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 Background: Poor indoor air quality (IAQ) has been associated with decreased growth 

in lung function among children. However, only little is known about the impact of 

poor IAQ. A cross-sectional comparative study was carried out among 39 preschools 
located in Selangor, Malaysia with 630 children from preschools located in urban, 

suburban and rural area. Objective: The aim of this study is to assess current IAQ 

status of preschools located in urban, suburban and rural area in Selangor and to 
compare the implications on children's lung functions. Results: There was a significant 

difference between the indoor concentration of carbon monoxide (CO), particulate 

matter (PM) PM10, PM2.5 and Volatile Organic compounds (VOCs)(p = 0.001; p = 
0.005; p = 0.005; p = 0.006) among the studied preschools. Urban area preschools have 

higher CO, PM10 and PM2.5 concentration as compared to preschools from suburban and 

rural area. Forced Vital Capacity (FVC), Forced Expiratory Volume in one second 
(FEV1), FVC% predicted and FEV1% predicted values were significantly lower among 

children from urban and suburban area preschools [(F = 5.708, p = 0.003); (F = 6.985, p 

= 0.001); (F = 15.219, p = 0.001); (F = 16.441, p = 0.001)]. Conclusion: The findings 
concluded that exposures to poor IAQ might increase the risk of getting lung function 

abnormality among children.  
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INTRODUCTION 

  

Classroom’s air quality is of special concern since children are more susceptible to poor IAQ and indoor air 

problems can be subtle and do not always produce easily recognizable impacts on health and wellbeing [28]. 

According to Torres (2000), children spent around 23% of their time indoor such as preschools. Young children 

constitute a special risk group due to the fact that their respiratory system is not yet completely developed until 

the age of 6 [24]. According to WHO [30], 19% of deaths in children under the age of 5 are due to acute 

respiratory infection (ARIs), which is the impact of indoor air pollution. 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 [7]. 

Study from Nur Aida et al. [17] suggested that preschool children in urban area are highly exposed to indoor air 

particles compared to those from the rural area .The aim of this research is to investigate the IAQ in preschools 

at urban, suburban and rural area in Selangor. The indoor air parameters such as CO, CO2, air velocity, relative 

humidity (RH), temperature, ventilation rates and the level of particulate were assessed in this study by using Q-

Trak, VelocicalC, DustTrak DRX Monitor Aerosol and PpbRAE 3000. Lung function test was performed by 

using Chestgraph Spirometer. 

This study is important to evaluate current IAQ of preschool in urban, suburban and rural area located in 

Selangor area. Findings of this study are not only important to assess IAQ in preschools, but as well for 

gathering and generating scientific data for better understanding on the current IAQ of existing preschools in 

Selangor. The results obtain from this study can be the basic data for the following studies that might be carry 
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out in the future. The results from this study can be used by the parties involved such as Health Minister and the 

Department of Education to implement new plans, policies, procedures or guidelines for Malaysian preschool 

building’s IAQ. The results of this study may be useful for the management to initiate short and long term 

control  

 

1. Methodology: 

A. Study Location/Study Design: 

This cross sectional study was carried out among male and female preschool children who attended 

preschools from urban area, suburban area and rural area in Selangor, Malaysia. 

 

B. Study Population: 

A total of 630 preschool children aged 4-6 years old were recruited from 39 preschools located in Selangor, 

Malaysia. Studied populations were selected among male and female Malay children who attended preschools 

(urban, suburban and rural area). Random sampling method was used to select the respondents with several 

inclusion criteria such as preschool children ranging from 4 to 6 years old, healthy, Malays, present at the 

preschool not less than 6 months, full enrollment (45 hours/week) and free from any respiratory illness. The 

purpose of this study was briefed among parents and teachers, only children who meet the inclusion criteria and 

with written consent from children’s parents were selected as sampling unit. Name list of the children was 

obtained from the preschool administrator. 

