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Abstrak Penyelidikan 

Eng li sh 
Palm oil mi ll effluent (POME) discharged without proper treatment cou ld cause severe environmental 
problem in Malaysia. The conventional biolog ica l treatment method using activated sludge in series of 
ponds is considered obsolete. Hence, in th is work, aerob ic granular biomass was deve loped and ut ilized for 
the trea tment of POME in the sequencing batch reactor (SBR). The mea n diameter of the developed 
aerobic gl'anu le was 0.9 mm. The developed aerob ic granule managed to remove about 88% of the influent 
CO D at average, throughout the operation of SBR. The sludge volume index (SVI) of the biomass reduced 
from 80 to 30 ml/g. Meanwh ile, the mixed li quor suspended so lids (MLSS) of the SBR decreased from 3600 
mg/I to 2500 mg/I pri or to the granulat ion process and the MLSS concentration increased to 3800 mg/I after 
the aerobic granule formed. The results showed that the developed aerobic granu le can biolog ica lly treat 
PO ME in SBR with commendab le effi ciency. 

Bahasa Malays ia 
Kumbahan kilang kelapa sawit (POM E) yang dibuang tanpa rawatan ya ng wajar mungkin akan 
menyebabkan masalah pencemaran di Malaysia. Kaedah rawatan biolog i laz im ya ng mengg unakan 
enapcemar terakt if dalam kolam bersiri dianggap usang. Oleh sebab itu , biojisim bu ti ra n aerobik dihas ilkan 
dan digunakan untuk rawatan POME da lam reaktor berkelompok penjujukan (SBR) . Purata garis pu sat 
buti ra n aerobik yang dihasilkan adalah 0.9 mm . Butiran aerob ik yang dihasilkan telah berjaya 
men yin gk irkan 88% daripada influen COD secara purata sepanjang operasi I'eaktor ini. Indeks isipadu 
enapcemar (SVI) bioj isim berku rangan dari 80 ke 30 ml/g. Manakala, campuran pencaira n pepejal terampai 
(MLSS) SB R telah berkurangan daripada 3600 ke 2500 mg/I sebelum proses pembutil'an dan MLSS telah 
meningkat ke 3800 mg/I selepas berbutir aerobik terbentuk, Has il penyelidikan menunjukkan bahawa 
butiran ae robik yang dihasil kan mampu merawat POM E secara biolog i dengan kecekapan terpuj i, 

F. SUMMARY OF RESEARCH FINDINGS 
Ring/<asan dapa tan Projek Penyelidikan 

• Ae robic granular biomass was successfu lly deve loped in SBR treating POME 
• The size of the aerob ic granu lar biomass ( ~r = 0.9 mm) was comparable with prev ious works on 

granular biomass . 
• The developed aerob ic granu lar biomass was able to remove 88% of th e influent COD on average. 
• The ae robic granu lar biomass was able to settle with effcient ly (SVI reduced from 80 to 30m l/g), 
• Aerobic granu lar biomass managed to sustain it performance (above 88%) even after organic 

loading I'ate (OLR) has been increased, 
• Aerobic granu lar biomass did not requ ire adaptation period when OLR has been increased. 
• Aerobic gra nu lar biomass could make the SBR usage in treating POME viable at opt imized footprint 

tor a large amount ot POfV1 E releasea eacn oay. 
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Technical Report 

Title: An Innovative Technology Based on Granular Biomass for Oil Palm Mill Effluent 

(POME) Treatment Using Sequencing Batch Reactor 

Objektif (Objective.\) 

The primary aim of thi s research is to develop a bio logical waste,,,'ater treatment process for 

pa lm oil mi ll efll uent (POME) using granular sludge in sequenci ng batch reactor. The specific 

aims are : 

To design and fabricate lab scale sequencing batch reactor fOl" the treatment of PO ME 

usin g granu lat ion technology. 

To deve lop granular sludge (microbial granules) in lab sca le seq uencing batch reactor to 

treat POME. 

