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Abstract

Background: Classrooms are an important environment for young children as this is where they spend a large part of
their time.

Aims: This study was designed to quantify the levels of heavy metals in classroom dusts in Shiraz, a city southwestern
Iran. The potential association between heavy metal levels and childhood asthma was also investigated.

Methods: We selected 32 schools for collecting classroom dust samples during September-November 2016. The con-
centration of 10 heavy metals was measured in these dust samples by optical emission spectrometry. The diagnosis of
childhood asthma was made using both the medical chart of each student and examination by an allergist. The data were
analysed using SPSS, version 21.0.

Results: The concentration of heavy metals in classroom dust samples ranged from 7559 to 53 723.0 mg/kg (mean: 16 945.5
mg/kg) for Fe, 169.0 to 952.0 mg/kg (mean 288.9 mg/kg) for Mn, and 9.0 to 971.0 mg/kg (mean 258.8 mg/kg) for Pb. We
found no correlation between heavy metals in classroom dust and childhood asthma.

Conclusion: In comparison with studies reported elsewhere, the maximum levels of lead in our study were greater. A
potential explanation for the lack of correlation with childhood asthma is the large mass of the particles, preventing them
from reaching the lower airways. Nevertheless, special attention should be paid to reducing high levels of heavy metals in
classroom dust in this area.
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Introduction

Heavy metals (HMs) are metals with specific densities
greater than 5 g/cm? which are found naturally on the
earth in very small amounts. Many of these HMs, such
as copper, chromium, iron, manganese and zinc, are es-
sential to health. However, if they accumulate in the body
in concentrations exceeding a certain threshold, they can
cause serious damage to various organs. Soil is the ma-
jor source for HMs released to the environment; they can
enter the human body via direct ingestion of soil via con-
taminated hands, inhalation of dust and eating polluted
plants grown close to roads with heavy traffic or contam-
inating industries (1-5).

Epidemiological and experimental studies have
provided evidence for the adverse effects of HMs on
respiratory diseases and allergic sensitization (6,7).
Among these, the metals most commonly associated
with allergic diseases of humans are arsenic, cadmium,
lead, nickel, chromium and manganese (8,9). Human

exposure to HMs has been studied mainly by monitoring
the concentrations in body fluids such as blood or urine,
or by studying their concentrations in ambient air.
Chronic exposure to arsenic by drinking groundwater
contaminated with low levels of arsenic can be harmful
for the respiratory system (10), and a high blood level of
arsenic is a risk factor for nasal polyposis (11). A recent
study reported that the concentration of cadmium in the
blood was significantly associated with asthma, but not
with high total IgE levels (12). A high blood lead level in
children with asthma has been identified as a risk factor
for increasing asthma severity, eosinophilia and elevated
immunoglobulin E levels (13). A Chinese study reported
that the prevalence of asthma and cough was associated
with high blood levels of chromium and manganese (14).
Recent studies have also reported on environmental
exposure to several HMs and their adverse effects on
the respiratory system. A higher level of ambient nickel
was associated with increased respiratory symptoms
and wheezing in young children. The rate of emergency
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department visits and hospitalization for paediatric
asthma has increased in areas with higher levels of
ambient zinc (15,16).

Dust, the main source of HMs, is the preferred
non-invasive matrix for metal monitoring. However,
information is limited concerning the association
between HMs in dust or soil and health care utilization
for respiratory diseases, especially among children.

Childhood asthma is increasing and environmental
changes due to exposure to more pollutants in outdoor
and indoor air are suspected as possible causes. The
prevalence of asthma among Iranian children varied
from 1.26% to 11.60% by all the studies in an Iranian meta-
analysis (17). In 2015, a study showed increasing trends
in air pollutants and patient admissions due to asthma
in Shiraz (18). Young children spend much of their time
at school, and are therefore exposed to classroom dusts.
Dust contaminated with HMs potentially affects the
students’ health and induces respiratory diseases by
inflammation, sensitization and even scar formation in
the lung tissues (19,20). Few studies have been conducted
on the association between asthma and the level of heavy
metals in the classroom.

