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Fig. 1 Schematic diagram of the experimental setup (a); actual photograph of the experimental setup (b);

actual photograph of the flow field shear force monitoring device (¢); schematic diagram of the monitoring point layout (d)
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Table 2 Spatial coordinate for shear force measurement

1= /cm 22 [ A AR/ (mm, cm)
0 (—40,0)(—20,0)(0,20) (20,0) (40,0)
10 (—40,10)(—20,10)(0,10)(20,10) (40,10)
20 (—40,20)(—20,20)(0,20)(20,20) (40,20)
30 (—40,30)(—20,30)(0,30)(20,30) (40,30)
40 (—40,40)(—20,40)(0,40)(20,40) (40,40)

50 (—40,50)(—20,50)(0,50)(20,50) (40,50)
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Fig. 2 Distribution of flow field shear force in MBR
system with solid-phase media under different

aeration conditions
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Fig. 3 Relationship between effective shear force and membrane flux in MBR system with different solid-phase media:

1. 7 mm activated carbon (a); 2.0 mm PVA sponge (b); 1.7 mm silica (¢)
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Fig. 5 Effects of different solid-phase media addition on intracellular enzyme activity in the MBR system:

dehydrogenase (a) ;a-glucosidase (b) ; protease (c)
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Fig. 6 Changes in microbial succession in MBR system under different solid-phase media addition:

1. 7 mm activated carbon (a);2. 0 mm PVA sponge (b) ;1.7 mm silica (¢)
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Impact of solid-phase media addition on membrane fouling
and microbial community in MBR systems

WU Wei', LI Ming®, ZHANG Peng fei®, GAO Fei*, WU Wei?
(1. Hefei Water Environment Construction Investment Co. , Ltd. , Hefei 230000, China;
2. School of Environmental Science and Engineering, Tiangong University, Tianjin 300387, China;
3. Shanghai Municipal Engineering Design Institute (Group) Co. , Ltd. , Shanghai 200092, China)

Abstract; Membrane bioreactor (MBR) is widely used in wastewater treatment, but membrane fouling
restricts their long-term stable operation. This study innovatively introduced fiber Bragg grating (FBG)
technology into the MBR flow field, and systematically explored the action mechanisms of three media,
namely activated carbon, PVA sponge and silica, on the flow field characteristics and community
succession of the reactor. The results showed that increasing aeration intensity significantly enhanced the
flow field shear force on the surface of the three media. Among them, the PVA sponge, due to its three-
dimensional network structure, led to the most significant increase in flux, followed by activated carbon
particles and silica. The PVA sponge provided suitable attachment sites for microorganisms, which could
significantly improve intracellular enzyme activity, while activated carbon particles and silica had limited
effects on enhancing enzyme activity. Activated carbon accelerated the proliferation of pollution-degrading
microbial communities; the PVA sponge drove the film formation of microorganisms to reduce the
deposition of biological products; silica controlled pollution relying on shear force and had a weak impact
on the community structure. This study provides a theoretical basis for optimizing MBR membrane fouling
control strategies.

Key words: membrane bioreactor (MBR) ; membrane fouling; solid-phase medium; microbial community;
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solution, the feed solution flow rate was 12 1./h, and the temperature was 27 °C. At this time, the
membrane flux was 6. 938 L/(m? « h), and the reverse solute diffusion flux was 0. 235 mol/(m? « h).
Chemical cleaning with NaOH, NaClO and citric acid had good effects, among which 5% (mass fraction)
citric acid had the best cleaning effect on the apple juice-contaminated membrane, with a membrane flux
recovery rate of 83. 67%. This article aims to provide technical references for the application of FO
technology in the field of fruit juice concentration.

Key words: forward osmosis membrane; zwitterionic; apple juice; concentration; membrane cleaning



