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Abstract 
 Palm oil mill effluent (POME) with average chemical oxygen demand (COD) and biochemical oxygen 
demand (BOD) of 70,000 and 30,000 mg/L, respectively, can cause serious environmental hazard if discharged 
untreated. There are conventional palm oil mill effluent (POME) treatment systems that require large footprint, long 
HRT and fail to meet the Malaysia Department of Environment (DOE) discharge limit. In this study, the potential of 
ultrasonic-assisted membrane anaerobic system (UMAS) was evaluated as alternative and cost effective method for 
treating POME wastewater to avoid fouling. This study also is an initiative to implement concept waste to energy by 
capturing methane gas. Throughout the experiment, the removal efficiency of COD was 95.55% with HRT of 6 
days. The BOD removal efficiency was 71.58% while TSS removal rate was from 91 to 99.5%.The methane gas 
production efficiency was 94.14%. The UMAS treatment efficiency was greatly improved by UMAS introduction. 
The membrane fouling and polarization at the membrane surface was significantly reduced. 
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I.  Introduction
Statistic shown by oil world annual in 2007-

2011 has shown the growth of the palm industry in 
Malaysia has been phenomenal. Indonesia and Malaysia 
are the two largest oil palm producing countriesand is 
rich with numerous endemic, forest-dwelling species. 
According to Arif et al (2011) oil palm currently 
occupies the largest acreage of farmed land in Malaysia 
(Arif, 2011).POME Palm Oil processing gives rise to 
highly polluting waste-water, known as Palm Oil Mill 
Effluent (POME), is liquid discharge palm oil mill 
effluent which is often discarded in disposal ponds, 
resulting in the leaching of contaminants that pollute the 
groundwater and soil, and in the release of methane gas 
into the atmosphere. POME is an oily wastewater 
generated by palm oil processing mills and consists of 
various suspended components. Moreover, POME has a 
very high Biochemical Oxygen Demand (BOD) and 
Chemical Oxygen Demand (COD), which is 100 times 
more than the municipal sewage. POME is a non-toxic 
waste, as no chemical is added during the oil extraction 
process, but will pose environmental issues due to large 
oxygen depleting capability in aquatic system due to 
organic and nutrient contents (Zafar, 2013).  

In order for preservation of environmental, 
quality for standard discharge limit requirement must be 
reach, POME treatment can never to be dismissed. It 

incurs high non-profitable cost in an industry to resolve 
this problem either the waste water have to be reduced or 
treatment have to be enhanced in cost effective way.  
Energy has a major economical and political role to play 
in the modern day society with the growing energy crisis 
supplemented by environmental concerns. Government is 
looking forward to Biomethanation as a secondary 
source of energy by utilization industrial.Biomethanation 
can serve as a potential waste-to-energy generation 
alternative. Biomethanation is a process by which 
organic material is microbiologically converted under 
anaerobic condition to biogas. Biomethanation has strong 
potential for the production of energy which is methane 
gas from organic residue and waste. Hence under 
anaerobic condition for biomethanation process will help 
to reduce the use of fossil fuel and thus reduce the carbon 
dioxide (CO2) emission to the environment. (I, D, DJ, 
CM, & AJ, 2011). Anaerobic digestion is widely adopted 
in the industry as a primary treatment for POME. Biogas 
is produced in the process in the amount of 20 m3 per ton 
FFB. This effluent could be used for biogas production 
through anaerobic digestion. At many Palm-oil mills this 
process is already in place to meet water quality 
standards for industrial effluent. (Zafar, 2013). With the 
addition of application of membrane filtration in the 
system, the efficient of wastewater treatment is elevated 
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that is capable of retaining biomass concentration within 
the reactor and produce high quality effluent. It is proven 
by Ahmad et al (2003) to be an effective way in 
separating biomass solid from digester suspension and 
recycle them to the digester. However, in this membrane 
anaerobic system has to be monitored properly as the 
processes rely solely on the micro-organism to break 
down the pollutants. Besides there will be problem arises 
in the membrane system due to the characteristic of 
POME as it has a high suspended solid effluents. The 
membrane will be suffered from fouling and degradation 
during use. The process by which a variety of species 
present in the water increase the membrane resistance, by 
adsorbing or deposition onto its surface, adsorption onto 
the pore surface within the bulk membrane material (pore 
restriction) or by complete pore blocking. (Leonard Lim 
Lik Pueh, 2004).  

