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ABSTRACT 

Poor indoor air quality can be particularly harmful to children and interfere with the growth of their lung 
function as they spend much of their time indoors. In order to understand the mechanism of exposure in the 
airways, biomarkers were used as a surrogate for biological responses towards indoor air pollutants. This 
study aims to investigate the association between indoor air pollutants (PM2.5, PM10 and NO2) among school 
children in different area of urban and rural site in Klang Valley. A cross sectional comparative study was 
conducted among 430 healthy schoolchildren from a national primary school. Methods involved 
questionnaires based on American Thoracic Society and sputum samples for biomarkers assay. Indoor 
exposure to PM2.5 and PM10 (Dust Trak Aerosol Monitor) and NO2 (LaMotte Air Sampler) were measured 
in the classroom. Mean concentration of PM2.5 (50.72 µg/m3) in urban schools were significantly higher 
compared to rural (28.36 µg/m3) school. Similar trend found in indoor level of PM10 in urban and rural 
schools with 87.04 µg/m3 and 56.76 µg/m3 respectively. The mean exposure level of NO2 of urban schools 
(0.12 ppm) is nearly 4 times higher than the level in rural areas (0.032 ppm). A significant association was 
found between indoor air concentrations (PM2.5 and PM10) with TNF-alpha level. Children from rural areas 
are exposed to less air pollutants compared to those from urban area and this study also suggests that higher 
exposure to PM2.5, PM10 and NO2 are associated with increasing of TNF-alpha level. 
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1. INTRODUCTION 

Children are more vulnerable to serious health risks 
from environmental hazards compared to adults. As 
children are always exposed indoors (80%), it is important 
to examine pollution where they spend most time at, as 
well as in the places where the ambient levels are high 
(Heinrich, 2011). Thus, indoor air quality in schools is one 
of special concern for children exposure due to pollutant 
levels in indoor school are often 2 to 5 times higher 
compared to outdoors (Mercola, 2011; USEPA, 2011). 
Even at low concentrations, the presence of indoor 

pollutants may have important biological impact if it is 
exposed in long periods. Thus, the morbidity risks may be 
greater due to their exposure to indoor air pollution rather 
than outdoors especially among children (Ismail et al., 
2010). This is supported by a study from the World Health 
Organization (WHO) indicated approximately, 3.5 million 
people die early annually from indoor air pollution and 
3.3 million from outdoor air pollution (Reuters, 2013). 
The effects of air pollution on respiratory symptoms 
(Gül et al., 2011; Liu et al., 2013; Tabaku et al., 2011), 
asthma attacks (Zakaria et al., 2012) and lung function 
(Linares et al., 2010) have been shown. 
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Since children spend more time in school (Naziah et al., 
2011), they are susceptible to poor air quality which 
substantially impact on children’s health Pegas et al., 
2010). It is a concern that children have a greater 
ventilation rate per body weight or pulmonary surface area 
as compared to adults (Ashmore and Dimitroulopoulou, 
2009; Gilliland, 2009; Mohd Sofian and Ismail, 2012). 
Moreover, children’s bodies are still developing and the 
effect of environmental risk can interfere with the growth 
of their lung function as well as their immune systems and 
permitting infections to their body (Edwards and 
Langpap, 2012). The last two periods showed the 
potential significance of poor air quality for the 
children’s health, which exposed them to air pollutants in 
indoor environments (Chatzidiakou et al., 2012) 
especially in urban area (Padhi et al., 2010). 

On This current time, Malaysia is experiencing rapid 
urbanization (Masron et al., 2012). The urban population 
in Malaysia has increased from 62% in 2000 to 71% in 
2010 (DSM, 2011). The growth of urban population in 
Malaysia was more rapid than the population growth in 
rural areas (Ngah, 2010). One of the most developed 
areas in Malaysia is Klang Valley, which involve rapid 
urbanization and industrialization activities (Azmi et al., 
2010; Ling et al., 2010). Due to this concern, Klang 
Valley is continuously exposed to air pollution, which is 
approaching critical levels in a number of urban areas 
including Kuala Lumpur and Petaling Jaya (Musa et al., 
2013). Thus, indoor environment in Malaysia is one of 
the particular interests to study where building-related 
illnesses still have not gained the same importance as 
those related to outdoor air quality (Shaharom, 2013). 
Furthermore, Malaysia is a tropical country, which has a 
lower ventilation rates, therefore enhancing the usage of 
open ventilation system in such buildings. Likewise, 
national primary schools in Malaysia use general (open) 
air ventilation, which makes it easier for the particles or 
gases to go into the classrooms. 