To study the influence of POME composition (such as fats, grease, suspended so l ids) on 

the morphol ogy of microbial gran ules. 

To study the impact of the operational parameters (loading rate, sett ling time, hydrauli c 

retenti on time, di ssolved oxygen concentration, pH) on th e feasibi lity of using granular 

slu dge in treatment of POME. 

To deve lop and evaluate process designs and operations to ach ieve hi gher treatment 

capacity using granular sludge. 

LataI' Belakang (Background) 

(i) Tinjauan Literature/ Literature Review 

Palm oil producing countries such as Malaysia, Nigeria and Indonesia are facin g environmental 

prob lems caused by the palm oi l mi ll (POM) wastewater. The principal prob lems assoc iated with 

the POME are the hi gh content of Chemical Oxygen Demand (COD) and hi gh turbidity level [ I]. 

The hi gh level of CO D and turbidity have equally endangered the aquat ic livin gs and limited the 

source of clean "vater [1 , 2]. Hence, the need for efficient treatment of rOME is criticall y 

warranted. 

Cu rrentl y, it has been reported that, 85% of the POME treatment pla nt is using biological 

treatm ent [3]. Though the operating cost of the biological treatment system is cheaper compared 



to the other ava ilable methods, the treatment efficiency of it is highl y open to di scuss ion . Large 

occupational of land area and varying treatment efficiency of biologica l treatment system has 

paved way for other treatment methods to be utilized in POME treatm ent. In the past decade, 

upgraded biol ogica l treatment system or alternative technologies such as the upnovv anaerobic 

sludge blanket (UASB), upflow anaerobic filtration (UAF) and membran e techno logy have been 

successfull y used to treat the POME at lab scale [4-6]. However, UA SB st ill fac ing problems 

in terms of non-operational at the high organic loading rate due to the presence of suspended 

so lid s in the r OME [7]. Meanwhile, the up scaling of UAF and ITlembrane technology to 

industrial leve l is not feasib le due to the high operational and maintenance cost. 

Another major drawback of the conventional biological treatment system is the poor 

separati on between biomass and the treated effluent [8]. In order to so lve the presence of sludge 

in the effluent, a better separation between effluent and the slud ge is needed. One of the poss ible 

"vays to overcome thi s problem is by transforming act ivated slud ge into aerob ic gran ul e. Aerobic 

granul e is the aggregation of microorganism into compact and spheri ca l shape with clear 

boundari es under the influence of air [9]. Earlier, aerobic granu le has been successfully 

developed and used in wastewater treated in SBR [9-11]). The aerob ic granule possesses 

exce ll ent settling ability, subsequently achieving better separation between efll uent and biomass 

[1 2]. In addition , the aerobic granule is able to withstand shock loadin gs, survive in toxic 

co ndit ions and robust [1 3]. Ti ll date, no investigation has been attempted on deve loping aerobic 

granu le in rOM E. 

Methodology 

Sequencing Batch Reactor (SBR) 
A hi ghl y enri ched mi xed culture will be established in sequencing batch reactor (SBR) (F igure 

I) . Common ly, SB R system has five steps, whi ch are carried out in seq uence as foll ows (i) fill , 

(i i) react, (i ii ) settl e (sedimentation/clarification), (iv) draw (decant) and (v) idle. Biologica l 

reaction s arc init iated as the raw wastewater fi ll s the tank. Durin g the fi II and I'eact phase, the 

waste is ae rated and mi xed. After the react phase, the mixed liquor suspended soli ds are all ovved 

to settl e. The treated supernatant is discharged during the draw phase. The idle stage, the time 

between the dravv and fill depends on wastewater flow demand (may be zero or a few days). 

2 
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Fi gure I SChCl11,llic of sequencing batch reactor (SB R) unit for estab li shment of biomass . 

