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Palm oil mill effluent (POME) is the one of most difficult waste to manage 
since it is being generated in a large volume most of the time. Treated POME 
(POME final discharge, POME FD) usually will be discharged to a nearby 
land or river since it is the easiest and cheapest method to disposal. 
However, it is common to find that POME final discharge quality does not 
meet the standard A discharge limit, resulted in unintended pollution towards 
the rivers. This study has two objectives. The first objective is to determine 
the effectiveness of constructed wetland system incorporated with the Napier 
grass to treat POME FD to standard A discharge limit. Second objective is to 
relate the bacterial community in the constructed wetland system after the 
treatment of POME FD to physicochemical properties in the effluent of the 
constructed wetland system. In order to reduce the pollutants level, a 
modified constructed wetland system with Pennisteum purpureum (Napier 
grass) as phytoremediation agent was introduced in this treatment process. 
This system is expected to reduce the contaminant in the POME FD to the 
standard A discharge limit. In this system, Napier grass was chosen due to 
its fast, rapid regrowth rates and strong responds to nutrient supply. The 
wetland system was designed to have a combination of 3 layers of soil, sand 
and rocks. The reason for this combination is to achieve different removal 
and performance since stone or gravel at the bottom layer served as the 
supporting layer, coarse sand used in the second layer was main substrate 
layer. Meanwhile, fine sand at the upper layer was used to facilitate the 
dispersion of wastewater and growth of plants. From this study, COD, TSS, 
colour, and ammonia nitrogen were removed by 51.61%, 91.44%, 72.72% 
and 63.09%, respectively. With this removal, the wastewater successfully 
achieved standard A limit set by DOE. Reduction of trace elements in POME 
FD resulting in the better growth of Napier grass in the treatment system. 
Trace elements such as silica, caesium, rubidium, strontium, magnesium, 
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manganese and copper reduced by 80.51%, 71.17, 66.07%, 35.56%, 
56.81%, 20.81% and 59.27%. Napier grass also managed to reduce the 
nutrient (macro-nutrient) in the POME FD, such as total nitrogen, 
phosphorous, potassium and sodium by 54.6%, 91.8%, 75% and 58.46% 
respectively. From microbial analysis, Anaerolineaceae uncultured, 
Cyanobacteria norank, Acidobacteria norank and Nitrosomonadaceae 
uncultured were detected in the samples of POME FD and treated POME 
FD. Anaerolineaceae uncultured increased from 0.67% to 13.21%. 
Cyanobacteria norank also shows the increment in the CWs. It increased up 
to 93.9% in the CWs. At the beginning of this experiment, Acidobacteria 
norank shows only 0.06%, but after 102 day, the population of Acidobacteria 
norank increased to 2.44% that give total 97.54% increment. Lastly is 
Nitrosomonadaceae uncultured. This genus increased from 0.07% to 1.1% 
and this increment showed a strong prove that nitrification process has occur 
in the CWs that lead to the decrement of ammonia nitrogen and total 
nitrogen inside POME FD. As the conclusion, CWs can be used as a 
treatment method for POME FD since the system is capable to reduce the 
pollutants level in POME FD down to standard A discharge limit. On the 
other hand, this research also found that the shift of bacteria from 
Nitrosomonadaceae genus might be supporting the phytoremediation. 
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Pelepasan akhir efluen kilang sawit merupakan diantara bahan buangan 
yang paling sukar untuk dilupuskan kerana ia dihasilkan dalam jumlah yang 
besar pada sesuatu masa. Pelepasan akhir efluen kilang sawit yang telah 
dirawat biasanya akan dilepaskan ke kawasan yang berdekatan dengan 
sungai kerana ia merupakan cara yang mudah dan murah untuk melupuskan 
