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Abstract

Tehran, the capital city of Iran has been facing air pollution since several decades ago because of rapid
urbanization and population growth and improper use of vehicles, and low quality of fuels. In this study,
31 indoor dust samples were collected passively from residential, and commercial buildings located in the
central and crowded districts of the city and were analyzed after sample preparation for elements (As, Be,
Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Se, Sr, V, Zn). Statistical data analyses were used in comparing
their relationship in various uses and variations and source identification. Geochemical indices of
Contamination Factor (CF) and Pollution Load Index (PLI) were used to evaluate the degree of
contamination.

The mean concentration of Zn, Cu, and Pb (938, 206, and 176 ug g'!), are 6, 5, and 3 times higher than their
mean values for worldwide urban soils, respectively and Cd, Mo, and Ni showed about 1.5 times higher
concentrations while As, Co, Cr, Mn, and Sr were within the range of reference soils. Be, V, and Sb showed
remarkably lower mean values. Building use does not influence element levels in indoor deposited dust
except for Pb and Zn. A comparison of indoor concentrations with previously published data for outdoor
dusts showed that Mo, Cu, Pb, and Ni are more enriched while As, Cd and Zn are less enriched in street
dusts. The CF values indicate the order of Hg>Zn>Cd>Pb>Cu>As>Ni>Cr>Co>V. For Hg, Zn, Pb, Cd, and
Cu all or almost all of the samples showed very highly contamination. PLI showed values higher than 1, or
contamination in all samples. The multivariate statistical analysis and specific geological location of Tehran
indicated that mafic-intermediate volcanic rocks are the main sources for Cr, Cu, Fe, and Ni (PC1). As, Pb
and V (PC2) are attributed to fossil fuel combustion in vehicles and residential buildings. Pb is a legacy
metal remained from using leaded gasoline, which was phased out in the 1990s. Zn (PC3) is derived from
vehicle tires.

Keywords: indoor settled dust, potentially toxic elements, contamination factor, pollution load index, urban
metal source.



1. Introduction

Indoor air quality is receiving increasing attention due to its implication for general human health
and the ecosystem (Esplugas et al., 2022; He et al., 2017; Olujimi et al., 2015; Yang et al., 2016).
People are more than ever exposed to indoor dust by spending up to 90% of their time in enclosed
environments in schools, homes, offices, etc. (El-Desoky et al., 2014; Adeniran et al., 2019;
Rehman et al., 2020; Zhou et al., 2021; Abdulraheem et al., 2022; Gad et al., 2022). Indoor dust is
heterogeneous and derives from various sources, it is composed of a complex mixture of numerous
organic and inorganic contaminants (Maertens et al., 2004; Sinchez-Soberén et al., 2019;
Melymuk et al. 2020) among which metal(loid)s are of great importance. Heavy metals can cause
deleterious ecological and health impacts due to their potential toxicity, persistence, and
bioaccumulation features (Albanese and Cicchella, 2012; Alloway, 2013; Cicchella et al., 2020;
Rehman et al., 2020). The metal contaminants introduce into the environment through human
activities and by adsorption on and absorption into the particulate matter, they are transported and
finally, they are settled or enter the human respiration system (Wong and Thornton, 2006;
Alekseenko and Alekseenko, 2014; Cicchella et al., 2020; Tashakor and Modabberi, 2021;
Alotaibi et al., 2022; Ariapak et al., 2022; Tashakor et al., 2022). Urban settled and suspended
indoor dust is demonstrated to contain significantly large amounts of hazardous metals as a result
of anthropogenic inputs in addition to natural sources (Wong and Thornton, 2006; Sinchez-
Soberodn et al., 2019; Cicchella et al., 2020; Tashakor and Modabberi, 2021). They mostly show
an increased concentration of pollutants as compared to the open space dusts (Hodas et al., 2016;
Koehler et al., 2019; Alotaibi et al., 2022; Cao et al., 2020, 2022; Gad et al., 2022; Zhou et al.,
2022)

The particulate matters vary in size from 1 to 10000 micrometers and can be transported to long
distances far from the source area, so they are effective means of pollutant transportation
(Gustaffson et al., 2018; Kitagawa et al., 2021; Rehman et al., 2020; Zhou et al., 2022). Urban
sources such as vehicular emissions, industrial activities, urban construction, weathering and
deterioration of road paving materials and building facades, as well as waste incineration, are
responsible for the import and accumulation of heavy metals in urban dust (Gunawardana et al.,
2012; Pan et al., 2017; Jose & Srimuruganandam, 2020; Cowan et al., 2021). The outdoor dusts
enter the buildings through windows and seals and are mixed with the particulates produced
indoor. Sources of indoor dust may include those contributed from indoor activities (e.g., cooking
and cleaning, smoking, maquillage used, electronic products used), buildings (e.g., constituent
materials, ventilation), and bioaerosols which are deposited on all kinds of surfaces in closed
spaces (Sdnchez-Soberdn et al., 2015; Patino and Siegel 2018; Doyi et al., 2019; Odediran et al.,
2021; Alotaibi et al., 2022; Ariapak et al., 2022; Gad et al., 2022).

