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Performance of Submerged Membrane
Bioreactor Combined with Powdered Activated
Carbon Addition for the Treatment of

an Industrial Wastewater
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Abstract—Membrane technology is one of the alternative
solutions to overcome industrial wastewater treatment de-
veloped nowadays. The addition of PAC (Powdered
Activated Carbon) in the activated sludge using Submerged
Membrane Adsorption Hybrid Bioreactor (SMAHBR) is
expected to increase the organic material removal. The pur-
pose of this study was to determine the performance of sub-
merged membrane bioreactor and activated carbon ad-
sorption capacity of organic materials in wastewater. This
study used SIER (Surabaya Industrial Estate Rungkut —
Surabaya, Indonesia) waste as activated sludge operated at
Mixed Liquor Suspended Solid (MLSS) concentrations of
8000 and 15000 mg/l, and Chemical Oxygen Demand
(COD) concentrations of 1500, 2500 mg/l, Sludge Retention
Time (SRT) of 10;20; and 30 days and activated carbon
variables of 0%; 2.5%; 5%; 7.5%; 10%. The results
showed that the fouling potential occurred at high MLSS
where the COD removal occurred at PAC addition of 10%
reaching 91.86%. High Soluble Microbial Product (SMP)
accumulation (= 10 mg/l) occurred in short SRT and high
MLSS concentration. PAC addition resulted in decreased
microorganisms in the reactor and better effluent of
SMAHBR, as a result, the performance of the submerged
membrane bioreactor would be restored.

Keywords—Submerged Membrane Adsorption Hybrid
Bioreactor, Powdered Activated Carbon

1. INTRODUCTION

he rapid increase of industrial development in the

globalization era leads to increase in wastewater ef-
fluent resulting in environmental problems. Biological
wastewater treatment is one of the treatment choices. Ge-
nerally, this treatment uses biological aerobic system in
the conventional activated sludge. This process uses
microorganisms to degrade organic materials contained
in wastewater. However, this process has some disadvan-
tages in that it takes a long time and requires large area
to separate sludge from water in the secondary sedimen-
tation tank as well as requires very specific operating
conditions, especially the organic loading and the con-
centrations of microorganisms. Liu (2003) stated that
using the conventional activated sludge could remove
COD about 93-96% of domestic wastewater. Therefore,
to solve these problems, membrane technology, in this
case submerged membrane bioreactor or SMBR, is used.
This bioreactor, consisting of the biological process and
membrane filtration, can overcome excessive fluctua-
tions on the influent and effluent quality [15].
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Submerged Membrane Bioreactor (SMBR) was an
efficient technology for biological wastewater treatment
process in which the conventional biomass-effluent sepa-
ration clarifiers were replaced by microfiltration or ultra
filtration modules [3]. They can be broadly defined as
systems integrating biological degradation of wastewater
with membrane filtration and have proven to be effective
in removing organic and inorganic contaminants as well
as biological entities. The other advantages of the SMBR
over the conventional activated sludge process of waste-
water treatment include a small footprint, a low sludge
production rate and easy manipulation of the Sludge Re-
tention Time (SRT) [3]. They can be operated at high
Mixed Liquor Suspended Solid (MLSS) concentrations
because a membrane, rather than gravity sedimentation
basin, is used for solid-liquid separation [19].

Nevertheless, SMBR has some problems in regard to
the separation processes. One of them is the occurrence
of fouling, which is a decomposition process of Soluble
Microbial Products (SMP) and organic compounds and
biomass that inhibit membrane pores, as a result, the flux
permeate decreases toward certain operational time.
SMP is a product of microorganism metabolism in bio-
reactor which can be humic substances, carbohydrates,
proteins, fats and other mineral salts [9].

The presence of membrane fouling causes the decrease
membrane’s performance, so that COD removal was not
high [9]. High SRT can decrease permeate flux, because
more foulings occur. High concentration of biomass
(MLSS) also causes fouling membrane so that decreases
permeate flux. The addition of PAC increases the ad-
sorption of low molecular organics and thus reduces the
membrane fouling (Ying and Ping, 2006). In the aerobic
biological process, the fluctuating waste load leads to the
recovery of the microorganisms (as organic soluble de-
composer) to take a long time and disturbed process con-
ditions. These conditions lead to reduced ability of
microorganisms to degrade which influences significant-
ly on filtration process [10].

To solve these problems, Powdered Activated Carbon
(PAC) is added into the SMBR to bind microbial and
other organic substances contain in liquid waste so that
they can be removed well. Munz and Gori (2007) stated
that PAC addition will remove organic substances in
membrane which would reduce the possibility of fouling
to occur. Activated carbon which represents adsorben is
a porous solid, mostly consist of free elements carbon
and each covalently bonded. Thus, activated carbon sur-
face is non polar. Besides composition and polarity,
pores structure also represent important factor. Pores
structure related to surface area. Smaller pores of
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activated carbon means higher surface area, so the ad-
sorption velocity increase. To enhance adsorption veloci-
ty, suggested to use activated carbon which has been
mashed. Powdered Activated Carbon (PAC) can absorp
toxic better than the granular ones because PAC has
larger surface area [5].

