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 Background: Indoor air pollutants (PM10, PM2.5 and NO2) have been known to pose 

great risks to the human respiratory system. A slight airway inflammatory response in 

the adult might produce a potentially significant obstruction in the airway of a 
preschool child. The main objective of this study is to determine the association 

between indoor air pollutants (PM10, PM2.5, and NO2) and airway inflammation 

among preschool children. A cross sectional comparative study was conducted among 
healthy preschool children selected from 3 preschools in industrial (n=62) and 3 

preschools in sub-urban (n=62) areas. Questionnaires were used to determine reported 

respiratory symptoms among respondents. Indoor exposures to PM10, PM2.5 and NO2 
in classes were measured using DustTrak DRX Aerosol Monitor and LaMotte Air 

Sampler. Meanwhile, Fractional exhaled Nitric Oxide (FeNO) was measured using 

NIOX MINO device. There were significant differences (p<0.05) in measurements of 
indoor air pollutants (PM10, PM2.5 and NO2) between both study areas. Concentration 

of indoor PM10 [87.00 (59.00) µg/m3], PM2.5 [75.0 (47.0) µg/m3] and NO2 [0.14 

(0.14) ppm] in preschools at the industrial area were significantly higher than the 
preschools at the sub-urban area (Z=-8.517, p=0.001). A significant difference (p<0.05) 

was found in measurements between the two areas. Indoor PM10, PM2.5 and NO2 

were found to be significantly associated with the concentration levels of Fractional 
exhaled Nitric Oxide (FeNO) measured in both areas (p<0.05). Preschool children 

living near an industrial area are highly exposed to indoor air pollutants as compared to 

those in the sub-urban area. Exposure to indoor PM10, PM2.5 and NO2 were associated 

with concentration levels of Fractional exhaled Nitric Oxide in both areas. Therefore, it 

was suggested that greater exposure to PM10, PM2.5 and NO2 may increase the 
chances of airway inflammation occurrences among those exposed. 
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INTRODUCTION 

 

 Epidemiological and toxicological studies have been conducted worldwide in order to indicate the 

association between air pollution and its effects on human respiratory health [1]. As we spend most of our time 

indoors, it can be more polluted with pollution levels that are higher than the outdoors especially in an 

environment of poor ventilation filled with things such as consumer products, gas appliances, cigarettes, and 

furniture [2]. In developing countries, approximately 2 million premature deaths are caused by the indoor air 

pollution in which half of it is due to pneumonia in children under 5 years of age [3]. 

 Numerous studies have found associations between selected air pollutants and adverse health effects in 

children. It includes childhood hospital admission, school absenteeism, physician visits for upper and lower 

respiratory illness, deficits in lung function growth rates, bronchitis, chronic cough, and increased infant 

mortality [4]. Local studies also found that poor indoor air quality is associated with the prevalence of 

respiratory symptoms among the preschool children. A previous study conducted in Balakong, Selangor by Nur 

Azwani et al., (2013) [5] found that the concentration levels of indoor PM2.5 at the preschools within the area are 

above the international standard guidelines set by the World Health Organization [6] and the U.S Environmental 

Protection Agency [7]. In another study conducted by Nazariah et al. (2013) [8], they also found that the indoor 

concentration levels of PM2.5 were significantly higher in primary schools located in urban area as compared to 
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primary schools located in rural area. Therefore, children are really at a high risk due to the exposures 

experienced by them. 

 Recently, Fractional exhaled Nitric Oxide (FeNO) has been identified as a suitable marker for predicting the 

responses to inhaled corticosteroids as well as to monitor its anti-inflammatory effects [9]. Endogenous nitric 

oxide is identified as a key signalling molecule in the whole host of biological functions [10]. In the lungs, NO 

is an important mediator of inflammatory response and is involved in the regulation of vasodilation, 

neurotransmission, and cell-mediated immunity. The production of endogenous NO is due to the activation of an 

inducible isoform of NO synthase [11]. It can be induced by certain inflammatory cytokines, and this activation 

is seemed to be responsible for an increased production of NO in the exhaled air (FeNO) of subjects with 

asthma, rhinitis, and atopy, particularly those with airway inflammation condition [12]. Therefore, FeNO is 

considered as a reliable non-invasive marker of airway inflammation. 

 However, there are limited studies which focus on the respiratory health particularly airway inflammation 

on preschool children (aged 6 years old and below), as well as those living in sub-urban areas. Since PM10, 

PM2.5 and NO2 have been identified as pollutants that can trigger airway inflammation [13], this study was 

conducted to gain better understanding on the association between indoor air pollutant exposures (PM10, PM2.5 

and NO2) and airway inflammation (FeNO values) among preschool children living in two different areas.   

 

MATERIALS AND METHODS 

 

Study design and location: 

 A cross-sectional comparative study was conducted among preschool children from March until April 2014. 

