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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment
of the requirement for the degree of Doctor of Philosophy

DEVELOPMENT OF A HYBRID TECHNIQUE BY INTEGRATING
ELECTROLYSIS WITH SAGO PALM BARK ACTIVATED CARBON TO
TREAT LANDFILL LEACHATE

By

IQBAL KHALAF ERABEE

November 2017

Chairman : Amimul Ahsan, PhD
Faculty : Engineering

In this study, a hybrid technique using electrolysis reactor and activated carbon (AC)
adsorption was developed in order to decrease organic and inorganic contaminates
which are considered important environmental concerns and an important issue to save
the water environment. A sample of raw landfill leachate was collected from the Jeram
Sanitary Landfill (JSL).The parameters studied were pH, chemical oxygen demand
(COD), biochemical oxygen demand (BOD), total suspended solids (TSS), total
dissolved solids (TDS), electrical conductivity, salinity, turbidity, phosphate,
ammonia-nitrogen (NHs-N), nitrate and some heavy metals, e.g. zinc (Zn), copper
(Cu), sulphide (S), manganese (Mn) and hexavalent chromium (Cr (V1)).

The maximum removal efficiency for TDS, TSS, COD, BOD, salinity, turbidity, Zn
and Mn were 78, 82, 94, 87, 82, 87, 87 and 93%, respectively using 60 V electrical
potential at contact time (CT) of 120 min. Secondly, the adsorption process using
modified AC with potassium permanganate (KMnQOa) showed that the removal of
these parameters was proportional to the increase of CT (30-360 min) and adsorbent
dose of AC (3-10 g/L). The optimum removal efficiencies of TSS, NH3-N, Zn, Cu and
sulphide were obtained as being equal to 91, 99 86, 100 and 57%, respectively, at CT
of 240 min and 10 g/L adsorbent dose using AC-KMnQsa.

Two raw materials sago palm bark (SPB) and date pits were utilised as precursors for
the preparation of AC by the physicochemical method using activation agents of zinc
chloride (ZnCl,), potassium hydroxide (KOH) and sulphuric acid (H2SOa4). N:
adsorption-desorption analysis was carried out for porosity characterization of the AC.
Thermographimetric (TGA) analysis was also done for the two raw materials. The



prepared AC from SPB (AC-SPB) and date pits (AC-DP) showed the maximum
surface area of 1737.72 m?/g and 1443.45 m?/g, respectively at 700°C activation
temperature.

The maximal removal percentages using the dose of 10 mg/L and CT of 180 mins for
BOD, COD, NHz-N, Zn and Cr (V1) were 93, 95, 78, 78 and 85%, respectively using
the prepared AC-SPB. The morphology of the AC was studied through the scanning
electron microscopy (SEM) and Energy Dispersive X-Ray Spectroscopy (EDX)
patterns. The surface groups present on the AC surface were determined by the Fourier
Transform Infrared Spectroscopy (FTIR) analysis. Adsorption isotherms were
determined by using Langmuir and Freundlich isotherms. A kinetic study was
performed using the pseudo first order and pseudo second order adsorption. The
adsorption isotherms of BOD, COD, NHz-N, Zn, and Cr (VI) using the modified AC
were well fitted to the Langmuir isotherm.

The values of final concentrations of heavy metals (Zn, Mn, Cu, sulphide) are (0.5,
0.17, 0.0, and 0.4 mg/L, respectively) lower than the standards for discharge of
leachate required by Department of Environment (DOE, 2010), which equal to (2.0,
0.20, 0.20 and 0.50 mg/L), respectively.

Finally, a pilot plant for the treatment of leachate was designed consisting of an
electrolysis reactor with a pair of anode electrodes made from aluminum and a pair of
cathode electrodes made from iron followed by secondary treatment using the
activated carbon adsorption process. The dynamic adsorption behaviour was evaluated
using the Thomas, Yoon-Nelson and the Adam’s-Bohart models. The experimental
results of the fixed-bed column showed increased removal capacity of NH3z-N from
14.33 to 20.81 mg/g. In addition, the Zn and Cr (VI) removal capacities were seen to
increase from 7.56 to 8.167 mg/g and 10.5 to 13.23 mg/g, respectively.
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Di dalam kajian ini, teknik hibrid menggunakan rawatan elektrolisis dan penjerapan
karbon teraktif untuk mengurangkan jumlah pencemaran bahan organik dan bukan
organik yang tinggi yang dianggap sebagai salah kebimbangan utama alam sekitar dan
yang merupakan isu penting untuk menyelamatkan persekitaran air. Sampel larut
resap mentah tapak pelupusan penimbusan tanah yang diambil dari Tapak Pelupusan
Sanitari Jeram (JSL) dirawat dengan teknik. Parameter yang dikaji ialah pH,
permintaan oksigen kimia (COD), permintaan oksigen biologi (BOD), jumlah pepejal
terampai (TSS), jumlah pepejal terlarut (TDS), kekonduksian, kemasinan, kekeruhan,
fosfat, ammonia-nitrogen (NHs-N), nitrat dan beberapa logam berat, contohnya zink
(Zn), kuprum (Cu), sulfida, mangan (Mn) dan kromium heksavalen (Cr (V1)).

Kecekapan penyingkiran maksimum untuk TDS, TSS, COD, BOD, kemasinan,
kekeruhan, Zn dan Mn adalah 78, 82, 94, 87, 82, 87, 87 dan 93%, masing-masing,
menggunakan potensi elektrik 60 V selepas masa sentuhan 120 minit. Kedua, proses
penapisan menggunakan AC diubahsuai dengan kalium permanganat
(KMnO4) menunjukkan bahawa penyingkiran parameter-parameter ini adalah
berkadar dengan peningkatan masa sentuhan (30-360 min) dan dos penjerap AC (3-
10 g/L). Kecekapan penyingkiran optimum TSS, NHsz-N, Zn, Cu dan sulfida
diperoleh sebagai sama dengan 91, 99 86, 100 dan 57%, masing-masing, selepas 240
min dan 10 g/L dos penjerap menggunakan AC-KMnOa.



Dua bahan mentah iaitu kulit kayu pokok sagu (SPB) dan biji kurma telah digunakan
sebagai prapenanda untuk penyediaan AC dengan kaedah fizikokimia menggunakan
agen pengaktifan zink klorida (ZnCl,), kalium hidroksida (KOH) dan asid sulfurik
(H2S04).  Analisis  penjerapan-nyaherapan N> telah dijalankan  untuk
pencirian keliangan AC. Analisis termografimetrik (TGA) juga telah dilakukan
untuk kedua-dua bahan mentah tersebut. AC yang disediakan dari SPB (AC-SPB) dan
biji kurma (AC-DP) menunjukkan kawasan permukaan maksimum 1737.72 m?/g dan
1443.45 m?/g masing-masing pada suhu pengaktifan 700°C.

Peratusan penyingkiran maksimum dilihat bagi dos 10mg/L dan masa sentuhan 180
minit untuk BOD, COD, NHs-N, Zn dan Cr (VI) adalah 93, 95, 78, 78 dan 85%,
masing-masing menggunakan AC-SPB yang disediakan.

Morfologi AC dikaji melalui pemeriksaan kemikroskopan elektron imbasan (SEM)
dan corak Kespekroskopan X-Ray Serakan Tenaga (EDX). Kumpulan-kumpulan
permukaan yang hadir di permukaan AC ditentukan oleh analisis Kespektroskopian
Inframerah Penjelmaan Fourier (FTIR). Isoterma penjerapan telah ditentukan dengan
penggunaan isoterma Langmuir dan Freundlich. Satu kajian kinetik dianalisis
dengan menggunakan order pertama pseudo dan order kedua pseudo.

Isoterma penjerapan BOD, COD, NHs-N, Zn, dan Cr (V1) yang menggunakan karbon
teraktif diubahsuai sesuai dengan isoterma Langmuir.

Nilai kepekatan akhir ;ogam berat adalah 0.5,0.17, 0.0 dan 0.4 mg/L lebih rendah
daripada piawaian untuk pelepasan larut resap yang dikehendaki oleh jabatan
persekitaran (DOE, 2010) yang untuk Zn, Mn, Cu dan sulfida bersamaan dengan (2.0,
0.2, 0.2, dan 0. Mg/L) masing-masing.

Akhirnya,  kilang  perintis  untuk  rawatan  resap  direka  terdiri
daripada reaktor elektrolisis dengan sepasang elektrod anod diperbuat daripada
aluminium dan sepasang elektrod katod diperbuat daripada besi diikuti dengan
rawatan sekunder menggunakan proses penjerapan karbon teraktif. Tingkah laku
penjerapan dinamik dinilai menggunakan model-model Thomas, Yoon-Nelson dan
Adam’s-Bohart.  Keputusan  eksperimen  turus dasar-tetap  menunjukkan
peningkatan kapasiti penyingkiran NH3z-N dari 14.33 ke 20.81 mg/g. Selain itu,
kapasiti penyingkiran Zn dan Cr (V1) dilihat meningkat dari 7.56 ke 8.167 mg/g dan
10.5 ke 13.23 mg/g, masing-masing, apabila ketinggian dasar ditingkatkan dari 5 ke
15 cm.



ACKNOWLEDGEMENTS

First of all, my deepest and wholehearted thanks to ALLAH, the almighty, for without
His blessings, guidance and support, this work would have never been possible. |
would like to express my gratitude to my supervisor Dr. Amimul Ahsan for his
guidance, support, cooperation and patience during the period of my Ph.D. study.
Also, like to thank all my supervisory committee members, namely Dr. Nik and Dr.
Syazwani for their limitless motivation and assistance throughout my study. Specially,
I would like to thank my husband, Mr. Ahmed for his support and encouragement that
has been so valuable to me. Thanks to Mr. Aminuddin Amdan for his skillful technical
assistance in helping me conducting the experimental work of my research. Many
thank to all my colleagues and friends those who provide me with their insightful
remarks and comments during my study. Finally, 1 would like to thank the Ministry of
Higher Education and Scientific Research of Iraq for financial support of my
scholarship.



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:

Amimul Ahsan, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Chairman)

Nik Norsyahariati Binti Nik Daud, PhD
Senior Lecturer

Faculty of Engineering

Universiti Putra Malaysia

(Member)

Syazwani Binti Idrus, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Member)

ROBIAH BINTI YUNUS, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by graduate student

| hereby confirm that:

Signature: Date:

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 copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the 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 the 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

Name and Matric No.: Igbal Khalaf Erabee, GS41191

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

o the research conducted and the writing of this thesis was under our
supervision;

o supervision responsibilities as stated in the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) were adhered to.

Signature:

Name of Chairman

of Supervisory

Committee: Dr. Amimul Ahsan

Signature:

Name of Member

of Supervisory

Committee: Dr. Nik Norsyahariati Binti Nik Daud

Signature:

Name of Member

of Supervisory

Committee: Dr. Syazwani Binti Idrus




TABLE OF CONTENTS

Page
ABSTRACT i
ABSTRAK ii
ACKNOWLEDGEMENTS v
APPROVAL Vi
DECLARATION viii
LIST OF TABLES XV
LIST OF FIGURES Xviii
LIST OF ABBREVIATIONS XXIV
CHAPTER

1 INTRODUCTION 1

1.1  Background 1

1.2 Problem Statement 3

1.3  Objectives 5

1.4 Scope of the Study 5

1.5  Thesis Composition and Structure 5

2 LITERATURE REVIEW 7

2.1  General Description of Landfill Leachate 7

2.2 Impact of Landfill Management on Leachate Composition 8

2.3 Chemical Components in Leachate 9

2.3.1 Nitrogen 9

2.3.2  Ammonia 10

2.3.3 Nitrate / Nitrite 11

2.3.4 Organic Nitrogen 11

2.3.5 Organics 11

2.3.6 Phosphorus 12

2.3.7 Alkalinity 12

2.3.8 Heavy Metals 12

2.3.9 pH 12

2.3.10 Electrical Conductivity 13

2.4  Leachate Treatment Mechanisms 13

2.4.1 Physicochemical Methods 14

2.4.2 Electrolysis Method 15

2.4.2.1 Background and History of Electrolytic Method 15

2.4.2.2 Advantages of Electrochemical Process 19

2.5  Activated Carbon 20

2.5.1 Definition of Activated Carbon 20

2.5.2  Application of Activated Carbon 21

2.5.3 Porous Structure and Surface Area 21

2.5.4 Classification of Activated Carbon 22

2.5.4.1 Powdered Activated Carbon (PAC) 23

2.5.4.2 Granular Activated Carbon (GAC) 23



2.6

2.7

2.5.4.3 Activated Carbon Fibre (ACF)
2.5.5 Raw Materials of Activated Carbon
2.5.6 Activated Carbon Modification Methods
2.5.7 Process of Activated Carbon Preparation
2.5.7.1 Physical Activation Process
2.5.7.2 Chemical Activation Process
2.5.7.3 Physicochemical Activation Process
2.5.8 Mechanism of Adsorption
2.5.8.1 Types of Adsorption
2.5.8.2 Adsorption Isotherm
2.5.8.3 Adsorption Kinetic Study
Modelling of the Column Study
2.6.1 Thomas Model
2.6.2 Yoon —Nelson Model
2.6.3 Adam’s — Bohart model
Summary

MATERIALS AND METHODS

3.1
3.2

3.3

3.4

Introdction

Raw Leachate Collection

3.2.1 Laboratory Analysis for Raw Leachate Samples
3.2.11 pH
3.2.1.2 Electrical Conductivity (EC) Measurement
3.2.1.3 Total Dissolved Solids (TDS) Measurement
3.2.1.4 Total Suspended Solids (TSS)
3.2.1.5 Salinity Measurement
3.2.1.6 Turbidity Measurement
3.2.1.7 Biochemical Oxygen Demand (BOD)
3.2.1.8 Chemical oxygen demand (COD)
3.2.1.9 Nitrate - Cadmium Reduction Method
3.2.1.10 Ammonia — Nitrogen Salicylate Method
3.2.1.11 Heavy Metals Testing

Treating Landfill Leachate using Electrolysis Process

3.3.1 Electrolysis Process with Different Electrode Materials

3.3.2 Electrolysis Treatment with Different Electric
Potentials and Different Electrolysis Times

3.3.3 Electrolysis Treatment with Different Distances
between Electrodes

23
23
24
26
27
27
29
30
30
31
34
35
36
36
36
37

38
38
38
40
40
40
40
41
41
41
41
42
42
43
43
44
45

47

47

3.3.4 Electrolysis Treatment with Different NaCl Concentrations 48

3.3.5 Electrolysis Treatment with Different pH
Activated Carbon Treatment
3.4.1 Modification Methods of Commercial AC
3.4.1.1 Treating of Activated Carbon with Heating

48
48
48
49

3.4.1.2 Modification of Activated Carbon with Nitric Acid

(HNO3)
3.4.1.3 Treating Activated Carbon with Potassium
Permanganate (KMnOQs)
3.4.2 Adsorption Test using Modified AC

Xi

50

51
52



4

3.4.3 Batch Adsorption Test 52
3.4.4 Adsorption Isotherm Models 54
3.5  Preparation and Characterisations of Activated Carbon 55
3.5.1 Preparation of Activated Carbon from Raw Materials 55
3.5.1.1 Sago Palm Bark (SPB) 55
3.5.1.2 Date Pits 55
3.5.2 Preparation of Activated Carbon 56
3.5.2.1 Effect of Impregnation 58
3.5.2.2 Effect of Activation Temperature 58
3.5.3 Characterisation of Prepared Activated Carbon 58
3.5.3.1 Moisture Content 58
3.5.3.2 Ash Content 59
3.5.3.3 Yield 59
3.5.3.4 Ultimate analysis 59
3.5.3.5 Thermogravimetric Analysis 59
3.5.3.6 Porosity Characterisation 60
3.5.3.7 Analysis of Surface Chemistry 60
3.5.3.8 Scanning Electronic Microscopy (SEM) and
EDX- Analysis 60
3.6 Adsorption Experiments 60
3.7  Continuous Experiments with a pilot plant 61
3.7.1 Removal Efficiency of Parameters for Treated Solution 63
3.7.2 Analysis of the Fixed-Bed Column Experimental Data 63
RAW LEACHATE CHARACTERIZATIONS AND
ELECTROLYSIS TREATMENT 66
4.1 Introduction 66
4.2  Characterizations of Raw Leachate 66
4.3  Electrolysis Treatment of Landfill Leachate 67
4.3.1 Effect of Electrode Materials on Removal Efficiencies of
Parameters 67
4.3.2 Effect of Electric Potential on the Efficiency of Electrolysis
Process 69
4.3.3 Effect of pH on the RE of Parameters 75
4.3.4 Effect of Distance Between Electrodes on RE of Paramteres77
4.3.5 Effect of NaCl Concentration on RE of Parameters 78
ADSORPTION TREATMENT USING ACTIVATED CARBON 82
51 Introduction 82
5.2  Modification Methods of Commercial Activated Carbon 82
5.2.1 Porosity Characterizations of Modified Activated Carbon 83
5.2.2 Batch Sorption 84
5.2.2.1 Effect of Contact Time and Adsorbent Dose on
Removal Efficiencies of AC-HNO; 84
5.2.2.2 Effect of Contact Time and Adsorbent Dose on
Removal Efficiencies using AC-KMnQO4 87
5.2.2.3 Effect of Contact Time and Adsorbent Dose on
Removal Efficiencies using AC-Heating 90

Xii



5.2.2.4 Adsorption Equilibrium Isotherms 95
5.2.2.5 Adsorption Kinetic Study 102
5.2.2.6 Surface and Chemical Analysis of Adsorbent 107
5.2.2.7 Fourier Transform Infrared Spectroscopy

(FTIR) 109
5.3  Preparation and Characterizations of Activated Carbon 111
5.3.1 Selection of the Precursor 111
5.3.2 Preparation of AC 114
5.3.3 Effect of the Carbonisation Temperature on the AC Yields 114
5.3.4 Effect of the Activation agents on the surface area of the
prepared ACs 115
5.3.5 Effect of different Process Parameters 117
5.3.5.1 Effect of the Impregnation Ratio 117
5.3.56.2 Effect of the Holding Time 120
5.3.5.3 Effect of the Activation Temperature 122
5.3.6 Optimal Preparatory Conditions for the AC-SPB and
AC-DP samples 124
5.3.7 Comparison of the porous characteristics of different
ACs prepared using various precursors and activated using
ZnCl, 125
5.3.8 FTIR Analysis of AC-SPB samples 126
5.3.9 Surface morphology of the AC samples 128
5.3.10 Batch Sorption using Prepared AC-SPB samples 129
5.3.10.1 Effect of the Contact Time and the Adsorbent
Dose on the Removal Efficiency of the Different
Parameters 130
5.3.10.2 Adsorption Equilibrium Isotherms 134
5.3.10.3 Adsorption Kinetic Study: 139
5.3.11 Removal Efficiency of the Different Parameters and a Final
Concentration Comparison with the Malaysian Standard 144
5.3.12 Comparison of Removal Efficiencies of Prepared AC with
Different Precursors 145
5.3.13 Surface chemistry of the Prepared AC-SPB Samples after
Adsorption 148
5.3.14 Surface Morphologies of the Prepared AC-SPB Samples
after Adsorption 149
PILOT PLANT STUDY 152
6.1 Introduction 152
6.2  Fixed- Bed Column Adsorption 152
6.3  Modeling of the Column Study 157
6.3.1 Thomas Model 157
6.3.2 Yoon —Nelson Model 158
6.3.3 Adam’s — Bohart model 159
6.4  Cost Analysis of Pilot Plant 159
6.4.1 Cost Estimation of Pilot Plant Components 159
6.4.2 Cost Analysis for the Electrical Energy Consumed 160

Xiii



7 CONCLUSIONS AND RECOMMENDATIONS 162

7.1 Conclusions 162
7.2 Recommendations 163
7.3 Novelty of this Study 164
REFERENCES 165
APPENDICES 213
BIODATA OF STUDENT 232
LIST OF PUBLICATIONS 233

Xiv



Table

2.1

2.2

2.3

24

2.5

3.1

3.2

3.3

4.1

4.2

4.3

5.1

5.2

5.3

5.4

5.5

5.6

5.7

LIST OF TABLES

Classification of landfill leachate according to the composition
changes (Foo and Hameed, 2009)

Chemical composition of MSW landfill leachates (Strachan, 1999)
Malaysian standards for discharge of leachate (DOE, 2010)
Classification of different pores sizes of a typical AC (IUPAC, 1972)

Different types of precursors and activating agents used in AC
production

Properties of granular activated carbon based on coconut shell
Details of electrolysis reactor

Components of the pilot plant

Initial characteristics of raw leachate taken from JSL

Characteristics of electrolyzed leachate using Al-Al and Al-Fe
Weight of electrodes before and after EC and weight of colloidal
impurities which collected on each electrode for 3 L of sample (CT=
120 min)

Porosity characterizations of modified ACs

Langmuir and Freundlich isotherms for adsorption parameters on
different modified activated carbon samples

