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ABSTRACT

Development of economical adsorbents from peanut hull, hazelnut shell, bottom ash
and other waste materials to treat dyes in wastewater attracts a great interest in recent
years. However, the adsorption capacities of these materials are still limited.
Economical, locally available and highly effective adsorbents are still under
investigation. The purpose of this study is to investigate the potential of Durio
zibethinus husk (DZH) as a low—cost adsorbent to remove cationic dye, Malachite
Green (MG): anionic dyes, Congo Red (CR) and Reactive Blue 221 (RB 221): and
non—ionic dyes, Disperse blue 60 (DB 60) and Disperse violet 93 (DV 93) from
aqueous solution. Adsorption studies were carried out under various parameters
including adsorbent pre—treatment, contact time, pH (2—11), amount of adsorbent
(0.25-7.5 g/L), initial concentration (10-200 mg/L) and temperature (30-50 °C).
Results revealed that the pre—treatment of DZH and pH have significant effect on the
removal of dyes. MG reached its maximum removal percentage of 76% using
untreated DZH. However, maximum removal percentage of other dyes were obtained
using treated DZH, i.e., 62,70,99 and 79% for CR, RB 221, DB 60 and DV 93,
respectively. The adsorption data were correlated using Langmuir and Freundlich
models, and the result showed that all dyes fitted well with the Langmuir model. The
kinetic data were analyzed using pseudo —first-and pseudo—second—order equations,
and all dyes studied conformed to the pseudo—second—order kinetic model. The
intraparticle diffusion model indicated that multiple stages were involved in the
adsorption process. Negative value of AH for CR, RB 221 and DV 93 confirmed the
exothermic nature of adsorption process, while the positive values for MG and DB

60 showed the endothermic adsorption in nature. So the conclusion,
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ABSTRAK

Pembangunan terhadap penjerap bernilai tinggi daripada kulit kacang tanah, kulit kacang
hazel, abu bawah dan bahan—bahan sisa yang lain untuk merawat pewarna dalam air sisa
buangan telah menarik perhatian yang meluas pada masa kini. Walaubagaimanapun,
kapasiti penjerapan kebanyakan penjerap tersebut masih terhad. Penjerap yang bernilai
tinggi, tersedia dan berkecekapan tinggi masih lagi dikaji. Oleh itu, tujuan kajian ini
adalah untuk mengkaji potensi sekam Durio zibethinus (DZH) sebagai penjerap berkos
rendah bagi menyingkirkan pewarna kationik, Malachite Green (MG): pewarna anionik,
Congo Red (CR) dan Reactive Blue 221 (RB 221): dan pewarna bukan—ionik, Disperse
Blue 60 (DB 60) dan Disperse Violet 93 (DV 93) daripada larutan akues. Ujikaji
penjerapan telah dijalankan dengan pelbagai parameter termasuk pra—rawatan penjerap,
masa sentuh (0—120min), pH (2-11), dos penjerap (0.25-7.5g/L), kepekatan awal
(10-200mg/L) dan suhu (30-50°C). Keputusan menunjukkan bahawa pra—rawatan DZH
dan pH mempunyai kesan yang ketara ke atas penyingkiran pewarna tersebut. Pewarna
MG mencapai penyingkiran maksima 74% dengan menggunakan DZH yang tidak
dirawat. Walaubagaimanpun, peratus penyingkiran maksima pewarna lain telah
diperolehi menggunakan DZH yang dirawat masing—masing dengan 62,72,99 dan 79%
bagi CR, RB 221, DB 60 and DV 93. Data penjerapan telah dipadankan dengan model
Langmuir dan Freundlich, dan keputusan menunjukkan bahawa kesemua pewarna
bersesuaian dengan model Langmuir. Data Kinetik penjerapan telah dianalisis
menggunakan model persamaan pseudo—tertib—pertama dan pseudo—tertib—kedua, dan
data eksperimen didapati mematuhi model kinetik pseudo—tertib—kedua bagi kesemua
pewarna yang dikaji. Kajian keatas resapan intrazarah menunjukkan bahawa proses
penjerapan melibatkan beberapa peringkat. Nilai negatif AH untuk pewarna CR, RB 221
dan DV 93 mengesahkan bahawa proses penjerapan adalah eksotermik, manakala nilai

positif bagi penjerapan pewarna MG dan DB 60 menunjukkan penjerapan endotermik .
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Synthetic dyes are widely used in many industries including textiles, rubber,
paper, plastics, cosmetics, food and etc. The effluent of these industries is well
known pollutants to the receiving bodies in the surrounding areas. Color of the dyes
Is the first contaminant to be recognized since it is visible to the human eye. Even the
presence of dyes at concentrations as low as 1 ppm could be highly visible and

affected the quality of water bodies (Banat et al., 1996).

Dyes in wastewater can cause serious problems to the human and
environment such as toxicity, mutagenic and carcinogenic effects, biodegradation,
light penetration and photosynthesis (Caparkaya and Cavas, 2008). It also contributes
appreciable concentrations of material with high chemical and biological oxygen
demands, suspended solids and content in toxic compounds (Aksu, 2005). Therefore,
the most effective, simple and economic treatment of such wastewater containing

soluble dyes is required for complete and secure disposal.



Various techniques have been employed for the removal of dyes from
wastewater such as adsorption (Santhy and Selvapathy, 2006), coagulation (Mohan,
et al., 1999), membrane filtration (Fersi et al., 2005), chemical oxidation (Sarasa, et
al., 1998) and etc. Among these methods, adsorption is the most popular one due to
its efficiency, simplicity of design and applicability on large scale for treating dyes

with more concentrated form.

Currently, the most commonly used adsorption agent in industry is activated
carbon which has been proven to be an effective adsorbent but its production and
regeneration are expensive processes. However, relatively high operating costs and
problems with regeneration of the spent carbon hamper its large scale application. In
this respect, these have led many researches to investigate other alternative low—cost

and easily available material for the adsorption of dyes.

Biomass can be promising potential alternative to conventional used
adsorbent for the removal of dyes since it involves several complex mechanisms
such as surface adsorption, ion exchange, complexation and micro precipitational.
Nowadays, several studies have been conducted using agricultural by—product as a
low—cost adsorbent such as de-oiled soya (Gupta et al., 2006), activated date pits
(Banat et al., 2003), wood (Ofomaja and Ho, 2008.), rice husk (Malik, 2003), fly ash
(Viraraghavan and Ramakrishna, 1999) and cedar sawdust (Hamdaoui, 2006).
However, abundance, locally available and low—cost adsorbent are still needed for

industrial scale.

Durio zibethinus is well known as durian is the fruit of several tree species
belonging to the genus Durio and the Malvaceace family (Brown, 1997). Widely,
known and revered in Southeast Asia as the ‘king of fruits’, the durian is distinctive
for its large size, unique odour and formidable thorn covered husk. According to the
FAO online databases, it is estimated that Malaysia produced 245 000 tonnes of
durian in 2001. However, due to high consumption of durian in the country, massive

of amount of husk wastes were disposed which can cause a severe environmental



problem. Therefore herein, a potential usefulness of durian husk as an inexpensive
solid adsorbent for removal cationic, anionic and non-ionic dyes has been

demonstrated in this studied.

1.2 Problem Statement

Few decades earlier, the dyes selection, application and use were not given a
major consideration with respect to their environmental impact. Even the chemical
composition of half dyes used in the industry was estimated to be unknown.
However, disposal of dyes in precious water resources must be avoided and for that
various treatment technologies are in use. Among various methods adsorption

occupies a prominent place in dye removal.

The growing demand for efficient and low—cost treatment methods and the
importance of adsorption has given rise to adsorbents. Several studies have proven
that agricultural by—product which are low—cost materials were successfully applied
in the removal of dye from aqueous solution (Mohd et al., 2010). Because of low
utilization ratio, most of these bio—materials are randomly discarded or set on fire.
These disposals must result in resource loss and environmental pollution. The
exploitation and utilization of these biomaterials must bring obvious economic and
social benefits to mankind. In recent years, attention has been focused on the
utilization of native agricultural by—products as sorbent (Marshall, 1993; Marshall
and John, 1996; Namasivayam, et al., 1996; Robinson, 2002; Gong, 2005a,b). Most
of these by—products are considered to be low value products. Chemical modification
has shown great promise in improving the cation exchange capacity of agricultural
waste by—products (Laszlo and Dintzis, 1994; Marshall and Johns, 1996; Marshall et
al., 1999)



In this study, durian husk was used as an alternative low—cost adsorbent since
it abundantly produced especially in producing processed product. Durian husk
principally consist of cellulose, hemi—cellulose, lignin and other low molecular
weight hydrocarbon (Khedari et al., 2003). Cellulose could be a very promising raw
material for the preparation of various functional polymers. Many investigators have
done much work on the modification of cellulose in order to prepare a novel,
effective and alternative material. (Akelah and Moet, 1990; Liu 2000; Shukla and
Shakarnade, 1991; Wang et al., 1998). These components contain various functional
groups, such as carbonyl and hydroxyl (Al-Ghouti et al., 2010), which make durian
husk to be a potential adsorbent material for removing cationic, anionic and
non—ionic dyes from aqueous solution. Durian husk is expected to have a great
potential to be good adsorbents, which not only can solve environmental pollution

but also give advantages from an economic point of view.

