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Fouling is a major problem influencing the operational performance, stability and cost of a membrane
bioreactor (MBR). The composition of wastewater and biomass grown in the MBR are directly related to
fouling. Many factors including operational parameters can affect the fouling process. The extent of
fouling can be controlled by employing proper operational strategy, improving membrane materials and
proper desighing membrane module and reactor configuration. This paper describes major factors
related to membrane fouling as well as further research needs.
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INTRODUCTION

Water shortage is a world-wide problem including China
and most African countries. The membrane bioreactor
(MBR) is a treatment system that combines both acti-
vated sludge process and membrane separation process.
Because of the high efficiencies of removal of organic
pollutants and separation by this process, the effluent of
MBR can be reused for irrigation, lawn watering, cleaning
or cooling water on industrial sites, toilet flushing and
other purposes. Biomass concentrations within MBRs
can reach as high as up to 20 g/L, resulting in high
volumetric organic removal rate and compact reactor
space. This process also presents several other advan-
tages such as ease of handling, compact and lower
excess sludge (Gui et al., 2003; Komesli et al., 2007). At
present, thousands of MBR plants are operated over the
world. It is believed that MBR will become more and more
popular in next decades. Like other membrane pro-
cesses, however, membrane fouling is a major technical
issue for MBR process. Fouling decreases permeate flux
and membrane lifespan. Membrane cleaning has been
regular operational procedure and replacement of mem-
brane is required when membrane fouling/clogging
become irreversible (Figure 1). All above lead to the
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increasing costs on operation and maintenance (Fletcher
et al., 2007; Jeison and Lier, 2007; Viero et al., 2007). For
decades, prevention of membrane fouling is still technical
challenge.

During the past decades, many researches have been
done on membrane fouling in relationship to material
characteristics, operational parameters, sludge charac-
teristics, and reactor design, etc. This paper describes
major factors related to fouling as well as further research
needs.

MAJOR FACTORS AFFECTING FOULING

MBR is composed of membrane separation modules and
biological treatment unit. Therefore, the operating issues
not only include conventional factors such as biological
and reactor kinetic parameters but also the parameters of
membrane separation. The biochemical kinetics para-
meters are: sludge retention time (SRT), hydraulic reten-
tion time (HRT), sludge concentration, volumetric loading
rate, and specific sludge loading rate. Temperature also
influences the reactor operation. The parameters of
membrane separation include inherent characteristics of
membrane (membrane material, pore size and surface
charge), characteristics of mixed liquor (viscosity, in-
organic content), operational style and reactor hydraulic
conditions. The biological characteristics have greater im-
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Figure 1. Membrane cleaning protocols. After a long time
operation of MBR, fouling or/and clogging occur. Usually,
backwash clean is used to mitigate fouling. Chemical or
physical clean will be needed if backwash does not work.
After several times of chemical or physical clean, the
membrane should be replaced if its performance were not
recovered.

pact on MBR efficiency, and the parameters of mem-
brane separation mainly affect the treatment ability. As a
result of the accumulation of particles from wastewater
with a certain level suspended solids, a cake forms on
the surface of membrane. When particles block the mem-
brane pores, this is called pore plugging. Resistance as a
consequence of adsorption in or on membrane is called
fouling (Sombatsompop et al., 2006). Both biological and
membrane separation parameters are related to forming
fouling (Hilal et al., 2004; Asatekin et al., 2006; Kima et
al., 2007) as illustrated in Figure 2. Membrane material,
design of modules and operational process quite differen-
tly effect on the wastewater treatment efficiency
(Guglielmi et al., 2007).

MEMBRANE MATERIALS AND MODULE STRUCTURE
Membrane materials

Membrane materials can be divided into two types:
organic and inorganic. Organic polymer membrane mate-
rial includes: polyolefin, polyethylene, PAN, PSF, aroma-
tic polyamide, fluoropolymers, etc. Inorganic membrane
is semi-permeable film made by inorganic material such
as metals, metal oxides, ceramics and porous glass zeo-
lite. Currently, most full scale MBRs use organic polymer

membrane because of low cost, convenience of control
and small aperture size. The hydrophilicity and surface
charge of membrane material, to a certain extent, influen-
ces the progress of fouling and membrane clean-up
(Chen et al., 2007). Compared to hydrophobic membrane
material, hydrophilic membrane material is apt to absorb
certain proteins and carbohydrates, and the obstruction
rate of the hydrophilic membrane hole is vulnerable to in-
crease. You and Kwon (2000) found that under the same
con-ditions, hydrophobic membrane had higher flux than
the hydrophilic one, and hydrophobic membrane, if its
charge was the same to wastewater solution, could slow
down membrane fouling to a certain extent as a result of
the resistance of the same charge. According to our lab
tests, the more hydrophobic the membrane is the higher
flux and stronger anti-fouling performance.

