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ABSTRACT 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirement for the Degree of Doctor of Philosophy 

 

 

PHYTOREMEDIATION OF PALM OIL MILL SECONDARY EFFLUENT 

BY THE VETIVER SYSTEM 

 

 

By 

 

 

NEGISA DARAJEH 

 

March 2016 

 

 

Chairman  : Professor Azni Idris, PhD 

Faculty    : Engineering 

 

 

Malaysia is the second largest exporter of palm oil after Indonesia. It has contributed 

to environmental pollution due to the production of huge quantities of Palm Oil Mill 

Effluent (POME). Palm Oil Mill Secondary Effluent (POMSE) the product of 

secondary treatment of POME, is facing serious environmental issue due to not set 

compliance of discharge standard. The BOD 20 mg/L level is a difficult target from 

DOE and many mills have not been able to comply with it. To date chemical treatment 

methods are the only successful means in getting BOD to be less than 20 mg/L. The 

biological POME polishing system achieved BOD levels of < 20 mg/L, but it cannot 

be sustained due to biological failure and poor bacterial growth. A phytoremediation 

method (floating Vetiver system) was used to treat POMSE. A batch study using 40L 

treatment tanks was carried out under different conditions and Response Surface 

Methodology (RSM) and Artificial Neural Network (ANN) were applied to optimize 

the treatment process. In this study POMSE concentration, Vetiver plant density and 

time have significant effects on the percentage removal of BOD, COD, TN, Color and 

TSS. An extraordinary decrease in organic matter as measured by BOD and COD 

(96% and 94%respectively) was recorded during the experimental duration of 4 weeks 

using a density of 30 Vetiver plants. The best and lowest final BOD of 2 mg/L was 

obtained when using 15 Vetiver plants after 13 days for low concentration POMSE 

(initial BOD= 50 mg/L). The next best result of BOD at 32 mg/L was obtained when 

using 30 Vetiver plants after 24 days for medium concentration POMSE (initial BOD= 

175 mg/L). The study concluded that the Vetiver system is an effective method of 

polishing and treating POMSE to achieve stringent effluent standard. The comparison 

between RSM and ANN models by scale of Relative Standard Error (RSE) showed 

that ANN is more accurate in measuring treatment efficiency with an RSE of less than 

0.45%, as opposed to 1.80% RSE with RSM. 
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ABSTRAK 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

 

 

RAWATAN SECARA FITOPEMULIHAN BAGI EFLUEN SAWIT 

SEKUNDER MENGGUNAKAN SISTEM VETIVER 

 

 

Oleh 

 

NEGISA DARAJEH 

 

Mac 2016 

 

 

Pengerusi  : Profesor Azni Idris, PhD 

Fakulti    : Kejuruteraan 

 

 

Malaysia adalah negara pengeksport kedua terbesar minyak sawit selepas Indonesia. 

Ia telah menyumbang kepada pencemaran alam sekitar disebabkan oleh pengeluaran 

kuantiti yang besar sisa sawit, Palm Oil Mill Effluent (POME). Palm Oil Mill 

Secondary Effluent (POMSE) adalah hasil rawatan sekunder POME, menghadapi isu 

alam sekitar yang serius disebabkan oleh kegagalan pematuhan piawai pelepasan. 

BOD tahap 20 mg/L adalah sasaran yang sukar dari Jabatan Alam Sekitar dan banyak 

kilang tidak dapat mematuhinya. Setakat ini kaedah rawatan kimia adalah 

satu-satunya cara berjaya mendapat BOD kurang daripada 20 mg/L, tetapi rawatan 

kimia bukanlah mampan. Sistem rawatan biologi mencapai tahap BOD <20 mg/L, 

tetapi ia tidak boleh dikekalkan kerana kegagalan sistem biologi dan pertumbuhan 

bakteria yang perlahan. Satu kaedah Fitopemulihan (sistem Vetiver terapung) telah 

digunakan untuk merawat POMSE. Satu kajian kelompok menggunakan tangki 

rawatan 40L telah dijalankan di bawah keadaan yang berbeza dan Response Surface 

Methodology (RSM) dan Artificial Neural Network (ANN) telah digunakan untuk 

mengoptimumkan proses rawatan. Dalam kajian ini, kepekatan POMSE, kepadatan 

pohon Vetiver dan masa mempunyai kesan yang besar ke atas penyingkiran peratusan 

BOD, COD, TN, Warna dan TSS. Penurunan yang luar biasa bagi bahan organik 

seperti yang diukur oleh BOD dan COD (96% dan 94%) dicatat sepanjang tempoh 

eksperimen 4 minggu menggunakan kepadatan 30 pohon Vetiver. Pencapaian yang 

terbaik dan terendah BOD akhir sebanyak 2 mg/L telah diperolehi apabila 

menggunakan 15 pohon Vetiver selepas 13 hari untuk POMSE kepekatan yang rendah 

(BOD awal = 50 mg/L). Hasil terbaik seterusnya ialah BOD pada 32 mg/L telah 

diperolehi apabila menggunakan 30 pohon Vetiver selepas 24 hari untuk kepekatan 

sederhana POMSE (BOD awal = 175 mg/L). Kajian ini menyimpulkan bahawa sistem 

Vetiver adalah kaedah yang berkesan untuk menggilap dan merawat POMSE untuk 

mencapai piawai efluen yang ketat. Perbandingan antara model RSM dan ANN 

menggunakan skala Relatif Ralat Piawai atau Relative Standard Error (RSE) 

menunjukkan bahawa ANN adalah lebih tepat dalam mengukur keberkesanan rawatan 

dengan RSE kurang daripada 0.45%, berbanding dengan RSM yang memperolehi 

1.80% RSE.  
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        CHAPTER 1 

 

 
1 INTRODUCTION 

 

 

1.1 General Background 

 

Malaysia has the second largest number of palm oil mills in the world after Indonesia. 

This important industry, in addition to producing Palm Oil Mill Effluent (POME), has 

created other major problems in disposing lingo-cellulose biomass such as oil palm 

trunks (OPT), oil palm fronds (OPF), empty fruits bunches (EFB) palm pressed fibre 

(PPF) and palm shells (Abdullah & Sulaiman, 2013). Amongst all wastes produced, 

researchers have concluded that POME is the most difficult waste to handle due to the 

high volume generated (Madaki & Seng, 2013) and difficulties in handling its 

treatment (Rupani et al., 2010). During the processing of POME, more than 70% (by 

weight) of the processed fresh fruit bunches (FFB) usually remains as oil palm wastes 

(Prasertsan & Prasertsan, 1996).  

 

 

In the 1960's, the easiest and cheapest method for disposal of partially treated or raw 

POME was to release it into nearby rivers. Excessive amounts of untreated POME 

deplete oxygen in water bodies and suffocate aquatic life such that many rivers have 

been environmentally destroyed by these discharges. By the 1970's, with the rapid 

expansion of the industry, local waterways could no longer handle the pollution load, 

as the potential oxygen depletion of raw POME is 100 times more than domestic 

sewage; so palm oil processing became synonymous with POME pollution (Madaki 

& Seng, 2013). 

 

 

Although, new techniques and technologies have been developed to find more 

affordable solutions for POME management, palm oil mills are still trying to meet 

higher standards for effluent discharge permitted by the Department of Environment 

(DOE) Malaysia. By 1984, the law on effluent discharge in Malaysia limited the 

Biological Oxygen Demand (BOD) to 100 parts per million (ppm). However, since 

2006, the DOE Malaysia has imposed a stricter requirement of 20 mg/L of BOD in 

the environmentally sensitive region of Sabah and Sarawak for example on the 

Kinabatangan River (Madaki & Seng, 2013). 

 

 

There are more than 430 palm oil mills in Malaysia. The largest crude palm oil (CPO) 

producers in Malaysia are in Sabah and Sarawak states with 124 and 55 mills 

respectively (Wu et al., 2010). Based on the new environmental challenges facing 

palm oil mills, there is an urgent need for the palm oil mills to explore and take 

advantage of the current options and alternatives to improving their environmental 

performance. POME is generally biodegradable and treatment is based on anaerobic, 

aerobic and facultative processes. The processes are basically biochemical in nature 

and depend on the enhanced growth and activities of microorganisms to breakdown 

organic matter into simple end-product gases such as methane (CH4), carbon dioxide 

(CO2) and hydrogen sulfide (H2S) (Thani et al., 1999). Although anaerobic digestion 



© C
OPYRIG

HT U
PM

2 

 

has been accepted as a successful method for POME treatment, this method alone has 

difficulty in meeting the DOE-mandated levels of limited discharge due to the high 

organic impacts of POME. The main problems related to anaerobic treatment are long 

retention time, slow start up (granulating reactors), the production of greenhouse gases 

and the large area required for conventional digesters (Borja et al., 1996; Metcalf, 

2003; Chan et al., 2010). 

 

 

Today, constructed wetlands (CWs) for wastewater treatment represent innovative and 

promising solutions for environmental protection, placing them in the overall context 

of the need for low-cost and sustainable wastewater treatment systems in developing 

countries (Babatunde et al., 2008; Vymazal, 2010b). CWs are engineered wastewater 

treatment systems that consist of aquatic plants which act as bio-filters by providing a 

large filtering surface area (Kadlec & Knight, 1996; Vymazal, 2005; Kumari & 

Tripathi, 2014). CWs have been successfully used to reduce environmental pollution 

by removing a wide range of pollutants from wastewater such as organic compounds, 

suspended solids, pathogens, metals, and nutrients (Haberl et al., 1995; Kadlec & 

Wallace, 2008; Gikas et al., 2013; Ranieri et al., 2013), as well as pharmaceutical and 

personal care product chemicals (Matamoros & Bayona, 2006; Ranieri et al., 2011; 

Zhang et al., 2014a).  

 

 

In the past several decades, CWs have become a popular choice for wastewater 

treatment and have been recognized as attractive alternatives to conventional 

wastewater treatment methods. This is due to their high pollutant removal efficiency, 

easy operation and maintenance, low energy requirements, high rates of water 

recycling, and potential for providing significant wildlife habitat rehabilitation 

(Tanner et al., 2002; Kadlec & Wallace, 2008; Vymazal, 2010b). In terms of 

performance efficiency, most developing countries have warm tropical and 

subtropical climates, and it is generally accepted that CWs are more suitable for 

wastewater treatment in tropical regions than in temperate ones (Denny, 1997; Kivaisi, 

2001). Wetlands in the tropics, which are exposed to higher temperatures and more 

direct sunlight throughout the year, have higher year-round plant productivity and a 

concomitant decrease in the time necessary for microbial biodegradation. This in turn 

results in more efficient treatment of pollutants (Zhang et al., 2012). One of the 

phytoremediation methods for wastewater treatment is Floating Treatment Wetlands 

(FTWs) which is a novel treatment concept that employs rooted, emergent 

macrophytes (such as: Vetiver, Water Hyacinth, Typha, etc.) growing on floating 

platforms rather than rooted in the sediments (Fonder & Headley, 2011; Tanner & 

Headley, 2011). One of the main advantages of FTWs over conventional sediment-

rooted wetlands is their ability to cope with variable water depth (Kerr‐Upal et al., 

2000). In FTW, the plant roots are not in contact with the benthic sediments or soil 

and can access nutrients contained within the floating platforms and in the water 

column (Kadlec & Wallace, 2008). This is in contrast to a sediment-bound wetland, 

where the plant roots obtain nutrients from the underlying soil. Beneath the floating 

platforms, a network of roots, rhizomes, and the hanging root biofilm provides a 

biologically active surface area for the biochemical transformation of contaminants 

and physical processes such as filtering and entrapment of particulates (Kyambadde 

et al., 2004; Li et al., 2009).  
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Application of Vetiver grass (Chrysopogon zizanioides L.), which belongs to the 

Gramineae family, for wastewater treatment is a new and innovative phytoremedial 

method. It is at the heart of a green and environmental friendly wastewater treatment 

system as well as being used in a natural recycling method. Vetiver can be used to 

treat industrial and domestic wastewater due to its exceptional absorption ability and 

its capacity to tolerate excessive levels of nutrients (Wagner et al., 2003; Truong, 

2008). In the treatment process, the Vetiver plant absorbs essential plant nutrients such 

as nitrogen (N), phosphorus (P) and cationic elements, and converts them to biomass 

that has other uses. The biomass provides high quality and nutritious animal feed, 

mulching material for gardens, roof thatching material, handicraft fibres (to make 

ropes, mats, hats, baskets), raw material for making pulp, paper and organic matter 

amendments used in organic farming (Smeal et al., 2003). Recently its use has been 

extended to include biofuel production and carbon sequestration (Pinners, 2014). Due 

to its extraordinary and unique morphological and physiological attributes, Vetiver 

grass has been used as a phytoremediation method to treat both liquid and solid wastes 

globally. One of the most prominent and outstanding Vetiver grass applications is the 

treatment of contaminated wastewater that has gained international recognition and 

received awards such as the American Academy of Environmental Engineering 

Award in 2012. 

