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Abstract

Background: Classroom is where children spend much of their time in; this study aimed to identify the con-
centration of heavy metals in the classroom dust based on the results of various studies in the world using the
published data up to years 2018.

Methods: Fifteen studies were selected for the study according to the inclusion and exclusion criteria. The
mean concentration of 11 heavy metals including arsenic, barium, cadmium, cobalt, chromium, coppet, iron,
lead, manganese, nickel, and zinc was extracted.

Results: The highest mean concentration of heavy metal (mg/kg) in classtoom dust was related to iron (3904.7,
95%CI: 3657.1-8154.3), zinc (429.9, 95%CI: 182.8-677.1) and batium (419.2, 95%CI: 274.7-253.7), respectively.
Subgroup analysis showed the maximum concentration (mg/kg) of iron in Iran (16945.5), zinc in Hong Kong
(2293.5), barium in China (979.8), manganese in Iran (288.9), lead in Iran (258.8), chromium in Ghana (381.3),
copper in Hong Kong (274.4), nickel in Iran (50.1), cobalt in China(43.4), arsenic in China(13.7) and cadmium
in Hong Kong(8.7).

Conclusion: Even safe and healthy classrooms can threaten children’s health by heavy metals. These metals are
important since they are naturally found throughout the earth’s crust, accumulate in the food chain and contam-
inate drinking water as well as alloys in school equipment.
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Introduction

“The children of today are the adults of tomor-
row”’; this message emphasizes the fact that gov-
ernments should prepare a safe and healthy
school setting for children. School environment
is where children spend a lot of their time; there-
fore, it is one of the key settings for promoting
children’s health (1,2).
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Heavy metals (HM) are naturally the elements
found throughout the earth’s crust; most environ-
mental contamination results from industrial
sources such as metal processing in refineries, coal
burning in power plants, petroleum combustion,
nuclear power stations and plastics, textiles, microe-
lectronics and paper processing plants. A variety of
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HM from vehicles and automobile exhaust has
been found to contaminate the environment, too
(3-5). The very small amount of some HMs is es-
sential for health, while if its concentration exceeds
a certain threshold in the body, it can threaten
health (6-8). School is an environment where chil-
dren might be exposed to these HMs through inha-
lation of dust, direct ingestion of contaminated soils
or contaminated food stuff and dermal contact with
polluted school supplies (9,10).

This systematic review and meta-analysis was de-
signed to determine HM concentration in schools
using the published data up to years 2018.

Methods

This systematic review and meta-analysis was
conducted following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses

guidelines (PRISMA).

Search Strategy

An electronic search was done on scientific literature
published in the database PubMed/Medline (NLM),
Scopus, Science Direct and Google Scholar for arti-
cles published in English up to 2018. The search was
performed using the following English words “heavy
metal” AND “classroom” AND “dust” AND
“school” AND “heavy metal concentrations”.

Data extraction

Two researchers (MM and TM) individually re-
viewed the data extracted from the included studies
by two reviewers using a standardized electronic
form in Microsoft Excel. The following data were
extracted from all the included studies: 1) Study
characteristics: the first author’s name, year of pub-
lishing of the study, location where the study was
performed, type of school and number of sample;
2) Outcome measutres: mean and standard devia-
tion (SD) for concentration of 11 heavy metals.
Any discrepancy was resolved by consensus be-
tween the two reviewers.

Inclusion and exclusion critetia

Studies were included in this meta-analysis if the
following criteria were met: the study was conduct-
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ed in classrooms of nursery, elementary and high
schools; it measured the level of HM in the dust; it
reported descriptive statistics of measurement of at
least one HM; the measurement unit of HM was
mg/kg or pg/gr. Studies were excluded if: 1) the
study was duplicate reports, a review article, letters
or conference abstracts; 2) the article reported the
concentration of airborne HM not in the dust; 3)
the study reported the HM concentration in indoor
environment other than classrooms such as home,
garden, playground; or 4) the article had identified
HM in outdoor environment such as street.

Quality of studies

To assess the quality of each included study in
meta-analysis, we used the 22-item STROBE
checklist (https://strobestatement.org). We cate-
gorized all the studies in three categories obtained
based on total score of checklists: >80% of the
total score of checklists yes= High; 60%-80% of
total score yes= Medium; and <60% yes= Low.

