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ABSTRACT

Aims: The effectiveness of microalgae in the post-treatment of palm oil mill effluent (POME) was being investigated for
colour removal and COD reduction.

Methodology and results: Raw POME, obtained from a local palm oil mill and treated with anaerobic and aerobic
processes for 50 days and 16 days of hydraulic retention time (HRT) respectively, was then used in the
phycoremediation study. Three different species of microalgae (Ankistrodesmus falcatus, Scenedesmus sp. and
Chlorella sp.) were inoculated in a culture media which contained 20%, 40% and 60% dilution of POME. The pH of the
treated POME sample was not adjusted and fixed at the original pH of about pH 8-9. The growth of the microalgae was
determined every 2 days based on their chlorophyll concentration. Chlorella sp. showed the best adaptation and grew
well in all dilutions of the treated POME sample and subsequently chosen for remediation of the POME sample without
any dilution.

Conclusion, significance and impact of study: Chemical oxygen demand (COD) and colour removal of POME were
determined every 2 days. Chlorella sp. performed well with COD reduction and colour removal of 67.87% and 53.26%,
respectively.
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INTRODUCTION adsorption (Shavandi et al., 2012) showed positive results
for POME treatment. However, high capital costs and long
Malaysia is one of the world’s largest producer and hydraulic retention time (HRT) are the major
exporter of palm oil as the Malaysian palm oil industry has  disadvantages for these types of treatment processes. In
grown rapidly over the years. Palm oil sludge or palm oil  addition, in some of the common conventional treatment
mill effluent (POME) is a type of wastewater which is facilities, fluctuations in the operating and raw POME
generated from palm oil milling activities (Bashir et al., concentrations cause the effluent released to be above
2016). It contains a high concentration of chemical oxygen  the permissible limits set by the Department of
demand (COD) of 45,500-65,000 mg/L, biochemical Environment (DOE), Malaysia (Kamyab et al., 2013).
oxygen demand (BOD) of 21,500-28,500 mg/L, total Therefore, an extensive research work is currently
nitrogen (TN) of 500-800 mg/L, total phosphates (TP) of  underway to look for alternative post-treatment methods
(94-131 mg/L), oil and grease (OG) of 1077-7582 mg/L  for POME.
and about 40,500 mg/L of total solid (TS) (Wu et al., 2010; Microalgae play an important role in self-purification of
Lam and Lee, 2011; Jalani et al.,, 2016). It requires natural waters and are also able to remove a wide range
multiple stages of treatment before being discharged into  of pollutants such as heavy metals, phosphorus, nitrogen
watercourse, due to the extremely high content of organic  etc. from wastewater (Arbib et al., 2012; Hongyang et al.,
pollutants. If POME is discharged without any treatment, it  2011; Wang and Lan, 2011; Wang et al., 2014). Because
will cause a very serious environmental pollution. of this ability, it offers an alternative post-treatment
Anaerobic treatment method was found to be the best  solution for many types of organic wastewater such as
treatment method at the primary stage due to the high  agricultural wastewater, domestic wastewater or industrial
load of organics in POME. Many palm oil industries in  wastewater (Vairappan and Yen, 2008). Recent
Malaysia employ this type of treatment process at their researches have determined that the substances in
primary stage treatment process. For the tertiary or POME are able to support the growth of microalgae.
polishing stage, many research works had reported that POME is rich in degradable organic matter and contains
biological aerated filter (BAF) (Damayanti et al., 2011), the two fundamental components, nitrogen and
ultra-filtration (Wu et al., 2007), membrane bioreactor = phosphorus, which are needed for microalgae growth
process (Rotaru, #339) (Cheng et al., 2010) and (Ahmad et al., 2003; Barsanti and Gualtieri, 2014).
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Microalgae are able to utilize the carbon and nutrient
sources in POME for their growth and thus removing
these contaminations (Ahmad et al., 2003).

Although the utilization of algae in various types of
wastewater has increased over the years, reports on the
use of microalgae for POME post-treatment are still
limited. In this study, three different species of microalgae
(Ankistrodemus falcatus, Chlorella sp. and Scenedesmus
sp.) were isolated from different sources. These three
strains were assessed for their growth rate in different
dilutions of POME. The strain which showed the best
adaptation in POME was then chosen to determine its
efficiency in colour removal and COD reduction of POME.