The aim of this study was to measure the levels of 10
HMs, including arsenic (As), cadmium (Cd), chromium
(Cr),cobalt (Co),copper (Cu), iron (Fe), manganese (Mn),
nickel (Ni), lead (Pb) and zinc (Zn) in classroom dust of 4
districts of Shiraz. The potential association between HM
levels and childhood asthma was also investigated.

Methods
Study area

Shiraz, the capital of Fars province, has a total area 240
km? and a population of around 1.5 million. It is located
in the Zagros mountain range in southwestern Islamic
Republic of Iran at an elevation of 1486 m above sea level.
The city has a moderate climate and an average annual
rainfall of about 300 mm. Industrial activities in the city
include an oil refinery, a cement factory and a thermal
power plant. Shiraz is also one of the major centres for
electronic industries: about 50% of the country’s electron-
ic investment is concentrated here.

Winds are the principal transport mechanism
of dust particles; this city has been affected by dust
storms coming from Iraq in warm seasons in recent
years. Moreover, gaseous wastes from primitive forms
of heating and automobile exhaust along with factory
chemicals are the main cause of air pollution in the area
studied. In addition to high population growth, the rate
of urbanization has also increased: it is now a highly
urbanized area.

Sample collection

Sampling was carried out in the main area of the city,
which was divided into 4 educational districts based on
geographical area. Moshir crossing is the central point
of the division: the 1st district is the north-western, 2nd
north-eastern, 3rd south-western and 4th south-east-

ern sectors of the city. We randomly selected 2 primary
schools and 6 high schools in each of the subdomains.
From each school, 4 dust samples were collected from 2
classrooms and they were mixed to form a single sam-
ple for examination. Thus, 8 dust samples were collected
from the primary schools (children aged 6-11 years) and
24 from the high schools (children aged 12-17 years) dur-
ing September-November 2016. The principals of schools
were asked not to clean the classrooms for 1 week prior to
dust collection. Dust samples were collected from win-
dow sills, bookshelves, and corners in the classrooms us-
ing a clean plastic brush, tray and containers. The study
protocol was approved by the ethics committee of Shiraz
University of Medical Sciences (approval number: 12988).

Sample preparation and analysis

The samples were immediately put in polythene bags, la-
belled and transported to the laboratory. Large pieces of
grit and dirt were removed from the dried dust samples
and then they were passed through a 2 mm stainless steel
sieve. The fraction <2 mm was ground using an agate
mortar and pestle, and passed through a 63 micron sieve.
In order to determine the concentration of metals (As, Cd,
Cr, Co, Cu, Fe, Mn, Ni, Pb and Zn), we carried out com-
plete dissolution of dust samples (approximately 1 g of
each), using a mixture of HF, HNO,, HClO4 and HO, ina
Teflon beaker in a sand bath at atmospheric pressure. The
concentrations of the 10 heavy metals were determined
by an accredited commercial laboratory (Zar Azma Lab-
oratory, Tehran) using inductively coupled plasma mass
spectrometry (ICP-MS) methods (Agilent 7700x, Agilent
Technologies, Santa Clara, California). Detection limit for
the analysed metals was: As 0.1 mg/kg, Cd 0.1 mg/kg, Co
1mg/kg, Cr1mg/kg, Cu1mg/kg, Fe 100 mg/kg, Mn 5 mg/
kg, Ni1mg/kg, Pb1mg/kg and Zn 1 mg/kg.

Subjects and environmental questionnaire

We used 2-stage cluster sampling; in the first stage, all
schools in each of the 4 subdomains were considered a
cluster and 8 schools were randomly selected. In the sec-
ond stage all classes in the selected schools were consid-
ered a cluster and 2 classrooms were randomly selected.
We considered all students in these selected classes as
our sample.

