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A B S T R A C T

Atmospheric dust is known to contain heavy metals in different levels that can cause environmental pollution. In
west of Iran, despite of the large number of dusty days per year, heavy metals content of the atmospheric dust
has not been previously investigated. A total of 98 samples of atmospheric dust were collected during the spring
(T1) and summer (T2) of 2013 from urban and suburban locations in Kermanshah province, and analyzed for Zn,
Cu, Ni, Cr, Mn, and Fe total concentrations. Correlation, principal component and cluster analyses suggested
probable natural and anthropogenic sources of the metals in the dust. The contamination levels of heavy metals
were assessed on the basis of enrichment factor (EF), geo-accumulation index (Igeo), and ecological risk (RI).
Comparing with the background values of world soils, elevated metal concentrations were found in dust samples,
except for Mn and Fe. Manganese and Fe were mainly of natural origin with traces of anthropogenic influences;
while Zn and Cu were mainly from traffic sources and probably were partly from industrial sources; Ni and Cr
mainly resulted from industrial activities and probably in part from traffic sources. The analysis of EF revealed
moderate enrichments for Mn and Cr, and significant enrichments for Zn, Cu, and Ni in T1 and T2, and similarly
in urban and suburban areas. Based on Igeo index, the levels of Mn and Fe were classified as uncontaminated,
while Zn, Cu, Ni, and Cr levels were evaluated to have moderate contamination in T1 and T2, and similarly in
urban and suburban areas. The values of RI showed a low level of heavy metals pollution.

1. Introduction

Of the three materials, soil, sediment and dust, which originate
primarily from the earth's crust, dust is the most pervasive and im-
portant factor affecting human health and well-being (Banerjee, 2003;
Yongming et al., 2006). In urban areas, dusts are indicators of en-
vironmental pollution due to atmospheric deposition (Li et al., 2001;
Yongming et al., 2006; Al-Khashman, 2004).

As an important group of dust constituents, heavy metals are natural
components of the Earth's crust (Tokalıoğlu and Kartal, 2006; Al-
Khashman, 2004). They do not degrade or destroy and can remain in
soil and dust over long periods of time (Tokalıoğlu and Kartal, 2006;
Saeedi et al., 2012). Elevated levels of heavy metals are ubiquitous in
urban settings as the result of a wide range of human activities, espe-
cially from industrial sources (Duzgoren-Aydin et al., 2006). As a result,
the adverse effects of poor environmental conditions on human health
are most evident in urban environments, particularly in developing
countries where urbanization, industrialization and rapid population

growth are taking place on an unprecedented scale (Atiemo et al.,
2011). Moreover, heavy metals in street dusts could easily enter human
bodies through dust ingestion, inhalation and dermal contact under
dynamic conditions such as wind, traffic and other human activities
(Ewers, 1991; Atiemo et al., 2011; Wei et al., 2010a, 2010b; Wei et al.,
2015). Numerous studies have shown that heavy metals are persistent
and widely dispersed in the environment, interact with different natural
components, and pose threats to human health and the environment
(Vives et al., 2006; Park and Dam, 2010; Aničić et al., 2011; Pavlík
et al., 2012). The adverse effects of heavy metals in road dust include
respiratory system disorders, nervous system interruptions, endocrine
system malfunction, immune system suppression and the risk of cancer
in later life (Ferreira-Baptista and De Miguel, 2005).

Heavy metals may originate from various types of anthropogenic
sources such as petroleum, diesel and coal combustion, as well as in-
dustrial activities (Loredo et al., 2003; Manasreh, 2010) and natural
geochemical processes such as weathering (Saeedi et al., 2012). In
urban areas, the metals found in street dust may come from many

http://dx.doi.org/10.1016/j.gexplo.2017.06.007
Received 31 March 2016; Received in revised form 4 May 2017; Accepted 12 June 2017

⁎ Corresponding author.
E-mail address: shahab.ahmadi@ag.iut.ac.ir (S.A. Doabi).

Journal of Geochemical Exploration 180 (2017) 61–70

Available online 17 June 2017
0375-6742/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/03756742
http://www.elsevier.com/locate/gexplo
http://dx.doi.org/10.1016/j.gexplo.2017.06.007
http://dx.doi.org/10.1016/j.gexplo.2017.06.007
mailto:shahab.ahmadi@ag.iut.ac.ir
http://dx.doi.org/10.1016/j.gexplo.2017.06.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gexplo.2017.06.007&domain=pdf


different sources, including vehicle emissions, industrial discharges,
weathered materials and various human activities (Al-Khashman, 2004;
Gibson and Farmer, 1986; Harrison et al., 1981; Li et al., 2001; Sezgin
et al., 2004; Thornton, 1991). Main anthropogenic sources of heavy
metals exist in various industrial point sources, e.g. present and former
mining activities, foundries, smelters and diffuse sources such as piping,
constituents of products, combustion by-products, traffic, industrial and
human activities (Al-Khashman, 2004). Three main factors known to
influence the levels of heavy metals in dust samples which have been
reported are traffic, industry and weathered materials, particularly
house and street dust (Arslan, 2001). The sources of Cu, Zn, and Pb in
urban areas are mainly traced to vehicle exhaust emissions and the
wear products from road transportation (Harrison et al., 2003). Ad-
ditionally, exhaust gases and fossil fuel combustion have been claimed
as sources of Ni and Zn (Espinosa et al., 2001; Mugica et al., 2002;
Wang et al., 2005), while Fe and Mn have been traced to steel industrial
processes and the Earth's crust (Mugica et al., 2002; Wang et al., 2005).
The source of Ni and Cr in street dust is believed to be due to corrosion
of vehicular parts (Lu et al., 2009; Akhter and Madany, 1993; Fergusson
and Kim, 1991) and chrome plating of some motor vehicle parts (Al-
Shayeb and Seawardt, 2001). Industrial metallurgic processes have also
been reported to increase As, Cd, Cu, Ni, and Zn concentrations in the
environment (Wang et al., 2005; Park and Dam, 2010).

The rapid growth of industry, population and vehicle exerts a heavy
pressure on the urban environment. Though there are many studies of
heavy metal contamination of urban dusts in developed countries, little
attention has been paid to this matter in developing countries
(Banerjee, 2003; Awan et al., 2011). The atmospheric dust pollution
with heavy metals has not been previously investigated in western Iran.
In recent years, the region has been experiencing dust pollution fre-
quently some probably coming from the western countries in the
Middle East. On the other hand, limited information is available on dust
heavy metal content in the Middle East region. Considering identifica-
tion of metal sources and assessing the extent of heavy metals pollution
present in atmospheric dust is important for establishing pollution
control strategies (Loska and Wiechuła, 2003; Wei and Yang, 2010;
Ghrefat et al., 2011). The main purposes of the present study were to:
(a) determine total concentrations of Zn, Cu, Ni, Cr, Mn, and Fe in at-
mospheric dusts from different areas of Kermanshah province (b)
identify their natural or anthropogenic origin by using correlation
analysis, principal component analysis (PCA) and cluster analysis (CA),
and (c) assess the levels of contamination based on the enrichment
factor (EF), geo-accumulation index (Igeo), and ecological risk (RI). The
results can provide a baseline for use in future environmental impact

assessments and to guide pollution mitigation targets in the region.

2. Materials and methods

2.1. Study area

This study was conducted in 9 townships in Kermanshah province,
located in the west part of Iran (45o24′-48o7′ E, 33o40′-35o18′ N) at an
average altitude of 1200 m above the sea level. The province covers an
area of 25,008 km2 and is the twelfth most populated province in Iran
with a population of about 1,945,227 inhabitants (Statistical Center of
Iran, 2011) with average density of 78 Persons/km2. The climate in this
area is arid and semi-arid with annual mean temperature and pre-
cipitation of 16 °C and 450 mm, respectively. The prevailing wind di-
rections are west to east with northwest and southwest fluctuations
(IRIMO, 2013).

Gaseous wastes in the form of automobile exhaust, chemicals fac-
tories emissions, different kinds of industries (including an oil refinery
and a petrochemical factory) and primitive forms of heating, as well as
dust input from Iraq, the neighboring country, are the major sources of
air pollution in the province. In addition to high population growth, the
rate of urbanization has also accelerated, and is now one of the highest
in Iran.

2.2. Atmospheric dust sampling

A total of 98 dust samples were collected in a temporal range from
spring to summer, each sample lasting 87 days from different urban (35
site) and suburban (14 site) locations in Kermanshah, Songhor,
Gilangharb, Ghasre-Shirin, Sahneh, Sarpolzahab, Kangavar, Paveh, and
Javanrood cities. The sampling sites were roughly distributed over the
urban and suburban areas (Fig. 1). Kermanshah province meteor-
ological organization statistics showed dusty days occur mainly in
spring and summer seasons.

