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The study of heavy metals in dust fall is very important due to effects on human health. The
purpose of the present study has been to determine the level of contamination and ecological
risk of heavy metals such as Cd, Cr, Cu, Ni, Pb in the falling dust of Tehran city, and
investigation spatial distribution of pollution on the studied stations. Dust fallout samples
were collected using Marble Dust Collector (MDCO) from 28 different locations across the
Tehran city, during the statistical period (from December 22", 2017 to June 21%, 2018).
Contamination factor(CF), pollution Load index(PLI), The potential ecological risk
coefficient(Er) and The potential toxicity response index(RI) were used to identify the level
of contamination and ecological risk of heavy metals. The amount of (Cf), (PLI), (Er) and(RI)
for the heavy metals in the dust fall in winter and spring 2018 followed the order of
Pb>Cd>Cu>Cr>Ni. The concentrations of Lead, Copper and Cadmium in winter were
significantly higher than those in spring. Stable air, temperature inversions and more heating
devices are used in winter, causes that heavy metals are increased in this season. Areas located
in the east of Tehran have the highest pollution and ecological risk in terms of cadmium,
copper, nickel and lead. Most of the chromium contamination exists from the central areas to
south of Tehran. Tehran's prevailing wind direction and Tehran's topographic pattern, mines,
factories and industries located in the west and southwest of Tehran have main role in
polluting Tehran's falling dust with heavy metals.
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Falling dust is considered a general and an important component of atmospheric particles, and due
to their gravitation, these particles fall to the ground (Berivan, 2021). By studying dust fall, we can
indirectly identify the contamination of all suspended particles (Hai et al., 2008). One of the main
reasons for study of falling dust is the inhalation of these particles by individuals, and most of the
dust is contaminated with heavy metals, and people are exposed to the health risks associated with
these contaminants (Apeagyei et al., 2011., Aguilera, 2019., Arsalani et al., 2020). There have been
many reports of human health being compromised by dust, especially for children, due to their
lower tolerance to toxicity, as well as the consumption of significant amounts of soil through the
mouth (Zheng et al., 2010., Hu et al., 2011). So dust fall is recognized as a significant source of
pollution (Charlesworth et al., 2003). Dust fall originate from both natural and human sources.
Natural resources are generated by the weathering of rocks, soil erosion, volcanic ash and sea salt.
Anthropogenic sources are generated by the brake and tire wear, exhaust emission (Budai and
Clement, 2018) and polluting particles released by industries (Aguilera et al., 2019).

Dust particles have a high ability to carry heavy metals, depending on their origin and path
(Khuzestani and Souri, 2013). The composition of the falling dust is complex and variable. The
concentration of heavy metals in falling dust varies greatly (Sami et al, 2006). Heavy metals are
one of the most dangerous group of man-made pollutants due to their toxicity and long-term
stability, and they are important in low concentrations due to their non-degradability and
physiological effects on humans and other organisms (Kumar Sharma et al., 2008., Csavina et al.,
2012., Ali et al., 2019). The study of heavy metals in dust fall is very important because of its effect
on human health (Shi etal., 2010., Zarasvandi et al., 2011., Yang et al., 2020., Kumari et al., 2021).
There are various natural and artificial sources of heavy metals in the environment. These metals
are often of anthropogenic (Csavina et al., 2012), such as fossil fuel burning, traffic emission, gas
emitted from motor vehicles and other machineries (Taghavi et al., 2019., Berivan, 2021), heavy
traffic, traffic light and braking frequency are causing increasing concentration of copper and lead
(Behravesh et al., 2015).

