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Abstract

Graphical abstract

Palm oil mill effluent (POME) is a massive problem to the environment, primarily
waterway as it contains a considerable range of pollutants. Therefore, while
enjoying the high revenue from palm oil industry, the palm oil industry responsibility
fowards the POME treatment must be faken info consideration. Along with the
development of sustainable engineering concept, many researchers have focused
on inventing a system that does not compromise the natural environment or the
ability of future generations to meet their own needs. This study aimed to
investigate the feasibility of using integrated biofilm tfreatment/membrane filiration
process in producing recyclable and reusable water by manipulating the biofilm
carrier type and the biofilm tfreatment HRT. The combined system of biofilm and
membrane had delivered 98.6, 99.98, 97.5, 100, and 99.87% of COD, Turbidity, MLSS,
TSS, and ammoniacal nitrogen removal, respectively. The produced permeate
from aerobic POME remediation by biofilm/ membrane filtration system meets the
lIlland IV class of the National Water Quality standards of Malaysia for water supply
(Extensive treatment is required), and fishery (livestock drinking) purpose.

keywords: Palm oil mill effluent, integrated system, biofilm treatment, membrane
filiration, water freatment
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1.0 INTRODUCTION result in severe waterways pollution and bring
negatfive impact to the aquatic habitats due to

A massive quantity of water is required for the palm
oil extraction process, especially fresh fruit bunch
(FFB) sterilisation and extracted oil clarification [1].
The process requires around 5-7.5 tonnes of water to
produce one fonne of crude palm oil (CPO), and this
massive quantity of water ends up as palm oil mill
effluent (POME) [2]. POME comprises 0.6-0.7% of oil,
95-96% of water and suspended solids in the range of
2-4% [3]. This vast quantity of polluted wastewater will

oxygen depletion and the increase of freshwater
acidification [4]. Currently, Palm oil production
increases due fo the vast demand for oleochemicals.
Thus, POME discharge is increasing [5].

There are several methods commonly used in
freating POME, for instance, biological tfreatment
such as facultative or anaerobic ponding system [6].
However, long hydraulic retention time (HRT) (45-60
days), production of greenhouse gases (hydrogen
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sulphide, carbon dioxide, methane), and significant
area requirement are the constraints of the biological
freatment [7]. Evaporation is another method that
used to tfreat POME [8]. Evaporation had conftributed
to the expensive operating cost due to the high
energy consumption, which is the main drawback of
this method.

Biofilm technology used for the first time in year
1990s, for ftreating wastewater in Norway [9].
Numerous microbes use nufrients (organic and
inorganic matters) fo build a biofilm colony. First, the
microbes attach to a suitable surface; then it starts
developing the colony. Biofiim freatment has many
advantages compared to the conventional POME
freatment methods. For instance, high activity
biomass, resiience to the environmental changes,
reduced hydraulic retention time, low space
required, flexibility in the treatment operation, and
enhanced ability to  degrade recalcitrant
compounds [10].

In 2010, the World Health Organization (WHO) had
shown that 780 million people have no way to get
the suitable water for drinking. That issue had raised
considerable concern to provide well freatment [11].
For producing high-quality water, the system involved
the membrane freatment. This research had
intfegrated Membrane with Biofilm freatment to
produce a high-quality treatment. The system
included Biofim as pretreatment to avoid the foul
maftter [12].

The primary objective of this study could achieve
by manipulating the type of biofilm carrier and the
biofilm freatment retention time, and to investigate
the feasibility of using integrated biofilm freatment/
membrane filtration process in producing recyclable
and reusable water. Bagheripour and Moghadassi
(2015) had catalysed their membrane treatment to
provide better freatment, but in this research, it had
focused on the integration process [13].

2.0 METHODOLOGY
2.1 Materials
The used POME sample collected from aerobic pond

in Sime Darby east mill, Carey Island, Malaysia (see
Table 1).

