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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 
of the requirement for the degree of Master of Science  

INDOOR AIR QUALITY AND RESPIRATORY HEALTH IMPLICATION
AMONG MALAY PRE SCHOOL CHILDREN IN PUCHONG AND

HULU LANGAT, SELANGOR, MALAYSIA

By

ONWUSEREAKA CYNTHIA OLUCHI 

December 2017 

Chairman :  Associate Professor Juliana Jalaludin, PhD 
Faculty :  Medicine and Health Sciences 

Background: Indoor air quality (IAQ) refers to the nature of air that circulates 
throughout the space where we live. Indoor air pollutant in the environment has caused 
a greater impact on the health of occupants’ especially preschool age who are still 
growing. The increased of respiratory symptoms in children have been linked to the 
exposure to indoor air pollutants. Children were exposed to indoor air pollutants 
because they spend most of their time indoors, either in school or at home. Objective:
This study aimed to determine the association between indoor air pollutants (PM2.5,
PM10, VOCs, temperature, mold and relative humidity) and respiratory implications 
among Malay preschool children in selected areas in Selangor. Methodology: A cross 
sectional comparative study design was used on healthy preschools children in 
Puchong (n=135), as the study group and Hulu Langat (n=135) as the comparative 
group. Preschool children in this study were selected based on inclusion criteria such 
as; those who are between the age of 5 and 6 years old, healthy children, those that 
have been in the school for at least 6 months and Malays. The respiratory symptoms 
were assessed using questionnaire adapted from American Thoracic Society. Indoor 
air quality monitoring was conducted using the following equipment; DustTrak 
Aerosol monitor for particulates, PbbRAE portable VOC Monitor (pbbRAE 3000) for 
VOCs, Q-Trak plus Model 8554 Monitor for temperature and relative humidity, TSI 
VelociCalc Plus Model 8386 for air velocity; Pbi DuoSAS Super 360 and Sabroud 
Dextrous Agar for sampling and identification of mold. Chestgraph HI-101 spirometer 
for lung function test. Results: Statistical analysis shows a significant higher indoor 
levels of PM2.5, PM10and mold in the study area except relative humidity which was 
higher in comparative area (p = 0.049). Besides, indoor home exposure was also 
assessed, analysis showed that homes of preschool children in the study area had 
significantly higher VOCs, Temperature, mold, PM2.5, and PM10, except relative 
humidity which was significantly higher in the comparative area. There was a 
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significant difference in FEV1/FVC% (p= 0.001) and FEV1% (p=0.008) predicted 
among the study and comparative group. A significant association was found between 
the indoor air pollutant levels of PM2.5 (χ2= 15.008, p=<0.001), PM10 (χ2= 8.816, 
p=0.003) and cough. Exposure to indoor PM10 (χ2= 6.842, p=0.009) and VOCs (χ2=
12.153, p=<0.001) were significantly associated with FVC%. VOCs was significantly 
associated with FEV1% (χ2= 14.382, p=<0.001). Mold isolated from preschools in 
study and comparative area include; Candida albican, Aspergillus niger, 
Microsporium canis, Penicillium spp. Logistics regression was used to determine the 
main factor that influenced the respiratory symptom and the abnormality of lung 
function after all confounders have been controlled. Analysis showed that the risk of 
FEV1% abnormality increased significantly with increased in the level of PM10
(AOR=2.1, 95% CI= 2.509-8.221), VOC (AOR= 5.3, 95% CI= 1.912-14.835) and RH 
(AOR=14.3, 95% CI= 1.451-14.306). Conclusion: This study found a higher exposure 
to indoor air pollutants which may increase the respiratory symptoms and reduced 
lung function among preschool children in the exposed area. It is recommended that 
the building of the preschools should be located in places that is less expose to outdoor 
sources of indoor air pollutants. Mold growth was observed more in preschools that 
had moisture damaged building materials. Therefore, the moisture damaged building 
materials need to be replaced to avoid mold growth.  

Keywords: Preschool children; indoor air quality; respiratory symptoms; mold. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains 

KUALITI UDARA DALAMAN DAN IMPLIKASI KESIHATAN 
RESPIRATORI DALAM KALANGAN KANAK-KANAK PRASEKOLAH 

MALAYA DI PUCHONG DAN HULU LANGAT, SELANGOR, MALAYSIA 

Oleh 

ONWUSEREAKA CYNTHIA OLUCHI 

Disember 2017 

Pengerusi : Profesor Madya Juliana Jalaludin, PhD 
Fakulti : Perubatan dan Sains Kesihatan 

Latar belakang:Peningkatan simptom respiratori dalam kalangan kanak-kanak telah 
dikaitkan dengan pendedahan kepada pencemar udara dalaman. Kanak-kanak 
terdedah kepada pencemar udara dalaman kerana mereka menghabiskan kebanyakan 
masa mereka di kawasan tertutup, sama ada di sekolah atau di rumah.  

Objektif: Kajian ini bertujuan untuk menentukan kaitan antara pencemar udara 
dalaman (PM2.5, PM10, sebatian organik mudah meruap, suhu, kewujudan kulat, 
humiditi relatif) dan implikasinya terhadap kesihatan respiratori dalam kalangan 
kanak-kanak prasekolah malaya di Selangor. Metodologi: Kajian keratan rentas 
perbandingante lah dijalankan ke atas kanak-kanak prasekolah yang sihat di Puchong 
(n=135), sebagai kawasan kajian dan di Hulu Langat (n=135) sebagai kawasan 
perbandingan. Kanak-kanak prasekolah dalam kajian ini dipilih berdasarkan beberapa 
kriteria inklusif seperti; mereka yang berumur antara 5 dan 6 tahun, sihat, mereka yang 
telah berada di sekolah sekurang-kurangnya 6 bulan dan Melayu. Simptom respiratori 
telah diperolehi menggunakan borang soal selidik yang diadaptasi daripada American 
Thoracic Society. Pemantauan kualiti udara dalaman telah dijalankan menggunakan 
peralatan berikut;DustTrak Aerosol untuk partikel terampai,pbbRAE 3000 untuk 
sebatian organik mudah meruap, Model 8554 plus Trak Q untuk suhu dan humiditi 
relatif, Model 8386 Plus TSI VelociCalc untuk  velositi udara; Pbi DuoSAS Super 360 
dan Agar-agar Dekstrous Sabroud untuk persampelan dan  identifikasian kulat, 
Spirometer Chestgraph HI-101 untuk ujian fungsi paru-paru. Hasil:Analisis statistik 
menunjukkan pencemar udara dalaman secara signifikannya lebih tinggi bagi PM2.5,
PM10 dan kulat dalam kajian ini, kecuali humiditi relatif yang didapati lebih tinggi 
dalam kawasan perbandingan (p = 0.049). Selain itu, paras pencemar dalaman di 
kediaman kanak-kanak prasekolah dalam kajian ini adalah lebih tinggi secara 
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signifikan bagi sebatian organik meruap, suhu, kulat, PM2.5, dan PM10, kecuali 
humidity relatif berbanding kumpulan perbandingan. Terdapat perbezaan yang 
signifikan dalam FEV1/FVC% (p = 0.001) dan FEV1% (p = 0.008) ramalan bagi 
kumpulan kajian dan perbandingan. Perkaitan yang signifikan didapati antara 
pencemar udara dalaman PM2.5, (χ2= 15.008, p=<0.001), PM10 (χ2= 8.816, p=0.003) 
dan batuk. Pendedahan terhadap pencemar PM10 (χ2= 6.842, p=0.009) dan sebatian 
organik meruap (χ2= 12.153, p=<0.001) adalah berkaitan secara signifikan dengan 
peratusan FVC. Sebatian organik meruap adalah secara signifikan berkaitan dengan 
peratus FEV1 (χ2= 14.382, p=<0.001). Kulat yang diasingkan dari prasekolah dalam 
kawasan kajian dan perbandingan meliputi; Candida albican, Aspergilus niger, 
Mikrosporium kanis, Penisilium spp. Regresi logistik telah digunakan untuk 
menentukan faktor utama yang mempengaruhi simptom respiratori dan abnormaliti 
fungsi paru-paru selepas pengawalan kesemua faktor pembauran. Hasil analisis 
mendapati risiko abnormaliti FEV1% meningkat secara signifikan dengan peningkatan 
paras PM10 (AOR=2.1, 95% CI= 2.509-8.221), sebatian organik meruap (AOR= 5.3, 
95% CI= 1.912-14.835) dan humiditi relatif (AOR=14.3, 95% CI= 1.451-14.306). 
Kesimpulan: Kajian ini mendapati pendedahan pencemar udara dalaman yang tinggi 
boleh meningkatkan simptom respiratori dan penurunan fungsi paru-paru dalam 
kalangan kanak-kanak prasekolah di kawasan terdedah. Adalah disarankan bahawa 
bangunan prasekolah perlulah ditempatkan di kawasan yang kurang terdedah daripada 
sumber luar pencemar udara dalaman. Pertumbuhan kulat telah banyak didapati di 
prasekolah yang mempunyai material dalaman bangunan yang lembap. Justeru itu, 
material bangunan yang rosak akibat kelembapan perlulah diganti bagi mengelakkan 
pertumbuhan kulat.  

