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Abstract. Ultrasound cavitation (US), coagulation treatment (natural coagulant chitosan and synthetic coagulant ferric 
chloride (FeCl3)) and activated carbon as adsorbent were applied for treatment of raw palm oil mill effluent (POME). 
The findings showed that for US alone, increasing pH >11 COD removal increased due to more hydroxyl radical (OH·) 

present in alkali solution phase. The COD, colour and TSS removal at pH 11 were 26.3%, 52.7% and 58.2%, 
respectively after 60 min. Application of coagulants (Chitosan and FeCl3) required acidic medium for coagulation (i.e. 
between pH 4.5 and 5) to be effective. A dosage of 100 mg/L chitosan at pH 4.5 removed 15.4% COD, 85.8% colour 
and 97% TSS from POME. A dosage of 450 mg/L FeCl3 at pH 5 removed 38.54% COD, 88.6% colour and 91.5% TSS. 
It was observed that FeCl3 removed COD better than chitosan. Adsorption studies indicated that 800 mg/L of activated 
carbon removed 64.3% COD, 99.16% colour and 99.5% TSS. The dosage needed for adsorption was much higher 
compared to chitosan and FeCl3 coagulants required. However, activated carbon could be recycled and reused. The 
hybrid treatment of ultrasound cavitation and coagulation (US-FeCl3) removed 56.3% COD, 92.4% colour and 96% 
TSS. The US-Chitosan removed 35.1% COD, 86.8% colour and TSS 89.2%. The eventual hybrid treatment of 
ultrasound cavitation, FeCl3 coagulation and activated carbon adsorption in series removed BOD5 89.7%, COD 88.1%,
colour 99.9% and TSS 99.5% cumulatively. The final effluent concentration of the treated POME was in the accepted 
range set by Department of Environment (DOE) Malaysia. The study showed that a combination of ultrasound 
cavitation, adsorption and coagulation (Chitosan and FeCl3) treatments were effective for removal of BOD5, COD, 
colour and TSS in POME wastewater. In addition, the efficiency of the treatment will further improve when these 
treatment technologies are combined.

INTRODUCTION 

Malaysia contributes about 39% of the world palm oil production and this translates to 44% of palm oil world export 
[1]. Therefore, palm oil is a very important sector and significantly affects the gross domestic product (GDP) of Malaysia. 
Due to the importance of palm oil industry, large area of land has been converted into oil palm plantation estate, at the 
same time, many more palm oil mills have been built to process the increasing amount of oil palm fresh fruit bunch 
(FFB) into crude palm oil. Palm oil mill effluent (POME) generated by processing 1 ton of FFB, contains about 29-30 
kg at 30oC, 3-day biochemical oxygen demand (BOD3) [2]. From the data of POME produced in year 2014, if the raw 
POME is discharged into the environment without any further treatment, the BOD discharged would be equal to the 
waste generated by 75 million people, which is the 2.5 times of the current Malaysia population [3]. The most popular 
method to treat the POME in Malaysia is using the ponding system as it has a low equipment cost and it is easy to 
operate. There are more than 85% of palm oil mills that have adopted this method to reduce the BOD of POME to reach 
an acceptable limit, which is less than 100 mg/L (West Malaysia) and 50 mg/L (East Malaysia).  

Due to the pollution potential of the POME, the Department of Environment, Malaysia has proposed more stringent 
regulation on the discharge limit of POME. For example, decrease of the BOD discharge limit from 100 to 20 mg/L. 

6th International Conference on Environment (ICENV2018)
AIP Conf. Proc. 2124, 020008-1–020008-12; https://doi.org/10.1063/1.5117068

Published by AIP Publishing. 978-0-7354-1864-6/$30.00

020008-1



This will be challenging for all the palm oil mills in Malaysia. Therefore, an effective polishing technology is needed to 
degrade the POME before discharged [1]. In the ponding system, the POME undergoes biological treatments which 
includes anaerobic digestion process followed by aerobic ponding with hydraulic retention time of 40 d or more. 
However, ponding system has some drawbacks which are long hydraulic retention time (HRT), huge land needed and 
the release of greenhouse gases (methane). There are also many palm oil mills which are unable to achieve the discharge 
limit by using ponding system [3]. Ultrasonication (US) is an irradiation of ultrasound with frequency beyond the normal 
hearing range of humans (>15–20 kHz) or it is simply mechanical waves at a frequency above the threshold of human 