The study was conducted in 3 preschools from Puchong, which represented an industrial area and 3 preschools 

(1 from Serdang and 2 from Semenyih), which represented sub-urban area. The preschools were chosen by 

simple random sampling from the list given by Community Development Department (KEMAS) state office. 

All of the students from selected preschools were included in the study (universal sampling). Permission from 

KEMAS and consent from parents or guardians of the students were obtained prior to carrying out the study. 

Questionnaires were given to the students’ parents or guardians, and those who fulfilled the inclusion criteria 

were selected. 

 

Study sample: 

 The preschool children who fulfilled the inclusion criteria (aged 5-6 years old, free from asthma, and Malay 

ethnic) were selected in this study. The purpose of the study was explained to the parents. Consent letters were 

obtained from the parents with permissions to allow their children to participate in this study. For those who 

agreed to participate, they were asked to answer a set of questionnaire and return it to the class teacher. The 

children who were allowed to participate were then randomly sampled based on simple random sampling  

method.  

 

Questionnaire: 

 A standardised set of questionnaire adapted from ATS-DLC-78-C by WHO was used to collect the data on 

respiratory symptoms and home exposures to pollutants. Another part of the questionnaire was adapted from the 

International Study of Asthma and Allergies in childhood (ISAAC) questionnaire that comprises of questions on 

asthma and allergies among the subjects. This questionnaire was translated from English to Malay language 

mainly so that it can be easily answered by parents who are less proficient in English. Besides instructions, 

contact numbers of the researchers were also provided for further inquiries. 

 

Indoor concentration levels of PM10, PM2.5 and NO2 monitoring: 

 Monitoring of indoor air and concentration levels were conducted in each of the selected preschool during 

class period (8.00a.m-12.00pm). This included monitoring of particulate matter 10 (PM10), particulate matter 2.5 

(PM2.5) and nitrogen dioxide (NO2). Measurements were taken from March until April 2014.  DustTrak DRX 

Aerosol Monitor 8534 was used to measure aerosol particle with size limit of 10 (PM10) and 2.5 µm (PM2.5) in 

µm/m
3
. Meanwhile, LaMotte air sampling pump with calorimetric  reading was used to obtain the NO2 

measurement which was then translated into quantitative value of parts per million (ppm) using Nitrogen 

Dioxide in Air Calibration Chart. During the monitoring session, both instruments were placed on the desk 

within the children’s breathing zone at the back of the classroom, away from the doors and windows. This was 

to ensure the instruments were far from air pollution sources, safely located and far from reach of the children. 

 

Fractional exhaled Nitric Oxide (FeNO):  

 For FeNO measurement, simple random sampling was used to choose 30 preschool children from the 

industrial area preschools as an exposed group, and 30 preschool children from the sub-urban area preschools as 

a comparative group. Subsequently, 30 preschool children from each study groups were recruited randomly to 
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undergo a single-breath FeNO analysis. FeNO was determined by using NIOX MINO (Aerocrine, Stockholm, 

Sweden) analyser. This analyser with its compact size and portability used electrochemical method. The test 

began with each respondent was required to stand up quietly and comfortably. First, the respondent’s nose was 

clipped, and the respondent was required to fully expel air from the lungs by doing a full exhalation through 

mouth, after which the respondent inserted the mouthpiece of the NIOX system and inhaled NO-free air calmly 

to the total lung capacity over a period of 2-3 seconds. The respondent then exhaled steadily for 6 seconds, 

maintaining a constant air speed in which the machine will emit a continuous humming sound if they were 

breathing correctly. Each of the respondents was provided with a disposable mouthpiece. As a measure on 

preventing error in maintaining constant air speed while exhaling the air, a visual display on how strong the 

respondent is exhaling during the test was displayed on the screen of a computer. The visual display was shown 

to them so that they can control the speed of the air that is being exhaled. However, no repetition of analysis was 

made among the preschool children. The measured value of 20 ppb or more were considered elevated values in 

children less than 12 years old, according to American Thoracic Society/European Respiratory Society 

(ATS/ERS) [14]. 

 

Statistical analysis: 

 Descriptive analyses were done for socio-demographic distribution, parents’ educational level, respondents’ 

exposure to indoor air pollutant sources in homes, and prevalence of respiratory symptoms. Association between 

home indoor air pollutant sources and airway inflammation (FeNO Values) among study respondents were 

tested by Chi-Square Test or Fisher’s Exact Test. Determination and comparison of concentration of indoor air 

pollutants (PM2.5 and NO2) in preschools as well as the concentration levels of FeNO among respondents in the 

two study groups were tested using Mann-Whitney U Test. Association between indoor air pollutants (PM2.5 and 

NO2) and airway inflammation (FeNO Values) among study respondents was tested using Spearman’s Rho Test. 

The p-value of less than 0.05  was considered statistically significant and all analyses were carried out using 

Statistical Package of Social Sciences (SPSS) version 22. 

