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ABSTRACT 

 

ASSOCIATION OF INDOOR AIR QUALITY AND RESPIRATORY 

HEALTH SYMPTOMS AMONG CHILDREN AT DAY CARE CENTERS IN 

PETALING JAYA, SELANGOR 

 

SITI AIMAN HUSNA BT MOHAMMED NAJIB 

 

Introduction: Indoor air quality in day care centers (DCCs) is an emerging research 

topics nowadays. Children spent most of their time indoor, long exposure to poor 

indoor air quality (IAQ) was believed to increase the risk of getting respiratory health 

symptoms among children. Objective: To determine association of indoor air quality 

and the respiratory health symptoms among children at urban day care center in 

Petaling Jaya. Method: A cross sectional study was carried out among 100 children 

age four to six years old. The research were conducted at five urban day care centers 

with different environmental characteristics. An indoor air quality assessment was 

conducted in selected DCCs that include parameters such temperature, humidity, air 

velocity, particulate matter less than 2.5µg/m3 and 10µg/m3 (PM2.5, PM10), carbon 

dioxide (CO2), airborne bacterial and airborne fungi. A set of standardized 

questionnaire was distributed by researcher to obtain respondents’ background 

information, exposure history, and respiratory health symptoms. The finding of this 

study indicate that indoor air pollution may have an impact on respiratory health 

symptoms. Result: All five DCCs investigated had at least one IAQ parameter that 

exceeding the recommended level of standard guidelines. There was significant 

different of median concentration of PM10, PM2.5, temperature and relative humidity 

in each DCCs. The finding also reported that PM2.5 is significantly associated with 

cough and runny nose. Conclusion: Exposure to PM10 and PM2.5 had increased the 

occurrence of respiratory health symptoms among children. A proper ventilation and 

regular housekeeping are beneficial in lowering the concentration of pollutants indoor.  

 

Keywords: Indoor air quality, day care center, children, respiratory health 

symptoms, urban 
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ABSTRAK 

 

HUBUNGKAIT ANTARA KUALITI UDARA DALAMAN DAN MASALAH 

KESIHATAN RESPIRATORI DALAM KALANGAN KANAK-KANAK DI 

PUSAT ASUHAN PETALING JAYA, SELANGOR 

 

SITI AIMAN HUSNA BT MOHAMMED NAJIB 

 

Pengenalan: Kualiti udara dalaman di pusat asuhan merupakan topik penyelidikan 

yang kian berkembang pada masa kini. Kanak-kanak menghabiskan sebahagian besar 

daripada masa mereka di dalam bangunan, pendedahan yang lama kepada pencemaran 

udara dalaman dipercayai meningkatkan risiko untuk mendapat masalah kesihatan 

respiratori dalam kalangan kanak-kanak. Objektif: Kajian ini bertujuan untuk 

mengkaji hubungkait antara kualiti udara dalaman dengan masalah kesihatan 

respiratori dalam kalangan kanak-kanak di pusat asuhan bandar, Petaling Jaya. 

Metodologi:  Kajian keratan rentas telah dijalankan di kalangan 100 kanak-kanak 

berumur empat hingga enam tahun. Penyelidikan telah dijalankan di lima pusat asuhan 

harian bandar dengan ciri-ciri persekitaran yang berbeza. Penilaian kualiti udara 

dalaman telah dijalankan di pusat asuhan harian terpilih yang merangkumi parameter 

seperti suhu, kelembapan relatif, kelajuan udara, zarah partikal bersaiz kurang 

2.5µg/m3 dan 10µg/m3 (PM2.5, PM10), carbon dioksida (CO2), bakteria bawaan udara 

dan kulat bawaan udara. Satu set soal selidik piawai telah diedarkan oleh penyelidik 

untuk mendapatkan maklumat latar belakang responden, sejarah pendedahan, dan 

gejala masalah kesihatan respiratori. Dapatan kajian ini menunjukkan bahawa 

pencemaran udara dalaman mungkin memberi kesan kepada gejala kesihatan 

pernafasan. Keputusan: Kesemua lima pusat asuhan yang dikaji mempunyai 

sekurang-kurangnya satu parameter IAQ yang melebihi tahap garis panduan standard 

yang disyorkan. Terdapat perbezaan ketara bagi median PM10, PM2.5, suhu dan 

kelembapan relatif dalam setiap pusat asuhan. Penemuan juga melaporkan bahawa 

PM2.5 dikaitkan dengan batuk dan hidung berair. Kesimpulan: Pendedahan kepada 

PM10 dan PM2.5 telah meningkatkan kejadian gejala kesihatan pernafasan dalam 

kalangan kanak-kanak. Pengudaraan yang baik amatlah penting bagi mengurangkan 

pencemaran udara dalaman. Selain itu kerap melakukan pembersihan di dalam pusat 

asuhan juga dapat mengurangkan pencemaran udara dalaman di pusat asuhan. 

 

Kata kunci: kualiti udara dalam, masalah kesihatan respiratori, pusat asuhan harian, 

kanak-kanak, bandar  © C
OPYRIG

HT U
PM
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CHAPTER 1 

 

INTRODUCTION 

 

1.1  Background of Study 

 

Air pollution is a significant concern that could affect the health of many 

people in Malaysia. Clean air is a fundamentals human’s needs in order to achieve 

good health. Building occupants are exposed to wide range of contaminants in form of 

particles and gases from office machines, cleaning products, construction activities, 

carpets and furnishings, perfumes, environmental tobacco smoke, water- damaged 

building materials, microbial growth (fungal and bacterial), insects and outdoor 

pollutants; indoor temperatures, ventilation and relative humidity level among other 

things that can influence how people react to their surrounding (NIOSH, 2006). 

 

 Poor indoor air quality can further degrade someone health, the most 

susceptible group for the effect of exposure to indoor air pollutants are children, 

elderly, chronically ill person especially those suffering with respiratory and 

cardiovascular disease (USEPA, 2014). Additionally, children are more sensitive to 

environmental exposure than adult since their body still developing, they breath more 

air, consume more food and drink more liquid in proportion to their body weight 

(USEPA, n.d.). Indoor environment represent outdoor and indoor pollutants mixed 

together. Outdoor pollutants can originate from the vehicles and dust from industrial 

activity. Outdoor pollutants can enter the building through a natural and mechanical 
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ventilation (Guo et al., 2008). Indoor pollutants were produced from indoor 

combustion such as cooking, furniture used and tobacco smoke.  

 

This research was conducted in Petaling Jaya. Petaling Jaya has the total 

population over 619,925 people (MBPJ, 2020). Vehicle exhaust is identified to be the 

primary source of air pollution in Petaling Jaya. This is because Petaling Jaya is a 

mixed commercial-residential-industrial area. Hoon leh et al. (2014) states that the area 

with large industrial, infrastructure land and transportation is possibly more polluted. 

According to Jalaludin & Mawar (2015) most of the people in industrial area resided 

within 100 – 1000metres from the major roadways and less than 1000m away from 

factories. Urbanization and increasing traffic in surrounding area lead to indoor air 

pollution exposure (Choo et al., 2014). Children are a vulnerable group that has high 

susceptibility to get sick if exposed to poor indoor air quality. Moreover, children 

spend most of their time indoor.  

 

Nowadays, parent prefer sending their child to day care center for temporary 

care since hiring personal care taker can be expensive. Poor indoor air quality at day 

care center due to inadequate ventilation, maintenance and temperature control had led 

to circumstances having short and long term respiratory health will later can effect 

children performance and productivity as they are particularly sensitive to 

environmental changes (Malik et al., 2020). Providing a healthy and comfortable 

indoor environment will help to reduce sick episodes for the children. A well designed 

building would have elements that promote health rather than increasing the likelihood 

of illness 
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1.2  Problem Statement 

 

Indoor air quality have become an arising research topics since exposure to 

poor indoors air pollutants are more detrimental than outdoors. Various monitoring 

studies have signifies that concentration of pollutants are much higher indoors than 

outdoors. Exposure to poor indoor air quality and rising levels of indoor air pollutant 

were the risk variables that contributed to increasing report on respiratory diseases 

(Sarijuddin et al., 2017).  

 

The increasing participation of women in labor force for the past decade had 

made day care center as a necessary place for the children to spend time while their 

parent is working. Children who attend day care centers are likely to spend their time 

between 9 to 11 hours per day depending on the time they arrive at and leave the day 

care centers. Young children are vulnerable to poor indoor air quality due to their 

immature immune systems, greater inhaled breath per unit mass, breathing zone near 

to the ground, and rapid growth (WHO, 2019). Children are at the greater risk because 

air pollution concentration in children breathing zone (CBZ) was higher, and the 

pollutant concentration remain over time (Tripathii & Laquatra, 2018). Poor indoor air 

quality and presence of airborne microbes at day care centers will raise the risk to 

respiratory illness, particularly asthma among children who exposed (Khamal et al., 

2019). 

 

This study was conducted in Petaling Jaya which was one of the busiest city in 

Selangor. Urban air are likely to be more polluted than rural air due congested and 
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dense ambience because of industrial activities and heavy traffic. Children attending 

day care centers located in urban are at high risk of getting respiratory problem. Based 

on previous study, the prevalence of respiratory symptoms was generally higher 

among urban preschool children as compared to suburban preschool children (Asrul 

& Juliana, 2017; Tezara et al., 2014; Khamal et al., 2019; Sarijuddin et al., 2017). 

