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 In troduction:  Petrochemical industry is one example of stationary sources in Malaysia 
that contributes to the increment of indoor air quality such as PM10, NO2, SO2 and 
VOCs that give effects on the lung function and respiratory health symptoms especially 
to the highly vulnerable group of primary school children who live nearby a 
petrochemical area. The comparison of indoor concentration was measured at both 
school and at the respondents’ homes. Objective: To study the association between the 
indoor air exposures (PM10, NO2, SO2 and VOCs) on the lung function among the 
primary school children living nearby the petrochemical industry area. Methodology: 
A cross-sectional comparative study was carried out among 60 primary school children 
from Kertih as the study group and 60 primary school children in Chukai as 
comparative group. A stratified random sampling was carried out based on the inclusion 
and exclusion criteria of the study. Questionnaire was adapted from the American 
Thoracic Society and used to obtain the background information, history of exposure 
and the respiratory symptoms. Exposure of PM10 was measured using DustTrak Aerosol 
Monitor; NO2 and SO2 were measured using LaMotte Air Sampling Pump and VOCs 
by PbbRAE and Spirometer during school hours and home. Results and Discussion: 
Results showed significant associations between the indoor school measurement PM10 

(PR= 4.68, 95% CI=1.857-3.831), NO2 (PR=1.609, 95% CI=1.884-4.737), SO2 (PR= 
1.788, 95% CI=1.236-3.33) and VOCs (PR= 1.550, 95% CI=1.886-3.447) and FEV1 of 
the lung function. Conclusion: The findings indicate that the concentration of indoor 
PM10, NO2, SO2 and VOCs were higher in homes compared in school. However, both 
exposures from homes and school might increase the risk of getting lung function 
abnormality and respiratory illness among school children. 
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INTRODUCTION 

 
Petrochemical industry is one example of air pollutant contributed by stationary sources in Malaysia [1]. 

The petrochemical industry at East Coast of Peninsular Malaysia started in mid-90’s [21] and continue to 
expand until now. Petrochemical industry area at the east coast of peninsular Malaysia is capable in producing 
6.3 million ton per year of various petrochemical products that is equivalent to 50% of the total Malaysia 
chemical products produced [21]. From those figure, about 4.2 million tons per year or 33% of the national 
petrochemical industry area are produced in the state of Terengganu, specifically in the Kerteh Petrochemicals 
Industry Area [21]. This high productions capacity figure may represent high contribution to air pollution. 

Petrochemical smog is a scenario caused by petrochemicals industry where it is a complex mixture of 
chemical, which is sometimes visible as white haze of which, the one of most significant components at ground 
level is Nitrogen dioxide (NO2) [19]. Apart from that, Sulphur dioxide (SO2), a gaseous respiratory irritant is 
among the air pollutants of public health concern in industrial environments in term of it acute and chronic 
effects. Apart from that, the concentration and composition of Volatile Organic Compound (VOCs) have been 
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reported as one of the contributing factors to the photochemical reaction whereby it was  reported as 
significantly higher than those on other urban and suburban area [18].  

There are numerous international studies on measurements of concentration of (PM10), (NO2), (SO2) and 
(VOCs) that had been conducted in the petrochemical industries, however, in perspective of Malaysia, there 
were only a few local studies on indoor air pollution available. Therefore, the distinct characteristic in this study 
would be the comparison of indoor pollutant concentration data in the primary school and the residential area 
itself whereby located nearby the petrochemical industries.  

According to Chua et al.2014, there were 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 school children. To enhance the association of indoor air 
pollutant, the exposures towards the children at homes were measured. Furthermore, besides the school area, 
children do spend most of their time indoors at home. Most of indoor living environment have various air 
pollutant sources. Even people and pets can be one of the sources of fibres, particles, organic vapours and 
microbiologic material. Heating and cooking combustion sources, emissions from tobacco, abrasion of surfaces, 
out-gassing vapours and intrusion of soil gases contribute to the sources of air pollutant. Therefore, throughout 
the study, the finding obtained can be compared and analysed well. Previous study by Tezara et al, [28] also 
found that the concentration of indoor PM10 in day care centers was almost similar to the mean concentration of 
indoor PM10 in areas near the main road and industrial area (69.8 μg/m3 and 68.8μg/m3, respectively) and 
slightly lower in day care centers in residential area. The indoor air problems can be subtle and do not always 
produced easily recognizable impacts on health and well-being. Study by [25], shows that children tend to spend 
more time indoors and they are more sensitive towards indoor air pollutants. Prolonged exposure may have 
exposure effect as their respiratory system is not fully develop [20]. Apart from that, children breathe more air 
in proportion of their weight. The combine environmental exposure may have a considerable influence on the 
child’s health, including the risk of developing asthma and allergy [10]. 