Tehran the capital city of Iran holds a population of around 9 million and it is the most crowded
city in Iran. A huge number of automobiles and an old-fashioned public transport system, using
fossil fuels and atmospheric inversion in cold seasons placed this megacity as the most polluted
city in the country such that the clean days, according to the Iranian Clean Air Act, were not higher
than 3 in the Iranian year 1401 (21 March 2022 to 21 March 2023).



Most of the studies in Tehran were focused on soil, sediment, and street dust (e.g., Dehghani et al.,
2017, 2018; Ariapak et al., 2022 and a few others written in Persian). This research aims to study
for the first time, the potentially toxic elements (PTEs) contamination and its intensity in indoor
dusts of crowded districts of Tehran municipality and to deduce the sources of main PTEs to
compare the results with previously published data on open space areas. In this research, statistical
analyses and geochemical indices are used to decipher the concentrations and their probable
impacts.

2. Materials and Methods
2.1 Study area and sampling locations

This research was carried out in Tehran, the capital city of Iran (Fig. 1). Tehran (35°30-57" N,
51°4-46" E) is the largest and the most populated city in Iran and one of the biggest cities in
Western Asia. Based on the latest statistical census of Iran reports (Iran 2016), the Tehran
metropolis has more than 8.7 million inhabitants and according to informal data, it is more than
9.4 million. The municipality spreads over an area of about 730 km? with an estimated population
density of almost 11,000 people per km?. The mean elevation of Tehran is 1,300 m above sea level.
Tehran has a semi-arid, continental climate with an average annual precipitation of about 229 mm
and a mean temperature of 17.5°C. The prevailing wind direction is west to east (Menhaj Bena et
al., 2021).
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Fig. 1. The location of Tehran, the study area, and the locations of the sampling sites in central districts of
Tehran city (bottom), along with the wind rose diagram (top right).

Tehran is facing serious air quality problems resulting from dust and particulate matter as well as
fossil fuel-related pollution. It is believed that traffic emission is a major source of air pollution in
this city (Dehghani et al., 2018) among many others. According to Tehran news agencies, Tehran
has a capacity of 750,000 vehicles, while more than four million registered cars are traveling daily
in this city. In addition to rapid and unplanned urbanization in recent years as well as significant
industrial development, topography has been a contributor to poor air quality. The megacity of
Tehran is surrounded by the Alborz Mountain Range from the north and northeast which acts as a
barrier against the flow of air and dissipates the dust particles. Consequently, it prevents pollutant
dispersion and leads to the accumulation of dust particles on the southwestern slopes of the
mountain, where Tehran city is located (Dehghani et al., 2018).

An oil refinery, three power plants, and a cement plant are the main industries inside and in close
vicinity of the city. The cars are using unleaded gasoline and buses and trucks are using gas oil.
The main fuel of the residential — commercial buildings is natural gas.



2.2 Sampling

Tehran consists of 22 municipal districts. Sampling sites were selected from the most densely
populated central districts (Fig. 1). There are old neighborhoods within the city center that receive
the heaviest load of daily traffic. A total of 31 indoor dust samples (composite samples) were
collected from residences (n = 14), offices (n = 5), shops (n = 8), and storerooms (n = 4). The areas
for indoor dust sampling were selected to cover the study area of Dehghani et al. (2017) who
studied street dusts and sediments. The surveyed sites were selected based on the landlord’s
willingness to participate in this study. Indoor airborne deposited dust samples were passively
collected in three plastic Petri dishes at each sampling point, over a period of three months in 2020
(July-September). The Petri dishes were laid at a height of at least 1.5 m above ground level and
protected from any external contamination such as heavy debris. It is stated that only the particles
suspended at elevations below 3 m contribute to the exposure paths of elements in the human body
(Del Rio-Salas et al., 2012). The collected data for each sampling point included smoking habits,
type of fuel used indoors for cooking and/or heating, renovation history, proximity to industry,
approximate age of the property, etc. Each collected sample was then transferred to a separate
labeled clean polyethylene bag after the removal of any improper elements such as hairs or fibers.
Samples were then transferred to the laboratory and stored at room temperature until analysis.

2.3 Analytical procedures

The dust samples were air-dried at room temperature and were passed through a 63 um (220 mesh)
nylon sieve. Acidic digestion and analytical determination were based on the methods described
elsewhere (Mari et al., 2018; Rovira et al., 2018). Briefly, 0.5 g of dust sample was weighed and
transferred into Teflon vessels with 10 mL HNO3 (65% Suprapur, E. Merck). Then the samples
were placed in a microwave digestor (Milestone Start D) with the following temperature program:
10" until 110°C, 5" at 110°C, 10" until 170°C, 5" at 170°C, 10" until 200°C and finally 15" at 200°C.
Digested extracts were cooled at room temperature, filtered, and made up to 25 mL with ultrapure
water. Concentrations of selected elements (As, Be, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Se,
Sr, V, Zn) were measured for trace and major elements respectively by Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) (Perkin Elmer NexIon 350D) and Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES) (Perkin Elmer Optima 8300).

