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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of the requirement for the degree of Doctor of Philosophy 

 

 

EVALUATION OF INDOOR AIR QUALITY IN SELECTED DAYCARE 

CENTRES IN KLANG VALLEY, MALAYSIA USING SUBJECTIVE AND 

OBJECTIVE MEASUREMENTS 

 

By  

TEZARA CIONITA 

June 2013 

 

Chairman:Nor Mariah Adam, P.Eng 

Faculty     :Engineering 

 

In Malaysia nowadays both parents are normally working without family support and 

reliable helpers. This situation has forced the parents to send their children to day 

care centre (DCC). The first objective was to conduct a survey based on pilot study 

which involved getting information from 300 parents and the second objective was 

involved with measurement of IAQ parameters of temperature, relative humidity, 

velocity, particulate matter (PM10), carbon dioxide (CO2) and carbon monoxide (CO) 

levelsin DCC. From the measurement and survey, result showed that location is the 

first priority of preference (40%), building and facilities (30%) and service (30%) 

and the main objective of this work is to develop a comprehensive ranking system 

for daycare centre (DCC).From the questionnaire and measurement the ranking of a 

good DCC was developed. 45 DCC in Klang Valley was selected because Klang 

Valley has the industrial, main road and residential areas and majority of the 

population are working. The data collection was conducted during the operating 

hours of DCC (8am-5pm) using IAQ meter model TSI 8762, VeloCalc TSI and TSI 
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DustTrak which were placed within the children’s breathing zone (0.5-0.7mfrom the 

floor). Average inside temperature was 26-27ºC with KL as the highest (27.23ºC). 

Indoor relative humidity (RH) in all DCC was ranged between 47% and 76.7% and 

the average air velocity was ranged between 0.12m/s and 0.13m/s. DCC in industrial 

area in Kuala Lumpur, Selangor and Hulu Langat has the highest level of PM10(63-

68µg/m
3
), CO (2.9-3.7ppm) and CO2(802-805ppm) and the DCC in the residential 

area has the lowestlevel of PM10(64-65µg/m
3
), CO (2.3-2.9ppm) and CO2 (725-

733ppm). In Comparison of DCC location which was industrial, main road and 

residential areas, DCC near industrial area has the highest value of PM10, CO and 

CO2 compare to DCC near main road area and DCC in residential area. The average 

concentrations of PM10, CO and CO2 near industrial area were 69.8 µg/m
3
, 2.93 ppm 

and 804.16 ppm. Meanwhile, PM10, CO and CO2 DCC near the main road area and 

DCC in residential area were 68.88 µg/m
3
, 2.79 ppm and 725.56 ppm respectively. 

DCC with natural ventilation had lower concentration level of CO and CO2 

compared to DCC with air conditioning system andgenerally each room is fitted with 

4-8 windows and 2 doors, provided with ceiling fan or air conditioning unit.  All 

values fall within TWA (time weighted average) of 8 hours recommended by DOSH 

guidelines 2010. It can be drawn from the results that the factor and its weightage of 

preferred DCC was as location (40%), building (30%) and service (30%) 

respectively and the selection of DCC can be based on DCC grades which was grade 

1 (13-15 points), grade 2 (10-12), grade 3 (7-9) and grade 4 (3-6).From the study it 

can be concluded that DCC with integrated system of good service, location and 

premise has the highest accumulated point which determine a good practice of DCC.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

 

 

PENILAIAN KUALITI UDARA DALAMAN DI PUSAT PENJAGAAN 

HARIAN TERPILIH DI LEMBAH KLANG, MALAYSIA MENGGUNAKAN 

PENGUKURAN SUBJEKTIF DAN OBJEKTIF 

 

Oleh 

TEZARA CIONITA 

Jun 2013 

Pengerusi :Nor Mariah Adam, P.Eng 

Fakulti     :Kejuruteraan 

 

