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The aim of this study is to determine the ambient concentration, content of heavy
metals and morphology and mineralogy of PM; s samples collected from air pollution
monitoring station in Haft-Tir square (central Tehran). For this purpose, PM2s
samples were collected by means of low-volume sampling device during five months
(April-August 2019). Based on the obtained results, there is more loading of PM2s
on June higher that 10 pgm™2 and showed high to very high pollution level. Variations
in metal concentration in the sampling months were relatively similar, showing order
of Zn>Ni>Pb>Cr>Cu>Cd. Comparing the mean concentration of metals with
international permissible limits the concentration of Pb and Cr in PM2 s samples was
lower than that of recommended by the WHO while the average concentration of Cd
and Ni was higher than those of USEPA recommended limit. Calculations of
enrichment factor and results of principal component analysis revealed that Cr is of
geogenic origin, Cd and Zn are derived from anthropic sources and Pb, Cu and Ni
are probably of mixed sources. Based on scanning electron microscopy images, PMas
are observed as a shapeless or irregular, rod-shaped, irregular spherical, completely
spherical, sheeted, as well as long chain aggregates or single crystals. According to
the results of X-ray diffraction analysis, clay minerals, quartz and calcite were found
as major minerals, gypsum and dolomite minerals were identified as minor minerals
and wastite and halite minerals were identified as rare mineral phases.
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EXTENDED ABSTRACT

Introduction
Nowadays, air pollution is a critical

environmental issue in many large and densely
populated cities all over the world. Particulate
matters or PM are of major air pollutants
effecting detrimentally on the human health in
the urbanized areas. Particulate matters with
six less than 2.5 microns are able to penetrate
deeply into the lungs and thereby causes
respiratory diseases such as bronchitis,
asthma, allergies, and cardiovascular diseases.
These suspended particles can enter the
atmosphere  from  both  natural and
anthropogenic sources. Soil dusts, volcanic
activities, sea sprays and even plant spores are
major natural sources. The anthropogenic
sources of these particles, especially in urban
environments, may be diverse and mainly
include traffic emissions, urban constructions,
house heating systems, fossil fuel combustion,
and street dusts.

Tehran metropolitan area faces the most
sever air pollution issue in recent years. The
average volume of airborne particles in Tehran
ambient air is estimated to be 50 micrograms
per cubic meter, five times more than the
permissible amount recommended (10 pgm)
by the World Health Organization. The Hafte-
Tir square is one of the central squares of
Tehran. The high volume of daily traffic as
well as numerous commercial and residential
centers around this square has made it one of
the most crowded and therefore the most
polluted areas of Tehran. The aim of the
present study is: i- to quantify the heavy metal
pollution level in PM;5s collected in the Haft-
e-Tir square ii- to investigate the mineralogy
and morphology of the particles and iii- to
appoint the possible source of toxic metals in
PM_s particles.

Material and methods
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By locating a site on the roof of the
building of the Environmental Protection
Organization in the vicinity of Hafe-Tir
square, samples of PMas particles were
collected by a low volume PQ200 Sampler
Waltham during five subsequent months from
April to August 2019. Suspended particles
were collected on 0.45-micron Teflon filters
over 24 operating hours. In the laboratory, the
concentration of heavy metals (along with
some other trace elements) was measured by
inductively coupled plasma mass spectrometer
(ICP-MYS) after digestion of the samples in a
mixture of HF and HNO3 solution. The
chemical composition was then expressed in
terms of micrograms per cubic meter (ugm=)
by using relevant equation. In order to
determine the size, abundance and
morphology of PM particles, scanning
electron microscope (SEM) equipped with
energy dispersive spectrometer (EDS) was
used. Crystalline phases in the PM samples
were also identified by XRD analysis.
Results and discussion

The concentration of PMgjs particles is
varied monthly with the highest level
(62.1 pugm™®) on June and the lowest level
(8.3 ugm™) on July. It can be observed that the
average concentration of PMs particles is
considerably higher than the permissible limit
recommended by WHO (2005) (i.e.,
10 ugm?). Based on the measured average
concentration of PM.s, it can be inferred that
the local ambient air quality in Hafe-Tir square
is severely to very severely polluted.

