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A B S T R A C T  
Background: Industrial activities contribute to atmospheric pollution either directly or 
through background concentrations. The effects of industrial air pollution are 
pernicious especially to children. Objective: To determine the association between the 
concentration of air pollutants (PM10, PM2.5, SO2 and NO
among the school children in exposed and comparative area.
sectional comparative study was conducted at selected primary schools in Kemaman. 
Questionnaires adapted from American Thoracic Society and International Study of 
Asthma and Allergies in Childhood were used to determine respiratory symptoms, 
history of exposure and demographic background.  Results:
significant associations between air pollutants in schools with respiratory symptoms; 
PM10 with cough (PR=2.05, 95% CI=1.07-3.93), PM2.5 

CI=1.25-4.76), SO2 with cough (PR=2.33, 95% CI=1.21-4.49), phlegm (PR=2.53, 95% 
CI=1.13-5.66), and wheezing (PR=4.22, 95% CI=1.35
(PR=3.14, 95% CI=1.48-6.72), and wheezing (PR=3.40, 95% CI=0.96
were also significant associations between air pollutants in residences with respiratory 
symptoms; PM10 with cough (PR=3.04, 95% CI=1.41
(PR=2.29, 95% CI=1.08-4.86), and phlegm (PR=3.60, 95% CI=1.26
Conclusion: This study concludes that exposure to higher concentration of air 
pollutants increases the risk of respiratory symptoms, which may induce inflammatory 
responses. 
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INTRODUCTION 

Air pollution is a significant health problem in Malaysia. We experience haze almost every year and air 
pollution problem when we live in urban areas or near industrial areas. With wind speed, 
could move over long distances to the surrounding areas. These pollutants then infiltrate indoors, thus causing 

neighbouring buildings such as schools and houses [1,2]. It is a concern that the school 
living near an industrial area is having continuous exposure to industrial air pollutants. Therefore, this 

concern has initiated a study to be conducted among community living nearby an industrial area to know how 
exposures to industrial air pollutants could affect the respiratory health among the children.

Air pollutants come from various sources and they can be divided into several categories: particulate matter 
and gases, primary and secondary, indoor and outdoor [3]. Two common groups of particulate m
particulate matter with up to 10 micrometers aerodynamic diameter (PM10) and particulate matter with up to 2.5 
micrometers aerodynamic diameter (PM2.5). As for gases, examples of such pollutants include

nitrogen (NOx). SO2 is formed when sulphur or compounds that contain sulphur are burned 
in air. According to the Environmental Protection Agency, a primary pollutant is an air pollutant that is emitted 
directly from a source, either a stationary source or a primary source [3]. Meanwhile, a secondary pollutant is not 
directly emitted as a primary pollutant, but forms when primary pollutants react in the atmosphere
a secondary pollutant is nitrogen dioxide (NO2), which is formed when nitrogen oxide (NO) combines with 
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Industrial activities contribute to atmospheric pollution either directly or 
through background concentrations. The effects of industrial air pollution are 
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American Thoracic Society and International Study of 
Asthma and Allergies in Childhood were used to determine respiratory symptoms, 

Results: Statistical analyses show 
llutants in schools with respiratory symptoms; 

2.5 with cough (PR=2.44, 95% 
4.49), phlegm (PR=2.53, 95% 

5.66), and wheezing (PR=4.22, 95% CI=1.35-13.21), NO2 with cough 
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were also significant associations between air pollutants in residences with respiratory 
with cough (PR=3.04, 95% CI=1.41-6.53), PM2.5 with cough 

4.86), and phlegm (PR=3.60, 95% CI=1.26-10.30). 
This study concludes that exposure to higher concentration of air 

pollutants increases the risk of respiratory symptoms, which may induce inflammatory 
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Air pollution is a significant health problem in Malaysia. We experience haze almost every year and air 
pollution problem when we live in urban areas or near industrial areas. With wind speed, outdoor air pollutants 
could move over long distances to the surrounding areas. These pollutants then infiltrate indoors, thus causing 

. It is a concern that the school 
living near an industrial area is having continuous exposure to industrial air pollutants. Therefore, this 

concern has initiated a study to be conducted among community living nearby an industrial area to know how 
uld affect the respiratory health among the children. 

Air pollutants come from various sources and they can be divided into several categories: particulate matter 
. Two common groups of particulate matter include 
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is formed when sulphur or compounds that contain sulphur are burned 
in air. According to the Environmental Protection Agency, a primary pollutant is an air pollutant that is emitted 
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utants react in the atmosphere. An example of 

xide (NO) combines with 
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 Diseases of the respiratory system ranked the second (12.41%) among the top ten principal causes of 
hospitalization in both government and private hospitals in Malaysia, the second (21.70%) among the top ten 
principal causes of mortality in both government and private hospitals in Malaysia. The associations between 
PM10, PM2.5, SO2 and NO2 concentrations, with respiratory symptoms among primary school children who live 
near an industrial area were analyzed by several researchers in Malaysia [5,6]. They have proven that PM10, 
PM2.5, SO2 and NO2 concentrations may increase risk of getting respiratory symptoms.  
 Air quality is an important health matter because human could only survive a few minutes without air. 
Thus, inhaling polluted air can cause inimical acute or chronic health effects. These air pollutants could affect 
the lungs and respiratory system, aside from being taken up by the blood and pumped all around the body. At 
first, exposure to the air pollutants may initially cause throat irritation and breathing difficulty. Later on, they 
can worsen health problems especially for populations at a higher risk such as children. Some of these 
populations are people who live near an industrial area, who are also highly exposed to air pollution due to the 
economic growth and urbanization that is going around the area. Moreover, there are also road transportation 
vehicles such as diesel-powered trucks, which contribute to the air pollution in the ambient air near an industrial 
area. 
 