Data analysis

The mean of concentrations for eleven HM was
considered as the outcome of this meta-analysis.
The Cohen’s d effect size (ES) was calculated, using
mean divided by standard error of mean
(SE=SD/ \/n) To evaluate the heterogeneity among
the studies, the Q test (P<0.1) and 1"2>50% were
used. If heterogeneity was found, a random effect
model (Der Simonian-Laird method) was applied to
compute the pooled effect size. The mean of HM
concentration with 95% Cls was used in the calcu-
lation for achieving the appropriate summary statis-
tics. Sensitivity analysis was conducted to assess the
influence of each study on the pooled estimate.
Subgroup meta-analysis and meta-regression were
applied to assess the sources of heterogeneity. The
potential publication bias was assessed using
Eagger’s test. All statistical analyses were done us-
ing the Stata software, v.14 (Stata Corp LP, College
Station, Texas, USA).

Results

Study characteristics
Overall, 149 studies were identified and subjected
to initial screening. After removing the duplicates
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and reviewing the titles or abstracts, 105 studies
were deemed ineligible. Among the 105 studies
for full-text review, 71 were further excluded for
the following reasons: no relevance, review and
conference abstract. Finally, 15 studies with data

for HM level in the dust of classrooms was in-
cluded in our meta-analysis (Fig.1).

The studies on the concentrations of HM in
classtoom dust from different countries are
shown in Table 1 (2, 11-24).

£
.g Records identified through database Addiional records identified through ex-
2 searching (n=149) perts and other sources (n=1)
Z
[]
3
Removed duplicate records (n=43) Records excluded due to not meet-
.E' ing inclusion criteria (n=71)
c ¢ No relevant (64)
g Review (2)
L)
i Records screened (n=105) p| Conference abstract (3)
- Y
£ Full —text articles assessed for Full-text articles excluded (n=22):
TE' eligibility (n=34) Without the exact quantity infor-
= mation (n=13)
v Conducted in other filed other than
— classrooms (n=7)
- Articles included m systematic review No English language (2)
—3 and meta-analysis (n=15)
£

Fig. 1: PRISMA flowchart describing the process of the selected study

Except for one study (11), the other 14 cross-
sectional studies were published from 2007 to
2018. The majority of studies (73.3%) were con-
ducted in Asia, 3 (20%) studies in Africa, and one
(6.7%) in North America (Mexico). The nursery
setting was considered for assessing HM itself in
46.7% of studies, while two studies had described
the concentration of HM in three levels of educa-
tion including nursery, primary, and high school
(Table 1). The total dust samples of HM were
486 (ranging from 3 to 101 in each school) for 15
studies.

The influence of each study on the pooled con-
centration of HM was assessed by mean and sen-
sitivity analysis. The results of I-square index and
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Q test showed a high heterogeneity among the
mean of the concentrations of HM for 11 metals
(I72> 50%, P<0. 1). There was no evidence of
potential publication bias among the mean of the
concentrations of metals except for lead, chromi-
um and arsenic (Table 2).

The concentration of heavy metals in the dust of
schools: A random-effect model was used to ob-
tain the pooled mean of HM concentration (Ta-
ble 2). The highest concentration of HM (mg/kg)
in classroom dusts was related to iron (3904.7,
95%CI:  3657.1-8154.3), zinc (429.9, 95%CI:
182.8-677.1), and barium (419.2, 95%CI: 274.7-
253.7), respectively.
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Table 1: Characteristics and statistics of concentration of heavy metals in the included studies