hearing. It can be generated at a broad range of frequencies and acoustic intensities. It has been widely used as a green 
technology to treat various wastewaters with higher degradation rates and shorter reaction times compared to 
conventional methods [4, 5]. Cavitation is the formation, growth and subsequent collapse of bubbles over a small time 
period which results in the generation of large magnitudes of energy over specific location [3]. There are four types of 
cavitation which are acoustic (ultrasound), hydrodynamic, optic and particle cavitation. Among these four types of 
cavitation, acoustic cavitation and hydrodynamic cavitation is the most common and have been investigated. US 
cavitation occurs when a passage of very high frequency sound wave of 16-100 kHz transmit through wastewater. 
Hydrodynamic cavitation occurs when a liquid passes through a constriction. Ultrasound cavitation which degrades 

pollutants can occur either through pyrolysis of pollutants or through the production of OH· [5]. Pollutants which are 

volatile, non-polar and hydrophobic can easily enter into the cavitation bubbles and exposed to the collapsing conditions 
of bubbles [3, 6]. The advantages of using ultrasound technology as an environmentally friendly, compact and low-cost 
wastewater treatment option is notable. Ultrasonication is expected to decompose complex organic pollutants in the 
effluent due to the formation and collapse of high-energy cavitation bubbles [5]. This method has been reported to be 
successful in several processes such as bioprocesses, biohydrogen production, aerobic and anaerobic treatment processes 
[7-11] etc. Chitosan is a kind of biopolymer coagulants which is non-toxic, biodegradable, renewable and environmental 
friendly [12]. Chitosan is a type of marine polymer which has been widely used in practical fields such as wastewater 
management, pharmacology, bio-chemistry and biomedical. Chitosan is a cellulose-like polyelectrolyte biopolymer 
which derived from de-acetylation of chitin. Chitin can be easily found in marine nature, it is occurring in the insects, 
yeast, fungi and exoskeletons of crustaceans [13]. Chitosan contains high amount of amino functions that provide novel 
binding properties for heavy metals in waste water [14]. Chitosan can coagulate effectively at pH less than 4.5 as strong 
acidic condition exaggerates POME to form unstable flocs [15]. 

There are no reported literatures on the hybrid ultrasonic cavitation/adsorption and coagulation treatment of POME as 
an alternative to ponding system. The main focus of the research was the treatment of POME through the combination 
of ultrasound cavitation, adsorption using activated carbon along with pretreatment or post-treatment using natural and 
synthetic coagulants. The objective of the study was to investigate the polishing and reduction of organics in order to 
decrease the biochemical oxygen demand (BOD), total suspended solids (TSS), colour and chemical oxygen demand 
(COD) of the POME. To achieve this, the optimization of the ultrasound cavitation in reducing pollutants in POME, 
determination of the optimum dosage of adsorbent (activated carbon), chitosan and ferric chloride (FeCl3) and the 
performance of the hybrid POME treatment by combining ultrasound cavitation/adsorption and coagulation for treatment 
of the POME so as to meet the effluent discharge standards was investigated. 

MATERIALS AND METHODS 

Materials
Basically, the POME and chemicals used were the materials required for the study. 

Wastewater Sample Collection 
POME was collected from a nearby local production mill in Sibu, Sarawak, Malaysia. It was collected from the initial 
discharge of the raw POME. The POME were freshly collected when needed.   
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FIGURE 1: Ponding of Palm Oil Mill Effluent at the Mill 

Chemicals 
Chitosan was supplied by a foreign manufacturer. This chitosan was soluble in 1% diluted acetic acid. FeCl3 was obtained 
from a local manufacturer in granule form. FeCl3 was dissolved in distilled water. Granular activated carbon was crushed 
and sieved to get the size which was less than 75 μm. 

Experimental Section 

The experiment was conducted following the description in the flow chart in FIGURE 2. 

FIGURE 2: Flow chart for the experimental study
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Ultrasonic Cavitation Process 
A desktop ultrasonic bath version was used for this study. The model was UT8021/EUK - Ultrasonic, 2 L, 40 KHZ, 100 
W. It had inbuilt system for production of ultrasound and cooler jacket unit with temperature around room temperature 
(24 ± 0.5oC). Variation of input cavitation factors were not available on this equipment. 

Coagulation Process 
This was possible with the use of FeCl3 and Chitosan. Both were used interchangeably to investigate the effects of natural 
and artificial coagulants in the treatment process. 