Differences in respiratory health effects between studies may be related to qualitative differences in 
exposure characteristics of petrochemical sites. A significantly higher prevalence of respiratory hospitalizations 
and nocturnal cough in the petroleum refinery area observed in the present study, and probably represents the 
effects of short-term exposures to a pollutant mixture. [27]. Therefore, this studies are needed in which 
relationships for a specific pollutants suspected to cause health symptoms in order to provide a sound basis for 
setting standards for schools and for insuring cost-effective mitigation measures in future. 

 
MATERIALS AND METHOD 

 
A. Study design and Study location: 

The study was a cross-sectional comparative study carried out among male and female Malay primary 
school children living nearby petrochemical area in Kertih that served as studied area while the population for 
comparative group was selected among male and female children who living far from the petrochemical 
industries. 

 
B. Study sample: 

A total of 120 primary school children age 11 years old were selected from two schools in Kertih and 
Chukai, Kemaman, Terengganu by stratified random sampling. Stratified random sampling was applied to 
classify the selection of classroom. Based on the several inclusive criteria, only primary school children living 
less than 5km from the petrochemical area, healthy and free from any form of respiratory illness were selected. 
The name list of children was obtained from the teachers. 
 
C. Instruments and procedures: 

The questionnaire was adapted from the American Thoracic Society ATS-DLD-78-C questionnaire. The 
questionnaire was pre-tested for the primary school children and the total for the pre-test were 10% of the 
sample size. Indoor air assessment was conducted in each primary school using several indoor air monitoring 
instruments. It was conducted in each primary school using several indoor air monitoring instrument, which 
includes TSI 8520 DustTrak Airborne Particle Monitor for PM10; PbbRAE Portable VOC Monitor (PbbRAE 
3000) for VOCs, LaMotte Air Sampling Pump for NO2 and SO2 measurement, Q-Trak Plus Model 8554 
Monitor for temperature and relative humidity; and TSI VelociCalc Plus Model 8386 for air velocity as well as 
Gillian Air Pump for measuring personal particulate matter (PM10). In the school’s classrooms, all the 
equipment was placed at the back of the classroom at the breathing zone level for at least 4 hours. The 
equipment was placed at 1.5 m above the floor level with the same level of breathing zone. In this way, it can 
reduce the risk of the measuring activities from being disturbed. Meanwhile, the measurement for CO2, CO, 
temperature, relative humidity and air velocity were taken periodically and spread throughout many areas in 
building to be sure that they were distributed evenly. MM-SP004 Tabletop Portable Spirometer was used to 
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conduct lung function test among the study respondents. Throughout the test, lung function test was performed 
by comparing the obtained value with standard value where based on a study by Azizi 1990 the predicted value 
was calculated and the evaluation of lung function was done based on American Thoracic Society 1994. 

 
D. Data analysis: 

Statistical analysis was carried out using SPSS version 22. To study the association and differences in 
indoor air pollutants concentration as well, t-test, Mann-Whitney U test, and Chi square test were used. In 
addition, Multiple Logistic Regression was performed to determine the main variable that influences the lung 
function among the studied group. 