Today, there are two methods of theoretical and laboratory calculations to estimate the
measurement of dust fall. In the laboratory method, trap-sediment is used to collect horizontal and
vertical dusts (Sow et al., 2006). Among all the sediments tested in the Jia and Huang’s study, the
marble dust collector (MDCO) was one of the samplers that showed greater potential for dust
absorption than others (Jia and Huang, 2008). Measurement of falling dust by Marble Dust
Collector is carried out for studies such as spatial and temporal analysis of dust, its physical
composition and chemical analysis and determination of its harmful elements (Modaihsh et al.,
2013., Azimzadeh et al., 2017., Arsalani, 2019). Also to determine contamination levels of heavy
metals in falling dust used Contamination Factor (CF), Pollution Load Index (PLI) (Harb et al.,
2015., Saeedi et al., 2012., Gurumoorthi and Venkatachalapathy, 2016., wang et al., 2018), and to
assess the ecological risk of heavy metals in falling dust used potential ecological risk coefficient
(Er) and potential toxicity response index (RI) (Yi et al., 2011., Saeedi et al., 2012., Kamani et al.,
2017., Zhou et al., 2019).

The HYSPLIT Model is considered as one of the most widely used meteorological models for
determining the transport pathways of dust, and to evaluate atmospheric conditions, and to detect
dust sources (Chenetal., 2013., Cao et al., 2015., Haet al., 2017., Aili et al., 2021). The HYSPLIT
model uses puff or particle approaches to compute trajectories, complex scattering and deposition.
The model calculation method was combination of Eulerian and Lagrangian approaches (Ashrafi
etal., 2014).
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The metropolis of Tehran is one of the major cities in the world that it is currently facing very
air pollution problem. It has a population of over eight million people. In recent years, various
studies have been conducted on air pollution in this metropolis. But not many studies have been
done on investigation of pollution and ecological risk of heavy metals in the dust fall. Therefore,
the purpose of the present study was to determine the level of contamination and ecological risk
assessment of heavy metals such as Cd, Cr, Cu, Ni, Pb in the dust falling of Tehran city and
investigation spatial distribution of pollution on the studied stations. Due to heavy metals are an
important component of urban environmental pollution. To create a safer and healthier
environment for the mass of the present population, having comprehensive information on dust fall
can help us manage sustainable development and create a safer environment for residents.

Material and methods
Study area

Tehran's metropolis is the capital and largest city of Iran. It covers an area of over 733 km?,
including 22 zone. It is located at 51 degrees and 6 minutes to 51 degrees and 38 minutes east of
the longitude, and 35 degrees and 34 minutes to 35 degrees and 51 minutes north of the latitude
(fig 1). The Tehran city is surrounded by mountains and deserts, from north by the Alborz mountain
range, and from east Bibi-Shahrbanu mountain, and from west and south the flat plains of Shahriar,
Varamin and Rey. The shape of Tehran city is related to this location. The population of Tehran in
2016 was 8693706

Data and methods

The trap was used in this study was Marble dust collector (MDCO). In this study, for proper
distribution of sediment traps throughout the city, a sediment trap was installed in each zone and
also two traps were installed in areas that were more extensive. Dust fallout samples were collected
using Marble Dust Collector (MDCO) from 28 different locations across the Tehran city during
the statistical period (from December 22", 2017 to June 21%, 2018). XRF? analysis was used to
identify and to determine the concentration of heavy metals (Cd, Cr, Cu, Ni, Pb) in the collected
dust fall. The kriging interpolation method was designed for spatial analysis. Among the methods
of interpolation, kriging was found to be the most appropriate because it considers both regional
and local structures (Arsalani et al., 2019). Statistical analysis of data during the study period
showed that the concentration of heavy metals (Cd, Cr, Cu, Ni, Pb) had a regional behavior (trend),
so universal kriging was used.

Daily wind velocity and direction data were also obtained from the Meteorological Organization
during six months, (a) statistical period (from December 22", 2017 to June 21%, 2018), for
statistical analysis of data, used software SPSS, and with the help of the WRPLOT software the
wind rose plot was drawn.

