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Abstract

Background: Urban and industrial development has increased the concentration of heavy metals in
various environments, and also, increased their amount in dust fall particles. The aim of this study was
to determine and assess the risk of heavy metals in air dust fall particles.

Methods: Sampling of air dust fall particles was performed using the British model Dust Fall Jar devices.
Heavy metals concentrations in the samples were determined using an atomic absorption spectrometer
device. Then, the risk assessment of heavy metals in air dust fall was calculated by three indicators
including enrichment factor (EF), geo-accumulation index (Igeo), and integrated pollution index (IPI).
Data were analyzed using descriptive statistics and Excel 2016 software.

Results: Zn was the most abundant heavy metal. The results of EF index showed that the highest degree
of enrichment of dust fall particles with heavy metals is related to Ag and the lowest one is related to
Cr. Also, the changes of Mean of both I and IP indicators were as Ag > Pb > Zn > Cd > Cu > Co > Cr.
Conclusion: According to the results, it can be concluded that Cr metal is originated from the earth and
other metals are of man-made origin and are mainly due to the emissions of vehicles and industries.
Also, on average, the samples had very low pollution in relation to all metals. Although the amount
of pollution caused by heavy metals has not exceeded the allowable limits, but considering industrial
development programs in the region, continuous measures to control air pollution caused by industries,
are absolutely necessary.
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Introduction activities, pesticide industries, pigments, petrochemical

Dust is a regional and international problem, and also,
one of the most important environmental disasters.
Natural dust storms, which often occur in arid and
semi-arid regions of the world, can carry large amounts
of material (1). Dust particles are an important cause of
urban environmental pollution, which consists of soil,
air particles, building materials, soot from industries and
vehicles, heavy metals, etc., and many studies have shown
that dust particles have a high ability to carry heavy metals
(2,3).

Heavy metals are a major environmental problem
worldwide due to their toxicity, non-degradability, and
widespread pollution as a result of industrial and urban
growth (4,5). Pollution of the environment with heavy
metals are due to mining, coal burning, traffic emissions,
surface runoff, waste water disposal and agricultural

industries, paper making and refineries etc (6,7).

Heavy metals that are formed in fine and light
compounds remain suspended in the ambient air and
in case of rain, some of these pollutants are dissolved in
the rain and return to the earth’s surface and some of the
heavy metals in the heavy particles are deposited over
time and reach the surface of the earth (dust fall particles).
In general, the presence of heavy metals in the air or in the
dust present in the air increases the concentration of these
elements in the body of residents of contaminated areas
through ingestion, respiration and skin absorption (8,9).
These dust fall particles in addition to polluting the air, are
concentrated in the soil after reaching the groundlevel, and
then, the contaminated soils are considered as secondary
environmental hazards in two ways: contamination of
grains and vegetables and groundwater contamination by
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the migration of heavy metals from the soil system to the
water, especially when the soil is used for agriculture (10).

The harmful effects of heavy metals on the human
health have been proven in various ways and exposure to
these pollutants causes acute and chronic poisoning and
many diseases such as neurological disorders, nutritional
deficiencies, hormonal imbalances, obesity, abortion,
respiratory and cardiac disorders, liver and kidney damage,
allergy and asthma, chronic viral infections, decreasing
tolerance threshold, infertility, anemia, weakening of
the immune system, gene destruction, premature aging,
decreasing memory, osteoporosis, hair loss, insomnia,
cancers, and death (11). The effects of heavy metals on
plants are inhibition of seed germination and plant growth,
abnormalities in plants, destruction of many biochemical
and physiological processes including damage to the
photosynthetic apparatus and decreasing photosynthetic
rate, effect on the activity of some enzymes etc.(12). Many
studies have been done in different parts of the world
regarding the concentration of these metals in soil and air
dust fall particles. Gulson and Taylor in Australia, predicted
the concentration of lead in the blood of children by
measuring the concentration of lead in dust fall particles.
Based on statistical analysis, they found that there was
a significant relationship between the concentration of
lead in the particles and the concentration of lead in the
blood, and they had a direct relationship with each other
(13). Rahman et al in Bangladesh, assessed the risk to
human health from heavy metal contamination through
street dust. This study showed that the concentrations
of nickel, lead, cadmium, and arsenic are slightly higher
than their concentrations in the soil. They also found that
lead, zinc, copper, cobalt, and chromium contamination
were associated with industrial activity and heavy traffic
(14). In China, Leung et al collected dust fall particles on
surfaces of school grounds and roadsides, and measured

