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 Background: Concern about recent increases in respiratory illnesses among 

schoolchildren worldwide has stimulated much research on potential indoor air 

pollutants (IAPs) and its health impacts on schoolchildren. A critical review was 

conducted on the quantitative literature linking indoor air pollution in schools to 

respiratory illnesses among schoolchildren. Method: This review summarizes 13 
epidemiologic studies on the associations between schools’ indoor air quality (IAQ) and 

respiratory health of schoolchildren. Online databases and literature from universities 

were referenced. Results: Strong associations were reported between risk factors 
(Particulate Matter, Volatile Organic Compounds, Indoor mold and microorganisms, 

indoor concentration of Carbon Dioxide and Carbon Monoxide) and respiratory effects 

among schoolchildren. The studies on schools’ IAQ are consistent and show significant 
increases in risk for exposed schoolchildren. Most researches that controlled for 

confounders found that strong and significant risks remained. Reviewed studies were 

entirely observational, limited in size and variable in quality. Specific risk factors 
identified may only indicate correlated or casual exposures. However, it is important to 

quantify and confirm any risks to promote preventive actions. Conclusion: The 

characteristics of IAPs in schools are synthesized, strategies to minimize 
schoolchildren’s exposure proposed and improvements in research design for future 

research on schools’ IAQ are recommended.  
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INTRODUCTION 

 

Indoor air that contained air contaminants such as toxic gaseous, airborne microorganisms, particulate 

matter, and volatile organic compounds can be harmful to the respiratory health of school children. These 

contaminants are generally produced by industrial processes, construction and agricultural activities, 

transportation and other human activities. Urbanization process and increased surrounding traffic may contribute 

to the indoor exposure to air pollutants in the school environment. Indoor air quality in schools is a field that is 

of increasing interest to the research community, educators, school facilities managers, and the public at large. 

The quality of air inside homes, offices, schools or other private and public buildings is an essential determinant 

of healthy life and people’s well-being [1]. It is important to provide a healthy and productive environment for 

students and teachers. Good IAQ is one of the essential factors that contribute to a healthy and productive 

learning environment. Indoor environmental quality can significantly influence student attendance and 

performance [2]. Studies have shown that poor IAQ resulted in more illnesses, absenteeism and asthma attacks. 

Studies done in the United States indicated that good IAQ in schools have enhanced the school attendance and 

reduced health problems among students [3].  

It is important to recognize the link between wellness and student learning, and the importance of providing 

healthy learning environments for students and staff. Poor IAQ including inadequate ventilation, contaminants 

of the air and temperatures that are either too high or too low is one factor, which if not adequately addressed, 

may contribute to absenteeism and reduced performance of both students and staff [4]. Poor IAQ can affect 

scholarly performance and attendance [5]. Poor IAQ in preschool environments deters student achievement and 

even impedes their good health. Poor IAQ compromises the ability of students to learn and teachers to teach [6]. 
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This paper is a comprehensive review of the available literature and serves as a reference for further research on 

IAQ in Malaysian schools. 

 

Methods: 

The online site Medline (http://medline.gov), PubMed (http://www.pubmed.gov) and other electronic 

database were used to identify relevant studies in the published literature from 1997 to 2013. Additional 

publications were selected from reference lists in identified articles. From the identified papers, studies meeting 

the following eligibility criteria were selected:  

 Publication in peer-reviewed scientific journals  

 Investigation of associations between respiratory symptoms or allergic effects in children (up to age 

16) and either school indoor air pollutants or school activities considered to be risk factors for indoor air 

pollution  

 A case study, cross-sectional, case–control, cohort or experimental design.  

Findings were excluded on occupational, household or ambient exposures, adult populations and risks from 

by-products of combustion including tobacco smoke. Results were also excluded if risk factors were determined 

for time periods not relevant to the health effect measured or if not controlled for main potential confounding 

factors. Reported risk factors, health outcomes, studied subjects, and designs were abstracted and summarized in 

Table 1. Reported associations between the identified risk factors and health implications were abstracted, 

which expressed as odds ratios (ORs), which estimate the relative odds of an outcome occurring in association 

with a specific risk factor. Detailed critique on study design, measurements, analyses, potential biases in the 

reviewed studies, and detailed synthesis of findings for all risk factors reviewed are not provided. To ease the 

interpretation of the associations reported, example sources of specific indoor air pollutants were provided. To 

facilitate comparisons, some reported air concentrations of indoor air pollutants were converted to common 

units where necessary.  