MATERIALS AND METHODS
Wastewater collection

The raw POME used in this study, originated from a palm
oil mill in Penang, Malaysia. The collected raw POME was
pre-treated with two stages of anaerobic and aerobic
processes with 50 days and 16 days of hydraulic retention
time (HRT), respectively, to reduce the dark colour of
POME. This pre-treatment enables the light to penetrate
through POME and allows the migroalgae to grow. About
450 mL of the pre-treated POME was collected every day
and stored in a refrigerator at 4 °C to limit the activity of
the biodegradation process of the microorganisms. The
characteristics of the raw POME and the pre-treated
POME were analyzed and listed in Table 1.

Microalgae strains

Two single colonies strains of microalgae (Scenedemus
sp. and Chlorella sp.) were isolated from Harapan Lake,
Universiti Sains Malaysia. Another strain of microalgae,
Ankistrodesmus falcatus was obtained from the School of
Biological Sciences, Universiti Sains Malaysia. Each of
the microalgae strain was inoculated in 1 L of Bold’'s
Basal Medium (BBM) as a stock culture. All of the strains
were agitated at 100 rpm on an orbital shaker under 12:
12 h (light: dark).

Bold’s basal medium

A 1 L of stock media contained the following ingredients:
25 g/L NaNQs, 7.5 g/L MgSO4-7H20, 7.5 g/L K2HPOs4, 2.5
g/L CaClz2-H20, 2.5 g/L NaCl, 11.42 g/L HsBOgs, 50 g/L
EDTA.Naz, 31 g/L KOH, 4.98 g/L FeSO04-7H20, 1.0 mL
concentrated HCL and 1.0 mL trace elements solution.
The trace elements solution contained 8.82 g/L ZnSOa4,
1.44 g/L MnCl2-4H20, 1.59 g/L CuS04-5H20, 0.71 g/L
MoOs, 0.49 g/L Co(NOs3)-4H20. The ingredients were
diluted with 1L of distilled water and autoclaved for 15
minutes at 121 °C.

Isolation and cultivation conditions

Nutrient agar plates were prepared to cultivate the
microalgae sample. A 1% of agar was mixed with BBM

and autoclaved at 121 °C for 15 min to prepare the agar
plates. A series dilution of samples was spread on the
BBM agar plates and cultured under 2400+100 Lux of
light intensity at room temperature 32+1 °C. After one
week, the single colonies were streaked onto another
agar plate. This procedure was repeated several times
until a single strain of microalgae was obtained.

A 10 mL of each single strain of microalgae were
inoculated in 250 mL Erlenmeyer flask which contained
100 mL of autoclaved BBM, and shaken at 100 rpm. All
the cultures were maintained at a temperature of 32+1 °C
with light and dark period of 12 h each at 2400+100 Lux
of light intensity.

Experimental condition

A 10% of each microalga was inoculated in 250 mL
Erlenmeyer flasks. Each of the flask contained 150 mL of
wastewater media with different dilutions (20%, 40%, and
60%) of wastewater to BBM. The pH of the samples was
not adjusted. All the flasks containing samples were
covered with cotton wool and shaken at 100 rpm and
cultivated at room temperature (32+1 °C) with 2400100
Lux of light intensity for 12 h of light/dark period. The
chlorophyll concentrations, which indicates the growth of
the microalgae, were determined every two days, from
day-1 to day-16. The microalgae that survived were
chosen to be used in the remediation of POME study.

Morphological study

All three microalgae species were identified based on the
morphological examination of the individual cells under
microscope. All three isolated colonies and the
morphology of each microalgae species (before and after
cultivation in treated POME sample) were photographed
at magnification 40x using Nikon Eclipse (E200)
microscope, equipped with Q-imaging digital camera and
Image-Pro Express 6.0 software.

Growth rate study

A 1 mL from each sample was withdrawn from the flasks
every two days. The sample was centrifuged at 10,000
rpm for 5 min to obtain the cell pellet. The supernatant
was discarded. A 1 mL of 90% of methanol was added to
the pellet. The mixture was stored at 4 °C in a dark
condition for one hour before it was centrifuged again for
another 5 min at 10,000 rpm to separate the supernatant
and the cell pellet. The absorbance reading of the
supernatant was then measured using Shimadzu UV-
spectrophotometer  (Model-UV 16001 PC) with
wavelength 652 nm and 665 nm (Ritchie, 2008). The
chlorophyll a concentration was calculated using equation
(1) (Ritchie, 2008),

(1)conc.of chlorophyll a (mg/L) = —8.0962 Agspn +
16.5169 Agg5nm
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The growth of the microalgae was determined based on
the chlorophyll content of each strain. The specific growth
rate, |, is calculated according to equation (2) where Ni
and N2 are the concentrations of chlorophyll a at time t1
and tz respectively (He et al., 2016).

