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Introduction

In recent decades, characterized as the Anthropocene epoch, 
much attention has been paid to heavy metal contamination with 
dust particles in many parts of the world [1,2]. Dust chemicals vary 
from elemental wastes to organic and inorganic compounds. Natural 
and anthropogenic heavy metals comprise the most important 
part of the dusts’ inorganic components [3,4]. Disproportionate 
accumulation of heavy metals is a serious threat to living organisms. 
They pollute the natural environment and enact toxic impacts on 
living humans. Some heavy metals are essential for life; however, 
it must be taken into consideration that at higher levels, they can 
also impose some toxicological risk [4,6]. When studying urban 
atmospheric pollution, identification of source and location of the 
dust stands out as a high priority [7]. Hence, such studies should 
determine origin, distribution, environmental damage and health 
effects of the concerned heavy metals [8]. Dust storms with their  

 
important impacts on human health have turned into a frequent 
phenomenon of Iran’s weather system. Their adverse effects on 
humans causing respiratory and cardiovascular diseases, and 
infections, in one hand, and on the environment, reducing visibility, 
creating agricultural losses, affecting the industry, and making 
satellite imagery complications are well-known [9]. On global scale, 
most of the dust particles come from arid and semiarid areas [10]. 
Recently, the amount of dust particles coming to Iran from Arabian 
countries has been dramatically increasing. They have viciously 
affected western and even central parts of Iran [11]. 

They are an important way of exposing people to heavy metals. 
In recent years, the large amounts of atmospheric dust particles 
have been depositing in many cities, crossing the western borders 
of Iran. The most dominant winds of the country blow from 
west to east. Therefore, as sources of Iran’s dust storms; mainly 
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ARTICLE INFO ABSTRACT

In the Anthropocene, researchers are to pay special attention to heavy metal pollu-
tion associated with urban dust particles, amid overwhelming concerns that heavy met-
als might exert considerable impacts on ecosystem and human health. In this research, 
60 street dust samples were taken from five different urban locations namely high, and 
low traffic streets, parks, residential, and industrial areas of Hamedan, Iran, as well as 
background city soils. The samples were analyzed for Zn, Cu, Pb, Mn, Cr and Co, using the 
atomic absorption spectrophotometric technique and ICP MS. Data showed that mean 
values for Zn, Cu, Pb, Mn, Cr, and Co in the dust samples were 189.9, 63.8, 63.0, 378.5, 
33.0, and 19.8 mg Kg-1, respectively. The street dust samples were found to contain signif-
icant levels of Cu, compared to the background; however, their geo-accumulation indices 
(Igeo) suggested them to be uncontaminated with Zn, Pb, Mn, Cr and Co, and moderately 
contaminated with Cu. The Igeo values were in the following order: Cu >Pb, Zn>Mn>Cr>-
Co. The enrichment factor (EF) was estimated for all studied heavy metals by using Mn as 
the reference element. Except from Cu, the mean values of EF were less than 2 for other 
heavy metals. The values of EF were in the following order: Cu> Zn, Pb> Cr and Co. The 
pollution index (PI) suggested that dust particles were uncontaminated with Mn, Cr, and 
Co; moderately contaminated with Zn and Pb; but contaminated with Cu. The values of 
PI were in the following order: Cu > Zn >Pb>Mn> Cr and Co. 
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western adjacent countries must be blamed for [12]. Saeedi et al. 
reported that although there is no confirmed origin, it is suspected 
that most of the dust particles originate from the dry wetlands of 
south eastern Iraq and the desserts of Iran’s western neighbors 
[13]. The growth of population, industrial activities, and vehicles 
in large cities are the other major causes of pollution in urban 
environments. Road dust particle play as the leading path in terms 
of subjecting people to the toxic elements [14]. Cities have become 
source points of toxic chemicals from the unrestrained use of fossil 
fuels. Urban people are the most affected and the traffic policemen 
are the worst sufferers, because they are particularly close to 
the fumes of automobile exhaust [15]. The complexity of dust 
particles makes their characterization and source identification 
difficult [16]. Dust particles could be introduced as an indicator of 
heavy metal contamination from atmospheric deposition [17-20]. 
The close association of heavy metals with dust particles may be 
enhanced in the presence of anthropogenic sources of heavy metals. 
Depending on the population and economical activities, the level 
of contamination in a city varies from place to place. The presence 
of heavy metals in high concentrations in the environment lead to 
health hazards such as its adverse effects on the nervous, blood 
forming, renal, and reproductive systems. The toxicity of elements 
such as Cu, Cd, and Zn, have been identified as being able to alter 
the purpose of the human central nervous and respiratory system, 
while also disturbing the endocrine [21]. 

