Environmental Science and Pollution Research (2018) 25:18737-18751
https://doi.org/10.1007/s11356-018-2033-z

RESEARCH ARTICLE

@ CrossMark

Trends of metals enrichment in deposited particulate matter
at semi-arid area of Iran

Reza Fouladi Fard - Kazem Naddafi?® - Mohammad Sadegh Hassanvand? - Mohammad Khazaei* - Farah Rahmani®

Received: 6 November 2017 / Accepted: 13 April 2018 /Published online: 30 April 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

The presence and enrichment of heavy metals in dust depositions have been recognized as an emerging environmental health
issues in the urban and industrial areas. In this study, the deposition of some metals was found in Qom, a city located in a semi-
desert area in Iran that is surrounded by industrial areas. Dust deposition samples were collected using five sampling stations
during a year. Dust samples were digested applying acidic condition and then, the metal content was analyzed using inductively
coupled plasma technology (ICP-OES). Comparative results showed the following order, from the maximum to the minimum
concentration (mg/kg dust) of elements: Ca> Al>Fe>Mg>Ti>Si>K>B>Sr>Mn>P>Ba>Cr>Zn>Ni>Sn>Pb>V >
Na > Cu> Co > U > Li > Ce > Ag. The differences among the average concentrations of metals in the five stations were not
significant (p value > 0.05). The average concentration of some metals increased significantly during cold seasons. In this study,
the cluster analysis (CA) and princicipal component analysis (PCA) were applied, and relationships among some elements in
different clusters were found. In addition, the geo-accumulation and enrichment analysis revealed that the following metals had
been enriched more than the average values: boron, silver, tin, uranium, lead, zinc, cobalt, chromium, lithium, nickel, strontium,
and coper. The presence of thermal power plant, pesticide manufacturing plants, publishing centers, traffic jam, and some
industrial areas around the city has resulted in the enrichment of some metals (particularly in cold seasons with atmospheric
stable conditions) in dust deposition.
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Introduction

The atmospheric emission of pollutants has direct and indirect
impacts on the environment and humans (Butean et al. 2014).
The emissions of particle matters (PMs) in the atmosphere
result from natural and anthropogenic sources (Rout et al.
2015). The atmospheric PMs are usually divided to suspended
and settleable particles (Momani et al. 2000). Settleable parti-
cles or dustfalls are those particles that have excessive settling
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velocity and short retention time in the atmosphere (Sipos
et al. 2012). The settling velocity can be a function of the size
and density of PMs. The PMs having aerodynamic diameter
more than 10 pm are commonly known as “settleable
particles” (Khuzestani and Souri 2013; Momani et al. 2000).
PMs are also associated with cancer (class 1 carcinogenic
according to the ITARC) and cardiovascular mortality
(Brunekreef and Holgate 2002). Dustfall is a hazardous and
complex pollutant that has adverse effects on the human
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health (such as pneumonia, tonsillitis, allergy, and asthma),
plants, and the environment (Cheng et al. 2008; Choi et al.
2008; Chung et al. 2003; De Longueville et al. 2010; Feng
et al. 2012; Hamaiedh and El-Hasan 2011; Joshi et al. 2009;
Qiao et al. 2013). The presence of heavy metals in dust depo-
sition due to its toxicity has harmful effects on health (Kurt-
Karakus 2012). The source of metals can be natural (such as
volcanic activities, forest fires, and soil erosion) or anthropo-
genic such as industrial emissions, transportation, domestic
usage of fuels, metal smelting, alloy refineries, cement
manufacturing plant, municipal incinerator, and the construc-
tion emission activity (Boonyatumanond et al. 2007; Feng
et al. 2012; Han et al. 2008; Harrad et al. 2009; Kvietkus
et al. 2011; Lee et al. 2013; Sipos et al. 2012; Thakur et al.
2004; Wang et al. 2014; Yongming et al. 2006).
Industrialization, urbanization, and motorization are the main
causes of heavy metal depositions in the urban environments
(Chen et al. 2014). Pollution associated with heavy metals in
dust deposition is a serious problem due to its toxicity, carci-
nogenicity, non-biodegradable characteristics, and ability to
accumulate the biota (Chen et al. 2014; Ghrefat et al. 2011;
Khuzestani and Souri 2013; Melaku et al. 2008; Qiao et al.
2013). These depositions have significant effects on the ter-
restrial and aquatic ecosystems, as well as on biogeochemical
cycles (Rashki et al. 2013; Soriano et al. 2012). The heavy
metals in dust deposition can be absorbed by and accumulated
into the internal organs and fatty tissues via direct inhalation,
ingestion (e.g., from eating the plants that accumulate these
metals), and dermal contact (Lu et al. 2009; Sharma and
Agrawal 2005; Zheng et al. 2010). It may cause noxious ef-
fects on human health (such as central nervous system effects)
and promote other diseases acting as cofactors (Dockery and
Pope 1996; Nriagu 1988). The important indexes applied to
identify the sources and the magnitude of metals in dust de-
position are geo-accumulation index (/q,), integrated pollu-
tion index (IPI), and enrichment factor (EF) (Ghrefat et al.
2011; Wei and Yang 2010). These indexes compare the cur-
rent concentrations of metals with pre-industrial amounts and
are applied to demonstrate the metals presence in various en-
vironments (Khuzestani and Souri 2013; Wei and Yang 2010).
Metal depositions come from wet (rainfall) or dry precipita-
tions and are collected during the sampling period into the
collector located in an atmospheric environment. The passive
sampling method used for dust and metal deposition in ambi-
ent environment provides valuable information regarding the
influence of metals on the surface environment (Marrugo-
Negrete et al. 2014; Wong et al. 2003). Assessing the content
of metals in the atmospheric deposition has been carried out in
the some parts of the world. This shows that there is a relation
between the presence of industrial region and traffic jam and
metals enrichment in dust depositions (Kara et al. 2014;
Lynam et al. 2014; Marrugo-Negrete et al. 2014; Shakour
Ali et al. 2011). To the authors’ knowledge, there has been
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no reliable study investigating the metal deposition in the ur-
ban environments located beside the central deserts of Iran
(Kavir-e-Markazi), an area with a semi-arid climate and im-
portant ecological environments in the west part of Asia.
Therefore, this study aimed to investigate metal deposition
and enrichment in metropolitan city of Qom, located in the
western bordering Kavir-e-Markazi that suffers from dust
problems.