Adsorption Process 
In order to ascertain the contribution of the adsorption process, commercial activated carbon was used for the required 
adsorption study.  

Experimental Set up 
The entire design of experiment is shown in the TABLE 1. The experiment was started with ultrasound cavitation 
treatment (pH and time were varied), followed by coagulant chitosan (dosage), coagulant FeCl3 (pH and dosage were 
varied), adsorbent activated carbon (dosage and time) and thereafter the various possible combinations where attempted. 
Optimal conditions were studied at the end of the research. 

TABLE 1. Design of Experiment 

(A)
Ultrasound Cavitation (US)

(B) Chitosan (C)

Ferric Chloride (FeCl3)

pH: 3, 5, 7, 9,11 

Time (min): 30, 60, 90, 120, 150,  

180 

Volume (mL): 200 

Dosage (mg): 10, 20, 40, 80, 160, 320 

pH: 4.5 

Volume (mL): 200 

Mixing Time (min): 15  

Settling Time (min): 60  

Dosage (mg): 30, 60, 90, 120,  

150, 180 

pH: 3, 5, 6, 7, 8, 11 

Volume (mL): 200 

Mixing Time (min): 15 

Settling Time (min): 60  

(D)
Activated Carbon Adsorption

(E)

Hybrid US, Chitosan and FeCl3

(F)

Hybrid�‘E’�and�AC�Adsorption

Dosage (mg): 160, 320, 480, 640,  

800, 1600, 2400 

Mixing Time (min): 60 

Volume (mL): 200 

Dosage (mg/L): Chitosan 20, FeCl3 90 

pH: 11, 4.5 

Time (min): 60  

Volume (mL): 200 

Dosage (mg/L): 800 mg 

pH: 11, 4.5  

Time (min): 60 

Volume (mL): 200 

Analytical Methods 
Chemical oxygen demand was measured according to the Standard Methods 8000 (APHA, 2005) using Hach reagent. 
Colorimetric determination of COD was carried out at 620 nm using a Hach spectrophotometer DR 6000. The BOD5 
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was determined according to the Standard Method 5210 B. Dissolved oxygen (DO) was measured by an YSI 5000 
dissolved oxygen meter. TSS was determined according to the Standard Methods Section 2540 D. Total suspended solids 
were dried at 103-105oC. A pH meter (Hach Sension 4) with a pH electrode (Hach platinum series pH electrode model 
51910, HACH Company, USA) was used for pH measurement. The pH meter was calibrated with pH 4.0, 7.0 and 10.0 
buffers. Colour was measured according to the Standard Method 8025. Colorimetric determination of colour was carried 
out at 620 nm using a Hach spectrophotometer DR 6000. 

RESULT AND DISCUSSIONS 

Characterization of Pam Oil Mill Effluent

The characteristics of the POME used is shown in TABLE 2. 

TABLE 2: Characterization of POME 

Parameter Concentration 

COD 

Colour 

BOD5

Temperature pH 

TSS 

720 mg/L 

2205 PtCo 

468 mg/L 

33(oC) 

8.3 

200 mg/L 

Ultrasound Cavitation Treatment Using Ultrasonic Bath 

In order to study the effect of ultrasound cavitation on the POME, the wastewater was treated at different pH (3-11) and 
varying cavitation time (30-180 min). Measurement of the removal efficiency of COD, colour and TSS, were done to 
ascertain the performance of the process. 

Effect of pH 

The wastewater pH is an important factor when considering treatment by ultrasonication because it helps to convert the 
POME speciation into stable intermediates degradable by the treatment process [17]. The POME was adjusted using 
either sulphuric acid (H2SO4) or sodium hydroxide (NaOH) where required to reach various pH for the sample 
wastewater. About 200 mL of POME in a 250 mL beaker was prepared with pH 3, 5, 7, 9 and 11. The temperature was 
set at the room temperature (23.5oC) and the cavitation time was 60 min. The COD, colour and TSS removal efficiencies 
were measured after the experiment was completed as shown in FIGURE 3. From the results, it was observed that pH 
less than 11 does not show significant COD, colour and TSS removal. This is due to neutral (noncharged) species of 
pollutants which accumulate easily at the interface of cavitation bubbles in comparison with their ionic forms (anion or 
cation). As a consequence, the sonochemical degradation of neutral structures is favored [18]. In addition, it gives an 
idea of the rate of degradation [19]. In a similar report, pH 7 to about 10.7 was observed to give the optimal removal of 
nonylphenol under ultrasonic assisted treatment process [20]. 
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pH

