLS ) 4 S 5058 (VWA ((sagllan) 305 0 D90 Sy iz g i ey oyb 5l i
5 Cast) Spbce byl Sl gl 4o DL ol cely ol 5 oS o i |y Sl ol 5l o ki
6 s o] 51 P S5 55 5 650 (65 kS o3 (Yo VA iy l5a 5 O LublIS ¥+ ¥Y T g lnos
oS5 A arg LT (hlKen 5 (Ljgd) 358 Lai> (68 Camjlarze g ol Cdles B el 1005
s e Sl g5 dz oyl el bl | Cogas phS Sl st GLéssS 0 Blas Sld ez
Sl )2 e ipe 5 9l 292y de) (al 3 el 5 (BIT Dlbl 5 el Jlgds Lo ad o laludl
VVE e 57 5d) ol oK Sl Cale ad wongl] 3blia jo (i 3l Sogll Coads g b s
S oolital b txio calizes slaclad 5 56 i S Sosll Syl b bLoyl o 6l o)y
el s e Sy oS5l s byl 4 OTA2) lSen 5 el wed o ol ol (sla sl
ol g 9l ol (ST e sblis e S o pludl e 5 St B Ll s s
3 el S g g 2 5l e @l e 3 (VS5 g (B35S Sl Sl 8 Sl a5 Woged
Sad lege S llyd s pladl cadler p gow yolie Jlas oLyl 4 (VF - Len 5 5900 0300 (293
HE s asls) 5ol pe e it oo dilaie ol 50 o] gl olil 2 izl s lias 55 dars
Sl ailos Js3 B alin] 51 VL 5 Golb,w @l g 0ng Y sl (VLS 150 5 (5055 ¢l > 1
OhlSes 5 (owalpl (ciagh )0 wlbioe Yo (VLS5 v 5 (B35S Sl o2 &k e ln 3 2l0Wb
Loyl s ool py 5ol )8 o 9080 |y Az s 55 waldl 5 JLis3,S L o bl 5 PMyg ol sis oY+ YY)
Cble alie s8g; b S g Lod (Sle g WSl e bt JLegd S lajg; S 2 W) 9 PMig il
L PMyp (Sosn 003 S005 ol bade olsn 5 O gloysie 15T 5 ,Leg0 S L PMio 5 @ijls |, PMyg
Jedgo S sladigas (V1) iS5 ] oo il ailale g b Sloj Gubie o gl (slas,
oS ilosgas ol g Woged (gyslaer |y dedte b 50 S S5 L g SeSas cato bl I Ll
e 53 Sl GYLS 55 5 5055 sl JL9 )5 (opme 18 385 )18 5 (Swij Jsb yo gl (il Bl Sl ylas
Onl 53 (VY 4) o)lKen 5" Gigmed Lo o5 gy ol oV o5l il sl sniaslis sgte
053905 (2Ll 1) o9 re 6295 e 5 S0s5 JLeed S lajgy 5o Blae IS Dol S wisls vl
el ity 5 4 S gl o Ligo S slagg, sl s PMip VU glacdale a5 ols ol bl gl
oor i kegs S slaglish b basye (piej g (ool slge (lnl Gl adlaie 1o (V- VY) (0o 5 (50
oSilee (s 5 maloogs JLegs 5wl codled sald Yoo FVe el o550 g5 as ol lis Ul bl aioges

LAli

2\Wang

3 Bai

4 Bist and Choudhary
5 Kabatas

5Liu

” Najmeddin

8 Shahsavani



q 1Fel (9,938 ) (2ly 0 kol (FV 0,Lols VD 090 ¢ grmdb bmo Ol jblio

\ . . T e e . . B, 5

9 6..\.0‘ Sl 00 oumlico 0,99 U"‘ 3o ‘Stl U9 g ‘SQL.S Mg su.}}la) ‘U"")Lf u.t)..oS 9 QL‘O CE
K e 50 1) i 5 (B9 8 slasilen s PMio (oyne 0 (585 13 (e BL3)1 (YY) ]S
olss dilaio ;0 (V-VY) o)) Ken 4 vJ;b D5 00l s Lo)S zlgsl jeam jo Blae OIS Bl 4 el S
aS ol oylis b1 s axsls sl slael jo lase lga 10 Gl jaie Sodlw Hlas Sbj,l w4 i
3 e ol Gl pled 3 (S e wiz (Byxe ;0 (R85 18 Jdsar IS0 6l oy Sl (a3 La e
s> 2l (VYY) Ql)l.iwﬁvcl.m 2,5 salss slul 1) 5555 10 sanl jo Slbpw é o Hlas 504 )
w0Vl jolie ol ol 5l ad F ams 5 aiSby 0 Glools [Légs 5 0 o Siw Sl el
cely 4 ws Jolse cp e 5 (S ege, VY ool a5 pl 4 amgi Lol |y coenl o iy paneslS
. f - . e .

sloole ;0 5 Hlisls Jad ;3 (ooges poboas o (Vo1 (Gl 5 (sloye)l) Wigdioo bl sed 5o (Sogll o
Cels dalaie ;o Sias g ol ool ol (Yo7 () Ken 4 OL;)."@) QLS co 39 A Eord e et B oolo,s
b ol (VoY e 5 55,00 w508 13 JLége 8 Ll 13l cos ol ay Bl oybis g 45 Cewl 00
g Sl ued BB JLegn § Ko polic ddlllas godge St il a8 5 & jso 9SG aF Sldlas 4 4>y
5 SIS oy iS9) pe)S yaie gk (Sed ow)p Sua b laalllas Ll 8 50 et Sl 4 4 b
ol 3l Bae el 438 )55 O g0 s (9,8 Ve 3l S cdale b olyd ol Lol Jelse 5l S pgeols
5 e el caadls o] 5 Sy ) 5 ol ol (S 5 I3l (ol G st o sy
ASl e

