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ABSTRACT

In the pineapple canning industry, almost forty percent of pineapple portion is
rejected during the production process. Most of the rejected portion is used as
ruminant and for alcohol production. In the present study, the untreated solid
pineapple waste (SPW) was used to adsorb selenite ion (Se(IV)) from aqueous
solution. The Se(IV) loaded and unloaded SPW were characterized using proximate
analysis, atomic absorption spectrometry, scanning electron microscopy, energy-
dispersive X-ray spectroscopy, thermogravimetry analysis, differential scanning
calorimetry and Fourier transform infrared spectroscopy. Various parameters that
affect the adsorption such as initial pH, contact time, temperature, mass of adsorbent
and concentration of adsorbate were investigated to determine the optimum
adsorption conditions. Kinetics of the adsorption was investigated by pseudo first-
order and pseudo second-order models. Equilibrium studies were carried out by
Langmuir, Freundlich and Temkin isotherms. Thermodynamic studies of the
adsorption were performed using van’t Hoff equation. Desorption studies of the
Se(IV) loaded SPW were carried out under various conditions such as initial pH,
desorption time, ratio mass of loaded SPW to reaction volume and concentrations of
humic acid and competing ions such as chloride, phosphate and sulphate ions. Under
the optimum adsorption conditions the Se(IV) content of SPW could be increased by
100 folds from less than 10 pg/g to nearly 1000 pg/g. The adsorption optimum
conditions were at pH 6, adsorption duration # = 60 min, initial concentration of
Se(IV) aqueous solution Cp = 10 mg/L, SPW weight was 3 g in 50 mL of reaction
volume and temperature was 80°C. The adsorption rate of Se(IV) by SPW under the
optimum conditions fitted the pseudo second order with rate constant, k, = 4.8539
mg/g min while the adsorption of Se(IV) by SPW best fitted Temkin isotherm (R? =
0.9963), followed by Langmuir isotherm (R? = 0.9830) and the Freundlich isotherm
(R2 = 0.9702), which indicated the dominance of chemisorption. The van’t Hoff
equation applied to this adsorption indicated that the adsorption process is
endothermic, favourable and spontaneous. The adsorbed Se(IV) can be leached out
gradually under the influences of pH, ratio of mass of loaded SPW to reaction
volume and the presence of humic acid, phosphate, sulphate and chloride ions.
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ABSTRAK

Dalam industri pengetinan nenas, hampir empat puluh peratus daripada bahagian
nenas lazimnya disingkirkan semasa proses penghasilan produk. Kebanyakan
daripada bahagian yang disingkirkan itu dijadikan sebagai sumber makanan haiwan
dan untuk penghasilan alkohol. Dalam kajian ini, sisa pepejal nenas (SPW) yang
tidak mengalami sebarang proses rawatan telah digunakan untuk menjerap ion selenit
(Se(IV)) daripada larutan akueus. Kajian mengenai SPW yang tidak dijerap dan telah
dijerapkan dengan Se(IV) telah dijalankan dengan mengunakan analisis proksimat,
spektrometri serapan atom, mikroskopi pengimbas elektron, mikroskopi serakan
tenaga sinar-X, analisis termogravimetri, kalori pengimbas kebezaan dan
spektroskopi inframerah transformasi Fourier. Pelbagai parameter seperti nilai awal
pH, masa interaksi, suhu, berat bahan penjerap dan kepekatan bahan yang dijerap
telah dikaji untuk menentukan keadaan jerapan yang optimum. Kajian mengenai
kinetik jerapan ini telah dijalankan melalui model tertib pseudo pertama dan tertib
pseudo kedua. Kajian keseimbangan pula telah dijalankan menggunakan isoterma
Langmuir, Freundlich and Temkin. Kajian termodinamik dalam proses jerapan ini
telah dijalankan dengan menggunakan persamaan van’t Hoff. Kajian penyahjerapan
daripada SPW yang telah dijerapkan dengan Se(IV) telah dijalankan untuk mengkaji
potensi pembebasan Se(IV) berdasarkan beberapa parameter seperti nilai awal pH,
masa interaksi, nisbah jisim SPW terisi kepada isipadu tindak balas dan kepekatan
asid humik dan ion persaingan seperti klorida, fosfat dan sulfat. Pada keadaan
jerapan optimum, kandungan Se(IV) dalam SPW boleh meningkat daripada 10 pg/g
kepada 1000 pg/g. Keadaan jerapan yang optimum ialah pada pH = 6, masa jerapan
selama 60 min, kepekatan awal iaitu 10 mg/L, berat SPW iaitu 3 g dalam 50 mL
isipadu tindak balas dan suhu pada 80°C. Kadar jerapan Se(IV) oleh SPW
bersesuaian dengan model tertib pseudo kedua dengan pemalar kadar, k, = 4.8539
mg/g min. Jerapan ion Se(IV) menggunakan SPW yang memperoleh padanan yang
terbaik ialah melalui isoterma TemkKin (R2 =0.9963), diikuti oleh isoterma Langmuir
(R2 = 0.9830) dan isoterma Freundlich (RZ = 0.9702), di mana proses kimia telah
mendominasi proses jerapan ini. Persamaan van’t Hoff yang telah diaplikasikan
dalam kajian ini menunjukkan bahawa proses jerapan yang berlaku ialah melalui
proses endotermik, memuaskan dan berlaku secara spontan. Kandungan Se(IV) yang
telah dijerap boleh dilarutlesap secara beransur-ansur di bawah pengaruh pH, nisbah
jisim SPW terisi kepada isipadu tindak balas dan kehadiran asid humik, ion fosfat,
sulfat dan klorida.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

