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Abstract— Bio fouling that formed in membrane bioreactor impacted the performance of membrane bioreactor. This study 
investigates the impact of bio fouling in terms of the concentration of soluble microbial product on the characteristics and the 
fouling potential of lab scale membrane bioreactor. The performance of membrane bioreactor reduced significantly with 
reduction in the initial flux, and dramatic transformation in surface morphology and roughness occurred. The small size of 
residual organic substances further facilitates membrane fouling by pore blockage. It can be concluded that SMP influence 
fouling under certain condition of membrane bioreactor. 
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I. INTRODUCTION 
 
Soluble microbial products (SMP) are a diverse 
mixture of soluble organic compounds found in the 
mixed liquor of biological wastewater treatment 
processes. Because of the complex chemical 
composition and the lack of standard methods to 
analyze various constituents, SMP are operationally 
categorized into proteins, carbohydrates, 
polysaccharides, lipids, nucleic acids and humic 
substances, among other types of organic compounds 
(Namkung and Rittmann, 1986). They are produced 
either from the substrate metabolism and biomass 
growth at a rate proportional to the rate of substrate 
utilization (utilization associated products) or from 
the biomass decay at a rate proportional to the 
concentration of biomass (biomass associated 
products). The presence of SMP may lower down the 
treatment efficiency of biologicalprocesses and the 
quality of effluent (Chudoba, 1985; Namkung and 
Rittmann, 1988), which indirectly causes possible 
environmental hazard to the receiving water (Ross et 
al., 1998). Moreover, they also hinder the reuse of 
wastewater and affect the treatment of drinking water, 
as some SMP could cause membrane fouling (Shen et 
al., 2010). 
SMP can be absorbed onto the membrane surface and 
is capable of blocking membrane pores and forming a 
gel-like structure on the membrane surface, thereby 
facilitating hydraulic resistance to the permeate flow 
(Jarusutthirak and Amy, 2006, Meng et al., 2010, Pan 
et al., 2010). Controlling the contents and properties 
of SMP is the most important issue in reducing 
membrane fouling (Ng et al., 2006; Remy et al., 
2010). Therefore, factors affecting the formation of 
SMP and their compositions had drawn great 
attention in recent years (Drews et al., 2007; Jiang et 
al., 2008). The insufficient understanding of fouling 

mechanisms in MBR is mainly attributed to the lack 
of information on the constituents that cause 
membrane fouling. It is widely accepted that organic 
macro-molecules such as SMP and extracellular 
polymeric substances (EPS), which are released 
during cell lysis, diffuse through the cell membrane, 
or are excreted for some purposes, are the compounds 
primarily responsible for developing membrane 
fouling in MBRs (Judd, 2008; Wang et al., 2008). 
The purpose of this study is to characterized 
biofouling in terms of soluble microbial products at 
different hydraulic retention time (HRT), which 
might be helpful in reducing membrane fouling in the 
bioprocess for wastewater treatment. Activated 
sludge were isolates under three different 
experimental conditions of different hydraulic 
retention time of HRT 12,HRT 8, and HRT 4. SMP 
concentrations produced under these conditions were 
collected weekly and analyzed in terms of protein and 
polysaccharides concentration. Further analysis was 
conducted using fourier transform infrared (FTIR) 
spectroscopy and scanning electron microscope 
(SEM) for verification. The changes in properties of 
SMP were compared and correlated with membrane 
fouling. Emphasis was placed on membrane fouling 
mitigation observed in MBR. During the operation 
time of approx. 150 days, the TMP reading was 
maintained to be less than 30 kPa.  
 
II. MATERIALS AND METHODS 
 
2.1 Description of MBR 
A laboratory-scale submerged membrane bioreactor 
was constructed and installed at the Chemical 
Engineering Research Laboratory 2 of SEGi 
University, Kota Damansara. Figure 1 shows the 
overview of the MBR system. The MBR tank has an 
effective working volume of 40 liters, in which a 
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hollow fiber membrane module was submerged in the 
central compartment. A coarse air bubble diffuser 
was installed and supplied by compressed air through 
air diffusers below the membrane modules. The 
specifications of MBR are given in Table 1. 
 