Biomarkers are used as surrogates for biological 
responses towards indoor air pollutants in order to 
understand the relationship of indoor air exposure among 
school children and inflammation of their lungs. The 
biomarkers involved are pro-inflammatory cytokines, 
which are Tumor Necrosis Factor-alpha (TNF-α). These 
pro-inflammatory cytokines have been investigated 
mostly for their anti-inflammatory actions. TNF-α has 
also been suggested to have a key-role in particle-
induced inflammation study ( Baune et al., 2012) and it has 
been concluded that TNF-α can induce an increase in 
airway responsiveness in healthy subjects, thus making it 
a cytokine candidate for the induction of airway 
inflammation and hyper responsiveness (Elahi et al., 2009, 

Montgomery and Bowers, 2012). This research is intended 
to observe the effects of exposure to selected indoor air 
pollutants through the reaction of biological samples, 
which indicate the susceptibility of lung inflammation. As 
to our knowledge, this is the first study of indoor air 
pollutants among school children, which is documenting 
on indoor air exposure using sputum induction as a 
biomarker in Malaysia. 

2. MATERIALS AND METHODS 

This study is a cross sectional comparative study 
conducted in national primary schools located in Klang 
Valley, which consists of the Federation of Kuala 
Lumpur and Selangor. Klang Valley is one of the 
developing areas with major sources of pollutants are 
released by transport vehicles and industrial emissions, 
which may affect the population around it. Based on 
cluster random sampling method, the area of sampling 
was divided into two regions. In the same region, this 
study was performed in two different areas: Urban area 
was conducted in Petaling Jaya; rural area was 
represented by Beranang (Selangor).  

2.1. Selection of Schools 

A list of grades of classified National Primary School 
situated in Klang Valley was acquired from the Ministry 
of Health with criteria of more than 1000 children per 
school. The list was distinguished from urban to rural 
area which is not in close proximity to industrialization 
activities. Urban here is referred as the special 
development area that can be identified, which at least 
had a population of 10,000 with at least 60% of the 
population (aged 15 years and above) are involved in 
non-agricultural activities (30 Department of Statistic, 
2010). Furthermore, the selection of schools was based 
on the different sites of human activities of urban and 
rural which are located within 5 km radius to ASMA air 
pollution monitoring station. The schools were randomly 
selected involving two primary schools in urban 
specifically Sri Petaling and Bandar Tun Razak, while 
Beranang represents rural area (Fig. 1). Primary 
education system in Malaysia begins at the age of 7 to 
age 12, which respectively starts from Standard 1 to 6. 
Permission from the Malaysia Ministry of Education was 
obtained prior to carry out the study in primary schools 
covering Kuala Lumpur and Selangor districts. Both 
urban and rural schools selected were using general 
ventilation, which ease these air pollutants to 
penetrate in and out of the classrooms. 
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Fig. 1. Map of sampling location 

 
2.2. Selection of School Children 

For each selected school, all children in Standard 2 
(8 years old) and Standard 5 (11 years old) who had 
never been diagnosed with any respiratory diseases 
were invited at the beginning of the study. The 
selection was based from the name list obtained from 
medical school records. Only Malay students were 
being selected as most of the school children in national 
primary schools are Malays. Each child selected then 
was sampled based on the distance of their houses to be 
less than 5 km away from their schools to minimize the 
potential of confounder in the study. 

2.3. Ethical Approval  

Approval from the Committee of Ethics of Faculty 
of Medicine and Health Sciences, University Putra 
Malaysia was obtained. Permission to conduct this 
study was acquired from the Malaysia Ministry of 
Education, which cover schools in Kuala Lumpur and 
Selangor districts. Moreover, approvals from the 
respective schools were also acquired to ensure the 
data collection was done during appropriate time. 

Written consents from parents or guardians were 
obtained prior to data collection. The privacy of the 
information gathered is confidential and was protected 
during all phases of study. Sputum sample was 
collected from the children after getting the parents’ 
or guardians’ permission. 

2.4. Questionnaires 

Questionnaires that were completed by parents or 
guardians were returned by the children within 2 days. 
This questionnaire was based on standardized 
questionnaire that was adapted from American Thoracic 
Society’s Division of Lung Diseases (ATS-DLD-78-C) and 
were then modified and translated from English to Malay 
language. The questions mainly addressed the variables 
which have been reviewed in the literature, such as; 
respiratory symptoms, home environmental exposures, 
lung disease history and socio-demographic 
information. Any returned questionnaire with 
incomplete answers were contacted by the researcher 
through the phone. Prior to the study, a pre-test 
questionnaire was carried out among parents as to 
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verify the reliability of the questionnaires to ensure the 
contents were easily understood. 

2.5. Sampling 

The study performed indoor measurement in 
classroom environments to understand the children's 
exposure. The measurement of indoor air pollutants 
was conducted in the classrooms during the school 
period of 5 h depending on the school session 
(morning or evening). Generally, Standard 5 is in the 
morning session, while Standard 2 is in the evening 
session. The measurement was conducted with the 
present of school children and teachers in the 
classrooms. Sampling technique used is a direct-
reading instrument method of air sampling tool (Dust 
Trak Aerosol Monitor) (TSI) to measure aerosol with 
an upper particle size limit of 10 µm. Mean while, 
measurement of NO2 levels was carried out using 
LaMotte Air Pollution Test Equipment, which uses 
absorption method. The level of NO2 was determined 
using the NO2 spectrophotometer by reading the 
absorbance wavelength. Prior to monitoring, two Dust 
Trak Aerosol Monitors were fitted with PM2.5 and 
PM10 inlets, while LaMotte was set with the chemical 
reagents. During the monitoring in the classrooms, both 
instruments were placed on desks at 1.5 m above floor level 
(Lee and Chang, 2000) at the back of the classrooms and 
located at least 0.5 m away from the children to make sure it 
does not interrupt the class activities. 