According to Malaysian Pineapple Industry Board, Malaysia produced about
156,000 metric tons of pineapples and the quantity of solid pineapple waste yield
was estimated about 48,000 tons from pineapple processing factories (Goh et al.,
2010). During the canning process, about 40% to 80% of the discarded portion
considered waste consist of crown, the outer peel and the central core of the
pineapple (Koffi and Han, 1990). Solid pineapple waste contains carbohydrate,
simple sugars, cellulose, hemicellulose and lignin (Koffi and Han, 1990;Ferri et al.,
2003;Tuzen and Sari, 2010). Released components into the waste streams and finally
into the environment causes serious pollution problems due to their high biochemical
oxygen demand (BOD) and chemical oxygen demand (COD). Hence, proper
treatment and disposal of these released components are important part of the
pineapple industry. In practice, most of pineapple processing waste is either
fermented for alcohol or organic acids such as citric acid production, vinegar and

wine, and used as ruminants (Tran, 2006).

Concern over the abundance of the pineapple waste and possible impacts on
the environmental has raised interest in utilization of solid pineapple waste for
various applications. In recent years, number of reports indicates the increasing
interest on the use of agriculture waste as adsorbent for removal toxic materials such
as metals from wastewaters. Agriculture waste offers high efficiency metal ions

uptake due to its unique chemical composition for metals binding capability and



possibility of metal recovery. Utilization of biomass, known as biosorption for
removal of metal from wastewater is driven by the interests in connection to health
effect of metal toxicity, the economics of metal recovery and scientific studies to
understand the metal adsorption behavior (Volesky, 2007). In this respect, solid
pineapple waste has an interesting potential for selenium sorption to remove
selenium from wastewater, as well as a means for enrichment to agriculture soil with
selenium deficiency problems. Recent published papers have demonstrated
outstanding selenium anions uptake capability by agricultural waste in terms of
efficiency, rapidity, low cost, flexibility, simplicity of design and ease of operation
(Rafatullah et al., 2010). A wide variety of potential adsorbents to remove selenium
anions have been prepared from agriculture waste either in natural or after physical
or chemical modification form such as sugarcane bagasse, wheat bran, green algae,
peanut shell and rice husk (Kailas et al., 2009;Hasan et al., 2010;Tuzen and Sari,
2010;EIl-Shafey, 2007a;El-Shafey, 2007b) .

Selenium is an interesting element due to its contradicting role to human
health depending on concentration. Selenium is an essential micronutrient to human
health and as an antioxidant. At high concentration it is toxic to human health but
lack of this element will create selenium deficiency problems in the form of diseases.
The recommended daily intake of this element is from 50 to 220 pg/day but it is

toxic only at twice those required, which is above 400 pg/day (Tuzen and San, 2009).

