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Mining activities pose a serious threat to human health and the general 
environmental ecosystem in Malaysia and globally. This study was to determine 
the relationships between heavy metals in school environments with reported 
health symptoms, lung function, and biomarkers among primary students. A 
comparative cross-sectional study was carried out on 148 students in the studied 
group and 122 students in the comparative group. Heavy metals in the air (n=48), 
dust (n=32), and soil (n=28) of school environments monitored using Gillian 
personal sampling pump and 400W vacuum cleaner. Reported health symptoms 
were gathered using questionnaire. Chestgraph HI-105 was used for lung 
function measurement. Heavy metals were analysed using Inductively Coupled 
Plasma Mass Spectrometry. Data analysis was carried using SPSS analysis. 
The concentration of PM10 and heavy metals in environment was significantly 
higher in the studied area. The highest heavy metal concentration in all school 
environments was Ni in the studied area. Highest reported symptoms among 
students in the studied area were cough with flu (48.0%) followed by nasal 
congestion (45.9%), runny nose (42.6%) and headache (41.2%). While in 
comparative group was cough with flu (35.9%) and cough only (35.2%) for the 
past 3 months. Symptoms such as headache, dizziness, diagnosed asthma, 
runny nose, nasal congestion, sore throat, dry throat, chest tightness after 
outdoor activities and itchiness showed significant differences between two 
groups. This study also showed students in studied area have significantly lower 
lung functions ratio with 68.2% FEV1 abnormalities followed by 50% of FEV1/FVC 
and 38.5% of FVC. All heavy metals accumulated in hair and toenails were 
significantly higher in studied group than the comparative group. Pb accounted 
for the highest heavy metal accumulation detected in hair with 18.14 µg/g while 
Ni accounted for the highest heavy metal accumulation detected in toenails with 
6.13 µg/g. Higher pollutants concentration of PM10 and heavy metals 
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concentrations in indoor air, window dust and corridor dust were significantly 
associated with all reported health symptoms except for cough and chest 
tightness at night. PM10 and heavy metals exposure in school environments 
especially air, window dust and corridor dust were significantly associated with 
reduction of lung functions. Findings showed there was significant relationship 
between heavy metals in environment with heavy metals accumulation in 
biomarkers. This study indicated the association of heavy metals concentration 
in biomarkers with all reported health symptoms. Lower values of lung functions 
were found significantly associated with runny nose, nasal congestion, dry 
throat, chest tightness, chest tightness at night and chest tightness after outdoor 
activities. Logistic regression showed increasing exposure to heavy metals in 
indoor air and dust to health symptoms and lung function. Increasing exposure 
to heavy metals in environment increase the concentrations of heavy metals in 
biomarkers. This study found that school location to mining area and Ni 
concentrations in indoor air and dust were the two risk factors for health 
outcomes among students. Since it is near the school location, proper zoning 
implemented for school location, mining companies should have appropriate 
standard operating procedures (SOP) and cleanliness should be emphasized. 
. 
Keywords: Students; Mining; Bauxite; Health symptoms; Lung function; 
Biomarkers; Heavy metals 
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Aktiviti perlombongan menimbulkan ancaman serius terhadap kesihatan 
manusia dan ekosistem alam sekitar di Malaysia dan seluruh dunia. Kajian in 
dijalankan untuk menentukan hubung kait di antara kandungan logam berat di 
persekitaran sekolah dengan laporan simptom kesihatan, fungsi paru-paru dan 
petunjuk biologi di kalangan pelajar sekolah rendah. Kajian keratan rentas 
perbandingan dijalankan terhadap 148 murid kumpulan kajian dan 122 sebagai 
kumpulan perbandingan. Logam berat dalam udara (n=48), debu (n=32) dan 
tanah (n=28) di persekitaran sekolah dipantau menggunakan pam persampelan 
Gillian dan 400W pembersih vakum. Simptom kesihatan diperolehi 
menggunakan borang soal selidik. Chestgraph HI-105 digunakan untuk ujian 
fungsi paru-paru. Kandungan logam berat dalam dianalisa menggunakan 
Spektrometri Jisim Plasma Gandingan Teraruh (ICP-MS). Data analisis dalam 
kajian ini menggunakan SPSS analisis. Kandungan PM10 dan logam berat dalam 
persekitaran lebih tinggi di kawasan kajian. Kepekatan logam berat yang 
tertinggi di semua sampel persekitaraan sekolah adalah Ni. Simptom tertinggi 
yang dilaporkan di kumpulan kajian adalah batuk dan selsema (48.0%) diikuti 
dengan hidung tersumbat (45.9%), hidung berair (42.6%) dan sakit kepala 
(41.2%). Manakala kumpulan perbandingan, simptom batuk dan selsema 
(35.9%) dan batuk sahaja (35.2%) dilaporkan dalam masa 3 bulan terakhir. 
Simptom seperti sakit kepala, hidung berair, hidung tersumbat, sakit tekak, 
kering tekak, sesak nafas selepas aktiviti luar dan gatal menunjukkan perbezaan 
signifikan antara dua kumpulan. Kajian ini juga mendapati bahawa pelajar di 
kawasan kajian mempunyai signifikan abnormal fungsi paru-paru yang rendah 
dengan 68.2% FEV1 diikuti dengan 50% FEV1/FVC dan 38.5% FVC. Kepekatan 
logam berat dalam petunjuk biologi adalah signifikan lebih tinggi dalam 
kumpulan kajian. Pb merupakan yang tertinggi dalam rambut manakala Ni 
merupakan tertinggi dalam kuku kaki, 6.13 µg/g. Kepekatan tertinggi PM10 dan 
logam berat dalam udara, debu tingkap dan debu koridor mempunyai hubungkait 
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yang signifikan dengan simptom kesihatan yang dilaporkan kecuali simptom 
batuk dan sesak nafas pada waktu malam. PM10 dan logam berat di persekitaran 
sekolah terutama udara, debu tingkap dan debu koridor mempunyai hubungkait 
yang signifikan dengan keupayaan fungsi paru-paru. Hasil menunjukkan 
hubungkait yang signifikan antara logam berat di persekitaran dengan 
pengumpulan logam berat dalam petunjuk biologi. Kajian ini menunjukkan kaitan 
peningkatan kepekatan logam berat dalam petunjuk biologi dengan simptom 
kesihatan yang dilaporkan. Terdapat hubungkait antara penurunan fungsi paru-
paru dengan hidung berair, kering tekak, sesak nafas, sesak nafas pada waktu 
malam dan sesak nafas selepas melakukan aktiviti luar. Regresi logistik 
menunjukkan pendedahan terhadap logam berat di udara dan debu 
mempengaruhi simptom kesihatan dan fungsi paru-paru. Manakala, 
pendedahan terhadap logam berat dalam semua sampel mempengaruhi 
kepekatan logam berat dalam petunjuk biologi. Kajian ini mendapati bahawa 
lokasi sekolah dan kepekatan Ni di udara dan debu merupakan dua faktor risiko 
dalam kalangan pelajar. Oleh kerana berdekatan dengan lokasi sekolah, zon 
penyangga harus dilaksanakan, syarikat perlombongan harus mempunyai 
prosedur operasi standard yang sesuai dan kebersihan harus dititikberatkan. 
 