1.3 Objectives of Research

The objectives of this research are:

i. To study the chemical and physical properties of DZH for better

understanding of its behavior in sorption of dyes.

ii. To investigate the optimum conditions of the cationic, anionic and non—ionic
dyes removal from aqueous solution in order to found the maximum

adsorption capacity of those dyes.

iii. To study the equilibrium isotherms, kinetics and thermodynamics of the

adsorptions in order to identify the details of the type of the adsorption.
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Iv. To study the proposed mechanism of adsorption of each dyes onto the

untreated and treated DZH.

Scopes of Research

The main scopes of this study are:

Study the chemical and physical properties of DZH by Fourier Transform
Infrared (FTIR) and Field Emission Scanning Electron Microscopy
(FE-SEM).

Investigate the optimum conditions of removal of cationic dye, Malachite
green (MG); anionic dyes, Congo red (CR) and Reactive blue 221 (RB 221);
and non—ionic dyes, Disperse blue 60 (DB60) and Disperse violet 93 (DV 93)
from aqueous solution through adsorption batch studies under various
parameters such as, effect of pre—treatment adsorbent (HCI chemical), contact
time (60—120 min), pH (2—-11), concentration adsorbent (0.25-7.5 g/L), initial
concentration (10-200 mg/L) and temperature (30-50 °C).

Study the equilibrium isotherms by the Langmuir and Freundlich isotherms
models. The Pseudo—first—order, Pseudo—second—order and intraparticle
diffusion were applied to the experimental data in order to clarify the
adsorption kinetics of dyes onto adsorbents. The thermodynamic parameters
of the adsorptions of each dye including the change of Gibbs free energy
(AG®), enthalpy (AH®) and entropy (AS°) were calculated using Van’t Hoff

equation.



iv.  Study the proposed mechanism of the adsorption of each dye onto untreated
DZH (MG) and treated DZH (RB 221 and DB 60) by using FTIR

spectroscopy.

15 Thesis Outline

This study consists of five chapters, which present the research in sequential
order. Chapter 1 introduces the research background, problems statement, objectives,
scopes, and significant of this research. Chapter 2 reviews the literatures those
related to cationic, anionic and non-ionic dyes and current issues about the
adsorption process. Chapter 3 describes the experimental procedures and
characterization of the adsorbents whereas Chapter 4 analyzes and discusses the
characterization and experimental data. Finally, the conclusion and recommendation

for future were presented in Chapter 5.

1.6 Significant of Research

The use of the DZH as an adsorbent for dye removal is of a great attention
since it is an agricultural by—product, abundance and locally available. The potential
of the DZH to remove cationic, anionic and non-ionic dyes was studied under various
parameters such as effects of adsorbent pre—treatment, contact time, pH, adsorbent
dosage, initial concentration and temperature in order to obtain the optimum
conditions of the adsorption. This finding would be beneficial not only from

economy aspects but also from an environmental point of view.



REFERENCES

Ahmad, A., Rafatullah, M., Sulaiman, O., lbrahim, M.H., Hashim R. (2009).
Scavenging Behaviour of Meranti Sawdust in the Removal of Methylene

Blue from Aqueous Solution. Journal of Hazardous Material 170; 357—365.

Aishah , AJ., Sugeng, T., Siti Hazirah, A., Nur Diana, R., Muhammad Arif, A.A,,
Nur Hanis Hayati, H., Nurul Aini, M. R., Mohd Khairul Amin, M.(2010).
Adsorption of Methyl Orange from Aqueous Solution onto Calcined Lapindo
Volcanic Mud. Journal of Hazardous Material 181; 755-762

Akar, Demir, T., Kiran, T.A., Ozcan, I., Ozcan, A., Tunali, A.S. (2006). Biosorption
Potential of Neurospora Crassa Cells for Decolorization of Acid Red 57
(AR57) Dye. Journal of Chemical Technology and Biotechnology 81; 1100-
1106.

Akar, O.T., Tunali, A.S., Ozcan, S. (2008). Biosorption of A Textile Dye (Acid Blue
40) By Cone Biomass of Thuja Orientalis: Estimation of Equilibrium,
Thermodynamic and Kinetic Parameters. Journal of Chemical Technology
and Biotechnology 99; 3057-3065.

Akar, T., Anilan, B., Gorgulu, A., Tunali Akar, S., (2009). Assessment of Cationic
Dye Biosorption Characteristics of Untreated and Non-conventional
Biomass: Pyracantha Coccinea Berries. Journal of Hazardous Material 168;
1302-13009.



98

Akar, T. and Divriklioglu, M. (2010). Biosorption Applications of Modified Fungal
Biomass for Decolorization of Reactive Red 2 Contaminated Solutions: Batch
and Dynamic Flow Mode Studies. Bioresource Technology 101;7271-7277.

Aksu, Z. and Tezer, S. (2000). Equilibrium and Kinetic Modelling of Biosorption of
Remazol Black B by Rhizopus Arrhizus in a Batch System: Effect of

Temperature. Process Biochemical 36; 431-439.

Aksu, Z. (2001). Biosorption of Reactive Dyes by Dried Activated Sludge:
Equilibrium and Kinetic Modelling. Biochemical Engineering Journal 7; 79—
84.

Aksu, Z. (2003). Reactive Dye Bioaccumulation by Saccharomyces Cerevisiae.
Process Biochemical 38; 1437-1444.

Aksu, Z. and Donmez, G. (2003). A Comparative Study on the Biosorption
Characteristics of Some Yeast for Remazol Blue Reactive Dye. Chemosphere
50; 1075-1083.

Aksu, Z. (2005). Application of Bosorption for the Removal of Organic Pollutants: A

Review. Process Biochemical 40; 997-102.

Akelah, A. and Moet, A. (1990). Functionalized Polymers and Their Applications.
St. Edmundsbury Press, Bury st. Edmunds, Suffolk, Great Britain.

Alderman, D.J. (1985). Malachite Green: A Review. Journal of Fish Disease 8, 289—
298.

Alderman, D.J. and Clifton—Hadley, R.S. (1993). Malachite Green: A
Pharmacokinetic Study in Rainbow Trout, Oncorhynchus Mykiss (Walbaum).
Journal of Fish Disease 16; 297-311.



99

Al-Duri, McKay, B., El-Geundi, G., Wahab, M.S. (1990). Three—resistance
Transport Model for Dye onto Bagasse Pith. Journal of Environmental
Engineering ASCE 116; 487-502.

Al-Duri, B. and Mckay, G. (1995). Use of Adsorbents for the Removal of Pollutants

from Wastewater. Bota Raton, Florida; CRC Press, Inc.

Al-Ghouti, M.A,, Li, J., Salamh, Y., Al-Lagtah N.,Walker, G., Ahmad, Mohammad
N.M. (2010). Adsorption Mechanisms of Removing Heavy Metals and Dyes
from Aqueous Solution using Date Pits Solid Adsorbent. Journal of
Hazardous Material 176; 510-520.

Alkan, M., Celikcapa, S., Demirbas, O., Dogan, M. (2005). Removal of Reactive
Blue 221 And Acid Blue 62 Anionic Dyes from Aqueous Solutions by
Sepiolite. Dyes and Pigments 65; 251-259

Alkan, M., Dogan, M., Turhan, Y., Demirbas, O., Turan, P. (2008). Adsorption
Kinetics And Mechanism of Maxilon Blue 5G Dye on Sepiolite from

Agueous Solutions. Chemical Engineering Journal 139; 213-223.

Allen, S.J. and Koumanova, B. (2003). Decolourisation of Water/Wastewater Using
Adsorption. Journal of University of Chemical Technology and Metallurgy
40; 175-192.

Allen, S.J., McKay, G., Porter, J.F. (2004). Adsorption Isotherm Models for Basic
Dye Adsorption by Peat in Single and Binary Component Systems. Journal of
Colloid and Interface Science 280; 322—-333.

Al-Qodah, Z. (2000). Adsorption of Dyes using Shale Oil Ash. Water Research 34;
4295-4303.



100

Annadurai, G. and Krishnan, M.R.V. (1997). Adsorption of Acid Dye from Aqueous
Solution by Chitin: Equilibrium Studies. Indian Journal of Chemical
Technology 4; 217-222

Annadurai, G., Juang, R.S., Lee, D.J. (2002). Use of Cellulose—based Wastes for
Adsorption of Dyes from Aqueous Solutions. Journal of Hazardous Material
B92; 263-274.

