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ABSTRACT

Many palm oil mills failed to comply with the standard discharge limits
especially BOD and TSS concentration although they have applied biological
treatment system. Hence, it is suggested that coagulation and flocculation process
will enhance the BOD and TSS removal so that the final discharge will meet the
Department of Environment (DOE) standards besides curtailing the large land area
required by the aerobic pond. A study using coagulation—flocculation method as a
pre-treatment for palm oil mill effluent (POME) has been carried out. The efficiency
of chitosan, polyacrylamide (PAM) and polyaluminum chloride (PACI) as
coagulants were explored in this study. Jar test method has been used to identify the
best coagulant in removing the organic matter. The reduction of turbidity, BOD, and
TSS were the main evaluating parameters. In coagulation—flocculation process,
coagulant dosage and pH played an important role in determining the coagulation
efficiency. Chemical cost estimation was done to determine the applicability of the
type of coagulant and its dosage. At the optimum chitosan dosage (250 mg/L) and
pH 5.0, turbidity reduction was found to be 94%, TSS removal was 97% and BOD
reduction was 61%. The optimum dosage and pH for PAM were 500 mg/L and 5.0,
respectively, at which it gave 44% reduction of turbidity, 94.8% of TSS removal and
63% of BOD reduction. At the optimum PACI dosage (500 mg/L) and pH 6.0,
turbidity reduction was found to be 76.3%, TSS removal was 96% and BOD
reduction was 59%. For PAM and PACI to obtain a comparable percentage of BOD
removal as performed by chitosan, the optimum dosages were 500 mg/L,
respectively, employing the same mixing speed and sedimentation time, and a pH
value of 5.0 and 6.0, respectively. Amongst the three types of sole coagulant, the
total chemical cost of PACI needed per tonne of crude palm oil produced was the
cheapest (RMO0.85), followed by PAM (RM23.88) and chitosan (RM39.13).
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ABSTRAK

Kebanyakan kilang pemprosesan minyak kelapa sawit gagal menepati
piawaian pelepasan efluen terutamanya kepekatan BOD dan pepejal terampai (TSS)
walaupun telah menggunakan sistem rawatan biologi. Maka kaedah pengentalan dan
pengelompokan dicadangkan sebagai pilihan yang lebih baik dalam meningkatkan
pengurangan TSS dan BOD supaya efluen akhir menepati piawaian DOE di samping
mengurangkan keperluan tanah yang besar untuk kolam aerobik. Kajian
menggunakan kaedah pengentalan dan pengelompokan untuk pra-rawatan air sisa
kilang kelapa sawit (POME) telah dijalankan. Kecekapan chitosan, poliakrilamida
(PAM), dan poli-aluminium klorida (PACI) sebagai bahan pengental dikaji. Ujian
balang digunakan untuk mengenalpasti bahan pengental terbaik dalam
menyingkirkan bahan organik. Pengukuran pengurangan kekeruhan, TSS dan BOD
adalah parameter yang digunakan untuk justifikasi kecekapan rawatan pra-kimia
POME. Dalam proses tersebut, dos bahan pengental dan pH memainkan peranan
penting dalam menentukan kecekapan proses pengentalan. Analisis kos bahan kimia
dilaksanakan untuk menentukan aplikasi jenis bahan pengental dan dosnya. Pada
dos optima chitosan (250 mg/L) dan pH 5.0, pengurangan sebanyak 94% kekeruhan,
97% TSS dan 61% BOD berjaya dicapai. Dos dan pH optima bagi PAM ialah 500
mg/L and 5.0, dimana pengurangan sebanyak 44% kekeruhan, 94.8% TSS, dan 63%
BOD diperolehi. Pada dos dan pH optima PACI iaitu 500 mg/L dan pH 6.0,
penyingkiran 76.3% kekeruhan, 96% TSS dan 59% BOD dapat dicapai. Bagi PAM
dan PACI untuk mencapai peratusan pengurangan BOD yang setara dengan chitosan,
dos optima yang diperlukan ialah 500 mg/L, melalui halaju pengacauan dan tempoh
sedimentasi yang sama, dan nilai pH pada 5.0 dan 6.0, masing-masing. Kos PACI
bagi setiap tan penghasilan minyak sawit mentah adalah yang termurah (RMO0.85),
diikuti PAM (RM23.88) dan chitosan (RM39.13).
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CHAPTER |