Materials and methods
Study area and sampling site

Qom is the capital city of Qom province and located at 34° 44’
37" N, to 55°33'27" E. It is a mega city with the population of
approximately one million. The average elevation of the city is
950 m above the sea level. The annual average temperature
and precipitation are 18.1 °C and 161 mm, respectively. Qom
is an arid and semi-arid city in the central part of Iran on the
banks of the Qom river in the vicinity of a desert (Kavir-e-
Markazi) with low annual rainfall (Azarakhshi et al. 2012;
Fouladi Fard et al. 2016; Isalou et al. 2014; Khadivi-Khub
et al. 2015; Khazaei et al. 2013).

According to the American Society for Testing and
Materials (ASTM) (D 1739) method for the collection of set-
tleable particulate matter (Standard-ASTM 2004), five dust
deposition sampling sites were selected in Qom, one of which
was located in the center of the city and the rest belong to four
divided municipal organization districts. Figure 1 illustrates
the locations of sampling sites and wind rose of Qom in the
sampling time period.

Sample collection

According to the ASTM guideline (D 1739), each sampling
apparatus comprised of an open-topped plastic cylinder (dust
container) supported by a stainless steel windshield and was
mounted on a 2-m-high leg. Sampling apparatus were made
and placed in appropriate sampling sites (no. 1 to no. 5, as can
be observed in Fig. 1), which were located in open areas, free
of natural obstacle (tree, hill, ...) or man-made structure (build-
ing, stack,...), and higher than 1 m within a 20-m radius of the
container stand. They were all continuously in-service for
1 year, from August 2012 to August 2013. After the end of
each month (+ 1 day), all five containers were removed simul-
taneously from sampling apparatus and replaced with five
clean containers. The removed containers, comprising dustfall
samples deposited (both of wet and dry depositions) during
1 month, were tightly closed and then transferred to the labo-
ratory for further analysis. Collected dustfall samples were
washed up with ultra-pure water, vacuum filtered via a
Wattman white filter paper, and dried at 103—105 °C. Dried
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Fig. 1 Sampling site locations and wind rose of the study area (no. 1:
Rural Water and Wastewater Company (RWWC), no. 2: Shadid Beheshti
Hospital (SBH), no. 3: School of Public Health, Qom University of

samples (nonsoluble dust on the filter and soluble fraction in
the crucible) were then stored in polyethylene bags for further
metal analysis. After the sampling process was over, the con-
tainers were cleaned with distilled water and 1% nitric acid
solution (Soriano et al. 2012).