Development of aerobic granular biomass in SBR 

The biological trea tment of POME was carried out in a SBR with 8 L wo rkin g vo lul11e and 25% 

exc hange j'(\t io at roo m temperature (30 ± 3°C). The aeration diffu ser and the feeding port are 

located at the bottom of the SBR. The compressed air flows at 5 IIm in to provide the aeration in 

the SBR. The SBR was connected to the computer system, in whi ch soft 'vvare is used to control 

the operat ion of thi s reactor. 

rOME was th e so le feed for the SBR. SBR was operated in a 6 hours cycle 'vv ith 4 phases, 

namely, fillin g, ae ration , sett li ng and decanting periods wh ich are set at 10 minutes, 340 minutes, 

0. 5 minute and 9.5 minutes, respectively. The pH and temperature of th e SBR are monitored 

throughout the experiment. The activated sludge co llected from the fac ul ta tive pond of the 

biological treatment plant at Tali AyeI' Palm Oil Mill, Bagan Serai, Perak was used as the seed 

sludge. 

COD and mi xed liquor suspended so lid (MLSS) were ana lysed accord in g to the standard 

methods (APHA, (998). The gran ule morphology was quali tat ive! observed Ll sil lg tr inucula 

3 



stereozoo m mi croscope (O lymp us SZX9). Meanwhi le, the turbidity of POME was analyzed 

usin g the turbidity meter. 

Results and DisclIssion 

Development olaerobic granules 

Figure 2 dep icts the morphological transformation of the seed slud ge ('ro m the first day to 140lh 

day of SBR operation . These images are captured using trinocul ar stereozoo m mi croscope 

(Ol ympus SZ)\ 9). Aft er 70 days of operation, the activated sludge startee!lo aggregate (floccu lar 

biomass) but gran ul es were not observed yet (Figure 2b). After 11 0 days. the transformation 

from flo cc ul ar biomass into aerobic granules was visib le, with granules size in the range of 

0.3-0. 5 mm dominating the reactor. The morphology of these initi al gran ul es was round but 

fluffy with /il amen t growth observed on the edges (Figure 2c) . By 140lh day, regular, non-fluffy 

and ro und shape gra nules dominated in the SBR (Figure 2d) . In ear li er research, alteration to the 

exchan ge rati o and pH of wastewater has been done in order to achi eve round and non-fluffy 

aerobic granul es [ 14]. These alterations were done to increase the se lectiveness to\vards denser 

aerob ic granules instead of fungi dominating aerobic granules (filam entous growth). !-Iovvever, in 

thi s \"lo rk, no alt ernation in any parameters was done to achieve regul ar and non-/luffy granul es. 

The average diameter of these granu les on 140th day was 0.9 mm and the la l'gest diameter of the 

ae robi c granul es were 3. 1 mm. Comparing the size of the granules vvith the ear li er wo rks on rea l 

wastewater [9, II), the diameter of aerobic granules developed in th is wo rk using POM E are 

much large r for th e similar time frame. This cou ld be due to the usage of pilot plant sca le reactor 

in the previous \\ orks, where it took longer period for the steady state operat ion to be estab li shed 

in the I'eactor be/o re the aerobic granules ' diameter started to increase, 

The trans/o rm ation of floccular sludge into aerobic granu les is beli evecl to be related to the 

aeration rate applied [1 5, 16]. High aeration rate contro ls the oxygen trans /er whi ch enhances the 

aerobic granulation [16]. As suggested by Liu et aI. , [17] , the hydrod ynamic shear force 

provided by th e ae rat ion is believed to stimulate the secretion of EPS. The ro le of EPS in the 

formation of ael'Obic granules has been widely discussed in the prev ious works [1 8-20]. EPS has 

been reportee! to possess the ability to increase the hydrophobicity and alte l' th e surface charges 

on th e mi croorgani sms [1 8]. It is generally accepted that the hyd roph obi city anci surface charges 
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are impera tive in microbial ce ll adhesion and granulation . Hence, in thi s vvork al so, the EPS is 

bel ieved to have played its role in the formation of aerobic granules. 