 

There still lack of research on indoor air quality in day care centers especially 

in urban areas. The usual pollutants that been included in previous study was 

particulates mattes (PM), carbon monoxide (CO), carbon dioxide (CO2), and physical 

parameters (temperature, humidity and air velocity) but not much of them include 

microbiological pollutants in their research. Microbiological pollutants occur due to 

poor construction quality or building management. This research will include 

microbiological pollutants to identify if it’s give significant effects on children 

respiratory health.   

 

In Malaysian the authorities only created the guideline on indoor air quality in 

occupational setting which is Industry Code of Practice on Indoor Air Quality 2010 by 

Department of Occupational Safety and Health (DOSH).  Most of study that doing 

research on indoor air quality in children microenvironment are referring to this 

guidelines. However the acceptable limit for indoor pollutants proposed in this 

guidelines are not appropriate to be used to compare with the finding from children 

microenvironment. This is because industry code of practice on indoor air quality was 

made specially for adult that work in office. The day care centers setting are not the 

same with office setting and also the children are vulnerable than the adults. Thus, this 
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study could help the authorities come out with the proper guidelines on indoor air 

quality in day care centers setting. 

1.3  Study Justification  

 

This proposed research aim to determine the association of indoor air quality 

with respiratory symptoms among children at day care centre in Petaling Jaya, 

Selangor. Petaling Jaya was chosen as location for this study because it is in urban 

and industrial area. The high polluted environment due to emission from heavy traffic 

and industrial activity has cause significant health effect to the surrounding 

community. In recent years, a rising amount of scientific research has suggested that 

air inside homes are more polluted that the air outside (US EPA, 2014).Children are 

especially has high susceptibility to experience respiratory illness because their spend 

most of their time indoor. WHO (2019) reported that 570,000 deaths are from 

respiratory infection, reducing environmental risk could prevent 1 in 4 child death. 

Thus, this study is relevant to public health as it focuses on association of indoor air 

quality with children’s respiratory symptom. Day care centre is important 

environment for the children and it’s their primary place for their social activity. It is 

it is important to assess children exposure to indoor pollutants in microenvironment 

where they spend most of their time. 

  

This research will measured physical, chemical and biological parameter 

(relative humidity, temperature, air velocity, PM2.5, PM10, carbon dioxide, carbon 

monoxide, fungi and bacteria). Based on the literature review most study doesn’t 

include biological parameter in their study. Despite that, biological parameter play an 
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important role in association of respiratory illnesses with indoor air quality. Khamal et 

al. (2019) report that the indoor air concentration and presence of microbes in day care 

centre increase the risk in exposing children for respiratory diseases, particularly 

asthma, later in life. The study on association of IAQ at day care with respiratory 

symptoms are still lacking in Malaysia this study will be useful for improving the 

indoor environment setting in Malaysia day care centre. 

 

1.4  Conceptual framework 

 

Figure 1.1 showed the conceptual framework of this study. It was general but 

clearer view of this research. This research will study on association between indoor 

air quality with respiratory health symptom among children at day care centers in 

Petaling Jaya, Selangor. The colored box represented the factors in concern in this 

study.  

 

The children age two to six years old were chosen for the subject of this study. 

The location of day care centers was divided into three group urban, sub urban and 

rural. However the study will focused mainly on day care centers located in urban area 

with different environmental setting. The independent variables of this study is indoor 

air quality. The concentration of indoor air quality that been measured was physical 

parameter (temperature, humidity and air velocity, chemical pollutants (CO, CO2, 

particulates matters) and biological pollutants (fungi and bacteria). Meanwhile the 

dependent variables were respiratory symptoms (Cough, phlegm, wheezing, runny 

nose, blocked nose, sneezing, sore throat and chest tightness)  
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 Subject of interest 

 Independent 

variable 

 Dependent 

variables 

Indoor Air Quality (IAQ) 

Physical: 

Temperature  

Humidity 

Air velocity 

Chemical: 

CO2 

Pm10 

Pm2.5 

Inhalation 

 

Respiratory health symptoms: 

Cough, wheezing, chest 

tightness, phlegm, runny nose, 

blocked nose  

Children attended day care centers 

Suburban Urban Rural 

Cofounder: 

Socioeconomic level 

Smoking  

House environment 

Dietary intake  

 

Figure 1.1: Conceptual Framework 

Biological: 

Bacteria 

Fungi  
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1.5  Research Questions 

 

 

The proposed research aims to answers the following research questions: 

1. What is socio-demographic characteristic of children at day care centers in Petaling 

Jaya? 

2. What is building characteristic of selected day care centers? 

3. What is the level of concentration of temperature, humidity, air velocity, PM2.5, 

PM10, CO2, airborne bacterial and fungal between day care centers? 

4. What is the prevalence of respiratory health symptom between children at between 

day care centers? 

5. Is there any association between level of indoor air pollutants (PM2.5, PM10, CO2, 

airborne bacterial and fungal) with respiratory health symptoms (cough, wheezing, 

phlegm, chest tightness, runny nose, blocked nose) among day care center? 

6. What is the main factors that influence indoor air pollutants and respiratory health 

symptoms among study respondents after controlling all the confounders?  
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1.6  Research Objectives 

 

1.6.1  General Objective 

 

To identify the relationship between exposures to indoor air pollutants with respiratory 

health symptoms among children at selected day care centers in Petaling Jaya, 

Selangor. 

 

1.6.2  Specific Objectives  

 

1. To determine socio-demographic characteristic of children at day care center  

2. To determine the building characteristic of selected day care centers.  

3. To determine and compare indoor air quality (temperature, humidity, air velocity, 

PM2.5, PM10, CO2, airborne bacterial and fungal) between day care centers. 

4. To compare the prevalence of respiratory health symptoms between children at day 

care centers. 

5. To determine the association of indoor air pollutants concentration (PM2.5, PM10, 

CO2, bacterial and fungal count) with respiratory health symptom among children 

in day care centers. 

6. To identify the main factor that influences indoor air pollutants and respiratory 

health symptoms among study respondents after controlling the cofounders in this 

study. 
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1.7  Research Hypothesis 

 

1. There is significant difference of indoor air quality (temperature, humidity, air 

velocity, PM2.5, PM10, CO2, bacterial and fungal count) between day care centers. 

2. There is significant difference of respiratory health symptoms among children 

between day care centers. 

3. There is a significant association between indoor air pollutants concentration 

(PM2.5, PM10, CO2, airborne bacterial and fungal) and prevalence of respiratory 

health symptoms among children between day care centers. 

4. The main factor that influence the respiratory health symptom of children at day 

care center after considering all confounders will be PM2.5, PM10, CO2, airborne 

bacterial and fungal. 

 

1.8  Definition of Variables 

 

1.8.1  Conceptual Definitions  

 

a) Indoor air quality 

“Indoor air quality (IAQ) refers to the air quality within and around buildings and 

structures, particularly as relates to the health and comfort of building occupants”(US 

EPA, 2014). According to Industry Code of Practice (DOSH, 2010) the parameter that 

can be measured to indicate the quality of an indoor environment are physical 
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parameter (temperature, relative humidity, air velocity), chemical parameter (CO, 

CO2, formaldehyde and environmental tobacco smoke), biological pollutants (mites, 

virus, spores) and radiation such radon 

 

b) Day care center 

Day care center is an institution established for purpose of providing care or 

maintenance for children under the age of six (Shahidah et. al, 2017).  

 

c) Respiratory symptoms 

“Respiratory symptoms occur as a result of exposure to indoor air pollutants and can 

last up to seven to ten days; they often begin after one to three days of exposure to air 

pollutants and can last up to seven to ten days” (Oluchi, 2017). Cough, phlegm, 

wheezing, chest tightness, runny nose, blocked nose, sneezing, and sore throat are 

some of the respiratory symptoms (Asrul & Juliana, 2017). 

 

d) Children age at day care center 

Malaysia divides early childhood care and education in two age groups, 0-4 years old 

and 4-6 years old; Children under age of 24 months are classified in the infant group, 

toddler group for children aged 2-4 years old (nursery), preschooler group for children 

aged 4-6 years old (kindergarten) (Tezara, 2013) 
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1.8.2  Operational Definition 

 

a) Particulate matter 

Indoor assessment for particulate matter (PM2.5 & PM10) was measured using TSI 8532 

DustTrakTM II Aerosol Monitor. DustTrakTM II Aerosol Monitor is a handheld battery-

operated instrument with data logging, single channel, light-scattering laser 

photometer that provides real time aerosol mass reading. It makes uses of a sheath air 

system to keep the optics clean and low maintenance by isolating the aerosol in the 

optics chamber. The instrument able to detect PM2.5, PM10 and respirable size fractions 

with the 90 light scattering sensor type to detect particles size in range between 0.001 

to 150 mg/m3. The acceptable limit for PM2.5 and PM10 set by DOSH (2010) is 75 ppm 

and 150 ppm in 24 hours exposure. 

 

b) Temperature 

TSI Model 7575 Q-Trak was used to assess temperature. Temperature was detected 

through sensor type thermistor. The recommended level set by the Department of 

Occupational Health for, temperature is 23°c to 26°c 

 

c) Relative Humidity 

 

TSI Model 7575 Q-Trak was used to measure relative humidity. The principle of 

detection of a wet bulb and dry bulb was used to compare the humidity ratio and 
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absolute humidity. The recommended level set by the Department of Occupational 

Health for relative humidity is 40% to 70%. 