INTRODUCTION

1.1 Introduction

Malaysia presently accounts for 51% of world palm oil production and 62%
of world exports, and hence also for 8% and 22% of the worlds total production and
exports of oils and fats. As the leading producer and exporter of palm oil and palm
oil products, Malaysia has a significant role to play in fulfilling the growing global

need for oils and fats in general.

The oil palm growth in Malaysia has been bright. The crop has developed to
the multi billion ringgit industry as what is witnessed today. In Africa the crop exists
wild in the groves facing various constraints in efforts towards domestication. It is in
Malaysia that the crop's full potential was utilized. This revolution from wild to
domesticated, growing under well managed plantations is not without cost. A great
deal of effort went into appreciating this new crop and means of fitting it to its new

home.



It was during this development that more was discovered about the crop and
its interaction with the environment. Success in the plantation development carried
the crop to a new challenge, which is in the processing technology. Malaysia had to
take the lead in this new endeavor and developed technologies which are
economically sound. Development of the palm industry in Malaysia has been
exceptional. From a mere 400 hectares planted in 1920 the area increased to 54 000
hectares in 1960. Many more areas were opened up for oil palm cultivation, either
from virgin jungles, or from conversion of plantations that originally supported
rubber or other crops since then (MPOB Website).

This increase in area is a direct result of the government’s policy on crop
diversification. The area under oil palm stood at a staggering 2.6 million hectares by
1996. A corresponding growth in the milling and refining sectors was the result of
this fast growth in oil palm planting. Encouraged further by the government
incentive to make use of the country's rich agro-based resources, oleochemical
processing from palm oil and palm kernel oil began to assume prominence in 1980's.
Today, 3.88 million hectares of land in Malaysia is under oil palm cultivation
producing 14 million tonnes of palm oil in 2004 (MPOB Website).

Throughout its entire development in Malaysia, both upstream and
downstream, the oil palm and its product have always been linked with the
environment. Such a rapid increase in both downstream and upstream activities

would result in uncontrollable environmental pollution.

To produce palm oil, a considerable amount of water is needed, which in turn
generate a large volume of wastewater. Palm oil mills and palm oil refineries are
two main sources of palm oil wastewater; however, the first is the larger source of
pollution and effluent known as palm oil mill effluent (POME). The palm oil
processing became synonymous to POME pollution. An estimated 30 million tonnes
of POME are produced annually from more than 300 palm oil mills in Malaysia.

The oxygen depleting potential of POME is 100 times that of domestic sewage.



Owing to the high pollution load and environmental significance of POME, an
emphasis ought to be placed on its treatment system.

The year 1978 witnessed the enactment of the Environmental Quality
Regulations detailing POME discharge standards. Biochemical Oxygen Demand
(BOD) was the key parameter in the standards. From the initial BOD of 25 000 ppm
of the untreated POME, the load was reduced to 5 000 ppm in the first generation of
discharge standard, down to the present BOD of 100 ppm (Malaysia, 1977).

1.2 Background of Research

Wastewater, also known as sewage, originates from household wastes, human
and animal wastes, industrial wastewaters, storm runoff, and groundwater infiltration
(Lin, 2001). An understanding of physical, chemical and biological characteristics of
wastewater is very important in design, operation and management of collection,
treatment, and disposal of wastewater. The nature of wastewater includes physical,
chemical and biological characteristics which depend on the water usage in the

particular industry.

Depending on the nature of the industry and the projected uses of the waters
of the receiving streams, various waste constituents such as soluble organics and

suspended solids, may have to be removed before discharge (Eckenfelder, 2000).