Di Malaysia kini kedua-dua ibu bapa bekerja tanpa sokongan keluarga dilanjutkan 

atau pengasuh yang boleh dipercayai. Keadaan ini telah mendorong ibu bapa untuk 

menghantar anak-anak mereka ke pusat jagaan harian (DCC).Objektif pertama 

adalah untuk menjalankan kaji selidik berdasarkan kajian perintis untuk 

mendapatkan maklumat daripada 300 ibu bapa yang terlibat dan objektif kedua 

terlibat dengan penyukatan parameter daripada IAQ yaitu suhu ruang, kelembapan, 

halaju, habuk terampai (PM10), karbon dioksida (CO2) dan karbon monoksida (CO) 

dalam DCC.Dari ukuran dan kajian, hasilnya menunjukkan lokasi yang keutamaan 

pertama keutamaan (40%), bangunan dan kemudahan (30%) dan perkhidmatan 

(30%) dan objektif utama kerja-kerja ini adalah untuk membangunkan satu sistem 

ranking yang komprehensif untuk penjagaan pusat (DCC).Dari soal selidik dan 

pengukuran kedudukan yang baik DCC telah dibangunkan. 45 DCC di Lenbah Klang 

dipilih kerana mempunyai kawasan, perindustrian jalan raya dan kediaman utama 

dan kebanyakan dari penduduknya bekerja. Pengumpulan data dijalankan semasa 

waktu operasi DCC (8:00-17:00) menggunakan IAQ meter model TSI 8762, 
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VeloCalc TSI dan TSI DustTrak yang diletakkan di dalam zon pernafasan kanak-

kanak (0.5-0.7m dari lanta). Purata suhu dalaman adalah 26-27ºC dengan KL adalah 

yang tertinggi (27.23ºC). Kelembapan Dalaman (RH) di semua DCCadalah antara 

47% dan 76.7% dan halaju udara purata adalah antara 0.12m/s dan 0.13m/s. DCC di 

kawasan perindustrian di Kuala Lumpur, Selangor dan Hulu Langat mempunyai 

tahap tertinggi PM10 (63-68 μg/m
3
), CO (2.9-3.7 ppm) dan CO2 (802-805 ppm) dan 

DCC di kawasan kediaman mempunyai tahap PM10 (64-65 μg/m3), CO (2.3-2.9 

ppm) dan CO2 (725-733 ppm) yang paling rendah.Dalam Perbandingan lokasi DCC 

dalam kawasan perindustrian, jalan utama dan perumahan, DCC berhampiran 

kawasan perindustrian mempunyai nilai tertinggi PM10, CO dan CO2 berbanding 

dengan DCC berhampiran kawasan jalan utama dan DCC di kawasan 

kediaman.Kepekatan purata PM10, CO dan CO2 dalam DCC yang berhampiran 

kawasan perindustrian ialah 69.8 μg/m3, 2.93 ppm dan 804,16 ppm. Sementara itu, 

PM10, CO dan CO2 dalam DCCyang berhampiran kawasan jalan utama dan DCC di 

kawasan kediaman adalah 68,88 μg/m3, 2.79 ppm dan 725,56 ppm masing-

masing.DCC dengan pengudaraan semula jadi mempunyai tahap kepekatan CO dan 

CO2 yang lebih rendah berbanding DCC dengan sistem penyaman udara dan secara 

amnya setiap bilik dilengkapi dengan 4-8 tingkap dan 2 pintu dengan kipas siling 

atau unit penyaman udara.Semua nilai termasuk dalam TWA (purata berwajaran 

masa) dalam 8 jam yang disarankan oleh garis panduan JKKP 2010. Maka daripada 

itu dapat diambil keputusan bahawa faktor dan pemberat DCC pilihan adalah lokasi 

(40%), pembinaan (30%) dan perkhidmatan (30%) dan pemilihan DCC boleh 

berdasarkan gred DCC yaitu gred 1 (13-15 mata), gred 2 (10-12), gred 3 (7-9) dan 

gred 4 (3-6). Daripada kajian ini, dapat dibuat kesimpulan bahawa DCC dengan 
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sistem bersepadu perkhidmatan yang baik, lokasi dan premis mempunyai titik 

tertinggi terkumpul yang menentukan amalan baik DCC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vii 

 

ACKNOWLEDGEMENT 

 

First and foremost, I would like to take this opportunity to thank to my supervisor, PM. Dr. Nor 

Mariah Adam for all her encouragement, guidance, help, and support, without which this work 

would not have been possible. I am also thankful to my co-supervisors, Dr. Mariani Mansor and 

Dr. Juliana Jalaludin for many help suggestions and valuable comments during my study. I 

would like to thank Mr. Ali Nong and Ms. Roslina for their help, support and guidance during 

the data collection. 

 

I would like to thank my beloved parents, husband and daughter for their love support, 

understanding, patience and trust for me during the course of this thesis.  

