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ABSTRACT 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the Degree of Doctor of Philosophy 

EFFICIENCY OF ORGANO-FLOC AS A NATURAL COAGULANT IN THE 
TREATMENT OF PALM OIL MILL EFFLUENT 

By 

HUSNA BT. AHMAD TAJUDDIN 

May 2015 

Chairman :  Profesor Luqman Chuah Abdullah, PhD 
Faculty     :  Engineering 

Palm Oil Mill Effluent (POME) contains high concentrations of chemical oxygen 
demand (COD), biochemical oxygen demand (BOD), and organic suspended 
solids (OSS) is a by product or waste of palm oil mill processing. It is 
compulsary to treat the POME before it can be discharged to any aqua 
systems. In this study, performance of Organo-floc, a natural coagulant, was 
evaluated as coagulation treatments for POME. The objective of the present 
study is to investigate the aerobic treatment of anaerobically digested POME 
by using a sequencing batch reactor (SBR). 

The SBR performance was assessed based on COD, BOD and TSS removal. 
The coagulation studies were carried out using a conventional jar apparatus to 
study the effects of various parameters which are dosage, mixing time, and 
speed of stirrer on the COD and TSS removal efficiencies of the anaerobic 
POME wastewater. Optimization on coagulation process was performed by 
using Response Surface Methodology-Artificial Neural Network (RSM-ANN). 
The central composite design (CCD) of RSM using Organo-floc as the 
coagulant showed that at a dosage of 5.05 mg/L and stirrer speed of 75 rpm 
resulted in COD removal and suspended solid removal of 34.16 % and 65.67 
%, respectively. On the other hand, the ANN showed that with 5.00 mg/L of 
Organo-floc, at the speed of 90 rpm, the COD removal and TSS removal were 
33% and 69.38%, respectively. Further treatment on POME using SBR was 
also investigated. SBR„s advantage is due to its simple single tank 
configuration and high efficiency in BOD and SS removal and cost effective 
treatment system for POME. Maximum COD (95 – 96 %), BOD (97 – 98 %) 
and TSS (98 – 99 %) removal efficiencies were achieved at optimum OLR and 
MLSS concentration ranges of 1.8-4.2 kg COD/m3day and 500 – 2000 mg/L,
respectively. The value of the BOD data after the completion of SBR showed a 
reading of 150 mg/L at day-30 and 300 NTU for turbidity. The anaerobic POME 
wastewater without Organo-floc showed a removal range between 50 – 60 % 
for COD, recorded a reading of 429 mg/L for BOD and turbidity of 422 NTU at 
day-30. The anaerobic POME wastewater, which was treated with Organo-floc 



© C
OPYRIG

HT U
PM

ii 

at optimal conditions prior to SBR, showed good removal efficiencies of TSS 
and COD when completed. Bacterial populations in the treated anaerobic 
POME were also studied through Denatured Gradient Gel Electrophoresis 
(DGGE) before and after the treatment of SBR. This was done for the 
purpose of improving reactor performance.  

The microbial community analysis recovered three major phylogenies: 
Firmicutes, Proteobacterium and Bacteroidetes. Strains of Rummeliibacillus 
suwonensis and Bacillus sp. were found during the SBR treatment. 
Comamonas, Bacillus subtilis and Caldanaerobius sp. were detected at the 
early phase of the anaerobic POME wastewater. Uncultured Bacteroidetes 
bacterium and Rummeliibacillus suwonensis were found alive after the 
completion of SBR. The effluent quality remained stable and complied with the 
discharge limit regulated by EQA where the value of BOD is less than 100 
mg/L, no specific standard of quality for TSS and COD but the suspended solid 
content have to be treated and shouldn‟t reach 400 mg/L. At the same time, the 
sludge showed good settling properties with average SVI of 65. It is envisaged 
that the SBR process with added Organo-floc could complement the anaerobic 
treatment to produce final treated effluent which meets the discharge limit. 
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ABSTRAK 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

KEBERKESANAN ORGANO-FLOK SEBAGAI BAHAN PENGGUMPAL 
SEMULAJADI DALAM RAWATAN AIR BUANGAN AEROBIK SISA KILANG 

SAWIT 

Oleh 

HUSNA BT. AHMAD TAJUDDIN 

Mei 2015 

Pengerusi    :  Profesor Luqman Chuah Abdullah, PhD 
Fakulti          :  Kejuruteraan 

Efluen Kilang Minyak Sawit (POME), sebagai hasil pemprosesan kilang minyak 
sawit yang mengandungi Permintaan Oksigen Kimia (COD), Permintaan 
Oksigen Biokimia (BOD) dan Pepejal Terampai Organik berkepekatan tinggi. 
Terdapat keperluan untuk merawat POME sebelum ia boleh dilepaskan ke 
mana-mana sistem akua. Dalam kajian ini, prestasi alum dan organo-flok, iaitu 
bahan penggumpal semula jadi telah digunakan dalam rawatan penggumpalan 
POME. Objektif kajian ini adalah untuk mengkaji rawatan air POME dalam 
rawatan menggunakan Reaktor Kumpulan Penjujukan (SBR). Kelebihan SBR 
adalah kerana mempunyai ciri tangki konfigurasi individu dan nilai kecekapan 
tinggi dalam penyingkiran BOD dan SS serta berkesan dalam merawat POME. 
Kebolehrawatan SBR adalah dinilai berdasarkan pengukuran COD, BOD dan 
TSS. Kajian keadaan optimum penggumpal dengan menggunakan kaedah 
permukaan gerak balas-rangkaian neural buatan (RSM-ANN) juga telah 
dijalankan. Reka bentuk komposit pusat (CCD) bagi RSM dengan 
menggunakan organo-flok sebagai penggumpal menunjukkan bahawa pada 
dos 5.05 mg/L dengan 75 rpm kelajuan alat pengaduk, telah menyebabkan 
penyingkiran COD sebanyak 34.16 % dan penyingkiran pepejal sebanyak 
65.67 %. Sebaliknya, penggunaan rangkaian neural buatan (ANN) 
menunjukkan bahawa dengan 5 mg/L organo-flok pada kelajuan 90 rpm, 
penyingkiran  COD ialah sebanyak 33 % dan penyingkiran pepejal pula 
sebanyak 69.38 %. Hasilnya, kotoran dan jumlah pepejal terampai yang 
memasuki reaktor boleh dikurangkan. Rawatan lanjut pada POME 
menggunakan SBR  juga diselidik. Nilai maksima COD (95 – 96 %), BOD (97 – 
98 %) dan TSS (98 – 99 %) telah diperolehi pada nilai optima kadar 
kemasukan organik (OLR) dan campuran cecair pepejal terampai (MLSS) 
dalam bacaan 1.8 - 4.2 kg COD/m3 hari dan 500 – 2000 mg/L masing-masing.
Kesan parameter proses yang penting seperti kekeruhan, kepekatan oksigen 
terlarut (DO), BOD, dan COD dikaji dengan merawat POME anaerobik dengan 
SBR. 80 % daripada kecekapan penyingkiran COD ditunjukkan oleh 
pengurangan COD. Nilai data BOD menunjukkan bacaan 150 mg/L pada hari 
ke-30 dan 300 NTU bagi kekeruhan  selepas proses SBR selesai. Air sisa 
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POME anaerobik tanpa organo-flok menunjukkan    julat penyingkiran antara 
50 % hingga 60 % bagi COD, mencatatkan bacaan BOD  sebanyak 429 mg/L 
dan 422 NTU bagi kekeruhan pada hari ke-30. Air sisa POME anaerobik yang 
dirawat dengan organo- flok pada keadaan optimum sebelum ke SBR, 
menunjukkan kecekapan penyingkiran TSS dan COD yang baik apabila 
selesai. 

Populasi bakteria dalam POME anaerobik yang dirawat turut dikaji melalui 
Elektroforesis Gel Kecerunan Ternyahasli (DGGE) sebelum dan selepas 
rawatan SBR untuk menyelidik struktur komuniti mikrob bagi tujuan 
meningkatkan prestasi reaktor. Analisis komuniti mikrob meliputi tiga filogeni 
utama: Firmicutes, Proteobacterium dan Bacteroidetes. Strain 
Rummeliibacillussuwonensis dan Bacillus sp. ditemui semasa rawatan SBR. 
Comamonas sp dan Bacillus subtilis dan Caldanaerobius sp. dikesan pada 
peringkat awal air kumbahan POME anaerobik.Tiada pengkulturan berlaku 
untuk Bacteroidetes Bacterium dan Rummeliibacillussuwonensis ditemui hidup 
selepas proses SBR selesai. Kualiti air sisa adalah stabil dan mematuhi limit 
pembuangan air sisa yang dikuatkuasakan oleh EQA di mana nilai BOD 
kurang daripada 100 mg/L, tiada standard kualiti khusus untuk TSS dan COD 
tetapi kandungan pepejal termendak hendaklah dirawat dan tidak melebihi 
daripada nilai 400 mg/L. Pada masa yang sama, enapcemar menunjukkan nilai 
bacaan yang baik iaitu 65 dalam unit Indeks Volum Enapcemar.  Ini 
membayangkan bahawa SBR dengan menggunakan bahan penggumpal 
semulajadi organo-flok dapat merawat air sisa dan mematuhi piawaian. 
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CHAPTER 1 
 
 

INTRODUCTION 

1  

2 Introduction 
1.1 Overview of the Study 

The number of palm oil mills in Malaysia has increased tremendously. Palm oil 
is one of the most important agro-industries in the tropical regions, notably in 
Malaysia and Indonesia. Malaysia covered about 5 million hectares of the palm 
cultivated area with 426 operating mills in 2011 (Wang et al., 2015). The 
Malaysian palm oil industry is growing rapidly and quickly becoming a significant 
agriculture-based industry in this country. Total production of crude palm oil in 
2008 and 2009 were 17,734,441 and 16,044,874 tonnes, respectively (Wu et al., 
2010). However, associated with the production of such large amounts of crude 
palm oil are even larger amounts of POME. In 2008 alone, at least 44 million 
tonnes of POME were generated in Malaysia and the figures are expected to 
rise every year. 

Generally, 1 tonne of crude palm oil production requires 5 - 7.5 tonnes of water; 
more than 50% of the water will end up as POME (Ahmad et al., 2003a, 
2003b). POME has been identified as one of the major sources of water 
pollution in Malaysia due to its high BOD and COD concentrations. Hence, the 
Malaysian government enacted EQA in 1978 and set parameter limits for the 
discharge of POME into the environment (Chan et al., 2010). 

Various treatment schemes have been investigated and proposed to deal with 
the environmental impact of POME. This includes coagulation (Ng et al., 1987; 
Ahmad et al., 2005) and a list of aerobic and anaerobic biodegradation (Oswal 
et al., 2002; Zhang et al., 2008; Faisal and Unno, 2001; Vijayaraghavan et al., 
2007). In POME treatment, coagulation-flocculation methods were often 
employed (Maisa et al., 2014). 

