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Keywords: children are more vulnerable to contaminants than adults. Therefore, due to the
fﬁggﬁ'z'l:};ttoé'gniﬂg;‘:;ts' diversity of air pollution sources in Tehran, the present study was conducted to
schools, PMF model. determine the severity of pollution, origin and health risk assessment of some

potentially toxic elements in the dust of elementary schools in three districts of
Tehran. For this purpose, 27 dust samples were collected from the indoor and outdoor
areas of schools, and the concentration of elements was measured by induced coupled
plasma mass spectrometer (ICP-MS). Calculation of different geochemical indices
showed that the four elements Cu, Zn, Sb and Pb have the highest enrichment and
pollution compared to other elements. The results of calculating the health risk index
revealed that As, Cu, Ni, Pb and Zn have similar hazard quotient (HQ) values in
children and adults. Also, the health risk of exposure to Cr and Mn through dermal
contact is higher in adults than in children, and the total hazard index (HI) of all
elements in children is higher than in adults. Among the studied elements, two
elements, lead and chromium, threaten the health of children more than others. Based
on principal component analysis and positive matrix factorization (PMF) model,
three geogenic, traffic and mix sources were identified for different elements. Pb, Zn,
Cu and Cd were considered as indicators of traffic origin. The results of this study
reveal the need for special attention to students' health.
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EXTENDED ABSTRACT

Introduction
On a global scale, among the

environmental hazards, air pollution in urban
environments with suspended particles or dust
is particularly important and can cause an
increase in the death rate in cities (WHO,
2006). The chemical composition of dust
particles, especially the concentration of trace
elements, is the controlling factor for their
potential health effects (Hsu et al., 2016). The
study of the chemical composition not only
helps to evaluate the toxicity of suspended
particles, but it can also be used to determine
the origin and is especially effective in
determining natural and anthropogenic
sources (Han et al., 2015). The pollution of
potentially toxic elements is one of the most
common pollutions caused by human
activities, because it has the ability to bio-
accumulate and even in low concentrations
can cause health abnormalities (Rastegari
Mehr et al., 2016). In recent years, several
studies have been carried out in Iran in the
field of pollution of potentially toxic elements
in dust. Considering the size of the city of
Tehran, the air pollution in a large number of
days of the year, the presence of numerous
polluting sources in this city, its high
population and also the greater risk of trace
elements for children, the present study was
carried out with the aim of evaluating the
pollution of potentially toxic elements in dust
in Tehran schools using geochemical factors,
and determining the source based on principal
component analysis and PMF model.
Material and methods

In this study, 27 dust samples were
collected from inside (17 samples) and outside
(10 samples) classrooms in 6 schools located
in the 12th, 13th and 18th districts of Tehran.
These three districts represent the amount of
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pollution in the centre, pollution in the east,
and an area with less traffic on the outskirts of
Tehran. The samples were air dried, and
particles smaller than 63 pum were analysed
using ICP-MS after multi-acid digestion, to
determine the concentration of selected
elements. Geochemical and statistical methods
including enrichment factor (EF),
contamination factor (CF), hazard index (HI),
principal component analysis (PCA) and
positive matrix factorization (PMF) were used
for data analysis (Ho et al., 2010; Naimi and
Ayoubi, 2013; Tashakor et al., 2021; Sun et
al., 2016).
Results and discussion

The results showed that the average
concentration of Pb, Zn, Cu and Sb have the
largest difference compared to their global
average in soil. Fe, Pb, Cu and Sb having the
highest coefficient of variation in the region,
show the most unbalanced spatial distribution
among the studied elements. The average
values of the enrichment factor and
contamination factor showed that Sb, Cu and
Zn are the most enriched in the indoor dust and
Cu, Sh, Zn and Pb are the most enriched in the
outdoor dust. In general, in most of the
sampling stations the enrichment factor is
high, indicating high contamination of dusts
for most of the studied metals. Also, based on
the intensity of pollution, the three studied
districts can be considered as district 13 >
district 12 > district 18. The results of the risk
assessment revealed that exposure to dust
particles for all elements through ingestion in
children shows a greater risk than skin contact
and inhalation. The highest value of the
calculated risk index is related to Cr, As and
Pb. In outdoor dust, the risk index for Pb and
Cr in children is more than one and threatens
children’s health.
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Based on the principal component analysis,
V, Mn, Al, Co and Fe in the dust of schools in
the region are mainly originated from
geogenic sources, while Cd, Pb, Zn, Cu and Sb
with more pollution in dust are mainly
originated from anthropogenic sources,
especially traffic. On the other hand, the PMF
model determined three main sources for the
elements in dust, including traffic, geogenic
and mix sources. It should be noted that the
non-geogenic origin of the elements in this
component can be sources other than traffic,
such as paint, industries, and car repair shops
in some areas.