Kata kunci: Pelajar; Perlombongan; Bauksit; Simptom kesihatan; Fungsi paru-
paru; Petunjuk biologi; Logam berat 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



© C
OPYRIG

HT U
PM

v 
 

ACKNOWLEDGEMENTS 
 

In the name of Allah, the Most Gracious and the Most Merciful. 
 
Alhamdulillah, all praises to the Almighty Allah for granting me His blessings in 
every beat of my heart, good health and great vitality in completing my PhD 
journey. I would like to acknowledge and extend my gratitude to Prof. Dr. Zailina 
bin Hashim as the Main Supervisor who retired just before the thesis was 
submitted. She has guided and advised me from the beginning till the study 
completion, thesis submission and viva. Appreciation to Associate Prof. Dr. 
Juliana bin Jalaludin as the new Main Supervisor together with Dr. Vivien How 
and Dr. Saliza bin Elias as the Supervisory Committee Members for their 
assistance and valuable guidance, critics as well as encouragement. 
 
My special gratitude also goes to Dr. Rafiza, Dr. Zurahanim, Miss Wan Nurul 
Farah, and staff from the Environmental Health Research Centre (EHRC), 
Institute of Medical Research (IMR) for the study sample preparation and 
analysis.  Besides that, I am indebted to these bodies for monetary support; the 
Ministry of Education (MOE), the Ministry of Higher Education (MOHE) for the 
scholarship, and UPM for financing my PhD study under the Putra Research 
Grant (GP-IPS/2016/9509700). 
 
Moreover, I would like to give my deepest appreciation to all dear students, their 
parents and guardians, the school teachers, and the management of primary 
schools for their willingness to cooperate in this research. Last, but not least, I 
am very grateful to my beloved family members who have been very 
understanding with my commitments, showering me with eternal love, praying to 
Allah for my success, lending me a shoulder to cry on and ear to open up my 
pain, constantly motivating me throughout my life; my beloved husband Mohd 
Syazwan bin Mohd Rosli, my dear son Adam Naufal bin Mohd Syazwan, my 
mother Wan Nuraizzass binti Wan Napi, my late father Feisal bin Dato Hj 
Mustapha, my parents-in-law Noraliza binti Idris and Mohd Rosli bin Daud, my 
dear siblings, and sibling-in-law. Not to forget, my sincere gratitude to those 
individuals who contributed either directly or indirectly to my research. May Allah 
bless all of you!  



© C
OPYRIG

HT U
PM

vii 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Doctor of 
Philosophy. The members of the Supervisory Committee were as follows: 
 
 
Juliana binti Jalaludin, PhD  
Professor 
Faculty of Medicine and Health Sciences 
Universiti Putra Malaysia  
(Chairman)  
 
Vivien How, PhD  
Senior Lecturer 
Faculty of Medicine and Health Sciences 
Universiti Putra Malaysia  
(Member) 
 
Saliza binti Elias, PhD  
Senior Lecturer 
Faculty of Medicine and Health Sciences 
Universiti Putra Malaysia  
(Member) 
 
 
 
 
 
 
 
 
 

________________________ 
ZALILAH MOHD SHARIFF, PhD 
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 08 October 2020 

 
 
 
  



© C
OPYRIG

HT U
PM

viii 

Declaration by the Graduate Student 

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 institutions;
• intellectual property from the thesis and the copyright of the thesis are fully-

owned by Universiti Putra Malaysia, as stipulated in the Universiti Putra
Malaysia (Research) Rules 2012;

