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ABSTRACT

Extensive deterioration of water quality caused by the intensive land use activities in
rivers and rapid response of pollutants from different sources may harm the aquatic
organisms, human, and environment. This alarming occurrence has inspired the study
to measure water quality parameters, the concentration of radioactive elements and
heavy metals in surface water and sediment, and investigating the main sources of
pollution in rivers. For achieving all these objectives, data collection was done for
Balok and Tunggak Rivers in wet seasons for surface water while for sediment, only
baseline data were collected. The data were compared and analyzed by using
environmetric analysis (Cluster Analysis and Principal Component Analysis) based on
different points at the selected rivers in Gebeng, Pahang. The physicochemical
parameters such as temperature, specific conductivity, pH, turbidity, dissolved oxygen
(DO), and salinity were measured by using the Hydrolab. The water and sediment
samples were then collected for tracing the radioactive elements and heavy metals by
using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Prior to analysis,
the sediment samples were undergoing the full-digestion process. Both the Malaysian
and International standards were used as a reference and it was found that water
quality parameters were all within the permissible limit except for turbidity and
specific conductivity. Besides, heavy metals and radioactive elements investigated in
surface water showed that the concentration of Iron was exceeding the permissible
limit at most of the sampling points and Thorium exceed the permissible limit at SB1
with value of 0.0005 ppm. While for sediment, the concentration of Iron was
exceeding the permissible limit at the upstream area of both rivers and the
concentration of Arsenic were exceeding at downstream area which recorded at
10.3713 ppm. Then, the finding from the environmetric analysis showed that the main
pollutants loading in Balok and Tunggak River were Lead (first component), specific
conductivity (second component), Thorium (third component), and pH (fourth
component). The study outcomes showed that the presence of the pollutants in rivers
were originated from both point and non-point sources.



Condl Lo

Bz Wy YT (3 ol S plasna V) aleis e o W) ol B3 (3 jenad) jeaadl 0]
Gadl s ATy agdly aaly Al oWl a5 B ad slas a SUskel) day )
oLl 2 aka) Osllly aazll oladl 5ST5s oldl B3 ulae Lold) aulall sda slall
£ Y odn IS i B 3 Skl i jlall e ioelly oty ) 3 Bpomban)
Sl o @ gl b Bmbandi sbadl 2 1 bl 3 iy ol (8 0 SUL) o2
Jobds S ottty el Ll ol s UL B)ie e Ll oY) L
F el BNy (3 joeer Bk @ Bl LY G a2 DY) Blaul (et ) SUSU
S Wy ¢ Sadlly cdosadly sl aloglly (G4 ds Jn iy 85dl) el
g Mly s olie aa ¢ 23 ue Hydrolab jles slascnt amsllly (o
e Eom JCP-MSy aylall sl alsh Gllas alascnly dbal) 0slally 2n2ll oliall
adelly Al bl e S plsiiad @ LSO Al Aden Wl L8 Cnlg )l ol
ihoglly Sadl Slgins slitnls @ gl A s GOl ol S35 ol OF (s caomlaS
O o) ol (3 Lguamd ¢ ) Bnzl) Sobially At Oslall oo gbl ¢ s il ] L2l
3 &yl A ol gl Oy Sliall ai L lans 3 @ psandd AL Gl k) S5
Akl S el a@ sl ) andl LW L0sdl 3 g 0.0005 iz SB1 akid
Aok mgandl Al ol il (3 5yl ST 5elE Wy el ST il s (3 4 e
GBI O ) ekl o alosnd) iladl) gl 5 an 05l @ > 10.3713
05Uy 2ol kol (W 0Ly Aol S nkis Sy Al 3 aled) 2
3509 OF Byl 3ls el () 0oy Aogedl 3y (I S pgnyelly (W

8302 e 5ad2 slas o Las W3 BV 3 Ul



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion; it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a thesis for the degree of Master of Science (Biosciences)