Conventional facultative lagoons and open digesting tanks are the most 
commonly used anaerobic processes for the treatment of POME; although 
these processes require relatively little operational cost and energy, they 
demand longer retention times often in excess of 20 days, even 60 days, and 
large area compared to recent developed treatment methods (Loh et al., 2013; 
Choi et al., 2013). Additionally, these conventional anaerobic digesters are 
difficult to collect and utilize the produced biogas, and the biogas mixture 
containing methane and carbon dioxide produced from open lagoons and tanks 
directly escaped into the atmosphere. 
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Anaerobic-aerobic processes using reactors in series are feasible for treating 
municipal and high organic strength industrial wastewaters which result in 
higher treatment efficiency, lower energy requirements, and less sludge 
production (Chan et al., 2010). 

In recent years, SBR has been employed as an effective technology for 
industrial and municipal wastewater treatment and in POME treatment process. 
SBR„s advantage is due to its simple single tank configuration and high 
efficiency in BOD and SS removal, 89 – 98 % and 85 – 97 %, respectively 
(Mahvi, 2008). 

Microorganisms play a key role in wastewater bio-treatment processes and 
understanding the microbial community structure is of great importance to 
improve reactor performance. Moreover, start-up is an important step in 
establishing proper community structure in all kinds of biological treatment 
processes. Data of reactor performance and information of the microbes during 
this period is essential for revealing the correlation between contaminant 
removal and microbial community. According to several studies, molecular 
biological methods give a more accurate view of microbial communities than 
culture-based methods alone (Verdier et al., 2014). 

Anaerobic digesters often exhibit significant stability problems that may be 
avoided through appropriate bioprocess models and assessment of 
microbial communities involved in the complex process of pollutant 
removal. High quality microbiological information will provide an invaluable 
tool in the design and process control of anaerobic digestion application. 

1.2 Problem Statement 

Due to the increasing awareness about the toxicity of inorganic coagulants, 
several investigations have been done to replace/reduce inorganic coagulants 
with biodegradable and eco-friendly coagulants / flocculants. Pre-treatment 
of POME using coagulation and flocculation processes has become an 
important feature, in order to efficiently reduce the organic load prior to 
subsequent treatment processes. Aluminium sulphate (alum), an inorganic salt, 
is the most widely used coagulant in wastewater treatment, due to its proven 
performance, cost-effectiveness and availability. However, the usage of this 
coagulant ha been raised serious health and environment concerns. 
These coagulants create hazardous activated sludge which contains 
residual aluminium which may cause side effects when discharged into 
the open water course. Coagulation–flocculation treatment employing an 
environmental friendly coagulant could lead to improved effluent treatment as 
well as gaining benefits through the recovery and recycling of water to the plant 
with minimum treatment (Meyssami et al., 2007). Natural organic coagulants 
have been studied as environmental friendly coagulants in recent years in water 
and wastewater treatment. Applying Organo-floc coagulant would be a 
reasonable alternative for the typical inorganic coagulants. 
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Organo-floc is a vegetable based cationic organic polymer that coagulates, 
flocculates and can be used as an auxiliary flocculation agent. It is a very 
active polymerized basic aluminum salt containing silicate, an effective 
polymeric mineral-bridging agent (KAM Biotechnology Ltd, 2012). Organo-
floc neutralises charges while creating electronic bonds causing flocs to form 
in the water that is being treated (WaterChem Pte. Ltd, 2012). Organo-floc 

is cellulose like biopolymer of high molecular weight obtained from organic 
material. Characteristics of Organo-floc (exhibit as cationic polyelectrolytes) 
very attractive for flocculation and different kind of binding application. 
Organo-floc offers a broad range of applications favored by unique 
properties of functioning as coagulant and coagulant in one time, such as 
biocompatibility, biodegradation, biological activity, and non-toxicity, non- 
allergenic and ability for fibre and film formation. In water and wastewater 
treatment applications, Organo-floc has been used as an absorbent as well as 
primary coagulant or flocculent in oil industry but never applied yet in 
treatment of palm oil mill effluent (WaterChem Pte. Ltd, 2012). These 
products must be dissolved, for instance, and can therefore, be applied only 
within a normal range of pH. Two types of modifications are commonly 
adopted for the preparation of Organo-floc based sorbents. Cross-linking to 
improve its solubility and engineering properties and grafting of functional 
groups for enhancing the adsorption capacity and/or selectivity 
(WaterChem Pte. Ltd, 2012). 

The classical method to optimize significant variables in the coagulation-
flocculation process (one factor at a time) is an extremely time-consuming, 
expensive, and complicated process for a multivariable system. To overcome 
this difficulty, statistical experimental design techniques using the RSM and 
ANN are often applied. The aim of this study is to evaluate and optimize 
variables of the coagulation-flocculation process in wastewater in order to 
improve the process from the standpoint of a compromise between efficiency 
and operational cost prior to SBR treatment. 

SBR has been proven to be a cost effective treatment system for POME (Chan 
et al., 2010). POME possess high organic content with COD values ranging 
from 896 to 980 mg/L and BOD values ranging from 164 to 289 mg/L (Chin et 
al., 2013). Nevertheless, the effluent is still unable to satisfy the discharge limit. 
SBR is an improved version of the activated sludge system and the sequence 
of its steps which occur within the same vessel: filling, aeration, settling 
and decantation. Its design is simple yet produces high quality effluent 
because the system acts as an equalization tank, reactor, as well as a 
clarifier. The flexibility in operation reduces costs without sacrificing effluent 
quality. Hence, it shows great potential to treat digested POME 
anaerobically. 

However, very few studies have been conducted on the post-treatment of 
anaerobically digested POME using SBR but Chan et al. (2010) did a research 
on POME also using SBR. There was a study carried out by Fun et al. (2007) 
using a bench scale SBR to further treat the anaerobically digested effluent 
from an anaerobic pond. Promising results was achieved, with highest 
percentage removal of 62 % for TSS, and 82 % for COD at MLSS level of 
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2500 – 4000 mg/L and HRT as long as 3 days. Nevertheless, the effluent is 
still unable to satisfy the discharge limit. In fact, there is a scarcity of 
information on the post-treatment efficiency assessment for anaerobically 
digested POME utilizing aerobic processes to produce final effluent which 
conforms to current regulatory standards. In this study, a proposed integrated 
coagulation-flocculation process using organic coagulant (Organo-floc) with 
SBR was operated to treat wastewater for the simultaneous removal of 
COD and BOD. Poor understanding of the response of microbial 
communities to sudden changes in organic and hydraulic loads is one of the 
major reasons for the inability to prevent operational instabilities in anaerobic 
reactors. The effect of changes in HRT and OLR on reactor performance and 
its anaerobic microbial community were investigated at room temperature. 

Identification of microorganisms by conventional methods requires the 
isolation of pure cultures followed by laborious characterization experiments. 
These procedures are therefore inadequate for study of the biodiversity of a 
natural or engineered ecosystem. A new set of molecular techniques 
developed during the 1990s revolutionized microbial ecology research. 

The possibility of identifying specific populations of microorganisms in their 
native habitat / niche or environment without the need to isolate them is 
revolutionizing microbial ecology and giving rise to various new applications in 
numerous research fields. 

In wastewater treatment, microbial molecular ecology techniques have been 
applied mainly to the study of flocs (activated sludge) and biofilms that grow 
in aerobic treatment systems (trickling filters) (Sanz and Kochling, 2007). 
These techniques include: DGGE, FISH and Cloning of 16S rDNA (Jeremiah 
et al., 2014). 

1.3 Objectives 

The main objective of this study is to evaluate the performance of SBR using 
Organo-floc as an organic coagulant in the biological treatment of 
anaerobically digested palm oil mill effluent (POME). 

Further objectives of this study are: 

i. To assess the potential and effectiveness of applying natural 
coagulant, Organo-floc as a primary coagulant and flocculant, for 
pre-treatment of POME and to apply the optimal condition using 
RSM - ANN. 

ii. To investigate the aerobic treatment of anaerobically digested POME 
by using SBR to produce better quality effluents which comply with 
Environmental Quality Act. 

iii. To identify the bacterial community using DGGE in an operating 
SBR as a useful indicator for evaluating reactor performance. 
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1.4 Scope of the Study 

The scope of this study covers evaluation of organic coagulant which is a 
product from oil palm extract; Organo-floc supplied by WaterChem Pte. Ltd. 
(Singapore) as an alternative for the typical coagulants in pre-treatment 
process prior to SBR to treat anaerobic POME using 3L lab-scale SBR and 
microbial characterization to investigate microbial communities that are 
affected during the treatment process using DGGE. 

Series of batch coagulation and flocculation processes with Organo-floc 

under different conditions, i.e. dosage and mixing time were conducted in 
order to determine their optimum conditions. Organo-floc was used as 
coagulant aid and its optimum dose was also determined. This research 
evaluate the potential and effectiveness of applying Organo-floc as a primary 
coagulant for pre-treatment of POME. A batch of coagulation processes 
using Organo-floc particles under different conditions in order to determine 
their optimum conditions. The performance was assessed in terms of BOD, 
TSS and COD reductions.The quality of effluent should comply EQA where 
the value of BOD is less than 100 mg/L, no specific standard of quality for 
TSS and COD but the suspended solid content have to be treated and 
shouldn’t reach 400 mg/L. 

1.5 Significant of the Study 

Wastewater treatment facility is one of the most important components in 
the palm oil industry. This facility is normally used to treat a large volume of 
POME generated during the production of CPO before the effluent is safely 
discharged to the surrounding environment through water canal or river. 

The problems associated with treatment of POME using a pond system 
are long retention time (90 - 120 days), large area requirement, high demand 
for maintenance, loss of nutrition and high emission of greenhouse gases 
(methane and carbon dioxide) from these systems to the atmosphere. 
Anaerobic biological treatment systems need proper maintenance and 
monitoring as the processes rely solely on microorganisms to break down 
the pollutants. There are many palm oil mills, which failed to comply with 
the DOE standard discharge limits even though they have applied biological 
treatment system in their mills due to very high organic load of the POME. 

Coagulation–flocculation treatment employing an environmental friendly 
coagulant could lead to improved effluent treatment as well as gaining 
benefits through the recovery and recycling of water to the plant with 
minimum treatment prior to SBR. Natural organic coagulants have been 
studied as environmental friendly coagulants in recent years in water and 
wastewater treatment. It was reported that the chemical coagulation is the 
fastest way to reduce the organic load of the pre-treatment of POME using 
Organo-floc to get an acceptable and economical level. Thereby it can be 
treated using conventional treatment systems. With the increased worldwide 
concern on environmentally friendly production processes particularly the 



© C
OPYRIG

HT U
PM

 

6 

emission of methane, it is important to develop an alternative concept for 
POME treatment. Therefore, the pre-treatment of POME using coagulation 
and flocculation processes has become an important feature, in order to 
efficiently reduce the organic load prior to subsequent treatment processes. 
Aluminium sulphate (alum), an inorganic salt, is the most widely used 
coagulant in wastewater treatment, due to its proven performance, cost- 
effectiveness and availability. However, the usage of this coagulant has 
been raised serious health and environmental concerns. These coagulants 
create hazardous activated sludge which contains residual aluminium which 
may cause side effects when discharged into the open water course. 
Compared with common chemical coagulant, organic coagulant (Organo-floc) 
is safe and as biopolymers are biodegradable, the sludge can be efficiently 
degraded by microorganisms. 