FIGURE 3: Effect of pH on ultrasonic cavitation in terms of COD, Colour and TSS removal

Effect of Time 

To understudy the reaction time required, about 200 mL of POME in 250 mL beaker was place in a shaker for 30, 60,
90, 120, 150, 180 min. The temperature was set at the room temperature (23.5oC) and the pH was fixed at 11. The COD 
and colour removal efficiency after the experiment were measured as shown in FIGURE 4. It can be observed that COD 
and colour removal increased when the cavitation time increased until it reached its highest removal of about 26.3, 52.7 
and 58.2% for COD, colour and TSS at 60 min, respectively. Further increase in reaction time does not significantly 
increase the pollutant removal. The COD and colour removal rates were also observed to fluctuate when the cavitation 
time was longer than 60 min. Similar study has reported a short utrasonication treatment time. The sonication of 
biological sludge was reported to be a multiple stage process [21]  In the first stage (0–20 min), mechanical forces broke 

down the porous flocs into small particles; in the second stage (20–60 min) ultrasonication solubilized the extracellular 

polymers and caused the cell lysis to release the intercellular materials (inactivating the biomass). The transformation of 
solid-state organic compounds into a soluble form could be induced continuously by the elevated bulk temperature 
during sonication. Therefore, the essential ultrasonication time was 60 min for sludge disintegration through the effects 
of hydromechanical shear forces and the increase of bulk temperature [21]. 
About 200 mL of POME placed inside a 250 mL beaker during the coagulation treatment using chitosan. The dosage 
ranged from 10 to 320 mg. The pH was set to 4.5 as chitosan as this was reported to coagulate effectively at pH less than 
4.5 [22]. The test was conducted using a jar tester. The stirring speed was maintained at 200 rpm and the stirring time 
was 15 min. The experiment was conducted at an ambient temperature of 23.5oC. The sample was allowed to settle for 
90 min and the supernatant was collected to measure the COD, color and TSS removal efficiency. 
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Cavitation time (min)

FIGURE 4: Effect of time on ultrasonic cavitation in terms of COD and colour removal

Coagulation Treatment Using Chitosan 

Effect of Chitosan Dosage 

In order to investigate the effect of chitosan, different dosages of chitosan (10, 20, 40, 80, 160 and 320 mg) were added 
to the POME to coagulate the pollutant. The COD, colour and TSS of the each sample after the experiment was measured 
and recorded as shown in FIGURE 5. From the figure, removal efficiency of the pollutants reached 15, 85.8 and 97% 
for COD, colour and TSS, respectively at a dosage of 20 mg. Any further increase of chitosan dosage did not significantly 
increase the removal rate. It is reported that chitosan is a kind of natural biopolymer coagulant which has impurities that 
may cause COD to increase when the dosage exceed the saturation point. The COD removal is remarkably low due to 
the natural properties of POME. Another study stated that the chitosan is not effective in removing dissolved solids [23]. 
Raw POME has a total solids of 40, 000 mg/L while 34, 000 mg/L of them is actually dissolved solids [22]. TSS removal 
is also very effective at low chitosan dosage. The TSS removal result has the same trend with another research that has 
been conducted [23]. Chitosan can effectively remove colour and TSS, but not COD as it can only remove COD which 
is contributed by total suspended solid (TSS), but not total dissolved solid (TDS). 

FIGURE 5: Effect of Chitosan dosage on coagulation treatment in terms of COD, Colour, and TSS removal
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Coagulation Treatment Using Ferric Chloride (FeCl3) 

About 200 mL of POME was used in each case for coagulation treatment applying FeCl3 as coagulant. The experiment 
was conducted by varying pH of POME (3 to 11) and dosage of FeCl3 (30 to 180 mg). The test was conducted using a 
jar tester. The stirring speed was maintained at 200 rpm and the stirring time was 15 min. The experiment was conducted 
at room temperature of 23.5oC. The sample was allowed to settle for 90 min and the supernatant, was collected to measure 
the COD, color and TSS removal efficiency. 