The sampling sites were selected based on the following criteria.
They were not shaded by trees or buildings, were easily accessible and
secure against interference by animals, humans and upwind obstruc-
tions. Accordingly, dust collectors (passive samplers) were installed on
the roof of buildings about 3–4 m above the ground level. Each col-
lection tray consisted of a circular plastic surface (320 mm in diameter,
120 mm depth) fixed on holders with 33 cm height and were covered
with a 2 mm PVC mesh on top to form a rough area for trapping saltant
particles.

Dry sample weight, surface area exposed by each trap (0.08 m2),

Iran

Fig. 1. Study area and sampling sites in Kermanshah pro-
vince.
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and the period of dust collection were used to calculate dust deposition
rates. Dust samples were collected carefully with distilled water and
stored in sealed polyethylene bags, labeled and then transported to the
laboratory. Total of 98 dust samples for two seasons were oven dried for
24 h at temperature 105 °C to a constant mass and then their weight
was recorded.

2.3. Chemical analysis

Dust samples were sieved through a 1 mm mesh. An accurately
weighed 0.5 g of dust was placed in a test tube, 10 ml of a 3:1 con-
centrated HCl/HNO3 mixture was added to each test tube, and the
mixture was left at room temperature overnight. Each test tube was
covered with an air condenser and refluxed gently at 80 °C for 2 h. After
cooling, the solution was filtered through a moistened Whatman 42
filter paper and diluted to 50 ml volume with distilled water (Karimi
et al., 2009; Sparks et al., 1996). The final solutions were analyzed for
their Zn, Cu, Ni, Cr, Mn, and Fe concentrations using an Atomic Ab-
sorption Spectrophotometer (AAS: model Perkin Elmer 3030, USA). The
detection limit values for all studied elements were between 0.01 and
0.02 ppm, with wavelengths of 213.9, 324.8, 232, 357.9, 279.5 and
248.3 for Zn, Cu, Ni, Cr, Mn and Fe, respectively. The standard solution
concentrations were 0.5, 1.5, 3, for Zn and Cr, 2, 5, 15, 30 for Fe, 0.5,
1.5, 3 or 2, 6, 12 for Cu and Mn, and 0.5, 1.5, 3 or 1, 3, 6 for Ni. For Cu,
Ni and Mn one of the two groups of standard solutions were used based
on the sample content of the element. In fact, first group were applied
for samples with less element content and second group for samples
with greater concentration of the element.

2.4. Statistical analysis

To evaluate the obtained results, correlation analysis, principal
component analysis (PCA) and cluster analysis (CA) were used.
Pearson's correlation coefficients were used to identify the relationships
between the six heavy metals. PCA and CA are the most common
multivariate statistical methods used in environmental studies
(Yongming et al., 2006; Tahri et al., 2005).

PCA, is widely used to extract a smaller number of independent
factors (principal components) among available data for analyzing
variables relationships (Tokalıoğlu and Kartal, 2006; Yongming et al.,
2006). PCA can reduce the number of correlated variables to a smaller
set of orthogonal factors, making it easier to interpret a given multi-
dimensional system by displaying the correlations among the original
variables. Principal components are those whose eigenvalues exceed 1
(Kaiser, 1960). PCA have been widely applied to various environmental
media, to identify pollution sources and to apportion natural versus
anthropogenic contributions (Lu et al., 2010). The components of the
PCA were transformed using a varimax rotation with Kaiser Normal-
ization after the analysis (Yongming et al., 2006).

CA classifies a set of observations into two or more mutually ex-
clusive unknown groups based on a combination of internal variables
(Lu et al., 2010). Cluster analysis has been applied to identify different
geochemical groups by clustering the samples with similar heavy metal
content (Yongming et al., 2006; Lu et al., 2010). A dendrogram is the
most commonly used method of summarizing hierarchical clustering
(Lu et al., 2010). In this study, CA was performed according to Ward's
method (Yongming et al., 2006; Tokalıoğlu and Kartal, 2006). The re-
sults were displayed as a dendrogram created using hierarchical clus-
tering, and values of the distances between clusters (the Euclidean
distance) were presented.

In the current study, PCA and CA were used to elucidate the latent
relationships between variables and/or samples, and for investigating
pollutants (variables) sources. In our study, statistical analyses were
performed using SPSS package version 16.0 for Windows. Since mul-
tivariate statistical analysis is sensitive to outliers and non-normality,
Johnson-transformation method (Unbounded system distribution for

Zn, Cu, Ni and Cr in T1, and Cu, Ni and Cr in T2, and Bounded system
distribution for Zn and Mn in T2) was performed for data normalization
except for Mn and Fe in T1 and Fe in T2 (those data were normal ori-
ginally and did not need any transformation) and a
Kolmogorov–Smirnov (K–S) test was used for checking data normality.

2.5. Pollution level assessment methods

2.5.1. Enrichment factor
The enrichment factor (EF) method described by Sutherland (2000)

was used to evaluate the potential impact of the dust samples. The EF of
each element, which is a normalization of an element of interest against
a reference one, was calculated using the following equation:

=EF (C C ) (C C )x ref sample x ref background (1)

to determine the metal enrichment in dusts and probable natural or
anthropogenic sources (Wei et al., 2010b; Manasreh, 2010). Here (Cx/
Cref) is the ratio of concentrations between a heavy metal and a re-
ference metal in the sample and background (Alloway, 2010). We se-
lected Iron (Fe) as the reference metal based on correlation coefficient
analysis and multivariate statistical analyses from metals that are nei-
ther likely to be affected by anthropogenic activities nor correlated with
heavy metal pollutants (Saeedi et al., 2012; Keshavarzi et al., 2015).
Iron is commonly used, as reference element (Atiemo et al., 2011;
Yongming et al., 2006, Tasdemir and Kural, 2005; Turner and
Simmonds, 2006). The EF was split into five classes as follows: EF < 2,
class 1, deficiency to minimal enrichment; 2 ≤ EF > 5, class 2, mod-
erate enrichment; 5 ≤ EF > 20, class 3, significant enrichment;
20 ≤ EF > 40, class 4, very high enrichment; and EF ≥ 40, class 5,
extremely high enrichment (Yongming et al., 2006; Kartal et al., 2006).

2.5.2. Geo-accumulation index (Igeo)
The Igeo, introduced by Müller (1969), is defined by the following

equation:

=I log [C (1.5C )]geo 2 i ri (2)

where Ci represents the measured concentration of the element i in
the sample and Cri is the geochemical background value or reference
value of the element i. In this study, Cri is the background content of
element i in world soils (Alloway, 2010). The constant 1.5 is the
background matrix correction factor due to lithological variability. The
following classification is given for geo-accumulation index (Huu et al.,
2010; Müller, 1981): Igeo ≤ 0, class 0, practically unpolluted;
0 < Igeo ≤ 1, class 1, unpolluted to moderately polluted; 1 < Igeo ≤ 2,
class 2, moderately polluted; 2 < Igeo ≤ 3, class 3, moderately to
strongly polluted; 3 < Igeo ≤ 4, class 4, strongly polluted;
4 < Igeo ≤ 5, class 5, strongly to extremely polluted; and Igeo > 5,
class 6, extremely polluted.

2.5.3. Ecological risk
The method of determining ecological risk of heavy metals origin-

ally introduced by Hakanson (1980), has recently been used in dust
contamination studies (Tang et al., 2013). Hence, the potential ecolo-
gical risk index (PERI) was calculated to assess the degree of metal
pollution in Kermanshah atmospheric dust as follows:

∑=
=

RI E
i 1

m

r
(3)

= ×E T Cr r f (4)

=C C
Cf

s

n (5)

where Cs and Cn are heavy metal concentrations in sample and
background (Alloway, 2010), respectively, Er is the ecological risk of
each element and RI shows the ecological risk of multiple elements.
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Hakanson (1980) defined Tr as a “toxic-response factor” for a given
substance and demonstrated this value for Cu, Ni, Cr, Zn, and Mn to be
5, 5, 2, 1, and 1, respectively. The following terminologies are used to
describe risk levels: Er < 40, low potential ecological risk;
40 ≤ Er < 80, moderate potential ecological risk; 80 ≤ Er < 160,
considerable potential ecological risk; 160≤ Er < 320, high potential
ecological risk; and Er ≥ 320, very high ecological risk; RI < 150, low
ecological risk; 150≤ RI < 300, moderate ecological risk;
300 ≤ RI < 600, considerable ecological risk; and RI ≥ 600, very
high ecological risk.