Mohd Armi Abu Samah
Supervisor

Asnor Azrin Sabuti
Co-Supervisor

Kamaruzzaman Yunus
Co-Supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a
thesis for the degree of Master of Science (Biosciences)

Mohd Fuad Miskon
Internal examiner

Mohd Khairul Amri Kamarudin
External examiner

This thesis was submitted to the Department of Biotechnology and is accepted as a
fulfillment of the requirement for the degree of Master of Science (Biosciences)

Mardiana Mohd Ashaari
Head, Department of Biotechnology

This thesis was submitted to the Kulliyyah of Science and is accepted as a fulfillment
of the requirement for the degree of Master of Science (Biosciences)

Shahbudin Saad
Dean, Kulliyyah of Science



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

Siti Umi Kalthum Haji Ab Wahab

SIGNALUNE ..o Date ..o



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

INVESTIGATING ON WATER QUALITY AND
RADIOACTIVE ELEMENTS IN TRACING THE ORIGIN OF
POLLUTANT AT GEBENG INDUSTRIAL AREA

| declare that the copyright holder of this thesis is jointly owned by the student
and [HUM.

Copyright © 2019 Siti Umi Kalthum Haji Ab Wahab and International Islamic University
Malaysia. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies
(print or electronic) for institutional and academic purposes.

3. The 1HUM library will have the right to make, store in a retrieval
system and supply copies of this unpublished research if requested by
other universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 1HUM
Intellectual Property Right and Commercialization policy.

Affirmed by Siti Umi Kalthum Haji Ab Wahab

Signature Date

Vi




To everyone who holds my hand,
Keeps it tight till the end, believed me and bring me to the top,
To the one who directly and indirectly makes me stand till today,
Everyone that colors my roller-coaster journey.

Thanks!

May Allah bless and protect us, forgive all our sins and grant us jannah.

vii



ACKNOWLEDGEMENTS

Alhamdulillah, praise to Allah (SWT) for bestowing His blessings on me, with
strength, health, and patience to complete this research. This meaningful journey will
never be possible without all the sincere prayers from the amazing servants of Allah
around me, too. | would like to dedicate this thesis to my beloved parent, Hajjah
Khasmoh Mat Hassan and Allahyarham Haji Ab Wahab Khatib Haji Ab Rahman,
who pass away since my childhood. None of this would have been possible without
their ‘doa’ and ‘redha’. My dedication also goes to my supportive family, abang UKki,
kak esah, kak cik, kak tie, abang Wan, Dya, kak ida, abang chik, Farhan, Humaira,
Qaisara, Hafiz who sacrifice a lot just to make sure | can achieve all my dreams, and
also Allahyarham baby Wafi, Pok Ngoh, Mok Tom and Mok Long who four of them
passed away during my study period. Without their encouragement and sacrifices, |
don’t think I can survive it. Indeed, they make me stronger days after days. Thanks to
those who started initiative, donation to help my family for baby Wafi’s operation in
China. To whoever had read my thesis, please pray for my beloved family, too.

| also would like to express my deepest appreciation to my adorable
supervisor, Asst. Prof. Dr. Mohd Armi Abu Samah who first bloom my heart to
explore more on research and environment field, then become passionate about it till
the end. His words, patience, efforts, trust, and encouragement in his own way, make
me want to be a better me. Not to forget my co-supervisors, Asst. Prof. Dr. Asnor
Azrin Sabuti and also Prof. Dr. Kamaruzzaman Yunus. All of them groom and
unleash my potential and give me a lot of opportunities to do better. Indeed, did a
research without own grant really a tough moment and a good experiences for me,
and | am really grateful to have them, and other lecturers who directly and indirectly
involved, including Dr. Hamzah Mohd Nasir and Prof. Dr. Ahmed Jalal Khan
Chowdhury, his team, Dr. Akbar John, Dr. Mohd Shukri Aris, Dr. Azrul Naim
Mohamad, who willingly to support for my survival under grant FRGS 19-042-0650.
I would love to extend my deepest gratitude to Bro Taufik, Kak Adah, Bro Azim, Pok
Ya, Bro Jijoe, Bro Joe, Bro Halim, Bro Wadi, and all Kulliyyah of Science’s staff for
their cooperation. Thanks to my lovely juniors, Azwa, Yana, Wani, Ikram, Sha, Mad
Nor, Rahman, Faiz, Aishah, Asyhigin, Li Yu and others for giving me opportunity to
share our knowledge, and also my lovely friends, especially Dr Fikriah, Dr Farahain,
Farah, Alin, Zati, Shu, Putri, Shai, Kak Zihah, Milin, lzzah, Atin for their
unconditional support whenever | need throughout these roller-coaster journey.