 

d) Carbon dioxide 

Carbon dioxide was measured by using TSI Model 7575 Q-Trak. Dual-wavelength 

non dispersive infrared (NDIR) was used to measure CO2. The recommended level set 

by the Department of Occupational Health for CO2 is 1000 ppm (DOSH, 2010) 

 

e) Air velocity 

Air velocity will be measured using TSI Velocicalc Plus Model 8386. The 

recommended limit for indoor air velocity is between range 0.15ms to 0.50ms (DOSH, 

2010) 

 

f) Biological contaminants (bacterial and fungal) 

Biological pollutant, bacterial and fungal will be collected through Pbi DuoSas Super 

360 air sampler. The instrument was collecting air samples into petri dish containing 

medium, 500 volumes of air samples for 2 minutes was used during sampling. Isolation 

of fungi will use Sabaround Dextrose Agar (SDA) while isolation of bacteria using 

Tryptic Soy Agar (TSA). These agar later will be incubated and analysis was carried 

out. 
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g) Respiratory symptoms 

Respiratory symptoms in this study were determined using constructed questionnaire 

based on internationally standardized and recognized questionnaire by American 

Thoracic Society, “Questionnaire ATS-DLD-C” and International Study of Asthma 

and allergies in childhood (ISAAC) that had been validated and used by previous local 

study (Zainudin et al., 2019). 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1  Indoor Air Quality  

 

According to the United States Environmental Protection Agency (US EPA), 

indoor air quality is defined as the air quality within and around buildings and 

structures, particularly as it pertains to the health and comfort of the building 

occupants. Poor IAQ can be especially detrimental to vulnerable groups such as 

children, young adults, the elderly, and those suffering from chronic respiratory and/or 

cardiovascular diseases. In the past decade, daycare centers have become the primary 

choice for working parents to provide temporary care for their children while working. 

Most working Malaysian parents enroll their children in daycare centers run by a 

government or private agencies as early as three month old (Khamal et al., 2019).  

 

Temperature, humidity and air movement play an essential role in regulating 

indoor air quality. A study by Rawi et al. (2015) claims that inadequate ventilation, 

high temperatures and humidity can cause indoor pollutants to accumulate. Providing 

good natural or mechanical ventilation is beneficial to health. Shahidah et al. (2017) 

describe the relation of indoor air pollutants levels and ventilation systems modes such 

as natural, hybrid, or without mechanical ventilation discovered that hybrid ventilation 
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system showed a decrease in the concentration of indoor pollutants. However, if it’s 

not properly designed, installed, maintained, and operated ventilation can allow 

harmful particles or microbes to enter the building and degrade the indoor 

environment. The recommended level set by the Department of Occupational Health 

for the temperature is 23°c to 26°c. Meanwhile, in Guidance Note on Ventilation and 

IAQ for Residential Setting during Covid-19 Pandemic by Ministry of Health, 2021 

its recommending relative humidity and air velocity should be in range 40% to 70% 

and 0.15m/s to 0.50m/s and air movement is 0.15ms to 0.50ms. Thus, it is 

recommended to frequently open the window and using air purifiers to lower the 

concentration of pollutants indoors. 

 

The temperature and humidity of the environment can affect the size of bio-

aerosol particles, the viability of airborne microorganisms, the growth of 

microorganisms on surfaces, and the amount of electrostatic charges on aerosols and 

surfaces. A particle in an environment above its CRH (or DRH if it was initially dry) 

will be larger and heavier and will settle faster than the same particle when the 

humidity is below the CRH. Bio-aerosol particles may also undergo an increase in size 

when the humidity increases due to water absorption and swelling of hygroscopic 

components. 

 

For airborne viruses, survival decreases as air temperature increases (Ijaz et al. 

2016; Tang 2009). Exposing most viruses to temperatures of 60°C or higher for 60 

minutes will inactivate them, although the viruses can be somewhat protected if they 

are encased in organic material [Tang 2009] The survival of airborne bacteria also 
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decreases as air temperature increases; the survival of virtually all airborne bacteria 

declines when temperatures are above 24°C. Warm temperatures, wet substrates and 

humid air conditions favor the growth of fungi on surfaces [Eduard 2009; Tang et al. 

2015. air temperature and humidity affect the viability of airborne fungi and fungal 

spores 

 

2.2  Indoor Air Pollutants 

 

Human exposure to indoor air pollutant is usually through inhalation. At the 

daycare centre, children exposed to various contaminants such as gaseous, particulate 

matter and microbiological agent. These pollutants are everywhere, and impossible to 

discard them entirely. 

 

Among the pollutants that being investigated were particulate matter less than 

or equal to 2.5 and 10 (PM2.5 and PM10). Particulate matter is a fine particle suspended 

in the earth’s atmosphere. PM10 are inhalable particles, with diameters that are 

generally 10 micrometers and smaller; and PM2.5 are fine inhalable particles, with 

diameters that are generally 2.5 micrometers and smaller (USEPA, 2016). Further 

USEPA (2016) also states that Particulate matter is made up of microscopic solids or 

liquid droplets that can be breathed and cause major health concerns if inhaled. Some 

particles with a diameter of less than 10 micrometres can penetrate deeply into your 

lungs, and some may even enter your bloodstream. Particles less than 2.5 micrometers 

in diameter, also known as fine particles or PM2.5, pose the greatest risk to health. 
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Indoor particulate can be produced by cooking, combustion activities (such as candle 

burning, fireplace use, unvented space heater use and cigarette smoking) and some 

hobbies (US EPA, 2019). The level of PM10 indoors fluctuate depending on the floor 

level and the closing of the window (Tezara et al., 2014). The acceptable limit for 

exposure to PM2.5 and PM10 in 24 hours recommended by Malaysian ambient air 

quality (DOE, 2020) 100µg/m3 and 35µg/m3. 

 

Figure 2.1: Size of Particulate Matter, PM2.5 and PM10  

(Source: USEPA, 2016) 

 

Carbon dioxide are indoor air pollutants generated from combustion activity 

inside and outside the premises. The level of carbon dioxide indoor often correlated 

with the number of occupants (Tezara et al., 2014). The acceptable limit for CO2 set 

by the Department of Occupational Health is 1000 ppm. 
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Biological contaminant comes from various sources such as cooking and cleaning 

activities, pet, dampness of the building and ventilation system. According to an 

acceptable limit set by (WHO), the standard set for exposure bacteria is 500 CFU/m3, 

while for fungi is 1000 CFU/m3 in 8 hour exposure. Bacteria are thought to be 

detrimental due to endotoxin production, which can cause inflammation of the 

airways, increase bronchial hyperactivity, and elicit asthmatic attacks, and this 

endotoxin generally produced by bacteria found in household dust (Ross et al., 2000). 

Besides, Hwang et al. (2017) stated that bacteria levels are remarkably higher indoors 

compared to outdoors. 

 

The technique used to monitor indoor pollutants such PM2.5, PM10, CO, CO2, 

fungi and bacteria were partially adopted from Industry Code of Practice on Indoor 

Air Quality 2010 the instrument must place at 0.6-10 meter above the floor to represent 

children breathing zone, more than 1 meter away from the wall, door, or any active 

heating system. According to Asrul & Juliana (2017), each room will had one sampling 

point and one point from the outdoors. The equipment must place at area were child 

spent most of their times, assuming that contaminants were distributed evenly. The 

method that will used to monitor indoor air pollutants were  

 

2.3  Factors affecting Indoor Air Quality in Day Care Centers 

 

Indoor air quality is determined by exposure from combination of countless 

pollutants that originated from various sources such as indoor smoking, cooking 
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activities, paint, wall, air cooling system and even outdoor air toward building 

residents (Tezara et al., 2014). The common indoor air pollutant detected in day care 

center varied from particulate matter, volatile organic compounds (VOCs), aldehydes, 

bacteria and fungi. 

 

The location of day care center and the structure of the building plays a 

significant role in determining indoor air quality. Being located near to main road, 

industrial area and urban area affect local air quality in DCC. Rawi et al. (2015) 

reported that living close to busy highway was associated with increased personal 

exposure to particulate matter in children. Housing location as well as indoor and 

outdoor combustion activities had cause the high level of PM2.5 and PM10 inside the 

house (Asrul & Juliana, 2017). Location of the preschool had substantial impact on the 

occurrence of respiratory health symptoms (Asrul & Juliana, 2017). Children may 

have exposed to contaminate from traffic that may enter the building through opening 

of window, door or crack wall. Dust produced from external sources from paved and 

unpaved roads potentially contributed to elevated levels of indoor particulate matter 

(Khamal et al., 2019). Motor vehicles are the primary source of particle pollution in 

urban air, releasing fine primary particles. Heavy traffic and vehicle combustion of 

fossil fuels caused to the high concentration of particulate matter especially during 

early in the morning and afternoon. PM2.5 has a higher chance reaching the small 

airway and alveoli of the lungs than larger particles. The frequent exposure to PM2.5 

will cause chronic respiratory diseases. 
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Most of the day care center in urban area use air conditioning to provide 

comfortable environment to the children. The air conditioning usually installed at 

playroom and bedroom area. This area are occupied most of the time by the children. 

Despite the benefit of air conditioning inside the room, the study by Malik et al. (2020) 

found that children attending day care center served by air conditioning and 

mechanical ventilation had the highest risk of respiratory symptoms and the presence 

of moisture is a possible root cause of high indoor pollutant in DCC. This data also 

strengthen by study from Khamal et al. (2019) reported that air conditioned day care 

center experience much lower air exchange rates than naturally ventilated day care 

center. The rate of air exchange will have an effect on the penetration of outdoor 

pollutants (Guo et al., 2008).  