Scientifically, the capabilities of molecular methods to shed light on how 
microbial communities function will continue to expand and generate much 
larger quantities of key to success in achieving better design of the reactor 
operation and control. This study intends to fill the existing knowledge gaps 
whereby data of SBR performance and information of the microbes during 
this period is essential for revealing the correlation between contaminants 
removal and microbial community. 

1.6 Layout of the Thesis 

This research thesis is organised in five parts, and essentially , first three 
chapters comprised of an introduction, literature review and material and 
methodology. Chapter 1 delineates the background of this study as well as 
environmental issues associated with POME and significant of this study. 
Chapter 2 encompasses the current prevailing situation in Malaysia and 
the efficiency of Organo-floc as a natural coagulant in the treatment of POME 
using SBR. Organo-floc, a natural coagulant, were evaluated as coagulation 
treatments for POME as pre-treatment process prior to SBR treatment for 
its efficacy. Subsequently, different adsorbent and adsorption techniques 
are demonstrated with a particular focus on biomaterials or in other 
words adsorbents prepared from agricultural wastes in treating POME. In 
the third chapter, study are investigated is explained and a brief review of 
materials, chemicals and equipment used to treat bio-chemically POME 
using SBR by adding Organo-floc as coagulant; are discussed in a theoretical 
description that are used in this research. 

The fourth part of this document delineates the results and discussion and 
further sub-grouped into Chapter 4 to keep clarity and due to a significant 
difference in research approaches and outcomes. Finally, Chapter 5 
accomplishes the research outcomes in conclusions and recommendations 
for future research. 
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J. L., Mata-Alvarez, J. and Ḿendez, R. (2008). Short- and long-term 
effects of temperature on the Anammox process. Journal of Hazardous 
Materials. 154, 688–693. 

Durai, G., Rajasimman M. and Rajamohan N. (2011). Kinetic studies on 
biodegradation of tannery wastewater in a sequential batch bioreactor. 
Journal of Biotech Research. 3, 19-26. 

El-Kamah, Hala; Mahmoud, Mohamed (2012). Performance evaluation of 
sequencing batch reactor for beverage industrial wastewater treatment. 
Water Environment Research. 84(2), 155-161. 

Emily.C.G., Jaanine, K., Lucas, M.,  Michael. W. T., Ute, H., Timothy, R. 
and Susanne, S. (2013). Bacterial community profiles in low microbial 
abundance sponges. FEMS Microbiol Ecol. 83(1), 232-241. 

Faisal, M.  and Unno, H. (2001). Kinetic analysis of palm oil mill wastewater 
treatment by a modified anaerobic baffled reactor.  Biochemical 
Engineering Journal. 9(1), 25-31. 

Fakhrul-Razi, A. (1994). Ultrafiltration membrane separation for anaerobic 
wastewater treatment. Water Science Technology. 30(12), 321-327. 

Fang, C., Sompong, O., Boe, K., and Angelidaki, I. (2011). Comparison of 
UASB and EGSB reactors performance, for treatment of raw and 
deoiled palm oil mill effluent (POME). Journal of Hazardous Materials. 
189(1), 229-234. 

Farhath, K., K.R. Sudarshanakrishna, A.D. Semwal, K.R.Vishwanathan and F. 
Khanum, (2001). Proximate composition and mineral contents of 
spices. Ind. J.of Nutr. and Dietetics. 38, 93-97. 

Feng Ju,Yu Xia,Feng Guo,Zhiping Wang,Tong Zhang (2014). Taxonomic 
relatedness shapes bacterial assembly in activated sludge of globally 
distributed wastewater treatment plants. Environmental Microbiology. 
16(8), 2421–2432. 

Feng, H. J., Hu, L. F., Shan, D., Fang, C. R., Shen, D. S., (2008). Effects of 
temperature and hydraulic residence time (HRT) on treatment of dilute 
wastewater in a carrier anaerobic baffled reactor. Biomedical and 
Environmental Sciences. 21(6), 460-466.  

Fernandes, H., Jungles, M. K., Hoffmann, H., Antonio, R. V., and Costa, R. H. 
(2013). Full-scale sequencing batch reactor (SBR) for domestic 
wastewater: Performance and diversity of microbial communities. 
Bioresource Technology. 132, 262-268. 

Fernandez, A. S., Hashsham, S. A., Dollhopf, S. L., Raskin, L. Glagoleva, O., 
Dazzo, F. B., Hickey, R. F., Criddle, C. S. and Tiedje, J. M (2000). 
Flexible community structure correlates with stable community function 



© C
OPYRIG

HT U
PM

 

124 

in methanogenic bioreactor communities perturbed by glucose. Applied 
and Environmental Microbiology. 66(9), 4058 – 4067.  

Fernandez, A., Huang, S., Seston, S., Xing, J., Hickey, R., Criddle,C. and 
Tiedje, J. (1999). How stable is stable? Function versus community 
composition. Applied and Environmental Microbiology. 65(8), 3697 – 
3704. 

Freitas, T. K. F. S., Oliveira V. M., de Souza, M. T. F., Geraldino,  H.C.L., 
Almeida, V. C., Fávaro, S. L. and Garcia, J. C. (2015). Optimization of 
coagulation-flocculation process for treatment of industrial textile 
wastewater using okra (A. esculentus) mucilage as natural coagulant. 
Industrial Crops and Products, 76(15), 538–544. 

Fun, C. W., Haq, M. R. U., and Kutty, S. R. M. (2007).Treatment of palm oil mill 
effluent using biological sequencing batch reactor system. In “River 
Basin Management IV”. Brebbia, C. A. and Katsifarakis, K. L. (Eds.) 
Vol.104, page 8.  

Gassen, R., Bertholdt, H. O., & Zeuch, K. (1991). U.S. Patent No. 5,045,273. 
Washington, DC: U.S. Patent and Trademark Office. 

Gerardi, M. H. (2006). Wastewater Bacteria (Vol. 5). New Jersey, John Wiley 
and Sons. 

Gilda Carvalho, Paulo, C. Lemos, Adrian Oehmen, Maria A. M. Reis 
(2007).Denitrifying phosphorus removal: Linking the process 
performance with the microbial community structure. Water Research. 
41(19), 4383–4396. 

Girvan, M. S., Campbell, C. D., Killham, K., Prosser, J. I., and Glover, L. A. 
(2005). Bacterial diversity promotes community stability and functional 
resilience after perturbation. Environmental Microbiology. 7(3), 301-
313. 

Goa,W., Liang, H., Ma, J., Han, M.,Chen, Z., Han,Z.,Li,G., (2011). Membarne 
fouling control in ultrafiltration technology for drinking water production 
: A review. Desalination. 272, 1-8. 

Goh, C. M., Liew, P.W.Y., Jong, B.C, and Thong, K.L. (2007). Bacterial 
diversity of decomposing oil palm empty fruit bunches based on PCR 
and denaturing gradient gel electrophoresis of 16S rRNA gene 
fragments. In The 29th Symposium of the Malaysian Society of 
Microbiology, Terengganu. Malaysia. 

Grady Jr, C. L., Daigger, G. T., Love, N. G., and Filipe, C. D. (2012).  Biological 
Wastewater Treatment. Boca Raton, CRC Press. 

Guang-Hua Wang, Jian Jin, Jun-Jie Liu, Xue-Li Chen, Ju-Dong Liu,  Xiao-Bing 
Liu (2009). Bacterial community structure in a mollisol under long-term 

http://www.sciencedirect.com/science/article/pii/S0043135407004599
http://www.sciencedirect.com/science/article/pii/S0043135407004599
http://www.sciencedirect.com/science/article/pii/S0043135407004599
http://www.sciencedirect.com/science/article/pii/S0043135407004599
http://www.sciencedirect.com/science/article/pii/S1002016009601053
http://www.sciencedirect.com/science/article/pii/S1002016009601053
http://www.sciencedirect.com/science/article/pii/S1002016009601053
http://www.sciencedirect.com/science/article/pii/S1002016009601053
http://www.sciencedirect.com/science/article/pii/S1002016009601053
http://www.sciencedirect.com/science/article/pii/S1002016009601053
http://www.sciencedirect.com/science/article/pii/S1002016009601053


© C
OPYRIG

HT U
PM

Page 179 of 192 

 

125 

natural restoration, cropping, and bare fallow history estimated by 
PCR-DGGE. Pedosphere. 19(2), 156–165. 

Guida, M., Mattei, M., Rocca, C. D., Melluso, G. and Meri S. (2007). 
Optimization of alum-coagulation/flocculation for COD and TSS 
removal from five municipal wastewater. Desalination. 211,113–127. 

Gurtner, C., Heyrman, J., Piñar, G., Lubitz, W., Swings, J., and Rölleke, S. 
(2000). Comparative analyses of the bacterial diversity on two different 
bio-deteriorated wall paintings by DGGE and 16S rDNA sequence 
analysis. International Bio-Deterioration and Biodegradation. 46(3), 
229-239. 

Gustavo Davila-Vazquez, Sonia Arriaga, Felipe Alatriste-Mondragón, Antonio 
de León Rodríguez, Luis Manuel Rosales-Colunga, Elías Razo-
Flores(2008). Fermentative bio-hydrogen production: trends and 
perspectives. Reviews in Environmental Science and Bio/Technology. 
7(1), 27-45. 

Hajiabadi, H., Moghaddam, M. A., and Hashemi, S. H. (2009). Effect of sludge 
retention time on treating high load synthetic wastewater using aerobic 
sequencing. Iranian Journal of Environmental Health Science and 
Engineering. 6(4), 217-222. 

Hamed, M. M., Khalafallah, M. G., and Hassanien, E. A. (2004). Prediction of 
wastewater treatment plant performance using artificial neural 
networks. Environmental Modelling & Software. 19(10), 919-928. 

Hamsaveni, D. R., Prapulla, S. G., and Divakar, S. (2001). Response surface 
methodological approach for the synthesis of isobutyl iso-butyrate. 
Process Biochemistry. 36(11), 1103-1109. 

Hayat R, Ali S, Amara U, Khalid R, Ahmed I (2010).Soil beneficial bacteria and 
their role in plant growth and promotion: A review. Ann Microbiol. 
10,1007. 