Chemical analysis

Each dust sample was digested with an acid mixture on a hot
plate (Hsu et al. 2008). Dusts and filters (both of them) were
immersed in Teflon beakers with an acid mixture (5 ml HF,
10 ml HNOs3, and 0.5 ml HCIO,). The solution was vacuum
dried under the temperature around 200 °C. The residue was
re-dissolved in concentrated HNO3 and HCI mixtures and
then heated to complete the digestion process. The remaining
filters were removed with tweezers and rinsed with ultra-pure
water. One clean filter (in each series of digestion) was
digested for correction of the amount of metals in the filter
as a blank value. The resulting solution was filtered and dilut-
ed to the volume of 50 ml. Finally, the prepared solution was
examined to find the concentration of various elements (Ag,
Al, B, Ba, Ca, Ce, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P,
Pb, Si, Sn, Sr, Ti, U, V, and Zn) by using inductively coupled
plasma-optical emission spectrometer (ICP-OES) model
VARIAN 735-ES. The limit of detection for metal analysis
was 0.01 ppm. Standard aqueous samples containing metal
mixture were prepared by dilution from the respective
1000 ppm standard solution (VHG, SM35A-XXX).

Assessment of the level of contamination
Contamination levels of metals in the settleable dust samples

were evaluated by applying the geo-accumulation index (Zge,)
and enrichment factor (EF). The /,e, was originally used for
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bottom sediments and was firstly introduced by Miiller
(1969). The I, is also widely used for the assessment of
heavy metal content in dusts (Chen et al. 2014; Feng et al.
2012; Khuzestani and Souri 2013; Lee et al. 2013; Wang et al.
2014; Wei and Yang 2010) and can be calculated by the
following equation (Eq. 1):

CI’I
(1) .

where C, represents the concentration of the measured
element “n” in the deposited dust and B,, is the geochemical
background value of the element “n” (Wang et al. 2014). In
the current study, the global average of elemental concentra-
tions for continental crust, provided by Taylor (1964), has
been used as the background reference values for the assess-
ment of contamination levels. The constant value of 1.5 is the
correction factor for possible variations of background data
from lithological variability (Khuzestani and Souri 2013;
Lee et al. 2013). Table 1 presents seven classes of contamina-
tion levels according to the different /,, values proposed by
Miiller (1969) (Feng et al. 2012; Khuzestani and Souri 2013).

Table 1 Classification of /., contamination levels

Iyeo value Class Contamination Level

<0 0 Uncontaminated

0-1 1 Uncontaminated to moderately contaminated
1-2 2 Moderately contaminated

2-3 3 Moderately to heavily contaminated

34 4 Heavily contaminated

4-5 5 Heavily to extremely contaminated

>5 6 Extremely contaminated
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In order to gain a further insight into the origins of heavy
metals, the EF was also applied. The EF is based on the stan-
dardization of a measured metal against a reference one and
can be calculated by the following equation (Eq. 2):

(Cep/Cap) 2)

()

Caic

where Cgp and Cap are the elemental and aluminum con-
centrations in sample settleable dust, respectively. Likewise,
Cg ¢ and Ca, ¢ are the elemental and aluminum concentrations
in average crustal rock, respectively (Lue et al. 2010; Lynam
et al. 2014; Miji¢ et al. 2010). Aluminum was considered as a
reference element because of its low occurrence variability,
like the other dust contamination assessments (Chen et al.
2014; Lue et al. 2010; Lynam et al. 2014; Miji¢ et al. 2010;
Shakour Ali et al. 2011).

The values obtained from Eq. 2 show the elemental enrich-
ment. Values less than 1 indicate “no enrichment.” Values in the
range of 1-3, 3-5, 5-10, 10-25, and 25-50 indicate “‘minor
enrichment,” “moderate enrichment,” “moderately severe
enrichment,” “severe enrichment,” and “very sever

enrichment,” respectively. Finally, values more than 50 indicate
“extremely severe enrichment” (Khuzestani and Souri 2013).