 

Further, majority of domestic air conditioner lack of fresh air intake, which can 

significantly impact on the indoor air quality. In additional, closing all the window and 

door during the lesson to keep children inside resulting inadequate ventilation. Poorly 

ventilated area will fail to dilute pollutants produced by human, such as human 

associated bacterial levels, resulting in increased indoor pollution concentration indoor 

compared to outdoor. Study by Roda et al. (2011) suggested that hybrid ventilation 

can lower concentration of indoor pollutants by increase dilution of pollutants. Next, 

unsuitable level of humidity can bring harm to the children. Insufficient humidity in 

an area will generate static build, making people’s skin feel dry, while too much 

humidity can make skin feel sticky (Rawi et al., 2015).  
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Microbes in indoor environment poses threat to children. In DCCs, children’s 

activity such as talking, sneezing, coughing, walking, washing and toilet flushing can 

generate airborne biological particulate matter (Oh et al., 2014). Activity such as 

cleaning and cooking also can be source of bacteria in DCCs. Shahidah et al. (2017) 

stated that the microbial contaminant was associated with the particulate matter as the 

microbial contaminant will attach to particulate matter and travel through the air. Asrul 

& Juliana (2017) suggested that sources of PM10 may promote the growth of gram 

negative bacteria in the air. A study by Khamal et al. (2019) reported that total bacteria 

counts exceeded acceptable limits in half of the DCC surveyed. Hwang et al. (2017) 

stated that the level of bacteria showed a significant positive association with building 

age and are of the building. Shahidah et al. (2017) also revealed that the total bacteria 

counts was highest at DCC in urban area compared to suburban area this might due to 

the occupancy factors. They also suggested that higher total bacteria and fungi count 

might correlated with a lower temperature and greater relative humidity, this condition 

created an ideal environment for bacteria and fungi to growth at faster rate. Water 

damage in day care wall and ceiling affect the growth of airborne bacteria and mold 

(Hwang et al., 2017). The particulate matter and damp area are such as kitchen and 

toilet showed positive correlation to the level of mold and bacteria indoor (Asrul & 

Juliana, 2017) 

 

Carbon monoxide (CO) is generated indoors by combustion source (cooking 

and heating) and also introduced by carbon monoxide infiltration from outdoor air. A 

higher concentration of CO was mostly contributed by mobile cars particularly during 

peak hours, as well as location of building near to major road (Rawi et al., 2015). Other 
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than that, CO also can cause from faulty, incorrect installed, poorly maintained or 

poorly ventilated cooking or heating appliances that burn fossil fuels. Tobacco smoke 

also can be major source for indoor exposure to CO. A study by Tezara et al. (2014) 

reported that the level of CO is higher in DCC near to industrial area and major road 

area this is due to traffic emission from outdoor environment. Next, carbon dioxide 

concentration frequently utilized as a proxy for the rate of supply air from outside per 

occupant. Tezara et al. (2014), stated that indoor level of CO2 inside day care are 

affected by outdoors and the density of occupants indoor. Another study by Tezara et 

al., (2014), reported that the mean concentration of CO2 was highest for DCC located 

in KL, which is 739.22 ppm. Indoor CO2 concentration more than 1000 ppm usually 

indicate that insufficient ventilation rate (Choo et al., 2014).  

 

2.4  Indoor Air Pollutants and Respiratory Health Implication of Children  

 

 Health effects from indoor air pollutants can occur immediately after a single 

exposure or may occur years later after repeated exposure. The finding from previous 

study had shown a strong association of indoor air pollutants with respiratory infection 

among children at day care center. Factors that significantly associated with respiratory 

symptoms are age, ventilation system, DCC location, type of building, floor space, 

accessible to window or door, and temperature viable bacteria and fungi (Malik et al., 

2020). Two third of parents felt that their children’s symptoms were related to DCC 

and most of them will take leave if the children became ill (Malik et al., 2020). A study 

by Tezara et al. (2014) reported that day care center located in KL had highest level of 

CO2 and PM10, also had the highest rate of coughing and wheezing symptoms. The 
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also exposed that children at KL DCC becoming unwell more than four times per year. 

Khamal et al. (2019) reported prevalence of wheezing in their study is higher. There 

also significant association between wheezing with PM2.5 and PM10 in study by Rawi 

et al. (2015). Study by Jalaludin & Mawar (2015) proclaimed that children exposed to 

elevated indoor PM2.5 concentration had a statically significant higher risk of acquiring 

cough and chest tightness. They also stated that children live in industrial area are three 

times more likely to get cough compared to children live in non-industrial area. Particle 

with diameter 2.5μm or less are more harmful, especially ultrafine particle with 

diameter less than 1μm can penetrate tissues and organs, posing an even greater risk 

of systemic health impacts (WHO, 2019).  

 

 Data showed by Asrul & Juliana (2017) showed that urban preschool children 

are more frequent to get cough, phlegm, runny nose and blocked nose. Study by 

Sarijuddin et al. (2017) reveal that children living in single house has highest 

prevalence of chest illness, while children living in refurbished commercial building 

has high prevalence of phlegm. USEPA (2016) states that biological contaminant can 

trigger allergic reaction, including allergic rhinitis, asthma, and hyperactive airway 

diseases. 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1  Study Design 

 

Cross-sectional study design was conducted to determine the association of 

indoor air quality with respiratory health symptoms among children in day care center 

at Petaling Jaya, Selangor. The independent variable of this study is indoor air quality 

(temperature, relative humidity, air velocity, CO2, CO, PM2.5, PM10, fungal and 

bacterial). The dependent variable of this study is the prevalence of respiratory 

symptom among children age 4 to 6 years old. Respiratory symptom observe are 

cough, phlegm, chest tightness, runny nose, blocked nose, and wheezing.  

 

3.2  Study Duration 

The duration of this study was from August until December 2021 

 

3.3  Study Location 

 

This study will be conducted in Petaling Jaya. This location was chosen 

because Petaling Jaya is urban area that have high concentration of air pollutant due to 
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the city was congested and dense ambience because of industrial activities and heavy 

traffic. The polluted outside environment will circulate and enter the building making 

the indoor air quality dropped. Thus, will increase the prevalence of people with 

respiratory illness due to indoor air pollutants, children are more susceptible to acquire 

respiratory symptoms. 

 

 

Figure 3.1: Location of Petaling Jaya District  

(Source: Portal Rasmi PDT Petaling, 2016) 

 

 

3.4  Study Population 

This study recruited children that attending selected day care centers in 

Petaling Jaya, Selangor and fulfilled inclusion and exclusion criteria. This research 
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will determine the association between indoor air quality with respiratory health 

symptoms among children in day care centers 

 

3.5  Sampling Frame 

All male and female children at age zero to six years old with different 

background and race (Malay, Chinese, and Indian) who had attended the day care 

center at Petaling Jaya. The list day care centers located in Petaling Jaya were obtained 

from Ministry of Education website. The selection of day care centers was based on 

source of pollutants. The DCC that located near to major roadway, construction area 

and in dense population was selected for this study.  

Then, the list of children from respective day care center were obtained from 

the day care center managements. The children who met inclusion and exclusion 

criteria and has obtain the consent from the parent will be selected as the study 

respondent.  

 

3.6  Sampling Method  

 

The list of day care center were obtained through e-prasekolah.moe.gov.my 

website from Ministry of Education. The private day care center were selected 

purposively. The inclusion criteria for selected DCC is:  

1. Near to roadway  

2. Near to consruction area 
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3. In area with dense population 

 

Then, purposive sampling method were used to select the respondent from the list 

of children obtain through day care centers management with several inclusion 

exclusion criteria as below:  

Inclusion criteria: 

1. Male and female children 

2. Children with age 2 to 6 years old  

3. Children had attend the same day care center for the past 6 months 

 

Exclusion criteria: 

1. Children with history of doctor diagnosed with respiratory illness 

2. Children without parent consent  

 

3.7  Sample Size 

 

This study will use the formula from Lemeshow (1990) to determine the 

number of respondent needed for group comparison between day care centers. The 

formula for calculating sample size was shown below: 

 

𝑛 = (𝑧
1−

𝛼
2

√2𝑃̅(1 − 𝑃̅) + 𝑧1−𝛽√𝑃1(1 − 𝑃1) + 𝑃2(1 − 𝑃2))
2

(𝑃1 − 𝑃2)2
 

Where, 

n                    = Sample size 
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Then, the 𝑃̅ value needs to be substitute into the formula to find n, the sample size.      

 

(2.58√2(0.283)(1 − 0.283) + 0.80√0.383(1 − 0.383) + 0.183(1 − 0.183))
2

(0.383 − 0.183)2
 

 

 

 

Therefore, 46 respondents will be recruited for each exposed and comparative group. 

The sample size is increased to 18% for attrition bias and due to purposive sampling. 

n = 18/100 x 42 

n = 7.56 

n = 42 + 7.56 

Z1-

𝛼/2            

= Standard error associated with confidence interval (CI), 99%   CI = 2.58 

Z1-𝛽 = Standard error associated with power, 80% of power=0.84 

P1 = Prevalence of children with phlegm from the exposed group; 38.3%  = 

0.383  

P2 = Prevalence of children with phlegm from the comparative group; 18.3% 

= 0.183 

𝑃̅ = (P1 + P2) / 2 

𝑃̅ = (0.383 + 0.183) / 2 

𝑃̅ = 0.283 

n = 42 
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n = 49.56 respondents 

n = 50 respondents 

 

3.8  Research Instrumentation 

 

3.8.1  Questionnaire 

 

Constructed questionnaire based on internationally standardized and 

recognized questionnaire by American Thoracic Society, “Questionnaire ATS-78-C” 

that had been validated and used by previous local study (Zainudin et al., 2019). 

