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Abstract

The aim of this study is to determine the level of pollution with heavy metals
(Cd, Cr, Cu, Ni, Pb, Zn) and their potential sources in dust samples collected from
schools in Ramadi City, Irag. The dust samples were collected from 40 primary
schools and two kindergartens and analyzed by using atomic absorption
spectrophotometer. The heavy metal concentrations were found to follow the order
Cr> Cu>Pb > Ni>2Zn > Cd. The results indicated that the concentrations of Cd,
Cu, and Pb exceeded the permitted background values. The pollution level was
assessed using the geo-accumulation index (lg4,) and pollution load index (PLI). The
classification of dust samples according to lg, values showed that they ranged from
unpolluted for Cu, Cr, Ni, and Zn, to moderately polluted for Pb, and heavily
polluted for Cd. The PLI values indicated no to moderate pollution load. The results
of the comparisons of heavy metal concentrations with the background values, as
well as the multivariate statistical analysis, indicated three groups of heavy metals
with different sources or origins: (1) Cd and Cu (anthropogenic source: vehicle
emissions); (2) Pb (mixed source); and (3) Cr, Ni, and Zn (Geogenic source). This
study is the first attempt in Iraq to investigate the concentrations of heavy metals in
the dust of indoor environments. This study provides the environmental protection
managers and decision-makers with important information about the concentrations
of heavy metals and their sources in indoor environments.
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Introduction

The elevated concentrations of heavy metals in the different environmental media (water, air, soil,
dust,.. etc) is a serious environmental issue because of their toxicity, stability, non-degradability, and
harmful effects on human health [1]. The high concentrations of heavy metals are due to the
accelerated urbanization and industrialization associated with the development policies in different
countries of the world [2]. A large number of studies focused on heavy metals pollution of outdoor
environments, while less attention has been given to heavy metals pollution of indoor environments
(buildings, houses, schools, ... etc.). The particulates and dust carrying organic and inorganic
chemicals play an important role in modifying the indoor environmental quality [3]. Dust consists of
solid materials or particulates in the form of fine powder (< 100 um) settling on the ground or the
surfaces of objects [4]. Dust is a source for heavy metals and organic pollutants [5]. Because of the
small size of dust, its surface area is greater and, in turn, its ability to adsorb heavy metals is greater
[6]. Since it has fine particles, dust can be easily entered into the human body through three routes,
which are inhalation, ingestion, and dermal contact, causing health risks to humans in the long- term
[7, 8, 9]. Many studies reported that the exposure to some heavy metals can lead to diverse diseases,
such as cardiovascular, neural, blood, and bone diseases, as well as gingivitis and kidney failure
[10,11]. As compared to the adults, the children are more vulnerable to the risks of heavy metals in the
dust, because of their habits of crawling, randomly inserting materials into the mouth, sucking fingers,
and high respiratory rate that increase the risk of the intake of heavy metals [12,13]. Many studies
have been carried out to evaluate and characterize pollution with heavy metals in outdoor dust [14, 15,
16, 17]. A special attention must be paid to indoor environment dust because the United States
Environmental Protection Agency (USEPA) has mentioned that the pollution level in indoor
environment is two to five times - and occasionally more than 100 times- greater than in outdoor
environment [18]. The sources of indoor environment dust pollution include two types, internal and
external pollution sources [19]. The internal sources include cooking, smoking, sweeping, wall
erosion, rubber carpet products, painting and other indoor activities [20, 21]. The external pollution
sources include traffic emissions, auto repair, welding, waste burning, playground dust... etc., [19].
Many investigations on indoor dust have been conducted in different regions, such as Turkey [20],
China [22, 23], and Iran [24]. Characterization of heavy metal pollution level in classroom dust has
been carried out in kindergartens and primary school environments in different countries, such as
Malaysia [25, 26], Pakistan [27], Nigeria [28], Iran [5], Saudi Arabia [29], and Portugal [30]. As far
as we know, there are no published studies on the concentrations of heavy metals in the dust of indoor
environments in general, and especially in school environments, in Irag. Thus, this study is the first to
evaluate the levels of heavy metals in the classrooms dust of kindergartens and primary schools in the
country. The objectives of this work are to (1) measure some heavy metal concentrations in
classrooms dust of the kindergartens and primary schools in Ramadi City, (2) identify the sources of
heavy metals in classrooms dust, and (3) assess the pollution level of heavy metals in the classroom
dust.
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Ramadi City (Latitude 33° 25'51.11" N, 43° 17' 42.21" E) is the capital of the Anbar Governorate.
Ramadi City has a hot desert climate with low rainfall in the winter. It is characterized by dense
traffic and industrial activities. In terms of education on the governorate level, Ramadi is ranked first
and have dozens of primary and secondary schools in addition to one public and two private