Therefore the UF membrane is introduced into 
the system to boost the treatment efficiency. Ahmad et al 
(2003) have shown that the combination of UF & RO 
after 2 pretreatment stages consisting chemical treatment 
and absorption was able to achieve COD removal of 
98.8%, BOD removal of 99.4%, and pH 7 as a result. 
Thus, short membrane life, membrane fouling and 
expensive cost are major constraint of this technique. In 
order to prolong the membrane life span and produce 
crystal clear effluent as well as retaining biomass in the 
system to increase methane yield, the integration of 
anaerobic system and membrane separation technology 
in a bio reactor is investigated by some researchers. As 
we compared the result to the previous table, the biogas 
generation appear to improve drastically. In the later 
years, Abdurahman et al (2011) have shown another 
inspiring result by his Membrane Anaerobic System 
which a design of anaerobic bioreactor equipped with UF 
module membrane where COD Removal efficiency of 
96.6%-98.4% achieved and biogas conversion rate up to 
73% as a final result. Although the membrane fouling 
problem may relief compared to the case without 
anaerobic digestion as pretreatment but the membrane 
fouling problems still appeared to be an problematic 
issues. Membrane fouling affect both quality and 
quantity of permeate and incurs high operational cost 
resulting from the higher surface area required as well as 
frequent membrane replacement. 

 In order to mitigate this problem several 
conventional measures that can be taken are operating 
under high cross-flow velocity, below critical “flux” 
level and back flushing. The simplest and common way 
is backwashing, unfortunately it will degrade the 
membrane and the effectiveness in removing strong 
adherent or materials trap in porous substructure is not 
ideal. The remedy for this problem that has been proven 
to be effective is by ultrasonic cleaning. Removal of 

particles on fouling surface can be accomplished with the 
right frequency, power intensities and duration. Chai et al 
(1999) found that ultrasonic found that cleaning of fouled 
membrane by ultrasound association with water cleaning 
is an effective method compare to water washing and 
sonication. Sui et al (2008) reported that membrane 
fouling in an anaerobic bioreactor was effectively 
controlled with ultrasonic application the total filtration 
resistance was only 30% of that without Ultrasonic. 
Hence, the performance of a Membrane anaerobic 
system incorporating ultrasonic in membrane anaerobic 
reactor for treating POME would be evaluated in this 
work. 
 

II.  Materials And Methods 
1.1. Wastewater preparation 

POME was source from FELDA LeparHilir 2, 
Kuantan, Malaysia In order to prevent the wastewater 
from undergoing biodegradation due to microbial at 
action, it was preserved at a temperature lower than 4°C 
and higher than the freezing point and stored in PVC 
containers. Before the experiment start, the raw POME 
was sieved to remove unwanted suspended materials. 
1.2. UF Membrane 

The UF membrane module has a molecular cut 
off weight of 200,000 and a tube diameter of 1.25cm and 
an average pore size of 0.1µm.The length of the tube is 
30cm.The total effective area of the four membrane 
0.048�� The ultrasonic frequency is 25 kHz, with 6 
units of permanent transducers and bonded to the two 
sided of the tank chamber and connected to one unit of 
250 watts 25kHz Crest’s Genesis Generator. The 
maximum operating pressure on membrane was 55 bars 
at 70˚C and it can be used in pH range from 2 to 12.The 
reactor was made up of clear PVC with a total height of 
100cm.The operating pressure on the membrane was 1.5-
2 bars by manipulating the gate valve of retentate line 
after the cross flow membrane ultra filtration unit. 
1.3. Operating procedure 

In this study, a 50L volume laboratory scale 
Ultrasonic assisted Membrane Anaerobic System 
(UMAS) was used to treat raw POME. The experimental 
set-up is shown in Figure 1. Process units that are 
involved in the systems are anaerobic bioreactor, 
centrifugal pump, cross flow membrane module and 
ultrasonic device attached to membrane module.  