Questionnaire ATS-78-C will cover on respiratory symptoms and residential area 

while ISAAC questionnaire identify asthma and allergies in childhood. This 

questionnaire consist of 5 section which is socio-demographic background, health 

history, history of exposure, home characteristic (indoor and outdoor) and current 

respiratory symptoms. There were 5 respiratory health symptoms that will be focused 

in the questionnaire which is cough, phlegm, runny nose, wheezing, blocked nose and 

chest tightness. The questionnaire was in Bahasa Melayu for respondent to have easier 

understanding on the questionnaire. Before the distribution of the questionnaire the 

consent form was issued to the day care center owner and selected children parents. 

The privacy and confidentiality of respondents were guaranteed. 
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3.6.2  IAQ Exposure Monitoring 

 

Indoor air parameters that were assessed in this study were physical parameters 

(temperature, relative humidity, air velocity) and indoor air pollutants (PM2.5, PM10, 

CO2, total bacterial count and total fungal count). The monitoring instruments used 

where Q-trak plus Model 8554 to measure temperature, relative humidity and CO2; 

TSI Velocicalc Plus Model 8386 for air velocity; TSI Model 8520 DustTrak Airborne 

Monitoring for PM2.5 and PM10; and pbi DuoSAS Super 360 to obtain bacterial and 

fungi samples. 

  

Figure 3.2: Q-trak plus Model 8554 to measure temperature, 

relative humidity and CO2 © C
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Figure 3.3: TSI Velocicalc Plus Model 8386 for measurement air 

velocity 

Figure 3.4: TSI Model 8520 DustTrak Airborne Monitoring for 

PM2.5 and PM10 

Figure 3.5: pbi DuoSAS Super 360 to obtain bacterial and 

fungi samples. 
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Table 3.1: Variables studied, type of sensor used, and detection limits 

Variables  Instruments Sensor Type / Technique Detection 

Limit 

PM2.5 and 

PM10 

DustTrackTM DRX 

Aerosol Monitor 

8534 

90 light scattering laser 

diode at 1.4 and 2,4 litre 

per minute (L/min) 

0.001 – 100 

mg/m3 

CO2 

TSI Model 7575 Q-

Trak IAQ Monitor 

Electro-chemical 0 to5000 

ppm 

Temperature  Thermistor  0 to 60 

Relative 

humidity 

Thin-film capative 5 to 95% 

Air velocity TSI Velocicalc Plus 

Model 8386 

Pitot tube  0 to 78.7 

m/s 

Bacterial  

pbi DuoSAS Super 

360 

Collecting air sampler into 

petri dish containing agar 

medium  

- 

 
Fungal 

  

Figure 3.6: The placement of TSI Model 8520 DustTrak 

DustTrak in the room 
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The instruments were placed within children breathing zone (0.5m to 1m) off 

ground level, out of children reach, 1 metre away from window, door, wall, shelves 

and any active heating system. The number of sampling point was one for each room 

and one from outdoor and the sample were taken three time at each sampling point. 

The equipment were placed in an area where the children spent the most time, 

presuming that contaminates were distributed evenly. The measurement were taken 

every one hour from 8.00 am to 12.00 pm except for biological sample. The method 

were adopted from Industry Code of Practice on Indoor Air Quality (DOSH, 2010). 

 

For biological samples pbi DuoSaS Super 360 microbiological air sampler was 

used. The air sampler was used to drawn air from the surrounding onto culture agar. 

The air sampler will drawn air with sampling volume of 500 – 1000 litres. Culture agar 

used were Sabaround Dextrose Agar (SDA) to isolate mold/fungi. Tryptic Soy Agar 

(TSA) used to isolate bacterial. After sampling, all agar plates were sealed and 

transported to the laboratory for incubation. TSA were incubated at 37oc for 24 hour, 

SDA samples were left at room temperature for 5 days. After the end of incubation 

period the colony on agar was counted using colony counter then the calculation for 

colony forming unit was calculated as equation below; 

 

𝑋 =
Pr  𝑋  1000

𝑉 
 

Where, 

X  = Colony Forming Unit per 1000 liters (1m3) 

Pr = Probable count obtained from correction table to adjust colony counts from a 401-

Hole impactor Using Standard 90mm Petri Dishes 
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r = Colony Forming Units counted on 90mm Petri Dishes 

V = Volume of sampled air 

  

Figure 3.7: Colony count using colony counter 

 

Figure 3.8: The forming of fungal and bacterial after incubation 
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3.9  Statistical Analysis  

 

The collected data were entered, categorized, and analyzed using IBM 

Statistical Package for Social Science (SPSS) Version 22 and the response of 

questionnaire was graphical using Microsoft Word 2016. Normality test was 

conducted for all the continuous study variables. The data were not normally 

distributed based on significant p-value (p>0.05) of Shapiro-Wilk. Descriptive 

analysis was done using frequencies for socio-demographic of the respondents. 

Kruskall-Wallis test were used for comparison of indoor air quality between day care 

centers in study areas. Chi-square tests were undertaken to measure prevalence of 

respiratory health symptoms and association of indoor air pollutants with respiratory 

health symptoms. Multiple logistics regression was used to identify the factors that 

influence the res-piratory health symptoms after all the confounder have been 

controlled. The level of significance was set at 0.05. 

 

3.10  Quality Control 

 

The instrument were calibrated before conducting the assessment to maintain 

instrument sensitivity and to prevent measurement error from occurring when reading 

is taken.  The procedure on how to operate the instrument were based on the operation 

manual given by the manufacturer.  

 

Before taking sample using pbi DuoSAS super 360 the inside area of sampler 

was disinfected first with alcohol to avoid contamination. During handling of 
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biological samples researcher was wearing mask and glove to avoid direct 

contamination of the agar plat and samples.  

 

The questionnaires were pre-tested on 10% of the sample size by randomly 

selected children who attend day care centers that met inclusion and exclusion criteria. 

The questionnaire was validated by previous study to improve clarity of the questions 

and prevent the respondents from producing a bias answer (Zainudin et al., 2019). 

Lastly, the questionnaire was also tested for its reliability using IBM Statistical 

Package for Social Science (SPSS) Version 22 whereby the alpha Cronbach value was 

0.9 which indicated its internal consistency.   

 

3.11  Ethical Consideration  

 

 Ethical approval was obtained from the Ethics Commit-tee for Research 

Involving Human Subjects in University Putra Malaysia with the reference number 

JKEUPM-2021-360. Further, permission to conduct IAQ monitoring in selected DCCs 

were asked from DCC owner directly since all the selected DCCs were private day 

care. The questionnaires were distributed with informed consent to the parent and the 

anonymity of the participants was maintained at all times 
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CHAPTER 4 

 

RESULTS 

 

4.1.  Response Rate 

 

The calculated sample size for this research was 100. A total 180 questionnaire 

and consent form were distributed to the targeted group. 160 questionnaire were 

returned back. Children who only meet inclusive criteria were included in this 

research. After filtering exclusion criteria only 100 questionnaires requisite with the 

inclusive criteria. Thus, the number of respondents gathered for DCCs are 100 which 

gave 100% response rate. 

4.2  Respondents’ Socio-demographic Data 

 

Table 4.1 summarizes the characteristics of respondents in term of socio-

demographic characteristics. Among 100 respondents, 57 are females and 43 are male 

which are most of them are Malay 81 and 19 are Chinese. Most of respondents live in 

apartment 67, while others live in terrace house 30 and bungalow 3. 75 of respondent 

live with 4 to 6 member in their house. 67 respondent use fan and air-conditioner as 

their home ventilation. 35 respondent house have moisture issues in last 5 year. 

Respondent that had painted their house in last 1 year were 36. Respondent that 

changed their house flooring in last 1 year were 15. Number of respondent that have 

furry pet in their house is 17 only. Respondent that had been exposed to environmental 
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tobacco smoke (ETS) are 23. Cleaning activities per week was divided into 3 category 

which are 1 to 3 times, 4 to 6 times and 6 times and above. 56 of respondent have 1 to 

3 times cleaning activities per week inside their homes. For frequency of cooking 

activities per day inside respondent house are 67 respondents for 1 to 2 times per days. 

 

Table 4.1: Respondents’ Socio-demographic Data 

Characteristics  n 

Mean Age 4 – 6 years old  

Gender Male 43 

 Female 57 

Race Malay 81 

 Chinese 19 

Type of housing Terrace 30 

 Bungalow 3 

 Apartment/Flat 67 

Total household members 1-3 14 

 4-6 75 

 6 and above 11 

Home ventilation Fan 29 

 Air-conditioner and fan 67 

Moisture issues in the last 5 years Yes 35 

 No 65 

Painted house in the last 1 years Yes 36 

 No 64 

Changed flooring in Last 1 years Yes 15 

 No 85 
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Furry pets Yes 17 

 No 83 

ETS exposure at home Yes 23 

 No 77 

Cleaning activity per week 1-3 times 56 

 4-6 times 12 

 More than 6 times 32 

Cooking activity per day 1-2 times 67 

 3-4 times 30 

 5 times above 3 

N=100; Descriptive analysis 

 

4.3  Characteristics of Day Care Centers  

Table 4.2 explains sampling sites its environmental conditioned and furniture 

used at each day care centers. All the selected day care is private residential structured. 