b sbsy 9 Bosls

anllae 5 g0 Al

Ol Ll b oy 5lepluadlidll 3,5 5 Jlod 5l g 00l @ly liazrgh 5 Ol Gl Jlods jo bl adlais
94,0 F) U addo V0 ax,0 #) oogums ;o adhaie (plojls 5 i e laaly L 0l b s> 3l g o9
S o) 3 L Il e 4iBS YF g az 0 ¥) b aids FA g ax o Ve 5 5,5 Job aids O)
O USS) ol mo 0 50gl S VONVAY Dg0 50 Q] Colase g Sl L5 5o Yoo 0gus dilaie pl Cuzes (Y0 )Q
b adhate ol ool ddo e g 55505 3ol oLl oS i jd iy 5 bagy Ve 5l Gl Jold (s ablate
5 Jlo ) yeshe 00 Gl s o po YA (T aildls cusby lawgie § Conl dzlge (oS Cusb 5 0L o5
ssba 5 0300 ez 5o 1) JLegd S L el e (slajs, ol iy s ol o oo TV ()T (Sl bansgie
e o porcay (b (e & a8 )5 JLego S L elyen ol s Jlo 159, VP ) G Lo o (Sl
2958 o 53 alle Ve 0)00 Gl SBgd )T g b L plys slajg, slass 1 a8 (68,510 wlal p g Sl oa

! Ahmadi

2 patel

3 Han

4 Yarmoradi

5 Miri

6 Behrooz

" Heidari Nasab



PMY les )3 5 (@Zn, Cr, Ph, Co, Od pfiw ol3ld Svad (o) )

Sl ools plais] og> 4y ,9iS mhaw (o 1) Cod (YL 55, VO« 51 i b lncs adlais ool plo]
$lsp3l b olmmo walil wadpdlol (g8 ganainl elol p Qb dilate o l8l (VA ) ST5500)
Alo Yo kel Lol el oo sloeld o sl 5 SYsb slaliwsls g SLls Sis 405 L5
aibie opl (ol Glacaogas dlosl 0)ls 352y (i 59, Yool Giow Al By adlaie )5 (oulitlen
aisls g, Y8 5l Gl aldle o8l slajg, slowi (nKleo o(lawew 039, YV +) ol ool (o35 4 ole o0
o9 Y Geizren 5 canliall (SasSTyn b pie oo P L ply bl basgie (Sai)l Vb 59,4l slod Ol s

OYAF oI5 gawese) 8,5 o Lal LS)L’ET Slel olass ¢ Leo

60°0'0"E 61°0'0"E

2

)

- N

..
.
.
L] . & \
P * o - - h
z . Sl z
5 o L 2K >
) LETEY r
£ .~ £
¥ - o I
’ = |
G ad o
\
C Liat
SV \ z S s b z
Sl B 3
: = TS 2
I b 5 o ! L L JKm
I5 o 0 40 80
60°00"E 61°0'0"F

Ol 9 Qb gls g ol Ll Gl (53, 3 adlllao 3590 allain Caprgo 1) JSb
L a8 ams e bt ) s ailate ol5 jsboas 5 1528 3,0 Cand o L T slapl,> adi Y UKo
S0 pdiges slojg, (sl g axeln FA Sl o3l L.fa)l}ig Sygods (Vo1 ) 4 VQL‘;‘,) Hysplit" Joe 5l eolazu!
5 wobller s Jow 50 )8 n 5l (S Hysplit Jow .auo )8 ags ashie pl 0 (VE-) olesls > £ 4 0)
IS jebar a5 85 A Gl e ) 4z g LT (e 5 D) ol JLégd 5 S o e it
bypaS (B Jlod 5 Jlodt Cons 5l 5 Glal 635 0 285 bl Cuz 90 5 Ol ol Gl )3 d92ge Jlegs S
g oo 8y lias dilate 4 g wlaid F olas sl o liaeS 5 oo liaslial

! Mirakzehi

2 Hybrid Single-Particle Lagrangian Integrated Trajectory Model
% Shan

4 Backward



1} Vel (3359,9 ) (2ly oylods FY o Lo I 6593 ¢ st Lo &l oo

(FY olosts y3) ol o5l o (sl HYSPIit Joo ) HLaé 93,5 elyd by addis 1Y S

b tigad ol gty 25 5 (5,10 paiges

Slp pme sjlailisl Glabg, )bl e Legd S o S olls clale vy glp anllas (ol o
(Bl et 0 i Slls lee OIS cdale adlas glp (VYY) San \L‘)Lb) ol oolaiwl (5,00 paiges
ool (nl yo ol QB )b paises (e plgisds umaz 35 0 5 ol Llpl Jdoay 54l 55 5
o 6yglaex TCR Is paiges slaolKiws 51 soliiwl b ole o, b Cotiguod )l 5l es,Lég0,5 slajs, 4o diges
(VY )8 Y&ls) WS oo oz Olyd plu 5 PMyg &l)d oKiws 0l 10 95290 aa (¥ SK0)

1 Han
2 Wang



PMY slas 1,3 5 (@n, Cr, Ph, Co, Ol S Ol3l  Sad o) VY

5en 5 stl) Wt 5IUT ICP-OES olSis Lasgs dpmsl 10 pgsodls g LS sy w053, ep3,S pic iy
orle B slapgls Gl Slez 5o 5 Voo Jolsd 5l (Bolal g0 SI- sladises wn al>ye )3 (V- - A
S 3,50 polie S5 simliont ST 5 00 (sygler 4ilate sl s 3 5 by b LI sl
O Jlol oz baiged (pl ol 5 slanx bly ol o Blbl bl 5l S dgal FO bax 000 5 adeis
L oazlo 5l eolinal b (s tagilo 0 glis)) j0) SB Vb mhaw jl sads Jlosga oo jglateds olKiulej]
) Ser 5 Kilg) wings F Jiie olKiasle)l a4 (Sl sloaneS l eolatul b e g 20l alil o)y
Syt zoyr g iSal = il onbiiz (slawdl) ICP-OES ol8tus 5l solitul b ladiga calgs ;o (V- Y)
I Sen 5 sy wid LT (F USC8) sl g s olSilo (635 o olSitaloj] 45 35255 (ICP-MS VA« -