The sieved collected raw POME from site is left 
in the tank for 5 days for acclimation process which is 
the micro-organism acclimates with the reactor. Some of 
the POME from feeder tank was collected and analyse 
for the parameters such as pH, COD, BOD, TSS and 
VSS to obtain initial characteristic of the POME. In this 
experiment, the pH was controlled in the range of 6.8 to 
7.4 while the optimum pressure was set to be 1.5 to 2.0 
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bar and the temperature was maintained within 25˚C to 
37˚C. The value of pH is the most important process 
control parameter to avoid the accumulation of excess 
volatile acid. After acclimation period, the micro-
organism community is stable then some of the POME in 
the feeder tank is collected to test and the reactor is left 
to operate (pump is switch on) for 5 hours, in this period 
the POME from the digester was pressurized into the UF 
membrane. After 5 hours, the permeate (filtrate) from the 
reactor were collected and tested for various parameters. 
The POME in the digester that has gone through 
biological degradation was also collected for the COD, 
BOD, TSS and VSS test by using standard method and 
the percentage of removal for each parameter. The gas 
that produced was collected the designated syringe. The 
experiment was conducted for every of the subsequent 
days. 

 
Figure 1: Experimental set-up 

 
1.4. Methane gas measurement 

For the methane gas component measurement a 
J-tube gas analyzer as shown in Figure 2 employed. The 
assumption made on this method was the biogas 
produced consists of two gases which were CO2 and 
CH4.The potassium hydroxide( KOH )was first drawn 
into a Syringe to absorb CO2 where the remaining gas is 
CH4.The device consist of a glass tube connected by 
flexi hose to a syringe. Initially, the syringe filled with 
0.5M KOH solution was inserted into the gas line, where 
a column of biogas was drawn until certain mark and the 
end of the glass tube was immersed into water to prevent 
gas escape. By manipulating many times, the KOH 
absorb the carbon dioxide as evidence from reduction in 
the length of the biogas column and then measured the 
biogas column again. 
 

 
Figure 2: J-Tube gas analyser 

 
1.5. Bioreactor parameters 

Main parameters monitored in this study and 
calculation methods are presented in Table 1 where 
CODout,an is the COD concentration of anaerobically 
treated POME, CODin is the influent COD 
concentration(mg/L), CODout is the treated effluent COD 
concentration(mg/L) BODin is the influent BOD 
concentration (mg/L), BODout is the treated effluent BOD 
concentration (mg/L), TSSin is the influent TSS 
concentration (mg/L), TSSout is the treated effluent TSS 
concentration (mg/L), VSSin is the influent VSS 
concentration (mg/L), VSSout is the treated effluent VSS 
concentration (mg/L), QCH4 is the methane production 
rate (L/day). 

 
1.6. Analytical method 

For anaerobic process, several monitoring 
parameters were evaluated during the entire operation 
including COD, BOD, TSS and VSS concentrations of 
the effluent, as well as pH and temperature. The 
chemical oxygen demand (COD) was measured using 
Spectrophotometer HACH DR/2400 @ DR/2800(Figure 
3.7) and COD Digester Reactor. A sample of 2 ml was 
placed in a vial with the oxidizing acid solution that was 
then held at 150°C for 2 h. After cooling, the sample was 
then analysed in the HACH spectrophotometer. The 
colour of the samples varied from orange to dark green, 
indicating COD strength in the range of 0-15,000 mg/L. 
Then for the biological oxygen demand (BOD) of 
wastewater was measured using a Dissolved oxygen 
meter.10mL sample was added into a 500 mL beaker and 
dilution water is added up to 300 mL into the same 
beaker. o 7.5 by adding acid or alkali. The Dissolved 
oxygen in the sample was measured prior to putting it 
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into incubator for five days. TSS concentration was 
determined by filtering a sample through a glass fibre 
filter. In order to measure the volatile suspended solid, 
the residues from end samples from TSS test was 
continued to dried and firing in furnace with a 
temperature of 550˚C for 30 minutes. 
 