2.4 Quality control and accuracy of the measurements

Duplicate samples, blanks, and reference material (Loamy Clay soil (LCS, NIST, US)) were
analyzed for every 8 samples. Coefficients of variation were below 18% and standards recovery
rates ranged from 71 to 157%. Limits of detection were set at 3 times the standard deviation of the
respective blanks. Detection limits were set at 0.01 mg/kg for Be; 0.02 mg/kg for Hg, Cd, Co and
V; 0.03 mg/kg for As and Cr; 0.05 mg/kg for Ni; 0.07 mg/kg for Mo; 0.16 mg/kg for Sr; 0.20
mg/kg for Pb; 0.30 mg/kg for Se; 2.13 mg/kg for Fe; 3.28 mg/kg for Zn; 4.65 mg/kg for Cu; 5.19
mg/kg for Al and 8.39 mg/kg for Mn.

2.5 Statistical analysis



The geochemical results were analyzed for descriptive and multivariate statistics using Microsoft
Excel and SPSS 23.0 software. Exploratory data analysis was run to generate bar charts and
boxplots to support the statistical description of data. The Shapiro—Wilk’s test was carried out to
control the normality assumption of the data which showed non-normal distributions of
concentration for the majority of the analyzed elements (p < 0.05). Therefore, non-parametric
statistics were used for analyzing the data. The Kruskal-Wallis H test was applied to compare dust
heavy metal concentrations across the four different sampling environments (houses, offices,
shops, and storerooms). This is a non-parametric test equivalent to one-way ANOV A which allows
us to determine if there are statistically significant differences between more than two independent
groups. A p-value of < 0.05 indicates a significant difference in the compared groups (Dahiru,
2008). The degree of correlation between the measured elements was identified using the
Spearman correlation matrix (p < 0.05, p < 0.01). Principal Component Analysis (PCA) was
performed to quantify the contribution of possible sources of every metal in the analyzed dust
samples. PCA is an ordination multivariate statistical method for reducing the dimensionality of a
large number of variables down to a smaller number of principal components to provide
information about confuses in the measured data sets (Yoshinaga et al., 2014; Paula et al., 2018).

2.6 Geochemical Indices of Contamination

Many geochemical indices are frequently used in the analysis of the degree of contamination
however they mostly convey the same notion and mislead to overestimation or underestimation of
the contamination degree.

The single index of the Contamination Factor (CF) is a widely used geochemical and more reliable
indicator to evaluate the level of contamination (Hakanson, 1980). CF is the quotient of the
concentration of each element in a sample (Cn) and the concentration of the same element in the
reference material (Bn) (Eq. 1):

CF = Cu/B,, (Eq. 1)

In this study, the Upper Continental Crust (UCC) concentration of elements given by Taylor and
McLennan (2001) was used as the reference value, or UCC (Bn). To evaluate the degree of
contamination, CF is classified into four classes, from unpolluted to very polluted, as follow
(Hakanson, 1980). In summary, values of CF below 1 are classified as low contamination; values
between 1 and <3 and between 3 and <6 are classified as moderate and considerable contamination,
finally, CF values equal or higher than 6 are defined as very high contamination.

Pollution Load Index (PLI) as one of the cumulative geochemical complex indices was applied
based on the single index of CF (Tomlinson et al., 1980). PLI is an integrated index calculated
using equation 2 for each sampling site.

PLI = /CF; X CF, X ... X CE, (Eq. 2)

The values of PLI being below 1 indicates no pollution, while values close to or equal to 1 shows
natural accumulation or baseline levels. PLI values above 1 describe soil and dust pollution
(Tomlinson et al., 1980).



3. Result & Discussion
3.1 Bulk chemical composition of indoor urban dust samples

Descriptive statistics of the analyzed elements in the indoor deposited dust samples in Tehran are
shown in Table 1, with a comparison to the published data from different cities around the world.
The concentration median is less sensitive to outliers than the mean and it has been defined as a
more robust parameter for skewed geochemical distributions. However, since most of the reviewed
studies only reported mean values, we used this measure for the comparison. To facilitate an
understanding of the environmental quality and dust conditions, the results were also compared
with the mean concentrations of elements in soils of urban landscapes which has established by
Alekseenko and Alekseenko (2014) based on the concentration of elements in urban soils of more
than 300 cities and settlements in Europe, Asia, Africa, Australia, and America. Alekseenko and
Alekseenko (2014) concluded that the abundances of chemical elements in urban soils are
extremely irregular but their general patterns are inherited from the Earth’s crust and repeat those
in the Earth’s soils.

For overall data, Zn revealed the highest median concentration (839 pg g!') followed by Mn (640
ng g, Sr(319 ug g™, Cu (199 ug g, Pb (153 pg g™), Cr (69 ug g™, V (56 ug g™), Ni (46 pg
g, Co(12pgg"), As(11.3 ugg'), Mo (4 uggh),Cd (1.2 ug gh), Be (0.6 ug g') and Hg (0.2
ug g!). The mean concentration of Zn (~ 938 ug g™'), Cu (~ 206 ug g!), and Pb (~ 176 ug g 1) in
the analyzed dust samples were respectively 5.9, 5.3, and 3.2 times higher than their mean values
in the worldwide urban soils (Zn 158, Cu 39, and Pb 55 pug g!). A significant concentration of Zn>
Cu> Pb in the urban street dust of Tehran are also reported in previous studies (Rezayani, et al.
2022; Ali-Taleshi 2020). Salmanzadeh et al. 2015, have shown that the mean concentration of Zn,
Cu, and Pb in the street dust samples from eastern and southern parts of Tehran surpasses those in
major cities in developing countries such as Mutah and Kuala Lumpur and even the minimum
contents of these elements exceed those of the Earth’s upper crust. It proves that these
concentrations may result from anthropogenic sources. Cd, Mo, and Ni also showed relatively
higher mean concentrations of about 1.5 times in the studied dust compared to those in the
reference urban soils. While As, Co, Cr, Mn, and Sr were within the mean values in the reference
urban soils, generally lower, Be, and V concentrations showed remarkably lower mean values.