• written permission must be obtained from the supervisor and the office of the
Deputy Vice-Chancellor (Research and innovation) before the thesis is
published in any written, printed or 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 the Universiti Putra Malaysia (Research) Rules 2012;

• there is no plagiarism or data falsification/fabrication in the thesis, and 
scholarly integrity is upheld in accordance with the Universiti Putra Malaysia 
(Graduate Studies) Rules 2003 (Revision 2015-2016) and the Universiti
Putra Malaysia (Research) Rules 2012. The thesis has undergone
plagiarism detection software 

Signature: ________________________   Date: __________________ 

Name and Matric No.: Nur Azalina Suzianti Binti Feisal



© C
OPYRIG

HT U
PM

x 
 

TABLE OF CONTENTS 
 

 Page 
ABSTRACT i 
ABSTRAK iii 
ACKNOWLEDGEMENTS v 
APPROVAL vi 
DECLARATION viii 
LIST OF TABLES xiii 
LIST OF FIGURES xvi 
LIST OF APPENDICES xviii 
LIST OF ABBREVIATIONS 
 

xix 

CHAPTER      
   

1 INTRODUCTION 1 
 1.1 Background 1 
 1.2 Problem Statement 2 
 1.3 Study Justification 4 
 1.4 Objectives and Hypothesis 4 
  1.4.1 General Objective 4 
  1.4.2 Specific Objectives 5 
  1.4.3 Research Hypothesis 5 
 1.5 Conceptual Definition of Terms 6 
  1.5.1 Primary School 6 
  1.5.2 Health Symptoms  6 
  1.5.3 Lung Function  6 
  1.5.4 Heavy Metals  7 
  1.5.5 Biomarkers  7 
 1.6 Operational Definition of Terms  7 
  1.6.1 Primary School  7 
  1.6.2 Health Symptoms  7 
  1.6.3 Lung Functions  8 
  1.6.4 Heavy Metals  8 
  1.6.5 Biomarkers  8 
 1.7 Conceptual Framework  8 
     

2 LITERATURE REVIEW  11 
 2.1 Bauxite  11 
  2.1.1 Process Description of Bauxite  11 
  2.1.2 Properties of Bauxite  12 
  2.1.3 Production of Bauxite  13 
 2.2 Environmental Impacts  14 
 2.3 Children Health  15 
  2.3.1 Particulate Matter Mechanism  17 
  2.3.2 Lung Function among Children  18 
 2.4 Heavy Metals  19 
  2.4.1 Arsenic  20 
  2.4.2 Cadmium  21 
  2.4.3 Nickel  22 
  2.4.4 Lead 22 



© C
OPYRIG

HT U
PM

xi 
 

 2.5 Human Biomarkers  23 
  2.5.1 Hair as Exposure Biomarker  24 
  2.5.2 Toenails as Exposure Biomarker  24 
     
3 METHODOLOGY 26 
 3.1 Study Design  26 
 3.2 Study Location  26 
 3.3 Study Ethics  27 
 3.4 Study Procedure  27 
 3.5 Sample Size  28 
 3.6 Study Population and Sampling Technique  30 
  3.6.1 Sampling Population  30 
  3.6.2 Sampling  30 
 3.7 Sampling Collection  30 
  3.7.1 Air Sampling  30 
  3.7.2 Soil Sampling  32 
  3.7.3 Settled Dust Sampling  34 
  3.7.4 Students Recruitment  35 
  3.7.5 Questionnaire  36 
  3.7.6 Lung Function  37 
  3.7.7 Hair Sampling  38 
  3.7.8 Toenail Sampling  38 
 3.8 Sample Pre-Processing and Digestion  38 
  3.8.1 Air Samples  38 
  3.8.2 Soil and Dust Samples  38 
  3.8.3 Hair Samples  39 
  3.8.4 Toenail Samples 40 
 3.9 Analysis of Heavy Metals Concentration  41 
  3.9.1 Instrumentation  41 
  3.9.2 Samples Collection  41 
 3.10 Quality Analytical and Quality Control  43 
  3.10.1 Apparatus  43 
  3.10.2 School Environmental Samples  43 
  3.10.3 Questionnaire  43 
  3.10.4 Lung Function  44 
  3.10.5 Biomarkers Samples  44 
 3.11 Data Analysis  44 
     
4 RESULTS AND DISCUSSIONS 45 
 4.1 Environments Factors  45 
  4.1.1 School Environmental Samples  45 
  4.1.2 Residential Environment  47 
 4.2 Background Information of Students  48 
  4.2.1 Response Rate  48 
  4.2.2 Normality Test  49 
  4.2.3 Sociodemographic Information  49 
 4.3 Reported Health Symptoms among Students  50 
 4.4 Lung Function among Students in Both 

Locations  
52 

 4.5 Biomarkers among Students  55 



© C
OPYRIG

HT U
PM

xii 
 

 4.6 Associations and Relationship Between 
Environmental and Health Variables  

56 

  4.6.1 School Environments Variables and 
Reported Health Symptoms  

56 

  4.6.2 School Environments and Lung 
Function  

60 

  4.6.3 School Environments and Biomarkers  65 
 4.7 Associations and Relationship between 

Reported Health Symptoms and Lung Function  
77 

 4.8 Association and Relationship between 
Reported Health Symptoms and Biomarkers  

80 

 4.9 Factors that Influenced the Reported Health 
Symptoms, Lung Function and Biomarkers  

91 

  4.9.1 Factors that Influence the Reported 
Health Symptoms  

91 

  4.9.2 Factors that Influenced the Lung 
Function  

98 

  4.9.3 Factors that Influenced the 
Biomarkers  

100 

     
5 CONCLUSION, STUDY LIMITATIONS AND 

RECOMMENDATION  
104 

 5.1 Conclusion  104 
 5.2 Limitation  104 
 5.3 Recommendation  105 
  5.3.1 Regulatory Bodies  105 
  5.3.2 Mining Stakeholders  106 
  5.3.3 School Management  106 
  5.3.4 Parents or Guardians  106 
 5.4 Future Studies  106 
 5.5 Research Novelty  107 
     