All students at the time of entering the school have
a health record which is completed free by a different
general practitioner every year. Collection of data from
the medical records of students was authorized by the
Department of Education in Shiraz and the principal
of each schoolThe same allergist examined the student
health records, completed the International Study of
Asthma and Allergies in Childhood (ISAAC) questionnaire
by interview and carried out a physical examination of all
students in 2 random classes of each school for diagnosis
of childhood asthma (21).

A school environment questionnaire was created
for this study by the authors; it was completed by the
principal of the school to obtain information about the
education level (primary school or high school), the
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surface area of school, age of school building, number of
students in each class, number of students in school, air
conditioning (heating and cooling elements), mechanical
ventilation and the number of trees in the school yard.
Information about HMs in street dust related to this area
(Shiraz) was taken from a 2015 study for comparison with
our data (22).

Statistical analysis

The Mann-Whitney U-test and analysis of variance
(ANOVA) were used to compare the level of heavy metals
in the sample schools and other areas. Pearson correlation
was done for assessing the association between heavy
metals in classroom dusts with the area of the school, age
of the school building, number of students in each class,
number of students in school and the number of trees.
We used independent sample t-test for comparing the
means. Analyses were performed using SPSS, version 22,
and statistical significance was set at P < 0.05.

Results

Atotal of 32 schools were selected for classroom dust sam-
pling, 8 (25%) primary schools and 24 (75%) high schools.
Out of 11 001 students in the selected schools, 856 (7.78%)
had asthma. Descriptive data of the schools are shown in
Table 1.

The mean, minimum and maximum concentrations
of 10 HMs across the sampling sites are shown in Table
2. Descriptive statistics showed, in decreasing order of
concentration, Fe> Mn > Pb > Zn >Cr >Cu >Ni > Co > As >
Cd in the classroom dusts; the concentration of Fe, which
had the highest level (mean 16 945.5 mg/kg), was more
than 5 times greater than the concentration of Mn (2nd
highest level; mean 288.9 mg/kg).

The results of the Mann-Whitney U-test showed
there was no difference between the level of heavy metals
in dusts of classrooms in primary schools and high
schools (P = 0.1).

Sampling was done in 4 districts; the results of the
Kruskal-Wallis test showed that levels of Zn (P = 0.007)
and As (P = 0.005) were significantly higher in the 3rd
district. We found no correlation between the surface
area of the school, age of the school building and the
number of trees in the school with the concentration of
HMs in classroom dusts.

Comparison of the mean content of 10 heavy metals
in this study with urban street dust of previous study (21)

in this area is shown in Table 2. The levels of chromium
and lead in classroom dusts were significantly higher
than in street dust in Shiraz. All selected schools had
air conditioning, including heating and cooling devices;
mechanical ventilation was not found in any school.

There was no correlation between single HMs in the
classroom dusts and childhood asthma (Table 3). The
sum of 10 heavy metal variables was assessed as a single
variable. Pearson correlation showed that there was a
negative relationship between the sum of HM levels and
number of students diagnosed as having asthma, but this
was not statistically significant (r = -0.18, P = 0.30).

Discussion

This study presents the concentration of HMs in class-
room dust in selected primary and high schools in Shiraz.
The mean values of the metals were Fe > Mn > Pb > Zn >
Cr> Cu>Ni>Co>As>Cdin our classroom dusts. Sourc-
es of HMs in schools could be natural outdoor sources,
including industrialization, vehicle emissions and street
soil, or via indoor activities carried out within the build-
ing by the students.

Consistent with our findings, a study in Malaysia
showed a high Fe concentration in indoor floor dust in
3 nursery schools and another Malaysian study found
elevated levels of Fe in dust samples from 10 preschools
(23,24). Iron is abundant in the Earth’s crust and motor
vehicle emissions are also a main source of ambient
Fe (25,26). It may be transmitted to schools via airflow
stream and wind. Small amounts of iron are required
for maintaining good health, but large amounts lead to
cellular damage, mutation and other diseases (27).