 

RESULTS AND DISCUSSION 

 

A. Ventilation Rate: 

According to the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE ), 

ventilation is the supply of outdoor air to a space through a ventilation system, via flow through open doors and 

windows, and by infiltration through the building envelope, for example, cracks in the walls and around doors 

and windows. Natural ventilation is ventilation that occurs primarily through open windows and doors and by 

infiltration through cracks in the building envelope, such as walls, around windows and any penetration through 

the walls. Natural ventilation is driven by wind or pressure and/or temperature differences between inside and 

outside a building. Mechanical ventilation is where outside air is delivered indoors typically with a fan, which 

draws air from outside and forces it through ducts to the place where occupants are located. Mechanical 

ventilation can exacerbate infiltration and/or exfiltration. Ventilation rates express the flow rate of outside air 

brought into a building and are typically normalized by the volume of space being ventilated (air changes per 

hour), by the area of the floor being ventilated (cubic feet per min (cfm) per ft
2
) or by the number of people 

being served (cfm per person). Scientific literature on the effects of ventilation on health, comfort, and 

productivity in non-industrial indoor environments (offices, schools, homes, etc.) has been reviewed by a 

multidisciplinary group of European scientists, called EUROVEN, with expertise in medicine, epidemiology, 

toxicology, and engineering. The group reviewed 105 papers published in peer-reviewed scientific journals and 

judged 30 as conclusive, providing sufficient information on ventilation, health effects, data processing, and 

reporting, 14 as providing relevant background information on the issue, 43 as relevant but non-informative or 

inconclusive, and 18 as irrelevant for the issue discussed. Based on the data in papers judged conclusive, the 

group agreed that ventilation is strongly associated with comfort (perceived air quality) and health (Sick 

Building Syndrome symptoms, inflammation, infections, asthma, allergy, short-term sick leave), and that an 

association between ventilation and productivity is indicated. The group also concluded that increasing outdoor 

air supply rates in non-industrial environments improves perceived air quality. The group concluded 

additionally that the literature indicates that in buildings with air-conditioning systems there may be an 

increased risk of Sick Building Syndrome symptoms (SBS) symptoms compared with naturally or mechanically 

ventilated buildings, and that improper maintenance, design, and functioning of air-conditioning systems 

contributes to increased prevalence of SBS symptoms.  

Indoor air quality parameters (PM10, CO, CO2, NO2, O3, Rn, TBC, HCHO and TVOC) were measured in 

three different schools with mechanical ventilation systems [7]. The results had shown remarkable difference in 

indoor air pollutants’ levels according to the operation of the mechanical ventilation system. Operation of 

ventilation systems decreased the levels of indoor pollutants in all selected classrooms. The mean of 

concentrations and decreasing rates of indoor PM10 were 44.6 μg/m
3
 and 41.2% respectively in the selected 

schools. The mean of concentrations and decreasing rates of indoor CO2 were 418.7 ppm and 23.1% 
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respectively in the selected schools. The mean of concentrations and decreasing rates of indoor HCHO were 

32.4 μg/m
3
 and 34.5% respectively in the selected schools. The mean of concentrations and decreasing rates of 

indoor TVOC was 175.6 μg/m
3
 and 45.2% respectively in the selected schools. They concluded that increasing 

the ventilation rate by means of a mechanical ventilation system played a key role in improving the indoor air 

quality within schools. According to research by Simoni et al. [8], the mean personal outdoor supply rates in the 

classrooms often do not meet the minimum ASHRAE guidelines for ventilation, as observed in France [9], 

Poland [10] and the USA [11]. Mechanical ventilation often results in higher air exchange rates than natural 

ventilation [12]. Ventilation rates also vary according to building characteristics, number of occupant and 

activities, as well as weather conditions. CO2 levels are often used as a parameter for ventilation rate. Even if 

CO2 levels below 1000 ppm do not always mean adequate ventilation, higher levels indicate poor ventilation, 

which can allow accumulation of other contaminants [11]. It is also concluded that localized IAQ problems 

might remain in spaces where contaminant sources are concentrated and areas that are poorly ventilated [13].  

 

B. Carbon Dioxide (CO2) Concentration: 

Carbon dioxide concentrations are often used as an indicator of the rate of supply air from outside per 

occupant. Indoor CO2 concentrations more than 1000 ppm are usually regarded as indicative of ventilation rates 

that are unacceptable. Concentrations of CO2 less than 1000 ppm do not always show that the ventilation rate is 

adequate for removal of air pollutants from other indoor sources [14]. A study in three classrooms, two 

laboratories and one computer classroom at three different schools in Korea [7] reported that the mean of CO2 

concentration were 417, 373 and 450 ppm in school A, B and C respectively. Operation of ventilation systems 

could decrease the levels of indoor pollutants in the all selected classrooms. The mean of concentrations and 

decreasing rates of indoor CO2 were 418.7 ppm and 23.1% in the selected schools, respectively. One study done 

in Malaysia [15] shows that CO2 at the selected kindergartens did not meet the minimum benchmarks and this 

may be related to significant increases in symptoms of health problems among children and teachers at both 

kindergartens.  