2.6. Sputum Samples 

Sputum was collected upon granted permission by 
parent or guardian and return of completed 
questionnaire. Sputum samples then were taken during 
school hours by inducing children using dense aerosol of 
hypertonic or normal saline. The technique has been 
successfully applied to induce sputum from normal or 
healthy children which was based on the study conducted 
by (Gibson, 1998). Children were requested to inhale 
hypertonic saline (NaCl 4.5%) for 5 to 20 min through 
ultrasonic nebulizer. Samples from sputum induction 
were collected in a specimen bottle before being 
transported and stored at-80°C in the laboratory. 

2.7. Human Tumor Necrosis Factor-Alpha 
(TNF-α) 

The concentration of TNF-α were analyzed using 
human Enzyme-Linked Immuno Sorbent Assay 
(ELISA or EIA) which was based on manufacturer’s 
instruction. The TNF-α concentration was quantified 
after incubation with detection of antibody. Collected 

sputum was ultracentrifuged for 8,000×g for 20 min 
4°C (Delacourt et al., 2002) and kept under-80°C until 
the sample were analyzed.  

The concentrations of TNF-α were calculated by 
extrapolating samples to the standard curve graph. 
Sputum analysis of human TNF-α was carried out in 
Chemical Pathological Laboratory, Department of 
Pathology and University Putra Malaysia. 

2.8. Statistical Analysis 

Data were entered and analyzed concerning the 
concentration of Indoor Air Quality (IAQ) and the 
level of Tumor-Necrosis Factor alpha (TNF-α) 
according to the area of residence. The comparisons 
between the two areas were tested using independent 
t-test. The Pearson correlation was conducted to 
determine the relationship between different indoor air 
pollutants at each area with the level of TNF-α. To 
explore the factors influencing the level of TNF-α, 
multiple logistic regression models were used in 
which the potential confounding factors were 
controlled. All statistical analyses were performed 
using the Statistical Packages for Social Sciences 
(SPSS). All p values reported are 2-tailed with 
statistical significance set at <0.05. 

3. RESULTS 

3.1. Response Rate 

From the lists of sampling frame obtained from 
school medical records, there were 250 initial 
questionnaires for children in Standard 2 and Standard 
5 who had never been diagnosed with any respiratory 
diseases from the selected schools of urban and rural. 
A number of 232 (92.8%) school children from the 
initial samples in urban area were willing to 
participate in this study. Meanwhile, there were only 
198 (79.2%) responses from the parents or guardians 
in rural areas who agreed with the permission to 
participate in the sputum collection. 

3.2. Socio-Demographic Information 

The distributions of background information are 
shown in Table 1 and 2. Table 1 provides the 
comparison of demographic background of the samples 
between two areas. The table showed highly significant 
differences in parental education and types of housing 
between school children who live in urban area and those 
who live in rural area. Meanwhile, there was no 
significant difference obtained for crowding ration in 
both urban and rural area (Table 2). 
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Table 1. Distribution of backgrounds among selected schoolchildren in Klang Valley 
Variables  Urban (n = 232) number (%) Rural (n = 198) number (%) χ2 value P value 
Education level (Father) 
Primary education 1 (4) 25 (12.6) 
Secondary education 108 (46.6) 141 (71.2) 43.07  <0.001** 
Higher education 123 (53) 32 (16.2) 
Education level (Mother) 
Primary education 3 (1.3) 40 (20.2) 
Secondary education 141 (60.8) 130 (65.7) 10.39 <0.001** 
Higher education 88 (37.9) 28 (14.1) 
Types of housing 
Bungalow 14 (6) 3 (1.5) 
Apartment 92 (39.7) 9 (4.5) 
Single storey terrace 52 (21.6) 96 (48.5) 42.47 0.001** 
Double storey terrace 76 (32.8) 25 (12.6) 
Village 0 (0) 57 (28.8) 
**Significant at p<0.001 

 
Table 2. Comparison of socioeconomic backgrounds 
 Urban (n = 232) number (%) Rural (n = 198) number (%)  
Variables median (IQR) median (IQR) z value P value 
Total income (RM) 4700 (3500) 2275 (1500) - 11.69 0.001** 
Total dweller 5 (1) 6 (1) - 2.15 0.31* 
Total room 3 (1) 3 (1) -4.19 0.001** 
Crowding ration 1.7 (0.7) 1.8 (0.5) -0.039 0.969 
**Significant at p<0.001 