In a study on the dusts of 51 French classrooms at
17 nurseries and primary schools, the highest metal
loadings were for Mn and Cu, however, Fe was not
measured (28). Manganese is the 12th most abundant
HM on earth and is often found in combination with
Fe; it was the second most common HM in our study.
Automobile traffic density is strongly correlated with
increased atmospheric Mn concentrations. It is an
essential metal for health, however, excessive exposure
can cause neurodegenerative disorders in humans (29).

Comparison of HM concentrations between our
classroom dust samples with the findings of a study from
classrooms in Ghana showed that the levels of Fe, Co and
Pb were several-fold greater in the our study (Fe 16 945.5
mg/kg vs 4.8, Co 6.3 mg/kg vs 0.5, Pb 258.8 mg/kg vs 31.2)

Table 1 Descriptive data of 32 selected schools in Shiraz, 2016
Characteristic

Area of school (m?) 1900

Age of school building (years)
No. of classrooms in the school
No. of trees in the school

No. of students in each school

No. (%) of asthma cases in each school 8(3.3)

Minimum

Maximum Mean SD
20000 54437 4502.9
54 22.8 15.1
50 14.62 7.1
150 26.8 34.5
700 3437 153.1
84 (15.0) 267 (9.1) 35
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Table 2 Comparison of heavy metal concentrations in classroom dust samples in Shiraz (2016) and urban street dust reported in a

2015 study (22)

Metal Mean
(mg/kg)

As

Classroom dust 2.8

Street dust 6.6

cd

Classroom dust 1.0

Street dust 0.5

Co

Classroom dust 6.4

Cr

Classroom dust 172.8

Street dust 67.2

Cu

Classroom dust 40.0

Street dust 136.3

Fe

Classroom dust 16 945.5

Street dust 20 254.6

Mn

Classroom dust 288.9

Street dust 438.5

Ni

Classroom dust 50.1

Street dust 77.5

Pb

Classroom dust 258.8

Street dust 1157

Zn

Classroom dust 258.8

Street dust 403.5

SD Minimum Maximum P-value
(mg/kg) (mg/kg)
17 0.2 8.8 <0.001
0.8 5.3 8.6
2.3 0.2 13.5 0.3042
0.2 0.3 0.9
2.96 3.10 16.1 -
122.1 50.0 514 0.0007
12.9 316 105.9
22.4 14.0 118.0
51 49.8 232.5 < 0.001
8 691.1 7 559.0 53 723.0 0.0973
2636.3 16 300.0 24 900.0
156.1 169.0 952.0 0.0002
73.2 245.0 652.0
22.5 25.0 117.0 < 0.001
14.7 39.4 117.9
268.2 9.0 9710 0.0220
56.3 36.8 234.3
210.6 26.0 829.0 0.0142
180.5 160.9 778.3

SD = standard deviation.

(30). The mean concentration of Co was 12.5 times greater
in our study than in the Ghana study; nevertheless, a dose
of <23 mg/kg of Co is considered safe for all age groups
(31). Cobalt compounds have been used for centuries to
impart a rich blue colour, and more recently cobalt has
been mostly used in batteries for mobile devices.

Lead concentration ranged from 9 to 971 mg/kg
according to our results; perhaps this wide range was
because some schools are near and some far from the
main streets. In indoor dust in areas with heavy traffic,
Pb concentration has been reported to be in the range of
5.80-639.10 mg/kg (5): the range of Pb in our classroom
dust was much greater than that. There has been heavier
traffic in recent years. According to the Shiraz Traffic
Organization report, the number of vehicles increased
from 250 000 in 2007 to 700 000 in 2014 (32). An effective
way of maintaining a clean classroom is certainly by
installing mechanical ventilation systems to reduce the

level of indoor HMs, but costs and energy expenditure
are often high.