! Statistical Center of Iran (SCI), 2016
2 Xray Fluorescence spectroscopy
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Figure 1. Geographical Location of Tehran in Iran

The HYSPLIT? Model data is used to examine the forward motion of atmospheric pollutants.
The FNL data set was used to run the model. The FNL (Final) data are actually NCEP* data
processed by the NOAA?S affiliated air resources laboratory. These data are available with 1 *
1degree horizontal resolution for 26 pressure levels (1000-100 hp) and with the 6-hour time step
from July 1999. It is necessary for dust modeling that the primary areas of emission sources
identified. In this model, desert areas are defined by default, and according to the type of surface
soil in these areas (sand, silt, clay, etc.) there is a special sensitivity to wind erosion. The modeling
process begins after determining the desert resources by making model settings and entering
meteorological data. The basis of this model is using wind speed and direction data. Thus, after

3 Hybrid Single Particle Lagrangian Integrated Trajectory
4 National Centers for Environmental Protection
5 National Oceanic and Atmospheric Administration
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processing and entering the data into the model, the emission path for selected days along with the
dust phenomenon simulated and tracked.

The Contamination factor (CF) is an important tool for identifying the level of contamination
(El-Sherbiny et al., 2019). The contamination factor (Cf) was calculated as follows

cr =2 1
" Coi D

Cfis the contamination factor, Cj is the metal concentration in dust falling, Coi is the background
concentration. Different Cf classifications are delineated in Table 1

Table 1. contamination factor Categories based on Cf (Hakanson, 1980)

cf Categories
Cf<1 low contamination
1<Cf<3 moderate contamination
3<Cf<6 considerable contamination
Cf>6 very high contamination

The pollution Load index (PLI) is provided to determine the level of contamination and can
provide an estimate of the level of contamination of the metals. The pollution Load index (PLI)
was calculated as follows

PLI = YCF1* CF2 x« CF3 % .. CFn (2)

PLI is pollution Load index, n is number of heavy metals and Cf is the contamination factor.
The PLI value of >1 is polluted, whereas<1 indicates no pollution (Harikumar et al., 2009).

The two formulas mentioned above require a value called background value, which in some
studies has used heavy metal concentrations in the earth's crust as background values (Kartal et al.,
2006). This study used the values exist in Earth's crust as background values.

The potential ecological risk coefficient (Er) was first used by Hakanson for determining the
potential ecological risk coefficient of heavy metals (Hakanson, 1980). The potential ecological
risk coefficient (Er) was calculated as follows

Er=Tix Ct (3)
Table 2. Potential ecological risk Categories based on Er (Kamani et al, 2017)

E, Categories
E <40 Low

40 <E;<80 Moderate

80 <Er< 160 Considerable

160 < Er< 320 High

320 <E; Very high

The potential toxicity response index (RI) is a method for calculating the sum of different risk
factors and is commonly used to evaluate the toxicity of various heavy metals in soil (Hakanson,
1980). The potential ecological risk index (RI) was calculated as follows:

Rl = X, Er (4)

RI is The potential toxicity response index, Er is the potential ecological risk factor. Different
RI classifications are delineated in Table 3
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Table 3. The potential toxicity response index categories based on RI (Saeedi et al., 2012., Hakanson,
1980)].

RI values Categories

Rl <150 Low ecological risk
150 <RI <300 Moderate ecological risk
300 <RI <600 Considerable ecological risk

RI> 600 Very high ecological risk

Results

Descriptive statistics of heavy metal concentrations (Cd, Cr, Cu, Ni, Pb) in the falling dust in
Tehran city were calculated. In the study, in order to investigate the heavy metal pollution in
Tehran’s falling dust, we made a comparison between the concentrations of heavy metals in this
study with similar studies in other industrialized countries, as well as the average concentrations
of metals in the earth's crust and the standard of soil pollution in Iran. The average concentration
of heavy metals in dust falling of Tehran in winter and spring followed the order of
Pb>Cu>Cr>Ni>Cd. Compared to other cities in the world, this average showed high values,
especially in winter (Table 4).