Arsenic, Hg, and Sr have scarcely been monitored in the indoor dust of different cities. As shown
in Table 1. Cd in indoor dust of Tehran has higher concentrations than that in most of the cities
including Istanbul (Turkey), Ilorin (Nigeria), Tokyo and Hiroshima (Japan), Birmingham and
Plymouth (UK), and Selangor (Malaysia), however, it is in range of the metropolitan cities of
Toronto (Canada) and Sydney (Australia). The same results were reported by Asvad et al. (2023)
in Zabol and Ahvaz, Iran. The concentration of Cd in the studied samples is in accordance with
the mean value of 1.6 mg kg™! reported for 10 Iranian cities (Tashakor et al., 2021). Analyzing Cd
in urban soils of Tehran has shown an enrichment up to 17-37 times higher than the mean earth
crust with 88.69 % anthropogenic contribution (Eghbal et al. 2018).



This study showed that the mean concentration of Cr in indoor dust samples of Tehran was either
in the range or lower compared to elsewhere in the world, except for Ilorin. This result is in line
with previous findings indicating low abundances of Cr in Tehran dust (Dehghani et al., 2017,
2018, Ariapak et al., 2022). Lei et al. (2021) reported that Zn, As, Cu, Cd and Pb are the most
abundant elements and from anthropogenic emissions in Beijing which is in good accordance with
our data in this research.

Generally, Cu levels in indoor dust of other cities were lower than those of Tehran, except for the
cities in the UK and Japan (Table 1). A similar result regarding the content of Cu in urban street
dust of Tehran is stated by Dehghani et al. (2018).

The concentration of Ni in urban indoor street dust particles shows large variation among cities
which indicates the possible influence of geogenic factors such as atmospheric inputs and the
weathering of crustal materials (Aghadadashi et al. 2019). Jafari et al. (2018) have shown that Ni
distribution in Tehran's surface soil and street dust samples does not follow the pattern of traffic
density in the city. The result was the same for Cr and Co too. In contrast, an increase in traffic
volume has displayed raises in the Pb and Zn contents in dust samples (Jafari et al., 2018). Urban
contamination with Pb particularly in metropolitan cities is well documented (Ajmone-Marsan &
Biasioli, 2010; Johnson et al., 2011). When compared to other cities, the concentration of Pb is
relatively high in the indoor dust of Tehran. It is believed that the concentration of Pb is a function
of the size and population of cities and it is mainly attributed to automobile exhaust and leaded
fuel combustion.

Compared to the indoor Zn concentrations in other urban areas around the world (Table 1), it was
observed that Tehran's indoor dust contains the highest amounts of Zn after Warsaw (Poland). Zn
is an important urban element that has displayed significant concentration in surface soil and street
dust of many cities (Tong and Lam, 2000). Vanadium showed similar levels in all the sampling
sites.

The quality of household dusts is significantly influenced by outdoor air conditions. It is stated
that local emissions have the largest contribution to Tehran particulate matter (PM) concentrations,
even though cross-border dust sources mainly dust particles formed in Iraq and Syria are also
responsible for nearly 28% of the emitted PM values in Tehran (Farahani & Arhami, 2019). During
the dust storms, high amounts of PM in Tehran are originated from the large western and southern
deserts of the country (Jafari et al., 2018). By applying the positive matrix factorization (PMF)
model, Soleimanian et al. (2019) concluded that road dust and atmospherically aged aerosols are
respectively the most and the least contributor to ambient coarse PM in central Tehran. According
to Ali-Taleshi et al. (2020), the mean concentration of elements in Tehran's atmospheric dust does
not show any difference in the warm and cold seasons. A previous study on heavy metals in urban
dust of different land uses in Tehran (Mihankhah et al. 2020) showed that commercial land use
contains the highest abundances of all elements followed by, industrial, residential, and green
lands. The highest average PM concentration on normal days in Tehran is related to the central
parts while the lowest is measured in the East stations (Dehghani et al., 2018).