MATERIALS AND METHODS 
 
Study design and location: 
 This was a cross-sectional comparative study which data collection was conducted from November 2014 to 
June 2015. Among the eight districts in Terengganu state, only Kemaman district was chosen as the study 
location. By having one district, this minimizes the differences in sociodemographic and controls homogeneity 
among the study respondents. Kemaman’s economy is primarily based on oil, gas, and steel industries aside from 
farming and fishing. 
 
Study sample: 
 The study sample included Standard 5 students whose age is between 10 to 11 years old in 2015. Primary 
schools, which are located near the exposed area (less than 5 km from the closest boundary of an industrial site) 
and in comparative area (more than 5 km from the closest boundary of an industrial site with less traffic) of 
Kemaman were selected based on the list obtained from the Ministry of Education, Malaysia. The selection of 
primary schools was based on their distances from the point source, which was believed to contribute in emission 
of industrial air pollutants. Those who fulfilled the inclusion criteria were recruited through simple random 
sampling. 
 
Questionnaire: 
 Standardised questionnaires from International Study of Asthma and Allergies in Childhood (ISAAC) and 
American Thoracic Society (ATS) were adapted and developed.  Since the target respondents were children, the 
questionnaires were filled in by their parents or guardians. The questionnaires were translated from English to 
Malay Language to ease some parents who lack literacy skills in English. From the ATS questionnaire, two kinds 
of information were available about the respondents. The first part gave information on sociodemographic 
background of the respondents, while the second part gave information on home and school environment, apart 
from the respondents’ respiratory health. On the other hand, the ISAAC questionnaire gave information about the 
prevalence of respiratory symptoms among the respondents, whether they had recurring respiratory symptoms or 
not.  
 
Monitoring of PM10, PM2.5, SO2 and NO2: 
 To minimise other sources that could contribute to the detection of these indoor air pollutions, all of these 
instruments were placed out of the way from sources that generate heat, schoolchildren, also windows and doors. 
Measurements of PM10 and PM2.5 in buildings of schools were taken by using DustTrak DRX Aerosol Monitor 
8534. The equipment applied light-scattering principle with a laser diode sensor and a single probe, it is specific 
to measure only particulate matters simultaneously, which include PM1, PM2.5 and PM10. For the buildings in 
schools, classrooms were chosen as the air sampling location. The data were collected in real-time in each sample 
location for 5 hours during the school session. 
 SO2 and NO2 were measured by using LaMotte Air Sampling Pump. The measurements at schools were 
conducted for 4 hours, whereas the measurements at residences were conducted for 1 hour. The concentrations of 
the gases were determined after the air was absorbed into the absorption solution through an impinger in a 
bubbler tube at a flow rate of 1.7L/min for each gas. The absorbing solution was chemically selective for the 
gaseous pollutants tested, which was then treated with special reagents from the manufacturing company, 
LaMotte. Colorimetric principal was applied, whereby the color reaction that was formed was measured with an 
octet visual comparator to match the color of the test sample to color standards of known value.  
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 Meanwhile, the measurements of PM10 and PM2.5 in residences were taken by using Gilian 5000 personal air 
sampling pump. Its sensitivity of detection is up to 5 Lpm. It was placed for 24 hours in the location that the 
respondents mostly spent time at when at homes such as bedrooms and living rooms. The instrument consists of a 
portable air sampling pump, a filter membrane cassette and a cyclone. The cyclone functions as size-selective 
samplers, which imitates respiratory system to define particulate matters. Different filter papers were used to trap 
PM10 and PM2.5 according to their sizes. PM10 was trapped on Poly Vinyl Chloride (PVC) filter papers, while 
PM2.5 was trapped on Mixed Cellulose Ester (MCE) filter papers. The procedures followed NIOSH Manual of 
Analytical Methods [7]. 
 
Statistical Analyses: 
 Data collected were analyzed using Statistical Package for Social Science Version 21. Descriptive analyses 
were done for sociodemographic and socioeconomic distribution, prevalence of respiratory symptoms and 
exposure to air pollutant sources in schools and residences. Associations between air pollutants sources and 
reported respiratory symptoms among study respondents were tested by Chi-Square test or Fisher’s Exact test. 
 
Ethical Concern: 
 The study was presented to ethical committee from Universiti Putra Malaysia prior to approval. The 
respondents were asked to participate in the study on a voluntary basis with permission from parents or 
guardians. 
 
Results: 
Response Rate: 
 With 341 questionnaires returned, 137 respondents (40%) were excluded for various reasons which were; no 
consent by parents or guardians to participate, had history of respiratory illnesses. A total of 204 respondents 
(60%) from 341 respondents proceeded with exposure monitoring in schools, but only 162 residences (79%) 
participated in exposure monitoring in residences.  
 