EF =

ELINT3

Statistical analysis

The one-way analysis of variance (ANOVA) was applied to
compare the amount of the elements deposited in sampling
sites and different seasons, after adjusting the effect of extreme
value and Ln transformation. The Tukey post hoc test was
used when the ANOVA test was significant. The principal
component analysis (PCA) and cluster analysis (CA)
methods, which are usually applied in the environmental stud-
ies, were used as multivariate analysis (Kara et al. 2014; Qiao
et al. 2013; Rout et al. 2015; Yongming et al. 2006). These
methods are effective to recognize the source and elemental
distribution of dust samples (Qiao et al. 2013). PCA was used
to assign the wide range of concentrations obtained in the
study. This analysis can be employed to identify patterns and
examine the similiarities and differences (Shin et al. 2010).
The data and variables were normalized to a unit variance
for analysis according to the same proportion. To obtain more
obvious interpretations, varimax rotation with Kaiser normal-
ization was used. For classifying the measured elements, a
hierarchical CA was also applied. CA clusters the elements
together based on their chemical similarity. In addition, CA
is helpful for selecting similar groups and can be served as a
supplementary for PCA (Yongming et al. 2006). Dendrogram
diagram was used to show the assignment of elements to their
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clusters. To standardize the concentration data in the CA,
War’s method was used. Cluster analysis using Ward’s meth-
od was used to generate dendrogram for estimation of the
number of likely clusters within the studied parameters
(Haldar et al. 2008). Statistical analyses were performed with
SPSS software (version 20.0).

Results and discussion

Dust elemental concentrations, station, and seasonal
variation

The annual arithmetic mean concentrations, maximum,
minimum, and standard deviation (SD) of metals in dust
deposition are shown in Table 2. The annual average of
metal concentrations in all sampling stations revealed the
following decreasing order:

Ca>Al>Fe>Mg>Ti>Si>K>B>Sr>Mn>P
>Ba>Cr>Zn>Ni>Sn>Pb>V>Na>Cu

>Co>U>Li>Ce>Ag.

Figure 2 shows the box plot of measured element concen-
tration. As shown in Fig. 2, regarding the wide range of ele-
ment concentrations (from 70.06 x 10° g/kg dust for Ca to
0.51 g/kg dust for Cr), the vertical axis of diagram is scaled
logarithmically. Based on the results, the minimum, 25%, me-
dian, 75%, maximum, the outlier, and the extreme amounts of
elements can be identified. The concentration of calcium, alu-
minum, and iron is obviously greater than the concentration in
other elements. Similar findings were also obtained in some
regions of India and Turkey regarding the highest contents of
abovementioned elements in dust deposition (Kara et al. 2014;
Rout et al. 2015). In addition to soil origin of iron and alumi-
num, these elements might originate from anthropogenic
sources such as vehicles (Gunawardana et al. 2012; Mun’im
Mohd Han et al. 2014).

As shown in Fig. 1, the sampling sites were RWWC (east-
ern north), SBH (north), SPH (center), EO (west), and
MWWC (south), covering four geographical directions plus
a center point. Figure 3a illustrates the annual arithmetic av-
erage concentration of different elements in dust depositions
(mg/kg dust) reported by each sampling station. It was ob-
served that there were no significant differences among the
element concentration in different sites with the one-way
ANOVA test. Furthermore, depending on the distance of sam-
pling stations from pollution sources (industrial estates, urban
traffic jam ...), significant differences among element concen-
trations in some surveys were reported. According to a study
in Colombia, the existence of a mining area in the vicinity of
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Table 2 Descriptive statistics of - ] - .

annual element concentration Element Arithmetic mean Max Min SD B,* (CLi)