The concentration of HMs in indoor dust varies
depending on the location. We did not find any
relationship between the concentrations of HMs in the
dust of classrooms with school demographics; only the
level of metals was shown to be significantly higher in
the 3rd district. Rahmat Highway is a main road in the
3rd district, running from Motahari Boulevard east
to Modarres Boulevard, where it becomes Sardaran
Boulevard. The schools in this district are located in the
old centre of Shiraz, an area subject to heavy traffic and
automobile emissions, which highlights the need to pay
attention to HM contamination in children’s schools.

The concentrations of HMs in Shiraz classroom dust
were compared with data reported for street dusts in
the same area. The level of Cr and Pb in classroom dusts
was significantly higher than that in street dust; it may
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Table 3 Correlation between heavy metal levels in classroom
dusts and proportion of students who have asthma, Shiraz
2016

Students with asthma (%)

Pearson P-value
correlation
As -0.049 0788
Ccd -0.226 0.214
Co -0.069 0.62
Cr -0.005 0.979
Cu -0.170 0.352
Fe -0.102 0.578
Mn -0.270 0.136
Ni -0.122 0.505
Pb -0.002 0.992
Zn -0.078 0.673

be an indication of an increase in the release of Cr and
Pb into the school environment. Chromiu is extensively
used in paper production industries, and Cr in the school
dust might be attributed to the use of paper and books
in classrooms. Lead, as an indoor pollutant, could be
generated from such sources as building materials,
cleaning and hygiene products, computers and printers
(33). The range and mean concentration of As, Cu, Mn, Ni
and Zn were greater in the street dust than the classrooms
dust; without doubt, street dust is much more easily
polluted by outdoor particles in this area.

Indoor pollutants inside such buildings as home, the
work environment, and school have been well recognized
as influencing human health due to the chronic nature of
the exposure. Despite this, our findings showed that none
of HMs in classroom dusts correlated with the symptoms
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Concentration en métaux lourds dans des échantillons de poussiére prélevés dans des
salles de classe et lien avec I'asthme infantile : étude en République islamique d'Iran

Résume

Contexte : Les salles de classe constituent un environnement important pour les jeunes enfants, étant donné qu’ils
passent une grande partie de leur temps dans ce lieu.

Objectifs : La présente étude a été réalisée pour quantifier les niveaux de métaux lourds présents dans les poussieres de
salle de classe a Shiraz, ville du sud-ouest de la République islamique d'Iran. Le lien potentiel entre les concentrations de
métaux lourds et 'asthme infantile a également été examiné.

Méthodes : Nousavonssélectionné 32 écoles poury prélever des échantillons de poussiere dansles classes entre septembre
etnovembre 2016.Laconcentration en dix métaux lourds dans ces échantillons a été mesurée par spectrométrie d'émission
optique. Le diagnostic d’asthme infantile a été posé a la fois sur la base du dossier médical de chaque éléve et d'un examen
réalisé par un allergologue. Les données ont été analysées a I'aide du logiciel SPSS, version 21.0.

Résultats: La concentration en métaux lourds dans les échantillons de poussiere des salles de classe variait de
7559 453 723,0 mg/kg (moyenne : 16 945,5 mg/kg) pour Fe,de 169,0 a 952,0 mg/kg (moyenne : 288,9 mg/kg) pour Mn
etde 9,02 971,0 mg/kg (moyenne : 258,8 mg/kg) pour Pb. Nous n’avons établi aucune corrélation entre les métaux lourds
présents dans la poussiere des salles de classe et 'asthme infantile.

Conclusion : Comparativement aux études menées ailleurs, les niveaux maximaux de plomb étaient supérieurs dans
notre étude. L'absence de corrélation avec 'asthme infantile pourrait s'expliquer par la masse élevée des particules, qui
pourrait les empécher d’atteindre les voies respiratoires basses. Néanmoins, une attention particuliére doit étre portée a
la réduction des hauts niveaux de métaux lourds présents dans les salles de classe de cette région.
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