 
3.3. Indoor Air Levels of PM2.5, PM10 and NO2 

in Schools of Urban and Rural 

Table 3 shows a comparison of concentration of 
indoor air pollutant levels of PM2.5, PM10 and NO2 
between schools in urban and rural areas. 
Concentration of PM2.5 was measured by air sampling 
monitoring (Dust Trak Aerosol Monitor) for indoor 
PM2.5 concentration among the study areas. The mean 
concentration of PM2.5 inside the classrooms of urban 
schools (28.2 to 65.5 µg/m3) was 1.8 higher than the 
mean concentration of indoor PM2.5 inside the 
classrooms of rural schools (22.75 to 37.77 µg/m3). 
Dust Trak Aerosol Monitor was also used as a tool to 
monitor the indoor levels of PM10. Comparison of 
indoor aerosol levels for PM10 inside classrooms 
showed similar tabulation between the two areas 
(Table 3). Mean concentration level of PM10 in 
schools in urban area (52.9 to 121.3 µg/m3) was also 
higher compared to the schools in rural area (43.61 to 
69.59 µg/m3). Both indoor particulate matters inside 
classrooms showed a significant difference (p<0.001) 
between the study schools. 

Measurement of concentration of indoor NO2 was 
measured by the LaMotte Air Sampler Test, which 

measures the rate of flow of the air through the 
absorbing principles of calorimetric. The statistical 
analysis records that the mean value of NO2 levels in 
urban classrooms were nearly 4 times higher compared 
to rural schools with ranged between 0.533 to 0.1844 
ppm (urban). The distribution of NO2 concentrations 
between study group areas indicate high significant 
difference (P = 0.001) and t value of 32.29. 

3.4. Prevalence of Respiratory Symptoms 

Respiratory symptoms were identified using the 
questionnaire which was answered by parents or 
guardians. The parameters for respiratory symptoms 
studied were cough, phlegm, chest tightness and 
wheezing. As presented in Table 4, the differences in 
prevalence of respiratory symptoms among school 
children showed a significant difference for all 
parameters (p<0.05) except chest tightness. No 
reported data was received for chest tightness by the 
parents or guardians in urban areas. 

3.5. Comparison of TNF-α Level  

Biomarkers were used to understand the physiology 
of inflammation of human respiratory system affected by 
inhalation of indoor air pollutants by school children. 
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Tumor Necrosis Factor-alpha (TNF-α) was used in place 
of the biomarkers for respiratory systems as it plays a 
part in respiratory inflammation. The sputum samples 
taken from the children were being analyzed in order to 
get TNF-α concentration levels. 

According to the statistical analysis, the TNF-α level 
among children in urban and rural areas differ 
significantly with 7.35±2.92 and 5.61±2.53 pg mL−1, 
respectively (Table 5). In summary, the statistical analysis 
described that the mean value of TNF-α concentration 
levels for children in urban was significantly higher than 
children in rural. Comparison between these two study 
areas were observed with significant difference and shows 
z-value of -5.951 (p<0.001). 

3.6. Association between Indoor Air 
Concentration Parameters and TNF-α Level 

The data was recorded and analyzed using 
Spearman Correlation tests to see the association 
between indoor PM2.5, PM10 and NO2 concentration 
with the production of TNF-α level among school 

children (Table 6). There were significant correlations 
between indoor air concentration of PM10 (r = 0.475, 
p<0.001), PM2.5 (r = 0.493, p<0.001) and NO2 (r = 
0.329, p = 0.001) with TNF-α level in the urban 
school area. Moreover, a significant correlation was 
also found between all indoor air concentration and 
the level of TNF-α for the school children who study 
in rural areas, of PM10 (r = 0.206, p<0.004), PM2.5 (r = 
0.356, p<0.001) and NO2 (r = 0.321, P = 0.001).  

3.7. Factors Influencing the Concentration of 
TNF-α Among School Children 

Linear regressions were performed to determine 
the main factor contributing towards TNF-α of school 
children. The analysis included exposure level of 
PM10, PM2.5 and NO2 of school children. As presented 
in Table 7, results from analysis revealed that the 
exposure level of PM10 and PM2.5 recorded had 
significantly influenced the concentration of TNF-α 
among the school children. 

 
Table 3. Comparison of Indoor Air Pollutants inside Classroom between Urban and Rural 

 Urban (n = 232) number (%) Rural (n = 198) number (%) 
Variables Mean (SD) Mean (SD) t value P value 

PM2.5 (µg/m3) 50.72 (10.65) 28.36 (4.41) 27.61 <0.001 
PM10 (µg/m3) 87.04 (16.35) 56.76 (6.7) 24.37 <0.001 
NO2 (ppm) 0.121 (0.038) 0.032 (0.006) 32.29 <0.001 

**Significant at p<0.001 

 
Table 4. Comparison of respiratory symptoms among school children 

  Urban (n = 232) Rural (n = 198)   Odd  
Variable  number (%) number (%) X2 P value ratio 95% CI 