Table 1 Aerobic POME properties

biodegradation of POME by micro-organisms [14].
Black media and hexdfilter media bought from
EnviroSource Company, Malaysia. These growth
media used as carriers for biofim bacteria
attachment. The membrane technology performed
a Nano Filtration (NF). The filtration process occurred
by NF270 membrane type in the cross-flow
membrane. NF270 is the product of the DOW, USA.
Table 2 presents biofilm carriers (Black and Hexdfilter)
with their specifications.

Table 2 Characteristics of Biofilm carriers

Characteristics Black Media Hexdfilter Media
Appearance

- — Fo—,

- l

Material Polypropylene Polyethylene
Density (kg/m3) 0.888 1.034
Specific surface 450 320
area (m2/ms)
Surface area 1400 1460
(mm?2)
Mass (g) 0.654 1.034
Height (mm) 10 12

Parameters Unit Value
COD mg\l 6630
Turbidity NTU 3740
Ph mg\l 5.693
MLSS am 0.012
NH3-N mg\l 970
Temperature °C 27.8

POME sample was kept under 6 °C in the cold
room immediately after the sampling to avoid

The used membrane sort for POME filtration was
nanofilfration (NF). Also, NF270 was the ufilised NF
type. This NF270 membrane purchased from the
DOW Chemical Company, USA.

2.2 Acclimatization of Biofilm

POME employed as a nutrient source for the bacteria
colonisation on the growth media. Prior
acclimatisation process, POME collected from an
aerobic pond at Sime Darby east mill, Carey Island,
Malaysia. Centrifugation process handled POME for
10 minutes at speed 4000 rpom. One lifre of
concentrated POME was collected and mixed info a
glass tank filled with one litre of aerobic POME. 126
pieces of the hexdfilter carrier and 328 pieces of the
black media were added fo the glass tfank
separately. The mixture was left untreated for biofilm
growth on the carriers to metabolise the organic
matters in POME. Figure 1 presents the map of the
operation.

2.3 Biofilm Treatment

The biological treatment used the developed biofilm
to biodegrade and mineralise POME After the
acclimatisation stage. The biofim freatment would
last for three days. During these three days, COD,
Turbidity, pH, MLSS, NH3-N, Temperature, Dissolved
Oxygen, and TSS presented the biofilm treatment
progress for every 24 hours.
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Figure 1 Map of the tfreatment system

Turbidimeter (HACH, Malaysia). Whereas, the

2.4 Membrane Treatment measurement of TSS was done using HACH DR 3900

equipment (HACH, Malaysia). The COD analysis was
Membrane filtration performed further freatment for done by preheating the sample at 150 °C for 2 hours
the POME after the biofilm treatment. A laboratory in DRB 200 reactor and analysed using HACH DR 3200
bench- scale crossflow test unit was used to study the Benchtop Specfrophotometer (HACH, Malaysia)
performance of NF270 membrane in freafing the after cooled to room temperature. Nessler method
effluent after the biofilm tfreatment. NF270 membrane made by HACH DR 3900 Benchtop
was cut info a rectangular shape with a practical Spectrophotometer (HACH, Malaysia) to present
membrane filtration area 120 cm?2. The membrane NH3-N concentration of the sample.

filtration processed POME at the transmembrane
pressure (TMP) of 3 bar. Water permeates after the

membrane filfration process was collected and 3.0 RESULTS AND DISCUSSIONS

analysed by finding TSS, Dissolved oxygen, NH3-N,

MLSS, pH, Turbidity, and COD range. 3.1 Acclimatization of Biofilm

2.5 Analysis Methods The objective of this study was to investigate POME

freatment by using different growth media (biofilm

The effluent quality presents the performance of the carriers). This study had aimed to get high-quality

system based on pH, chemical oxygen demand pretreatment. First of all, this research started with

(COD), mixed liquor suspended solids (MLSS), bioflm development and bacteria growth. The

ammoniacal nitrogen (NH3-N), dissolved oxygen bacteria produce different size of biofilm layers on

(DO), turbidity, and fotal suspended solids (TSS) the media surface. By employing these bacteria to

concentration. The pH of the sample was measured create more biofim, the treatment delivers sufficient

using pH meter, 827 Metrohm (Mefrohm, Malaysia). biodegradation process against POME
DO of the sample was measured using portable YSI contaminants. It is not easy to occupy these bacteria