Kata kunci: Kanak-kanak prasekolah; kualiti udara tertutup; simptom respiratori; 
kulat. 
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       CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Indoor air quality (IAQ) refers to the nature of air that circulates throughout the space 
where we live (USEPA 2010). It refers to the air that we breathe during the time we 
spend indoors. Indoor air is made up of physical, biological, and chemical 
components. Indoor temperature and humidity can affect the comfort of occupants. 
Indoor air quality also refers to the characteristic of the indoor air inside a building 
(USEPA 2010). Indoor environments are considered to be protective, at the same time 
they can become contaminated with particles which can cause more serious risks than 
those related to outdoor exposures when the concentration of indoor air pollutants 
exceeded the recommended maximum limits. Approximately 19% deaths in children 
under the age of 5 were attributed to respiratory infections (World Health Organization 
2010).

Indoor air quality (IAQ) has recently become a concern. There is an increasing concern 
regarding the effects of indoor air quality (IAQ) to health because people spend more 
of their time indoors than outdoors. The slow exchange of air indoors has resulted to 
accumulation of indoor air pollutants to a substantial level. From frequent 
observations, it has estimated that a quarter of the population in the world has been 
exposed to pollutants which can be harmful to health (Canha et al., 2010). 

Indoor air pollutant level is higher than outdoor air pollutant level (Godoi et al., 2009; 
Jo and Seo, 2005; Kotzias et al., 2009; Pegas et al., 2010; Yang et al., 2009).  Children 
are more exposed to indoor air pollutants compared to the adult. This is resulted from 
the immaturity of their immune system and growing process (Mendell et al., 2005).  
In recent years, there has been an increase in the prevalence of asthma and allergy 
among children. Currently, researchers focused more in school environments as a 
second source besides the home environments of children. This is because children 
spend most of their time either in school or at home (Anna and Elwira 2015; Branco
et al., 2014; Santamouris et al., 2008).

Indoor air quality monitoring have being conducted in recent studies. This studies 
measured the indoor level of particulates (Ayuni et al., 2014; Anis et al 2015; Asrul et 
al., 2016;Anna and Elwira, 2015), presence of mold (Ayuni et al., 2014; Andrew et 
al., 2015), relative humidity and thermal comfort (Jing et al., 2012; Asrul et al., 2016; 
Andrew et al., 2015). 
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Studies have shown a consistent association between prolonged exposure to indoor air 
pollutants and increase in respiratory symptoms which reduces the lung function of 
children (Nazariah et al., 2013; Salleh et al., 2013; Nur Azwani et al., 2015; Nurul 
Fariza et al., 2010). Barnett et al. (2005) found that the risk of developing respiratory 
symptoms such as cough, wheeze, asthma, respiratory infections, headache and 
tiredness is higher for occupants living in moisture damaged buildings. All damp 
surfaces in buildings including concrete, wood, plastics, bricks, painted surfaces or 
metal may become colonized by microbes from the air. The colonizing microbes are 
bacteria, fungi and algae. Human activities like talking, sneezing, coughing, walking, 
washing and toilet flushing can generate airborne biological particulate matter. Spores 
from pets, carpets, dust and furniture can be released into the air. (Maeir et al., 2006).  

Studies have shown that the presence of indoor air pollutants in the environment has 
caused a greater impact on the health of occupants’ especially preschool age who are
still growing. There has been an increase in the rate of respiratory symptoms as a result 
of exposure to indoor pollutants (Noor Hisyam & Juliana, 2014)  

Indoor air comprises of biological components such as mold. Mold includes airborne 
particles which are of biological origin. Mold can enter into human respiratory tract 
through inhalation and also by skin contact. Studies have shown consistent 
associations between indoor mold and respiratory or allergic health effects in infants, 
children and adults (Institute of medicine, 2005 and World health Organization, 2009).  

Many recent studies have reported the association between health symptoms and the 
physible growth of mold as a result from accumulation of water in school building and 
moisture damage in the school structures (Aydogbu et al., 2005; Hussin et al., 2011; 
Meklin et al., 2010). There has not been a standardized guideline for indoor mold and 
dampness in indoor environment (Karvala 2012 and WHO 2009). Previous studies 
related to the measurement of microbial agents have not shown much consistent 
association between microbiological agents and health symptoms. A water damaged 
building caused by mold and moisture have reported significant fungi growth in indoor 
environments (Kavala 2012). There is no generally accepted environmental sampling 
method which can be used in assessing the exposure to environmental contaminants 
including mold growth and other indoor environmental contaminants (ACGIH, 2009 
& Frankel et al., 2012). Fungi depends on temperature and humidity to grow suitably
in indoor environment.  

National Institute for Occupational Safety and Health (NIOSH, 2011), has reported 
that in the last decades microbial contaminants are the main cause of poor air quality. 
The report also found that, approximately 5% of more than 500 indoor air quality 
(IAQ) from investigation and the remaining 95% was a result of poor ventilation, 
contamination in building and the rest are not known (NIOSH, 2011).   



© C
O

UPM

 
3 

 

Disease of the lungs often manifest by one or more symptoms that can be easily 
recognized. Thus the presence of particular symptoms can confirm the presence of 
diseases in the upper and lower airways. Upper respiratory symptoms include (URS), 
runny and stuffy nose, sinusitis, sore throat, cold, fever, burning or red eyes. Lower
respiratory symptoms include wheezing, wet cough and dry cough, phlegm, shortness 
of breath and chest discomfort or pain. These respiratory diseases are caused by 
bacteria and mold. These symptoms developed as a result of exposure to indoor air 
pollutants (Dockery et al. 2010). 