REFERENCES 108 
APPENDICES 124 
BIODATA OF STUDENT 153 
LIST OF PUBLICATIONS 154 

 
  



© C
OPYRIG

HT U
PM

xiii 
 

LIST OF TABLES 
 

Table    Page 
   

3.1 Predicted Calculation that been Used in this Study 37 
   

3.2 Spirometry Interpretation that been Used in this Study 37 
   

3.3 The Condition of Multiwave Digestion 3000 40 
   

3.4 The Operating Conditions of Perkin Elmer ICP-MS (ELAN 
9000) 

41 

   
4.1 School Environment Measurements 46 

   
4.2 Current Home Environment Characteristics 48 

   
4.3 Socio Demographics Characteristics of Students 50 

   
4.4 Reported Health Symptoms among Students 51 

   
4.5 Comparison of Lung Function between Two Groups 53 

   
4.6 Comparison of Lung Function Abnormalities between Two 

Groups 
54 

   
4.7 Biomarkers Measurement between Two Groups 56 

   
4.8 Association of School Environments with Reported Health 

Symptoms  
59 

   
4.9 Association between School Environments and FEV1 62 

   
4.10 Association between School Environments and FVC 63 

   
4.11 Association between School Environments and 

FEV1/FVC 
64 

   
4.12 Association between School Environments with Hair As 67 

   
4.13 Association between School Environments with Hair Cd 68 

   
4.14 Association between School Environments with Hair Ni 69 

   
4.15 Association between School Environments with Hair Pb 70 

   
4.16 Association between School Environments with Toenail 

As 
 

73 



© C
OPYRIG

HT U
PM

xiv 
 

4.17 Association between School Environments with Toenail 
Cd 

74 

   
4.18 Association between School Environments with Toenail 

Ni 
75 

   
4.19 Association between School Environments with Toenail 

Pb 
76 

   
4.20 Association between Reported Health Symptoms with 

FVC Status 
77 

   
4.21 Association between Reported Health Symptoms with 

FEV1 Status 
78 

   
4.22 Association between Reported Health Symptoms with 

FEV1/FVC Status 
79 

   
4.23 

 
Association between Reported Health Symptoms with 
Hair As 

81 

   
4.24 Association between Reported Health Symptoms with 

Hair Cd 
82 

   
4.25 Association between Reported Health Symptoms with 

Hair Ni 
83 

   
4.26 Association between Reported Health Symptoms with 

Hair Pb 
84 

   
4.27 Association between Reported Health Symptoms with 

Toenails As 
85 

   
4.28 Association between Reported Health Symptoms with 

Toenails Cd 
86 

   
4.29 Association between Reported Health Symptoms with 

Toenails Ni 
87 

   
4.30 Association between Reported Health Symptoms with 

Toenails Pb 
88 

   
4.31 Personal and Residential Factors that Influence Reported 

Health Symptoms  
93 

   
4.32 School Environments Factors that Influence Reported 

Health Symptoms  
95 

   
4.33 Personal and Residential Factors that Influence Lung 

Function  
99 

   



© C
OPYRIG

HT U
PM

xv 
 

4.34 School Environments Factor that Influence Lung Function  100 
   

4.35 Personal and Residential Factors that Influence Heavy 
Metals in Biomarkers  

102 

   
4.36 School Environments Factors that Influence Heavy Metals 

in Biomarkers 
103 

 
  



© C
OPYRIG

HT U
PM

xvi 
 

LIST OF FIGURES 
 

Figure    Page 
   

1.1 Global Bauxite Production 2 
   

1.2 Conceptual Framework 10 
   

2.1 Bauxite Production 14 
   

2.2 Mechanism of Particulate Matters into Human Body 17 
   

2.3 Pathophysiology of Heavy Metals and Lung Function 18 
   

2.4 Types of Human Biomarkers 23 
   

2.5 Hair Diagram 24 
   

2.6 Toenail Diagram 25 
   

3.1 Study Location 26 
   

3.2 Flowchart of Study Procedure 28 
   

3.3 Sampling Location for Air Samples (Study School) 31 
   

3.4 Sampling Location for Air Samples (Comparative School) 31 
   

3.5 Sampling Location for Soil Samples (Study School) 33 
   

3.6 Sampling Location for Soil Samples (Comparative 
School) 

33 

   
3.7 Sampling Location for Dust Samples (Study School) 34 

   
3.8 Sampling Location for Dust Samples (Comparative 

School) 
35 

   
3.9 Flowchart of Students Sampling Procedure 36 

   
4.1 Diagram of Association of School Environments with 

Reported Health Symptoms 
58 

   
4.2 Diagram of Association of School Environments with Lung 

Function Abnormalities 
61 

   
4.3 Diagram of Association between School Environments 

with Heavy Metals in Hair 
 

66 



© C
OPYRIG

HT U
PM

xvii 
 

4.4 Diagram of Association between School Environments 
with Heavy Metals in Toenail 

72 

   
4.5 Diagram of Association between Reported Health 

Symptoms with Biomarkers and Lung Function 
Abnormalities 

90 

   
4.6 Diagram of Factors that Influence Reported Health 

Symptoms 
92 

   
4.7 Diagram of Factors that Influence Lung Function 98 

   
4.8 Diagram of Factors that Influence Heavy Metals in 

Biomarkers 
101 

 