Refer- Country, city  Pla School  Arsenic Bari- Cad- Cobalt Nickel Zinc
ence ce type um mium
Chromi- Copper Iron Lead Manga-
um nese
11 Hong Kong 1 NR NR 8.48+2 NR NR 247.381+2 NR 199.96+1 224.28+1 NR 2293.56%1
0.62 12.47 44.89 3273 075.26
12) Mexico, 1 NR 56.59 4.24 221 11.15 26.34 NR 36.15 NR 4.7 387.98
Hermosillo
13) Malaysia, 1 NR NR 1.5 NR NR 13 NR 47 121 NR 41
Dungun
(14) Malaysia, 1,2, NR NR 5.94 NR NR 212.9 3624.1 390.1 NR 479 709.7
Serdang 3
15) Malaysia, 1 NR 30.9+18 NR NR 16.88+3.61 30.19%6. 4225.3312 31.24%17 NR 91324  148.71144.
Shah Alam 91 25 282.01 49 19
16) Nigeria, 2 NR NR 0.09£0. NR 10.53%£5.08 NR NR 2389116  not found NR NR
Lagos 12 .38
17 China, Xi’an 1 14.5£6.  978.5+2 NR 433115 159.7+109. 74.2124. NR 176.2494 5654197  36.2%1 462.61289.
6 70.1 1 0 0 .8 7 1.9 9
(18) China, Xi’an 1,2 13.2+6.  980.1£5 NR 43.4% 149.2+92.8 70.8%26. NR 180.9+16  558.3192  34.6%19.  461.5£300.
3 11.6 15.5 3 2.4 4 9 6
19) Malaysia, 1 NR NR 0.23%0. NR 11.9%6.8 NR 4801£1873  253.5%83 NR NR 144.9+73.4
Bandar Baru 10 2
Bangi and
Kajang
(20) Malaysia, 2 NR NR 1.89 £ NR NR 5327 £ NR 89.05 = NR NR NR
Serdang 0.76 31.67 85.71
1) China, Beijing 1,2, NR NR 0.2% NR 63.6£9.19 27.9614. NR 48.63£21 NR 24.76% 107.28+31.
3 0.07 97 74 2.43 32
(22) Ghana, 1 NR NR NR 0.576£3  381.30212 NR NR 4.81619. NR NR NR
Kumasi 714 80.682 219
(23) Nigeria, Ogun 2,3 204 £ 59.9 & 855 + 219 % 41.8 £254 409 + 13.7 £9.16 27.6 254 + 12.7 £ 121 £ 129
1.07 46.4 1898 78.4 63.5 28.5 161 13.6
(24) South Afri- 3 1.59 NR 0.7 5.95 49.6 32.6 NR 50.9 169.4 21.2 186.1
ca,Pretoria
@) Iran, Shiraz 2,3 2.77£1. NR 1.03+2.  6.36%2. 172.8+122. 40224 16945.5+8 258.8£26  288.9£15  50.1+2  258.8%210.
74 33 96 1 691.1 8.2 6.1 2.5 6

NR=no reported; 1= Nursery; 2= Primary School; 3= High school

Table 2: The pooled mean of concentrations of the heavy metals (mg/kg) with 95% CI in the classtoom dust of
different countries

Subgroup analysis showed the highest school
concentration (mg/kg) of iron in Iran (16945.5),
zinc in Hong Kong (2293.5), barium in China
(979.8), manganese in Iran (288.9), lead in Iran

Heterogeneity Mean of concentration Egger’s test

Heavy metals ~ Number 12(%) P Model (mg/dL) Bias P
of studies 95%CI)

Iron 5 38.1 0.16 Fixed 3904.7 (3657.1-8154.3) 0.86 0.45
Zinc 11 93.1 <0.001 Random 429.9 (182.8-677.1) 0.84 0.20
Barium 5 98.0 <0.001 Random 419.2 (274.7-253.7) 26.93 0.16
Manganese 6 79.6 0.002 Random 335.3 (186.0-84.7) 1.73 0.21
Lead 15 91.4 <0.001 Random 121.3 (90.8-151.8) 2.49 0.03
Chromium 11 93.7 <0.001 Random 91.5 (75.1-107.9) 2.51 0.04
Copper 10 29.2 0.36 Fixed 81.1 (47.3-114.9) 0.12 0.98
Nickel 9 43.7 0.171 Fixed 26.6 (16.2 -36.6) 0.99 0.37
Cobalt 7 76.6 0.004 Random 17.7 (8.0-27.3) 1.89 0.18
Arsenic 5 91.2 <0.001 Random 6.6 (4.1-9.2) 3.91 0.03
Cadmium 8 94.3 <0.001 Random 2.7 (2.4-3.0) 1.87 0.10
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(258.8), chromium in Ghana (381.3), copper in
Hong Kong (274.4), nickel in Iran (50.1), cobalt
in China (43.4), arsenic in China (13.7), and cad-
mium in Hong Kong (8.7) (Table 3).
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Table 3: The mean (95% CI) of the concentration of heavy metals mg/kg in classroom dust samples in various