Table 4. comparison of mean concentrations of heavy metals in this study with similar studies in other
industrialized countries, the mean concentrations of metals in the earth's crust and the standard of soil
pollution in Iran (The unit is mg/kg)

Location [References] Cd Cr Cu Ni Pb
Tehran (Iran) in winter[Present study] 3.70 103.70  199.36 62.03 191.63
Tehran (Iran) in spring[Present study] 1.86 160.83 115.63 58.25 125.79
Birmingham (UK) (Charlesworth et al., 2003) 1.60 - 466.90 41.10 48.00
London (UK) (Schwar et al., 1988) 3.50 - 155.00 - 1030.00
Kuala Lumpur (Malaysia) (Ramlan and Badri, 1989) 2.90 - 35.50 - 2466.00
Madrid (Spain) (De-Miguel et al., 1997) - 61.00 188.00 44.00 1927.00
Ottawa (Canada) (Rasmussen et al., 2001) 0.60 59.00 188.00 19.00 68.00
Kavala (Greece) (Christoforidis and Stamatis, 2009) 0.20 23240 17240 67.90 386.90
Nanjing (China) (Hu et al., 2011) - 126.00 123.00 56.00 -
Shanghai (China) (Wang et al., 2009) 1.24 157.00 - - 287.00
South China (Leung et al., 2009) 5-10 30-50 - - 800-100
China (Wei et al., 2009) 1.17 54.28 9454  43.28 53.53
Mexico (Meza-Figueroa et al., 2007) 4.24 11.15 26.34 4.70 36.15
the standard of soil pollution in Iran® 2.00 110.00 100.00 50.00 50.00
the earth's crust (Niencheski et al., 2002) 0.20 100.00 50.00 80.00 14.00

The Kolmogorov-Smirnov test and the Shapiro-Wilk test were used for testing normality.
Parametric test (t-test) was used to compare differences between two groups in normal
distributions. And, non-parametric test (Mann-Whitney) was used to compare differences between
two groups in non-normal distributions.

Cadmium concentrations are higher than standard levels at 74% of stations in winter, and at
28% of stations in spring. Investigation statistically significant differences between cadmium

¢ Department of Water and Soil, Iran
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concentrations in winter and spring with Mann-Whitney test showed that there was a significant
difference between the means of the two seasons. Chromium concentrations are higher than
standard levels at 40% of stations in winter, and at 44% of stations in spring. Investigation
statistically significant differences between chromium concentrations in winter and spring with
Mann-Whitney test showed that there is no significant difference between the means of the two
seasons. Copper concentrations are higher than standard levels at 88.88% of stations in winter, and
at 72% of stations in spring. Investigation statistically significant differences between Copper
concentrations in winter and spring with independent t-test showed that there is a significant
difference between the means of the two seasons. Nickel concentrations are higher than standard
levels at 70.3% of stations in winter, and at 80% of stations in spring. Investigation statistically
significant differences between Nickel concentrations in winter and spring with independent t-test
showed that there is no significant difference between the means of the two seasons. Lead
concentrations are higher than standard levels all of the stations in winter, and at 96.4% of stations
in spring. Investigation statistically significant differences between lead concentrations in winter
and spring with independent t-test showed that there is a significant difference between the means
of the two seasons.

The average concentrations of Cd, Cr, Cu and Pb in the falling dust of Tehran in both season
were above the average concentrations of metals in the earth's crust. Therefore, the increase in
heavy metals in the dust fall are probably due to anthropogenic source. But The average
concentrations of Nickel Existing in the dust fall in both of the season were lower than the average
concentrations of metals in the earth's crust. So its origin is natural.