 

C. Instruments and Procedures: 

Questionnaires adopted from The American Thoracic Society, ‘Questionnaire ATS-DLD-C WHO (1982)’ 

were used in this study. The questionnaire was pre-tested with the total respondents of 10% from the total 

sample size. IAQ assessments were conducted in each preschool using several indoor air monitoring 

instruments. The monitoring phase included air sampling for at least a 3 to 4 hour period during preschool 

normal activities. The IAQ monitoring instruments used in this study included Q-Trak Plus Model 8554 Monitor 

for CO2, CO, temperature and RH; DustTrak DRX Monitor Aerosol for PM2.5 and PM10; PbbRAE Portable 

VOC Monitor (pbbRAE 3000) for VOCs; and TSI Velocicalc Plus Model 8386 for air velocity. Instruments for 

PM2.5, PM10 and VOCs were placed at a height of about 0.6 to 1.5 meter above the floor, approximately at the 

level of children’s breathing zone. The selected place was not closer than 1 meter to wall, door or an active 

heating system. Whenever possible, all the instruments were placed at the back of the classroom to avoid any 

disruption of sound from the instruments during class session and to avoid attraction from the children. 

Meanwhile, the measurements for CO2, CO, temperature, RH and air velocity were taken periodically and 

spread throughout many areas in building to ensure that they were evenly distributed. Chestgraph Spirometer 

was used to conduct lung function test among the study respondents. In this study, evaluation of lung function 

test was performed by comparing the obtained value with normal values (standard value). Based on a study by 

Azizi and Henry [3], predicted value was calculated. Meanwhile, the abnormalities and pattern of lung and types 

of ventilatory defects of the respondents were determined based on standard category where normal value is 

based on FVC% predicted above 80%, FEV1 % predicted above 80% and ratio is 70% and above [22]. 

 

D. Data Analysis: 

Data collected was analyzed using ‘Statistical Package for Science Version 20 (SPSS Ver. 20). Data 

normality of continuous variables was determined based on Kolmogrov Smirnov, histogram skewness and 

kurtosis values. To study the association and differences between indoor air pollutants concentrations and the 

respiratory health of children, One-way ANOVA test and Chi square test were used. Multiple Logistic 

regressions test was performed to determine the main variables that influenced the respiratory health of the 

children. 

 

E. Ethical Concern: 

All respondents were briefed about the study and asked to participate in the study of a voluntary basis. 

Consent forms were obtained from parents. All respondents were given choice to continue participating in the 

study or to pull out at any time they choose to do so. The information about respondents that was involved in 

this research was remains confidential. 

 

Results: 

A. Socio-Demography Data of Respondents: 

This study was carried out among 39 preschools located in Selangor with 13 preschools each from 

preschools located in urban, suburban and rural area in Selangor. Respondents selected to participate in this 

study was based on random sampling method. There are total 630 preschool children participated with 210 

children from urban area preschools (UAP), 208 children from suburban area preschools (SAP) and 212 
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children from rural area preschools (RAP). Selections of respondents were based on inclusive criteria that have 

been stated earlier on. There are 49.0% (UAP), 58.2% (SAP) and 58% (RAP) from the total studied respondents 

were boys. Total number of girl children was lesser as compared to boy for both SAP and RAP.   

One Way ANOVA test were performed to compare the anthropometric measurements among the three 

studied groups of respondents. Mean of age for UAP children was (5.56± 0.56) years old, (5.70 ± 0.46) years 

old for SAP children and (5.51 ± 0.50) years old for RAP children. Mean of height for UAP children was 

(105.37 ± 7.21) cm, (107.32 ± 5.80) cm for SAP children and (106.98 ± 9.78) cm for RAP children. As for the 

mean weight (kg) for UAP children were (18.98 ± 6.80) and (18.68 ± 4.65); (17.65 ± 4.51) for SAP and RAP 

children respectively. Results from the statistical analysis showed that there was no significant difference for all 

the anthropometric parameters tested among the studied respondents. Therefore, it is concluded that the 

anthropometric measurements for the 3 groups were well matched for their age, height and weight. 

Results from statistical analysis showed that the socioeconomic background among the studied respondents 

were not significant except for total income of mothers among the respondents. The mean total income (RM) for 

father were (1921.27 ± 891.08); (1883.69 ± 925.24) and (1865.71 ± 1246.32) for UAP, SAP and RAP children 

respectively. The comparison of total dweller (total number of person living in the house) were also done where 

the mean of total dweller for urban area preschool children was (5.56 ± 1.86) and (5.54 ± 1.39); (5.92 ± 2.17) for 

SAP and RAP children respectively. The mean total room in the house were (2.87 ± 0.73), (3.03 ± 2.41) and 

(3.08 ± 1.10) for UAP, SAP and RAP children.  Parental education levels were categorized from not educated to 

higher education level such as Master Degree or PhD. Statistical results obtained shown that there were 

significant difference between the parental education levels between the studied respondents. However, based 

on the results obtained, majority of the father and mother’s education level for all 3 studied groups were until 

secondary level. The total number of father which obtained education up to STPM or higher was found higher in 

UAP category as compared to SAP and RAP children. 