pelepasan akhir efluen kilang sawit. Bagaimanapun pelepasan akhir efluen 
kilang sawit yang dirawat masih tidak mencapai tahap piawaian air sungai 
dan ini menyebabkan berlakunya pencemaran yang tidak diingini di sungai. 
Kajian ini mempunyai dua objektif. Objektif pertama ialah untuk mengetahui 
keberkesanan sistem tanah becah yang dibina dengan kerjasama rumput 
Napier untuk merawat pelepasan akhir efluen kilang sawit hingga mencapai 
had pelepasan standard A yang telah ditetapkan oleh jabatan alam sekitar 
(JAS). Objektif kedua adalah untuk menghubungkan bakteria komuniti 
didalam sistem tanah becah selepas marawat pelepasan akhir efluen kilang 
sawit dengan karakteristik yang ada didalam efluen sistem tanah becah. 
Untuk mengurangkan tahap pencemaran tersebut, sistem tanah bencah 
buatan manusia dengan proses fitoremediasi telah diperkenalkan dalam 
kajian ini untuk merawat efluen tersebut. Sistem ini dijangka dapat 
mengurangkan kekotoran yang ada didalam pelepasan akhir efluen kilang 
sawit ke had pelepasan standard A. Rumput Napier dipilih kerana sifat dan 
kemampuanya untuk tumbuh dengan pantas. Selain itu rumput Napier juga 
mampu bertindak balas dengan bekalan nutrisi untuk pokok. Sistem tanah 
bencah ini direka dengan kombinasi tiga jenis tanah iaitu batu, pasir kasar 
dan pasir halus. Antara sebab kenapa kombinasi ini direka adalah untuk 
mencapai pelbagai pengurangan kotoran didalam sisa air. Ini kerana batu 
yang diletakkan di bahagian paling bawah berfungsi untuk memberi 
sokongan fizikal kepada sistem ini. Selain in pasir kasar pula digunakan 
sebagai bahagian paling utama dalam sistem ini dan yang terakhir sekali 
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pasir halus. Pasir halus ini digunakan sebagai pertumbuhan pokok yang 
menyebarkan air ke seluruh sistem. Daripada kajian ini, COD, TSS, warna 
dan nitrogen ammonia dapat dikurangkan hingga 51.61%, 91.44%, 72.72% 
dan 63.09%. Dengan pengurangan tersebut, sistem ini berjaya mencapai 
had piawaian A yg ditetapkan oleh JAS. Melalui proses rawatan ini, unsur 
surih dapat dikurangkan sekali gus dapat memberikan rumput Napier 
pertumbuhan serta hasil yang bagus dari rumput Napier yang hidup didalam 
system ini. Unsur surih seperti silika, cesium, rubidium, strontium, 
magnesium, mangan dan kuprum dapat dikurang kepada 80.51%, 71.17, 
66.07%, 35.56%, 56.81%, 20.81% dan 59.27%. Melalui sistem ini juga, 
rumput Napier mampu mengurangkan nutrisi yang terdapat didalam air 
efluen kilang sawit. Antara nutrisi yang dikesan ialah nitrogen, fosforus, 
kalium dan natrium dan melalui sistem ini, nutrisi tersebut dapat diturunkan 
sebanyak 54.6%, 91.8%, 75% dan 58.46%. Melalui analisis mikrob yang 
dijalankan, Anaerolineaceae uncultured, Cyanobacteria norank, 
Acidobacteria norank dan Nitrosomonadaceae uncultured dikesan didalam 
sampel pelepasan akhir efluen kilang sawit dan sampel pelepasan akhir 
efluen kilang sawit terawat. Anaerolineaceae meningkat dari 0.67% kepada 
13.21%. Cyanobacteria juga menunjukkan penigkatan didalam system ini 
apabila meningkat sebanyak 93.9%. Pada permulaan ekperimen ini, 
Acidobacteria hanya 0.06% dapat di kesan didalam sistem ini tetapi selepas 
102 menjalankan uji kaji ini, populasi Acidobacteria didalam sistem ini 
meningkat kepada 2.44% yang memberi peningkatan sebanyak 97.54%. 
Terakhir sekali ialah Nitrosomonadaceae.Genus ini meningkat dari 0.07% 
kepada 1.1% dan peningkatan ini menunjukan bukti yang kukuh terdapat 
proses nitrifikasi berlaku didalam sistem ini yang membawa kepada 
pengurangan ammonia nitrogen dan nitrogen total didalam pelepasan akhir 
ini. Kesimpulanya, sistem tanah becah ini boleh digunakan sepagai salah 
satu cara untuk merawat pelepasan akhir efluent kepala sawit kerasa sistem 
ini mampu mengurankan kekotoran didalam pelepasan akhir ini kepada had 
piawaian A yg ditetapkan oleh JAS. Selain itu, kajian ini juga menjumpai 
bakteria dari Nitrosomonadaceae genus yang mungkin membantu proses 
fotoremidiasi. 
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CHAPTER 1 