Arslan—Alaton, 1. (2003). A Review of the Effects of Dye—Assisting Chemicals on
Advanced Oxidation of Reactive Dyes in Wastewater. Color Technology 119;
345-353

Aydin, A.H., Bulut, Y., Yavuz, O. (2004). Acid Dyes Removal using Low Cost

Adsorbents. International Journal of Enviroment and Pollution 21; 97-104.

Azhar, S.S., Ghaniey, A.L., Suhardy, D.K., Hafiz, F., Irfan Hatim M. D. (2005). Dye
Removal from Aqueous Solution by Using Adsorption on Treated Sugarcane
Bagasse. America Journal of Applied Sciences 2(11); 1499-1503.

Babel, S. and Kurniawan, T.A. (2003). Low-cost Adsorbents for Heavy Metals
Uptake from Contaminated Water: A Review. Journal of Hazardous Material
B97; 219-243.

Bailey, S.E., Olin, T.J., Bricka, M., Adrian, D.D. (1999). A Review of Potentially
Low-—cost Sorbents for Heavy Metals. Water Research 33; 2469-2479.

Bakshi, D.K., Saha, S., Sindhu, I., Sharma, P. (2006). Use of Phanerochaete
Chrysosporium Biomass for the Removal of Textile Dyes from A Synthetic
Effluent.World Journal of Microbiology and Biotechnology 22; 835-839.



101

Balat, M. (2008). Mechanisms of Thermochemical Biomass Conversion Processes.
Part 3. Reactions of Liquefaction. Energy Sources Part A 30 ; 649-659.

Banat, F.S., Al-Asheh, Al-Makhadmeh, L. (2003). Evaluation of the Use of Raw
and Activated Date Pits as Potential Adsorbents for Dye Containing Waters.
Process Biochemical 39; 193-202.

Banks, C.J. and Parkinson, M.E. (1992). The Mechanism and Application of Fungal
Biosorption to Color Removal from Raw Waters. Journal of Chemical
Technology and Biotechnology 54; 192-196.

Bansal, R.C. and Goyal, M. (2005). Activated Carbon Adsorption. Taylor & Francis
Group, Boca Raton.

Banerjee, S. and Dastidar, M.G. (2005). Use of Jute Processing Wastes for Treatment
of Wastewater Contaminated With Dye and Other Organics. Bioresource
Technology 96; 1919-1928.

Batzias, F.A. and Sidiras, D.K. (2004). Dye Adsorption by Calcium Chloride Treated
Beech Sawdust in Batch and Fixed-Bed Systems. Journal of Hazardous
Material 114; 167-174.

Batzias, F.A. and Sidiras, D.K., (2007a). Dye Adsorption by Prehydrolysed Beech
Sawdust in Batch and Fixed-Bed Systems. Bioresource Technology 98;
1208-1217.

Batzias, F.A. and Sidiras, D.K. (2007b). Simulation of Dye Adsorption by Beech
Sawdust as Affected by pH. Journal of Hazardous Material 141; 668-679.



102

Batzias, F.A. and Sidiras, D.K., Schroeder, E., Weber, C. (2009). Simulation of Dye
Adsorption on Hydrolyzed Wheat Straw in Batch and Fixed—Bed Systems,
Chemical Engineering Journal 148; 459-472.

Bhattacharyya, K.G. and Sarma, A. (2003). Adsorption Characteristics of the Dye,
Brilliant Green, on Neem Leaf Powder. Dyes and Pigments 57; 211-222.

Bhattacharyya, K.G. and Sharma, A. (2004). Azadirachta Indica Leaf Powder as an
Effective Biosorbent for Dyes: A Case Study with Aqueous Congo Red

Solutions. Journal of Environmental Management 71(3); 217-229.

Bodek, I., Lyman, W.J., Reehl, W.F., Rosenblatt, D.H. (1998). Environmental
Inorganic Chemistry: Properties, Processes and Estimation Methods.

Pergamon Press, USA

Bouzaida, I. and Rammah, M.B. (2002). Adsorption of Acid Dyes on Treated Cotton
in A Continuous System. Material Science and Engineering C21; 151-155.

Boutenko and Victoria (2001). 12 Steps to Raw Foods: How to End Your Addiction
to Cooked Food. Raw Family. pp. 6; ISBN 0970481934.

Bousher, A., Shen, X., Edyvean, R.G.J. (1997). Removal of Coloured Organic
Matter by Adsorption onto Low-—cost Waste Materials. Water Research 31;
2084-2092.

Brown, M. J. (1997). Durio—A Bibliographic Review. New Delhi, India: International

Plant Genetic Resources Institute. 37—40.

Bulut, Y. and Aydin, H.A. (2006). Kinetics and Thermodynamics Study of
Methylene Blue Adsorption on Wheat Shells. Desalination 194; 259-267.


http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0970481934

103

Burchmore, S. and Wilkinson, M. (1993). Proposed Environmental Quality
Standards for Malachite Green in Water (DWE 9026). United Kingdom
Department of The Environment, Report No. 3167/2 (November 1993).

Water Research Center, Marlow, Buckinghamshire, United Kingdom

Cadena, F., Rizvi, R., Peters, R.W.(1990). Feasibility studies for the removal of
heavy metals from solution using tailored bentonite, in: Hazardous and
Industrial Wastes Twenty-second Mid—Atlantic Industrial Waste Conference,

Drexel University.

Caparkaya, D. and Cavas, L. (2008). Biosorption of Methylene Blue by A Brown
Alga Cystoseira Barbatula Kutzing. Acta Chimica Slovenica 55; 547-553.

Chakravarty, S., Dureja, V., Bhattacharyya, G., Maity, S., Bhattacharjee, S. (2002).
Removal of Arsenic from Groundwater Using Low-cost Ferruginous
Manganese Ore. Water Research 36; 625-632.

Chandra, T.C., Mirna, M.M., Sudaryanto, Y., Ismadji, S. (2007). Adsorption of Basic
Dye onto Activated Carbon Prepared from Durian Shell: Studies of
Adsorption Equilibrium and Kinetics. Chemical Engineering Journal 127;
121-129.

Chang, C.F., Yang, C.H., Shu, Y.O., Chen, T.l., Shu, M.S., Liao, I.C. (2001). Effects
of Temperature, Salinity and Chemical Drugs on the in Vitro Propagation of

the Dinoflagellate Parasite, Amylodinium Cellatum. Asian Fish Society, P31.

Cheremisinoff, N.P. (2002). Handbook of Water and Wastewater Treatment
Technologies. Butterworth—Heinemann, Boston.



104

Chen, K.C., Wu, J.Y., Liou, D.J., Hwang, S.C.J. (2003). Decolorization of the
Textile Dyes by Newly Isolated Bacterial Strains. Journal of Biotechnology
101(1); 57-68.

Cheremisinoff, N.P. (2002). Handbook of Water and Wastewater Treatment

Technologies. Butterworth—Heinemann, Boston.

Cheung, W.H., Szeto, Y.S., McKay, G. (2007). Intraparticle Diffusion Processes
During Acid Dye Adsorption onto Chitosan. Bioresource Technology 98;
2897-2904.

Chern, J.M. and Huang, S.N. (1998). Study of Nonlinear Wave Propagation Theory:
1. Dye Adsorption by Activated Carbon. Industrial and Engineering
Chemistry Research 37; 253-257.

Christie, R.M. (2007). Environmental Aspects of Textile Dyeing. Woodhead, Boca
Raton, Cambridge.

Chiou, M.S. and Li, H.Y. (2002). Equilibrium and Kinetic Modeling of Adsorption
of Reactive Dye on Cross—Linked Chitosan Beads. Journal of Hazardous
Material 93; 233-248.

Chiou, M.S. and Li, H.Y. (2003). Adsorption Behavior of Reactive Dye in Agueous
Solution on Chemical Cross—Linked Chitosan Beads. Chemosphere 50,
1095-1105.

Choy, K.K.H., McKay, G., Porter, J.F. (1999). Sorption of Acid Dyes from Effluents

using Activated Carbon. Resources, Conservation and Recycling 27; 57-71.

Crini, G. (2006). Non-conventional Low-cost Adsorbents for Dye Removal: A

Review. Bioresource Technology 97; 1061-1085



105

Culp, SJ. and Beland, F.A. (1996). Malachite Green: A Toxicological Review.
Journal of the American. College of Toxicologists 15; 219-238.

Couillard, D. (1994). The use of Peat in Wastewater Treatment. Water Research 28;
1261-1274.

David, N. and Hon, S. (1995). Chemical Modification of Ligno—cellulosic Materials.
Marcel Dekker Inc., New York, pp. 97-128.

Dabrowski, A. (2001). Adsorption from Theory to Practice. Adv. Colloid Interface
Science 93; 135-224.

Danis, T.G., Albanis, T.A., Petrakis, D.E. and Pomonis, P.J. (1998). Removal of
Chlorinated Phenols from Aqueous Solutions by Adsorption on Alumina
Pillared Clays and Mesoporous Alumina Aluminum Phosphates. Water
Research 32; 295-302.

Demirbas, A. (2008). Recent Progress in Biorenewable Feedstocks. Energy
Education Science and Technology 22; 69-95.