uni
1).
vic

versities. Two kindergartens and 40 primary schools were randomly selected for this work (Figure-
The school locations were recorded by the use of Garmin 72 GPS. There are 13 schools in the
inity of the roads, 11 schools adjacent to electrical generators, and the other schools are distributed

in commercial and residential areas. Based on the age if the school building, there are 17 old and 26
new schools.
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Figure 1-Location map of schools that were selected for dust sampling in Ramadi City, west Iraq.
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Sample collection and analysis

The dust samples were collected from 40 primary schools and two kindergartens in Ramadi City.
The sampling was carried out between October and November 2019. Dust samples from window sills,
desks, classroom floor, and playgrounds were collected using plastic brush and pan. About 3-5
samples were collected and mixed to form one composite sample. These dust composite samples were
then transferred into individual resalable plastic bags. The samples were dried at 104°C for two days
and then sieved by using a 106 um stainless steel sieve. The samples were then homogenized with
porcelain pestle and mortar. They were kept in a polyethylene container ready for digestion and
analysis. Closed vessel microwave-assisted acid digestion technique under high temperature and
pressure has become routine [31], which avoids the external contamination and requires shorter time
and smaller quantities of acids, thus improving detection limits and overall accuracy of the analytical
method [32]. A weight of 0.5 grams of dust sample was put into the reference vessel. Twenty five
milliliters of a mixture (HCI: H,SO,: HNO;, 3:2:1) was then added to the reaction vessel which was
inserted into the microwave unit. The digested solution was cooled and filtered. The filtered sample
was then made up to 50 ml with distilled water and kept in special containers. AAS (Atomic
Absorption Spectrometry) instrument (Phoenix - 986, USA) was used to detect and measure heavy
metal content in the dust samples.
Pollution assessment methods

There are several indices employed to assess the pollution levels in sediment, soil, and dust samples.
In our study, the geo-accumulation index (l4,) and pollution load index (PLI) were used to assess the
heavy metals pollution level in school dust samples of Ramadi City.
Geo-accumulation index (lgeo)
The geo-accumulation index (lg,) Was proposed by Muller [33] as a geochemical criterion to assess
the heavy metals pollution in sediment and soil. The following formula is used to calculate lge,:

l., =109, C, 1
’ 158, (1)

where C, is the measured concentration of metal, B, is the geochemical background values of heavy
metals, and the factor 1.5 is introduced to include possible variations of the background values due to
geogenic effect. Muller [34] proposed seven different grades for Iy, .
Pollution load index (PLI)

Pollution level of heavy metals in sediment, soil, and dust is assessed using pollution index (PI),
also known as contamination index and pollution load index (PLI), using the following equations [35,

36]: PLI= (PLx PL,x PLx ... PI, )" 0
Cn
Pl=_™ (3)

n

where C, is the sample concentration and B, is the background value of the metal. The categories
of Pl are Pl < 1 (unpolluted), 1 < PI < 2 (slight polluted), 2 < PI < 3 (moderately polluted), and Pl > 3
(highly polluted).
Quality Assurance and Quality Control (QA/QC)

These measures include the procedural blank, duplicate analysis, and standard reference materials
(BDH from UAE). Recoveries for the elements in the standard reference material were 99.92% (Cd),
99.22% (Co), 96.43% (Cr), 99.43% (Cu), 98.65% (Ni), 97.32% (Pb) and 98.72% (Zn).