 

 

Conventional optimization methods are “one-factor-at-a-time” techniques. This 

approach often fails to identify the variables that give rise to the optimum response 

because the effects of factor interactions are not taken into account in such procedures 

(Deepak et al., 2008). Response surface methodology (RSM) is an analytical tool used 

to establish the optimum conditions for a multi-variable structure and has been useful 

for optimizing wastewater treatment protocols. In last two decades, artificial neural 

network (ANN) techniques have been applied as one of the appropriate methods for 

empirical modeling and optimization in wastewater treatment optimization studies. 

Use of advanced statistical methods such as RSM and ANN provide an alternative 

methodology for optimizing a particular process by considering the interactions 

among the factors to give an estimate of the combined effect of these factors on a 

response.  

 

 

1.2 Problem Statement 

 

There are currently about 430 palm oil mills in Malaysia that produce about 18.9 

million tonnes of crude palm oil (CPO) obtained from 92.9 million tonnes of fresh 

fruit bunches (FFB), with the assumption that the ratio of FFB processed to POME 

generated is 1:1.5 the total POME generated was about 139.35 million tonnes 

(Noorshamsiana et al., 2013). POME has been identified as one of the main sources 

of water pollution in Malaysia due to the resulting high biochemical oxygen demand 

(BOD) and chemical oxygen demand (COD). Palm oil mill secondary effluent 

(POMSE), the product of secondary treatment of POME, is facing serious 

environmental issue due to not set compliance of discharge standard. POMSE is 

characterized by its thick, brownish color, higher pH (7 to 9 pH), but has a lower BOD 

and COD effluent as compared to POME. Although the industry claims that POMSE 

is properly treated with the pond system, open tank digesters and extended aeration 

systems, this conventional system has often been found to exceed the standard 
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discharge limit set by Department of Environment (DOE) Malaysia as defined in the 

1974 Environment Quality Act (EQA). Although the law regulating discharge limits 

has been implemented by government, some studies such as those done by Shahrifun 

et al. (2014), Fadzil et al. (2013) and Siew (2006) have showed that COD and BOD 

of POMSE is higher than the permitted legal levels.  

 

 

Today phytoremediation as a green method is one of the main environmentally 

friendly methods that scientists currently use in research on wastewater treatment 

methods. Phytoremediation directly uses green plants to clean up contaminated water, 

soils, or sediments. Phytoremediation especially using Vetiver plant is an emerging, 

cost effective, aesthetically pleasing, low cost and suitable solution for many 

environmental problems across the world (Macek et al., 2004; Truong et al., 2010; 

Paz-Alberto & Sigua, 2013). The World Bank first used Vetiver grass for soil and 

water conservation purposes in India in the 1980s. But since that time, Vetiver’s role 

has been successfully extended to waste water treatment and environmental 

protection, due to its unique morphological and physiological characteristics and 

tolerance to adverse conditions (Truong, 2003a). 

 

 

Environmental quality regulations beginning in 1997 as enforced by the DOE 

regarding the discharge of effluent from the palm oil industry require all palm oil by-

products be effectively managed in order to treat and dispose of these by-products thus 

enhancing environmental conservation and increasing the quality of river water. In 

particular since 2006 in the environmentally sensitive regions of Sabah and Sarawak, 

the DOE has imposed a stricter requirement of BOD < 20 mg/L. The BOD 20 mg/L 

level is a difficult target and many mills have not been able to comply with it. To date 

chemical treatment methods are the only successful means in getting BOD to be less 

than 20 mg/L. The biological POME polishing system achieved BOD levels of < 20 

mg/L, but it cannot be sustained due to biological failure and poor bacterial growth.  

 

 

COD fractionation has been widely used to show high levels of biodegradable and 

non-biodegradable content in wastewater and making tertiary treatment very difficult. 

A recent study was conducted by Mohed (2015) on COD fractionation to determine 

the biodegradable and non-biodegradable fractions in POME taken from the effluent 

of facultative pond 1 (FP1) and facultative pond 3 (FP3) (last pond) and the results are 

shown in Table 1.1.  
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Table 1.1  COD Fractionation of FP1 and FP3 POME  

Source: (Mohed, 2015) 

 

Influent 
COD total 

(mg/L) 

COD Fractionation (mg/L) 

Ss (%) Xs (%) SI (%) XI (%) 

FP1 POME 3930 668 (17) 472 (12) 943 (24) 1847 (47) 

FP3 POME 2350 75 (3.2) 536 (22.8) 917 (39) 822 (35) 

 

Readily biodegradable (Ss); Slowly biodegradable (Xs); Soluble non biodegradable 

(Si); Particulate non biodegradable (Xi). 

 

 

The results show that FP1 contains a high concentration of readily biodegradable 

material (Ss) at 17% of the total COD, contrary to FP3 (last pond) which contains a 

low concentration of Ss at 3.2% of total COD. Meanwhile, the concentration of slowly 

biodegradable material (Xs) in FP3 is estimated at 22.8% of the total COD, which is 

higher than FP1 at 12% of the total COD. However, some of the Xs may actually be 

soluble in Ss (Guisasola, 2005). On the other hand, the non-biodegradable fraction (Si 

plus Xi) contained in FP1 and FP3 is almost the same with 71% and 74% from total 

COD, respectively. The biodegradable fraction in FP1 and FP3 (Ss plus Xs) were 

recorded below 50% of total COD, contrary to study by Salmiati et al. (2010) which 

reported more than 50% of total COD. This difference could be due to type of POME 

used in their studies. While COD fractionation in the Mohed (2015) study was done 

on POME from the final facultative pond, Salmiati et al. (2010) used fermented POME 

collected from the anaerobic tank. Both FP1 and FP3 contain a high concentration of 

particulate non-biodegradable material (Xi) with 47% and 35%, respectively. 

According to these results more than 70% of POME in pond 3 is non-biodegradable 

and 33 % is slowly biodegradable. This means that POME after pond 3 cannot be 

treated by stimulating bacterial activity alone, as this requires a much too long 

retention time. Consequently, there is an important need for a low cost and 

environmentally green solution for the final pond POMSE treatment. The central 

hypothesis of this research is that the use of the innovative Vetiver System, a green 

and environmentally friendly treatment method provides a suitable solution for POME 

treatment and polishing. 

 

 

1.3 Limitations of the current POMSE treatment methods 

 

The above data shows that POMSE generated from palm oil mills contains high 

concentration of organic pollutants, which must be reduced to an acceptable level 

before being discharged to the surrounding environment. Studies by Zinatizadeh et al. 

(2006), Poh and Chong (2009) and Choi et al. (2013) demonstrated the success of an 

anaerobic process to treat POME, therefore, most mills employ this treatment method 

to treat their wastewater at the primary stage. However for the tertiary or polishing 

stage, the mills as well as wastewater technology providers are still looking for the 

best treatment for POME and POMSE. Some of the approaches that have been studied 

for tertiary treatment of POME are ultra-filtration (Wu et al., 2007), using biological 

aerated filters (BAF) (Cheng et al., 2010), adsorption (Shavandi et al., 2012) and a 

membrane bioreactor process (MBR) (Damayanti et al., 2011). Although all these 
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methods show positive results for POME treatment, they still have drawbacks that 

need to be addressed. Membrane fouling/scaling, frequent filter back washing, and 

high capital cost are the main problems with the membrane filtration process 

(Cartwright, 1991). For BAF and MBR, the long hydraulic retention time is the major 

problem for these treatment processes.  

 

 

According to published results, Vetiver appears to be a more effective, 

environmentally friendly method of polishing and treating POMSE for pollutants with 

moderate to low BOD, COD and Total Nitrogen (TN) than other methods currently 

being used. In addition varying Vetiver planting density may have a significant impact 

on nutrient removal efficiency and aeration that improves the removal efficiency of 

pollutants in POMSE. 

 

 

1.4 Objectives of Research 

 

The overall goal of this study is to evaluate the removal of organic and inorganic 

components of Palm Oil Mill Secondary Effluent using Vetiver grass in order to 

permit compliance with the latest DOE regulation for POME discharge that has BOD 

levels lower than 20 mg/L. 

 

 

The specific objectives are to: 

 

1- To evaluate Vetiver grass with respect to its ability to reduce Biological Oxygen 

Demand (BOD), Chemical Oxygen Demand (COD), Total Nitrogen (TN), Total 

suspended solids (TSS) and Color from Palm Oil Mill Secondary Effluent; in 

aerobic condition. 

 

2- To study the effects of POMSE concentration, Vetiver plant density and retention 

time on the treatment of Palm Oil Mill Secondary Effluent; and 

 

3- To apply and compare two advanced statistical models (RSM and ANN) used to 

study the variables that could optimize treatment conditions for Palm Oil Mill 

Secondary Effluent. 

 

 

1.5 Scope of Research 

 

The research presented in this study focus on Vetiver grass (Chrysopogon zizanioides) 

due to the fact Vetiver is a non-invasive plant species. Invasiveness of plants such as: 

cattails (Typha latifolia) and common reeds (Phragmites spp.) is aggressive and 

quickly permits these species to inhabit disturbed areas, ultimately reducing diversity 

and productivity of wetland systems.  

 

 

One of the main advantages of using floating wetlands as a phytoremediation method 

is the simplicity of its implementation. No highly delineated design is needed for these 

wetlands. The floating plants facilitate the uptake of nutrients and pollutants 
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irrespective of the water depth or area shape, implying that existing ponds at palm oil 

mills can be used directly without the need to build costly new wetlands. 

 

 

Previous studies such as those done by Zhang et al. (2010), Dong et al. (2012), Kumari 

and Tripathi (2014), Jones Jr (2014) and Wu et al. (2014) reported that the poor oxygen 

transfer rates in constructed wetlands often restrict treatment efficiency. They also 

suggest that the use of artificial aeration can overcome oxygen limitations to meet 

advanced treatment standards. This research therefore studies the effect of aeration on 

Vetiver grass pollutant removal ability for treatment of POMSE. Based on previous 

research results and recommendations, different POMSE concentrations, plant 

densities and retention times were investigated. 

 

 

Preliminary treatment studied the survival of Vetiver when grown on the POMSE. 

Once proven that Vetiver does indeed survive when grown on POMSE, the Vetiver 

growth potential under various aerobic conditions and its pollutant removal capacity 

were tested using different concentrations of POMSE and different Vetiver densities 

and treatment times. 

 
 

Statistical procedures were used in this research to provide an alternative methodology 

to optimize a particular process by considering mutual interactions among the 

variables and give an estimate of the combined effect of these variables on final 

results. Response surface methodology (RSM) is one such statistical technique, based 

on the fundamental principles of statistics, randomization, replication and duplication, 

which simplifies the optimization process by studying the mutual interactions among 

the variables over a range of values in a statistically valid manner. The use of artificial 

neural networks (ANNs) in the modeling of complex systems that have nonlinear 

characteristics is a popular tool for modeling of biological processes. Up till now, no 

attempt has ever been made to test models of Vetiver grass on floating wetlands 

treatment of POMSE. 