550A DO meter (YSI, USA). The turbidity of the sample because it has a challenging mood to be satisfied.

was measured using HACH 2100N laboratory
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Biofilm bacteria need several condifions to be
suitable for its growth. When the biofilm growth stage
started, several measurements were done to check
the progress of POME treatment. COD, and DO fest
presented the progress of the biofilm bacteria
through the biodegradation. Biofilm bacteria are not
giving free freatment for POME; it needs food to work
entirely by doing remarkable pre-treatment. POME
bacteria need many kinds of food like oxygen and
nufrients.

The biological growth results showed the process
path with the best duration. COD reduction by both
carriers is close which is 67% removal by the hexafilter
carrier, and 58% by the black media with respect to
MLSS, turbidity, and ammoniacal nitrogen removal
ranges at 15 days duration, but the action is different
due using different designed media. The glass
reactor showed the attached biofim on the growth
media. The black media had more biofiim layers than
the hexdafilter (see Figure 3 and 4).

The media design effects the biofim attachment
process. Since the black media growth is smaller and
has more fight corners than the hexafilter media, so
the performance to create biofim was higher
efficiency. The biofilm growth at the 15th day is very
close to the 27th day of the acclimatisation process
by observing COD reduction range. Briefly, 15 days of
biofilm growth process showed being a sufficient
duration. A study agreed with going for 15 days; it
had mentioned that 15 days are sufficient for getting
highest removal amount of COD, TSS, and turbidity
[15]. Figure 2 presents COD, MLSS, Turbidity, and
Ammoniacal nitrogen results at the acclimatisation
stage.

In the acclimatisation process, COD level stopped
from decreasing at range 2201, and 2450 mg/I for
Hexafilter and black media respectively. COD
reduction is linked with biofilm bacteria activity by
referring to the required range of oxygen to
remediate or eliminate POME pollutants. Bacteria
activity was less affer few days of acclimatisation
process so that COD removal range was less than
usual. A researcher employed microalgae to treat
POME for 27 days of retention time [15], and the
lowest COD range obtained during the 15th day. It is
evident that turbidity range had continued
decreasing without stopping for 27 days. For that,
turbidity range does not affect biofim growth or
death.
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Figure 2 (a) COD vs Time (Day); (b) MLSS vs Time (Day); (c)
Turbidity vs Time (Day); (d) Ammoniacal Nitrogen vs Time
(Day)

There is a study confirming 15 days are efficient to
get maximum turbidity removal, and that is confrast
[16]. The study wused microalgae as dominant
microorganisms for POME treatment which had 7.48,

4045 mg/l, 334 mg/l, 607 mg/l, and 395.5 NTU of pH,
COD, NH3-, TSS, and turbidity.

Ammoniacal nitrogen test was taken for 27 days
of biofilm evolution. Ammoniacal nitrogen range had
reduced gradually within all biofilm growth duration.

Both biofilm media achieved close ranges of
ammoniacal nifrogen removal which are 107 mg/| for
hexafilter, and 91 mg/I for black media after 48 hours
of POME biotreatment. Environmental conditions like
tfemperature and light intensity were not maintained.
Fifteen days are not enough to gain the best removal
amount of ammoniacal nitrogen. Also, the difference
between 27th and 15th day of ammoniacal nitrogen
removal amount is nearly 15% for both sorts of media.

The durafion of optimal biofilm growth was
unknown, so this research sought the perfect
duration to get the highest size of biofilm growth. In
this study, within 15 days, the biofiim growth reached
its maximum. COD test could show when the
bacteria stop from developing the biofilm. COD test
results were the key to inspect biofim bacteria
activity. Within time, the biological film developed on
the growth media surface by numerous
microorganisms (see Figure 3, and Figure 4).