the concentration of heavy metals in the collected samples.
The concentrations of metals in roadside dust for lead and
zinc were 22600 and 2370 mg/kg, respectively. In schools,
the concentrations of lead, zinc, chromium, and cadmium
were 5 to 10, 30 to 50, 700 to 800, 800 to 1000 mg/kg,
respectively (15). The results of this study are consistent
with the results of studies conducted in Iran and other
parts of the world (16-23).

Air pollution from heavy metals is a serious global
threat to humans, natural ecosystems, water resources and
facilities, and is a major threat to human health and the
environment in the future. These pollutions are the result
of increasing agricultural operations, urban planning, and
industrial projects. Due to the danger of heavy metals
for the lives of living organisms, sufficient information
about the type and amount of each of them in the urban
environment is of great importance (24).

The purpose of this study was to determine and assess
the risk of heavy metals in air dust fall particles of cities
using I, IPL, and EF indicators, and as a case study, the
relatively industrial city of Zarand, in where no similar
study has been conducted, was selected.

Material and Methods

Study area

It is an experimental cross-sectional study that was
conducted in the first six months of 2020. In this study,
Zarand city in Kerman province was selected as a case
study due to the establishment of various industries around
it and their effective role in air pollution. Industries such
as steel, coking, tar refinery, pelletizing, etc. are located
around the city. Zarand city is located in the northwest of
Kerman province and in 30° 33" - 31° 24" N and 55° 39" - 56°
56" E and it has a semi-desert climate. The geographical
location of this city in relative to the center of the province
and the country is shown in Figure 1.
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Figure 1. The geographical location of Zarand city.
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Collection and preparation of samples
Dust fall jar devices were used for sampling.
Sampling stations were selected based on the ASTM
recommendations and standard sampling methods in
order to cover the entire city (25-27). Based on previous
contents, sampling stations were located in 10 points of
Zarand city and at a height of 3 meters above the ground.
The location of the stations is shown in Figure 2 and
the name of the sampling points with their geographical
coordinates are given in Table 1. Sampling of dust fall
particles was performed in the middle of spring and
summer of 2020 for one month in all 10 selected stations.
In this study, the standard English sampling device (BS
1774) was used (26). Figure 3 shows the standard English
sampler (BS) of dust fall particles.

Dust fall particles accumulated in the dust fall jars were
washed with distilled water and were entered the device’s
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Figure 2. Location of dust fall particle sampling stations.
! " ‘
.. Bird-guard
! |9

\ S Collecting bowl
[}
! Tubing (bound
! with adhesive tape)

[ [ nverted funnel

Collecting bottle

Supports

Stand

Figure 3. Standard english sampler (BS 1774) of dust fall particles used in
the study of Zarand city (26).

Table 1. The name of the sampling points and their geographical
coordinates

No. Sampling Sites Geographical Coordinates
1 17 Shahrivar St 30°81"N, 5657 E
2 Bahonar St 30°81"N, 56" 56" E
3 Velayat town 30°81"N, 56" 57 E
4 Gharani St 30°79'N, 56" 57 E
5 Jannat St 30°82'N, 56 56" E
6 Emam Hossain Blvd 30°83"N, 56" 55 E
7 Takhti St 30°48'N, 56 33 E
8 Beheshti St 30°48'N, 56 34 E
9 Jombhoori Blvd 30°48"N, 56" 33 E
10 Felestine St 30°80"N, 56 55 E

tank. After transferring to the laboratory, the contents
of the tank were heated for 2 hours at 105°C in order to
reduce the volume of the solution and after cooling, it
was filtered using Whatman filter No. 42. Then, 0.15 g
of the remaining insoluble contents on Whatman filter
were digested with 12 mL of concentrated nitric acid
and concentrated hydrochloric acid (ratio 1 to 3) and
were heated for 2 hours at 95°C. Then, they were filtered
again with Whatman filter No. 42 and the obtained
solutions reached a volume of 25 mL (1, 2). Finally, the
solutions were injected into the detector to measure the
concentration of the heavy metals (Zn, Pb, Ag, Cu, Co,
Cr, Cd). Atomic absorption spectrometry was used to
analyze the samples and to control the quality of the
results (1). The experiments were performed twice. Data
were analyzed using descriptive statistics and Excel 2016
software.