Industrially, selenium is a by-product of certain process such as electrolytic
copper refining and combustion of fossil fuels. It is used in manufacture of glass,
alloys, toner of photographic prints and electronics such as photocopying, photocells,
light meters, solar cells, rectifiers, and xerography equipments. Selenium
concentration in industrial effluent may vary from 1 to 7000 pg/L (Kapoor et al.,
1995). According to the Ministry of Natural Resource and Environmental (NRE),
about 13 from 30 local industrial factories produced heavy metal sludge including
selenium. Hence, it is possible that selenium will end up polluting the environment
by the discharge of wastewater into the drainage system. According to Malaysia
Environmental Quality (Industrial Effluents) regulations, the maximum acceptable

concentration of selenium discharge in industrial effluent is 0.02 mg/L, whereas



according to Ministry of Health Malaysia, the national standard for drinking water
quality for selenium is 0.01 mg/L. There are several ways to remove selenium anions
from contaminated wastewater including chemical precipitation, coagulation, ion
exchangers, chemical oxidation and reduction, reverse osmosis, electro dialysis, ultra
filtration and activated carbon adsorption. However, these conventional treatments
contribute to limitation include less efficiency, high in cost, sensitive operating

conditions and production of secondary sludge (Sud et al., 2008).

1.2 Problem Statement

There has been increasing interest to use plant biomass or agriculture waste
such as rice husk, peanut shell, sugarcane bagasse, wheat bran and green algae to
adsorb Se(IV) from aqueous solution. Information on the adsorption of Se(IV) by
solid pineapple waste is important because of potential used in Se(IV) toxicity
removal as well as Se(IV) enrichment of SPW which can be further use to soil
enhancement for Se(IV) deficiency problem. It is important to investigate the Se(IV)
adsorption by solid pineapple waste with respect to initial pH, contact time,
temperature, dosage of adsorbent and adsorbate concentration. It is necessary to
understand the kinetics of adsorption which reflects the rate of metal ions uptake by
the adsorbent. Meanwhile for equilibrium of the adsorption can be investigated by
fitting approach to Langmuir, Freundlich and Temkin isotherms. The van’t Hoff
equation normally used to determine the thermodynamic parameters of adsorption
process. Considering the potential of the adsorbed Se(IV) to be slowly released for
soil enhancement, it is important to investigate the leachability with respect to pH,

contact time, solid to liquid ratio, concentration of competing ions and humic acid.

1.3 Objectives of the Research

This research was carried out to study the adsorption of selenite ion from

aqueous solution. The objectives of this study are as follows:



1. To investigate the general characteristics of the solid pineapple waste.

ii.  To investigate the effect of initial pH, contact time, temperature, adsorbent
dosage and adsorbate concentration on the Se(IV) adsorption by solid

pineapple waste.

ii.  To investigate the equilibrium behavior of Se(IV) adsorption by solid

pineapple waste based on Langmuir, Freundlich and Temkin isotherms.

iv.  To investigate the kinetics of Se(IV) adsorption by solid pineapple waste

based on pseudo first-order and pseudo second-order models.

v. To investigate the leachability of the Se(IV) adsorbed by solid pineapple
waste under various leaching conditions such as initial pH, contact time, solid

to liquid ratio, competitive anions and humic acid.

1.4  Significance of Study

The adsorption study of Se(IV) by an agriculture waste such as solid
pineapple waste has a wide implication including understanding the Kkinetic,
equilibrium and thermodynamic of the process. The study also provides information
on the prospect of utilizing solid pineapple waste as a biomass based material
selenium enrichment of the agriculture soil for enhancement crop production quality.
Reduction of environmental pollution due to the solid pineapple waste may be
achieved by converting them into value added products. Since selenium has a dual
role as an essential micronutrient in diet at small amounts and toxicity at high
concentration, the present study represents an approach probably most suitable to
fulfill both the needs for selenium toxicity removal from wastewaters and selenium
enrichment method for agriculture soil enhancement and supplementation. Therefore,

the selenium adsorption and desorption batch experiments were conducted to



investigate the sorption behavior and the suitability of the adsorbent within various

environmental effects, kinetics, equilibrium and thermodynamic studies.

1.5 Scope of the Research

This research involves utilization of solid pineapple waste prepared from
discarded components from pineapple canning process. Proximate analysis was
employed to investigate the physico-chemical properties of the solid pineapple waste.
The morphological properties and the nature functional groups analysis were
investigated using scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDAX) and Fourier transform infrared spectroscopy (FTIR). The
thermal analysis of both blank and Se(IV) loaded solid pineapple waste were
investigated by thermogravimetry analysis (TGA) and differential scanning

calorimetry (DSC).