Cough Yes 73 (31.5) 44 (22.2)  4.608 0.039 1.607 1.040-2.482 
 No 159 (68.5) 154 (77.8) 
Phlegm  Yes 47 (20.3) 22 (11.6) 6.635 0.012 2.032 1.176-3.511 
 No 185 (79.7) 176 (88.9) 
Wheezing  Yes 31 (13.4) 2 (1) 18.379 0.001 7.48 2.592-21.586 
 No 201 (86.6) 196 (99) 
Chest  Yes (0) 2 (1.0) 2.354 0.211 - - 
Tightness No 232 (100) 196 (99.0) 

**Significant at p<0.05; **Significant at p<0.001 

 
Table 5. Comparison of TNF- α between schoolchildren in urban and rural area  

 Urban (n = 198) Rural (n = 198)  
Variable median (IQR) median (IQR) Z value P value 

TNF-α (pg/mL) 7.04 (3.45) 5.42 (3.84) -5.951 <0.001** 

**Significant at p<0.001 



Juliana Jalaludin et al. / American Journal of Applied Sciences 11 (9): 1616-1630, 2014 

 
1622 Science Publications AJAS 

Table 6.Correlation between concentration of Indoor air pollutants and TNF-alpha level 
 Urban (n = 198)  Rural (n = 198) 
 ----------------------------------------------- ----------------------------------------------- 
TNF-α (pg/ml) R value P value R value P value 
PM10 0.475 0.001** 0.206 0.004* 
PM2.5 0.493 0.001** 0.356 0.001** 
NO2 0.329 0.001** 0.321 0.001** 
*Significant at p<0.05; **Significant at p<0.001; N = 396 
 
Table 7. Factors influencing concentration TNF- α among school children 
 Coefficient Regression (β) t p 
Constant 1.380 2.260 0.024 
PM2.5 0.084 2.281 0.001** 
PM10 0.033 3.712 0.023* 
NO2 -9.202 -1.820 0.069 
*Significant at p<0.05; **Significant at p < 0.001; R2 = 0.241(adjusted R2 = 0.235); N = 396 
 

4. DISCUSSION 

4.1. Indoor Air Levels of Particulate Matter 
(PM2.5 and PM10)  

Mean concentration level of PM2.5 in the urban 
school areas was nearly two times higher compared to 
the mean in rural schools. Unfortunately, due to 
insufficient information, no standard was established for 
PM2.5 in Malaysia. However, the level exceeded the limit 
when compared to the World Health Organization Air 
Quality Guidelines of 24 h period exposure (12 µg/m3) 
(USEPA, 2012). Malaysian Code of Practice (DOSH, 
2010) suggests on the recommended threshold level for 
reparable particulates (PM10) is set at 150 µg/m3 for 8 h 
exposure. This indoor PM10 level in urban measured 
during the class period is within the recommended value 
even though the mean concentration of urban school was 
recorded higher compared to rural schools. This level is 
also still under the threshold limit (150 µg/m3) by the 
Recommended Malaysia Ambient Air Quality 
Guidelines as suggested by Malaysia Department of 
Environment (Ismail et al., 2011). However, this 
permissible limit concern in 24 h duration exposure. 
An observation made in the classrooms suggests that 
there are a few factors that might influence the level 
of particulate, for instance, the distribution of 
particulate matters in indoor classrooms includes the 
presence of curtains, dust from blackboards, shelves 
area and ceiling fans. These factors were observed to 
be one of the determinants for dispersion of 
particulate matter in the classrooms. 

Moreover, due to the geographical area as a tropical 
country, national primary schools in Malaysia were 
majorly ceiling fans ventilated and used open windows 

and doors as a result of having lower ventilation rates. 
This helps to contribute and generate indoor air 
pollutants and allow greater risk to the children. The 
particles penetrate from the outside will accumulate 
inside and settle down on the curtains, shelves and 
ceiling fans. The lack of ventilation may prevent the 
removal of PM especially, larger particles in the 
classrooms. Furthermore, primary schools today are less 
frequently cleaned even though they have cleaning 
schedule for everyday however, a mere once weekly 
clean being observed which might lead the particles only 
partly removed and hence the sediment dust remain 
indoors. This physical activity by the school children in 
the classrooms may interfere with the level of particulate 
remaining inside. The significant differences between 
indoor PM2.5 and PM10 concentrations suggest that the 
local surroundings might influence the concentration of 
the particulate in the school of urban area. 

It is believed that indoor fine particulate pollutant 
was mainly from outdoor sources, which efficiently 
penetrate the indoors ambient (Diapouli et al., 2011). 
Thus, another contributing factor which is also known to 
have effects on particulate matters inside building 
includes the outdoor sources (Nazaroff, 2013). From the 
observation, PM2.5 together with NO2 trend seems to be 
at peak in the morning and afternoon due to traffic 
congestion of school buses, led to the higher amount of 
the fine particles and NO2 in the ambient. Particularly, 
the school bus has 2 cycles of fetching children in the 
school areas. Thus, the distance to the main road 
suggests a great influence to the indoor levels. The 
selected schools in urban area are situated near the main 
roads (approximately 50 to 100 m), which permitted the 
traffic emission pollutants to be scattered inside the 
classrooms. One study (Norela et al., 2010) reported on 