The building age of DCC A is 15 years. They located in middle of residential area and 

have 48 occupants. Next, the building age of DCC B is 22 years, it located near to 

construction site <200m with number of occupants are 57. DCC C located at the 

roadside and near to construction site <500m, the build-ing age of DCC C is 8 years and 

they have 50 occupants. DCC D located on the side with busy road because <100m from 

primary school. The building age of DCC D are 18 years. The number of occupants 

inside DCC D is 40. Lastly, DCC E located near roadway, the building age is 23 years. 

DCC E has 41 occupants. Air conditioned and mechanical ventilation was used by each 

of selected DCCs. All centers were cleaned daily by mopping and/or vacuuming. Only 

DCC A and D have cooking activities insides the building. 
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Table 4.2: Day Care Centers Characteristics 

Note: Numbers of occupants are including children, babysitter, administration and maid 

  

DCC Building 

Age 

(Year) 

No of 

Occupants 

(2020/2021) 

Type of 

Building 

Environment 

characteristic 

Furniture used 

A 15 57 Private 

Residential 

In the middle of 

residential area with 

cemented floor and not 

cemented courtyard 

Fan, air 
conditioned, bed 

canvas(stackable 

bed), ceramic 

tiles, bookshelf, 

plastic table and 

chair, whiteboard 

and marker  

B 22 48 Private 

Residential 

In the middle of 

residential with fully 

cemented floor with 

small courtyard, 2 

block from DCC 

building there are on-

going 

renovation/construction 

of house (<200m)  

Fan, air 

conditioned, 

mattress, wooden 

tiles, bookshelf, 

plastic table and 

chair, whiteboard 

and marker 

C 8 41 Private 

Residential 

On the roadside and 

<1km from on-going 

construction/ house 

renovation. With fully 

tiles floor without 

courtyard 

Fan, air 

conditioned, 

wooden tiles, 

mattress, 

bookshelf, plastic 

table and chair, 

whiteboard and 

marker 

D 18 40 Private 

Residential 

On the side with busy 

road because <100m 

from primary school. 

Half cemented floor 

with small courtyard   

Fan, air 

conditioned, 

carpet, mattress, 

bookshelf, plastic 

table and chair, 

whiteboard and 

marker, air 

purifier 

E 23 50 Private 

Residential 

On the side of roadway 

with tiled floor and 

courtyard 

Fan, air 

conditioned, tiles, 

mattress, 

bookshelf, plastic 

table and chair, 

whiteboard and 

marker 
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4.4  Comparison of Indoor Air Quality between Day Care Centers in Study 

Areas 

 

 Table 4.3 shows median concentration for indoor air quality (PM2.5, PM10, CO2, 

indoor bacterial, indoor fungal, temperature, humidity, air velocity). Kruskall-Wallis 

test was used to compare indoor air quality level between selected DCC. The IAQ level 

for each DCCs also was compared with standard acceptable limit given by recognized 

organization such as World Health Organization (WHO), Department of Occupational 

Safety and Health (DOSH), Ministry of Health (MOH) and Department of 

Environment (DOE). The acceptable limit of PM10 and PM2.5 was compared with 

Malaysian ambient air quality (DOE, 2020) which is 100µg/m3 and 35µg/m3 for 24 

hour exposure. The exposure to PM10 for all day care are below limit. However, the 

concentration of PM2.5 for all DCC exceed acceptable limit. The highest median 

concentration for PM10 and PM2.5 can be seen in DCC B with 85.92µg/m3 and 

43.26µg/m3 respectively. The lowest median concentration for PM10 and PM2.5 are in 

DCC A which are 43.26µg/m3 and 36.19µg/m3.  

 

 The highest median concentration CO2 is in DCC A, 708ppm while the lowest 

is in DCC C, 365ppm. Fortunately, CO2 level in all DCC are still within acceptable 

range provided by Industry Code of Practice (ICOP) on IAQ (DOSH, 2010). The 

highest median concentration of airborne bacterial are in DCC E which is 559 CFU/m3 

while the lowest is in DCC D, 243 CFU/m3. 
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 For airborne fungal the highest median concentration are in DCC B, 350 

CFU/m3 and the lowest is DCC E, 154 CFU/m3. According to acceptable limit given 

by WHO airborne bacterial and airborne fungal are below acceptable limit which are 

500 CFU/m3 and 1000 CFU/m3 respectively. The temperature in all DCCs exceed 

acceptable range recommended by ICOP on IAQ (DOSH, 2010) which is between 

23°c to 26°c. The hottest temperature are in DCC B with 29.65°c and the coolest 

temperature is in DCC E, 27.60°c. In, Guidance Note on Ventilation and IAQ for 

Residential Setting during Covid-19 Pandemic (MOH, 2021) its recommending 

relative humidity and air velocity should be in range 40% to 70% and 0.15m/s to 

0.50m/s respectively. DCC E exceed recommended limit and has the highest relative 

humidity among others DCC which is 76.7%. For air velocity all DCC are within 

acceptable range and the highest median concentration of air velocity is in DCC C. 

Kruskall-Wallis test found significant difference between PM10 (z=10.371, p=0.035) 

PM2.5 (z=13.788, p=0.008), temperature (z=22.769, p<0.001) and relative humidity 

(z=42.328, p<0.001) between studies DCCs. 
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Table 4.3: Comparison of Median Concentration on Indoor Air Quality Parameters at 5 DCCs Monitored in Petaling Jaya, Selangor 

 

Kruskall-Wallis; *p-value significant <0.05; **p-value significant <0.001; CFU = colony forming unit; ǂ Exceeded the acceptable limit; 

PEL = permissible exposure limit 
α Malaysia Ambient Air Quality (DOE, 2020) 
δ ICOP on IAQ (DOSH 2010) 
ϫ WHO 
ψ Guidance Note on Ventilation and Indoor Air Quality (AIQ) For Residential Setting During COVID-19 Pandemic, (2021)

Variables PEL 
A B C D E Z 

p-value 
Median  

PM10 (µg/m3) α 100 43.26 85.92 67.19 62.63 53.24 10.371 0.035* 

PM2.5 (µg/m3) α 35 ǂ 36.19 ǂ 56.26 ǂ 50.85 ǂ 48.37 ǂ 44.94 13.788 0.008* 

CO2 (ppm) δ 1000 708 634 365 453 691 5.953 0.203 

Airborne Bacterial 

(CFU/m3) 
ϫ 500 355 363 412 243 ǂ 559 6.887 0.142 

Airborne Fungi 

(CFU/m3) 
ϫ 1000 223 350 244 180 154 3.485 0.480 

Temperature (°c) ψ 23-26 ǂ 29.10 ǂ 29.65 ǂ 29.05 ǂ 29.10 ǂ 27.60 22.769 <0.001** 

Relative Humidity 

(%) 
ψ 40-70 64.10 61.09 65.45 58.32 ǂ 76.7 42.328 <0.001** 

Air Velocity (m/s) δ0.15-0.50 0.21  0.25  0.32  0.26  0.17 1.163 0.884 
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4.5  Prevalence of Respiratory Health Symptoms among Children  

 

Figure 4.1 presents the findings of reported respiratory health symptoms 

among children in each DCCs. Six respiratory symptoms were properly assessed using 

internationally standardized and recognized questionnaire by American Thoracic 

Society, “Questionnaire ATS-78-C” which are cough, phlegm, wheezing, chest 

tightness, runny nose and blocked nose. From the chi-square test, cough, wheezing and 

runny nose showed significant difference among the DCCs which are (X2=12.810, 

p=0.012), (X2=11.130, p=0.025), (X2=11.097, p=0.025) accordingly. The most 

children having cough was in DCC B which is 11(55%). The most children having 

phlegm and chest tightness are in DCC E which are 2(25%) and 2(10%). 6(30%) 

children from DCC D are having wheezing as for most kid having wheezing. The most 

children with runny nose are from DCC E 17(85%) and most children with blocked 

nose are from DCC B and DCC D.
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Figure 4.1 Prevalence of Respiratory Symptoms among Children at each Day Care Centre 
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4.6  The Association of Indoor Air Pollutants with Respiratory Health 

Symptoms 

 

The chi square test was used to find the association of respiratory health 

symptoms with indoor air pollutants (PM2.5, PM10, CO2, indoor bacterial, indoor 

fungal). The data was presented in odd ratio and 95% confidence interval. Based on 

finding shows in table 4.4 there is significant association of PM2.5 with cough and 

runny nose. Exposure to PM2.5 6 times likely to have cough while 3 times likely to 

have runny nose. 

