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1. Membrane bioreactor
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5. Extracellular Polymeric Substances

6. Mixed Liquor Suspended Solid (MLSS)
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17 Chemical Oxygen Demand
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1. Introduction

In current years, the application of membrane bioreactor (MBR) instead of the conventional activated sludge
process (CASP) is becoming more common. MBR has many advantages over the CASP such as high removal
efficiency and the flexibility of operations. However, the major obstacle for MBRs is membrane fouling.
Previous works showed that membrane fouling is related to the operating parameters such as HRT (Hazrati et
al, 2016), sludge retention time (SRT), and sludge specifications (e.g. floc size, extracellular polymeric
substance (EPS), soluble microbial product (SMP) and sludge viscosity) (Hazrati and Shayegan, 2016). Itis well
known that SRT is one of the important factors, which can change the state of biomass in an activated sludge
system. Considering the aspects mentioned above, SRTs have significant effects on biological activity and
membrane performance in MBR systems. In this study, a system was operated with synthetic wastewater. The
main purpose of this study was to investigate the effect of SRT on specific biological activity and membrane
fouling in a membrane bioreactor.

2. Methodology
2.1. Setup

In this study, an identical lab-scale MBRs was manufactured. The effective volume in each reactor was 7 1
and they were composed of four main sections which will be discussed in the following sentences: (1) Sides:
the designed MBRs were made of two layers: the inner part that forms the main reactor's basin in which the
biological reactions occur, and the outer part through which the warm/cold water can flow during the
temperature flow. Since the temperature variations were not studied in this paper, all the biological processes
were performed at 25 2C. (2) Membrane: the employed membrane in this study was a micro-filtration (MF)
type with an effective area of 0.1 m2 and pore nominal diameter of 0.4pm.

2.2. Analysis

The MLSS, MLVSS, and COD were estimated according to the standard methods (Federation and Association,
2005). The SMP and EPS concentration were measured utilizing the method described by Chang (Chang et al.,
1999). The protein concentration was measured by Bradford's method using Bovine Serum Albumin (BSA) as
the standard (Zhang et al., 1999), whereas the corresponding polysaccharide fraction was determined by the
phenol-sulfuric acid method. The particles size distribution was determined by the Fritsch “analysette 22”
NanoTec laser-particle-sizer with a detection range of 0.01-1000pum.
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3. Results and discussion

3.1. Microbial activity, TMP and PSD

The microbial activity was a measurement for three SRT. The results show that MLVSS/MLSS ratio in SRT
of 36 days is lightly lower than SRT of 12 days which indicates that there is neglect accumulation of inorganic
compounds in the condition of SRT of 36 days.

One of the major limitations of membrane bioreactors is membrane fouling (Ouyang and Junxin, 2009).
Thus to evaluate this parameter the trans membrane-pressure (TMP) variation was measured continuously.
The TMP variation during operation for three SRT has been shown in Fig. 1. As it can be seen in Fig. 1 during
the SRT of 36 days the fouling rates for reactors were less accelerated compared with the SRT of 12 and 24
days.

The particle size distribution of sludge for the SRT of 12, 24, and 36 days has been shown in Fig. 1. The
average particle size for sludge at the end of the operation with SRT of 36 days (82um) is more than the SRT of
12 and 24 days (22 and 38um, respectively). It is understandable that the bigger particle in SRT of 36days
creates higher porosity and lower compressibility which cause less membrane fouling.
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Fig. 1. TMP and PSD for three SRT

3.2. Variation of EPS and SMP and filamentous bacteria

Fig. 2 depicts that, the total SMP concentration was decreased by the increasing of SRT. This could be the
result of the absorption by biomass, and/or clinging to the membrane as a cake, and/or SMP discharging
through the membrane pores (Yuniarto et al., 2013). Also EPS were decreased by the increasing of SRT.
Reducing EPS can be attributed to its low production at higher SRTs, or it can be assumed that higher SRTs
increase the bio-degradation rate of EPS. Further, the variation of the main microorganisms and filamentous
bacteria was determined by SRT. It can be seen, the increase in SRT caused the number of main microorganisms
and filamentous bacteria did not significantly change.

4., Conclusions

In this study, a membrane bioreactor was used to treat synthetic wastewater during different SRTs. The
obtained results show that MLSS concentration increases with increasing SRT but microbial activity slightly
decreased. However, the removal efficiency of COD was same in the all three SRT. The variation of trans
membrane pressure detected that the SRT of 36 days membrane fouling is more than other conditions.
Furthermore, was determined the SMP and EPS concentration decreased by increasing SRT. Microorganism
counting analysis was also shown that increasing of membrane fouling don’t depend to filamentous bacteria
and other microbial population.
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