Statistical analysis

The descriptive statistics, namely the correlation matrix analysis, cluster analysis (CA), and
principal component analysis (PCA), were performed using the academic statistics software package
STATISTICA - version 13.3 for Windows. The correlation matrix analysis, CA, and PCA were
employed to identify the pollution sources and to differentiate geogenic versus anthropogenic
contribution.
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Results and Discussion
Concentration of heavy metals

The descriptive statistics of the heavy metals concentrations in schools dust in Ramadi City, as well
as the background values, are listed in Table- 1. The results showed that heavy metals concentrations
in school dust samples of Ramadi City were, in descending order, as follows: Cr > Cu > Pb > Ni > Zn
> Cd. The coefficient of variance (CV) values for Cu (59.43%), Cd (44.65%), Ni (41.17%), and Zn
(40.81%) were higher than those of Cr, and Pb. This
Table 1-Statistical summary of heavy metals concentrations (mg/kg) in school dust samples collected
in Ramadi City, west Iraqg.

Guidelines
Metal . .
Mean minimum | maximum | Std.dev. Coef.Var. | Background WHO
value

[27] [37]
Cd 6.16 1.950 12.15 2.75 44.65 0.3 3
Cr 65.68 49.150 103.95 15.49 23.58 90 100
Cu 54.28 16.700 184.60 32.26 59.43 45 100
Ni 45.82 12.800 100.05 8.861 41.17 68 50
Pb 51.46 27.150 87.85 8.76 17.03 20 100
Zn 43.90 16.650 96.20 17.91 40.81 95 300

The results suggest that Cu, Pb, Zn, and Cd had greater variation among the dust samples

And, tthus, may be influenced by external factors such as anthropogenic activities [38]. To date, there
are no national guidelines for soil or dust in Irag; therefore, the mean concentration values of heavy
metals were compared with the international guidelines. The mean concentrations of Cd, Cu, and Pb
in school dust of Ramadi City are higher than the background values, while those of Cr, Ni, and Zn are
lower than the background values. Compared to WHO guidelines, the mean concentrations of Cr, Cu,
Ni, Pb, and Zn were within the permissible guidelines, while that of Cd exceeded the guideline. It is a
common approach to compare the mean concentrations of heavy metals in school dust of different
environments [27], regardless of the sampling and analytical procedures [39]. A comparison of heavy
metal concentrations in Ramadi School dust with data of the school environment in different countries
is shown in Table-2.

Table 2-The heavy metal concentrations (mg/kg) of the school environment in different countries

*

Country N Cd Cr Cu Ni Pb Zn Reference

Iraq (Present study) 40 6.16 | 65.68 | 54.28 | 54.82 | 51.46 | 43.90

Pakistan 40 517 | 194 116 53.6 230 1053 [27]
Armenia 12 118 | 39.1 149 64.5 156 170 [40]
South Africa 32 0.64 | 49.6 32.7 21.2 47.1 186 [41]
Nigeria 55 855 | 4138 40.9 12.7 27.6 121 [42]
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Malaysia 90 023 | 119 | 302 | 9.04 | 254 | 145 [43]
China 97 - | 150 | 708 | 346 | 181 | 462 [1]
India 210 | 375 | 328 | 105 | 402 | 193 | 781 [44]

*Number of schools

The comparison showed that Zn mean concentration in schools dust of Ramadi, Irag, was lower
than that reported in some countries, while the concentrations of the other heavy metals were higher or
lower than those in other countries. These results can be interpreted in terms of the different activities
of the heavy metals release sources.
Pollution level

The results of 14, calculation are shown in Figure- 2. According to the results, none of the sampling
sites were polluted by Cr, Cu, Ni, and Zn. The mean values of I, for Cd and Pb were 3.63 and 0.75,
respectively, which indicate that the schools dust in Ramadi city are heavily polluted by Cd and
unpolluted to moderately polluted by Pb.