 
  



© C
OPYRIG

HT U
PM

xviii 
 

LIST OF APPENDICES 
 

Appendix    Page 
   
1 Approval Letter (Ministry of Education) 124 
   
2 Approval Letter (Pahang Education Department) 125 
   
3 Approval Letter (National Medical Research Registry) 126 
   
4 Parent’s / Guardians Consent Form (Malay version) 130 
   
5 Questionnaire (Malay version) 133 
   
6 Article (1) - A Short Review of Bauxite and Its 

Production: Environmental Health Impact on Children 
in Mining Areas 

142 

   
7 Article (2) - Determination of Heavy Metals 

Concentration in Hair by Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS) 

146 

   
8 Classification of Heavy Metals in Biomarkers based on 

Reference Range 
150 

   
9 Normality Test Distribution  151 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



© C
OPYRIG

HT U
PM

xix 
 

LIST OF ABBREVIATIONS 
 

% Percent 
  
< Less than 
  
> More than 
  
oC Degree Celsius 
  
As Arsenic 
  
ATS American Thoracic Society 
  
Cd Cadmium 
  
CI Confidence Interval 
  
EHRC Environmental Health Research Centre 
  
EPA Environmental and Protection Agency 
  
FEV1 Forced Expiratory Volume in 1 Seconds 
  
FVC Forced Vital Capacity 
  
GDP Gross Domestic Product 
  
H2O2 Hydrogen Peroxide 
  
HNO3 Nitric Acid 
  
ICP-MS Inductively Coupled Plasma-Mass Spectrometry 
  
IMR Institute of Medical Research 
  
ISAAC International Standard Asthma and Allergies in Childhood 
  
km Kilometre 
  
µg/g Microgram per gram 
  
µg/m3 Microgram per cubic meter 
  
mg/kg Milligram per kilogram 
  
mL Millilitre 

 
Ni Nickel 



© C
OPYRIG

HT U
PM

xx 
 

  
Pb Lead 
  
Ppb Part per billion 
  
PM10 Particulate matter 10 
  
PTFE Polytetrafluoroethylene 
  
SD Standard deviation 
  
SK Sekolah Kebangsaan 
  
SPSS Statistical Package for Social Science 
  
UPM Universiti Putra Malaysia 
  
UPSR Ujian Penilaian Sekolah Rendah 
  
USEPA United States Environmental Protection Agency 
  
WHO World Health Organization 

  



© C
OPYRIG

HT U
PM

1 
 

CHAPTER 1 
 

INTRODUCTION 
 
 
1.1 Background 

 
 

Mining is an exploration of minerals from the earth which is important because it 
is one of the main material sources. For example to convert a raw material like 
bauxite ore to aluminium oxide in order to make aluminium metal (Cablik, 2007; 
Khan, 2015). Bauxite mining is one of the upstream operations of primary 
aluminium production except for alumina refining. Rock that contains aluminium 
hydroxide which is one of the principle ore of aluminium is called bauxite and is 
found closely at the ground surface (0.8 to 2 metres deep) depending on the 
geography structure of the region meant for exploitation (Lad & Samant, 2015). 
Tin resources and tin-associated minerals (bauxite, coal, carbonate rocks, clays, 
copper, gold, iron ore, crude petroleum, and silica) and tin placer deposits 
(ilmenite, monazite, struverite and zircon) are minerals that are mainly produced 
by Malaysia since 2000 (Tse, 2015). 
 
 
Aluminium industry is one of the largest industrial by-products in our modern 
society. Malaysia had resorted to many kinds of activities to exploit natural 
resources like mining to achieve rapid economic development. In Figure 1.1, the 
three countries that are the most dominant in bauxite mine production that 
generate 81 million, 47 million, and 32.5 million metric tons of bauxite are 
Australia, China, and Brazil (Kearney, 2013). Bauxite mining in Pahang started 
in the year 2013 where started with small-scale mining at Balok then expand to 
Bukit Goh and Bukit Sagu (ASM, 2016; Mohd Taminzi et al., 2019). However, 
bauxite mines nowadays are springing up in Malaysia which only supplied just 
about 1.27 million tonnes in the first nine months and increasing the amounts of 
the raw material used for aluminium to China since Indonesia banned bauxite 
mining export in 2014 (Anuradha & Melanie 2014). Meanwhile, there was rapid 
expansion from 343, 000 tonnes in January 2015 to 3.72 million tonnes in 
September 2015 according to the Malaysia Statistics Department the mining 
sector contributed around 12.5% to Malaysia’s gross domestic product (GDP) 
compared with 6.7% before (Rahman, 2011; Khan, 2015; ASM, 2016; Mohd 
Taminzi et al., 2019). Due to the environmental impact of bauxite production, 
government authorities decided to hold a moratorium on mining early in 2016 
(Cecilia, 2019).  
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Figure 1.1: Global Bauxite Production 
(Source: Nappi, 2013) 
 