Dhodapkar, R., Rao, N.N., Pande, S.P., Kaul, S.N. (2006). Removal of Basic Dyes
From Aqueous Medium Using A Novel Polymer: Jalshakti. Bioresource
Technology 877-885.

Dhodapkar, R., Rao, N.N., Pande, S.P., Nandy, T., Devotta, S. (2007). Adsorption of
Cationic Dyes on Jalshakti®, Super Absorbent Polymer and Photocatalytic
Regeneration of the Adsorbent. Reactive and Functional Polymer 67; 540—
548



106

Dogan, M., Abak, H., Alkan, M. (2008). Biosorption of Methylene Blue from
Agqueous Solutions by Hazelnut Shells: Equilibrium, Parameters and
Isotherms. Water Air Soil Pollution 192;141-153.

Dursun, G., Cicek, H., Dursun, A.Y. (2005). Adsorption of Phenol from Aqueous
Solution by using Carbonized Beet Pulp, Journal of Hazardous Material
B125; 175-182.

El-Geundi, M.S. (1991). Colour Removal From Textile Effluents by Adsorption
Techniques. Water Research 25; 271-273.

El-Guendi, M.S., Ismail, H.M., Attyia, K.M.E. (1995). Activated Clay as An
Adsorbent for Cationic Dyestuffs. Adsorption Science and Technology 12;
109-117.

El-Hendawy. (2006). Variation in the FTIR Spectra of a Biomass Under
Impregnation, Carbonization and Oxidation Conditions. Journal of Analytical
and Applied Pyrolysis 75; 159-166.

Eren, Z. and Acar, F.N. (2007). Equilibrium and Kinetic Mechanism for Reactive
Black 5 Sorption onto High Lime Soma Fly Ash. Journal of Hazardous
Material 143; 226-232.

Espantaleon, A.G., Nieto, J.A., Fernandez, M., Marsal, A. (2003). Use of Activated
Clays in the Removal of Dyes and Surfactants from Tannery Waste Waters.
Applied Clay Science 24; 105-110.

Fairus Muhammad Dairus, Rusdin Laiman and Mohd Nizam Yusof. (2007). The
Removal of Basic Dye (Methylene Blue) from Aqueous Solutions by
Adsorption on Activated Carbon Prepared from Palm Qil Fibre. Conference

of scientific and social research.



107

Farinella, N.V., Matos, G.D., Arruda, M.A.Z. (2007). Grape Bagasse as A Potential
Biosorbent of Metals in Effluent Treatments. Bioresource Technology 98;
1940-1946.

Feng, N., Guo, X., Liang, S., Zhu, Y., Liu, J. (2010). Biosorption of Heavy Metal
from Aqueous Solutions by Chemically Modified Orange Peel. Journal of
Hazardous Material, Accepted Manuscript.

Fersi, C., Gzara, L., Dhahbi, M. (2005). Treatment of Textile Effluents by Membrane
Technologies. Desalination 185; 399-409.

Ferrero, F. (2007). Dye Removal by Low Cost Adsorbents: Hazelnut Shells in
Comparison with Wood Sawdust. Journal of Hazardous Material 142; 144—
152.

Fernandes, C., Lalitha, V.S., Rao, V.K. (1991). Enhancing Evects of Malachite
Green on the Development of Hepatic Preneoplastic Lesions Induced by N-
Nitroso Diethylamine in Rats. Carcinogenesis 12; 839— 845.

Figueiredo, S.A., Boaventura, R.A., Loureiro, J.M. (2000). Color Removal with
Natural Adsorbents: Modeling, Simulation and Experimental. Separation and
Purification Technology 20; 129-141.

Finar, 1.L.(1986). Organic Chemistry: The Fundamental Principles, 1, Sixth Ed.
Addison Wesley Longman Ltd, England. 890-891.

Fresenius, K. E. Q., Scheider, W. (Eds) (1987). Water Analysis. Spinger—Verlag.

Freeman, H.M. (1989). Standard Handbook of Hazardous Waste Treatment and
Disposal. Second Ed. McGraw-Hill, New York.



108

Freundlich, H. (1907). Ueber Die Adsorption in Loesungen. Z. The Journal of
Physical and Chemical 57; 385-470.

Fu, Y.Z. and Viraraghavan, T. (2000). Removal of a Dye from an Aqueous Solution
by the Fungus Aspergillus Niger. Water Quality Research Journal of Canada
35; 95-111.

Fu, Y.Z., Viraraghavan, T. (2002). Dye Biosorption Sites in Aspergillus niger.
Bioresource Technology 82; 139-145.

Garg, V.K., Gupta, R., Bala Yadav, A., Kumar, R. (2003). Dye Removal from
Agueous Solution by Adsorption on Treated Sawdust. Bioresource
Technology 89; 121-124.

Gercel, O., Gercel, H.F., Koparal A.S., Ogutveren U.B. (2008). Removal of Disperse
Dye from Aqueous Solution by Novel Adsorbent Prepared from Biomass
Plant Material. Journal of Hazardous Material 160; 668-674.

Ghoreishi, S.M. and Haghighi, R. (2003). Chemical Catalytic Reaction and
Biological Oxidation for Treatment of Non—biodegradable Textile Effluent.
Chemical Engineering Journal 95; 163-169.

Gholamreza, M. and Maryam, M. (2009). Removal of Azo and Anthraquinone
Reactive Dyes from Industrial Wastewaters Using Mgo Nanoparticles.
Journal of Hazardous Material 168; 806812

Glasser, W.G. and Sarkanen, S. (Eds.) (1989). Lignin, Properties, Materials.
American Chemical Society,Washington, DC.

Gomez-Serrano, V., Pastor-Viilegas, J., Perez—Florindo, A., Duran—Valle, C.,
Valenzueia—Calahorro, C. (1996). Journal of Analytical and Applied
Pyrolysis 36; 71— 80.



109

Gouranchat, C. (2000). Malachite Green in Fish Culture (State of the Art and
Perspectives). Bibliographic Studies, Ecole Natl. Veterinaire ENVT, Nantes,
France, p. 142.

Gong, R.M,, Li, M., Yang, C., Sun, Y., Chen, J. (2005a). Removal of Cationic Dyes
from Aqueous Solution by Adsorption on Peanut Hull. Journal of Hazardous
Material B121; 247-250.

Gong, R.M., Ding, Y., Li, M., Yang, C., Liu, H.J., Sun, Y.Z. (2005b). Utilization of
powdered Peanut Hull as Biosorbent for Removal of Anionic Dyes from

Agqueous Solution. Dyes and Pigment 64; 187-192.

Gong, R.M,, Jin,Y., Chen, J., Hu, Y., Sun, J. (2007). Removal of Basic Dyes from
Agueous Solution by Sorption on Phosphoric Acid Modified Rice Straw.
Dyes and Pigment 73; 332-337.

Guibal, E. (2004). Interactions of Metal lons with Chitosan—Based Sorbents: A
Review. Separation and Purification Technology 38; 43-74.

Gurses, A., Dogar, C., Karaca, S., Acikyildiz, M., Bayrak, R. (2006). Production of
Granular Activated Carbon from Waste Rosa Canina Sp Seeds and its
Adsorption Characteristics for Dye. Journal of Hazardous Material 131;
254-259.

Gupta, V.K., Srivastava, S.K., Mohan, D. (1997). Equilibrium Uptake, Sorption
Dynamics, Process Optimization, and Column Operations for the Removal
and Recovery of Malachite Green from Wastewater Using Activated Carbon
and Activated Slag. Industrial and Engineering Chemical Research 36(6);
2207-18.



110

Gupta, V.K., Suhas Ali, I., Saini, V.K. (2004). Removal of Rhodamine B, Fast
Green, and Methylene Blue from Wastewater Using Red Mud, an Aluminum
Industry Waste. Industrial and Engineering Chemical Research 43; 1740—
1747.

Gupta, V.K., Mittal, A., Krishnan, L., Mittal, J. (2006). Adsorption Treatment and
Recovery of the Hazardous Dye, Brilliant Blue FCF, Over Bottom Ash and
De—oiled Soya. Journal of Colloid and Interface Science 293; 16-26.

Gupta, V.K., Jain, R., Varshney, S. (2007a). Electrochemical Removal of the
Hazardous Dye Reactofix Red 3 BFN from Industrial Effluents. Journal of
Colloid and Interface Science 312; 292—-296.

Gupta, V.K,, Jain, R., Mittal, A., Mathur, M., Sikarwar, S. (2007b). Photochemical
Degradation of the Hazardous Dye Safranin T using Tio2 Catalyst. Journal of
Colloid and Interface Science 309; 464—4609.

Gupta, V.K. and Suhas (2009). Application of Low-cost Adsorbents for Dye

Removal: A Review. Journal of Environmental Management, 1-30.

Gurses, A., Dogar, C., Yalcin, M., Acikyildiz, M., Karaca, S. (2006). The Adsorption
Kinetics of the Cationic Dye Methylene Blue, Onto Clay. Journal of
Hazardous Material, B131; 217-228.