 

4.7  Factors Influenced the Respiratory Health Symptoms after Controlling 

all Confounders 

 

Multiple logistic regression was performed to determine the main factors that 

influenced respiratory health symptoms among children at DCC. Before proceeding to 

multiple logistic regression the all variable first was analysed in simple logistic 

regression to determine the significant factors that can proceed to multiple logistic 

regression. Only PM2.5, PM10, indoor airborne fungal, temperature and humidity was 

qualified to proceed in multiple logistic regression. The result for multiple logistic 

regression was shown in table 4.5. Table 4.5 shows that exposure of children towards 

high PM10 and PM2.5 was significantly associated with risk of getting respiratory 

symptom among children (B=1.280, p=0.012, AOR=3.371, 95%CI=0.10-0.75), 

(B=1.467, p=0.004, AOR=4.34, 95%CI=1.59-11.83). The result shows 26% 

(Nagelkerke R2 = 0.260) of respiratory health symptoms was influenced by PM10 and 

PM2.
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Table 4.4: Association between indoor air pollutants with respiratory symptoms 

Variables  

Respiratory symptoms 

OR (95%CI) 

Cough Phlegm Wheezing 
Chest 

tightness 
Runny nose Blocked nose 

PM10  

(>65µg/m3) 
1.87 (0.81-4.34) 0.74 (0.07-8.49) 0.36 (0.09-1.39) 

0.49 (0.05-

4.86) 
0.93 (0.41-2.12) 0.82 (0.36-1.84) 

PM2.5  

(>40µg/m3) 
6.0 (1.30-27-65) - - - 

3.86 (1.38-

10.82) 
2.01 (0.70-5.75) 

CO2 (>474.5ppm) 
1.26 (0.44-3.63) 0.49 (0.04-5.66) 

3.69 (0.45-

30.00) 
- 1.36 (0.51-3.67) 2.71 (0.90-8.18) 

Airborne Bacterial 

(>313CFU/m3) 0.77 (0.33-1.79) 0.32 (0.03-3.68) 0.14 (0.04-0.54) 
0.21 (0.02-

2.09) 
0.36 (0.15-0.86) 0.52 (0.23-1.18) 

Airborne Fungi 

(>206CFU/m3) 0.20 (0.04-0.91) - - - 0.25 (0.08-0.73) 0.61 (0.21-1.78) 

Chi Square Test; N=100; OR= odd ratio; CI= confidence interval; OR significant if 95%CI ≥1 
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Table 4.5: Main Factors Influenced Respiratory Health Symptoms after Controlling all the Confounder in This Study 
 

 B  S.E p-value AOR 95% CI 

PM10 (µg/m3) 1.280 0.518 0.012* 3.37 0.10-0.752 

PM2.5 (µg/m3) 1.467 0.512 0.004* 4.34 1.59-11.84 

Adjusted factors: Socio-demographic of respondents;*Significant at p<0.05; 95% CI = 95% Confidence Interval; B = Regression Coefficient; 

S.E = Standard Error; AOR = Adjusted Odds Ratio; Nagelkerke R2 = 0.260 
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CHAPTER 5 

 

DISCUSSION 

 

5.1  Comparison of Indoor Air Quality between DCCs 

 

All DCCs measured are in urban area with different environmental 

characteristics. The areas where DCCs were located and structure of building are 

important factors in determining IAQ (Tezara et al., 2014). Traffic and construction 

activities are the important sources generation of indoor and outdoor pollutions. Being 

located to close proximity to busy road and construction area causing rising of 

pollutants concentration inside the DCCs. DCC B shows the highest concentration of 

indoor PM10 (85.92µg/m3) and PM2.5 (56.26µg/m3). DCC B was located less than 

100m from construction area and DCC C was located less than 1km from construction 

area. This showing why the median concentration in DCC B are higher than DCC C. 

The pollutants from outside can penetrated through cracked wall, opening and closing 

of windows and door into DCCs indoor environment, which way the nearer DCCs with 

the sources of pollutants the higher concentration of pollutants indoor. This also why 

the median concentration of PM10 (43.26µg/m3) and PM2.5 (36.19µg/m3) in DCC A is 

the lowest because it reside in the middle of residential area which away from busy 

road and others activities that possibly creating high pollutants concentration. DCC D 

and E reside on the side of roadway. DCC D has high concentration of PM10 

(62.63µg/m3) and PM2.5 (48.37µg/m3) compared to DCC E (PM10=53.24µg/m3, 

PM2.5=44.94µg/m3) this is because around vicinity of  DCC D there is primary school 
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located less than 200m and row of food stalls nearby which causing the area having 

high traffic. This finding similar with study by Arifuddin et al. (2019) that reported 

high indoor concentration of PM10 and PM2.5 in heavy traffic area school which is 

84.9µg/m3 and 80.8µg/m3 respectively. Dust generated from paved or unpaved roads 

as outdoor sources might also contribute to high levels of indoor particulate matter 

(Khamal et al., 2019). Others than that, this study also suggested that high level of 

particulate matter inside the DCCs might influence by indoor activities (such as 

cleaning activities, cooking activities), shelf area and presence of curtain in study area, 

which were parallel with the findings by Kamarudin et al. (2017). Previous study by 

Rawi et al. (2015) stated that cooking activity inside the building contributed to high 

level PM2.5 since cooking can generate particles as small as <0.1μm. The cooking 

activities in DCCs occur thrice a day and the kitchen located near to the hall where 

children spent most of time there playing and resting, causing the children directly 

exposed to cooking smoke during the stay. Besides, the lack of proper ventilation 

system such as exhaust fan and kitchen hood displayed a poor environmental design 

that resulted in declining of indoor air quality. None of DCCs exceed acceptable limit 

for PM10 but all DCCs exceed acceptable limit of PM2.5 recommended by Malaysia 

Ambient Air Quality (DOE, 2020).  Chu & Yang (2021) state that indoor concentration 

of PM2.5 can be decreased as external wind and ventilation rate increased. The DCCs 

that has high air velocity is one of indicators of having good ventilation. Rawi et al. 

(2015) elucidate that preschool closed all the doors and windows during lessons as to 

keep children inside, resulting in poor ventilation. The inadequate ventilation may 

favor the accumulation of pollutants inside, combined with other additional indoor 

sources.  
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DCC A show the highest median concentration of CO2 (708ppm). When 

compared to recommended CO2 level by Industry Code of Practice on IAQ (DOSH, 

2010) CO2 level in all DCCs are still below the limit, 1000ppm. CO2 level can be 

influenced by number of occupants inside the building. Tezara et al. (2014) states that 

high density population inside the building and pollution from traffic and industrial 

area are causing higher CO2 level. DCC A have the highest occupants 57, which why 

the CO2 level inside in DCC A is highest. A study by St-Jean et al. (2012) has reported 

that for each additional child on every cubic meter in room, there was an increase in 

CO2 level nearly 70 ppm, higher level of CO2 are linked to the number of children 

present particularly in area without mechanical ventilation system. Besides, the use of 

air-conditioner inside all DCCs and the door and windows always closing resulting 

less air exchange from the outside. Tezara et al. (2014) explains that high CO2 and 

PM10 concentration are indication of insufficient fresh air, which will further be 

interpreted as poor IAQ. 

 

The acceptable concentrations recommended by World Health Organization 

(WHO) for indoor bacterial and fungal are 1000 CFU/m3 and 500 CFU/m3 respectively. 

The highest median concentration of indoor bacterial was recorded in DCC E, 559 

CFU/m3. Meanwhile, the highest median concentration for indoor fungal was in DCC 

B, 350CFU/m3. DCC E has 51 occupants inside their building. Children activities such 

as talking, sneezing, coughing, walking, washing, and toilet flushing can generate 

airborne biological particulate matters (Oh et al., 2014). Thus, the more number of 

occupants produce high concentration of indoor bacterial. Shahida et al. (2017) stated 

that the microbial contaminant was associated with the particulate matter as the 
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microbial contaminant will attach to particulate matter and travel through the air. This 

can be correlate with median concentration of PM10 and PM2.5 in DCC E 

(PM10=53.24µg/m3, PM2.5=44.94µg/m3) and DCC B (PM10=85.92µg/m3, 

PM2.5=56.26µg/m3) which can be consider as high due to its location. Asrul & Juliana 

(2017) also claims that sources of PM10 may promote the growth of bacterial in the air. 

These findings were also parallel with the study conducted by Oh et al. (2014) which 

had discovered that indoor total bacterial counts were depended on the concentration 

of indoor particles and the dynamics of the indoor environment. Hwang et al. ( 2017) 

stated that the level of bacterial showed a significant positive association with building 

age and area of the building and significant difference in level of fungal with water 

damage facilities. During measurement of IAQ we notice that DCC B and E had visible 

moisture problem in their ceiling. We also notice that the room that has toilet in it feel 

stuffy and has smelly air because there no exhaust fan installed in the toilet and making 

the room humidity arise. Hwang et al. (2017) explains that the level of microbial counts 

depend on temperature, relative humidity, air movement, number of occupants, 

activities inside the room and ventilation.  

 

5.2  Prevalence Respiratory Health Symptoms among Children in Study 

 Areas 

 

Cough, wheezing and runny nose shows significant difference between DCCs. 