countries
Heavy metal Hong Kong Malaysia China Iran South Afri- Nigeria Mexico Ghana
(mg/kg) ca
Arsenic NR NR 13.7 2.8 1.6 2.0 NR NR
(12.4- (2.2-3.4) (1.4-1.4) (1.6-2.2)
14.9)
Barium 30.9 979.8 59.9 56.6 NR
NR (20.8- 40.9) (962.6- NR NR (57.8- 61.9) (52.2-61.0)
997.0)
Cadmium 8.5 2.7 0.2 1.0 0.7 431 4.2 (4.0-4.4 NR
(7.7-9.2) (1.8-7.2) (0.2-0.2) (0.9-1.2) 0.5-0.9) (3.9-12.6)
Cobalt NR NR 43.4 6.4 5.9 21.9 22 0.576
(40.9- (6.2-6.5) (5.8-6.1) (19.2-24.6) (2.1-2.4) (1.1-2.2)
45.8)
Chromium 14.4 123.2 49.6 26.2 11.2 381.3
NR (9.5-19.3) (52.4- NR (32.4-6.8) (4.5-56.8) (10.9-11.5) (258.3-
194.1) 504.3)
Copper 247.4 (239.5- 77.4 57.6 40.0 40.9 26.3
255.2) (46.1- 200.9) (22.9- (32.2- 47.8) NR (24.4-57.3) (22.6-30.0) NR
92.2)
Iron 4027.8 (3213.4- 16945.5 13.7
NR 4842.1) NR ) NR (11.3-16.1) NR NR
Lead 99.1 162.4 135.2 258.8 (242.4- 50.9 25.7 36.2 4.8
(194.6- 205.3) (28.2-353.0) (34.4- 275.2) (49.8-52.0) (22.1-29.4) (35.2- 37.1) (3.9-5.7)
2306.1)
Manganese 224.3 (219.4- 121.0 (112.3- 561.6 288.9 (279.3- 254.0 (248.5-
229.2) 129.7) (554.7- 298.4) NR 259.5) NR NR
568.5)
Nickel NR 28.5 31.8 50.1 21.2 12.7 4.7 NR
(9.7-66.06) (23.7- (42.3- 57.8) (20.4-21.9) 9.2-16.2) (4.0-5.4)
39.8)
Zinc 2293.5 (2004.0- 261.2 342.2 258.8 (185.8- 186.1 171.5- 121.0 387.9 (325.1
2582.9) (192.3-714.7) (59.5- 331.8) 200.7) (87.5-154.4) 450.9) NR
624.9)

NR=no reported
Discussion

There has been a public health concern for in-
creasing environmental contamination by HM in
recent years. This systematic review and meta-
analysis represented the concentration of HM in
the dust of classrooms in selected nursery, ele-
mentary and high schools in various countries.
The pooled mean concentration of HM in class-
rooms showed the highest level for Fe, Zn, Ba,
Mn and Pb respectively, while the least concen-
tration was related to Cd and As.

The frequency of concentration of HM in class-
rooms varies depending on the location. In Ma-
laysia, the mean values of the HM was Fe> Zn>
Pb> Cu> Ba> Ni> Cr> Cd in the classrooms,
respectively. The highest concentration was re-
ported for Fe (42253 mg/kg) and Zn (148.7
mg/kg) concentration, Tahir et al. for Mn (121
mg/kg), and Yap et al. for Pb (390.1 mg/kg) in
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Malaysian schools (13-15). The concentration of
HM in Chinese classrooms showed the highest
amount for Ba (979.8 mg/kg) followed by Mn
(561.6 mg/ke), Zn (34.2 mg/kg), Cr (163.2
mg/kg), and pb (102.6 mg/kg) in Xi’an (17,18).
Two studies were conducted in Nigeria; a low
amount of Cd was showed and no detectable Mn
in Lagos, while Olujimi et al. reported the high
level of Cd (855 mg/kg) and Mn (254 mg/kg) in
Ogun classrooms (16,23).