 
Results: 
A. Background and Selection of Respondents: 

This study was conducted among a total of 120 respondents of primary school children living nearby the 
petrochemical industry area in Kertih and the comparative group at Chukai.  In this study all the respondents 
were Malay due to majority of the population at that area. It is shown that out of total of 100 %, there were 55% 
boys and 45% girls participating as the studied group while there were 51.70% boys and 48.30% girls 
participating as comparative group. The mean of total income was higher in the studied group about 
(RM3276.96 ± 2361.96) than the (RM2361.61± 1660.00) for the comparative group. This is due to the fact 
many parents from the studied group working in the petrochemical industries in which generate a higher total 
income compared to the comparative group. Other than that, majority of the respondents in the exposed group 
live within petrochemical area, while the most of the comparative living more than 5km in the petrochemical 

where proved statistically using chi-square as the distance from the petrochemical industries by (=18.06, 
p=0.001).  

 
B. Indoor Concentration of PM10, VOCs, NO2, SO2: 

Normality test showed on distribution of indoor PM10, VOCs, NO2, SO2 was not normally distributed 
(p<0.05). Non- parametric test (Mann Whitney U) was conducted to compare the indoor PM10, VOCs, NO2, SO2 

concentrations in schools and homes for both groups. 
Table 1 illustrates that the median of indoor PM10, VOCs, NO2, SO2 concentration in schools for the studied 

and comparative group. From statistical analysis, average of indoor of PM10, VOCs, NO2, SO2 concentrations 
among studied group was higher than the comparative group. The statistical test showed that the comparison of 
all indoor pollutants between studied and comparative groups were significantly differences where PM10 (Z=-
4.494, p <0.001), VOCs (Z= -3.168, p <0.001), NO2 (Z=-9.459, p= <0.001) and SO2 (Z= 11.6875, p= <0.001). 

Table 2 illustrates that the median of indoor PM10, VOCs, NO2, SO2 concentration in home for the studied 
and comparative group. From statistical analysis, average of indoor of PM10, VOCs, NO2, SO2 concentrations 
among studied group was higher than the comparative group. The statistical test showed that the comparison of 
all indoor pollutants between studied and comparative groups were significantly differences where PM10 (Z=-
3.212, p =0.001), VOCs (Z= -3.840, p= 0.001), NO2 (Z=-3.363, p= 0.001) and SO2 (Z= -4.895, p=0.001). 
 
Table 1: Concentration of Indoor Pollutants in Schools 

Parameters Studied 
(n= 60) 

Comparative 
(n=60) 

z-value p-value 

 Median (IQR)            Median (IQR)  
 
PM10 (ug/m3) 

 
106.50(127.90) 

 
68.0 (38.5) 
 

 
-4.494 

 
<0.001* 

VOCs (ppm) 0.25(0.531) 
 

0.0740(0.32) -3.168 <0.001* 
 

NO 2 (ppm) 0.140 (0.140) 0.080(0.080) 
 

-9.459 <0.001* 

SO 2 (ppm) 0.160 (0.2831) 0.0273( 0.034) 11.687 <0.001* 
N=12  
 
Table 2: Concentration of Indoor Pollutants in Homes 

Parameters Studied 
(n= 60) 

Comparative 
(n=60) 

z-value p-value 

 Median (IQR)                 Median (IQR)  
 
PM10 (ug/m3) 

 
108.10(80.68) 

 
70.47 (23.25) 

 
-3.212 

 
0.001* 
 

VOCs (ppm) 0.71 (4.205) 0.040 (0.583) -3.840 0.001* 
 

NO 2 (ppm) 0.350(0.210) 0.140(0.1063) -3.363 0.001* 
 

SO2(ppm) 0.020 (0.030) 0.012(0.05) -4.895 0.001* 
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N=73 
 
C. Comparison of Lung Function Test: 

Lung function parameters that compared in this study were evaluated based on the study of Azizi and Henry 
(1994). The mean of FVC% predicted was 107.103 ± 29.22 and 109.227 ± 20.87 for studied and comparative 
group respectively. The mean for FEV1% predicted for studied group was 97.811 ± 28.51 and 126.50 ± 98.00 
for comparative group. The mean of FEV1/FVC% predicted from the studied group was 1.026 ± 0.94 and 
1.0495 ± 0.26 for the comparative group respectively. The statistical analysis proved that variable of FEV1 

predicted (Z= -1.234, p=<0.001) and FEV1/FVC% (Z= -3.648, p= <0.001) predicted was significantly difference 
between studied and comparative group.  