Batch adsorption experiments of Se(IV) were conducted to determine the
effect of various parameters such as initial pH, contact time, temperature, adsorbent
dosage and adsorbate concentration. The results obtained were analyzed using intra-
particle diffusion model, kinetic models such as pseudo first-order and second-order,
equilibrium isotherms analysis using Freundlich, Langmuir and Temkin isotherms,
and thermodynamic parameters using van’t Hoff equation to determine the Se(IV)
adsorption behavior by solid pineapple waste. Desorption batch experiments were
carried out to determine the effect of Se(IV) leachability from adsorbed solid
pineapple waste as functions of pH, contact time, solid to liquid ratio, concentration

of competiting ions and humic acid.



77

REFERENCES

Abdullah, and Mat, H. (2008). Characterisation of Solid and Liquid Pineapple Waste.
Reaktor. 12, 48-52.

Adhikari, B. K.,Barrington, S.,Martinez, J., and King, S. (2008). Characterization of
Food Waste and Bulking Agents For Composting. Waste Management 28,
795-804.

Batista, J. R., and Young, J. C. (1997). Removal of Selenium From Gold Heap
Leachate By Activated Alumina Adsorption. Minerals and Metallurgical
Processing. 14, 29-36.

Bennett, W. W., Teasdale, P. R., Panther, J. G., Welsh, D. T. and Jolley, D. F.
(2010). New Diffusive Gradients In A Thin Film Technique For Measuring
Inorganic Arsenic And Selenium(IV) Using A Titanium Dioxide Based
Adsorbent. Analytical Chemistry. 82, 7401-7407.

Bhattacharya, A. K.,Naiya, T. K.,Mandal, S., and Das, S. K. (2008). Adsorption,
Kinetics and Equilibrium Studies On Removal of Cr(VI) From Aqueous
Solutions Using Different Low-Cost Adsorbent. Chemical Engineering
Journal. 137, 529-541.

Biwu, L., Yuxiang, Y., Chao, W. and Yar, C. (2009). Adsorption of Selenium On
Nano-Magnetic Particles And Their Inhibation rate On H 1299 Tumour Cell.
Silicates Industrials. 74, 255-260.

Bleiman, N., and Mishael, Y. G. (2010). Selenium Removal From Drinking Water
By Adsorption To Chitosan-Clay Composites And Oxides: Batch And
Columns Tests. Journal of Hazardous Materials. 183, 590-595.

Buzarovska, A.,Bogoeva, G. G.,Grozdanov, A.,Avella, M.,Gentile, G., and Errico,
M. (2008). Potential Use of Rice Straw as Filler in Eco-Composite Materials.
Australian Journal of Crop Science 1, 37-42.

Chandra Sekhar, K., Kamala, C. T., Charya, N. S. and Anjaneyulu, Y. (2003).
Removal of Heavy Metals Using a Plant Biomass With Reference To



78

Environmental Control. International Journal of Mineral Processing. 68, 37-
45.

Chang, J. 1., and Hsu, T. E. (2008). Effects of Compositions On Food Waste
Composting. Bioresource Technology. 99, 8068-8074.

Chen, M.,Yang, T., and Wang, J. (2009a). Precipitate Coating On Cellulose Fibre As
Sorption Medium For Selenium Preconcentration And Speciation With
Hydride Generation Atomic Fluorescence Spectrometry. Analytica Chimica
Acta. 631, 74-79.

Chen, Y. W.Truong, H. Y. T., and Belzile, N. (2009b). Abiotic Formation of
Elemental Selenium And Role Of Iron Oxide Surfaces. Chemosphere. 74,
1079-1084.

Cox, D. N., and Bastiaans, K. (2007). Understanding Australian Consumers’
Perceptions of Selenium and Motivations to Consume Selenium Enriched
Foods. Food Quality and Preference 18, 66-76.

Dacera, D. D. M.,Babel, S., and Parkpian, P. (2009). Potential For Land Application
of Contaminated Sewage Sludge Treated with Fermented Liquid From
Pineapple Wastes. Journal of Hazardous Materials 167, 866-872.

Das, J., Das, D., Dash, G. P. and Parida, K. M. (2002). Studies on Mg/Fe
hydrotalcite-like-compound (HTIc): I. Removal of inorganic selenite (SeO32')
from aqueous medium. Journal of Colloid and Interface Science. 251, 26-32.

De, A. K. 1994. Environmental Chemistry, New Delhi, New Age International
Publishers.