III.  Results And Discussion 
The results for summary of this study are shown in Table 
2. 
1.7. Anaerobic system 
1.7.1. COD and BOD removal efficiency.  

Thecolor of the treated POME was significantly 
different after passing through the UF membrane which 
turned light yellow as compared to the unfiltered POME 
which was dark brown to black. 
 

 
 

Figure3: COD V.S HRT 
 

 
Figure 4: COD Removal Efficiency 

 
Figure 5:  BOD VS HRT 

 
Figure 6:BOD Removal Efficiency 

The organic matter can be classified into soluble 
fraction and a particulate fraction. Hence, COD and BOD 
served as the variables representing the soluble fraction 
of substrate concentration. Figure 3 and 5 illustrates 
COD and BOD profile respectively. In the beginning of 
the experiment, the COD increased from 25650mg/L to 
32400mg/L while BOD increased from 878mg/L to 
1240.5 mg/L on the 3rd day indicating that assimilation of 
complex organic compound into simple soluble 
compound. Somehow, COD obtained greater values 
compared to BOD because COD measure biodegradable 
and non biodegradable organic compound while the later 
did not. The fluctuation occurs where some of the BOD 
and COD values such as value in 2nd day in the system 
were even greater than influent are due to the recycle of 
solid in the system making high particulate organic 
matter represented by the microbial population. This 
conclusion was supported by literature of Marcos et al 
(2005). 

The results has shown the COD removal rate of 
the reactor increased from 90.82% to 95% which was 
highest on the 6th day as shown in Figure 4. On the other 
hand, BOD parameter recorded the same trend by 
increasing from 35.43% removal rate on the first day to 
the peak of 71.58% removal rate. This was due to the 
active utilization of the substrate by the microbial 
population for their growth as well as for methane 
generation. It can be observe that the VSS which serve as 
microbial population indictor develop to maximum on 

0

5000

10000

15000

20000

25000

30000

35000

0 5 10 15 20

C
O

D
 (

m
g

/L
)

HRT (days)

Untreated of 

POME

POME in the 

reactor

Permeate of 

POME

86

88

90

92

94

96

0 5 10 15 20

%
 C

O
D

 R
e

m
o

v
a

l 

HRT (days)

% COD 

Removal 

0

500

1000

1500

2000

2500

3000

0 10 20

B
O

D
 (

m
g

/L
)

HRT(days)

Untreated of 

POME

POME in the 

reactor

Permeate of 

POME

0

20

40

60

80

0 5 10 15

%
B

O
D

 R
e

m
o

v
a

l

HRT(days)

%BOD Removal



[Nour, 3(1): January, 2014]   ISSN: 2277-9655 
   Impact Factor: 1.852
   

http: // www.ijesrt.com(C)International Journal of Engineering Sciences & Research Technology 
[129-134] 

 

the 3rd day, the relationship between SS concentration 
and COD removal rate could be found whereby increase 
in SS in the system could improve COD removal. It is 
consistent with finding of Poh et al (2010) which the 
COD removal efficiency increases when the MLSS 
increase.  

Besides, methane composition of 93.5% of 
biogas achieved on the the day. Hence, there was also a 
strong linear correlation between COD and methane gas 
production observed. The same observation reported by 
Basri (2010) where biogas and methane production 
increase by COD removal. 

On the 9th day, the low digestion rate may 
associate with the reduction of microbial population as 
the growth restricted by the exhaustion of nutrient or 
substrate in the reactor. At this stage the total removal of 
COD achieved approximately 90% compared to the 
Influent feed at the beginning as there was no additional 
substrate added in as organic loading rate was not a 
parameter for this study, therefore substrate may served 
as the limiting factors. The similar experience was found 
in the research of (Poh et al, 2010), suggested that 
additional substrate must be added into system when 
substrate reduction up to 80% to prevent substrate to 
becoming limiting factor. 
1.7.2. TSS and VSS removal efficiency 

The summary of results are shown in Table 
1.Figures 3 and 4 shown the Total suspended solid and 
volatile suspended solid profile of the bioreactor 
throughout the experiment respectively. 