Juliana Jalaludin et al. / American Journal of Applied Sciences 11 (9): 1616-1630, 2014 

 
1623 Science Publications AJAS 

the source of air pollution in Malaysia, emissions from 
mobile sources have been the major source of air 
pollution, contributing to at least 70-75% of the total air 
pollution. Furthermore, Malaysia is undergoing 
urbanization, thus the indoor air quality is strongly 
influenced by motor vehicle emission and industrial 
sources outdoors Average of indoor concentrations in 
schools around the world in countries that are undergoing 
vast growth in urbanization found a similar result of PM10 
ranged between 43-1181.1 µg/m3. Some of these exceeded 
the annual WHO guideline, which is 50 µg/m3 (WHO, 
2011). They also discovered that the cause is mainly 
because vehicles exhaust emissions from construction 
or urbanization activities (Chatzidiakou et al., 2012). 
Guo et al. (2010) also studied on the influence of 
outdoor air pollution on indoor level of PM2.5 in the 
school environment. The level of indoor particulate 
was mainly affected by the outdoor PM2.5 (r = 0.68, 
p<0.01). The major outdoor pollution sources around 
the school were expected to be vehicle emissions. This 
is also agreed by (Franco et al., 2013) who conducted 
a more extensive study in public elementary schools 
in Bogota, Colombia. They found the correlation of PM10 
and PM2.5 concentrations (R2 = 0.86 and 0.91) to be 
associated with an increase of traffic-related emissions. 

Conversely, different result has been shown by a 
local study done in Kuala Terengganu, Malaysia 
(Ismail et al., 2010). The study conducted in three 
selected schools in different site of area namely 
commercial, sub-urban and outskirt-hilly area. The 
concentration level of PM10 in the classroom is 101.5 µg/m3 
(commercial area) and 143.3 µg/m3 (outskirt-hilly 
area). On the contrary, schools located in sub-urban 
area are found to have a higher average concentration 
of PM10 (194.3 µg/m3). Nevertheless, similar methods 
were used by the study, which utilize grab sampling 
techniques with the same method locate in the classroom 
with this current study, but with different model of 
equipment. The sampling was also done during the class 
period, only that the study (Ismail et al., 2010) had done 
two times measurement in 2008.  

A number of studies reported to have high levels of 
PM10 and PM2.5 in the classrooms (Alves et al., 2013; 
Heudorf et al., 2009; Goyal and Khare, 2009) with a 
wide range varying from 13 to 1181.1 µg/m3 and 13.5 to 
359.9 µg/m3, respectively. However, this present 
study concentration is not as high as other developing 
countries due to multiple factors as the school in 
Malaysia has complex indoor environment, which 
differ in location, geographical area, weather or 
seasonal variation and building design. As inference, 
indoor and outdoor particulate matter level (Lin and 

Peng, 2010) and the physical activity of school 
children (Morawska et al., 2009) might have a close 
relationship which significantly contributed to the 
increase of particulate matter in classrooms. 

Mean concentrations of NO2 recorded in urban 
school were nearly 4 times higher compared to rural. 
According to (DOSH, 2010), the permissible exposure 
for NO2 was 0.2 ppm for 8 h (TWA). This means 
exposure level of indoor NO2 in urban schools by far 
lower than the permissible range proposed by data 
statistic in Malaysia. However, if compared to 24 h 
exposure, the mean concentration of NO2 for urban 
school was slightly lower than the maximum permissible 
limit (0.17 ppm) suggested by the Recommended 
Malaysia Ambient Air Quality Guidelines issued by 
the Department Of the Environment (DOE) since 1989 
(Syed Abdul Mutalib et al., 2013). The production of 
NO2 in the morning showed a high concentration 
level, but later the concentration lessens in the 
afternoon due to their conversion to O3, which may 
lead to a low concentration level in this study. There 
were a few studies contributed to the understanding of 
NO2 in the ambient air rises from oxidization of emitted 
NOx from combustion mainly from motor engines in 
urban areas and it is considered to be a good marker of 
traffic-related air pollution Syed Abdul Mutalib et al., 
2013; Lee and Dong, 2012). Thus, give a similar 
interpretation for this current study. Schools in urban 
areas had a high concentration level, which possibly 
due to the exposure from the outdoor pollutants as 
they used general (open) ventilation. Other 
epidemiology studies also reported on NO2 as the source 
derived from outdoor environment Rosenlund et al., 
2009; Lamsa et al., 2013), which mostly indicates 
urban area. It was suggested that in urban area, motor 
vehicle emissions are the major source of NO2, which 
was also found in other studies that investigated the 
different levels between study areas (Tian et al., 2011; 
Wichmann et al., 2010).  

