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ABSTRACT

A significant environmental issue associated with mining and sulphide minerals is acid
mine drainage (AMD). Soil, groundwater, and surface water are all negatively impacted
by AMD's high acidity and harmful metal concentration. Oxidation of sulphide and
indirect oxidation of ferric ion led to creation of AMD. The water quality is bad with
pH level is acidic and not suitable for recreation. The quality of water needs to be
restored by removal of ferric ion and suitable treatment methods need to be developed.
Hence, for this study, Tasik Puteri is selected as a research base. Among the objectives
to be achieved was to characterise water quality of Tasik Puteri based on heavy metals
analysis using Inductively Coupled Plasma - Optical Emission Spectrometry (ICP-
OES) and pH before ferric ion removal. Next, to prepare and characterise CAMC using
Fourier Transform Infrared Spectroscopy (FTIR) and Thermogravimetry Analysis
(TGA) as an adsorbent in phyto-adsorption integration. Then, the effectiveness of
phyto-adsorption integration for the removal of ferric ion experimentally based on pH
and ferric ion content in water, plant and sand before and after treatment. The interaction
of ferric ion and CAMC through molecular modelling by BIOVIA Material Studios
were also being analysed in this study. A novelty approach is done through an integrated
phyto-adsorption for the removal of ferric ion from acid mine drainage. The advantages
of integrated phytoremediation and adsorption using modified cellulose are cost
effective and environmental friendly. The study was initiated with an analysis of Tasik
Puteri water followed by CAMC synthesis and characterisation. Next, pilot plant study
of integrated phyto-adsorption was conducted along with an investigation of the
molecular interaction of CAMC and ferric ion. The study confirmed that the water is
higher of iron content of 1.652 + 0.159 ppm to 2.213 £+ 0.052 ppm. The results is higher
than permissible limit by Interim National Water Quality Standards for Malaysia
(INWQS) with pH value around 3-4 and fall under Class V that is suitable for irrigation
confirmed the occurrence of AMD. Synthesis and characterisation of CAMC as a new
potential adsorbent for ferric ion showed that the carbonyl group is successfully
embedded in CAMC through FTIR and TGA. Finally, phyto-adsorption integration
successfully reduce the ferric ion in water by 98.71% simultaneously increase pH in
water by 83.33% and decrease of Fe in sand by 17%. Other than that, based on radial
distribution function (RDF) analysis in molecular modelling, it can be concluded that
ferric ion were adsorbed on CAMC solvent molecules surface via the formation of Fe-
O bond, Coulomb interaction as well as Van der Waals forces. In conclusion, phyto-
adsorption integration successfully remove ferric ion and proved by molecular
modelling. Furthermore, phyto-adsorption integration can also be a model for an
industrial field that relates to iron.



ACKNOWLEDGEMENT

First and foremost, | would like to say all praise to Allah for all the blessings and grant
me the courage to learn and finish this challenging journey. Of all that matters, | am just
a humble slave forever will be asking for His help and protection.

Secondly, | would like to thank my respected and great supervisors for all the tips,
guidance and most importantly, their patience. They have given me the opportunities
and time for me to expand my skill in research. I have realized that being a post graduate
student especially doctoral studies are more on effort than intelligence. This incredible
journey has shaped me to become stronger and more perseverance which in turn I hope
will become handy in the future.

Not to forget, thank you to all my colleagues in Chemical Engineering from Universiti
Teknologi MARA and Universiti Kebangsaan Malaysia especially Dr Izzati, Noraida,
Izathul Shafina, Zam, Umi Rafiah Binti Shukri, Mohd Zulfahmi , Mohd Fitri, Dr Nik
for the continuous support during the time when the experiment was carried out.

A special thank you to my beloved husband, Razmidi bin Kassim, my daughter
Nurussa’adah and my son, Mohammad Lutfi Hadi for their continuous support and
endless love who are always besides me in completing the study. Their continuous
advice, supports and presence have given me much strength to maintain my mind and
determination to finish this study.

Finally, this thesis is dedicated to the memory of my late father, Ambong @ Khalid
bin Ngah, my late mother, and my siblings; Yusof, Ahmad,
Zaleha, Khalidah, my late brother Ismail and Mariah for the support throughout the
completion of this thesis. Last but not least, I wish to thank everyone who have shown
their support whom | failed to mention here.

Again, thank you.
Supervisors:

Associate Professor Ts. Dr. Sarifah Fauziah Syed Draman,
School of Chemical Engineering, College of Engineering,
Universiti Teknologi MARA.

Prof. Ir. Dr. Siti Rozaimah Sheikh Abdullah,
Faculty of Engineering and Built Environment,
Universiti Kebangsaan Malaysia

Associate Professor Dr. Nornizar Anuar
School of Chemical Engineering, College of Engineering,
Universiti Teknologi MARA



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION
ABSTRACT
ACKNOWLEDGEMENT
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS
LIST OF NOMENCLATURE

CHAPTER 1 INTRODUCTION

1.1  Research Background

1.2 Problem Statement

1.3  Research Objectives

1.4 Scope and Limitation of the Study
1.5  Significance of Study

1.6 Thesis Layout

CHAPTER 2 LITERATURE REVIEW
2.1  Introduction
2.2 Mining Industry
2.3 Acid Mine Drainage
2.3.1 Impact of Acid Mine Drainage
2.3.2 Types of Heavy Metals Associated With AMD
2.4 Water Quality
2.5  Tasik Puteri

2.6 Impact of Iron on the Environment

Vi

Page

Xii
A\
XV
XVi

XVii

A D WODN PP P

o o o O

10
13
14
16
17



CHAPTER 1
INTRODUCTION

1.1 Research Background

The physical and chemical deterioration of surface and ground waters are
possible effects of mining. These effects include acidic or salty water discharges, which
frequently contain dissolved metals and other components associated to mines, as well
as sediment deposition and discharge in rivers and lakes (Singh et al., 2022). Acid mine
drainage (AMD), often known as acid mine drainage, is a significant issue for water
quality that is associated with mining. Sulfide-containing materials undergo direct
oxidation, which is followed by the indirect oxidation of ferric ions, resulting in AMD
(Luis et al., 2022). It results in acidic fluids that mobilize sulfate, other dissolved solids,
and hazardous metals. These waters can contaminate drinking water and reduce the
viability of the habitat for aquatic life when they are released into nearby aquifers, lakes,
and streams (Akhtar et al., 2021). As a result of iron ore mining, Tasik Puteri, a known
recreation lake which was once used in the iron ore washing process for Bukit Besi
mining. It is a man-made lake which is a built dam from Sungai Dalam stream (Zulkefli
& Awang Besar, 2021). Unfortunately, the lake is suspected to be linked with AMD
which is one of the main water pollutant in the field of mining and a global problem
that contributes to ecological destruction in water (Jouini et al., 2020). In order to restore
the quality of water, a suitable method need to be developed.

Today, world development has turned to green technology as an alternative
technology to treat polluted water areas. One of the green technology is
phytoremediation, an emerging and innovative clean-up technology of the plant - based
for the environmental (Atia et al., 2019). Phytoremediation can be applied to large areas
and it is useful for treating a wide variety of contaminants such as toxic elements,
radionuclides and organic substances and growth media such as soils, sludges,
sediments and water since it is environmentally friendly method and an economical
energy-efficient (Karn et al., 2021).

Other than that, adsorption, chemical precipitation, ion exchange and solvent
extraction are among the methods used for the removal of trace metals from water

(Qasem et al., 2021). However, adsorption is one of the most interesting methods since



