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Air Pollution and the School Air Environment
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Abstract: There is growing concern about the association of school indoor air quality (SIAQ) with asthma,
rhinitis, and rhinoconjunctivitis. Students and school staff deserve the highest standards of school air qual-
ity to ensure a safe and productive environment for our children’s education. Existing studies highlight the
presence of several air pollutants present within school classrooms that have a direct association with poor
health and poor student performance. Very little data exist about school air quality in subtropical countries,
including the small island nation of Malta. The most commonly identified pollutants include CO,, CO, vola-
tile organic compounds (VOC), formaldehyde, Oz, NO», and particulate matter (PM1o, PM25). These com-
pounds have been associated with an increased risk of asthma and rhinitis in atopic pupils after correcting
for alternative exposures. Air quality improvement is an essential measure to help prevent respiratory
atopic disease in school occupants. The absence of a European SIAQ monitoring program highlights the
urgent need for more research in this field in order to issue the necessary evidence-based recommenda-

tions specific to each individual country.
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INTRODUCTION

Children’s developing body systems are prone to
damage from environmental irritants [1,2]. The
absence of natural body defenses in children en-
ables airborne toxins to harm the body at low con-
centrations because children breathe a large vol-
ume of air relative to their body weight when com-
pared to adults [2]. Furthermore, children are po-
tentially exposed to a wider variety of pollutants
because they are naturally physically active and
spend most of their time outside the home in the
school environment.

Asthma prevalence, especially among children,
has increased in most countries in the past dec-
ades with environmental pollution being increas-
ingly recognized as a major trigger of atopy [3,4].
Indoor air pollution is particularly important due to
the identification of several indoor pollutants, ex-
posure duration, and school building design. Poor
school indoor air quality (SIAQ) may have a nega-
tive impact on children’s health, growth, and per-
formance at school.

The primary aim of this review is to analyze the
current knowledge about school indoor air pollut-
ants with particular emphasis on studies carried
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out in small island nations such as Malta due to
their unique environmental characteristics. The
study also aims to focus on the effect indoor air
pollutants have on the children’'s respiratory
health. Need and significance of further research
will be determined.

METHOD

This review was conducted by examining articles
listed by online bibliographic databases, web re-
ports, and expert opinions. The concept words
used in our search were indoor, chemical, pollut-
ants, primary school, small countries, islands,
asthma, allergic rhinitis, and atopic eczema.
Searches were performed using the individual
concept words and completed using all concept
words with the word ‘AND’ between them. The
bibliographic databases where PubMed, Embase,
Medline, and Web of Science. The practical
screening criteria used in our search included
looking at studies on SIAQ published between
1987 and 2014, studies performed in primary
schools, and manuscripts written in English and
Italian were reviewed. Methodological screening
criteria were utilized to include studies that had
reliable and valid data sources, appropriate ana-
lytical methods, and robust and significant statisti-
cal analyses. Any studies that did not conform
with these practical and methodological criteria
were excluded.
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The pollutants identified as the reason for poor
indoor and outdoor school air quality in the pri-
mary school environment are listed in Figure 1.

Most cross-sectional studies investigated the im-
pact these pollutants had on respiratory health
outcomes such as asthma, anti-asthma medica-
tion usage, and upper airway symptoms. The
studies were carried out in Europe, the USA, and
Asia, and no studies were found looking at school
pollution and health problems in small island na-
tions. A minority of studies focused on the impact
of chemical pollutants on exhaled nitric oxide, lung
function, and nasal patency [5-9].

The Health Effects of School Environment (HESE)
Study conducted in 5 European countries found a
mean carbon dioxide (COj)concentration of 1490
ppm in schools. Scandinavian schools had signifi-
cantly lower levels [8]. Direct reading instruments
were used in all studies, but duration of meas-
urement of CO, levels within the individual studies
ranged from one hour to one week [10,11]. Simoni
et al. found a direct association between nocturnal
cough and upper airway symptoms and CO, lev-
els [8].

Children in Shanghai had an increased risk of
wheezing if exposed to excessive CO; levels [12].
Mendell et al. reviewed the association between
indoor air quality and student performance [13].
Excessive indoor CO, concentrations were asso-
ciated with lower scores on a computerized test of
reaction time.

A study carried out in Brazilian schools described
a mean carbon monoxide (CO) indoor level of 3
ppm [14]. CO exposure in French schools was
associated with asthma and atopic eczema in chil-
dren [15].

A four-year longitudinal study in Swedish primary
schools produced a median concentration of 130
pg/m? for indoor volatile organic compounds
(VOC) [16]. Two other studies have shown a
mean VOC indoor concentration ranging from 26
to 88 ug/m*. Sampling times for VOC using char-
coal sorbent tubes ranged from 2 to 4 hours
[16,17].