Sociodemographic Background: 
 Out of the 341 respondents, 90 boys (47.9%) and 98 girls (52.1%) were from exposed area, whereas there 
were 80 boys (52.3%) and 73 girls (47.7%) from comparative area. There were 48 boys (47.1%) and 54 girls 
(52.9%) from exposed area participated in the study further by undergoing exposure monitoring in schools. As for 
the comparative area, there were 54 boys (52.9%) and 48 girls (47.1%) participated for the same procedure. 
Nonetheless, there were only 39 boys (48.1%) and 42 girls (51.9%) from exposed area, 43 boys (53.1%) and 38 
girls (46.9%) from comparative area who had exposure monitoring in their residences.  
 Most parents completed their secondary education as revealed by the highest percentage in all categories 
listed with 114 fathers (60.6%) among exposed group, 92 fathers (60.1%) among comparative group, 123 
mothers (65.4%) among exposed group, and 91 mothers (59.5%) among comparative group. Chi-Square test was 
performed to evaluate whether the difference in parents’ education level has a relationship with the respondents. 
It is shown that there was no significant difference in parents’ education level for both groups at p<0.05. 
 
Background of Respondents’ Residences: 
 In the comparison of exposure to indoor pollutant sources in residences from the questionnaires, Chi-Square 
test was performed to evaluate whether the difference in indoor pollutant sources in residences has a relationship 
with the respondents. According to the analysis results, it is observed that there was no significant difference 
between the two groups at p<0.05 in the presence of the following; indoor painting within the past 12 months, 
furry pets, mold stain on walls/ceilings, indoor smoking, indoor cooling system, mosquito coils, and carpet usage. 
Dissimilarly, there was a significant difference at p=0.008, p<0.05 in cooking activity whereby 118 respondents 
(62.8%) from exposed group and 74 respondents (48.4%) from comparative group had high cooking activity.  
 
Reported Respiratory Symptoms: 
 Respiratory symptoms in this study were reported by parents or guardians using the questionnaires adapted 
from ATS and ISAAC. Table 1 shows the reported respiratory symptoms from 341 returned questionnaires and it 
was found that the prevalence of reported respiratory symptoms were higher among the exposed group for each 
symptom compared to the comparative group.  
 Chi-Square test was performed to evaluate whether the difference in cough, phlegm, and wheezing has a 
relationship with the respondents. It is shown that there was a significant difference in reported cough for both 
groups at p=0.035, p<0.05 between the two groups, PR=1.71 (95% CI=1.04-2.83). It is shown that there was a 
significant difference in reported phlegm for both groups at p=0.029, p<0.05 between the two groups, PR=2.13 
(95% CI=1.07-4.23). It is shown that there was a significant difference in reported wheezing for both groups at 
p=0.041, p<0.05 between the two groups, PR=2.19 (95% CI=1.02-4.72). Fisher’s Exact test was performed to 
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evaluate whether the difference in chest tightness has a relationship with the respondents. It is shown that there 
was no significant difference in chest tightness for both groups at p<0.05. 
  
Table 1: Comparison of Respiratory Symptoms. 

Variables 
Exposed (N=188) Comparative (N=153) 

χ
2 p PR 95% CI 

Number (%) 
Cough 

Yes 57 (30.3) 31 (20.3) 
4.457 0.035* 1.71 1.04-2.83 

No 131 (69.7) 122 (79.7) 
Phlegm 

Yes 31 (16.5) 13 (8.5) 
4.795 0.029* 2.13 1.07-4.23 

No 157 (83.5) 140 (91.5) 
Wheezing 

Yes 25 (13.3) 10 (6.5) 
4.188 0.041* 2.19 1.02-4.72 

No 163 (86.7) 143 (93.5) 
Chest Tightness** 

Yes 8 (4.3) 3 (2.0) 
- 0.357 2.22 0.58-8.53 

No 180 (95.7) 150 (98.0) 
*Significant at p<0.05 
**Fisher’s Exact Test for value <5 
 
Concentrations of PM10, PM2.5, SO2 and NO2: 
 The results for monitoring in schools are tabulated in Table 2 and it was found that the concentrations of air 
pollutants were higher among the exposed group for each pollutant compared to the comparative group. The data 
were not normally distributed, thus the results were compared using Mann-Whitney U test.  
 
Table 2: Concentration of Air Pollutants inside Children’s Classrooms 

Variables 
Exposed (N=102) Comparative (N=102) 

z p 
Median (IQR) 

PM10 (µg/m3) 116.00 (39.0) 
53.00 
(24.0) 

-11.333 <0.001* 

PM2.5 (µg/m3) 94.00 (39.0) 
48.00 
(22.0) 

-11.762 <0.001* 

SO2 
(ppm) 

0.127 (0.040) 
0.047 

(0.049) 
-12.360 <0.001* 

NO2 (ppm) 0.117 (0.029) 
0.035 

(0.070) 
-12.425 <0.001* 

*Significant at p<0.001 
  
 The distribution of median concentration of all air pollutants studied in classrooms was significantly different 
for both groups at p<0.001. The concentration of PM10 ranged between 82.0 to 163.0 µg/m3 for exposed group, 
and 39.0 to 90.0 µg/m3 for comparative group. The concentration of PM2.5 ranged between 76.0 to 129.0 µg/m3 
for exposed group, and 35.0 to 81.0 µg/m3 for comparative group. The concentration of SO2 ranged between 
0.063 to 0.080 ppm for exposed group, and 0.000 to 0.032 ppm for comparative group. The concentration of NO2 
ranged between 0.031 to 0.078 ppm for exposed group, and 0.000 to 0.031 ppm for comparative group. 
 Exposure monitoring of air pollutants inside children’s residences was done using special equipment outside 
school session. The data were not normally distributed, thus the results were compared using Mann-Whitney U 
test. The results are tabulated in Table 3 and it was found that the concentrations of air pollutants were higher 
among the exposed group for each pollutant compared to the comparative group.  
 