 

 

In this research, Vetiver grass was chosen for POMSE treatment because of its 

exceptional high absorption and tolerance characteristics with respect to excessive 

levels of pollutants. The pollutant removal capability of Vetiver was tested for COD, 

BOD, TN, TSS and color. The RSM results were then compared with those produced 

using ANN modeling methodology. The principle output of the present study is to 

scientifically demonstrate the positive value of using Vetiver as a phytoremediation 

method for POMSE treatment. 

 

 

1.6 Thesis Layout 

 

This thesis includes 5 chapters as listed below. 

 

i. Introduction to the subject matter, problems, importance, validity of this 

work and the research objectives are indicated.  

ii. Review of the literature related to POME treatment, phytoremediation, 
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treatment of various types of wastewater using wetland methodology, and 

Vetiver grass history. Recent articles published in related fields are reviewed 

for comparison purposes. 

iii. The methodology used for compound detection and a description of all 

analytic materials used is provided.  

iv. Results obtained in the study are presented and discussed with respect to 

aeration effects, Vetiver plant densities, and POMSE concentrations as they 

relate to pollutant removal.  

v. Research conclusions and recommendations for further research are 

provided. 



© C
OPYRIG

HT U
PM

165 

 

REFERENCES 

 

 

Abbasi, T., & Abbasi, S. (2010). Biomass energy and the environmental impacts 

associated with its production and utilization. Renewable and Sustainable 

Energy Reviews, 14(3), 919-937.  

 

Abdollahi, Y., Zakaria, A., Abbasiyannejad, M., Masoumi, H. R. F., Moghaddam, M. 

G., Matori, K. A., . . . Keshavarzi, A. (2013). Artificial neural network 

modeling of p-cresol photodegradation. Chem Cent J, 7, 96.  

 

Abdullah, N., & Sulaiman, F. (2013). The oil palm wastes in Malaysia. Chapter, 3, 

75-100.  

 

Abdullah, S. (2008). Tertiary treatment of palm oil mill effluent (POME) using 

hydrogen peroxide photolysis method. Universiti Teknologi Malaysia, Faculty 

of Civil Engineering.    

 

Aber, S., Amani-Ghadim, A., & Mirzajani, V. (2009). Removal of Cr (VI) from 

polluted solutions by electrocoagulation: Modeling of experimental results 

using artificial neural network. Journal of hazardous materials, 171(1), 484-

490.  

 

Abou-Elela, S. I., & Hellal, M. S. (2012). Municipal wastewater treatment using 

vertical flow constructed wetlands planted with Canna, Phragmites and 

Cyprus. Ecological Engineering, 47, 209-213.  

 

Achanta, A. S., Kowalski, J. G., & C.T., R. (1995). Artificial neural networks: 

implications for pharmaceutical sciences. Drug development and industrial 

pharmacy, 21, 119–155.  

 

Acharya, C., Mohanty, S., Sukla, L. B., & Misra, V. N. (2006). Prediction of sulphur 

removal with Acidithiobacillus sp. using artificial neural networks. Ecological 

Modeling, 190, 223–230.  

 

Adams, R., TURUSPEKOV, M. Z. Y., DAFFORN, M., & VELDKAMP‘H, F. (1998). 

DNA fingerprinting reveals clonal nature of Vetiveria. Molecular Ecology, 7, 

813-818.  

 

Adams, R. P., & Dafforn, M. (1997). DNA fingerprints (RAPDs) of the pantropical 

grass vetiver, Vetiveria zizanioides (L.) Nash (Gramineae), reveal a single 

clone,“Sunshine”, is widely utilized for erosion control. Vetiver Newsletter, 

18, 27-33.  

 

Agamuthu, P. (1995). Palm oil mill effluent—treatment and utilization. Waste 

Treatment Plant. Narosa Publishing House, New Delhi, 338-360.  

 

Agatonovic-Kustrin, S., & Beresford, R. (2000a). Basic concepts of artificial neural 

network (ANN) modeling and its application in pharmaceutical research. 

Journal of pharmaceutical and biomedical analysis, 22, 717–727.  



© C
OPYRIG

HT U
PM

166 

 

Agatonovic-Kustrin, S., & Beresford, R. (2000b). Basic concepts of artificial neural 

network (ANN) modeling and its application in pharmaceutical research. 

Journal of pharmaceutical and biomedical analysis, 22(5), 717-727.  

 

Ahmad, A., Chong, M., Bhatia, S., & Ismail, S. (2006). Drinking water reclamation 

from palm oil mill effluent (POME) using membrane technology. 

Desalination, 191(1), 35-44.  

 

Ahmad, A., Ismail, S., & Bhatia, S. (2003). Water recycling from palm oil mill effluent 

(POME) using membrane technology. Desalination, 157(1), 87-95.  

 

Ahmed, F. (2005). Artificial neural networks for diagnosis and survival prediction in 

colon cancer. Molecular Cancer, 4(1), 29.  

 

Ahmed, S., Popov, V., & Trevedi, R. C. (2008). Constructed wetland as tertiary 

treatment for municipal wastewater. Proceedings of the ICE-Waste and 

Resource Management, 161(2), 77-84.  

 

Akratos, C. S., & Tsihrintzis, V. A. (2007). Effect of temperature, HRT, vegetation 

and porous media on removal efficiency of pilot-scale horizontal subsurface 

flow constructed wetlands. Ecological Engineering, 29(2), 173-191.  

 

Ali, I., Asim, M., & Khan, T. A. (2012). Low cost adsorbents for the removal of 

organic pollutants from wastewater. Journal of Environmental Management, 

113, 170-183.  

 

Alkhatib, M., Mamun, A. A., & Akbar, I. (2015). Application of response surface 

methodology (RSM) for optimization of color removal from POME by 

granular activated carbon. International Journal of Environmental Science and 

Technology, 12(4), 1295-1302.  

 

Anderson, M. J., & Whitcomb, P. J. (2005). RSM simplified: optimizing processes 

using response surface methods for design of experiments: Productivity press. 

 

Anjum, N. A., Pereira, M. E., Ahmad, I., Duarte, A. C., Umar, S., & Khan, N. A. 

(2012). Phytotechnologies: Remediation of environmental contaminants: CRC 

Press. 

 

Aris, A., Ooi, B. S., Kon, S. K., & Ujang, Z. (2008). Tertiary treatment palm oil mill 

effluent using fenton oxidation. Malaysian Journal of Civil Engineering, 

20(1), 12-25.  

 

Ash, R., & Truong, P. (2004). The use of vetiver grass for sewerage treatment. Paper 

presented at the Risk Assessment and triple bottom line, Cairns, Australia. 

 

Ávila, C., Salas, J. J., Martin, I., Aragón, C., & García, J. (2013). Integrated treatment 

of combined sewer wastewater and stormwater in a hybrid constructed wetland 

system in southern Spain and its further reuse. Ecological Engineering, 50, 13-

20.  



© C
OPYRIG

HT U
PM

167 

 

Babatunde, A., Zhao, Y., O'neill, M., & O'Sullivan, B. (2008). Constructed wetlands 

for environmental pollution control: a review of developments, research and 

practice in Ireland. Environment International, 34(1), 116-126.  

 

Babu, R. R., Bhadrinarayana, N., Begum, K. M. S., & Anantharaman, N. (2007). 

Treatment of tannery wastewater by electrocoagulation. Journal of the 

University of Chemical technology and metallurgy, 42(2), 201-206.  

 

Barr, G. (2010). Chemical and physical polishing of POME treatment. Paper presented 

at the Seminar & Workshop on Palm Oil Mill Effluent Tertiary Treatment 

Technologies (POMET3), Kota Kinabalu, Sabah, Malaysia. 

 

Bas, D., & Boyaci, I. H. (2007). Modeling and optimization II: comparison of 

estimation capabilities of response surface methodology with artificial neural 

networks in a biochemical reaction. Journal of Food Engineering, 78(3), 846-

854.  

 

Bas, D., & Boyacı, I. H. (2007). Modeling and optimization I: Usability of response 

surface methodology. Journal of Food Engineering, 78, 836–845.  

 

Basheer, I. A., & Hajmeer, M. (2000). Artificial Neural Networks: Fundamentals, 

Computing, Design, and Application. Journal of Microbiological Methods, 43, 

3–31.  

 

Basri, M., Rahman, R. N. Z. R. A., Ebrahimpour, A., Salleh, A. B., Gunawan, E. R., 

Basyaruddin, M., & Rahman, A. (2007). Comparison of estimation capabilities 

of response surface methodology (RSM) with artificial neural network (ANN) 

in lipase-catalyzed synthesis of palm-based wax ester. BMC Biotechnology, 7, 

53.  

 

Bastian, R. (1993). Constructed Wetlands for wastewater Treatment and Wildlife 

Habitat. 17 Case Studies. United States Environmental Protection Agency. 

Retrieved from  

 

Beg, Q., Sahai, V., & Gupta, R. (2003). Statistical media optimization and alkaline 

protease production from Bacillus mojavensis in bioreactor. Process 

Biochemistry, 39, 203–209.  

 

Bezerra, M. A., Santelli, R. E., Oliveira, E. P., Villar, L. S., & Escaleira, L. A. (2008a). 

Response surface methodology (RSM) as a tool for optimization in analytical 

chemistry. Talanta, 76(5), 965-977.  

 

Bezerra, M. A., Santelli, R. E., Oliveira, E. P., Villar, L. S., & Escaleiraa, L. A. 

(2008b). Response surface methodology (RSM) as a tool for optimization in 

analytical chemistry. Talanta, 76, 965–977.  

 

Bhatia, S., Othman, Z., & Ahmad, A. L. (2007). Pretreatment of palm oil mill effluent 

(POME) using< i> Moringa oleifera</i> seeds as natural coagulant. Journal of 

hazardous materials, 145(1), 120-126.  



© C
OPYRIG

HT U
PM

168 

 

Boisvert, J.-P., To, T. C., Berrak, A., & Jolicoeur, C. (1997). Phosphate adsorption in 

flocculation processes of aluminium sulphate and poly-aluminium-silicate-

sulphate. Water Research, 31(8), 1939-1946.  

 

Boonsong, K., & Chansiri, M. (2008). Domestic Wastewater Treatment using Vetiver 

Grass Cultivated with Floating Platform Technique. Assumption University 

Journal Thailand, 12(2), 73-80.  

 

Borja, R., Banks, C. J., & Sánchez, E. (1996). Anaerobic treatment of palm oil mill 

effluent in a two-stage up-flow anaerobic sludge blanket (UASB) system. 

Journal of Biotechnology, 45(2), 125-135.  

 

Bourquin, J., Schmidli, H., Hoogevest, P., & Leuenberger, H. (1997a). Application of 

artificial neural networks (ANNs) in the development of solid dosage. 

Pharmaceutical Development and Technology, 2, 111–121.  

 

Bourquin, J., Schmidli, H., van Hoogevest, P., & Leuenberger, H. (1997b). 

Application of artificial neural networks (ANN) in the development of solid 

dosage forms. Pharmaceutical development and technology, 2(2), 111-121.  

 

Box, G. E., & Hunter, J. S. (1957). Multiple experimental designs for exploring 

response surfaces. Annals of Mathematical Statistics, 28, 195-241.  

 

Brix, H. (1994). Functions of macrophytes in constructed wetlands. Water Science and 

Technology, 29(4), 71-78.  

 

Cartwright, P. (1991). Zero discharge/water reuse—The opportunities for membrane 

technologies in pollution control. Desalination, 83(1), 225-241.  

 

Cedergreen, N., & Madsen, T. V. (2002). Nitrogen uptake by the floating macrophyte 

Lemna minor. New Phytologist, 155(2), 285-292.  

 

Chan, Y. J., Chong, M. F., & Law, C. L. (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.  

 

Chan, Y. J., Chong, M. F., Law, C. L., & Hassell, D. (2009). A review on anaerobic–

aerobic treatment of industrial and municipal wastewater. Chemical 

Engineering Journal, 155(1), 1-18.  