Distribution of respondent’s outdoor residential background according to study groups were analyzed and it 

is found that majority of the studied respondents stayed within studied vicinity. Statistical analysis results shown 

that there was high significant difference between the 3 studied groups with χ
2
 = 231.291, p = 0.001. The 

comparison between the distance of respondents’ house from main road, factory and power generation plant 

were also shown a high significant difference among the three studied groups with p = 0.001, p = 0.001 and p = 

0.001 respectively. From the results obtained, it is found that majority of the UAP children stayed less than 100 

meters from the main road (70%). As for SAP, children who live less than 100 meters from the main road were 

72.6% and 50.5% for RAP children respectively. It was found that majority of these 3 studied groups children 

were living more than 3 km away from factory and power generation plant. The comparisons between housing 

environments among the three studied groups were also done. It is found that there was a significant difference 

between the housing environments among these 3 studied groups (χ
2
 = 19.071, p = 0.001). However, results 

shown that majority of the respondents’ housing environments were moderately dusty with 61.9%, 71.2% and 

54.2% respectively among UAP, SAP and RAP children. 

 
Table 1: Comparison of Preschool’s IAQ among Study Areas 

Variables                               Urban Area (n=13)    Suburban Area (n=13)     Rural Area(n=13)                   F                p-value               
                     Mean ± S.D 

Temperature (°C)                 29.55 ± 1.51                   29.65 ± 0.97                   29.42 ± 1.05                                   0.129              0.879 
RH (%)                               68.42 ± 10.87                 72.01 ± 7.35                   76.25 ± 4.53                                   3.101              

0.057 
Air Velocity (m/s)                0.16 ± 0.13                      0.36 ± 0.47                     0.30 ± 0.48                     0.858              0.433 

CO2 (ppm)           695.31 ± 386.63            546.62 ± 85.42              596.98 ± 327.25                            0.845              0.438 

CO (ppm)                               4.48 ± 1.12                      3.38 ± 0.38                     3.04 ± 0.39                                  14.393           
0.001* 

PM2.5 (µg/m3)                    112.62 ± 32.82               109.31 ± 43.30              71.77 ± 17.28                                  6.176             0.005* 

PM10 (µg/m3)           121.85 ± 33.45              119.46 ± 43.10              80.46 ± 24.35                                  6.034             0.005* 
VOC (ppb)                                29.64 ± 23.77                33.45 ± 11.53                13.52 ± 6.29                                     5.832             

0.006* 

*Significant at p < 0.05 ; N = 39 

 

B. Comparison of Preschool’s Indoor Air Quality:  

Comparison of preschools’ IAQ was done by using One Way ANOVA test. Normality test was conducted 

to assess the distribution of all IAQ parameters measured in this study. All IAQ parameters measured were 

normally distributed. Statistical analysis found that the indoor concentration of CO, PM2.5, PM10 and VOCs were 

significantly difference between the 3 studied groups with p-value of 0.001 (F=14.393); 0.005 (F=6.176); 0.005 

(F=6.034) and 0.006 (F=5.832) for UAP, SAP and RAP respectively. Indoor concentration of CO (ppm) was 

found to be higher in UAP with the mean of 4.48 ± 1.12 as compared to SAP (3.38 ± 0.38) and RAP (3.04 ± 

0.39). Indoor concentration of PM2.5 (µg/m3) was reported to be highest in UAP with the mean of 112.62 ± 

32.82. The mean concentration of PM2.5 for SAP and RAP were 109.31 ± 43.30 and 71.77 ± 17.28 respectively. 

Similarity of indoor concentration of PM10 (µg/m
3
) was also found between the three studied groups. According 
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to the results obtained, it was found UAP has the highest indoor concentration of PM10 with the mean of 121.85 

± 33.45, followed by SAP (109.31 ± 43.30) and RAP (80.46 ± 24.35). However, statistical analysis results 

shown that there was no significant difference between other IAQ parameters measured from these 3 categories 

of preschools such as indoor temperature, indoor RH, indoor air velocity and indoor CO2 concentration. 