The natural waters in streams, rivers, lakes, and reservoirs have a natural
waste assimilative capacity to remove solids, organic matter, even toxic chemicals in
the wastewater. However, it is a long process. Wastewater treatment facilities are

designed to speed up the natural purification process that occurs in natural waters and



to remove contaminants in wastewater that might otherwise interfere with the natural
process in the receiving waters (Lin, 2001). Methods of treatment consist of

physical, chemical and biological unit process.

The principal chemical unit processes used for wastewater treatment include
chemical coagulation, chemical precipitation, chemical disinfection, chemical
oxidation, advance oxidation processes, ion exchange, and chemical neutralization,
scale control, and stabilization (Metcalf and Eddy, 2004). Nevertheless, coagulation
(i.e. physicochemical destabilization of the colloidal system) and flocculation (i.e.
the aggregation of the particles) are most important in many water and sewage

treatment processes (Pawlowski, 1982).

There are quite a number of effluent treatment systems which are currently
used by the Malaysian palm oil industry. Among them are anaerobic/facultative
ponds, tank digestion and mechanical aeration, tank digestion and facultative ponds,
decanter and facultative ponds, and physicochemical and biological treatment.
Treatment of POME has also been tried using membrane technology, an up-flow
anaerobic filtration, an up-flow anaerobic sludge blanket and an up-flow anaerobic
sludge fixed film bioreactor. At present 85% of POME treatment is based on an
anaerobic and facultative ponding system, which is followed by another system
consisting of an open tank digester coupled with extended aeration in a pond

(Vijayaraghavan et al., 2007).

Chemical treatment of palm oil wastewater was investigated using
physicochemical treatment i.e. coagulation and flocculation. It is currently an
attractive option in POME treatment that numerous studies had been done on its
application in POME treatment system. The results showed that by applying alum,
93% suspended solid removal can be achieved (Ahmad et al., 2003a). Application of
chitosan as a coagulant showed the best performance as compared to activated
carbon and bentonite with more than 99% residual oil and suspended solid removal

(Ahmad et al., 2005b). Chitosan, besides being environmentally friendly, performed



better when compared to alum and polyaluminum chloride (PACI) (Ahmad et al.,
2006). Ariffin et al. (2005) concluded that cationic polyacrylamide (PAM) gave
99% turbidity and total suspended solid (TSS) removal, and 40% Chemical Oxygen
Demand (COD) removal. Bhatia et al. (2007a) studied the advantage of Moringa
Oleifera seeds usage. 99% TSS removal can be achieved when utilized with
flocculant (NALCO7751). The use of polymeric agent in the treatment of POME
was also considered (Ng et al., 1987; Ismail and Lau, 1987).

In the present scenario of POME treatment, anaerobic digestion is followed
by aerobic oxidation in facultative and algae ponds. Hence, in this study, the
coagulation and flocculation process is proposed as a pre-treatment before the
anaerobic digestion process with the intention of increasing the BOD and TSS
removal so that the final discharge will meet the Department of Environment (DOE)
standards besides curtailing the large land area required by the aerobic pond. The
efficiency of the coagulation and flocculation process was evaluated by treating the
mixed raw effluent obtained from the effluent treatment plant of Kilang Sawit

Penggeli, Felda Palm Industries Sdn. Bhd.

POME is a voluminous, high BOD liquid waste. It has total solids content of
5-7% which a little over half is dissolved solids, and the other half being a mixture
of various forms of organic and inorganic suspended solids. This property, coupled
with its high BOD loading and low pH, makes it not only highly polluting but also
extremely difficult to treat by conventional methods. The crude palm oil production
of 985,063 tonnes used 1,477,595m> of water, and 738,797m> was discharged as
POME (Bhatia et al., 2007a). A new and improved POME treatment technology
would be required in order to meet the requirements of DOE discharge limits (400
mg/L TSS and 100 mg/L BOD) and to curb watercourses pollution. There are many
processing plants failed to comply with the standard discharge limits even though
they have applied biological treatment system.