 

Chaney, R. L., Angle, J. S., Broadhurst, C. L., Peters, C. A., Tappero, R. V., & Sparks, 

D. L. (2007). Improved understanding of hyperaccumulation yields 

commercial phytoextraction and phytomining technologies. Journal of 

Environmental Quality, 36(5), 1429-1443.  

 

Chang, N.-B., Wanielista, M. P., Xuan, Z., & Marimon, Z. A. (2014). Floating 

Treatment Wetlands for Nutrient Removal in a Subtropical Stormwater Wet 

Detention Pond with a Fountain (Vol. 26, pp. 437-467). 



© C
OPYRIG

HT U
PM

169 

 

Chen, T., Kao, C., Yeh, T., Chien, H., & Chao, A. (2006). Application of a constructed 

wetland for industrial wastewater treatment: A pilot-scale study. 

Chemosphere, 64(3), 497-502.  

 

Chen, Z., Chen, B., Zhou, J., Li, Z., Zhou, Y., Xi, X., . . . Chen, G. (2008). A vertical 

subsurface-flow constructed wetland in Beijing. Communications in Nonlinear 

Science and Numerical Simulation, 13(9), 1986-1997.  

 

Cheng, J., Li, Q., & Xiao, R. (2008). A new artificial neural network-based response 

surface method for structural reliability analysis. Probabilistic Engineering 

Mechanics, 23(1), 51-63.  

 

Cheng, J., Zhu, X., Ni, J., & Borthwick, A. (2010). Palm oil mill effluent treatment 

using a two-stage microbial fuel cells system integrated with immobilized 

biological aerated filters. Bioresource Technology, 101(8), 2729-2734.  

 

Choi, W.-H., Shin, C.-H., Son, S.-M., Ghorpade, P. A., Kim, J.-J., & Park, J.-Y. 

(2013). Anaerobic treatment of palm oil mill effluent using combined high-

rate anaerobic reactors. Bioresource Technology, 141, 138-144.  

 

Chomchalow, N., & Chapman, K. (2003). Other uses and utilization of vetiver. Pro. 

ICV3, Guangzhou, China.  

 

Chong, M. T. (2010). Bio-chem POME tertiary treatment system. Paper presented at 

the Seminar & Workshop on Palm Oil Mill Effluent Tertiary Treatment 

Technologies (POMET3), Kota Kinabalu, Sabah, Malaysia.  

 

Christodoulou, C., & Georgiopoulos, M. (2000). Applications of neural networks in 

electromagnetics: Artech House, Inc. Norwood, MA, USA. 

 

Chukwunonso, O. I., Fauziah, S., & Redzwan, G. (2014). The Utilization of Water 

Hyacinth (Eichhorniacrassipes) as Aquatic Macrophage Treatment System 

(AMATS) in Phytoremediation for Palm Oil Mill Effluent (POME). 

International Journal of Sciences: Basic and Applied Research (IJSBAR), 13, 

31-47.  

 

CPC-X Software. (2004). www.statease.com.  

 

Cybenko, G. (1989). Continuous Value Neural Networks with Two Hidden Layers 

Are Sufficient. Mathematic, Control, Signal & System 2, 303-314.  

 

Damayanti, A., Ujang, Z., & Salim, M. (2011). The influenced of PAC, zeolite, and 

Moringa oleifera as biofouling reducer (BFR) on hybrid membrane bioreactor 

of palm oil mill effluent (POME). Bioresource Technology, 102(6), 4341-

4346.  

 

Daud, Z., Latiff, A., Aziz, A., Adila, N., & Awang, H. (2013). Treatment of Palm Oil 

Mill Effluent by Electrocoagulation with Aluminium Electrodes. Australian 

Journal of Basic & Applied Sciences, 7(2).  

http://www.statease.com/


© C
OPYRIG

HT U
PM

170 

 

Deepak, V., Kalishwaralal, K., Ramkumarpandian, S., Babu, S. V., Senthilkumar, S., 

& Sangiliyandi, G. (2008). Optimization of media composition for Nattokinase 

production by Bacillus subtilis using response surface methodology. 

Bioresource Technology, 99(17), 8170-8174.  

 

Delmail, D., Labrousse, P., Hourdin, P., Larcher, L., Moesch, C., & Botineau, M. 

(2013). Micropropagation of Myriophyllum alterniflorum (Haloragaceae) for 

stream rehabilitation: first in vitro culture and reintroduction assays of a heavy-

metal hyperaccumulator immersed macrophyte. International journal of 

phytoremediation, 15(7), 647-662.  

 

Denny, P. (1997). Implementation of constructed wetlands in developing countries. 

Water Science and Technology, 35(5), 27-34.  

 

Dhir, B. (2013). Phytoremediation: Role of Aquatic Plants in Environmental Clean-

up: Springer. 

 

Doble, M., & Kumar, A. (2005). Biotreatment of industrial effluents: Butterworth-

Heinemann. 

 

Dong, H., Qiang, Z., Li, T., Jin, H., & Chen, W. (2012). Effect of artificial aeration on 

the performance of vertical-flow constructed wetland treating heavily polluted 

river water. Journal of Environmental Sciences, 24(4), 596-601.  

 

Doty, S. L., James, C. A., Moore, A. L., Vajzovic, A., Singleton, G. L., Ma, C., . . . 

Park, J. Y. (2007). Enhanced phytoremediation of volatile environmental 

pollutants with transgenic trees. Proceedings of the National Academy of 

Sciences, 104(43), 16816-16821.  

 

Drizo, A., Frost, C., Smith, K., & Grace, J. (1997). Phosphate and ammonium removal 

by constructed wetlands with horizontal subsurface flow, using shale as a 

substrate. Water Science and Technology, 35(5), 95-102.  

 

Edelstein, M., Plaut, Z., Dudai, N., & Ben-Hur, M. (2009). Vetiver (Vetiveria 

zizanioides) responses to fertilization and salinity under irrigation conditions. 

Journal of Environmental Management, 91(1), 215-221.  

 

Engelhardt, K. A., & Ritchie, M. E. (2002). The effect of aquatic plant species richness 

on wetland ecosystem processes. Ecology, 83(10), 2911-2924.  

 

Fadzil, N. A. M., Zainal, Z., & Abdullah, A. H. (2013). COD removal for palm oil 

mill secondary effluent by using UV/ferrioxalate/TiO 2/O 3 system. Int J 

Emerg Technol Adv Eng, 3, 237-243.  

 

Fahlman, S. E. (1988). Faster-learning variations on back propagation: an empirical 

study. In: Proceedings of the 1988 Connectionist Models Summer School.  

 

Fang, Y. Y., Babourina, O., Rengel, Z., Yang, X. E., & Pu, P. M. (2007). Ammonium 

and nitrate uptake by the floating plant Landoltia punctata. Annals of botany, 

99(2), 365-370.  



© C
OPYRIG

HT U
PM

171 

 

Fard Masoumi, H. R., Basri, M., Kassim, A., Abdullah, D. K., Abdollahi, Y., Gani, S. 

S. A., & Rezaee, M. (2014). Optimization of process parameters for lipase-

catalyzed synthesis of esteramines-based esterquats using wavelet neural 

network (WNN) in 2-liter bioreactor. Journal of Industrial and Engineering 

Chemistry, 20(4), 1973-1976.  

 

Fard Masoumi, H. R., Basri, M., Kassim, A., Kuang Abdullah, D., Abdollahi, Y., Abd 

Gani, S. S., & Rezaee, M. (2013). Statistical optimization of process 

parameters for lipase-catalyzed synthesis of triethanolamine-based esterquats 

using response surface methodology in 2-Liter bioreactor. The Scientific World 

Journal, 2013, 1-9.  

 

Farraji, H. (2014). Wastewater Treatment by Phytoremediation Methods. Wastewater 

Engineering: Advanced Wastewater Treatment Systems, 194.  

 

Faulwetter, J., Burr, M., Cunningham, A., Stewart, F., Camper, A., & Stein, O. (2011). 

Floating treatment wetlands for domestic wastewater treatment. Water Science 

and Technology, 64(10), 2089-2095.  

 

Fonder, N., & Headley, T. (2011). Systematic classification, nomenclature and 

reporting for constructed treatment wetlands Water and nutrient management 

in natural and constructed wetlands (pp. 191-219): Springer. 

 

Freeman, J. A., & Skappura, D. M. (1991). Neural Networks Algorithms, Applications 

and Programming Techniques. Addison-Wesley, Houston, 12– 105.  

 

Garbett, P. (2005). An investigation into the application of floating reed bed and barley 

straw techniques for the remediation of eutrophic waters. Water and 

Environment Journal, 19(3), 174-180.  

 

Ghaffari, A., Abdollahi, H., Khoshayand, M., Bozchalooi, I. S., Dadgar, A., & Rafiee-

Tehrani, M. (2006). Performance comparison of neural network training 

algorithms in modeling of bimodal drug delivery. International journal of 

pharmaceutics, 327(1), 126-138.  

 

Gikas, G. D., & Tsihrintzis, V. A. (2012). A small-size vertical flow constructed 

wetland for on-site treatment of household wastewater. Ecological 

Engineering, 44, 337-343.  

 

Gikas, P., Ranieri, E., & Tchobanoglous, G. (2013). Removal of iron, chromium and 

lead from waste water by horizontal subsurface flow constructed wetlands. 

Journal of Chemical Technology and Biotechnology, 88(10), 1906-1912.  

 

Giles, A., Aldrich, C., & Van, J. (1996). Modelling of rare earth solvent extraction 

with artificial neural nets. Hydrometallurgy, 43, 241–255.  

 

Gilmour, S. G. (2006). Response surface designs for experiments in bioprocessing. 

Biometrics, 62(2), 323-331.  



© C
OPYRIG

HT U
PM

172 

 

Gray, S., Kinross, J., Read, P., & Marland, A. (2000). The nutrient assimilative 

capacity of maerl as a substrate in constructed wetland systems for waste 

treatment. Water Research, 34(8), 2183-2190.  

 

Gücker, B., & Pusch, M. T. (2006). Regulation of nutrient uptake in eutrophic lowland 

streams. Limnology and Oceanography, 51(3), 1443-1453.  

 

Guimaraes, J. R. D., Meili, M., Hylander, L. D., e Silva, E. d. C., Roulet, M., Mauro, 

J. B. N., & de Lemos, R. A. (2000). Mercury net methylation in five tropical 

flood plain regions of Brazil: high in the root zone of floating macrophyte mats 

but low in surface sediments and flooded soils. Science of the Total 

Environment, 261(1), 99-107.  

 

Guisasola, A. (2005). Modelling biological organic matter and nutrient removal 

processes from wastewater using respirometric and titrimetric techniques. Ph. 

D. thesis]. Department d’Enginyeria Quimica, Universitat Autonoma de 

Bacelona. Spain, 337p.    

 

Gulbag, A., & Temurtas, F. (2006). A study on quantitative classification of binary 

gas mixture using neural networks and adaptive neuro-fuzzy inference 

systems. Sensors and Actuators B: Chemical, 115(1), 252-262.  

 

Haberl, R., Perfler, R., & Mayer, H. (1995). Constructed wetlands in Europe. Water 

Science and Technology, 32(3), 305-315.  

 

Habib, M., Yusoff, F., Phang, S., Ang, K., & Mohamed, S. (1997). Nutritional values 

of chironomid larvae grown in palm oil mill effluent and algal culture. 

Aquaculture, 158(1), 95-105.  

 

Hadiyanto, M. C., & Soetrisnanto, D. (2013). Phytoremecliations of Palm Oil Mill 

Effluent (POME) by Using Aquatic Plants and Microalge for Biomass 

Production. Journal of Environmental Science and Technology, 6(2), 79-90.  

 

Hagan, M. T., Demuth, H. B., & Beale, M. H. (1996). Neural Network Design. Boston: 

PWS. 

 

Hagan, M. T., & Menhaj, M. B. (1994). Training feedforward networks with the 

Marquardt algorithm. IEEE Trans. Neural Netw, 5, 989–993.  