3. Results and discussion

3.1. Heavy metal concentrations

The descriptive statistic results of heavy metal concentrations, as
well as background values of world soils (Alloway, 2010), are presented
in Table 1. Except for Mn and Fe, all heavy metals concentrations of
atmospheric dust samples were greater than concentrations in the
background soils of the considered localities of the world. The average
concentrations of Zn, Cu, Ni, and Cr in urban dust samples were more
than suburban samples for both seasons (T1 and T2), in agreement with
the results of Tang et al. (2013). However, concentrations of Mn and Fe
were detected in dust samples from suburban more than urban areas
(Table 1).

Large standard deviations were found for all the heavy metals. This
indicates a wide variation of concentrations in atmospheric dust sam-
ples. Skewness values of heavy metals are positive except for MnT1 and
FeT2, showing that mean concentrations are higher than their median
concentrations. The skewness values for CuT1 and CuT2 were 3.27 and

4.98 (maximum value among all elements), which indicate the ex-
istence of highly contaminated spots. In addition, the high coefficient of
variation (CV) (especially for ZnT1, ZnT2, and CuT2) indicates a high
inhomogeneity of elements in dust samples of the present study
(Table 1). The values of the mean concentrations of heavy metals in
atmospheric dust of Kermanshah divided by the corresponding values
of the background soils (from the considered localities of the world),
decrease in the order of Ni > Cu ~ Zn > Cr > Mn > Fe (Tables 1
and 2).

Nickel concentration in Kermanshah dusts is significantly greater
than for all other cities in the world (Table 2). In general, elevated Ni
concentration in urban dusts can be attributed to vehicle instruments
because of the engines using nickel gasoline as fuel (Al-Khashman,
2007). Chromium concentration in Kermanshah dust is more than for
other cities, except for Nanjing and Baoji. The mean concentration of
Mn in dust samples of Kermanshah is higher than those in Amman,
Mutah, Tokat and Madrid, also close to its background value. On the
other hand, the mean concentration of Fe in Kermanshah atmospheric
dust is higher than for the other sampled cities, except for Tehran,
Nanjing and background value.

3.2. Correlation coefficients analysis

Pearson's correlation coefficients of heavy metals in Kermanshah
atmospheric dust from two sampling times are summarized in Table 3.
Nickel correlated significantly positively with Cr (T1 = 0.82 and
T2 = 0.54) at P < 0.01, such correlations were not observed with Mn
or Fe in both sampling times. Another group is based on the strong
correlation between Zn and Cu (T1 = 0.55 and T2 = 0.61, P < 0.01)
that suggests strong association and a common source. Also, Zn and Cu

Table 1
Heavy metals concentrations (mg kg−1) in atmospheric dust collected from Kermanshah province during the spring (T1, n = 49) and summer (T2, n= 49) 2013, and in background soils
of world.

Element Sampling time Minimum Maximum Mean Median S.D. CV Skewness Urban Suburban Background-values (Alloway, 2010)

Zn T1 88 490 182.29 146 91.49 0.50 1.99 186.75 171.14 62
T2 132 700 238.29 191 126.07 0.53 1.96 242.82 226.99

Cu T1 35 110 48.59 45 11.61 0.24 3.27 50.65 43.43 14
T2 24 256 46.67 37.58 34.66 0.74 4.98 47.37 44.92

Ni T1 69 238 115.33 99.20 36.28 0.32 1.32 118.30 107.91 18
T2 60 245 123.72 101 51.17 0.41 0.88 131.59 104.06

Cr T1 44 119 73.87 68 17.84 0.24 0.99 76.28 67.86 42
T2 44 147 73.60 62.50 25.62 0.35 1.35 77.46 63.94

Mn T1 345 495 428.07 424 32.63 0.08 −0.05 425.89 433.50 418
T2 400 695 495.16 482 56.60 0.11 0.96 494.31 497.27

Fe T1 13,150 33,150 23,161.22 23,200 3285.29 0.14 0.30 22,958.57 23,667.86 47,000
T2 20,750 35,562 28,703.94 28,691.70 2956.44 0.10 −0.15 28,617.10 28,921.05

Table 2
Comparison of the heavy metals contents in atmospheric dust of Kermanshah province with reported values for other cities in previous studies (mg kg−1).

Location Zn Cu Ni Cr Mn Fe Reference

Kermanshaha 210.29 47.63 119.53 73.74 461.61 25,932.58 Present study
Shiraz (Iran) 403.5 136.3 77.5 67.2 438.5 20,255 Keshavarzi et al., 2015
Kurdistan (Iran) – 61.3 – – 497.7 14,003.6 Khuzestani and Souri, 2013
Arak (Iran) 9.3 45.1 28.5 45.9 – – Ghadimi et al., 2013
Tehran (Iran) 873.2 225.3 34.8 33.5 1214.5 47,935.7 Saeedi et al., 2012
Nanjing (China) 394 123 55.9 126 646 34,200 Hu et al., 2011
Baoji (China) 715.3 123.2 48.8 126.7 804.2 – Lu et al. 2009 and 2010
Amman (Jordan) 401 249.6 16.3 18.3 144.6 5370.6 Jiries, 2003
Mutah (Jordan) 132 69 1.7 – 136 5362 Manasreh, 2010
Tokat (Turkey) 63 29 65 30 285 – Kurt-Karakus, 2012
Ottawa (Canada) 184 188 19 59 534 25,660 Rasmussen et al., 2001
Newcastle (UK) 421 132 26 – – – Okorie et al., 2012
Madrid (Spain) 476 188 44 61 362 19,300 De Miguel et al., 1997

a Average for T1 and T2.
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correlate well with other elements except for Mn and Fe in T1. At the T1
sampling time, Mn and Fe were only correlated to each other sig-
nificantly positively at P < 0.01 (0.52), while in T2 in addition to the
strong correlation between Mn and Fe (0.70, P < 0.01), a good cor-
relation between these two metals with Zn, Cu, and Cr were observed.

3.3. Multivariate statistical analysis

3.3.1. Principal component analysis
The PCA was applied to identify possible sources of pollutants in

atmospheric dust by applying varimax rotation with Kaiser normal-
ization in times T1 and T2. Table 4 shows the results of the factor
loadings with a varimax rotation, as well as the eigenvalues and com-
munalities. Principal factors, extracted from the variables with eigen-
values> 1, were selected. As expected, three factors were acquired.
Principal factors> 0.6 are bolded in each column. A three-dimensional
plot of the PCA loadings is presented in Fig. 2, and the relationships
among the six heavy metals are readily observed. As expected, three
factors were obtained for T1 and T2, accounting for 84.85% and
84.68% of the total variance, respectively. At T1, the first factor ex-
plains 35.50% of the total variance and loads heavily on Ni and Cr,
while at T2, it explains 34.07% of the total variance and loads on Mn
and Fe. Factor 2, dominated by Mn and Fe at T1 and, Zn and Cu at T2,
accounts for 26.08% and 26.27% of the total variance, respectively.
Finally, factor 3 is dominated by Zn and Cu; accounting for 23.27% of
the total variance at T1, and by Ni and Cr; accounting for 24.34% of the
total variance at T2. The Ni loading (0.92) is as high as the Cr loading
(0.65), which may imply quasi-independent behavior within the group.
Fig. 2 (T2) shows that, Cr and Ni are separated by a large distance in the
three-dimensional PCA loading plot, which may suggest that the two

elements are poorly correlated and have different sources. These results
indicate that factors 1 and 3 in T1 and 2 and 3 in T2 are likely originate
from common anthropogenic sources, whereas, factors 2 in T1 and 1 in
T2 might be from natural origins. The main anthropogenic sources in
the region include traffic emissions, industrial activities and mining
activities.

3.3.2. Cluster analysis
Before CA, the values were standardized using z-scores, the

Euclidean distances among the values for the heavy metals were cal-
culated, and then hierarchical clustering by applying Ward's method
was performed on the standardized data set. In general, this form of CA
is regarded as very efficient, although it tends to create small clusters.
The CA results for the heavy metals are shown in Fig. 3 as a dendro-
gram. Fig. 3 displays three clusters for both T1 and T2. In T1, the
clusters are: (1) Ni-Cr, (2) Zn-Cu, and (3) Mn-Fe; and in T2, they are: (1)
Mn-Fe, (2) Cu-Cr-Zn, and (3) Ni, in total and close agreement with the
PCA results for T1 and T2, respectively. However, the clusters 1 and 2
for T1, and clusters 2 and 3 for T2 join together at a relatively higher
level, implying a probable common source.

3.4. Heavy metals source identification

Source identification of heavy metals is critical for pollution pre-
vention and human health protection (Tang et al., 2013). The use of
multivariate statistical techniques such as the PCA and CA, has proven
to be an effective tool for extracting information on heavy metals in
urban dust (Yongming et al., 2006; Tokalıoğlu and Kartal, 2006; Lu
et al., 2010). In general, significant correlations between pairs of heavy
metals suggest a common or combined origin, whereas weak correla-
tions indicate different origins (Zheng et al., 2013).