In conjunct ion with the hydrodynamic shear force , the sett lin g time also played a major 

rol e in the formation of the aerobic granules [21] . Hence, in order to prom ote granulation , the 

settling time \,vas set at 5 minutes during the initial days of the SBR operat ion and gradually 

reduced to 0. 5 minutes within a period of 70 days to select the fast settling biomass. After 70th 

day, th e sett ling time was kept constant throughout the rest of the SBR opera tion period . The 

short settl ing time adapted in this work has favored the denser parti cle to remain in the reactor. It 

has been extensive ly reported that the short settling time makes the flu ffy parti cles removed from 

the reactor [22 , 23]. The denser particles remained in the reactor eventuall y tra nsformed into 

aerob ic gran ul es. 

Althou gh the granu lation time (110 days) in this study yvas mu ch lon ge r than prev ious 

studies performed with synthetic wastewater [10, 24] , it is comparabl e with the studies 

conducted with rea l industrial and even domestic wastewaters. Schwarzenbeck et a I. , [25] needed 

147 days to obta in a fully granular system when treating maltin g wastewater and Ni et aI. , [11] 

required almost 300 days to deve lop an aerobic granu lar system \,vith do mestic \Nastevvater. One 

of the principal reasons of earlier appearance of aerobic granules in thi s stud y could be the height 

to diam eter (H I D) ratio of the SBR. Signifi cant contribution of the hi gher HID ratio to\,vards the 

formatio n of aerobic granules has been reported and emphasized on many I iterature works [1 7, 

26]. The HI D ratio affects the hyd rodynamic, mass transfer behav ior of the reactor and 

subsequentl y it influences the metabolic behavior of the microorgani sms [26]. In thi s work, the 

HID ratio used is 6.67, whereas, Schwarzenbeck et ai. , [25] used HI D rat io of 5.35 onl y, which 

may exp lain the shorter duration needed for the aerobic granules appeara nce in this wo rk. 

Another hi ghli ght of this study is the pH of the influent was not ad justecl to the neutral 

ran ge as the prev ious works [10, 25]. The raw POME has pH around 4.5 . Genera ll y, if real 

industrial wastewater has been used to develop the granul es, the initi al pH is adjusted with 

chemi ca ls if the raw wastewater is in the ac idic or alkaline reg ion . Addi tion of chemica ls to alter 

the pH vl ill lead to operational cost increase as well as making the waste sludge harmful to be 

di sposed. Ho\-\,ever. ti ll date, no or limited works (if any) have been reported on the development 

of aerob ic granu les in the acid ic wastewater without any alteration of th e pH. Nevertheless, the 

mechani sm behind the faster appearance of the aerob ic granules in th is work compared to those 
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with altered pH remall1 s unidentified. Further works could be dedi cated to\vard s findin g the 

reason for the fa ster appearance of the aerobic granules in this work . 

Figure 2 

• 

)I,!'! 

Extern al morphology of the sludge present in the SBR : (a) I st day , (b) 70lh day, 

(c) II Olh day and (d) 140lh day. 

Pel!ormance of aerobic granules for POME treatment 

Figure 3 shows the percentage of COD removal , influent COD and efflu cnt COD concentrations. 

During ini ti al stages of SBR operation, fl uctuation on the COD removal percentage was 

observed. Ho\Vever, the COD removal percentage remained above 88%. It can be inferred that 

the biomass in the SBR was able to oxidize the carbon source provided by the POME. The COD 

removal is close ly related to the amount of biomass in the SBR. Referr ing Lo Figure 4. the MLSS 

(bi oma 's) co ncentration in the SBR was reduced substantiall y from 3600 mg/ I to 25 00 mg/I 

befo re granul ati on. Albeit the decrease in the biomass concentrati on, it did not alTect the removal 

of CO D. The reducti on in MLSS could be attri buted by the changes in the sett ling time applied 

on SBR. As the settling time graduall y reduced over 70 days, the sIO\,,, sett l ing biomass was 

removed fro m the reactor and as a result, only the fast settling and dense r biomass remained in 

th e reaclO l·. 
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After aerob ic granu les were formed , the morphology of the biomass and performance of the SBR 

was monitored for a peri od of 1 month. The COD, MLSS and SVI measurements were carri ed 

out regularl y to ana lyze the feasibility of using aerobic granules in treatin g rOME. OLR of about 

3.0 kg COO/day.m3 (same as in the before granulation period) was maintained throughout this 

period . 