 

Hague, J. D., Khan-Lodhi, A. N., & Reid, E. S. (1996). PCT International Patent 

Application  

 

Haider, M. A., Pakshirajan, K., Singh, A., & Chaudhry, S. (2008). Artificial Neural 

Network- enetic Algorithm Approach to Optimize Media Constituents for 

Enhancing Lipase Production by a Soil Microorganism. Applied Biochemistry 

and Biotechnology, 144, 225–235.  

 

Hairston, J. (1995). Municipal wastewater treatment constructed wetlands: a new 

concept in treating wastewater. Retrieved from  



© C
OPYRIG

HT U
PM

173 

 

Hammer, D. A. (1989). Constructed wetlands for wastewater treatment: municipal, 

industrial and agricultural: CRC Press. 

 

Hammer, D. A., & Knight, R. L. (1994). Designing constructed wetlands for nitrogen 

removal. Water Science & Technology, 29(4), 15-27.  

 

Hamzaoui, A. H., Jamoussi, B., & M’nif, A. (2008). Lithium recovery from highly 

concentrated solutions: Response surface Methodology (RSM) process 

parameters optimization. Hydrometallurgy, 90, 1–7.  

 

Headley, T., & Tanner, C. (2012). Constructed wetlands with floating emergent 

macrophytes: an innovative stormwater treatment technology. Critical 

Reviews in Environmental Science and Technology, 42(21), 2261-2310.  

 

Headley, T., Tanner, C. C., & Council, A. R. (2008). Application of Floating Wetlands 

for Enhanced for Stormwater Treatment: A Review: Auckland Regional 

Council. 

 

Heers, D.-I. F. M. (2006). Constructed wetlands under different geographic 

conditions: Evaluation of the suitability and criteria for the choice of plants 

including productive species. University of Technology.    

 

Holland, J. H., . . (1975). Adaptation in Natural and Artificial Systems. The University 

of Michigan Press, Michigan. .  

 

Hubbard, R., Gascho, G., & Newton, G. (2004). Use of floating vegetation to remove 

nutrients from swine lagoon wastewater. Transactions of the ASAE, 47(6), 

1963-1972.  

 

Hush, D., & Horne, B. (2002). Progress in supervised neural networks. Signal 

Processing Magazine, IEEE, 10(1), 8-39.  

 

Hussain, G., Al-Zarah, A. I., & Alquwaizany, A. S. (2014). Role of Typha (Cattail) 

and Phragmites austrailes (Reed Plant) in Domestic Wastewater Treatment. 

Research Journal of Environmental Toxicology, 8(1).  

 

Hussain, M., Bedi, J., & Singh, H. (1992). Determining number of neurons in hidden 

layers for binary error correcting codes. Proceedings SPIE 1709: 1015-1022.  

 

Hussain, M., Shafiur Rahman, M., & Ng, C. (2002). Prediction of pores formation 

(porosity) in foods during drying: generic models by the use of hybrid neural 

network. Journal of Food Engineering, 51(3), 239-248.  

 

Hwang, T., Ong, S., Seow, C., & Tan, H. (1978). Chemical composition of palm oil 

mill effluents. Planter, 54.  

 

Ibekwe, A. M., Grieve, C. M., & Lyon, S. R. (2003). Characterization of microbial 

communities and composition in constructed dairy wetland wastewater 

effluent. Applied and environmental microbiology, 69(9), 5060-5069.  



© C
OPYRIG

HT U
PM

174 

 

Idris, A., Abdullah, A. G. L., Hung, Y.-T., & Wang, L. K. (2014). Wetlands for 

wastewater treatment and water reuse Modern Water Resources Engineering 

(pp. 643-680): Springer. 

 

Idris, A. M., Jami, M. S., & Muyibi, S. A. (2010). Tertiary treatment of biologically 

treated palm oil mill effluent (POME) using UF membrane system: effect of 

MWCO and transmembrane pressure. International Journal of Chemical and 

Environmental Engineering, 1(2), 108-112.  

 

Igwe, J., & Onyegbado, C. (2007). A review of palm oil mill effluent (POME) water 

treatment. Global J. Environ. Res, 1(2), 54-62.  

 

Irie, B., & Miyake, S. (2002). Capabilities of three-layered perceptrons. 

 

Isar, J., Agarwal, L., Saran, S., & Saxena, R. K. (2006). A statistical method for 

enhancing the production of succinic acid from< i> Escherichia coli</i> under 

anaerobic conditions. Bioresource Technology, 97(13), 1443-1448.  

 

Izadifar, M., & Jahromi, M. Z. (2007). Application of genetic algorithm for 

optimization of vegetable oil hydrogenation process. Journal of Food 

Engineering, 78, 1–8.  

 

Jain, S. K., Sarkar, A., & Garg, V. (2008). Impact of Declining Trend of Flow on 

Harike Wetland, India. Water Resour Manage, 22, 409–421.  

 

James, R., Sampath, K., & Alagurathinam, S. (1996). Effects of lead on respiratory 

enzyme activity, glycogen and blood sugar levels of the teleost Oreochromis 

mossambicus(Peters) during accumulation and depuration. Asian fisheries 

science. Metro Manila, 9(2), 87-100.  

 

Ji, G., Sun, T., & Ni, J. (2007). Surface flow constructed wetland for heavy oil-

produced water treatment. Bioresource Technology, 98(2), 436-441.  

 

Jones Jr, J. B. (2014). Complete Guide for Growing Plants Hydroponically: CRC 

Press. 

 

Jorjani, J., Chehreh Chelgani, S., & Mesroghli, S. (2008). Application of artificial 

neural networks to predict chemical desulfurization of Tabas coal. Fuel, 87, 

2727–2734.  

 

Jouanneau, S., Recoules, L., Durand, M., Boukabache, A., Picot, V., Primault, Y., . . . 

Thouand, G. (2014). Methods for assessing biochemical oxygen demand 

(BOD): A review. Water Research, 49, 62-82.  

 

Jurgensen, E. J. (2010). Ozone and submerged fixed film biological process of POME 

polishing plant. Paper presented at the Seminar & Workshop on Palm Oil Mill 

Effluent Tertiary Treatment Technologies (POMET3). Kota Kinabalu, Sabah, 

Malaysia.  

 



© C
OPYRIG

HT U
PM

175 

 

Kadlec, R. (2009). Comparison of free water and horizontal subsurface treatment 

wetlands. Ecological Engineering, 35(2), 159-174.  

 

Kadlec, R., & Knight, R. (1996). Treatment wetlands. CRC. Press, 200, 3.  

 

Kadlec, R. H., & Wallace, S. (2008). Treatment wetlands: CRC press. 

 

Kalantari, K., Ahmad, M. B., Masoumi, H. R. F., Shameli, K., Basri, M., & 

Khandanlou, R. (2014). Rapid Adsorption of Heavy Metals by Fe3O4/Talc 

Nanocomposite and Optimization Study Using Response Surface 

Methodology. International journal of molecular sciences, 15(7), 12913-

12927.  

 

Kao, C., Chou, M., Fang, W., Liu, B., & Huang, B. (2001). Regulating colored textile 

wastewater by 3/31 wavelength admi methods in Taiwan. Chemosphere, 

44(5), 1055-1063.  

 

Kaseva, M. (2004). Performance of a sub-surface flow constructed wetland in 

polishing pre-treated wastewater—a tropical case study. Water Research, 

38(3), 681-687.  

 

Kasiri, M., Aleboyeh, H., & Aleboyeh, A. (2008). Modeling and optimization of 

heterogeneous photo-fenton process with response surface methodology and 

artificial neural networks. Environmental science & technology, 42(21), 7970-

7975.  

 

Kato, Y., Takemon, Y., & Hori, M. (2009). Invertebrate assemblages in relation to 

habitat types on a floating mat in Mizorogaike Pond, Kyoto, Japan. Limnology, 

10(3), 167-176.  

 

Kerr‐Upal, M., Seasons, M., & Mulamoottil, G. (2000). Retrofitting a stormwater 

management facility with a wetland component. Journal of Environmental 

Science & Health Part A, 35(8), 1289-1307.  

 

Khalid, A., & Mustafa, W. W. (1992). External benefits of environmental regulation: 

resource recovery and the utilisation of effluents. Environmentalist, 12(4), 

277-285.  

 

Khare, M., & Shiva Nagendra, S. M. (2007). Artificial Neural Networks in Vehicular 

Pollution Modelling. Springer-Verlag Berlin Heidelberg, New York.  

 

Khuri, A. I., & Mukhopadhyay, S. (2010). Response surface methodology. Wiley 

Interdisciplinary Reviews: Computational Statistics, 2(2), 128-149.  

 

Kivaisi, A. K. (2001). The potential for constructed wetlands for wastewater treatment 

and reuse in developing countries: a review. Ecological Engineering, 16(4), 

545-560.  

 

Klomjek, P., & Nitisoravut, S. (2005). Constructed treatment wetland: a study of eight 

plant species under saline conditions. Chemosphere, 58(5), 585-593.  



© C
OPYRIG

HT U
PM

176 

 

Kong, X., Lin, W., Wang, B., & Luo, F. (2003). Study on vetiver’s purification for 

wastewater from pig farm. Paper presented at the Proceedings of the 3rd 

International Conference on Vetiver and Exhibition. 

 

Krämer, U. (2005). Phytoremediation: novel approaches to cleaning up polluted soils. 

Current Opinion in Biotechnology, 16(2), 133-141.  

 

Kumari, M., & Tripathi, B. (2014). Effect of aeration and mixed culture of Eichhornia 

crassipes and Salvinia natans on removal of wastewater pollutants. Ecological 

Engineering, 62, 48-53.  

 

Kyambadde, J., Kansiime, F., Gumaelius, L., & Dalhammar, G. (2004). A 

comparative study of< i> Cyperus papyrus</i> and< i> Miscanthidium 

violaceum</i>-based constructed wetlands for wastewater treatment in a 

tropical climate. Water Research, 38(2), 475-485.  

 

Laberge, C., Cluis, D., & Mercier, G. (2000). Metal bioleaching prediction in 

continuous processing of sewage with thiobacillus ferrooxidans using neural 

networks. Water Research, 34, 1145–1156.  

 

Lee, B.-H., Scholz, M., & Horn, A. (2006). Constructed wetlands: treatment of 

concentrated storm water runoff (Part A). Environmental Engineering Science, 

23(2), 320-331.  

 

Lee, C.-Y., Lee, C.-C., Lee, F.-Y., Tseng, S.-K., & Liao, C.-J. (2004). Performance of 

subsurface flow constructed wetland taking pretreated swine effluent under 

heavy loads. Bioresource Technology, 92(2), 173-179.  

 

Lee, C. g., Fletcher, T. D., & Sun, G. (2009). Nitrogen removal in constructed wetland 

systems. Engineering in Life Sciences, 9(1), 11-22.  

 

Li, L., Li, Y., Biswas, D. K., Nian, Y., & Jiang, G. (2008). Potential of constructed 

wetlands in treating the eutrophic water: evidence from Taihu Lake of China. 

Bioresource Technology, 99(6), 1656-1663.  

 

Li, M., Wu, Y.-J., Yu, Z.-L., Sheng, G.-P., & Yu, H.-Q. (2009). Enhanced nitrogen 

and phosphorus removal from eutrophic lake water by< i> Ipomoea 

aquatica</i> with low-energy ion implantation. Water Research, 43(5), 1247-

1256.  

 

Li, Y., Lu, J., GU, G., & MAO, Z. (2005). Characterization of the enzymatic 

degradation of arabinoxylans in grist containing wheat malt using response 

surface methodology. Journal of the American Society of Brewing Chemists, 

63(4), 171-176.  

 

Lian-sheng, H., Hong-liang, L., Bei-dou, X., & Ying-bo, Z. (2006). Effects of effluent 

recirculation in vertical-flow constructed wetland on treatment efficiency of 

livestock wastewater. Water Science & Technology, 54(11-12), 137-146.  