Table 3: Concentration of Air Pollutants inside Children’s Residences. 

Variables 
Exposed (N=102) Comparative (N=102) 

z p 
Median (IQR) 

PM10 (µg/m3) 96.00 (55.0) 
63.00 
(25.0) 

-7.097 <0.001* 

PM2.5 (µg/m3) 74.00 (41.0) 
56.00 
(17.0) 

-6.080 <0.001* 

SO2 
(ppm) 

0.063 (0.032) 
0.016 

(0.032) 
-10.387 <0.001* 

NO2 (ppm) 0.088 (0.022) 
0.031 

(0.031) 
-10.404 <0.001* 

*Significant at p<0.001 
 
 The distribution of median concentration of all air pollutants studied in classrooms was significantly different 
for both groups at p<0.001. The concentration ranged of PM10 between 42.0 to 180.0 µg/m3 for exposed group, 
and 34.0 to 170.0 µg/m3for comparative group. The concentration of PM2.5 ranged between 31.0 to 180.0 µg/m3 
for exposed group, and 27.0 to 121.0 µg/m3 for comparative group. The concentration of SO2 ranged between 
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0.000 to 0.080 ppm for exposed group, and 0.000 to 0.048 ppm for comparative group. The concentration of NO2 
ranged between 0.000 to 0.100 ppm for exposed group, and 0.000 to 0.078 ppm for comparative group.  
 
Proximity of Residences to Outdoor Air Pollutants Sources: 
 Distances of residences from main roads, industries and power plants also play a role in this study to ensure 
the exposure of each area is as determined by the distinction of the two areas. The data were normally distributed. 
Even though the selection of respondents was based on location of schools whether in industrial or non-
industrial area, it is difficult to control the location of their residences. Despite certain respondents attended a 
school near an industrial site, they did not live near an industrial site. In a different manner, certain respondents 
lived near an industrial site, but they did not attend a school near an industrial site.  
 Table 4 tabulates the concentrations of air pollutants inside children’s residences according to the proximity 
to outdoor air pollutants sources, and the number of respondents involved. When comparing between PM10 
concentrations in residences between the two groups for each category of distances, residences in exposed group 
show higher concentration of PM10 than the residences in comparative group. The concentration of PM10 was 
higher among the residences in the closest proximity to main roads and power plants. In contrast, the 
concentration of PM10 was lower among the residences in the closest proximity to main industries.  
 When comparing between PM2.5 concentrations in residences between the two groups for each category of 
distances, residences in exposed group show higher concentration of PM2.5 than the residences in comparative 
group. PM2.5 concentration in residences from comparative group were decreasing as distance of residences from 
main roads increases, but this is not the case with residences in exposed group as the residences more than 1000 
m from main roads recorded the highest concentration. When comparing between SO2 concentrations in 
residences between the two groups for each category of distances, residences in exposed group show higher 
concentration of SO2 than the residences in comparative group. Nonetheless, concentrations of SO2 in residences 
were not in decreasing order as the distance from main roads increases. When comparing between NO2 
concentrations in residences between the two groups for each category of distances, residences in exposed group 
show higher concentration of NO2 than the residences in comparative group. Nevertheless, concentrations of NO2 
in residences were not in decreasing order as the distance from main roads increases. 
 
Table 4: Proximity of Residences to Outdoor Air Pollutants Sources and Concentrations of Air Pollutants inside Residences. 

Variables 

Exposed (N=81) Comparative (N=81) 
Mean (SD) 

Number 
(%) 

Mean (SD) 
Number 

(%) PM10 

(µg/m3) 
PM2.5 

(µg/m3) 
SO2 

(ppm) 
NO2 

(ppm) 
PM10 

(µg/m3) 
PM2.5 

(µg/m3) 
SO2 

(ppm) 
NO2 

(ppm) 
Distance from Main Roads 

< 100 m 
114.57 
(50.67) 

83.57 
(42.89) 

0.064 
(0.034) 

0.077 
(0.035) 

7 
(8.6) 

97.50 
(31.82) 

75.00 
(35.36) 

- - 
2 

(2.5) 

100 – 500 m 
96.64 

(36.57) 
69.07 

(28.97) 
0.066 

(0.020) 
0.084 

(0.023) 
28 

(34.6) 
74.80 

(27.44) 
61.10 

(21.55) 
0.014 

(0.014) 
0.015 

(0.015) 
10 (12.3) 

501 – 1000 m 
103.25 
(36.71) 

78.82 
(24.85) 

0.065 
(0.018) 

0.084 
(0.013) 

28 
(34.6) 

63.51 
(13.76) 

55.06 
(11.69) 

0.021 
(0.015) 

0.024 
(0.019) 

35 (43.2) 

> 1000 m 
100.83 
(25.86) 

87.56 
(32.29) 

0.073 
(0.022) 

0.089 
(0.023) 

18 
(22.2) 

62.09 
(11.31) 

54.26 
(9.11) 

0.015 
(0.015) 

0.016 
(0.015) 