Effect of pH

The POME was adjusted using sulphuric acid (H2SO4) and sodium hydroxide (NaOH) where required to reach various 
pH for the sample wastewater. About 200 mL of POME was prepared with pH of 3, 5, 6, 7, 8, and 11. Then about 50 
mg of FeCl3 was added into the POME to coagulate the pollutants. The COD, colour and TSS of the each sample after 
the experiment was measured and recorded as shown in FIGURE 6. From the results, COD, colour and TSS removal 
increased when the pH was increased from 3 until 5. At pH 5, the COD, colour and TSS maximum removal were 35.6, 
88.5 and 91.5%, respectively. Further increase in pH made all three parameters to decrease abruptly. A study has reported 
that addition of NaOH below pH 4 or 4.5 is reported to destabilize an already saturated chitosan and above 4 or 4.5 
would lead to saponification process. This causes the residue oil to go through the hydrolysis process with NaOH 
producing glycerol and fatty acid salt called soap [24]. This is validated in the present study. 

80.0

pH

FIGURE 6: Effect of pH on Coagulation Treatment Using Ferric Chloride in terms of COD, Colour, and TSS removal

Effect of FeCl3 dosage 

In an attempt to investigate the effect of FeCl3 dosage, the sample POME of about 200 mL was taken and adjusted to pH 
5 for the FeCl3 coagulation treatment. Different dosages of FeCl3 (30, 60, 90, 120, 150 and 180 mg) were added to the 
POME to coagulate the pollutants. The COD, colour and TSS of the each sample was measured after the treatment as 
shown in FIGURE 7. The COD, colour and TSS removal showed a similar trend whereby their removal efficiency 
increased when the dosage of FeCl3 was increased until it reached 90 min. The highest COD, colour and TSS removal 
were 38.5, 88.6 and 91.5%, respectively. Further increase of the FeCl3 dosage did not significantly increase the removal 
of pollutants. Higher dose of ferric chloride coagulant led to a rapid precipitation due to oversaturation. At pH 5, the best
performance was obtained due to the strong acidic condition which is reported to cause POME to form unstable flocs 
[23].  
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FIGURE 7: Effect of FeCl3 dosage on coagulation treatment in terms of COD, Colour, and TSS removal 

Adsorption Treatment Using Activated Carbon (AC) as Adsorbent 

About 200 mL of POME was placed inside a 250 ml for the adsorption treatment using activated carbon (AC) as 
adsorbent. The experiment was conducted using different dosages. The dosage ranged from 160 to 2400 mg. Granular 
activated carbon was crushed and sieved to get the AC size of less than 75 μm. The smaller particle size of adsorbent 
provided larger specific surface area for adsorption to occur [24]. Jar tester was used to stir the sample. The stirring 
speed was maintained at 200 rpm and the stirring time was 60 min. The experiment was conducted at room temperature 
of 23.5oC. At the end of the experiment, the sample was filtered to separate the AC and POME. The filtered POME was 
collected to measure the COD, color and TSS removal efficiency. 

Effect of Activated Carbon Dosage 

In order to find desirable adsorbent dosage, different dosages of AC (160, 320, 480, 640, 800, 1600 and 2400 mg) were 
added to the POME to adsorb the pollutant. The COD, colour and TSS of the treated sample were measured and plotted 
as shown in FIGURE 8. From the figure, COD, colour and TSS removal had a generally similar trend as an increase in 
the dosage of activated carbon (AC) yielded a corresponding increase in the removal of pollutants. COD, colour and 
TSS removal increased until 64.2, 99.2 and 99.5%, respectively. Further increase in AC dosage did not truly show any 
increase. The increase in the specific surface area of the AC when 800 mg was used for treatment was sufficient to 
remove the pollutants contained in the sample wastewater. A larger specific surface area provides a higher rate of 
adsorption due to increase in active sites on the AC [24]. Increasing the dosage above 800 mg was merely a waste of 
resources and effort. 

Adsorbent Dosage (mg)

FIGURE 8: Effect of Adsorbent dosage on adsorption treatment in terms of COD, colour, and TSS removal 
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Hybrid Treatment 

In this study, ultrasound cavitation, chitosan and FeCl3 were combined to investigate the best combination and order of 
treatment in terms of its sequence. Every treatment method was conducted by following optimum operating conditions 
obtained from previous experiments discussed. For the ultrasonic cavitation, the controlled parameter was pH 11, and 
cavitation time of 60 min. For chitosan and FeCl3, the dosage were 20 mg and 90 mg, respectively. The pH of POME 
are adjusted to 4.5 using sulphuric acid. Both chitosan and FeCl3 did coagulate pollutants under the action of a stirring 
jar tester. The stirring speed was fixed at 200 rpm for 15 min while the settling time was 90 min. All the experiment 
were conducted at room temperature of 23.5oC. The sample supernatant was collected to measure the COD, color and 
TSS removal efficiency. 