He, R., Liu, X. W., Zhang, Z. J., and Shen, D. S. (2007). Characteristics of the 
bioreactor landfill system using an anaerobic–aerobic process for 
nitrogen removal. Bioresource Technology. 98(13), 2526-2532. 

Hirak R. D., Neelam M., Jaya C., Supriya K. and Surajit D. (2013). Marine 
bacteria: potential candidates for enhanced bioremediation. Applied 
Microbiology and Biotechnology . 97(2), 561-571. 

Horitsu, H., Takada,M., Idaka,E.,Tomoyeda, M., and Ogawa,T (1977). 
Degradation of p-aminoazobenzene by Basillus subtilis. European 
Journal of Applied Microbiology and Biotechnology. 4(3), 217 – 224. 

Hossain, M. A., Ngo, H. H., Guo, W. S., and Nguyen, T. V. (2012). Palm oil fruit 
shells as bio-sorbent for copper removal from water and wastewater: 

http://www.sciencedirect.com/science/journal/10020160
http://www.sciencedirect.com/science/journal/10020160/19/2
http://link.springer.com/journal/11157
http://link.springer.com/journal/253
http://link.springer.com/journal/253


© C
OPYRIG

HT U
PM

 

126 

Experiments and sorption models. Bioresource Technology. 113, 97-
101. 

Hu, A.Y., Stuckey, D.C., (2006). Treatment of dilute wastewaters using a novel 
submerged anaerobic membrane bioreactor. Journal of Environmental 
Engineering. 132, 190–198. 

Hussain, T., (1985). Food composition table for Pakistan. Department of Hum. 
Nutr.and Agric. Chem. NWFP.Agric. Uni. Peshawar. 

Ibrahim, A, Yeoh, B. G, Cheah, S. C, Ma, A. N, Ahmad, S, Chew, T. Y, Raj, R. 
and Wahid, M. J. A. (1984). Thermophilic anaerobic contact digestion 
of palm oil mill effluent. Water Science and Technology. 17, 155-165. 

Igwe, J. C., Onyegbado, C. O., and Abia, A. A. (2010). Studies on the kinetics 
and intraparticle diffusivities of BOD, color and TSS reduction from 
palm oil mill effluent (POME) using boiler fly ash. African Journal of 
Environmental Science and Technology. 4(6), 392-400. 

Ilke, P., Ateequr, R.,Nevin, Y., Emine U. and Daniel, J. (2012).  Characteristics 
of mixed microbial culture at different sludge ages: Effect on variable 
kinetics for substrate utilization. Bioresource Technology. 126, 274–
282. 

Irvine, R. L., Ketchum Jr, L. H., and Asano, T. (1989). Sequencing batch 
reactors for biological wastewater treatment. Critical Reviews in 
Environmental Science and Technology, 18(4), 255-294. 

Irvine,R.L and L.H.Ketchum (2004). The Sequencing Batch Reactor and Batch 
Operation for the Optimal Treatment of Wastewater. Internal report, 
SBR Technology Inc.  New York. 

Ivorra,N., Barranguet, C., Jonker, M., Kraak,M.H., and Admiraal, W. (2002). 
Metal-induced tolerance in the freshwater microbenthic diatom 
Gomphonema parvalum. Environmental Pollution. 116(1), 147 – 157. 

Jami, M. S., Muyibi, S. A., and Osen, M. I. (2012).  Comparative study of the 
use of coagulants in biologically treated palm oil mill effluent (POME). 
Advances in Natural and Applied Sciences. 6 (5), 646-650. 

Jenkins, D., Richard, M.G., Daigger,G.T (2004). Manual on the Causes and 
Control of Activated Sludge Bulking, Foaming and Other Solids 
Separation Problems. 3rd  Ed., London, IWA Publishing. 

Jeong, J. Y., Son, S. M., Pyon, J. H., Park, J. Y. (2014). Performance 
comparison between mesophilic and thermophilic anaerobic reactors 
for treatment of palm oil mill effluent. Bioresour Technol. 165,122-128.  

Jeremiah David Bala,Japareng Lalung,Norli Ismail (2014). Biodegradation of 
palm oil mill effluent (POME) by bacterial. International Journal of 

http://www.sciencedirect.com/science/article/pii/S0960852412013107
http://www.sciencedirect.com/science/article/pii/S0960852412013107
http://www.sciencedirect.com/science/article/pii/S0960852412013107
http://www.sciencedirect.com/science/article/pii/S0960852412013107
http://www.sciencedirect.com/science/article/pii/S0960852412013107
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24797939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Son%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=24797939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pyon%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=24797939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24797939
http://www.ncbi.nlm.nih.gov/pubmed/24797939


© C
OPYRIG

HT U
PM

Page 179 of 192 

 

127 

Scientific and Research Publications. 4(3), 2250 – 3153.  

Jeremiah, D. B., Japareng, L. and Norli, I. (2014). Palm oil mill effluent (POME) 
treatment ‘microbial communities in an anaerobic digester: A review. 
International Journal of Scientific and Research Publications. 4(6), 
2250– 3153. 

Jones, M. M., Johnson, D. O., Netlerville, J. T., Wood, J. I. and Joesten, M. D., 
(1985). Chemistry and Society. 5th ed., Saunders College Publishers U. 
S. A., 521- 577. 

Joo-Young Jeong, Sung-Min Son, Jun-Hyeon Pyon, Joo-Yang Park (2014). 
Performance comparison between mesophilic and thermophilic 
anaerobic reactors for treatment of palm oil mill effluent. Bioresource 
Technology. 165, 122–128. 

José L. Sanz, , Thorsten Köchling (2007). Molecular biology techniques used in 
wastewater treatment: An overview. Process Biochemistry.  42(2), 
119–133. 

Jusof Khadidi, M. H., Al-Shorgani, N. K., Ali, E., Abdul Hamid, A., and Kalil, M. 
S. (2013). A new flocculant-coagulant with potential use for industrial 
wastewater treatment. In International Proceedings of Chemical, 
Biological and    Environmental Engineering, p.51. 

KAM Biotechnology Ltd, Organo-floc, Canada, (2016), Retrieved from 
http://www.kambiotechnology.com/ 

Khiari,R., Dridi-Dhaouadi,S. , Aguir, C., Mhenni,M.F., (2010). Experimental 
evaluation of eco–friendly flocculants prepared from date palm rachis. 
Journal of Environmental Science. 22, 1539 – 1543. 

Khong, F. C., Isa, M.H., Kutty, S.R.M. and Frahan, S.A. (2012).  Anaerobic 
treatment of produced water. International Journal of Civil and 
Environmental Engineering. 6, 212-216. 

Kim, W., Lee, S., Shin, S. G., Lee, C., Hwang, K., and Hwang, S. (2010). 
Methanogenic community shift in anaerobic batch digesters treating 
swine wastewater. Water Research. 44(17), 4900-4907. 

Kim, Y. M., Chon, D. H., Kim, H. S., and Park, C. (2012). Investigation of 
bacterial community in activated sludge with an anaerobic side-stream 
reactor (ASSR) to decrease the generation of excess sludge. Water 
Research. 46(13), 4292-4300. 

Klamer, M., and Bååth, E. (1998). Microbial community dynamics during 
composting of straw material studied using phospholipid fatty acid 
analysis. FEMS Microbiology Ecology. 27(1), 9-20. 

Klammer, S., Mondini, C., and Insam, H. (2005). Microbial community 

http://www.sciencedirect.com/science/article/pii/S0960852414005021
http://www.sciencedirect.com/science/article/pii/S0960852414005021
http://www.sciencedirect.com/science/article/pii/S0960852414005021
http://www.sciencedirect.com/science/article/pii/S0960852414005021
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524/165/supp/C
http://www.sciencedirect.com/science/article/pii/S1359511306003989
http://www.sciencedirect.com/science/article/pii/S1359511306003989
http://www.sciencedirect.com/science/journal/13595113
http://www.sciencedirect.com/science/journal/13595113/42/2


© C
OPYRIG

HT U
PM

 

128 

fingerprints of composts stored under different conditions. Annals of 
Microbiology. 55(4), 299. 

Kornelia Smalla , Miruna Oros-Sichler, Annett Milling, Holger Heuer, Susanne 
Baumgarte,Regina Becker, Gabriele Neuber, Siegfried Kropf, Andreas 
Ulrich, Christoph C. Tebbe (2007).Bacterial diversity of soils assessed 
by DGGE, T-RFLP and SSCP fingerprints of PCR-amplified 16S rRNA 
gene fragments: Do the different methods provide similar results? 
Journal of Microbiological Methods. 69(3), 470–479. 

Kulikowska, D., Klimiuk, E., and Drzewicki, A. (2007). BOD 5 and COD removal 
and sludge production in SBR working with or without anoxic phase. 
Bioresource Technology. 98(7), 1426-1432. 

Kumar, T., Singh, M., Purohit, H. J. and Kalia, V.C. (2009). Potential of Bacillus 
sp. to produce polyhydroxybutyrate from biowaste. Journal of Applied 
Microbiology. 106( 6), 2017–2023. 

Kundu, K., Sharma, S., and Sreekrishnan, T. R. (2012). Effect of operating 
temperatures on the microbial community profiles in a high cell density 
hybrid anaerobic bioreactor. Bioresource Technology. 118, 502-511. 

Kundu, K., Sharma, S., and Sreekrishnan, T. R. (2013). Changes in microbial 
communities in a hybrid anaerobic reactor with organic loading rate 
and temperature. Bioresource Technology. 129, 538-547. 

Kuscu, O. S., Sponza, D. T., (2007). Effects of hydraulic retention time (HRT) 
and sludge retention time (SRT) on the treatment of nitrobenzene in 
AMBR/CSTR reactor systems. Environmental Technology. 28(3), 285-
296. 

Lam, M. K., and Lee, K. T. (2011). Renewable and sustainable bio-energies 
production from palm oil mill effluent (POME): Win–win strategies 
toward better environmental protection. Biotechnology Advances. 
29(1), 124-141. 

Lee, B. B.,Choo, K. H., Chang, D. and Choi, S. (2009). Optimizing the 
coagulant dose to control membrane fouling in combined 
coagulation/ultrafiltration systems for textile wastewater reclamation. 
Chemical Engineering Journal. 155, 101–107. 

Lee, Y., Zimmermann, S. G., Kieu, A. T., and von Gunten, U. (2009). Ferrate 
(Fe (VI)) application for municipal wastewater treatment: a novel 
process for simultaneous micro-pollutant oxidation and phosphate 
removal. Environmental Science & Technology. 43(10), 3831-3838. 

Leslie, Grady, C.P., Daigger,G.T., Lim,H.C. (1999). Biological Wastewater 
Treatment. 2nd ed., Boca Raton, CRC Press. 

Lewis, G. D., Austin, F. J., Loutit, M. W., & Sharples, K. (1986). Enterovirus 



© C
OPYRIG

HT U
PM

Page 179 of 192 

 

129 

removal from sewage: The effectiveness of four different treatment 
plants. Water Research. 20(10), 1291-1297. 