 
Figure 7: Total Suspended Solid Profile and Removal 

Efficiency 

 
Figure 8: Volatile Suspended Solid and Removal Efficiency 

The results showed that, the TSS content was 
increased from 9950mg/L in the first day to 19940mg/L 
on the 5th day. This was corresponded to organic matter 
that were not accumulated in reactor at early stage were 
hydrolyze and fermented into soluble form. 
(Rajaletchumy, 2010).  Apart from that, it has also 
indicated that the mass of microbial cell that has 
developed in the system increased. However, not all the 
solid participates in the conversion of the organic 
substrate as there was inorganic fraction that does not 
play an active role in biological treatment. Therefore, this 
may be represented by VSS more accurately as not all 
the solid mass participates in the conversion of the 
organic fraction. The VSS results supported the TSS 
result whereby the VSS showing the same trend that the 
VSS increased from 2380 mg/L to 1529 mg/L on the 5th 
day. Sanchez et al (2005) has also relied on VSS for the 
microorganism concentration estimation in their study. 
HoweverVSS provided only estimation as the increase in 
volatile solids concentration may attribute by 
accumulation of compound such as fats, oil, and 
insoluble polysaccharide (Gerardi, 2006). VSS fraction 
obtained increasing drastically from day 4 to day 5 which 
indicate that the long Solid retention time of result from 
UMAS facilitates the decomposition of suspended solid. 
The same experience reported by Abdurahman, (2010).It 
can be concluded that the microbial acclimatized well to 
the bioreactor environment.  

TSS and VSS reduction rate always serve as an 
indicator on performance of anaerobic digestion. In this 
study, results showed that UMAS was able to remove 
TSS efficiently in permeate which recorded the removal 
rate of 98 to 99.8% of removal rate. This may attribute 
by the hollow fiber membrane which able to retained 
biomass back into the reactor effectively meanwhile 
giving permeates with minute amount of suspended 
solid. Besides, it has also prolonged the solid retention 
time which facilitated anaerobic digestion. The SS 
removal efficiency of present work was higher as 
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compared to 81.43% reported by Raja et al (2005) who 
employed treatment by hollow fibrepolyethersulphone 
membrane with 100000 MWCO and decanter system as 
pretreatment. It was largely contributed by the biological 
treatment that been integrated in the system. 

Toward the end of the experiment which 
starting from the 7th day onwards, the microbial 
degradation of total suspended solid has came to the 
bottleneck where the total suspended solid reduction 
started to slow down where  3690mg/L of total 
suspended solid remained in the system used up 5 days to 
reduce to 1580mg/L. The relative slow degradation 
possibly due to the fraction of the solid are relative 
complex molecules that are not directly used by a 
bacteria or poorly biodegradable, therefore required 
longer time to convert it into soluble matter. There was 
also a trend notable that VSS fraction reduced, from 77% 
to 70% which corresponds to inorganic matter 
accumulation. The same observation was found by 
Zhang et al (2007) 
1.7.3. Methane gas composition  

 
Figure 9: Methane Composition 

Figure9 showed themethane composition of 
biogas generatedthroughout the experiment. The biogas 
composition is an important parameter to evaluate the 
system balance whereby it reveals the ratio between acid 
former and methanogens. In this study, it can be found 
that the methane concentration was in a low level which 
was only 28% on the first day. The biogas composition 
was related closely to the microbial population mass, 
VSS results displaying the same trend where the 
microbial development started from 2.3mg/L to 
15.29mg/L. From this point of view, the microbe in the 
system was acclimatizing to the reactor environment and 
started to develop in the system. However, the low 
concentration of the methane can be related to the 
oxygen contamination during the charging of inoculums 
into the system on that day which in return dilutes the 
gas and inhibiting the growth of methanogens. The 
similar problem encountered by (Basri et al, 2010) 
during loading of material into the bioreactor. The low 
percentage may also contributed by thehigh substrate 
concentration in the beginning making the reaction 