According to Simoni et al. [8], schoolchildren exposed to CO2 levels > 1,000 ppm showed a significantly 

higher risk for dry cough (OR=2.99, 95% CI=1.65–5.44) and rhinitis (OR=2.07, 95% CI=1.14–3.73). By two-

level (child, classroom) hierarchical analyses, CO2 was significantly associated with dry cough (OR=1.06, 95% 

CI=1.00–1.13 per 100 ppm increment) and rhinitis (OR=1.06, 95% CI=1.00– 1.11). For CO2 the risk 

significantly increased for an incremental increase of 100 ppm. Outcome from the study by Simoni et al. [8] 

found that the CO2 levels < 1,000 ppm only in classrooms with mechanical ventilation (Sweden and Norway), 

with the exception of one classroom in Udine (900 ppm) and one classroom in Denmark (561 ppm). In a 

Shanghai study, natural ventilation was not enough to reduce CO2 to normal levels. Researcher cited that 

opening one section window reduced mean indoor CO2 by only 90 ppm [16]. It is also reported that naturally 

ventilated Polish schools, CO2 was always > 1,000 ppm (10) as also found in a US study [17].  

In recent years, several studies have investigated the relationships between symptoms in children and CO2 

concentrations at school. Study from Norway shows that CO2 levels were significantly related to a higher 

prevalence of symptoms of upper airway irritation [18]. It is reported that Dutch children complained more of 

building-related symptoms when exposed to higher indoor CO2 concentrations at school [19]. In USA, school 

attendance significantly decreased with increasing CO2 in the classrooms [20]. According to study done by 

Simoni et al. [8], children exposed to an elevated level of CO2 showed significantly higher occurrence of dry 

cough at night and rhinitis, even after accounting for confounders. Significant positive associations of dry cough 

at night and rhinitis were found also with a small increment (100 ppm) in CO2 concentration. A climate 

measurement in 24 classrooms (10 schools in urban Taiyuan, China) has been carried out [21]. The average CO2 

level was 2211 ± 1005 ppm (range, 789–4170 ppm). CO2 concentrations often exceeded 1000 ppm and 

sometimes 3000 ppm in 64 elementary and middle school classrooms in Michigan [13].  

 

C. Particulate Matter (PM) Concentration: 

In the cross-sectional European Union-funded HESE (Health Effects of School Environment) Study, 

particulate matter with a 50% cut-off aerodynamic diameter of 10 mm (PM10) in a day of normal activity (full 

classroom) were related to wheezing, dry cough at night and rhinitis in 654 children (10 years) and to acoustic 

rhinometry in 193 children. Schoolchildren exposed to PM10 < 50 mg/m
3 

(standards for good IAQ) were 78%. 

All disorders were more prevalent in children from poorly ventilated classrooms. Nasal patency was 

significantly lower in schoolchildren exposed to PM10 > 50 mg/m
3
 than in those exposed to lower levels. It is 

concluded that poor IAQ is frequent in European classrooms; it is related to respiratory disturbances and affects 

nasal patency [8]. Exposure to indoor concentration of PM2.5
 
increased the risk of getting lung function 

abnormality among study respondents [22]. It is also reported that exposures to PM2.5 and PM10, were associated 

with wheezing symptoms in study respondents with (OR=2.69, 95% CI=1.065-6.79) and (OR=5.32, 95% 

CI=1.70-16.68) [22].  
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Study done by Isabella et al. [23] shows that there was an increased prevalence of past year asthma found in 

the classrooms with high levels of PM2.5 (OR=1.21; 95% CI=1.05 to 1.39). A significant positive correlation was 

found between EIA and the levels of PM2.5 and acrolein in the same week. In 27 primary schools located in the 

city centre and suburbs of Antwerp, Belgium indoor PM2.5 concentrations were elevated and exceeded the 

ambient concentrations, thus raising concerns about possible adverse health effects in susceptible children [24]. 

In the cross-sectional EU-funded Health Effects of School Environment (HESE) Study conducted in five 

European countries, the proportions of schoolchildren highly exposed to PM10 according to the standards for 

good IAQ (>50 mg/m
3
) were 78% [8]. This is in line with the report by the European Federation of Asthma and 

Allergy Associations, indicating that the right to breathe clean air in European schools is not encountered 

throughout Europe.  

