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Abstract: Membrane surface modification is attracting more attention to mitigate biofouling in membrane 
bioreactors (MBRs). Five membranes differing in chemistry and hydrophobic/hydrophilic potential were run in 
parallel in a lab-scale MBR under the same conditions. Membranes were sampled after 1, 10, 20 and 30 days of 
MBR operation with synthetic wastewater. Subsequently, accumulated organic foulants were characterised using 
several chemical analytical tools. Results showed similar development of organic foulants with time, illustrating 
that membrane surface chemistry did not affect the selection of specific organic foulants. Multivariate analysis 
showed that biofilm samples clustered according to the day of sampling. The composition of organic foulants 
shifted from protein-like substances towards humics and polysaccharides-like substances. We propose that to 
control biofouling in MBRs, one should focus less on the membrane surface chemistry. 
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Introduction 

Membrane surface chemistry is a key factor that affects biofouling in MBRs (Lee, 2014). 
However, there is limited understanding how particular organic foulants interact with 
membrane surfaces in MBRs (Yamato, 2006). The objective of this study was to monitor the 
dynamics and compare the evolution of organic fouling accumulation on the surfaces of five 
membranes with different hydrophobic or hydrophilic properties, identical nominal pore size 
(0.1 µm) and operated under the same conditions (synthetic wastewater, permeate flux). 

Material and Methods 

A lab-scale MBR was fed with synthetic wastewater and acclimated for 45 days. Next, 
membrane modules with modified surface chemistry (Table 1.1), were constructed using 
consistent membrane surface area (56.52 cm2), run in parallel under the same flux (10 LMH), 
and sampled consequently following 1, 10, 20 and 30 days of operation. Accumulated organic 
foulants were extracted and characterised using LC-OCD, 3D EEM, FT-IR and CLSM. 

Table 1.1 Membrane specifications and characteristics. 

Membrane Specifications 
Polyoxadiazole (POX) Hydrophobic (fluorinated group) 
Polytriazole (PTA) Hydrophobic, biocidal effect (OH group) 
Sulfonated Polytriazole (SPTA) Hydrophilic, biocidal effect (OH group) 
Sulfonated Polysulfone (SPSF) Hydrophilic (polysulfone group) 
Commercial Membrane (COM) Hydrophilic surface (PVDF) 



 

Results and Conclusions 
Organic fouling composition showed a shifting trend with time from protein-like substances 
during early stages of filtration (1 and 10 days) towards polysaccharides-like substances 
following long filtration events (20 and 30 days) (Figure 1.1, a). In addition, multivariate 
analysis revealed that biofilm samples clustered together according to the operational duration 
(1, 10, 20 and 30 days) and independently from the membrane surface chemistry (Figure 1.1, 
b). 

 

Figure 1.1 (a) CLSM image of cryosectionned membrane samples showing the dynamics of organic foulants, 
proteins (green), total DNA (blue), and polysaccharides (red); (b) Multivariate analysis of organic foulants that 
clustered according the 1, 10, 20 and 30 day sampling event. 

This is the first study that combined several analytical techniques to intensively characterize 
organic foulants that accumulated on the surfaces of different hydrophobic and hydrophilic 
membranes, operated in parallel under identical conditions. While previous studies have 
confirmed that membrane surface chemistry is primarily responsible for membrane fouling in 
MBRs (Lee, 2014; Yamato, 2006), we propose that membrane surface chemistry might play a 
role in selecting the conditioning fouling layer during the initial stages of filtration, but 
become irrelevant following longer stages of membrane operation (10, 20 or 30 days). 
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