1.3 Problem Statement

A variety of coagulants has been studied to assess their ability to destabilize
the POME suspension and to flocculate the particulate matter. The conditions that
would allow for optimal use of the respective chemicals were noted especially for
suspended solid removal. However, the magnitudes of the increase in the BOD
removal rate by the application of the coagulants are still vague as there is currently
little published information on the use of coagulants in POME treatment for BOD
removal, with much of the information that is available being proprietary in nature.
Most studies performed did not carry out chemical cost analysis which is equally

important so as to determine the most cost effective process.

This study was designed to measure the effectiveness of chitosan, PACI and
PAM as coagulants for POME treatment by assessing the removal efficiency of TSS,
turbidity and BOD and to verify the most suitable and cost effective coagulant for

coagulation and flocculation of POME.

1.4 Obijectives of Research

The project was aim to achieve the following objectives:

1. To study the potential and effectiveness of chitosan, PACI and PAM as
coagulants for POME treatment by assessing the removal efficiency of TSS,
turbidity and BOD.

2. To determine the optimum dosage of coagulant needed to achieve maximum
removal of TSS, turbidity and BOD.



3. To observe the influence of pH on the coagulation process and thus identify
the optimum pH which will give the highest removal.

4. To verify the most suitable and cost effective coagulant for coagulation and
flocculation of POME.

1.5  Scope of Research

The research primarily focused on the chemical pre-treatment of POME,
collected from Felda Palm Industries Sdn. Bhd (Kilang Sawit Penggeli), by using
chitosan, PACI and PAM as coagulants. TSS, turbidity and BOD removal efficiency
was determined in order to observe the performance of each coagulant.

Coagulation and flocculation process was carried out via jar test apparatus, in
which the optimum dosage of each coagulant to coagulate the mixed raw effluent at
the initial pH was identified. Alteration of the effluent’s initial pH was done so as to
verify the most optimum condition which will give the highest removal efficiencies.
This was followed by the chemical cost analysis with the purpose of selecting the
most suitable and cost effective coagulant.

1.6 Significance of Research

Palm mills in Malaysia is facing the challenge of balancing environmental
protection, their economic viability, and sustainable development after the DOE
enforced the regulation for the discharge of effluent from the crude palm oil industry,

under the Environmental Quality (Prescribed Premises) (Crude Palm Oil)



Regulations 1977. Quite a number of mills’ discharge did not meet the effluent
standards as stipulated by the DOE Malaysia. This indicates that up-grading of the
existing wastewater treatment plants has to be made in order to comply with the
effluent standards established by the authorities. The immediate implication of this
research is readily observable. By applying chemical pre-treatment in the POME
treatment system, it will significantly improve the treatment system and thus improve
the quality of the effluent discharge from the mill and reduce potential environmental
liabilities. The findings from this study will also provide way to the most feasible

and economical unit processes which can be further studied on a pilot plant scale.



REFERENCES

Ahmad, A. L., Ismail, S., lbrahim, N., and Bhatia, S. (2003a). Removal Of
Suspended Solid And Residue Oil From Palm Oil Mill Effluent. Journal Of
Chemical Technology And Biotechnology. Vol. 78: 971-978.

Ahmad, A. L., Ismail, S., and Bhatia, S. (2003b). Water Recycling From Palm Oil
Mill Effluent (POME) Using Membrane Technology. Desalination. Vol.
157: 87-95.

Ahmad, A. L., Sumathi, S., and Hameed, B. H. (2005a). Adsorption Of Residue Oil
From Palm Qil Mill Effluent Using Powder And Flake Chitosan: Equilibrium
And Kinetic Studies. Water Research. Vol. 39: 2483-2494.

Ahmad, A. L., Sumathi, S., and Hameed, B. H. (2005b). Residue Oil and Suspended
Solid Removal Using Natural Adsorbents Chitosan, Bentonite And Activated
Carbon: A Comparative Study. Chemical Engineering Journal. Vol. 108:
179-185.