Hai, F.I., Yamamoto, K., Fukushi, K. (2007). Hybrid Treatment Systems for Dye
Wastewater. Critical Review. Environmental Science and Technology 37,
315-377.

Hall, K.R., Eagleton, L.C., Acrivos, A., Vermeulen, T. (1966). Pore and Solid
Diffusion Kinetics in Fixed Bed Adsorption under Constant Pattern

Conditions. Industrial and Engineering Chemistry Fundamentals 5; 212-219.



111

Hamdaoui, O. (2006). Batch Study of Liquid-Phase Adsorption of Methylene Blue
Using Cedar Sawdust and Crushed Brick. Journal of Hazardous Material
135; 264-273.

Hamdaoui, O., Chiha, M., Slovenica, A.C. (2006). Removal of Methylene Blue from
Agueous Solutions by Wheat Barn. Journal of Hazardous Material 54;
407-418

Hameed, B.H., Mahmoud, D.K., Ahmad, A.L. (2008a). Sorption Equilibrium and
Kinetics of Basic Dye from Aqueous Solution Using Banana Stalk Waste.
Journal of Hazardous Material 158; 499-506.

Hameed, B.H., Mahmoud, D.K., Ahmad, A.L. (2008b). Equilibrium Modeling and
Kinetic Studies on the Adsorption of Basic Dye by A Low-cost Adsorbent:
Coconut (Cocos Nucifera) Bunch Waste. Journal of Hazardous Material 158;
65-72.

Hameed, B.H. and El-Khaiary, M.I. (2008a). Sorption Kinetics and Isotherm Studies
of A Cationic Dye Using Agricultural Waste: Broad Bean Peels, Journal of
Hazardous Material 154; 639-648.

Hameed, B.H. and El-Khaiary, M.l. (2008b). Removal of Basic Dye from Aqueous
Medium Using A Novel Agricultural Waste Material: Pumpkin Seed Hull.
Journal of Hazardous Material 155; 601-609.

Hameed, B.H. and Hakimi, H. (2008). Utilization of Durian (Durio zibethinus
Murray) Peel as Low—cost Sorbent for the Removal of Acid Dye from

Aqueous Solutions. Journal of Biochemical Engineering 39; 338-343.



112

Hameed, B.H. (2009a). Evaluation of Papaya Seeds as A Novel Non-Conventional
Low-cost Adsorbent for Removal of Methylene Blue. Journal of Hazardous
Material 162; 939-944.

Hameed, B.H. (2009b). Removal of Cationic Dye from Aqueous Solution Using
Jackfruit Peel as Non-conventional Low-cost Adsorbent. Journal of
Hazardous Material 162; 344-350.

Hameed, B.H., Krishni, R.R., Sata, S.A. (2009). A Novel Agricultural Waste
Adsorbent for the Removal of Cationic Dye from Aqueous Solutions. Journal
of Hazardous Material 162; 305-311.

Hameed, B.H. and Ahmad, A.A. (2009). Batch Adsorption of Methylene Blue from
Agueous Solution by Garlic Peel, An Agricultural Waste Biomass. Journal of
Hazardous Material 164; 870-875.

Hao, O.J.,, Kim H, Chiang P.C. (2000). Decolorization of Wastewater. Critical
Review Environmental Science and Technology 30(4); 449-506.

Hasnain Isa, M., Siew Lang, L., Asaari, F.A.H., Aziz, H.A., Azam Ramli, N., Dhas,
J.P.A. (2007). Low—cost Removal of Disperse Dyes from Aqueous Solution
using Palm Ash. Dyes and Pigment 74; 446-453.

He, Y., Li, G.M., Wang, H., Zhao, J.F., Su, H.X., Huang, Q.Y. (2008). Effect of
Operating Conditions on Separation Performance of Reactive Dye Solution

with Membrane Process. Journal of Membrane Science 321(2); 183-189.

Heaton, D.D. (2006). A Consumer’s Guide on World Fruit. Book Surge Publishing.
54-56.



113

Ho, Y.S. and McKay, G. (2003). Sorption of Dyes and Copper lons onto
Biosorbents. Process Biochemical 38, 1047-1061.

Hu, Z., Chen, H., Ji, F., Juan S. (2009). Removal of Congo Red from Aqueous
Solution by Cattail Root. Journal of Hazardous Material 173; 292-297.

Hu, C., Yu, J.C., Hao, Z., Wong, P.K. (2003). Photocatalytic Degradation of Triazine
containing Azo Dyes in Aqueous TiO, Suspensions. Applied Catalyst B:
Environmental 42; 47-55.

Hunger, K. (2003). Industrial Dyes: Chemistry, Properties, Applications.
Wiley—VCH, Weinheim; [Cambridge].

Huxley, A. (1992). New RHS Dictionary of Gardening. Macmillan: ISBN
1-56159-001-0.

Ho, Y.S. and McKay, G. (1998). Kinetic Models for The Sorption of Dye
Fromaqueous Solution by Wood. Process Safety and Environment Protection
76 (B2); 183-191.

Ho, Y.S., Chiang, T.H., Hsueh, Y.M. (2005). Removal of Basic Dye From Aqueous
Solution Using Tree Fern as A Biosorbent. Process Biochemical 40; 119-
124.

Ho, Y.S. (2005). Effect of pH on Lead Removal from Water Using Tree Fern as the
Sorbent. Bioresource Technology 96; 1292-1296.

Isa, M.H., Lang, L.S., Asaari, F.A.H., Aziz, H.A., Ramli, N.A., Dhas, J.P.A. (2007).
Low—cost Removal of Disperse Dyes from Aqueous Solution Using Palm
Ash. Dyes and Pigment 74; 446-453.


http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/1-56159-001-0

114

Inbaraj, B.S., Chiu, C.P., Ho, G.H., Yang, J., Chen, B.H. (2006). Removal of

Cationic Dyes from Aqueous Solution Using an Anionic Poly— y —Glutamic

Acid Based Adsorbent. Journal of Hazardous Material B137; 226-234.

Igbal, M. J. and Ashig, M.N. (2007). Adsorption of Dyes from Aqueous Solutions on
Activated Charcoal. Journal of Hazardous Material 139(1); 57-66.

Jain, A.K,, Gupta, V.K., Bhatnagar, A., Suhas (2003). Utilization of Industrial Waste
Products as Adsorbents for the Removal of Dyes. Journal of Hazardous
Material B101; 31-42.

Johann, F.O., Saravia, V., Toca—Herrera, J.L. and Couto, S.R. (2007). Sunflower
Seed Shells: A Novel and Effective Low—cost Adsorbent for the Removal of
the Diazo Dye Reactive Black 5 from Aqueous Solutions. Journal of
Hazardous Material 147; 900-905.

Juang, R.S., Tseng, R.L., Wu, F.C., Lin, S.J. (1996). Use of Chitin and Chitosan in
Lobster Shell Wastes for Colour Removal from Aqueous Solutions. Journal
of Environmental Science and Health A31; 325-338.

Juang, R.S., Wu, F.C., Tseng, R.L. (2002). Use of Chemically Modified Chitosan
Beads for Sorption and Enzyme Immobilization. Advances in Environmental
Research 6; 171-177.

Kace, J.S., Linford, H.B. (1975). Reduced Cost Flocculation of A Textile Dyeing

Woastewater. Journal of the Water Pollution Control Federation 47; 1971.

Kannan, N. and Sundaram, M.M. (2001). Kinetics and Mechanism of Removal of
Methylene Blue by Adsorption on Various Carbons — A Comparative Study.
Dyes and Pigment 51; 25-40.



115

Karaca, S., Gurses, A., Bayrak, R. (2004). Effect of Some Pretreatments on the
Adsorption of Methylene Blue by Balkaya Lignite. Energy Conversation
Management 45; 1693-1704.

Kavitha, D. and Namasivayam, C. (2007). Experimental and Kinetic Studies on
Methylene Blue Adsorption by Coir Pith Carbon. Bioresource Technology,
98; 14-21.

Kayser, H. (1881). Wiederman’s Ann. Physical Chemical 14; 451

Khalaf, M.A. (2008). Biosorption of Reactive Dye from Textile Wastewater by
Non-viable Biomass of Aspergillus Niger and Spirogyra Sp. Bioresource
Technology 99; 6631-6634.

Khattri, S.D. and Sigh, M.K. (1999). Colour Removal from Dye Wastewater Using
Sugar Cane Dust as Adsorbent. Adsorption Science and Technology 17;
269-282.

Khattri, S.D. and Singh, M.K. (2000). Colour Removal from Synthetic Dye
Wastewater using A Bioadsorbent. Water, Air, Soil, Pollution 120; 283-294.

Khedari, J., Sarocha, C., Jongjit, H. (2003). New Insulating Particleboards from
Durian Peel and Coconut Coir. Building and Enviromental 38; 435 — 441.