The regional contamination factor trends of the heavy metals studied in the dust falling in the
winter of 2018 from west to east are linear polynomial and increasing. The regional contamination
factor trends of the cadmium, chromium and nickel elements from North to South are quadratic
polynomial, and about the lead and copper elements are linear polynomial. During this season, the
amount of cadmium and lead contaminations factors in the falling dust collected from Tehran are
in the category of very high contamination. It is a worrying. At a later stage, there is concern about
the amount of copper contamination factor in the dust falling. It is in the category of considerable
contamination in most areas of Tehran. At a later stage amount of chromium contamination factor
in the dust falling, is in the category of Low contamination in the west of Tehran. It is in the
category of moderate contamination in the east of Tehran. The least worrying is about the nickel
element. It is in the category of Low contamination (fig 2). In the spring 2018, the regional
contamination factor trends of the cadmium, chromium and nickel elements from west to east are
quadratic polynomial, and about lead and copper elements are linear polynomial. During this
season, the regional contamination factor trends of the cadmium and nickel elements from North
to South are quadratic polynomial, and about lead, nickel and chromium elements are linear
polynomial. The amount of cadmium and lead contamination factor in the falling dust are in the
category of very high contamination in the most areas of Tehran. The amount of chromium and
copper contamination factor in the falling dust are in the category of moderate contamination in
the most areas of Tehran. The amount of chromium contamination factor in the falling dust is in
the category of considerable contamination in the south of Tehran. The amount of nickel
contamination factor in the falling dust is in the category of Low contamination (fig 3).

In the reason that Pollution Load Index (PLI) considers the contamination of all heavy metal to
be measured, it is a better criterion for complete assessment of polluted areas. According to this
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index, the regional trend of contamination in winter and spring from west to east is increasing, and
all of Tehran’ zones are polluted (figs 2.F & 3.F).

In order to investigation ecological risk of Tehran city, the values ER and IR were calculated
using equation 3 and 4. The results showed that the amount of chromium, copper and nickel
ecological risk in the summer and winter 2018 were in the category of Low in all areas of Tehran.
The most worrying is about the cadmium ecological risk, because the amount of cadmium
ecological risk in the winter 2018 was in the category of very high, and in the spring 2018 was in
the category of high. In the winter the Lead ecological risk values were higher than its amount
during spring. The regional ecological risk trend of the lead element from west to east was linear
polynomial, and it was increasing. The amount of lead ecological risk in the winter 2018 was in
the category of moderation in all areas of Tehran. The amount of lead ecological risk was in the
category of considerable in the eastern marginal of Tehran. The amount of lead ecological risk was
in the category of low in the west of Tehran. The amount of lead ecological risk was in the category
of moderate in the east of Tehran (figs 4 & 5).

A

= * - :
Legend Legend . ] Legend
ct<t [ crer I o<
s s
15Ci<3 [ ]1scf<s . [ ] 1scres
[ s=cr6 N || - s I 3<cr<s X
I s<ct 0 325 65 13 Miles A I es<cr I escr 0 3% 65 13 Mdes A
D E F

Legend
e ]

[ ]1=ci<3 Legend .

I 3<ci<s N [ Pu<t

-GSG 0 32 65 13 Miles. A -PL|>1 0 325 65 13 Miles. A

Figure 2. Spatial analysis of (A: Cd, B: Cr, C: Cu, D: Ni, E: Pb) contamination factor and (F: PLI)
Pollution Load Index in winter 2018

B C
/-4 & s y ,J A‘_‘,; 2one
E;/\.I"‘\_‘ e T Y el
. T | - Zone 21 \

Legend Legend Legend
B o<t N o<1 \ I cra

| 1scr<a N | 1scr<3 15C1<3
I 3:<ct<6 I 3<cr<6 B 3scis
- 6sCF 0 325 65 13 Mies. A - BCf - 6<Cf
- " E F

Legend e [ Legend
cet L cr<t
1<Cf<3 thbin & [ 15Cf<3 Legend
\ A N N [ Pu<t N
I 3sci<6 o I 3<ct<6
— s e - o<t Lon g pe A | EER L

Figure 3. Spatial analysis of (A: Cd, B: Cr, C: Cu, D: Ni, E: Pb) contamination factor and (F: PLI)
Pollution Load Index in spring 2018



Investigation of pollution and ecological risk of heavy metals ... 207

In the reason that RI considers the ecological risk of all heavy metal to be measured, it is a better
criterion for complete assessment of ecological risk areas. The regional RI trends from west to east
are linear polynomial, and it is increasing. The regional RI trends from North to South are quadratic
polynomial. In the season, the zones located in the east of Tehran, also zone 9 and 10 and parts of
the zones 2, 5 and 18 have a very high ecological risk. Other areas have Considerable ecological
risk.