© C
OPYRIG

HT U
PM

177 

 

Liao, X. (2000). Studies on plant ecology and system mechanisms of constructed 

wetland for pig farm in South China. Ph. D. Thesis, South China Agricultural 

University, Guangzhou, China.    

 

Liao, X., Luo, S., Wu, Y., & Wang, Z. (2003). Studies on the abilities of Vetiveria 

zizanioides and Cyperus alternifolius for pig farm wastewater treatment. Paper 

presented at the Proceedings of the Third International Conference on Vetiver 

and Exhibition, Guangzhou, China. 

 

Limkhuansuwan, V., & Chaiprasert, P. (2010). Decolorization of molasses 

melanoidins and palm oil mill effluent phenolic compounds by fermentative 

lactic acid bacteria. Journal of Environmental Sciences, 22(8), 1209-1217.  

 

Liu, C., Kroeze, C., Hoekstra, A. Y., & Gerbens-Leenes, W. (2012). Past and future 

trends in grey water footprints of anthropogenic nitrogen and phosphorus 

inputs to major world rivers. Ecological Indicators, 18, 42-49.  

 

Liu, J. Z., Weng, L. P., & Zhang, Q. L. (2003). Optimization of glucose oxidase 

production by Aspergillus Niger in a benchtop bioreactor using response 

surface methodology. World Journal of Microbiology and Biotechnology, 19, 

317–323.  

 

Loh, H. C., Ahmad, M., & Tabib, B. (2006). Usage of Artificial Neural Network (Back 

Propagation) in Optimising Salicylic Acid Determination with Ferric (III) 

Nitrate. Analytical Letters, 39, 221–229.  

 

Lou, W., & Nakai, S. (2001). Application of artificial neural networks for predicting 

the thermal inactivation of bacteria: a combined effect of temperature, pH and 

water activity. Food Research International, 34(7), 573-579.  

 

Lu, T. Y. (2010). Tertiary treatment system. Paper presented at the Seminar & 

Workshop on Palm Oil Mill Effluent Tertiary Treatment Technologies 

(POMET3). Kota Kinabalu, Sabah,Malaysia.  

 

Ma, A. (1999). Treatment of palm oil mill effluent. Oil Palm and the Environment: A 

Malaysian Perspective. Malaysia Oil Palm Growers_ Council, Kuala Lumpur, 

113-126.  

 

Ma, A. (2000). Environmental management for the palm oil industry. Palm Oil Dev, 

30, 1-10.  

 

Ma, A., Cheah, S., Chow, M., & Yeoh, B. (1993). Current status of palm oil processing 

wastes management. Waste management in Malaysia: current status and 

prospects for bioremediation., 111-136.  

 

Ma, A., Tajima, Y., Asahi, M., & Hanif, J. (1997). Effluent treatment–evaporation 

method. PORIM Engineering News, 44, 7-8.  

 



© C
OPYRIG

HT U
PM

178 

 

Macek, T., Francova, K., Kochánková, L., Lovecká, P., Ryslava, E., Rezek, J., . . . 

Mackova, M. (2004). Phytoremediation—Biological cleaning of a polluted 

environment. Reviews on environmental health, 19(1), 63-82.  

 

Madaki, Y. S., & Seng, L. (2013). Pollution Control: How Feasible is Zero Discharge 

Concepts in Malaysia Palm Oil Mills. American Journal of Engineering 

Research (AJER), 2, 239-252.  

 

Maine, M., Sune, N., Hadad, H., & Sánchez, G. (2007). Temporal and spatial variation 

of phosphate distribution in the sediment of a free water surface constructed 

wetland. Science of the total environment, 380(1), 75-83.  

 

Mandal, S., Sivaprasad, P., Venugopal, S., & Murthy, K. (2009). Artificial neural 

network modeling to evaluate and predict the deformation behavior of stainless 

steel type AISI 304L during hot torsion. Applied Soft Computing, 9(1), 237-

244.  

 

Mangkoedihardjo, S. (2007). Phytotechnology integrity in environmental sanitation 

for sustainable development. Journal of Applied Sciences Research, 3(10), 

1037-1044.  

 

Maran, J. P., Sivakumar, V., Thirugnanasambandham, K., & Sridhar, R. (2013). 

Artificial neural network and response surface methodology modeling in mass 

transfer parameters predictions during osmotic dehydration of Carica papaya 

L. Alexandria Engineering Journal, 52(3), 507-516.  

 

Matamoros, V., & Bayona, J. M. (2006). Elimination of pharmaceuticals and personal 

care products in subsurface flow constructed wetlands. Environmental Science 

& Technology, 40(18), 5811-5816.  

 

Mburu, N., Tebitendwa, S. M., Rousseau, D. P., van Bruggen, J., & Lens, P. N. (2012). 

Performance evaluation of horizontal subsurface flow–constructed wetlands 

for the treatment of domestic wastewater in the tropics. Journal of 

Environmental Engineering, 139(3), 358-367.  

 

Md Din, M., Ujang, Z., Muhd Yunus, S., & van Loosdrecht, M. (2006). Storage of 

polyhydroxyalkanoates (PHA) in fed-batch mixed culture using palm oil mill 

effluent (POME). Paper presented at the 4th Seminar on Water Management 

(JSPS-VCC), Johor. 

 

Mehta, A. J., Mehta, H. A., Manjunath, T. C., & Ardil, C. (2008). A Multi-Layer 

Artificial Neural Network Architecture Design for Load Forecasting in Power 

Systems. International Journal of Applied Mathematics and Computer 

Sciences, 4, 227-240.  

 

Metcalf, Eddy, Tchobanoglou, G., & Burton, F. L. (1991). Wastewater Engineering: 

Treatment, Disposal, and Reuse: McGraw-Hill. 

 

Metcalf, E. (2003). Inc., Wastewater Engineering, Treatment and Reuse: New York: 

McGraw-Hill. 



© C
OPYRIG

HT U
PM

179 

 

Mishra, V. K., & Tripathi, B. (2008). Concurrent removal and accumulation of heavy 

metals by the three aquatic macrophytes. Bioresource Technology, 99(15), 

7091-7097.  

 

Mittal, A., Mittal, J., Malviya, A., Kaur, D., & Gupta, V. (2010). Adsorption of 

hazardous dye crystal violet from wastewater by waste materials. Journal of 

Colloid and Interface Science, 343(2), 463-473.  

 

Moghaddam, M. G., Ahmad, F. B. H., Basri, M., & Rahman, M. B. A. (2010). 

Artificial neural network modeling studies to predict the yield of enzymatic 

synthesis of betulinic acid ester. Electronic Journal of Biotechnology, 13(3), 

3-4.  

 

Moghaddam, M. G., & Khajeh, M. (2011). Comparison of response surface 

methodology and artificial neural network in predicting the microwave-

assisted extraction procedure to determine zinc in fish muscles. Food and 

Nutrition Sciences, 2(08), 803.  

 

Mohammed, R. R. (2013). Decolorisation of biologically treated palm oil mill effluent 

(POME) using adsorption technique. Int Refer J Eng Sci, 2(10), 01-11.  

 

Mohd Siran, Y. (2010). Industry experiences with tertiary treatment systems: the sime 

darby experiences. Paper presented at the Seminar &Workshop on Palm Oil 

Mill Effluent Tertiary Treatment Technologies (POMET3), Kota Kinabalu, 

Sabah, Malaysia.  

 

Mohed, H. R. (2015). Membrane Bioreactor for the Tertiary Treatment of Palm Oil 

Mill Effluent. (Master), Universiti Teknologi Malaysia.    

 

Mojiri, A., Aziz, H. A., Zahed, M. A., Aziz, S. Q., & Selamat, M. R. B. (2013). 

Phytoremediation of heavy metals from urban waste leachate by southern 

cattail (typha domingensis). Int. J. Sci. Res. Environ. Sci, 1(14), 63-70.  

 

Montgomery, D. C. (2008). Design and analysis of experiments: John Wiley & Sons. 

 

Moorhead, K., & Reddy, K. R. (1988). Oxygen transport through selected aquatic 

macrophytes. Journal of Environmental Quality, 17(1), 138-142.  

 

Moro, M. (2010). Anaerobic and Aerobic membrane bioreactor for effluent treatment 

system. . Paper presented at the Seminar & Workshop on Palm Oil Mill 

Effluent Tertiary Treatment Technologies (POMET3). Kota Kinabalu, Sabah, 

Malaysia.  

 

Mueller, B., Rock, S., Gowswami, D., & Ensley, D. (1999). Phytoremediation 

decision tree. Prepared by-Interstate Technology and Regulatory Cooperation 

Work Group, 1-36.  

 

 

 



© C
OPYRIG

HT U
PM

180 

 

Muralidhar, R. V., Chirumamila, R. R., & Marchant, R. (2001). A response surface 

approach for the comparison of lipase production by Candida Cylindracea 

using two different carbon sources. Biochemical Engineering Journal, 9, 17–

23.  

 

Murthy, M. S. R. C., T.Swaminathan, T., S.K.Rakshit, S. K., & Kosugi, Y. (2000). 

Statistical optimization of lipase catalyzed hydrolysis of methyloleate by 

response surface methodology Bioprocess Engineering 22, 35-39.  

 

Myers, R. H., & Montgomery, D. C. (1995). Response surface methodology: Process 

and product optimization using designed experiments. New York: John Wiley 

& Sons, Inc. 

 

Nahlik, A. M., & Mitsch, W. J. (2006). Tropical treatment wetlands dominated by 

free-floating macrophytes for water quality improvement in Costa Rica. 

Ecological Engineering, 28(3), 246-257.  

 

Najafpour, G., Zinatizadeh, A., Mohamed, A., Hasnain Isa, M., & 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.  

 

Nath, A., & Chattopadhyay, P. K. (2007). Optimization of oven toasting for improving 

crispness and other quality attributes of ready to eat potato-soy snack using 

response surface methodology. Journal of Food Engineering, 80, 1282–1292.  

 

Ndabigengesere, A., Narasiah, K. S., & Talbot, B. G. (1995). Active agents and 

mechanism of coagulation of turbid waters using< i> Moringa oleifera</i>. 

Water Research, 29(2), 703-710.  

 

Nelofer, R., Ramanan, R. N., Rahman, R. N. Z. R. A., Basri, M., & Ariff, A. B. (2012). 

Comparison of the estimation capabilities of response surface methodology 

and artificial neural network for the optimization of recombinant lipase 

production by E. coli BL21. Journal of Industrial Microbiology & 

Biotechnology, 39(2), 243-254.  

 

Nilsson, E., Sha, L., Qian, W., & Leedo, M. (2012). Constructed wetlands. 

Decentralized Water and Wastewater Treatment.  

 

Njau, K., & Mlay, H. (2003). Wastewater treatment and other research initiatives with 

vetiver grass. Paper presented at the Proc. of the Intl. Conf. on Vetiver grass. 

Mexico. 

 

Noorshamsiana, A. W. A., A A;, Nurizzati, B. S., A; Norhafizah,, & A; Siti Mazlina, 

M. K. A. N. F. (2013). Combined effect of operational variables on aqueous 

enzymatic oil extraction from palm pressed fibre. Journal of Oil Palm 

Research, 25(2), 197-207.  

 

Omar, Q. (2008). Recovery and reuse of iron from solar fenton sludge in treating palm 

oil mill secondary effluent (POMSE). Universiti Teknologi Malaysia, Faculty 

of Civil Engineering.    



© C
OPYRIG

HT U
PM

181 

 

Othman, N., Sadikin, A., Khalid, S., & Yusof, N. (2008). Development of empty fruit 

bunch filter with addition of chitosan for pre-treatment of palm oil mill 

effluent. Journal of Chemical and Natural Resources Engineering, 2, 8-16.  

 

Padmavathiamma, P. K., & Li, L. Y. (2007). Phytoremediation technology: hyper-

accumulation metals in plants. Water, Air, and Soil Pollution, 184(1-4), 105-

126.  

 

Paredes, D., Kuschk, P., & Köser, H. (2007). Influence of plants and organic matter 

on the nitrogen removal in laboratory scale model subsurface flow constructed 

wetlands inoculated with anaerobic ammonium oxidizing bacteria. 