1.2 Problem Statement 

Children living in the industrial area have different indoor air exposure rate compared 
to children living in the suburban area. Exposure to industrial emission and automobile 
exhaust can cause acute respiratory diseases in children. Particulate matter has been 
associated with respiratory infections in children between the ages of 0-4 years. 
Exposure to pollutants like gases and particulate matter which are released from 
combustion of fossil fuel can cause a reduction in the lung function of children. Studies 
have shown that 1% mortality rate among children has been attributed to exposure to 
indoor particulate matter (Franklin 2007). Malaysia statistics data by DOE (2014) has 
reported that 70% to 75% of air pollution are attributed from traffic vehicles emissions 
(Noor Hisyam & Juliana, 2014; Nur Azwani et al., 2015; Salleh et al., 2013; Lee et 
al., 2012). 

The presence of respiratory symptoms have being linked to the exposure to indoor air 
pollutants. Local studies have reported a high prevalence of respiratory symptoms like 
cough and phlegm among preschool children who are exposed compared to indoor air 
pollutants compared to those who are not exposed (Yahaya and Jalaludin, 2014; Nurul 
Anis et al., 2013; Nazariah et al., 2013; Ayuni et al., 2014; Nur Fazhilah et al. 2012). 
A report by World Health Organization (2005) has shown that approximately 2.7% of 
diseases occurred globally are due to the effects of poor indoor air quality 

Preschool children spend most of their time indoors at home and schools. They attend 
classes in the morning approximately 4-5 hours, will be fetched by their parents or 
guardian and some of them will spend the remaining hours of the day at home. As a 
result of these, children are highly exposed to indoor air pollutants. Children are the 
main subject in this study because they easily respond to exposure to indoor air 
pollutants. A study has shown that from 1982 to 2013, there has being an increase 
from 2.5 to 7.1 million in the number of children suffering from asthma. In Malaysia 
10% of children had been diagnosed with asthma.  Furthermore, nearly 80 to 90% of 
asthmatic cases in Malaysia were children. There is no conclusive evidence showing 
that there are more asthmatic children in Malaysia now than before (Junaidah et al., 
2010).    
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Susceptibility to mold related diseases occurs mainly in immune compromised 
persons. The person may develop chronic illnesses, such as lung diseases (CDC, 
2005). Jacob et al. (2008) found that there was a significant association between 
exposure to Penicillium spores and the incidence of respiratory tract infections. 
Pollutants in the indoor air such as particulate matter, bioaerosol and other chemical 
components expose children to different respiratory health diseases and symptoms. 
Exposures to air pollutants are manifested through respiratory symptoms such as 
coughing, wheezing, sneezing, breathlessness, phlegm and shortness of breath.  

Preschool indoor air quality and settings should be assessed in order to reduce indoor 
air pollutants and spread of respiratory symptoms. Local studies have found that 
preschool settings and characteristics of the surrounding environment can increase 
asthmatic symptoms, respiratory symptoms and allergies. (Marzuki et al. 2010; Nurul 
Anis et al. 2014; Ayuni et al., 2014; Yahaya et al., 2014; Salleh et al., 2013).  

The aim of this study was to evaluate the indoor air quality and its’ health implication 
on Malay preschool children living in the selected locations. 

1.3 Conceptual frameworks 

The aim of this study is to determine the association between indoor air pollutants and 
respiratory health among Malay preschool children in Puchong and Hulu Langat, 
Selangor, Malaysia. Locations used in this study were selected based on their level of 
exposure where Puchong represented the polluted area (Industrial) and Hulu Langat 
represented the less polluted area (Suburban). Exposure to pollutants was assessed by 
measuring the concentration of indoor pollutants such as VOCs, PM2.5, PM10, mold, 
relative humidity and temperature. The main route of exposure to indoor air pollutants 
in this study is by inhalation. Home exposure to pollutants was also assessed. The 
presence of respiratory symptoms (cough, phlegm, wheeze, chest tightness) was 
assessed using a questionnaire. Lung function of respondents was also assessed. 
Figure 1.1 below shows the study variables in this study. 
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Figure 1.1 : Conceptual Frameworks 
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1.4 Study Justification 

The purpose of this study is to determine the respiratory health implications due to 
exposure to indoor pollutants. This study will relate exposure to indoor air pollutants 
and the respiratory implication among preschool children in the different study 
locations. 

Children are known to be the most susceptible groups (British Lung Foundation, 
2014). Approximately 19% deaths in children under the age of 5 were attributed to 
respiratory infections (World Health Organization 2010).There have not been many 
studies carried out on preschool aged children compared to adults.  

Rate of asthma, allergy and other health implications have been increasing in children 
which are caused by exposure to environmental factors instead of genetic influence. 
This study will help to provide information on exposures and prevention of these 
health implications. Respiratory symptoms can develop into full blown asthma for 
those who are prone to or those, who have family history of asthma. Unhealthy lungs 
may also lead to cough or cold which can affect the quality of life and missing school 
days. Medical treatment can be expensive and therefore it is better to identify health 
problems earlier by conducting indoor air monitoring study. 

Previous studies conducted in Malaysia has shown that the  presence of particulate 
matter (PM10, PM2.5) can directly cause an influence on the severity of asthma among 
school children who reside in the different locations of urban, industrial, and rural 
areas of Selangor and Kuala Lumpur. Exposure to indoor air pollutants can increase 
the prevalence of respiratory symptoms, which can affect the lung function of children. 
Indoor monitoring is important to reduce the level of exposure to children. prolonged 
exposure can lead to adverse health effects  (Marzuki et al., 2010; Salleh et al., 2013; 
Yahaya et al., 2013; Ayuni et al., 2014; Nurul Anis et al., 2013; Ithnin et al., 2013; 
Nur Azwani et al., 2015; Tezara et al., 2014). 

This study is more reliable since the effects from exposure to indoor air pollutants and 
respiratory symptoms are conducted among preschool children, this is because 
smoking is rarely found in children. They are not exposed to occupational pollutants, 
they have a more stable residence unlike the adults and also because of the nature of 
their immune system which is still maturing (Branco et al., 2014; Santamouris et al., 
2008). 

The locations (Puchong and Hulu- Langat) used for this study was selected due to the
activities that have been carried out which can increase the possibility of indoor 
pollutants in preschools located around the areas.  Development and construction of 
amenities, roads and houses has led to increase in the level of atmospheric pollution.  
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Mold is harmful to human health. It can cause damages on building materials and 
exposure to mold can also cause health effects. Malaysia is a tropical country with 
warm and humid climate. There are still limited studies which has related the presence 
of indoor mold in school environments especially in tropical countries. So far, studies 
carried out assessed the cause of allergens in settled dust instead of assessing allergen 
through air sampling (Hussin et al., 2011).

Previous studies (International Study of Asthma and Allergy in Childhood, 2015; 
European Environment and Health Strategy, 2003) have found an increase in the rate 
of asthma which is more prominent in the lower middle income countries (Asher et 
al., 2006). There has been a significant increase in the rate of asthma among children 
from 3-10% in the year 1990 to 2001 in studies which has been previously conducted 
in Malaysia. Wheezing symptom has also being found to increase from the rate of 5-
8% in children (Quah et al., 2005). 

Studies have reported that the exposure to mold in damp buildings is associated with 
the risk of experiencing health problem, in relation to no clear standard for the 
concentrations of microorganisms. A study conducted in Singapore on mold exposure 
has shown an increase in level of allergens in schools compared to homes (Zhang et 
al., 2006). Therefore, this study will help to provide more information on the existing 
knowledge on microbial contaminants in the indoor environment.   