Lastly, big thanks go to Asst. Prof. Dr. Zarina Zainuddin, Assoc. Prof. Dr.
Zaleha Kassim, Assoc. Prof. Dr. Normawaty Mohammad Noor and 1HUM for giving
me Ummatic Scholarship, and indeed it really helps me. Well, I am not able to
mention everyone here but | just want you to know that whoever you are, deep from
the bottom of my heart, 1 am really thankful to Allah for sending me all of you in my
life. Indeed, Allah is a great planner. The long road has been taken yet the last step
won not be limited up to now only, but the seeking of knowledge will be continued up
until the last breath of mine, Insyaallah. May Allah (SWT) bless all of you with His
blessing throughout this life and the life Hereafter. Ameen.

viii



TABLE OF CONTENTS

ADSITACT. ..ot i
ADSTFACT IN ATADIC. ...ttt ii
APPIOVAl Page. ..ot e \Y;
DeClaration. ...t e v
CoPYHght Page. .....oviiei i vi
DediCatiON. ... .ttt Vil
ACKNOWIEdZemEents. ... ...t viii
LISt Of TabIES. ... et e Xi
List Of FIgUIS. ...ttt e xiii
List 0f SYMDBOIS. ... .uneei e XVi
List 0f ADDIreviations. . ... ...ouuiti it XVii
CHAPTER ONE: INTRODUCTION....cccttitttiietiineieeercenscsnssonnsennnannn 1
1.1 Research Background...............ooooiiiiiiiiie e, 1
1.2 Problem Statement.............c.ovuiiiiirii i 4
1.3 Research QUESHIONS. .......viei i, 6
1.4 RESEAICN SCOPE. ...ttt 7
1.5 Research ObJeCHIVES. .......cviiii e 7
1.5.1 SPecCific ObJeCtiVES. ...ouvineiiiietiit et eee e
1.6 Research Hypothesis. .........ouiuiiiiniiiiiiiiieeiie e, 8
1.7 Research Significance. ..........ovoiiiiriiiiiiie e e 8
1.8 Chapter SUMMANY........ooviiiii e, 10
CHAPTER TWO: LITERATURE REVIEW.....cccciiiiiiiiiieiennnncnennnnn. 12
2.1 Heavy Metals and Rivers ECOSYSteM..........ccoceiviiiiniiiiiiiiinin,. 12
2.2 Radioactive Elements and Environment...........................oooene 14
2.3 Riversand Surface Water.............ooiiiiiiiiii e, 21
2.4 Water Quality. ... ..o 24
2.5 Point and Non-point Sources of Water Pollution......................... 32
2.6 Heavy Metals and Radioactive Elements Tracing in Industrial Area
and Its EFfectS. ..., 38
2.7 Analysis of Heavy Metals and Radioactive Elements by Using
Inductively Coupled-Plasma Mass Spectrometry........................ 43
2.8 Chapter SUMIMANY.... ..ottt 45
CHAPTER THREE: MATERIALS AND METHODS.....ccccieieteinenennnnnn.. 47
L INrOdUCTION. ... 47
3.2 Study Area DesCription..........coouiieii i 51
321 BaloK RIVEN ... e
3.2.1.1 Sampling Point SB1............oooiiiiiiiiii
3.2.1.2 Sampling PoiNt SB2.........ccoviiiiiiiiiee,
3.2.1.3 Sampling Point SB3...........ccoiiiiiiii
3.2.2Tunggak RIVEN ...oeii s
3.2.2.1 Sampling Point ST1..........ooooiiiiii e,