 

C. Comparison of Lung Functions among Respondents According to Study Area: 

Kolmogorov-Smirnov test was performed to assess the distribution of lung function (FVC % predicted and 

FEV1 % predicted) among all the children from the 3 studied groups. From the results obtained, it was found 

that all lung function data (FVC % predicted and FEV1 % predicted) were normally distributed and parametric 

test was conducted to compare the FVC % predicted and FEV1 % predicted between these 3 studied groups 

children. Lung function among children participated in this study were assess based on FVC % predicted, FEV1 

% predicted and FEV1/FVC % predicted. FVC % predicted and FEV1 % predicted were obtained based on Azizi 

and Henry (1994) predicted equation. The comparisons of lung functions among respondents according to study 

area were shown in Table 3. One Way ANOVA test was performed to compare the mean values of lung 

function test among these 3 groups of respondents. The statistical analysis results showed that FVC, FEV1, FVC 

% predicted and FEV1 % predicted were significantly difference among the three studied groups with F=5.708, 

p=0.003; F=6.985, p=0.001; F=15.219, p=0.001 and F=16.441, p=0.001 respectively. The mean for FVC % 

predicted was 75.04 ± 28.41 for UAP children, 74.29 ± 28.08 for SAP children and 85.14 ± 23.81 for RAP 

children. It was reported that FEV1 % predicted were significantly higher among the RAP children with the 

mean of 83.17 ± 24.53. The mean for FVC (liter) was 0.732 ± 0.272 for UAP children, 0.67 ± 0.291 for SAP 

children and 0.756 ± 0.243 for RAP children. Meanwhile, the mean for FEV1 (liter) was 0.669 ± 0.265 for UAP 

children, 0.599 ± 0.273 for SAP children and 0.687 ± 0.220 for RAP children.  

 
Table 2:  Comparison of Lung Functions among Respondents According to Study Area 

Variables                         Urban Area (n=210)    Suburban Area (n=208)     Rural Area (n=212)                     F                       p-value               

                                                                                        Mean ± S.D                                       
FVC (Liter)            0.732 ± 0.272                 0.67 ± 0.291                     0.756 ± 0.243                       5.708                   0.003* 

FEV1 (Liter)                          0.669 ± 0.265                  0.599 ± 0.273                  0.687 ± 0.220                       6.985                   0.001* 

FVC % Predicted                  75.04 ± 28.41                  74.29 ± 28.08                  85.14 ± 23.81                      15.219                 0.001* 
FEV1 % Predicted                 75.83 ± 29.35                   71.37 ± 28.20                  83.17 ± 24.53                      16.441                 0.001* 

FEV1/FVC % Predicted        97.10 ± 10.32                  95.44 ± 11.23                  97.55 ± 10.25                      2.288                    0.102 

*Significant at p<0.05, N = 630 
 

Table 3 below showed the comparison of lung function abnormalities among respondents according to 

study area. According to the results obtained, children from UAP was having higher number of FVC % 

predicted and FEV1 % predicted abnormalities, followed by SAP children.  

 
Table 3: Comparison of Lung Function Abnormalities among Respondents According to Study Area 

Variables                                                  Urban Area (n=210)                Suburban Area (n=208)                  Rural Area (n=212) 

                                               

                                                              Abnormal (%)  Normal (%)     Abnormal (%)  Normal (%)        Abnormal (%)  Normal (%) 
 

FVC % Pred.                                        115 (54.8%)   95 (45.2%)        87 (41.8%)        121 (58.2%)        61 (28.8%)      151 (71.2 %) 

FEV1 % Pred.                                       115 (54.8%)   95 (45.2%)        83 (39.9%)        125 (60.1%)        66 (31.1%)      146 (68.9%) 
FEV1/FVC % Pred.                             46 (21.9%)     164 (78.1 %)     12 (5.8%)           196 (94.2%)        11 (5.2%)         201 (94.8%) 

*Significant at p<0.05, N = 630 
 

D. Association between Preschool’s IAQ and Lung Function among Study Respondents: 

Table 4 and 5 showed the association between preschool’s IAQ and lung function among studied 

respondents. The IAQ parameters’ concentrations were categorized based on median value. Value that was 

higher than median was categorized as high while the value that was lower than median was categorized as low. 

