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A B S T R AC T

A pilot-scale submerged membrane bioreactor (SMBR) with anoxic and oxic tanks was operated 
in an attempt to reduce the problems concerning effective removal of organic matter and nutri-
ents from municipal wastewater. A fl at type membrane with a pore size of 0.038 µm and having 
a total surface area of 3.60 m2 was used in the experiments. During the operation, MLSS concen-
tration in aeration (oxic) tank of SMBR was maintained at about 5–7 g/l. Infl uent and effl uent 
pH in the SMBR also changed between 7.3–8.4. Raw wastewater with average chemical oxygen 
demand (COD): total nitrogen (TN) ratio of 12:2 was treated at various temperatures (10–30 ºC) 
over an interval of about 160 d. When average infl uent nutrient mass ratio (COD:TN:TP) was 
100:8.2:1.2 and BOD5:COD ratio was 0.5, removal effi ciencies of COD, BOD5, TSS, TN and TP were 
99.1%, 99.3%, 99.4%, 43.4% and 68.2%, respectively. Nitrifi cation occurred in the aerobic reactor 
with NH4

+–N removal effi ciency ranging from 88.7 to 99.7% averaging at 97.8%. Nitrogen removal 
in the SMBR was limited not by nitrifi cation but by denitrifi cation. Increase in the concentration 
of TN in the treated water can be explained by increases in the concentration of NO3

−–N.
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1. Introduction 

Membrane bioreactor (MBR) has become a more 
and more attractive technology in the wastewater 
treatment fi eld. Compared with conventional acti-
vated sludge (CAS) processes, MBR process has many 
prominent advantages including a smaller footprint, 
less sludge production and superior effl uent quality, 
etc. The development of submerged membrane biore-
actors (SMBRs) has signifi cantly reduced operational 

energy consumption and increased its potential appli-
cation in wastewater treatment [1]. Feature of SMBR is 
that uprising air/liquid mixture generated by aeration 
creates turbulence for membrane surfaces cleaning [2]. 

The treatment capacity of small-scale wastewater 
treatment plants (WWTPs) for the two nutrients nitrogen 
and phosphorus is often limited. Nitrifi cation and 
denitrifi cation may occur to a certain degree in bio-
logical treatment plants, depending on the plant layout 
and the operating conditions. In contrast, phospho-
rus is only removed to a substantial extent with the 
aid of chemical precipitation [3]. Nutrient removal in 
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