Li, D., Baert, L., Van Coillie, E. and Uyttendaele, M. (2011). Critical studies on 
binding-based RT-PCR detection of infectious Noroviruses. J Virol 
Methods 177(2), 153–159. 

Li, Y., Liu, Y., and Xu, H. (2008). Is sludge retention time a decisive factor for 
aerobic granulation in SBR? Bioresource Technology. 99(16), 7672-
7677. 

Liew, W. L., Kassim, M. A., Muda, K. and Loh, S. K. (2012). Insights into 
efficacy of technology integration: the case of nutrient removal from 
palm oil mill effluent. In Proceedings of UMT 11th international annual 
symposium on sustainability science and management. Terengganu, 
Malaysia, pp. 1203–1211. 

Lim, S., and Teong, L. K. (2010). Recent trends, opportunities and challenges 
of biodiesel in Malaysia: An overview. Renewable and Sustainable 
Energy Reviews. 14(3), 938-954. 

Lin, S. H., and Jiang, C. D. (2003). Fenton oxidation and sequencing batch 
reactor (SBR) treatments of high-strength semiconductor wastewater. 
Desalination. 154(2), 107- 116. 

Liptak, B. (2012). Instrument Engineers Handbook. 4th Ed., Boca Raton, CRC 
Press.  

Liu, F. H., Wang, S. B., Zhang, J. S., Zhang, J., Yan, X., Zhou, H. K. and Zhou, 
Z. H. (2009). The structure of the bacterial and archaeal community in 
a biogas digester as revealed by denaturing gradient gel 
electrophoresis and 16S rDNA sequencing analysis. Journal of Applied 
Microbiology. 106(3), 952-966. 

Liu, Q., Zhang, X., Zhou, Y., Zhao, A., Chen, S., Qian, G. and Xu, Z. P.(2011). 
Optimization of fermentative biohydrogen production by response 
surface methodology using fresh leachate as nutrient supplement. 
Bioresource Technology. 102 (18), 8661–8668. 

Liu,Y., Liu,H., Cui,L., Zhang,K., (2012). The ratio of food-to-microorganism 
(F/M) on membrane fouling of anaerobic membrane bioreactors 
treating low-strength wastewater. Desalination. 297, 97–103. 

Loh, S. K., Lai, M. E., Ngatiman, M., Lim, W. S., Choo, Y. M., Zhang, Z. and 
Salimon, J. (2013).  Zero discharge treatment technology of palm oil 
mill effluent.  Journal of Oil Palm Research. 25(3), 273-281. 

Ma, A. N, Tajima, Y, Asahi, M. and Hanif, J. (1997). Effluent treatment-
evaporation method. PORIM Engineering News, 44, 7-8. 

http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/article/pii/S0960852411003178
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524/102/18
http://www.sciencedirect.com/science/article/pii/S0011916412002470
http://www.sciencedirect.com/science/article/pii/S0011916412002470
http://www.sciencedirect.com/science/article/pii/S0011916412002470
http://www.sciencedirect.com/science/article/pii/S0011916412002470
http://www.sciencedirect.com/science/journal/00119164
http://www.sciencedirect.com/science/journal/00119164/297/supp/C


© C
OPYRIG

HT U
PM

 

130 

Ma, J. and Liu W. (2002).  Effectiveness and mechanism of potassium ferrate 
(VI) pre-oxidation for algae removal by coagulation.  Water Research. 
36, 871–878.  

Mahvi, A.H., (2008).Sequencing Batch Reactor : A promising technology in 
wastewater treatment. Iranian Journal of Environmental Health Science 
& Engineeering. 5(2), 79 – 90. 

Maísa T.F.S., Elizangela A., Cibele Andrade de Almeida, Thába Karoliny 
Formicoli de Souza Freitas, Lídia Brizola Santos, Vitor de Cinque 
Almeida, Juliana Carla Garcia (2014). The use of a natural coagulant 
(Opuntia ficus-indica) in the removal for organic materials of textile 
effluents. Environmental Monitoring and Assessment.186 (8) , 5261-
5271. 

Malakahmad, A., and Chuan, S. Y. (2013). Application of response surface 
methodology to optimize coagulation–flocculation treatment of 
anaerobically digested palm oil mill effluent using alum. Desalination 
and Water Treatment, 51(34-36), 6729-6735. 

Malakahmad, A., Hasani, A., Eisakhani, M., and Isa, M. H. (2011). Sequencing 
batch reactor (SBR) for the removal of Hg2+ nd Cd2+ from synthetic 
petrochemical factory wastewater. Journal of Hazardous Materials. 
191(1), 118-125. 

Malaysian Palm Oil Council (MPOC).(2013).http://www.mpoc.org.my. Accessed 
on 19 Feb 2014. 

Maneerat Khemkhao, Somkiet Techkarnjanaruk, Chantaraporn Phalakornkule 
(2015). Simultaneous treatment of raw palm oil mill effluent and 
biodegradation of palm fiber in a high-rate CSTR. Bioresource 
Technology. 177, 17–27. 

Manohar, B. and Divakar, S. (2005). An artificial neural network analysis of 
porcine pancreas lipase catalysed esterification of anthranilic acid with 
methanol. Process Biochem. 40(10), 3372-3376.  

Manohar, B., and Divakar, S. (2005). An artificial neural network analysis of 
porcine pancreas lipase catalysed esterification of anthranilic acid with 
methanol. Process Biochemistry. 40(10), 3372-3376. 

Marañón, E., Castrillón, L., Fernández-Nava, Y., Fernández-Méndez, A., and 
Fernández- Sánchez, A. (2010). Colour, turbidity and COD removal 
from old landfill leachate by coagulation-flocculation treatment. Waste 
Management & Research. 28(8), 731- 737. 

Marie-Elène Y. Boivin , Boris Massieux, Anton M. Breure, Frank P. van den 
Ende, Gerdit D. Greve, Michiel Rutgers, Wim Admiraal (2005). Effects 
of copper and temperature on aquatic bacterial communities. Aquatic 
Toxicology.71(4),345–356. 

http://link.springer.com/journal/10661
http://www.sciencedirect.com/science/article/pii/S096085241401654X
http://www.sciencedirect.com/science/article/pii/S096085241401654X
http://www.sciencedirect.com/science/article/pii/S096085241401654X
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524


© C
OPYRIG

HT U
PM

Page 179 of 192 

 

131 

Mariëtte Wolthers , Gernot Nehrke,Jon Petter Gustafsson, Philippe Van 
Cappellen (2012). Calcite growth kinetics: Modeling the effect of 
solution stoichiometry. Geochimica et Cosmochimica Acta. 77,121–
134. 

Marriott, N. G., and Robertson, G. (1997). Waste disposal. In Essentials of 
Food Sanitation, New York, Springer, pp. 114-128.   

Martín, M. A., González, I., Berrios, M., Siles, J. A., and Martín, A. (2011). 
Optimization of coagulation–flocculation process for wastewater 
derived from sauce manufacturing using factorial design of 
experiments. Chemical Engineering Journal. 172(2), 771- 782. 

Martín-González, L., Castro, R., Pereira, M. A., Alves, M. M., Font, X., and 
Vicent, T. (2011). Thermophilic co-digestion of organic fraction of 
municipal solid wastes with FOG wastes from a sewage treatment 
plant: reactor performance and microbial community monitoring. 
Bioresource Technology. 102(7), 4734-4741. 

Marzieh Badiei, Jamaliah Md Jahim, Nurina Anuar, Siti Rozaimah Sheikh 
Abdullah (2011) Effect of hydraulic retention time on bio-hydrogen 
production from palm oil mill effluent in anaerobic sequencing batch 
reactor. International Journal of Hydrogen Energy, 36, 5912 – 5919. 

Md. Din, M. F, Ponraj, M., Van Loosdrecht, M., Ujang, Z., Chelliapan, S. and 
Zambare, V.(2014). Utilization of palm oil mill effluent for 
polyhydroxyalkanoate production and nutrient removal using 
statistical design. International Journal of Environmental Science and 
Technology. 11(3) , 671-684. 

Metcalf and Eddy, Inc. (2003) Wastewater Engineering, Treatment and Reuse, 
4th Ed., McGraw-Hill, New York, pp. 545-644. 

Metcalf, E. (2003). Inc., Wastewater Engineering, Treatment and Reuse. 
McGraw-Hill, New York. 

Meyssami, Mohd Omar, Fatehah (2013) Semiconductor Wastewater Treatment 
With Natural Starches As Coagulants Using Response Surface 
Methodology. Master’s thesis, Universiti Sains Malaysia. 

Mikesková, H., Novotný, Č., and Svobodová, K. (2012). Interspecific 
interactions in mixed microbial cultures in a biodegradation 
perspective. Applied Microbiology and Biotechnology. 95(4), 861-870. 

Mjalli, F. S., Al-Asheh, S., and Alfadala, H. E. (2007). Use of artificial neural 
network black-box modeling for the prediction of wastewater treatment 
plants performance. Journal of Environmental Management. 83(3), 
329-338. 

Mohammed S.J., Suleyman A.M.i and Munirat I. O. (2012). Comparative study 

http://link.springer.com/journal/13762
http://link.springer.com/journal/13762


© C
OPYRIG

HT U
PM

 

132 

of the use of coagulants in biologically treated palm oil mill effluent 
(POME). Advances in Natural and Applied Sciences, 6(5), 646 – 65. 

 Mohammed, R. R., and Chong, M. F. (2014). Treatment and decolorization of 
biologically treated palm oil mill effluent (POME) using banana peel as 
novel bio-sorbent. Journal of Environmental Management. 132, 237-
249. 

Mohammed. M (2012). Characterization and treatment of petrochemical 
wastewater for reuse. Master thesis, King Fadh University of Petroleum 
& Minerals, Saudi Arabia. 

Monod, J. (1942). Recherches sur la croissance des cultures bactériennes. 
Hermann et Cie, Paris, France. 

Moosvi, S., Keharia, H., and Madamwar, D. (2005). Decolourization of textile 
dye Reactive Violet 5 by a newly isolated bacterial consortium RVM 
11.1. World Journal of Microbiology and Biotechnology. 21(5), 667-672. 

Moreno-Andrade, I., and Buitrón, G. (2004). Variation of the microbial activity 
during the acclimation phase of a SBR system degrading 4-
chlorophenol. Sequencing Batch Reactor Technology III. 50(10), 251-
258. 

Morgan-Sagastume, F., and Allen, D. G. (2003). Effects of temperature 
transient conditions on aerobic biological treatment of wastewater. 
Water Research. 37(15), 3590-3601. 

MPOB (2008a). Monthly production of crude palm oil.http://econ.mpob.gov.my, 
assessed on 14 May 2012. 