Outdoor air PM can enter indoors through open doors, windows, and other openings in the
buildings as well as infiltration of aerosols through air-ventilation systems (Wang et al. 2016). In
addition to outdoor ambient and street dust, the number of residents in each house and their
different activities are considered to be important factors determining indoor air pollution levels
(Kurt-Karakus 2012). This seems to be particularly the case during the COVID-19 pandemic when
longer stays and working at home have increased indoor PM values and heavy metal
concentrations (Du et al. 2020; Ezani et al. 2021; Liang et al., 2022). The building's air tightness
and construction materials can also be responsible for the variation in concentrations of elements
between different houses (Chattopadhyay et al. 2003). It is also suggested that the age of buildings
can affect the accumulation of some metals in indoor dust (Shi 2020; Kelepertzis et al., 2019).
Interior paint has been recognized to be an influencing factor so that higher concentration of Cu is
attributed to green, Zn, and Pb to purple and Cd, Cu, Pb and Zn to yellow paint colors (Tashakor
et al. 2022; Tong et al. 2000). It is thus inferred that deterioration and peeling of paints and their
settling as indoor dust in old buildings can cause elemental concentrations (Tan et al., 2016).
Opinions have remained divided about the relationship between the concentration of elements and
the height of the buildings. According to Zhou et al., (2019), concentrations of heavy metals
negatively change with vertical distance, whilst some studies found that higher floors lead to a
regular increase in metal concentration (Zhou et al., 2019). In addition to the floor level, floor
covers can control the content of heavy metals in dust particles. Plastic covers in indoor
environments are believed to release higher levels of Cd, Cr, Cu, Ni, Pb, and Zn than ceramic tiles
(Iwegbue et al., 2017). Carpets are thought to act as sinks for those heavy metals with a binding
affinity with organic-rich particles (Rasmussen et al., 2018; Roberts et al. 2004). The influence of
indoor activities such as the method of heating, cooking, and smoking on the amount of PM and
its composition, particularly the enrichment of Pb, Zn, and Cd, in indoor dust has been pointed out
by various scholars (Latif et al. 2009; Bohlandt et al., 2012).



Table 1. Tehran and global concentration of selected metal(loid)s (ug g™!) in indoor dust

Location As Be Cd Co Cr Cu Hg Mn Mo Ni Pb Sr v Zn n Ref.

DL 0.03 001 002 0.02 0.03 4.65 0.02 031 0.07 0.05 020 0.16  0.02 3.28

minimum 745 034 055 7.00 359 714 0.04 547 1.02 27.0 61.5 228 47.1 309

maximum 39.0 1.07 5.65 213 121 555 3.62 733 6.22 90.3 413 649 65.7 2072

average 122 058 151 124 719 206 0.32 647 3.71 49.9 176 335 56.5 938

median 113 055 116 121 69.0 199 0.17 640 3.94 45.9 153 319 56.1 839

Tehran City Center 31 This study

SD 518 0.17 1.08 271 216 83.5 0.64 437 1.24 13.6 69.8 756  5.08 423

skewness 4.89 1.03 262 0.87 053 241 493 010 -0.35 1.43 1.56 2.63 0.04 1.25

kurtosis 260 113 7.26 3.08 0.12 9.67 258 -0.14  -0.12 227 3.35 942 -085 129

Istanbul, Turkey n.a na 080 5.00 55.0 156 n.a 136 n.a 263.00 28.00 na n.a 832 31  Kurt-Karakus (2012)

Giza and Cairo, Egypt n.a na 223 na 681 n.a n.a n.a n.a 39.20 222 n.a n.a n.a 16  Hassan (2012)

Tlorin, North Central Nigeria 0.08 na 012 335 192 0.4 n.a 6.3 n.a 1.35 5.55 n.a n.a 4.08 10  Abdulraheem et al. (2022)
Chengdu, China n.a na 237 na 827 161 n.a n.a n.a 52.6 123 n.a n.a 675 99  Cheng et al. (2018)
Selangor, Malaysia n.a na 023 na 11.9 n.a n.a n.a n.a 830 253 n.a n.a 145 31 Latif et al. (2014)

Warsaw, Poland n.a n.a n.a n.a 90 109 n.a n.a n.a 30 124 n.a n.a 1070 »3  Lisiewicz et al. (2000)
Birmingham and Plymouth, UK n.a n.a 1.3 n.a n.a 339 n.a 578 n.a 56.5 181 n.a n.a 666 32 Turner and Simmonds (2006)
Toronto, Canada n.a n.a 1.7 n.a 42 136 n.a 58 n.a 23 36 n.a n.a 386 67 Al Hejami, et al. (2020)
Ottawa, Canada 41 053 43 8.8 69 157.3 1.6 266 1.7 52 222 249 22 633 48  Rasmussen, et al. (2001)
Tokyo and Hiroshima, Japan n.a na 1.02 496 67.8 304 n.a 226 2.11 59.6 579  66.8 247 920 100 Yoshinaga, et al. (2014)
Sydney, Australia n.a n.a 1.6 n.a 65 92.6 n.a 48.3 n.a 14.9 76 n.a n.a 372 g2  Chattopadhyay et al. (2003)

Global Urban soil (300 cities) 159 33 09 141 80 39 088 729 24 33 545 458 105 158 Alekseenko and Alekseenko (2014)




3.2 Comparison of metal distributions among different indoor uses

Elements levels in deposited dust samples taken from different indoor environments were
compared by the Kruskal-Wallis H test regarding their category (residences, offices, shops, and
storerooms). Almost all elements (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Se, V, and Zn) didn’t show
statistically significant (p>0.05) differences regarding indoor category (Table 2), however,
significant differences were detected for Pb (p=0.004) and Zn (p=0.012) and the null hypothesis
was rejected for these elements confirming that their concentrations significantly differ among
different sampling site categories. The highest Pb level was associated with storerooms (245 pg g
1 followed by commercial (223 pg g!) uses while Zn showed its highest mean concentration in
dust collected from offices (2232 ug g™) and storerooms (1541 ug g™).