with crustal backgrounds (mg/kg)
Ag 4.46E + 00 2.72E+01 6.01E-01 4.92E + 00 8.51E-07 7.00E —02
Al 2.83E+04 6.25E+ 04 1.03E+ 04 1.04E + 04 1.00E + 00 8.23E+04
B 1.21E+03 6.67E + 03 2.77E+ 00 1.47E + 03 1.22E-04 1.00E + 01
Ba 1.89E + 02 3.98E+02 461E+01 8.89E + 01 5.16E—03 425E+02
Ca 4.30E + 04 7.01E+04 547E+03 1.49E + 04 5.04E-01 4.15E+ 04
Ce 2.40E +01 5.65E+01 2.32E+00 1.14E+01 7.29E—-04 6.00E + 01
Co 5.40E +01 1.51E+02 1.95E+01 2.15E+01 3.04E-04 2.50E+01
Cr 1.73E+02 1.30E+ 03 5.15E-01 2.63E+02 1.22E-03 1.00E + 02
Cu 6.42E +01 222E+02 1.29E + 01 4.49E + 01 6.68E — 04 5.50E+01
Fe 1.78E + 04 4.00E + 04 7.13E+03 6.39E + 03 6.84E—-01 5.63E+04
K 1.22E+ 03 2.10E+03 3.18E+02 4.62E + 02 2.54E-01 2.09E + 04
Li 3.03E+01 5.73E+01 1.31E+01 9.88E + 00 2.43E-04 2.00E+01
Mg 6.43E+03 1.56E + 04 1.54E + 03 2.78E + 03 2.83E-01 2.33E+04
Mn 3.88E+02 9.07E + 02 1.18E+02 1.50E + 02 1.15E-02 9.50E + 02
Na 7.37E+01 1.92E + 02 247E +01 3.54E+01 2.87E-01 2.36E + 04
Ni 1.08E +02 6.40E + 02 6.33E-01 1.25E+02 9.11E—04 7.50E +01
P 3.77E+02 8.47E+02 1.13E+02 1.64E + 02 1.28E-02 1.05E+03
Pb 7.63E+01 391E+02 2.46E + 01 6.27E +01 1.52E—-04 1.25E+01
Si 1.56E + 03 1.00E + 04 2.52E+01 221E+03 3.42E+00 2.82E+05
Sn 8.88E+01 5.88E+02 1.46E + 00 1.16E + 02 2.43E-05 2.00E + 00
Sr 4.99E + 02 7.40E + 02 7.99E + 01 1.71E+ 02 4.56E—03 3.75E+02
Ti 1.58E+ 03 3.14E+03 4.63E + 02 6.07E + 02 6.93E—02 5.70E + 03
U 4.12E+01 1.02E + 02 2.09E + 01 1.57E+01 3.28E—-05 2.70E + 00
\Y% 7.51E+01 1.45E+02 2.72E+01 2.55E+01 1.64E—03 1.35E+02
Zn 1.67E+ 02 4.86E + 02 2.67E+01 1.IIE+02 8.51E—04 7.00E + 01

*B,, geochemical background (Taylor 1964)
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the sampling site leads to significant differences among the
heavy metal contents (Marrugo-Negrete et al. 2014).
Regarding all sampling sites, Fig. 3b shows the seasonal
arithmetic average of various elements in dust deposition.
One-way ANOVA test results showed that there were signif-
icant differences among concentrations of Al (p=0.03), Cr
(p=0.03), Pb (p=0.001), Sn (p=0.004), U (p=0.01), and
Zn (p=0.016) in different seasons. Except the Al that had

@ Springer

the greatest amount in autumn, the majority of other elements
had the highest amount in the winter. The concentration of Al
decreased as follows: autumn > winter > summer > spring; of
U, Pb, and Zn: winter > autumn > spring > summer; and of Cr
and Sn: winter > autumn >summer > spring. The concentra-
tion of Ni (p=0.101), Cu (p=0.141), and Co (p =0.083) in
the winter and autumn considerably increased in spring and
summer, yet these differences were not statistically significant.
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Additionally, the concentrations of Si (p =0.055) and B (p =

0.112) in the spring and summer were more than those in the
autumn and winter, but these differences were not statistically
significant. Also, two-factor ANOVA showed that, in all metal
concentrations, there were no significant interaction between
station and season. In the cold seasons, the dust may originate
from internal sources (i.e., traffic, internal, and surrounding
industries) rather than from external sources (around deserts
like Kavir-e- Markazi). This can be attributed to the more
stable weather conditions in the cold seasons (according to
the hourly meteorological data of Qom (IRIMO-Qom 2013),
the 42% of hours in the autumn and winter belong to the stable
E, F, and G pasquill classes compared with 37% in the spring
and summer). This may cause a high concentration of men-
tioned metals in cold seasons. On the other hand, in the sum-
mer and spring (warm seasons), the contribution of external
sources (natural source) probably increased and the amount of
metals in the dust decreased. In other studies, the higher con-
centration of heavy metals in the winter and other seasons has
also been reported (Bellis et al. 2005; Moja and Mnisi 2013;
Pandey et al. 2008; Rout et al. 2015).