4.2. Prevalence of Respiratory Symptoms 

Based on the feedback made by the parents or 
guardians through questionnaires, indicators for 
respiratory symptoms showed children in urban areas 
were found to have great deals with respiratory 
symptoms. The data showed significantly differ (p<0.05) 
for cough (31.5 and 22.2%), phlegm (20.3 and 11.1%) and 
wheezing (13.4 and 2%) in both areas, respectively. 
However, the total feedback made by the parents or 
guardians showed less responses and answers on the 
respiratory symptoms of chest tightness even though 
briefing was made to ensure they understand the 
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question. This shows that the majority of the parents or 
guardians did not respond or may totally disagree to the 
questions given. The term of respiratory symptoms and 
confidentiality had been made clear by the researchers 
However, the parents or guardians especially in rural 
area are assumed to be close minded, which causes 
information bias discusses in study limitation. 

Epidemiological studies have reported relationships 
between increased ambient of indoor air pollutants 
including particulate matter (Turner et al., 2011; 
Faustini et al., 2011; Mehta et al., 2013) and NO2 
(Gillespie-Bennett et al., 2011; Meng et al., 2012) with 
the increase risks of respiratory tract symptoms. Other 
studies also correspond with the current study reported 
that school children in urban density communities had a 
significant higher prevalence of respiratory symptoms 
compared to those living in the rural community of low 
traffic exposures (Skrzypek et al., 2013; Middleton et al., 
2010; Siddique et al., 2011; McCormack et al., 2009). In 
a cross-sectional study done in 108 schools in France 
among 9 to 11 years old children, the risk of asthma was 
significantly higher in neighborhood of schools with 
higher concentration of urban pollutants including PM10, 
SO2 and NO2 (Pénard-Morand et al., 2010). 
Furthermore, a few studies were done in observing the 
children living near main road had an increase in 
respiratory symptoms. A study of 1917 children in 
Nicosia, Cyprus found an increased risk of wheeze 
associated with living within 50 m of a main road 
(Middleton et al., 2010). Meanwhile, a cross-sectional 
study of 5733 children in Poland found that respiratory 
symptoms of persistent cough and seizure of dyspnea 
were significantly more often reported for children living 
more than 100 m of a main road (Skrzypek et al., 2013). 

Contrarily, a study done on a prevalence of current 
asthma found different findings, which they indicated 
children at school in rural areas were most frequently 
reported of having wheezing for both boys and girls 
(10.3%) for the aged of 6 to 15 years old (Jain et al., 
2010). The differences between countries and regions 
are thought to be related to environmental differences, 
lifestyle and living conditions. 

4.3. Concentration of TNF-α level and Indoor 
Air Pollutants 

TNF-α act as an inflammatory mediator release when 
there are interaction of alveolar macrophages in the lung 
with atmospheric particles (Hiraiwa and Van Eeden, 
2013). School children living in urban area which are 

exposed to high concentration of indoor air pollutants 
significantly have a high level of TNF-α. This might 
indicate that urban school exposed to traffic emission 
are more polluted, leading TNF-α in lung to play a 
critical role in mediating inflammatory cell recruitment 
after exposure to particulate matters (Miyata and Van 
Eeden, 2011). Activated macrophages in human lung 
provide protection against infections by a variety of 
mechanisms including cytokine production (particularly 
IL-1, IL-6 and IL-8, also TNF-α), which are important 
in mounting an immune response to infection (Barnes, 
2009). Differently, rural school area which is located 
far from the traffic density might lead to less 
production of TNF-α level. Rise in the inflammatory 
cells like neutrophils and lymphocytes in sputum of 
school children in urban area may suggest a greater 
prevalence of pulmonary infection and inflammation in 
the city. Meanwhile, the rise in eosinophil number in 
sputum of urban children may indicate underlying 
allergy and hypersensitivity response. In essence, 
children chronically exposed to high level of air 
pollution are at a higher risk of inflammation in the 
lungs that may lead to lung function deficits. 

A significant association between all indoor air 
pollutants measured and concentration of TNF-α were 
recorded at schools in urban and rural areas (Table 6). 
The correlation suggested that the levels of TNF-α was 
influenced by the indoor level of PM2.5, PM10 and the 
urban air particles stimulated TNF-α production 
(Montiel-Dávalos et al., 2010). Findings from this study 
generally corresponded with other studies, which provide 
evidence for particulate matters and the occurrence of 
TNF-α. According to (Simões et al., 2013), TNF-α 
increases in a dose-dependent manner when alveolar 
macrophage in the lung of healthy human was exposed 
to ambient urban particles, however it produces a similar 
response even though that particles with different 
composition and size. Similar trend found in a study. 
Mantecca et al. (2012) in Milan, which reports a greater 
genotoxic potential of fine PM by inducing genotoxic 
effects, such as cell-cycle modification and apoptotic 
process activation in THP-1 cells. Exposure to NO2 have 
also been discussed in a few studies and known to have a 
correlation between the increases of NO2 exposure with 
the production of TNF-α (Lee and Dong, 2012). Taken 
together, correlation between the most significant 
concentration levels of TNF-α (Table 6) indicates that 
the PM2.5 level has the most influenced correlation (r = 
0.493, p<0.01) in urban density area. PM2.5 exposure 
increases the inflammation response of the lung in a 
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dose-dependent manner (Riva et al., 2011). In 
conclusion, the size-segregated particulate had 
significantly higher cytotoxic activity which may 
suggest that the incomplete combustion of traffic 
sources is important in air particulate pollution to the 
related health effects.  

