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ABSTRACT 

Linggi River is one of the important rivers in Negeri Sembilan which has received 
natural and anthropogenic pollutions from the Linggi basin's activities. The purpose of 
this study was to identify the pollution sources in the river and estuary of Linggi surface 
sediment. The heavy metals, trace and rare earth elements (REEs) were determined by 
the neutron activation analysis (NAA) and inductively coupled plasma-mass 
spectrometry (ICP-MS) while the stable isotope ratio of carbon-13 (5'^C) and nitrogen-
15 (5'^N) was measured by an isotopic ratio-mass spectrometry (IR-MS). The mean 
concentrations of As, Cd, Pb, Sb, Zn, Br, Cr, Cs, Hf, Rb, Ta, Th, U, La, Ce, Pr, Nd, Sm, 
Tm and Yb were relatively higher compared to the reference crust values of the 
respective elements. The 5'^C in Linggi river surface sediment was originated from the 
terrestrial organic matter of C3 plants and marine plants while the 5'^C in estuary 
sediment was originated from the marine plants. Meanwhile, the 5'̂ N in Linggi surface 
sediment was originated from the terrestrial organic matter of C3 plants and fertilizers. 
Geo-accumulation (Igeo) result of heavy metals and trace elements was categorised as 
uncontaminated to very strong contaminated (class 0 to class 6) while the REEs was 
categorised as uncontaminated and moderately to strongly contaminated (class 0 to class 
3). The modified degree of contamination (mCd) result indicates most of the locations 
of Linggi surface sediments were categorised as a moderate degree of contamination. 
The comparison of Linggi surface sediment quality to sediment quality guidelines 
(SQG) indicates that arsenic (As) concentration values in most of the locations were 
>68% which was above the probable effect concentration (PEC) values (33.0mg/kg). 
This infers that Linggi surface sediments are polluted with As and could give adverse 
effects on the benthic organism. The Pearson correlation indicates As showed a good 
correlation with Sb, Fe and C. The Ni showed a strong relationship with the element of 
Sb, Zn, Br, Co, Cr, Fe, Sc and S while Cs indicates a positive relationship with elements 
of Rb, Ta, U and Yb. The Pr indicates a strong relationship with Sm, Gd, Tb, Ho, Er, 
Tm, Yb and Lu. The PCA and CA results were in good agreement with each other where 
the Factor 1 of principal component (PC) showed the factor loading of La, Th, Sm, Ce, 
Nd, Tb, Yb, Hf, Lu and Gd was similar to cluster 3 of CA. Factor 2 of PCA was 
dominated by As, Cd, Cu, Pb, Sb, Zn, Fe, Sc, Eu, Ni and C which was similar to cluster 
6 of CA. Factor 3 of PCA showed a factor loading of Br, Cr, Co and S. Factor 4 of PCA 
showed a factor loading of Ho, Tm, Er, Pr and Gd which was similar to cluster 1 of CA. 
Factor 5 of PCA was dominated by Rb, Ba, Cs, Ta and U which was similar to cluster 
2 of CA. Factor 6 of PCA showed a factor loading of H which was similar to cluster 4 
of CA. The discriminant analysis indicates the sources of REEs such as Gd, Pr, Ho, Sm, 
Tm, Lu, La, Tb, Th and Yb were originated from the forest area. The trace elements 
such as Cs, Rb, Ta, Pb, U, Er and H were originated from the urban area. The elements 
of As, Cd, Cr, Co, Cu, Fe, Sb, S, Sc Ni and Zn were originated from the agricultural 
area. Element of Br had a higher concentration in the estuary area and was originated 
from the seawater. The unique characteristic of heavy metals, trace elements and REEs 
can be used as an indicator to identify the sources of pollution in Linggi's surface 
sediment. 

IV 



ACKNOWLEDGEMENT 

In the name of Allah, Most Gracious, Most Merciful 

First of all, all praises due to Allah S.W.T, Lord of the universe. Only by His grace and 
mercy, this thesis has been completed. AUahamduUilah. 

I would like to take this opportunity to express my most grateful and deep appreciation 
to my supervisor Associate Professor Dr Shariff Ibrahim and co-supervisor Dr 
Kamarudin Samuding for their sincere and invaluable guidance, honest encouragement, 
advice, motivation, suggestion and patience throughout my research. 

Furthermore, I would like to extend my heartfelt gratitude to Associate Professor 
Nesamalar Kantasamy, Nazaratul Ashifa Abdullah Salim, Azian Hashim, Shakirah 
Shukor, Muhammad Azfar Azman and Mr. Jeremy Andy Dominic Daung for their 
invaluable contribution and suggestion in this research and completion of this thesis. 

Special thanks are extended to my research group namely Mr. Khushairi, Ms. Ezwiza, 
Mrs. Jamaliah, Mrs. Eewiat, Mr Halim, Mrs. Nurul Ashikin, Mrs. Sharifah Nasyura, Mr 
Ariffin, Mr Lim, Mrs. Pirmala from Analytical Chemistry Application (ACA), 
Roslanzairi Mostapa and Kamarulzaman Mohamad from E-Trace Application Group 
(E-TAG), Malaysian Nuclear Agency for their help in collecting samples, sample 
preparation and analysis. I would like to thank all the staff of the PUSPATI TRIGA 
MARK II Research Reactor for their help in irradiation of samples. 

I would like to express my deepest gratitude to my mother Mek Thom Bt. Che Mat, 
brothers and sister for their prayers and unending encouragement. Finally, I would like 
to express my sincere gratitude to my wife - Norasiah Bt. A. Rahim, my sons -
Muhammad Afiq Hakim, Muhammad Adam Danish, Muhammad Amir Arsyad and my 
daughters - Nursufia Umairah and Nursara Batrisya for their patience and prayers. 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES xi 

LIST OF FIGURES xiii 

LIST OF PLATES xxi 

LIST OF SYMBOLS xxii 

LIST OF ABBREVIATIONS xxiii 

LIST OF NOMENCLATURES xxvi 

CHAPTER ONE: INTRODUCTIONS 1 

1.1 General Introduction 1 

1.2 Background of the Study 2 

1.3 Problem Statement 3 

1.4 Research Objectives 5 

1.5 Scope of the Study 5 

1.6 Significance of Study 6 

1.7 Organization of Thesis 6 

CHAPTER TWO: LITERATURE REVIEW 8 

2.1 Introduction 8 

2.2 Neutron Activation Analysis (NAA) Technique 10 

2.3 Inductively Coupled Plasma-Mass Spectrometry Technique 11 

2.4 Isotope Ratio-Mass Spectrometry Technique 12 

2.5 Sources of Heavy Metals and Trace Elements Pollution in Environment 13 

2.5.1 Industrial and Electronic Wastes in Sediment 13 

VI 