In the spring, the regional ecological risk trends from west to east were quadratic polynomial.
The regional ecological risk trends from north to south were linear polynomial. on the season, in
the most areas of Tehran have considerable ecological risk, and only small parts of some areas have
moderate ecological risk.

Due to the toxicity index of cadmium was higher than other studied heavy metals. Also the
cadmium concentration in falling dust was high. The cadmium element has a significant effect on
the high ecological risk of Tehran. The high concentration of cadmium increased the ecological
risk of Tehran (figs 4.F & 5.F).
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The Tehran wind rose preparation showed that winter and spring 2018 had the highest frequency
of winds above 8 (m/s) from the west of Tehran (fig 6). Fieldwork showed that dust particles
entered Tehran from sand mines, cement factory and sand processing. The wind carried pollution
falling dust into Tehran.

Also, we used HYSPLIT Model in order to dust sources identification and forward trajectory
simulation. In this model, the motion of dust particles by using a three dimensional wind vector
were designed in the primary location. The extracted points were considered as the center of the
crisis. For this purpose, dusting days were studied in the statistical period. The dust trace was
implemented in 7 May 2018. The forward trajectory of dust particles at pressure levels with 10, 50,
100 meters in elevation from the sand mine, cement factory and sand processing from the west of
Tehran indicates that dust particles arrive from these areas to Tehran (fig 7).
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Discussion

The present study showed that the heavy metals concentrations of dust fall in Tehran were much
higher compared with similar studies in other industrialized countries, especially in winter.

There are statistically significant differences with 99% confidence level in concentrations of
copper, cadmium and lead between winter and spring. There are no statistically significant
differences between average nickel and chromium concentrations of in winter and in spring. The
concentrations of Lead, Copper and Cadmium in winter were significantly higher than those in
spring. One of the reasons is more stable air and temperature inversion in this season. Also more
heating devices which used in winter, causes more heavy metals in season. Mahmoudi and
Khademi's research showed that the highest rate of heavy metals in Isfahan’s dust fall were in the
November and December, because the heating devices which used, and the temperature inversions
(Mahmoodi and Khademi et al., 2014). Also Saeedi et al. believed that human activities and heating
devices are the main sources for heavy metals in the street dust of Tehran (Saeedi et al., 2012).

But the Si-Tir station in the zone 12 in spring has higher pollution and ecological risk than in
winter. So that in this season, it has the highest lead and copper concentration among the studied
stations. In the Si-Tir Street, street foods have barbecues, and they are causing a lot of smoke. In
spring, street foods are more active than in winter, then in spring, the traffic on this street is so
heavy. Consequently, in this season, tiny rubber particles and car brake pads cause heavy metal
pollution at the station several times more than in winter. Then, the traffic increases concentration
of copper and lead around the Si-Tir atmosphere. Mehdipor et al. believed that heavy metals were
substantially associated with the traffic level, traffic density of the moving sources, and
urbanization in Tehran. The components in car batteries, engine lubricants, and other auto parts
(e.g., tires, brake pads, and fuel) contribute to the release of lead, zinc, copper, nickel, cadmium,
and manganese (Mehdipor et al., 2020). Also Dehghani et al. and Taghavi et al. Considered that
human resources such as heavy traffic, fossil fuels and industries increasing the concentration of
heavy metals in Tehran dust (Dehghani et al., 2017., Taghavi et al., 2019). Moreover, Ali Taleshi
et al. indicated that the concentrations of cadmium, lead, zinc and chromium in street dust related
to human resources and especially road traffic (Ali Taleshi et al., 2020). And Hoseininezhad et al.
argued that traffic is one of the important sources of lead, cadmium, nickel and vanadium in Tehran
dust (Hoseininezhad et al., 2020).