Pseudo first order parameters for the adsorption on different ACs
Pseudo second order parameters for the adsorption on different ACs
Comparison of chemical and physical properties of the precursors

Different conditions for AC preparation and the various parameters
ranges used

Optimal preparatory conditions for ACs and their porosity
characteristics

XV

Page

10

14

22

29

49

62

62

67

68

81

83

102

106

107

112

114

125



5.8

5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19

6.1

6.2

6.3

6.4

6.5

Comparison of the porous characteristics of the prepared AC samples
using various precursors and activated using ZnCl»

Values for the prepared AC-DP samples using different activating
agents

Langmuir and Freundlich isotherms for different adsorption
parameters using AC-SPB

Pseudo-first order kinetic model parameters for adsorption on AC-
SPB

Pseudo-second order kinetic model parameters for adsorption on AC-
SPB

Treated leachate using electrolysis and activated carbon filter

Comparison of the BOD adsorption capacities of activated carbons
prepared from different precursors

Comparison of COD adsorption capacities of activated carbons
prepared from different precursors

Comparison of NHs-N adsorption capacities of activated carbons
prepared from different precursors

Comparison of Zn adsorption capacities of activated carbons
prepared from different precursors

Comparison of Cr (VI) adsorption capacities of activated carbons
prepared from different precursors

Different functional groups for AC-SPB along with their frequency
ranges

Components of the pilot plant
Fixed-bed column experimentation results

Thomas fitting parameters for the adsorption of NH3-N, Zn and Cr
(V1) on the prepared AC-SPB

Yoon-Nelson fitting parameters for the adsorption of NHz-N, Zn and
Cr (VI) on the prepared AC-SPB

Adam’s-Bohart fitting parameters for the adsorption of NHz-N, Zn
and Cr (V1) on the prepared AC-SPB

XVi

125

126

134

144

144

145

146

146

147

147

148

149

154

157

158

158

159



6.6  Cost estimation for different components of the pilot plant 160

6.7  Total costs of the power consumed 161

Xvii



Figure

1.1

2.1

2.2

2.3

24

2.5

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

4.1

LIST OF FIGURES

Schematic landfill cross-section, depicting characteristic constituents
of a water budget of a landfill (Knox, 2000)

Pollutants removal pathway in the electrochemical oxidation process
(Pletcher, 1990; Tsai et al., 1997)

Principle of electrocoagulation process (Calvo et al., 2003; Mollah et
al., 2004)

A typical pore size distribution of activated carbon (Gottipati, 2012)
Basic terms of adsorption theory (Eckhard, 2012)

Four main classes of isotherms

Flow chart of experimental work

Photograph of electrolysis reactor

Schematic diagram of electrolysis reactor

Sieving and heating AC in chamber furnace with 600°C
Drying AC in oven with 110°C

Mixing AC with KMnO4

Mechanical shaker with samples containing AC dosage
Schematic diagram of preparation of AC from raw material
Raw material used for activated carbon preparation

Milling raw material used for activated carbon preparation (a) SPB
(b) Date pits

Photograph of the leachate treatment pilot plant
Electrolysis reactor
AC filter

Percentage removal of electrolysis process with different electrodes

Xviil

Page

2

17

22

30

32

39

45

45

50

50

52

53

61

61

61

69



4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

Raw leachate and electrolyzed leachate using different voltage

Effect of different voltages and contact times on the final
concentrations (Ce) of parameters

RE with differnet voltages and contact times

Effect of pH values on Ce of paramters

Effect pf pH on RE of parameters

Effect of distance between electrodes on RE of parameters
Ce of paramters with different salt concentrations

RE with different rates of NaCl

Electrodes after electrolysis process

Electrolysis process

N2 gas adsorption-desorption isotherms of modified ACs
Effect of contact time on pH for different modified ACs

Effect of contact time and adsorbent dose on removal efficiencies
using AC-HNO3

Effect of contact time and adsorbent dose on removal efficiencies
using AC-KMnO4

Effect of contact time and adsorbent dose on removal efficiencies
using AC-Heating

Effect of contact time on removal efficiency of different modified
ACs

Langmuir isotherms of different modified ACs for BODs
Langmuir isotherms of different modified ACs for COD
Langmuir isotherms of different modified ACs for NHs-N
Langmuir isotherms of different modified ACs for Zn
Langmuir isotherms of different modified ACs for Cr (V1)

Freundlich isotherms of different modified ACs for BODs

XiX

70

72

74

76

77

78

79

80

80

81

83

85

87

90

93

95

96

96

97

98

98

99



5.13

5.14

5.15

5.16

5.17

5.18

5.19

5.20

521

5.22

5.23

5.24

5.25

5.26

5.27

5.28

5.29

5.30

5.31

Freundlich isotherms of different modified ACs for COD
Freundlich isotherms of different modified ACs for NHs-N
Freundlich isotherms of different modified ACs for Zn
Freundlich isotherms of different modified ACs for Cr (VI)

Pseudo first order for adsorption of BOD, COD, NH3-N, Zn and Cr
(VI) on different modified ACs

Pseudo second order for adsorption of BOD, COD, NH3-N, Zn and
Cr (VI) on different modified ACs

SEM images of modified ACs before and after adsorption
EDX analysis of modified ACs before and after adsorption

Determination of surface functional groups of AC-HNOs by FTIR
before and after adsorption

Determination of surface functional groups of AC-KMnO4 by FTIR
before and after adsorption

Determination of surface functional groups of AC-Heating by FTIR
before and after adsorption

TGA and DTG analysis for the raw materials (a) SPB (b) date pits
Effect of the carbonisation temperatures on the AC yield

Effect of different activation agents on the surface area and pore
volumes of the prepared AC-SPB

Effect of different activation agents on the surface area and pore
volumes of the prepared AC-DP

Effect of impregnation ratios on the surface area and the pore volume
of the AC-SPB activated using ZnCl,

Effect of impregnation ratios on the surface area and the pore volume
of AC-DP

Effect of various holding times on the values of the surface area and
the pore volumes of the prepared AC-SPB samples

Effect of various holding times on the values of the surface area and
the pore volumes of the prepared AC-DP samples

XX

100

100

101

101

104

106

108

109

110

110

111

113

115

115

116

118

119

121

121



5.32

5.33

5.34

5.35

5.36

5.37

5.38

5.39

5.40

5.41

5.42

5.43

5.44

5.45

5.46

5.47

5.48

5.49

Effect of the activation temperatures on the surface area and pore
volume of the AC-SPB samples

Effect of the activation temperatures on the surface area and pore
volume of the AC-DP samples

FTIR analysis of the (a) raw material SPB (b) Prepared AC —SPB
FTIR analysis of the (a) raw material, i.e., DP (b) Prepared AC —DP

SEM micrographs of (a) raw material, i.e., SPB (b) prepared AC-
SPBs

SEM images of (a) raw material, DP (b) prepared AC-DPs

Effect of the different adsorbent doses and contact times on the
removal efficiency for BODs using the AC-SPB

Effect of the adsorbent dosage and the contact times on the removal
efficiency of the COD using the prepared AC-SPB

Effect of different adsorbent doses and contact times on the removal
efficiency of NH3-N using prepared AC-SPB

Effect of different adsorbent doses and contact times on the removal
efficiency of Zn using prepared AC-SPB

Effect of different adsorbent doses and contact times on the removal
efficiency of Cr (V1) using prepared AC-SPB

Langmuir isotherms for BOD removal using AC-SPB for 180 min

Freundlich isotherm for the BODs removal using AC-SPB for 180
min

Langmuir isotherm for the COD removal using AC-SBP for 180 min

Freundlich isotherm for the COD removal using AC-SBP for 180
min

Langmuir isotherm for the NHs-N removal using AC-SBP for 180
min

Freundlich isotherm for the NH3-N removal using AC-SBP for 180
min

Langmuir isotherm for the Zn removal using AC-SBP for 180 min

XXi

123

124

127

128

129

129

130

131

132

132

133

134

135

135

136

136

137

137



5.50

5.51

5.52

5.53

5.54

5.55

5.56

5.57

5.58

5.59

5.60

5.61

5.62

5.63

5.64

5.65

6.1

Freundlich isotherm for the Zn removal using AC-SBP for 180 min

Langmuir isotherm for the Cr (V1) removal using AC-SBP for 180
min

Freundlich isotherm for the Cr (V1) removal using AC-SBP for 180
min

Pseudo-first order kinetic model for adsorption of BODs using the
AC-SPB

Pseudo-first order kinetic model for adsorption of COD using the
AC-SPB

Pseudo-first order kinetic model for adsorption of NH3-N using the
AC-SPB

Pseudo-first order kinetic model for adsorption of Zn using the AC-
SPB

Pseudo-first order kinetic model for adsorption of Cr (V1) using the
AC-SPB

Pseudo-second order kinetic model for adsorption of BODs using the
AC-SPB

Pseudo-second order kinetic model for adsorption of COD using the
AC-SPB

Pseudo-second order kinetic model for adsorption of NHs-N using
the AC-SPB

Pseudo-second order kinetic model for adsorption of Zn using the
AC-SPB

Pseudo-second order kinetic model for adsorption of Cr (V1) using
the AC-SPB

FTIR analysis of the prepared AC-SPB samples before and after the
adsorption

SEM micrographs for the prepared AC-SPB samples before and after
the adsorption

EDX-analysis of the prepared AC-SPB samples before and after the
adsorption

Schematic of the leachate pilot plant

XXii

138

138

139

139

140

140

141

141

142

142

143

143

143

149

150

151

153



6.2

6.3

6.4

Breakthrough curves of the adsorption of NHs-N on the AC-SPB for
varying bed depths

Breakthrough curves of the adsorption of Zn on the AC-SPB for
varying bed depths

Breakthrough curves of the adsorption of Cr (V1) on the AC-SPB for
varying bed depths

XXiil

155

155

156



AC

AC-DP
AC-Heating
AC-HNO3
AC-KMnOg4
AC-SPB
AOP

BODs

COD

Cr (VI)

CT

Cu

DC

EC

EDX

FTIR

GAC

JSL

Mn

MSW

NHs-N

NTU

LIST OF ABBREVIATIONS

Activated Carbon

Activated Carbon made from Date Pits
Activated Carbon Modified with Heating
Activated Carbon Modified with Nitric Acid
Activated Carbon Modified with Potassium Permanganate
Activated Carbon made from Sago Palm Bark
Advanced Oxidation Processes

Biochemical Oxygen Demand (mg/L)
Chemical Oxygen Demand (mg/L)
Hexavalent Chromium (mg/L)

Contact Time (min)

Copper (mg/L)

Direct Current (A)

Electrical Conductivity (uS/cm)

Energy Dispersive X-Ray Spectroscopy
Fourier Transform Infrared Spectroscopy
Granular Activated Carbon

Jeram Sanitary Landfill

Manganese (mg/L)

Municipal Solid Waste

Nitrogen (mg/L)

Ammonia Nitrogen (mg/L)

Nephelometric Turbidity Units

XXIV



PAC

ppm

RO

rpm

RT

SBR

SEM

SS

TDS

TGA

TKN

TOC

TSS

Zn

Powdered Activated Carbon
Parts per million

Reverse Osmosis

Revolution per minute
Retention Time (min)
Sequential Batch Reactor
Scanning Electron Microscopy
Suspended Solids (mg/L)
Total Dissolved Solids (mg/L)
Thermographimetric analysis
Total Kjeldahl Nitrogen (mg/L)
Total Organic Carbon (mg/L)
Total Suspended Solid (mg/L)

Zinc (mg/L)

XXV



CHAPTER 1

INTRODUCTION

1.1 Background

The extreme growth rate of population and methodical development of the
technological and industrial sectors have been supplemented with the swift creation
of industrial and municipal solid wastes that has the capability of polluting the
environment. These wastes are termed as one of the gravest ecological issues faced by
the world. In Malaysia, the annual population growth rate has touched 2.4 percent and
the rate of creation of municipal solid waste (MSW) too has risen intensely.
Consequently, huge amounts of waste, such as commercial, industrial, and agricultural
by-products, are despatched to landfills year on year (Akinbile et al., 2012). According
to the Census data for 2012, at present, Malaysians are producing around 5,781,600
tonnes of solid waste every year. Considering the overall waste creation of 0.9
kg/capita/day, the volume of solid waste is likely to rise to double digits as the nation
takes a step toward becoming an advanced economy by 2020. The MSW sources in
the country differ for every local authority area according to the size of the city and
economic norms. In Malaysia’s southern and central regions, the proportion of wastes
is as follows: 36.73 percent is household waste, 28.34 percent is industrial and
construction, and 34.93 percent is waste from other sources (Abdullah, 1995).

The choice of a perfect and viable approach for regulating the clearance of huge
amounts of MSW in a cost-effective manner, which could evade ecological damages,
is quite challenging because of the different deliberations involved (Umar et al., 2010).
In fact, landfilling, i.e. disposing the solid waste at landfill facilities, is terms as the
most commonplace and sustaining approach of solid waste management that aids in a
viable disposal and eradication of residue wastes through separation, recycle and
incineration, in advanced as well as emerging economies (Baldasano et al., 2003).
Thanks to its simplicity of operation, technical viability, minimum supervision and
low operating outlay, sanitary landfilling is today the most preferred approach for
disposing of solid waste. In the majority of the nations, landfilling is the most suitable
approach for getting rid of MSW, considering the technology utilisation and capital
outlay (Renou et al., 2008). In Malaysia, landfills are the preferred approach for
disposing of MSW (Manaf et al., 2009; Yusof et al., 2009), and the majority of the
sites are open dumping zones (Manaf et al., 2009). Such landfills are preferred because
they are comparatively inexpensive and most commonplace for treating solid waste
that has a high proportion of organic elements (Ngoc and Schnitzer, 2009). Use of
landfills has significantly subjected river water to pollution from leachate, making
appropriate leachate management necessary. In Malaysia, there are 261 landfills, and
over 80 percent of them practise open dumping or controlled tipping. This can be
ascribed to the lower operation and upkeep costs as against other established methods
such as incineration and advanced landfill mechanisms (Halim et al., 2010). World
over, up to 95 percent of the total MSW gathered is disposed through landfills
(Kurniawan, et al., 2006). In a contemporary sanitary landfill, its structure and design
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are the most vital factors. Usually, the structure comprises a quarried site that has
several “cells” that are distinct yet linked in order to operate as a unified system.
Figure 1.1 depicts the preferred constituents of a well-regulated landfill disposal site
(Knox, 2000).

Liquids
Leachat Rainfall sludges
9ac ate Recirculation
disposal
Lateral
cap
drainage

Liner
leakage

Figure 1.1 : Schematic landfill cross-section, depicting characteristic constituents
of a water budget of a landfill (Knox, 2000)

When the water circulates through landfill deposits, the waste pollutes the water,
leading to leachate. This leachate comprises biologicals, soluble chemicals, and metal
ions (for example, iron). Leachate is acidic as well as anoxic, with a distinct stench.
Even though the bacteria will reduce the waste to a condition that would will be
comparatively harmless if it escapes into the environment, it might take several
hundreds of years. If a landfill does not have a technique of gathering and cleansing
the leachate, it will continue to enter and pollute groundwater streams.

Treatment of landfill leachate can be done through different chemical, physical, and
biological treatment approaches. System designs for treating active leachate include
biological procedures for the elimination of labile organic components and nitrogen,
flocculation and coagulation and physical settling and filtrations for the elimination of
phosphorus, and recalcitrant organic as well as inorganic components. Moreover,
mechanisms for treating active leachate can comprise air stripping for nitrogen
elimination, and physiochemical procedures like ion exchange and sorption (Deng and
Englehardt, 2007).

The electrochemical technique for treating wastewater has drawn significant attention,
primarily due to the simplicity of operation and the higher efficacies obtained through
the usage of electrocatalytic electrodes with a longer lifetime (Comninellis and
Pulgarin, 1993; Lamy, 1984). The electrolysis process functions on the fundamental




of reductive or oxidative chemistry. It entails comparatively modest equipment along
with an ambient temperature as well as pressure. The main process in electrolysis is
the exchange of ions and atoms along with addition or elimination of electrons from
an outside source (Cho et al., 2010).

The adsorption process is utilised as a phase of assimilated chemical-physical—
biological process for treating landfill leachate (Morawe et al., 1995; Geenens et al.,
2001), or concurrently with a biological process (Loukidou and Zouboulis, 2001;
Kargi and Pamukoglu, 2003). Powdered or granular activated carbon is the most often
utilised adsorbent. Carbon adsorption enables 50—70 percent elimination of ammonia
nitrogen as well as COD (Amokrane et al., 1997). The objective of activated carbon
adsorption is to (i) warrant final polishing level by eliminating lethal heavy metals or
organics (ii) aid microorganisms.

1.2 Problem Statement

The express rate of industrialisation, urbanisation, and population expansion has
driven generation of huge volumes of solid waste. Malaysia has 261 landfills, and the
volume of municipal solid waste (MSW) has been increasing over the years.
According to the national strategic plan on management of solid waste, the rate of
waste management rises by 3.59 percent every year; this estimate is derived from the
predictions of population growth for the period 2002-2020 (NSWMD, 2013;
Abumutha et al., 2011). These lead to a rise in the amount of landfill. The gathering
of solid waste at landfill sites might lead to water contamination particularly in the
rainy season through the leachate produced by the rainfall and the flowing of surface
water into the landfill. Consequently, this leachate can detriment the quality of ground
water through different composition contents, including high COD, high BOD,
ammonia nitrogen, suspended solids, cyanide, mercury, zinc, lead, copper and other
heavy metals. These cause greater complex composition of chemicals, which is the
key issue in the administration of landfill leachate (Nora, 2006). Landfill leachate
management has emerged as one of the key focus areas for environment management.
Today, the key emphasis in the process of leachate treatment is enhancing the
treatment through certain advanced techniques, and that too in a cost effective and
effectual manner.

Nowadays, many technologies are used to treat landfill leachate such as biological
processe s and physical-chemical treatment but they are totally inefficient for the toxic
naure of stabilized leachate. However, satisfactory results cannot be achieved using a
sole treatment for landfill leachate (Kargi et al., 2003; Oller et al., 2011); this is due
to frequent nutrient imbalances like carbon conten, high ammonium nitrogen and low
phosphourus (Zhao et al., 2012). Futhermore, a high cost of chemical, sludge disposal,
generation of sludge are some of problems, which hamper the individual use of
coagulation-flocculation in leachate treatment. These problems have led to the
realization that there is an urgent need to think of alternative method easy in use and
economical in cost for treatment of landfill leachate.



The electrolysis method is the most extensively deployed approach in environmental
safeguard and wastewater treatment. This can be attributed to its ease of use and
economical cost as well as efficiency in eliminating the most common existing
contaminants from wastewater. This process is termed as an alternate approach
towards breaking down contaminants that resist biological dilapidation (Reddy et al.,
2003). When direct current is used to treat leachate, several chemical and physical
processes occur. These include anodic oxidation and cathode decline of impurities
existing in leachate (Probstein et al., 1993).

Activated carbon is termed as an effective adsorbent for wastewater contaminants due
to its high adsorption capacity pertaining to high surface area and pore volume.
Furthermore, the raw material utilised for producing activated carbon is an
inexpensive material with a high amount of carbon (Bansal et al., 1988). This includes
wood, rice husk, oil palm shell, coconut shell, and saw dust.

This study represents a novel hybrid technique through developing low cost treatment
process by integrating electrolysis, aeration and adsorption. The adsorption process
was conducted in this study, using highly porosity characterizations activated carbon
from highly cellulosic agricultural waste used for the first time as an adsorbent, which
is sago palm bark. This surface area precursor leads to increase the removal
efficiencies for most of parameters (BOD, COD, NHs3-N, Zn and Cr (VI)) and
contributes in reduction treatment cost and saves energy, and helps in protecting the
environment.

The type of activated carbon contractor which used in this study is the up flow mode
(fluidized bed mode). The main advantages of this type of flow is the carbon can be
continuously removed from the bottom of the contactor as it is exhausted. Fresh make-
up carbon can than be added to the top of contactor at the same rate. This process will
eliminate the need to shutdown the contactor after exhaustion occurs. Up flow
fluidized beds also minimize clogging and unintentional filtration. Moreover, the
design of pilot plant system-integrating electrolysis, aeration and adsorption treatment
have not been studied until now. It is hoped that this type of system will help in
decreasing the concentrations and increasing the removal efficiencies of various
pollutants in landfill leachate which leads to discharge unpolluted solution to the
groundwater and stream water and which also helps in solve one of the most important
environmental problems.



1.3 Objectives

The main aim of this study is to develop a hybrid technique by integrating electrolysis
with activated carbon (AC) to treat landfill leachate. The specific objectives are:

i) To examine the electrolysis process performance through a laboratory analysis of
raw and treated landfill leachate using a standard technique.

ii) To investigate the effect of different modification methods of commercial AC on
the porosity characterizations of AC and examine the effect of sorption efficacies
of modified AC to decrease pollutant concentrations.

iii) To produce microporous AC from two distinct raw materials: date pits and sago
palm bark, and examine the impact of different chemical activating agents, such as
ZnCl,, H2SO4, and KOH on the porous attributes of AC.

iv) To assess the efficacy of prepared AC in eliminating heavy metals and organic
contaminates from landfill leachate and compare the outcomes with commercially
available AC.

v) To develop a lab scale pilot plant by integrating electrolysis reactor with AC
adsorption for landfill leachate treatment.