Correlation analysis between dust elements

The results of correlation among different concentration of
elements using Pearson analysis are summarized in Table 3.
As represented in this table, the elements are arranged in a
pairwise matrix framework. So, the correlation between each
meltals by itself should be equal to 1. The numbers appeared
on the left-bottom side of the table represent Pearson correla-
tion coefficients, and the numbers shown on the right-top side
of the table represent significant levels. As shown in Table 3,
except for elements including Ni, Cr, Ag, and Sn, the signif-
icantly positive correlation of other elements was approxi-
mately obtained together, indicating their common source.
Furthermore, a significantly positive relationship was found
both among Sn, Ag, Cr, and Ni and between these elements
and Pb and U, thus showing the probability of the existence of
a common source (industrial and/or traffic) for all of them.

Multivariate analysis

Table 4 shows the output results from PCA. As shown in
Table 4, data were classified in four components, and in each
component, the PCA loadings > 0.45 represent the member-
ship of elements in the same group. For example, in the first
component, Ca, Ba, Co, Cu, Fe, K, Mn, P, Pb, Ti, U, V, and Zn
can be categorized as a group. This group of elements may
have soil or crust re-suspension origin.

The existence of a correlation among elements such as Mg,
K, Fe, and Ca attributed to the source of earth crust was re-
ported in the study by Rout et al. (2015). There were Al, Ce,
Li, and Mg in the second component that can be derived form

natural sources. Ag, Cr, Ni, and Sn belonged to the third com-
ponent that can be attributed to the anthropogenic sources.
Elements such as B, Na, and Si, which belonged to the forth
component, can result from the industries and ambient salt
deserts. Figure 4a shows a three-dimensional framework to
illustrate the PCA loadings for different elements. The results
of PCA for different elements in Jharia (India) dust deposition
showed three components: natural, mining, and anthropogen-
ic sources (Rout et al. 2015). The PCA applied for an indus-
trial area dust deposition in Turkey showed that the measured
elements were classified into five components, and soil, in-
dustry, residential, and traffic sources were finally suggested
(Kara et al. 2014).

Also, the results of cluster analysis are displayed by a den-
drogram in Fig. 4b. As a result, the measured elements in dust
deposition are classified in seven clusters (separated by red
rectangle). The length of lines in Fig. 4b indicates the strength
of correlation among different elements, the short length of
connecting lines to the elements, and the strong correlation
between those elements. For example, in the top cluster of
Fig. 4b, Mn and V have been joined together at a relatively
high level of correlation than those of Pb and U. Thus, it can
be concluded that those clusters that have shorter lines might
be emitted from common sources (Yongming et al. 2006).

