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A B S T R AC T

An anaerobic-anoxic-oxic membrane bioreactor for real municipal wastewater treatment was 
operated under various conditions in order to investigate extracellular polymeric substances 
(EPS) properties and their role in membrane fouling. Test results showed that EPS, proteins 
in EPS (EPSp) and carbohydrates in EPS (EPSc) had correlations with membrane fouling. EPSp 
were found to have more signifi cant correlations with membrane fouling while EPS and EPSc 
had loose correlations with membrane fouling, indicating that EPSp were an important factor in 
membrane fouling. Three-dimensional excitation-emission matrix fl uorescence spectra analysis 
revealed that Peak C had potential correlations with the membrane fouling. Peak C, which was 
associated with fulvic acid-like substances, should be mainly originated from microbial metabo-
lism. Gel fi ltration chromatograph (GFC) demonstrated that the EPS had narrower molecular weight 
(MW) distribution compared to the infl uent wastewater. It was also found that the number-average 
MW (Mn) and the weight-average MW (Mw) of EPS increased with the increase of operation time.

Keywords:  Anaerobic-anoxic-oxic (A-A-O) process; Biological nutrient removal; E xtracellular 
polymeric substances (EPS); Membrane bioreactor (MBR); Membrane fouling; 
W astewater treatment

1. Introduction

Nitrogen and phosphorus are known as signifi cant 
nutrients to induce eutrophication of waterbodies. In 
recent years, considerable research has been performed on 
biological nutrient removal (BNR) systems which remove 
the problematic nutrients that cause eutrophicatio n. The 
BNR systems developed include the sequencing batch 
reactor (SBR), the University of Cape Town (UCT) sys-
tem, the Bardenpho process, and the anaerobic-anoxic-
oxic (A-A-O) multiple reactor system, etc. [1].

With the rapid development of membrane technology, 
the integration of membrane fi ltration into multi-stage 
conventional BNR systems has attracted much a ttention. 

Compared to conventional BNR systems, the hybrid 
membrane process for BNR offers a series of advantages 
including a smaller footprint, less sludge production 
and better effl uent quality [2–4]. A number of research-
ers have dedicated their efforts to the hybrid BNR sys-
tem for wastewater treatment. Geng et al. [5] employed 
an A-A-O MBR for enhanced removal of phosphorus and 
analyzed the fouling mechanisms in this process. It was 
also reported by Banu et al. [6] that 68–75% of nitrogen 
and 74–84% of phosphorus were removed in the A-A-O 
MBR system at a fl ux of 17 l/(m2h) for domestic waste-
water treatment. Zhao et al. [7] used an A-A-O MBR to 
treat coke plant wastewater and found that 89.8%, 99.9%, 
99.5%, 71.5% and 98.3% of chemical oxygen demand 
(COD), phenol, ammonium, total nitrogen and acute 
toxicity could be successfully removed. Those intensive 
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