Others include reduced intelligence, attention deficit, and 

behavioral abnormality, as well as increased cardiovascular 
diseases in adults [22]. Dust particles may also cause other kind 
of problems such as reduced soil fertility, damage to crops and 
reduced solar radiation [23]. While there are many published 
studies on the concentration of heavy metals in street dust of major 
cities in the developed countries; few research projects have been 
conducted addressing the issue in smaller cities of developing 
countries. Therefore, contamination and spatial distribution of 
heavy metals associated with street dust particles has become a 
major environmental issue in many western cities of Iran including 
Hamedan. The main objective of this study; therefore, was to 
determine the concentration of heavy metals (Zn, Cu, Pb, Mn, Cr 
and Co) in street dust samples collected from different parts of 
Hamedan city; and then examine their spatial distribution.

Materials and Methods
Study Area 

Hamedan province (23° 59´ to 25° 45´ N and 47° 34´ to 49° 
36´E) is located on the west of Iran, with surface area of 70 km2 
and urban population of 548378 based on the 2011 census. The 
sampling points were determined using a GPS. In total, 60 samples 
of dust particles were collected from urban locations in Hamedan 
city with 5 different traffic characteristics including heavy and low 
traffic density, industrial areas, residential districts, parks and the 
background. The background sample is an undisturbed soil that is 
representative of the genetic characteristics of soils of that region. 
The sampling points are marked on the map shown in Figure 1.

Figure 1: Location Map of the Studied Area Indicating Sampling Points in Hamedan City, Iran
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Sample Collection

The street dust samples were collected and placed into 
polyethylene bags using a clean brush and dustpan. The sampling 
was conducted in May (prior to rainy season) to avoid heavy metals 
being washed out by rain. Each street dust sample was 300–700 
g in mass and collected from a 1 m2 area which measured by a 
ruler. Then, the samples were transferred to soil science laboratory 
of Bu-Ali Sina university, Hamedan, Iran; and were dried at room 
temperature for 3 days. Later, they were sieved through a 1 mm 
stainless steel sieve. 

Dust Analysis

At first, 0.6 grams from every sample was digested [24] with a 
mixture of perchloric, nitric, and sulfuric acid in proportion of 1:5:1 
and heated at 215°C until white fumes given off and a creamy color 
appeared. Then, 10ml deionized water was added into each sample 
and heated at 100°C for 1 hour. The solutions were allowed to cool, 
then filtered and made up to 100 ml. Finally, the concentrations 
of Zn, Cu, Pb, Mn, Cr, and Co were determined using the atomic 
absorption spectrophotometric technique.

Contamination Assessment Methods

A number of calculation methods have been put forward 
for quantifying the degree of metal enrichment or pollution in 
dust particles [25]. In this study, geo-accumulation index (Igeo), 
enrichment factor (EF), and pollution index (PI) were calculated 
to assess the heavy metal contamination level in the road dust 
particles. However, the geo-accumulation index was originally used 
with bottom sediments [25]. It is also widely used to determine the 
pollution degree of heavy metals in dust particles and soil [26]. Igeo 
is computed by the following equation (eq. 1):

Igeo= log2[Cn/1.5Bn]	 eq. 1

Where Cn represents measured concentration of the element n 
in sampled street dust and Bn is geochemical background value of 
the element n in background sample. The geo-accumulation index 
is classified as shown in Table 1. The enrichment factor (EF) is used 
in studied samples to determine degree of metal contamination 
[27]. It was based on standardization of a determined element 
against a reference element. A reference element is often the one 
characterized by low occurrence variability such as Fe, Al, Ti, Mn, 
Sc, etc. [28-30]. The EF calculation is expressed below as eq.2:

Table 1: Standard of Contamination Degree by Geo-Accumulation Index.