MPOB (2009). Summary of industry performance.http://econ.mpob.gov.my, 
assessed on 12 June 2012. 

MPOC (2013). Palm Oil Trade Statistics. http://www.mpoc.org.my, assessed on 
12 August 2014. 

Mustapha.I (2008). Renewable Energy Outlook and Development Strategies 
for Malaysia. National PV Conference. Malaysia 14 August 2008. 

Muyzer, G., and Smalla, K. (1998). Application of denaturing gradient gel 
electrophoresis (DGGE) and temperature gradient gel electrophoresis 
(TGGE) in microbial ecology. Antonie van Leeuwenhoek. 73(1), 127-
141. 

Muyzer, G., De Waal, E. C., and Uitterlinden, A. G. (1993). Profiling of complex 
microbial populations by denaturing gradient gel electrophoresis 
analysis of polymerase chain reaction-amplified genes coding for 16S 
rRNA. Applied and Environmental Microbiology. 59(3), 695-700. 



© C
OPYRIG

HT U
PM

Page 179 of 192 

 

133 

Muyzer, G., Teske, A., Wirsen, C. O., and Jannasch, H. W. (1995). 
Phylogenetic relationships of Thiomicrospira species and their 
identification in deep-sea hydrothermal vent samples by denaturing 
gradient gel electrophoresis of 16S rDNA fragments. Archives of 
Microbiology. 164(3), 165-172. 

Myers, R. H., Montgomery, D. C., and Anderson-Cook, C. M. (2009). 
Response Surface Methodology: Process and Product Optimization 
Using Designed Experiments (Vol. 705). New Jersey, John Wiley and 
Sons. 

Nain, M. Z., Jawed, M., (2006). Performance of anaerobic reactors at low 
organic load subjected to sudden change in feed substrate types. 
Journal of Chemical Technology and Biotechnology. 81, 958-965.  

Najafpour, G. D., Zinatizadeh, A. A. L., Mohamed, A. R., Isa, M. H.,    and 
Nasrollahzadeh,H. (2006). High-rate anaerobic digestion of palm oil 
mill effluent in an upflow anaerobic sludge-fixed film bioreactor. 
Process Biochemistry. 41(2), 370-379. 

Nakatsu, C. H., Torsvik, V., and Øvreås, L. (2000). Soil community analysis 
using DGGE of 16S rDNA polymerase chain reaction products. Soil 
Science Society of America Journal. 64(4), 1382-1388. 

Nandy, T., Kaul, S. N., (2001). Anaerobic pre-treatment of herbal-based 
wastewater using fixed-film reactor with recourse to energy recovery. 
Water Research. 35(2), 351-362. 

Narasiah, K., Vogel, A., and Kramadhati, N. (2002). Coagulation of turbid 
waters using Moringa Oleifera seeds from two distinct sources. Water 
Supply. 2(5-6), 83-88. 

Narges Esfandiar, Bahram Nasernejad, Taghi Ebad (2014). Removal of Mn(II) 
from groundwater by sugarcane bagasse and activated carbon (a 
comparative study): Application of response surface methodology 
(RSM). Journal of Industrial and Engineering Chemistry. 20(5), 3726–
3736. 

Nazatul Shima Azmi and Khairul Faezah Md. Yunos (2014).   Effect of 
regenerated cellulose of ultrafiltration membranes on POME treatment. 
Journal Teknologi. 70(2), 81–86. 

Ndabigengesere, A., Narasiah, K. S. and Talbot, B. G. (1995).  Active agents 
and mechanism of coagulation of turbid waters using Moringa Oleifera. 
Wat. Res. 29, 703–710. 

Ng, W. J., and Tjan, K. W. (2006). Industrial Wastewater Treatment. London, 
Imperial College Press. 

Ng, W. J., Goh, A. C., and Tay, J. H. (1987). Palm oil mill effluent (POME) 



© C
OPYRIG

HT U
PM

 

134 

treatment-an assessment of coagulants used to aid liquid-solid 
separation. Biological Wastes. 21(4), 237-248. 

Ng, W. J., Goh, A. C., and Tay, J. H. (1988). Palm oil mill effluent treatment-
liquid-solid separation with dissolved air flotation. Biological Wastes. 
25(4), 257-268. 

Nielsen, P. H., Saunders, A. M., Hansen, A. A., Larsen, P., and Nielsen, J. L. 
(2012). Microbial communities involved in enhanced biological 
phosphorus removal from wastewater-a model system in 
environmental biotechnology. Current Opinion in Biotechnology. 23(3), 
452-459. 

Nourouzi, M. M., Chuah, T. G., Choong, T. S., and Rabiei, F. (2012). Modeling 
biodegradation and kinetics of glyphosate by artificial neural network. 
Journal of Environmental Science and Health, Part B. 47(5), 455-465. 

Nuhoglu, N. and Yalcin, B. (2005). Modeling of phenol removal in a batch 
reactor.Process Biochem. 40,1233-1239. 

Nurul Adela, B., Muzzammil, N., Loh, S.K. and Choo, Y.M. (2014). 
Characteristics of palm oil mill effluent (POME) in an anaerobic biogas 
digester. Asian Journal of Microbiology Biotech. 16 (1), 225-231. 

Ogawa, T., Yatome, C., and Idaka, E. (1981). Biodegradation of p-
Aminoazobenzene by Continuous Cultivation of Pseudomonas 
pseudomallei 13IMA. Journal of the Society of Dyers and Colourists. 
97(10), 435-438. 

Okonko, O. I., Ogun, A. A., Hittu, O. B. and Ogunnusi, T. A. (2009). Waste 
utilization as a means of ensuring enviromental safety. Electronic 
Journal of Environmental, Agricultural & Food Chemistry .8 (9), 836-
855. 

Oladiji, A. T. and Mih, F. O. (2005). African J. Biotech. 4(12), 1440- 1441. 

Omar, F. M., Rahman, N. N. N. A., and Ahmad, A. (2008). COD reduction in 
semiconductor wastewater by natural and commercialized coagulants 
using response surface methodology. Water, Air, and Soil Pollution. 
195(1-4), 345-352. 

Onwuka, G. I. (2005). Food analysis and instrumentation; Theory and Practice. 
Naphthalic prints, Surulere, Lagos, Nigeria. 219- 230. 

Ooi, B. S. (2006). Treatment of palm oil mill secondary effluent (POMSE) using 
Fenton oxidation system. Doctoral dissertation, Universiti Teknologi 
Malaysia. 

Oswal, N., Sarma, P.M., Zinjarde, S.S. and Pant, A. (2002).  Palm oil mill 
effluent treatment by tropical marine yeast.  Bioresource Technology. 



© C
OPYRIG

HT U
PM

Page 179 of 192 

 

135 

85, 35–37. 

Otterpohl, R., Grottker, M., and Lange, J. (1997). Sustainable water and waste 
management in urban areas. Water Science and Technology. 35(9), 
121-133. 

Özbelge, T. A., Özbelge, H. Ö., and Altınten, P. (2007). Effect of 
acclimatization of microorganisms to heavy metals on the performance 
of activated sludge process. Journal of Hazardous Materials. 142(1), 
332-339. 

Paliwal, R., Sharma, V., Pracheta and Sharma, S. (2011). Eluciation of free 
radical scavenging and antioxidant activity of aqueous and hydro-
ethanolic extracts of Moringa Oleifera pods. Res. J. Pharm. Tech. 4, 
566-571.  

Pambi, R. L. L. and Musonge, P. (2015).  The efficiency of chitosan as a 
coagulant in the treatment of the effluents from the sugar industry. 
Journal of Polymer Materials. 32( 1), 57-63. 

Pamela, C. C., Richard, A. H. and Denise, R. F. (2005). Lippincotts illustrated 
reviews biochemistry 3rd ed., Lippincott Williams and Wilkins, 
Philadelphia, pp. 335- 388. 

Pamukoglu, M.  Y., and Kargi, F.  (2007). Mathematical modelling of copper (II) 
ion inhibition on COD removal in an activated sludge unit. Journal of 
Hazardous Materials. 146(1), 372-377. 

Parveen Fatemeh Rupani, Rajeev Pratap Singh, Hakimi Ibrahim and Norizan 
Esa (2010). Review of current palm oil mill effluent (POME) treatment 
methods: vermicomposting as a sustainable practice. World Applied 
Sciences Journal, 11 (1), 70-81. 

Pendashteh, A. R., Fakhru’l-Razi, A., Madaeni, S. S., Abdullah, L. C., Abidin, Z. 
Z., and Biak, D. R. A. (2011). Membrane foulants characterization in a 
membrane bioreactor (MBR) treating hypersaline oily wastewater. 
Chemical Engineering Journal. 168(1), 140-150. 

Phalakornkule, C., Mangmeemak, J., Intrachod, K., and Nuntakumjorn, B. 
(2010). Pretreatment of palm oil mill effluent by electrocoagulation and 
coagulation. Science Asia. 36, 142-149. 

Poh, P. E. and Chong, M. F. (2009). Development of anaerobic digestion 
methods for palm oil mill effluent (POME) treatment. Bioresource 
Technology. 100, 1-9. 

Poh, P.E., Tan, D. T., Chan, E. S., Tey, B. T. (2015) Current Advances of 
Biogas Production via Anaerobic Digestion of Industrial Wastewater. In 
Advances in Bioprocess Technology, Ravindra P. (ed.), Singapore, 
Springer, pp.149-163. 



© C
OPYRIG

HT U
PM

 

136 

Poonsuk Prasertsan, Sompong O-Thong, Nils-Kåre Birkeland (2009). 
Optimization and microbial community analysis for production of 
biohydrogen from palm oil mill effluent by thermophilic fermentative 
process. International Journal of Hydrogen Energy. 34(17), 7448–
7459. 

Rajender Singh, O.P. Ahlawat, Anita Rajor (2012). Identification of the potential 
of microbial combinations obtained from spent mushroom cultivation 
substrates for use in textile effluent decolorization. Bioresource 
Technology. 125, 217–225. 

Rajinikanth Rajagopal, Noori M. Cata Saady, Michel Torrijos, Joseph V. 
Thanikal and Yung-Tse Hung (2013). Sustainable Agro-Food Industrial 
Wastewater Treatment Using High Rate Anaerobic Process. Water. 
5(1), 292-311. 

Ramavandi, B. (2014). Treatment of water turbidity and bacteria by using a 
coagulant extracted from Plantago ovata. Water Resources and 
Industry. 6, 36-50. 

Randtke, S. J. (1988). Organic contaminant removal by coagulation and related 
process combinations. Journal American Water Works Association. 80 
(5), 40-56. 

Ren, L., Wu, Y., Ren, N., Zhang, K., and Xing, D. (2010). Microbial community 
structure in an integrated A/O reactor treating diluted livestock 
wastewater during start-up period. Journal of Environmental Sciences. 
22(5), 656-662. 