Based on the results obtained, there was a significant association between all IAQ parameters except for indoor 

temperature and indoor air velocity with the abnormality of FVC % predicted. Indoor CO2 concentration were 

significantly associated with the abnormality of FVC % predicted where PR=3.287 (95 % CI = 2.361 – 4.577; 

p=0.001). Indoor PM10 and PM2.5 concentration were significantly associated with the abnormality of FVC % 

predicted where they both have the same PR=1.586 (95 % CI = 1.139 – 2.209; p=0.006). Similarly, indoor 

VOCs concentration were also found to be significantly associated with the abnormality of FVC % predicted 

where PR=3.926 (95 % CI = 2.808 – 5.490; p=0.001). Indoor CO were also shown significant association with 

the abnormality of FVC % predicted where PR = 2.310 (95 % CI = 1.671 – 3.194; p=0.001). Indoor humidity 

shown significant association with the abnormality of FVC % predicted where PR=1.684 (95 % CI = 1.223 – 

2.319; p=0.001).  
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Table 4: Association between Preschool’s IAQ and Abnormality of FVC % Predicted among Study Respondents 

Variables                                           Lung Function     

                                                Normal       Abnormal                                   χ2        p value           PR                    95% CI    
                                                             Total (%) 

 

CO2 
High (≥ 557 ppm)          114 (31.1 %)      157 (59.7 %)                    51.243         0.001*       3.287           2.361 – 4.577     Low 

(<557 ppm)                     253 (68.9 %)      106 (40.3 %)                         

CO 
High (≥ 3.6 ppm)     232 (63.2 %)      158 (60.1 %)                             26.061         0.001*        2.310          1.671 – 3.194            

Low (<3.6 ppm)             135 (36.8 %)      105 (39.9 %) 

PM10 
High (≥ 0.95 mg/m3)    230 (62.7 %)      155 (58.9 %)                              7.499                 0.006*         1.586          1.139 – 2.209            

Low (<0.95 mg/m3)      137 (37.3 %)                  108 (41.1 %)   

PM2.5 
High (≥ 0.84 mg/m3)     230 (62.7 %)                 155 (58.9 %)                     7.499         0.006*         1.586          1.139 – 2.209 

Low (<0.84 mg/m3        137 (37.3 %)                 108 (41.1 %) 

VOCs 
High (≥20.5 ppb)           166 (45.2 %)                  107 (40.7 %)                     66.645         0.001*          3.926         2.808 – 5.490        

Low (<20.5 ppb)            201 (54.8 %)       156 (59.3 %) 

Temperature 

High (≥29.6 ⁰C)              191 (52.0 %)                  129 (49.0 %)                     0.550         0.459             0.887           0.646 – 1.218      

Low (<29.6 ⁰C)               176 (48.0 %)                  134 (51.0 %) 
Humidity 
High (≥75.4 %rh)          144 (39.2 %)                   137 (52.1 %)                    10.245         0.001*          1.684          1.223 – 2.319 

Low (<75.4 %rh)           223 (60.8 %)                   126 (47.9 %) 

Air velocity 
High (≥0.14 m/s)          197 (53.7 %)       158 (60.1 %)                     2.549         0.110              1.299           0.942 – 1.790            

Low (<0.14 m/s)           170 (46.3 %)                   105 (39.9 %) 

________________________________________________________________________________________________________________ 
*Significant at p<0.05, N = 630 

 

Table 5: Association between Preschool’s IAQ and Abnormality of FEV1 % Predicted among Study Respondents 

Variables                                           Lung Function     
                                                Normal       Abnormal                                   χ2        p value           PR                    95% CI    

                                                             Total (%) 

 
CO2 

High (≥557 ppm)            116 (31.7 %)      155 (58.7 %)               45.674      0.001*          3.065           2.205 – 4.260        

Low (<557 ppm)            250 (68.3 %)      109 (41.3 %)                         
CO 

High (≥ 3.6 ppm)     132 (36.1%                  156 (59.1 %)                22.141       0.001*         2.160           1.564 – 2.983           

Low (<3.6 ppm)              234 (63.9 %)     108 (40.9 %)  
PM10 

High (≥ 0.95 mg/m3)     234 (63.9 %)     156 (59.1 %)                5.471       0.019*         1.483           1.065 – 2.065         