(Y4

ICP-OES ol s TCR 4l yaigns (sUolKiw :cill cosliias] 350 (sloolSims ¥ S
15 olel Julows
(Sls atals azen (55lel (glo gl Condy 4o wazse slaesls ()] mi (SisSz oyn 4z
gz 00,5 plosl EXCel 153l b Lo asls Slslme 5 solizal SPSS.20)300 5 5| Koz 5 jane lyoul
0305 b polie (San 5 'Sy mls sasl b besls gog Jloy il olie Chile Sian (e
28,5 Oyge RISl S50 g
(RIS 590951 Sonny (5L

VU S¥slee 5 SusedeSt Sy Joily (a3Lo 5 legn 350 9290 D3l (S Janzme Jlas b))
(VoYY (LS 5 P, Y VY (o) San g Mi@0) oy ool

RI =)L, Er O
E =Tr x G «
! Inductivity Coupled Plasma- Optical Emission Spectrometry
2 Leung
% Liu
4 Shapiro-Wilk

5 Rahmat



1Y 1FeB (90,958 ) (2ly o)lods FVY o05lols D 090 ¢ grdb bxo Ol bl

C=G/ G «

Sy90 paie So5deST Sy polie Su3elsST S, i iy 4 Cng Cs Cf Tr Er Rl Ly, cpl jo
¥ 4 pgeadlS g LS e k555 p0S paie iy lp |y O e a5 GgnilSle ' coans ;S Tr L
rais Ol (e dmgy) dioy Sl &y digad y3 a0 090 pate ClalE Cond 5l 55 CF oS (pai Ve 5V 0 )
Rl ganasds .ol jlai o 50 paic i) cdale CN g diges )0 yaie cdale s 0> CS adly jo .0yl o ooy
I VPR N U B PRESSIRY = g

S 3995 T Smy uinaiab Y Jgux

S Er <f.
Lugie f.-<Er<a-
az g5 bl A-<Er<hs. Er
ab; ve-<Er<vyy.
ol s Er>vy.-
oS RI< o
Lwgie \6-< RI <y
- RI
ax g5 LB v..<Rl<s..
b RI>f..

ol € 9 2ol s (b))

Lot s Sl o)l (ol (o 90 4 a5 ol (lal> 1o iz guil B o Siw polie b oo Sz L)
Olojbo bowgi (iilige Slas b)) slaghs, 5l eslinl b bl cnl 955 o0 et iolb s e lila>
93 8 oyt 1y a9y ol 53T ND o Ses 5 T KS) S9d00 2 (USEPA) 14 501 o s lanoms cililic>
(s g e shol s a5l BB (e 53 (Ll 6518 59, 2 S eS il 8 5 ol e sl a3 o
¥ oVoles jloolainl b b pos o) 51 S5 po j0 1518 allig ) Ol polie o)ls )8 Cavgy 3oyl 5l > g i
g oo byl g Al £ U

CXINgRXEFXED _
Intakqng = ;/VT x 1076 (f
CXINARXEFXED

Intak =

Gnn PEFXBW XAT ©
CXSAXSAFXABF 4 | XEFXED —6

Intak = £Ima x 10 4

Qiermal BW XAT (

Intakgng 9 wiass 3o,k 3l ©de dntakeinn «awgy @,k 3l Olls aljy) Cis (.Sl INtake gemar polie
<ol (Mg/kg.day &b 5,k 5l Ci

! Toxic factor
?Qing



PM Gles &3 4 (Zn, Cr, Pb, CO, Ol pufiw Sl Scad (o) o \f

S5 ol8 Jaie BF ((Gg) p caSesie a) jLegd 5 50 il lie dANGR (MO/KY) jLego 5 pole clale C
yolie oy 10 0,8 (0 59 BW (yean olie bixe 0 55,18 Gow ED (daylyea) polie o, o
AF (CNT) jolic (om0 10 Cavgy g Coxlus SSA (daY) polic (5,50 40 55,8 by Sae AT «(KQ)
el (35 (y30) Cawgy i > ABF 5 (mglenf.day) covg 4 Lége § Soins

5 YN0 o) Kan g SLS) ol o ylo s b)) oYoles jo sadoslinal sla el )b Slije ¥ Joax o
(YWY LS 5 haaSels 5 Yo 10 o) Sen 5 59

Al s (V) abasly sl YLoS )5 9 S0sS (HI) oliolb s e jlas (Ol ailjy ) ds lim sl 5

Intake

HQ = o \
ISy e Sl alyy) Qi kel rae 2 50 S by el b)) sl HQ dolas s
e STminiss oy Gy 5o 0% eSS kS » oS (s a2y ) SIS (o 5me 50 (655,13 (Jlexol (slo s
Wb V5l 3 SeeS AT Jhge 0 el ludl cld b 6,550l samslis sl Y 5l 58,5 L pl HQ
HIY ol pos o orazsi ylas asls ke aws e oLt |y bl cadls s gloaisS 5,5 5 wsllaal o 1
Wolee (Y18 o), Ko 5 Tolysiily,) 05 co el ¥ alal) Babs o565 5 JloS, 31 05,5 55, cgly i3l
iy 1y (mglkg.day oyee jo Sl aliy, Cds ke wolpls ool e s aule lp HQ
SISl 5SS Jlaae g pludl Cedlo b (6,55l saiaslas ) 5l 55 5 Loy plp HQ lade 0,5 oo
JloS)j 095 93 2 sl DB HD oliolb i jue (rexd o (el jladie o)l (loaiiS 1S g ogllaal