The percentage of COD removal after granulation in the SB R and COO content of the 

effl uent are shown in Figure 3. It can be deduced that the highest percentage of COD removal 

reco rd ed aner aerobi c granules formed was 93%. It should be noted that the MLSS concentration 

decreased after the formation of aerobic gran ules. However, the ab ility 0 1.' aerob ic granules to 

oxidize COD was not affected. The average COD removal remained stable at abo ut 88% even 

after the decrease in MLSS concentration. 

The ML SS concentration in the reactor after gran ulation is shown In Fi gure 4. It can be 

observed that the average MLSS value decreased slightly, after the format ion of aerob ic 

gran ul es. Thi s phenomenon could be due to the filamentous growth aro un d the aero bic granules 

during the in itia l period of aerob ic granules development. These fi lamento us aerobic granules 

affected the settling ab ility of the granules and subsequentl y some of them were removed from 

the SBR. After 120th day, the MLSS started to increase graduall y. This is due to the newly 

deve lopin g aerob ic granules in the SBR whi le the earlier formed aerobi c granu les were gett ing 

bigger. At the same time, the filamentous growth around the aerobic granu les disappeared 

gradua ll y after 120th day. It can be inferred that the aerobic granu les started to became compact 

and denser without being fluffy after 120th day. 

Figure 4 shows the plot of SVI against time. In the initial days after the formation of the 

aerobic granules , the SVI slightly increased due to the poor settling characteristics of the 

granul es. However. after I 20th day till 140th day, the SVI value decreased notabl y from 50 to 30 

ml/g. Thi s SVI valu e of aerobic granules is much smaller compared to the conventio nal activated 

sludge used in the work done by Chan et ai. , [27], where they treated the POME using the SBR. 

As the aerob ic granu les have good settling characteristic compared to conventional activated 

sludge, it results in shorter settling time. Thus, good separation of biomass fro m the treated 

erfl uent was observed. 



Effect o.lorganic loading rate 

In order to study the effect of organic loading rate (OLR) on the aerobic granules and its 

performance, the OLR of the reactor was increased from 3.0 to 6. 0 kg COD/m3.day. The SBR 

\<vas operated for 30 days (from 140lh to 1701h day) with the nevv OLR. As a resul t of thi s 

increase. the mean diameter of the aerobic granules increased substanti ally. The largest diameter 

of the aerobic granu les was increased from 3. 1 mm (OLR 3.0 kg COD/m3.day) to around 4 mm 

(OLR 6.0 kg COD/m3.day). This phenomenon is closely re lated to the increase of hydrophobi city 

of the microorganism. As the OLR of the SBR increased, the hydrop hobi city of the 

microorga ni sm increased simultaneously. Simi lar observation was made by Thanh et ai. , [28]. As 

a result of hydro phobi city increase at higher OLR, the aerobic granules became larger due to the 

attach ment 0 r ce ll s on the existing aerobic granules in the reactor [29]. Besides cell 

hydrophob icity, the larger amount of EPS with increased OLR also cou ld be the contributing 

factor for the growth of aerobic granules [28]. Despite the increase in size, the mi croscopic 

observati ons ci emonstrated that the granules could still maintain their regular, non flu ffy and 

round shape in the hi gher OLR. The biomass settling quality was improved and the ave rage SVI 

value reco rded was 21 mUg with the new OLR. The recorded SVI va lue is in ta nde m with the 

morphology of the aerobic granules. 