 

Results: 

 A total set of 240 questionnaires were distributed to the preschools, which were selected to be involved in 

this study in both areas. Even so, only 144 sets were returned back and only 124 were completely filled in and 

were acceptable for the purpose of this study. This produced a response rate of 60%. 

 

Respondents’ Background: 

 Table 1 shows the socio-demographic characteristics of respondents. There were 10 children (16.1%) aged 

5 years old  and 52 children (83.9%) aged 6 years old in the exposed group, while there were 20 children 

(32.3%) aged 5 years old and 42 children (67.7%) aged 6 years old in the comparative group. The chi square test 

result showed age was significantly different between the exposed and comparative groups (p=0.037). 

Percentages of boys were higher than the percentages of girls in both study groups (58.1% in exposed group and 

53.2% in comparative group). The household income was categorised into low and middle based on the Mean 

Monthly Household Income for Income Groups Year 2012 for ‘bumiputera’ data obtained from the Department 

of Statistics Malaysia [15]. The results showed majority of the respondents were in the middle group for both 

study groups with 80.6% in the exposed group, and 82.3% in comparative group. Gender and household income 

among the exposed and comparative groups were not significantly different.  

 
Table 1: Socio-demographic Characteristics of Respondents. 

 

Variables 

Exposed Group 

(n=62) 

Comparative Group 

(n=62) 

 

p 

Number (%) Number (%) 

Age (Years) 
5 

6 

 
10 (16.1) 

52 (83.9) 

 
20 (32.3) 

42 (67.7) 

 
0.037* 

Gender 
Boys 

Girls 

 
36 (58.1) 

26 (41.9) 

 
33 (53.2) 

29 (46.8) 

 
0.589 

Ethnicity 

Malay 

 

62 (100) 

 

62 (100) 

 

- 

Household Income 

Low (≤1,686) 

Middle (1,687 - 10,665) 

 

12 (19.4) 

50 (80.6) 

 

11 (17.7) 

51 (82.3) 

 

0.818 

*Significant at p<0.05,  
N = 124 

 

 Table 2 shows the categories of educational level among the respondents’ parents in both exposed and 

comparative groups. The categories consisted of none until higher education. The highest educational level 
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among the two study groups was PhD level (included in the higher education), whereas the lowest education 

level obtained was none. The parents’ educational level was divided into educational level of father and 

educational level of mother. It can be seen that the highest percentage for the educational level of fathers in the 

exposed group and comparative group are secondary education with 77.4% and 67.7% respectively. Similarly, 

the highest percentage in the educational level of mothers for both the exposed group and comparative group are 

secondary education with 74.2% and 54.8% respectively. The Chi-Square test results showed no statistical 

significant differences between both educational level of fathers and mothers in both the study groups.  

 
Table 2: Parents’ Educational Level among Respondents. 

 

Variables 

Exposed group 

(n=62) 

Comparative group 

(n=62) 

 

p 

Number (%) Number (%) 

Educational Level of Father 
None 

Primary education 

Secondary education 
Higher education 

 
2 (3.2) 

2 (3.2) 

48 (77.4) 
10 (16.1) 

 
2 (3.2) 

3 (4.8) 

42 (67.7) 
15 (24.2) 

 
 

0.659 

Educational Level of Mother 

None 

Primary School 

Secondary education 

Higher education 

 

0 (0.0) 

2 (3.2) 

46 (74.2) 

14 (22.6) 

 

1 (1.6) 

3 (4.8) 

34 (54.8) 

24 (38.7) 

 

 

0.131 

*Significant at p<0.05, Chi-Square Test, N = 124 

 

Home Exposure: 

 Table 3 shows the respondents’ exposure towards indoor air pollutant sources in homes among the two 

study groups. The possible sources are fuel for cooking, indoor smoking, mosquito coils and pets. The fuel for 

cooking used was divided into gas and others. The findings indicate that most of the respondents for both study 

groups were exposed to cooking gas (75.8% in exposed group and 72.6% in comparative group).  59.7% of the 

respondents were exposed to indoor smoking in the exposed group and 64.5% in the comparative group. 

Exposure to mosquito coils shows that 83.9% of respondents from the exposed group were exposed while there 

were 74.2% in comparative group also have had the same exposure. Majority of the respondents did not have 

pets in their house (80.6% in exposed group and 79.0% in comparative group).  Descriptive analysis and Chi-

Square tests were conducted for all the variables; however, none of them were found to be significantly different 

between both the groups.   

 
Table 3: Indoor Air Pollutant Sources in Homes between Two Study Groups. 