Results revealed that prevalence of lung function abnormalities among studied group was higher than 
comparative group. Lung function abnormalities were based on FVC% predicted, FEV1 predicted and 
FEV1/FVC% predicted. Total of abnormalities for FVC% predicted among studied group were higher about 
10(16.67%) compared to the 2(3.3%) for comparative group. FEV1% predicted total abnormalities for studied 
group are higher by 13(21.67%) and 3(5.0%) for the comparative group. The FEV1/FVC% predicted were 
higher at 12(20.0%) for studied and were lower at 4(6.67%) for comparative. In addition, based on the Chi-
Square, the FVC% predicted and FEV1% predicted was significant p=0.001 and p= 0.004 respectively. It also 
revealed that the prevalence of lung abnormalities was significantly higher among the studied children (PR= 
7.168, 95%CI = 1.082-47.48) and comparative (PR=3.830, 95% CI = 1.049-13.98). 
 
D. Prevalence of Respiratory Health Symptoms: 

There are four parameters of chronic respiratory symptoms that had been studied. The respiratory 
symptoms include cough, phlegm, chest tightness and wheezing. Reported respiratory symptoms between the 
two studied groups were fulfilled by the parents. Results show that 19(31.7%) from the studied and 10(16.67) 
from the comparative had cough. In addition, about 8(13.1%) from studied and 1(1.7%) from comparative had 
phlegm. Chest tightness among studied children was 8(13.1) and comparative children was about 3(5.0%). 
Lastly, for wheezing, there was about 10(16.4%) from the studied and 4(6.7%) from the comparative 
respectively. In overall, reported respiratory health symptoms among studied group were higher than 
comparative group. From the association of Chi-Square, the cough and the chest tightness do contribute to the 
significant values such as (p=0.0073 and p=0.0032) respectively. The cough (PR = 1.069, 95%CI = 0.521-
2.524), phlegm (PR= 0.095, 95%CI = 0.238-3.902), chest tightness (PR = 0.509, 95%CI = 0.191-1.361) and 
wheezing (PR= 0.775, 95%CI = 0.426-1.410). 

 
Table 3: Prevalence of Respiratory Symptoms 

Variable Studied Group Comparative Group 
 

p-value PR C1 

Cough 
Yes 
No 
 

 
19(31.70) 
41(68.30) 

 
10(21.67) 
50(83.33) 

 
0.115 

 
0.003* 

 
1.069 

 
1.521-
2.524* 

Phlegm 
Yes 
No 
 

 
8(13.30) 
52(86.70) 

 
1(1.70) 
59(98.30) 

 
0.003 

 
0.095 

 
0.964 

 
0.238-3.902 

Chest 
Tightness 
Yes 
No 

 
8(13.30) 
52(86.70) 

 
3(5.00) 
57(95.00) 

 
0.973 

 
0.002* 

 
1.509 

 
1.191-
4.361* 

 
Wheezing 
Yes 
No 

 
10(16.20) 
50(83.80) 
 

 
4(6.70) 
56(93.30) 

 
0.825 
 

 
0.364 

 
0.775 

 
0.426- 1.410 

     N= 60,  
    *significant at p<0.001 

 
E. Association between Indoor Pollution PM10, VOCs, NO2, SO2 and Lung Functions among studied group: 

The result showed that there were significant associations of FVC1 % predicted (p= 0.040, PR=1.65, 95% 
CI = 1.20-3.45) between level of PM10 at school and lung functions which were categorised into normal and 
abnormal of lung function among studied group. This is similar with measurement at the houses whereby the 
significant associations are contributed by FEV1% predicted (p= 0.024, PR=3.68, 95% CI = 1.857-3.831). Apart 
from that, the association between the levels of VOCs at school and lung functions only significant at FEV1% 
predicted which were categorised into normal and abnormal of lung function among studied group such that  
(p= 0.03, PR=1.960, 95% CI = 1.886-3.447) . 