Ahmad, A. L., Sumathi, S., and Hameed, B. H. (2006). Coagulation Of Residue Oil
And Suspended Solid In Palm Oil Mill Effluent By Chitosan, Alum And
PAC. Chemical Engineering Journal. Vol. 118(1-2): 99-105.

Andreasen, T. (1982). The AMINODAN System for Treatment of Palm Qil Mill
Effluent. Proceedings of Regional Workshop on Palm QOil Mill Technology
and Effluent Treatment. PORIM, Malaysia, 213-215.



101

Ariffin, A, Shatat, R. S. A., Nik Norulaini, A. R., and Mohd Omar, A. K. (2004).
Synthetic Polyelectrolytes Based On Acrylamide And Their Application as a
Flocculent in the Treatment of Palm QOil Mill Effluent. Journal of Applied
Sciences. Vol. 4(3): 393-397.

Ariffin, A., Shatat, R. S. A., Nik Norulaini, A. R., and Mohd Omar, A. K. (2005).
Synthetic Polyelectrolytes Of Varying Charge Densities But Similar Molar
Mass Based On Acrylamide And Their Application On Palm Oil Mill
Effluent Treatment. Desalination. VVol. 173: 201-208.

Barany, S. and Szepesszenentgyorgyi, A. (2004). Flocculation of Cellular
Suspensions by Polyelectrolytes. Advances in Colloid and Interface Science.
Vol. 111: 117-129.

Bhatia, S., Othman, Z., and Ahmad, A. L. (2007a). Coagulation—flocculation Process
for POME Treatment Using Moringa Oleifera Seeds Extract: Optimization
Studies. Chemical Engineering Journal. Vol. 133: 205-212.

Bhatia, S., Othman, Z., and Ahmad, A. L. (2007b). Pretreatment of Palm Oil Mill
Effluent (POME) Using Moringa Oleifera Seeds as Natural Coagulant.
Journal of Hazardous Materials. VVol. 145: 120-126.

Borja-Padilla, R. and Banks C. J. (1994). Treatment of Palm Oil Mill Effluent by
Upflow Anaerobic Filtration. Journal Of Chemical Technology And
Biotechnology. Vol. 61: 103-109.

Borja, R. (1995). Comparison of an Anaerobic Filter and an Anaerobic Fluidized Bed
Reactor Treating Palm Oil Mill Effluent. Process Biochemistry. VVol. 30(6):
511-521.

Borja, R., Banks, C., Khalfaoui, B., and Matin, A., (1996a). Performance Evaluation
of an Anaerobic Hybrid Digester Treating Palm Qil Mill Effluent. Journal of
Environmental Science and Health A. VVol. 31(6): 1379-1393.



102

Borja-Padilla, R., Banks C. J., and Sanchez, E. (1996b). Anaerobic Treatment of
Palm Oil Mill Effluent in a Two-Stage Up-Flow Anaerobic Sludge Blanket
(UASB) System. Journal Of Biotechnology. Vol. 45: 125-135.

Chan, K.S. and Chooi, C.F., (1982). Ponding System for Palm Oil Mill Effluent
Treatment. Proceedings of Regional Workshop on Palm Qil Mill Technology
and Effluent Treatment. PORIM, Malaysia, 185-192.

Chin, K. K., Lee, S. W., and Mohammad, H. H. (1996). A Study of Palm Oil Mill
Effluent Treatment Using a Pond System. Water Science and Technology.
Vol. 34(11): 119-123.

Chungsiriporn, J., Prasertsan, S., and Bunyakan, C. (2006). Minimization of Water
Consumption and Process Optimization of Palm Oil Mills. Clean Technology
Environment Policy. Vol. 8: 151-158.

Duan, J. and Gregory, J. (2003). Coagulation by Hydrolysing Metal Salts. Advances
in Colloid and Interface Science. VVol. 100 —102: 475-502.

Eckenfelder, W. W., Jr. (2000). Industrial Water Pollution Control. 3rd edition.