1.4 Scope of the Study

This study offers an improved solution for landfill leachate treatment. The leachate
was collected from the Jeram Sanitary Landfill (JSL). The aim is to augment the
removal efficacies of various parameters such as salinity, pH, electrical conductivity,
turbidity, TDS, TSS, BOD, COD, nitrate, ammonia-nitrogen, and heavy metals such
as Mn, Zn, Cu, and sulphide. The process of treatment is split into two parts: (i) the
primary treatment involves deploying the electrolysis process at different contact
times as well as voltages; (ii) the secondary treatment involves utilising a filter of AC
with various contact times, to ascertain the removal efficacies of organic contaminants
and heavy metals in samples of leachate. The study involved utilising various
modification techniques on the commercial AC produced from coconut shell.
Furthermore, an effectual microporous adsorbent is developed from three distinct raw
materials, namely date pits and sago palm bark.

1.5 Thesis Composition and Structure

This thesis contains seven chapters. Here is a short description of the contents of each
chapter.

Chapter 1 offers the general introduction. It offers information on the issues of
municipal solid waste management in Malaysia, i.e. the creation of landfill leachate,
and elucidates the means of treatment. The chapter then outlines the key research
objective and the research structure stated in the thesis.



Chapter 2 offers a review of prior literature which elucidated the most commonly
utilised biological and physical-chemical treatment approaches; the attributes of
landfill leachate; aspects which impact the creation of leachate; and electrolysis, an
AC technique.

Chapter 3 discusses the methodology of experimental work and outlines the approach
and materials utilised in landfill leachate analysis and treatment. This is split into four
parts: (i) the scrutiny of landfill leachate samples, which would be sourced from the
study area; (ii) deploying the electrolysis process for treating the samples; (iii) the
treatment phase that uses activated carbon; and (iv) devise a pilot plant for landfill
leachate treatment through integrated electrolysis with activated carbon.

Chapter 4 contains two key sections of results, the first section represents the results
and discussions of raw leachate analysis and the second section includes the results
and discussions of the electrolysis treatment, pertaining to results achieved from the
relevant laboratory experiments concerning their effect on improving the quality of
leachate. The outcomes of both experiments are centred on 13 key leachate
parameters. Both experiments assessed the likelihood of treating the quality of
leachate in an easy, inexpensive, and effectual manner through the electrolysis
process.

Chapter 5 includes two parts of results; the first one discusses leachate treatment
through commercial AC modified with three distinct techniques. Moreover, the
second part concludes the results of preparation method of AC from two raw materials
and elucidates the process of chemical activation of AC with different chemical
agents. In addition, abstracts the using of prepared AC from sago palm bark for
adsorption of heavy metals from landfill leachate sample.

Chapter 6 includes the results of landfill leachate treatment with a hybrid technique
by integrating electrolysis with activated carbon through design a pilot plant. In
addition, it includes the estimation analysis of the pilot plant and evaluates dynamic
behavior of the fixed-bed adsorption results using the Thomas, Yoon-Nelson and
Adam’s-Bohart models.

Chapter 7 offers a summary and concludes the thesis by emphasising the results of
the study concerning its application in leachate treatment in JSL. Certain guidelines
for future research are discussed at the end of the chapter.



REFERENCES

Abdelfattah, 1., Ismail, A.A., Al Sayed, F., Almedolab, A., and Aboelghait, K.M.
(2016). Biosorption of heavy metals ions in real industrial wastewater using
peanut husk as efficient and cost effective adsorbent. Environmental
Nanotechnology, Monitoring & Management, 6, 176-183.

Abdullah, A. R., (1995). Environmental pollution in Malaysia: trends and prospects.
Trends in Analytical Chemistry. 14, 191-198.

Aber, S., Khataee, A., and Sheydaei, M. (2009). Optimization of activated carbon fiber
preparation from Kenaf using K2HPO4 as chemical activator for adsorption of
phenolic compounds. Bioresources Technology, 100, 6586-6591.

Acharya, J., Sahu, J.N., Sahoo, B.K., Mohanty, C.R., and Meikap, B.C. (2009).
Removal of chromium (V1) from wastewater by activated carbon developed
from Tamarind wood activated with zinc chloride. Chemical Engineering
Journal, 150, 25-39, DOI:10.1016/j.cej.2008.11.035

Adams, M.D. (1994). Removal of cyanide from solution using activated carbon.
Miner. Eng., 7, 1165-1177.

Ademiluyi, F.T., Amadi, S.A., and Amakama, N.J. (2009). Adsorption and treatment
of organic contaminants using activated carbon from waste Nigerian bamboo.
Journal of Applied Sciences and Environmental Management, 13 (3).

Adhoum, N., and Monser, L. (2004). Decolourization and removal of phenolic
compounds from olive mill wastewater by electrocoagulation. Chemical
Engineering and Processing: Process Intensification, 43(10), 1281-1287.

Adhoum, N., Monser, L., Bellakhal, N., and Belgaied, J.E. (2004). Treatment of
electroplating wastewater containing Cu?*, Zn?* and Cr (VI) by
electrocoagulation. Journal of hazardous materials, 112(3), 207-213.

Adin, A. and N. Vescan (2002). Electroflocculation for particle destabilization and
aggregation for municipal water and wastewater treatment. Preprints

Agamuthu, P. (2001). Solid Waste: Principles and Management. University of Malaya
Press, Kuala Lumpur.

Agamuthu, P., Fauziah S. H., Khidzir K. M., and Noorazamimah A., (2007).
Sustainable waste management —Asian perspectives. International Conference
on Sustainable Solid Waste Management, India, 15-26.

Agamuthu, P., Fauziah, S.H. and Kahlil, K. (2011). Challenges and issues in moving

towards sustainable landfilling in a transitory country-Malaysia. Waste
Management and Resources, 29, 13-19.

165



Agamuthu, P., Mohd Afzanizam, M., and Venu Mahendra, M.S. (2011) Material flow
analysis of aluminium in a dynamic system: Jeram sanitary landfill. Malaysian
Journal of Science, 30 (1). 16-27.

Ahalya, N. Kanamadi, R.D., and Ramachandra, T.V. (2005). Biosorption of chromium
(VI) from aqueous solutions by husk of Bengal gram (Cicer arientinum).
Electron. J. Biotechnol. 8, 258-264.

Ahmed T., Danish M., Rafatullah M., Ghazali A., Sulaiman O., and Hashim R. (2012).
The use of date palm as a potential absorbent for wastewater treatment: a
review. Environ. Sci. Pollut. Res., 19(5), 1464-1484.

Ahmed, A.A., and Hameed, B.H. (2010). Fixed-bed adsorption of reactive azo dye
onto granular activated carbon prepared from waste. Journal of Hazardous
Materials, 175, 298-303.

Ahmed, S., Baldwin, R., Derbyshire, F., McEnaney, B., and Stencel, J. (1993).
Catalytic reduction of nitric oxide over activated carbons. Fuel, 72(3), 287-
292.

Ahsan, A., Kamaludin, M., Rahman, M.M., Anwar, A.H.M.F., Bek, M.A., and Idrus,
S. (2014). Removal of various pollutants from leachate using a low cost
technique: integration of electrolysis with activated carbon contactor, Water,
Air, and Soil Pollution 225(12), 2163:1-9.

Akinbile, C.O., Yusoff, M.S., and Zuki, A.Z. (2012) Landfill leachate treatment using
sub-surface flow constructed wetland by Cyperus haspan. Waste Manage,
32:1387-1393

Aksu, Z., Acikel, U., and Kutsal, T. (1999). Investigation of simultaneous biosortion
of copper (I1) and chromium (V1) on dried chlorella vulgaris from binary metal
mixtures: application of multicomponent adsorption isotherms. Separation
Science and Technology, 34, 501-524.

Aksu, Z., and Kutsal, T.A. (1991). Bisepartion process for removing lead (Il) ions
from waste water by using C. vulgaris. Journal of Chemical Technology and
Biotechnology, 52, 109-118.

Aktas, O., and Cegen, F. (2001). Addition of activated carbon to batch activated sludge
reactors in the treatment of landfill leachate and domestic wastewater. Journal
of Chemical Technology and Biotechnology, 76(8), 793-802.

Aleboyeh, A., Daneshvar,N., and Kasiri, M.B. (2008). Optimization of C.l1. Acid Red

14 azo dye removal by electrocoagulation batch process with response surface
methodology. Chem. Eng. Process., 47, 827-832.

166


http://eprints.um.edu.my/view/publication/Malaysian_Journal_of_Science.html
http://eprints.um.edu.my/view/publication/Malaysian_Journal_of_Science.html

Alkalay, D., Guerrero, L., Lema, J.M., Mendez, R., and Chamy, R. (1998). Review:
Anaerobic treatment of municipal sanitary landfill leachates: the problem of
refactory and toxic components. Worl Journal of Microbiology and
Biotechnology, 14, 309-320.

AL-Othman, Z.A., Ali, R., and Naushad, M. (2012). Hexavalent chromium removal
from aqueous medium by activated carbon prepared from peanut shell:
adsorption kinetics, equilibirium and thermodynamic studies. Chemical
Engineering Journal, 184, 238-247.

Aman, T., Kazi, A.A, Sari, M.U., and Bano, Q. (2008). Potato peels as solid waste for
the removal of heavy metal copper (1) from waste/ industrial effluent. Colloids
Surf. B 63, 116-121.

Amuda, O.S., Giwa, A.A,, and Bello, I.A. (2007). Removal of heavy metal from
industrial wastewater using modified activated coconut shell carbon.
Biochemistry Engineering Journal, 36, 174181.

Andreottola G., Cannas P. and Cossu R. (1990). Overview of Landfill Leachate
Quality.Technical Note No. 3. CISA, Environmental Sanitary Engineering
Center, Cagliari, Italy.

Andreottola, G., and Cannas, P. (1992). 2.4 Chemical and Biological Characteristics
of Landfill Leachate. Landfilling of waste: leachate, 1, 65.

Aneja, R.P., Mathur, B.N., Chandan, R.C., and Banerjee, A.K. (2002). Principles of
processing. In. Technology of Indian milk products. Handbook of process
technology modernization for professionals, entrepreneurs and scientists
(pp.94). Delhi, India: A Dairy India Publication.

Anglada, A., Urtiaga, A., and Ortiz, 1. (2009). Pilot scale performance of the electro-
oxidation of landfill leachate at boron-doped diamond anodes. Environmental
science & technology, 43(6), 2035-2040.

Anon (1995). Pollution control by electrocoagulation electroflotation: the Electrolysis
process. Galvano-Organo, 64(658): 703-5.

APHA (2005). Standard Methods for the Examination of Water and Waste Water. 21st
Ed. American Public Health Association, Washington, DC.

Archakova, G. A. (1969). Purification of wastewaters by an electrochemical from
landfill Leachate by coagulation and flocculation process, Bioresources
Technology, 98, 218-220.

Aroua, M.K., Leong, S.P., Teo, L.Y., Yin, C.Y., and Daud, W.M.A.W. (2008). Real
time determination of kinetics of adsorption of lead (I1) onto palm shell-based
activated carbon using ion selective electrode. Bioresources Technology, 99,
5786.

167



Arriagada, R., Garcia, R., Molina-Sabio, M., and Rodriguez-Reinoso, F. (1997).
Effect of steam activation on the porosity and chemical nature of activated
carbons from Eucalyptus globules and peach stones. Microporous Materials,
8 (3), 123130.

Arslan-Alaton, 1., Kobya, M.; Akyol, A., and Bayramolu, M. (2009).
Electrocoagulation of ozone dye production wastewater with iron electrodes:
Process evaluation by multi-response central composite design. Color.
Technol., 125, 234-241.

Ashour, S. S. (2010). Kinetic and equilibrium adsorption of methylene blue and
remazol dyes onto steam-activated carbons developed from date pits. Journal
of Saudi Chemical Society, 14(1), 47-53.

ASTM D 2867-09 (2009). Standard test method for moisture in activated carbon:
Designation, ASTM International, West Conshohocken, USA.

ASTM D2866-94 (1999). Standard test method for total ash content of activated
carbon, ASTM International, West Conshohocken, USA.

Ayoub, G., Hamzeh, A., and Semerjian, L. (2011). Post treatment of tannery
wastewater using lime/bittern coagulation and activated carbon adsorption.
Desalination, 273(2), 359-365.

Aziz H. A, Ling, T.J., Haque, A.A.M., Umar, M., and Adlan, M. N. (2011) Leachate
treatment by swim-bed bio fringe technology. Desalination, 276:278-286

Azmi, N., Bashir, M.J.K., Sethupathi, S., Wei, L.J., and Aun, N.C. (2015). Stabilized
landfill leachate treatment by sugarcane bagasse derived activated carbon for
removal of color, COD and NH3-N- optimization of preparation conditions by
RSM. Journal of Environmental Chemical Engineering, 3, 1287-1294,

Babel S., and Kurniawan T.A., (2004). Cr (VI) removal from synthetic wastewater
using coconut shell charcoal and commercial activated carbon modified with
oxidizing agents and/or chitosan. Chemosphere, 54 (7), 954-967.

Baes, C. F. J. and Mesmer, R.E. (1976). The hydrolysis of cations. New York, Wiley.

Baldasano, J.M., Gasso, S. , and Perez, C. (2003). Environmental performance review
and cost analysis of MSW landfilling by baling-wrapping technology versus
conventional system. Waste Mangement, 23, 795-806.

Ball, J.M. (2002). Milestones toward Minimum Requirements. Proceedings from

International Waste Management Biennial Congress and Exhibition.
WasteCon2002. Vol.1, 20- 28.

168



Ball, J.M. and Blight, G.E. (1988). The Fate of Leachate from a Landfill Site.
Proceedings of International Waste Management (SA) Biennial Congress,
Durban, South Africa.

Banerjee, S., and Dastidar, M.G. (2005). Use of jute processing wastes for treatment
of wastewater contaminated with due and other organics. Bioresources
Technology, 96 (17), 1919-1928

Banerjee, S.T., Ramesh, R., Gandhimathi, P.V., Nidheesh, K.S., and Bharathi, A.
(2012). Novel agricultural waste adsorbent, watermelon shell for the removal
of copper from aqueous solutons. Iranica Journal Energy Environmental, 3,
143-156.

Bansal R.C., Donnet J.B., and Stoeckli H.F. (1988). Active carbon. Marcel Dekker,
New York.

Bansode, R., Losso, J., Marshall, W., Rao, R., and Portier, R. (2004). Pecan shell-
based granular activated carbon for treatment of chemical oxygen demand
(COD) in municipal wastewater. Bioresource Technology, 94(2), 129-135.

Baral, S. Das, N., Ramulu, T., Sahoo, S., Das, S., and Chaudhury, G.R. (2009).
Removal of Cr (VI) by thermally activated weed Salvinia cucullata in a fixed
— bed column. Journal of Hazardous Materials, 161, 1427-1435.

Bard, A. J., R. Parsons and J. Jordan, Eds. (1985). Standard potentials in aqueous
solution. Monographs in electroanalytical chemistry and electrochemistry.
New York, Marcel Dekker.

Barreveld, W. (1993). Date palm products FAO Agricultural Services Bulletin No.
101. FAO, Rome, Italy.

Bayramoglu, M., Kobya, M., Can, O., and Sozbir, M. (2004). Operating cost analysis
of electrocoagulation of textile dye wastewater. Separation and Purification
Technology, 37(2), 117-125.

Behnamfard, A., Salarirad, M.M., and Veglib, F. (2014). Removal of Zn (1) ions from
aqueous solutions by ethyl xanthate impregnated activated carbons.
Hydrometallurgy, 144-145, 39-53.

Belhachemi, M., and Addoun, F. (2011). Effect of heat treatment on the surface
properties of activated carbons. Journal of Chemistry, 8(3), 992-999.

Belkacem, M, Khodir, M., and Abdelkrim, S. (2008). Treatment characteristics of
textile wastewater and removal of heavy metals using the electrolotation
technique. Desalination, 228, 245-254.

Bellakhal, N., J. L. Brisset and M. Dachraoui (2004). Electrocoagulation treatment of
tannery wastewater. Journal de la Societe Chimique de Tunisie, 6(1): 61-66.

169



Berg, N., and Marais, P. (1977). The use of polyelectrolytes in a closed system of
tannery effluents. Journal of the Society of Leather Technologists and
Chemists, 61(6): 129-31.

Bishnoi N.R., Bajaj M., Sharma N., and Gupta A. (2004). Adsorption of Cr(VI) on
activated carbon rice husk carbon and activated alumina. Bioresources
Technology, 91(3), 305-317.

Blakey N. (1997). Leachate Recirculation and Cost-Effective Treatment. Points raised
in the discussion in Workshop W15, Sardinia 1997. Sixth International
Landfill Symposium, Workshop Report by H. Robinson, pp1-6.

Blazewicz, S., Swiatkowski, A., and Trznadel, B. (1999). The influence of heat
treatment on activated carbon structure and porosity. Carbon, 37(4), 693-700.

Blight, G.E., Hojem D.J., and Ball, J.M. (1992). Production of Landfill Leachate in
Water Deficient Areas. Proceedings from WasteCon2002: the International
Waste Management Biennial Congress and Exhibition. VVol.1, 29-39.

Bohart, G., and Adams, E. (1920). Some aspects of the behavior of charcoal with
respect to chlorine. 1. Journal of the American Chemical Society, 42(3), 523-
544.

Boota, R., Bhatti, H.N., and Hanif, M.A. (2009). Removal of the Cu (1) and Zn (1)
using lignocellulosic fier derived from Citrus reticulate (kinnow) waste
biomass, Sep. Purif. Technol., 44, 4000-4022.

Borhan, A., Abdullah, N.A., Rashidi, N.A., and Taha, M.F. (2016). Removal of
Cu*2and Zn*? from single metal aqueous solution using rubber-seed shell based
activated carbon. Procedia Engineering, 148, 694-701.

Bowers, A. (1999). Preliminary Investigation into MSW Landfill Leachate and Biogas
Emissions under a Sub-tropical Climate. Undergraduate Dissertation,
Department of Civil Engineering, Construction and Surveying University of
Natal Durban, South Africa .

Bressi, G. and Favali, G. 1997. Use of MBR in leachate treatment, p.260-274. In
Leachate and landfill gas management. Proceedings of the Sixth International
landfill Symposium, vo1.2. Sardinia.

Bricken, E. C. (2003). Constructed Wetlands as an Appropriate Treatment of Landfill
Leachate. Citeseer.

Brillas, E., Bastido, R.M., and Uosa, E. (1995) Electrochemical destruction of aniline

and 4-chloroaniline for wastewater treatment using a carbon-PTFE O2- fed
cathode. J. Electrochim. Soc. 42(6), 1733.

170



Brunauer, S., Emmet, P.H., and Teller, E. (1938). Adsorption of gases in
multimolecular layers. Journal of American Chemical Society, 60(2), 309-319.

Cabeza, A., Urtiaga, A. M., and Ortiz, I. (2007). Electrochemical treatment of landfill
leachates using a boron-doped diamond anode. Industrial & engineering
chemistry research, 46(5), 1439-1446.

Calvo, L. S., Leclerc, J. P., Tanguy, G., Cames, M., Paternotte, G., Valentin, G., and
Lapicque, F. (2003). An electrocoagulation unit for the purification of soluble
oil wastes of high COD. Environmental Progress, 22(1), 57-65.

Can, O., Kobya, M., Demirbas, E., and Bayramoglu, M. (2006). Treatment of the
textile wastewater by combined electrocoagulation. Chemosphere, 62(2), 181-
187.

Can’izares, P., Garcia-Gomez, J., Lobato, J., and Rodrigo, M.A. (2004). Modelling of
Wastewater Electro-oxidation Processes Part I. General Description and
Application to Inactive Electrodes. Ind. Eng. Chem. Res.

Canizares, P., Carmona, M., Lobato, J., Martinez, F., and Rodrigo, M. (2005).
Electrodissolution of Aluminum Electrodes in Electrocoagulation Processes.
Industrial & Engineering Chemistry Research, 44(12), 4178- 4185.

Castellan, G. W. (1983). Electrical conduction. Physical Chemistry, third ed.,
Addison-Wesley Publishing, Reading, MA, 765-797.

Castillo, E., Vergara, M., and Moreno, Y. (2006). Landfill leachate treatment using a
rotating biological contactor and an upward-flow anaerobic sludge bed reactor.
Waste Management, 27 (5), 720-726.

Cecen, F., Erdincler, A., and Kili¢, E. (2003). Effect of powdered activated carbon
addition on sludge dewaterability and substrate removal in landfill leachate
treatment. Advances in Environmental Research, 7(3), 707-713.