For NO2, there is a significant association between the FEV% predicted (p= 0.0035, PR=1.609, 95% CI = 
1.886-3.831) among the studied group at school. This is similar with measurement at the house whereby the 
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significant associations contributed by FEV1% (p=0.0035, PR=1.964, 95% CI = 1.884-4.737) predicted. There 
were significant associations between indoor SO2 among studied group in schools in which  only the lung 
function FEV1% predicted at school is significant at  (p= 0.004, PR=1.788, 95% CI = 1.236-3.333). 

For the home measurement, correlation test were conducted on the Indoor Pollutant (PM10, VOCs, NO2 and 
SO2), and the lung function (FVC% predicted). From the statistical analysis of Spearman Correlation, the 
outcome of PM10 (r=-0.342, p<0.001), VOCs (r=-0.16, p<0.001), NO2 (p=-3.64, p<0.001) and SO2(r=-
1.06,p<0.001). All the r-value showed more than 0.3 and p<0.001 by which it indicates there is inversely 
proportional association between all indoor pollutant and the lung functions (FVC% predicted). 

Meanwhile, for the correlation test conducted on the Indoor Pollutants (PM10, VOCs, NO2 and SO2), and the 
lung function (FEV1% predicted), the PM10( r=-0.356,p<0.001), VOCs (r=-0.193, p<0.001),  NO2 (p=-3.88, 
p<0.001) and SO2 (r=-1.06,p<0.001),where  all the r-value show more than 0.3 and p<0.001 by which it 
indicates there is inversely proportional association between all indoor pollutant and the lung functions (FEV1 % 
predicted). 

 
F.  Association between indoor PM10, VOCs, NO2, and SO2 and Respiratory Health Symptoms: 

The risk of indoor  PM10 concentration for cough (OR= 2.880, 95% CI = 1.555-14.941), phlegm (OR= 
1.433, 95% CI = 0.113-20.18), Chest tightness (OR= 1.50, 95% CI = 0.117-19.178) and wheezing (OR= 0.783, 
95% CI = 0.112-18.298).The p-value obtained for cough (p=0.003), phlegm(p=0.827), chest tightness (p=0.754) 
and wheezing (p=0.783). 

In term of  indoor VOCs concentration for  cough (OR= 1.841, 95% CI = 1.277-2.560), phlegm (OR= 
0.955, 95% CI = 0.871-1.046), chest tightness (OR= 5.8420, 95% CI =0.569-6.033) and wheezing (OR=1.571, 
95% CI =1.093-2.6503 ).The p-value obtained for cough (p=0.002), phlegm(p= 0.203), chest tightness (p=0.1) 
and wheezing (p=0.752). 

The risk of indoor NO2 concentration which were cough (OR= 1.146, 95% CI = 1.244-2.5391), phlegm 
(OR= 2.00, 95% CI = 1.62-24.663), Chest tightness (OR= 1.210, 95% CI =0.742-1.118) and Wheezing 
(OR=0.464, 95% CI =0.037-5.749 ).The p-value obtained for cough (p=0.863), phlegm(p= 0.04), chest tightness 
(p=0.724) and wheezing (p=0.543). 

Apart from that, concentration of SO2concentration for cough (OR= 1.146, 95% CI = 1.344-5.391), phlegm 
(OR= 2.00, 95% CI = 1.12-4.663), chest tightness (OR= 1.310, 95% CI =0.842-1.118) and wheezing 
(OR=0.564, 95% CI =0.039-6.749).The p-value obtained for cough (p=0.763), phlegm(p= 0.002), chest 
tightness (p=0.524) and wheezing (p=0.143). 

 
G. Factors that Influenced the Abnormality of FEV1/FVC% Predicted among Study Respondents after 
Controlling All the Confounders: 

Logistic Regression was carried out in order to determine the factors that influenced lung function 
FEV1/FVC% predicted among two study groups after controlling the cofounders in this study such as the indoor 
pollutant, pets, and usage of mosquitoes coil, total rooms, total income and indoor smoking. 

The table 4 and 5 shown that the factors that influence the abnormality of lung function (FVC% and 
FEV1%) among study respondents after controlling all the cofounders. The results shows that there were 
significant regression between the indoor pollutant itself such as the indoor concentration of SO2 (p=0.004, 
PR=1.878, 95% CI=1.028-4.532) and VOCs (p=0.025, PR=1.171, 95% CI=1.216-3.223) at the school towards 
the abnormality of the FEV1/FVC% predicted among the study respondents. 