 

Variables 

Exposed group 

(n=62) 

Comparative group 

(n=62) 

 

χ² 

 

p 

Number (%) Number (%) 

Fuel For Cooking 

Gas 

Others 

 

47 (75.8) 

15 (24.2) 

 

45 (72.6) 

17 (27.4) 

 

0.168 

 

0.681 

Indoor Smoking 

Yes 

No 

 

37 (59.7) 

25 (40.3) 

 

40 (64.5) 

22 (35.5) 

 

1.009 

 

0.799 

Mosquito Coil 

Yes 

No 

 

52 (83.9) 

10 (16.1) 

 

46 (74.2) 

16 (25.8) 

 

1.752 

 

0.186 

Pets 
Yes 

No 

 
12 (19.4) 

50 (80.6) 

 
13 (21.0) 

49 (79.0) 

 
0.050 

 
0.823 

*Significant at p<0.05, Chi-Square Test, N = 124 

 

Indoor Air Pollutants Concentration: 

 Table 4 shows the comparison of indoor PM10 and PM2.5 measured in µg/m
3
 with indoor NO2 measured in 

ppm between two study groups. Normality test was conducted in the first place in order to assess whether the 

data of indoor PM10 and PM2.5 and indoor NO2 were normally distributed within the classrooms of the 

preschools selected. It was found that the data for both indoor PM2.5 and NO2 were not normally distributed, and 

thus, non-parametric test (Mann-Whitney U Test) was conducted to compare the indoor PM2.5 and NO2 

concentrations between the two study groups. 

 Statistical analyses show that the median (interquartile range) concentration of the indoor PM10 and PM2.5 of 

the exposed group were higher [87.00 (59.00), 75.00 (47.00)] than the median (interquartile range) of the 

comparative group [75.00 (67.00), 65.0 (84.00)]. Mann-Whitney U Test results found significant differences 

between the concentrations of indoor PM10 and PM2.5 in both study groups (Z=-4.727, p=0.001). 
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Correspondingly, the median (interquartile range) concentration of the indoor NO2 in exposed group was higher 

[0.14(0.14)] as compared to comparative group [0.00(0.00)]. Mann-Whitney U Test result found that the 

difference in concentrations of indoor NO2 between both study groups is statistically significant (Z=-8.517, 

p=0.001). 

  
Table 4: Comparison of Indoor PM10, PM2.5 and NO2 in Preschools between Two Study Groups. 

 

Variables 

Exposed group 

(n=62) 

Comparative group 

(n=62) 

 

Z 

 

p 

Median (IQR) Median (IQR) 

PM10 (µg/m3) 87.00 (59.00) 75.00 (67.00) -6.597 0.001* 

PM2.5 (µg/m3) 75.00 (47.00) 65.0 (84.00) -4.727 0.001* 

NO2 (ppm) 0.14 (0.14) 0.00 (0.00) -8.517 0.001* 

*Significant at p<0.05, Mann-Whitney U Test, N = 124 

 

Respiratory Health Symptoms: 

 Table 5 shows the comparison of respiratory symptoms among respondents between the two study groups 

which were assessed using standardized questionnaire adapted from ATS-DLC-78-C WHO and International 

Study of Asthma and Allergies in childhood (ISAAC). The respiratory symptoms included were cough, chest 

tightness, phlegm and wheezing where parents were required to answer it for their child. For cough, the findings 

showed that majority of the preschool children reported that they did not have it (71.0% in the exposed group 

and 88.7% in the comparative group). However, those who were reported of having cough were higher in the 

exposed group (29.0%) compared to the comparative group (11.3%). Chest tightness was not common among 

the respondents of the two study groups (0.0% in exposed group and 3.2% in comparative group). Another 

symptom, phlegm, was found to be reportedly higher in the exposed group (16.1%) compared to the 

comparative group (4.8%). Wheezing was also reported to be higher in the exposed group (27.4%) than in the 

comparative group (16.1%).   

 Normality test was conducted for each of the respiratory symptoms, and it was found that the data for all of 

the symptoms were not normally distributed. Therefore, non-parametric test (Chi-Square) was conducted. Based 

on the statistical test result, it showed that the prevalence of the respiratory symptoms was higher among the 

exposed group for cough (p=0.014, PR=3.214, 95% CI=1.232-8.385) and phlegm (p=0.040, PR=0.040, 95% 

CI=0.987-14.487) than the comparative group.  

 
Table 5: Comparison of Respiratory Symptoms among Respondents. 

 

Variables 

Exposed group 

(n=62) 

Comparative group 

(n=62) 

 

χ² 

 

p 

 

PR 

 

95% CI 

Number (%) Number (%)   

Cough 

Yes 

No 

 

18 (29.0) 

44 (71.0) 

 

7 (11.3) 

55 (88.7) 

 

6.062 

 

0.014* 

 

3.214 

 

1.232-

8.385 

Chest Tightness 

Yes 

No 

 

0 (0.0) 

62 (100.0) 

 

2 (3.2) 

60 (96.8) 

 

2.033 

 

0.559 

 

0.492 

 

0.043-

5.568 

Phlegm 
Yes 

No 

 
10 (16.1) 

52 (83.9) 

 
3 (4.8) 

59 (95.2) 

 
4.211 

 
0.040* 

 
3.782 

 
0.987-

14.487 

Wheezing 
Yes 

No 

 
17 (27.4) 

45 (72.6) 

 
10 (16.1) 

52 (83.9) 

 
2.320 

 
0.128 

 
0.509 

 
0.212-

1.224 

*Significant at p<0.05, Chi-Square Test, 95% CI = 95% Confidence Interval, N = 124 

 

Fractional exhaled Nitric Oxide (FeNO): 

 Table 6 shows the comparison of FeNO level among respondents in the exposed and the comparative 

groups. Normality test was conducted between FeNO level and study groups. It was found that the data was not 

normally distributed. Hence, Mann-Whitney U Test was done, and the result showed a significant difference 

between the FeNO level with the study groups (exposed and comparative) with p-value of 0.001. 