The results showed that the amount of (Cf), (PLI), (Er) and (RI) for the heavy metals in the dust
fall in winter and spring 2018 followed the order of Pb> Cd> Cu> Cr> Ni. The amount of cadmium
and lead contaminations and ecological risk in the dust fall were collected from Tehran were in the
category of very high contamination. It is a worrying. At a later stage, there is concern about copper
pollution and the ecological risk, and to a much lesser extent for chromium . Nickel has the least
pollution and ecological risk. Areas located in the east of Tehran have the highest pollution and
ecological risk in terms of cadmium, copper, nickel and lead. Mazloumi et al. indicated that highest
concentration of heavy metals in pm4 were found in the east of Tehran. (Mazloumi et al., 2017).
Among the reasons for this, we can mention the faster winds in the western regions of Tehran
(Figure 6) and also the topographic pattern of Tehran (Figure 7). Also Namazei et al. argued that
the average of heavy metals concentration in Lenjanat of Isfahan, Iran has significantly different
from each other in most seasons. These differences have been related to various factors such as
wind speed, change the direction of the wind, the amount and type of activity of mines and
industries, and amount of soil humidity and air humidity (Namazi et al., 2015). Ekhlaspour et al.
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argued that wind speed and wind direction affect the distribution of heavy metals pollution
(Ekhlaspour et al., 2019).

The most of the chromium contamination is in the central areas into south of Tehran. The
chromium has a different source of diffusion than other heavy elements studied. Chromium does
not play an important role in traffic dust (Salmanzadeh et al., 2012). Ali Taleshi et al. considered
that the chromium in Tehran's air originating from human activities (Ali Taleshi et al., 2020).
According to the list of toxic substances in ATSDR’, chromium emissions are primarily due to
combustion processes, metal industries and cement-producing. Investigate the forward tracking of
particles (Figure 7) and Wind rose Tehran (Figure 6) showed that one of the reasons can be
attributed to the sand mines located in the west of Tehran. In spring, when the weather is more
unstable, more dust enters these areas. And heavy metals that stick to dust particles are more likely
to enter these areas. So in the spring the chromium pollution is more worrying. Dehghani et al.
argued that industries located in the southwest of Tehran causes street dust pollution with heavy
metals. Traffic and heat sources are the main sources of heavy elements in the dust fall of Tehran
(Dehghani et al., 2017). Also Samani et al. reported that due to the westward winds of Tehran and
the establishment of an important part of industries in the west of the city, most of the industrial
pollution driven from west to east (Samani et al., 2020).

Conclusion

Heavy metals in dust fall are an important component of urban environmental pollution. Today,
the harmful effects of these metals on human health have been proven. Due to the high population
of the metropolis of Tehran, the results of this research are very important for developing
management approaches to create a healthier environment. The results of the present study
confirmed the amount of cadmium and lead contaminations and ecological risk in the falling dust
were collected from Tehran were in the category of very high contamination. It is a worrying. Also,
areas located in the east of Tehran have the highest pollution and ecological risk in terms of
cadmium, copper, nickel and lead. Most of the chromium contamination is in the central areas into
south of Tehran. Traffic and heat sources are the main sources of heavy metals in the dust fall of
Tehran. Also Tehran's prevailing wind direction and Tehran's topographic pattern, mines, factories
and industries located in the west and southwest of Tehran have main role in polluting Tehran's
falling dust with heavy elements. According to the results of this study, it is suggested the
expansion of public transport, Enhance the quality and spreading the culture of using it (especially
the subway), especially in the eastern half of Tehran, and to create more and higher vegetation in
the western and southern suburbs of Tehran, so for pollution management and control.
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