Table 2. The result of the Kruskal-Wallis H test for dust samples from various indoor uses in Tehran

Kruskal-Wallis H df Asymp. Sig.

As 2.592 3 0.459
Cd 3.804 3 0.283
Co 2.851 3 0.415
Cr 6.526 3 0.089
Cu 3.009 3 0.39
Hg 3.66 3 0.301
Mn 6.252 3 0.1
Ni 6.675 3 0.083
Pb 13.271 3 0.004
Se 4.868 3 0.182
v 3.387 3 0.336
Zn 10.974 3 0.012

3.3 Comparison of metal concentration in Tehran indoor and outdoor dust

As it is mentioned, the stations for indoor dust sampling in this research correspond with those of
street dusts studied by Dehghani et al. (2018). This proximity allows us to compare elemental
compositions of indoor and outdoor dusts in the central districts of Tehran (Fig. 2). Dehghani et
al. (2017, 2018) showed that the street dusts are significantly enriched in Cu, Pb, and Zn and
moderately loaded by Cr, Mn, Mo and Ni. They have noted the following trend of mean enrichment
factor for the Tehran street dusts: Cu> Zn > Pb> Mo> Ni> Mn> Cr. This result is similar to the
chemical concentration of metals in indoor dusts in the current study and suggests that outdoor
suspended particulates have contributed to the total content of dust in Tehran indoor environments.
This finding has also been obtained in other research (Chen et al., 2016; Qiao et al., 2013) and
stated by previous scholars such as Hassan (2012) who have identified entryway dust as an
important source of household dusts.



Compared to the indoor dust, the mean concentrations of Mo (6 ug g!), Cu (275 ug g1, Pb (213
ug g1, and Ni (57.7 ug g'!) in the street dusts were up to 1.6 times higher. In contrast, As, Cd,
and Zn with the respective mean concentration of 5.4, 0.8 and 666 ug g! showed relatively lower
values in the street dust than indoor samples. This indicates that domestic influences are at least
partially responsible for the augmentation of these elements in indoor dusts. In other words, dust
generated within the indoor environment can also be a critical source of exposure to certain metals
(Rasmussen 2001). The interactions between the indoor-outdoor concentrations vary widely due
to many factors including ventilation, local weather condition and wind pattern (Praveena et al.,
2015) and a general rule cannot be considered for them. Cr was found in almost the same range of
concentration (49-128 ug g!) in both external and internal dusts.
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Fig. 2 Comparison of concentration of metals in Tehran indoor (present study) and outdoor (Dehghani et
al. (2018)) dust.

3.4 Evaluation of the Degree of Indoor Dust Pollution

Comparing the concentration of a single element with its given references or global abundances
despite providing a probable estimation of the extent of contamination, is an insufficient approach
to have a reliable evaluation of the elemental contamination severity (Kowalskaet al., 2018;
Honggui et al., 2012). Individual and complex geochemical indices of contamination as effective
computational tools are extensively used to assess the degree of soil and dust pollution by heavy
metals (Timofeev et al., 2019). In the present study, two useful, more reliable, and universally
accepted indices of contamination factor (CF) and pollution load index (PLI) was calculated for
As, Be, Co, Cr, Cu, Hg, Mo, Ni, Pb, Sr, V, and Zn in indoor dust of Tehran. The average
concentration of elements in world soils after Taylor and McLennan (2001) were used for the

geochemical background.



Values of CF for As and metals are depicted in Fig. 3. Mean CF values are presented following
order from the highest to the lowest: Hg (94.3) >Zn (15.9) >Cd (15.4) >Pb (10.5) >Cu (8.25) >As
(8.15) >Ni (1.02) >Cr (0.85) >Co (0.73) >V (0.51).
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Fig. 3. Box plot of contamination factor (CF) for elements in indoor deposited dust of Tehran

According to the results obtained for Zn CF, except for one sample showing considerable
contamination by Zn (3 < CF < 6), all of the analyzed dusts revealed very highly contamination
(CF > 6) with minimum and maximum CF values of 4.36 and 97.0, respectively. The contamination
factors for Pb and Cd show exactly the same classes as Zn in which except for one sample with
considerable contamination, all other samples fall into the very highly contamination class
(minimum and maximum values are 3.84 and 19.25 for Pb and 5.66 and 57.66 for Cd,
respectively).

For Cu, considerable contamination was observed in two samples while all other samples fall in
the category of very highly contamination displaying CF values between 2.86 and 22.21. With
respect to Hg, all of the samples showed CF > 6. Co, Cr, Ni, Sr, and V in nearly all of the samples
did not exceed the CF value of 3 (moderate contamination) and mostly did not surpass the CF
value of 1 (low contamination).