4
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moderately polluted

1 e R R e e e e e e e e R S R e S e S R e e e e e e e e e .
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Figure 2-Geo-accumulation index (lg,) of heavy metals in schools dust samples in Ramadi city.

The heavy pollution of schools dust samples by Cd and the moderatel pollution by Pb could be
interpreted in terms of being the results of anthropogenic activities. The wide use of plastic toys,
paints, painting activities, fertilizers, and insecticides in schools could be a source of Cd [45]. The
emissions from fuel burnings are a source of Pb in school dust collected from the vicinity of dense
traffic streets [46]. In our study, the majority of schools are located near streets, and the electrical
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generators are distributed near them. The exhaust emissions from diesel and petrol engines contribute
to elevate heavy metals in various environmental media [47]. The PLI values of all heavy metals in
schools dust samples of the study area ranged from 1.36 to 3.20, with a mean of 2.01, which indicates
no to moderate pollution load.
Correlation matrix analysis

The results of the correlation matrix analysis were employed to investigate the interrelationships
among heavy metals in schools dust in Ramadi City and their potential origins or sources. The
strongly significant positive correlation relationships indicate common origin / source and routes of
heavy metals. The results of Pearson's correlation coefficient for heavy metals in the schools dust of
Ramadi City are listed in Table-3.

Table 3-The results of Pearson's correlation matrix for heavy metal concentrations in the dust of
primary schools in Ramadi City

Metal Cd Cr Cu Ni Pb Zn
Cd 1.0
1.0
Cr 0.23
R R 1.0
Cu 0.65 0.33
Fe 0.05 -0.12 0.02 1.0
Ni 0.48" 0.46" 0.57 1.0
1.0
Pb 0.15 0.15 0.01 0.03
Zn 0.18 0.63" 0.29 0.47" 0.00

"Marked correlations are significant at P < 0.05.
A significant positive correlation at P < 0.05 was found between Cd — Cu (0.65), Cd-Ni (0.48), Cu —
Ni (0.57), Cu — Cr (0.33), Ni- Cr (0.46), Zn — Cr (0.63), and Zn —Ni (0.47). Pb is not correlated to the
heavy metals taken into account.
Principle component analysis

PCA analyzes a data table representing observations described by several dependent variables,
which are generally inter-correlated. The goal of PCA is to extract the important information as a set
of uncorrelated (i.e., orthogonal) variables. These variables are called principle components, factors,
eigenvectors, singular vectors, or loadings. The proportion of variance explained and the projection of
each component express the importance of each component [48]. PCA was used to identify sources of
heavy metals in schools dust in Ramadi City by applying varimax rotation with Kaiser Normalization.
The results of PCA are listed in Table- 4 and show that there were three eigenvalues with values
higher than one, collectively comprising 81.81% of the total variance. The factor (1) explains 45.92%
of the total variance and has strong positive
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Table 4- Factor loadings (varimax rotation) of heavy metals in schools dust of Ramadi City.

Metal Faitor Fagtor Fa:cgtor

Cd 0.88" 0.03 0.15

Cr 0.17 0.86" 0.16

Cu 0.87 0.20 -0.05

Ni 0.65 0.51 -0.05

Pb 0.04 0.04 0.98

Zn 0.12 0.89° -0.07
Eigenvalue 2.75 1.13 1.02
% Total variance 45.92 18.86 17.03
C“m(‘,j'a“"e 45.92 64.78 81.81

0

*Marked loadings are > 0.70.

loadings on Cd and Cu. Factor (2) explains 18.86 % of total variance and has strong positive loadings
on Crand Zn. Factor 3 explains 10.04% of the total variance and has a strong negative loading on Zn.
Cluster analysis (CA)