Engineering in Life Sciences, 7(6), 565-576.  

 

Paz-Alberto, A. M., & Sigua, G. C. (2013). Phytoremediation: A green technology to 

remove environmental pollutants. American Journal of Climate Change, 2, 71-

86.  

 

Pinners, E. (2014). Vetiver system: reversing degradation on-and off farm, to keep soil 

carbon in place, build up root biomass, and turn degraded areas in biofuel 

sources. CRC Press.  

 

Plumb, A., Rowe, R., York, P., & Brown, M. (2005). Optimisation of the predictive 

ability of artificial neural network (ANN) models: A comparison of three ANN 

programs and four classes of training algorithm. European Journal of 

Pharmaceutical Sciences, 25(4-5), 395-405.  

 

Poh, P., & Chong, M. (2009). Development of anaerobic digestion methods for palm 

oil mill effluent (POME) treatment. Bioresource Technology, 100(1), 1-9.  

 

Prasertsan, S., & Prasertsan, P. (1996). Biomass residues from palm oil mills in 

Thailand: an overview on quantity and potential usage. Biomass and 

Bioenergy, 11(5), 387-395.  

 

Purseglove, J. W. (1972). Tropical Crops. Monocotyledons. Vol. 1, 2. Tropical Crops. 

Monocotyledons. Vol. 1, 2.  

 

Rafigh, S. M., Yazdi, A. V., Vossoughi, M., Safekordi, A. A., & Ardjmand, M. (2014). 

Optimization of culture medium and modeling of curdlan production from 

Paenibacillus polymyxa by RSM and ANN. International Journal of 

Biological Macromolecules, 70, 463-473.  

 

Ranieri, E., Gikas, P., & Tchobanoglous, G. (2013). BTEX removal in pilot-scale 

horizontal subsurface flow constructed wetlands. Desalination and Water 

Treatment, 51(13-15), 3032-3039.  

 

Ranieri, E., Verlicchi, P., & Young, T. M. (2011). Paracetamol removal in subsurface 

flow constructed wetlands. Journal of Hydrology, 404(3), 130-135.  

 



© C
OPYRIG

HT U
PM

182 

 

Rastogi, N., & Rashmi, K. (1999). Optimisation of enzymatic liquefaction of mango 

pulp by response surface methodology. European Food Research and 

Technology, 209(1), 57-62.  

 

Razavi, M. A., Mortazavi, A. and Mousavi, M. (2003). Dynamic modeling of milk 

ultrafiltration by artificial neural network. Journal of Membrane Science, 220, 

47–58.  

 

Roongtanakiat, N. (2009). Vetiver phytoremediation for heavy metal 

decontamination. PRVN Tech. Bull, 1.  

 

Roongtanakiat, N., & Chairoj, P. (2001). Uptake potential of some heavy metals by 

vetiver grass. Kasetsart J.(Nat. Sci.), 35, 46-50.  

 

Roongtanakiat, N., Nirunrach, T., Chanyotha, S., & Hengchaovanich, D. (2003). 

Uptake of heavy metals in landfill leachate by vetiver grass. Kasetsart J.(Nat. 

Sci.), 37(2), 168-175.  

 

Roongtanakiat, N., Osotsapar, Y., & Yindiram, C. (2009). Influence of heavy metals 

and soil amendments on vetiver (Chrysopogon zizanioides) grown in zinc mine 

soil. Kasetsart J.(Nat. Sci.), 43, 37-49.  

 

Rousseau, D., Lesage, E., Story, A., Vanrolleghem, P. A., & De Pauw, N. (2008). 

Constructed wetlands for water reclamation. Desalination, 218(1), 181-189.  

 

Ruiz-Rueda, O., Hallin, S., & Bañeras, L. (2009). Structure and function of 

denitrifying and nitrifying bacterial communities in relation to the plant 

species in a constructed wetland. FEMS Microbiology Ecology, 67(2), 308-

319.  

 

Rumelhart, D., Hinton, G., & Williams, R. (1986). Learning representations by 

backpropagation errors. Nature, 323, 533–536.  

 

Rupani, P. F., Singh, R. P., Ibrahim, M. H., & Esa, N. (2010). Review of current palm 

oil mill effluent (POME) treatment methods: Vermicomposting as a 

sustainable practice. World Applied Sciences Journal, 11(1), 70-81.  

 

Ryan, M., Muller, C., Keith, H., & Cameron, K. (2004). The use of artificial neural 

networks (ANNs) to simulate N2O emissions from a temperate grassland 

ecosystem. . Ecological Modelling, 175, 189–194.  

 

Saeed, T., Afrin, R., Muyeed, A. A., & Sun, G. (2012). Treatment of tannery 

wastewater in a pilot-scale hybrid constructed wetland system in Bangladesh. 

Chemosphere, 88(9), 1065-1073.  

 

Saidur, R., Abdelaziz, E., Demirbas, A., Hossain, M., & Mekhilef, S. (2011). A review 

on biomass as a fuel for boilers. Renewable and Sustainable Energy Reviews, 

15(5), 2262-2289.  

 



© C
OPYRIG

HT U
PM

183 

 

Saini, L., & Soni, M. (2002). Artificial neural network based peak load forecasting 

using Levenberg-Marquardt and quasi-Newton methods. 149(5), 578-584.  

 

Salari, D., Daneshvar, N., Aghazadeh, F., & Khataee, A. (2005). Application of 

artificial neural networks for modeling of the treatment of wastewater 

contaminated with methyl tert-butyl ether (MTBE) by UV/H 2 O 2 process. 

Journal of hazardous materials, 125(1), 205-210.  

 

Salmiati, Z. U., Salim, M. R., & Olsson, G. (2010). COD Fractionation of Palm Oil 

Mill Effluent (POME): Typical Treatment, Biodegradability and Modeling. 

Sustain. Environ. Res., 20 (6), 353, 359.  

 

Salomons, W., Förstner, U., & Mader, P. (1995). Heavy metals: problems and 

solutions: Springer-Verlag Berlin. 

 

Saracoglu, O. G. (2008). An Artificial Neural Network Approach for the Prediction of 

Absorption Measurements of an Evanescent Field Fiber Sensor. Sensors, 8, 

1585-1594.  

 

Seginer, I., Boulard, T., & Bailey, B. (1994). Neural network models of the greenhouse 

climate. Journal of Agricultural Engineering Research, 59, 203–216.  

 

Sehar, S., Naeem, S., Perveen, I., Ali, N., & Ahmed, S. (2015). A comparative study 

of macrophytes influence on wastewater treatment through subsurface flow 

hybrid constructed wetland. Ecological Engineering, 81, 62-69.  

 

Sematech, N. (2012). e-Handbook of Statistical Methods. 

 

Seo, D. C., Cho, J. S., Lee, H. J., & Heo, J. S. (2005). Phosphorus retention capacity 

of filter media for estimating the longevity of constructed wetland. Water 

Research, 39(11), 2445-2457.  

 

Sethupathi, S. (2004). Removal of residue oil from palm oil mill effluent (POMe) using 

chitosan. (Master Thesis), Universiti Sains Malaysia.    

 

Shah, M., Hashmi, H. N., Ali, A., & Ghumman, A. R. (2014). Performance assessment 

of aquatic macrophytes for treatment of municipal wastewater. Journal of 

Environmental Health Science and Engineering, 12(1), 106.  

 

Shahrifun, N. S. A., Ab’lah, N. N., Hussain, H., Aris, A., Omar, Q., & Ahmad, N. 

(2014). CHARACTERIZATION OF PALM OIL MILL SECONDARY 

EFFLUENT (POMSE).  

 

Shahrudin, A. F. (2010). Roughing filter solid contact (RFSC) technology for POME 

polishing system. Paper presented at the Seminar & Workshop on Palm Oil 

Mill Effluent Tertiary Treatment Technologies (POMET3). Kota Kinabalu, 

Sabah, Malaysia.  

 

Shankar, T., & Bandyopadhyay, S. (2007). Prediction of extrudate properties using 

artificial neural networks. Food and Bioproducts Processing, 85(1), 29-33.  



© C
OPYRIG

HT U
PM

184 

 

Shavandi, M. A., Haddadian, Z., Ismail, M. H. S., & Abdullah, N. (2012). Continuous 

metal and residual oil removal from palm oil mill effluent using natural zeolite-

packed column. Journal of the Taiwan Institute of Chemical Engineers, 43(6), 

934-941.  

 

Shrestha, R., Haberl, R., Laber, J., Manandhar, R., & Mader, J. (2001). Application of 

constructed wetlands for wastewater treatment in Nepal. Water Science & 

Technology, 44(11-12), 381-386.  

 

Siew, O. B. (2006). Treatment Of Palm Oil Mill Secondary Effluent (Pomse) using 

Fenton Oxidation System. Bachelor Research Project, Universiti Teknologi 

Malaysia (2006/2007).  

 

Silva, C., Quadros, S., Ramalho, P., Alegre, H., & Rosa, M. J. (2014). Translating 

removal efficiencies into operational performance indices of wastewater 

treatment plants. Water Research, 57, 202-214.  

 

Sim, C. H., Yusoff, M. K., Shutes, B., Ho, S. C., & Mansor, M. (2008). Nutrient 

removal in a pilot and full scale constructed wetland, Putrajaya city, Malaysia. 

Journal of Environmental Management, 88(2), 307-317.  

 

Sin, H. N., Yusof, S., Hamid, N. S. A., & Rahman, R. A. (2006). Optimization of 

enzymatic clarification of sapodilla juice using response surface methodology. 

Journal of Food Engineering, 73, 313–319.  

 

Smeal, C., Hackett, M., & Truong, P. (2003). Vetiver system for industrial wastewater 

treatment in Queensland, Australia. Paper presented at the Proceedings of the 

Third International Conference on Vetiver and Exhibition, Guangzhou, China. 

 

Song, H.-L., Li, X.-N., Lu, X.-W., & Inamori, Y. (2009). Investigation of microcystin 

removal from eutrophic surface water by aquatic vegetable bed. Ecological 

Engineering, 35(11), 1589-1598.  

 

Song, X., Mitnitski, A., MacKnight, C., & Rockwood, K. (2004). Assessment of 

Individual Risk of Death Using Self‐Report Data: An Artificial Neural 

Network Compared with a Frailty Index. Journal of the American Geriatrics 

Society, 52(7), 1180-1184.  

 

Sooknah, R. D., & Wilkie, A. C. (2004). Nutrient removal by floating aquatic 

macrophytes cultured in anaerobically digested flushed dairy manure 

wastewater. Ecological Engineering, 22(1), 27-42.  

 

Sulaiman, N. M. N., & Chea, K. L. (2012). Membrane ultrafiltration of treated palm 

oil mill effluent (POME). Jurnal Teknologi, 41(1), 113–120.  

 

Sulong, M., & Abdul Wahab, N. (2008). Compact Tertiary Plant for the Treatment of 

POME. MPOB Information Series. Malaysian Palm Oil Board, Malaysia. 

 



© C
OPYRIG

HT U
PM

185 

 

Sulong, M., Lim, W. K., Kandiah, S., & Md Top, A. G. (2007). Membrane Bioreactor 

Technology for Tertiary Treatment of Palm Oil Mill Effluent (POME). MPOB 

Information Series. Malaysian Palm Oil Board, Malaysia. 

 

Sun, G., Zhao, Y., & Allen, S. (2005). Enhanced removal of organic matter and 

ammoniacal-nitrogen in a column experiment of tidal flow constructed 

wetland system. Journal of Biotechnology, 115(2), 189-197.  

 

Sun, L., Liu, Y., & Jin, H. (2009). Nitrogen removal from polluted river by enhanced 

floating bed grown canna. Ecological Engineering, 35(1), 135-140.  

 

Suthar, S. (2007). Vermicomposting potential of< i> Perionyx 

sansibaricus</i>(Perrier) in different waste materials. Bioresource technology, 

98(6), 1231-1237.  