34 (42.0) 

Distance from Industries 

< 5 km 
97.61 

(32.03) 
78.41 

(28.72) 
0.073 

(0.019) 
0.090 

(0.018) 
54 

(66.7) 
- - - - 

0 
(0.0) 

5.1 – 10 km 
109.00 
(41.37) 

76.59 
(33.09) 

0.056 
(0.021) 

0.075 
(0.023) 

27 
(33.3) 

62.09 
(16.77) 

54.35 
(13.93) 

0.027 
(0.009) 

0.030 
(0.012) 

54 (66.7) 

> 10 km - - - - 
0 

(0.0) 
71.26 

(14.50) 
59.19 

(11.15) 
- - 27 (33.3) 

Distance from Power Plants 

5.1 – 10 km 
125.58 
(43.98) 

72.67 
(39.32) 

0.074 
(0.017) 

0.091 
(0.005) 

12 
(14.8) 

- - - - 
0 

(0.0) 

> 10 km 
97.20 

(32.47) 
78.70 

(28.39) 
0.066 

(0.021) 
0.084 

(0.023) 
69 

(85.2) 
65.15 

(16.54) 
55.96 

(13.20) 
0.018 

(0.015) 
0.020 

(0.017) 
81 (100.0) 

 
Association between Concentration of Air Pollutants and Prevalence of Reported Respiratory Symptoms: 
 Chi-Square and Fisher’s Exact test were performed to evaluate whether the differences in respiratory 
symptoms have a relationship with air pollutants concentration in schools and residences. By using median, 
PM10 concentrations in schools were categorized into high for 84 µg/m3 and above, and low for less than 84 
µg/m3. It is shown that there was no significant difference in reported respiratory symptoms for PM10 in schools 
at p<0.05 except for cough at p=0.030, PR=2.05 (95% CI=1.07-3.93). By using median, PM2.5 concentrations in 
schools were categorized into high for 81 µg/m3 and above, and low for less than 81 µg/m3. It is shown that 
there was no significant difference in reported respiratory symptoms for PM2.5 in schools at p<0.05 except for 
cough at p=0.008, PR=2.44 (95% CI=1.25-4.76). By using median, SO2 concentrations in schools were 
categorized into high for 0.048 ppm and above, and low for less than 0.048 ppm. There were significant 
differences in reported respiratory symptoms for SO2 in schools at p<0.05 except chest tightness. Reported 
cough was significantly different at p=0.010, PR=2.33 (95% CI=1.21-4.49). Reported phlegm was significantly 
different at p=0.021, PR=2.53 (95% CI=1.13-5.66). Reported wheezing was significantly different at p=0.014, 
PR=4.22 (95% CI=1.35-13.21). By using median, NO2 concentrations in schools were categorized into high for 
0.031 ppm and above, and low for less than 0.031 ppm. There was a significant difference in reported cough 
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with NO2 in schools at p=0.002, PR=3.14 (95% CI=1.48-6.72). Also, reported wheezing was significantly 
different with NO2 in schools at p=0.049, PR=3.40 (95% CI=0.96-12.08). There was no significant difference in 
reported phlegm and chest tightness with NO2 in schools at p<0.05. 
 By using median, PM10 concentrations in residences were categorized into high for 73 µg/m3 and above, 
and low for less than 73 µg/m3. It is shown that there was no significant difference in reported respiratory 
symptoms for PM10 in residences at p<0.05 except for cough at p=0.004, PR=3.04 (95% CI=1.41-6.53). By 
using median, PM2.5 concentrations in residences were categorized into high for 60 µg/m3 and above, and low 
for less than 60 µg/m3. There was a significant difference in reported cough with PM2.5 in residences at p=0.028, 
PR=2.29 (95% CI=1.08-4.86). Also, reported phlegm was significantly different with PM2.5 in schools at 
p=0.012, PR=3.60 (95% CI=1.26-10.30). There was no significant difference in reported wheezing and chest 
tightness with PM2.5 in residences at p<0.05. By using median, SO2 concentrations in residences were 
categorized into high for 0.032 ppm and above, and low for less than 0.032 ppm. It is reported that there was no 
significant difference in reported respiratory symptoms for SO2 in residences at p<0.05. By using median, NO2 
concentrations in residences were categorized into high for 0.031 ppm and above, and low for less than 0.031 
ppm. It is reported that there was no significant difference in reported respiratory symptoms for NO2 in 
residences at p<0.05. 
 
Discussions: 
Response Rate: 
 Even though only 204 respondents from 341 respondents (59.8%) were included in exposure monitoring in 
schools, the sample size is sufficient because the required sample size was 188 respondents from both areas. As 
for the residences, only 162 residences from 204 residences (79.4%) were successfully recruited in exposure 
monitoring in residences. Despite that, the sample size is sufficient because the required sample size was 14 
residences from both areas. The failure to g et all 204 residences indicates that certain parents or guardians did 
not like the idea of outsiders visiting their houses and take measurements of air pollutants around the house 
environment, although they are concern about the health issues being raised in their community. Among the 
respondents who were included in returned questionnaires, the gender distribution in both areas is of almost equal 
frequency with more participants regardless of any gender from the exposed area (188 respondents) compared to 
the comparative area (153 respondents). The more returned questionnaires from the exposed area were due to 
higher population of students in the schools in exposed area as compared to the schools in comparative area.  
 