Cluster analysis is an exploratory data analysis tool for solving a classification problem. The
objective of this tool is to sort the data into groups or clusters. The cluster shows high internal
homogeneity and high external heterogeneity [49]. Hierarchical CA, the most common method, starts
with each object in a separate group and joins groups together step by step until there is only one
group left [50]. The hierarchical cluster analysis (HCA) was carried out by using Ward's method on
the standardized data set. The HCA results for heavy metals in schools dust are shown in Figure- 3 as
a dendrogram. Figure- 3 shows two clusters, the first includes Cd and the second contains Cu — Zn -
Ni — Pb - Cr. The cluster 2 includes three subclusters, (1) Cu; (2) Zn-Ni; (3) Pb-Cr. The subclusters 2
and 3 joint together at high degree of similarity, possibly suggesting a common origin or source. Both
subclusters 2 and 3 show high degree of heterogeneity with subcluster 1, may be implying a mixed
origin or source. The results of CA may be partially or fully consistent with the results of PCA . The
correlation matrix analysis, PCA, and CA have been widely used to identify pollution sources of
heavy metals in indoor dust [51 -56].

Identification of heavy metals source

The comparison of heavy metal concentrations, background values, correlation matrix analysis,
PCA, and CA were employed to identify the sources of heavy metals in school dust of the study area.
The results of the used methods partly confirm each other [56]. Based on the method, three sources of
heavy metals in schools dust of Ramadi City could be identified and were listed in Table- 5.
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Figure 3-Dendrogram results of hierarchical cluster analysis for heavy metals in schools dust in
Ramadi City.

Table 5-The sources of heavy metals in schools dust of Ramadi City

Sources
Method
Geogenic Anthropogenic Mixed
Comparison with background value Cr, Ni, Zn Cd, Cu, Pb
Correlation matrix Cr, Zn Cd, Cu, Ni Ni, Cr, Cu
PCA Cr, Zn Cd, Cu Pb
CA Zn, Ni Cd, Cu Pb, Cr,

The results showed three groups; (1) Cd and Cu have anthropogenic source; (2) Pb has mixed
source; (3) Cr, Ni, and Zn have geogenic source.

The higher Cd concentrations in the dust were linked with vehicle emissions [56], lubricating oil,
and tire wear [55]. The emissions from engine diesel fuel and engine wear are one of the Cd sources
[57]. Due to the majority of schools in the study area, that are located near to the streets and electrical
power generators, the sources of high Cd concentration in schools dust are probably vehicle
emissions and exhaust emissions from the electrical generators. The emissions from vehicle oils [58],
engine wear and tear [59], and traffic emissions [51] were reported as Cu sources in the outdoor and
indoor dust. The lubricant oil combustion in diesel engines and exhaust emissions are also sources of
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Cu in the ambient environments [51]. The potential sources of Cu in school dust in the study area are
vehicles, diesel engines, and exhaust emissions.

Pb concentration was higher than the background value, reflecting an anthropogenic origin. Pb had
no significant correlations with the other metals, had very strong loadings in factor 3 of PCA, and was
classified with Cr in the same sub-cluster of CA image. The classification of Pb with Cr in the same
sub-cluster can be interpreted based on the fact that geogenic sources contribute to raising Pb
concentration in dust. The emissions from vehicles were reported in previous studies as a main source
of Pb in indoor dust [9, 51]. The Pb sources in schools dust in Ramadi City can be interpreted in terms
of vehicle emissions and geogenic (local soil) sources.

Conclusions

The pollution levels of schools dust ranged from unpolluted for Cu, Cr, Ni, and Zn, unpolluted to
moderately polluted for Pb, and heavily polluted for Cd. The pollution load of all heavy metals in
schools dust samples of the study area indicates no to moderate pollution. The origin of Cd and Cu is
anthropogenic (traffic emissions and exhaust emissions released from the electrical generators spread
in the study area). The high Pb concentrations come from mixed sources (anthropogenic and geogemic
sources). The concentrations of Cr, Ni, and Zn are of geogenic origin
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