Derek, P. (2006). Adsorption mechanisms of Selenium Oxyanions at The Aluminum
Oxide/Water interface. Journal of Colloid and Interface Science. 303, 337-
345.

Dhillon, K. S., and Dhillon, S. K. (1999). Adsorption-desorption Reactions of
Selenium in Some Soils of India. Geoderma. 93, 19-31.

Eddy Metcalf, 1. 2003. Wastewater Engeneering, Treatment and Reuse, New Delhi,
Tata McGraw-Hill Publishing Company Limited.

Edeskuty, F. J., and Amundson, N. R. (1952). Mathematics of Adsorption. IV. Effect
of Intrapaerticle Diffusion in Agitated Static Systems. Mathematics of
Adsorption. 56, 148-152.

Eich-Greatorex, S.,Krogstad, T., and Sogn, T. A. (2010). Effect of Phosphorus Status



79

of The Soil On Selenium Availability Journal of Plant Nutrition and Soil
Science. 173, 337-344.

El-Said, A. G.,Badawy, N. A.Abdel-Aal, A. Y., and Garamon, S. E. (2011).
Optimization Parameters For Adsorption and Desorption of Zn(II) and Se(IV)
Using Rice Husk Ash: Kinetics and Equilibrium lonics. 17, 263-270.

El-Said, A. G.,.Badawy, N. A., and El Pasir, A. A. (2010). Comparison of Synthetic
and Natural Adsorbent for Sorption of Ni(Il) Ions from Aqueous Solution.
Nature and Science. 8, 86-94.

El-Shafey, E. I. (2007a). Removal of Se(IV) From Aqueous Solution Using
Sulphuric  Acid-Treated Peanut Shell. Journal of Environmental
Management. 84, 620-627.

El-Shafey, E. 1. (2007b). Sorption of Cd(III) And Se(IV) From Aqueous Solution
Using Modified Rice Husk. Journal of Hazardous Materials. 147, 546-555.

Elzinga, E. J., Tang, Y., McDonald, J., DeSisto, S. & Reeder, R. J. (2009).
Macroscopic And Spectroscopic Characterization Of Selenate, Selenite, And
Chromate Adsorption At The Solid-Water Interface Of y-Al,Os. Journal of
Colloid and Interface Science. 340, 153-159.

Fan, M. S.,Zhao, F. J.,Poultan, P. R., and McGrath, S. P. (2008). Historical Changes
in The Concentrations of Selenium in Soil and Wheat Grain From The
Broadbalk Experiment Over The Last 160 Years. Science of the Total
Environment. 389, 532-538.

Ferri, T.,Petruzzelli, G.,Pezzarossa, B.,Santaroni, P.,Brunori, C., and Morabito, R.
(2003). Study of The Influence of Carboxymethylcellulose On The
Absorption of Selenium (and Selected Metals) in a Target Plant.
Microchemical Journal 74, 257-265.

Gezer, N.,Gulfen, M., and Aydm, A. O. (2011). Adsorption of Selenite and Selenate
Ions onto Thiourea-Formaldehyde Resin. Journal of Applied Polymer
Science. 122, 1134-1141.

Goh, C. S., Tan, K. T. T., Lee, K. T., and Bhatia, S. (2010). Bio-ethanol From
Lignocelluloses:  Status, Perspectives and challenges in Malaysia.
Bioresource Technology. 101, 4834-4848.

Goh, K. H., and Lim, T. T. (2004). Geochemistry of Inorganic Arsenic and Selenium

in a Tropical soil: Effect of Reaction Time, pH, and Competitive Anions On



80

Arsenic and Selenium Adsorption. Chemosphere. 55, 849-899.

Gonzalez, C. M. (2011). Adsorption of selenite and selenate by a high- and low-
pressure aged manganese oxide nanomaterial. Instrumentation Science and
Technology. 39, 1-19.

Gonzalez, C. M., Hemandez, J., Parsons, J. G., and Gardea-Torresdey, J. L. (2010).
A Study of the Removal of Selenite and Selenate From Aqueous Solutions
Using A Magnetic Iron / Manganese Oxide Nanomaterial and ICP-MS.
Microchemical Journal. 96, 324-329.

Gregori, 1. D., Lobos, M. G., and Pinochet, H. (2002). Selenium and its Redox
Speciation in Rainwater From Sites of Valparaiso Region in Chile, Impacted
by Mining Activities of Copper Ores. Water Research. 36, 115-122.