3.2.2.2 Sampling PoINt ST2. ..o,



3.2.2.3 Sampling Point ST3........oiiiii

3.3 Preparation Prior to Sampling and Laboratory Activities...............

3.4 In-situ Water Quality Parameters...............ccooevviiiiniiiiiiieiiennen,

3.5 Ex-situ (Laboratory) Analysis..........cceiiriiiiiiiiiiiieieeaea

3.5.1 Surface Water Collection and Analysis................cccoceeveevenne.

3.5.1.1 Sampling of Water Samples...............ccceiiiinnn.n.

3.5.1.2 Water Analysis (Direct Method)............................

3.5.1.3 Water Analysis (Pre-concentration Method).................

3.5.2 Sediment Collection and Analysis................cceiviieiieeiiennenn,

3.5.2.1 Sampling of Sediment Samples................coviievieie

3.6 Heavy Metals and Radioactive Element Analysis........................
3.6.1 Preparation of Standard Solution for Calibration

3.7 Analytical and Statistical Analysis.............cccoviiiiiiiiiiin,
3.7.1 Calculation of Data...........c.vuiiiiiiiiiniieeeeeeaeee
3.7.2 Environmetric Techniques.............ccooiiiiiiiiiiiiiniieiiens

3.7.2.1 Cluster Analysis (CA)......oovviriiiriiiiiiiiieieeeaen,
3.7.2.2 Principal Component Analysis (PCA)..........cccceccvenene.

CHAPTER FOUR: RESULTS AND DISCUSSION......ccccceeiiinnnnnee

AL INtrodUCtion. .. ..ot
4.2 In-situ Physico-chemical Water Quality Parameters................c......
4.2.2 pH of Total Sampling... .
4.2.3 Specific Conductivity of total samphng ...........................
4.2.4 Temperature of Total Sampling...
4.2.5 Turbidity of Total Sampling.............c.coevviviiiiiiiiiininnnn.
4.2.6 Salinity of Total Sampling................ooiiiiiiiiin,
4.3 Concentration in Surface Water...............ooviiiiiienenenene e
4.3.1Heavy Metals......c.oouiiiiiii i
4.3.2 Radioactive Elements..............coooiiiiiiiiiiii
4.4 Concentration in Sediments.............o.vieiiriiiiiiriiiiieeeeeeanen,
441 Heavy Metals......ccovviniiiiiii i,
4.4.2 Radioactive Elements...............cooiiiiiiiiii,
4.5 Environmetric AnalysiS........coovriiiiiii i
4.5.1 Cluster AnalysisS (CA).....ooririiii e
4.5.2 Principal Component Analysis (PCA)..........cccoovviiiiiiennn,

CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS...........

DL CONCIUSIONS. oo e

REFERENCES.....ctiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieiecietecncencsmmmnmni.

APPENDIX A: Conferences, Publications, Competitions, and Other

Related to the Research.....c.ecvveiieiiiiiiiniieiieniiiniianenns
APPENDIX B: Tide Calendar.......c.cccieiiieiiiieniieiineiceiessscssssscosenssns
APPENDIX C: Materials, apparatus, and inStrumentsS.......cceeeeeemmeennnennen.
APPENDIX D: Sediment SamPIesS...ceeeeeiieiieieniiererenieaseeseesnssnscscennns

APPENDIX E: ICP-MS (Daily Performance Report)...

APPENDIX F: ICP-MS (Qualitative Analysis Callbratlon Report) .........