The Value of the Pollution Level Class Igeo

Unpolluted 0 Igeo ≤0

Unpolluted to moderately polluted 1 0<Igeo<1

Moderately polluted 2 1<Igeo<2

Moderately to strongly polluted 3 2<Igeo<3

Strongly polluted 4 3<Igeo<4

Strongly to extremely polluted 5 4<Igeo ≤5

Extremely polluted 6 6<Igeo

EF = |Cn(sample)/Cref(sample) | / |Bn(background)/Bref 
(background)|	 eq.2

Where Cn demonstrates concentration of the examined 
element in the dust sample; Bn stands for examined element for 
the background value; Cref shows content of reference element for 
normalization of the dust sample; and Bref delineates content of 
reference element for normalization of the background. Therefore, 
in this paper, the Mn was chosen as the reference element. Five 

categories of pollution are shown as the following (Table 2). The 
Pollution index (PI) was used to assess pollution degree and 
environment quality in this study.

The PI is defined as eq.3:

PI= Cn/ Cref	 eq.3

Where Cn and Cref stand for the concentration of examined 
element and the reference value, respectively (Table 3). 

Table 2: Contamination Categories Based on EF Values.

EF Contamination Category

< 2 Deficiency to minimal enrichment

2–5 Moderate enrichment

5–20 Significant enrichment

20–40 Very high enrichment

> 40 Extremely high enrichment

http://dx.doi.org/10.26717/BJSTR.2020.30.004882


Copyright@ Ghasem Rahimi | Biomed J Sci & Tech Res | BJSTR. MS.ID.004882.

Volume 30- Issue 1 DOI: 10.26717/BJSTR.2020.30.004882

22972

Table 3: Classification of PI Values.

Pollution Level Class PI

Unpolluted 1 PI ≤1

Low polluted 2 1< PI ≤2

Moderately polluted 3 2< PI ≤3

Strongly polluted 4 3< PI

Methods of Mapping Heavy Metal Concentrations

The spatial distribution maps of heavy metal concentrations 
were generated through the Inverse Distance Weighted (IDW) 
interpolating data from 60 street dust samples using Arc map 
software. 

Results and Discussion
Heavy Metal Concentration

Concentrations of Zn, Cu, Pb, Mn, Cr, and Co were measured in 
all 60 street dust samples. Minimum and maximum concentrations, 
mean values, and standard deviations for each analyzed heavy 
metal as well as corresponding background values of the metals 
are presented in Table 4. The Zn concentration in the samples 
ranged from 85.7-333.3 mg kg−1 with an average concentration of 
189.9 mg kg−1, which was higher than the average Zn concentration 

in the background (162.4 mg kg-1). The highest values of Zn were 
found in the heavy traffic and industrial areas, indicating that the 
Zn most commonly was coming from those locations. Faiz et al. 
also recorded that the concentration of Zn, compared to all of other 
studied elements, was manifested to be the highest. The average 
concentration of Cu in the street dust samples from Hamedan city 
was 63.8 mg kg-1 with a range of 21.3–261.9 mg kg−1 (Table 4). The 
average concentration was greater than the background (15.16 mg 
kg-1). Industrial areas and parks, with the average of 86.7 and 49.3 
mg kg-1,contained the highest and lowest content of copper in the 
studied area, respectively. Copper is an essential trace element that 
is widely distributed in the environment. Elemental Cu does not 
break down in the environment. The Cu can be found in plants and 
animals, in many foods and beverages, including drinking water 
[31]. 

Table 4: Heavy Metal Concentrations (mg kg−1) in Dust Particles Collected from Hamedan City.