1.5 Study Variable 

1.5.1 Dependent variable 

The dependent variables in this study are respiratory symptoms which includes 
wheezing, cough, phlegm, chest tightness and lung function status. 

1.5.2 Independent variable 

The independent variable are particulate matter (PM), volatile organic compounds 
(VOCs) and mold. Physical parameters for Indoor Air Quality status (IAQ) such as 
temperature, humidity and air velocity were assessed. 
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1.6 Research Objectives 

1.6.1 General objective  

To determine the association between exposures to indoor air pollutants and 
respiratory health implications among preschool children in selected areas. 

1.6.2 Specific objective 

1) To determine the socio demographic status of preschool children in study areas. 
2) To determine the indoor air quality of the preschools in study and comparative 

area. 
3) To identify the different types of mold present in the selected preschools. 
4) To compare lung functions (FVC, FEV1, FEV1/FVC) of respondents in the study 

and comparative area. 
5) To compare the presence of respiratory symptoms between the children in the 

study and comparative area. 
6) To determine the association between indoor air pollutants and respiratory health 

symptoms among preschool children in the study locations. 
7) To determine the association between the indoor air pollutants with lung function 

(FVC, FEV1, FEV1/FVC) among the respondents in the study areas. 
8) To identify the main factors that influence indoor air pollutants and respiratory 

symptoms among study respondents after controlling all the confounders. 

1.7 Research Hypothesis 

1) There is a significant difference in the level of exposure to indoor air pollutants 
between the study and comparative group.  

2) There is a significant difference between the lung functions of the respondents in 
study group and the comparative group. 

3)  There is a significant difference between the respiratory symptoms of respondents 
in the study and the comparative group. 

4) There is a significant association between exposure to indoor air pollutants and 
respiratory symptoms in preschools children in the study and comparative group. 

5) There is a significant association between the indoor air pollutants with lung 
function (FVC, FEV1, FEV1/FVC) among respondents. 

6) There is a significant association between the indoor concentration of PM2.5, PM10, 
VOC, temperature, relative humidity with respiratory symptoms among study 
respondents after controlling all the confounders. 

7) There is a significant association between the indoor concentration of PM2.5, PM10, 
VOC, temperature, relative humidity with lung function among study respondents 
after controlling all the confounders.  
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1.8 Definition of Variables 

1.8.1 Conceptual definition 

a) Indoor air quality 
Indoor air quality refers to the air quality of buildings and structures as it relates to the 
health and comfort of building occupants.  The component of indoor air determines 
the quality of indoor environments in relation to the comfort and wellbeing of 
occupants. Indoor environment comprises of physical components such as humidity, 
temperature, velocity; biological components which include virus, fungi, bacteria, 
spores: and chemical components which include volatile organic compounds, carbon 
dioxide, formaldehyde, smoke from combustion (Environmental Protection Agency 
2015).

b) Mold
Mold are group of organisms that belong to the kingdom of fungi and are filamentous 
in nature. Mold produces airborne spores. These particles are from biological origin, 
and are usually suspended in the air. They can also be referred to as organic dust. 
Bioaerosol particles vary in different sizes from below 1 μm to 100 μm in aerodynamic 
diameter. Mold has being shown to be a major source of indoor air pollution that can 
cause allergic reactions when they are inhaled by children. Since the presence of mold 
in the indoor environment is related to various human health symptoms and the indoor 
environment is a means of exposure, indoor mold has become a concern (Sanchez-
Monedero et al., 2008). 

c) Volatile Organic Compounds 
Volatile organic compounds (VOCs) are emitted as gases from certain solids or 
liquids. VOCs include a variety of chemicals; some have short- term while some have 
long- term adverse health effects. Concentrations of VOCs are usually higher indoors 
than outdoors. These chemical are emitted from household products such as detergents 
used for cleaning, paints, plastics (Environmental Protection Agency 2013).

d) Respiratory Symptoms.  
Respiratory symptoms are symptoms which are experienced after exposure to indoor 
air pollutants and can last up to 7-10 days.  They usually begin 1-3days after the 
exposure to air pollutants and can last up to 7 to 10 days. These signs include chronic 
cough, wheezing, shortness of breath and red itchy eyes. (Eccles et al., 2007). 

e) Particulate Matter
These are complex mixture of small particles and liquid droplets. Particulates have 
different aerodynamic diameters. PM2.5 are referred to as inhalable fine particles. They 
are coarse in nature with the aerodynamic diameter 2.5um. They are commonly found 
in smoke and haze. The can cause impaired vision, it can release harmful substances 
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into the air. When inhaled these particles can penetrate deep into the lung tissues and 
cause health problems. (USEPA, 2012). 

PM10 are particles with aerodynamic diameter of 10 micrometers or less. This particle 
causes a greater health risk among other particulate matter because it can cause 
damage to the lung tissue and respiratory implications when they are inhaled.  It can 
even go as far down the bloodstream of humans. PM10 is known to cause serious health 
impairment such as decrease in lung function, increase of respiratory symptoms, lung 
diseases and asthma severity. This particle is produced from activities like grinding 
and also from roads (USEPA, 2012). 

f) Forced Expiratory Volume in 1 second (FEV1)
This is the maximum volume of air exhaled in the first second which is as a result of 
forced expiration and from a position of full inspiration. It is expressed in liters.  This 
test is used in the diagnoses of obstructive lung diseases such as asthma and chronic 
obstructive pulmonary disease (COPD). There is reduction in FEV1 if there are any 
forms of obstruction in air flow. Forced Expiratory Volume was performed based on 
American Thoracic Society standard. 

g) Forced Vital Capacity (FVC) 
This refers to the volume of air that can be forcefully exhaled from the lungs after a 
maximum inspiration.  This is the total amount of air that is exhaled during FEV test. 
Measuring how well the children can forcefully exhale can be used to detect the 
presence of any chronic obstructive pulmonary diseases (COPD). It is expressed in 
liter. There is reduction in FVC if there is restriction in the lung volume or air flow 
capacity. Forced Vital Capacity was carried out based on the standard set by American 
Thoracic Society. 

h) FEV1% Predicted 
This is expressed based on the normal value as a percentage of the Forced Expiratory 
Volume in one second.  FEV1% Predicted = (FEV1 measured/ FEV1 Predicted) × 100 

i) FVC% Predicted 
This is expressed based on the normal value as a percentage of the Forced Vital 
Capacity. FVC% Predicted = (FVC measured/ FVC Predicted) × 100 

h) Wheezing 
This is a whistling sound which is made while inhaling and exhaling. This could be as 
a result of inflammation in the lungs. Wheezing could be associated with 
breathlessness and occurs days and nights (Bass 2009).
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i) Chronic Cough 
Cough occurs naturally with the removal mucus when the throat is irritated. Cough 
becomes chronic when it is consistent and lasts for at least 4days in a week and occurs 
consecutively for 4 months in a year. Cough occurs when air is released forcefully 
from the lung. It could be triggered by cold or infection of the sinus (Pubmed article, 
2013) 

j) Chest Tightness 
This is a continuous occurrence of cough or phlegm. It causes a sharp pain and ache 
in the chest. This occurs consecutively for a period of 3 months in a year. It can signify 
the presence of some diseases in the body (Chen 2014). 

k) Chronic Phlegm 
This occurs when there is persistent release of mucus which usually coughs up from 
the chest and occurs for at least 4days in a week and occurs consecutively for 3 months 
in a year (Phlegm 2007).