1 INTRODUCTION 

The two major industries in Malaysia can be divided into resource-based 
industries and non-resource based industries (Singh et al., 2010). The 
resource based industries include products from rubber, palm oil, wood, and 
petrochemicals. On the other hand, the non-resource based industries 
include electronic and electrical products, machinery and engineering 
products, and textiles. A key contributing factor of Malaysia’s leading 
resource-based industry is due to the country’s abundant natural resources. 
This allows for major commercial cultivation of crops such as rubber and 
palm oil. Thus, Malaysia has become the world second largest producer of 
palm oil, the third largest for rubber and fourth largest for cocoa exporters 
(Singh et al., 2010). 

In Malaysia, palm oil industry is the second largest resource-based industry 
(Gan and Li, 2014). The industry takes up more than 3.79 million hectares of 
land; occupying more than one-third of the total cultivated areas in the 
country (Yusoff and Hansen, 2007). According to Faizal (2014), 11% of 
Malaysian land accounted for oil palm plantation area. Consequently, 
Malaysia is able to mass produce palm oil every year, resulting into 
production of more than 13 million tons of crude palm oil yearly (Abdullah 
and Sulaim, 2013). The rapid development of palm oil industry in Malaysia 
contributed to the substantial growth of economy, however, it comes with a 
concerning drawback towards the environment. This is because the 
abundance of wastes produced from the palm oil processing are the major 
problem since the oil palm production produces a lot of wastes. The by-
product of the production of crude palm oil (CPO) are empty fruit 
bunch(EFB), oil palm fronds (OPF), oil palm trunks (OPT), oil palm mesocarp 
fibers (OPMF), palm kernel shells, palm kernel cake, and liquid discharge 
which are palm oil mill effluent (POME) (Singh et al., 2010). However, 
amongst the waste mentioned above, the liquid discharge is the most costly 
and a crucial waste to manage since it is make up in huge volume (in tons at 
a time) (Madaki and Lau, 2013). In addition, POME is considered the most 
harmful waste produced if release untreated (Rupani et al.,2010; Singh et al., 
2010).  

Discharge of the wastewater and other byproducts may cause environmental 
problem if they were not treated properly before being discharged to the 
environment (Rupani et al., 2010). Palm oil mills used to burn the EFB to 
produce oil palm ash, but the practice is considered illegal by the 
government since it caused huge pollution hazard (Abdullah and Sulaim, 
2013). Presently, palm oil mills in this country burn the waste biomass in a 
boiler to generate energy for the operation of the mills itself (Ali, et al., 2015). 
POME on the other hand, was treated using a ponding system since it’s less 
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costly and is capable to reduce the pollutants generated. The treated POME 
(final discharge) will be released to a neighbouring land or river since it is a 
simple and low-cost method of disposal (Madaki and Lau, 2013). 

The treated POME from most of the mill in Malaysia still does not comply to 
the standard discharge limit set by the government (Department of 
Environment, 2010). It still consists of great chemical oxygen demand (COD) 
and suspended solids (SS) content compared to the river water (Ibrahim et 
al., 2017). The high concentration of COD and the visible colour of palm oil 
mill effluent final discharge (POMEFD) will raise the risk of eutrophication 
and lower down the quality of river water. The best way to solve the POME 
FD problem is to treat the liquid waste from the mill by reducing the quantity 
of contaminants in the wastewater, thus, decreasing the adverse effects 
towards the environment. The optimal goal is to treat the wastewater to 
standard A discharge limit and then, having the treated wastewater reuse 
back to the mill as fuel water. This was the concept recommended by 
Othman et al., (2014), where the water from POMEFD that accomplish river 
water quality was reused as recycled water in zero emission system. From 
previous studies, it was found that the POME FD can be successfully treated 
using commercial activated carbon from oil palm biomass. However this 
process is expensive since the cost for commercial activated carbon was 
high. In addition, the activated carbon produce from palm oil biomass using 
carbonization and activation reactor using the boiler is also quite expensive. 
Not only that, the process also requires more energy to generate the reactor 
(Ibrahim et al., 2017). Therefore, the treatment of POME FD needs a 
cheaper alternative in order to make the palm oil production more viable 
while preserving the quality of the environment. 