 
Table 6: Comparison of FeNO Level among Respondents between Two Study Groups. 

 

Variables 

Exposed group 

(n=30) 

Comparative group 

(n=30) 

 

Z 

 

p 

Median (IQR) Median (IQR) 

FeNO (ppb) 11.0 (3) 8.0 (84.00) -3.240 0.001* 

*Significant at p<0.05, Mann Whitney U Test, N = 60 

 

 Table 7 shows the association between indoor PM10, PM2.5 and indoor NO2 with airway inflammation 

(FeNO values) among exposed and comparative groups. Correlation test of Spearman’s Rho was conducted for 

indoor PM10 and PM2.5 with airway inflammations according to each study group, there were no significant 
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association found between both of them for both of the pollutants [indoor PM10 (p=0.796), indoor PM2.5 

(p=0.796)]. Indoor NO2 level for the exposed and the comparative groups were constant. Therefore, no values of 

correlations were calculated. However, when correlation test of Spearman’s Rho was conducted for both indoor 

PM10, PM2.5 and NO2 with combined FeNO values, the statistical results found that there were significant 

associations between concentrations of the indoor PM10 (p=0.002),  PM2.5 (p=0.013) and NO2 (p=0.001) with 

the airway inflammations (FeNO values).  

 
Table 7: Association between Indoor Air Pollutants (PM10, PM2.5 and NO2) and Airway Inflammation (FeNO Values) among Study  

Respondents 

 

Variables 

Exposed group 

FeNO (ppb) 

(n = 30) 

Comparative group 

FeNO (ppb) 

(n = 30) 

Total 

(n = 60) 

r value p value r value p value r value p value 

PM10 

(µg/m3) 

-0.049 0.796 0.182 0.335 0.392 0.002* 

PM2.5 
(µg/m3) 

-0.049 0.796 -0.182 0.335 0.319 0.013* 

NO2 

(ppm) 

- - - - 0.422 0.001* 

*significant at p<0.05, Spearman’s Rho Test, N = 60 

No statistics value for NO2 at exposed and comparative groups because the NO2 levels are constant 

 

 Table 8 shows the association between home indoor air pollutant sources and airway inflammation (FeNO 

values) among respondents of the exposed and comparative groups. The FeNO values were categorised based 

on median value (9 ppb). Values that were higher than or equal to median (≥9 ppb) were categorised as high 

while the value lower than the median were categorized as low. The home indoor air pollutant sources included 

were fuel for cooking, indoor smoking, mosquito coil, and pets. Those who were exposed to indoor air 

pollutants, specifically, sources of cooking gas were found to have high FeNO (58.1%) values while those 

exposed to other types of cooking fuel were found to have lower FeNO values (64.7%). 53.3% and 50% of the 

respondents were found to have high FeNO values when they were exposed to indoor smoking, and 56.9% were 

found to have high FeNO values when they were exposed to mosquito coil as opposed by the 77.8% who have 

lower FeNO values when they were not exposed to it. As for pets as the source of exposure at home, 50% were 

found to have high FeNO values when they were exposed to it and the other 50% were low. 

 Chi-Square Test reveals that there was no significant association between the exposures towards home 

indoor air pollutant sources with the airway inflammation (FeNO Values) among the study respondents. 

 
Table 8: Association between Home Indoor Air Pollutant Sources and Airway Inflammation (FeNO Values) among Study Respondents 

 

Variables 

FeNO (ppb)  

χ² 

 

p High (≥9) 

N (%) 

Low (<9) 

N (%) 

Fuel for cooking 
Gas 

Others 

 
25 (58.1) 

6 (35.3) 

 
18 (41.9) 

11 (64.7) 

 
2.546 

 
0.111 

Indoor smoking 
Yes 

No 

 
16 (53.3) 

15(50.0) 

 
14 (46.7) 

15 (50.0) 

 
0.067 

 
0.796 

Mosquito coil 
Yes 

No 

 
29 (56.9) 

2 (22.2) 

 
22 (43.1) 

7 (77.8) 

 
3.676 

 
0.076b 

Pets 

Yes 
No 

 

5 (50.0) 
26 (52.0) 

 

5 (50.0) 
24 (48.0) 

 

0.013 

 

1.000 b 

Chi-Square Test 

b = Fisher’s Exact Test (one or more cells has an expected frequency of five or less) 
*significant at p<0.05 

N = 60 

 

Discussion: 

 There was a significant difference in the concentration of indoor PM10, PM2.5 and NO2 inside the 

classrooms of selected preschools between the exposed (industrial area) and the comparative (sub-urban area) 

groups, suggested that the preschools’ locations might had influenced or contributed to the concentration of the 

particulates and gases. 