In particular, PAC addition increases the removal of
low molecular weight organics by adsorption, it also acts
as a supporting medium for attached bacterial growth
and influences the bacterial population [16].

Higher biological activity can be expected by holding
PAC in the filtration reactor. This study revealed that the
filtrate quality and the performance efficiency enhanced
when PAC was introduced into the filtration system [6].

Wastewater treatment system generally applied in in-
dustries nowadays is a combination of biological and
physical processes. Biological processes use activated
sludge processes or bio filter, while physical processes
comprise a process of coagulation-flocculation. Mean-
while, another process that can also be used is an ad-
sorption process, which uses activated carbon [13]. To
minimize the expenses, it is necessary to combine the
two processes that were done by adding the activated
carbon to the aeration tank containing activated sludge.
The operational process conditions cover sludge concen-
tration as a Mixed Liquor Suspended Solid (MLSS)
which are composed of sludge and activated carbon, and
Sludge Retention Time (SRT) [7].

The process is based on a bioreactor with a membrane
separation and powdered activated carbon. A biofilm
could grow on the activated carbon surface and develop
a specific population to the degradation of the toxic com-
pound. For the MBR, about 94% of the COD was remo-
ved. It is close to the results obtained by Bouhabila in
1999 for the removal of a synthetic substrate by sub-
merged MBR. SMAHBR performances lead to remove
about 96% of the COD. It is close to the results obtained
with the MBR. Activated carbon addition slightly in-
creases the performances of the process [13].

The purpose of this experiments were to study the per-
formance of SMBR system with PAC addition and foul-
ing which contributed to the decrease of membrane per-
formance and to know the influence of PAC addition on
the performance of wastewater treatment systems as well
as to determine the biological process conditions as a re-
sult of concentration of MLSS and COD [4].

II. METHODOLOGY

In this experiment used Submerged Membrane
Bioreactor. A schematic diagram of submerged mem-
brane bioreactor is shown in Fig. 1. The membrane was
made of a hollow fiber polysulfone with an average pore
diameter of 0.01 um and membrane filtration area of 1
m” immersed in a vertical reactor with the outlet located
on the top. At the bottom of the reactor is mounted a dif-
fuser to provide air bubbles sprayed from the bottom of
the membrane. The specification of membrane module is
shown in Table 1. Activated carbon used here was Pow-
dered Activated Carbon (PAC) which was made from
coal as shown in Table 2.

A. Experimental Set-Up

Initial seeding of the bioreactor was accomplished by
inoculating the bioreactor with 50 liters of returned acti-

vated sludge that was collected from an industrial waste-
water treatment plant (SIER). Glucose substrates and nu-
trients (N and P) were added to wastewater. It was stop-
ped when MLSS had reached variables (8,000 and
15,000 mg/L). After that, it was continued to acclimatize
to the synthetic substrate. At this step, activated sludge
was precipitated for 2 hours, then removed and replaced
the supernatant with synthetic wastewater, and made an
observation of COD. Aeration tank used was equipped
with aerator to circulate air through the diffuser which
was placed at the bottom of the tank.

Synthetic wastewater was fed continuously into the
reactors as a feed. This study used a single active biologi-
cal sludge reactor unit as a place for membrane separa-
tion process. Composition of synthetic wastewater was
adjusted to have COD of 1500 mg/l and 2500 mg/1 and at
a ratio of 100:10:1 for the COD:N and P as shown in
Table 3. To recover the membrane performance it needs
to set back flushing for 10 minutes. After that, membrane
can be reused.

B. Analytical Methods

Samples from the reactor and permeate were collected
periodically and analyzed. MLSS and COD analysis refer
to the Standart Method for Examination of Waste and
Wastewater (APHA, 1998). Protein was determined by
spectrofotometry UV method. Carbohydrate was deter-
mined by Boehringer-Mannheim method using HPLC.

II1. RESULT AND DISCUSSION

In the bioreactor, organic matter was removed in two
stages i.e. biological degradation microorganisms and
membrane filtration, which both processes are related.
Microorganism metabolism of biological process was in-
fluenced by the F/M ratio, which is the amount of sub-
strates used as an energy source for the growth of micro-
organisms, added to the bioreactor as well as by COD
feeding and biomass concentrations. For good sludge
conditions, F/M ratio was operated between 0.2 — 0.6 kg
COD/kg MLSS (Sundstrom and Klei, 1979).