Khraisheh, M.A.M., Al-Ghouti, M.A., Allen, S.J., Ahmad, M.N.M. (2004). The
Effect of pH, Temperature and Molecular Size on the Removal of Dyes from
Textile Effluent Using Manganese Oxides Modified Diatomite. Water
Environment Research. 79; 51-59.



116

Klemm, D., Schmauder, H.P., Heinze, T. (2002). Cellulose. In: De Baets, S.,
Vandamme, E.J., Steinbuchel, A. (Eds.), Polysaccharides Il. Polysaccharides
from Eukaryotes. Vol. 6. Wiley-VCH, Weinheim. Pp. 275-320.

Klemm, D., Heublin, B., Fink, H.F., Bohn, A. (2005). Cellulose: Fascinating
Biopolymer and Sustainable Raw Material. Angewandte Cheme International
Edition 44; 3358-3393.

Koji, N. (1962). Infrared Absorption Spectroscopy—Practical. Holden—Day Inc., San

Francisco.

Kota, J. and Stasicka, Z. (2000). Chromium Occurance in the Environment and
methods of its Speciation. Environmental Pollution 107; 263-283.

Kouba, J.F. and Zhuang, P. (1994). Color removal for textile dyeing wastewater.

Journal of Fluid/Particle Separation 7; 87-90.

Kobya, M. (2003). Removal of Cr(VI) from Aqueous Solutions by Adsorption onto
Hazelnut Shell Activated Carbon: Kinetic and Equilibrium Studies.

Bioresource Technology 91; 317-321.

Kumar, K.V. (2007). Optimum Sorption Isotherm by Linear and Non-linear
Methods for Malachite Green onto Lemon peel. Dyes and Pigment 74;
595-597

Krishnamoorthi, C.R. and Vishwanathan, P. (1991). Toxic Metal in the Indian
Environment. New Delhi: Tata McGraw-Hill Publishing Co Ltd.

Lagergren, S. (1898). Zur Theorie Der Sogenannten Adsorption GelOster Stoffe,
Kungliga Svenska Vetenskapsakademiens. Handlingar 24; 1-39.



117

Lakshmi, U.R., Srivastava, V.C., Mall, I.D., Dilip H. Lataye, D.H. (2009). Rice Husk
Ash as an Effective Adsorbent: Evaluation of Adsorptive Characteristics for

Indigo Carmine Dye. Journal of Environmental Management 90; 710-720.

Laszlo, J.A., Dintzis, F.R. (1994). Crop Residues as lon—exchange Materials.
Treatment of Soybean Hull and Sugar Beet Fiber (Pulp) with Epichlorohydrin
to Improve Cation—exchange Capacity and Physical Stability. Journal of
Applied Polymer Science 52; 531-538.

Langmuir, 1. (1918). The Adsorption of Gases on Plane Surfaces of Glass, Mica and

Platinum. Journal of America and Chemical Society 40; 1361-1403.

Lee, J.-W., Choi, S.—P., Thiruvenkatachari, R., Shim, W.—G., Moon, H. (2006).
Evaluation of The Performance of Adsorption and Coagulation Processes for

the Maximum Removal of Reactive Dyes. Dyes and Pigments 69; 196-203.

Liang, S., Guo, X., Feng, N., Tian, Q. (2010). Isotherms, kinetics and
thermodynamic studies of adsorption of Cu?* from aqueous solutions by
Mg>/K* type orange peel adsorbents. Journal of Hazardous Material
174;756-762

Lin, S.H. and Peng, C.F. (1994). Treatment of Textile Wastewater by
Electrochemical Method. Water Research 28; 277-282.

Liu, M.H. and Huang, J.H. (2006). Removal and Recovery of Cationic Dyes from
Aqueous Solutions Using Spherical Sulfonic Lignin Adsorbent. Journal of
Applied Polymer Science 101; 2284-2291.

Liikanen, A. and Martikainen, P.J. (2003). Effect of Ammonium and Oxygen on
Methane and Nitrous Oxide Fluxes Across Sediment—Water Interface in a
Eutrophic Lake. Chemosphere 52(8); 1287-1293.



118

Li, F.T., Yang, H., Zhao, Y., Xu, R. (2007). Novel Modified Pectin for Heavy Metal
Adsorption, Chin. Chem. Lett. 18 ; 325-328.

Li, Q., Yue, Q.Y., Sun, H.Y., Su, Y., Gao, B.Y. (2010). A Comparative Study on the
Properties, Mechanisms and Process Designs for the Adsorption of Non—ionic
or Anionic Dyes onto Cationic-Polymer/Bentonite. Journal of Environmental
Management 91; 1601-1611.

Liu, Y. and Liu, Y.J. (2008). Biosorption Isotherms, Kinetics and
Thermodynamics—Review. Separation and Purification Technology 61;
229-242.

Low, K.S. and Lee, C.K. (1990) . The Removal of Cationic Dyes Using Coconut
Husk as an Absorbent. Pertanika 13; 221-228.

Low, K.S., Lee, C.K., Tan K.K. (1995). Biosorption of Basic Dyes by Water
Hyacinth Roots. Bioresource Technology 52; 79-82.

Malik, P.K. (2003). Use of Activated Carbons Prepared from Sawdust and Rice Husk
for Adsorption of Acid Dyes: A Case Study Of Acid Yellow 36. Dyes and
Pigment 56; 239-249.

Mars, B. (2004). Raw Some: Maximizing Health, Energy, and Culinary Delight with
the Raw Foods Diet. Basic Health Publications. 103.

Marshall, W.E., Champagne E.T., Evans, W.. (1993). Use of Rice Milling
By-products (Hull and Bran) to Remove Metal lons from Aqueous Solution.
Journal of Environmental Science and Health A28; 1977-1992.



119

Marshall, W.E. and Johns M.M. (1996). Agricultural By—products as Metal
Adsorbents: Sorption Properties and Resistance to Mechanical Abrasion.

Journal of Chemical Technology and Biotechnology 66; 192-198.

Marshall, W.E., Wartelle, L.H., Boler, D.E., Johns, M.M., Toles, C.A. (1999).
Enhanced Metal Adsorption by Soybean Hulls Modified with Citric Acid.
Bioresource Technology 69; 263-268.

McKay, G., Porter, J.F., Prasad, G.R. (1999). The Removal of Dye Colours from
Agueous Solutions by Adsorption on Low—Cost Materials. Water, Air, Soil,
Pollution 114; 423-438.

McKay, G. and Ho, Y.S. (1999). The Sorption of Lead (I1) On Peat. Water Research
33; 578-584.

McMullan, G., Meehan, C., Conneely, A., Kirby, N., Robinson, T., Nigam, P., Banat,
I.M., Marchant, R., Smyth, W.E. (2001). Microbial Decolourisation and
Degradation of Textile Dyes. Applied Microbial and Biotechnology 56; 81—
87.

Mehmet, D., Yasemin, O., Mahir, A. (2007). Adsorption Kinetics and Mechanism of
Cationic Methyl Violet and Methylene Blue Dyes onto Sepiolite. Dyes and
Pigment 75; 701-713.

Mishra, A. and Bajpai, M. (2006). The Flocculation Performance of Tamarindus
Mucilage in Relation to Removal of Vat and Direct Dyes. Bioresource
Technology 97; 1055-1059.

Mishra, G. and Tripathy, M. (1993). A Critical Review of the Treatment for
Decolorization of Textile Effluent. Colourage 40; 35-38.



120

Mittal, A.K. and Venkobachar, C. (1993). Sorption and Desorption of Dyes by
Sulfonated Coal. Journal of Environmental Engineering ASCE 119; 366—
368.

Mittal, A., Mittal, J., Kurup, L. (2006). Batch and Bulk Removal of Hazardous Dye
Indigo Carmine, from Wastewater through Adsorption. Journal of Hazardous
Material 137; 591-602.

Mittal, A. (2006). Adsorption Kinetics of Removal of A Toxic Dye, Malachite Green
from Wastewater by Using Hen Feathers. Journal of Hazardous Material
133; 196-202.

Mohan, V.S., Sailaja, P., Srimurali, M., Karthikeyan, J. (1999). Colour Removal of
Monoazo Acid Dye from Aqueous Solution by Adsorption and Chemical

Coagulation. Environmental Engineering and Policy 1; 149-154.

Mohd, R., Othman, S., Rokiah, H., Anees, A. (2010). Adsorption of Methylene Blue
on Low-cost Adsorbents: A review. Journal of Hazardous Material 177; 70—
80.

Morais, L.C., Freitas, O.M., Goncalves, E.P., Vasconcelos, L.T., Gonzalez Beca,
C.G. (1999). Reactive Dyes Removal from Wastewaters by Adsorption on
Eucalyptus Bark: Variables that Define the Process. Water Research 33; 979-
988.

Nadeem, R., Ansaria, T.M., Akhtar, K., Khalid, A.M. (2009). Pb(ll) Sorption by
Pyrolysed Pongamia pinnata Pods Carbon (PPPC). Chemical Engineering
Journal 152; 54-63.



