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Abstract : Due to water shortages caused by water pollution and climate change, total organic carbon (TOC) standards have been
implemented for wastewater discharged from public sewage treatment facilities. Furthermore, there is a growing interest and
body of research pertaining to the reuse of sewage treatment water as a secure alternative water resource. The membrane
bio-reactor (MBR) method is commonly used for advanced wastewater treatment because it can remove organic and inorganic
ions and it does not require or emit any chemicals. However, the MBR process uses a separation membrane (MF), which requires
frequent film cleaning due to fouling caused by a high concentration of mixed liquor suspended solid (MLSS). In this study,
process improvement and microbubble cleaning efficiency were evaluated to improve the differential pressure, water flow, and
MF fouling, which are the biggest disadvantages of operating the MF. The existing MBR method was improved by installing a
precipitation tank between the air tank and the MBR tank in which raw water was introduced. Microbubbles were injected into a
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separation membrane tank into which the supernatant water from the precipitation tank was introduced. The microbubble
generator was operated with a 15 day on, 15 day off cycle for 5 months to collect discharged water samples (4L) and measure
TOC. As the supernatant water from the precipitation tank flowed into the separation membrane tank, about 95% of the
supernatant water MLSS was removed so the MF fouling from biological contamination was prevented. Due to the application of
microbubbles to supernatant water from the precipitation tank, the differential pressure of the separation membrane tank
decreased by 1.6 to 2.3 times and the water flow increased by 1.4 times. Applying microbubbles increased the TOC removal rate
by more than 58%. This study showed that separately operating the air tank and the separation membrane tank can reduce fouling,
and suggested that applying additional microbubbles could improve the differential pressure, water flow, and fouling to provide a

more efficient advanced treatment method.
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Table 1. Properties of the raw water, microbubble treated effluent water, and waste effluent standard

Parameter Unit Raw water Effluent water Effluent standard
pH 6.8 7.0~7.2 5.8~8.6
TOC [mg/L] 1749.1 28.0 75
BOD [mg/L] 3836 2.8 120
SS [mg/L] 1220 0.8 120
TN [mg/L] 117.6 1.2 60
TP [mg/L] 33.54 0.92 8
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Figure 1. Schematic diagram of A2/O method using microbubbles in this study (A, B: air injection line, C: air lift to remove the floating scum
in the supernatant water of the sedimentation tank and sending it to the previous reservoir).
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Figure 2. Process diagram of improved MBR method with microbubbles in this study.
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Figure 3. Microbubble generator in this study.
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Figure 5. Relationship between flow and differential pressure with
(ON) or w/o (OFF) microbubble application.
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Appendices
TOC: total organic carbon
BOD: biochemical oxygen demand
COD: chemical oxygen demand

SS: suspended solid
TN: total nitrogen
TP: total phosphorus

A2/O: anaerobic-anoxic-oxic

MBR: membrane bio-reactor

MF:  microfiltration or separation membrane using
microfiltration

MLSS: mixed liquor suspended solid

DO:  dissolved oxygen
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