Sampling Location Zn Cu Pb Mn Cr Co

Heavy Traffic

maximum 325.9 199.9 123.3 700.2 65.4 39.6

minimum 130.3 21.2 48.5 257.4 13.9 5.5

mean 216.9 64.9 64.4 384.7 33.4 21

SD 0.2 0.6 0.3 0.2 0.4 0.4

Low Traffic

maximum 325 261.9 117.8 513.9 53.1 29.4

minimum 85.7 23.1 30.8 248 8.1 2.3

mean 178.7 70.3 60.2 361.7 27 16.8

SD 0.4 0.9 0.4 0.2 0.4 0.4

Parks

maximum 183.2 148.1 66.4 572 57.3 31.9

minimum 108.3 24.1 42.9 247.2 8 6.1

mean 142.9 49.3 51.5 394.9 36 21.4

SD 0.1 0.7 0.6 0.2 0.4 0.3

Residential

maximum 331.3 105.7 65.4 469.3 53.8 25.2

minimum 87.9 27.2 38.8 230.5 8.2 2.5

mean 167.3 55.5 50.6 369 30.7 21.6

SD 0.4 0.5 0.2 0.2 0.5 0.5

Industrial

maximum 333.3 194.3 161.5 484.2 58.3 25.9

minimum 212.5 42.3 42.9 269.7 10.1 10.7

mean 289.9 86.7 91.1 388.3 38.7 20.3

SD 0.1 0.6 0.4 0.2 0.4 0.3

Background 162.4 15.16 55.25 390.5 69.8 44.4

Shi and Wang reported that in their studied area, mean content 
of Cu particles was found to be almost 6 times higher than the 
background. Lu found the maximums Cu in the samples from heavy 

traffic sites, while their minimums were detected in dust samples 
from residential site with less traffic density. The source of Cu 
and Zn in street/road dust has been shown to be tire abrasion, 
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corrosion of metallic parts of cars, lubricants leakage, industrial 
and incinerator emissions [32]. The Pb concentration of the dust 
samples fluctuated from 30.8-161.5 mg kg−1with an average 
concentration of 63 mg kg−1, which was higher than the background 
average (55.25 mg kg−1). The highest levels of Pb were found in the 
industrial locations showing them as the most important sources 
of Pb in Hamedan city. It is believed that Pb is responsible for many 
negative effects on human bodies such as damaging kidneys, the 
nervous, and reproductive systems. It is also the element of most 
concern in environmental heavy metal pollution studies [32]. 
Wei et al. further observed that areas of high traffic density were 
associated with the highest levels of Pb. 

The Mn concentration in the samples ranged from 230.5-700.2 
mg kg−1with an average concentration of 378.5 mg kg−1, which was 
very close to Mn concentration in the background sample (390.5 
mg kg−1). Many studies have manifested that raised concentration 
of Mn in road dusts were as a result of natural sources [33]. So, 
almost similar levels of Mn in the samples of different locations 
could endorsed that concentration of this metal in street dust 
from Hamedan city was influenced by natural sources. The 
average concentration of Cr in the street dust samples varied 
from 8–65.4 mg kg−1with an average of 33mg kg-1 (Table 4). The 
average concentration of Cr in dust samples was very much lower 
than the background sample (69.8 mg kg-1). The low levels of Cr 
in dust samples could suggest that the Cr in dust particle was also 
influenced by natural sources.

The Co concentration in the dust samples reached from 2.3-
39.6 mg kg−1 with an average concentration of 19.8 mg kg−1, which 
was very much lower than the Co concentration in the background 
sample (44.4 mg kg-1). The low levels of Co in dust particle samples 
could imply that the Co was originated from natural sources. 
Findings showed that the mean concentrations of Zn, Cu and 
Pb, and Cu in particular, were much higher compared to their 
background values. This implied that such metals in dust particles 
from Hamedan city were impacted by anthropogenic sources. In 
contrast, the mean concentrations of Mn, Cr and Co were lower 
compared to their background values; this revealed that so-called 
metals in street dust from Hamedan City were induced by natural 
sources. Concentarations of As, Cd, Cu, Ni, Pb and Zn in a similar 
study in China exceeded the background values [34].

Spatial Distribution of Heavy Metals

The spatial distribution of metal concentrations is a useful 
method to assess the possible sources of enrichment, and to 
identify hot-spot areas with highest metal concentration. According 
to Burgos et al this form of spatial pattern supports the theory of 
reduction of heavy metal pollution caused by fine dust particles 
moving from West to East.  For these elements, Wei et al observed 
relatively high spatial variability. Their hot-spot areas were 
mainly associated with main roads where high traffic density was 

identified. Such features suggested that the metals were probably 
due to vehicular emissions [34]. Distribution patterns of the 
studied elements in the whole area of Hamedan are represented in 
Figure 2. Similar patterns of spatial distribution were observed for 
Zn, Pb, and Cu. Their hot-spot areas were in North West and central 
parts of the city and mainly associated with industrial areas and 
main roads with high traffic density, which also suggested these 
metals, might be derived from industrial sources and vehicular 
emissions. The reason behind low concentrations of these metals 
in the West and South West areas of the city may be due to Abbas 
Abad mountains that act as a barrier against penetration of west 
winds. On the other hand, over population and high traffic density 
in central parts of city, could be blamed for high level of studied 
heavy metals in central parts of the city.