 

Tanner, C. (2001). Plants as ecosystem engineers in subsurface-flow treatment 

wetlands. Water Science & Technology, 44(11-12), 11-12.  

 

Tanner, C. C. (1995). Growth and nutrition of< i> Schoenoplectus validus</i> in 

agricultural wastewaters. Aquatic botany, 47(2), 131-153.  

 

Tanner, C. C., & Headley, T. R. (2011). Components of floating emergent macrophyte 

treatment wetlands influencing removal of stormwater pollutants. Ecological 

Engineering, 37(3), 474-486.  

 

Tanner, C. C., Kadlec, R. H., Gibbs, M. M., Sukias, J. P., & Nguyen, M. L. (2002). 

Nitrogen processing gradients in subsurface-flow treatment wetlands—

influence of wastewater characteristics. Ecological Engineering, 18(4), 499-

520.  

 

Tarassenko, L. (1998). A guide to neural computing applications: A Hodder Arnold 

Publication. 

 

Teo f́ilo, R. F., & Ferreira, M. M. C. (2006). Quim. Nova., 29, 338.  

 

Thakur, C., Srivastava, V. C., & Mall, I. D. (2008). Electrochemical treatment of a 

distillery wastewater. Parametric and residue disposal study. Chemical 

Engineering Journal.  

 

Thakur, C., Srivastava, V. C., & Mall, I. D. (2009). Electrochemical treatment of a 

distillery wastewater: Parametric and residue disposal study. Chemical 

Engineering Journal, 148(2), 496-505.  

 

Thani, M., Ibrahim, W., & Sulaiman, M. (1999). Industrial Processes & The 

Environment (Handbook No. 3,) Crude Palm Oil Industry. Department of 

Environment, Malaysia, 92.  

 

 

 



© C
OPYRIG

HT U
PM

186 

 

Tin, J. (2010). POME treatment with bioflow effluent polishing plant: design and field 

experiences. . Paper presented at the Seminar & Workshop on Palm Oil Mill 

Effluent Tertiary Treatment Technologies (POMET3), Kota Kinabalu, Sabah, 

Malaysia.  

 

Tock, J. Y., Lai, C. L., Lee, K. T., Tan, K. T., & Bhatia, S. (2010). Banana biomass as 

potential renewable energy resource: a Malaysian case study. Renewable and 

Sustainable Energy Reviews, 14(2), 798-805.  

 

Truong, P. (2000). The global impact of vetiver grass technology on the environment. 

Paper presented at the Proceedings of the second international Vetiver 

conference, Thailand. 

 

Truong, P. (2003a). Clean water shortage, an imminent global crisis. How Vetiver 

system can reduce its impact. 

 

Truong, P. (2003b). Vetiver system for water quality improvement. 

 

Truong, P. (2008). Research and development of the vetiver system for treatment of 

polluted water and contaminated land. Paper presented at the TVN India 1st 

Workshop Proceedings. 

 

Truong, P., Hart, B., Chomchalow, N., Sombatpanit, S., & Network, P. R. V. (2001). 

Vetiver system for wastewater treatment: Office of the Royal Development 

Projects Board. 

 

Truong, P., & Smeal, C. (2003). Research, development and implementation of the 

vetiver system for wastewater treatment. PRVN, Tech. Bull(2003/3).  

 

Truong, P., & Truong, N. (2013). Recent Advancements in Research, Development 

and Application of Vetiver System Technology in Environmental Protection. 

Paper presented at the Fifth Intern. Conf. on Vetiver, Lucknow, India. 

 

Truong, P., VAN, T., & PINNERS, E. (2008a). The Vetiver system for prevention and 

treatment of contaminated water and land. The Vetiver Network International, 

1, 33.  

 

Truong, P., Van, T. T., & Pinners, E. (2008b). Vetiver system applications technical 

reference manual. The Vetiver Network International.  

 

Truong, P. N., Foong, Y. K., Guthrie, M., & Hung, Y.-T. (2010). Phytoremediation of 

heavy metal contaminated soils and water using vetiver grass Environmental 

Bioengineering (pp. 233-275): Springer. 

 

Ugoji, E. O. (1997). Anaerobic digestion of palm oil mill effluent and its utilization as 

fertilizer for environmental protection. Renewable Energy, 10(2), 291-294.  

 

 

 



© C
OPYRIG

HT U
PM

187 

 

Van de Moortel, A. M., Meers, E., De Pauw, N., & Tack, F. M. (2010). Effects of 

vegetation, season and temperature on the removal of pollutants in 

experimental floating treatment wetlands. Water, Air, and Soil Pollution, 

212(1-4), 281-297.  

 

Veldkamp, J. (1999). A revision of Chrysopogon Trin. including Vetiveria Bory 

(Poaceae) in Thailand and Malesia with notes on some other species from 

Africa and Australia. Austrobaileya, 503-533.  

 

Vieira, S., & Hoffman, R. (1989). Estatistica Experimental. Sao Paulo: Atlas. 

 

Viet, D. D. (2015). Vetiver Grass and Eichhorniacrassipes (Water Hyacinth). Report 

on the Research. Vietnam.  

 

Vijayaraghavan, K., Ahmad, D., & Ezani Bin Abdul Aziz, M. (2007). Aerobic 

treatment of palm oil mill effluent. Journal of environmental management, 

82(1), 24-31.  

 

Viraraghavan, T., & Dronamraju, M. (1993). Removal of copper, nickel and zinc from 

wastewater by adsorption using feat. Journal of Environmental Science & 

Health Part A, 28(6), 1261-1276.  

 

Vishnoi, S. R., & Srivastava, P. (2007). Phytoremediation–Green for Environmental 

Clean. Paper presented at the Proceedings of Taal2007: The 12th World Lake 

Conference. 

 

Vollenweider, R. A., Talling, J. F., & Westlake, D. F. (1974). A manual on methods 

for measuring primary production in aquatic environments: Blackwell 

Scientific Pub. 

 

Vymazal, J. (2005). Horizontal sub-surface flow and hybrid constructed wetlands 

systems for wastewater treatment. Ecological Engineering, 25(5), 478-490.  

 

Vymazal, J. (2007). Removal of nutrients in various types of constructed wetlands. 

Science of the total environment, 380(1), 48-65.  

 

Vymazal, J. (2010a). Constructed wetlands for wastewater treatment. Water, 2(3), 

530-549.  

 

Vymazal, J. (2010b). Constructed wetlands for wastewater treatment: five decades of 

experience. Environmental science & technology, 45(1), 61-69.  

 

Vymazal, J. (2014). Constructed wetlands for treatment of industrial wastewaters: A 

review. Ecological Engineering, 73, 724-751.  

 

Vymazal, J., & Kröpfelová, L. (2009). Removal of organics in constructed wetlands 

with horizontal sub-surface flow: a review of the field experience. Science of 

the total environment, 407(13), 3911-3922.  

 



© C
OPYRIG

HT U
PM

188 

 

Wagner, S., Truong, P., Vieritz, A., & Smeal, C. (2003). Response of vetiver grass to 

extreme nitrogen and phosphorus supply. Paper presented at the Proceedings 

of the Third International Conference on Vetiver and Exhibition, Guangzhou, 

China. 

 

Wang, C.-Y., & Sample, D. J. (2014). Assessment of the nutrient removal 

effectiveness of floating treatment wetlands applied to urban retention ponds. 

Journal of Environmental Management, 137, 23-35.  

 

Wang, L., Yang, B., Wang, R., & Du, X. (2008). Extraction of pepsin-soluble collagen 

from grass carp (Ctenopharyngodon idella) skin using an artificial neural 

network. Food Chemistry, 111, 683–686.  

 

Weragoda, S., Jinadasa, K., Zhang, D. Q., Gersberg, R. M., Tan, S. K., Tanaka, N., & 

Jern, N. W. (2012). Tropical application of floating treatment wetlands. 

Wetlands, 32(5), 955-961.  

 

Wu, S., Kuschk, P., Brix, H., Vymazal, J., & Dong, R. (2014). Development of 

constructed wetlands in performance intensifications for wastewater 

treatment: a nitrogen and organic matter targeted review. Water Research, 57, 

40-55.  

 

Wu, T., Mohammad, A., Jahim, J. M., & Anuar, N. (2007). Palm oil mill effluent 

(POME) treatment and bioresources recovery using ultrafiltration membrane: 

effect of pressure on membrane fouling. Biochemical Engineering Journal, 

35(3), 309-317.  

 

Wu, T. Y., Mohammad, A. W., Jahim, J. M., & 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.  

 

Yang, B., Shu, W., Ye, Z., Lan, C., & Wong, M. (2003). Growth and metal 

accumulation in vetiver and two Sesbania species on lead/zinc mine tailings. 

Chemosphere, 52(9), 1593-1600.  

 

Yang, Z., Zheng, S., Chen, J., & Sun, M. (2008). Purification of nitrate-rich 

agricultural runoff by a hydroponic system. Bioresource Technology, 99(17), 

8049-8053.  

 

Ye, F., & Li, Y. (2009). Enhancement of nitrogen removal in towery hybrid 

constructed wetland to treat domestic wastewater for small rural communities. 

Ecological Engineering, 35(7), 1043-1050.  

 

Yeh, N., Yeh, P., & Chang, Y.-H. (2015). Artificial floating islands for environmental 

improvement. Renewable and Sustainable Energy Reviews, 47, 616-622.  

 

Yuan, X., Liu, J., Zeng, G., Shi, J., Tong, J., & Huang, G. (2008). Optimization of 

conversion of waste rapeseed oil with high FFA to biodiesel using response 

surface methodology. Renew. Energy, 33, 1678–1684.  



© C
OPYRIG

HT U
PM

189 

 

Zahrim, A., Rachel, F., Menaka, S., Su, S., Melvin, F., & Chan, E. (2009). 

Decolourisation of anaerobic palm oil mill effluent via activated sludge-

granular activated carbon. World Appl Sci J, 5, 126-129.  

 

Zhai, J., Xiao, H., Kujawa-Roeleveld, K., He, Q., & Kerstens, S. (2011). Experimental 

study of a novel hybrid constructed wetland for water reuse and its application 

in Southern China. Water Science & Technology, 64(11), 2177-2184.  

 

Zhang, C.-B., Liu, W.-L., Wang, J., Ge, Y., Gu, B.-H., & Chang, J. (2012). Effects of 

plant diversity and hydraulic retention time on pollutant removals in vertical 

flow constructed wetland mesocosms. Ecological Engineering, 49, 244-248.  

 

Zhang, D., Gersberg, R. M., Ng, W. J., & Tan, S. K. (2014a). Removal of 

pharmaceuticals and personal care products in aquatic plant-based systems: A 

review. Environmental Pollution, 184, 620-639.  

 

Zhang, D., Jinadasa, K., Gersberg, R. M., Liu, Y., Ng, W. J., & Tan, S. K. (2014b). 

Application of constructed wetlands for wastewater treatment in developing 

countries–a review of recent developments (2000–2013). Journal of 

Environmental Management, 141, 116-131.  

 

Zhang, L.-y., Zhang, L., Liu, Y.-d., Shen, Y.-w., Liu, H., & Xiong, Y. (2010). Effect 

of limited artificial aeration on constructed wetland treatment of domestic 

wastewater. Desalination, 250(3), 915-920.  

 

Zheng, C., Tu, C., & Chen, H. (1997). Preliminary study on purification of eutrophic 

water with vetiver. 

 

Zimmels, Y., Kirzhner, F., & Malkovskaja, A. (2006). Application of Eichhornia 

crassipes and Pistia stratiotes for treatment of urban sewage in Israel. Journal 

of Environmental Management, 81(4), 420-428.  

 

Zinatizadeh, A., Mohamed, A., Najafpour, G., Isa, M. H., & Nasrollahzadeh, H. 

(2006). Kinetic evaluation of palm oil mill effluent digestion in a high rate up-

flow anaerobic sludge fixed film bioreactor. Process biochemistry, 41(5), 

1038-1046.  

 

 

 

 


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