The distribution of CF values for the most contaminant elements of As, Cd, Cu, Hg, Pb, and Zn,
are plotted on the Tehran map using the Geographic Information System (GIS) (Fig. 4). As is
apparent from the maps, the CF hotspots for Cd and Zn are more scattered throughout the study
area which are different from those of Cu and Zn. Elevated levels of these elements were mainly
distributed around urban centers which are characterized by a higher intensity of various municipal
activities and older buildings. However, it seems that the distribution pattern of hotspots for Pb
accords with the stations adjacent to the main highway routes, which separate municipal districts.
The discontinuous Pb hotspots toward the connecting highways have also been recognized in other
metropolitan cities (Tahmasbian et al., 2014). Concerning Zn, the highest levels of CFs are



distributed in districts 11, 12 and 6. Cu map also revealed the hotspots in these three districts in
addition to certain remarkable spots in districts 15 and 16.
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Fig. 4 Distribution maps of contamination factor (CF) for the most contaminant elements of As, Cd, Cu,
Hg, Pb and Zn in the indoor dust of Tehran, the diameters of circles are proportional to the CF values of
given elements

The results of the calculated PLI, as a cumulative index for the overall level of pollution at a given
location, revealed values higher than 1 for all of the indoor dust samples. According to this finding,
all of the studied sites are to some extent polluted by metals with the lowest and highest PLI values



of 2.07 and 6.66, respectively (mean 3.97). The most contaminated sites coincide with two
commercial stations in District 12 of Tehran (samples T-05 and T-06, Fig. 5) which is one of the
most densely populated districts and the historical and commercial core of the city. In addition,
sample T-10 collected from the vicinity of Saeedi Highway displayed noteworthy contamination
by the concerned elements. As is seen in the PLI distribution map in Fig. 5, the degree of pollution
tends to be increasing toward the east and southeastern parts of the city which are in accordance
with the dominant west-east wind direction. According to Dehghani et al. (2018), 54% of over
7000 industrial units are located in the southern parts of Tehran, which have a considerable role in
intensifying the city’s air pollution. Pb and Cu were recognized to have the largest contribution to
the overall PLI values.
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Fig. 5. Pollution Load Index (PLI) for indoor dust samples in the Tehran Greater City

4. Potential source identification

The multivariate statistics method of principal component analysis (PCA) was used to evaluate the
possible source of heavy metals in Tehran's indoor-deposited dusts. The result of the Kaiser—



Meyer— Olkin test (KMO= 0.645) confirmed the adequacy of data for PCA. After applying the
varimax rotation method, with eigenvalues greater than 1, three principal components accounting
for 75 % of the cumulative variance were obtained (Table 3). Factor loadings greater than 0.6 are
regarded as excellent, and those smaller than 0.32 are considered very poor.

Table 3. The rotated component matrix of PTEs in urban indoor dust from Tehran

1 2 3
As 0.015 0.633 0.320
Co 0.321 0.542 -0.500
Cr 0.778 0.363 0.362
Cu 0.939 -0.144 0.044
Fe 0.856 0.053 0.403
Ni 0.861 0.071 -0.190
Pb -0.098 0.888 0.038
Vv 0.122 0.794 -0.035
Zn 0.238 0.159 .0778

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 6 iterations.

The first component (PC1) explains 35% of the total variance and exhibits a strong positive
association between Cr, Cu, Fe, and Ni with factor loadings of 0.778, 0.939, 0.856, and 0.861,
respectively. This result is in agreement with the correlation analysis of street dust samples
(Dehghani, 2017) which displayed a significant inter-relationship between the elements of this
group. Cr, Fe and Ni are generally attributed to geogenic origins and bedrock geochemistry
(Argyraki and Kelepertzis, 2014; Ludden et al., 2015). All of these elements are found in abundant
mafic-intermediate rocks surrounding Tehran and a geogenic source for these elements is
plausible. Copper is also found in the volcanic rocks and an abandoned mine called Pas Ghal’eh
occurs in the north Tehran volcanic materials.



The second component (PC2, 26% of total variance) is dominated by As (0.633) and Pb (0.888)
and V (0.794). The probable source of these elements can be fossil fuel combustion and especially
gasoline. The high concentration of Pb is specifically related to leaded gasoline and lubricants of
vehicles. The Pb-bearing particulates remain in the urban atmosphere for a short time and they are
deposited rapidly on urban soils, plant leaves and other surfaces where they remain for a long time
of several years (Al-Chalabi, & Hawker, 1997; Cicchella et al., 2008; Lee et al., 2022). Lead was
phased out of gasoline more than 25 years ago however its current accumulation in soils and dusts
can be attributed to an older usage of leaded gasoline which was the case in other parts of the world
(Chen et al., 2014; Wei et al., 2005). The presence of As and V in oil-prone areas have been
reported frequently and they are among the common elements found in gasoline and other fossil
fuels (Dahmardeh Behrooz et al., 2022).

Zn is the only element presented in PC3. This component is sourced from the non-exhaust traffic
emissions, i.e tearing and wearing of vehicle tires which is the main source of Zn in the urban
environment (Lin et al., 2021; Van Beers, and Graedel, 2007; Van Bohemen, and Van De Laak,
2003). In the study area, there is no zinc smelting and processing plant to be considered as an
industrial source for this element.