The performance of SMBR is generally associated with
the ability of SMBR to degrade organic matter at the dif-
ferent of SRT, MLSS, and COD concentrations.

It is shown in Fig. 2 and Fig. 3 that the biological pro-
cess was more dominant than the filtration process at
MLSS of 8000 mg/l and 15000 mg/1 for different SRT
value. However at MLSS of 15000 mg/l, the biological
process was decrease when compared to the conditions at
MLSS of 8000 mg/1. This was due to higher ratio of F/M
at MLSS of 8000 mg/1 which influenced the microorgan-
ism metabolism than that of at MLSS of 15000 mg/1.

A. COD Removal of MLSS (8,000 and 15,000 mg/l) at
Various SRT(10, 20, 30 days)

The results also showed that the F/M ratio at MLSS of
8000 mg/l was 0.2 kg COD/kg MLSS.days for the COD
of 1500 mg/l and 0.31 kg COD/kg MLSS.days for the
COD of 2500 mg/l. While the F/M ratio at MLSS of
15000 mg/l was 0.10 kg COD/kg MLSS.days for COD of
1500 mg/l and 0.17 kg COD/kg MLSS.days for COD of
2500 mg/l. As described above description, it can be said
that at MLSS of 8000 mg/l, the F/M ratio met the range
of 0.2-0.6 kg COD/kg MLSS.days resulting in better
microbial growth and good degradation process of
organic compounds.
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Fig. 1. Apparatus set-up of submerged membrane bioreactor, (1)
Synthetic waste feeding tank, (2) Baffle, (3) SMBR, (4) Aerator, (5)
Permeate tank, (a) The flow direction, (b) Effluent, (c) The flow

direction of Back flushing.

Non PAC PAC
B filtration B filtration
B biological  Fl biological
100 SRT 10 days SRT 20 days SRT 30 days
90
i BB EAEERBEEREDN
el EE EEEEEEENER
S o NN NN NNNENNEN
S NN NE NN NNNN N
i I EEEEEEENEN
sl I EEEEEENEN
I IR EEEEEE NN
i EEEEEENENNENE
oML N W E N E NN NN N]
1500 2500 1500 2500 1500 2500
COD (mg/L)
Fig. 2. COD Removal (%) at MLSS 8000 mg/1
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Fig. 3. COD removal (%) at MLSS 15,000 mg/1
TABLE 1.
SPECIFICATION OF MEMBRANE MODULE
Membrane type Ultrafiltration
Membrane module Hollow fiber
Membrane material Polysulfone
Surface chemical properties Hydrofilic
Pore size 0.01 pm

Outside diameter / inside diameter
Module length

Number of module

Number of fiber

Surface arca

1.20 mm /0.50 mm
2in

3

85 fiber/module

1 m?
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Fig. 4. COD removal of MLSS (15,000 mg/l) at various concentrations
of PAC (0; 2,5; 5; 7,5; 10 %)
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Fig. 5. Comparison of SMP on waste SMAHBR at various MLSS
(8,000 and 15,000 mg/l) and various SRT(10; 20; 30 days) with and
without addition of PAC
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Fig 6. Comparison of SMP in SMAHBR waste of MLSS 15,000 mg/1
at various concentrations of PAC

TABLE 2.

CHARACTERISTICS OF POWDERED ACTIVATED CARBON FROM COALA

Parameter Size
The total surface area 1047 m%/g
Bulk Density Dry 470 kg/m’
Particle Size Range 53-75 pm
pH 7.5
Todine number (mg g™ 1336
Total ash (%) 8.3

*Widjaja et al. (2004)
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TABLE 3.
COMPOSITION OF SYNTHETIC WASTEWATER
Components COD 1500 COD 2500
(mg/L) (mg/L)
Glucose 882.90 1472.00
Glutamate acid 396.80 661.10
CH;COONH,4 320.70 534.60
NaHCO; 343.80 343.80
NHCI 130.90 218.20
KH;PO4 52.26 52.26
K,HPO4 3759 1750
MgSO0,.7H,0 20,35 2035
MnSO,.H,O 1357 1357
FeCl;.6H,0 675 678
CaCl,.2H,0 3759 375
NaCl 48.05 48.05

Nishijima et al. (1993)

This can be seen from the biological removal percen-
tage of COD which was high enough. For MLSS 15000
mg/l, the F/M ratio was below the range of 0.2-0.6 kg
COD/kg MLSS day, consequently, the microorganisms
present in the activated sludge can not develop well.
When using normal activated sludge, the precipitation
process runs slowly. However, with a membrane which
is in one unit with Bioreactor, this is no longer an inhibi-
tory. Hence, the SMBR performance remains good and
stable in degrading the overall organic load. This is pro-
ven as the advantage of biological process compared to
that of filtration process.