Mean\,vhi le. the performance of the aerobic granules was not affected by the increase of 

OLR . The COD removal was about 90% even after OLR has been increased. Increase in OLR, 

coul d enhance the growth rate of the microorganism and thereby increase the concentration of 

aero bic granu les in the SBR [27] . This phenomenon is believed to be th e reason for the increase 

in remova l efli ciency . Further, Figure 3 clearly indi cates that there is no lag phase required for 

the granu les to acc limate to the new OLR. The biomass immedi ate ly respond ed to the OLR 

increment. 

As a function of time, the diameter of the aerobic granules increased and upon reaching the 

maxim um diameter, they di sintegrated. The disintegration happens in a continuous cycle 

throughou t the SB R operation . Disintegration of them is presumab ly ca useci by the endogenous 

respiration at the co re of the aerob ic granu les [1 9] . The endogenous respirat ion at the core of the 

aerobic granul es due to the limitation of the oxygen and substrate transfer has caused the 

microorgani sm to utilize the EPS and subsequently weakens the whole aerobi c granules [1 9, 30]. 
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Waste activated sludge (WAS) from palm oil mill effluent (rOME ) treatment plant was used to adsorb 
Methylene Blue (MB) in a batch system. The WAS was prepa red at 10wN temperature compared to the 
previous studi es. Parameters such as initial MB concentrati on. pH , and teill pel'ature were studied for 
their effects on the adsorption process. Results showed that the uptake of MB increased with an increase 
in both the initial MB concentration and the pH, and decreased with an increase in temperature. Both 
the Langmuir and the Freundlich Isotherms are fit to explain the MB adso rp tion on WAS. The maximum 
monolayer adsorption capacity of WAS was found to be 66.23 Illg/g at 30 C. The kineti c data for this 
study fit well the pseudo-second-order kinetic with a ,," 1ll01'e than 0.95. Themlodynami c analysis was 
performed by evaluating the Gibbs Free Energy (6C ' ), enthalpy ( 6 /-1 ), ami entropy (6S ) of the process. 
The evaluation showed that the MB adsorption process onto WAS is an exotheml ic process and is spon­
taneous in nature. Hence, this work reveals that the use of rOME WAS is an innovative app li cation of a 
loca l waste product as an adsorbent for MB remova l. 

1. Introduction 

Bio logica l trea tment is the preferred choi ce in the pa lm oil 
mill efflu ent (rOME ) treatment. Eve n though other methods 
are avai labl e to treat rOME, such as membrane technology [1], 
coagul ation - flocc ul atio n 12 J, and the evapo ration method [3 ), bio­
logical treatme nts co nti nu e [Q provide the cheapest options w ith 
acceptabl e effectiv eness . At prese nt, 85% of all POME treatments 
a re based on biologica l anaerob ic digestion, followed by aerobic 
oxidation in ponds 14). 

Des pi te its many advantages, howeve r, the major drawback 
of a biologica l treatment sys tem is the co ntinuous generation 
of waste acr iva ted slu dge (WAS ). The excess production of WAS 
from bi ologica l wasrewater treat ment (BWT) plants poses a seri ­
ous problem beca use the handli ng and di sposa l of such wastes 
often represe nt tile largest operational cost to a business [5) . Usu­
all y, removed WAS is di sposed in landfi ll s or occasiona lly used as 
fe rti lize r [6) . 

Hence, researchers have ex plored the potential of WAS to be 
used as a co lor adso rbent in an attempt to increase its economical 
va lue 17- 10 I. The presence of va riou s fun ctional groups in sewage 
WAS a ids th e co lol' adso rp tion process 111). So me of the functional 
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1385-8947/$ - see fronr IllJ trer © 20 11 Elsev ier B.V. Al l rights reserved . 
doi:l 0.1 0 I G/j.cej.20 I 1.05.036 

© 2011 Elsevier BV All rights reserved. 

groups that ex ist on WAS are - OH, - NH, - NH2, -C=O, C=C, CH3 - , 

and CH2 - [1 2 ). Previous ly, I'esea rchers only studi ed the WAS pro­
duced from munic ipal sewage treatment plants. To th e best of our 
knowledge, no attemp ts have been mad e to co nvert WAS from 
POM E treatment plants in to color adso rb ents. 