United State: McGraw-Hill Companies, Inc.

Faisal, M., and Unno, H. (2001). Kinetic Analysis of Palm Oil Mill Wastewater
Treatment by a Modified Anaerobic Baffled Reactor. Biochemical
Engineering Journal. Vol. 9(1): 25-31.

Gill, R.I.S. and Herrington, T.M. (1988). Floc Size Studies on Kaolin Suspensions
Flocculated with Cationic Polyacrylamides. Colloid and Surfaces. Vol. 32:
331-344.

Hassan, M. A., Yacob, S., Shirai, Y., and Hung, Y. T. (2004). Treatment of Palm Qil
Woastewater. Handbook of Industrial and Hazardous Wastes. 2nd edition.
New York, United State: Marcel Dekker, Inc.



103

Huang, C. and Pan, J. R. (2002). Coagulation Approach to Water Treatment.
Encyclopedia of Surface and Colloid Science. New York, United State:

Marcel Dekker, Inc.

Ismail, M. A. K. and Lau, L. H. (1987). The Use Of Coagulating And Polymeric
Flocculating Agent In The Treatment Of Palm Oil Mill Effluent (POME).
Biological Waste. Vol. 20: 209-218.

Jorgensen, H. K. (1982). The U.P. Decanter-Drier System for Reduction of Palm Qil
Mill Effluent. Proceedings of Regional Workshop on Palm Oil Mill
Technology and Effluent Treatment. PORIM, Malaysia, 201-212.

Lin, S. (2001). Water And Wastewater Calculations Manual. 1st edition. United
State: McGraw-Hill Companies, Inc.

Malaysia (1977). Environmental Quality (Prescribed Premises) (Crude Palm-Qil)
Regulations 1977. P.U. (A)342 1977.

Malaysian Palm QOil Board Website. http://www.mpob.gov.my. Accessed on 14 June
2008.

Malaysian Palm Oil Council Website. http://www.mpoc.org.my/main_palmoil.asp.
Accessed on 20 December 2008.

Malaysian Palm Oil Promotion Council Website. http://www.mpopc.org.my.
Accessed on 14 June 2008.

Metcalf and Eddy, Inc. (2004). Wastewater Engineering Treatment And Reuse. 4th

edition. Singapore: McGraw-Hill Companies, Inc.

Najafpour, G. D., Zinatizadeh, A. A. L., Mohamed, A. R., Hasnain Isa, M., and
Nasrollahzadeh, H. (2006). High-Rate Anaerobic Digestion of Palm Oil Mill
Effluent in an Upflow Anaerobic Sludge-Fixed Film Bioreactor. Process
Biochemistry. Vol. 41(2): 370-379.


http://www.mpob.gov.my/

104

Ng, W. J., Wong, K. K., and Chin, K. K. (1985). Two-Phase Anaerobic Treatment
Kinetics of Palm Oil Wastes. Water Research. Vol. 19(5): 667-669.

Ng, W. J,, Goh, A. C. C., and Tay, J. H. (1987). Palm QOil Mill Effluent (POME)
Treatment — An Assesment of Coagulants Used to Aid Liquid-Solid
Separation. Biological Waste. Vol. 21: 237-248.

Nik Norulaini, N.A., Ahmad Zuhairi, A., Muhamad Hakimi, I., and Mohd Omar,
A.K. (2001). Chemical Coagulation of Settleable Solid-Free Palm Oil Mill
Effluent (POME) for Organic Load Reduction. Journal of Industrial
Technology. Vol.10: 55-72.

Osman, Z. and Arof, K. (2003). FTIR Studies of Chitosan Acetate Based Polymer
Electrolytes. Electrochimica Acta. Vol. 48 (8): 993-999.

Oswal, N., Sarma, P. M., Zinjarde, S. S., and Pant, A. (2002). Palm Oil Mill Effluent
Treatment by a Tropical Marine Yeast. Bioresource Technology. Vol. 85: 35—
37.