 
Discussion: 
A. Comparison of Indoor Air Quality between Study Areas: 

The results in this study showed that the average mean of PM10 was 99.34 µg/m3.  The indoor PM10, 

concentration in the studied group was higher than the comparative group. The median value of indoor PM10 in 
studied was 106.50µg/m3, whereas the median value of indoor PM10 in the comparative was 68.0µg/m3. The 
median value of indoor VOCs in studied was 0.25ppm, whereas the median value of indoor VOCs in the 
comparative was 0.074ppm. The median value of indoor NO2 was 0.140 ppm, whereas the median value of 
indoor NO2 in the comparative was 0.080 ppm. The median value of indoor SO2 was 0.160 ppm, whereas the 
median value of indoor SO2 in the comparative was 0.0273 ppm. 

Meanwhile at the respondents’ houses, it revealed that the average mean PM10 was 90.34µg/m3. The indoor 
PM10, concentration in the studied group was higher than the comparative group. The median value of indoor 
PM10 in studied was 108.10µg/m3, whereas the median value of indoor PM10 in the comparative was 70.47µg/m3. 
For VOCs in studied the median value of indoor was 0.71ppm, whereas the median value of indoor VOCs in the 
comparative was 0.040 ppm. The median value for NO2 concentration in studied was 0.35 ppm, whereas the 
median value of indoor NO2 in the comparative was 0.140 ppm. The median value of indoor SO2 in studied was 
0.020 ppm, whereas the median value of indoor SO2 in the comparative was 0.040ppm.  
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The statistical analysis indicated that there was significant difference in the concentration levels of PM10 
between studied and comparative of the particulates. Azwani reveals that the mean indoor concentration of PM10 
was higher in the exposed area (106.3 µg/m3± 22.7) compared to the comparative area (69.2 µg/m3±21.4). 
Statistical analysis also shows a significant difference between indoor PM10 level between the exposed and the 
comparative area (Z = -4.494, p < 0.001). 

The comparison between the level of VOCs in the studied and comparative were shown in table 2. Higher 
concentration of indoor VOCs concentration in the studied group was slightly higher. The average mean is 
0.19025 ppm. The studied and comparative were 0.20 ppm and 0.084 ppm respectively. VOCs concentration 
levels were slightly higher in exposed area compared to comparative area due to the presence of VOCs emitting 
material inside preschool buildings. Both of primary schools used woods for the school’s furniture, including 
children’s desk and chair. 

Moreover, NO2 in the same table showed that the average of indoor NO2 concentration for studied was 
0.07233 ppm, whereas the median value of indoor NO2 concentration for the comparative group was 0.080 ppm. 
The SO2 showed higher in studied group about 0.160 ppm compared to the comparative group at about 
0.0273ppm. 

Air quality of classroom is of special concern since children are susceptible to poor air quality and indoor 
air problems can be subtle and do not always produced easily recognisable impact on health and wellbeing. 

PM10, NO2 and SO2 concentration in ambient air in Malaysia are monitored based on Recommended 
Malaysian Guidelines, RMG at a threshold for PM10 are 150µg/m3 for 24 hours average and annual means of 
50µg/m3. For NO2, a threshold for 24 hours average is 0.04ppm and an annual means of 0.17ppm meanwhile 
SO2 0.04 ppm for 1 hour average and 0.13ppm for 24 hours average. According to the findings, the average 
indoor PM10 concentration was not exceeding the standard. For NO2 and SO2 concentration, it exceeded the 
Recommended Malaysian Guidelines. Industrial Code of Practice (ICOP) suggests that the recommended 
threshold level of TVOC should not exceed 3ppm over 8-hours’ time weighted average airborne concentration. 
Both VOCs concentration in exposed and comparative areas in this study were in the recommended levels but 
higher in the studied group compare with the comparative group. 