Compared with the background values of world soils, the elevated
concentrations of Zn, Cu, Ni, and Cr in Kermanshah atmospheric dust
suggest anthropogenic sources for these elements. While Mn and Fe
concentrations in most dust samples were slightly higher or even lower
than their corresponding background values, indicating that they
probably originated from a natural source (local soil). Also, the corre-
lation coefficient analysis results indicate that Ni and Cr have a
common source, while Mn and Fe have another common source prob-
ably. The results of the PCA and CA analysis also are consistent with
these interpretations. Based on correlation coefficients, PCA and CA
analyses, three main sources corresponding to groups of heavy metal
pollutants, (1) Ni and Cr; (2) Zn and Cu; (3) Mn and Fe, can be iden-
tified.

A first group of elements consisting of Ni and Cr that strongly cor-
related in PCA and correlation coefficients analyses and were classified
together in CA for T1, mainly have a common source. At the T2,
however, they poorly correlated and Ni alone created a group, so that

Table 3
Pearson's correlation coefficients matrix among the heavy metals concentrations in the
atmospheric dust of Kermanshah province in times T1 and T2.

Sampling time Element Zn Cu Ni Cr Mn Fe

T1 Zn 1
Cu 0.55a 1
Ni 0.55a 0.46a 1
Cr 0.60a 0.52a 0.82a 1
Mn −0.12 0.23 −0.04 0.07 1
Fe 0.19 0.28 0.27 0.42a 0.52a 1

T2 Zn 1
Cu 0.61a 1
Ni 0.44a 0.46a 1
Cr 0.59a 0.61a 0.54a 1
Mn 0.39a 0.41a 0.05 0.44a 1
Fe 0.52a 0.57a 0.16 0.70a 0.70a 1

a Correlation is significant at the 0.01 level (two-tailed).

Table 4
The rotated component matrix of the 6 heavy metals in the atmospheric dust of Kermanshah province in times T1 and T2 (PCA loadings> 0.6 are shown in bold).

Element T1 T2

Component Communalities Component Communalities

1 2 3 1 2 3

Zn 0.56 −0.14 0.65 0.76 0.24 0.88 0.22 0.88
Cu 0.24 0.22 0.90 0.91 0.35 0.71 0.35 0.74
Ni 0.89 0.02 0.24 0.85 −0.06 0.26 0.92 0.91
Cr 0.88 0.16 0.30 0.89 0.58 0.32 0.65 0.85
Mn −0.18 0.90 0.15 0.87 0.89 0.19 −0.05 0.82
Fe 0.41 0.81 −0.01 0.82 0.87 0.32 0.16 0.88
Eigenvalue 2.13 1.56 1.39 2.04 1.58 1.46
Percent of variance (%) 35.50 26.08 23.27 34.07 26.27 24.34
Cumulative percent (%) 35.50 61.58 84.85 34.07 60.34 84.68

Extraction method: principal component analysis. Rotation method: varimax with Kaiser Normalization. Rotation converged in four and five iterations for T1 and T2.
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clusters 2 and 3 joined together at a relatively higher level by CA, in-
dicating that Ni has a common source with group 2. The maximum
concentrations of Ni and Cr were found in urban dust samples collected
from industrial areas with heavy traffic, and the lowest concentrations
were detected in samples from suburban sites with less industrial ac-
tivities and traffic density. Lv et al. (2006) suggested that Ni is mainly
originated from oil combustion. Ahmed and Ishiga (2006) reported that
Ni is mainly of industrial sources. Wei et al. (2010a, 2010b) indicated
that, main sources of Ni may include traffic, industrial, and coal com-
bustion.

The second group of elements consists of Zn and Cu. Correlation
coefficient analysis, PCA and CA analyses results for T1 indicated a
strong correlation between Zn and Cu, but correlation coefficients
analysis and CA in T2 indicated a strong correlation between Cu with
Zn and Cr, suggesting mixed anthropogenic sources for Zn, Cu, and Cr.
Moreover, PCA indicated that Zn and Cu constitute a group. The
greatest Zn and Cu concentrations were found in urban dust samples
from locations with heavy traffic and industrial areas, while their
minimum values were observed in dust from suburban sites with less
traffic density. According to previous reports (Li et al., 2001; Al-
Khashman, 2007; Charlesworth et al., 2003), Zn in dust can originate
from the wear and tear of vulcanized vehicle tires and corrosion of
galvanized automobile parts. Copper is often used in car lubricants (Al-
Khashman, 2007). It can be released to the urban environment as a
result of wear of the automobile's oil pump or corrosion of metal parts
which come into contact with the oil (De Miguel et al., 1997). Another
possible source of Cu in the street dust is thought to be corrosion of
metallic parts of cars and engine wear (Al-Khashman, 2007; Jaradat
and Momani, 1999). Lu et al. (2010) showed that, Zn and Cu may have
originated mainly from industry and traffic sources. According to Jiries
(2001) and Al-Khashman (2004), Cr, Cu, and Zn may be from abrasion
of vehicles because these heavy metals are parts of the materials for
brass alloy. These metals may also be from industrial activities, con-
firming the previous research results (De Miguel et al., 1997;
Charlesworth et al., 2003; Ahmed and Ishiga, 2006). Wei et al. (2010a,
2010b) suggested that, traffic emissions may be the major pollution
sources for Zn, Cu, and Cr, while Cr may originate mainly from mixed
sources of traffic instruments and industrial activities.

A third group of elements in T1 and T2, consisting of Mn and Fe

strongly correlated in PCA and correlation coefficients analyses and
were clearly separated from the other heavy metals in CA. This se-
paration between Mn and Fe, and other heavy metals may suggest a
mainly natural source. While, Zn, Cu, and Cr can originate from cor-
rosion of alloys used in vehicle components, vehicle covers or other
metallic surfaces and materials (Wei et al., 2010a, 2010b; Jiries, 2003),
significant positive correlations and similarity of Fe with those metals
could indicate that iron-containing materials and surfaces are sources of
heavy metals Zn, Cu, and Cr in Kermanshah dust.

It should be mentioned that, the mineralogical association of metals
in soils may be considered in their source identification studies. Based
on the results of XRD of the soil samples in Kermanshah province by
Heidari et al. (2008), Kermanshah soils are dominated by smectite, with
different amounts of vermiculite, illite, chlorite, and kaolinite. The re-
sults of XRD and SEM (scanning electron microscopy) analyses of air-
borne dust samples in western Iran (including Kermanshah and Khu-
zestan) by Najafi et al. (2013), indicated that the mineralogy of dust
samples were dominated by quartz and calcite; additionally, minor
minerals including gypsum, albeit, muscovite, clinochlore, paly-
gorskite, and dolomite. Also, they showed that the major oxides in dust
storms in the study area are SiO2 (34.82%), CaO (20.48), Al2O3

(8.44%), Fe2O3 (4.36%), and MgO (4.22%). Najafi et al. (2013) con-
cluded that the sources of dust storm in the west of Iran are arid and
semi-arid regions in Iraq, Jordan, the Arabian Peninsula, and Syria
probably. These sporadic reports do not provide a significant evidence
for considering the soils of the region as an important source for heavy
metals presence in atmospheric dust (in particular for Zn, Cu, Ni and Cr
in the current study), however, also the potential mineralogical asso-
ciation of the metals in dust origin soils (and rocks) could be discussed
(provided that reliable information were available), prior to con-
sidering the local anthropogenic activities as the main source of at-
mospheric dust metals.

3.5. Pollution level assessment

3.5.1. Enrichment factor analysis
Since this is the first study on Kermanshah dust contamination,

there are no historical data or background elemental concentrations
reported for the area. Therefore, in this study, metal contents in world

T1 T2

Fig. 2. PCA results in the three-dimensional space: plot of loading of the first
three principal components (in times T1 and T2).

T1 T2
Fig. 3. Dendrogram results from Ward's method of hierarchical cluster analysis for 6 elements. Similarities have been calculated from Euclidean distance (in times T1 and T2).
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soils were used as background values for calculating EF, as in earlier
studies (Li and Zuo, 2013; Liu et al., 2014). Moreover, Fe was used as
normalizer and the reference element, based on the analysis performed
and references (Atiemo et al., 2011; Yongming et al., 2006; Tasdemir
and Kural, 2005; Turner and Simmonds, 2006).