Hasan, S. H., and Ranjan, D. (2010). Agro-Industrial Waste: A Low-Cost Option for
the Biosorptive Remediation of Selenium Anions. Ind. Eng. Chem. Res. 49,
8927-8934.

Hasan, S. H., Ranjan, D., and Talat, M. (2010). Agro-Industrial Waste 'Wheat Bran'
For The Biosorptive Remediation of Selenium Through Continuous Up-Flow
Fixed-Bed Column. Journal of Hazardous Materials. 181, 1134-1142.

Hawkesford, M. J., and Zhao, F. J. (2007). Strategies for Increasing The Selenium
Content of Wheat. Journal of Cereal Science 46,282-292.

He, Q., and Yao, K. (2010). Microbial Reduction of Selenium Oxyanions By
Anaeromyxobacter dehalogenans. Bioresource Technology. 101, 3760-3764.

Ho, Y. S. (2006). Review of Second-Order Models For Adsorption Systems. Journal
of Hazardous Materials. B136, 681-689.

Ho, Y. S., and McKay, G. (1999). Pseudo-Second Order Model For Sorption
Processes. Process Biochemistry. 34, 451-465.

Ishikawa, S. 1., Sekine, S., Miura, N., Suyama, K., Arihara, K. & Itoh, M. (2004).
Removal of selenium and arsenic by animal biopolymers. Biological Trace
Element Research. 102, 113-127.

Iwashita, A.,Sakaguchi, Y.,Nakajima, T.,Takanashi, H.,Ohki, A., and Kambara, S.
(2005). Leaching Characteristics of Boron and Selenium For Various Coal
Fly Ashes. Fuel. 84, 479-485.

Johnson, E. A., Rudin, M. J., Steinberg, S. M. and Johnson, W. H. (2000). The

sorption of selenite on various cement formulations. Waste Management. 20,



81

509-516.

Juniper, D. T., Phipps, R. H., Ramos-Morales, E., and Bertin, G. (2009). Effects of
Dietary Supplementation With Selenium Enriched Yeast or Sodium Selenite
On Selenium Tissue Distribution and Meat Quality in Lambs. Animal Feed
Science and Technology 149, 228-239.

Kailas, L. W.,Basheshwar, P., and Sekhararao, G. (2009). Adsorption of Selenium
Using Bagasse Fly Ash. Clean 37, 534-543.

Kamei-ishikawa, N., Tagami, K., and Uchida, S. (2007). Sorption kinetics of
selenium on humic acid. Journal of Radioanalytical and Nuclear Chemistry.
274, 555-561.

Kapoor, A., Tanjore, S., and Viraraghavan, T. (1995). Removal of Selenium From
Water And Wastewater. Intern. J. of Environmental Studies. 49, 137-147.

Koffi, L. B., and Han, Y. W. (1990). Alcohol Production From Pineapple Waste.
World Journal of Microbiology and Biotechnology 6, 281-284.

Kumiawan, T. A., Chan, G. Y. S., Lo, W. H., and Babel, S. (2006). Comparisons of
Low-Cost Adsorbents For Treating Wastewaters Laden With Heavy Metals.
Science of the Total Environment. 366, 409-426.

Kwon, S. H., and Lee, D. H. (2004). Evaluation of Korean Food Waste With Fed-
Batch Operations I: Using Water Extractable Total Organic Carbon Contents
(TOCw). Process Biochemistry 39, 1183-1194.

Laszlo, K., Podkoscienly, P., and Dabrowski, A. (2006). Heterogeneity of Activated
Carbons With Different Surface Chemistry in Adsorption of Phenol From
Aqueous Solutions. Applied Surface Science. 252, 5752-5762.

Latva, S., Peraniemi, S., and Ahlgren, M. (2003). Study of Metal-Loaded Activated
Charcoals For The Separation and Determination of Selenium Species By
Energy Dispersive X-Ray Fluorescence Analysis. Analytica Chimica Acta.
478, 229-235.

Lens, P. N. L., and Lenz, M. (2009). The Essential Toxin: The Changing Perception
of Selenium in Environmental Sciences. Science of The Total Environment
407, 3620-3633.

Mainoo, N. O. K., Barrington, S., Whalen, J. K., and Sampedro, L. (2009). Pilot-
scale Vermicomposting of Pineapple Waste with Earthworms Native to

Accra, Ghana. Bioresource Technology 100, 5872-5875.