Module structure

In order to facilitate the installation and industrialization,
improve the efficiency of separation, and achieve the high
specific membrane area per volume, membrane is
usually assembled in a basic unit in form of a certain
shape. This basic unit that completes the separation pro-
cess is called membrane module.

The membrane module can be set inside or outside of
the bioreactor, thus MBR can be divided into two basic
types: submerged MBR and sidestream MBR (Figure 3).
Membrane commonly used in water and wastewater pro-
cesses includes at least five types, that is, frame, spiral-
volume, tube type, hollow-fiber, and capillary type. The
former two types can be classified as flat membrane and
latter three types as tube membrane. The tube type and
hollow-fiber type are widely used at full-scale MBR.

Different forms of module have their own advantages
and disadvantages, so it is of great importance to select
the appropriate membrane module and the proper com-
bination form in order to ensure the treatment efficiency.

Operating process of MBR

Generally, fouling, that is caused by the accumulation of
suspended or precipitated solids on membrane surface or
in the membrane pores, results in a decrease of MBR
performance. Operating process has great impact on
membrane fouling. For example, during biological treat-
ment, bio-substances like extracellular polymeric sub-
stances (EPS) can form colloid group, which is absorbed
and deposited on the surface of membrane, blocking
membrane pores and decreasing permeate flux. Micro-
organisms also grow on the membrane surface.

Temperature

Temperature mainly influences the rate of bioreaction in
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Figure 2. Inter-relationships between MBR parameters and fouling.
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Figure 3. Submerged MBR (a) and sidestream MBR (b).

MBR. Generally, for both inorganic and organic mem-
brane, the influence of temperature on membrane fouling
is relatively slight. Peng and Liu (2000) reported that
under constant pressure conditions, the system flux
increased as the temperature increased. If both the

Transs-membrane pressure (TMP) and biomass concen-
tration are constant, the rise of system temperature,
within a certain range, will cause a linear trend of increa-
sing of permeate flux, which mainly attributes to the lower
viscosity of the mixed liquor at higher temperature.
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Organic loading rate

As organic loading rate increases, the concentration of
soluble organics near the membrane increases and the
polarization effect increases. This results in gradual for-
mation of a layer of cake, acceleration of the resistance,
and increase of pressure over the membrane. The mem-
brane pressure could increase rapidly in a short time as
organic loading rate increases, which indicate the begin-
ning of membrane fouling. Therefore, organic load-ing
rate should be controlled within a proper range to avoid
the system burden (Trussell et al., 2005).

Sludge retention time (SRT)

Sludge retention time (SRT) is a function of organic load-
ing rate and mixed liquor suspended solids (MLSS). For
MBRs, the membrane separation process allows a high
MLSS and long SRT. MBR can be operated at long SRT
(10 - 100 days) or low sludge yield. This improves the
ability of oxidation of ammonia to nitrite/nitrate and degra-
dation of organic substances. SRT directly influences
TMP. In general, the longer SRT, the lower concentration
of ESP (Laera et al., 2007). On the other hand, the longer
SRT, the higher deactivation of microorganisms which re-
sults in accumulation of inorganic substances. The ratio
of MLVSS vs. MLSS could decrease. Some researches
suggested that discharge of sludge regularly is needed to
alleviate membrane fouling (Feng et al., 2003).

Hydraulic retention time (HRT)

After a membrane module and reactor size are selected,
the HRT becomes a decisive parameter influencing per-
meate flux. A long HRT requires low permeate flux, while
a short HRT increases the flux and the concentration of
dissolved organic matter (such as SMP) in reactor, re-
sulting in acceleration of membrane fouling and even-
tually, declining permeate flux (Jeong et al., 2007).

Operating pressure

The flux increases, within a certain range, as the opera-
ting pressure increases. However, it will no longer in-
crease when the operating pressure is beyond the critical
pressure. The increase of flux can increase the efficiency
and treatment capacity of reactor, but speeds up mem-
brane fouling (Taewoo et al., 2007).

In a MBR, the tangential flow along the membrane
creates significant shear stresses. As the shear velocity
rises, TMP increases and, fouling is peeled off by the tan-
gential flow under a high shear velocity. In this way,
fouling substance may not apt to deposit on the surface
of membrane.