Cerminara, P.J., Sorial, G.A., Papadimas, S.P., Suidn, M.T., Moteleb, M.A., and
Speth, T.F.(1995). Effect of influent oxygen concentration on the GAC
adsorption of VOCs in the presence of BOM. Water Research, 29(2), 409-419.

Chebanov, V., Mamakov, A., and Fainshtein, L. (1972). Continuous electroflotation
purification of waste waters from tanneries. Elektronnaya Obrabotka
Materialov, 5, 88-91.

Chen, G. (2004). Electrochemical technologies in wastewater treatment. Separation
and Purification Technology 38(1), 11. 216

Chen, J.P., and Wang, X. (2000). Removal of copper, zinc and lead ion by activated
carbon in pre-treated fixed bed columns, Sep. Purif. Technol. 19, 157-167.

171



Chen, P.H. (1996). Assessment of leachates from sanitary landfills: impact of age,
rainfall, and treatment, Environ. Int, 22, 225-237

Chen, S., Sun, D., and Chung, J.-S. (2008). Simultaneous removal of COD and
ammonium from landfill leachate using an anaerobic—aerobic moving-bed
biofilm reactor system. Waste management, 28(2), 339-346.

Chen, S., Yue, Q., Gao, B., Li, Q., Xu, X., and Fu, K. (2012). Adsorption of hexavalent
chromium from aqueous solution by modified corn stalk: a fixed-bed column
study. Bioresources Technology, 113, 114-120.

Chen, W., Juan, C., and Wei, K. (2007). Decomposition of dinitrotoluene isomers and
2,4,6-trinitrotoluene in spent acid from toluene nitration process by ozonation
and photo-ozonation, Journal of Hazardous Materials, 147, 97-104.

Chen, X. (2002). High-performance electrodes for wastewater treatment. (PhD Thesis,
Hong Kong University of Science and Technology, China.

Chen, X., Yue, P.L., and Chen, G. (2002a). Novel Electrode System for
Electroflotation of Wastewater." Environmental Science and Technology
36(4), 778-783.

Chen, X., Yue, P.L., and Chen, G. (2002b). Investigation on the electrolysis voltage
of electrocoagulation. Chemical Engineering Science 57(13): 2449-2455.

Chen, X., and Chen, G. (2005). Stable Ti/RuO2-Sh,0s-SnO; electrodes for O
evolution. Electrochimica Acta 50(20), 4155.

Chen, X., Chen, G., and Yue, P.L., (2000). Separation of pollutants from restaurant
wastewater by electrocoagulation. Sep. Purif. Technol. 19 (1-2), 65-76.

Cheung, K. C., Chu, L. M., and Wong, M. H. (1997). Ammonia stripping as a
pretreatment for landfill leachate. Water, Air, & Soil Pollution, 94(1), 209-221.

Chian, E. S. K., and DeWalle, F.B. (1977). Evaluation of Leachate Treatment, Vol.
11, Biological and Physical-Chemical Processes, EPA-600/2-77-186b, U.S.
Environmental Protection Agency, Cincinnati, Ohio, 266

Chiang, L.C., Chang, J.E., and Chung, C.T. (2001). Electrochemical Oxidation
Combined with Physical-Chemical Pretreatment Processes for the Treatment
of Refractory Landfill Leachate. Environ. Eng. Sci. 18,369-379.

Chiang, H.L., Huang, C.P.; and Chiang, P.C. (2002). The surface characteristics of

activated carbo as affected by ozone and alkaline treatment. Chemosphere ,
47(3), 257-265.

172



Chiang, L.C., Chang, J.E., and Wen, T.C. (1995). Indirect oxidation effect in
electrochemical oxidation treatment of landfill leachate. Water Research,
29(2), 671-678.

Chiemchaisri, C., Chiemchaisri, W., Junsod, J., Threedeach, S., and Wicranarachchi,
P. N. (2009). Leachate treatment and greenhouse gas emission in subsurface
horizontal flow constructed wetland. Bioresource Technology. 100 (16): 3808-
3814.

Chingombe, P., Saha, B., and Wakeman, R.J. (2005). Surface modification and
characterization of a coal-based activated carbon, Carbon, 43, 3132—3143.

Chinthamreddy, S., (1999). Geochemical characterization and enhanced mobilization
of heavy metals in soils during electro kinetic remediation, (PhD Thesis),
University of Illinois at Chicago, Chicago.

Cho, J.H., Lee, J.E., and Ra, C.S. (2010). Effects of electric voltage and sodium
chloride level on electrolysis of swine wastewater. J. Hazardous Materials,
180: 535-541.

Choden, P. (2011). Leachate Quality Analysis and Passive Treatment Options, (MSc
Thesis). University of Newcastle, N.S.W.

Christensen, T. H., and Kjeldsen, P. (1989). Basic biochemical processes in landfills.
IN: Sanitary Landfilling: Process, Technology, and Environmental Impact.
Academic Press, New York. 1989. p 29-49, 9 fig, 3 tab, 34 ref.

Christensen, T.H., Kjeldsen, P., Bjerg, P.L., Jense, D.L., Christensen, J.B., Baun, A,
Albrechtsen, H., and Heron, G. (2001). Review- Biochemistry of landfill
leachate plumes. Lyngby, Denmark. Journal of Applied Geochemistry, 16,
659-718.

Cole, L. J.,, McCracken, D. I., Foster, G. N., and Aitken, M. N. (2001). Using
Collembola to assess the risks of applying metal-rich sewage sludge to
agricultural land in western Scotland. Agriculture, Ecosystems &
Environment, 83(1), 177-189.

Comninellis, C. and Pulgarin, C. (1993). Electrochemical oxidation of phenol for
waste water treatment using SnO anodes. J. Appl. Electrochem. 23,108-112.

Cook D., Newcombe G., and Sztanjnbok P. (2001). The application of powdered
activated carbon for mib and geosmin removal: predicting pac doses in four
raw waters. Water Research, 35(5), 1325-1333.

Cooper, P. (2005). The performance of vertical flow constructed wetland systems with

special reference to the significance of oxygen transfer and hydraulic loading
rates. Water Science and Technology, 51(9), 81-90.

173



Cora, M.G., and Hung, Y.T. (2009). Determination of operational parameters for an
Electrocoagulation/Flotation (ECF) batch reactor used in the treatment of
wastewater with cadmium ions. Int. J. Environ Eng., 1, 3-19.

Corapcioglu, M., and Huang, C. (1987). The adsorption of heavy metals onto hydrous
activated carbon. Water Research, 21(9), 1031-1044.

Cornelissen G., Van Noort P.C.M., Parsons J.R., and Govers H.A.J. (1997). The
temperature dependence of slow adsorption and desorption kinetics of organic
compounds in sediments. Environ. Sci. Technol., 31, 454-460.

Corral, B.C., Marin, M.O., Gonzalez, C.F., Serrano, V.G., and Garcia, A.M. (2006).
Preparation and textural characterization of activated carbon from vine shoots
(Vitis Vinifera) by HsPO4 chemical activation. Applied Surface Science 252,
5961-5966.

Cossu, R., Polcaro, A. M., Lavagnolo, M. C., Mascia, M., Palmas, S., and Renoldi, F.
(1998). Electrochemical treatment of landfill leachate: oxidation at Ti/PbO2
and Ti/SnO2 anodes. Environmental science & technology, 32(22), 3570-
3573.

Costaz, P., Miquel, J., and Reinbold, M. (1983). Simultaneous electroflotation and
disinfection of sewage. Water Research 17(3), 255-62.

Couth, B., (2000). Landfill Hydraulics. In International Training Seminar on Control,
Management and Treatment of Landfill Emissions. Unv. of Natal, Durban, S.
Africa.

Crittenden, J. (1989). Prediction of GAC performance using rapid small-scale column
test. Denver. American water works association.

Current, T. U. A. (2012). Removal of nickel from drinking water by electrocoagulation
technique using alternating current. Current Research in Chemistry, 4(2), 41-
50.

Curteanu, S.; Piuleac, C.G., Godini, K., and Azaryan, G. (2011). Modelling of
electrolysis process in wastewater treatment using different types of neural
networks. Chemical Engineering Journal, 172(1), 267-276.

Cyr, P. J.,, Suri, R. P., and Helmig, E. D. (2002). A pilot scale evaluation of removal
of mercury from pharmaceutical wastewater using granular activated carbon.
Water Research, 36(19), 4725-4734.

Daifullah, A. Girgis, B., and Gad, H. (2004). A study of the factors affecting the

removal of humic acid by activated carbon prepared from biomass material.
Colloids Surf. A, 235, 1-10.

174



Damien, A. (1992). Electrocoagulation and electroflocculation. Revue Generale de
I'Electricite, 3, 24-27.

Daneshvar, N., Oladegaragoze, A., and Djafarzadeh, N. (2006) Decolorization of
basic dye solutions by electrocoagulation: an investigation of the effect of
operational parameters. Journal of Hazardous Materials, B129, 116 — 122.

Daneshvar, N., Sorkhabi, H.A., and Kasiri, M.B. (2004) Decolorization of dye
solution containing Acid Red 14 by electrocoagulation with a comparative
investigation of different electrode connections. Journal of Hazardous
Materials, B112, 55 — 62.

Daneshvar, N., Sorkhabi, H.A., and Tizpar, A. (2003) Decolorization of orange 11 by
electrocoagulation method. Separation and Purification Technology, 31, 153
—162.

Danish M.,Hashim R., Ibrahim M.N.M., Rafatullah M., Ahmad T., and Sulaiman O.
(2011). Characterization of Acaia mangium wood based activated carbons
prepared in the presence of basic activating agents. Bioresources, 6(3), 3019-
3033.

Danish, M., Hashim, R., Ibrahim, M. M., Rafatullah, M., and Sulaiman, O. (2012).
Surface characterization and comparative adsorption properties of Cr (VI) on
pyrolysed adsorbents of Acacia mangium wood and Phoenix dactylifera L.
stone carbon. Journal of Analytical and Applied Pyrolysis, 97, 19-28.

Debillemont, P. (1996). Electroflocculation for purification of industrial waters.
Recents Progres en Genie des Procedes, 10(47), 129-137.

Dehdeshti, A., Khavanin, A., Rezaee A., and Asilian, H. (2010). Regeneration of
granular activated carbon saturated with gaseous toluene by microwave
irradiation. Turkish J. Eng. Env. Sci., 34, 49 — 58.

Deirbas E., Kobya M., Oncel S., and Sencan S. (2002). Removal of Ni (Il) from
aqueous solution by adsorption onto hazelnut shell activated carbon:
equilibrium studies. Bioresources Technology, 84 (3), 291-293.

Deng, H., Yang, L., Tao, G., and Dai, J. (2009). Preparation and characterization of
activated carbon from cotton stalk by microwave assisted chemical
activation—application in methylene blue adsorption from aqueous solution.
Journal of Hazardous Materials, 166(2), 1514-1521.

Deng, Y., and Englehardt, J.D. (2007). Electrochemical oxidation for landfill leachate
treatment. Waste Management. 27(3), 380-388.

Department of Environment (DOE). 2010. Environmental Requirments: A Guide for
Investors in Malyasia.

175



Derbyshire, F., Andrews, R., Jaques, D., Jagtoyen, M., Kimber G., and Rentell, T.
(2001a). Synthesis of isotropic carbon fibers and activated carbon fibers from
pitch precursors. Feul, 80(3), 345-356.

Derbyshire, F., Jagtoyen, M., Andrews, R., Rao, A., Martin-Gullon, 1., and Grulke, E.
(2001b). Carbon materials in environmental applications. Marcel Decker, New
York.

Devi, R., Singh, V., and Kumar, A. (2008). COD and BOD reduction from coffee
processing wastewater using Avacado peel carbon. Bioresources Technology,
99, 1853-1860.

Di Natale, F., Lancia, A., Molino, A., and Musmarra, D. (2007). Removal of
chromium ions from aqueous solutions by adsorption on activated carbon and
char. Journal of Hazardous Materials, 145 (3), 381-390.

Dialynas, E., and Diamadopoulos, E. (2008). Integration of immersed membrane
ultrafiltration with coagulation and activated carbon adsorption for advanced
treatment of municipal wastewater. Desalination, 230(1), 113-127

Diamadopoulos, E. (1994). Characterization and treatment of recirculation-stabilized
leachate. Water Resources. 28 (12), 2439-2445.

Diao, Y., Walawender, W.P., Fan, L.T. (2002). Activated carbon prepared from
phosphoric acid activation of grain sorghum. Bioresources Technology, 81,
45-52.

Dias, J.M., Alvim-Ferraz, M.C.M., Almeida, M.F., Riverra-Urtella, J., and Sanchez-
Polo, M. (2007). Waste materials for activated carbon preparation and its use
in aqueous phase treatment: A review. J. Environmental Mangement. 85, 833-
846.

Diaz-Diez, M.A., Gomez-Serrano, V., Fernandez Gonzalez, C., Cuerda-Correa, E.M.,
and Macias-Garcia, A. (2004). Porous texture of activated carbons prepared by
phosphoric acid activation of woods. Appl. Surf. Sci., 238(1-4), 309-313.

Dincer, .R., Gunes, Y., and Karakaya, N., (2007). Coal-based bottem ash (CBBA)
waste material as adsorbent for removal of textile dyestuffs from aqueous
solution. Journal of Hazardous Materials, 141, 480-487.

Donini, J. C., Kan, J., Szynkarczuk, J., Hassan, T., and Kar, K. (1994). The operating
cost of electrocoagulation. Canadian Journal of Chemical Engineering,
72(6),1007-101 2.

Donini, J., Angle, C., Kasperski, K., Preston, C., Kar, K., Hassan, T., and Thind, S.
(1992). The effect of different parameters on the optimisation of
electrocoagulation. Paper presented at the Waste Process. Recycl. Min.
Metall. Ind., Proc. Int. Symp.

176



Dorokhina, L. N. (1976). Use of a combined system for electrochemical purification
of cyanide-containing waste waters with simultaneous additional extraction of
heavy metals by electroflotation. Fiz.-tekhn. Probl. Razrabotki i Obogashch.
Polezn. Iskopaemykh: 132-6.

Dostal, K. A., Pierson, R. C., Hager, D. G., and Robeck, G. G. (1965). Carbon Bed
Design Criteria Study at Nitro. W. Va. Journal (American Water Works
Association), 57(5), 663-674.

Droste, R. L. (1997). Theory and practice of water and wastewater treatment: John
Wiley & Sons Incorporated.

Duggan, J. (2005). The potential for landfill leachate treatment using willows in the
UK—a critical review. Resources, conservation and recycling, 45(2), 97-113.

Eaton, A.D., and Franson, M.A.H. (2005). American Water Works Association, Water
Environment Federation, Standard method for the examination of water and
wastewater, (21 ed.)American Public Health Association, Washington.

Eckhard, W. (2012). Adsorption Technology in water Treatment. Fundamentals,
Processes, and Modelling. Walter de Gruyter GmbH& Co. KG, Berlin/Boston.

Ehrig, H-J. (1984). Laboratory Scale Tests for Anaerobic Degradation of Municipal
Solid Waste. Proceedings from the International Solid Wastes and Cleansing
Association Congress, Philadelphia, Sept 15-20.

El Nemr A., Khaled A., Abedelwahab O., and El-Sikaily A. (2008). Treatment of
wastewater containing toxic chromium using new activated carbon developed
from date palm seed. J. Hazardous Materials, 152(1), 263-275.

El Qada, E.N., Allen, S.J., and Walker, G.M. (2008). Influence of preparation
conditions on the characteristics of activated carbons produced in laboratory
and pilot scale systems. Chemical Engineering Journal, 142, 1-13.

Eld, E. F., and Flentje, M. E. (1961). Quality improvements resulting from industrial
needs at Hopewell. Journal (American Water Works Association), 53(3), 283-
287.

El-Hendawy, A. A. (2003) “Influence of HNOs oxidation on the structure and
adsorptive properties of corncob-based activated carbon.” Carbon, 41, 713-
722

Elmore, F. (1905). A process for separating certain constituents of subdivided ores
and like substances, and apparatus therefore. British patent, 13, 578.

El-Naas, M.H., Al-Zuhair, S., and Alhaija, M.A. (2010). Reduction of COD in refinery

wastewater through adsorption on date-pit activated carbon. Journal of Hazard
Materials,173, 750-757.

177



El-Shafey (2007). Sorption of Cd(ll) and Se(IV) from aqueous solution using
modified rice husk. Journal of Hazardous Materials 147, 319-327

Englehardt, J.D., Deng, Y., Meeroff, D., Legrenzi, Y., Mognol, J., and Polar, J. (2006).
Options for managing municipal landfill leachate: year 1 development of iron-
mediated treatment processes. Florida Center for Solid and Hazardous Waste
Management, Florida.

EnviroCarbon Sdn. Bhd. (2014). EnviroCarbon. Retrieved November 26, 2014, from
http://www.envirocarbon.com.my/I-Ac1.0.htm.

Ethaib, S., Omar, R., Mazlina, M.K.S., Radiah, A.B..D, and Syafiie, S. (2016).
Microwave-assisted Dilute Acid pretreatment and enzymatic hydrolysis of
sago palm bark. BioResources, 11(3),5687-5702.

Fang, B., Wel,Y. Z., Suzuki, K., and Kumagai, M. (2005). “Surface modification of
car-bonaceous materials for EDLCs application,” Electrochim.Acta, 50, 18,
pp. 3616-3621

Farinella, N.V., Mats, G.D., and Arruda, M.A.Z. (2007). Grape bagasse as a potential
biosorbent of metals in effluent treatments. Bioresources Technology, 98 (10),
1940-1946.

Farquhar G.J. and Rovers F.A (1993). Gas production during refuse decomposition.
Air, Water and Soil Pollution, 2 (2), 483-495.

Fassina, L. (1938). Purification of tannery effluents. Journal of the American Leather
Chemists Association, 33, 380.

Feki, F., Aloui, F., Feki, M., and Sayadi, S. (2009). Electrochemical oxidation post-
treatment of landfill leachates treated with membrane bioreactor.
Chemosphere, 75(2), 256-260.

Feng SL, Wang X.M., and Weki GJ. (2007). Leachates of municipal solid waste
incineration bottom ash from Macao: Heavy metal concentration and
genotoxicity. Chemosphere, 67 (6), 1133- 1137.

Feng, Z., Yang, B., and Xu, Y., (2001). Study on Mechanism of Electrochemical
Corrosion of Al-foil for Aluminum Electrolytic Capacitor Anode. Electronic
Components And Materials, 20(6), 10-12.

Flentje, M., and Hager, D. (1964). Advances in taste and odour removal with granular
carbon filters. Water and Sewage Works, 111(2), 76-79.

Foo, K.Y. and Hameed, B.H. (2009). An overview of landfill leachate treatment via

activated carbon adsorption process. Penang, Malaysia. Journal of Hazardous
Materials, 171, 54-60.

178


http://www.envirocarbon.com.my/I-Ac1.0.htm

Freundlich, H. (1906). Over the adsorption in solution. J. Phys. Chem, 57(385471),
1100-1107.

Fuller, W. H. (1978). Investigation of landfill leachate pollutants attenuation by soils.
Environmental protection technology series (USA). no. EPA-600/2-78-158.

Gabaldon, C., Marzal, P., Ferrer, J., and Seco, A. (1996). Adsorption of Cd and Zn
onto a granular activated carbon. Water Resources, 30, 3050-3060.

Gao, P., Chen, X., Shen, F., and Chen, G. (2005). Removal of chromium (VI) from
wastewater by combined electrocoagulation-electroflotation without a filter.
Separation and Purification Technology, 43(2), 117-123.

Garcia, A.B., Martinez-Alonso, A., Leon, C.A.L.Y., and Tascon, J.M.D. (1998).
Modification of the surface properties of an activated carbon by oxygen plasma
treatment. Fuel, 77, 613-624.

Geenens, D., Bixio, B., and Thoeye, C. (2001) Combined ozone-activated sludge
treatment of landfill leachate. Water Sci Technol., 44(2-3), 359-365

Ghanbari, F., Moradi, M., Eslami, A., and Emamjomeh, M. (2014).
Electrocoagulation/flotation of textile wastewater with simultaneous
application of aluminum and iron as anode. Environmental Processes, 1(4),
447-457.

Girgis, B. S., Smith, E., Louis, M. M., and El-Hendawy, A.-N. A. (2009). Pilot
production of activated carbon from cotton stalks using H 3 PO 4. Journal of
Analytical and Applied Pyrolysis, 86(1), 180-184.

Giri, A.K,, Patel, R., and Mandal, S. (2012). Removal of Cr (VI) from aqueous
solution by Eichhornia crassipes root biomass-derived activated carbon.
Chemical Engineering Journal, 185-186, 71-81.

Gomez-Serrano, V., Cuerda-Correa, E.M., Fernandez-Gonzalez, M.C., Alexandre-
Franco, M.F., and Macias-Garcia, A (2005). Preparation of activated carbons
from chestnut wood by phosphoric acid-chemical activation. Study of
microporosity and fractal dimension. Mater. Lett., 59, 846-853.