69
70

81

88

92
92
93

106

112

118

126
126
129

131

146

148
151
152
154
155



Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 2.9
Table 2.10
Table 2.11
Table 2.12

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

LIST OF TABLES

Environmental Stable Elements

Environmental Radioactive Elements

Artificial Radioactive Elements

Applications of Radioactive Elements in Medication
Applications of Radioactive Elements in Industries
Applications of Radioactive Elements in Research Study
The Classification of Water Quality Parameters
National Water Quality Standards for Malaysia
NWQS Water Quality Classification

DOE-WQI Water Quality Classification

Summary of Major Categories of Water Pollutants
Sources of Urban and Agricultural Pollutants

Coordinates at the Sampling Points and Nearby
Activities of Balok and Tunggak River

Standard Running Conditions of Inductively Coupled-
Plasma Mass Spectrometry (ICP-MS)

Result of Heavy Metals Analysis Recovery Test (Direct
Method) for Surface Water Samples

Result of Radioactive Elements Analysis Recovery Test
(Direct Method) for Surface Water Samples

Result of Heavy Metals Analysis Recovery Test (Pre-
Concentration Method) for Surface Water Samples

Result of Radioactive Elements Analysis Recovery Test
(Pre-Concentration Method) for Surface Water Samples

Result of Heavy Metals Analysis on the Standard
Reference Material Estuarine Sediment (SRM 1646a)

Result of Radioactive Elements Analysis on the

Standard Reference Material Estuarine Sediment (SRM
1646a)

Xi

15
15
16
18
19
19
25
28
31
32
33
38

65

83

86

86

87

87

88

88



Table 4.1

Table 4.2

Table 4.3

Table 4.4

Parameters Used for In-Situ Water Quality Analysis in
this Study based on National Water Quality Standard for
Malaysia

Extraction Values of the Total Variance for Water
Quality, Heavy Metals and Radioactive Elements
Parameters

Rotated Component Matrix for Water Quality, Heavy
Metals, and Radioactive Elements Parameters

Correlation between Water Quality Parameters and
Concentration of Radioactive Elements and Heavy
Metals

xii

93

121

122

124



Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4

Figure 2.5
Figure 2.6

Figure 2.7

Figure 2.8
Figure 2.9
Figure 2.10
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12

Figure 3.13

LIST OF FIGURES

Periodic Table of the Elements
The Occurrence of Radioactive Isotopes
Annual Rainfall Intensity in Malaysia

River Water Quality Trend from Year 2005-2014 in
Malaysia

Global Water Quality Assessments of Rivers
First Option Classification based on WQI and WQA

The Point-Sources and Non-Point Sources that
Discharged into River

Act Used to Control Point-Sources Pollution

Water Pollution Sources Composition by Sector
Diagram of the Main Parts in Instrument of ICP-MS
Overall Research Study Framework

Overall Flow Chart of the Methodology

Map of Sampling Locations in Gebeng
Walkthrough Investigation

GPS for the Coordinate of the Sampling Stations
Sampling Point SB1

Sampling Point SB2

Sampling Point SB3

Sampling Point ST1

Sampling Point ST2

Sampling Point ST3

Digestion Vessels were Dipped into the 5% Nitric Acid

Teflon Bomb was Dipped into Decon and Clean with

Xiii

12
17
22

24

26
27

34

36
37
44
48
50
52
53
54
55
57
60
61
63
64
67
68



Figure 3.14

Figure 3.15
Figure 3.16

Figure 3.17

Figure 3.18
Figure 3.19
Figure 3.20

Figure 3.21

Figure 3.22

Figure 3.23
Figure 3.24
Figure 3.25

Figure 3.26

Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7

Figure 4.8

Sand Paper

Stored Clean Teflon Bomb, Glassware and Apparatus in
Cabinet

Hyrolab Used for Surface Water Collection
Taking In-Situ Parameters Reading by Using Hydrolab