Staying near to main road and construction area might be related to an increase in 

prevalence of adverse respiratory problems. Study by Asrul & Juliana (2017) reported 

that respiratory health symptoms were significantly higher among children from urban 

area, which were 4 times likely to get cough (PR=4.34, 95%CI=2.06-9.11), 3 times 
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likely to get phlegm (PR=3.61, 95%CI=1.57-8.33), 2 times likely to get runny nose 

(PR=2.77, 95%CI=1.57-8.33) and 2 times likely to get blocked nose (PR=2.74, 

95%CI=1.20-6.28). The finding by Zainudin et al. (2019) was correlate with this study, 

DCC D located on sideway of roadway has the highest number of children with 

wheezing, which based on Zainudin et al. (2019) overexposure towards road traffic 

and indoor pollutant exposure have contributed to a high prevalence of respiratory 

symptoms such as wheezing and chest tightness. The data reported that highest number 

of children from DCC E were having runny nose. DCC E is also located on the side of 

roadway. Study by Arifuddin et al. (2019) found that children in heavy traffic area had 

6 times more likely to has runny nose compared to children from low traffic area. All 

DCCs in this study use air- conditioned. Study by Malik et al. (2020) found that 

children attending DCC with air conditioned and mechanical ventilation more prone 

to get persistent productive cough compared to natural ventilation DCC, this shows 

that there is correlation between type ventilation used with risk of getting cough. Thus, 

finding by Malik et al. (2020) parallel with this study since number of children getting 

cough in all DCCs were quite high. The reported data on respiratory health symptoms 

are aligned with previous studies that the prevalence of respiratory symptoms were 

generally higher among urban preschool children (Asrul & Juliana, 2017; Tezara et al., 

2014; Khamal et al., 2019; Sarijuddin et al., 2017).  
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5.3  Association between Indoor Air Pollutants and Respiratory Health 

 Symptoms among Children 

 

Results from statistical analysis in this study showed significant associations 

between PM2.5 with cough and runny nose. Statistical analysis also showed significant 

association between indoor fungal with cough. The children exposed to PM2.5 were 6 

times more likely to get cough. Study by Jalaludin & Mawar (2015) proclaimed that 

children exposed to elevated indoor PM2.5 concentration had a significantly higher risk 

of acquiring cough and chest tightness. This study also reported that children exposed 

to PM2.5 were 3 times more likely to get runny nose. Arifuddin et al. (2019) disclosed 

that the children in heavy traffic area are 6 times more likely to get runny nose 

compared to children from low traffic area. Kamarudin et al. (2017) states that living 

near to construction areas and road traffic might be related to an increase in getting 

respiratory health problems. Based on a review made by Choo et al. (2014), 

insufficient ventilation, improper temperature and inadequate maintenance causing 

deterioration of IAQ thus lead to short and long term respiratory health effects.  

 

5.4  Factors Influenced the Respiratory Health Symptoms among Children 

after Controlling all Confounders  

 

From the statistical analysis the risk of getting respiratory health symptoms 

were high when exposed to PM2.5 and PM10. Rawi et al. (2015) reported that living 

close to busy highway was associated with increased personal exposure to particulate 

matter in children. Housing location as well as indoor and outdoor combustion 

activities had cause the high level of PM2.5 and PM10 inside the house (Asrul & Juliana, 

2017). Khamal et al. (2019) states that motor vehicles are the primary source of particle 
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pollution in urban air, releasing fine primary particles. Heavy traffic and vehicle 

combustion of fossil fuels caused to the high concentration of particulate matter 

especially during early in the morning and afternoon. PM2.5 has a higher chance 

reaching the small airway and alveoli of the lungs than larger particles (Jalaludin & 

Mawar, 2015). 
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CHAPTER 6 

 

SUMMARY 

 

6.1.  Conclusion  

 

Total 5 day care centers was chosen to represent DCC available in Petaling 

Jaya, Selangor. Each selected day care centers have different environmental 

characteristics which influences the concentration level of pollutants indoors.  The 

findings from this study indicated that exposure to poor indoor air quality and high 

levels of indoor air pollutants increased the respiratory health symptoms among 

children in day care centers. The occurrences of respiratory health symptoms depends 

on concentration level of pollutants inside the day care centers. In this study, cough, 

blocked nose and runny nose were reported has the high prevalence among the children 

in day care centers. The concentration of PM2.5 significantly increase the risk of 

getting cough and runny nose. Nonetheless, determining the exact causative agents is 

challenging due to various limitations in the study's design that will be discussed 

further in the limitations section. 

 

Different statistical analysis was used to test the hypothesis in this and those proven 

to be true are as follows: 

 

1) There is significant difference of indoor air quality (temperature, humidity, 

PM2.5, PM10) between day care centers. 
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2) There is significant difference of respiratory health symptoms (cough, wheezing 

and runny nose) among children at each day care centers. 

3) There is a significant association between indoor air pollutants concentration 

(PM2.5) and prevalence of respiratory health symptoms (cough and runny nose) 

among children at each day care centers. 

4) The main factor that influence the respiratory health symptom of children at day 

care center after considering all confounders was PM2.5 and PM10. 

 

6.2  Study Limitations 

 

There are several limitations in this study, which are predominantly resulted 

from the design of study itself. For the nature of cross-sectional study, it was conducted 

in one single period which provides no signs of the series of the events occurring 

making causality difficult to prove because we couldn’t determine whether respiratory 

health symptoms occurred before, during or after the onset of the exposure. 

 

Next, even the inclusion criteria of this study was children age zero to six years 

olds. The submitted questionnaire was only from the children age four to six years old 

making this research finding cannot be used for the children age below two years old. 

The researcher had told the DCC management to remind the parent to fill in the 

questionnaire, but since this study was conducted in urban area where the parents 

might be too busy and forget to fill and submitting the questionnaire back.  
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There is possibility of recall and information bias from the parents or 

guardians. The questionnaire was self-reported by the respondent and different 

respondents may have interpreted the questions differently. Besides, the parents or 

guardians might not recall the accurate occurrence of actual experience of their 

children as they were filling in the questionnaires.  

 

For indoor air quality assessment, there are no standards established for the 

indoor air quality in day care centers. This research used standard from industry code 

of practice (ICOP) on indoor air quality to compare the pollutants levels with 

acceptable limit in day care centre. However, these the recommended IAQ standard 

from ICOP was not suitable to be used in this study as the ICOP was used for adult in 

occupational setting. Indoor air quality standard established by WHO and MAAQS 

also may not suitable as these standard was used for outdoor pollutants in 24 hours 

exposure. But this study only conducted four hours IAQ exposure monitoring.   

 

6.3  Recommendations  

 

6.3.1  Management of Day Care Centers 

 

It is recommended that regular housekeeping in the DCC should be done 

without the present of children, and it is suggested to do cleaning using microfiber 

mops or vacuum with clean high efficiency particulate air (HEPA) filter instead of 

broom to reduce exposure to the dust.  
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Lack of proper ventilation contributed to swift spread of communicable 

diseases. Frequent opening of window and the use of air purifier are suggested to lower 

the concentration of indoor pollutants. If the DCC are using air conditioned, the drip 

pans for air conditioning system should be kept clean and properly fixed to prevent 

leakage which can cause growth of mold. DCC management also should installed an 

environmental friendly mechanical kitchen ventilation such as kitchen hood or exhaust 

fan so that air pollutants emission from cooking activity will be transported out.  

 

DCC management also should accommodate a proper number of children 

depending on the size of the rooms to avoid overcrowding. Overcrowding can increase 

the risks of children getting respiratory health problems. It was advisable to prevent 

children with any respiratory symptoms to not come to the DCC and have proper 

medical checkup first. So that the viruses will not further spread to others children. 

Lastly, if DCC was located near to the source of pollutants the DCC management 

should avoid the children from spending more time outdoors.  

 

6.3.2  Regulatory Bodies 

 

From the observations made the sources of air pollutants in day care centers 

was primarily from outdoors instead of indoors. The location of DCC is an important 

factors that should be put into consideration as the outdoor air pollutants can enter 

DCC through opening of windows and doors or cracked walls.  The responsible 

authorities can allocate a proper area to build a day care centers that away from the 

sources of pollutants.  
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Next, in an effort to reduce risk of indoor pollutants exposure to children, 

awareness should be raised to educate all parties about the risk of air pollutant and how 

to cope with it. Health Promotion Unit in District Health Office or Ministry of Health 

can collaborate with DCC management and communities to hold a campaign related 

to awareness of air pollutants, their health risk and control measures.  The campaign 

may include activities to imitate the health effects that air pollutants could cause to 

human respiratory systems. Favorable attitudes on the issues could be developed 

among them by enlightening the entire community. 

 

Other than that, Department of Environment may introduce standards for IAQ 

in day care centers, as this may help DCC management to maintain the environment 

in DCC within a specified limit. DOE also can come out with guidelines on IAQ in 

day care setting which focus more on exposure to the children.  

  

6.3.4  Future Research 

 

As explained in limitation sections, this study could be improved by using time 

series studies and analysis to be implemented to investigate IAQ condition in DCC 

under different climate and conditions and to identify to actual causation of children 

having respiratory health symptoms. Other than that, research should be conducted on 

larger human sample with various ethnicities and age range. The research also should 

include more DCC so that it can represent discuss more different environmental 

characteristic in study location.  
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Since there is no standards set for air quality in day care center in Malaysia, the 

researcher could come out with a guidebook that can promotes a safe air quality 

environments in day care centers. The guidebook may contain related information such 

as main issues of on indoor IAQ, air quality management plans and checklists for steps 

to be done in reducing impacts from exposure to poor indoor air quality. 
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Year  2021 2022 

Research (Activities) Mar  Apr May  June  July  Aug  Sept Oct  Nov  Dec  Jan 

1.  Proposal Preparation            

2.  Proposal Presentation and Ethic Application             

3.  Pre-Study            

4.  Selection of day care centers            

5.  Data Collection (Questionnaire, Indoor air pollution monitoring)            

6.  Data Analysis            

7.  Thesis Writing            

8.  VIVA, Thesis Review, Thesis Submission            

Research (Milestone) Mar  Apr May  June  July  Aug  Sept Oct  Nov  Dec  Jan 

1. Complete Proposal writing   *         

2. Complete Presentation and Ethical Clearance    *        

3. Complete Pre study    *        

4. Complete Execution of Exposure to Industrial Air Pollutions and 

Outcomes Assessment (Questionnaire) 

        *   

5. Complete Data analysis          *  

6. Complete VIVA,Thesis review and Thesis Submission           * 
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