At MLSS of 8000 mg/l (high F/M ratio), the COD
removal by filtration and biological processes, did not
show a significant difference at SRT of 10, 20, and 30
days, similarly, at MLSS of 15,000 mg/l (low F/M ratio)
and at SRT of 10 and 20 days. However, COD removal
by biological process increased at SRT of 30 days.

Fig. 4 shows the effect of the addition of PAC concen-
tration on COD removal in SMBR for waste with high
sludge concentration. A variety of PAC used in the expe-
riment was 0%, 2.5%, 5%, 7.5%, to 10%, respectively at
SRT of 30 days and at high MLSS of 15,000 (low F/M
ratio) and COD of 2500 mg/1.

B. COD Removal of MLSS (15,000 mg/l) at Various
PAC

The results showed that the greater the concentration of
PAC addition the better the COD removal occurred.
With PAC addition of 10%, the biological process was
higher than that of with no PAC addition or with other
PAC concentrations addition. (Munz and Gori, 2007).
This was due to the adsorption process of organic mate-
rials by the PAC in the SMBR. In the biological process
waste; the adsorption was not only carried out by micro-
bes but also by PAC. As a result, the filtration process as
a mechanism of membrane was slow when compared to
that of in the non-PAC. The COD removal with PAC of
10% reached 91.86% compared to that of with other
PAC. Hence, it can be said that the addition of PAC can
improve the performance of SMBR process. This show-
ed that the addition of PAC stabilize the performance of
activated sludge in the SMBR to degrade the organic
matter.

TABLE 4.
IDENTIFICATION OF MICROORGANISMS
SRT Treatment Numb@r of

Bacteria
Non PAC 1.80x 107
PAC 2,5% 8.50x 10°

SRT 30

PAC 5% 7.75x 10°
PAC 7,5% 7.25x 10°
PAC 10% 5.00 x 10°

C. Concentrations of SMP as Fouling Identification

SMP is complex organic substances having different
characteristics resulted from microbial metabolism pro-
ducts. SMP can plug membrane pores and cause mem-
brane fouling. SMP can be classified into two groups;
SMP as a product of substrate metabolism and growing
biomass, and SMP as a product of dead biomass (Barker
and Stuckey, 1999).

Fig. 5. indicates comparison of SMP concentrations at
various SRT and MLSS variables, where the composi-
tion of SMP is stated as carbohydrate and protein. It was
found that at MLSS of 8000 mg/l, the amount of SMP
for SRT of 10, 20, and 30 days was fewer than that of at
MLSS of 15000 mg/l. This was due to the high MLSS
concentration that led the amount of microorganisms
contained in SMAHBR to increase compared with that of
at low MLSS concentration; as a result, metabolic pro-
ducts of microorganisms also increased. Similarly, the a-
mount of SMP decreased with the increase of SRT
(Liang et al., 2007). The longer the SRT the longer the
microorganisms stayed in the bioreactor; hence, the bio-
degradation process would work well. As a result, meta-
bolism products of microorganisms would also decrease.
When comparing the amount of SMP before and after
the addition of PAC (Fig. 6), it shows that at PAC add-
ition of 10% the amount of SMP was less than that of at
PAC addition of other variables. At PAC addition of
10%, the amount of SMP reduce up to 32-66%. SMP ad-
sorption by PAC resulted in the decrease of SMP con-
centration in the wastewater. According to Nicolas, et al.
(2007), the addition of PAC in the submerged membrane
system could reduce SMP concentration as a result of re-
duction of protein and carbohydrate concentrations in the
supernatant, hence reducing the occurrence of fouling in
the membrane.

Table 4. shows the amount of microorganisms. It
appears that prior to the addition of PAC, the amount of
microorganism was more than that after the addition of
PAC. Table 4. also shows that the more PAC addition
concentration was, the less the amount of microbes was.
This shows that the addition of PAC led to reduced mi-
croorganisms in the reactor, as a result, microbial re-
moval going well. This is due to PAC’s ability to bind so
small sized microbial substances (smaller than mem-
brane pose diameter) on solid surfaces in a liquid phase
that a gel layer was on the surface of PAC, which later
would occur solid integration leading to the increase in
the size of microbes, thus it become unable to pass
through the membrane pores. As a result, a clearer ef-
fluent that did not contain microbes would be obtained.
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IV. CONCLUSION

1. COD removal efficiency with 10% of the addition of
PAC is 90- 95%.

2. High SMP accumulation (£ 10 mg/l) occurred in
short SRT (10 days) and high MLSS concentration
(15,000 mg/1).

3. The addition of PAC led to reduced microorganisms
in the reactor, as a result microbial removal could go
well. For non PAC treatment, numbers of bacteria
are 1.8 x 107, and for addition of 10% PAC, num-
bers of bacteria are 5.0 x 10°.
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