Wl s 4 A dolae 3ub 5045 4

HI = Y QHi A
sloJondljgiws wlol p Sl g 05,5« yolie sl (Cancer Risk, CR)ol0b o s asls
Ml s 5 ssimolis pasls ol g co dlie (EPA) I pal o jlazma 5l bl o)lol (soloiinn

el deule gl axtes bLI)) j8 095 (Saij b I dasee yo jolic opl b oS el g0l 3l gl ooy
25 e Gl oo Vo 5 Va5l iyl 5 055 e (250 e Sl

CR=IntakexCSF @
TCR=Y CR =CRq+CRn+*CRyermal O-

5556 CSF 5 (b 50) Slbyms U5 5l TCR (0xy (y90) Sl s)lon g pdisbes CR 1 o o8
Glime & ol sl 1x107 51 a8 Sl IS s e (51 .coul (M kg'day™) (oo ol Sl 1o ot
5 3l gl Sl (2 F BB Sl g Sl eS8 ede Sy p0 So T gl Jleial a5 cil
b 55 Jod byt slias o cul 3l X107 51 iy Gl J5 s STl cnl b ol G3LEI
saaslis wal 1x107 B 1x107 oy S s a5 Siee 4o el Sk 5 ool Glal coodls sl

wei
2 Chabukdhara
3 Ravankhah



10 VFel (0,939 ) (2ly o kol (FV 0,Lols VD 090 ¢ grmb bxo Ol bl

4 i polic 4 bg e Olylas U ol alils logg azgi b g ol Syllas 5 J a8 byl b (g o0y ylas

S0 )5 50 uSow Wl 3ol pad g (30l s b ()l Y sl sl polyl (glosaly ¥ Jgu

o505 JloS 3 (& 550315l w1y el ly
.. Voo mg/day IngR
s v m*/day InhR
Yo- Yo- day/year EF
I Y. year ED
'O V. kg BW
Yi4- TS days AT
VYs Xyt \Ys Xyt m3kg PEF
YA« NE cn? ESA
i Y mg/cnt.day AF
I XV ) a5 (VY X Ve ) S Tu(FIY X 1+ ) mg,S u(6IY X1+ )y | M/kg.day CSF
X1 ) sy 5 (F X Ve ) Sama ) (F X1+ ) S (XN ) o mg/kg.day RfDingestion
F XN ) sy s (N XN ) i YRS X Vo) g8 CFIOY X Vo) o mg/kg.day RfD innatation
XN ) gy s OF X Ve ) S P X Ve ) g8 (OO X N ) e mg/kg.day RfD dermal
PMio cdile § l3ld oo (Siunod

ot 500 by 5 pseedlS b SIS g s TpgeanlS g 550 [2LS g 58 JCLS 5 poeesls
A oanlie PMig b pg,S jate oo cdale Sod (o yiiion pizmed 0500 9925 a0 Yo YL jlo sins
S oo ol (SEIST O goa ) B s JLess,S 50 S92 se pSw Slls (Stcen b S5

J.ab ).Q.w IO (o u‘,b l.gPMw RS M Qu.a).al.c ¥ J,.\:

Pb zn Cd Co PMi,
\ PM 10
) ¥irs Co
\ IAY WAL Cd
idi /FA ¥ia) Cr
\ /A /A /XY Zn
) /AY /A VD A Pb




PMY les )3 5 (@Zn, Cr, Ph, Co, Od pfiw Sl3ld  Svad o) V&

pm10 o5
0.6
0.41
04
0.29 02
-04
0.22 pm10
0.6
0.18 Cr =
A1

Jl5 el (s 138 & PMig (ygm g (Sotannans 10 S0
(Potential ecological risk):SG 59 o5 S 5 Jumnniliy
oad (o)l T ooz o bl Gl ped Jlgo )T ladised jo ufiw lils clile gLl gl ol 5l lasdl
MOIKG + /2 5+ YN 85 NNY 5 & powedlS 5 CILS c i cps,S 55, polic uSiles ke caud
ol @8y 50 05 2eS (e Ay 4o Clld) Ane; laie Sl s, sz polie plad (Sl Cl el Casoay
S Sl o Jlisay 5 a8 (s gim Al oy Sl ooliinl 5 e (64 Cunaz o wnd s ot o
Al adlaie (pl 3 pseedlS 5 SIS s 0 S pobie Sl (o0 o5 2 LIS Wlsiee Bl S

axdllao 3 yg0 Al 4o puSww Ol cdilé 6 bl sl yiolyly 31 Glaods F Jgux

oy Silbee il ol aels a>ly oS 38
-IFY AR Y <-FIVY mg/kg Ny s,
YY/AY -NY - 157 AR mg/kg ©Cn py5
YAIYQ -IAQ Y/- <[5V A mg/kg Pb <
VoA . -9 --4/20 mg/kg Co) s

V/FA . A --a/fY mg/kg (Cdy pesls

s 535l b, ol aalllas S50 dilaie (K S35 (SuilsS Sy by sty (! 5o
o L0 Jgaz 10 R S, a5l 5 (BN So3e0s51 Sy by polie 03« & 0uilSla) ol o0
Oygods Legd S sladiges jo adllas 0j90 K Ol ol BN . Sle a5 s o lis mls cul

ol (Er <40 o5 59881 Sy Jumniliy sls VIYA) 29,5 5 (VANVY) pouesls

! Hakanson



v VFeB (90,959 ) (2l o,lols FY o)l D 090 (b buzxo Ol bl

axdllan 9590 dilaio )0 (puSiuw I3 (RI) Sy (a5 L 9 (BT S 59le81 Somy 5obol gulis 6 Joguxr
(Er) S jeles! S

(RI) Somy oL S 3l
- aibeo el oy 35l (O
V\Y/eY YefIve YYAVYIYA . &89y
VYA AAANY .
YYIYY g
<IvE of/ey yav/ivy VoY &
VAN Y Y /FA ool

shobrw pé g @liolbw jbs 205)

S bl g i e (ol s dn STOIE (5 me 50 90 5 Sladiges yo (Gl ol S (215
W85 3 s 50 IS 5 (B85S sl