Several studies have linked VOC to atopy.
Smedje et al. reported a positive association be-
tween current wheezing and a rise of 10 pg/m® in
the indoor VOC concentrations in schools [17].
The 6 Cities Study showed that exposure to high
concentrations of aldehydes was associated with
an increase in exhaled nitric oxide (FeNO) in both
asthmatic and non-asthmatic children [5]. A sig-
nificant association between total school indoor
concentrations of VOCs and ocular irritation was
also noted [5].

Annesi-Maesano et al. found that formaldehyde
(HCHO) concentrations in French primary schools
ranged from 12 to 56 pg/m® with a mean concen-
tration of 23 pg/m® [18]. Lower mean concentra-
tions of HCHO were observed in other published
studies ranging between 7 and 9 pug/m*[12,19,20].
A study carried out in Australian schools showed
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Figure 1. Chemical air pollution in primary schools.
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significantly higher HCHO indoor concentrations
(mean concentration of 35.13 pug/m®) [21]. The two
most commonly utilized HCHO detection methods
were pump-driven glass-fiber filters and the pas-
sive filter methods [10,18-23]. Exposure time var-
ied from two to five days [18,21].

Norback et al. described a significant association
between higher concentrations of HCHO and na-
sal patency [23]. Upper airway inflammation, sec-
ondary to HCHO exposure, was investigated in
the 6 Cities Study where children exposed to
higher levels of HCHO had a higher risk of devel-
oping allergic rhinitis [18]. HCHO exposure has
also been implicated in cumulative wheezing and
newly diagnosed asthma among children [10,20].

Air quality analyses in Chinese schools showed
significantly higher outdoor concentrations of
ozone (O3) when compared to indoor levels of the
pollutant (20.9 vs. 5.3 pg/m°) [12]. These findings
contrast with other studies where no significant
differences were seen between indoor and out-
door levels of (O3) [10]. Two studies recorded only
indoor (Os) concentrations with levels of 81.08
and 120 ug/m?® [7,14]. These findings were signifi-
cantly higher than the recommended WHO short-
term exposure threshold of 20 pug/m?® [24]. Several
techniques have been utilized for (O3) determina-
tions, including passive diffusion samplers with a
seven-day exposure duration, an ultra-violet ab-
sorption technique, and chemiluminescence
[7,10,12,25].

Conflicting results were published regarding the
association between (O3) exposure and the health
of school children. Two studies described the pro-
tective effect of (O3) on breathlessness sympto-
matology and lung function [12,14]. Chen et al.
showed a decrease in pulmonary function at peak
hourly O3 concentrations greater than 80 ppb (160
pg/m°) [26]. Children participating in the same
study had a lung function decline of 1 mL/ppb for
peak hourly Oz exposures. O3z exposure in schools
has also been associated with an increase in noc-
turnal symptoms of breathlessness [10]. Romieu
et al. found that Mexican school children exposed
for two consecutive days to high O3 levels (> or =
0.13 ppm) had significantly higher respiratory-
related school absenteeism periods [27].

Although several studies have focused on nitro-
gen dioxide (NO,) within schools, no significant
difference between outdoor and indoor concentra-
tions were found [4]. Smedje et al. reported a
mean indoor NO, level of 5 pg/m® while Brazilian
schools were found to have a mean indoor level of
92.5 pg/m®[14,17]. The outdoor mean concentra-
tion of NO, in French school yards was 19 pg/m?®
contrasted with a Shanghai study where the mean
NO, outdoor level was 63 pg/m°® [12,18]. Passive
diffusion samplers were most commonly used for
the assessment of NO, levels in schools
[10,12,17,18,21,23,28]. Some studies utilized
chemiluminescence as an alternative method
[7,26].

NO, has been associated with respiratory disease
and skin atopy. Annesi-Maesano et al. reported a
significant association between high NO, expo-
sures and atopic dermatitis in French schools [18].
Furthermore, NO, levels within the classroom en-
vironment were associated with an increased risk
of current wheezing and use of anti-asthma medi-
cation [12,18].

For every 10 ug/m?® increase in NO,, a significant
deterioration in mean peak flow rate was ob-
served [14]. Mendell et al. reviewed NO, based
studies and presented persuasive evidence link-
ing school absenteeism and high NO, exposure
[13]. More well-designed studies are needed to
analyze the negative health impact of NO, expo-
sure in children.

Wide variations in particulate matter have been
reported. Particulate matter with a 50% cut-off
aerodynamic diameter of 10 ym (PMy) is com-
monly used for comparisons. PMyo indoor levels
reported by Simoni et al. in Scandinavian schools
ranged from 33 pug/m®in Sweden to 169 ug/m?® in
Denmark [8]. A South American study found a
mean school indoor PMy, level of 80 pg/m® [14].
Outdoor PM;, levels in the school environment
have been consistently lower than the corre-
sponding indoor levels as seen in the SEARCH
study where the mean outdoor PM;, concentration
in Italian and Eastern European schools ranged
between 44 pg/m®and 50 pg/m®[29].