 
1.2 Problem Statement 
 
 
Mining activities are absolutely necessary for our country due to the economic 
benefits which that involved in the extraction of mineral resources. However, 
several economic companies have lost sight of the environmental and health 
effects associated with mining activity. Additionally, the declining quality trend of 
Chinese bauxite has increase demand for imported bauxite which caused an 
increased in bauxite prices that attracted new independent bauxite projects. 
Moreover, ahead of the Indonesian ban, it conducted Malaysia increased bauxite 
production from a token of 100,000 to 200,000 in 2013 to 3.3 million tons in 2014 
and a possible of 15 – 20 million tons in 2015 (ASM, 2016; Mohd Taminzi et al., 
2019). In order to accomplish the increase in Malaysia's capacity there are many 
new mines that have been start-ups, especially in Kuantan, Pahang areas. As 
Malaysian bauxite is gibbsite bauxite the quality of bauxite is high in moisture 
and iron this can cause several impacts when transporting the bauxite towards 
health and the environment (Edison Investment Research, 2015). Due to the 
environmental and health impact on the communities nearby, the government 
had to lift up the moratorium on the bauxite mining activities that started on 
January 2016 (The Malaysian Insider, 2016). 
 
 
Bauxite mining activities nowadays gave more harm than benefit to communities 
in surrounding areas (Noor Hisham et al., 2016). Based on the latest study done 
in Pahang where there mining activities will cause acute, intermediate, and long-
term health impacts on people living nearby (Noor Hisham et al., 2016). It 
mentioned that the children who are admitted are among communities that live 
nearby to bauxite mining. Long-term exposure to bauxite can affect our health 
either by acute or chronic effects because it contains heavy metals.  
 
 
School children approximately spend 180 days or 30% (Fromme et al., 2006; 
Francess & Nachinaab, 2018) of their daytime in a year and seven hours long in 
a school. Most of the students arrive at school early and stay late for school 
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activities. During this time, they are prone to exposure from the ambient 
concentrations, air exchange rate, penetration factor, deposition, and 
resuspension mechanism (Fromme et al., 2006; Ronald et al., 2016; Francess & 
Nachinaab, 2018). Besides, due to their body systems being still in the growing 
phase, they are vulnerable to the risk of mining exposure because the location 
of the school is near to mining area which is the point source of pollutants that 
could penetrate into the school environment. 
 
 
There are numerous studies carried out on the association of particle mass (PM) 
concentration outside with the occurrence of health problems (WHO, 2013; 
Nomsa et al., 2014; Wen et al., 2015) However, there are fewer studies done on 
heavy metals concentration in biomarkers that caused an effect on health 
especially in children schooling near mining area in Malaysia, most of the studies 
done among communities living nearby (Muhammad Hafizz, 2016; Nurul 
Hidayah et al., 2016). Hence, data is needed in order to assume that children 
are more vulnerable to health hazards as they spend more time in classrooms.  
 
 
Previous studies conducted in other countries such as Portugal, Egypt, and 
China had shown that heavy metals concentration in children’s biomarkers has 
been studied thoroughly well (Cimi et al., 2014; Blaurock-Busch et al., 2012; 
Pnuwa et al., 2012). However, there is still a deficiency of proof that heavy metals 
in biomarkers such as hair and toenails are associated with health impacts 
among students schooling in exposed mining areas, especially in Malaysia. To 
detect chronic metal exposure, blood, and urine are not the best diagnostic tool 
for analysis due to heavy metals in urine remaining for a period of weeks or 
months which did not contribute to long-term exposure (Eleoner et al., 2011; 
John et al., 2018). 
 
 
Respiratory illnesses such as asthma, allergy, and respiratory infections among 
children are high and increasing by the day. Because of this health problem, 
International Study on Asthma and Allergy in Childhood (ISAAC) developed a 
standardized case definition, questionnaire, methodology, and established 
databases for asthma and allergy. In Malaysia, there are no specific studies that 
found the effect of health symptoms among children exposed to mining activity. 
Nevertheless, there are abundant studies done among workers in Malaysia 
(Abuh et al., 2013; Yahaya et al., 2014; Thomas et al., 2017). 
 
 
These environmental and health impacts of bauxite mining activities have 
attracted public attention mostly from communities that live in Kuantan, Pahang 
and outsiders. Hence these issues need to be addressed through research on 
the current environment and health impacts of schools and communities of 
bauxite mining on communities that live in Felda Bukit Goh, Kuantan which is 
one of the main areas of mining in Malaysia. Indeed, concerns towards children 
where are more susceptible to toxic exposure than adults because they have a 
more proportionally intake of food contaminants, active developmental 
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processes, multiple exposure pathways, and socio-behavioral activities (WHO, 
2004). 
 

1.3 Study Justification 
 
 
This research was conducted to determine the health implications due to 
exposure to heavy metal pollutants in school environments among students. This 
study related exposure to school environments with reported health symptoms, 
lung function, and biomarkers among school children in mining areas. The target 
heavy metals in school environments and biomarkers were Pb, Cd, As, and Ni. 
Short-term heavy metal exposure can cause effects on health. On the other 
hand, chronic heavy metal toxicity remained largely unknown and therefore there 
is a void that needs to be performed for more studies.  
 