Mn, Cr, and Co also showed similar spatial distributions and 
had relatively high spatial variability. The mean concentration of 
Mn was very close to its background concentration while Cr and Co 
levels were lower than their backgrounds. These findings indicated 
that these three metals may not have been originated from 
anthropogenic sources. So, concentrations of Mn Cr, and Co in street 
dust samples are mainly attributed to natural sources. While it is 
theorized that heavy metal pollution reduces while fine dusts move 
from West to East, findings on these three heavy metals did not 
endorse this theory of reduction of heavy metal pollution. Levels of 
heavy metals found in the studied areas proved that sources of Mn, 
Cr and Co were natural and not anthropogenic.

Assessment of Pollution Level

Igeo of Heavy Metals: The calculated results of heavy metals’ Igeo 
of Hamedan street dusts are presented in Table 5. The Igeo values for 
Zn, Cu, Pb, Mn, Cr, and Co ranged from -0.8 to 0.2, 0.9 to 2.3, -0.7 to 
0, -0.7 to -0.6, -2.1 to -1.6, and -2.3 to -1.7; respectively, and with a 
mean value of -0.4, 1.4, -0.4, -0.6, -1.8, and -1.9. The mean values of 
Igeo decreased in the order of Cu>Pb, Zn>Mn>Cr>Co. The mean Igeo 
of Zn, Pb, Cr and Co were lower than zero-i.e unpolluted; while Cu 
with its mean Igeo ranging from 1 to 2, was classified as moderately 
polluted. The highest values of Igeo were observed in industrial areas 
followed by areas with heavy traffic density. In a similar study, Wei 
et al concluded that the main mean Igeo values ranged from 0 to 1 
with Cr and Co as exceptions where their Igeo values were less 
than 0, indicating that road dust in the studied area was between 
uncontaminated and contaminated. A particularly high Igeo value for 
Cu at 2.3 suggested that the Cu in street dust samples were most 
notably affected by anthropogenic sources, originating primarily 
from traffic and industrial activities.

Enrichment Factor of Heavy Metals: The EF results from 
Hamedan street dusts are shown in table 5. The Mn was chosen as 
reference element in the studied areas. Frequently, Fe, Al, Li, and Mn 
are also used as reference metals. As an alternative, any other metal 
found to have little to no anthropogenic sources in the area may 
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be used [35]. The EFs of Zn, Cu, Pb, Cr, and Co varied from 0.9-1.8, 
2.3-5.8, 1-1.3, 0.4-0.5, and 0.4-0.5; correspondingly, with an average 
of 1.3, 4.4, 1.3, 0.5, and 0.5. Shi and Wang who used Mn as the 
reference element found Cu as the most polluted element in road 
dust particles (Table 6). The order of EF values was as the following: 
Cu >Zn, Pb> Cr, Co, similar to the Igeo order, which could also be 
interpreted as decreasing order of their overall contamination of 

street dusts from Hamedan city. The anthropogenic pollution is 
clearly identified when the maximum EF of each heavy metal is 
larger than 3. The mean EF of Cu was higher than 2, while the mean 
EF of Zn, Pb, Cr, and Co were less than 2. These findings showed 
that Cu in street dusts of Hamedan city was the main pollutant, and 
largely originated from anthropogenic sources.

Figure 2: Spatial Distribution of the Concentrations of Heavy Metals in Hamedan.

Table 5: Igeo for Heavy Metals in Street Dusts of Hamedan City.

Sampling 
Location

Igeo Values

Zn Cu Pb Mn Cr Co

Heavy Traffic -0.2 1.3 -0.4 -0.6 -1.8 -1.8

Low Traffic -0.5 1.2 -0.5 -0.7 -2.1 -2.2

Parks -0.8 0.9 -0.5 -0.6 -1.7 -1.7

Residential -0.7 1.1 -0.7 -0.7 -2 -2.3

Industrial 0.2 2.3 0 -0.6 -1.6 -1.7
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Table 6: EF for Heavy Metals in Street Dusts of Hamedan City.