Overall Methodologies of Surface Water Collection and
Analysis

Sampling Collection Methodology for Water Samples
Filtration Apparatus
A Schematic Drawing of the Column Used in this Study

Overall Methodologies for Sediment Samples
Preparation and Analysis

Sampling Collection Methodology for Sediment
Samples

Flow Diagram of Acid Digestion Procedure
Multi-Elements Calibration Standard
Inductively Coupled Plasma-Mass Spectrometry

Pictures of Standard Reference Materials (SRM) Used
for Sediment

Average DO of Total Sampling

Average pH of Total Sampling

Average Specific Conductivity of Total Sampling
Average Temperature of Total Sampling
Average Turbidity of Total Sampling

Average Salinity of Total Sampling

Average Heavy Metals Concentration of Total
Sampling in Surface Water from Balok River and
Tunggak River

Average Iron Concentration of Total Sampling in
Surface Water from Balok River and Tunggak River

Xiv

68

69
70

71

72
74
75

77

79

84

84

85

94

97
100
101
103
105
107

108



Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Average Radioactive Elements Concentration of Total
Sampling in Surface Water from Balok River and
Tunggak River

Average Heavy Metals Concentration of Total
Sampling in Sediment from Balok River and Tunggak
River

Average Iron (Fe) Concentration of Total Sampling in
Sediment from Balok River and Tunggak River

Average Radioactive Elements Concentration of Total
Sampling in Sediment from Balok River and Tunggak
River

A Dendrogram from Hierarchical Cluster Analysis that
Showed Spatial Clusters of Six Sampling Sites at Balok
and Tunggak River

Scree Plot for Variables Study in This Research

XV

110

112

115

117

119

120



LIST OF SYMBOLS

< Less than

% Percent

° Degree

°C Degree Celcius

+ Plus Minus

g Gram

kg Kilogram

mL Millilitre

ug/g Microgram per gram
ng/kg Microgram per kilogram

mg/L Milligram per litre
ppb Parts per billion

ppm Parts per million

XVi



APHA
As

Cd

Cr
COs
Cu

DO
DOE
EDTA
Fe

HCI
HCOs
HCO;’
HF
HNO;
ICP-MS
NWQS
Mn
NH,*
Ni
NO;3’
Pb

PO.>

LIST OF ABBREVIATIONS

American Public Health Association
Arsenic

Cadmium

Chloride ion

Carbonate ion

Copper

Dissolved Oxygen

Department of Environment
Ethylenediaminetetraacetic acid

Iron

Hydrochloric Acid

Bicarbonate ion

Bicarbonate ion

Hydrofluoric Acid

Nitric Acid

Inductively Coupled Plasma Mass-Spectrometry
Interim National Water Quality Standard
Manganese

Ammonium ion

Nickel

Nitrate ion

Lead

Phosphate ion

XVii



S0,” Sulphate ion

Th Thorium

U Uranium

UNSCEAR United Nations: Scientific Committee on the Effect of Atomic Radiation
USEPA United States Environmental Protection Agencies

Zn Zinc

xviii



CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Everything around us is made of elements or different types of atoms. Radioactive
elements refer to the atoms that contain an unstable combination of neutrons and
protons which are the elements that have an atomic number higher than 83 in the
periodic table. This combination can occur naturally or by altering the atoms. The
nucleus of the elements may degenerate at any period of time, which is known as the
half-life. While the half-life varies from element to element, it provides a good
probability of the life of a radioactive element.

Furthermore, heavy metals have no specific meaning because they have a
variety of definitions in term of atomic number, atomic weight, density, and toxicity.
However, all heavy metals possess metallic properties such as shiny, high density, and
ductile. Heavy metals are considered as very hazardous pollutants to the environment
and ecosystem due to their toxicity, persistence, and bioaccumulation problems (Ye et
al., 2012). They can be divided into essential metals and lethal metals based on their
toxicity. For example, the heavy metals that are dangerous such as mercury, cadmium,
arsenic, and lead are the toxic pollutants that can pollute the water resources and
rivers.