 

D. Indoor Air Pollutants (NO2, TVOC, O3, formaldehyde, molds and microbacterial): 

Children may spend much of their day out of the home like in schools, day care centers or nurseries, where 

they may be exposed to poor indoor air and other pollutants. Building-related illness has been linked to volatile 

chemicals used in cleaning schools, chemicals off-gassing from newly installed floors and carpets, outdated and 

poorly maintained ventilation exhaust and air intake systems as well as inadequate HVAC systems. Water 

damage to schools can create mold and mildew problems; old flaking ceiling tiles may expose children to 

asbestos; and some schools are still contaminated with lead-containing paints. Children often react to indoor air 

pollutants from building-related causes such as dust mites or molds by wheezing [26] or burning eyes, 

headaches, sore throat and other irritation symptoms, depending on other etiological agents. According to study 

by Nur Azwani & Juliana [22], exposures to VOCs among preschool children were associated with wheezing 

symptoms in study respondents with (OR=0.23, 95% CI=0.09-0.61). Another study done in Malaysia [16] 

shows that VOC at the selected kindergartens did not meet the minimum benchmarks and this may be related to 

significant increases in symptoms of health problems among children and teachers at both kindergartens.  

Short-term peak levels of exposure are important to consider in relation to adverse respiratory effects 

associated with NO2 exposure. The association between indoor exposure to NO2 and respiratory illness was 

examined in 388 children aged 6-11 years. The NO2 levels were monitored during winter in 41 classrooms, from 

four schools with unflued gas heating and four schools with electric heating. Each classroom was monitored 

daily with 6-hour passive diffusion badge monitors over nine alternate weeks, and with hourly monitors over 

two of those weeks. Exposure to NO2 at hourly peak levels of the order of > or = 80 ppb, compared with 

background levels of 20 ppb, was associated with a significant increase in sore throat, colds and absences from 

school. An increase in cough with phlegm was marginally significant. Significant dose-response relationships 

were demonstrated for these measures with increasing levels of NO2 exposure [27]. It is concluded that moisture 

damage and exposure to molds increased the indoor air problems of schools and affected the respiratory health 

of children. The study was a follow-up (1 year interval) of children between the ages of 7 and 12 years from two 

elementary schools in a Finnish suburb [28]. Their finding shows that exposure to molds during school days 

appeared to deteriorate the indoor air sufficiently, in turn causing an excess of respiratory symptoms and 

infections among children exposed to molds. Renovation of the water-damaged school confirmed that exposure 

to molds was one of the most important factors that affected the perceived quality of the indoor air in this school 

(i.e., prevalence of the respiratory outcomes decreased after renovation).  

Besides that, it is also reported that total concentrations of airborne fungi before and after renovation were 

22.6 cfu/m
3
 and 6.3 cfu/m

3
 [29]. The corresponding values for the reference school were 6.1 cfu/m3 and 7.9 

cfu/m3 . The most common fungi occurring in indoor air of studied schools were Penicillium, Cladosporium, 

Aspergillus, yeasts and non-sporing isolates. Before renovation of the damaged school, differences in symptom 

prevalence between the schoolchildren attending the damaged school and children attending the reference 

school were significant for all the other symptoms except for nasal bleeding, cough with phlegm (fall term) and 

for difficulties in concentration. Study by Stranger et al. [24] shows that children were differently exposed to 

poor air quality in classrooms, with almost 30% being highly exposed according to available standards. After 

adjusting for confounders, past year rhinoconjunctivitis was significantly associated with high levels of 

formaldehyde in classrooms (OR=1.19, 95% CI=1.04 to 1.36). Additionally, an increased prevalence of past 

year asthma was found in the classrooms with high levels of acrolein (OR=1.22, 95% CI=1.09 to 1.38) and NO2 

(OR=1.16, 95% CI=0.95 to 1.41) compared with others.  

A study has reported that total of 1993 school children (90.2%) participated; 1.8% had cumulative asthma, 

8.4% wheezing, 29.8% had daytime attacks of breathlessness [23]. The indoor average concentrations of sulfur 

dioxide, nitrogen dioxide, ozone, and formaldehyde by class were 264.8, 39.4, 10.1, and 2.3 mg/m
3
, 

respectively. Controlling for possible confounders, either wheeze or daytime or nocturnal attacks of 

breathlessness were positively associated with SO2, NO2 or formaldehyde. In addition, Environmental Tobacco 

Smoke (ETS) and new furniture at home were risk factors for wheeze, daytime breathlessness, and respiratory 

infections. They also concluded that indoor chemical air pollutants of mainly outdoor origin could be risk 

factors for school children respiratory symptoms at school, and home exposure to ETS and chemical emissions 
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from new furniture could affect school children respiratory health. Study done by Kim et al. [30] reported that 

moisture damage was caused mainly by difficult moisture conditions at the building site, poor ventilation, and 

water leaks. Fungal genera (concentrations <200 colony-forming units cfu/m
3
, <3000 cfu/cm

2
) typical to 

buildings with mold problems (e.g., Aspergillus versicolor, Eurotium) were collected from the indoor air and 

surfaces of the school buildings. They also identified moisture-prone structures and visible signs of damage. 