Low (<0.95 mg/m3)      132 (36.1 %)               108 (40.9 %)  
PM2.5 

High (≥ 0.84 mg/m3      234 (63.9 %)     156 (59.1 %)                5.471       0.019*         1.483            1.065 – 2.065         

Low (<0.84 mg/m         132 (36.1 %)                108 (40.9 %) 
VOCs 

High (≥20.5 ppb)           168 (45.9 %)                105 (39.8 %)                67.981                  0.001*         3.981            2.847 – 5.568        

Low (<20.5 ppb)            198 (54.1 %)     159 (60.2 %) 
Temperature 

High (≥29.6 ⁰C)              188 (51.4 %)                132 (50.0 %)                 0.115        0.735            0.947            0.690 – 1.299      

Low (<29.6 ⁰C)               178 (48.6 %)                132 (50.0 %) 
Humidity 

High (≥75.4 %rh)         144 (39.3 %)                 137 (51.9 %)                 9.776        0.002*         1.663            1.208 – 2.290 

Low (<75.4 %rh)          222 (60.7 %)                 127(48.1 %) 
Air velocity 

High (≥0.14 m/s)          194 (53.0 %)     161 (61.0 %)                 3.970        0.046*         1.386            1.005 – 1.911            

Low (<0.14 m/s)           172 (47.0 %)                103 (39.0 %) 

*Significant at p<0.05, N = 630 

 

Results from statistical analysis shown that there were significant associations between all the IAQ 

parameters except for indoor temperature with the abnormality of FEV1 % predicted. Indoor CO2 concentration 

were significantly associated with the abnormality of FEV1 % predicted where PR=3.065 (95 % CI = 2.205 – 

4.260; p=0.001). Indoor CO were also shown significant association with the abnormality of FVC % predicted 

where PR=2.160 (95 % CI = 1.564 – 2.983; p=0.001). Indoor PM10 and PM2.5 concentration were significantly 

associated with the abnormality of FEV1 % predicted where they both have the same PR=1.483 (95 % CI = 

1.065 – 2.065; p=0.001). Nevertheless, indoor VOCs concentration were also found to be significantly 

associated with the abnormality of FEV1 % predicted where PR = 3.981 (95 % CI = 2.847 – 5.568; p=0.001). 

Similarly, indoor humidity and air velocity were also shown significant association with the abnormality of 
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FEV1 % predicted where PR=1.663 (95 % CI = 1.208 – 2.290; p=0.001) and PR=1.386 (95 % CI = 1.005 – 

1.911; p=0.046). 

 

Discussion: 

Our study results showed that there was a significant difference in the parent’s education level among the 

respondents. Parents from UAP acquired higher educational background as compared to SAP and RAP. 

Therefore, the monthly incomes of UAP parents were also significantly higher than SAP and RAP. Results on 

IAQ showed significantly lower concentrations of CO, PM2.5, PM10 and VOCs in RAP. Mean concentrations of 

CO, PM2.5, PM10 and VOCs were highest in the UAP. The higher concentrations of pollutants in UAP could be 

explained by higher pollution in this environment. For CO, the average concentration was highest in UAP (4.48 

± 1.12)ppm. This might be caused by high volume of road traffic and industrial activities within the vicinity. 

Incomplete combustion process of organic substances like fuels causes the release of CO. Mobile source of air 

pollutants include buses, trucks and automobiles. Similar results were obtained by Marzuki et al. ([15], outdoor 

combustion generated activities such as automobiles exhaust from attached garages, nearby roads, or parking 

areas and constructions are believed to be the main sources of CO concentration. There was a statistically 

significant difference (P < 0.05) between the means of the 3 schools with commercial area recording the highest 

value, while suburban area has the lowest concentration of CO. They found that the measured CO concentration 

ranged between 2.74 to 4.09 ppm in commercial area, 0.49 to 2.18 ppm in outskirt-hilly area and 0.12 to 0.61 

ppm in suburban area respectively. These measured values are well below the Malaysian Code of Practice 

(2010) recommended value of 10 ppm for an 8-hour period exposure. Another study by Tezara et al. [26] 

reported that the CO, CO2 and PM10 levels indicated that the city of Kuala Lumpur has higher pollutant levels 

than suburban area or Selangor. 