favorable to acidogenesis in turn produced higher 
percentage of CO2 compared to methane which can also 
be observe from the pH drop of 0.33 from 7.21 to 6.88.it 
was once again assuring that there was active 
assimilation of particulate organic matter. Similarly, the 
result of COD and BOD are also reflected the same 
things.  

The system regain stable gradually achieving 
more than 82% on the 4th day and maintained 
composition of 93.5-94.14% started from 6th to 9th day 
and decreased slightly to 76-77.7%. This was due to the 
increase of the SRT which was favorable for 
methanogenic bacteria and to obtain better adapting 
biofilm. (Sanchez et al, 2005) The same conclusion made 
by Rubia et al (2006) that more COD being used to 
generated methane when SRT increase due to the 
microbial population becoming adapted to new 
operational condition. The same observation found in pH 
in the system whereby the pH were increased and 
maintained in the ranged of 6.9 to 7.6 until the 11th day 
implying the system regains more alkalinity on the 
subsequent day and stabilized. These indicating that the 
volatile acid was converted into methane in the system. 
According to Poh et al (2010), rising of pH in the system 
indicate the methanogens have adapted to the 
environment. 

It is notable that biogas composition increased 
with the total COD and BOD removal. For instance, the 
BOD and COD removal rate on the 6th day recorded the 
highest removal giving us the methane composition of 
93.5% on the same day. Despite of the reduction in COD 
and BOD removal rate on the subsequent day, the biogas 
composition was only affected on the 11th day. As 
discussed earlier, there was only low energy yield 
obtained from volatile acids by methane forming bacteria 
so the amount of substrate utilization per unit of methane 
forming organism is high hence the COD utilization is 
rapid. On the 12th and 13th day the decomposition rate of 
complex organic compounds not as rapid as the methane 
conversion rate hence hydrolysis stage became rate 
limiting factor. Basri et al (2010) had also found that a 
considerable portion of COD was not being degraded in 
the digester due to it complex nature of plant cell walls 
which are difficult to hydrolyze microbiologically. The 
explanation has found to be consistent with literature 
review of (Gerardi, 2003).  

In this study, the highest methane composition 
wasfound to be 94.14% .The high percentage is 
contributed by the membrane system that able to separate 
the hydraulic retention time and solid retention time by 
recirculation of biomass. The prolonged solid retention 
time of the UMAS has allowed for the decomposition of 
the suspended solid and subsequent conversion to 
methane. (Abdurahman, 2010) Besides, sludge 
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recirculation create modest mixing which enhanced the 
digestion process by distributing bacteria, substrate, and 
nutrients throughout the digester as well as equalizing 
temperature. The metabolic activities of acetate forming 
bacteria and methane forming bacteria require that they 
be in close spatial contact. (Gerardi, 2003)The highest 
methane composition of 94.14% was found to be higher 
than the conventional method which recorded 54.4% and 
36% for the anaerobic pond and open digesting tank. 
(Poh et al, 2009) The result was comparable to that 
achieved by Najafpour et al (2006) which reported the 
range of 62-82% for both of the system and present 
system were superior in term of biomass retention. 
1.8. Ultrasonic System 

In this study, the effectiveness of the Ultrasonic 
can be seen from the permeability yield, permeate quality 
and the pressure drop of the system. The permeability 
yield improvement can be seen from the permeate 
volume collected in the experiment which was direct 
proportional to the membrane flux. The flux of the 
membrane throughout the experiment have calculated by 
measuring the quantity of permeate collected in 5 hour 
period and divided by the effective membrane area for 
filtration which was 0.048�� for four membrane (Wu et 
al.,2007). It was found that the flux reduction accounted 
for 37.7% in 8 days operation compare with the flux in 
the beginning of the experiment. The similar study has 
been done by Sui et al (2008) using different approach by 
measuring the filtration resistance. It was found that the 
total filtration resistance was only 30% of that without 
ultrasonic after 28 days of operation which shown better 
performance. However, the performance difference can 
be explained as properties of wastewater used was vary, 
synthetic wastewater was used by Sui (2008) which was 
lower strength wastewater compared to POME with high 
suspended solid and organic content. In the mean time, 
the pressure drop of the system was not significant 
throughout the experiment.  