 The measured data showed the mean concentration of indoor PM10, PM2.5 and NO2 at the preschools of the 

studied area were higher (87.00 µg/m
3
, 75.00 µg/m

3 
and 0.14 ppm respectively) than the preschools at the 

comparative area (75.00 µg/m
3
, 65.00 µg/m

3
 and 0.00 ppm respectively). The concentration of indoor PM10 in 

this study refers to the Recommended Malaysian Ambient Air Quality Guidelines (RMAAQG) for 24 hour (150 
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µg/m
3
) and  annual average (50 µg/m

3
) [16].

 
Since there was no national standard established for indoor PM2.5, 

the concentration of indoor PM2.5 in this study refers to the international standard set by the U.S Environmental 

Protection Agency for 24-hour (35 µg/m
3
)

 
and annual (15 µg/m

3
) [7], as well as the WHO Air Quality 

Guidelines standard for 24-hour (25 µg/m
3
) and annual average (10 µg/m

3
) [6]. Meanwhile, the concentration of 

indoor NO2 in this study refers to the RMAAQG for 1 hour (0.17 ppm) and annual average (0.04 ppm) [16]. 

These findings clearly indicate that the preschool children in the exposed group were highly exposed towards 

high concentration of indoor PM2.5 and NO2 which exceed all the standards mentioned, but not for indoor PM10 

which was still below the standards. Nevertheless, these findings support the hypothesis that indoor air pollutant 

concentrations (PM10, PM2.5 and NO2) are significantly higher in the industrial area’s preschools as compared to 

the sub-urban area’s preschools.  

 In a local study by Salleh et al. (2013), they found a high indoor PM10 with the range of mean 

concentrations was between 41.0 to 342.82 µg/m
3 

[17]. High indoor PM2.5 with a mean concentration of 

82.6±7.9 µg/m
3
 in preschools located in industrial area was also found in a study conducted by Nur Azwani et 

al., (2013) [5].  Likewise, another study conducted by Nazariah et al., (2013) [8] showed that the indoor PM10 

concentration (median=80.3, IQR=12.99) and PM2.5 concentration (median=48.96, IQR=12.55) in primary 

schools located in urban area were significantly higher than the rural area (median=27.71, IQR=1572). Recent 

study done by Ayuni et al., (2014) [18] also found that the concentrations of indoor PM2.5 and NO2 in primary 

schools located in industrial area (79 µg/m
3
 and 3.73 ppm respectively) were higher than the comparative area 

(49 µg/m
3
 and 0.14 ppm respectively). All these studies support the findings and the hypothesis of this study 

where the locations of preschools or schools contributed the concentrations of the indoor air pollutants (PM10, 

PM2.5 and NO2).  

 The prevalence of respiratory health symptoms among each of the preschool children between the two 

study groups were assessed using a set of standardised questionnaire adapted from both American Thoracic 

Society ‘Questionnaire ATS-DLC-78-C WHO’ and International Study of Asthma and Allergies in childhood 

(ISAAC) questionnaires. Parents were required to fill in the questionnaires for their child.  Asthma and 

respiratory health symptoms were detected through the returned questionnaires.  

 There were significant differences in the prevalence of cough and phlegm among the two study groups 

(industrial and sub-urban areas), suggested that location of the preschools might have influenced or contributed 

to the prevalence of both respiratory symptoms (cough and phlegm) among the respondents. The prevalence of 

most respiratory symptoms were higher in the industrial area compared to those in the sub-urban area. This 

present study found similar result on the linkage between indoor particulate matter (PM10 and PM2.5) with 

prevalence of respiratory symptoms as found by Nazariah et al. (2013) [8] and Ayuni et al. (2014) [18]. These 

findings are showing that the school children living in an urban and near industrial area are facing increased 

chance to encounter health problems especially related to respiratory system. 

 Based on the returned questionnaires, it showed that the preschool children who were in the studied area 

were reported of having more cases [18 (29%)] of cough than those who were in the comparative area [7 

(11.3%)]. Statistical analysis showed the prevalence of cough in the preschool children who attended preschools 

located at the studied area were significantly higher than those who attended preschools in the comparative area 

(p-value=0.014, PR=3.214, 95% CI=1.232-8.385). They were 3.2 times more likely to get cough compared to 

those in the comparative area’s preschools. Another respiratory health symptom, phlegm, was also reportedly 

higher in the preschool children who attended preschools at the studied area [10 (16.1%)] than the preschool 

children attended preschools at the comparative area [3 (4.8%)].  The results of statistical analysis indicated that 

the prevalence of the preschool children who have phlegm were higher in those who were in the studied area 

rather than those in the comparative area (p-value=0.040, PR=3.782, 95% CI=0.987-14.487). They were 3.7 

times more likely to get phlegm than the comparative area’s preschool children.  Hence, all the findings 

mentioned support the hypothesis that the prevalence of respiratory health symptoms is significantly higher 

among those in the industrial area than those in the sub-urban area. This also indicates that the respiratory health 

status of preschool children in the sub-urban area is better than those in the industrial area. 