Pawlowski, L. (1982). Physicochemical Methods for Water And Wastewater
Treatment. Proceedings of the Third International Conference, Lublin,
Poland, 21-25 September 1981. Elsevier Scientific Publishing Company,
Amsterdam, Netherlands. Vol. 19: 13-29.

Pinotti, A., Bevilacqua, A., and Zaritzky, N. (2001). Comparison of the Performance
of Chitosan and a Cationic Polyacrylamide as Flocculants of Emulsion
Systems. Journal of Surfactants and Detergents. VVol. 4: 57-63.

Rahim, B.A., and Raj, R., (1982). Pilot Plant Study of a Biological Treatment System
for Palm Oil Mill Effluent. Proceedings of Regional Workshop on Palm Oil
Mill Technology and Effluent Treatment. PORIM, Malaysia, 163-170.



105

Roussy, J., Vooren, M.V., and Guibal, E. (2005a). Influence of Chitosan
Characteristics on Coagulation and Flocculation of Organic Suspensions.
Journal of Applied Polymer Science. Vol. 98: 2070-2079.

Roussy, J., Vooren, M.V., Dempsey, B.A., and Guibal, E. (2005b). Influence of
Chitosan Characteristics on the Coagulation and the Flocculation of Bentonite
Suspensions. Water Research. Vol. 39: 3247-3258.

Setiadi, T., Husaini, and Djajadiningrat, A. (1996). Palm QOil Mill Effluent Treatment
by Anaerobic Baffled Reactors: Recycle Effects and Biokinetic Parameters.
Water Science Technology. Vol. 34(11): 59-66.

Shammas, N. K. (2005). Physicochemical Treatment Processes. Handbook of

Environmental Engineering. VVol. 3. New Jersey, U.S.A.: Humana Press.

Sincero, A. P. and Sincero, G. A. (1996). Environmental Engineering: A Design
Approach. New Jersey, U.S.A.: Prentice Hall.

Sinnott, R. K. (1996). Chemical Engineering Design. Volume 6. 2nd edition. Oxford:

Butterworth-Heinemann.

Smith, R. (1995). Chemical Process Design. New York, U.S.A.: McGraw-Hill.

Standard Methods (2005). Standard Methods for the Examination of Water and
Wastewater. 21st edition. APHA, AWWA, WPCF, Washington, D.C., U.S.A.

Stanton, W. R. (1974). Treatment of Effluent from Palm Oil Factories. Planter.
Kuala Lumpur. Vol. 50: 382-387.

Tam, T. K., Yeow, K. H., and Poon, Y. C. (1982). Land Application of Palm Oil
Mill Effluent (POME)- H & C Experience. Proceedings of Regional
Workshop on Palm Oil Mill Technology and Effluent Treatment. PORIM,
Malaysia, 216-224.



106

Teoh, G. E., Chen, K. W., and Tan, Y. K. (1980). Handbook of Management of Palm
Oil Mill Effluent Treatment Plant. Perbadanan Kilang Felda (Felda Mills

Corporation), Kuala Lumpur.

Thanh, N. C., Muttamara, S. and Lohani, B. N. (1980). Palm Oil Wastewater
Treatment Study in Malaysia and Thailand. International Development
Research Centre. Final Report. No. 114, Asian Institute of Technology,
Thailand and Division of Environment, Ministry of Science, Technology and

Environment, Malaysia.

Tusirin, M. and Suwandi, M. S. (1982). Palm Oil Mill Effluent Treatment by
Ultrafiltration: An Economic Analysis. Proceedings of Regional Workshop
on Palm Oil Mill Technology and Effluent Treatment. PORIM, Malaysia,
157-162.

United States Environmental Protection Agency Website. http://www.epa.gov.
Accessed on 18 July 2008.

Van Benschoten, J. E. and Edzwald J. K. (1990a). Chemical Aspects of Coagulation
Using Aluminum Salts—I. Hydrolytic Reactions of Alum and Polyaluminum
Chloride. Water Research. Vol. 24(12):1519-1526.