Sociodemographic Background: 
 The selection of school children was not representative of the school children distribution in Malaysia 
because only Malays were included in the study. This was due to the national primary schools in both areas have 
either a large majority or a total population of only Malay school children. Furthermore, no differences in age 
between the two areas as the respondents were 11 years old according to year. This was unintentional because the 
study was originally proposed to be conducted among 11 and 12 years old children. This specific age may 
introduce selection bias in the study, specifically called self-selection bias, which is related to non-agreement to 
participate in the study on exposure because 12-year-old children were not allowed to join the study. Therefore, 
the study was only representative of Standard 5 children in both areas. 
 Education level of parents is important to understand the questions asked in the questionnaires. In term of 
parents’ education level, there was no significant difference among fathers (χ2=1.926, p=0.382) and mothers 
(χ2=4.225, p=0.121) in both groups. It is observed that more than half of parents from both groups completed 
secondary education.  
 
Background of Respondents’ Residences: 
 There are many confounding factors, which could contribute to indoor pollutants collected in residences. 
According to the analysis results, it is observed that there was no significant difference between the two groups in 
the presence of the following; indoor painting within the past 12 months, furry pets, mold stain on walls/ceilings, 
indoor smoking, indoor cooling system, mosquito coils, and carpet usage. Dissimilarly, there was a significant 
difference between exposed and comparative group in cooking activity.  
 From 341 returned questionnaires, cooking activity was classified as high for a frequency of 3 times or more 
per day, while for a frequency of less than 3 times per day, it was classified as low. It is observed than majority of 
residences in exposed group (62.8%) had high cooking activity, whereas 51.6% of residences in comparative 
group had high cooking activity (χ2=7.109, p=0.008). With higher frequency of cooking activity occurring in a 
residence, this means more usage of gas stoves because a total of 335 residences in both groups (98.2%) used gas 
stoves as cooking fuels. Despite the fact that 122 parents (35.8%) claimed to clean their residences once a day, the 
houses still easily get dusty. Air is constantly entering and escaping the spaces in residences through holes in 
windows and other things. It is known that residences closer to main roads may accumulate more dusts from the 
roads. However, it is less known that residences further away from main roads may also accumulate dusts when 
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the air that left the residences is imbibed into the residences via a minor vacuum caused by warm air in the 
residences. 
 
Reported Respiratory Symptoms: 
 Based on the reports on respiratory symptoms from 341 returned questionnaires, respiratory symptoms most 
experienced by the school children were cough, phlegm and wheezing. When comparing between the two areas, 
significant differences were found between cough, phlegm and wheezing. Children in exposed group with higher 
level of air pollutants are more likely to develop respiratory symptoms than those children in comparative group. 
These findings are in line with a few epidemiological studies, which have shown a higher prevalence of 
respiratory symptoms among children in highly exposed communities [13]. 
 A cross-sectional study by Kukec  et al., [13] was performed among 3580 primary school children aged 6 to 
11 years old in municipalities located in Zasavje, Slovenia. They did not measure concentrations of air pollutants 
in the study area because of problems with environmental measurements in Zasavje. Instead, they combined 
estimates in 3-level ordinal scale as assessed by parents or guardians, and estimate of a local non-government 
organization. Their results show that the burden in respiratory symptoms was significantly higher in children 
living in more polluted areas in comparison to those living in less polluted areas in Zasavje. 
 Rava  et al., [19] conducted a cross-sectional study in Italy among 4130 children and adolescents aged 3 to 
14 years old who were residents and enrolled in schools in Viadana district. They did not assess concentrations of 
air pollutants in the study area, but they created proxies to measure the individual exposure to point sources of air 
pollution. From the proxies and reported respiratory symptoms based on returned questionnaires, they confirmed 
the higher trend of respiratory symptoms among respondents who lived and attended schools in closer distance to 
the point sources of exposure. 
 In a study done by Rovira  et al., in Spain, they found results which contradict with the findings in this study. 
They could not detect whether their respondents who were primary and secondary school students who lived and 
attended schools near the industrial facilities had a higher prevalence of respiratory symptoms than the children 
and adolescents in the control area. The failure to detect differences in respiratory effects may be due to the study 
design which defined exposure based on idea that all residents in a particular determined are equally affected 
without accurately measuring individual exposure.  
 
Concentration of PM10, PM2.5, SO2 and NO2: 
 Measurements on the target air pollutants were conducted in classrooms and residences to identify the 
magnitude of exposure to the school children. As determined by the median, exposed group’s exposures to PM10 

in classrooms (116.00±39.0) μg/m3 was 2.2 times higher than comparative group’s exposures in classrooms 
(53.00±24.0) µg/m3 with a significant difference. Moreover, exposed group’s exposures to PM10 in residences 
(96.00±55.0) µg/m3 were 1.5 times higher than comparative group’s exposures in residences (63.00±25.0) µg/m3 

with a significant difference. Nevertheless, they are still under threshold limit by Recommended Malaysian Air 
Quality Guidelines (RMAQG) for 24-hours at 150 μg/m3. Other than that, exposed group’s exposures to PM2.5 

in classrooms (94.00±39.0) µg/m3 were 2 times higher than comparative group’s exposures in classrooms 
(48.00±22.0) µg/m3 with a significant difference. Moreover, exposed group’s exposures to PM2.5 in residences 
(74.00±41.0) µg/m3 was 1.3 time higher than comparative group’s exposures in residences (56.00±17.0) µg/m3 