Currently, ac tivated carbon is used to remove til e color com­
ponents from wastewater via t il e adso rp tion process [13,14). The 
high operating cost and hi gh rege ne rat ion cost of such a process, as 
we ll as the high price of act ivated carbon, however, make it unsuit­
able in the large sca le [1 5). Alternatively, low-cost materia ls such 
as durian peel [1 6 ). ri ce husk 117). and fruit stones and nu ts hell s 
[1 8) are used as color adso rbents. howeve r, these material s we re 
prepared via high th e rm al tl'eatments (700- 900 C) to tur n them 
into adsorbent. As a I'es ult , the t reatmellt cost remains hi gh though 
the raw material cost is redu ced . 

This work focu ses primaril y on co nve rting POME WAS into an 
efficient color adso rbent via chem ica I act iva tion. The chemi ca l ac ti ­
vation process lowers energy cost and shortens the tim e whi ch 
indeed helpful in reducin g th e ove ra ll cost ['191. Methylene Blue 
(MB) (text il e dye ), one of seve ral dyes that can ca use harmfu l 
effects on living orga ni sms, is used as an adso rbate in thi s study. 
The parameters affecting the adso rpti on process, such as the ini ­
tial co ncentration of MB, pi-I, and te mperatu re we re in ves ti gated. 
In addition, the adso rp tion isothe rm and kinet ic mod e ls of the 
process were investigated. and a thermody namic ana lysis was per­
formed. This work co uld signi fica ntly co ntr ibute towa rd s the body 
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The high COD and turbi dity level of palm oil mill (PaM ) wastewate r has been the d ri ving force to find 
an effic ient treatment system. In this work. biologica l an cl adsorp tion methods are integrated and used 
to treat the PaM wastewater. In biologica l treatm ent. ae l'o bic gl'anu les are deve loped and used in the 
sequencing batch reactor (SBR). w hereas in adsorp tion treatment. the waste aerobic granul es (WAG ) 
are ut il ized as adsorbent. Response Surface Methodology (RSM ) has been used to model and opt imi ze 
the adsorption of biologically treated POM wa stewater. Ae robic granul es too k 11 0 cl ays to appea r and 
the average d iameter was 0.9mm (with a maxilllum val ue of 3.1 111 m). The aerob ic granu les are able to 
remove 88% of the influent COD at orga nic loadi ng rate (O LR ) of 3.0 kg COD/Ill ) day. The increase of OLR 
to 6.0 kg COD/1ll3 day did not affec t the COD reillova l e ffi c iency and the ae robi c granu les im mediately 
responded to the OLR increase. The adsorption sys telll revea led th at the 2 1% of the remaining CO D (of 
the biologically treated POM wastewater) and a lmost 99% of the turb idity we re removed. At opt illluill 
point (3.28 cm of bed height and 2.13 ml/min flow rate ). the amount of COD and turbid ity reill oved are 
21% and 96%. respectively. 

1. Introduction 

Palm oil produ cin g cou ntries such as Ma lays ia , Nigeria and 
Ind ones ia a re facing environm enta l problem s caused by the pa lm 
o il mi ll (PaM ) wastewate r. The principa l probl ems associated w ith 
the paM wa stewa te r are the high content of Chemical Oxygen 
Dema nd (COD ) a nd hi gh turbid ity leve l [1] . The high level of COD 
and t urbidity have equally e ndange red t he aq uatic livi ngs and li m­
ited t he sou rce of clean w ater 11,2]. Hence, th e need for effi cie nt 
treatment of pa M was tewate r is cri t ically warran ted. 