 
B. Comparison of Lung Function: 

FVC measured for studied and comparative were 1.702 ± 0.34 and 1.814 ± 0.31 respectively. Meanwhile 
for FEV1 measured studied obtained 1.601 ± 0.32 and comparative obtained about 1.7508 ± 0.38. Meanwhile, 
the mean of FVC% predicted was 107.103 ± 29.22 and 109.227 ± 20.87 for studied and comparative group 
respectively. Mean for FEV1% predicted for study group was 97.811 ± 28.51 and 126.50 ± 98.00 for 
comparative. Mann Whitney U Test was used to compare the values of all variables. Overall, the prevalence of 
lung function was lower among the exposed children compared to the comparative children. 

FEV1/FVC% predicted the mean from the studied was 1.026 ± 0.94 and 1.0495 ± 0.26 for the comparative 
group respectively. The statistical analysis proved that variable of FEV1 predicted (Z=-1.234, p=<0.001) and 
FEV1/FVC% (Z=-3.648, p=<0.001) predicted was significantly difference between studied and comparative 
group. The significant association of FEV1 predicted and FEV1/FVC% showed that there was airways 
obstruction for lung function among studied group compare to the comparative group. Hence, the hypothesis 
two of this study was failed to be rejected. 

Comparison of lung function between both groups was done to compare the value of FVC, FEV1 and 
FEV1/FVC.  There were significant differences between studied and comparative groups for FVC, FEV1, FEV% 
and FEV/FVC% at p=0.001.  This result was supported by previous studies done by Nurul Anis Sofiah and 
Juliana (2013), as well as Yahaya and Jalaludin (2014) and also Anis Syafiqah Kamaruddin et al, 2014 which 
results showed significant lung function abnormality to children in studied group, compared to the comparative 
group. From here, we can conclude that respondents who live in industrial area have poor lung function status 
than the ones who live in non-industrial area where air pollution in the industrial areas is a risk factor in the 
prevalence of respiratory system symptoms and this is consistent with the results of other authors [23,2]. 

The average growth of lung function over a 4 years period, involved 3 cohorts of Southern California 
children who were in the fourth, seventh or tenth grade in 1993 was modelled as a function of average exposure 
to ambient air pollutants. The results show there are significant association for the lung function growth in 
children occur at the current ambient such as involving PM10, NO2, SO2 and VOCs [18] 

 
C. Comparison of Respiratory Symptoms: 

Four types of respiratory symptoms were assessed in this study, where the symptoms’ were identified using 
the standardized and validated questionnaire, adapted from American Thoracic Society: Questionnaire ATS-
DLD-C WHO (1982). Questions asked included cough, phlegm, wheezing and chest tightness experienced by 
children, where these questionnaires was required to be consented and answered by parents.  

Results showed that 19(31.7%) from the studied and 10(16.67) for comparative had cough. In addition, 
about 8(13.1%) from studied and 1(1.7%) from comparative had phlegm. Chest tightness among studied 
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children was 8(13.1) and comparative children was about 3(5.0%). Lastly, for wheezing, there was about 
10(16.4%) from the studied and 4(6.7%) for the comparative respectively. From the association of Chi- Square, 
the cough and the chest tightness do contribute the significant values such as (p=0.0073 and p=0.0032) with 
(PR= 1.069, 95% CI= 0.521-2.524) respectively. 

The prevalence of lung function abnormalities among studied group was higher than comparative group. 
Lung function abnormalities were based on FVC% predicted, FEV1 predicted and FEV1/FVC% predicted. Total 
of abnormalities for FVC% predicted among studied group were higher about 13(21.7%) compared to the 
3(5.00%) for comparative. For FEV1% predicted total abnormalities for studied group are higher by 10(16.67%) 
and 2(3.3%) for the comparative group. The FEV1/FVC% predicted were higher at 12(20.0%) for studied and 
lower at 4(6.67%) for comparative. In addition based on the Chi-Square the FVC% predicted and FEV1% 
predicted was significant p=0.001 and p=0.004 respectively. It is also revealed that prevalence of lung 
abnormalities was significantly higher among the exposed children (PR= 7.168, 95%CI = 1.082-47.48) and 
comparative (PR=3.830, 95% CI = 1.049-13.98). 