_ In(N;-Ny)
@u=—"""-"
Phycoremediation of POME

A 5 mL of each sample was drawn every two days and
filtered using Watchman Cellulose Nitrate Membrane
Filter (0.45 pm of pore size) under vacuum. The filtered
liquid sample was collected. The percentage of COD
reduction and colour removal of the collected liquid
sample were determined according to the standard
methods for the examination of water and wastewaters
(American Public Health et al.,, 1998). The removal
efficiency for colour removal and the COD reduction were
calculated using equation (3) below,

(3)removal ef ficiency (%) = C’;—Cf X 100%

where, Ci and Cs is the initial and final reading of colour
(Pt/Co) and COD (mg/L) respectively.

RESULTS AND DISCUSSION
Characteristics of POME

Anaerobic and aerobic treatment processes were carried
out as pre-treatment processes for the raw POME after it
was collected from the palm oil mill. The HRT of the
anaerobic and aerobic process were 50 days and 16 days
respectively. The characteristics of the raw POME,
anaerobic treated POME and aerobic treated POME are
listed in Table 1.

Table 1: Characteristics of POME.

Anaerobic Aerobic
Parameters Raw POME treated POME treated
POME
Ph 4-4.5 7-7.5 8-9
Colour
(PY/Co) - - 3000-4500
COD
70,000-80,000 15,000-16,000 600-1000

(mg/L)

Morphological and characteristics of microalgae

The three microalgae were screened and selected from
each of the green single colony on the agar plate. The
morphology of those strains was observed under a
microscope with 40x magnification. The morphology of
Ankistrodesmus falcatus is displayed in Figure 1(a). This
type of microalgae is unicellular or colonial chlorophyte.
The microalgae cells are curved or slightly crescent in
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shape. The cell length is around 25 to 62 pum and the cell
width is around 1.2 to 4.3 pm.

Figure 1(b) shows the morphology of Chlorella sp. The
microalgae cells are spherical in shape. The diameter of
each microalgal cell is about 2-10 pm. The cells of this
microalgae are without flagella and they are green in
colour.

The morphology of Scenedesmus sp. is showed in
Figure 1(c). The cells of this strain are arranged either
linearly or in a zigzag pattern. The colonies of the cells are
formed in a group. Around 2 or 4 cells of this microalgae
usually will attach side by side. The cells of the microalgae
are normally elliptical or spindle in shape with 11-18 pm
long and 3.5-7 pm wide.

A

(a)

10 pm

Figure 1: Morphology of (a) Ankistrodesmus falcatus, (b)
Chlorella sp. and (c) Scenedesmus sp. with magnification
of 40x.

Microalgae growth

The growth of the three microalgae were determined
based on the concentration of chlorophyll a. The growth of
Ankistrodesmus falcatus, Chlorella sp. and Scenedesmus
sp. in the culture media which contained 20%, 40% and
60% of treated POME, are shown in Figure 2(a), 2(b) and
2(c), respectively. All three species grow well in the media
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with 20% dilution of pre-treated POME. Both Chlorella sp.
and Scenedesmus sp. attained their maximum growth on
12 day with 6.340 mg/L and 1.500 mg/L of concentration
of chlorophyll a, respectively. The specific growth rate was
0.1297 mg/Lday for Chlorella sp. and 0.0243 mg/Lday for
Scenedesmus sp. But, A. falcatus showed maximum
growth on 16" day with 2.975 mg/L of concentration of
chlorophyll a and specific growth rate with 0.0652
mg/Lday.

-

(a)

o

w

—e— Chiorella sp.

w

—— Scenedesnms sp.

—8— dnkistrodesmus falcetus

(S}

Chlorophyll a concentration (mg/L)
B

=}

12 14 16

o
(%)
IS
o 4
@
—
o

7 (b)

24 —— Chiorella sp.

—=— Scenedesiis sp.

—a— Ankistrodesmus falcatus

Chlorophyll a concentration (mg/L)

0 2 4 6 8 0 12 14 16

o

(c)

w

S

w

—e— Chlorella sp.

—=— Scenedesmus sp.