Gottipati, R., (2012). Preparation and characterization of microporous activated
carbon from biomass and its application in the removal of chromium (V1) from
aqueous phase. (PhD- thesis), National Institute of Technology, Rourkela,
Odisha.

Gotvajn, A.Z., Tisler, T. and Koncan, T. (2009). Comparison of different treatment

strategies for industrial landfill leachate. Journal of Hazardous Materials, 162,
1446-1456.

179



Graber, A., Skvarc, R. and Junge-Berberovi, R. (2009). Elimination of phenols,
ammonia and cyanide in wash water from biomass gasification, and nitrogen
recycling using planted trickling filters. Water Science and Technology,
60(12), 3253-3259.

Graham, J. (1999). Technical director for activated carbon, U.S. Filter/Westates, Los
Angeles, CA. Personal communication with D. Creek, Alpine Environmental,
Inc., Fort Collins, CO.

Griffith, M., and Trois, C. (2002). A preliminary investigation into the hydraulic
properties of a waste body. Proceedings from the International Waste
Management Biennial Congress and Exhibition Durban, South Africa, 1, 116-
125.

Grimm, J., Bessarabov, D., and Sanderson, R. (1998). Review of electro-assisted
methods for water purification. Desalination, 115(3), 285-294.

Guo, B., Chang, L., and Xie, K. (2006). Adsorption of carbon dioxide on activated
carbon. Journal of Natural Gas Chemistry 15 (2006), 223-229.

Guo, J., and Lua, A. (2003). Surface functional groups on oil-palm-shell adsorbents
prepared by HsPOs4 and KOH activation and their effects on adsorptive
capacity. Chemical Engineering Research and Design, 81(5), 585-590.

Guo, J., and Lua, A.C. (2000). Textural characterization of activated carbon prepared
from oil-palm stones with various impregnating agents. Journal of Porous
Materials, 7(4), 491-497.

Guo, Y., Yang, S., Yu, K., Zhao, J., Wang, Z., and Xu, H. (2002). Preparation and
mechanism study of rice husk based porous carbon. Materials Chemistry and
Physics, 74, 320-323.

Gupta, H., and Gogate, P.R. (2016). Intensified removal of copper from waste water
using activated watermelon based biosorbent in the presence of ultrasound.
Ultrasonic Sonochemistry, 30, 113-122.

Gupta, V.K., Mittal, A., Jain R., Mathur M., and Sikarwar S. (2006). Adsorption of
safranin-T from wastewater using waste materials-activated carbon and
activated rice husks. Journal of Colloid and Interface Science, 303, 80-86.

Hai, F.I., Yamamoto K., Nakajima F., and Fukushi K., (2011). Bio augmented
membrane bioreactor (MBR) with a GAC-packed zone for high rate textile
wastewater treatment. Water Research, 45(6), 2199-2206.

Haimour N.M., and Emeish S. (2006). Utilization of date stones for production of
activated carbon using phosphoric acid. Waste Mang., 26 (6), 651-660.

180



Halim, A A, Aziz, H.A., Johari, M.A., and Ariffin, K.S. (2010). Comparison study of
ammonia and COD adsorption on zeolite, activated carbon and composite
materials in landfill leachate treatment. Desalination, 262, 31-35

Hamad, B.K., Noor, A.M., Afida, A.R., Mohad, and Asri, M.N. (2010). High removal
of 4-chloroguaiacol by high surface area of oil palm shell- activated carbon
activated with NaOH from aqueous solution. Desalination, 257 (1-3), 1-7.

Hameed, B.H., Ahmed, A.A., and Aziz, N. (2007). Isotherm, Kinetics and
thermodynamics of acid dye adsorption on activated palm ash. Chem. Eng. J.,
133 (1-3), 195-203.

Hammami, S., Ouejhani, A., Bellakhal, N., and Dachraoui, M. (2009). Application of
Doehlert matrix to determine the optimal conditions of electrochemical
treatment of tannery effluents. J. Hazard. Mater., 163, 251-258.

Han, R., Wang, Y., Zhao, X., Xie, F., Cheng, J., and Tang, M. (2009). Adsorption of
methylene blue by phoenix tree leaf powder in a fixed-bed column:
experiments and prediction of breakthrough curves. Desalination, 245, 284-
297.

Hand, D.W. , Crittenden, J.C., Arora, H., Miller, J.M., and Lykins, B.W. Jr. (1989).
Designing fixed —bed adsorbers to remove mixtures of organics. Journal
(American Water Wors Association). 81 (1), 67-77.

Hanen N, and Abdelmottaleb, O. (2013). Modeling of the dynamics adsorption of
phenol from an aqueous solution on activated carbon produced from olive
stones. J Chem. Eng. Process Technol., 4, 153.

Harris, J. M., and Gaspar, J. A. (1989). Management of leachate from sanitary
landfills. Paper presented at the Environmental Engineering:.

Heyer, K., Hupe, K., and Stegmann, R. (2005). Landfill aftercare---scope for actions,
duration, costs and quantitative criteria for the completion. Paper presented at
the 7th International Waste Management and Landfill Symposium
Proceedings.

Hijnen W. A.M., Suylen G.M.H., Bahlman J.A., Brouwer-Hanzens A., and Edema
G.J. (2010). GAC adsorption filters as barriers for viruses, bacteria and
protozoan cysts in water treatment. Water Research, 44(4), 1224-1234.

Hinz, C. (2001). Decrition of sorption data with isotherm equations. Geoderma 99,
225-243.

Ho, Y., Huang, C.T., and Huang, H.W. (2002). Equilibrium sorption isotherm for
metal ions on tree fern. Process Biochemistry, 37, 1421-1430.

181



Ho, Y.S. (2004). Citation review of lagergen Kkinetic rate equation on adsorption
reactions. Scientometrics, 59, 171-177.

Holt, P.K., Barton, G.W., and Mitchell, C.A., (2005). The future for
electrocoagulation as a localised water treatment technology. Chemosphere,
59 (3), 355-367.

Holt, P.K., Barton, G.W., Wark, M., and Mitchell, C.A., (2002). A quantitative
comparison between chemical dosing and electrocoagulation. Colloid Surface
A. 211 (2-3), 233-248.

Howard, A. G. (1998). Aquatic environmental chemistry. Oxford Chemistry Primers,
57(1), ALL-ALL.

Hristovski, K., Olson, L., Hild, N., Peterson, D., and Burge, S. (2007). The municipal
solid waste system and solid waste characterization at the municipality of
Veles, Macedonia. Waste Management, 27 (11),1680-1689.

Hsu N. H., Wang S. L., Liao Y. H., Huang S.T., Tzou Y.M., and Huang Y.M. (2009).
Removal of hexavalent chromium from acidic aqueous solutions using rice
straw-derived carbon. Journal of Hazardous Materials, 171 (1-3), 1066-1070.

Hsu, L-Y, and Teng, H. (2000). Influence of process variables on chemically activated
carbon from pistachio shell with ZnCl, and KOH. Fuel Process. Techol., 64,
155-166.

Hsisheng, V.B., and Chein-To, H. (1998). Influence of surface characteristics on
liquid-phase adsorption of phenol by activated carbons prepared from
bituminous coal. Ind. Eng. Chem. Res. 39, 3618-3624.

Hu, C-C., Wang, C-C., Wu, F-C., and Tseng, R-L. (2007). Characterization of
pistachio shell- derived carbons activated by a combination of KOH and CO
for electric double-layer capacitors. Electrochim. Acta., 52, 2498-2505.

Huang, M., Wang, Z., and Liu, S. (2016). Reutilization of the Cr ions adsorbed on
activated carbon as colorants in glass preparation. Journal of Environmental
Chemical Engineering, 4, 1555, 1560.

Inyang M., Gao B., Ding W., Pullammanappallil P., Zimmerman A.R., and Cao X.
(2011). Enhanced lead sorption by biochar derived from anaerobically
digested sugarcane bagasse. Sep. Sci. Technol., 46(12), 1950-1956.

loannidou, O.,and Zabaniotou, A. (2007). Agricultural residues as precursors for

activated carbon production- a review. Renew. Sustain. Energy Rev., 11, 1966-
2005.

182



Ismail, S. N. S. (2011). Assessing environmental impacts and siting considerations for
landfills in developing countries: A case study of Malaysia. University of East
Anglia.

IUPAC Manual of Symbols and Technology. (1972). Appendix 2, Pt.1, Colloid and
Surface Chemistry. Pure and Applied Chemistry, 31, 578.

IWA (Specialist group on the use of macrophytes). (2000). Constructed wetlands for
pollution control - Scientific and technical report, Number 8. IWA-publish in
Johnston C.A1993.

Jaramillo, J., Alvarez, P., and Gomez-Serrano, V. (2010). Preparation and ozone-
surface modification of activated carbon. Thermal stability of oxygen surface
groups. Applied Surface Science, 256(17), 5232-5236.

Jarvie M.E.. and Hand D.W., Bhuvendralingam S., Crittenden J.C.; Hokanson D.R.
(2005). Simulating the performane of fixed —bed granular activated carbon
adsorbers: removal of synthetic organic chemicals in the presence of
background organic matter. Water Research, 39(11), 2407-2421.

Johnsen, S. (1938). Electrosterilization of water. Oligodynamics and the catadyn
process. Teknisk Ukeblad, 85, 114-17.

Johnston, C. (1993). Mechanisms of wetland-water quality interaction. Constructed
wetlands for water quality improvement, 293-299.

Joyce, R., and Sukenik, V. (1964). Feasibility of granular, activated carbon adsorption
for waste water renovation Environmental Health SeriesWater Supply and
Pollution Control AWTR: US Department of Health Education and Welfare.

Juang, R.S., Wu, F.C., and Tseng, R.L. (1999). Adsorption removal of copper (1)
using chitosan from simulated rinse solutions containing chelating agent.
Water Resources, 33, 2403-2400.

Justin, M.Z. and Zupanci¢, M. (2009). Combined purification and reuse of landfill
leachate by constructed wetland and irrigation of grass and willows.
Desalination, 246 (1-3), 157-168.

Kabeel, A., Hamed, A., and EI-Agouz, S. (2010). Cost analysis of different solar still
configurations, Energy, 35, 2901-2908.

Kapdan, M.J., Beg, Q., Sahai, V. and Gupta, R. (2006). Media optimization by alkaline
protese production from specific bacteria in bioreactor. Journal of Biochemical
process, 9, 203-209.

Kadirvelu K, and Namasivayam C. (2003). Activated carbon from coconut coir pith

as metal adsorbent: adsorption of Cd (Il) from aqueous solution. Advances in
Environmental Research, 7(2), 471-478.

183



Kadlec, R.H. and Knight, R.L. (1996), Treatment Wetlands, CRC Press LLC, Boca
Raton, Florida.

Kalderis, D. Koutoulakis, D., Paraskeva, E. Diamadopoulos, P., Otal, E., del Valle,
J.0., and Fernandez-Pereira, C.(2008). Adsorption of polluting substances on
activated carbons prepared from rice husk and sugarcane bagasse, Chem. Eng.
J. 144, 42-50.

Kalmykova, Y., Stromvall, A., Rauch, S. and Morrison, G. (2009). Peat filter
performance under changing environmental conditions. Journal of hazardous
materials. 166(1), 389-393.

Kanavathy H., Karthik B., and Miranda L.R. (2010). Removal and recovery of Ni and
Zn from aqueous solution using activated carbon from Hevea Brasiliensis:
Batch and column studies. Colloids and Surface B: Bionterfaces, 78(2), 291-
302.

Karacan, F., Ozden, U., and Karacan, S. (2007). Optimization of manufacturing
conditions for activated carbon from Turkish lignite by chemical activation
using response surface methodology. Appl. Therm. Eng., 27, 1212-1218.

Kardivalu, K., and Namasivayam, D. (2000). Agricultural by —product as metal
adsorption: sorption of Lead (I1) from aqueous solution onto coirpith carbon.
Envirnmental Technology, 21, 1091-1097.

Kargi, F., and Pamukoglu, M.Y. (2003a). Powdered activated carbon added biological
treatment of pre-treated landfill leachate in a fed-batch reactor. Biotechnology
letters, 25, (9), 695-699.

Kargi, F., and Pamukoglu, M.Y. (2003b) Simultaneous adsorption and biological
treatment of pre-treated landfill leachate by fed-batch operation. Process
Biochem, 38,1413-1420.

Kargi, F., and Pamukoglu, M.Y. (2003). Aerobic biological treatment of pre-treated
landfill leachate by fed-batch operation. Enzyme and Microbial Technology,
33, 588-595.

Karnib, M., Kabbani, A., Holail, H., and Olama, Z.(2014). Heavy metals removal
using activated carbon, silica and silica activated carbon composite. Energy
Procedia, 50, 113-120.

Kaseva, M. E., and Mbuligwe, S.E. (2005). Appraisal of solid waste collection
following private sector involvement in Dar es Salaam city, Tanzania. Habitat
International 29 (2), 353-366.

Katal, R., and Pahlavanzadeh, H. (2011). Influence of different combinations of

aluminum and iron electrode on electrocoagulation efficiency: Application to
the treatment of paper mill wastewater. Desalination, 265(1), 199-205.

184



Kathirvale, S., Yunus, M.N.M., Sopian,K., and Samsuddin. A.H. (2003). Energy
Potential from Municipal Solid Waste in Malaysia. Renewable Energy. 29,
559-567.

Katsiris, N., and Kouzeli-Katsiri, A. (1987). Bound water content of biological
sludges in relation to filtration and dewatering. Water Research, 21(11), 1319-
1327.

Khademi, Z., Ramavandi, B., Ghaneian, M.T. (2015). The behaviors and
characteristicsof a msoporous activated carbon prepared from Tamarix hispida
for Zn (I1) adsorption from wastewater. Journal of Environmental Chemical
Engineering, 3, 2057-2067.

Khaled, B., Wided, B., Béchir, H., Elimame, E., Mouna, L., and Zied, T. (2015).
Investigation of electrocoagulation reactor design parameters effect on the
removal of cadmium from synthetic and phosphate industrial wastewater.
Arabian Journal of Chemistry.

Kirubakaran, C.J., Krishnaiah, K., and Seshadri, S.K. (1991). Experimental study of
the production of activated carbon from coconut shells ina fluidized bed
reactor. Ind. Eng. Chem. Res., 30(11), 2411-2460.

Kjeldsen, P., Barlaz, M. A., Rooker, A. P., Baun, A., Ledin, A., and Christensen, T.H.,
(2002). Present and long —term composition of MSW landfill leachate ; A
review. Journal of Environmental Science & Technology. No. 32, 297-336.

Knox, K. (2000). MSc in Containment Land Management - Landfill Module: 6th to
10" November 2000 - Lecture 3a - Leachate Production and Control. In
International

Ko, Y.N., Choi, U.S., Kim, J.S., and Park, Y.S. (2002). Novel synthesis and
characterization of activated carbonfiber and dye adsorption modeling.
Carbon, 40(14), 2661-2672.

Kobayashi, T. (1985). Electroflocculation and magnetic separation of wastewater.
Japanese patent application, 77-47019.

Kobya, M., Can, O. T., and Bayramoglu, M. (2003). Treatment of textile wastewaters
by electrocoagulation using iron and aluminum electrodes. Journal of
hazardous materials, 100(1), 163-178.

Kobya, M., and Delipinar, S. (2008). Treatment of the baker's yeast wastewater by
electrocoagulation, J. Hazard. Mater. 154, 1133-1140.

Koh, 1.0., Chen-Harnacher, X., and Hicke, K. (2004). Leachate treatment by the

combination of photochemical oxidation with biological process. Journal of
Photochemistry and Photobiology A-Chemistry, 162 (2-3), 261-271, 2004.

185


https://scholar.google.com/citations?user=sUuzkr0AAAAJ&hl=en&oi=sra

Kowalczyk, Z., Sentek, J., Jodzis, S., Diduszko, R., Presz, A., Terzyk, A., and
Suwalski, J. (1996). Thermally modified active carbon as a support for
catalysts for NH3 synthesis. Carbon, 34(3), 403-4009.

Kraft, A. (2004). Electrochemical water treatment processes. Vom Wasser, 102(3), 12-
19.

Krishnan, K.A., Sreejalekshmi, K.G., Vimexen, V., and Dev., V.V. (2016). Evaluation
of adsorption properties of sulphurised activated carbon for the effective and
economicaaly viable removal of Zn (I1) from aqueous solutions. Ecotoxicology
and Environmental Safety, 124, 418-425.

Kul’skii, L., Strokach, P., Slipchenko, V., and Saigak, E. (1978). Water purification
by electrocoagulation. Kiev, Budivel'nik.

Kumar, A., and Jena, H.M. (2015). High surface microporous activated carbons
prepared from Fox nut (Euryale ferrox) shell by zinc chloride activation.
Applied Surface Science, 356, 753-761.

Kumar, S., Chiemchaisri, C., and Mudhoo, A. (2011). Bioreactor landfill technology
in municipal solid waste treatment: An overview. Critical Reviews in
Biotechnology, 31(1), 77-97.

Kurniawan, T. A., Lo, W. H., and Chan, G. Y. (2006). Physico-chemical treatments
for removal of recalcitrant contaminants from landfill leachate. Journal of
Hazardous Materials, 129(1), 80-100.

Kurniawan, T.A, Lo, W., and Chan, G.Y.S. (2006). Physicochemical treatments for
removal of recalcitrant from landfill leachate. Journal of Hazardous Materials,
129 (1-3), 80 -100.

Kurniawan, T.A., Lo, W.H., and Chan, G.Y.S. (2006). Degradation of recalcitrant
compounds from stabilized landfill leachate using a combination of ozone-
GAC adsorption treatment, J. Hazard. Mater. B137, 443-455.

Kurt, U., Gonullu, M. T., llhan, F., and Varinca, K. (2008). Treatment of domestic
wastewater by electrocoagulation in a cell with Fe-Fe electrodes.
Environmental Engineering Science, 25(2), 153-162.

Kyzas, G.Z., Deliyanni, E.A., and Matis, K.A. (2016). Activated carbons produced by
pyrolysis of waste potato peels: Cobalt ions removal by adsorption. Colloids
and Surfaces A. 490, 74-83.

Laine, J. and Yunes, S.(1992). Effect of the preparation method on the pore size
distribution of activat ed carbon from coconut shell. Carbon, 30, 601-604.

Lamy, C. (1984). Electrocatalytic oxidation of organic compounds on noble metals in
aqueous solution. Electrochimica acta, 29(11), 1581-1588.

186



Langergrabert, G., Rousseau, D.P.L., Garcia, J., and Mena, J. (2009). CWML1: a
general model to describe biokinetic processes in subsurface flow constructed
wetlands. Water Science and Technology, 59(9), 1687-1697.

Langland, M., and Cronin, T. (2003). A Summary Report of Sediment Processes in
Chesapeake Bay and Watershed. In Water-Resources Investigations Report
03-4123. New Cumberland, PA: U S Geological Survey. Retrieved from
http://pa.water.usgs.gov/reports/wrir03-4123.pdf4i

Langmuir, L. (1918). The adsorption of gases on plan surfaces of glass, mica, and
platinum. J. Am. Chem. Soc., 40, 1361-1403.

Lanza, M. R. V., and Bertazzoli, R. (2002). Selection of a commercial anode oxide
coating for electro-oxidation of cyanide. Journal of the Brazilian Chemical
Society, 13(3), 345-351.

Laqua system Sdn. Bhd., Lot No. 9 & 11, Jalan Industi PBP, Taman Industri Pusat
Bandar Puchong 47100 Puchong, Selangor Darul Ehsan, Malaysia.

Larue, O., Vorobiev, E., Vu, C., and Durand, B. (2003). Electrocoagulation and
coagulation by iron of latex particles in aqueous suspensions. Separation and
Purification Technology, 3, 1177 — 1192.

Latifah, A.M., Mohd Armi, A.B., and Nur llyana, M.Z. (2009). Municipal solid waste
management in Malaysia: Practices and challenges. Waste Manage. 29, 2902-
2906.

Lebel, A., Meeden, R., and Stirrat, B. A. (1989). Biophysical treatment facility for
hazardous waste landfill leachates. Water Science And Technology, 21(12),
1655-1656.

Lehr, J. H. (1991). Granular- Activated Carbon (GAC): Everyone Knows of It, Few
Understand It. Groundwater Monitoring & Remediation, 11(4), 5-8.

Len, S. V., Hung, Y.C., Chung, D., Andrson, J.L., Erickson, M.C., and Morita, K.
(2002). Effect of storage conditions and PH on cloorine loss in electrolyzed
oxidizing (EO) water. J. Agric. Food Chem., 50, 209-212.

Levin, M. A., and Gealt, M. A. (1993). Biotreatment of industrial and hazardous waste.

Li, F., Wichmann, K., and Heine, W. (2009). Treatment of the methanogenic landfill
leachate with thin open channel reverse osmosis membrane modules. Waste
management, 29(2), 960-964.

Li, G., Sang, N., and Wang, Q. (2006). Oxidation damage induced in brains and livers

of mice by landfill leachate. Ecotoxicology and environmental safety, 65, 134-
139.