Elemental enrichment and geo-accumulation in dust
deposition

The average background concentration (B,,) of elements and
the ratio of average background concentration of each element
per background concentration of aluminum (Cgc Caic)
have been presented in Table 2. The Iy, value, Iy, class,
and enrichment factor of each element were calculated accord-
ing to Egs. 1 and 2 for all four seasons (as well as for annual
average concentration) as shown in Table 5 and for various
sampling stations as outlined in Table 6. According to Table 5,
B (EF 352.26—<class 6 I,,), Ag (EF 185.46—class 6 I5,), Sn
(EF 129.26—<class 5 Iye,), U (EF 44.42—class 4 I,,), and Pb
(EF 17.77—class 3 I,¢,) have the maximum enrichment in
dust deposition. Moreover, the metals such as Co (EF =
6.29), Cr (EF=5.04), and Zn (EF =6.93) in the class 1 of
Iyeo had moderately severe enrichments. The metals such as
Ni (EF =4.2), lithium (EF =4.4), copper (EF =3.4), and
strontium (EF = 3.87) had also moderate enrichments.
Although boron (B) is an essentail nutrient for plants, its
high accumulation can be toxic for organisms (C6l and Col
2003). The amounts of enriched B in this region can be due to
the existence of insecticide and pesticide companies (C6l and
Col 2003; Woods 1994) surrounding the city (there are two
nationally famous insecticide companies in the region) and the
high rate of pesticide usage in the farmlands around the city.
Besides, other sources such as fossil fuel combustion, ce-
ramics, fiberglass, and detergent industrials have also been
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eSS 2 Table 4 Rotated component matrix (Extraction method: principal
N | oo oo oo oo o o o — . . . . .
component analysis; rotation method: varimax with Kaiser
normalization. Rotation converged in 7 iterations. Factor loadings >
0.45 are shown in italics) for data of dust deposition samples
*
S o T oo o AN DD o Element Components
S O N O O O n o o O O
P> | S oo oo o S S 3S —~ o
1 2 3 4
Ag 0.293 0.365 0477 —0.237
%%
S oo o —~9o o o & - Al 0.397 0.843 0.149 —0.154
o O = = R R R R e e R = I B 0.367 0.144 -0.101 0.845
Ba 0.830 0.149 —0.001 0.246
Ca 0.483 0.140 0.012 -0.072
A Ce 0.348 0.558 0.433 0.121
S o Vv o o <o v O N < on
zl2s2sssTIs_s&2¢: Co 0.664 0.542 0.402 0.102
Cr 0.071 0.118 0.843 0.223
Cu 0.522 0.448 0.251 0.311
¥oror % Fe 0.801 0.502 0.274 0.030
.1 8888888 I LS K 0.824 0.155 -0.153 0.200
n | oo oo oo o — O O o o .
Li 0.210 0.780 0.040 0.314
Mg 0.205 0.893 —0.067 —0.046
N Mn 0.839 0.332 0.192 0.168
n - o © oo ‘[: 9 o < « Na 0.227 0.429 0.345 0.523
= o~ S F S o S S = Aa
n S oo oo~ 1 I ooe Ni 0.066 -0.152 0.817 -0.162
P 0.815 0.032 0.022 0.078
Pb 0.734 0.409 0.367 0.028
=+ 8§ % % Si 0.241 —0.135 0.188 0.889
eg82 &8s s RITIFIRA
Flessss_T55 252 Sn 0.080 0.184 0.925 0.171
Sr 0.136 —0.038 -0.129 0.283
Ti 0.892 0.193 0.042 0.241
P % % % % U 0.628 0.409 0.340 —0.075
* * * * * * *
1888588 B9 s8238I|5 \% 0.840 0.374 0.098 0.237
Al oo oo~ 0 OO0 o o o o 2
- Zn 0.823 0.104 0.187 0.147
5
=
=
A ST A A A
S o o ) T T 0 oA @
el 2 5 SRSl 2 reported to be related to B (Parks a.nd Edwarfils 2005;.Yazbeck
g etal. 2005). The great amount of silver, considerably in down-
é town areas, can be a result of the existence of numerous pub-
N z lishing centers in the area (Purcell and Peters 1998). The city
_lg g LY SIES222 7| E of Qom has the largest number of small publishing companies
Ales—eses i sl 1l scsc |2 and large publishing industries in Iran.
‘g With regard to the seasons, it is obvious that the enrichment
'gg of Cr, Cu, Ni, Pb, Sn, and Zn in the winter and autumn is
e oiEE i L EEEE|B higher than it is in the spring and summer. Weather condition
s | & S EYVwRESEXLREY| - . C . .
Z|l S~ SsSs3Ss333s3| 8 in the autumn and winter is more stable than in the spring and
% summer. Therefore, the stable condition leads to the accumu-
§ lation of the air pollutants initiated by anthropogenic sources.
= % Cx E e  ox ox ox x| B 3 This, in turn, may increase metal concentration in dust depo-
] Laoai b33 85537 2 o o . .
El & xS e 2 sanc| &2F sition. In addition, in the winter, the nearby power plant
EE-—ooooo\ooooo = 8 7 . T .
) g a9 changed the fuel from gas to the gas oil. This might increase
; i pa) g the enrichments of some metals in the dust. Figure 5 shows the
= - f kY \é enrichment heat plot of Ag, B, Co, Cr, Cu, Ni, Pb, Sn, St, U,
< — . .
£ SZ2Z2afB s sED >R E &G and Zn (i.e., elements belonged to groups from medium to
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Fig. 4 PCA loading 3-D plot (a)
and hierarchical dendrogram / '\ @)
obtained by War’s hierarchical i Mg
clustering method (b), for 25 ‘ Lio%
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high enrichments) in four seasons. As acquired from
Fig. 5, the darker colors show the more enrichment
and vice versa. For example, in the case of Pb, the
order of decreasing enrichment amount is winter > autumn>
summer> spring.