In the study of Hong Kong, the concentration of
Zn and Cu was high in classrooms; contaminants
from high auto-vehicles were blown into the
schools through opened windows (11). The study
conducted in Iran was limited to Shiraz that is the
5th largest city in Iran; the concentration of HM
in classrooms were Fe 1694.5 mg/kg, Mn 288.8
mg/kg, Pb and Zn each 258.8 mg/kg in decreas-
ing order; moreover, Pb concentrations in
schools’ dust were reported to be in the range of
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9- 971 mg/kg, even more than high traffic area
(2). In African reports, Cr concentration (381.3
mg/kg) was the highest HM in Ghana and Zn
(186.1 mg/kg) as well as Mn (169.4 mg/kg) in
classrooms of Pretoria (22,23). In Hermosillo
city, which has a large industrial and agricultural
activity is located in northwestern Mexico, the
mean concentration of Zn was 387.9 mg/kg fol-
lowed by Ba 58.5 mg/kg, and the level of Cd was
higher than the average values in street dust of
other big industrial cities (12).

Major HM is found throughout the earth’s crust,
but its amount varies greatly over the earth's sur-
face. The concentration of iron, lead, nickel and
manganese was high in classroom dusts in Iran
(2). Fe is one of the abundant HM in the envi-
ronment and can be transmitted to schools by
airflow stream and wind. Lead in classroom dust
can originate from outdoor particles or indoor
from building materials, cleaning and hygienic
products, computers, and printers. Nickel is used
in many specific and recognizable industrial and
consumer products; however, mobile phone has
been a potential source of nickel in schools in
recent years (25,26). Drinking water is strongly
suggested as a source of manganese in schools;
moreover, a cross-sectional study found that ex-
posure to manganese in groundwater is associat-
ed with intellectual impairment in school-age
children (27).

In school dust of Hong Kong, the concentration
of zinc, copper and cadmium was high. The
sources of zinc and copper in schools can be
some foodstuff and food importers; however, the
drinking water contains certain amounts of Zn
and copper which may be higher when it is
stored in metal tanks. Cadmium is a stabilizer for
polyvinyl chloride in toys and electronic com-
pounds in schools, and also food intake is the
main route of this HM in students (25,20).

The samples of dust from Chinese schools
showed that concentration of barium, cobalt and
arsenic was high. Barium is used in the manufac-
ture of soap and plastic in school environment;
furthermore, drinking water and food appear to
be the prevalent route of exposure to barium
compounds in students. Cobalt is not released
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extensively in the environment and the world's
major producer of cobalt is China; also, it is used
in the manufacture of alloys and magnet (28,29).
The effects of drinking arsenic-contaminated wa-
ter on children’s health were reported in Bangla-
deshi schools (30).

In Ghana, children are exposed to high levels of
chromium. Since schools appear to be near the
shops, the dust in the classrooms and playground
is greatly polluted with emissions of chromium
from the activities of these shops (22).

This study revealed a significant bias for lead,
chromium and arsenic, it can be related to publi-
cation bias. There are many factors involved in
the publication bias including; the role the au-
thor, journal editor, and reviewer in selecting
studies with significant results for publication
(31).

There has been no report of HM concentration
in many countries in the world and no enough
data on some HM such as Hg in schools. HM
from airborne sources is generally released as par-
ticulates in atmosphere, so we cannot consider
data on airborne dust in schools.

Conclusion

This study is the first systematic review and meta-
analysis on heavy metal concentrations in class-
rooms’ dust. The mean concentration of HM was
Fe > Zn > Ba > Mn > Pb > Cr > Cu> Ni>
Co> As > Cd in the classrooms, respectively.
Locating schools in low traffic areas, regular
cleaning, improved ventilation of classrooms,
renovation of old schools and attention to food
chain are recommended to simultaneously ad-
dress the inseparable goals of health for students.
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