 Heavy road traffics, industrial emissions, and the Klang Valley Mass Rapid Transit (MRT) constructions 

works as the outdoor pollutants might have contributed to the high prevalence of the respiratory health 

symptoms among the preschool children at the exposed area. A study done in Emilia-Romagna, an 

administrative region of Northern Italy, found that cough and phlegm were the most frequent symptoms 

reported and the prevalence of the respiratory symptoms were higher in the urban-industrial area than the rural 

area [19].  Local study conducted by Nur Fazhilah et al. (2012) [20] found that the prevalence of respiratory 

symptoms especially cough and phlegm were higher among exposed preschool children living near industrial 

area in Kajang compared to the non-exposed preschool children. This study was also supported with several 

local studies conducted by Yahaya and Jalaludin, (2013) [21], Nurul Anis Sofiah et al., (2013) [22], Nazariah et 

al., (2013) [8] and Ayuni et al., (2014) [18], which found that the prevalence of respiratory symptoms reported 

were higher among those exposed than those who were not exposed. All of the studies mentioned support the 
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findings and the hypothesis in which the locations of preschools or schools contributed to the prevalence of the 

respiratory health symptoms reported. 

 For fractional exhaled nitric oxide (FeNO) analysis, sub-sample was done whereby only 60 students 

(exposed group=30, comparative group=30) were included. The 60 preschool children participated in this 

analysis were ensured that they were free from asthma (exclusion criteria: asthma diagnosed by medical doctor). 

Aerocrine NIOX MINO Airway Inflammation Monitor was used in analysing the FeNO levels (parts per billion) 

among them.  

 Based on the results of the FeNO levels, there were significant differences in the FeNO levels (ppb) among 

the preschool children between the exposed group (industrial area) and the comparative group (sub-urban) with 

p-value of 0.01, suggested that location of the preschools might have influenced the FeNO levels among study 

respondents. The mean for FeNO values among those who were in the exposed area (11.43 ppb) was higher than 

those in the comparative area (8.17 ppb). These could be due to the higher degree of exposure experienced by 

those in the exposed area as compared to those in the comparative area (Ayuni et al., 2014) [18]. Thus, the 

findings support the hypothesis that the FeNO levels of the preschool children in industrial area are significantly 

higher than the preschool children in the sub-urban area.  

 Indoor PM10, PM2.5 and NO2 were monitored in selected preschools in both industrial and sub-urban areas. 

Following the monitoring, correlation tests were conducted to determine the association of the indoor PM10, 

PM2.5 and NO2 with airway inflammation among each group. The statistical results showed that there were no 

significant association of the indoor air pollutants (PM10, PM2.5 and NO2) and airway inflammation among the 

industrial and the sub-urban areas. There was no value of correlation for NO2 when the measurement data was 

separated between the exposed and the comparative groups. This might be due to the constant values of NO2 in 

each study group, small sample size of the NO2 measurement data with FeNO samples, low NO2 readings as 

well as lack in variability of the data. 

 Particulate matter is an air pollutant, which has been traced to be responsible in causing adverse health 

effects in short and long term exposure. In two studies conducted in Malaysia, Nazariah et al. [8] and Kavitha et 

al. [23] observed a positive association between the particulate matters (PM10, PM2.5) concentrations and IL-6 

concentration.  A high concentration of IL-6 obtained from the respondents is showing that inflammation is 

occurring in respiratory system of the respondents. Health conditions which are related to the respiratory system 

include asthma and chronic obstructive pulmonary disease. Particulate matters are hazardous such that exposure 

to low concentration of particulate matters could still cause a damage to the respiratory system until the cellular 

level. If preschool children were to inhale polluted air containing particulate matters (PM10, PM2.5), they are 

breathing in a greater volume than adults do because of their greater breathing rates. 

 NO2 is still toxic and harmful to humans, and is expected to cause adverse health effects although at low 

concentration. Breathing low levels of NO2 may lead to irritations in the nose, throat and eyes, also causing 

respiratory symptoms such as cough. Indoor NO2 is typically produced by gas heaters, unvented gas cooking or 

penetration of outdoor pollutants. However, NO2 in the preschools could not be caused by gas heaters due to the 

hot weather in Malaysia. Outdoor pollutants from passing motor vehicles and industrial area could penetrate and 

accumulate indoors, thus causing indoor air pollution in the preschools, along with cooking activities in the 

kitchen of the preschools.  