1.9 Operational Definition 

a) Particulate Matter (PM2.5 andPM10) 
Indoor air quality assessment was carried out by measuring the indoor environmental 
level of PM2.5 and PM10.  Indoor assessment of particulate matter was measured using 
TSI DustTrakTM DRX Aerosol Monitor 8534. This instrument detects aerosol 
concentration between the ranges of 0.001 to 150 mg/m3. The aerosol particles are 
isolated in the optic chamber using the sheath air system (USEPA, 2012). 

b) Volatile Organic Compounds (VOCs) 
Volatile Organic Compound is one of the indoor parameter which influences the 
growth of bioaerosol in indoor environment. In this study, concentration of Volatile 
Organic Compound was measured using ppbRAE Volatile Organic Compound (VOC) 
Monitor (Model PGM-7240) which is a sensitive photo-ionization Detector (PID) for 
real-time monitoring of volatile organic compounds (VOCs) at part per billion (ppb) 
levels. Data was downloaded using the proRAE Remote software (USEPA, 2013). 

c) Indoor mold 
Measurement of mold was conducted using DuoSAS Super 360 microbiological air 
sampler by collecting air samples into petri dishes containing agar medium, 200 
volumes of air sample for 2 minutes was used during sampling. The petri dishes was 
sealed with parafilm for transportation to the laboratory. The samples was incubated 
and analysis was carried out. The media that was used is Sabaroud Dextrose Agar 
(SDA) for investigating total fungi. The colonies was identified through their specific 
colour, turbidity or other characteristics that appear when cultured on selective media 
(Sanchez-Monedero et al., 2008). 
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d) Temperature and Relative Humidity 
This was measured using TSI Q-Trak plus Indoor Air Quality Monitor 8554. This 
equipment has a sensor type thermistor and measures the ranges of 0 to 500C. The 
sensor is made up of type thin-film capacity which can detect 5 to 95% relative 
humidity.  It uses the principle of detection of a wet bulb and dry bulb to compares the 
humidity ratio and absolute humidity to measure the level of RH in indoor 
environment (USEPA, 2013). 

e) Respiratory symptoms 
Respiratory symptoms of respondents in this study was determined using a 
questionnaire on respiratory health symptoms adapted from American Thoracic 
Society (ATS). Examples of respiratory symptoms are coughing, wheezing, phlegm 
(American Thoracic Society). 

f) Forced Vital Capacity (FVC) 
Lung function test was assessed based on the American Thoracic Society (ATS) 
standard to determine the forced vital capacity level of the respondents using a
spirometer. This is expressed in liters at body temperature. (American Thoracic 
Society 2005). 

g) Forced expiratory volume (FEV1) 
This was assessed based on the ATS standard 1994 to determine the forced expiratory 
volume level of the respondents using a spirometer. Forced vital capacity is expressed 
in liters (American Thoracic Society 2005)



© C
O

UPM

 
97 

 

7 REFERENCES 

Adrian, G., Barnett, Gail, M., Williams, Joel Schwartz (2005). Air pollution and Child 
Respiratory Health.  American Journal of Respiratory and Critical Care 
Medicine. 1272-1278. 

American Conference of Govermental Industrial Hygienists. (1999). Bioaerosols 
assessment and control. American Conference of Governmental Industrial 
Hygienists, Cincinati. 

American Lung Association (2013). American Lung Association State of the Air.
Health  Effects  of Ozone and Particle Pollution. Retrieved from 
http://www.stateoftheair.org/2013/health-risks/

American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE), (1999). Ventilation for Acceptable Indoor Air Quality (ASHRAE 
62-1999) [Standard] Atlanta. 

American Thoracic Society, (2005). Lung Function testing. Selection of Reference 
values  and Interpretive Strategies. American Review of respiratory 
Disease. 85: 762-768. 

American Thoracic Society, (2005). Standardization of Spirometry. Eur Respiratory 
Journal. 26:319 -338. 

America Thoracic Society (1978) Recommended respiratory disease questionnaires 
for use with adults and children in epidemiological research. Available at: 
http://www.thoracic.org/statements/resources/archive/rrdquacer.pdf

Andrew, W.D., Jalaludin, J. (2015). Indoor air pollutant exposure and eosinophil 
cationic protein as an upper airway inflammatory biomarker among preschool 
children. Procedia Environmental Sciences 30, 297-302.  

Anna, M.  & Elwira, Z.  (2015). Indoor Air Quality in Urban and Rural Preschools in 
Upper Silesia, Poland: Particulate Matter and Carbon Dioxide.  Int. J. Environ. 
Res. Public Health, 7697-7711. 

Anis, S. K. and Juliana, J. (2015). Indoor Air Quality and its Association with 
Respiratory Health among Malay Preschool Children in Shah Alam and Hulu 
Langat, Selangor. Advance in Environment Biology, (9)9: 17-26. 

Asher, M.I., Montefort, S., Bjorksten B., Lai, C.K., Strachan, D.P (2006). Worldwide 
time trends in the prevalence of symptoms of asthma, allergy rhino 
conjunctivitis, and eczema in childhood. Lancet 368: 733-743. 



© C
O

UPM

 
98 

 

Asrul, S and Juliana, J. (2017).Indoor Air Quality and its Association with Respiratory 
Health among Preschool Children in Urban and Suburban area Selangor, 
Malaysia. Malaysian Journal of Public Health Medicine (1): 78-88.  

Aydogdu, H., Asan, A., Otkun, M.T., Ture, M. (2005). Monitoring of fungi and 
bacteria in the  indoor air of primary schools in Edirne city, Turkey. Indoor 
Built Environment. 14: 411  - 425. 

Ayuni, N.A., Juliana, J. & Ibrahim, M.H. (2014). Exposure to PM10 and Association 
with Respiratory Health among Primary School Children Living Near 
Petrochemical Industry Area at Kertih, Terengganu. Journal of Medical and 
Bioengineering. 3(4): 282-287. 

Azizi, B.H.O. & Henry, R.L. (1990). Effect of Indoor Air Pollution on lung function 
of primary school children in Kuala Lumpur. Pediatric Pulmonology. 9(1): 24
– 29. 

Bass, P. (2009). Wheezing Definition. Retrieved August 25, 2015, from 
http://asthma.about.com/od/glossary/g/Whezing_def.htm 

Barnett, A.G., Williams, G.M., & Schwartz, J., (2005). Air pollution and child 
respiratory health: A case-crossover study in Australia and New Zealand. 
American Journal Respir Crit Care Med. 171: 1272-1278. 

Bornehag, C.G., Blomquist, G., Gyntelberg, F., Jarrholm, B., Malmberg, P., Nordvall, 
L., Nielsen, A., Pershagen, G., Sundell, J. (2001). Dampness in buidings and 
health, Nordic interdisplinary review of the scientific evidence on associations 
between exposure to dampness in building and health effects. Indoor Air. 11: 
72 - 86. 

Broms, K., Syardsudd, K., Sundelin, K., Norback, D. (2006). A nationwide study of 
indoor and outdoor environments in allergen avoidance and conventional 
daycare centers in Sweden. Indoor Air. 16: 227 - 235. 

British Lung Foundation (2014). Children’s lung condition. Retrieved October 01, 
2015, from https:www.blf.org.uk/Page/Children-lung-conditions. 