VLS55 Q5058 S8 4 oS l3lE S5 ST gl A o S (HQ) liolb o é Slas (e
T A e Ol S sl IS5 g 05,5 50 HQ (line (15508 5 e el oal £ Jgaz o
55 a4 bgyye (MGIKY Y/EYx) -2 g VYY) T LS 5 o 05,5 50 5 (MK AYOXY -7 5 /1 Fx) -
2Bl os 09,5 g poresls

gy yare &5 ol s by e 6l g e ) e polie b pws S Gl F Jguz 4 4z L
Kl b 53 55 095 yaie 3)ls hngte Sw) W B35S Slp g 05 Sy VLS sl B B 5o
sz gy ol (gl (sl pate (al wad o pLaS &S ABbga LS )5 g (S 0sS sl 0l S il
S Sy S 50 J5055 (sl g Jawgie Sty (VLS )50 sl (59, pais uizmen ) (g 0 ab Bk
Sl s (o5 (LB ol et et Sy (G 095 93 52 Sl Bl o 59 58 o 90 o0 )l
SIS yaie Cumal 5l GLi5 45 5,8 go )3 0bs Sy (IS 53 g 09,5 99 o (sl 5 b 0 LS yase
OIS )5 sl Gl e Sy S8 51 53 eeolS ol By sed 50 @ e 5l (Sl p 2 Sl o
R 2 59 peedlS IS 5 098 poblie calpli o)ls (o 50 ]y sk (L Sy (B35S sl g 0k Sem
e Sy Egezme Coles )0 09 cn Dgme (692 MY (e 09,5 90 o slp 5 atdly Sl cunsg
O35S sln g 3k OS5 sl Sk cnl Bl s 53 S sl plis wly e 5l polie (ooles (HID Sl o
TG polie g Wl 13 d Gayb e polie St (pme j3 i (8eS oS |z sadlioe ol sl
ool s a5 aS o0 355 o 9)ly @y Bayb Sl gles o Cs o 9B L) )Legs S ey
(V210) o Son g 'K i)l )13 (i Sl L Conogonns (ym0 53 i (5395 sons 9 285 sy
93 ) D)l Slges Shagh ol @l b aS cel (VLS5 ) e (L oB3sS jo HI aS audl o
Ot a3 (n i Shls pg S 8 (JLuS )5 9 S355 (g 09,5 93 o 0 a5 il (e (WTAY) (Sle5 Koo
3l Sdsllae gl ol @l b aS ol ] s 2eS pm S8 5 )

' Qing



PM Glas )3 5 (ZN, Cr, Ph, CO, Ol puSKiw Sl3ld  Sinad (o) YA

OU395 9 oYL ) SSE &l e 50 (i I8 (250l j pud yhas :F Jguar

(mglkg) 3L
eools s @ £S5 S9) Swlyl

sb olime

OB 255
F/aVx) 8 HQing
HQinh
HQderm
HI={HQI
HI total
oY)
HQing
HQinh
/AN . HQderm
VYYxY T YAV T YIASxY - YIVYx) e O/FFx) - HI={HQi
YY) HI total

e o) yaie &5 ol QLAY Jsaz o Bl D 53 al e ) e polie pliglb e S, (25
bgle Sy LIS 525 p9)S yaie xS o0 518 0y Seany I )3 O35S sl 5 bawgie Sy GYLS
Sty s 13 (Ml (sl paie ] S0 (lis &S ABbge (B0sS (sl ob) Sy g VLS s
Sy OB355 sl 5 05 (kB Seany VLS 5 Gl asdllae 590 0ed )3 i )l (g 3 | ale Gasb 5l ot
H dm i gtano ailaie ;3 Rl it 8 Wiaged Gl (V1) GllSes 5'has Sulz agiige Juli 1) (o8
S G (B0sS (sl bl b 5o SIS aie il oog ponesls g o (S5 4 bapye w4 pgS
505 b3 OYLS 5 (e 09,5 (Slp 5 poreslS paie ;S o0 2 y0 ) o5 Sl S VLS5 sl g Lawgie
3o (lis bl sed (s 095 98 12 sln polie (aled (TCR) (Gl jus Sy g0 ddlon 0L B35S (sl
Too o wlpSiy Sbeladl aieili g esg ol ek Bk 5l JLege S )0 092 ge uSiw Sl Slbyw Jas oS
e Ol 9 WSS patie ()5 18 (oyme p3 (el e lyedy wlh Ll (e Sl 4y azgi Lol
(e 51 () aade a5 VLS 5 4 s | VL (ol 5 @il pmmd Shbs e sl
G paie (355 )8 Gy 53 (HD iolb s i cdls s (T +YY) o) lan 5 g0 oty o (Y- TY
@bl JLegd 5 ;5 Cr g Pb ol jlas Jlotol wisges Gl isls plil faio bl jo (5355 sln |,

2yl Sdbllae hagh (ul b odpual polic pogas 0 @l (pl &5 wdly oo ol (Saro
5 OB 05,5 95 » yo 4 ol plas Bl b JLegd I leaises ;o jolie Cudle S, b))l @bl
wiboe bl (nl )legn S 5o citin yolie 5l (AL Olhas b agzloe (Lol s (@) Glos jme (VLS 5
Slalllae )3 (s S Gz < @) W) 13 Sl gam o lpe 0 G a4 Slail 5 g il

! Chabukdhara
2 Fei
% Madadi



1 1Fe8 (90,958 ) (2l o)lols FY o)l D 090 (b buxo Ol bl

s Cyizs ] ol 0 sanlie gl ol 505 ¥ VA Jlo 5o oLKes 5 Sl L(1¥A) o San g o]
e Slp g (nl @i b oS ails JLegs S 50 32 9e (Sow SIS Sl b agzlse (Lol e | o
i s 3 Sl e s e a8 wils Ly (YY) Len 5 Slims eimen ol ciillas bl
g ol iyl 1y Sl o S i ok 5l oY g oo gl g (g slomne 31 Siml 9oly iz
@hotb e 9 @hiolom Shlas (ome jo (3853 (Lol juns ol &5 wisges Bl (VoY1) Gl Ken
Sl yaie (npSUhs 1) a8 paie Griges ool (LS 30 (e )3 JLege S &b 5l S polie
53,8 (B s 3ble 13 (CR) cwdls ol o jlas