121

National Council of the Environment — CONAMA (2005). Government Resolution
No. 357, Ministry of the Environment, Brasilia, Federal District, Brazil.

www.mma.gov.br/conama (in Portuguese).

Namasivayam, C., Kanchana, N., Yamuna, R.T. (1993). Waste Banana Pith as
Adsorbent for the Removal of Rhodamine B from Aqueous Solution. Waste
Management 13; 89-95.

Namasivayam, C., Muniasamy, N., Gayatri, K., Rani, M., Ranganathan, K. (1996).
Removal of Dyes from Aqueous Solution by Cellulosic Waste Orange Peel.

Bioresource Technology 57; 37-43.

Namasivayam, C.and Arasi, D. (1997). Removal of Congo Red from Wastewater by
Adsorption onto Waste Red Mud. Chemosphere 34; 401-417.

Namasivayam, C., Prabha, D., Kumutha, M. (1998). Removal of Direct Red and
Acid Brilliant Blue by Adsorption onto Banana Pith. Bioresource Technology
64; 77-79.

Nassar, M.M. and Magdy, Y.H. (1997). Removal of Different Basic Dyes from
Agueous Solutions by Adsorption on Palm—Fruit Bunch Particles. Chemical
Engineering Journal 66; 223-226.

Nassar, M.M. (1997). The Kinetics of Basic Dye Removal Using Palm—Fruit Bunch.
Adsorption. Science and Technology 15; 609-617.

Nelson, C.R. and Hites, R.A. (1980). Aromatic Amines in and Near the Buffalo
River. Environ. Science and Technology 14; 1147-1149.



122

Nemr, A.E., Abdelwahab, O., El-Sikaily, A., Khaled, A. (2009). Removal of Direct
Blue 86 from Aqueous Solution by New Activated Carbon Developed from
Orange Peel. Journal of Hazardous Material 161;102-110.

Nigam, I.M., Singh, P., Marchant, D.R. (1996). Microbial Decolorization of
Textile—Dye Containing Effluents: A Review. Bioresource Technology 58;
217-227.

Nigam, P., Armour, G. |., Banat, M., Singh, D and Marchant, R. (2000). Physical
Removal of Textile Dyes from Effluents and Solid-State Fermentation of

Dye—Adsorbed Agricultural Residues. Bioresource Technology 72; 219-226.

Ofomaja, A.E. and Ho, Y.S. (2008). Effect of Temperatures and pH on Methyl
Violet Biosorption by Mansonia Wood Sawdust. Bioresource Technology 99;
5411-5417.

Oladoja, N.A., Aboluwoye, C.O., Oladimeji, Y.B., Ashogbon, A.O., Otemuyiwa I.O.
(2008a). Studies on Castor Seed Shell as A Sorbent in Basic Dye

Contaminated Wastewater Remediation. Desalination; 190—203.

Oladoja, N.A., Asia, 1.0., Aboluwoye,C.O., Oladimeji, Y.B., Ashogbon, A.O.
(2008b). Studies on The Sorption of Basic Dye by Rubber (Hevea
Brasiliensis) Seed Shell, Turk. Journal of Engineering Environmental and
Science 32; 143-152.

Oliveira, L.C.A., Goncalves, M., Oliveira, D.Q.L., Guerreiro, M.C., Guilherme,
L.R.G., Dallago, R.M. (2007). Solid Waste from Leather Industry as
Adsorbent of Organic Dyes in Aqueous Medium. Journal of Hazardous
Material 141; 344-347.



123

Oliveira, L.S., Franca, A.S., Alves, T.M., Rocha, S.D.F. (2008). Evaluation of
Un-treated Coffee Husks as Potential Biosorbents for Treatment of Dye
Contaminated Waters. Journal of Hazardous Material 155; 507-512,

Ong, S.T., Lee, C.K., Zainal, Z. (2007). Removal of Basic and Reactive Dyes Using
Ethylenediamine Modified Rice Hull. Bioresource Technology 98;
2792-2799.

Oura, K., Lifshits; V.G., Saranin; A.A., Zotov; A.V. and Katayama, M. (2003).

Surface Science, an Introduction. Berlin: Springer.

Ozacar, M. and Sengil, 1.A. (2005). Adsorption of Metal Complex Dyes from
Aqueous Solutions by Pine Sawdust. Bioresource Technology 96; 791-795.

Ozcan, A.S. and Ozcan, A. (2004). Adsorption of Acid Dyes from Adqueous
Solutions onto Acid—Activated Bentonite. Journal of Colloid and Interface
Science 276; 39-46.

Ozcan, A.S., Erdem, B., Ozcan, A., (2004). Adsorption of Acid Blue 193 from
Agueous Solutions onto Na-Bentonite and DTMA-Bentonite. Journal of
Colloid and Interface Science 280; 44-54.

Ozcan, A.S., Erdem, B., Ozcan, A. (2005). Adsorption of Acid Blue 193 from
Aqueous Solutions onto BTMA-Bentonite. Colloids and Surfaces A:
Physicochemical and Engineering Aspects 266; 75-81.

Ozcan, A., Oncu, E.M., Ozcan, A.S. (2006a). Adsorption of Acid Blue 193 from
Aqueous Solutions onto DEDMA-Sepiolite. Journal of Hazardous Material
129; 244-252.



124

Ozcan, A., Oncu, E.M., Ozcan, A.S. (2006b). Kinetics, Isotherm and
Thermodynamic Studies of Adsorption of Acid Blue 193 from Aqueous
Solutions onto Natural Sepiolite. Colloids and Surface A277; 90-97.

Pacchade, K., Sandhya, S., Swaminathan, K. (2009). Ozonation of Reactive Dye,
Procion Red MX-5B Catalyzed by Metal lons. Journal of Hazardous
Material 167; 313-318.

Panda, G.C., Sujoy, D.K., Arun, G.K. (2009). Jute Stick Powder as A Potential
Biomass for the Removal of Congo Red and Rhodamine B from Their

Aqueous Solution. Journal of Hazardous Material 164; 374-379.

Papic, S. and Bozic N.K. (2004). Removal of Some Reactive Dyes from Synthetic
Wastewater by Combined Al (I11) Coagulation/Carbon Adsorption Process.
Dyes and Pigment 62; 291-298.

Pavan, F.A., Lima, E.C., Dias, S.L.P., Mazzocato, A.C. (2008). Methylene Blue
Biosorption from Aqueous Solutions by Yellow Passion Fruit Waste. Journal
of Hazardous Material 150; 703-712.

Poots, V.J.P., McKay, G., Healy, J.J. (1978).Removal of Basic Dye from Effluent
Using Wood as an Adsorbent. Federal Water Pollution Control 50; 926-935.

Poots, V.J.P., McKay, G., Healy, J.J., (1976). The Removal of Acid Dye from
Effluent using Natural Adsorbents — I peat. Water Research 10; 1061-1066.

Ponnusami, V., Vikram, S., Srivastava, S.N. (2008). Guava (Psidium Guajava) Leaf
Powder: Novel Adsorbent for Removal of Methylene Blue from Aqueous
Solutions. Journal of Hazardous Material 152; 276-286.



125

Pradas, E.G., Sanchez, M.V., Cruz, F.C., Viciana, M.S., Perez, M.F. (1994).
Adsorption of Cadmium and Zinc from Aqueous Solution on Natural and
Activated Bentonite. Journal of Chemical Technology and Biotechnology 59;
289-295.

Ramakrishna, K.R., Viraraghavan, T. (1997). Dye Removal using Low Cost
Adsorbents. Water Science and Technology 36; 189-196.

Raghavacharya, C. (1997). Colour Removal from Industrial Effluents A Comparative

Review of Available Technologies. Chemical Engineering World 32; 53-54.

RaviKumar, M.N.V. (2000). A Review of Chitin and Chitosan Applications.
Reactive and Functional Polymer 46; 1-27.

Rao, K.V.K. (1995). Inhibition of DNA Synthesis in Primary Rat Hepatocyte
Cultures by Malachite Green: A New Liver Tumor Promoter. Toxicology
Letters 81; 107-113.

Ravikumar, K., Pakshirajan, K., Swaminathan, T., Balu, K. (2005). Optimization of
Batch Process Parameters Using Response Surface Methodology for Dye
Removal by A Novel Adsorbent. Chemical Engineering Journal 105; 131-
138.

Robinson, T., McMullan, G. R., Marchant, P.N. (2001). Remediation of Dyes in
Textile Effluent: A Critical Review on Current Treatment Technologies with
A Proposed Alternative. Bioresource Technology 77; 247-255.

Saeed, A., Sharif, M., Igbal, M. (2010). Application Potential of Grapefruit Peel as
Dye Sorbent: Kinetics, Equilibrium and Mechanism of Crystal Violet
Adsorption. Journal of Hazardous Material 179; 564-572



126

Santhy, K. and Selvapathy, P. (2006). Removal of Reactive Dyes from Wastewater
by Adsorption on Coir Pith Activated Carbon. Bioresource Technology 97;
1329-1336.