Canha, N., M. C. Freitas, M.C., S. M. Almeida, S.M. (2010). Indoor school 
environment:  easy and low cost to assess inorganic pollutants.  Journal of 
Radioanalytical and Nuclear  Chemistry. 286(2): 495–500. 

Centers for Disease Control and Prevention (CDC). National Center for 
Environmental Health, Air Pollution and Respiratory Health Branch (2005). 
Molds in the Environment. Retrieved from 
http://www.cdc.gov/Mould/faqs.htm. (30th August 2005).  



© C
O

UPM

 
99 

 

Chan Yeung, M.B.A. (2006). Primary prevention of childhood asthma and allergic 
disorders. Allergy and Clinical Immunology.  6: 146 - 151. 
Chengi, C.Y. (2002). PDHengineer. Indoor Air Quality. Retrieved from 
http://www.pdhengineer.com. [10th February 2011]. 

Chen, Q. and L.M. Hildemann, (2009). The Effects of Human Activities on Exposure 
to Particulate Matter and Bioaerosols in Residential Homes. Environmental 
Science &Technology. 43(13): 4641-4646. 

Chen, M.A. (2014). Chest Pain. Retrieved July 12, 2014, from 
http://www.nlm.nih.gov/medlineplus/ency/article/003079.htm 

Chua, P.C., J. Jalaludin, 2014. An overview of indoor air quality and its impact on 
respiratory health among Malaysian school-aged children. Reviews on 
Environmental Health. ISSN  (Online) 2191-0308, ISSN (Print) 0048-7554, 
DOI: 10.1515/reveh-2014-0065. 

Chua, P.C., Jalaludin, J., Titi, R.H., Nor Mariah, A. (2015). Indoor Air Quality 
Assessment and Lung Functions among Children in Preschool at Selangor, 
Malaysia. Advances in Environmental Biology, 9(9): 1-9.

Cionita T, Jalaludin J, Adam NM, Siregar JP. (2014). Assessment of Children’s 
 Health and Indoor Air Contaminants of Day Care Centre in Industrial Area.

Iranian J Publ Health, 43 (3):81-88. 

Corgnati, S.P., Ansaldi, R., and Filippi, M., (2009). Thermal comfort in Italian 
classrooms under free running conditions during mid-seasons: assessment 
through objective and subjective approaches. Building and Environment.
44(4): 785 – 792. 

Corgnati, S.P., Filippi, M., and Viazzo, S., (2007). Perception of the thermal 
environment in high school and university classrooms: subjective preferences 
and thermal comfort. Building and Environment. 42(2): 951 – 959. 

David, E., Stephen, D., Helen, A., Rosemary, H., Robya, B. (2007). Descriptions of 
medical fungi  2nd edition. School of Molecular & Biomedical Sciences 
University of Adelaide, Australia. 

DOE, (2014). Recommended Malaysian Ambient Air Quality Guidelines 
(RMAAQS).  Department of Environment, Malaysia. Retrieved from 
http://apims.doe.gov.my/apims/General%20Info%20of%20Air%20Pollutant
%20Index.pdf 

Department of Occupational Safety and Health (2005). Code of Practice on Indoor Air 
Quality, Malaysia. Ministry of Human Resources. 

Department of Occupational Safety and Health (2010). Code of Practice on Indoor Air 
Quality, Malaysia. Ministry of Human Resources. 



© C
O

UPM

 
100 

 

Dockery, D.W., Skerrett, P.J., Walters, D., Gilliland, F. (2005). Development of lung 
function in effects of air pollution on children’s health and development: A 
review of the evidence. World Health Organization Special Programme on 
Health and Environment. 

Eccles, M.P., Grimshaw, J.M., Johnston, M. (2007). Applying psychological theories 
to evidence-based clinical practice: Identifying factors predictive of managing 
upper respiratory tract infections without antibiotic. Implement Sci, 2:26. 

Environmental Protection Agency, (2015).The Inside Story: A Guide to Indoor Air 
Quality. http://www.epa.gov/iaq/pubs/inside story.html. 

EPA. (2013, June 22). Biological pollutants. Retrieved from United States 
Environmental Protection Agency: http:www.epa.gov/iaq/biologic.html. 

Fariza, A. R. N. J. Juliana, R. H. Titi, and H. Zailina (2010). Exposure of indoor air 
pollutants (PM2.5, PM10, ultrafine particle, CO2, CO, VOCs & NO2) and lung 
function of school children in Klang Valley.  Proceedings of the National 
Conference on Environmental and Health. 75: 530–539.  

Frankel, M., Timme, M., Hansen, E.W., Madsen, A.M. (2012). Components of 
sampling methods for the assessment of indoor microbial exposure. Indoor Air
22: 405 - 414. 

Franklin, P.J. (2007). Indoor Air Quality and Respiratory Health of Children. 
Paediatric Respiratory Review. 8: 281-286. 

Fritz G. J. and O. Herbarth, (2001). Pulmonary function and urban air pollution in 
preschool children. International Journal of Hygiene and Environmental 
Health. 203(3): 235–244. 

Fromme, H., Diemer. J., Dietrich, S., Cyrys, J., Heinrich, J., Lang, W., Kiranoglu, M., 
Twardella, D. (2008). Chemical and morphological properties of particulate 
matter in school classrooms and outdoor air. Atmospheric Environment. 42: 
6597 - 6605. 

Gauderman, W.J., Avol, E., Cililand, F. (2004). The Effects of Air Pollution on Lung 
Development from 10 to 18 years of Age. The New England Journal of 
Medicine.351 (11): 1057-1067. 

Godoi, R., Avigo, D., J.R., Campos, V., Tavares, T., D.E., Marchi, M., Grieken, R. 
(2009). Indoor air quality assessment of elementary schools in Curitiba, Brazil. 
Water, Air, Soil Pollution, 9: 171 – 177. 

Godwin, C. & Batterman, S. (2007). Indoor air quality in Michigan schools. Indoor 
Air. 17 (2): 109 – 121 



© C
O

UPM

 
101 

 

Gordon, D. (2004). The Environment and children’s Health: A Journalist Resource 
Reporting. Environmental.466-467. 

Goyal, R., G. & Khare, M. (2009). Indoor-outdoor concentrations of RSPM in 
classroom of a naturally ventilated school building near an urban traffic 
roadway. Atmospheric Environment. 43(38): 6026 - 6038. 

Hernberg, S., Sripaiboonkij, P., Quansah, R., Jaakkola J.J.K., Jaakkola, M.S. (2014). 
Indoor  molds  and lung function in healthy adults. Res Med. 108: 677-684.  

Ho-Hyun Kim, Myung Hyun Sohn, Kyu- Earn Kim, Chang-soo Kim, Dong Chun 
Shin. (2011). Prevalence of Allergic Diseases among Korean school- age 
children. Journal of Korean Medical Science. 26(3): 332 - 338. 

Hussin, N.H.M., Sann, L.M., Shams Udin, M.N., Hashim, Z. (2011). Characterization 
of bacteria and fungi bioaersol in the indoor air of selected primary schools in 
Malaysia. Indoor Built Environ. 20: 607 - 617. 

Hwang, R.L., Lin, T.P., & Kuo, N.J. (2006). Field experiments on thermal comfort in 
campus classrooms in Taiwan. Energy and Buildings 38 (1): 53 – 62. 

Ismail, M.., Nur Zafirah, M.S., Ahmad, M.A. (2010). Indoor Air Quality in selected 
samples of primary schools in Kuala Terengganu, Malaysia. Environment 
Asia, 3, 103-108. 

