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ArticleInfo ABSTRACT
Article type: Dust deposition is widespread in arid and semi-geglons worldwide. Because
Research Article of Yazd is one of the industrial cities of Iran, evh there are various steel, tile,

and ceramic factories and industries around it.sT8tudy was conducted to
investigate heavy element pollution in the atmosighdust of Yazd city. Dust
samples were collected seasonally from the fallf7 to the summer of 2018 at
Received: 05 August 2024 30 |ocations, using sediment traps placed on tésrof single-story buildings.
Revised: 25 August 2024 Determination of the concentration of heavy elermamd evaluation of indicators
Accepted: 17 September 2024 of heavy metal pollution, including the Geo-Accuatidn Index (lgeo), the
Integrated Nemerow Pollution Index (INPI), the brated Pollution Index (IPI),
and the Modified Ecological Risk Index (MRI), tosass the level and extent of
environmental pollution and dust were calculatedhi@ area. According to the
cumulative pollution index results, the fall andnter seasons had a high
pollution index, and the spring and summer sead@aasan average amount of
pollution. According to the Nimru comprehensive Iptbn index, arsenic,
cadmium, and zinc are in the heavy pollution clagy average values of 7.8,
3.7, and 6.9, respectively. The average valueh@faccumulation indices were
Zn>Cr>Cu>Pb>As>Co>Fe>Ni>Mn>Cd. The modified ecobadi risk index
results were between 300 and 600 in all seasoeeeftire, the region was placed
in the category of considerable ecological risk.
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INTRODUCTION

Dust storms are a significant phenomenon in aridl semi-arid regions worldwide, representing a
major environmental challenge. More than two-thiod Iran's land area lies within arid and semdtari
climatic conditions due to various factors, inchgligeographical location and distance from large
water bodies. Limited rainfall has somewhat redus@ater erosion. However, the lack of vegetation
covers and other factors conducive to soil erosiave created conditions for wind erosion and dust
storms (Haghnazar et al., 2023; Soltani-Gerdefaranmet al., 2021). Atmospheric pollution is
currently a major environmental challenge in maoyntries, and atmospheric dust, containing a wide
range of chemical, organic, and inorganic compoyuisda significant atmospheric pollutant (Vaezi et
al., 2024). Heavy metals are naturally occurriognponents of the Earth's crust (Al-Khashman, 2004)
and are present in all ecosystems at varying carat@ns. Several methods exist for determining and
assessing the degree of heavy metal contaminatisail, sediments, and dust. Researchers categorize
heavy metal pollution assessment indices into twainngroups: individual indices and integrated
indices (Qingjie et al., 2008). Dust storms are raogerious environmental problem in arid and semi-
arid regions. Yazd, a major industrial city in Ira surrounded by steel and ceramic factories,itsnd
atmosphere is frequently affected by dust stornmis Tesearch, given Yazd's geographical location
characterized by surrounding arid and saline apgase to dust storms and considering the city's
industrial and traffic conditions, its position ¢imee country's north-south highway, and the predicte
high atmospheric concentrations of heavy metalss wadertaken. Therefore, determining the
concentration of heavy metals in the city's atmesighdust is crucial and can serve as an important
step towards controlling atmospheric pollutants aftdnately improving the public health of the
region's population.

DATA AND METHODS

This study was conducted in Yazd, the most populitysand capital of Yazd Province. Thirty
sampling locations were randomly selected to enadexjuate coverage of the entire area for dust
sampling. For atmospheric dust sampling, a bepd-tust collector consisting of a plastic tray with
multiple rows of beads (at least two rows) was ugdthospheric dust sampling was carried out in
Yazd City at a height of three meters above groleweél (on the rooftops of single-story houses)
during the four seasons of autumn and winter 20i® spring and summer 2019. Two types of
sediment traps were used on each rooftop. Sedis@nples were carefully collected at the end of
each season, and transferred to the laboratorythentfaps were washed with water and reused after
each sampling. After transferring the samples &oléhoratory, all samples were first sieved throagh
2-millimeter sieve to remove debris and then weigh€he dust samples were then digested using the
four-acid method, and the concentrations of arsgkéy, cadmium (Cd), cobalt (Co), chromium (Cr),
copper (Cu), iron (Fe), manganese (Mn), Nickel (Nad (Pb), and zinc (Zn) were measured, and
heavy metal pollution assessment indices includive geo-accumulation index (Igeo), the Nemro
pollution index (INPI), the pollution load indexHl), and the modified risk index (MRI) were
calculated to assess the level and extent of dilsition in the area.