82

Mandal, S., Mayadevi, S., and Kulkarni, B. D. (2009). Adsorption of Aqueous
Selenite [Se(IV)] Species On Synthetic Layered Double Hydroxide Materials.
Ind. Eng. Chem. Res. 48, 7893-7898.

Mohamed, A. R., Sapuan, S. M.Shahjahan, M., and Khalina, A. (2009).
Characterization of Pineapple Leaf Fibers From Selected Malaysian
Cultivars. Journal of Food, Agriculture & Environment 7, 235-240.

Naiya, T. K., Bhattacharya, A. K., Mandal, S., and Das, S. K. (2009). The Sorption
of Lead(Il) Ions On Rice Husk Ash. Journal of Hazardous Materials. 163,
1254-1264.

Navarro-Alarcon, M., and Cabrera-Vique, C. (2008). Selenium in Food and The
Human Body: A review. Science of the Total Environment. 400, 115-141.

Neal, R. H., and Sposito, G. (1989). Selenate Adsorption On Alluvial Soils. Soil Sci.
Soc. Am. J. 53,70-74.

Oladoja, N. A., Aboluwoye, C. O., and Oladimeji, Y. B. (2008). Kinetics and
Isotherm Studies on Methylene Blue Adsorption onto Ground Palm Kernel
Coat. Turkish Journal of Engineering, Environment and Science. 32, 303-
312.

Padmavathiamma, P. K.,Li, L. Y., and Kumari, U. R. (2008). An Experimental Study
of Vermi-Biowaste Composting For Agricultural Soil Improvement.
Bioresource Technology 99, 1672-1681.

Parida, K. M., and Gorai, B. (2003). Removal of Aqueous Selenite Using Alumina.
International Journal of Environmental Studies. 60, 75-86.

Park, D., Yun, Y. S., Lim, S. R., and Park, J. M. (2006). Kinetic Analysis and
Mathematical Modelling of Cr(VI) Removal in a Differential Reactor Packed
With Ecklonia Biomass. J. Microbial. Biotechnol. 16, 1720-1727.

Peak, D. (2006). Adsorption mechanisms of Selenium Oxyanions at The Aluminum
Oxide/Water interface. Journal of Colloid and Interface Science. 303, 337-
345.

Pedrero, Z., and Madrid, Y. (2009). Novel Approaches for Selenium Speciation in
Foodstuffs and Biological Specimens: A Review. Analytica Chimica Acta
634, 135-152.

Pezzarossa, B., and Petruzzelli, G. 2001. Heavy Metals Release in Soils, United
States of America, CRC Press LLC.



&3

Pezzarossa, B.,Petruzzelli, G.,Petacco, F.,Malorgio, F., and Ferri, T. (2007).
Absorption of Selenium by Lactuca Sativa as Affected by
Carboxymethylcellulose. Chemosphere. 67, 322-329.

Pyrzynska, K. (2009). Selenium Speciation in Enriched Vegetables. Food Chemistry.
114, 1183-1191.

Rafatullah, M.,Sulaiman, O.,Hashim, R., and Ahmad, A. (2010). Adsorption of
Methylene Blue On Low-Cost Adsorbents: A Review. Journal of Hazardous
Materials. 177, 70-80.

Ranjan, D., and Hasan, S. H. (2010). Parametric optimization of selenite and selenate
biosorption using wheat bran in batch and continuous mode. Journal of
Chemical and Engineering Data. 55, 4808-4816.

Rovira, M., Gimenez, J., Martinez, M., Martinez-Llado, X., Pablo., J. d., Marti, V. &
Duro, L. (2008). Sorption of selenium(IV) and selenium(VI) onto natural iron
oxides: Goethite and hematite. Journal of Hazardous Materials. 150, 279-
284.

Sabarudin, A.,Oshita, K.,Oshima, M., and Motomizu, S. (2005). Synthesis of
Chitosan Resin Possessing 3,4-diamino Benzoic Acid Moiety For The
Collection/Concentration of Arsenic and Selenium in Water Samples and
Their Measurement By Inductively Coupled Plasma-Mass Spectrometry.
Analytica Chimica Acta. 542, 207-215.