Jacob, B., Ritz, B., Gehring, U., Bischop, W., Wichmann, H.E., Heinrich, J. (2008). 
Indoor  exposure to mold and allergic sensitization. Environmental Health 
Perspective 110(7): The IEQ Review. Retrieved from 
http:www.pureaircontrols.com/ (24th August 2005). 

Jo, W.K. & Y.J. Seo. (2005). Indoor and outdoor bioaerosol levels at recreation 
facilities, elementary schools and homes. Chemosphere. 61(11): 1570 - 1579. 

Junaidah, Z., Lye, M.S and Zailina H. (2012). Asthma Severity and Environmental 
Health Risk Factor among Asthmatic Primary School Children in the Selected 
Areas. American Journal of Applied Sciences. 9(10), 1553-1560. 

Kalogerakis, N. D., Paschali, V., Le kaditis, A., Pantidou, K., Eleftheriadis, M., 
Lazaridis. (2005). Bioaerosol measurements in domestic and office premises. 
Journal of aerosol science. 36: 751 - 761. 

Kamaruzzaman, S.N. Emma Zawawi, M.A. Micheal, P. Zuraidah, M.D. (2010). 
Occupant feedback on indoor environment quality in refurblished historic 
building. Int. J. Phys. Sci. 5(3), 192-199. 

Karvala, K. (2012). Asthma in damp indoor work environments people and work. 
Research reports 9. Finnish institute of occupational Health, Helsinki: P. 236. 



© C
O

UPM

 
102 

 

Kathleen Mortimer (2008). Early lifetime exposure to air pollution and allergic 
sensitization in children with asthma. Asian Journal of Atmospheric Env. 4: 
157 - 167. 

Kim, J.L., (2007) Indoor molds, bacteria, microbial volatile organic compounds and 
plasticizers in schools – associations with asthma and respiratory symptoms in 
pupils. Indoor Air, 17 (2): 153 – 156. 

Kotzias, D., Geiss, O., Tirendi, S., Barrero-Moreno, J., Reina, V., Gotti, A. (2009). 
Exposure to multiple air contaminants in public buildings, schools and 
kindergartens. The European  indoor air monitoring and exposure assessment 
(AIRMEX) study. Fresenius Environmental Bulletin, 18(5a): 670 – 681. 

Lameshow, S., & Levy, P.S. (1990). Sampling of Populations: Methods and 
Applications. 3rd edn. John Wiley & Sons inc. New York, US. 

Ling, K.H., Ting, A., Shaharuddin, A., Kadaruddin, M.J., Yaakob. (2010). Urban 
growth and air quality in Kuala Lumpur city Malaysia. Environment Asia. 3: 
(2) 123–128 

Lippmann, M. & Frampton. (2003). The US environmental Protection Agency 
particulate matter health effects research centers program: Environmental 
Health Perspective. 111: 1074 - 1092. 

Madureira, J., Paciência, I., Fernandes Ede, O. (2012). Levels of indoor-outdoor 
relationship of size specific particulate matter in naturally ventilated 
Portuguese School. J Toxicol Environ Health.  75 (22-23): 1423-1436  

Maier, W.C., Arrighi, H.M., Morray, B. (2006). Indoor risk factors for asthma and 
wheezing among Seattle school children. Environ Health Perspect, 105(2): 
208 - 214. 

Marzuki, I., Nur Zafirah, M.S and Ahmad, M. A. (2010). Indoor air quality in selected 
samples of primary schools in Kuala Terengganu, Malaysia. Environ Asia,
3:103 - 8.

Meklin. T., Husman. T., Vepsalainen. A., Vahleristo. M., Koivisto. J., Halla-Aho. J., 
Hyvarinen. A., Moschandreas. D., Nevalainen. A. Indoor air microbes and 
respiratory symptoms of children in moisture damaged and reference schools.
Indoor Air. 12: 175 - 183. 

Mendell, M.J. & Heath, G. (2005). Do indoor pollutants and thermal conditions in 
schools influence student performance? A critical review of the literature.
Indoor Air. 15(1): 27 - 52. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/15660567. 



© C
O

UPM

 
103 

 

Menetrez, M.Y., Foarde, K.K., Webber, T.D., Dean, T.R., Betancourt, D.A., Moore, 
S.A., Svendsen, E.R., Yeatts, K. (2009). The measurement of ambient 
bioaerosol exposure. Aerosol Science and Technology. 41: 884 – 893. 

Meyer, H.W., Suadicani, P., Valbjorn, O., Sigsqaard, T., Gyntelberg, F. (2004). Mould 
 in floor dust and building-related symptoms in adolescent school 
children: A problem for boys only? Indoor Air. 14(S10): 65 – 72. 

Mi, Y.H. (2006). Current asthma and respiratory symptoms among pupils in Shanghai, 
China: influence of building ventilation, nitrogen dioxide, ozone, and 
formaldehyde in classrooms. Indoor Air. 16 (6): 454 – 464. 

MohdNorRawi NA, Jalaludin J, Choo CP. (2015). Indoor Air Quality and Respiratory 
Health among Malay Preschool Children in Selangor. BiomedRes Int, 1-8. 

Mors, J. L., Ter Hensen, M. S., Loomans, M. G., Boerstra, A. C.  (2011). Adaptive 
thermal comfort in primary school classrooms: Creating and validating PMV-
based comfort charts. Build. Environ. 46 (12): 2454–2461. 

Mumovic, D., Clement, S., Griffiths (2009). Winter indoor air quality, thermal 
comfort and acoustic performance of newly built secondary schools in 
England. Building and Environment. 44 (7): 1466 – 1477. 

Nazariah, S.S., Juliana, J. and Abdah, M.A. (2013). Interleukin-6 via Sputum 
Induction as Biomarker of Inflammation for Indoor Particulate Matter among 
Primary School Children in Klang Valley, Malaysia. Glob J Health Sci. 5(4): 
93-105. 

Noor Hisyam, N.H. and Juliana, J. (2014). Association between Indoor PM10, PM2.5,
NO2 with Airway Inflammation among Preschool Children at Industrial and 
Sub-urban Areas. Adv. Environ. Biol. 8 (15): 149 - 159. 

Norhayani A.J., Juliana, J. Anis S.K., Mohd H. I. (2015).  Exposure to Air  Pollutants 
(PM10, NO2, SO2 and VOCs) on the Lung Functions among School Children 
Living nearby the Petrochemical Industry Area in  Kemaman, Terengganu. 
Adv.Environ. Biol, 9(26): 55-63 

Nur Aida Aziz, Juliana Jalaludin and Suhaili Abu Bakar. (2014). Indoor Air Pollutants. 
Exposure and the Respiratory Inflammation (Feno) among Preschool children 
in Hulu Langat, Selangor. Adv. Environ. Biol. 8 (15): 164-170. 

Nur Azwani Mohd Nor Rawi, Juliana Jalaludin, & Poh Choo Chua. (2014). Indoor Air 
Quality and Respiratory Health among Malay Preschool Children in 
Selangor. Bio Med Research International, Article ID 248178.

Nurul, F., Juliana, J., Titi, R.H., & Zailina, H. (2010). Exposure of Indoor Air 
Pollutants (PM2.5, PM10, Ultrafine Particle, CO, VOCs, CO2 and NO2), and 
Lung Function of School Children in Klang Valley. National Conference on 
Environmental and Health. 75: 530 - 539.  