As reported by Ayuni et al, 2014, the reported respiratory health symptoms were higher in the exposed 
children, which were 5 times more likely to get cough (PR= 5.09, 95% CI= 2.23-11.65) and 9 times more likely 
to get cough (PR= 2.10-44.46), chest tightness (PR=9.08, 95% CI= 1.09-75.0) and wheezing (PR= 9.07,95% 
CI= 1.89-25.2) compared to comparative. Overall prevalence of respiratory symptoms’ was higher among the 
exposed children with significance associations found between cough and chest tightness among exposed and 
comparative group in this study. Therefore in comparing with this study it clearly support this study that there is 
significant respiratory symptoms which then affected the lung function were shown among the studied group 

Some of the respiratory symptoms studied were cough, phlegm, chest tightness and wheezing. With an 
observed prevalence of 1.82 (95% CI, 1.51- 2.52) and 1.51 (95% CI, 1.19- 4.36), respondents who live in 
studied area were 1 times more likely to get cough and chest tightness compared to the ones who live in 
comparative area, which is in line with a local study by Noor Hisyam and Juliana, 2014 as well as Anis Syafiqah 
Kamaruddin et al, 2014.  A study conducted among residents of a heavy-industry province also showed the 
same result where cough is one of respiratory symptoms with high prevalence ratio together with symptoms of 
phlegm and wheeze (Wilson et al., 2008). This points out that the respiratory health status of preschool children 
in the non-industrial area is better than those in the industrial area. 

 
D. Association between indoor PM10, VOCs, NO2, and SO2 and Respiratory Health Symptoms among Studied 
Group: 

The indoor pollutants concentration in primary school was categorized into high value and low value based 
on the median. This is due to the characteristic of some pollutant such as SO2 which more likely to show only 
the chronic effects towards the respiratory symptom. Apart from that, the median were selected as compared to 
the guideline due to the reason that the children physical and lung function growth are not the same as compared 
to the adults. There were several significant associations between indoor PM10, VOCs, NO2, and SO2. Some of 
the respiratory health symptoms among studied group were cough, phlegm, chest tightness and wheezing. All 
the symptoms increased risk of indoor PM10, VOCs, NO2, and SO2 concentration. 

Results from statistical analysis show significant associations between PM10 and VOCs with cough, phlegm 
and chest tightness. Other than that, the results from statistical analysis also showed the children who are 
exposed to high indoor concentration of NO2, SO2 were 1 time more likely to get cough, 2 times more likely to 
get phlegm. 

Another study by Azwani (2014) revealed that the association between PM10, VOCs, CO2, and CO inside 
different classroom in preschools with the prevalence of respiratory symptoms was established using median 
value. The association between indoor air pollutants concentrations inside classrooms with respiratory 
symptoms among children, (PM10, VOCs, CO) were significant but not for CO2. 

Epidemiological research into air pollution with increased mortality [6] over the past 20 years has 
demonstrated cardio respiratory health effects ranging from minor respiratory symptoms to increased hospital 
admissions and mortality had included petrochemical industry as part of contributor to the pollutant sources. 

 
E. Factors Influence the abnormality of Lung Function among study Respondents after Controlling All the 
Confounder: 

The result showed that there was a significant regression between the concentration of SO2 and VOCs in 
school with the abnormality of FVC % and FEV1% among study respondents. The VOCs and carbonyl 
compounds present in malodours have adverse effects on the air quality in the surrounding areas of the sources 
[17] as well as on health of the people residing near the sources. 

 
Conclusion: 

As a conclusion, the findings from the study indicate that the exposure to indoor PM10, VOCs, NO2 and SO2 
concentration were higher in home rather than school. However, both exposure at house and school influence 
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the respiratory health among children. Besides that, reduction of lung function among primary school children 
and in studied area might cause lung function impairment due to prolong exposure of PM10, VOCs, NO2 and 
SO2 concentration. This study suggests that knowledge should be given to the public, primary school 
management and parents specifically about the risk of getting respiratory problems due to the poor indoor 
quality. Further studies are needed to confirm the observed association between indoor air pollutant 
concentrations and respiratory health among primary school children living in the petrochemical area. 
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