 Next, another correlation test was done in order to determine the association between indoor PM10, PM2.5 

and NO2 with airway inflammation (FeNO Value) of total 60 respondents (all respondents). The statistical 

results showed significant association between indoor PM10 (p-value=0.002), PM2.5 (p-value=0.013) and NO2 

(p-value=0.001) with airway inflammation of the combined study groups. PM10, PM2.5 and NO2 both were found 

to be significantly associated with airway inflammation in two separate international studies conducted by 

Schaumann et al., (2004) [13], Persinger et al., (2002) [24] and Martins et al., (2012) [25]. A recent local study 

done by Aziz et al., (2014) [26], also supported that there was a significant association between indoor NO2 with 

the airway inflammation among study respondents. These findings supported the study hypothesis that there are 

significant associations between indoor air pollutants (PM2.5 and NO2) with airway inflammation among study 

respondents. 

 According to the American Thoracic Society Guidelines (Dweik et al., 2011) [27], FeNO value of greater 

than 35 ppb in children indicated that airway inflammation is likely to occur, less than 20 ppb is considered low 

with occurrence of airway inflammation were less likely, and 20-35ppb is considered as intermediate where the 

occurrence of airway inflammation might be possible but mild.  

 However, in assessing the association between home indoor air pollutant sources and airway inflammation 

(FeNO value), this study found that all of the FeNO values of the study respondents did not exceed 25 ppb. Only 

1 out of total 60 respondents was found to have intermediate value of 22 ppb. Therefore, in order to compare 

those who had high and low FeNO values between the two study groups, statistical analysis was conducted and 

median (9 ppb) was used as the cut-off point. Those who were found to have FeNO values of higher than or 

equal to 9 ppb were categorized as high while those who have FeNO values of lower than 9 ppb were 
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categorised as low. All of the parameters were assessed and based on the statistical results, there were no 

significant association between the home indoor air pollutant sources and the airway inflammation. 

 Limitations in this study include some information bias as the parents or guardian may not recall some of 

the actual experiences of their children as they fill in the questionnaire although only those fully filled 

questionnaires are accepted, selection bias for the FeNO analysis as the age is unable to be controlled due to the 

low response rate and the preschool children are selected based on voluntary basis.  Due to the fluctuated 

temperature (>30
o
 Celsius) as early in the morning and occurrences of heavy haze within the duration of data 

collection, the process of collecting data and FeNO samples was very much interrupted which caused the sample 

size of the FeNO samples to be smaller than expected. All the measurements taken in this study were done by 

following the standard procedures and guidelines available to ensure that the data obtained were reliable. Ethical 

considerations were done by obtaining ethical approval from the Research Ethic Committee of Universiti Putra 

Malaysia and written consent forms were given and explained to the parents prior to obtaining their approval for 

taking their children as respondents for this study. This study was also conducted on voluntary basis where all 

respondents were given briefings on the conduct of the experiment and they can choose whether they want to 

participate or not. All of the information obtained from this study is kept confidential. 

 

Conclusion: 

 In summary, this study confirms that the preschool children who attended the preschools at the industrial 

area were exposed to high amount of indoor air pollutants (PM10, PM2.5 and NO2) as compared to those in the 

sub-urban area. The location of the preschools from the point source of air pollution, the industrial area and the 

mobile source of pollution such as passing motor vehicles has contributed to the high concentration of indoor 

PM10, PM2.5 and NO2. Besides that, cooking activities in the preschools kitchens may have contributed to the 

high source of indoor air pollutants (PM10, PM2.5 and NO2). Absenteeism among the preschool children could 

also has been caused by exposure to these indoor air pollutants. Knowing these, steps to be taken by the 

preschool teachers and staffs include regular cleaning of the preschools buildings, proper ventilation in the 

classrooms and kitchens, which may help to reduce the concentration of these indoor air pollutants. The 

prevalence of respiratory symptoms reported (cough and phlegm) and the FeNO levels were significantly higher 

among those in the industrial area than those in the sub-urban area.  

 The indoor PM10, PM2.5 and NO2 were significantly associated with airway inflammation (FeNO levels). 

Thus, this study supports the claims that FeNO can be suggested as a non-invasive biomarker for airway 

inflammation in preschool children aged 5-6 years old. Even so, more studies on the association of the FeNO 

levels between different locations or areas among preschool children should be conducted as there was still lack 

of related studies at the moment. It is also suggested that measurements on the exposure towards preschool 

children or children (aged less than 7 years old) for a longer period of time or continuously at home should be 

done as well to further determine the causal factors (individual or environmental) that may affect the FeNO 

value among them. Repetition of FeNO measurements (before and after class session) could also be conducted 

in the future to reveal the impact of acute indoor air exposure inside the classrooms of the preschool or school 

towards the airway inflammation (FeNO value) of the children. 

 The limitations in this study open rooms for future research to be conducted on the level of exposure to 

indoor air pollutants (PM10, PM2.5 and NO2) and the relationship with airway inflammation, which could be 

FeNO levels or some other methods.  
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