Elevated moisture content was recorded, the numbers of microbes were high; thus microbial results from 

material samples supported the conclusions made in the structural studies. Several irritative and recurrent 

symptoms were common among the upper secondary and high school students. The outcomes showed 

prevalence of asthma was high (13%) among the upper secondary school students. During the last 4 years, the 

incidence of asthma was 3 fold that of the previous 4 year period.  

Similarly, study carried out by Gianluigi et al. [31] shows that out of 1014 pupils from eight primary 

schools in Uppsala (Sweden) that participated in the study, 7.7% reported doctor-diagnosed asthma, 5.9% 

current asthma, and 12.2% allergy to pollen/pets. Wheeze was reported by 7.8%, 4.5% reported daytime 

breathlessness, and 2.0% nocturnal breathlessness. Measurements were performed in 23 classrooms (May-June). 

None had visible mold growth or dampness. Mean total microbial volatile organic compound (MVOC) 

concentration was 423 μg/m
3
 indoors and 123 μg/m

3
 outdoors. Indoor concentration of TMPD-MIB (2,2,4-

trimethyl-1,3-pentanediol monoisobutyrate, Texanol) and TMPD-DIB (2,2,4-trimethyl-1,3-pentanediol 

diisobutyrate, TXIB), two common plasticizers, were 0.89 and 1.64 μg/m
3
, respectively. MVOC and plasticizer 

concentration were correlated (r = 0.5; p < 0.01). Mold concentration was 360 cfu/m
3
 indoors. At higher indoor 

concentrations of total MVOC, nocturnal breathlessness (p < 0.01) and doctor-diagnosed asthma (p < 0.05) were 

more common. Moreover, there were positive associations between nocturnal breathlessness and 3-methylfuran 

(P < 0.01), 3-methyl-1-butanol (p < 0.05), dimethyldisulfide (p < 0.01), 2-heptanone (p < 0.01), 1-octen-3-ol (p 

< 0.05), 3-octanone (p < 0.05), TMPD-MIB (p < 0.05), and TMPD-DIB (p < 0.01). TMPD-DIB was positively 

associated with wheeze (p < 0.05), daytime breathlessness (p < 0.05), doctor-diagnosed asthma (p < 0.05), and 

current asthma (p < 0.05). Kim et al. (30) concluded that exposure to MVOC and plasticizers at school may be a 

risk factor for asthmatic symptoms in school children.  

A study was conducted where an investigation on the concentrations of the most abundant volatile organic 

compounds (VOCs) in eight naturally ventilated school buildings in Italy [31]. The schools were chosen to 

include areas with different urbanization and traffic density characteristics in order to gather a more diverse 

picture of exposure risks in the different areas of the city. VOCs were sampled for one week in the 

presence/absence of schoolchildren using diffusive samplers suitable for thermal desorption inside three 

classrooms at each school. The samples were then analyzed with thermal desorption-gas chromatography-mass 

spectrometry (TD-GC-MS). VOC identification and quantification, and indoor concentration plots were used to 

identify pollutant sources. While some classrooms were found to have very low VOC levels, others had a 

significant indoor contribution. High concentrations of terpenes were found in all monitored classrooms: α-

pinene and limonene were in the range of 6.55–34.18 μg/m
3
 and 11.11–25.42 μg/m

3
 respectively. Outdoor 

concentrations were lower than indoors for each monitored school. In conclusion, they found that indicators 

based on health risk assessment for chronic health effects associated with VOCs (either carcinogenic or non-

carcinogenic) were proposed to rank sites according to their hazard level.  

 
Table 1: Summary of previous related research 

RESEARCHER SUBJECTS DESIGN RISK FACTORS HEALTH EFFECTS/ OUTCOMES 

Louis et al. (1997) 

[26] 

 
 

388 children 

aged 6 – 11 

years 
(Western 

Sydney) 

 Cross-

sectional Study 

 NO2 levels 

monitored during winter 

in 41 classrooms, from 4 
schools with unflued gas 

heating & 4 schools with 

electrical heating. 

 NO2  Exposure to NO2 at hourly 

peak levels of the order of ≥80 ppb 
was associated with a significant 

increase in sore throat, colds and 

absences from school. 

 Significant dose-response 

relationships were demonstrated with 

increasing level of NO2 exposure. 