TNF-α is pro-inflammatory mediators, which may 
act as intermediate to alert the body of higher 
susceptibility (Lo Tam Loi et al., 2013; Tisoncik et al., 
2012) especially in the lung (Sullivan et al., 2009). 
Furthermore, exposures to particulate air pollution 
may lead to adverse health effects which may induce 
airway cell damage (Revai et al., 2009). Children who 
are the largest population susceptible to adverse health 
effects are potential to develop lung disease. Thus, 
this biomarker of cytokines helps to indicate the 
potential of adverse health effect if further exposure 
occurred. If it does, these processes can eventually lead 
to a lung function reduction in children (Linares et al., 
2010) and other respiratory illnesses such as asthma, 
COPD (Heinrich, 2011). 

4.4. Factors Influencing the Concentration of 
TNF-α Among School Children 

The current studies reported that the level of TNF-
α was highly contributed by the exposure to PM2.5 and 

PM10, but not by NO2. Indoor PM2.5 mostly influenced 
the level of TNF-α compared to other air pollutants (t 
= 2.281, p<0.001). Analysis indicated that 23.5% 
(adjusted R2 = 0.235) from the TNF-α level among 
school children in urban group was influenced from 
the exposure to indoor PM2.5 level. To understand the 
relationship, the size of the particles might be the 
aspects. Particle size is an important factor that 
influences how particles deposit in the respiratory 
tract and affect human health. According to 
(Scherbart, 2010), larger particles have higher 
possibility to be deposited in the upper respiratory 
tract (nose and throat) and easily cleared by coughing 
or sneezing through mucociliary mechanism. 
Therefore, this larger particle size has little chance to 
reach the alveolar region where the lung particles 
removed by the resident Alveolar Macrophages (AMs) 
through the mechanism of producing proinflammatory 
cytokine. Other studies (Manigrasso and Pasquale, 
2012; Berghmans et al., 2009) also suggested that it is 
the fine particles, which have the greatest impact on 
respiratory health, supported by the fact that PM2.5 

penetrates the human respiratory system more 
efficiently into the alveolar region. 

Likewise, smaller particles including PM2.5 have a 
higher influence in respiratory illness such as inflammation 
compared to larger particles (Nurul Anis Sofiah and 
Juliana, 2013; Mills et al., 2009). Fine particles exist in 
greater numbers with greater surface area than larger 
particles of the same mass. Due to this concern, they are 
generally considered to be more toxic and have a higher 
chance of penetrating the deepest region. Besides that, 
they are able to enter the systemic circulation, thus, 
enhances greater effect on AMs (Furuyama et al., 2009; 
Scherbart et al., 2011). Because of their smaller size, this 
fine particles tend to remain in the air for long periods of 
time and may be transported for hundreds (or thousands) 
of miles (Brook et al., 2010), thus are continuously 
inhaled by the school children. Furthermore, children’s 
airways are narrower than adult’s, which means they 
have a higher respiratory rate. They breathe in more air 
pollutants as they have larger lung surface areas in 
relation to their body weight under normal breathing 
circumstances, hence less inflammation or irritation is 
enough to obstruct the children’s airways (Ismail et al., 
2010; Sly and Drisse, 2013). 

4.5. Limitations 

Malaysia is still requiring much information on the 
knowledge of the importance of Indoor Air Qualities 
(IAQ) particularly in school environments. There is a 
large body of literature associating indoor air pollutants 
with changes in pulmonary health of children, but is 
generally focused on asthmatic children. Furthermore, 
limited study was found to actually relate the effects of 
indoor air pollutants with healthy children by using 
biomarkers as indicators in different areas. Besides, there 
may be some information bias happened when the 
parents or guardians may not recall well the actual 
incidents happened to their children. The information 
bias may occur in filling up the questionnaire where 
some of the parents or guardians may falsely give 
information due to diverse understanding. 

5. CONCLUSION 

This study suggested that school children in urban 
areas (Sri Petaling and Bandar Tun Razak) were exposed 
to indoor air pollutants inside classroom especially the 
fine particles (PM2.5) and PM10 with significant risk of 
getting acute respiratory illnesses and respiratory 
symptoms which indicated by higher levels of Tumor 
Necrosis Factor-alpha (TNF-α). This may trigger if the 
children continuously exposed for a longer period of 
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time. It is now well recognized that fine particles with 
aerodynamic diameter of less than 2.5 µm (PM2.5) are the 
primary mediators of toxicity in the lungs and the 
airways. While, the concentration of indoor air quality 
in schools particularly in an urban density area should 
be more concern as the levels recorded highly 
significant influences to the health implication of 
children. Our study also provides important insights 
that are applicable to millions of children studying in 
similar areas. However, this cross-sectional study was 
difficult to establish cause-relationship and thus other 
factors might influence the indoor levels. More 
research into pulmonary cytokine production should 
be carried out to understand the lung inflammation 
especially among children. 
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