187


http://pa.water.usgs.gov/reports/wrir03-4123.pdf4i

Li, G., Sang, N., and Zhao, Y. (2004). Micronuclei induced by municipal landfill
leachate in mouse bone marrow cells in vivo. Environmental Research, 95, 77-
81.

Li, H., Zhou, S., Sun, Y., Feng, P. and Li, J. 2009. Advanced treatment of landfill
leachate by a new combination process in a full-scale plant. Journal of
Hazardous Materials, 172(1), 408-415.

Li, L., and Liu, Y. (2009). Ammonia removal in electrochemical oxidation:
Mechanism and pseudo kinetics. J. Hazardous Materials, 161, 1010-1016.

Li, L., Quinlivan, P. A., and Knappe, D. R. (2002). Effects of activated carbon surface
chemistry and pore structure on the adsorption of organic contaminants from
aqueous solution. Carbon, 40(12), 2085-2100.

Li, W., Peng, J., Zhang, L., Yang, K., Xia, H., Zhang, S., and Guo, S.-h. (2009).
Preparation of activated carbon from coconut shell chars in pilot-scale
microwave heating equipment at 60kW. Waste management, 29(2), 756-760.

Li, W., Yang, K., Peng, J, Zhang, L., Guo, S., and Xia, H. (2008). Effects of
carbonization temperature on characteristics of porosity in coconut shell chars
and activated carbons derived from carbonized coconut shell chars. Ind. Crop.
Prod., 28(2), 190-198.

Li, W., Zhang, L.B., Peng, J.H., Li, N., and Zhu, X.Y. (2008). Preparation of high
surface area activated carbons from tobacco stems with K2CO3 activation
using microwave radiation. Indus. Crops Prod. 27, 341-347.

Li, X., and Li, Z. (2012). Adsorption of water vapor onto and its electrothermal
desorption from activated carbons with different electric conductivities.
Separation and Purification Technology 85 (2012), p. 77-82.

Li, Y., Du, Q., Wang, X., Zhang, P., Wang, D., Wang, Z., and Xia, Y. (2010).
Removal of lead from aqueous solution by activated carbon prepared from
Enteromorpha prolifera by zinc chloride activation. Journal of Hazardous
Materials, 183(1), 583-589.

Lillo-Rodenas, M.A., Marco-Lozar, J.P., Cazorla-Amoros, D., and Linares-Solano, A.
(2007). Activated carbons prepared by pyrolysis of mixtures of carbon
precursor/alkaline hydroxide. J.Anal. Appl. Pyrolysis, 80, 166-174.

Lim, Y. N., Shaaban, M. G., and Yin, C. Y. (2009). Treatment of landfill leachate
using palm shell-activated carbon column: Axial dispersion modelling and
treatment profile. Kuala Lumpur, Malaysia. Journal of Chemical Engineering,
146, 86-89.

188



Lin, C.-J., Lo, S.L., Kuo, C., and Wu, C. (2005). Pilot-Scale Electrocoagulation with
Bipolar Aluminum Electrodes for On-Site Domestic Grey water Reuse.
Journal of Environmental Engineering, 131(3), 491-495.

Lin, S. H., Shyu, C. T., and Sun, M. C. (1998). Saline wastewater treatment by
electrochemical method. Water Research, 32 (4), 1059 — 1066.

Lin, Y.R,, and Teng, H.S. (2003). A novel method for carbon modification with
minute polyaniline deposition to enhance the capacitance of porous carbon
electrodes. Carbon, 41, 2865-2871.

Liu, Q.S., Zheng, T., Wang, P., and Guo, L. (2010). Preparation of peanut hull-based
activated carbon by microwave induced phosphoric acid activation and its
application in remazol brilliant blue r adsoeption. Int. Crop. Prod., 31, 233-
238.

Liu, S.X, Chen, X., Chen, X.Y., Liu, Z.F., and Wang, H.L. (2007). Activated carbon
with excellent Chromium (V1) adsorption performance prepared by acid-base
surface modification. J Hazard Mater, 14,1 315- 319.

Liu, W., Zhang, J., Zhang, C., Wang, Y., and Li, Y. (2010). Adsorptive removal of Cr
(VI) by Fe-modified activated carbon prepared from Trapa natans husk.
Chemical Engineering Journal, 162, 677-684.

Liu, Y., Li, L., and Goel, R. (2009). Kinetic study of electrolytic ammonia removal
using Ti/lrO2 as anode under different experimental conditions. J. Hazardous
Materials, 167, 959-965.

Liyan S., Youcai Z., Weimin S., and anZiyang L. (2009). Hydrophobic organic
chemicals (HOCs) removal from biologically treated landfill leachate by
powder-activated carbon (PAC), granular-activated carbon (GAC) and
biomimetic fat cell (BFC). Journal of Hazardous Materials, 163 (2-3), 1084-
1089.

Longe E.O., and Balogun M.R. (2010). Groundwater quality assessment near a
municipal landfill, Lagos, Nigeria. Research Journal of Applied Sciences,
Engineering and Technology, 2, 39-44.

Lou, Z., Dong, B., Chai, X., Song, Y., Zhao, Y.,and Zhu, N. (2009). Characterization
of refuse landfill leachates of three different stages in landfill stabilization
process. Journal of Environmental Sciences. 21(9), 1309-1314.

Loukidou, M.X., and Zouboulis, A.l. (2001) Comparison of two biological treatment

processes using attached—growth biomass for sanitary landfill leachate
treatment. Environ. Pollut., 111(2),273-281

189



Lu, C., Liu, C., and Rao, G. P. (2008). Comparisons of sorbent cost for the removal
of Ni #* from aqueous solution by carbon nanotubes and granular activated
carbon. Journal of Hazardous Materials, 151(1), 239-246.

Lu, J., Eichenberger, B., Stearns, R., and Melnyk, I. (1984). Production and
management of leachate from municipal landfills: summary and assessment.
Final report Sep 79-Mar 82. Retrieved from

Lu, Y., D'Hont, A., Paulet, F., Grivet, L., Arnaud, M., and Glaszmann, J. (1994).
Molecular diversity and genome structure in modern sugarcane varieties.
Euphytica, 78(3), 217-226.

Lua, A. C., and Yang, T. (2005). Characteristics of activated carbon prepared from
pistachio-nut shell by zinc chloride activation under nitrogen and vacuum
conditions. Journal of Colloid and Interface Science, 290(2), 505-513.

Luning, L., and Notenboom, G. (1997). The membrane bioreactor, advanced leachate
treatment. In leachate and landfill gas management. Paper presented at the
Proceedings of the Sixth International Landfill Symposium.

Madhava Rao M., Chandra Rao G.P., Seshaiah K., Choudary N.V., and Wang M.C.
(2008). Activated carbon from ceiba pentandra hulls, an agricultural waste, as
an adsorbent in the removal of lead and zinc from aqueous solutions. Waste
Management, 38(5), 849-858.

Mall, 1.D., Srivastava, V.C., and Agarw al, N.K. (2006).Removal of orange -G and
methyl violet dyes by adsorption onto bagasse fly ash kinetic study and
equilibrium isotherm analyses. Dyes and Pigments, 69 (3), 210-223

Manaf, L. A., and Samah, Z. N. I. M. (2009). Municipal solid waste management in
Malaysia: practices and challenges. Waste Management. 29: 29022906

Mansour, S. E., and Hasieb, 1. H. (2012). Removal of Ni (Il) and Co (II) Mixtures
from Synthetic Drinking Water by Electrocoagulation Technique Using
Alternating Current. International Journal of Chemical Technology, 4(2), 31-
44,

Marselli, B., Garcia-Gomez, J., Michaud, P.-A., Rodrigo, M., and Comninellis, C.
(2003). Electrogeneration of hydroxyl radicals on boron-doped diamond
electrodes. Journal of the Electrochemical Society, 150(3), D79-D83.

Marson, H. (1965). Electrolytic sewage treatment. Engineer, 4, 591-596.

Maslennikov, N., and Zhdanova, T. (1961). Concentration of excess activated sludge
by electroflotation. Sb. Nauchn. Rabot Akad Kommun. Khoz(6), 230-253.

Mathlener, R. (2001). The savings of sustainable landfilling. Paper presented at the
Proceedings Sardinia.

190



Matos J., Nahas C., Rojas L., and Rosales M. (2011). Preparation oand
characterization of activated carbon from sawdust of Algarroba wood. 1.
Physical activation and pyrolsis. J. of Hazardous Materials, 196(0), 360-3609.

MatWeb. (1996). MatWeb - The Online Materials Information Resource. Retrieved
June 20, 2004, from http://www.matweb.com.

McEnaney, B. (1987). Estimation of the dimensions of micropores in active carbons
using the Dubinin-Radushkevich equation. Carbon, 25, 69-75.

McGraw-Hill, (1990) .Studies of biologically treated landfill leachate. Chem. Eng. and
Proc. 34, 299-303.

McKay G., Ramprasad G., and Mowali P. (1998). Desorption and regeneration of
dyecolors from low cost materials. Water Res. 21(3), 375-377.

Mckay, G., Blair, H.S., and Gardener, J.R. (1982). Adsorption of dyes on chitin I.
Equilibrium studies. Journal of Applied Polymer Science, 27, 3043-3057.

Mckay, G., Ramprasad, G., and Mowli, P. (1987). Desorption and regeneration of dye
colours from low-cost materials. Water Research, 21(3), 375-377.

Mehmood, M.K., Adetutu, E., Nedwell, D.B. and Ball, A.S. (2009). In-situ microbial
treatment of landfill leachate using aerated lagoons. Adelaide, South Australia.
Journal of Bioresource Technology, 100, 2741-2744.

Menendez, J., Menendez, E., Iglesias, M., Garcia, A., and Pis, J. (1999). Modification
of the surface chemistry of active carbons by means of microwave-induced
treatments. Carbon, 37(7), 1115-1121.

Merzougui, Z., and Addoun, F. (2008). Effect of oxidant treatment of date pit activated
carbons application to the treatment of waters. Desalination 222, 394-403.

Mezohegyi, G., van der Zee, F. P., Font, J., Fortuny, A., and Fabregat, A. (2012).
Towards advanced aqueous dye removal processes: a short review on the
versatile role of activated carbon. Journal of Environmental Management, 102,
148-164.

Millet, J. M. M., and Sebaoun, A. (1993). Influence of various electrolysis parameters
and electrode characteristics on corrosion behavior of titanium supported
RuO2-TiO2 anodes. Materials Science and Technology, 9(9), 820-6.

Minkova, V., Marinov, R., Zanzi, R., Bjornborn, E., Budinova, T., Stefanova, M., and
Lakov, L. (2000). Thermochemical treatment of biomass in a flow steam or in
a mixture of steam and carbon dioxide. Fuel Processing Technology, 62, 45-
52.

191


http://www.matweb.com/

Mohammad, A. W., Hilal, N., and Pei, L. Y. (2004). Treatment of landfill leachate
wastewater by nanofiltration membrane. International Journal of Green
Energy, 1(2), 251-263.

Mohan D., Singh K.P., and Singh V. K. (2006). Trivalent chromium removal from
waste water using low cost activated carbon derived from agricultural waste
material and activated carbon fabric cloth. Journal of Hazardous Materials,
135 (1-3), 280-295.

Mohan Jr., D., and Pitman, C.U. (2006). Activated carbons and low cost adsorbents
for remediation of tri-and hexavalent chromium from water. Journal of
Hazardous Materials, 137, 762-811.

Mollah, M. Y. A., Schennach, R., Parga, J. R. and Cocke, D. L. (2001).
Electrocoagulation (EC) — Science and applications. Journal of Hazardous
Materials, B84: 29 — 41.

Mollah, M. Y., Morkovsky, P., Gomes, J. A., Kesmez, M., Parga, J., and Cocke, D.
L. (2004). Fundamentals, present and future perspectives of
electrocoagulation. Journal of hazardous materials, 114(1), 199-210.

Momcilovié, M., Purenovi¢, M., Boji¢, A., Zarubica, A., and Randelovi¢, M. (2011).
Removal of lead (1) ions from aqueous solutions by adsorption onto pine cone
activated carbon. Desalination, 276(1), 53-59.

Monje-Ramirez, |I., and De Velasquez, M. O. (2004). Removal and transformation of
recalcitrant organic matter from stabilized saline landfill leachates by
coagulation—ozonation coupling processes. Water Research, 38(9), 2359-
2367.

Monser, L., and Adhoum, N. (2002). Modified activated carbon for the removal of
copper, zinc, chromium and cyanide from wastewater. Separation and
Purification Technology, 26(2), 137-146.

Monser, L., and Adhoum, N. (2009). Tartrazine modified activated carbon for the
removal of Pb (II), Cd (I1) and Cr (I1l). Journal of Hazardous Materials,
161(1), 263-269.

Morawe, B., Ramteke, D. S., and Vogelpohl, A. (1995). Activated carbon column
performance studies of biologically treated landfill leachate. Chemical
Engineering and Processing: Process Intensification, 34(3), 299-303.

Moreno-Castilla C. (2004). Adsorption of organic molecules from equeous solutions
on carbon materials. Carbon, 42(1), 83-94.

192



Moreno-Castilla, C., Carrasco-Marin, F., Maldonado-Hodar, F.J. and Rivera-Utrilla,
J. (1997) Effects of non-oxidant and oxidant acid treatments on the surface
properties of an activated carbon with very low ash content, Carbon, 36,145-
151.

Moreno-Castilla, C., and Rivera-Utrilla, J. (2001). Carbon materials adsorbents for the
removal of pollutants from the aqueous phase. Materials Research Society
Bulletin, 26, 890-894.

Moreno-Pirajan, J.C., Garcia-Cuello, V.S., and Giraldo, L. (2011). The removal and
Kinetic study of Mn, Fe, Ni and Cu ions from the wastewater onto activated
carbon from coconut shells. Adsorption, 17, 505-514.

Mostafa, M.R. (1997). Adsorption of mercury, lead and cadmium ions on modified
activated carbon. Adsorption Sci. Technol., 15:551-557.

Mozammel, H.M., Masahiro, O., and Bhattacharya, S.C. (2002). Activated charcoal
from coconut shell using ZnCl; activation. Biomass and Bioenergy, 22, 397-
400.

Murugananthan, M., Bhaskar Raju, G., and Prabhakar, S. (2004). Separation of
pollutants from tannery effluents by electroflotation. Separation and
Purification Technology, 40(1), 69-75.

Muthukumaran K., and Beulah S. (2011). Removal of Chromuim (VI) from waste
water using chemically activated Syzygium jambolanum nut carbon by batch
studies. Procedia Environmental Sciences, 4, 266-280.

Nabais, J. M. V., Carrott, P. J. M., Riberiro Carrott, M. M. L., and Menendez, J. A.
(2004). Preparation and modification of activated carbon fibres by microwave
heating. Carbon, 42, 1315-1320

Nagai, N., Takeuchi, M., Kimura, T., and T. Oka (2003). Existence of optimum space
between electrodes on hydrogen production by water electrolysis.
International Journal of Hydrogen Energy 28(1): 35-41.

Nahil M.A., and Williams P.T. (2011). Recycling of carbon fiber reinforced
polymeric waste for the production of activated carbon fibers. Journal of
Analytical and Applied Pyrolysis, 91(1), 67-75.

Nahrim, (2009). Desktop study on Groundwater Contamination at Landfill sites in
Selangor, National Hydraulic Research Institute of Malaysia Report.

Namasivayam C., Sangeetha D., and Gunasekaran R., (2007). Removal of anions,
heavy metals, organics and dyes from water by adsorption onto a new activated
carbon from Jatropha husk, an agro-industrial solid waste. Process Safety and
Environmental Protection, 85 (2), 181-184.

193



Napper, D. H. (1983). Polymeric Stabilisation of Colloidal Dispersions. Academic
Press, ISBN 0-12-513980-2.

Nasir, M.H., Rakmi, A.R., Zamri, I., and Saifullah, R. (1995). Existing solid waste
management and problems in Malaysia. In privatisation of Solid Waste
Management in Malaysia. Tabung Haji Technologies, Kuala Lumpur,
Malaysia

National Solid Waste Mangement Department (NSWMD), Ministry of Urban
Wellbeing, Housing and Local Government, 1% April 2013. Statistic of number
of landfill sites by states in Malaysia. Retrieved from
http://www.kpkt.gov.my/accessed on 29th May 2015.

Nazari, G., Abolghasemi, H., Esmaieli, M., and Pouya, E.S. (2016). Aqueous phase
adsorption of cephalexin by walnut shell-based activated carbon: A fixed-bed
column study. Applied Surface Science, 375, 144-153.

Neena, C., Ambily, P., and Jisha, M. (2007). Anaerobic degradation of coconut husk
leachate using UASB-reactor. Journal of environmental biology, 28(3), 611.

Neti N.R., and Kaul S. N., (2003). Electrochemical treatment of wastewater from a
phosphoric acid manufacturing plant. Annali dichimica, 93(9-10), 777-82.

Netzer, A., and Hughes, D. (1984). Adsorption of copper, lead and cobalt by activated
carbon. Water Research, 18(8), 927-933.

Ngoc, U. N. and H. Schnitzer. (2009). Sustainable Solutions for Solid Waste
Management in Southeast Asian countries. Waste Management. 29, 1982-
1995.

Ni'am, M., Othman, F., Sohaili, J., and Fauzia, Z. (2007). Electrocoagulation
technique in enhancing COD and suspended solids removal to improve
wastewater quality. Water science and technology, 56(7), 47-53.

Nielson, K. and Smith, D.W. (2005). Ozone-enhanced electroflocculation in
municipal wastewater treatment. Journal of Environmental Engineering and
Science, 4(1), 65-76.

Nikolaev, N. V., Kozlovskii, A.S., and Utkin, 1. (1982). Treating natural waters in
small water systems by filtration with electrocoagulation. Soviet Journal of
Water Chemistry and Technology, 4 (3), 244-247.

Nisha, P. M., Esakku. S and Palanivelu., K. (2005). Electrochemical Treatment

of Landfill Leachate, Centre for Environmental Studies, Anna University,
Indian Chemical Engineer, 272-276.

194


http://www.kpkt.gov.my/accessed

Niu, R., Li, H., Ma, Y., He, L., and Li, J. (2015). Electrochimica Acta An insight into
the improved capacitive deionization performance of activated carbon treated
by sulfuric acid. Electrochimica Acta, 176, 755-762.

Noaksson, E., Linderoth, M., Tjarnlund, U., and Balk, L. (2005). Toxicological effects
and reproductive impairments in female perch (Perca fluviatilis) exposed to
leachate from Swedish refuse dumps. Aquatic toxicology, 75(2), 162-177.

Nora, K., Zakaria, N.A., Ab. Ghani, A., and Abdullah, R. (2006). Alternativee solution
to conventional driange system using Bi-Ecological driange system: Design
and concept, part2, Bulletin Board of Engineers Malaysia, 5 (3), 47-52.

Nouri, H., and Ouederni, A. (2013). Modeling of the dynamics adsorption of phenol
from an aqueous solution on activated carbon produced from olive stones.
International Journal of Chemical Engineering and Applications, 4(4), 254.

Nowiki, P., and Pietrzak, R. (2011). Effect of ammoxidation of activated carbons
obtained from sub-bituminous coal on their NO2 sorption capacity under dry
conditions. Chemical Engineering Journal 166, 1039-1043.

Nyer, E. K. (1992). Groundwater treatment technology: John Wiley & Sons.

Oh, W.C., and Jang, W.C. (2003). Physical properties and biological effects of
activated carbon fibers treated with the herbs. Carbon, 41(9), 1737-1742.

Ohe, K., Nagae, Y., Nakamura, S., and Baba, Y. (2003). Removal of nitrate anion by
carbonaceous materials prepared from bamboo and coconut shell. Journal of
Chemical Engineering, Japan 36, 511-515.

Olivero-Verbel, J., Padilla-Bottet, C., and De la Rosa, O. (2008). Relationships
between physicochemical parameters and the toxicity of leachates from a
municipal solid waste landfill. Ecotoxicology and Environmental Safety,
70(2), 294-299.

Oller, 1., Malato, S., and Sanchez-Perez, J.A. (2011). Combination of advanced
oxidation processes and biological treatments for  wastewater
decontamination-A review. Science of the Total Environment, 409, 4141-4166.

Olmez, T. (2009). The optimization of Cr (VI) reduction and removal by
electrocoagulation using response surface methodology. J. Hazard. Mater.,
162, 1371-1378.

Omar, E.A.S., Neama, A.R., Maha, M., and EIShafei. (2011). A study of the removal
characteristics of heavy metals from wastewater by low-cost adsorbents.
Journal of Advanced Research,2, 297-303.

Ordonez, G. (1997). In situ electrolytic disinfection. Paper presented at the
Proceedings-Water Quality Technology Conference: P6C/1-P6C/15.

195



Ormad M.P., Miguel N., Claver A., Matesanz J.M., and Ovelleiro J.L. (2008).
Pesticides removal in the process of drinkink water production. Chemosphere,
71(1), 97-106.