The EF values for heavy metals are shown in Fig. 4. The mean EFs of
Zn, Cu, Ni, and Cr are close to or higher than 3, while the mean EF of
Mn is less than 3. The EF value can be an indicator of natural and an-
thropogenic sources (Yongming et al., 2006; Lu et al., 2009). Therefore,
the maximum EFs of Zn, Cu, and Ni that are higher than 10, indicate

Fig. 4. Box-plots of EF, Igeo, Er, and RI for heavy metals in the at-
mospheric dust samples of Kermanshah province in times T1 and
T2.
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that these elements in atmospheric dusts mainly originate from an-
thropogenic sources (Liu et al., 2003). The order of EF mean values are
Ni > Cu > Zn > Cr > Mn for T1, and Ni > Zn > Cu > Cr >
Mn for T2. The lowest EF values were found for Mn that had 35% of EF
values for T1 and 40% EF for T2 less than 2, revealing the lack of
contamination with Mn as a whole and implying a significant con-
tribution of natural sources. In case of element Cr, 92% of EF values for
T1, and 98% of EF values for T2 were in the range of 2–5, with mean EF
lesser than 5, representative of moderate contamination of atmospheric
dusts. Zinc and Cu had 47% and 98% EFs for T1 in the range of 2–5; and
53% and 37% EFs for T2 in the range of 5–20 respectively, with mean
EF higher than 5, reflecting the significant contamination of atmo-
spheric dusts by these elements. Nickel had 94% and 6% of EF values
for both sampling times (T1 and T2) in the ranges of 5–20 and 20–40,
respectively, with mean EF higher than 10, indicating a significant and
very high contamination. The orders of mean EFs values for urban and
suburban areas are similar to the orders of EFs for T1 and T2, respec-
tively, as presented in Table 5. Therefore, the ranges of EFs suggest
anthropogenic origins for the studied metals except for Mn. Fossil fuel
combustion, traffic emissions, and industrial processes are considered
as the major pollution sources in atmosphere (Meza-Figueroa et al.,
2007).

3.5.2. Geo-accumulation index analysis
The Igeo values for the heavy metals in Kermanshah atmospheric

dust are presented in Fig. 4. Contamination levels were from 0 to 5,
confirming the variability of atmospheric dust properties and pollution
sources for the studied metals. In general, the atmospheric dusts in
different areas of Kermanshah have different Igeo values. The order of
average values of Igeo are similar to the order of EFs, which can also be
seen as the decreasing order of their overall contamination degrees in
atmospheric dusts of the study area. For Cr, the mean Igeo and 61% of
Igeo values for T1 and 45% of Igeo values for T2 are falling into class 1
indicating unpolluted to moderately polluted status, while 39% of Igeo
values for T1 and 53% for T2 are between 0 and 1, revealing a prac-
tically unpolluted state. The mean Igeo values for both sampling times
(T1 and T2) obtained for Ni point to moderately to strongly polluted
conditions. In this case, 65% of Igeo values for T1 and 59% for T2 fall
into class 2 (moderately polluted), and 35% of Igeo values for T1 and
37% for T2 fall into class 3 (moderately to strongly polluted). The mean
and distribution of Igeo values of elements Zn and Cu reveal the status of
unpolluted to moderately polluted (71% and 31% for T1, 51% and 65%
for T2) and moderately polluted (21% and 67% for T1, 36% and 29%
for T2), respectively, in atmospheric dust of the study area. According
to Table 5, the mean Igeo values are in the order of Ni > Cu >
Zn > Cr > Mn for urban areas, and Ni > Zn > Cu > Cr > Mn
for suburban areas, similar to the orders of Igeo for T1 and T2, respec-
tively. The mean and distribution of Igeo values for Fe and Mn in both
sampling times (T1 and T2) and in both sampling areas (urban and
suburban) show that most atmospheric dust samples were practically

unpolluted (Igeo < 0) with these elements. In the other word, the at-
mospheric dusts of Kermanshah are contaminated (Igeo > 0) by heavy
metals such as Ni, Zn, Cu, and Cr (especially Ni) to some degrees, that
probably originate from anthropogenic sources, whereas, Mn and Fe are
not relevant as dust contaminants in the study area and are likely from
natural origins.

3.5.3. Ecological risks analysis
The Er results of the five metals (except Fe, which lacked a “toxic-

response” factor) in Kermanshah atmospheric dust are shown in Fig. 4.
The average Er values of heavy metals showed decreasing order of:
Ni > Cu > Cr > Zn > Mn for T1, and Ni > Cu > Zn > Cr >
Mn for T2, similar to the observed orders for urban and suburban areas
(Table 5), respectively. The results indicate that the mean and max-
imum concentrations of Ni have low and moderate potential ecological
risk, respectively; while Zn, Cu, Cr, and Mn have low potential ecolo-
gical risk (except for maximum concentration of Cu for T2, which have
considerable potential ecological risk). Based on these results, most
sampling locations show low ecological risks, which means that these
metals may not have adverse effect on the ecosystem.

In general, the Igeo stands for “contamination” level, and the Er for
“pollution” level. Thus, it can be seen that the Igeo method is best ap-
plied to accumulation levels of individual metals, while the potential
ecological risk index describes the ecological risk caused by pollutants
(Tang et al., 2013). The results of geo-accumulation evaluation show
that Ni, Zn, and Cu had moderate to strong concentrations in the at-
mospheric dust, but their ecological risks were relatively low. On the
other hand, these metals are not at health-threatening levels, but their
environmental accumulation merits more attention. To produce more
comprehensive and accurate assessment results, both assessment
methods should be used when evaluating the environmental quality.
The calculations of the Igeo and the EF are both depend on the back-
ground data and the bonding forms of the metals. However, the cal-
culations of Igeo are more reliable than those for EF, for the evaluation of
the heavy metals contamination in dust particles, mainly for their
constancy and non-significant changes as compared to EF values (Rubio
et al., 2000; Ghrefat et al., 2011).

4. Conclusion

We analyzed the heavy metals status and source in atmospheric dust
samples of Kermanshah province for two seasons of spring and summer,
using multivariate statistical techniques combined with metal con-
centrations analysis and correlation analysis that has been proved to be
an effective tool for source identification of heavy metals in the atmo-
spheric dust, previously. Except for the contents of Mn and Fe, the
average metal concentrations in the atmospheric dust were significantly
higher than that in the background soils of the considered localities of
the world. Therefore, based on the comparison of heavy metals contents
of atmospheric dust in this study and background values of world soils,

Table 5
The values of EF, Igeo, Er, and RI for studied heavy metals in the atmospheric dust of Kermanshah province in urban and suburban sites.

Sampling area EF Igeo Er Ecological risk

Zn Cu Ni Cr Mn Zn Cu Ni Cr Mn Fe Zn Cu Ni Cr Mn RI

Urban
(n= 7-
0)

Minimum 3.64 3.47 5.92 2.11 1.58 0.29 0.19 1.36 −0.52 −0.86 −2.42 1.84 8.57 19.22 2.09 0.82 37.90 Low
Maximum 16.43 26.86 21.17 5.74 2.95 2.60 3.61 3.18 1.22 0.15 −0.99 9.08 91.43 68.05 7 1.66 157.28 Moderate
Mean 6.30 6.47 12.73 3.36 2.03 1.07 1.13 2.13 0.22 −0.46 −1.47 3.46 17.50 34.71 3.66 1.10 60.44 Low
S.D. 2.91 3.12 3.96 0.94 0.25 0.60 0.45 0.48 0.42 0.18 0.25 1.72 9.92 12.42 1.15 0.14 19.88

Suburban
(n= 2-
8)

Minimum 3.01 2.94 4.91 2.01 1.65 −0.08 0.25 1.15 −0.52 −0.63 −1.99 1.42 8.93 16.70 2.09 0. 97 35.14 Low
Maximum 17.67 12.64 26.02 4.98 2.57 2.91 2.36 3.14 0.74 −0.16 −1.08 11.29 38.57 66.17 5 1.34 99.84 Low
Mean 5.71 5.72 10.73 2.86 2.01 0.92 0.98 1.89 0.04 −0.44 −1.44 3.21 15.78 29.44 3.14 1.11 52.68 Low
S.D. 3.48 2.38 4.33 0.66 0.22 0.67 0.49 0.46 0.25 0.14 0.22 2.08 7.04 11.41 0.57 0.11 18.37
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the heavy metals were classified into two main groups according to
their sources: natural (including Mn and Fe) and anthropogenic (in-
cluding Zn, Cu, Ni and Cr). Also, based on multivariate statistical
analyses, the heavy metals were classified into three main groups ac-
cording to their sources.

• Zn and Cu were suggested to be from traffic activities, as well as
industrial activities sources.

• Ni and Cr could be attributed to industrial activities and partly to
traffic and combustion processes.

• The origins of Mn and Fe were mainly from natural sources with
traces of anthropogenic influence.