The  monthly  variations of the
concentration of six potentially toxic metals
(Pb, Zn, Cd, Cu, Cr, Ni) in the PM_ 5 particles
showed that zinc has the highest
concentration, followed by nickel, lead,
chromium, copper, and cadmium. Enrichment
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factor calculation also confirms this finding so
that chromium with EF of 0.32 has low
enrichment, copper, lead and nickel with EF of
2.20, 442 and 1.48, respectively, are
moderately enriched. Cadmium and zinc are
also characterized by strong enrichment with
EF>20.

The origin of toxic metals in PM2s was
further determined by principal component
analysis method. The three principal
components were extracted with Eigen
value >1. In the first component, with 54% of
the total wvariance, chromium, titanium,
strontium, scandium, manganese and silicon
showed the highest loading factors. In the
second component, with 13% of the total
variance, lead, cadmium and zinc are of the
highest loading. The third component, with
about 10% of the total variance, Iis
characterized by a high loading of only two
metals, nickel and copper. Chromium,
titanium, strontium, scandium, manganese,
and silicon elements in the first component
indicate that these elements are mostly of the
geogenic origin. The second component
comprising of zinc, lead and cadmium, hints to
the possible anthropogenic of these metals in
PM_s particles.

The results of SEM studies equipped with
X-ray energy dispersive detector provide
useful information on the elemental and
morphological characteristics of the particles.
Based on the SEM micrograph images, the
particles are amorphous or irregular, rod-
shaped irregularly spherical, completely
spherical, sheet-like and as long chain
aggregates or single crystals. Based on the
EDS spectrum, it was found that oxygen,
carbon, silicon, aluminum, calcium, and iron
with percentage of 26.5%, 14.1%, 14.5%,
13.2%, 10.3%, and 5.3%, respectively,
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constitute the main elemental composition of
PM2s particles. The high percentage of
elements such as Si, Al, Fe and Ca in PM_scan
be attributed to the natural or crustal origin of
these particles. The results of XRD analysis
also indicate quartz, calcite, illite, condite are
the main minerals. Gypsum and dolomite
minerals are considered as accessory minerals
and wustite and halite minerals are as rare
mineral phases in the studied samples. These
results are in agreement with the results of
SEM analysis.

Conclusion

The findings of this preliminary study
showed that the concentration of PMas
particles in Hafte- Tir square is elevated and
significantly higher than their corresponding
permissible limits, so that the local ambient air
quality is severely to very severely polluted in
terms of PMys level. In terms of the
concentration of heavy metals, it was also
revealed that the average concentration of Pb
and Cr in the particles is lower than the
permissible limits recommended by WHO and
USEPA while the average content of Cd and
Ni in the studied samples are higher than their
corresponding values set by USEPA.
According to the calculation of the enrichment
factor and the appointment of the origin of the
metals using the principal component analysis
method, it can be inferred that chromium is
probably of natural origin, cadmium and zinc
are mainly of anthropogenic origin, and lead,
copper and nickel were probably derived from
a mixed source.

Morphological studies using SEM revealed
that the studied particles are amorphous or
irregular, rod-shaped, irregularly spherical,
perfectly spherical, lamellar, and also in the
form of long-chain aggregates or single
crystals. The results obtained from XRD
analysis also revealed that quartz, calcite and
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illite are the main minerals, gypsum and concludes that a meaningful insight on the
dolomite minerals are accessory minerals, composition, mineralogy and concentration of
while wustite and halite minerals are rare PM2sin ambient air is necessary to manage or
mineral phases. This study generally control their pollution at a local scale.
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Table 2. Comparison of heavy metals concentration in PM2s (ngm) with permissible limits and their
corresponding level of other Iranian cities and abroad
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Table 3. Descriptive statistics of enrichment factor (EF) values for studied metals
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