There were significant differences of indoor PM10 and PM2.5 among the 3 study area preschools (p = 0.005; 

p = 0.005). Preschools from urban area recorded the highest concentration for both indoor PM10 and PM2.5, 

followed by SAP and RAP. Indoor PM10 concentrations in Malaysia were monitored based on Industrial Code of 

Practice on Indoor Air Quality(2010), at a threshold of 150 µg/m
3
 for 24 hours average. The concentration of 

PM2.5 was compared with Recommended United State of Environmental Protection Agency (USEPA) standard. 

The allowable standard for the concentration of PM2.5 is 65 μg/m
3
. Based on the results obtained from our study, 

all 3 area preschools were having mean indoor PM10 below the recommended standard, (121.85 ± 33.45) μg/m
3
; 

(119.46 ± 43.10) μg/m
3 

and (80.46 ± 24.35) μg/m
3
 for UAP, SAP and RAP respectively. However, all 3 area 

preschools were having mean indoor PM2.5 above the recommended standard. In UAP, source of PM10 and 

PM2.5 were mainly come from road traffic and also emissions from the industrial activities nearby the schools 

area. Construction work on the improvement or repairment of roads and highway present in the urban area 

might be one of the contributing factors to high level of PM10 and PM2.5 in UAP. It is also suggested that the 

high concentration of PM10 is rooted from the shelf areas and ceiling fans. According to Tezara et al. (2014), 

day care centers in Kuala Lumpur have the highest mean rate of CO2 and PM10 as well as frequency of children’ 

illness which could identify traffic congestion and less greenery of a densely populated city. 

Similar results were obtained by Ismail et al. [13], the significant differences of indoor concentration 

between selected schools in Terengganu showed that pollutants released were influenced by surrounding human 

activities. Major sources of school indoor PM10 were mainly due to age of the building, types of flooring, 

presence of curtains, shelf area, dust from blackboard and fans. Some of the significant health effects of concern 

from the exposure to particulate matter include aggravated asthma, chronic bronchitis, chronic cough, breathing 

difficulty, and others. These health effects could become serious and can cause discomfort to the affected 

individuals, which may also lead to absenteeism from school [19]. Study done by Marzuki et al. [15] shows that 

the concentration of indoor particulate ranged between 64 to 136 μg/m
3
 for commercial area; from 100 to 188.8 

μg/m
3
 for outskirt-hilly area; and from 150 to 284 μg/m

3
 for suburban area. Average indoor PM10 concentrations 

for commercial area 101.5 μg/m
3
) and outskirt-hilly area (143.3 μg/m

3
) are within the recommended value. In 

another study carried out by Yahaya et al. [31], they reported a significantly higher reading of indoor PM10 at 

homes in the urban area with concentration of 71.47 µg/m
3
 compared to the homes in rural area with 

concentration of 47.06 µg/m
3
 (p < 0.001). Moreover, statistical analysis and median (IQR) for PM10 at studied 

residences indicate that there was a significant difference at p<0.001 between the urban area (118.00 µg/m
3
) and 

the rural area (71.50 µg/m
3
).  

Salleh et al. [23] found that the range of mean concentrations was between 41.0 and 342.82 μg/m
3
. The 

mean values of particulate 10 μm for 6 natural ventilation classrooms were beyond the Malaysian Code of 

Practice (2010). The air-conditioned classrooms have maintained the PM10 level to be below the limit of 

Malaysia Code of Practice (2010). They concluded that the outdoor particles have distributed the PM10 

concentration into the indoor environment of the schools involved in the study. Another cross sectional 

comparative study was conducted by Nurul Anis Sofiah and Jalaludin [20] with the purpose of assessing the 

indoor exposure level of PM2.5 and its relation to lung function among children living near busy road and less 

busy road in Cheras, Kuala Lumpur. The comparison between exposed and comparative group of indoor PM2.5 
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concentration demonstrated that indoor PM2.5 concentration showed significant difference between exposed and 

comparative group with (t=-2.496, p=0.014). According to Hashim et al. [12], it is reported that as the PM10 

concentration increases, the mean values of FVC % predicted, FEV1 % predicted and FEV1/FVC ratios were 

also increases among the children involved in their study. 