Ren, Z.,Ward, T.E., Logan, B. E. and Regan, J. M. (2007). Characterization of 
the cellulolytic and hydrogen-producing activities of six mesophilic 
Clostridium species. Journal of Applied Microbiology. 103(6), 2258–
2266.  

Renault,F., Sancey, B., Badot, P.M., Crini, G., (2009). Chitosan for 
coagulation/flocculation processes – an eco-friendly approach. Eur. 
Polymer Journal. 45, 1337 – 1348. 

Renault,F.,Sancey,B., Charles,J., Morin- Crinii, N., Badot, P.M.,Winterton, P., 
Crini,G., (2009). Chitosan flocculation of cardboard-mill secondary 
biological wastewater. Chemical Engineering Journal. 155, 775 – 783. 

Reza, M. and Seyedeh, M. B. S. (2011). Removal of Orange 7 dye from 
wastewater used by natural adsorbent of Moringa Oleifera seeds. 
American Journal of Environmental Engineering. 1(1), 1-9. 

Rincon, B., Borja, R., Gonzalez, J. M., Portillo, M. C., Saiz-Jimenez, C., (2008). 
Influence of organic loading and hydraulic retention time on the 
performance, stability and microbial communities of one-stage 
anaerobic digestion of two-phase olive mill solid residue. Biochemical 



© C
OPYRIG

HT U
PM

Page 179 of 192 

 

137 

Engineering Journal. 40(2), 253-261.  

Rittmann, B. E., Bae, W., Namkung, E., and Lu, C. J. (1987). A critical 
evaluation of microbial product formation in biological processes. 
Water Science and Technology. 19(3-4), 517-528. 

Robertson, A. N., Sohn, H., Bement, M. T., Hunter, N. F., Liu, C., and Farrar, 
C. R. (2003). Damage Diagnosis and Prognosis for Composite Plates. 
In The 21st International Modal Analysis Conference, Kissimmee, FL. 

Rodrigues, L., Teixeira, J., Oliveira, R., and Van Der Mei, H. C. (2006). 
Response surface optimization of the medium components for the 
production of biosurfactants by probiotic bacteria. Process 
Biochemistry. 41(1), 1-10. 

Rupani, P.F., Singh, R.P., Ibrahim, H. and Esa, N.(2010). Review of current 
palm oil mill effluent (POME) treatment methods: Vermicomposting as 
a sustainable practice. World Appl. Sci. J. 11(1), 70-81. 

Saifuddin, N., and Dinara, S. (2011). Pretreatment of palm oil mill effluent 
(POME) using magnetic chitosan. Journal of Chemistry. 8(S1), S67-
S78. 

Sanchez, E., Traviesco, L., Weiland, P., Borja, R., Nikolaeva, S., (2002). Effect 
of influent strength changes on the performance of a down-flow 
anaerobic fixed bed reactor treating piggery waste. Resources, 
Conservation, and Recycling. 36(1), 73-82.  

Sanz, J. L. and Köchling, T. (2007). Molecular biology techniques used in 
wastewater treatment: An overview. Process Biochemistry.42 (2), 119–
133. 

Saratale, R. G., Saratale, G. D., Chang, J. S., and Govindwar, S. P. (2011). 
Bacterial decolorization and degradation of azo dyes: A review.  
Journal of the Taiwan Institute of Chemical Engineers. 42(1), 138-157. 

Schmidt, E., Hellwig, M., and Knackmuss, H. J. (1983). Degradation of 
chlorophenols by a defined mixed microbial community. Applied and 
Environmental Microbiology. 46(5), 1038-1044. 

Senan.R.C and Abraham ,T.E (2004).Bioremediation of textile azo dyes by 
aerobic bacterial consortium aerobic degradation of selected azo dyes 
by bacterial consortium. Biodegradation. 15(4), 275 – 280. 

Sezgin,M.,Jenkins,D.,Parker,D.S (1978). A unified theory of filamentous 
activated sludge bulking. Journal Water Pollution Control Federation. 
50, 362 – 381. 

Shak, K. P. Y., and Wu, T. Y. (2014). Coagulation–flocculation treatment of 
high-strength agro-industrial  wastewater  using  natural  Cassia  



© C
OPYRIG

HT U
PM

 

138 

obtusifolia  seed  gum: Treatment efficiencies and  flocs  
characterization. Chemical Engineering Journal.  256, 293-305. 

Shakila, A. (2008). Tertiary Treatment of Palm Oil Mill Effluent (POME) Using 
Hydrogen Peroxide Photolysis Method. Master dissertation, Universiti 
Teknologi Malaysia. 

Shariff Ibrahim, Ha-Ming Ang, Shaobin Wang (2009). Removal of emulsified 
food and mineral oils from wastewater using surfactant modified barley 
straw. Bioresource Technology.100 (23), 5744–5749. 

Shavandi, M. A., Haddadian, Z., Ismail, M. H. S., Abdullah, N., and Abidin, Z. Z. 
(2012). Removal of Fe (III), Mn (II) and Zn (II) from palm oil mill effluent 
(POME) by natural zeolite. Journal of the Taiwan Institute of Chemical 
Engineers. 43(5), 750-759. 

Sheffield, V. C., Cox, D. R., Lerman, L. S., and Myers, R. M. (1989). 
Attachment of a 40- base-pair G+ C-rich sequence (GC-clamp) to 
genomic DNA fragments by the polymerase chain reaction results in 
improved detection of single-base changes. Proceedings of the 
National Academy of Sciences. 86(1), 232-236. 

Siles, J.A., Gutiérrez, M. C., Martín, M. A., and Martín, A. (2011). Physical–
chemical and bio-methanization treatments of wastewater from 
biodiesel manufacturing. Bioresource Technology, 102(10), 6348–
6351. 

Sirianuntapiboon S, Sansak J. (2008). Treatability studies with granular 
activated carbon (GAC) and sequencing batch reactor (SBR) system 
for textile wastewater containing direct dyes. Journal of Hazardous 
Materials. 159(2-3), 404-411. 

 Siti Fatimah Abdul Halim, Azlina Harun Kamaruddin , W.J.N. Fernando (2009). 
Continuous biosynthesis of biodiesel from waste cooking palm oil in a 
packed bed reactor: Optimization using response surface methodology 
(RSM) and mass transfer studies. Bioresource Technology. 100(2), 
710–716. 

Solís, M., Solís, A., Pérez, H. I., Manjarrez, N., and Flores, M. (2012). Microbial 
decolouration of azo dyes: a review. Process Biochemistry. 47(12), 
1723-1748. 

Soo, E. L., Salleh, A. B., Basri, M., Rahman, R. A., and Kamaruddin, K. (2004). 
Response surface methodological study on lipase-catalyzed synthesis 
of amino acid surfactants. Process Biochemistry. 39(11), 1511-1518. 

Spain, J. C., Pritchard, P. H., and Bourquin, A. W. (1980). Effects of adaptation 
on biodegradation rates in sediment/water cores from estuarine and 
freshwater environments. Applied and Environmental Microbiology. 
40(4), 726-734. 

http://www.sciencedirect.com/science/article/pii/S0960852411003129
http://www.sciencedirect.com/science/article/pii/S0960852411003129
http://www.sciencedirect.com/science/article/pii/S0960852411003129
http://www.sciencedirect.com/science/article/pii/S0960852411003129
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524/102/10


© C
OPYRIG

HT U
PM

Page 179 of 192 

 

139 

Stasinakis, A. S., Thomaidis, N. S., Mamais, D., Papanikolaou, E. C., Tsakon, 
A., and Lekkas, T. D. (2003). Effects of chromium (VI) addition on the 
activated sludge process. Water Research. 37(9), 2140-2148. 

Stolz, A. Basic and applied aspects in the microbial degradation of azo 
dyes (2001). Applied Microbiology and Biotechnology. 56(1), 69-80. 

Suopajarvi,T., Liimatainen,H., Hormi, O., Niinimaki,J.,(2013). Coagulation-
flocculation treatment of municipal wastewater based on anionized 
nanocellulose. Chemical Engineering Journal. 231, 59 -67. 

Taha, M. R., and Ibrahim, A. H. (2014). Characterization of nano zero-valent 
iron (nZVI) and its application in sono-Fenton process to remove COD 
in palm oil mill effluent.  Journal of Environmental Chemical 
Engineering. 2(1), 1-8. 

Tan, N. C. G., Van Doesburg, W., Langenhoff, A. A. M., and Stams, A. J. M. 
(2006). Benzene degradation coupled with chlorate reduction in a soil 
column study. Biodegradation. 17(2), 11-17. 

Tang , C., Zheng, P., Wang, C., Mahmood, Q., Zhang, J., Chen, X., Zhang, L. 
and Chen, J. (2011). Performance of high-loaded Anammox UASB 
reactors containing granular sludge. Water Research. 45 (1), 135–144.  

Tatsi, A. A., Zouboulis, A. I., Matis, K. A., and Samaras, P. (2003). 
Coagulation- flocculation pre-treatment of sanitary landfill leachates. 
Chemosphere. 53(7), 737- 744. 

Tay, J. H. (1991). Complete reclamation of oil palm wastes. Resources 
Conservation and Recycling.  5, 383 EOF-392 EOF. 

Teh, C. Y., Wu, T. Y. (2014). The potential use of natural coagulants and 
flocculants in the treatment of urban water.  Chemical Engineering 
Transactions. 39 (2), 1603-1608. 

Tengku, E.M., Sultan, A.I., Hakimi, M.I., 2012. Vermifiltration of palm oil mill 
effluent (POME). In UMT 11th International Annual Symposium on 
Sustainability Science and Management, Terengganu, Malaysia, pp. 
1292-1297. 

Thammanoon Sreethawong, Suchawadee Chatsiriwatana, Pramoch 
Rangsunvigit, Sumaeth Chavadej (2010). Hydrogen production from 
cassava wastewater using an anaerobic sequencing batch reactor: 
Effects of operational parameters, COD:N ratio, and organic acid 
composition. International Journal of Hydrogen Energy. 35(9), 4092–
4102. 

Torkian, A., Eqbali, A., and Hashemian, S. J. (2003). The effect of organic 
loading rate on the performance of UASB reactor treating 
slaughterhouse effluent. Resources,Conservation and Recycling. 

http://link.springer.com/journal/253
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/article/pii/S0043135410005828
http://www.sciencedirect.com/science/journal/00431354
http://www.sciencedirect.com/science/journal/00431354/45/1


© C
OPYRIG

HT U
PM

 

140 

40(1), 1-11. 

Tremier, A., de Guardia, A., Massiani, C., Paul, E. and Martel, J. L. (2005). A 
respirometric method for characterizing the organic composition and 
biodegradation kinetics and the temperature influence on the 
biodegradation kinetics, for a mixture of sludge and bulking agent to be 
co-composted. Bioresource Technology. 96(2), 169–180. 