Component 2

Fig 6. Principal component analysis results in the three-dimensional space: plot of loading of the first five
factors

The sand and gravel mining is frequently considered as a source of particulate matter in Tehran
however they are mostly located in the southwestern part of Tehran and could be transported to
large distances just in unusual storms. Menhaj Bena et al. (2021) found high levels of Cu, Pb, Zn,



Mn and V in these quarries however they can be considered as local sources and limited to
southwestern parts.

There are three fossil fuel power plants (Tarasht, Be’sat, and Rey) within and around the city and
they are reported by non-scientific society as the main sources of air pollution especially in winter
and inversion days. During the cold days of winter when the gas pressure is dropped in pipelines,
they use gas oil as an alternative fuel and may contribute to the pollution burden however in most
of the year they use gas as the fuel to produce electricity and their role is not as reported by news
agencies.

Since the 1970s the establishment of large industries was banned in a radius of 120 km from the
center of Tehran therefore only a few large industries like powerplants and a refinery are located
around the city. Rey cement plant was closed in the 1980s and is used as an industrial museum
however it may be contributed to some legacy pollution from 60 years of operation in the close
vicinity of the city.

The sewage and greywater are collected in the wastewater collecting system and cannot be
considered as a pollution source of contaminants in this study.

5. Future Perspectives

This research raises several questions that need further investigation. Considering that a large
number of combined exterior and interior parameters can affect the content and chemical
composition of indoor dusts, it is pivotal that future studies conduct a more detailed survey on the
general attributes of each sampling site. Parameters including building age, floor level, floor cover,
specific construction, decoration, and furnishing materials, land-use history of the neighborhood,
energy uses, and heating and cooling systems as well as ventilation and humidification devices are
needed to be considered. Participants should be asked about the number of residents and their
living habits and domestic activities such as smoking habits, cleaning, and sweeping frequency.
More work is recommended on source identification using non-traditional isotope studies. Shifting
from fossil fuel toward clean energies or at least fuels of better quality will definitely improve the
quality of life and environment in the Tehran Greater City.

5. Conclusion

Despite the widespread well-known air pollution in the metropolis of Tehran, no study has been
conducted so far on the indoor environment of potentially toxic elements, and this research is the
first study in this field that is conducted.

In addition to the overcapacity population, the shortage of rainfall and blockage of the winds by
high-stand buildings, the excessive movement of cars that exceeds the city's capacity, along with
rapid and unplanned urbanization in recent years, as well as significant industrial development,
have contributed to the low air quality, aggravating air pollution and the air inversion in most of
the year. Also, the metropolis of Tehran is surrounded by the Alborz Mountain Range from the
north and northeast, which acts as a barrier against air flow and the movement of dust particles.



The study analyzed the concentration and distribution of potentially toxic elements (As, Be, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Se, Sr, V, Zn) and some major elements in 31 indoor-
deposited dust samples collected from different types of indoor environments in Tehran.

It is shown that the major elements have a similar distribution trend and abundance showing an
almost uniform distribution in different parts of the city.

Mo, Se, Be, Co, V, Ni and Cr have a normal distribution, which is an indication of their low
concentration and the absence of sources that can abnormally increase their concentration. While
elements with positive skewness include Cu, Hg, As, Zn and Cd, all of which have abnormally
high data and are a sign of the presence of pollution sources for them in Tehran.

The study found that the levels of some elements, such as Zn, Cu, and Pb, were higher than their
mean values in the worldwide urban soils and upper continental crust. On the other hand, some
elements, such as Cd, were higher than in most cities worldwide.

Comparing the concentration of elements in the city of Tehran with the average of the upper
continental crust shows that As, Cd, Cu, Hg, Pb and Zn have exceeded at least 8 times, which
indicates the enrichment of these elements in the indoor dust samples of the city of Tehran due to
anthropogenic and geogenic factors, while Co, Cr, Mg, and Ni do not show any enrichment.

Multivariate statistical studies show Cr, Fe, Ni, and Cu in the first component, which indicates
their geogenic origin. All these elements are found in mafic and intermediate igneous rocks and
also an abandoned mine which are found in the north of Tehran city, the geological origin for this
elemental association can be justified.

Pb, As and V are placed in the second component, whose probable origin is the combustion of
fossil fuels, especially gasoline and diesel. Pb concentrations can be specifically attributed to fuel
sources of leaded gasoline and vehicle oil. Pb has high resistance and can remain in the soil for a
long time. Although lead has been phased out from gasoline more than 25 years ago, the current
accumulation of this element could be the result of the legacy of an old pollution source. The
presence of As and V has been widely reported in oil fields and they are common elements in
gasoline and fossil fuels.

The third component contains only zinc, which is due to the erosion of car tire rubber. Comparing
the concentration of elements in Tehran with other cities shows significant differences.

The Contamination Factor and Pollution load index revealed high pollution in Tehran, especially
in commercial and historical districts highly impacted by traffic. Mean CF values are presented
following order from the highest to the lowest: Hg (94.3) >Zn (15.9) >Cd (15.4) >Pb (10.5) >Cu
(8.25) >As (8.15) >Ni (1.02) >Cr (0.85) >Co (0.73) >V (0.51).

The study recommends further investigations to consider various parameters that can affect the
content and chemical composition of indoor dust and using non-traditional isotope studies for

source identification.
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