Conclusion

In general, this study showed that school
dusts of Tehran are highly contaminated, and
urban elements (Cd, Cu, Pb and Zn) are highly
enriched. The results of statistical analysis and
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PMF model indicate the important role of
traffic in the release of Pb, Cu, Cd, Zn and to
some extent Sh into the environment. In
general, the schools of region 13 (Shahid
Andarzgo School, Parvin Etisami School, and
Mahdiun School) and Mehr Maryam School in
region 12 have the most pollution. According
to the obtained results, the occurrence of
severe pollution of some potentially toxic
elements in school dust, and the exposure of
students to them in the long-term will cause
many problems and there is a serious need to
manage the main source of these pollutants,
including high traffic load, use of non-
standard fuel and worn out cars. This study,
along with investigating the mobility of
metallic elements, can provide a basis for risk
assessment and mid-term and long-term
planning for pollutant control.
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Table 2. Descriptive statistics of elements’ concentration in dust samples of Tehran schools (mg/kg)

Element Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Sh \Y Zn
(%) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (malkg) | (%) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Sl ke
Mean YNV AIA .10 4o AA/AY V\ENA | YR | frase ¥/ MY | YYUR AIDY YANA | ASVAE
Std.deviation | V<A | vy JYY YIAY BYNA YYAS | oA | AYEEY Y/-4 FEIVY £a/0Y F/ra woa | ovrers
Min VBT YN 10 ¥Is ¥q 3 \IVE Y¥o Y Yo a4 YIA YA Yoy
Max B/ VO/A \E VY Yo fRY | ofA oY 4 YYA YAY YY/Y £4 VY
cVv OYE | e .Y oY 1Y OYF | v JIYA -0 Y oY -1 -IFY AIYA
S e
Mean ey | ava Y V- f AA/E vy | ovwva | sea Y5t FE/F ¥\ ey YA SEIY VYo
Std.deviation | -/ov | VAf ny: \E Y\/PF Vv | ena | safod Y5 AN YY) Y/AQ YIYY YovisY
Min Y/¥0 £10 oY YIA ) a4 Y/EA FaA YIA ¥ Ve Y/f oY SVE
Max oY | vvE Y \Y/¥ V50 FAY ¥ Yo NI$ A A VY Yo VEFY
cVv Y oY A oY Y et | e Y e AIYY .50 e Y AIvE
VZ\%':;‘;‘Z" VI 1Y .10 AIYO of VE /o Y VA Yo Yo 10 5. 5

@ Kabat-Pendias and Mukherjee (2007)
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Fig 2. Box plot of elements’ enrichment factor in a) indoor and b) outdoor dust samples
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Fig 3. Box plot of elements’ contamination factor in a) indoor and b) outdoor dust samples
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Table 3. Hazard Quotient (HQ) and Hazard Index (HI) in children

|As [Co [cr [Cu

|Cd

| Pb [ Mn [Ni [Zn

e le

HQing | ¥/VO x v+ [O/AA x ™Y+ | £/00 x ™V« [ F/YY¥ x Ty

LA TV [ AMYA X Y VTS Y [ YIYA X TV | YUY < Y.
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Table 4. Hazard Quotient (HQ) and Hazard Index (HI) in adults

|As [Co |Cr | Cu

|Cd

| Pb [ Mn [Ni [ Zn
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Table 5. Calculated components for elements after Varimax rotation
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