© C
O

UPM

 
104 

 

Nur Fazhilah, A.R., Juliana, J. and Sharifah, N.S.I. (2012). Health among Children 
Living  in Industrial Area Kajang, Selangor. International Society for 
Environmental Epidemiology East Asia Chapter (ISEE-EAC) conference 
Renaissance Kuala Lumpur Hotel 15th–18thOctober 2012. 

Nurul Anis Sofiah, F. and Juliana, J. (2013). Indoor Particulate Matter 2.5 (PM2.5) and 
LungFunction among Children Living Near Busy Road in Cheras, Kuala 
Lumpur. Health and  the Environment Journal. 4(2): 1-19. 

Pawanker, R., Baena-Cagnani, C.E., Bousquet, J., Canonica, G.W., Cruz, A.A., 
Kaliner, M.A., Lanier, B.Q. (2008).  Allergy and chronic respiratory disease.
Journal of World Allergy Organization. S4 - S17. 

Pegas, N. M. G. Evtyugina, C. A. Alves et al. (2010). Outdoor/indoor air quality in 
primary schools in Lisbon: a preliminary study. Qu´ımica Nova.  33(5):  1145–
1149. 

Pierse,N. L. Rushton, R. S. Harris, C. E. Kuehni, M. Silverman, and J. Grigg. (2006). 
locally  generated participate pollution and respiratory symptoms in young 
children, Thorax. 61(3): 216–220. 

Phlegm (2007). In The American Heritage Medical Dictionary. Retrieved August 3, 
2015, from http://medical-dictionary.thefreedictionary.com/phlegm  

Quah, B.S., Wan-Pauzi, I., Ariffin, N., Mazidah, A.R. (2005). Prevalence of asthma, 
eczema and allergic rhinitis Kota Bahru, Malaysia.  Respirology. 10: 244-249. 

Rom, W. N. (2007). Environmental and Occupational Medicine. Lippincott Williams 
and Wilkins, Philadelphia, USA. 4: 1904. ISBN 10:0781762995 

Ross, M.A., Curtis, L., Scheff, P.A., Hryhorezuk, D.O., Ramakrishnan, V., Wadden, 
R.A., Persky, V.W., (2000). Association of asthma symptoms and severity 
with indoor  bioaerosols. Allergy. 55: 705 - 711.  

Salleh, N.M., Kamaruzzaman S.N., Mahyuddin, N. (2013). Sick Building Symptoms 
among  Children in private preschools in Malaysia. Association of different 
ventilation strategies. Journal of Building Performance. 4(1): 73- 81. 

Sanchez-Monedero, M.A. (2008). Effect of the aeration system on the levels of 
airborne microorganisms generated at wastewater treatment plants. Water 
Research. 42(14): 3739 - 3744. 

Sanchez-Monedero, M.A., E.I. Stentiford & C. Mondini. (2003), Biofiltration at 
composting facilities: Effectiveness for bioaerosol control. Environmental 
Science & Technology. 37(18): 4299 - 4303. 



© C
O

UPM

 
105 

 

Savilahti, R., Uitti, J., Roto, P., Laippala, P., Husman, T. (2001). Increased prevalence 
of  atopy  among Children exposed to Mold in a school building. Allergy
56: 175-179 

Sharifah, N.S. (2013). Indoor Air Pollutants (PM2.5, PM10& NO2). Exposure and the 
level of Interleukin-6 and Tumor Necrosis Factor-Alpha among Primary 
School Children in Klang Valley. Thesis Submitted for the Degree Master of 
Science, University Putra Malaysia. 

Sundell, J. (2004). On the history of indoor air quality and health. Indoor Air. 14(57): 
51 - 58. 

Tezara, C., Adam, N.M., Juliana, J., Mariana, M., Siregar, J.P. (2014). Monitoring of 
indoor air quality parameters in the day care centers in tropical country. Int. 
Journal of Mech. Eng.3: 47- 52. 

Tippayawong, N., Khuntong, P., Nitatwichit, C., Khunatorn, Y., Tantakitti, C. (2009). 
Indoor/outdoor relationships of size-resolved particle concentrations in 
naturally ventilated school environments. Building and Environment. 44: 188 
- 197. 

Unites States Environmental Protection Agency (EPA). (2010). Managing Asthma in 
the Utara. Malaysian Journal of Public Health Medicine, vol. 3(2): 23–32. 

  
Verreault, D., S. Moineau, & C. Duchaine. (2008). Methods for sampling of airborne 

viruses. Microbiology and Molecular Biology. 72(3):  413 – 444. 

Wargocki, P. & Wyon, D.P. (2007b). The effects of moderately raised classroom 
temperatures and classroom ventilation rate on the performance of schoolwork 
by children. HVAC&R Research. 13(2): 193 – 220. 

WHO (2009). WHO Guidelines for Indoor Air Quality: Dampness and mold World 
Health  Organization Copenhages. 248. 

Wong, N.H. & Khoo, S.S. (2003). Thermal comfort in classrooms in the tropics. 
Energy and Buildings. 35(4): 337 – 351. 

World Health Organization (2005). The world health report 2000 health systems. 
Improving performance. World Health Organization. 

World Health Organization (2005). Guidelines for concentration and exposure-
response measurements of fine and ultra-fine particulate matter for use in 
epidemiological studies. Geneva: World Health Organization. 

World Health Organization (WHO) (2010), Strategic approaches to indoor air policy-
 making: WHO European center for environment and health: Bilthoven. 

World Health Organization (WHO), (2005). Effects of Air pollution on Children’s 
Health  and Development. Europe: WHO.  



© C
O

UPM

 
106 

 

World Health Organization (WHO). (2010). WHO guidelines for indoor air quality: 
selected pollutants. Copenhagen: WHO Regional Office for Europe. 

Yang, D.S., Son, K.C. and Kays, S.J. (2009). Volatile organic compounds emanating 
from indoor ornamental plants. Hort. Science 44: 396 - 400.  

Yahaya N.A. and Jalaludin, J. (2014). Exposure to Indoor PM10 and Volatile Organic 
Compounds and Its Association to Respiratory Health among Preschool 
Children in Urban and Rural Area. Springer. 3(4): 13-6. 

Zhang, L., Chew, F.T., Soh, S.Y., Yi, F.C., Ferm, M. (2006). Current asthma and 
respiratory symptoms among pupils in Shanghai, China influence on building 
ventilation, nitrogen dioxide, ozone, and formaldehyde in classrooms.  Indoor 
Air. 16: 454-464. 



© C
O

UPM

UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT

ACADEMIC SESSION : 

TITLE OF THESIS / PROJECT REPORT : 
INDOOR AIR QUALITY AND RESPIRATORY HEALTH IMPLICATION AMONG MALAY 

PRE-SCHOOL CHILDREN IN PUCHONG AND HULU- LANGAT, SELANGOR, MALAYSIA 

 

NAME OF STUDENT: ONWUSEREAKA CYNTHIA OLUCHI
 
I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be 
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia. 
 
2. The library of Universiti Putra Malaysia has the right to make copies for educational 

purposes only. 
 
3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for 

academic exchange. 

I declare that this thesis is classified as :

*Please tick (√ )

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).

RESTRICTED (Contains restricted information as specified by the
organization/institution where research was done).

OPEN ACCESS I agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from_____________ until ______________
(date) (date)

Approved by:

_____________________ _________________________________________
(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:

Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ]


	LITERATURE REVIEW
	REFERENCES