Van Benschoten, J. E. and Edzwald J. K. (1990b). Chemical Aspects of Coagulation
Using Aluminium Salts—II. Coagulation of Fulvic Acid Using Alum and
Polyaluminium Chloride. Water Research. VVol. 24(12):1527-1535.

Vijayaraghavan, K., Ahmad, D., and Era Mayuza, E. (2006). Effect of Coagulation
on Palm Oil Mill Effluent and Subsequent Treatment of Coagulated Sludge
by Anaerobic Digestion. Journal of Chemical Technology and Biotechnology.
Vol. 81: 1652-1660.

Vijayaraghavan, K., Ahmad, D., and Ezani, M. (2007). Aerobic Treatment of Palm
Oil Mill Effluent. Journal of Environmental Management. VVol. 82: 24-31.


http://www.epa.gov/

107

Wan Ngah, W. S. and Musa, A. (1998). Adsorption of Humic Acid Onto Chitin and
Chitosan. Journal of Applied Polymer Science. Vol. 69 (12): 2305-2310.

Wang, D. S., Sun, W., Xu, Y., Tang, H. X., and Gregory, J. (2004). Speciation
Stability of Inorganic Polymer Flocculant- PACI. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. VVol. 243: 1-10.

Wong, S.S., Teng, T.T., Ahmad, A.L., Zuhairi, A. and Najafpour, G. (2006).
Treatment of Pulp and Paper Mill Wastewater by Polyacrylamide (PAM) in
Polymer Induced Flocculation. Journal of Hazardous Materials B. Vol. 135:
378-388.

Wu, X., Ge, X., Wang, D. and Tang, H. (2007). Distinct Coagulation Mechanism and
Model between Alum and High Al;3-PACI. Colloids and Surfaces A:
Physicochemical Engineering Aspects. Vol. 305: 89-96.

Yacob, S., Hassan, M. A., Shirai, Y., Wakisaka, M. and Subash, S. (2005). Baseline
Study of Methane Emission from Open Digesting Tanks of Palm Oil Mill
Effluent Treatment. Chemosphere. VVol. 59: 1575-1581.

Yacob, S., Hassan, M. A., Shirai, Y., Wakisaka, M. and Subash, S. (2006a). Baseline
Study Of Methane Emission From Anaerobic Ponds Of Palm Oil Mill
Effluent Treatment. Science of the Total Environment. VVol. 366:187- 196.

Yejian, Z., Li, Y., Xiangli, Q., Lina, C., Xiangjun, N., Zhijian, M., and Zhenjia, Z.
(2008). Integration of Biological Method and Membrane Technology in
Treating POME. Journal of Environmental Sciences. VVol.20: 558-564.

Yu, J.,, Wang, D., Yan, M., Ye, C., Yang, M. and Ge, X. (2007). Optimized
Coagulation of High Alkalinity, Low Temperature and Particle Water: pH
Adjustment and Polyelectrolytes as Coagulant Aids. Environmental
Monitoring and Assessment. VVol. 131: 377-386.



108

Zinatizadeh, A. A. L., Salamatinia, B., Zinatizadeh, S. L., Mohamed, A. R. and
Hasnain Isa, M. (2007). Palm Oil Mill Effluent Digestion in an Up-Flow
Anaerobic Sludge Fixed Film Bioreactor. International Journal of
Environmental Research. Vol. 1(3): 264-271.



	Title_shaz.pdf
	Thesis_status_shaz_viva
	Supervisor_declaration_shaz
	Declaration_Acknowledgement_shaz
	ABSTRACT_shaz
	Contents_shaz
	CHAPTER I_shaz
	CHAPTER II_shaz
	CHAPTER III_shaz
	CHAPTER IV_shaz
	CHAPTER V_shaz
	REFERENCE_shaz
	APPENDIX A_shaz
	APPENDIX B_shaz
	APPENDIX C_shaz
	APPENDIX D_shaz