Current ly, it has bee n reported that, 85% of th e pa M wastewater 
trea tm ent plant is using bio log ica l t reatm ent [3 ]. Though the oper­
ati ng cost of the biologica l t reatment syste m is cheaper compared 
to the other ava ilable method s, t he treatment efficiency of it is 
h ighly open to d iscuss ion. La rge occupati ona l ofl and area and vary­
ing trea tm ent e ffi ciency of bi o logical treatment system has paved 
w ay for othe r trea tmen t me thod s to be utili zed in pa M wastewater 
t reat ment. In the past decade, upgraded bio logica l treat ment sys­
te m or a lte rn at ive technologies such as t he upfl ow anae rob ic s ludge 
bl anke t (UASB), upflow anae rob ic fi lt ration (UAF) and m emb rane 
technology have been success fu lly use d to treat the paM w as tewa-
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ter at lab sca le [4- 6J. Howevel', UAS B st ill fac ing prob lems in te rms 
of non-ope ratio na l a t th e hi gh orga ni c load ing rate due to the pres­
ence of high amoun t of suspe nd ed so li ds in t he paM wastewate r 
[7 ]. Meanw hi le, the sca li ng up of UAF and me mbrane techn ology 
to industria l leve l is not feas ib le du e to the h igh ope rational and 
maintenance cost. 

Anoth e r m aj or drawbac k of the conventiona l bi o logica l t reat­
ment syste m is the poo r se pa rat ion be twee n biomass and t he 
t reated efflu en t 18J. In o rd e r to so lve the presence of sludge in 
the efflu ent , a better sepa rat ion between efflue nt and t he sludge 
is needed. One of t he poss ib le ways to ove rcome th is p roblem is by 
t ransfo rmi ng ac tivated s ludge in to ae rob ic granule. Aerob ic gran­
ule is the aggrega tion of m icroorga ni sm in to compact and sp herica l 
shape w ith clea r bounda ries unde r th e infl uence of air [9]. Ea r­
lier, ae robic granul e has bee n successfu lly developed and used in 
was tewater t reated in SBR [9 - 11 D. The ae robic granu le possesses 
excell ent settli ng ab ility , subsequ ently ac hiev ing better separation 
between efflu en t and bio ill ass 11 2]. In add it ion, the ae robic gran­
ule is able to w it hsta nd shock load ings , survive in toxic co nd it ions 
and robu st [13 ]. Till da te, no in ves t igati o n has bee n atte mpted on 
deve lop ing ae robi c g ra nule in paM wastewa te r. 

Thus, an in novat ive way to ove rco me the shortco mings of 
the current treatment (bio log ica l t reat ment ) o r t he alte rnat ive 
technologies is necessa ry. Integ rat ion of pre- t reatment or post­
treatment w ith ind ividu a l t rea t me nt system could be a viabl e 
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Abstract: Low cost adsorbent was prepared us ing waste acti vated sludge 
(WAS) from a palm oi l mi ll effluent (POME) treatment plant. and used to 
adsorb ammonium from aqueous solution. The effect of in itial concentratio n. 
tcmperature, pH and adsorbent dose was studi ed in batch test to dctermi nc the 
kinetic and thermodynamic properties. The results showed th at the uptake of 
ammonia increased with an increase in pH, initial concentration of" amm onium 
and adsorbent dose but decrease with temperature. The adsorpti on or 
Cl mmon ium ion fitted both Langmuir and Freund lich isoth erm. The highest 
mono layer saturation capacity of WAS was 37.07 mg/g at temperature 30301( . 
The - delta H show the process is exotherm ic whi le the amount of l'I'ee energy 
(- de lta G) ind icate the adsorption were spontaneous and therm odynamically 
fa vourab le. For kineti c mode l, pseudo second-order more suitabl e and 
signi (l cant in rate-controlling step in adsorption kinetic. 

Keywords: low cost adsorbent; waste acti vated sludge: WAS: ammon ium: 
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