 

 
(i) 

 
(ii) 

Figure 1: (i) Hollow fiber membrane submerged in the middle 
of the tank, (ii) acclimatization of activated sludge. 

 
The MBR was aerated from beneath the ultrafiltration 
module through a diffuser to provide the cross flow 
effect, the oxygen requirement for the biological 
process, and to mix the mixed liquor in the reactor. 
The pH value in the MBR tank was maintained at 7.2 
 0.1 by adding NaOH - NaHCO3 solution, and the 
dissolve oxygen (DO) concentration was controlled at 
2.0 mg/L. Some sludge will be withdrawn from the 
system at the end of each cycle to maintain the sludge 
retention time (SRT) at 30 days.The synthetic 
wastewater constituted of glucose, NH

4
Cl, KH

2
PO

4
, 

K
2
HPO

4
and Na2HPO

4
.12H

2
O as primary nutrients, 

while MgSO4.7H2O, FeCl3, and CaCl2.H2O as trace 
nutrients. Sodium bicarbonate was added to adjust pH 
between 7 and 8. 

Table 1: Specification of the membrane bioreactor 

 
*SRT: solid retention time; HRT: hydraulic retention time; 
DO: dissolved oxygen; MLSS: mixed liquor suspended solids. 
 
2.2 Analytical method 
2.2.1 Wastewater quality analysis 
All activated sludge characteristics were measured 
according to the Standard Method (AWWA, 
2005).The Fourier transforms infrared spectroscopy 
(FTIR) spectra were measured using FT-IR 
spectrometer (Nicolet 5700, Thermo Electron 
Corporation, USA) to characterize the major 
functional groups of organic matters. The membrane 
fouling was observed with scanning electron 
microscope couple with energy dispersive x-ray 
spectroscopy (SEM-EDX) (Thermo Scientific, 
accelerating voltage of 20 kV, Universiti Putra 
Malaysia). Before SEM- EDX analysis, samples were 
Au-Pd coated. TMP values were also measured. Most 
of the results were taken from the average duplicate 
samples. 
 
2.2.2 Extraction of soluble microbial products 
analysis 
The soluble microbial product (SMP) was extracted 
by centrifuging the activated sludge samples at 5000 
g for 5 min. Polysaccharides were determined using 
the phenol-sulphuric acid assay, developed by Dubois 
et. al., 1956, using glucose as a standard. Proteins 
substances were determined using the method of 
Lowry et al., 1951, modified by FrØlund et al., 1995, 
using bolvine serum albumin (BSA) as standard. All 
samples were analysed in triplicates. 
 
III. Results and discussion 
 
3.1 Polysaccharides and protein 
Table 2 shows the concentrations of SMP in terms of 
protein and polysaccharides concentrations at three 
different HRT. The SMP ranged from 10.76 to 30.72 
and 5.97 to 17.05 mg/L for PS and PN, respectively. 
Grelier et al., 2005 reported similar findings that the 
concentration of SMPp and SMPc were in the range of 
10 to 34 mg/L and 5 to 33 mg/L, respectively. Among 
the three major components of SMP, polysaccharides 
were the most abundant fraction. It should be noted 
that in SMP results, the PS concentration were higher 
than the PN concentration regardless of HRT. This 
could be due to the degradation of PN to PS by the 
microbes for the metabolism cycle. Results confirmed 
the SMP accumulated slowly and continuously in the 
biomass endogenous phase. 
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Table 2: Concentration of polysaccharides and 
protein in MBR at different HRT. 