Combination of Ultrasonic Cavitation, Chitosan and FeCl3 Treatment 

The combination of ultrasonic cavitation, chitosan and FeCl3 treatment was conducted by changing the sequence of the 
treatment process and the particular process involved. From the plot shown in FIGURE 9, COD, Colour and TSS 
removal are shown (from left to right). It is obvious that the COD, colour and TSS removal of 56.3, 92.4 and 96%, 
respectively for the combined US cavitation and FeCl3 coagulation treatment was the highest. In addition to this, it was 
observed that amongst the various combinations, where chitosan was present, the removal was less. This was reported 
to be caused by the organics associated with chitosan being a natural coagulant, but it is biodegradable [25]. Chitosan 
was also reported to be not very effective in coagulating the organic pollutants dissolved in POME [23]. Thus, chitosan 
may become the pollutant which contributes to COD and this may decrease the efficiency of any process. 

1. US-Chitosan             2. US-FeCl3             3. US-FeCl3-Chitosan         4.US-Chitosan- FeCl3 

FIGURE 9: Combined of US, Chitosan and FeCl3 Treatment in terms of COD, colour, and TSS removal 

Combination of US Cavitation, FeCl3 Coagulation and AC Adsorption Treatment 

The US – FeCl3 treated POME was further subjected to adsorption treatment using activated carbon. About 200 mL of 

US – FeCl3 treated POME was treated by 800 mg of the AC adsorbent. The mixture was stirred at 200 rpm for 60 min. 
The BOD5, COD, colour and TSS of the sample after experiment was measured as shown in FIGURE 10. From the 
figure, a hybrid of US, FeCl3 and AC adsorption achieved COD, BOD, colour and TSS removal of 88.05, 89.74, 99.9 
and 99.5, respectively. AC adsorption was particularly able to increase the efficiency of COD removal from 56.26% 

0

1 2 3 4
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during the combined US-FeCl3 to 88.05% (US-FeCl3-AC). The presence of active sites on the adsorbent increased the 
removal of more pollutants from the POME effluent. 

100 

80

60

40

20

   
                                                                                  COD                   BOD5             COLOUR                     TSS

FIGURE 10: Combined US, FeCl3 and AC Adsorption Treatment in terms of COD, colour, and TSS removal. 

Kinetics of Reaction 

The study of the kinetics of degradation (US cavitation, FeCl3 Coagulation and AC adsorption treatment processes) was 
carried out using the optimum operating conditions of the various processes. TABLE 3 shows the summary of kinetic 
degradation coefficient i.e. the rate of degradation of the POME wastewater during treatment. This is an important 
parameter for proper design of wastewater treatment facilities. The pseudo-first order and pseudo-second order reactions 
are based on the assumption of heterogeneous and homogeneous adsorption surface and active sites with different 
energies respectively. It can be derived from an equation reported elsewhere [26]. Based on the results obtained, the 
kinetics of degradation for US cavitation process was the highest with R2 value of 0.93, followed by adsorption process 
0.88 and thereafter FeCl3 coagulation process 0.85. All three treatments followed the pseudo-first order reaction. 

TABLE 3. Pseudo First and Second Order Reaction Coefficients 

(A)
Ultrasound Cavitation (US)

(B)
Activated Carbon Adsorption

(C)

Ferric Chloride (FeCl3)

Pseudo 1st order,  R2 :  0.93 

Pseudo 2nd order,  R2 :  0.78 

Pseudo 1st order,  R2 :  0.88 

Pseudo 2nd order,  R2 :  0.84 

Pseudo 1st order,  R2 :  0.85 

Pseudo 2nd order,  R2 :  0.75 

CONCLUSION 

The results from this study can be used as a reference for the palm oil mill industry if the industry intends to apply further 
methods to decrease the pollutants in POME wastewater prior to discharge. This may be required as more stringent 
discharge limit set by Department of Environment, Malaysia DOE has reported that many mills which adopt 
conventional ponding system are unable to meet the required effluent discharge limit. The treatment reported here has 
been applied to POME taken from aerobic pond which is not the final discharge point. Where POME polishing plants 
are established at the final discharge point, the pollutants in the POME would be definitely lower and that means less 
dosage of chemical treatments for the entire process. Ultrasonic cavitation, coagulation and adsorption combined 
treatments can provide a cheap and effective alternative for removal of pollutants in POME. 
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