MLSS and MLVSS

In general, the high concentration of sludge (MLSS)
causes the low capacity of permeation. The sludge will
deposit on the surface of membrane easier if the MLSS
increases (Sven et al., 2007). Under a constant HRT, the
biomass synthesis rate and endogenous respiration rate
reaches a dynamic equivalence, and MLVSS eventually
becomes stable. The accumulation of inorganic sub-
stances, digestion of dead biomass and other residual
material lead to the increase of MLSS (or the decline of
the fraction of active biomass in the sludge), which ulti-
mately affects the MBR efficiency.

MECHANISM OF MEMBRANE FOULING
Microbial EPS and SMP

Microbial biofim or layer attached on membrane surface
reduces the flux but it can be controlled or removed by
backwash. In general, there are two substances gene-
rated during biological activities causing fouling, that is,
extracellular polymeric substances (EPS) and soluble
microbial products (SMP). EPS is an insoluble macro-
molecule polymerized by microorganisms or substances
like epidermis, capsule, gel and humic acid. SMP is pro-
duced by cell metabolism or self-digestion, which can be
considered to be soluble, large molecules (Tarnacki et al.,
2005). They form colloidal substances and gradually
accumulate in the membrane hole, decreasing the
effective pore size of the membrane.

Organic pollutants from wastewater

Organic pollutants, including organic macromolecules
and polymers from wastewater, greatly reduce permeate
flux after forming a colloid layer on membrane surface. In
addition, Rosenberger et al. (2006) indicated that dis-
solved organic carbons caused increase of sludge vis-
cosity. The increased viscosity and thus increase in filtra-
tion resistance result in the attachment of EPS on mem-
brane surface, which grows up a gel layer on membrane.
Studies also indicated that the decline of MBR flux can be
attributed to the active sludge, composition of mixed
liguor, EPS and dissolved organic matter such as col-
loidal particle.

Inorganic pollutants

In general, inorganic pollutants only influence on the
fouling of anaerobic MBR. Choo et al. (1996), in their
study of an anaerobic MBR, found that the micro colloid
in broth is the main reason causing membrane fouling.
They also found that it is the interaction of metallic/non-



metallic ions and cellular substances that forms dense
cake layer on the surface of membrane. Calcium and
magnesium are the major inorganic pollutants. Many
studies showed that in the process of membrane
filtration, calcium plays an important role in fouling. On
one hand, low solubility of calcium salts cause concen-
tration polarization on the surface of membrane, as well
as precipitation, such as CaCOj;, CaSO,. On the other
hand, calcium leads to the change of biomass charac-
teristics and accelerating of fouling.

CURRENT RESEARCH TOPICS

To date, research on fouling mechanism still continues in
order to properly design reactor system, improve opera-
tional performance, and develop new membrane with
anti-fouling properties. The research on fouling mechani-
sms, improvement of membrane materials and MBR pro-
cess design will be an effective way to solve fouling
problem and provide better cost-effective treatment (Lee
et al., 2007; Hwang et al., 2007). The following research
topics can be considered:

(1) The mechanism on fouling has been studied for
years. More research works are still needed especially on
fouling mechanism related to microbiology. As we under-
stand, improvement in operating process or pretreatment
of wastewater can slow down fouling progress to a cer-
tain extent but the membrane fouling can not be avoided
completely due to microbial activity. Microbial activity,
secretion, degradation process, product of metabolism
and apoptosis will affect the permeability of membrane
(Germain et al., 2007). Therefore, further researches
from many aspects on the mechanism of fouling, espe-
cially on microbiology including the microbial community,
microbial species responsible to fouling as well as their
ecophysiological role etc, is the key to understand and
control membrane fouling.

(2) More researches should be focused on characteristics
of membrane materials (like surface charge, hydro-
phobicity) in order to develop anti-fouling materials. High-
energy consumption of MBR is one of the limiting factors
of MBR development. Increasing operating pressure or
aeration strength is the most common method to
enhance permeate flux. But this also results in higher
energy consumption and higher operational cost. By
changing surface charge, we may reduce energy con-
sumption and decelerate fouling progress effectively.
Development of high-performance and low-cost organic
membrane materials will help MBR to become more cost-
effective in the future.

(3) The effect of biological toxicity of pollutants in MBR
has received fewer studies. A large number of toxic
substances seriously affect the microbial community and
has been studied in other biotreatment systems such as
activated sludge process. Their impact on MBR should be
studied. This will not only expand the application of MBR,
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which means treating different kinds of wastewater, but
also enhance the biological activity and treatment
efficiency.

(4) At present, most operating issues of MBR are derived
from the pilot studies or previous operational experien-
ces. A little research has been done in modeling MBR.
Development of mathematical models for different MBR
system will help to optimize the operational performance,
process control and dealing with fouling.
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