Osasa, K., Itemoto, H., and Tanaka, H. (1995). Performance of Continuous
Electroflotation by Using Bipolar Type Sacrificial Electrodes Fitted with
Rotating Disks. Kagaku Kogaku Ronbunshu, 21, 617-617.

Osasa, K., Nakakura, H., and Tanaka, H. (1993). Treatment of colloidal waste material
by electroflotation using sacrificial electrodes. Kagaku Kogaku Ronbunshu,
19, 317-317.

Othman, F., Sohaili, J., Niam, M.F., and Zulfa, (2006). Enhancing Suspended Solid
Removal from Wastewater Using Fe Electrodes, Malaysian Journal of Civil
Engineering, 18(2),139-148.

Ould-ldriss, A., Stitou, M., Cuerda-Correa, E., Fernandez-Gonzélez, C., Macias-
Garcia, A., Alexandre-Franco, M., and GoOmez-Serrano, V. (2011b).
Preparation of activated carbons from olive-tree wood revisited. Il. Physical
activation with air. Fuel Processing Technology, 92(2), 266-270.

Oya, A., Wakahara, T., and Yoshida, S. (1993). Preparation of pitch-based
antibacterial activated carbon fiber. Carbon, 31(8), 1243-1247.

Ozdemir, I., Sahin, M., Orhan, R., and Erdem, M. (2014). Preparation and
characterization of activated carbon from grape stalk by zinc chloride
activation. Fuel Processing Technology, 125, 200-206

Pab, S., Radonic, J., Trifunovic, S., Adamovic, D., Mihajlovic, 1., Miloradov, M.S.,
and Sekulic, M.T. (2016).Evaluation of the adsorption potential of eco-friendly
activated carbon prepared form cherry kernels for the removal of Pb?*, Cd?
and Ni** from aqueous wastes. Journal of Environmental Management. 184,
297-306.

Pahan, N.H., Rio, S., Faur, C., Le Coq, L., Le Cloirec, P., and Nguyen, T.H. (2006).
Production of fibrous activated carbons fom natural applications. Carbon,
44(1), 2569-2577.

Panizza, M., Delucchi, M., and Sirés, I. (2010). Electrochemical process for the
treatment of landfill leachate. Journal of Applied Electrochemistry, 40 (10),
1721-1727.

Parga, J. R., Cocke, D.L., Valverde, V., Gomes, J., Kesmez, M., Moreno, H., Weir,
M., and Mencer, D. (2005). Characterization of electrocoagulation for

removal of chromium and arsenic. Chemical Engineering & Technology,
28(5), 605-612.

196



Park, J.-W., and Shin, H.-C. (2001). Surface emission of landfill gas from solid waste
landfill. Atmospheric Environment, 35(20), 3445-3451.

Park, S. and Jin, S.Y. (2005). Effect of ozone treatment on ammonia removal of
activated carbons. Journal of Colloid and Interface Science, 286, 417—419.

Park, S., and Kim, B. (2004). Influence of oxygen plasma treatment on hydrogen
chloride removal of activated carbon fibers. Journal of Colloid and Interface
Science, 275, 590-595.

Pattanayak, J., Mondal, K., Mathew, S., and Lalvani, S. (2000). A parametric
evaluation of the removal of As (V) and As (I11) by carbon-based adsorbents.
Carbon, 38(4), 589-596.

Pelegrini, R. T., Freire, R. S., Duran N., and Bertazzoli, R. (2001). Photoassisted
electrochemical degradation of organic pollutants on a DSA type oxide
electrode: Process test for a phenol synthetic solution and its application for
the E1 bleach kraft mill effluent. Environmental Science and Technology,
35(13), 2849-2853.

Pepper, D. (1981). Pretreatment and operating experience on reverse osmosis plant in
the Middle East. Desalination, 38, 403-417.

Pereira, L., Pereira, R., Pereira, M. F. R., Van der Zee, F. P., Cervantes, F. J., and
Alves, M. M. (2010). Thermal modification of activated carbon surface
chemistry improves its capacity as redox mediator for azo dye reduction.J.
Hazard. Mater, 183, 931-939

Periasamy, K., and Namasivayam, C. (1995). Removal of nickel (I1) from aqueous
solution and nickel plating industry wastewater using an agricultural waste:
peanut hulls. Waste Management, 15, 63-68.

Peters, A. (1998) Purification of landfill leachate with reverse osmosis and
nanofiltration. Desalination, 119, 289-293.

Phan, N.H., Rio, S., Faur, C., Le Coq, L., Le Cloirec, P., and Nguyen, T.H. (2006).
Production of fibrous activated carbons from natural cellulose (jute, coconut)
fibers for water treatment applications. Carbon. 44(12),2569-77.

Piatkiewicz, W., Biemacka, E., and Suchecka, T. (2001). A polish study: treating
landfill leachate with membranes. Filtration & separation, 38(6), 22-26.

Pignatello, J.J. (2000). The measurement and interpretation os sorption and desorption
rates for organic compounds in soil media. Adv. Agron., 69, 1-73.

Pivato, A. and Gaspari, L. (2006). Acute toxicity test of leachate from traditional and

sustainable landfills using luminescent bacteria. Padova, Italy. Journal of
Waste Management, 26, 1148-1155.

197



Plantes, W. J., R. P. Goldstein and J. Wolfe (1982). Simplified maintenance
electrocoagulator. US patent application assigned to Westinghouse Electric
Corp., USA.

Pohland, F.G. (1975). Sanitary landfill stabilization with leachate recycle and residual
treatment. EPA 600/2-75-043, U.S. EPA, Cincinnati, Ohio

Poitel, D., Courant, P., Primi, C., and Mandin, J.M. (1999). Various leachate treatment
plants in France. Proceedings of the Seventh International Landfill
Symposium, Sardinia, 135-142

Polprasert, Chongrak, and Variga Sawaittayothin. (2006). Nitrogen mass balance and
microbial analysis of constructed wetlands treating municipal landfill leachate.
Water Science and Technology. 54(11-12), 147-54.

Pontius, F. W. (1990). Water Quality and Treatment - A handbook of community
water supplies, McGraw-Hill.

Pouliot, J.-M. (1999). Biological treatment of landfill leachate. The University of
Western Ontario London.

Pretorius, W. A., Johannes, W. G. and Lempert, G. G. (1991). Electrolytic iron
flocculant production with a bipolar electrode in series arrangement, Water SA,
17, 133-138.

Probstein, D.S., Vigneswaran, S.V., Ngo, H.H., Moon, and Ki, S.H. (1993). Granular
activated carbon (GAC) adsoeption in tertiary wastewater treatment. Journal
of Water Science & Technology. 47, 578-584.

Proceco, (2012). Ultrafiltration (UF) Systems for Wastewater Treatment and
Recycling. [Online] Available at:
http://lwww.proceco.com/products/wastewater-treatment/\Wastewater-
Treatment-Ultrafiltration.

Qasim, S.R. and Burchinal, J.C. (1970a). Leaching from simulated landfills. Journal
of the Water Pollution Control Federation,. 142 (3), 371-379.

Qasim, S.R. and. Burchinal, J.C. (1970b). Leaching of pollutants from refuse beds.
Journal of the Sanitary Engineering Division, ASCE.,96, SAL.,49-58.

Qasim, S.R., and Chiang, W. (1994). Sanitary Landfill Leachate, Generation, Control
and Treatment. Western Hemisphere. Technomic Publishing Company, Inc.

Qi-Guang Zou and Gong-Ming Zhou, (2003). Study on the Treatment of Refractory

Leachate by Electrolytic Method , Workshop on Sustainable Landfill
Management , Chennali, India, 155-164.

198



Rahman, A., Regan, S., and Bouazza, A. (2002). Effectiveness of peatland in
removing contaminates from landfill leachate. Journal of the Institution of
Engineers (India). Environmental Engineering Division, 83 (1), 20-24.

Rahman, M.M., Bari, Q.H., Mohammad, N., Ahsan, A., Sobuz, H.R., and Uddin, M.A.
(2013). Characterization of rice husk carbon produced through simple
technology. Advances in Materials Science and Application, 2(1), 25-30.

Rai, M.K., Shahi, G., Meena, V., Meena, R., Chakraborty, S., Singh, R.S., and Rai,
B.N. (2016). Removal of hexavalent chromium Cr (V1) using activated carbon
prepared from mango kernel activated with H; PO, . Resource — Efficient
Technologies, 2, S63-S70.

Rajkumar, D., Palanivelu, K., and Balasubramanian, N. (2005). Combined
electrochemical degradation and activated carbon adsorption treatments for
wastewater containing mixed phenolic compounds. Journal of Environmental
Engineering and Science, 4(1), 1-9.

Raju, G. B., Karuppiah, M. T., Latha, S., Priya, D. L., Parvathy, S., and Prabhakar, S.
(2009). Electrochemical pretreatment of textile effluents and effect of
electrode materials on the removal of organics. Desalination, 249(1), 167-174.

Ramirez, E. R., Barber, L.K, and Clemens, O.. (1978). Physiochemical treatment of
tannery wastewater by electrocoagulation. Proceedings of the Industrial Waste
Conference 32,183-188.

Ramos, R. L., Ovalle-Turrubiartes, J., and Sanchez-Castillo, M. (1999). Adsorption of
fluoride from aqueous solution on aluminum-impregnated carbon. Carbon,
37(4), 609-617.

Ramprasad C. (2012). Electrochemical treatment of landfill leachate. Int. Journal of
Applied Science and Engineering Research, 1 (2), 57-62.

Ramprasad, C., and Gopalakrishnan, A. N. (2013). Electrochemical Treatment of
Wetland Water Contaminated by Landfill Leachate. Proceedings of the
National Academy of Sciences, India Section A: Physical Sciences, 83(1), 1-6.

Rao, M. M., Ramesh, A., Rao, G. P. C., and Seshaiah, K. (2006). Removal of copper
and cadmium from the aqueous solutions by activated carbon derived from
Ceiba pentandra hulls. Journal of Hazardous Materials, 129(1), 123-129.

Rao, M. M., Rao, G. C., Seshaiah, K., Choudary, N., and Wang, M. (2008). Activated
carbon from Ceiba pentandra hulls, an agricultural waste, as an adsorbent in
the removal of lead and zinc from aqueous solutions. Waste Management,
28(5), 849-858

199



Rao, M. M., Reddy, D. K., Venkateswarlu, P., and Seshaiah, K. (2009). Removal of
mercury from aqueous solutions using activated carbon prepared from
agricultural by-product/waste. Journal of Environmental Management, 90(1),
634-643.

Reddy, K. R., and Bogner, J. E. (2003). Bioreactor landfill engineering for
accelerated stabilization of municipal solid waste. Paper presented at the
Invited Theme Paper on Solid Waste Disposal, International e-Conference on
Modern Trends in Foundation Engineering: Geotechnical Challenges and
Solutions, Indian Institute of Technology, Madras, India.

Renou S, Givaudan J. G and Poulain S. (2008). Landfill leachate treatment: Review
and opportunity. Journal of Hazardous Material, 150 (3), 468-493.

Renou, S., Givaudan, J., Poulain, S., Dirassouyan, F., and Moulin, P. (2008). Landfill
leachate treatment: review and opportunity. Journal of Hazardous Materials,
150(3), 468-493.

Renou, S., Givaudan, J., Poulain, S., Dirassouyan, F., and Moulin, P. (2008). Landfill
leachate treatment: review and opportunity. Journal of hazardous materials,
150(3), 468-493.

Rhim, Y., Zhang, D., Rooney, M., Nagle, D.C., Fairbrother, D. H., Herman, C., and
Drewry, D.G. (2010). Changes in the thermophysical properties of
microcrystalline cellulose as function of carbonization temperature. Carbon,
48 (1), 31-40.

Rios, R. R. A,, Alves, D. E., Dalmazio, I., Bento, S. F. V., Donnici, C. L., and Lago,
R. M. (2003). Tailoring activated carbon by surface chemical modification
with O, S, and N containing molecules. Materials Research, 6(2), 129-135.

Rivas, F. J., Beltran, F., Carvalho, F., Acedo, B., and Gimeno, O. (2004). Stabilized
leachates: sequential coagulation—flocculation chemical oxidation process.
Journal of Hazardous Materials, 116(1), 95-102.

Robeck, G. G., Dostal, K. A., and Woodward, R. L. (1964). Studies of modifications
in water filtration. Journal (American Water Works Association), 56(2), 198-
213.

Robeck, G. G., Dostal, K. A., Cohen, J. M., and Kreissl, J. F. (1965). Effectiveness of
water treatment processes in pesticide removal. Journal (American Water
Works Association), 57(2), 181-199.

Robert, L.(1989). Operations unities adsorption. Techniques d’ingenieurs J., 2730: 1-
22.

Robinson H.D. and Gronow J.R (1995). A Review of Landfill Leachate Composition
in the UK. International Waste Management Proceedings. 3-8.

200



Robinson H.D. and Harris G. (2001). Enviros Aspinwall (UK) Leachate Safari.

Robinson, H D and Grantham, G. (1988). Treatment of landfill leachates in on-site
aerated lagoon plant: experience in Britain and Ireland. Water Research, 22
(6), 733-747.

Robinson, H. (1995). The UK leading the way in leachate treatment, Institute of Waste
Management (IWM). Paper presented at the Annual Conference Proceedings,
Torbay, IWM, Northampton.

Rodriguez-Reinoso, F., and Molina-Sabio, M. (1992). Activated carbons from
lignocellulosic materials by chemical and/or physical activation: an overview.
Carbon, 30(7), 1111-1118.

Rohit M., Nitin G., Sujata W., Smita M., and Nageswara R.. (2009) Landfill
Leachate Treatment by the Combination of Physical-Chemical and
Electrochemical Methods. Journal of Environmental Science & Engineering,
51(4), 315-320.

Rohrs, L., Fourie, A., and Blight, G. (2001). Modelling landfill leachate quality to
determine long-term pollution potential of landfills. Paper presented at the
Eighth International Waste Management and Landfill Symposium.

Rong 1., W,.(1996). Organic removel of anaerobically treated leachate by Fenton
cogulation. Journal of Environmental Engineering. (7), 666-669.

Rosas, J.M., Bedia, J., Rodriguez-Mirasol, J., and Cordero, T. (2009). HEMP-derived
activated carbon fibers by chemical activation with phosphoric acid. Fuel, 88,
19-26.

Rovel, J. M. (1975). New electroflocculation process for the treatment of industrial
waste water. Quaderni - Istituto di Ricerca sulle Acque, 31,251-61.

Sakakibara, Y., and Nakayama, T. (2001). A novel multi-electrode system for
electrolytic and biological water treatments: electric charge transfer and
application to denitrification. Water Research, 35(3), 768-778.

Salman, J.M., and Hameed, B.H. (2010).Effect of preparation conditions of oil palm
fronds activated carbon on adsorption of bentazon from aqueous solutions. J.
Hazard. Mater., 175, 133-137.

Sang, N., and Li, G. (2004). Genotoxicity of municipal landfill leachate on root tips
of Vicia faba. Mutation Research/Genetic Toxicology and Environmental
Mutagenesis, 560(2), 159-165.

Sasaki, S. (2004). Method for low-cost treatment of wastewater. Japanese patent
application assigned to Toyo Riken K. K.

201



Satyawali, Y., and Balakrishnan, M. (2009). Performance enhancement with
powdered activated carbon (PAC) addition in a membrane bioreactor (MBR)
treating distillery effluent. Journal of Hazardous Materials, 170(1), 457-465.

Sayles, G.D., and Suidan, M.T. (1993). Biological treatment of industrial hazardous
wastewater, Biotreatment of Industrial and Hazardous Waste. McGraw-Hill
hc., New York, 245-267.

Scharf, R.G., Johnston, R.W., Semmens, M.J., and Hozalski, R.M. (2010).
Comparison of batch sorption tests, pilot studies, and modeling for estimating
GAC bed life. Water Research, 44(3), 769-780.

Schiopu, A.M., Piuleac, G.C., Cojocaru, C., Apostol, I. Mamaligal, 1., and
Gavrilescu, M. (2012).Reducing Environmental Risk of Landfills: Leachate
Treatment by Reverse Osmosis, Environmental Engineering and Management
Journal, 11 (12), 2319-2331.

Schmidt, 1., Sliekers, O., Schmid, M., Bock, E., Fuerst, J., Kuenen, G.J., Jetten,
M.S.M., and Strous, M. (2003) New concepts of microbial treatment processes
for the nitrogen removal in wastewater. FEMS Microbiol Rev, 27,481-492

Schroder, E., Thomauske, K., weber, C., Hornung, A., and Tumiatti, V. (2007).
Experiments on the generation of activated carbon from biomass. J. Anal.
Appl. Pyrolysis, 79, 106-111.

Scott, K., (1995). Electrochemical Processes for Clean Technology, UK. The Royal
Society of Chemistry.

Semmens, M. J., Norgaard, G. E., Hohenstein, G., and Staples, A. B. (1986). Influence
of pH on the removal of organics by granular activated carbon. Journal
(American Water Works Association), 89-93.

Sevilla, M., and Fuertes, A. B. (2011). Sustainable porous carbons with a superior
performance for CO 2 capture. Energy & Environmental Science, 4(5), 1765-
1771.

Sha, L., Xueyi, G., Ningchuan, F., and Qinghua, T. (2009). Adsorption of Cu*? and
Cd*2 from aqueous solution by mercapto-acetic acid modified orange peel.
Colloids Surf. B 37, 10-14.

Shafeeyan, M. S., Daud, W. M. A. W., Houshmand, A., and Shamiri, A. (2010). A
review on surface modification of activated carbon for carbon dioxide
adsorption. Journal of Analytical and Applied Pyrolysis, 89(2), 143-151.

Shammas, N. K., Pouet, M.-F., and Grasmick, A. (2010). Wastewater treatment by
electrocoagulation—flotation Flotation Technology (pp. 199-220): Springer.

202



Sharma, A. K., Chopra, A. K., and Kumar, V. (2011). Alternative technology for
purification of wastewater. Archives of Applied Science Research, 3 (5), 191-
206.

Shen, W., Li, Z. and Lieu, Y. (2008). Surface chemical functional groups modification
of porous carbon. Recent Patents on Chemical Engineering, 1, 27-40.

Shi, Q.Q., Zhang, J., Li, C., Zhang, B., Hu, W.W., Xu, J.T., and Zhao, R. (2010).
Prepartion of activated carbon from cattail and its application for dyes
removal. J. Environ. Sci-China, 22, 91-97.

Shim, J.W., Park, S.J., and Ryu, S.K. (2001). Effect of modification with HNO; and
NaOH on metal adsorption by pitch-based activated carbon fibers. Carbon, 39,
1635-1642.

Shrestha, S., Son, G., Lee, S.H., and Lee, T.G. (2013). Isotherm and thermodynamic
studies of Zn (I1) adsorption on lignite and coconut shell based activated
carbon fiber. Chemosphere, 92, 1053-1061.

Sime, R. J. (1990). The Langmuir Adsorption Isotherm. Physical Chemistry: Methods,
Techniques, Experiments.

Singer, P.C. (1990). Assessing Ozone Research Needs in Water Treatment. J.
American Water Works Association, 82(10),78-88.

Singhal, R.S., Kennedy, J.F., Gopalakrishnan, S.M., Kaczmarek, A., Knill, C.J., and
Akmar, P.F. (2008). Industrial production, processing and utilization of sago
palm-derived products. Carbohydrate Polymers, 72, 1-20.

Sir, M., Podhola, M., Patoc’ka, T., Honzajkova“ , Z., Kocurek, P., Kubal, M., and
Kuras®, M. (2012). J Hazard Mater, 207-208, 86-90.

Sirés, 1., Low, C., Ponce-de-Ledn, C., and Walsh, F. (2010). The characterisation of
PbO 2-coated electrodes prepared from aqueous methanesulfonic acid under
controlled deposition conditions. Electrochimica acta, 55(6), 2163-2172.

Sivakumar, M., Emamjomeh, M.M., and Chen, M. (2004). Use of electrocoagulation
(EC) as an alternative method to chemical coagulation in water treatment. In:
Eighth Annual Environmental Engineering Research Event (EERE)
Conference, 6th-9th December, Wollongong, New South Wales, Australia,
pp. 320-332.

Slater, C. S., Uchrin, C. G., and Ahlert, R. C. (1983). Physiochemical pretreatment of
landfill leachates using coagulation. Journal of Environmental Science &
Health Part A, 18(1), 125-134.

Smith, D. and skeel, A. (1964). Water filtration - in one operation. Water works &
wastes Eng., 1,46.

203



Sonavane, P.G. and Munavalli, G.R. (2009). Modeling nitrogen removal in a
constructed wetland treatment system. Water Science and Technology. 60(2),
301-309.

Song, S., Yao, J., He, Z., Qiu, J., and Chen, J. (2008). Effect of operational parameters
on the decolourization of C.I. Reactive Blue 19 in aqueous solution by ozone-
enhanced electrocoagulation. J. Hazard. Mater. 152, 204-210.