Malaysia is one of the countries that rich with its bounty of water resources and
these resources are contributing to the economic and development of the country.
Currently, one of the activities that gave clearly a beneficial economic development

for countries is mining exploitation and also industrial activities. Therefore, water is



becoming the natural resources that are very important to the earth and its residents for
domestic and industry user. However, the conditions of water resources in Malaysia
were changing with the urbanization and industrialization growth. The river quality
monitoring program conducted by Department of Environment (DOE) in 2014 found
that 52% of the river in the country was found to be clean, 39% slightly contaminated
and 9% contaminated, where the major sources of pollution were contributed by the
beverage industries (Afroz and Rahman, 2017).

Generally, the industrial activities are generating a lot of pollutants through
their production and manufacturing process. Hence, these activities may cause
extensive damages to the environment, river ecosystem, and human health if the
concentration of toxic pollutants such as heavy metals and radioactive elements in the
rivers are higher than the permissible limit. Besides, the leachate, industrial effluents,
and wastewater originated from those areas will flow to the rivers and causes the
deterioration of surface water quality. In addition, the agricultural activities also tend
to be done near the river due to the excellent fertility of soils, caused by the nutrients
deposited and agricultural runoff when the river overflows (Singh et al., 2017).

Other sources of pollutants in rivers may come from domestic waste,
wastewater from septic tanks, and stormwater runoff. The release of these pollutants
into the lakes, streams, rivers, estuaries, and oceans may cause the interference with
the beneficial use of the water or with the natural functioning of ecosystems. In
addition to the release of substances such as chemicals or microorganisms, water
pollution may also include the release of energy, in the form of radioactivity or heat,
into the water bodies. In short, river water bodies can be polluted by several
pollutants, including the pathogenic microorganisms, organic waste, plant nutrients,

toxic chemicals, sediments, heat, petroleum, and radioactive substances.



Hence, the rapid growth of industrial development may impose severe stress on
the available water resources in terms of clean water supply. The deteriorating of
water quality and the depletion in the availability of water resources due to the
radioactive element and heavy metals pollution may harm the public health.
Therefore, it has been attracting a lot of public attention recently, especially those
researchers in the hydrology and environmental biotechnology field. The previous
study showed that the toxicity and accumulation of heavy metals and radioactive
elements do not only depend on the metals concentrations but on other factors. These
factors include the form in which the metals are present, the type and concentration of
other materials present and the integration of physicochemical water quality
parameters (Rahman et al., 2017).

This phenomenon has stimulated the search for prevention and treatment
strategies against the deteriorating of water quality and the pollution of radioactive
elements and heavy metals in rivers such as bioremediation and phytoremediation
technology. However, in order to achieve that, a clear picture about the continuous
monitoring of surface water quality and the isotopes such as heavy metals and
radioactive elements present in it should be identified first, as it will provide keywords
or primary data for easier detection of main sources of pollutant in the rivers. The
isotope of heavy metals and radioactive elements are the special value for detecting
the residence time and monitoring its concentration in rivers that assuming that there
IS no contamination of the water has occurred.

Hence, this research can be addressed to solve the surface water pollution
issue. A number of studies investigated about water quality and heavy metals (Akyuz
et al., 2001; McComb et al., 2014), but there is no research that focusing on the

radioactive elements in surface water and sediment for tracing the pollution sources by



using environmetric techniques had been done yet. Under this circumstance, an
attempt was taken to investigate the present status of rivers by tracing the main
sources of pollutant loading in rivers within an industrial area by using an
environmetric technique such as Cluster Analysis (CA) and Principle Component
Analysis (PCA). Besides, the trend of physicochemical water quality parameters
readings and the concentration of heavy metals and radioactive elements measured in
surface water and sediment were discussed and compared with local and international
permissible limits.