A more environmentally conscious way to treat POME is through 
phytoremediation. According to Greipsson, (2015), phytoremediation 
basically is the operation of plants, associated with the soil microbes in 
decreasing the concentrations or the toxic effects of contaminants in their 
environment. The study also suggested that the technology has been widely 
accepted as it is cost competent. Phytoremediation can be used to remove 
contaminants because the plants has the ability to take up contaminants 
from environment and accomplish the detoxification of the compounds using 
various mechanisms (Ali et al., 2013).  Other ways to apply phytoremediation 
is through a wetland system to treat POME FD. This is because a wetland 
system is an energy saving and green way to solve the pollution issue as 
compared to the previous method discussed before. A wetland system is a 
biological approach that can give less side effects to the environment 
compared to the chemical approach and it is more cost efficient (Lone et al., 
2008).  

Constructed wetlands are widely used in wastewater treatment throughout 
the world. Not only that, the vegetation from these systems can also be used 
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for raw material production (Maddison et al., 2009). Plant from constructed 
wetlands has the ability to accelerate the development of microbial 
communities and promote living environments around roots like aerobic and 
anaerobic alternant environments. It was also assumed that the plants play a 
central role in sludge treatment wetlands (STWs) by preventing clogging, 
favoring dewatering and improving sludge mineralization (Vymazal, 2013). 
The wetlands, either natural or constructed, is effective in treating 
biochemical oxygen demand (BOD), suspended solids, nitrogen, and 
phosphorus, and also for reducing concentrations of metals, organics, and 
pathogens (Vymazal, 2010). Thus, choosing the most suitable plants for the 
wetland system is the key in improving the effectiveness of the treatment. 

Plants that were chosen in the phytoremediation technique must possess 
several characteristics such as having high uptake of both organic and 
inorganic pollutants, and must be able to grow well and rapidly in a range of 
different conditions of the polluted water (Darajeh et al., 2014). One of the 
suitable plants to be used as a phytoremediator is Pennisetum purpureum 
(Napier grass). Napier grass is perennial grass species that can be found in 
the tropical and subtropical areas around the world. This plant contains high 
morphological variation within the species and is known as the fastest 
growing plant. A study has been conducted by (Tayade et al., 2005) where 
they have planted Napier Grass (Pennisetum purpureum) together with 
broadleaf cattail (Typha latifolia) in a horizontal subsurface flow system for 
the primary-treated municipal wastewater treatment and the result from the 
study showed a great removal of chemical oxygen demand (COD) in 
primary-treated municipal wastewater. Therefore, Napier Grass is a choice 
phytoremediator to be applied in a treatment wetland system.  

However, various designs of constructed wetland (CW) systems with various 
types of waste water have been studied, but no study using POME FD as 
feed for the constructed wetland system has been conducted. As such, this 
research is expected to be able to produce the constructed wetland system 
using Napier grass to efficiently reduce residual pollutants from the final 
discharge to standard A discharge limit by DOE. The constructed wetland 
system is also expected to be stable and able to grow the Napier grass 
robustly. Therefore, the overall objective of this study is to reduce the 
residual pollutants from biologically treated POME final discharge using the 
Napier grass constructed wetland to standard A discharge limit effectively. 

The other component of wetlands is microorganisms and it has been proven 
to be the one that help on the removal of pollutants in CW such as nitrogen, 
organic matter, industrial organic pollutants and emerging organic 
contaminants (Zhang et al., 2015; Lin et al., 2012; Fernandes et al., 2015). 
Nowadays, investigation of microorganism in CWs for the treatment of 
wastewater was increased to get a fully understanding of the removal of the 
pollutant  and its mechanisms (Lv et al., 2017). The microbial communities 
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