Figure 3 Footages of biofilm evolution during time (Black Media)
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Figure 4 Footages of Biofilm development with time (Hexafilter media)

3.2 Biofilm Treatment

This biofilm growth made by the occupied bacteria
in the POME medium. POME treatment had started
after reaching maximum growth, as shown in Table 3.
POME treatment with high availability of biofilm
should give a high efficiency to pretfreat the
wastewater.

It seems the black media consumed more time
than the hexdfilter media to reach what hexdfilter
media reached in freating POME. The freatment
achieved the highest percent of reduction after 24
hours of the ftreatment age. In addition, the

freatment lost its efficiency after 24 hours of the
freatment age, because every single bacterium had
achieved its maximum utilisation and can’'t go
further. Thus, this biological treatment can give a
specific removal amount of COD. Another study used
HRT for 12 days and had reached 92.7% reduction of
COD, with using aerobic conditions, similar to the
occurred study [17]. A researcher had used
polymeric media for treating POME with anaerobic
conditions, COD reduction range was 60%, and the
used raw POME had COD range around 2100 mg/I
[18]. Biofim treatment had achieved good
performance by comparing with other researches.

Table 3 Properties of aerobic digested POME and the biological biofilm freatment results

Hexdfilter Black media
Parameters Aerobic 24 hr. 48 hr. 24 hr. 48 hr. 72 hr. Unit
POME

COD 1450 760 1130 690 210 1040 mo\l
Turbidity 87.9 140 122 130 111 76 NTU
pH 8.021 7.258 7.422 7.654 7.973 7.855 mo\l
MLSS 0.006 0.0031 0.0025 0.0035 0.0026 0.0032 mo\l
NH3-N 101 93 100 102 86 93 mo\l
Temperature 25.7 - - - - - °C
Dissolved 2.03 1.88 2.49 2.38 1.79 2.57 mo\l
oxygen

TSS 290 140 420 340 470 410 mg\l
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3.3 Membrane Treatment

The tfreatment of POME by NANO membrane is
super- efficient by noficing the removal amount
(see Table 4). In this case, NANO membrane is very
efficient to use, and no need to go for extreme
freatment like RO. As known, the membrane has a
common problem known as fouling. There is a
sfudy had occurred on treating POME by using
Ulirafilter (UF) membrane [19]. The used POME had
COD range 12040 mg/l, after using UF treatment,
POME COD range decreased within 94.8% from the
used POME, but NF removed 97.94% of COD in this
research. Also, Said and Mohammad (2015) used UF
and NF fogether to treat POME; the achieved
reduction percent of COD was around 97.29% [19].
Another researcher integrated microalgae with UF
membrane, and COD reduction was around
90.3% [16].

After reviewing these researches, it is evident that
integrating biofim treatment with NF membrane
produced well-treated POME with around 98.6,
99.98, 97.5, 99.87% reduction of COD, turbidity,
MLSS, and Ammoniacal nitfrogen, respectively. Table
4 shows the properties of POME feed and
membrane discharge. Additionally, the discharged
water is complying with the lll, and the IV class of
the National Water Quality standards of Malaysia for
water supply (Extensive freatment is required), and
fishery (livestock drinking) purpose [20].

Table 4 POME properties at the feed and outlet stage

Feed Treated POME

Properties Value Value Units
COD 923 19 mg/!
1SS 409.5 0 mg/!
MLSS 0.003 0.0003 mg/I
DO 2.6 4.44 mg/I
NH3-N 98 1.19 mg/I
Turbidity 80 0.381 NTU
pH 7.81 6.473 -

4.0 CONCLUSION

Many factors affected the whole process
efficiency. The surface area for biofilm media should
be large enough to provide an aftractive surface
to get a large and useful attachment. The growth
media surface should be crimped fo stop the
eruption. The liguid movement develops a severe
eruption of the microscopic colonies. The water
movement causes a break to the attached biofilm;
then the pre-freatment performance goes down.
Biofilm media should involve small corners. These
small corners are helpful to save biofim bacteria
from the removal and the disruptfion. Lastly, NF
results showed an excellent treatment for POME.
Thus, using NF is very compatible with biofilm
freatment.
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