The main methods used to determine PM;q levels
were pump-driven gravimetric samplers, light scat-
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tering dust track monitors, outdoor background
monitoring stations, and portable monitors
[8,9,14,30]. Depending on the methodology used,
monitoring duration varied from one hour to four
days [8,29,30].

Several studies have confirmed a link between
PMj, exposure and upper and lower airway dis-
ease. The School Environment and Respiratory
Health of Children (SEARCH) initiative reported
an increase in nocturnal cough in children ex-
posed to high concentrations of PM1q [29]. Milligan
et al. reported an increase in respiratory symp-
toms in children exposed to high levels of airborne
dust in Liverpool, England [31]. A decrease in
forced expiratory volume in 1 second (FEV,) and
increased acidity in exhaled breath condensate
was seen in asthmatic children exposed to in-
creasing levels of PMy, [9]. High outdoor PMyq
levels have also been associated with respiratory
morbidity mainly manifesting itself as decreased
FEV: and forced vital capacity [7,14]. A study
conducted in Taiwan did not show any association
between PMiyy and the children’'s respiratory
health, but the short-term follow-up methodology
used could have been a limiting factor.

The studies we reviewed described levels of in-
door particulate matter having a diameter of 2.5
micrometers or less (PM.s) in schools below the
recommended WHO threshold for short-term ex-
posure (200 pg/m3) [18,24,25]. Zuraimi et al. de-
scribed indoor PM, 5 levels in childcare centers in
Singapore ranging from 48.1 ug/m*in centers hav-
ing mechanical ventilation to 71ug/m® in class-
rooms having natural ventilation or basic air-
conditioning [25]. Outdoor levels in this study
ranged between 67.8 ug/m®to 91.2 ug/m®. Indoor
levels in the 6 Cities Study ranged between 8 and
28 pg/m® with the authors suggesting a stratifica-
tion of exposure levels.

The whole range of indoor PM, 5 levels obtained in
this study was subdivided into three equal parts
(tertiles) thus distinguishing between low expo-
sure (lowest tertile) and high exposure to PMys
(highest tertile) [18]. PM,s exposure was as-
sessed using pump-driven gravimetric filters, light
scattering dust track monitors, and dispersion
models [15,18,25]. Duration of data collection

ranged from one day (school hours only) to five
days (Monday-Friday) [18,25].

The association between indoor and outdoor
PM.,s concentrations and atopy in children was
studied by Annesi-Maesano et al. [18,28]. High
exposure to indoor PM,s levels was associated
with an increased risk of exercise-induced wheez-
ing [18]. Furthermore, fractional exhaled nitric ox-
ide (FeNO) levels in both asthmatic and non-
asthmatic pupils were higher in children exposed
to PM, 5 levels above the third tertile (high expo-
sure) [5]. In this study, Flamant-Hulin et al. de-
scribed a 62% increase in FeNO among non-
asthmatic pupils when exposed to high concentra-
tions of indoor PM,s within the school environ-
ment [5].

Long-term exposure to PM, s levels exceeding 10
pg/m° in the school outdoor environment was di-
rectly associated with an increase in exercise-
induced wheezing and skin atopy among children
[24,28].

Limitations of Review

Our review was limited by the selection bias and
variation in methodologies in the studies. One ma-
jor limitation was that individuals were exposed to
different air qualities both in and out of the school
environment. Martins et al. proposed the use of
‘total exposure to air pollution,” which is made up
of all different microenvironment exposures of the
individual [9]. This model takes into account all the
different potential individual exposures to pollut-
ants by the persons being studied during a typical
day of the person’s life. When considering expo-
sure to pollutants, more reliability studies are
needed to quantify the impact of measured con-
centrations of pollutants on individual exposure
[4]. This will help create accurate models that can
predict the exposure of an individual to a whole
range of pollutants.

CONCLUSION

Relatively little is known about school indoor air
pollution. Furthermore, no studies were found for
schools situated in small, densely populated is-
land nations including Malta. Several studies have
highlighted the presence of poor school indoor air
guality with high levels of pollutants that are asso-
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ciated with respiratory diseases commonly found
in atopic children. Unfortunately, little data exist
about what remedial measures might reduce ex-
posure to these pollutants with consequent im-
provement of students’ symptoms. More research
is needed to consolidate our knowledge about
school indoor air quality and health to guide future
interventions aimed at improving our children’s
well-being. Very few studies focus on the negative
impact of poor school indoor air quality on teach-
ers and school staff. The topic is particularly rele-
vant for Malta, which has unique geographical and
environmental characteristics making it difficult to
extrapolate data obtained from other countries.
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