 
*polysaccharide, (PS), protein, (PN) 
 
It should be noted that different hydraulic retention 
time have no significant effects on SMP in terms of 
concentrations and compositions. SMP produced by 
activated sludge were closely related to the 
mechanisms of microbial defense, acclimatization 
and survival strategies, the components of which and 
the relative concentration of each components will 
differ in various processes with different substrates 
and operation conditions. Wang and Zhang, 2010 
reported that different stressful conditions such as 
high temperature and low pH stimulated the 
production of polysaccharides and polycarboxylate-
type humic acid. Starvation had less effect on SMP 
production as the seeding microbes had no substrates. 
Jarusutthirak et al., 2006 and Yigit, N.O. et al., 2008 
reported that polysaccharide-like substances in SMP 
contribute to fouling more than protein-like 
substances. Fonseca et al., 2011 observed that 
microbial products, in the absence of microbiological 
activity, have intrinsic membrane fouling properties 
at levels that are operationally significant to 
commercial-scale membrane treatment practices. 
Meng et al. 2007 summarized that the impacts of 
SMP on membrane fouling depend on SMP 
concentration, membrane materials and operation 
modes. 
 
3.2 SEM images 
Scanning electron microscopy (SEM) was used for 
microstructure imaging of the membrane surface used 
to visualize the formation of biofouling on the 
membrane surface. The quantification is based on the 
cross-sectional area of the membrane material. Figure 
2(i) shows the image of membrane surfaces of the 
unused hollow fibers. The membrane pores of the 
new membrane were clearly seen. It should be noted 
that the average pore size captured for the 
ultrafiltration membranes were approximately 119 
nm at magnification of 20k. Abundance of tiny 
unicellular of bacteria in the membrane bioreactor 
ranges between 100 nm to 10 000 nm in size, which 
are the expected target that will plug the pore of the 
membrane. 

 
(i) 

 
(ii) 

Figure 2: SEM images: (i) new membrane, (ii) microbial 
attached on fouled membrane. 

 
Figure 2 (ii) shows the cross-sectional area of the 
membrane surface that was sampled at the end of the 
experiment. It should be noted that the pores were 
completely fouled which caused by the deposits of 
particles that grow layer by layer over time. The 
formation of the cake layer on the membrane surface 
were observed and measured to be 32 m in thickness 
and there were abundant spiral bacteria (Cocosi), 
filament and secretion of mucus on the membrane 
surface detected. 
 
3.2 Fourier transform infrared (FTIR) spectra 
Chemical characteristcis of the sludge sample at 
various hydraulic retention time were assessed by the 
FTIR spectra. The main absorption bands and the 
corresponding assignments in the FTIR spectra of 
three extracted samples were tabulated in Table 2. In 
principle, the characteristics of the FTIR spectra of 
the sludge sample were consistent with the literature 
(Kumar et al., 2006; Wang et al., 2013). 

Microbial attachment
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Table 2: Main absorbance bands in FTIR spectra 

 
Source: Wang et al., 2013 
 

Almost all samples collected at different hydraulic 
retention time are having the protein-like substances 
and carbohydrate-like substances. Figure 3 shows the 
FTIR spectra of the sludge sample at hydraulic 
retentiontime of 12, 8 and 4, respectively, which 
indicating the presence of functional groups of 
foulants in the membrane bioreactor. The FTIR 
spectra of the extracted sludge for the overall study 
were conducted in duplicate. Changes of the 
absorbance intensity of these peaks, were not 
significant over time, which suggested that these 
main groups consistently existed in the sludge 
throughout the experiment.   
 

 
Figure 3: FTIR spectra for overall study. 

 
CONCLUSION 
 
This study shows the overview of SMPs in lab scale 
MBR treatment for synthetic wastewater at different 
hydraulic retention time. Basic data on 
physiochemical properties of SMP such as its 
components, FTIR spectra, SEM images and particle 
size characteristic were collected. Results showed 
relatively low SMP concentration with abundance of 
typical organic components following the order: 
polysaccharides (10.76 to 30.72 mg/L) and protein 
(5.97 to 17.05 mg/L).It was demonstrated that SMP 
were mainly produced due to substrate utilization, 
and their concentration and compositions were 
affected greatly by the stressful conditions instead of 
bacteria species. It was inferred from the differences 
in SMP concentration at different hydraulic retention 
time might be facilitated by lower influent organic 
content and irregular sludge discharge. The SEM 
images further indicated that the initial fouling rate 
was significantly correlated with SMP concentration. 
These findings would be of value in expanding 
knowledge of full scale MBR and in guiding 
engineering design and practical operation in future. 
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