Evaluation of heavy metals in dustfall
The amounts of heavy metals measured in the samples
were evaluated with the following 3 indicators (28):

Geo-accumulation index

According to Eq. (1), the geo-accumulation index (Igeo)
calculates heavy metal contamination according to the
ratio of the concentration of each heavy metals in the
samples to the background concentration of them in the

earth’s crust:

Cn)

1.5Bn )

Igeo = Lng(

Where I is geo-accumulation index, C, is measured
concentration of heavy metal in the sample (mg/kg), B,
is the geochemical background concentration (mg/kg),
constant 1.5 allows us to analyze the natural fluctuations
of the constituents of a substance in the environment and
to detect very little human impact.

Integrated pollution index
The integrated pollution index (IPI) index provides an
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average of the ratio of the concentration of heavy metals in
the samples to the background concentration of the same
metals in the earth’s crust (PI). PI is calculated according
to Eq. (2):

PL=C /B, 2)

Where C, is measured concentration of heavy metal in
the sample (mg/kg), B, is the geochemical background
concentration (mg/kg), and i is the number of heavy
metals measured.

Finally, the quantity of IPI index is calculated as the
average of PI values for all measured heavy metals (1).

Enrichment factor

Enrichment factor (EF) is a common approach to
investigate the contribution of human activities to heavy
metal contamination and to distinguish human origin from
natural origin. This method is based on the calculation
of the concentration of metals to the concentration of
the same metals in the non-contaminated area (earth’s
crust). Basically, as the amount of EF increases, the share
of non-crust sources also increases. These concentrations
are measured based on the concentration of the reference
element, which can be aluminum, iron, manganese (16,

Table 2. The classification of pollution levels based on |

geo’

17). Aluminum is a conservative element and a major
constituent of soil that has been used successfully by
several scientists (28).

This factor is calculated using Eq (3):

(CMetal) sample
-__ RE °~ =~
EF CMetal (3)
(- ) earth's crust
RE
Where EF is enrichment factor, C._ . is concentration

Metal
of metal in samples and earth’s crust (mg/kg), and RE is

concentration of reference metal (Aluminium) in samples
and earth’s crust (mg/kg).

Table 2 shows the classification of pollution levels based
on the three indicators and Table 3 shows the average
concentration of heavy metals in the earth’s crust.

Results

Heavy metal concentration in samples

Table 4 shows the maximum, minimum, average and
other statistical information on the concentration of heavy
metals in air dust fall particles.

According to Table 4 and Figures 3 and 4, Zn was the
most abundant heavy metal and had the highest average
value (4 mg/kg). The lowest average value (0.003 mg/
kg) belonged to Cd. In general, changes in the average
concentration of heavy metals measured were as Zn > Pb

IPI, and EF indicators (1, 28)

Geo-Accumulation Index (Igeo) Integrated Pollution Index (IPI) Enrichment Factor (EF)

Value Dust Quality Value Dust Quality Value Dust Quality
Igeo<0 Uncontaminated IPI <1 Low contamination EF<2 Deficiency to minimal enrichment
0<Igeo <1 Uncontaminated to moderately contaminated 1< IPI <2  Moderately contaminated 2<EF <5 Moderate enrichment
1<Igeo <2 Moderately contaminated 2< 1Pl <5 High contamination 5< EF <20 Significant enrichment
2<Igeo <3 Moderately to heavily contaminated IPI >5 Heavily contaminated 20< EF <40 Very high enrichment
3<Igeo <4 Heavily contaminated EF>40 Extremely high enrichment
4<Igeo <5 Heavily to extremely contaminated

lgeo=5 Extremely contaminated
Table 3. The average concentration of heavy metals in the earth's crust (mg/kg) (17, 29)

Heavy Metals Ag Cu Cd Co Cr Pb Zn
Average concentration of heavy metals in the earth's crust 0.07 55 0.2 25 100 12.5 70
Table 4. Statistical results related to the concentration of heavy metals in dust fall particles
Statistics
Heavy metals (mg/kg)
Mean Minimum Maximum Range SD Skewness CV (%)