5 ol bl ol dmosler JLEga, 50 eSie SIS 5l A6 Sbas oy p L LY YY) ollSen 5 Kgj
5 2ol Vb Shhs Loy g 655 (o pmadls wile (oo SlHlE a5 Waged Gl Cenyylae (el
oo 7 Ty 5 (VYY) S0t 5SSl lallne gl it ol e il (Mo (512 3oy o
3 i b e 58 e A (S I8 S (6l HQ (lie (0526 g 0 s &5 w00 (LaS (Y- TT)
i 00 lp i g gl e )0 HQ (i ciizmen 0ghon cdaline i g (Swg i
e o s 005 oo osalin (B0 5l i (VS lp Svn 932 e ;0 9 00 (Y5
3o ol ol cnl &S Cend (VoS3 5l iy O3S sl SLLa Jleso 5 50 oo Sl &S ool
)l 18 S Sk S (Shne 0 (LS 5 Sl i (BS0sS

0295 5 (Y lwS )50 SUSET & bl jeid 50 cusiow Sl o150l yhas Y Jgu

(mglkg) 3

peosls dls ] e S byl

S ol

OB 55|

VFYx) -8
g "

CRderm

" AT V¥YRY -8 YIOfxy " TCR
/- Yxve F CR total
31 AYloS 5
8] P
4 VIAOXY VYR CRing

5

o

VAV o VER) - VAOXY +” AL TCR

V/-Ax) .o

CR total

! Zhang

2 Dehghani
® Rehman
4 Zong

® Panging
® Cirelli



PM Gles &3 4 (Zn, Cr, Pb, CO, Ol pufiw Sl Scad (o) o \K

O e

285 I enr 050 Bl s JEge,S 0 (PD s Zn L Cd CO) cieie Il clile (laghy ol 5o
P Sy chle S gzl el 1) Jlake (i 69, 9 @ cdile () oDy a5 ol i il
lag i b 8 Jlésd,S Lice amli )0 widg: (o) gy 5> CBIE) A ko I iy JLéso 5 (sladiges
Gy Jols YL pldlaz o ose 5 Glal 635 0 nsSeopele i VU i (2 5 e e 51 LS
aile (Sluil bivia b Lo po (pSiw Sl rizmen 09800 Bt J)] a2 )0 5 098 03 slagble GeelS by
S92 s JlwgtSle slacudlad 5 (oS Gblie 0 (9, (GpmiS g (B p Mg Sl (e Slul
5 oo o8l ulyt asle alge o5 285 A lgioe lie slagtagn boawlic 4 axg Lo o)l
Wl Bl et 9S8 e SIS clale ol s pete B 5 SLbI Bl JLégs S slaslg,
Lld 5l S Coxdg b Bl b a5 3l (Las 55 (PMio) (9,500 Ve (gl b 5 5505 O3 Glime (o) 2
o 5 Codlos Carndg 5 4l Ll SUyks olie 4 PMyg b clile 5 sl azlge cusdls asls
Sl 5B e a5 sl plas Bl ol et )legs S 00 (oS olild cbale (1Sl Bl oo 0aS 0l
YU 5l olie Jlail 5 cuils y ale 5l 00,5 5 alowe Jolse 4 Wiy oo Ol3ls cdale -l ool 0ol S
sty b (S Jlad 5 Jlod @bl Caow 5l 039,V slask aliwgas PMyg o3 jlazl sele S
oS Gt S5 g Comex b Bl e (Bob 5l iamex (e 5 0t Sl (G slac bl YL
o e dle Sl e 8,50 by el @ a4z si bl sl il (608 san VT mlie 59 o0 U]
el 3l Sand 5590 @lie 5l g ol @bl gl g jlassl ]y Bl et (S l3lE clale placl Cvad s
e g o St Slils ) 8l Slas malS gl S g WSy Slladl a5 ol olis agl ol
h @Yb ohhs oS yaie Guizes 295 Glohg axg el @bl polie 3> a4 Wl g 00g p3Y )
ARl 2ot e 5 2ol Oipon wilgi oo Sl (plaS (oo sl by oeSle (oM 6
Sl s (oree j3 (YeS 5 5l i B0sS a5 Sl sl BB il sy (35S ogaday (ilie
OS5 5l de (B0 lp i Sl ks ool pw e (oS a3 Gliee 5 anils 3 (S
Lis gy bl ool o iz S 5 al Sy Slladl ol glopil olyicdr Wl Azt ol e
Do 413)5 JL5ys G595 oaga g ol A1 Dl

P gy

5 55 JLS ipsi ol plxl o IR-UOZ0088 oo 5 o)les & bl olfzils Jbo culem 5l alwssipnoy
ol 1y s,

&l

15 55750 (CA 5 CT CUNi Pb) oS yolie oy OFAQ) L s ez 106 pte «06s5] t sl  silmede saabols (L)

X0 gao FF o)Ll (V) 0,50 (pmoy il slo gt o)l e s, sl
ool il g LIy lsal o Jile )5 g Sl Jlegs I 50 ot polie cudl S, 20Ul g anslie (VYY) LS, an ‘os.w'I

P e S 3 ol cg 5SS Al L o5



A 1Fe8 (90,958 ) (2l o)lols FY o)l D 090 (b buxo Ol bl

AR 0,99 ‘u‘)-" 55.1).3555) 4.1.7@0 uL.w.o.w Ol.t )Lo.‘>L~J 9 s.».:.ﬁLc J...L?u (H“ia) REOT ) ‘d.a.J....; ‘L}JL": 56»).&47 E 0559 ubw
N A-AY ae Yo, los