To ensure more comprehensive and accurate assessment of heavy
metals contamination results, three evaluation methods of enrichment
factor, geo-accumulation index and ecological risk were applied.

• The calculated results of EF and Igeo of heavy metals revealed the
identical orders of EF and Igeo as Ni > Cu > Zn >
Cr > Mn > Fe for T1 (also for urban areas), and
Ni > Zn > Cu > Cr > Mn > Fe for T2 (also for suburban
areas).

• The analysis of EF also showed a moderate enrichment for Mn and
Cr, and significant enrichment for Zn, Cu, and Ni (especially for Ni)
in T1 and T2, and similarly for urban and suburban areas.

• The analysis of the Igeo results determined the levels of Mn and Fe as
uncontaminated (Igeo < 0), while Zn, Cu, Ni, and Cr, were eval-
uated to have moderate contamination (Igeo > 0), for T1 and T2,
and similarly for urban and suburban areas.

• The overall contamination levels of heavy metals were also assessed
using RI. Based on RI values, heavy metals contamination were not
considerable in atmospheric dust of Kermanshah.
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Espinosa, A.J.F., Rodrıǵuez, M.T., de la Rosa, F.J.B., Sánchez, J.C.J., 2001. Size dis-
tribution of metals in urban aerosols in Seville (Spain). Atmos. Environ. 35 (14),
2595–2601. http://dx.doi.org/10.1016/S1352-2310(00)00403-9.

Ewers, U., 1991. Standards, guidelines and legislative regulations concerning metals and
their compound. In: Merian, E. (Ed.), Metals and Their Compounds in the
Environment. VCH verlags gesellschaft mbh Weinheim, New York, pp. 687–750.

Fergusson, J.E., Kim, N.D., 1991. Trace elements in street and house dusts: sources and
speciation. Sci. Total Environ. 100, 125–150. http://dx.doi.org/10.1016/0048-
9697(91)90376-P.

Ferreira-Baptista, L., De Miguel, E., 2005. Geochemistry and risk assessment of street dust
in Luanda, Angola: a tropical urban environment. Atmos. Environ. 39 (25),
4501–4512. http://dx.doi.org/10.1016/j.atmosenv.2005.03.026.

Ghadimi, F., Ghomi, M., Ranjbar, M., Hajati, A., 2013. Statistical analysis of heavy metal
contamination in urban dusts of Arak, Iran. Iran. Int. J. Energy Environ. 4 (4),
406–418.

Ghrefat, H.A., Abu-Rukah, Y., Rosen, M.A., 2011. Application of geoaccumulation index
and enrichment factor for assessing metal contamination in the sediments of Kafrain
dam, Jordan. Environ. Monit. Assess. 178 (1–4), 95–109. http://dx.doi.org/10.1007/
s10661-010-1675-1.

Gibson, M.J., Farmer, J.G., 1986. Multi-step sequential chemical extraction of heavy
metals from urban soils. Environ. Pollut. B. 11 (2), 117–135. http://dx.doi.org/10.
1016/0143-148X(86)90039-X.

Hakanson, L., 1980. An ecological risk index for aquatic pollution control. A sedi-
mentological approach. Water Res. 14 (8), 975–1001. http://dx.doi.org/10.1016/
0043-1354(80)90143-8.

Harrison, R.M., Laxen, D.P., Wilson, S.J., 1981. Chemical associations of lead, cadmium,
copper, and zinc in street dusts and roadside soils. Environ. Sci. Technol. 15 (11),
1378–1383.

Harrison, R.M., Tilling, R., Romero, M.S.C., Harrad, S., Jarvis, K., 2003. A study of trace
metals and polycyclic aromatic hydrocarbons in the roadside environment. Atmos.
Environ. 37 (17), 2391–2402. http://dx.doi.org/10.1016/S1352-2310(03)00122-5.

Heidari, A., Mahmoodi, S., Roozitalab, M.H., Mermut, A.R., 2008. Diversity of clay mi-
nerals in the Vertisols of three different climatic regions in western Iran. J. Agric. Sci.
Technol. 10, 269–284.

Hu, X., Zhang, Y., Luo, J., Wang, T., Lian, H., Ding, Z., 2011. Bio-accessibility and health
risk of arsenic, mercury and other metals in urban street dusts from a mega-city,
Nanjing, China. Environ. Pollut. 159 (5), 1215–1221. http://dx.doi.org/10.1016/j.
envpol.2011.01.037.

Huu, H.H., Rudy, S., Damme, A.V., 2010. Distribution and contamination status of heavy
metals in estuarine sediments near Cau Ong harbor, Ha Long Bay, Vietnam. Geol.
Belg. 13 (1–2), 37–47.

Islamic Republic of Iran Meteorological Organization (IRIMO), 2013. http://www.
irimo.ir.

Jaradat, Q.M., Momani, K.A., 1999. Contamination of roadside soil, plants, and air with
heavy metals in Jordan, a comparative study. Turk. J. Chem. 23, 209–220.

Jiries, A., 2001. Chemical composition of dew in Amman, Jordan. Atmos. Res. 57 (4),
261–268. http://dx.doi.org/10.1016/S0169-8095(01)00079-5.

Jiries, A., 2003. Vehicular contamination of dust in Amman, Jordan. Environmentalist 23
(3), 205–210. http://dx.doi.org/10.1023/B:ENVR.0000017390.93161.99.

Kaiser, H.F., 1960. The application of electronic computers to factor analysis. Educ.
Psychol. Meas. 20, 141–151. http://dx.doi.org/10.1177/001316446002000116.

Karimi, N., Ghaderian, S.M., Maroofi, H., Schat, H., 2009. Analysis of arsenic in soil and
vegetation of a contaminated area in Zarshuran, Iran. Int. J. Phytorem. 12 (2),
159–173. http://dx.doi.org/10.1080/15226510903213977.

Kartal, Ş., Aydın, Z., Tokalıoğlu, Ş., 2006. Fractionation of metals in street sediment
samples by using the BCR sequential extraction procedure and multivariate statistical
elucidation of the data. J. Hazard. Mater. 132 (1), 80–89. http://dx.doi.org/10.1016/
j.jhazmat.2005.11.091.

Keshavarzi, B., Tazarvi, Z., Rajabzadeh, M.A., Najmeddin, A., 2015. Chemical speciation,
human health risk assessment and pollution level of selected heavy metals in urban
street dust of Shiraz, Iran. Atmos. Environ. 119, 1–10. http://dx.doi.org/10.1016/j.
atmosenv.2015.08.001.

Khuzestani, R.B., Souri, B., 2013. Evaluation of heavy metal contamination hazards in
nuisance dust particles, in Kurdistan Province, western Iran. J. Environ. Sci. 25 (7),
1346–1354. http://dx.doi.org/10.1016/S1001-0742(12)60147-8.

Kurt-Karakus, P.B., 2012. Determination of heavy metals in indoor dust from Istanbul,
Turkey: estimation of the health risk. Environ. Int. 50, 47–55. http://dx.doi.org/10.
1016/j.envint. 2012.09.011.

Li, H., Zuo, X.J., 2013. Speciation and size distribution of copper and zinc in urban road
runoff. Bull. Environ. Contam. Toxicol. 90 (4), 471–476. http://dx.doi.org/10.1007/
s00128-012-0953-8.

Li, X., Poon, C.S., Liu, P.S., 2001. Heavy metal contamination of urban soils and street
dusts in Hong Kong. Appl. Geochem. 16 (11), 1361–1368. http://dx.doi.org/10.
1016/S0883-2927(01)00045-2.

Liu, Q.T., Diamond, M.L., Gingrich, S.E., Ondov, J.M., Maciejczyk, P., Stern, G.A., 2003.
Accumulation of metals, trace elements and semi-volatile organic compounds on
exterior window surfaces in Baltimore. Environ. Pollut. 122 (1), 51–61. http://dx.doi.
org/10.1016/S0269-7491(02)00286-5.

Liu, E., Yan, T., Birch, G., Zhu, Y., 2014. Pollution and health risk of potentially toxic
metals in urban road dust in Nanjing, a mega-city of China. Sci. Total Environ. 476,
522–531. http://dx.doi.org/10.1016/j.scitotenv.2014.01.055.