RESULTSAND DISCUSSION

Based on the results of the cumulative pollutiatiedn (IP1), the autumn and winter seasons fall into
the third class and have a high pollution index,tles value of this index in these two seasons
exceeded 2. Spring, with an average pollutiomirafe2, and summer, with an index less than 2, were
ranked second with a moderate pollution level. $patial distribution of this index also shows that
the highest levels were found in the northwest smath of the region. The integrated pollution index
(INPI1) indicates that cobalt, with a seasonal ageraf 0.46, is in the unpolluted class; manganese,
nickel, and chromium, with averages less than 4. irathe relatively unpolluted class. Iron, with a
average of 1.6, has a slightly polluted class; eoppnd lead, with averages of 2.9 and 2.43
respectively, are in the moderately polluted class] arsenic, cadmium, and zinc, with averages of
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7.8, 3.7, and 6.9 respectively, are in the sevegpeljuted class. The modified ecological risk index
values ranged from 300 to 600 in all seasons, mgitiin the category of significant ecologicalkris
The average index values for autumn, winter, spramgl summer were 405.70, 480.44, 395.71, and
377.71, respectively. Spatial analysis of thissidt the regional level revealed that the wesagich
southern areas of the study region exhibited higleetogical risk than other areas. Furthermore, th
ecological risk factor (mEr) for heavy metals instisamples from the study area, broken down by
season, showed that manganese, nickel, chromimay, and copper obtained values below 40, falling
into class 1, or a low ecological risk level. Lesttbwed values between 40 and 80 in spring and
summer, resulting in a classification of classrgligating a moderate ecological risk. Arsenic lsvel
ranged from 80 to 160 in all four seasons, indipa significant ecological risk. Cadmium, ranging
from 160 to 320, presented a high ecological rifke mean geo-accumulation index (lgeo) for heavy
metals in the dust samples from the study are&ebralown by season, was calculated as follows:
arsenic 0.067, cadmium 0.617, cobalt 0.097, chrom®u353, copper 0.287, iron 0.205, manganese
0.431, nickel 0.022, lead 0.096, and zinc 0.390.

CONCLUSION

This research showed that the concentration of shesvy metals, such as arsenic, lead, and
cadmium, in the study area was higher than theirage concentration in the soil. Spatial distritnuti
mapping of the average concentration of heavy elsnm dust during the four seasons studied
showed that, except for arsenic and lead, the kigt@ncentration of heavy metals was observed in
the northwest and center of the city, decreasisgaead and southward. Traffic in the city cented an
proximity to industries located in the west andthaest of the area, along with the prevailing winds
are among the main factors affecting the conceatraif heavy elements in dust in the northwestern
parts of the study area. Investigation of atmosphdust pollution in the region with heavy metals
using various pollution assessment indices andmhbdified ecological risk index showed that the
highest levels of heavy metal pollution occurredaitumn and winter, and the lowest in summer.
Low temperatures and temperature inversions incté seasons, along with anthropogenic factors
such as fossil fuel consumption and traffic, areagithe reasons for the difference in heavy metal
concentrations in different seasons. Based ondbats of this research, preventing the movement of
old, worn-out, and polluting vehicles and expanding distribution and supply of high-quality fuel,
which can significantly reduce the negative effedf traffic pollutants, is recommended.
Furthermore, controlling pollutants emitted frondustries located in the west and northwest of Yazd
city increased sensitivity in monitoring pollutdetels, and seriously addressing polluting indestri
and compelling them to comply with environmentahstards are among the most important strategies
to reduce the negative effects and pollution fromtheopogenic industrial factors, which are
considered one of the main sources of heavy metgl gto the atmosphere.
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