In a study conducted to evaluate the heavy metals contam-
ination of dust deposition in Kurdistan province (Iran),
Khuzestani and Souri reported that heavy metals enrichment
in dust deposition changes with meteorological variations
(Khuzestani and Souri 2013). In several studies on dustfall
metals enrichment in other regions of the world, depending
on the sampling area, types, and the location of the natural and
industrial polution sources, different patterns of enriched
metals have been reported. For example, in Daejeon

@ Springer

(Korea), Jinan (China), Baoji (China), Bulgaria (Serbia), and
Abu Zaabal (industrial area in Egypt), the decreasing order of
the enrichment factors was Cd > Pb > Zn (Lee et al. 2013), Zn
>Pb > Cu (Fengetal. 2012), Pb > Zn > Cr (Wang et al. 2014),
Pb > Cd > Cu (Miji¢ et al. 2010), and Pb > Cd > Cu (Shakour
Alietal. 2011), respectively. In Illinois (the USA), in addition
to the high amounts of cerium and sulfur enrichments, which
indicate the coal resources in this area, the decreasing order of
the enrichment factors was Hg > Zn > Cd (Lynam et al. 2014).
Table 6 represents the Jyeo, Joeo Class, and also the enrich-
ment factor of elements for all sampling stations. According to
Table 6, the maximum enrichment for Cu (EF =4.09), Ni
(EF=5.91), Pb (EF =22.24), Sn (EF =207.39), U (EF =
53.44), and B (EF =405.09) occurred in the MWWC station.
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Fig. 5 Enrichment heat plot of various elements in dust deposition according to different seasons and stations

Additionally, regarding Ag (EF =246.72), Cr (EF =7.53), Co
(EF =6.79), and Sr (EF =4.45), the maximum amounts oc-
curred in the SPH station. Consequently, the maximum en-
richment amounts (considerably for heavy metals) were ob-
served in the MWWC and SPH stations. Similarly, the mini-
mum amounts of enrichment were recorded in the SBH
station.

The presence of pollutant industries, especially a
power plant (at a distance of the 5 km from the south-
west of city and around 8 km from MWWC sampling
point), and the prevailing wind in the area (for the

Fig. 6 Dust metals enrichments
for different stations in Qom

MWWC station), as well as the high rate of traffic
jam in the central parts of the city (for SPH station),
can be considered as the causes of these alterations.
Figure 5 also reveals the changes of enriched elements in
different stations through heat plot. As shown in Fig. 5, sea-
sons with more enrichment display darker colors. Figure 6
(also in graphic abstract) shows the enrichment changes of
heavy metals (as histogram) consisting of chrome, nickel,
lead, and zinc obtained from all sampling stations (selected
metals are classified based on their importance in the environ-
mental and health aspects).

Dust metal
Enrichments

= |
Cr

Pb

Zn

0 25 5
s Kilometers
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Conclusions

In this study, the changes of metal contents in dust deposition
in Qom urban areas during different seasons were investigat-
ed. Five stations in different geographical zones of the city
were selected for annual sampling.

Large concentrations were found for some elements such
as Ca, Al, and Fe while trace concentrations were found for
Ag, Ce, and Li (mg/kg) in dust deposition. This shows the
effects of natural and desert resources in the region. There
were no statistically significant differences among the concen-
trations of elements in different stations. However, the differ-
ence between concentrations of elements was significant in
various seasons. The concentrations of elements such as Al,
Cr, Pb, Sn, U, and Zn significantly increased in cold seasons.
Furthermore, there was a considerable increase in the concen-
trations of Ni, Cu, and Co in cold seasons. These increases
could be attributed to the external industrial sources, the urban
traffic jam, and the effects of stable atmospheric condi-
tion in the study period. The PCA and CA showed that
four components and seven clusters can be considered
as the deposited elements. Thus, adjacent desert region,
soil re-suspension, and anthropogenic/industrial sources
can be recognized as the source of these elements. The
elemental enrichment analysis of dust deposition showed
that the elemental enrichment amounts decreased in the
following order:

B>Ag>U>Zn>Co>Cr>Li>Ni>Sr>Co

These enrichment amounts demonstrate the effects of in-
dustrial sources including the combined cycle power plant in
the southwest region, numerous publishing industries in the
downtown, and pesticide manufacturers located around the
city. Similarly, the stable weather condition of the atmosphere
in the cold seasons can enhance the impact of traffic and
industrial sources on metals enrichments.
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