 Short-term peak levels of 

NO2 exposure are important to 

consider in relation to adverse 

respiratory effects 

Sohn et al. (2012) 
[7] 

 

 

3 
classrooms, 

2 labs & 1 

computer 
classroom 

from 3 

different 
schools in 

Korea. 

 Experimental 
Study 

 Differences in 
indoor pollutants 

concentrations with and 

without operation of 
ventilation systems in 

each classroom were 

analyzed. 

 PM10 

 Formaldehyde 

 TVOC 

 CO 

 CO2 

 NO2 

 O3 

 Radon 

 Total bacteria 

counts 

 The mean of concentrations of 
indoor: 

       

      PM10 -  44.6 μg/m3 
      CO2  -  418.7 ppm  

      HCHO  -  32.4 μg/m3  

      TVOC -  175.6 μg/m3  

 Increasing the ventilation 

rate by means of a mechanical 
ventilation system play key roles in 

improving the indoor air quality 
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RESEARCHER SUBJECTS DESIGN RISK FACTORS HEALTH EFFECTS/ OUTCOMES 

within schools (showing the 

reduction of TVOC concentrations by 

26.3–64.4 %). 

Savilahti  & 

Husman  (2000) 
[27] 

 

 

397 children 

ages of 7 to 
12 years in 

school 

situated in 
suburb 

community 
& control 

group of 192 

unexposed 
children in 

school 

located 5km 
from the 

center of the 

same suburb 
in (Finland) 

 Cross-
sectional Study 

 Determine 
whether exposure to 

molds in school was 

associated with an 
increased occurrence of 

respiratory symptoms. 

 Molds  Exposure to molds during 
school days appeared to deteriorate 

the indoor air sufficiently, in turn 

causing an excess of respiratory 
symptoms and infections among 

children exposed to molds. 

 Renovation of the water-
damaged school confirmed that 

exposure to molds was one of the 
most important factors that affected 

the perceived quality of the indoor air 

in this school (i.e., prevalence of the 
respiratory outcomes decreased after 

renovation). 

Simoni et al. 

(2010) [8] 

 
 

6 

operational 

units in five 
European 

countries 

(Siena & 
Udine, Italy; 

Reims, 

France; 
Oslo, 

Norway; 

Uppsala, 
Sweden; and 

A°rhus, 

Denmark). 
21schools 

(46 
classrooms)  

 Cross-

sectional Study 

 Assess the 

effects of IAQ on 
respiratory health of 

school children living in 

Norway, Sweden, 
Denmark, France and 

Italy. 

 PM10 

 CO2 

 PM10 and CO2 levels (full 

classroom) → related to wheezing, 
dry cough at night and rhinitis in 654 

children (10 years) and to acoustic 

rhinometry in 193 children. 

 Schoolchildren exposed to 

PM10 > 50 µg/m3 and CO2  > 1,000 
ppm (standards for good IAQ) →  

78% and 66%  

 All disorders were more 
prevalent in children from poorly 

ventilated classrooms.  

 Schoolchildren exposed to 
CO2 levels > 1,000 ppm showed a 

significantly higher risk for dry cough 
(OR=2.99, 95% CI=1.65–5.44) and 

rhinitis (OR=2.07, 95% CI=1.14–

3.73). 

 Poor IAQ is frequent in 

European classrooms; it is related to 
respiratory disturbances and affects 

nasal patency.  

Isabella et al. 

(2012) [23] 
 

 

401 

randomly 
chosen 

classrooms 

in 108 
primary 

schools - 
6590 

children (in 

French)  

 Cross-
sectional Study 

 Investigate 
the impact on childhood 

asthma and allergies of 

air pollutants in 6 
different schools setting  

- chosen for 

heterogeneity of air 
pollution. 

 PM2.5 

 Nitrogen 

dioxide (NO2) 

 3 aldehydes 

(formaldehyde, 

acetaldehyde & acrolein) 

 Rhinoconjunctivitis 
significantly associated with high 

levels of formaldehyde in classrooms 

(OR=1.19; 95% CI=1.04 to 1.36). 

 Increased prevalence of 

past year asthma found in classrooms 
with high levels of PM2.5 (OR=1.21, 

95% CI=1.05 to 1.39), acrolein 

(OR=1.22, 95% CI=1.09 to 1.38) and 
NO2 (OR=1.16, 95% CI=0.95 to 

1.41) compared with others.  

Zhao et al. (2008) 

[21] 
 

 

Pupils aged 

11–15 years 
from 10 

schools in 

urban 
Taiyuan, 

China. 
Study 

population: 

1993 pupils 
(11–15 

years of age) 

in 46 classes 

 Cross-
sectional study 

 Examine the 
relationship between 

respiratory symptoms in 

junior high school 
students and exposure to 

elevated levels of air 

pollution in classrooms 
in Taiyuan city, a coal-

burning area in China. 