There were some improvements of results in 
TSS and COD removal parameter as compared with the 
experimental result done on the system without 
ultrasonic by (Rajaletchumy, 2010). It was found that the 
highest COD removal and TSS removal achieve by 
Rajaletchumy (2008) were 70% and 53.8% respectively. 
In comparison with the current results the COD removal 
reached up to 92.4% and TSS removal of 99.8% on the 
same HRT 4 day. The performance may attribute by 
Ultrasonic equipped with the membrane which manage 
to emit ultrasonic irradiation in return creating turbulence 
flow which would trigger the removal of fouling particles 
from membrane surface in return retained the biomass in 
the system resulting in higher SRT for microbial 
degradation. The same explanation can be applied when 
comes to comparison with the methane content obtained 

by Abdurahman et al (2010) which was 76.3% as 
compared with 82% found. Hence, it could be found that 
the permeate improvement relied more on the microbial 
digestion rather than physical separation result from 
reduction of fouling problems. It is reported by Wang et 
al (2008) that the membrane fouling did not affect the 
water quality as foulant does not change and destroy the 
properties of membrane. Some researcher even found 
that membrane fouling layer increased the resistance for 
organic matter to pass through in return causing lower 
concentration of COD and BOD in the permeate.(Ahmad 
et al,2005) (Wu et al,2007). Although the increases in 
COD and BOD removal efficiency in fouling 
phenomena, fouling still an unfavorable condition as it 
reduced membrane permeability incurs higher cost for 
high membrane surface area and capital cost in replacing 
membrane.  There were also no damage found on the 
membrane and also no negative affects that on the 
bacterial activity which was not consistent with the 
finding of Sui et al (2008). It was found that ultrasonic 
irradiation has slight negative effect on bacterial activity 
in the study of Sui et al (2008). Besides, the operating 
frequency of 25 kHz and an adjustable power output of 
250W were found to be effectively reduced the fouling 
layer on membrane. 
 

IV.  Conclusions 
UMAS was found to be an effective system in 

treating POME and producing methane gas effectively in 
a short period. From this study, the COD removal rate 
found to be in the range of 86.80% to 95.55%. Besides, 
the performance of the system has also implied in the 
BOD removal rate which fall between 45.48% up to 
71.59%.Another added value of the system was the high 
methane composition that produces where recorded 
highest methane composition of 82.14%. This showed 
that the system has overcame the problems of slow 
anaerobic grow rate which appear to be a disadvantage in 
the conventional POME treating method. The system has 
successfully separated the hydraulic retention time and 
solid retention time by equipping membrane in the 
system whereby the filtrate was discharged and the 
sludge was recycled back into the system. Besides, due 
to the high solid retention time and the recycling of the 
slow growing bacteria the microbial mass in the system 
can be maintained in considerable amount.In additional, 
the Ultrasonic attached to the membrane has solved one 
of the most critical problems during the membrane 
anaerobic system which was membrane fouling. 
Membrane fouling has reduced the membrane flux in 
return reduced the membrane efficiency and shortened 
the life of membrane therefore increased the capital cost. 
The quality of the effluent was elevated with lower COD 
as well as the higher biomass retention efficiency.From 
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the parameter that evaluated, the UMAS was good 
alternative in treating high strength wastewater .The 
objective of this study was attained where the efficiency 
of the reactor has been increased by using ultrasonic as 
compared with the previous results by higher COD 
removal rate improvement by 32% as well as 71% higher 
TSS removal rate. 
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