Loredo, J., Ordonez, A., Charlesworth, S., De Miguel, E., 2003. Influence of industry on
the geochemical urban environment of Mieres (Spain) and associated health risk.
Environ. Geochem. Health 25 (3), 307–323. http://dx.doi.org/10.1023/

S.A. Doabi et al. Journal of Geochemical Exploration 180 (2017) 61–70

69

http://dx.doi.org/10.1016/j.atmosenv.2006.03.004
http://dx.doi.org/10.1016/j.atmosenv.2006.03.004
http://dx.doi.org/10.1007/BF00477063
http://dx.doi.org/10.1016/j.atmosenv.2004.09.011
http://dx.doi.org/10.1007/s10653-006-9067-8
http://dx.doi.org/10.1007/s10653-006-9067-8
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0025
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0025
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0030
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0030
http://dx.doi.org/10.1016/j.ecolind.2010.10.009
http://dx.doi.org/10.1016/j.ecolind.2010.10.009
http://dx.doi.org/10.1081/TMA-100105058
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0045
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0045
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0045
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0050
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0050
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0050
http://dx.doi.org/10.1016/S0269-7491(02)00337-8
http://dx.doi.org/10.1016/S0269-7491(02)00337-8
http://dx.doi.org/10.1016/S0160-4120(03)00015-1
http://dx.doi.org/10.1016/S1352-2310(97)00101-5
http://dx.doi.org/10.1016/S1352-2310(97)00101-5
http://dx.doi.org/10.1007/s10653-005-9036-7
http://dx.doi.org/10.1007/s10653-005-9036-7
http://dx.doi.org/10.1016/S1352-2310(00)00403-9
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0080
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0080
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0080
http://dx.doi.org/10.1016/0048-9697(91)90376-P
http://dx.doi.org/10.1016/0048-9697(91)90376-P
http://dx.doi.org/10.1016/j.atmosenv.2005.03.026
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0095
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0095
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0095
http://dx.doi.org/10.1007/s10661-010-1675-1
http://dx.doi.org/10.1007/s10661-010-1675-1
http://dx.doi.org/10.1016/0143-148X(86)90039-X
http://dx.doi.org/10.1016/0143-148X(86)90039-X
http://dx.doi.org/10.1016/0043-1354(80)90143-8
http://dx.doi.org/10.1016/0043-1354(80)90143-8
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0115
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0115
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0115
http://dx.doi.org/10.1016/S1352-2310(03)00122-5
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0125
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0125
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0125
http://dx.doi.org/10.1016/j.envpol.2011.01.037
http://dx.doi.org/10.1016/j.envpol.2011.01.037
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0135
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0135
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0135
http://www.irimo.ir
http://www.irimo.ir
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0145
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0145
http://dx.doi.org/10.1016/S0169-8095(01)00079-5
http://dx.doi.org/10.1023/B:ENVR.0000017390.93161.99
http://dx.doi.org/10.1177/001316446002000116
http://dx.doi.org/10.1080/15226510903213977
http://dx.doi.org/10.1016/j.jhazmat.2005.11.091
http://dx.doi.org/10.1016/j.jhazmat.2005.11.091
http://dx.doi.org/10.1016/j.atmosenv.2015.08.001
http://dx.doi.org/10.1016/j.atmosenv.2015.08.001
http://dx.doi.org/10.1016/S1001-0742(12)60147-8
http://dx.doi.org/10.1016/j.envint. 2012.09.011
http://dx.doi.org/10.1016/j.envint. 2012.09.011
http://dx.doi.org/10.1007/s00128-012-0953-8
http://dx.doi.org/10.1007/s00128-012-0953-8
http://dx.doi.org/10.1016/S0883-2927(01)00045-2
http://dx.doi.org/10.1016/S0883-2927(01)00045-2
http://dx.doi.org/10.1016/S0269-7491(02)00286-5
http://dx.doi.org/10.1016/S0269-7491(02)00286-5
http://dx.doi.org/10.1016/j.scitotenv.2014.01.055
http://dx.doi.org/10.1023/A:1024521510658


A:1024521510658.
Loska, K., Wiechuła, D., 2003. Application of principal component analysis for the esti-

mation of source of heavy metal contamination in surface sediments from the Rybnik
reservoir. Chemosphere 51 (8), 723–733. http://dx.doi.org/10.1016/S0045-
6535(03)00187-5.

Lu, X., Wang, L., Lei, K., Huang, J., Zhai, Y., 2009. Contamination assessment of copper,
lead, zinc, manganese and nickel in street dust of Baoji, NW China. J. Hazard. Mater.
161 (2), 1058–1062. http://dx.doi.org/10.1016/j.jhazmat.2008.04.052.

Lu, X., Wang, L., Li, L.Y., Lei, K., Huang, L., Kang, D., 2010. Multivariate statistical
analysis of heavy metals in street dust of Baoji, NW China. J. Hazard. Mater. 173 (1),
744–749. http://dx.doi.org/10.1016/j.jhazmat.2009.09.001.

Lv, W., Wang, Y., Querol, X., Zhuang, X., Alastuey, A., López, A., Viana, M., 2006.
Geochemical and statistical analysis of trace metals in atmospheric particulates in
Wuhan, central China. Environ. Geol. 51 (1), 121–132. http://dx.doi.org/10.1007/
s00254-006-0310-5.

Manasreh, W.A., 2010. Assessment of trace metals in street dust of Mutah city, Karak,
Jordan. Carpath. J. Earth Environ. Sci. 5, 5–12.

Meza-Figueroa, D., De la O-Villanueva, M., De la Parra, M.L., 2007. Heavy metal dis-
tribution in dust from elementary schools in Hermosillo, Sonora, México. Atmos.
Environ. 41 (2), 276–288. http://dx.doi.org/10.1016/j.atmosenv.2006.08.034.

Mugica, V., Maubert, M., Torres, M., Muñoz, J., Rico, E., 2002. Temporal and spatial
variations of metal content in TSP and PM10 in Mexico City during 1996–1998. J.
Aerosol Sci. 33 (1), 91–102. http://dx.doi.org/10.1016/S0021-8502(01)00151-3.

Müller, G., 1969. Index of geo-accumulation in sediments of the Rhine River. GeoJournal
2, 108–118.

Müller, G., 1981. The heavy metal pollution of the sediments of Neckars and its tributary:
a stocktaking. Chemiker-Zeitung 105, 157–164 (written in German with English
abstract).

Najafi, M.S., Khoshakhllagh, F., Zamanzadeh, S.M., Shirazi, M.H., Samadi, M., Hajikhani,
S., 2013. Characteristics of TSP loads during the Middle East springtime dust storm
(MESDS) in Western Iran. Ar. J. Geosci. 7 (12), 5367–5381. http://dx.doi.org/10.
1007/s12517-013-1086-z.

Okorie, A., Entwistle, J., Dean, J.R., 2012. Estimation of daily intake of potentially toxic
elements from urban street dust and the role of oral bioaccessibility testing.
Chemosphere 86 (5), 460–467. http://dx.doi.org/10.1016/j.chemosphere.2011.09.
047.

Park, K., Dam, H.D., 2010. Characterization of metal aerosols in PM10 from urban, in-
dustrial, and Asian dust sources. Environ. Monit. Assess. 160 (1–4), 289–300. http://
dx.doi.org/10.1007/s10661-008-0695-6.

Pavlík, M., Pavlíková, D., Zemanová, V., Hnilička, F., Urbanová, V., Száková, J., 2012.
Trace elements present in airborne particulate matter-stressors of plant metabolism.
Ecotox. Environ. Safe. 79, 101–107. http://dx.doi.org/10.1016/j.ecoenv.2011.12.
009.

Rasmussen, P.E., Subramanian, K.S., Jessiman, B.J., 2001. A multi-element profile of
house dust in relation to exterior dust and soils in the city of Ottawa, Canada. Sci.
Total Environ. 267 (1), 125–140. http://dx.doi.org/10.1016/S0048-9697(00)
00775-0.

Rubio, B., Nombela, M.A., Vilas, F., 2000. Geochemistry of major and trace elements in
sediments of the ria de Vigo (NW Spain): an assessment of metal pollution. Mar.
Pollut. Bull. 40 (11), 968–980. http://dx.doi.org/10.1016/S0025-326X(00)00039-4.

Saeedi, M., Li, L.Y., Salmanzadeh, M., 2012. Heavy metals and polycyclic aromatic hy-
drocarbons: Pollution and ecological risk assessment in street dust of Tehran. J.
Hazard. Mater. 227–228, 9–17. http://dx.doi.org/10.1016/j.jhazmat.2012.04.047.

Sezgin, N., Ozcan, H.K., Demir, G., Nemlioglu, S., Bayat, C., 2004. Determination of heavy
metal concentrations in street dusts in Istanbul E-5 highway. Environ. Int. 29 (7),

979–985. http://dx.doi.org/10.1016/S0160-4120(03)00075-8.
Sparks, D.L., Page, A.L., Helmke, P.A., Loeppert, R.H., Soltanpour, P.N., Tabatabai, M.A.,

Sumner, M.E., 1996. Methods of Soil Analysis. Part 3-Chemical Methods. Soil Science
Society of America Inc.