 SO2 

 NO2 

 O3 

 Formaldehyde 

 Climatic 
factors 

 1.8% - cumulative asthma 

 8.4% -  wheezing 

 29.8% - daytime attacks of 
breathlessness 

 The indoor average 
concentrations: 

         sulfur dioxide  - 264.8 μg/m3 

         nitrogen dioxide - 39.4μg/m3 
         ozone - 10.1 μg/m3  

         formaldehyde - 2.3 μg/m3 

Haverinen et al. 
(1999) [29] 

 

 
 

 

 

A school in 
Southern 

Finland -  

171 
elementary, 

174 upper 

secondary & 

 Cross-
sectional Study 

 To assess the 
moisture and microbial 

status of the school 
buildings and the health 

situation of the school 

 Moisture 
condition of school 

 Molds 
 

 
 

 Nasal congestion, rhinitis, 
phlegm, shortness of breath, eye 

irritation, hoarseness, and fatigue, 
during the previous year of the study, 

were significantly more common 

among the upper secondary and high 
school students than among the 
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109 high 

school 

students 

40 teachers 

occupants, and to 

establish a strategy to 

deal with this type of 

problem. 

elementary school children.  

 The prevalence of asthma 

among the upper secondary school 
students was high (13%) compared to 

recently reported average prevalence 

of asthma among this age group (4-
7% in different in regions of Finland). 

Godwin & 

Batterman (2006) 

[13] 
 

 

64 

elementary 

& middle 
school 

classrooms 

in Michigan 

 Cross-

sectional Study 

 Examine for 

the purpose of assessing 

ventilation rates, levels of 
VOCs & bioaerosols, air 

quality differences within 
& between schools, & 

emission sources 

 Bioaerosols 

 VOCs 

 CO2 

 Relative 
humidity(RH) 

 Temperature 
(Temp.)  

 CO2 concentration often > 

1000 ppm & sometimes 3000 ppm. 

 Most VOCs had low 

concentrations (mean of individual 

species < 4.5 µg/m3); bioaerosol 
concentrations were moderate (< 

6500 count per m3 indoors, <41000 
count per m3 outdoors). 

 The variability of CO2, 

VOC & bioaerosol concentrations 
within schools exceeded the 

variability between schools. 

 Llocalized IAQ problems 

might remain in spaces where 

contaminant sources are concentrated 
& that are poorly ventilated. 

Gianluigi et al. 

(2013) [31] 
 

 

8 naturally 

ventilated 
school in 

Italy. 

 Experimental 

Study 

 VOC 

measurements were 
collected weekly at 

heights of about 2 m 

above the ground. 

 VOCs  High concentrations of 

terpenes were found in all monitored 
classrooms: α-pinene and limonene 

were in the range of 6.55–34.18 

μg/m3 and 11.11–25.42 μg/m3 
respectively. 

Kim et al. (2007) 
[30] 

 

 

1014 Pupils 
in 8 primary 

schools in 

Uppsala 
(Sweden) 

 Cross-
sectional Study 

 Investigated 
asthma and atopy in 

relation to microbial and 
plasticizer exposure. 

 Measurements 

were performed in 23 
classrooms (May-June) 

 

 indoor molds 

 bacteria 

 microbial 

volatile compounds 

 plasticizers 

 Wheeze  - 7.8%; daytime 
breathlessness - 4.5% ; nocturnal 

breathlessness - 2.0% 

 MVOC concentration -  

423 µg/m3 ; TMPD-MIB and TMPD-
DIB (2 common plasticizers) - 0.89 

and 1.64 µg/m3 ; Mold -  360 cfu/m3  

 +ve associations between 
nocturnal breathlessness & 3-

methylfuran (p < 0.01), 3-methyl-1-

butanol (p < 0.05), dimethyldisulfide 

(p < 0.01), 2-heptanone (p < 0.01), 1-

octen-3-ol (p < 0.05), 3-octanone (p < 
0.05), TMPD-MIB (p< 0.05), and 

TMPD-DIB (p < 0.01). 

 TMPD-DIB positively 
associated with wheeze (p < 0.05), 

daytime breathlessness (p < 0.05), 

doctor-diagnosed asthma (p < 0.05), 
and current asthma (p < 0.05). 

Nur Azwani  & 

Juliana (2013) [22] 

Study group 

– 61 
preschool 

children 

Comparative 
group – 50 

preschool 

children 

 Cross-
sectional comparative 

study 

 2 preschools 
from balakong, 2 

preschool from Teras 

Jernang, Malaysia. 

 PM10 

 VOC 

 CO 

 CO2 

 Temp.  