 

Last but not least, I give my gratitude and thanks to the Almighty God. Thank You.   

 

 

Tezara Cionita 

      June 2013 

 



© C
OPYRIG

HT U
PM

viii 

 

I certify that a Thesis Examination Committee has met on the 27
_
06-13 to conduct the 

final examination of Tezara Cionita on hes thesis entitled “Evaluation of Indoor Air 

Quality in Daycare Centre in Klang Valley, Malaysia Using Subjective and Objective 

Measurement” in accordance with the Universities and University College Act 1971 

and the Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. 

The Committee recommends that the student be awarded the Doctor of Philosophy.  

Members of the Thesis Examination Committee are follows: 

Mohd Sapuan Salit @ sinon, PhD 

Professor Ir. 

Faculty of Graduate Studies  

Universiti Putra Malaysia 

(Chairman) 

 

Nawal Aswan Abdul Jalil, PhD 

Senior Lecturer 

Faculty of Graduate Studies 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Edi Syams Zainudin, PhD 

Associate Professor 

Faculty of Graduate Studies 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Chris Chatwin, PhD 

Professor 

University of Sussex 

United kingdom 

(External Examiner) 

     

     

     

   ________________________________ 

   NORITAH OMAR, PhD 

   Associate Professor and Deputy Dean 

   School of Graduates Studies 

   Universiti Putra Malaysia 

    

   Date: 19 September 2013 

 



© C
OPYRIG

HT U
PM

ix 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The 

members of the supervisory Committee were as follows: 

    

Nor Mariah Adam, P.Eng 

Associate Professor 

Faculty of Engineering  

Universiti Putra Malaysia 

(Chairman) 

 

Mariani Mansor, PhD 

Senior Lecturer 

Faculty of Human Ecology 

Universiti Putra Malaysia 

(Member) 

 

Juliana Jalaludin, PhD 

Senior Lecturer 

Faculty of Medicine and Health Sciences 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

   ________________________________ 

   BUJANG BIN KIM HUAT, PhD 

   Professor and Dean 

   School of Graduates Studies 

   Universiti Putra Malaysia 

    

   Date:                          

 



© C
OPYRIG

HT U
PM

ix 

 

DECLARATION 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other degree at any 

other institution; 

 intellectual property from the thesis and copyright of thesis are fully-owned by Universiti 

Putra Malaysia (Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and Innovation) before thesis is published (in the form of written, 

printed,  or in electronic form) including books, journals, modules, proceedings, popular 

writings, seminar papers, manuscripts, posters, reports, lecture notes, learning modules or 

any other materials as stated in Universiti Putra Malaysia (Research) Rules 2012; 

 There is no plagiarism or data falsification/ fabrication in the thesis, and scholarly integrity 

is upheld as according to the Universiti Putra Malaysia (Graduate Studies) Rules 2003 

(Revision 2012-2013) and the Universiti Putra Malaysia (Research) Rules 2012. The thesis 

has undergone plagiarism detection software. 

Signature: ___________________________                                                          Date: June 2013 

Name and Matric No.: TEZARA CIONITA and GS15850 

 

 

 

 

         

                               

   

 

 



© C
OPYRIG

HT U
PM

xi 

 

TABLE OF CONTENTS 

 Page 

ABSTRACT  ii 

ABSTRAK  iv 

ACKNOWLEDGEMENTS  vii 

APPROVAL  viii 

DECLARATION  x 

LIST OF FIGURES  xiv 

LIST OF TABLES  xvii 

LIST OF ABBREVIATIONS  xx 

  

CHAPTER  

  

1. INTRODUCTION 1 

1.1     Background  1 

1.2     Significance of study 2 

1.3     Problem statements 3 

1.4     The objectives of study 5 

                     1.5     Scope and limitation              6 

1.6     Thesis layout  6 

  

2. LITERATURE REVIEW 8 

2.1     Introduction 8 

2.2     Definition of daycare  8 

2.3     Daycare centre 9 

2.4     Daycare in Malaysia 10 

2.4.1     Age group of daycare                                                              10 

2.4.2     Set-up of daycare centre                                                            
 

11 

2.4.3     The inspection of the daycare premise                                       12 

2.5     Issue in the daycare 13 

2.6     Characteristics of daycare centre                                                         16 

2.7     Indoor air quality (IAQ)            17 

2.7.1     Temperature and humidity   18 

2.7.2     Building characteristics                                                               20 

2.7.3     Indoor air transport mechanism 20 

2.7.4     General Ventilation 23 

2.7.5     Ventilation rate 24 

2.7.6     Source of bad air 25 

2.8     Problems of indoor quality 26 

2.9     Indoor air quality in daycare centre 29 

2.9.1     Factors affecting indoor air quality 

 2.9.1.1 The parameters that determine and 

indicate IAQ                                              

31 

 