Sheha, R. R., and El-Shazly, E. A. (2010). Kinetics and Equilibrium Modelling of
Se(IV) Removal From Aqueous Solutions Using Metal Oxides. Chemical
Engineering Journal. 160, 63-71.

Shi, K., Wang, X., Guo, Z., Wang, S. & Wu, W. (2009). Se(IV) sorption on TiO2:
Sorption kinetics and surface complexation modeling. Colloids and Surfaces
A: Physicochemical and Engineering Aspects. 349, 90-95.

Sogn, T. A., Govasmark, E., Greatorex, S. E., Ogaard, A. F., and Macleod, J. A.
(2007). Assessment of Seafood Processing Wastes As Alternative Sources of
Selenium in Plant Production. Acta Agriculturae Scandinavica Section B-Soil
and Plant Science 57, 173-181.

Stabnikova, O.,Wang, J., Ding, H. B., and Tay, J. (2005). Biotransformation of
Vegetable and Fruit Processing Wastes into Yeast Biomass Enriched With
Selenium. Bioresource Technology 96, 747-751.



84

Stadlober, M., Sager, M., and Irgolic, K. J. (2001). Effects of Selenate Supplemented
Fertilisation On The Selenium Level of Cereals — Identification and
Quantification of Selenium Compounds by HPLC-ICP-MS. Food Chemistry.
73, 357-366.

Standard, B. 1997. Method for Determination of Titratable Acidity of Fruit and
Vegetables Juices. Fruit and Vegetable Juices. United Kingdom: BSI
Publication.

Standard, B. 2001. Determination of Soil Water Content as a Volume Fraction Using
Coring Sleeves - Gravimetric Method. Soil Quality. United Kingdom: BSI
Publications.

Sud, D.,Mahajan, G., and Kaur, M. P. (2008). Agricultural Waste As Potential
Adsorbent For Sequestering Heavy Metal Ions From Aqueous Solutions - A
Review. Bioresource Technology. 99, 6017-6027.

Sushanta, K. S., Smitta, M., and Sanjay, K. N. (2009). Polypropylene-Bamboo/Glass
Fiber Hybrid Composites: Fabrication and Analysis of Mechanical,
Morphological, Thermal, and Dynamic Mechanical Behavior. Journal of
Reinforced Plastics and Composites. 28, 2729-2747.

Takada, T., Hirata, M., Kokubu, S., Toorisaka, E., Ozaki, M., and Hano, T. (2008).
Kinetic Study On Biological Reduction of Selenium Compounds. Process
Biochemistry. 43, 1304-1307.

Tran, A. V. (2006). Chemical Analysis and Pulping Study of Pineapple Crown
Leaves. Industrial Crops and Products. 24, 66-74.

Tran, C. T., and Mitchell, D. A. (1995). Pineapple Waste - A Novel Substrate For
Citric Acid Production By Solid-State Fermentation. Biotechnology Letters.
17,1107-1110.

Tuzen, M., and San, A. (2009). Biosorption of Selenium From Aqueous Solution By
Green  Algae (Cladophora  hutchinsiae)  Biomass:  Equilibrium,
Thermodynamic and Kinetic Studies Chemical Engineering Journal.

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.

Volesky, B. (ed.) 1990. Biosorption of Heavy Metals, United States of America:
CRC Press Inc.



&5

Volesky, B. (2007). Biosorption and me. Water Research. 41, 4017-4029.

Wang, T., Wang, J., Tang, Y., Shi, H., and Ladwig, K. (2009). Leaching
Characteristics of Arsenic and Selenium From Coal Fly Ash: Role of
Calcium. Energy & Fuels. 23, 2959-2966.

Yang, L., Shahrivari, Z., Liu, P. K. T., Sahami, M. and Tsotsis, T. T. (2005).
Removal of trace levels of arsenic and selenium from aqueous solutions by
calcined and uncalcined layered double hydroxides (LDH). Industrial and
Engineering Chemistry Research. 44, 6804-6815.

Yang, W., Chi, H., Sun, B., Zhao, H. and Wei, Z. (2010). Study On Removal of
Selenium(IV) in Groundwater By Chitosan-Coated Quartz Sand: A Review.
Journal of Hazardous Materials. 177, 70-80.

Zhang, Y., and Frankenberger Jr., W. T. (2005). Removal of Selenium From River
Water By A Microbial Community Enhanced With Enterobacter taylorae in
Organic Carbon Coated Sand Columns. Science of the Total Environment.

346, 280-285.