AF-YY cpao ) ojled TV 0,50 oS 5 Of s o)l ph Bl (B 0] K ome 158,90 dalllae S Sl goary,

(ol Gilbed oty dunnge oF 0,93 (53555 5 pole (pmiige ;0 g (Ml il
o ylase 5 ol dslilad (ob] ot SLLS Légo,8 o sl casdlos p i Sl s b5 (VYAY) g oleid
Ye-gy e A 0,99 AR o)Lo.:J

ol a5 OllE jeas plie (Sb5)1OTAP) jallae (udll Gene ol sl (il csile (helonl Dl oasllae
FVAY-VAY spao oV o)leds ) 098 e jhanmme 9 Suadlo (0l 05 370 5 208 SLLS jLkess S

3 it Sy Sl o i) (VT3 Lo, rlen 19,8 wistama smmr dama slo nbie < szl
X oyled Y 058 el 5 Cedls ool STl ko 3blie xaw slacSE 5 lul casdles oKt Sl il e
TEAYYD oo

Ahmadi, S., Ezeliora, C.D., Sharki, S.H., Osagie, C., Ghosh, S., Igwegbe, C.A. and Khan, N.A. (2022). Assessment of health
impacts attributed to PM10 exposure during 2015-2017 in Zabol City, Iran. International Journal of Environmental Science
and Technology, 19(5), pp.4123-4136.

Ali, M.U., Yu, Y., Yousaf, B., Munir, M.A.M., Ullah, S., Zheng, C., Kuang, X. and Wong, M.H. (2021). Health impacts of
indoor air pollution from household solid fuel on children and women. Journal of hazardous materials, 416, p.126127.

Bai, B., Bai, F., Sun, C., Nie, &, Sun, S, (2023); Adsorption mechanism of shell powders on heavy metal ions Pb2+/Cd2+
and the purification efficiency for contaminated soils. Frontiers in Earth Science, 10, p.1071228.

Behrooz, R.D., Kaskaoutis, D.G., Grivas, G. and Mihalopoulos, N. (2021). Human health risk assessment for toxic elements
in the extreme ambient dust conditions observed in Sistan, Iran. Chemosphere, 262, p.127835.

Bist, P., and Choudhary, S, (2022); Impact of heavy metal toxicity on the gut microbiota and its relationship with metabolites
and future probiotics strategy: a review. Biological Trace Element Research, 200(12), pp.5328-5350.

Chabukdhara, M. and Nema, A.K. (2013). Heavy metals assessment in urban soil around industrial clusters in Ghaziabad,
India: probabilistic health risk approach. Ecotoxicology and environmental safety, 87, pp.57-64.

Cirelli, P., Bilo, F., Tsuiji, K., Matsuyama, T., Siviero, G., Pisani, L., Zacco, A., Depero, L.E., Eichert, D., Borgese, L. (2022).
Assessment of calibration methods for Pb-loaded aerosol filters analyzed with X-ray fluorescence under grazing incidence.
Spectrochimica Acta Part B: Atomic Spectroscopy, 192, p.106414.

Dehghani, S., Moore, F., Keshavarzi, B. and Beverley, A.H. (2017). Health risk implications of potentially toxic metals in
street dust and surface soil of Tehran, Iran. Ecotoxicology and environmental safety, 136, pp.92-103.

Fei, X., Lou, Z., Xiao, R., Lv, X. and Christakos, G. (2023). Contamination and health risk assessment of heavy metal
pollution in soils developed from different soil parent materials. Exposure and Health, 15(2): 395-408

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

Han, Q., Wang, M., Xu, X., Li, M., Liu, Y., Zhang, C., Li, S. and Wang, M. (2023). Health risk assessment of heavy metals
in road dust from the fourth-tier industrial city in central China based on Monte Carlo simulation and bioaccessibility.
Ecotoxicology and Environmental Safety, 252, p.114627.

Heydari Nasab, M., Karam, A., Negaresh, H. and Pahlavanravi, A. (2019). Morphometric Analysis of Sand Dunes and the
Speed of Their Displacement in Sistan Plain. The Journal of Geographical Research on Desert Areas, 7(1), pp.149-164.
Javid, A., Nasiri, A., Mahdizadeh, H., Momtaz, S.M., Azizian, M. and Javid, N. (2021). Determination and risk assessment of
heavy metals in air dust fall particles. Environmental Health Engineering And Management Journal, 8(4), pp.319-327.
Kabatas, B., Pierce, R.B., Unal, A., Rogal, M.J. and Lenzen, A. (2018). April 2008 Saharan dust event: Its contribution to
PM10 concentrations over the Anatolian Peninsula and relation with synoptic conditions. Science of the Total
Environment, 633, pp.317-328.

Leung, A.O., Duzgoren-Aydin, N.S., Cheung, K.C., Wong, M.H. (2008); Heavy metals concentrations of surface dust from
e-waste recycling and its human health implications in southeast China. Environmental science & technology, 42(7),
pp.2674-2680.

Liu, X.X., Hu, X,, Cao, Y., Pang, W.J., Huang, J.Y., Guo, P., Huang, L. (2019). Biodegradation of phenanthrene and heavy
metal removal by acid-tolerant Burkholderia fungorum FM-2. Frontiers in microbiology, 10, p.408.

Luo, H., Wang, Q., Guan, Q., Ma, Y., Ni, F., 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,
p.126878.



PM Gles &3 4 (Zn, Cr, Pb, CO, Ol pufiw Sl Scad (o) o Yy

Madadi, R., Mohamadi, S., Rastegari, M., Karbassi, A., Rakib, M.R.J., Khandaker, M.U., Faruque, M.R.l. and Idris, A.M.
(2022). Health risk assessment and source apportionment of potentially toxic metal (loid) s in windowsill dust of a rapidly
growing urban settlement, Iran. Scientific reports, 12(1), p.19736.