Sontheimer, H., Crittenden, J.C., and Summers, S. (1988). Activated Carbon For
Water Treatment, DVGW-Forschungsstelle & AWWA Research Foundation.

Spaargaren, G., Oosterveer, P., Van Buuren, J., and Mol, A. (2005). Mixed
modernities: Towards viable urban environmental infrastructure development
in East Africa. Wageningen: Wageningen University.

Spagni, A., Marsili-Libelli, S. and Lavagnolo, M.C. (2008). Optimization of sanitary
landfill leachate treatment in a sequencing batch reactor. Water Science and
Technology. 58(2), 337-343.

Spagnoletto, G. (2005). Innovation in food grade hypochlorination generation and
injection plant at Al Taweelah site. Desalination, 182(1-3), 259-265.

Sricharoenchaikul, V., Chiravoot, P., Duangdao, A., and Duangduen, A.T. (2008).
Preparation and characterization of activated carbon from the pyrolysis of
physic nut (Jatropha curcas L.) waste. Energy Fuels, 22, 31-37.

Srinivasakannan, C., and Abu Bakar, M.Z. (2004). Production of activated carbon
from rubber wood sawdust. Biomass and Bioenergy, 27, 89-96.

Stephenson, T., Pollard, S. J., and Cartmell, E. (2004). Feasibility of biological aerated
filters (BAFs) for treating landfill leachate. Environmental technology, 25(3),
349-354.

Stuart Jr, F. (1947). Electronic coagulation. Public Works, 78(4), 27-36.

Stuart, F. E. (1946). Electronic water purification progress report on the electronic
coagulator—a new device which gives promise of unusually speedy and
effective results. Water Sewage, 84, 24-26.

Stuckart, R., Zust, W., Le Talludec, A., Shahani R., and Sigurdsson, H. (1998). Coated
aluminum and the filiform corrosion phenomenon. Berichtsband — Deutsche,
36, 97-101.

Sugashini, S., and Begum, K.M. (2015). Preparation of activated carbon from

carbonized rice husk by ozone activation for Cr (V1) removal. New Carbon
Materials, 30(3), 252-261.

204



Sun, G., and Austin, D. (2007). A mass balance study on nitrification and
deammonification in vertical flow constructed wetlands treating landfill
leachate. Water Science and Technology. 56(3), 117-123.

Sun, L.M., Shi, Q.L., Li, L., and Gu, Z. (2010). Ind Saf Environ Prot, 36, 14-16.

Sun, Y., and Webly, P.A. (2010). Preparation of activated carbons from corncob with
large specific surface area by a variety of chemical activators and their
application in gas storage. Chemical Engineering Journal, 162, 883-892.

Suzuki, K., Waki, M., Yasuda, T., Fukumoto, Y., Kuroda, K., Sakai, T., Suzuki, N.,
Suzuki, R., and Matsuba, K. (2010). Distribution of phosphorus copper and
zinc in activated sludge treatment process of swine wastewater. Bioresource
Technology, 101, 9399-9404.

Syzdek, A. C., and Ahlert, R. C. (1984). Separation of landfill leachate with polymeric
ultrafiltration membranes. Journal of Hazardous Materials, 9(2), 209-220.

Tabakov, D. (1982). Electrochemical purification of effluents by means of soluble
anode materials. Prace Naukowe Instytutu Technologii Nieorganicznej i
Nawozow Mineralnych Politechniki Wroclawskiej, 24,105-11.

Tabakov, D., and Dimitrov, R. (1982). Influence of material of electrode system on
the effect of treatment of dairy sewage by electrocoagulation and flotation.
Gaz, Woda i Technika Sanitarna 56(9-10), 197-208.

Tajar A.F., Kaghazchi T., and Soleimani M. (2009). Adsorption of cadmium from
aqueous solutions on sulfurized activated carbon prepared from nut shells.
Journal of Hazardous Materials, 165 (1-3), 1159-1164.

Tang, Q., Tang, X., Hu, M., Li, Z., Chen, Y., and Lou, P. (2010). Removal of Cd(Il)
from aqueous solution with activated Firmiana Simplex Leaf: Behaviors and
affecting factors. Journal of Hazardous Materials, 179 (1-3), 95-103.

Tangjuank, S., Insuk, N., Udeye, V., and Tontrakoon, J. (2009). Chromium (I11)
sorption from aqueous solutions using activated carbon prepared from cashew
nut shells. International Journal of Physical Science, 4 (8), 412-417.

Tao, H.C,, Lei, T., Shi, G.; Sun, X.N., Wei, X.Y., Zhang, L.J., and Wu, W.M. (2 014).
Removal of heavy metals from fly ash leachate using combined
bioelectrochemical systems and electrolysis. Journal of Hazardous Materials,
264, 1-7.

Tarmudi Z., Abdullah, M.L., and Md Tap, A.O. (2009). An overview of municipal
solid wastes generation in Malaysia. J. Tek. 51-15.

Tate, C. (1991). Survey of ozone installations in North America. J. American Water
Works Association, 83(5),40-47.

205



Tatsi, A. A., Zouboulis, A. 1., Matis, K. A. and Samaras. P. (2003). Coagulation-
flocculation pretreatment of sanitary landfill Leachate, Chemosphere, 53, 737-
744,

Tauchert, E., Schneider, S., de Morais, J. L., and Peralta-Zamora, P. (2006).
Photochemically-assisted electrochemical degradation of landfill leachate.
Chemosphere, 64(9), 1458-1463.

Tchamango, S., Nanseu-Njiki, C.P., Ngameni, E., Hadjiev, D., and Darchen, A.
(2010). Treatment of dairy effluents by electrocoagulation using aluminum
electrodes. Sci. Total Environ.,408, 947-952.

Tchobanoglous, G., and Kreith, F. (2002). Hand Book of Solid Waste Management.
2nd edition. McGraw-Hill Publishing Company, New York, USA.

Tchobanoglous, G., Burton, F. L., and Stensel, H. D. (2002). Wastewater
Engineering: Treatment and Reuse. 4" edition ed. s.l.:McGraw-Hill
Science/Engineering/Math.

Tetrault, A. (2003). Electrocoagulation Treatment of Low Temperature Rendering
Plant Wastewater at an Australian Abattoir. New Zealand Water and Waste
Conference, Auckland, New Zealand.

Tezcan Un U. and Oduncu E. (2014). Electrocoagulation of Landfill Leachate with
Monopolar Aluminum Electrodes, Journal of Clean Energy Technologies, 2

).

Themelis, N.J., and Ulloa, P.A. (2007). Methane generation in landfills. New York,
USA. Journal of Renewable Energy, 32, 1243-1257.

Thomas, H. C. (1944). Heterogeneous ion exchange in a flowing system. Journal of
the American chemical society, 66(10), 1664-1666.

Timur, S., Kantarli, 1. C., Onenc, S., and Yanik, J. (2010). Characterization and
application of activated carbon produced from oak cups pulp. Journal of
Analytical and Applied Pyrolysis, 89, 129 -136

Tjasa, G. B. (2006). Long term performance of a constructed wetland for landfill
leachate treatment. Ecological engineering, 26 (4), 365-374.

Toles, C.A., Marshall, W.E., and Johns, M.M. (1999). Surface functional groups on
acid-activated

Tortora, G.J., Funke, B.R., and Case, C.L. (1989). Microbiology: An Introduction.

Third Edition. The Benjamin/Cummings Publishing Company, Inc. California
pp. 664-691

206



Training Seminar on Control, Management and Treatment of Landfill Emissions.
Unv.of Natal, Durban, S. Africa. 6-8 Dec 2000.

Trankler, J., Visvanathan, C., Kuruparan, P., and Tubtimthai, O. (2005). Influence of
tropical seasonal variations on landfill leachate characteristics—Results from
lysimeter studies. Waste management, 25(10), 1013-1020.

Trebouet, D., Schlumpf, J.P., Jaouen, P., and Quemeneur, F. (2001) Stabilized landfill
leachate treatment by combined physicochemical nanofiltration processes.
Water Res., 35,2935-2942

Trois, C., and Simelane, O. T. (2010). Implementing separate waste collection and
mechanical biological waste treatment in South Africa: A comparison with
Austria and England. Waste management, 30(8), 1457-1463.

Tsai, C. T., Lin. T., Shue, Y. C. and Su, P. L. (1997). Electrolysis of soluble organic
matter in landfill leachate. Wat. Res. 31,3073-3081.

Tseng, H.-H., Wey, M.-Y ., Liang, Y.-S., and Chen, K.-H. (2003). Catalytic removal
of SO 2, NO and HCI from incineration flue gas over activated carbon-
supported metal oxides. Carbon, 41(5), 1079-1085.

Umar, M., Aziz, H., and Yusoff, M.S. (2010) .Trends in the use of Fenton, electro-
Fenton and photo-Fenton for the treatment of landfill leachate. Waste
Management, 30, 2113-2121.

Un, U. T. Ugur, S., Koparal, A. S., and Ogutveren, U. B., (2006). Electrocoagulation
of olive mill wastewaters. Separation and Purification Technology 52 (1), 136-
141.

UNEP, I. (2004). Waste Management Planning, an Environmentally Sound Approach
for Sustainable Urban Waste Management-An Introductory Guide for
Decision-makers. International Environmental Technology Center (IETC),
United Nations Environment Programme, Division of Technology, Industry
and Economics.

Urtiaga, A., Rueda, A., Anglada, A., and Ortiz, I. (2009). Integrated treatment of
landfill leachates including electrooxidation at pilot plant scale. Journal of
Hazardous Materials, 166(2), 1530-1534.

Ushikoshi, K., Kobayashi, T., Uematsu, K., Toji, A., Kojima, D., and Matsumo, K.
(2002) Leachate treatment by the reverse osmosis system. Desalination,
150,121-129.

Valdes, H., Sanchez-Polo, M., and Zaror, C. (2003). Effect of ozonation on the

activated carbon surface chemical properties and on 2-mercaptobenzothiazole
adsorption. Latin American Applied Research, 33(3), 219-223.

207



Van de Klundert, A., and Anschitz, J. (2001). Integrated sustainable waste
management - The Concept. Edited by A. Scheinberg, Tools for Decision-
makers. Gouda, The Netherlands.

Van Dijk, L., and Roncken, G. (1997). Membrane bioreactors for wastewater
treatment: the state of the art and new developments. Water Science and
Technology, 35(10), 35-41.

Van Soest, P.J., Robertson, J.B., and Lewis, B.A. (1991). Methods foe dietary fiber,
neutral detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. Journal of Dairy Science, 74 (10), 3583-3597.

Vasudevan, S., Lakshmi, J. Jayaraj, G. Vasudevan, S., Lakshmi, J., Jayaraj, J., and
Sozhan, G. (2009). Remediation of phosphate-contaminated water by
electrocoagulation with aluminium, aluminium alloy and mild steel anodes.
Journal of Hazardous Materials, 164(2), 1480-1486.

Vik, E. A., Carlson, D. A. Eikum, A., and Gjessing, E. (1984). Electrocoagulation of
potable water. Water Research, 18(11), 1355.

Vilar, A., Eiroa, M., Kennes, C., and Veiga, M.C. (2010). The SHARON process in
the treatment of landfill leachate. Water Science and Technology. 61(1), 47-
52

Vlyssides, A. G. and C. J. Israilides (1997). Detoxification of tannery waste liquors
with an electrolysis system. Environmental Pollution, 97(1-2), 147-152.

Vlyssides, A., Karlis, P., and Mahnken, G. (2003). Influence of various parameters on
the electrochemical treatment of landfill leachates. Journal of Applied
Electrochemistry, 33(2), 155-159.

Vogel, D., Bilitewski, B., and Nghiem, L. D. (2007). Membrane fouling in the
nanofiltration of landfill leachate and its impact on trace contaminant removal.
International Journal of Environment and Waste Management, 1(4), 338-350.

Vymazal, J. (2009). The use constructed wetlands with horizontal sub-surface flow
for various types of wastewater. Ecological Engineering, 35(1), 1-17.

Walde, H. (1937). Processes and equipment for alkali-chlorine electrolysis;
electrolytic production of hydrogen and oxygen; and the purification of water
by electro.ovrddot.osmosis. Siemens-Zeitschrift, 17, 322-6.

Wang, X., Liang, X., Wang, Y., Wang, X., Liu M., Yin, D., Xia, S., Zhao, J., and
Zhang, Y. (2011). Adsoption of copper (I1) onto activated carbon from sewage
sludge by microwave-induced phosphoric acide and zinc chloride activation.
Desalination, 278 (1-3), 231-237.

208



Wang, Y., Gao, B. Y., Yue, W. W., and Yue, Q. Y. (2007). Adsorption Kinetics of
nitrate from aqueous solutions onto modified wheat residue. Colloids and
Surfaces A: Physicochemical and Engineering Aspects 308(1-3), 1-5.

Wang, Z., and Banks, C. J. (2006).Treatment of a high-strength sulphate-rich alkaline
leachate using anaerobic filter. Waste Mangenemt, 27 (3), 359-366.

Wasay, S., Barrington, S., and Tokunaga, S. (1999). Efficiency of GAC for treatment
of leachate from soil washing process. Water, Air, & Soil Pollution, 116(3),
449-460.

Weber, W.J. Jr. (1972). Physicochemical Processes for Water Quality Control. Wiley
Interscience.

Weidlich, C., Mangold, K.M, and Juttner, K. (2001). Conducting polymers as ion-
exchangers for water purification, Electrochim. Acta 47, 741-745.

Werth, C.J., and Reinhard, M. (1997). Effects of temperature on trichloroethylene
desorption on silica gel and natural sediments.2. Kinetics. Environ. Sci.
Technol., 31, 697-703.

WHO Library Cataloguing-in-Publication Data, Guidelines for drinking-water quality
- 4th ed., World Health Organization 2011.

Wibowo N, Setyadhi L, Wibowo D, Setiawan J, and Ismadji S.(2007). Adsorption of
benzene and toluene from aqueous solutions onto activated carbon and its acid
and heat treated forms: influence of surface chemistry on adsorption. Journal
of Hazardous Materials,146: 237- 242.

Winter, E., Lierde, A.V., and Oturan, N. (2005). Phenol degradation by DVANCE
ELECTROCHEMICAL OXIDATION PROCESS ELECTRO-Fenton using
carbon felt cathode. Journal of Applied Electrochemical, 83, 140-149.

Wiszniowski, J., Robert, D., Surmacz-Gorska, J., Miksch, K., and Weber, J., (2006).
Landfill leachate treatment methods: A review. Environmental Chemistry
Letters, 4(1), 51-61.

Wong, K.K,, Lee, C.K,, Low, K.S., and Haron, M.J. (2003). Removal of Cu and Pb
by tartaric acid modified rice husk from aqueous solutions. Chemosphere 50,
23-28.

Wu, Y. Zhang, S., Guo, X., and Huang, H. (2008). Adsorption of chromium (111) on
lignin. Bioresources Technology, 99, 7709.

Xiangdong, Li, Junke Song, Jiandong Guo, Zhichao Wang, and Qiyan Feng. (2011).

Landfill leachate treatment using electrocoagulation, Procedia Environmental
Sciences, 10, 1159 — 1164.

209



Xue, Y, Lu, G., Guo, Y., Wang, Y., and Zhang, Z. (2008). Effect of pretreatment
method of activated carbon on the catalytic reduction of NO by carbon over
CuO. Applied Catalysis B: Environmental, 79, 262—269.

Yadav, R. (2010). Study of electrocoagulation and combined electrocoagulation-
oxidation processes for dye removal. Thapar University Patiala.

Yahaya, N. (2007). Keynote Address. Waste Management Conference and Exhibition
2007. Department of National Solid Waste Management. Ministry of Housing
and Local Government. 7" August 2007, Malaysia.

Yang, T., Lua, A.C. (2006). Textural and chemical properties of zinc chloride
activated carbons prepared from pistachio-nut shells. Materials Chemistry and
Physics, 100, 438-444.

Yangui R.B.E (2013). Removal of some water contaminants by adsorption on
activated carbon prepared from olive-waste cakes and biological treatment
using fungi. PHD- thesis. University of Autonoma de Barcelona.

Yin, C. Y., Aroua, M. K., and Daud, W. M. A. W. (2007). Review of modifications of
activated carbon for enhancing contaminant uptakes from aqueous solutions.
Separation and Purification Technology, 52(3), 403-415.

Yoon, Y. H., and Nelson, J. H. (1984). Application of gas adsorption kinetics I. A
theoretical model for respirator cartridge service life. The American Industrial
Hygiene Association Journal, 45(8), 509-516.

Yorgun, S., Vural, N., and Demiral, H. (2009). Preparation of high-surface area
activated carbons from Paulownia wood by ZnCl2. Microporous Mesoporous
Material, 122, 189-194.

Yue, Z., Bender, S. E., Wang, J., and Economy, J. (2009). Removal of chromium Cr
(V1) by low cost chemically activated carbons materials from water. Journal
of Hazardous Materials, 166 (1), 74-78.

Yuen, F. K., and Hameed, B.H. (2009). Recent developments in preparation and
regeneration of activated carbons by microwaves.Advances in Colloid and
Interface science, 149, 19-27

Yuh-Shan, H. (2004). Citation review of lagergren Kinetic rate equation on adsorption
reactions. Scientometrics, 59(1), 171-7.

Yusof, N., Haraguchi, A., Hassan, M. A., Othman, M. R., Wakisaka, M., and Shirai,
Y. (2009). Measuring organic carbon, nutrients and heavy metals in rivers
receiving leachate from controlled and uncontrolled municipal solid waste
(MSW) landfills. Waste management, 29(10), 2666-2680.

210



Yussef, A.M., El-Nabarawy, T., and Samra, S.E.(2004). Sorption properties of
chemically-activated carbons:. Sorption of cadmium (1) ions. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 235, 153-163.

Yusup, S., Aminudin, A., Azizan, M.T., Abdullah, S.S., and Sabil., K.M. (2010).
Improvement of rice husk and coconut shell properties for enhancement of
gasification process. Proceedings of Third International Symposium on
Energy from Biomass and Waste, Venice, Italy.

Zaid, A., and de Wet, P.F. (2002). Date palm cultivation. Abdelouahhab Zaid (ed.)
Chapter I, FAO plant production and protection.

Zang, H.M., and Fu., R.W. (1989). Removal of metal ions by activated carbon,
Technol. Water Treatment, 15,132-136.

Zaroual, Z., Azzi, M., Saib, N., Karhat, Y., and Zertoubi, M. (2005). Treatment of
tannery effluent by an electrocoagulation process. The Journal of the American
Leather Chemists Association, 100(1), 16-21.

Zarrouki, M., and Thomas, G. (1990). Etude de I'adsorption de complexes cyanures
sur charbon actif. Journal de chimie physique, 88(10), 1715-1762.

Zhang, J, and Yang, Ly, (2011) Notice  of  Retraction
Study on Adsorption of Chromium(VI1) by Modified Activated Carbon with
Potassium Permanganate. 5th International Conference on Bioinformatics
and Biomedical Engineering, Wuhan, 1-4.

Zhang, J., Giorno, L., and Drioli, E. (2006). Study of a hybrid process combining
PACs and membrane operations for antibiotic wastewater treatment.
Desalination, 194(1-3), 101-107.

Zhang, N., Lin, L.S., Gang, D. (2008). Adsorptive selenite removal from water using
iron-coated GAC adsorbents. Water Research, 42(14), 3809-3816.

Zhang, Z., Xu, M., Wang, H., and Li, Z. (2010). Enhancement of CO 2 adsorption on
high surface area activated carbon modified by N 2, H 2 and ammonia.
Chemical Engineering Journal, 160(2), 571-577.

Zhao, G., Wu, X., and Wang, X. (2011). Sorption of heavy metal ions from aqueous
solutions: A review. The open Colloid Science Journal, 4, 19-31.

Zhao, R., Novak, J.T., and Goldsmith, C.D. (2012). Evaluation of on-site biological

treatment for landfill leachates and its impact: A size distribution study. Water
Research, 46, 3837-3848.

211



Zhong, Z.-Y., Yang, Q., Li, X.-M., Luo, Y., and Zeng, G.-M. (2012). Prepration of
peanut hull-based activated carbon by microwave-induced phosphoric acid
activation and its application in Remazol Brilliant Blue R adsorption.
Industrial Crops and Products, Vol. 37(1), 178-185.

Zhou, Y., Zhang, Z., Zhang, J., and Xia, S. (2016). New insight into adsorption
characteristics and mechanisms of the biosorbent from waste activated sludge
for heavy metals. Journal of Environmental Sciences, 45, 248-256.

Zouboulis, A.l, Katsoyiannis, I.A., and Wu, Jun. (2003). Removal of humic acids by
flotation. Colloids and surfaces, a physicochemical and engineering aspect,
231, 181-19.

Zor, S., Yazici, B.., Erbl, M., and Gali, H. (1998). The electrochemical degradation of

linear alkyibenzene sulfonate (LAS) on platinu electrode. Journal of Water
Resources, 3, 579-586.

212



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	010318.pdf
	Blank Page
	Blank Page