Statistical Center of Iran (SCI), 2011. http://www.amar.org.ir.
Sutherland, R.A., 2000. A comparison of geochemical information obtained from two

fluvial bed sediment fractions. Environ. Geol. 39 (3–4), 330–341. http://dx.doi.org/
10.1007/s002540050012.

Tahri, M., Benyaich, F., Bounakhla, M., Bilal, E., Gruffat, J.J., Moutte, J., Garcia, D., 2005.
Multivariate analysis of heavy metal contents in soils, sediments and water in the
region of Meknes (central Morocco). Environ. Monit. Assess. 102 (1–3), 405–417.
http://dx.doi.org/10.1007/s10661-005-6572-7.

Tang, R., Ma, K., Zhang, Y., Mao, Q., 2013. The spatial characteristics and pollution levels
of metals in urban street dust of Beijing, China. Appl. Geochem. 35, 88–98. http://dx.
doi.org/10.1016/j.apgeochem.2013.03.016.

Tasdemir, Y., Kural, C., 2005. Atmospheric dry deposition fluxes of trace elements
measured in Bursa, Turkey. Environ. Pollut. 138 (3), 462–472. http://dx.doi.org/10.
1016/j.envpol.2005.04.012.

Thornton, I., 1991. Metal contamination of soils in urban area. In: Bullock, P., Gregory,
P.J. (Eds.), Soil in the Urban Environment. Blackwell, pp. 47–75.

Tokalıoğlu, Ş., Kartal, Ş., 2006. Multivariate analysis of the data and speciation of heavy
metals in street dust samples from the organized industrial district in Kayseri
(Turkey). Atmos. Environ. 40 (16), 2797–2805. http://dx.doi.org/10.1016/j.
atmosenv.2006.01.019.

Turner, A., Simmonds, L., 2006. Elemental concentrations and metal bio-accessibility in
UK household dust. Sci. Total Environ. 371 (1), 74–81. http://dx.doi.org/10.1016/j.
scitotenv.2006.08.011.

Vives, A.E.S., Moreira, S., Brienza, S.M.B., Medeiros, J.G.S., Tomazello Filho, M., Zucchi,
O.L.A.D., Nascimento Filho, V.F., 2006. Monitoring of the environmental pollution by
trace element analysis in tree-rings using synchrontron radiation total reflection X-
ray fluorescence. Spectrochim. Acta 61, 1170–1174. http://dx.doi.org/10.1016/j.
sab.2006.08.007.

Wang, X., Sato, T., Xing, B., Tamamura, S., Tao, S., 2005. Source identification, size
distribution and indicator screening of airborne trace metals in Kanazawa, Japan. J.
Aerosol Sci. 36 (2), 197–210. http://dx.doi.org/10.1016/j.jaerosci.2004.08.005.

Wei, B., Yang, L., 2010. A review of heavy metal contaminations in urban soils, urban
road dusts and agricultural soils from China. Microchem. J. 94 (2), 99–107. http://
dx.doi.org/10.1016/j.Microc.2009.09.014.

Wei, B., Jiang, F., Li, X., Mu, S., 2010a. Contamination levels assessment of potential toxic
metals in road dust deposited in different types of urban environment. Environ. Earth
Sci. 61 (6), 1187–1196. http://dx.doi.org/10.1007/s12665-009-0441-6.

Wei, B., Jiang, F., Li, X., Mu, S., 2010b. Heavy metal induced ecological risk in the city of
Urumqi, NW China. Environ. Monit. Assess. 160 (1–4), 33–45. http://dx.doi.org/10.
1007/s10661-008-0655-1.

Wei, X., Gao, B., Wang, P., Zhou, H., Lu, J., 2015. Pollution characteristics and health risk
assessment of heavy metals in street dusts from different functional areas in Beijing,
China. Ecotox. Environ. Safe. 112, 186–192. http://dx.doi.org/10.1016/j.ecoenv.
2014.11.005.

Yongming, H., Peixuan, D., Junji, C., Posmentier, E.S., 2006. Multivariate analysis of
heavy metal contamination in urban dusts of Xi'an, Central China. Sci. Total Environ.
355 (1), 176–186. http://dx.doi.org/10.1016/j.scitotenv.2005.02.026.

Zheng, Y., Gao, Q., Wen, X., Yang, M., Chen, H., Wu, Z., Lin, X., 2013. Multivariate
statistical analysis of heavy metals in foliage dust near pedestrian bridges in
Guangzhou, South China in 2009. Environ. Earth Sci. 70 (1), 107–113. http://dx.doi.
org/10.1007/s12665-012-2107-z.

S.A. Doabi et al. Journal of Geochemical Exploration 180 (2017) 61–70

70

http://dx.doi.org/10.1023/A:1024521510658
http://dx.doi.org/10.1016/S0045-6535(03)00187-5
http://dx.doi.org/10.1016/S0045-6535(03)00187-5
http://dx.doi.org/10.1016/j.jhazmat.2008.04.052
http://dx.doi.org/10.1016/j.jhazmat.2009.09.001
http://dx.doi.org/10.1007/s00254-006-0310-5
http://dx.doi.org/10.1007/s00254-006-0310-5
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0235
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0235
http://dx.doi.org/10.1016/j.atmosenv.2006.08.034
http://dx.doi.org/10.1016/S0021-8502(01)00151-3
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0250
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0250
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0255
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0255
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0255
http://dx.doi.org/10.1007/s12517-013-1086-z
http://dx.doi.org/10.1007/s12517-013-1086-z
http://dx.doi.org/10.1016/j.chemosphere.2011.09.047
http://dx.doi.org/10.1016/j.chemosphere.2011.09.047
http://dx.doi.org/10.1007/s10661-008-0695-6
http://dx.doi.org/10.1007/s10661-008-0695-6
http://dx.doi.org/10.1016/j.ecoenv.2011.12.009
http://dx.doi.org/10.1016/j.ecoenv.2011.12.009
http://dx.doi.org/10.1016/S0048-9697(00)00775-0
http://dx.doi.org/10.1016/S0048-9697(00)00775-0
http://dx.doi.org/10.1016/S0025-326X(00)00039-4
http://dx.doi.org/10.1016/j.jhazmat.2012.04.047
http://dx.doi.org/10.1016/S0160-4120(03)00075-8
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0300
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0300
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0300
http://www.amar.org.ir
http://dx.doi.org/10.1007/s002540050012
http://dx.doi.org/10.1007/s002540050012
http://dx.doi.org/10.1007/s10661-005-6572-7
http://dx.doi.org/10.1016/j.apgeochem.2013.03.016
http://dx.doi.org/10.1016/j.apgeochem.2013.03.016
http://dx.doi.org/10.1016/j.envpol.2005.04.012
http://dx.doi.org/10.1016/j.envpol.2005.04.012
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0330
http://refhub.elsevier.com/S0375-6742(17)30408-9/rf0330
http://dx.doi.org/10.1016/j.atmosenv.2006.01.019
http://dx.doi.org/10.1016/j.atmosenv.2006.01.019
http://dx.doi.org/10.1016/j.scitotenv.2006.08.011
http://dx.doi.org/10.1016/j.scitotenv.2006.08.011
http://dx.doi.org/10.1016/j.sab.2006.08.007
http://dx.doi.org/10.1016/j.sab.2006.08.007
http://dx.doi.org/10.1016/j.jaerosci.2004.08.005
http://dx.doi.org/10.1016/j.Microc.2009.09.014
http://dx.doi.org/10.1016/j.Microc.2009.09.014
http://dx.doi.org/10.1007/s12665-009-0441-6
http://dx.doi.org/10.1007/s10661-008-0655-1
http://dx.doi.org/10.1007/s10661-008-0655-1
http://dx.doi.org/10.1016/j.ecoenv.2014.11.005
http://dx.doi.org/10.1016/j.ecoenv.2014.11.005
http://dx.doi.org/10.1016/j.scitotenv.2005.02.026
http://dx.doi.org/10.1007/s12665-012-2107-z
http://dx.doi.org/10.1007/s12665-012-2107-z

	Multivariate statistical analysis of heavy metals contamination in atmospheric dust of Kermanshah province, western Iran, during the spring and summer 2013
	Introduction
	Materials and methods
	Study area
	Atmospheric dust sampling
	Chemical analysis
	Statistical analysis
	Pollution level assessment methods
	Enrichment factor
	Geo-accumulation index (Igeo)
	Ecological risk


	Results and discussion
	Heavy metal concentrations
	Correlation coefficients analysis
	Multivariate statistical analysis
	Principal component analysis
	Cluster analysis

	Heavy metals source identification
	Pollution level assessment
	Enrichment factor analysis
	Geo-accumulation index analysis
	Ecological risks analysis


	Conclusion
	References