32 

             2.9.1.1.1 Volatile organic compounds 35 

             2.9.1.1.2 Carbon dioxide (CO2) 37 

             2.9.1.1.3 Carbon monoxide (CO) 38 

             2.9.1.1.4 Particulate matter (PM10) 38 

             2.9.1.1.5 Biological contaminant 39 

2.9.2     Maintain a good IAQ 

2.9.3     Issue of indoor air quality problems in 

40 

41 



© C
OPYRIG

HT U
PM

xii 

 

children’s environments 

2.9.3.1 Effect on health due to poor IAQ  

43 

2.10     Determine sample size 46 

2.11     Closure  48 

  

3. MATERIALS AND METHODS  49 

3.1     Introduction 49 

3.2     Objective and subjective measurement 49 

3.3     Experimental design 50 

3.3.1     Determine the sample size 53 

3.3.2     Types of DCC in Malaysia 53 

3.3.3     Identify of parameter related to DCC 57 

3.3.4     Development of pilot study to identify 

parameter/indicators of good DCC                                                                              

 

58 

3.3.4.1     Interview with parents 60 

3.3.4.2     Questionnaires survey 61 

3.3.4.3     Questionnaires design  62 

3.3.4.4     Questionnaire distribution to 

parents 

68 

3.3.4.5     Survey and selecting the DCC 68 

3.3.4.6     Ethical issues and quality control 69 

3.3.4.7     Evaluation of the IAQ parameters 69 

3.4     Preparation for data collection 70 

3.4.1     Building inspection 70 

3.4.2     Interview to teachers and parents 70 

3.4.3     Staff interview 71 

3.4.4     Preparation of instrument 72 

3.4.4.1     Sampling equipment 72 

3.4.4.2     Experimental stet-up 75 

3.5     Data collection 75 

3.5.1     Outdoor air quality measurements 76 

3.6     Data analysis 76 

3.7     Result and discussion 77 

3.7.1     Influence of building height on dust level 77 

3.8     Closure 77 

  

4. RESULT AND DISCUSSION 78 

4.1     Introduction 78 

4.2     Result of interview with parents 79 

4.2.1     Distributed questionnaire among parents 80 

4.3     Result of the DCC survey 83 

4.4     Result of comparison between the DCC 85 

4.4.1     Result of distributed questionnaire  

 from parents of selected DCC 

86 

4.4.1.1     Children’s health 86 

4.4.1.1.1 Data of children’s illness in DCC 87 

4.4.2    Indoor air quality parameter measurement in   

DCC 

 

98 

4.4.2.1     Temperature and relative humidity 99 



© C
OPYRIG

HT U
PM

xiii 

 

4.4.2.2     Velocity 105 

4.4.2.3     Particulate Matter (PM10) 107 

4.4.2.4     Carbon Monoxide (CO) 109 

4.4.2.5     Carbon Dioxide (CO2) 112 

4.4.2.6     Organics Volatile Compounds 

(VOCs) 

114 

4.4.3    Comparison of IAQ parameters in different 

DCC location 

114 

4.4.3.1     DCC in KL 114 

4.4.3.2     DCC in SL 123 

4.4.3.3     DCC in HL 132 

4.4.4    Natural/mechanical ventilation in DCC 141 

4.4.5    Ranking of DCC 146 

4.5     Discussion 156 

4.6     Comparison with similar study 156 

4.7     Indoor and outdoor source of DCC pollutants 156 

4.8     Summary 

          4.8.1     Summary of Outcome 

157 

157 

  

5.  SUMMARY, CONCLUSSION AND RECOMMENDATION 

FOR FUTURE RESEARCH 

160 

  

REFERENCES  

APPENDICES  

BIODATA OF STUDENT  

LIST OF PUBLICATIONS  

  

 

       

      

 

     

 


	Thesis cover
	Copyright
	Abstract
	Acknowledgement
	Approval VIII-IV
	Declaration IX
	Table of content
	List of Figures and Tables
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	References
	Appendix
	Biodata and Publications