with a significant difference. Not only that, the concentration of PM2.5 in classrooms and residences in both areas 
had exceeded the permissiblelimitofaninternational standard set by the US Environmental Protection Agency 
(USEPA) for 24-hours at 35 μg/m3.  
 As determined by the median, exposed group’s exposures to SO2 in classrooms (0.127±0.040) ppmwas 2.7 
times higher than comparative group’s exposures in classrooms (0.047±0.049) ppmwith a significant difference. 
Moreover, exposed group’s exposures to SO2in residences (0.063±0.032) ppmwere 3.9 times higher than 
comparative group’s exposures in residences (0.016±0.032) ppmwith a significant difference. Nonetheless, they 
are still under threshold limit by RMAQG for 1-hour at 0.13 ppm. Other than that, exposed group’s exposures to 
NO2 in classrooms (0.117±0.029) ppmwere 3.3 times higher than comparative group’s exposures in classrooms 
(0.035±0.070) ppmwith a significant difference. Moreover, exposed group’s exposures to NO2 in residences 
(0.088±0.022) ppmwere 2.8 times higher than comparative group’s exposures in residences (0.031±0.031) 
ppmwith a significant difference. However, the concentration of NO2 in classrooms and residences in both areas 
had not exceeded the permissiblelimitofaninternational standard set by RMAQG for 1-hour at 0.17 ppm. 
 
Proximity of Residences to Outdoor Air Pollutants Sources: 
 As shown in Table 4, the concentration of air pollutants inside children’s residences according to the 
proximity to outdoor air pollutants sources were not in the orders they were perceived to be. It was hypothesized 
that the concentration of air pollutants decreases as the distance of residences from outdoor sources increases. The 
randomness in the concentrations of air pollutants despite the residences’ proximity to outdoor sources could be 
rooted to several factors. One of them is the installation of air-conditioners and air purifiers in certain residences. 
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Some parents are aware of the dusty environment they are living in, so they have taken an effort to reduce the 
movement of dirty outdoor air from entering their private residential spaces. Moreover, some mothers whom we 
interviewed claimed to do housekeeping very frequently in a day as their residences collect dust easily. 
 High concentration of air pollutants in classrooms and residences may be caused by a few outdoor and 
indoor sources. Particulate matters are emitted from transportations, industrial activities, and natural sources 
[11]. SO2 and NO2 are emitted from industrial activities or inadequately vented gas appliances and automobile 
exhaust from attached garages [20]. Distances of schools and residences from main roads and industrial 
facilities play a role in determining concentration of air pollutants. Motor vehicles release particulate matters 
either from burning of fuels or from wear of tyres on roads [11]. Development of industrial activities in exposed 
area propels development of road networks, thus increasing the number of vehicles and their frequencies to 
travel on roads. The involved schools were purposely selected among those which are located more than 1 km 
away from main roads. However, it is difficult to select residences in this manner because while some of the 
respondents reside nearby their schools, some reside further away from their schools. It is observed that most 
respondents in exposed area and some respondents in comparative area reside in close proximity to main roads. 
Therefore, air pollutants from traffic emissions may easily penetrate indoors via windows and doors because 
majority of respondents from 341 of them in both groups (71.8%) use only fan with open ventilation system to 
cool their residences. 
 In term of distance from industries, which is a crucial factor in this study, schools located within 5 km 
radius from industrial facilities were chosen to be among exposed group, whereas schools located greater than 5 
km radius from industrial facilities were chosen to be among comparative group. Air pollutants from industries 
and power plants work in the same manner as the pollutants from traffic emissions as they may easily penetrate 
indoors via windows, doors, and any holes in the buildings. Furthermore, these stationary sources are also 
localised sources of air pollutants. Hence, this study was performed to assess whether residents nearby these 
industries and power plants have more exposure and health effects as a result. 
 Cooking activity is also found to be significantly contributed to the concentration of air pollutants in 
residences. 265 mothers (77.7%) from both exposed and comparative groups are housewives or self-employed, 
which means they spend most of their times at homes. It is a norm in Malay culture that mothers cook for the 
whole family. Based on the information from questionnaires, cooking activity was done mostly thrice a day 
(morning, afternoon, evening). Cooking was done in the kitchen; some residences had kitchens connected to 
their living rooms, while some other residences had kitchens separated from their living rooms. They mostly 
used gas stoves to cook as revealed from questionnaires for 335 respondents (98.2%) from both exposed and 
comparative groups, and a small minority used electric cooker. Gas stoves release NO2 and CO, which can lead 
to poor indoor air quality when used without an exhaust hood [13]. If the air pollutants are not removed, they 
may get trapped indoors. Moreover, cooking activities such as frying and roasting emit particulate matter in the 
residences, which are affected by fuel types, ventilation equipment, and ingredients (Zhang  et al., 2010). 
Belanger  et al. conducted a study in United States of America among asthmatic children and they found that the 
children’s indoor exposure to NO2 in their residences had significant health effects to them. They claimed that 
gas appliances such as gas stoves are included as indoor sources of NO2 in residences. For residences without 
indoor sources of NO2, NO2 could only be released from outside the residences. 
 Findings from this study are in accordance with a local study by Jalaludin  et al., whom carried out 
measurements of PM10, PM2.5 and NO2 in classrooms in primary schools in Malaysia to compare exposure 
between urban and rural areas. They used similar methodology to measure particulate matters, which were by 
using an instrument that applies light-scattering principle. Meanwhile, NO2 was measured by equipment that 
applies absorption method, followed by reading absorbance wavelength. Their study shows that the mean 
concentration of PM10 in classrooms of urban group (87.04±16.35) µg/m3 was 1.5 times higher than the mean 
concentration of PM10 in classrooms of rural group (56.76±6.70) µg/m3. Besides that, PM2.5 in classrooms of 
urban group (50.72±10.65) µg/m3 was 1.8 times higher than the mean concentration of PM2.5 in classrooms of 
rural group (28.36±4.41) µg/m3. Moreover, NO2 in classrooms of urban group (0.121±0.038) ppm was 3.8 times 
higher than the mean concentration of PM10 in classrooms of rural group (0.032±0.006) µg/m3. 
  