Ag 0.09 0.048 0.172 0.124 0.047 0.001 52
Cu 0.477 0.136 0.941 0.805 0.255 0.0004 53
Cd 0.003 0.001 0.007 0.006 0.002 0.001 66
Co 0.145 0.011 0.464 0.453 0.128 0.001 88
Cr 0.286 0.129 0.485 0.356 0.132 0.0002 46
Pb 1.01 0.01 25 2.49 0.97 0.0001 96
Zn 4 1 7.7 6.7 0.002 0.0002 0.05

SD: Standard deviation; CV: Coefficient of variation.
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Figure 4. The changes in the concentration of heavy metals in dust fall
particles at different sampling sites (A) and average concentration of heavy
metals in dust fall particles (B).

>Cu>Cr>Co>Ag>Cd.

The coefticient of variation (CV) indicates the degree of
variability of the concentrations of heavy metals in dust fall
particles. When CV <20% , 21% < CV <50%, and 50% <
CV <100%, it indicates low variability, medium variability,
and high variability, respectively. Coefficients of variation
above 100% indicate extremely high variability (17). In
general, the CV changes of heavy metals concentrations in
dust fall particles in the study area were as Pb > Co > Cd >
Cu>Ag>Cr>Zn.

Also, changes in the standard deviation (SD) of heavy

metals concentrations in the dust fall particles in the study
area were as Pb > Cu > Cr > Co > Ag > Cd and Zn. The
skewness amount of all heavy metals was positive.

Changes in the concentration of heavy metals in dust
fall particles at different sampling sites and the average
concentration of heavy metals are shown in Figure 4(A)
and (B), respectively.

Evaluation of heavy metals

According to Table 5, it was found that the average EF
changes are as Ag > Pb > Zn > Cd > Cu > Co > Cr. The
results of the EF and its mean are shown in Figure 5(A)
and (B), respectively.

As shown in this figure, the highest degree of enrichment
of dust fall particles with metals based on the EF index is
related to Ag and the lowest one is related to Cr. According
to the equations for the EF, if the value of this factor is
less than 10, it indicates that the metals in the dust fall
particles is from the sources of the earth’s crust, and if it is
above 10, it indicates anthropogenic sources (16). Among
the measured heavy metals, all of them had EF> 10, only
Cr metal had EF <10.

The average changes of both I ~and IPI indicators
were as Ag > Pb > Zn > Cd > Cu > Co > Cr and these
two indicators also showed that the highest and lowest
enrichment of dust fall particles with heavy metals were
related to Ag and Cr, respectively. Figures 6A-B and 7A-B
show changesinl I _ average, IP and IP average (IPI) for
heavy metals measured at sampling stations, respectively.

The results showed that the values of I index for all
heavy metals measured except Cr (Igeo =0), in all samples
were as 0 <I <1 and the highest value of this index was
related to Ag and Pb. Also, the results showed that the IPI
index values for all heavy metals measured except Ag (1
< IPI < 2), in all samples was as IPI <1. In other words,
the average of I and IP indicators showed a completely
similar trend for all heavy metals studied in this study
(17).

Discussion
The mean of Zn and Cd were the maximum and minimum

Table 5. The Igm/ IPI, and EF amounts calculated in the dust fall particle samples
Index Amounts Ag Cu Cd Co Cr Pb Zn
Mean 0.25 0.001 0.002 0.0007 0 0.01 0.008
Igeo Maximum 0.49 0.003 0.007 0.003 0 0.04 0.02
Minimum 0.1 0 0.001 0 0 0 0.002
Mean 1.28 0.007 0.01 0.004 0.002 0.05 0.04
IP Maximum 2.45 0.01 0.03 0.01 0.004 0.2 0.11
Minimum 0.68 0.002 0.005 0 0.001 0 0.01
Mean 2986.4 16.98 23.16 10.4 6.1 194.2 97.3
EF Maximum 9584 30.7 62.1 48.3 16 1194 177.4
Minimum 233 11.1 9.3 1.7 3.8 2.05 55.7
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Figure 5. The changes in the amounts of EF index in the dust fall particles
(A) and average values of EF index in the dust fall particles (B).