 
Recent studies done on perceptions of residents in the mining area of Pahang 
found that 90% of the respondents stated that mining activities especially dust 
pollution gave negative impacts while 43.2% of the respondents reported 
medium scores of psychosocial impacts due to mining activities (Muhammad 
Hafizz, 2016; Nurul Hidayah et al., 2016). Nevertheless, a study done by Nurul 
Amalina (2017) found that the bauxite mining activities gave a positive impact in 
terms of finances despite the health effects. Meanwhile, a study done by Noor 
Hisham and friends (2016), found that uncontrolled bauxite mining activities will 
give indirect and direct issues to the health of people nearby and environmental 
pollution.  
 
 
Hence, this research study helped to convey facts to fulfill the gap of knowledge 
on the effects of health and biomarkers related to exposure to heavy metals. 
Moreover, this finding would be beneficial to policy maker to make policy and to 
the government in order to find proper management to minimize bauxite 
exposure to reduce environmental pollution and health risks.  
 
 
1.4 Objectives and Hypothesis  
 
 
1.4.1 General Objective 
 
 
To determine the relationships between the heavy metals in school 
environments (air, soil, and dust) with reported health symptoms, lung function, 
and biomarkers (hair and toenails) among primary students. 
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1.4.2 Specific Objectives 
 
 
1. To determine and compare the heavy metal concentrations in the two 

schools environments (air, dust, and soil). 
2. To determine and compare the reported health symptoms between two 

groups of students.  
3. To determine and compare the lung function between two groups of 

students. 
4. To determine and compare the heavy metals concentrations in biomarker 

samples (hair and toenails) between the two groups of students. 
5. To determine the association between heavy metals in school environments 

with the reported health symptoms, biomarkers, and lung functions among 
students. 

6. To determine the association between reported health symptoms with lung 
functions and biomarkers among students.  

7. To determine the selected risk factors (personal; residential and school 
environments) that significantly contributed to the reported health symptoms 
among the studied group. 

8. To determine the selected risk factors (personal; residential and school 
environments) that significantly contributed to lung functions among the 
studied group. 

9. To determine the selected risk factors (personal; residential and school 
environments) that significantly contributed to heavy metals in biomarkers 
(hair and toenails) among the studied group. 

 
 
1.4.3 Research Hypothesis 

 
 

1. There are significant differences in heavy metal concentration between the 
two schools environments (air, dust, and soil). 

2. There are significant differences in the reported health symptoms between 
the two groups of students.  

3. There are significant differences in lung functions between the two groups of 
students. 

4. There are significant differences in the heavy metal concentrations in the 
biomarker samples (hair and toenails) between the two groups of students. 

5. There are significant associations between heavy metals in school 
environments with the reported health symptoms, lung functions, and 
biomarkers in the two groups of students. 

6. There are significant associations between reported health symptoms, lung 
function, and biomarkers in the students of the studied group.  

7. The school environment (air and dust) is the risk factor that contributed to 
the reported health symptoms among the studied group. 

8. School environment (air and dust) is the risk factor that contributed to lung 
functions among the studied group. 

9. School environments (air and dust) is the risk factors that contributed to the 
heavy metals concentration in biomarkers (hair and toenails) among the 
studied group. 
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1.5 Conceptual Definition of Terms 
 
 
1.5.1 Primary School 
 
 
In Malaysia, there are two types of schools which are primary and secondary. 
Primary school is a school for students from the aged 7 to 12 years old while 
secondary school is for students aged 13 to 17 years old. There are certain 
primary schools that include pre-primary in the same school area for children 
aged 5 and 6 years old. Malaysia Education Department has set a broad and 
general education schooling in public schools and private sector schools. 
Sekolah Kebangsaan is the most public which is a government school while 
Sekolah Jenis Kebangsaan is a public-funded national type school (Malaysia 
Education Blueprint 2013 – 2025: Preschool to Post-Secondary Education, 
2013). 
 
 
1.5.2 Health Symptoms 
 
 
Health is a state of complete physical, mental, and social well-being and not just 
the absence of illness or infirmity by the World Health Organization (WHO, 1946). 
The respiratory system is a biological system that consists of specific organs and 
structures used for the process of respiration in an organism (Maton et al., 2010). 
Respiratory health problem is a diseases that affect the air passages including 
nasal passages, bronchi, and lungs. The diseases range from acute infections 
such as pneumonia and bronchitis to chronic such as asthma and chronic 
obstructive pulmonary disease (NHCHIS, 2008). The usual respiratory 
symptoms which are common in humans are cough, sore throat, runny nose, 
nasal congestion, headache, low-grade fever, facial pressure, and sneezing 
(Eccles et al., 2007). General symptoms are defined as those that have common 
and basic symptoms such as headache, fever, dizziness, and diarrhea (Zahid, 
2015). Dermal or skin health symptoms can be temporary or permanent. There 
are many different types of skin disorders such as acne, cold sore, blister, hives, 
actinic keratosis, rosacea, carbuncle, latex cellulitis measles, allergy, eczema, 
psoriasis, and others (Katherine, 2016). 
 
 
1.5.3 Lung Function 
 
 
Lung function or pulmonary function are breathing tests to find the movement of 
air in and out of the lungs and how well oxygen enters the bloodstream (ATS, 
2019). Spirometry tests are important to help diagnosed suspected lung disease 
and in planning treatments (Lung Foundation Australia, 2017). The FEV1 is the 
maximum volume of air exhaled in the first second of a forced expiration from 
the position of full inspiration, expressed in litres of body temperature and 
ambient pressure saturated with water vapor (ATS, 2005). The FVC refers to the 
maximum volume of air exhaled with a maximally forced effort from a maximum 
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expiration, expressed in litres at body temperature and ambient pressure 
saturated with water vapor (ATS, 2005). 
 