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

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

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

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

analysis shown that there was significant difference between indoor VOCs level between UAP, SAP and RAP 

(F = 5.832; p = 0.006). Indoor VOCs concentration levels were higher in UAP (29.64 ± 23.77) ppb followed by 

SAP (23.45 ± 11.53) ppb and RAP (13.52 ± 6.29) ppb. This might be due to VOCs emitting materials inside 

preschools’ building. According to our observation, most of the preschool’s furniture like chairs, tables and 

bookshelves were made of pressed woods, where these pressed wood products are mostly contain urea-

formaldehyde, may have released formaldehyde gases over a substantial period of time. These conditions were 

more pronounced with the preschool which has new furniture products. High indoor temperature and humidity 

may contribute to the increased release of formaldehyde from these products. Noticeably, chemical emissions 

from new building materials and furniture such as formaldehyde are problematic in UAP. High indoor 

formaldehyde have been measured in China [6], Korea [14] and Singapore [21]. Respiratory health effects of 

chemical emissions from new building materials such as paint, have been detected in Europe [29], but there is a 

lack of similar study in Malaysia. 

The statistical analysis showed that FVC, FEV1, FVC% Predicted and FEV1% Predicted were significantly 

different between UAP, SAP and RAP (F = 5.708, p = 0.003; F = 6.985, p = 0.001; F = 15.219, p = 0.001; F = 

16.441, p = 0.001). It is suggested that exposure to a pollution profile of heavy traffic may contributed to lower 

FVC and FEV1 among preschool children. There are numerous factors that influence the abnormality of the lung 

function of children. According to Yahaya et al. [31], various indoor air pollutants could be the reasons. In their 

study among children in urban and rural area, they found that FVC, FEV1, FVC% and FEV1% (ratio to reference 

values of the matched population) had significant differences between urban and rural area (p<0.001), while no 

significant difference was observed between urban and rural area for FEV1/FVC (Forced Expiratory Volume in 

One Second expressed as a percent of the Forced Vital Capacity). Nurul Anis Sofiah and Jalaludin (2013) have 

done a comparison between exposed and comparative group of respondents’ abnormality prevalence based on 

FVC%, FEV1%, and FEV1/FVC%. The statistical results obtained demonstrates that FVC% and FEV1% were 

significantly different between exposed and comparative group of (χ
2
=17.926, p=0.000); and (χ

2
=7.259, 

p=0.007) respectively. In contrast, FEV1/FVC% was not significantly different between exposed and 

comparative group. The statistical results obtained demonstrates that the comparative group was statistically 

significant in correlation with indoor PM2.5 (r=0.403, p=0.001) and (r=0.461, p=0.000), whereas the measured 

FEV1/FVC of exposed group was not significantly correlated (r=0.172, p=0.403). There were also linking 

associations by this study that CO, PM10, PM2.5 and VOCs has been increases the prevalence of lung function 

reduction in children who participated in this study. This finding was supported by a study conducted by Nurul 

Fariza et al.  where they have reported that there was an association between PM2.5, PM10 and VOCs with lung 

function (FVC and FEV1) among school children from urban area (lung function among children live in urban 

area were significantly lower than those children who live in rural area). Similarly, a study done in California 

[11] revealed that the lung function growth in children reduced in areas with high PM10 concentrations. A study 

done by Nur Azwani et al. [18] concluded that exposures to poor IAQ might increase the risk of getting lung 

function abnormality and respiratory problems among study respondents. According to Fritz and Herbath [10], 

found that pulmonary function of preschool children, especially male children, were more sensitive to 

detrimental effects from living in urban areas with high ambient pollution levels compared to the comparative 

children.   

 

Conclusion: 

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

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

students, infrequent cleaning, active human activities with constant re-suspension of particles from room 

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

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

strategies to improve IAQ and guide future study of IAQ in preschools. Strategies like keeping open all 

classroom windows and doors during class sessions, carry out more frequent cleaning without detergent or using 

detergent with less ozone-reactive organic compounds, increasing classroom size (provision of at least 10m
2
 per 

student), limiting indoor physical activities and locating schools at a greater distance from traffic and industry 

(minimum 100m) may help provide for better IAQ in preschools. Findings from this study indicated that the 

exposures to poor IAQ and increasing levels of IAPs concentrations were the risk factors that had caused 
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reduction in lung function among the study respondents. Further studies are needed to confirm the observed 

association between IAPs concentrations and respiratory health among preschool children in urban, suburban 

and rural areas. 
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