Sampling Location
EF Values

Zn Cu Pb Cr Co

Heavy Traffic 1.4 4.4 1.3 0.5 0.5

Low Traffic 1.2 4.9 1.2 0.4 0.4

Parks 0.9 3.2 1.2 0.5 0.5

Residential 1.1 3.7 1 0.4 0.4

Industrial 1.8 5.8 1.6 0.5 0.5

Pollution Index of Heavy Metals: The PI of Zn, Cu, Pb, Mn, 
Cr, and Co fluctuated from 0.9-1.8, 3.2-5.7, 0.9-1.6, 0.9-1, 0.4-0.6, 
and 0.4-0.5, with the mean values of 1.2, 4.3, 1.1, 1, 0.5, and 0.5, 
respectively. The order of PI values was: Cu > Zn >Pb>Mn>Cr, Co 
.According to the PI values,at first, Mn, Cr, and Co were classified as 
unpolluted. Then, Zn and Pb were labeled as low polluted.  Finally, 

Cu was found to be strongly polluted with highest level of pollution 
in the studied area. Faiz et al. discovered similar results illustrating 
that the overall pollution levels for all the elements, while employing 
this parameter, were correlated to the middle level except for the Cu 
that was found to be in the high-level range (Table 7).

Table 7: PI Values of Heavy Metals in Street Dusts of Hamedan City.

Sampling 
Location

PI Values

Zn Cu Pb Mn Cr Co

Heavy Traffic 1.3 4.3 1.1 1 0.5 0.5

Low Traffic 1.1 4.6 1 0.9 0.4 0.4

Parks 0.9 3.2 1 1 0.5 0.5

Residential 1 3.6 0.9 0.9 0.4 0.4

Industrial 1.8 5.7 1.6 1 0.6 0.5

Conclusion

The concentrations and contamination levels of Zn, Cu, Pb, Mn, 
Cr, and Co were studied in street dust collected from Hamedan city, 
Iran with three contamination assessment methods. The mean 
values for Zn, Cu, Pb, Mn, Cr, and Co in the dust samples were 189.9, 
63.8, 63, 378.5, 33, and 19.8 mg.Kg-1 respectively. Results showed 
that the mean concentrations of Zn, Cu and Pb were much higher 
than their background values. In contrast, the mean concentrations 
of Mn, Cr and Co were lower compared to their background values. 
Similar patterns of spatial distribution were observed for Zn, Pb and 
Cu. Their hot-spot areas were in North West and central parts of the 
city, while Mn, Cr and Co also showed similar spatial distributions 
and had relatively high spatial variability. The values of Igeo were 
in the following order: Cu >Pb, Zn>Mn>Cr>Co. The results of Igeo 
showed that dust particles in Hamedan city were uncontaminated 
regarding Zn, Pb, Mn, Cr, and Co; however moderately contaminated 
with Cu. Except for Cu, the order for some other elements is in 
harmony with findings. The values of EF were in the following 
order: Cu > Zn, Pb> Cr, Co. The EF values showed that dust particles 
in Hamedan city were uncontaminated regarding Zn, Pb, Cr, and Co 
while moderately contaminated with Cu. The values of PI were in 
the following order: Cu > Zn >Pb>Mn> Cr, Co. These values of PI 
showed that dust particles in Hamedan city were uncontaminated 
regarding Mn, Cr, and Co, nevertheless moderately contaminated 
with Zn and Pb and of course contaminated with Cu.

The high values of Igeo, EF and PI for Cu in the sampled street 
dusts indicated that there was a considerable Cu pollution, which 
mainly originated from traffic and industry activities. The Igeo, EF 
and PI of other studied heavy metals were low and revealed low 
levels of these heavy metals’ pollution in street dusts from studied 
area. These findings stressed on the fact that more attention should 
be paid on heavy metal contamination in the street dusts of the city, 
especially on the Cu. Some protective measures such as encouraging 
use of public transport; replacing liquid fossil fuels with gaseous 
fuel, and planting more green areas are suggested to combat the 
problem.
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