(S

—A— Ankistrodesmus falcatus

—

Chlorophyll a concentration (mg/L)

o
o 3

2 4 6 8 10 12 14 16
Days

Figure 2: The growth of the three species of green
microalgae in media which contain of (a) 20%, (b) 40%
and (c) 60% of POME.

However, the increase of percentage of pre-treated
POME in the media decreased light penetration. This
caused the decrease of the growth rate of both A. falcatus
and Scenedesmus sp., as the volume of treated POME

increased in the media. Light is an essential resource
which often limits the growth rate of microalgae. George et
al. (2014) had investigated the growth of A. falcatus, and
found that it is highly influenced by the light intensity
(George et al., 2014). The results showed A. falcatus grew
well as light intensity is increased (George et al., 2014).
Liu et al. (2012) also reported that the highest biomass
production of Scenedesmus sp. was obtained at the
highest light intensity (Liu et al., 2012).

Among these three microalgae, Chlorella sp. showed
good adaptation even in the lowest dilution, i.e. 60%
volume of pre-treated POME in media. Some of the
microalgae species will be in mixotrophic condition
whereby  photoautotroph and heterotroph  apply
simultaneously under ample light condition (Bhola et al.,
2011). They are able to switch between autotrophic and
heterotrophic growth regime based on the culture
condition. Many researchers had observed that Chlorella
sp. can tolerate high concentration of wastewater even in
poor light penetration (Li et al., 2011). Chlorella sp. can
use both metabolic pathways to utilize the carbon source
and organic matter in the wastewater. Under poor light
penetration condition, the Chlorella sp. will switch to
heterotrophic growth regime.

pH is another factor which will affect the growth of
microalgae. Different species of microalgae can tolerate
different values of pH. In this study, the pH of pre-treated
POME was very high, at about pH 9. This might have
caused Scenedesmus sp. and A. falcatus to not able to
grow well in the pre-treated POME sample.

Morphology of microalgae in POME media

The morphology of each microalgae species after being
cultivated in the media which contained POME was
monitored under microscope with magnification of 40x.
Figure 3(a) displays the morphology of Chlorella sp. after
16 days of cultivation period. The cells were clumped
together after the 16th day of cultivation. This might be
caused by the production of extracellular polymeric
substances (EPS) to protect the cells from extreme
conditions, in this case, from POME. Figure 3(b) and 3(c)
show the morphology of Scenedesmus sp. and
Ankistrodesmus sp. Many dead cells of Scenedesmus sp.
and A. falcatus (circled in red) were found within the 16
days of cultivation as both species could not tolerate the
extreme condition of pre-treated POME, which has high
pH and poor light intensity.

COD reduction and colour removal

Chlorella sp. was chosen in the subsequent study on COD
reduction and colour removal of POME (without dilution).
Figure 4 shows the growth rate of Chlorella sp. in POME.
Chlorella sp. achieved its maximum growth rate on 12"
day with 3.6195 mg/L of chlorophyll concentration with the
specific growth rate 0.2878 mg/Lday. The chlorophyll
concentration decreased after day 12™ and this indicated
the death phase in POME for this strain.
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Figure 5(a) and 5(b) show the efficiency of COD
reduction and colour removal of Chlorella sp. respectively
within 16 days. The highest removal percentage of colour
removal and COD reduction was obtained at day 10" with
53.26% and 67.87%, respectively. There was slight
removal of colour and COD reduction of the control
samples (without autoclave) which could be due to the
degradation activity caused by the bacteria present in
POME.

Figure 3: The morphology of (a) Chlorella sp., (b)
Scenedesmus sp. and (c) A. falcatus after the 16 days of
cultivation.
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Figure 4: The growth of Chlorella sp. in POME (without
dilution) within 16 days.
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Figure 5: The percentage efficiency of (a) COD reduction
and (b) colour removal of POME (without dilution) for 16
days.
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CONCLUSION

Compared to another two strains, A. falcatus and
Scenedesmus sp., Chlorella sp. could adapt well in POME
even though the POME sample was poor in light
penetration due to being dark brown in colour. Chlorella
sp. has a potential to be used for post-treatment of POME
since it showed a good result on COD reduction and
colour removal of POME with about 67.87% and 53.26%,
respectively.

Ankistrodesmus falcatus and Scenedesmus sp.
showed good adaptation in media which contained low
concentration of POME. Chlorella sp. performed the best
amongst the three strains. However, there are several
parameters such as pH, temperature, light intensity etc.
which need to be considered, in order to obtain the
optimum growth of these microalgae and enhance the
good performance of POME post-treatment process.
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