Vaishampayan, P., Miyashita, M., Ohnishi, A., Satomi, M., Rooney, A., La Duc, 
M. T., and Venkateswaran, K. (2009). Description of Rummeliibacillus 
stabekisii gen. nov., sp. nov. and reclassification of Bacillus pycnus 
Nakamura et al. 2002 as Rummeliibacillus pycnus comb. nov. 
International Journal of Systematic and Evolutionary Microbiology. 
59(5), 1094-1099. 

Verdier, T., Coutand, M., Bertron, A., and Roques, C. (2014). A review of 
indoor microbial growth across building materials and sampling and 
analysis methods. Building and Environment. 80, 136-149. 

Verma, S., Prasad, B. and Mishra, I. M. (2010). Pre-treatment of petrochemical 
wastewater by coagulation and flocculation and sludge characteristic. 
Journal of Hazardous Material. 178, 1055 -1064. 

Vicente, G., Coteron, A., Martinez, M.  and Aracil, J.. (1998). Application of the 
factorial design of experiments and response surface methodology to 
optimize biodiesel production. Industrial Crops and Products. 8(1), 29-
35. 

Vigneswaran, S., Sundaravadivel, M. and Chaudhary, D. S.  Sequencing batch 
reactors: principles, design/operation and case studies. In water and 
wastewater treatment technologies, Saravanamuthu (Vigi) Vigneswara 
(Ed.). Paris, UNESCO-EOLSS. 

Vijayaraghavan, K., Ahmad, D., and Aziz, M. E. B. A. (2007). Aerobic treatment 
of palm oil mill effluent. Journal of Environmental Management. 82(1), 
24-31. 

Walid Khemakhem, Emna Ammar , Amina Bakhrouf (2005). Effect of 
Environmental Conditions on Hydrophobicity of Marine Bacteria 
Adapted to Textile Effluent Treatment. World Journal of Microbiology 
and Biotechnology. 21(8), 623-631. 

Walker, R. L., and Newman, A. S. (1956). Microbial decomposition of 2, 4- 
dichlorophenoxyacetic acid.  Applied Microbiology. 4(4), 201. 

Walter, J., Tannock, G. W., Tilsala-Timisjarvi, A., Rodtong, S., Loach, D. M., 
Munro, K., and Alatossava, T. (2000). Detection and identification of 
gastrointestinal lactobacillus species by using denaturing gradient gel 
electrophoresis and species-specific PCR primers. Applied and 
Environmental Microbiology. 66(1), 297-303. 

http://www.sciencedirect.com/science/article/pii/S0960852404001737
http://www.sciencedirect.com/science/article/pii/S0960852404001737
http://www.sciencedirect.com/science/article/pii/S0960852404001737
http://www.sciencedirect.com/science/article/pii/S0960852404001737
http://www.sciencedirect.com/science/article/pii/S0960852404001737
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524/96/2
mailto:Emna.Ammar@enis.rnu.tn
http://link.springer.com/journal/11274
http://link.springer.com/journal/11274


© C
OPYRIG

HT U
PM

Page 179 of 192 

 

141 

Wang, J. P., Chen, Y. Z., Ge, X. W., and Yu, H. Q. (2007). Optimization of 
coagulation-flocculation process for a paper-recycling wastewater 
treatment using response surface methodology. Colloids and Surfaces 
A: Physicochemical and Engineering Aspects. 302(1), 204-210. 

Wang, J.,  Mahmood, Q.,  Qiu, J, Li, Y., Chang, Y., Chi, L. and Xu-Dong (2015) 
. Zero discharge performance of an industrial pilot-scale plant treating 
palm oil mill effluent.  Biomed Research International.  Article ID 
617861. 

Wang, Z., Zhang, Z., Lin, Y., Deng N., Tao, T. and Zhuo, K.(2014). Landfill 
leachate treatment by a coagulation –photooxidation process. Journal 
of Hazardous Material. 95, 153 –159. 

Watanabe, K., Nagao, N., Toda, T., and Kurosawa, N. (2009).  The dominant 
bacteria shifted from the order “Lactobacillales” to Bacillales and 
Actinomycetales during a start-up period of large-scale, completely-
mixed composting reactor using plastic bottle flakes as bulking agent. 
World Journal of Microbiology and Biotechnology. 25(5), 803-811. 

WaterChem Pte. Ltd, (2012 ) http://www.water-chem.com.sg/ 

Watson, C. (1993). Wastewater minimization and effluent disposal at a brewery 
MBBA Technical quarterly.  30(4), 114-117. 

Wiggins, D.J. (1987). Effluent Stream Characterization (No.WHC-SP-
0170).Westinghouse Hanford Co., Richland, WA (United States). 

Wood, B. J. (1977). A review on current methods of dealing with palm oil mill 
Effluent Planter. 53, 477-495. 

Wood, B. J., Pillai, K. R., and Rajaratnam, J. A. (1979). Palm oil mill effluent 
disposal on land. Agricultural Wastes. 1(2), 103-127. 

Wood,B.J. (1984). A Review on Current Methods of Dealing with Palm Oil Mill 
Effluent. Kuala Lumpur, Malaysian University Press, pp 19 – 32. 

Wu, T. Y., Mohammad, A. W., Jahim, J. M., and Anuar, N. (2010). Pollution 
control technologies for the treatment of palm oil mill effluent (POME) 
through end-of-pipe processes. Journal of Environmental 
Management. 91(7), 1467-1490. 

Xiao Wu, , Wanying Yao, Jun Zhu (2010). Effect of pH on continuous 
biohydrogen production from liquid swine manure with glucose 
supplement using an anaerobic sequencing batch reactor. International 
Journal of Hydrogen Energy. 35(13), 6592–6599. 

Xuhua Xia , Zheng Xie, Marco Salemi,Lu Chen, Yong Wang (2003). An index 
of substitution saturation and its application. Molecular Phylogenetics 
and Evolution. 26(1),1–7. 

http://www.sciencedirect.com/science/article/pii/S0304389402001164


© C
OPYRIG

HT U
PM

 

142 

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. 59(11), 1575-1581. 

Yacob, S., Hassan, M. A., Shirai, Y., Wakisaka, M., and Subash, S. (2006). 
Baseline study of methane emission from anaerobic ponds of palm oil 
mill effluent treatment. Science of the Total Environment. 366(1), 187-
196. 

Yang, Z., Yuan, B. O., Huang, X., Zhou, J., Cai, J., Yang, H., and Cheng, R. 
(2012). Evaluation of the flocculation performance of carboxymethyl 
chitosan-graft- polyacrylamide, a novel amphoteric chemically bonded 
composite flocculant. Water Research. 46(1), 107-114. 

Yeates, C., Gillings, M. R., Davison, A. D. and Altavilla N. (1998). Methods for 
microbial DNA extraction from soil for PCR amplification. Biological 
Procedures Online. 1(1), 40-47. 

Yejian Zhang, Li Yan, Xiangli Qiao, Lina Chi, Xiangjun Niu, Zhijian Mei, Zhenjia 
Zhang (2008). Integration of biological method and membrane 
technology in treating palm oil mill effluent. Journal of Environmental 
Sciences. 20(5), 558 – 564. 

Yeoh, C. Y., Chin, N. L., and Tan, C. S. (2011). Co-composting of palm oil mill 
wastes. J ournal of Food Agricultural Environment. 9, 880-885. 

Yi Jing Chan, Mei Fong Chong , Chung Lim Law (2010). Biological treatment of 
anaerobically digested palm oil mill effluent (POME) using a lab-scale 
sequencing batch reactor (SBR). Journal of Environmental 
Management. 91(8), 1738–1746. 

Yu. H and Yu.C (2014).Influence off various retting methods on properties of 
kenaf fiber. Journal of Textile Institute. 101(5), 452 – 456. 

Yunus Ahmed, Zahira Yaakob ,Parul Akhtar, Kamaruzzaman Sopian (2015). 
Production of biogas and performance evaluation of existing treatment 
processes in palm oil mill effluent (POME). Renewable and 
Sustainable Energy Reviews. 42, 1260–1278. 

Zahrim, A. Y., Hillery, A.. H., Ysami, I. I., Nasimah, A., Nurmin, B. and Rosalam 
S. (2014). Toward recycling of palm oil mill effluent as a pre-treatment. 
Proceedings of the 3rd International Conference on Recycling and 
Reuse of Materials, 12-13 April, 2014, Kerala, India. 

Zahrim, A. Y., Rachel, F. M., Menaka, S., Su, S. Y., Melvin, F., and Chan, E. S. 
(2009). Decolourisation of anaerobic palm oil mill effluent via activated 
sludge-granular activated carbon. World Applied Science Journal. 5, 
126-129. 

Zawani,  Z , Luqman Chuah A,Fakhrul’ Al-Razi Ahmadun and Khalina Abdan 

http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S100107420862094X
http://www.sciencedirect.com/science/article/pii/S0301479710000939
http://www.sciencedirect.com/science/article/pii/S0301479710000939
http://www.sciencedirect.com/science/article/pii/S0301479710000939
http://www.sciencedirect.com/science/journal/03014797
http://www.sciencedirect.com/science/journal/03014797
http://www.sciencedirect.com/science/journal/03014797/91/8
http://www.sciencedirect.com/science/article/pii/S1364032114008983
http://www.sciencedirect.com/science/article/pii/S1364032114008983
http://www.sciencedirect.com/science/article/pii/S1364032114008983
http://www.sciencedirect.com/science/article/pii/S1364032114008983
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/42/supp/C


© C
OPYRIG

HT U
PM

Page 179 of 192 

 

143 

(2013), Acclimatization Process of Activated Sludge on Wasteawater 
From Kenaf Retting Process in “Development in Sustainable Chemical 
and Bioprocess Technology”. Ravindra, Pogaku, Bono, Awang, Chu, 
Christopher (Eds.), London, Springer. 

Zhang, J., Henriksson, H., Szabo I. J., Henriksson, G. and Johansson, G. 
(2005).The active component in the flux-retting system of zygomycete 
rhizopus oryzae.sb is a family 28 polygalactoronase. Journal Industrial 
Microbial Biotechnology.  32(10), 431-438. 

Zhou, Y., Xing, X. H., Liu, Z., Cui, L., Yu, A., Feng, Q., and Yang, H. (2008). 
Enhanced coagulation of ferric chloride aided by tannic acid for 
phosphorus removal from wastewater. Chemosphere. 72(2), 290-298. 

Zinatizadeh, A. A. L., Mohamed, A. R., Mashitah, M. D., Abdullah, A. Z. and 
Isa, M. H. (2007). Optimization of pre-treated palm oil mill effluent 
digestion in an up-flow anaerobic sludge fixed film bioreactor: A 
comparative study. Biochemical Engineering Journal. 35(2), 226–237.  

 

 

APPENDICES 


	EFFICIENCY OF ORGANO-FLOC AS A NATURAL COAGULANT IN THETREATMENT OF PALM OIL MILL EFFLUENT
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