amount, respectively. These results are consistent with the
results of the study of Sistani et al (17). The consistency
can be due to the similarity of the two regions in terms
of proximity to industry. According to the coefficient of
variation of the measured metals, it was found that the
concentration variability of all metals except Zn in dust fall
particles is high. The high coefficient of variation for these
heavy metals indicates that the concentration of these
metals varies significantly at different sampling locations,
and also, indicates the heterogeneous distribution of these
elements in the dust fall particles of the study area. Higher
standard deviations of metals in this area indicate a wider
range of changes in metal concentrations in the region’s
dust fall particles. Positive values of metals skewness
indicate that these metals have positive skewness towards
lower concentrations (17).

All studied metals in the region except Cr, had EF> 10.
The results of this study are consistent with the results of
a study by Goodarzi et al that reported the source of Cr
in dust particles is from the earth’s crust and the source
of other metals is anthropogenic (16). Heidari et al in a
study showed that Cu and Cr have earth’s crust resources
and Zn has industrial sources and vehicles, except for Cu,
in other cases, the results are consistent with the results
of this study (30). Another study by Mohd Tahir et al
showed that the metals Cd, An, and Pb were originated
from man-made sources and that Al was originated from
the earth’s crust (31). In the Zarasvandi et al study, after
examining the EFE it was found that the origin of Cr was
man-made activities and the origin of other metals was

from the earth’s crust (32). The discrepancies between the
results of the recent study and the results of this study is
the difference in industries located in the two regions, and
also, probably the difference in quality in the soil of the
two regions under study.

According to the I index, 30% of the samples were
moderately contaminated with Ag and 70% were low
contaminated. In the case of Pb, 30% of the samples were
not contaminated and 70% of the samples had very low
contamination. In the case of Zn, Cd, and Cu, all samples
had very low contamination. Co was not detected in
50% of the samples and 50% of the samples had very low
contamination with this metal. No Cr contamination was
found in the samples. In the study of Rajabi etal, I_ index,
contrary to the results of this study, showed a high level of
pollution of dust fall particles with Cu, and the high level
contamination of dust fall particles with Ag is a similarity
between the results of these two studies. In the case of IPI
index, on average, the samples had very low contamination
in relation to all heavy metals studied except Ag. The
lowest IPI value was related to Cr. In the case of Ag, on
average, the samples were moderately contaminated (1).

Comparison of the average concentration of heavy
metals studied in this study with other studies showed that
the average concentration of Ag in Zarand city is higher
than that in cities such as Sanandaj, Andimeshk, and
Khorramabad in Iran (1,33). The average concentrations
of Cd, Co, and Pb in this study were much lower than that
reported in other studies in Iran and China (24,30,34).
The average Cr concentration was much lower than that
reported in studies in India and China and higher than
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Figure 6. The chart of changes in the amounts of |, index in the dust fall
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that reported in Andimeshk, Khorramabad, and Sanandaj
in Iran (1). The average zinc concentration was higher
than that reported in the studies conducted in three
cities in Iran and much lower than that reported in the
study conducted in 18 provinces of China (1,34). The
discrepancies between the results of this study and those
of other studies may be due to differences in industries
located in those areas, differences in soil quality of the
study areas, and so on.

Comparison of the study results with the results of other
studies
Table 6 shows the comparison of the average concentrations

of heavy metals measured in this study with the results
of other studies. As shown in this table, the average
concentration of Ag in Zarand city is higher than that in
other studies.

Conclusion

The results of EF factor showed that Cr is originated from
earth and other metals such as Zn, Pb, Co, Cd, Cu, and Ag
have man-made origin and are mainly due to vehicle and
industrial emissions. Evaluation of heavy metal content in
dust fall particles using I and IPI indicators confirmed
that, on average, samples in relation to all heavy metals
have very low pollution, and industrial sources play the
most important role in the concentration of heavy metals
in air dust fall particles. Therefore, despite the fact that the
amount of pollution caused by heavy metals in the dust fall
particles has not exceeded the permissible limits, but due
to the origin of most of them and industrial development
programs in the region, continuous and strict activities
to control air pollution from all industries in the city and
around it, are absolutely necessary.
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