Madiha, Z., Rashid, A., Ayesha, A., Yasir, Sh., Liagat, A., Mahpara, F., Khalid, A. and Shuangfei, L. (2022). Health and
environmental effects of heavy metals. Journal of King Saud University-Science, 34(1), p.101653.

Manasreh, W., Hailat, I. and El-Hasan, T.M. (2010). Heavy metal and anionic contamination in the water and sediments in
Al-Mujib reservoir, central Jordan. Environmental Earth Sciences, 60, pp.613-621.

Miao, F., Zhang, Y., Li, Y., Fang, Q. & Zhou, Y. (2022). Implementation of an integrated health risk assessment coupled
with spatial interpolation and source contribution: A case study of soil heavy metals from an abandoned industrial area in
Suzhou, China. Stochastic Environmental Research and Risk Assessment, pp.1-15.

Mirakzehi, K., Pahlavan-Rad, M.R., Shahriari, A. and Bameri, A. (2018). Digital soil mapping of deltaic soils: A case of
study from Hirmand (Helmand) river delta. Geoderma, 313, pp.233-240.

Miri, A., Maleki, S. and Middleton, N. (2021). An investigation into climatic and terrestrial drivers of dust storms in the
Sistan region of Iran in the early twenty-first century. Science of the Total Environment, 757, p.143952.

Miri, A., Shirmohammadi, E. and Sorooshian, A. (2023). Impacts of dust storms on indoor and outdoor bioaerosol

concentration in the Sistan region of Iran. Journal of Building Engineering, & 302.

Najmeddin, A., Moore, F., Keshavarzi, B. and Sadegh, Z. (2018). Pollution, source apportionment, and health risk of
potentially toxic elements (PTEs) and polycyclic aromatic hydrocarbons (PAHS) in urban street dust of Mashhad, the second

largest city of Iran. Journal of Geochemical Exploration,. p§0L54-169

Panging, Y., Abliz, A., Xiaoli, S., Aisaiduli, H. (2023); Human health-risk assessment of heavy metal-contaminated soil
based on Monte Carlo simulation. Scientific Reports, 13(1), p.7033.

Patel, D.K. and Jain, M.K. (2022). Health risk assessment of trace elements in the ambient air along the roadside in Dhanbad,
India. International Journal of Environmental Science and Technology, 19(5), pp.4107-4122.

Qing X, Yutong Z, Shenggao L. (2015). Assessment of heavy metal pollution and human health risk in urban soils of steel
industrial city (Anshan), Liaoning, Northeast China. Ecotoxicology and Environmental Safety. 120:377-85.

Rahmat, M.A., Ismail, A.F., Rodzi, N.D., Aziman, E.S., Idris, W.M.R., Lihan, T. (2022); Assessment of natural radionuclides
and heavy metals contamination to the environment: Case study of Malaysian unregulated tin-tailing processing industry.
Nuclear Engineering and Technology, 54(6), pp.2230-2243.

Rashki, A., Kaskaoutis, D.G. and Sepehr, A. (2018). Statistical evaluation of the dust events at selected stations in Southwest
Asia: From the Caspian Sea to the Arabian Sea. Catena, 165, pp.590-603.

Ravankhah, N., Mirzaei, R., Masoum, S. (2016). Human health risk assessment of heavy metals in surface soil. Journal of
Mazandaran University of Medical Sciences. 26(136): 109-120.

Rehman, A., Liu, G., Yousaf, B., Zia-ur-Rehman, M., Ali, M.U., Rashid, M.S., Faroog, M.R. and Javed, Z. (2020).
Characterizing pollution indices and children health risk assessment of potentially toxic metal (oid) s in school dust of
Lahore, Pakistan. Ecotoxicology and Environmental Safety, 190, p.110059.

Safiur Rahman, M., Prashant Kumar, Mohammad Ullah, Yeasmin N. Jolly, Shirin Akhter, Jamiul Kabir, Bilkis A. Begum,

Abdus Salam(2021). Elemental analysis in surface soil and dust of roadside academic institutions in Dhaka city, Bangladesh

and their impact on human health. Environmental Chemistry and Ecotoxicology 3 - 197-208.

Shahsavani, A., Tobias, A., Querol, X., Stafoggia, M., Abdolshahnejad, M., Mayvaneh, F., Guo, Y., Hadei, M., Hashemi,
S.S., Khosravi, A. and Namvar, Z. (2020). Short-term effects of particulate matter during desert and non-desert dust days on
mortality in Iran. Environment International, 134, p.105299.

Shan, W., Yin, Y., Lu, H. and Liang, S. (2009). A meteorological analysis of ozone episodes using the HYSPLIT model and
surface data. Atmospheric Research, 4(93), pp.767-776.

Wang, X., Qin, Y., Qin, J., Yang, Y., Qi, T., Chen, R., Tan, J. and Xiao, K. (2021). The interaction laws of atmospheric
heavy metal ions and water-soluble organic compounds in PM2. 5 based on the excitation-emission matrix fluorescence
spectroscopy. Journal of Hazardous Materials, 402, p.123497.

Wei, X., Gao, B., Wang, P., Zhou, H., Lu, J, (2015); Pollution characteristics and health risk assessment of heavy metals in
street dust from different functional areas in Beijing, China. Ecotoxicology and environmental safety, 112,.186-192.
Yarmoradi, Z., Nasiri, B., Mohammadi, G.H. and Karampour, M. (2020). Long-term characteristics of the observed dusty
days and its relationship with climatic parameters in East Iran. Arabian Journal of Geosciences, 13(6), p.242.

Zhang, W., Chang, W.J., Zhu, Z.C. and Hui, Z. (2020). Landscape ecological risk assessment of Chinese coastal cities based
on land use change. Applied Geography, 117, p.102174.

zZong, Y., Xiao, Q., Malik, Z., Lu, S. (2023). Exploring Environment Pollution and Risk Assessment of Heavy Metals in
Road Dusts from a Typical Steel-Industrial City (Anshan), Northeastern China. Water, Air, & Soil Pollution. 234(1): p.34.