Association between Concentration of Air Pollutants and Prevalence of Reported Respiratory Symptoms: 
 There were significant associations between schools’ PM10 with cough (PR=2.05, 95% CI=1.07-3.93), and 
residences’ PM10 with cough (PR=3.04, 95% CI=1.41-6.53), which was consistent with a local study by 
Kamaruddin  et al., who found preschool children exposed to higher concentration PM10 were 5 times more 
likely to get cough (PR=5.25, 95% CI= 1.12-24.6). There was no significant association between schools’ PM10 
and residences’ PM10 with phlegm, wheezing and chest tightness at p<0.05. Besides that, there were significant 
associations between schools’ PM2.5 with cough (PR=2.44, 95% CI=1.25-4.76), and residences’ PM2.5 with 
cough (PR=2.29, 95% CI=1.08-4.86), which was as reported by Habre  et al., (2014) who found asthmatic 
children exposed to higher concentration of PM2.5 were 1.2 times more likely to get cough (PR=1.24, 95% 
CI=0.92-1.68). There was also a significant association between residences’ PM2.5 with phlegm (PR=3.60, 95% 
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CI=1.26-10.30), which was in agreement with Ranzi  et al., who found school children in urban-industrial area 
who were exposed to higher concentration of PM2.5 were 1 time more likely to get phlegm (RR=1.0044, 95% 
CI=1.0011-1.0077). 
 Other than that, there were significant associations between schools’ SO2 with cough (PR=2.33, 95% 
CI=1.21-4.49), phlegm (PR=2.53, 95% CI=1.13-5.66), and wheezing (PR=4.22, 95% CI=1.35-13.21). These 
findings are in consonance with Bentayeb  et al., (2010) who found French elderly exposed to higher 
concentration of SO2 were 1.6 times more likely to develop cough (OR=1.55, 95% CI=1.16-2.08), and 1.5 times 
more likely to develop phlegm (OR=1.45, 95% CI=1.04-2.01). There was no significant association between 
schools’ SO2 with chest tightness, also between residences’ SO2 all respiratory symptoms studied at p<0.05. In 
addition, there were significant associations between schools’ NO2 with cough (PR=3.14, 95% CI=1.48-6.72), 
and wheezing (PR=3.40, 95% CI=0.96-12.08). These findings are conforming to a local study by Ayuni  et al., 
(2014) who found primary school children in industrial area who were exposed to higher concentration of NO2 
were 3 times more likely to get cough (PR=2.93, 95% CI=1.02-8.45), howbeit Ayuni  et al., did not get a 
significant association between schools’ NO2 with wheezing.  
 On the whole, there are certain limitations in this study. Some parents or guardians might not recall 
correctly certain history of exposure occurring to their children, thus this situation introduces information bias. 
There is also selection bias in this study because a large crowd of the original respondents whom were to sit for 
a national-level primary school final examination were not allowed by Ministry of Education to participate. 
Besides that, this study cannot be generalized to a primary school population because it only involved Malay 
school children, despite there are a few other main ethnicities in Malaysia. 
  
Conclusion And Recommendations: 
 The results strongly suggest that school children in exposed area of Kemaman were exposed to a higher 
concentration of air pollutants (PM10, PM2.5, NO2 and SO2), which were likely contributed to persistence of 
respiratory symptoms. If this continues for a longer period of time, respiratory health of the children are impaired, 
which may be recognized by measuring biomarkers collected from the children’s biological samples. The 
locations of schools and residences from both mobile and stationary outdoor sources of air pollution have 
impacted the measured concentration of air pollutants studied. Moreover, cooking activity in residences may have 
contributed as indoor source of air pollution at homes. As a recommendation, schools management should 
implement and enforce housekeeping program such that the ventilation in the classrooms is well-maintained and 
cleaned regularly (before and after school session), so that the air pollutants do not accumulate on ventilation 
systems. Furthermore, Kemaman Municipal Council may build electronic information boards near industrial area 
which display Air Pollution Index (API) to inform the communities especially those who might be computer 
illiterate. Moreover, parents and guardians should clean their houses regularly, and it is advisable to be done 
without the presence of children at homes. To reduce air pollutants from cooking activity, parents and guardians 
should open windows and doors so that more escape routes are available for the air pollutants. If there are enough 
budgets, install air-conditioners in homes to reduce dispersion of air pollutants from outside and exhaust hood for 
gas stoves. Additionally, further research could be performed on larger human samples with various age range 
and ethnicities with addition on biomarkers analysis.  
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