 RH 

 Exposure to indoor 
concentration of PM2.5 and CO 

increased the risk of getting lung 

function abnormality among study 
respondents 

 Exposures to PM2.5, PM10, 

VOCs and CO were associated with 
wheezing symptoms in study 

respondents with (OR=2.69, 95% 

CI=1.065-6.79), (OR=5.32, 95% 

CI=1.70-16.68), (OR=0.23, 95% 

CI=0.09-0.61), and (OR=5.78, 95% 

CI=1.62-20.69). 

Kamaruzzaman & 

Razak (2011) [15] 

1 preschool 

in 

Seremban, 
& 1 in 

Kuala 

Lumpur, 
Malaysia 

 Cross-

sectional Study 

 IAQ of 2 

government preschools 

was studied 

 Measurements 

were taken continuously 
in the period of 3 days. 

 VOC 

 NO2 

 CO2 

 Temp.  

 Formaldehyde  

 VOC, CO2 and 

temperature at the selected 
kindergartens did not meet the 

minimum benchmarks and this may 

be related to significant increases in 
symptoms of health problems among 

children and teachers at both 

kindergartens. 

Marzuki et al. 

(2010) [32] 

3 primary 

schools in 
 Cross-

sectional Study 

 PM10  Results show a 

statistically significant difference for 
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Kuala 

Terengganu, 

Malaysia  

 Conducted 

during the monsoon 

season of November 
2008 

 CO 

 CO2 

 Temp.  

 RH 

the five IAQ parameters between the 

three schools at the 95.0% confidence 

level.  

 It is conclude our findings 
by confirming the important influence 

of surrounding human activities on 
indoor concentrations of pollutants in 

selected vernacular schools in Kuala 

Terengganu. 

 

This paper summarizes and supports previous studies of IAQ for schools in various countries. Although the 

available studies are limited in number and quality, and the causal relationships have not been demonstrated, the 

findings overall suggest adverse respiratory and allergic effects associated with some common indoor air 

pollutants in schools such as formaldehyde-emitting materials, cleaning agent used, recently painted surfaces, 

maintenance of the school building and ventilation system used. Through the review of all the previous research 

done, majority of school children are exposed to inadequate IAQ due to insufficient ventilation, inadequate 

maintenance and improper temperature. These conditions lead to the short and long-term respiratory health 

effects that adversely impacts school children’s’ performance as they are particularly sensitive to changes in 

their surroundings. The productivity of educators was also deterred due to poor IAQ in schools. The reviewed 

researches indicate that most of the indoor air pollutants maybe attributed to outdoor contaminants such as those 

from automobiles exhaust emissions and other industrial activities.  

Findings of risks associated with other indoor sources or chemical compounds are more limited, although 

the magnitude of risks associated with school children’s respiratory health is high. It is difficult to postulate 

confounding factors unrelated to indoor material or product emissions that would provide alternate explanations 

for the associations reviewed here, particularly the most consistent associations and those of large magnitude. 

Thus, these findings seem to indicate the presence of a new group of largely unknown indoor risk factors for 

respiratory and allergic effects, distinct from the currently recognized indoor risk factors such as allergens, 

moisture/mold, endotoxin, or combustion products from indoor or outdoor sources. Thus, it would be of 

paramount importance to increase research on this issue, and to consider mitigation measures accordingly.  

 

4. Future Research Needs and Conclusion: 

A school’s environment is not that different from any other public building. However, what is unique to 

schools is that insufficient ventilation, relatively small classroom sizes, a large number of young susceptible 

students, infrequent cleaning, active human activities with constant resuspension of particles from room 

surfaces, urban schools being usually surrounded by major roadways, and various indoor activities, such as 

chemical cleaning, colouring and gluing in art class. These identified problems provide a guideline for drawing 

strategies to improve indoor air quality and guide future study of indoor air quality in schools. Strategies like 

keeping open all classroom windows and doors during class sessions, carry out more frequent cleaning without 

detergent or using detergent with less ozone-reactive organic compounds, increasing classroom size (provision 

of at least 10m
2
 per student), limiting indoor physical activities and locating schools at a greater distance from 

traffic and industry (minimum 100m) may help provide for better indoor air quality in schools.  

It is recommended that future research should quantify risk-response relations, estimate the extent of public 

health impacts, and evaluate potential remedial actions. The pool of findings reviewed here suggests a need to 

better evaluate the risks of respiratory and allergic health effects from many common school building materials 

and practices. Additional research on indoor air pollutants and the other risk factors reviewed here should better 

quantify and stratify risks, in order to motivate and guide future preventive actions. Further, there is an obvious 

need for improvements in research designs, particularly the need for better health exposure assessments and 

epidemiological investigations.  
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