Sankar, M., Sekaran, G., Sadulla, S., Ramasami, T. (1999). Removal of Diazo and
Triphenylmethane Dyes from Aqueous Solutions through an Adsorption
Process. Journal of Chemical Technology and Biotechnology 74; 337—344.

Sarasa, J., Roche, M.P., Ormand, M.P., Gimeno, E., Puig, A., Ovelleiro, J.L. (1998).
Treatment of a Wastewater Resulting from Dyes Manufacturing with Ozone
and Chemical Coagulation. Water Research 32; 2721-2727.

Sari, A., Mendil, D., Tuzen, M., Soylak. M. (2008). Biosorption of Cd(Il) and Cr(I11)
from Aqueous Solution by Moss (Hylocomium Splendens) Biomass:
Equilibrium, Kinetic and Thermodynamic Studies. Chemical Engineering
Journal 144; 1-9.

Sarkanen, K.V. and Ludwig, C.H. (1971). Lignins: Occurrence, Formation,

Structure and Reactions. John Wiley & Sons, Inc., New York.

Sawada, K. and Ueda, M. (2003). Adsorption Behavior of Direct Dye on Cotton in
Nonaqueous Media. Dyes and Pigments 58; 37-40.

Sekaran, G., Sadulla, S., Ramasami, T. (1999). Removal of Diazo and
Triphenylmethane Dyes from Aqueous Solutions through an Adsorption

Process. Journal of Chemical Technology and Biotechnology 74; 337-344.

Shi,W.X., Xu, X.J., Sun, G. (1999). Chemically Modified Sunflower Stalks as
Adsorbents For Color Removal from Textile Wastewater. Journal of Applied
Polymer Science 71; 1841-1850.



127

Shi, B.Y., Li, G.H., Wang, D.S., Feng, C.H., Tang, H.X. (2007). Removal of Direct
Dyes by Coagulation: The Performance of Preformed Polymeric Aluminum
Species. Journal of Hazardous Material 143; 567-574.

Shukla, S.R., Sakhardande, V.D. (1991). Metal lon Removal by Dyed Cellulosic
Materials. Journal of Applied Polymer Science 42; 829-835.

Slokar, Y.M., Majcen Le Marechal, A. (1998). Methods of Decoloration of Textile
Wastewaters. Dyes and Pigments 37; 335-356.

Sivaraj, R., Namasivayam, C., Kadirvelu, K. (2001). Orange Peel As an Adsorbent in
the Removal of Acid Violet 17 (Acid Dye) from Aqueous Solutions. Waste
Management 21; 105-110.

Streat, M. Patrick, J.M., Pérez, M.J. (1995). Sorption of Phenol and
Parachlorophenol from Water using Conventional and Novel Activated
Carbons. Water Research 29; 467—472.

Sun, G. and Xu, X. (1997). Sunflower Stalk as Adsorbents for Color Removal from
Textile Wastewater. Industrial and Engineering Chemical Research 36; 808—
812.

Sun, Q. and Yang, L. (2003). The Adsorption of Basic Dyes from Aqueous Solution
on Modified Peat—Resin Particle. Water Research 37; 1535-1544

Tatiana, C., Eder, C. L., Natali, F.C., Silvio, L.P.D., Flavio, A.P. (2009). Application
of Carbon Adsorbents Prepared from the Brazilian Pine—Fruit-Shell for the
Removal of Procion Red MX 3B from Aqueous Solution—Kinetic,
Equilibrium and Thermodynamic Studies. Chemical Engineering Journal
155; 627-636.



128

Tassist, A., Lounici, H., Abdi, N., Mameri, N. (2010). Equilibrium, Kinetic and
Thermodynamic Studies on Aluminum Biosorption by A Mycelial Biomass
(Streptomyces rimosus). Journal of Hazardous Material 183; 35-43

Theander, O. in: R.P. Overand, T.A. Mile, L.K. Mudge (Eds.). (1985). Fundamentals
of Thermochemical Biomass Conversion. Elsevier Applied Science Publisher,

New York..

Thinakaran, N., Panneerselvam, P., Baskaralingam, P., Elango, D., Sivanesan, S.
(2008). Equilibrium and Kinetic Studies on the Removal of Acid Red 114

from Aqueous Solutions using Activated Carbons Prepared from Seed Shells.

Journal of Hazardous Material 158; 142—150.

Tuzen, M. and Sari, A. (2010). Biosorption of Selenium from Aqueous Solution by
Green Algae (Cladophora Hutchinsiae) Biomass:  Equilibrium,

Thermodynamic and Kinetic Studies. Chemical Engineering Journal 158;

200-206.

Vachoud, L., Zydowicz, N., Domard, A. (2001). Sorption and Desorption Studies on
Chitin Gels. Int. J. Biol. Macromol. 28; 93-101.

Vandevivere, P.C., Bianchi, R., Verstraete, W. (1998). Treatment and Reuse of
Wastewater from the Textile Wet—Processing Industry: Review of Emerging
Technologies. Journal of Chemical Technology and Biotechnology 72;

289-302.

Venkata Mohan, S., Chandrasekhar Rao, N., Karthikeyan, J. (2002). Adsorptive
Removal of Direct Azo Dye from Aqueous Phase onto Coal Based Sorbents:
A Kinetic and Mechanistic Study. Journal of Hazardous Material, 90; 189—

204.



129

Viraraghavan, T. and Ramakrishna, K.R. (1999). Fly Ash for Colour Removal from
Synthetic Dye Solutions. Water Quality Research Journal of Canada 34;
505-517.

Walker, G.M., Weatherley, L.R. (1999). Kinetics of Acid Dye Adsorption on GAC.
Water Research 33; 1895-18909.

Wan Ngah, W.S. and Hanafiah, M.A.K.M. (2008). Adsorption of Copper on Rubber
(Heavea Brasiliensis) Leaf Powder: Kinetic, Equilibrium and

Thermodynamic studies. Journal of Biochemical Engineering 39; 521-530.

Wang, S., Boyjoo, Y., Choueib, A., Zhu, Z.H. (2005). Removal of Dyes from
Agqueous Solution using Fly Ash and Red Mud. Water Research 39; 129-138.

Wang, J.P.,, Chen, Y.Z, Ge, X. W., Yu, H. Q. (2007a). Optimization of
Coagulation/flocculation Process for A Paper-Recycling Wastewater
Treatment Using Response Surface Methodology. Colloids and Surface A
302; 204-210.

Wang, G., Li, W., Chen, H., Li, B. (2007b). The Direct Liquefaction of Sawdust in
Tetralin. Energy Sources Part A 29; 1221-1231.

Williams, P.T. and Nugranad, N. (2000). Comparison of Products from The
Pyrolysis And Catalytic Pyrolysis of Rice Husks. Energy 25; 493-513.

Wong, Y.C., Szeto, Y.S., Cheung, W.H., McKay, G. (2004). Adsorption of Acid
Dyes on Chitosan—Equilibrium Isotherm Analyses. Process Biochemical 39;
695-704.



130

Wu, F.C,, Tseng, R.L., Juang, R.S. (2000). Comparative Adsorption of Metal and
Dye on Flake and Bead Types of Chitosan Prepared from Fishery Wastes.
Journal of Hazardous Material B73; 63-75.

Yu, J., Tong, M., Sun, X., Li, B. (2007). Simple Method to Prepare Poly(Amic Acid)
Modified Biomass for Enhancement of Lead and Cadmium Adsorption.

Biochemical Engineering Journal 33; 126-133.

Zeybek, Z. Cetinkayab, S.Y., Alioglu, F., Alpbaz, M. (2007). Determination of
Optimum Operating Conditions for Industrial Dye Wastewater Treatment
Using Adaptive Heuristic Criticism pH Control. Journal of Environmental
Management 85(2); 404—414.

Zeynep, E. and Filiz, N.A. (2006). Equilibrium and Kinetic Mechanism for Reactive
Black 5 Sorption onto High Lime Soma Fly Ash. Journal of Hazardous
Material 143; 226-232.

Zhang, M., Tay, J.H., Qian, Y., Gu, X.S. (1998). Coke Plant Wastewater Treatment
by Fixed Biofilm System for COD and NH3;—N Removal. Water Research
32(2); 519-527.

Zhenhu Hu, Hui Chen, Feng Ji and Shoujun Yuan (2010). Removal of Congo Red
from Aqueous Solution by Cattail Root. Journal of Hazardous Material 173;
292-297.

Zhou, Y., Liang, Z.,, Wang, Y. (2008). Decolorization and COD Removal of
Secondary Yeast Wastewater Effluents by Coagulation Using Aluminum
Sulfate. Desalination 225; 301-311.



	SitiHazirahAdamMFKK2011A
	SitiHazirahAdamMFKK2011b
	SitiHazirahAdamMFKK2011C
	SitiHazirahAdamMFKK2011d