 
1.5.4 Heavy Metals 
 
 
Chemical elements with a specific gravity that occur naturally in the earth’s crust 
and the contents in the environment that vary between different regions with 
densities of greater than 5 g/cm3 are called heavy metals or other words toxic 
metals (Jaishankar et al., 2014; Tchounwou et al., 2014). There are 92 naturally 
occurring elements where 30 are metals and metalloids which are potentially 
toxic to humans (WHO, 2007; Morais et al., 2012). As, Pb, Cd, and Ni have been 
listed by an agency called United State Environmental Protection Agency as the 
targets to be analyzed in the environmental assessment program (USEPA, 
2014). 
 
 
1.5.5 Biomarkers  
 
 
Biomarkers or other word called biological marker is defined as an indication 
observed from outside that can be measured accurately and reproducibly (Kyle 
& Jorge, 2010). While Gil and Hernandez (2009) explained that biomarkers are 
a tool for an exposure assessment to harmful substances and evaluation of 
temporal changes in a population exposed to environmental contaminants are 
biomarkers.  
 

1.6 Operational Definition of Terms 
 
 
1.6.1 Primary School 

 
 

Any primary school located in a mining activities area was considered a study 
school while any primary school located not in a mining activities area was 
considered a comparative school.  
 
 
1.6.2 Health Symptoms 

 
 

Health symptoms are the dependent variable in this study and presented with 
the symptoms are reported through parents or guardians via questionnaires and 
lung function. The data is taken by a modified questionnaire from The 
International Study of Asthma and Allergies in Childhood (ISAAC) based on 
related symptoms that appear in children over the past three months for 
respiratory symptoms. Headache and dizziness for general symptoms and 
itchiness, skin rashes, and eczema for dermal symptoms. 
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1.6.3 Lung Functions 
 
 
A spirometry device is used in this study which to measure how much air we 
inhale and how quickly can be exhaled. The spirometer will record the amount 
and rate of air breathed in and out over a period. The normal value for lung 
function tests is based on age, height, ethnicity, and gender. The value that is 
usually considered abnormal is approximately less than 80% of the predicted 
value. FEV1% is done by calculated dividing the measured FEV1 value (obtained 
from the spirometry) by its normal value (derived from a standard equation) and 
then multiplying it by 100. While FVC% is calculated by dividing the measured 
FEV1 value (obtained from the spirometry) by its normal value (derived from the 
standard equation) and then multiplying it by 100. FEV1 will be lessened if there 
is an obstruction to the trachea tract and bronchi while FVC will be lessened if 
there is a restriction of lung volume and maximum expiration by the subject. 
 
 
1.6.4 Heavy Metals 

 
 

As, Cd, Ni, and Pb are 4 types of heavy metals that are being analyzed in school 
environments (indoor air, soil, and dust) and biomarkers (hair and toenails) in 
this research. The heavy metals concentration is analyzed using Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS).  
 

1.6.5 Biomarkers 
 
 

Biomarkers used in this study are hair and toenails. The sampling of hair and 
toenails are non-invasive methods that can easily be collected, stored, and 
transported. Heavy metals concentration that is analyzed in these biomarkers is 
As, Cd, Ni, and Pb. 
 
 
1.7 Conceptual Framework 

 
 

Figure 1.2 shows the conceptual framework of this study by estimating heavy 
metals in biomarkers (hair and toenails), health symptoms reported, and lung 
function through school environmental pollutants. The environment and its 
compartment in mining areas are severely polluted by heavy metals. This 
changes the environment to undesirable and unintended changes in soil, water, 
and air of physical, chemical, and biological properties (Vhahangwele and 
Khatutshelo, 2017; Wenhao et al., 2018; Yixian et al., 2018). School children are 
hypothesized to be exposed to the heavy metals pollutant through micro-
environment and macro-activity.  
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To recent date, previous research findings for toxicity in biomarkers and lung 
function exposed to mining in children are inchoately compared to other studies 
among workers (Safrudin et al., 2014; Alphonsus et al., 2016; Ritta et al., 2016; 
Matilda et al., 2018). Human biomarkers are analyzed to provide evidence of 
human exposure to a school environment's pollutants, while lung function can 
provide a simple for assessing how well the lungs work in the body.  
 
 
In Malaysia, this is the first research that use biomarkers such as hair and 
toenails of mediator and health variables to assess lung function among students 
schooling near mining area. This study was conducted on the entire assessment 
process of student exposure from the evaluation of school environments, a 
survey on reported health symptoms, lung function tests, and biomarkers sample 
collection, and laboratory analysis to statistical analysis. The findings of this work 
can be used to increase awareness of hazards they face because of constant 
exposure to the students of mining operations and to inform that children are a 
human vulnerability as one of the prevention components. Therefore, from the 
findings of the study, it is expected that parents and guardians will be more 
attentive to the health effects their children face when they are exposed to 
contaminants from mining. In addition, this study suggests measures for parents, 
guardians, and school administrators to ensure that the school and residences 
provide students with a clean environment. As for the other researchers, there 
are even more differences to understand the lung function processes and the 
health effects of exposure to pollution from mining. Still, more gaps in order to 
understand the mechanisms of lung function and health symptoms exposure to 
mining pollutants. Therefore, the findings of this study should provide rooms for 
improvement to be made. 
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Figure 1.2: Conceptual Framework 
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