Basically, this research was done in Pahang state, focusing more on Gebeng
Industrial Area. The area is about 20 km far from Kuantan City and near to the
Kuantan port. There are two rivers are flowing through this industrial area namely as
Balok and Tunggak. This area is actively involved in various types of land use
activities such as agricultural activities, restaurant and residential area at the
downstream part of both rivers and also industrial activities including petrochemical

and rare-earth processing plant.

1.2 PROBLEM STATEMENT

Recently, rivers were continuously loaded with numerous chemical pollutants from
anthropogenic and non-anthropogenic sources, thus resulted in alarming
concentrations of heavy metals and radioactive elements in surface water and
sediment. Speedy and prompt developments in the industrial sector at Gebeng threaten
the water quality status of the rivers and deteriorating the environmental conditions
around the area due to the wastes that produced from this industrial area were alleged
to be indirectly discharged into the adjacent rivers (Abdullah et al., 2015). Hence, the

random discharge of the wastewater and effluents from the industries and sewerage



treatment plants along the river catchments around Gebeng area were harming the
water quality status (Sujaul et al., 2013).

According to records of Department of Environment (DOE) in year 2008,
about 17,633 of water pollution cases originated from point sources in Malaysia
covered of 54.01% from sewage treatment plants, 38.73% from manufacturing
industries, 4.48% from animal farms and 2.78% from agro-based industries (Afroz et
al., 2014). This collected data showed that almost all of the point sources are due to
the development of industrial activities and this problem also occurred in Gebeng
Industrial Area.

Besides, the other activities such as deforestation and reclamation also actively
done in this area due to a lot of new construction sites have been developed.
Therefore, the sediments in this area had also been contaminated and the process of
contamination had been enhanced with the discharge of industrial effluents. The
contamination of sediment was a common problem in the rivers of any industrial
estate (Krishna and Govil, 2007; Shukurov et al., 2009) just like in Gebeng area. The
sediments may act not only as sinks but also as the sources of contamination indicator
in the river systems.

Under certain condition, toxic pollutants such as heavy metals and radioactive
elements that accumulated in sediments could be released to the surface waters and
thus been further taken up by the human (Ghosh and Singh, 2005). They are
accumulated in the sediment in Balok and Tunggak River for a long time and
therefore pose an auxiliary toxic to the whole aquatic animals and plants that in
contact with the river water (Gbaruko and Friday, 2007; Yadav et al., 2017).

The sediments can be deposited when suspended particles settle down to the

bottom of a body of water, due to the water flow slows down or stops (Muller et al.,



2017). This can significantly reduce the quality of water in Balok and Tunggak River
as the turbidity in this area might be higher than the permissible limits. Hence, the
surface water pollution and contaminated soil can bother the resident’s livelihood
because by using this polluted water as their drinking sources may harm the health of
residents, and also create several of diseases and disasters especially water-borne
disease. Yet, any in-depth study on the tracing of main pollutant sources involving the
radioactive elements at Gebeng Industrial Area as well as in east-coast of peninsular
Malaysia was never been done; neither the study of surface water nor sediment
contamination. Therefore, there are very limited efforts and baseline information that
had been produced regarding the treatment of the wastewater from the industries
especially from the rare earth treatment plants and also the sewage from the residential
area.

Presently, the Department of Environment (DOE) was monitored Tunggak
River in the downstream part only (Sujaul et al., 2013). Even though these efforts had
gained some information regarding the condition of the river in Gebeng, but it could
not indicate the overall real scenario in the rivers because the study should be done
from the upstream area until the downstream area. Therefore, there is a need to assess
the physicochemical water quality parameters, the concentration of heavy metals and
radioactive elements in surface water and sediment from the River of Balok and
Tunggak, and lastly to find out the main pollutant sources that can generate several
important information for the authority concerned or policymakers to take proper

action for better management of river water in Gebeng Industrial Area.

1.3 RESEARCH QUESTIONS

I.  What is the in-situ physicochemical water quality parameter reading in



