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1. Introduction

One of the most important phenomena in arid and semi-arid regions of the world is dust, which is one of the
most important environmental issues in these regions. More than two thirds of Iran's area is under arid and
semi-arid climatic conditions due to various reasons, including its geographical location and distance from
large water bodies. The limited rainfall in this area has reduced the incidence of water erosion to some extent.
While the lack of vegetation and other factors favoring soil erosion have created the conditions for the
development of wind erosion and the occurrence of dust storms. Heavy elements are widely dispersed by
binding to dust particles, so dust is a major source of heavy elements. There are many methods for determining
and assessing the level of heavy metal contamination in soils, sediments and dust. In order to study heavy
metals in different regions, the following pollution assessment indicators have been used. The city of Yazd is
one of the most important and industrial cities in Iran, whose atmosphere is affected by the phenomenon of dust
for most of the year. This phenomenon intensifies during the spring and summer seasons, especially in the
industrial cities of the province. On the one hand, due to the lack of vegetation in this province with less than
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50 millimeters of rainfall per year, the presence of dry and salty areas and the susceptibility of this region to
dust storms, and due to the industrial and traffic situation of the city of Yazd. And the predictability of the high
concentration of heavy metals in the atmosphere of the region can be an important basis and step in the
direction of controlling the atmospheric polluting factors and ultimately the general health of the human
population of the region. On the other hand, considering the location of Yazd city in the province, in terms of
being on the north-south highway of the country, it seems necessary to identify and determine the concentration
of heavy elements in the atmospheric dust of this important city of the province.

2. Materials and Methods

The present study was conducted in Yazd city, the most populous city and the capital of Yazd province, with an
area of 136.37 square kilometres, with a geographical latitude of 31 degrees and 46 minutes to 31 degrees and
58 minutes north and a geographical longitude of 54 degrees and 16 minutes to 54 degrees. And it was 26
minutes east. In the study area, 30 sampling points were randomly selected for dust sampling in order to
achieve adequate coverage of the whole area. Two types of sediment traps were used on each roof. Sediment
samples were carefully collected at the end of each season and transported to the laboratory, and washed with
water and reused after each sampling. A four-acid method was used to digest the dust and soil samples from the
study area and total concentrations of arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu),
iron (Fe), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn). The data obtained from the analysis of dust
and surface soil samples were analysed using SPSS software. 16 and the comparison of the mean values of the
studied parameters and the significance of their difference was done using Duncan's test at 5% level. Spatial
distribution maps of the parameters studied in the study were drawn using the Image Distance Weighting
(IDW) method in Arc GIS 9.3 software. In order to estimate and evaluate the level of heavy element pollution
in the study area, the parameters of enrichment factor (EF), pollution index (PI), pollution load index (PLI) and
degree of pollution (Cd) were calculated on the basis of the seasonal concentration of heavy elements.

3. Results and Discussion

According to the results, the elements iron, manganese, nickel, chromium and cobalt have an enrichment factor
of less than 2, which places them in the first class, i.e. low enrichment. Copper element in autumn, winter and
summer, zinc element in spring and summer and cadmium element in summer are in the second class, i.e.
medium enrichment, and arsenic, lead, cadmium element (in autumn, winter and spring), zinc element (in
autumn and winter) and copper element in spring have enrichment factors between 5 and 20, i.e. significant
enrichment. Among the elements studied, arsenic has the highest. According to the results which show the
pollution index of 10 heavy elements in dust samples in four seasons, the average pollution index of the four
seasons studied was obtained for the elements of arsenic, cadmium, cobalt, chromium, copper, nickel, lead,
zinc, iron and manganese respectively 6.17, 2.94, 0.39, 0.74, 1.79, 0.67, 3.56, 2.61, 0.60 and 0.76. According to
this pollution index, the heavy elements iron, manganese, nickel, chromium and cobalt are less than 1 and have
a low pollution index. The elements copper, zinc and cadmium in summer and spring, copper in winter and
autumn and lead in winter are in the range of moderate pollution. The element arsenic in all seasons, lead in
spring and summer, and cadmium and zinc in autumn and winter have pollution values greater than 3, which
are in the high pollution class. According to the results of this index, the winter and autumn seasons have the
highest pollution index of heavy elements and the summer season has the lowest pollution index. The results of
the Pollution Load Index (PLI) for ten heavy metals including iron, manganese, nickel, chromium, cobalt,
arsenic, lead, cadmium, zinc and copper showed that the autumn season ranks first with a significant difference
compared to other seasons, followed by winter and spring, and then spring has the highest amount of this index.
The average of this index was 1.49, 1.34, 1.35 and 1.18 for autumn, winter, spring and summer respectively.
According to the pollution levels of this index, all the seasons studied were in the medium pollution class
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(value between 1 and 2). The results of the degree of pollution (Cd) for ten heavy metals including iron,
manganese, nickel, chromium, cobalt, arsenic, lead, cadmium, zinc and copper showed that there was no
significant difference in the three seasons of autumn, winter and spring. The value of this index is more than 20
and they are in the pollution class.

4. Conclusion

In general, the average concentration of all heavy elements in the dust samples is statistically higher than the
concentration of heavy elements in the soil samples of the region in most of the seasons studied. All heavy
elements except copper have a higher concentration in autumn season dust than in other seasons, and the lowest
concentration of heavy elements belongs to summer season dust. The north-westerly direction of the prevailing
wind in the region in all seasons and the location of the industrial city of Yazd to the west and north-west of
Yazd city are the main reasons for the high concentration of heavy elements. Investigation of the level of
atmospheric dust pollution in the region with heavy elements on the basis of the enrichment factor and various
indicators of pollution assessment showed that the highest level of heavy element pollution is in the autumn
and winter seasons, and the lowest in the summer season. The basis of the classification of pollution indicators
of elemental load exceeded the amount of background (surface soil) and heavy metal pollution of arsenic, lead,
cadmium and zinc was observed in comparison with other elements in the study area and in all seasons. The
spatial distribution maps of the degree of pollution and the pollutant load index also showed that the highest
level of pollution was observed in the north and north-west of the study area, with a decreasing trend towards
the south.

Keywords: Dust, Heavy elements, Pollution, Time distribution.
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