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Background 
 
Membrane Bioreactors (MBRs) perform strict liquid-solid 

separation through membrane filtration within a biological 

reactor, providing several advantages over conventional 

activated sludge (CAS) processes[1][2]. However, wider 

application of MBRs is still limited due to membrane fouling, 

which increases both operation and maintenance costs. To 

overcome this issue several solutions have been suggested 

and implemented[3]. It has been reported that in situ chemical 

cleaning including chemically enhanced backwashing (CEB) 

and cleaning in place (CIP) is increasingly prevalent in 

practice[4]. While CEB is effective in recovering membrane 

permeability, the use of chemicals in MBRs is problematic 

due to its adverse effect on the microbial activity and a 

negative impact on the environment[5]. Thus, effective 

chemical-free cleaning methods are desirable. Nanobubbles 

(NBs) are environmentally friendly and have been used to 

clean dirty surfaces and fouled membranes[6][7][8][9]. We 

have observed that NBs can pass through the membrane 

pores[10]. Therefore, in this study, NBs water backwashing 

(NBB) was periodically applied to clean membranes in MBRs 

and its effectiveness was compared with tap water 

backwashing (TWB) and CEB using NaClO.  

 

 

Material and methods 
 
Flat sheet ceramic membranes, provided by Meidensha 

(Tokyo, Japan) were equipped in three identical bench-scale 

MBRs installed at the Soseigawa wastewater treatment plant 

(Sapporo). The backwashing conditions in this study were the 

same as those in a previous related study[11]. In brief, 

backwashing frequency, flux, and duration were set at 6 

hours, 8 LMH, and 1 hour, respectively. MBRs 1, 2, and 3 

were backwashed with tap water (TW), NB water, and a 50 

ppm NaClO solution, respectively. Additionally, intermittent 

filtration (1 min relaxation every 11min filtration) and 

granules scouring were also applied to control membrane 

fouling. The membrane flux was set at a high value of 80 

LMH. Sludge and hydraulic retention times (SRT and HRT) 

were set at 30 days 3.5 h, respectively. The NBs water used 

was produced by a NB generator provided by IDEC 

Corporation (FZ1N-07H). A four-day long experiment was 

conducted. To investigate the causes of membrane fouling 

and understand potential cleaning mechanisms, several 

analytical methods were applied. Liquid Chromatogram-

Organic Carbon Detector (LC-OCD) and Excitation Emission 

Matrix (EEM) were used to assess the release of organic 

matter into the sludge bulk by the microorganisms. The 

release of Dissolved Organic Carbon (DOC) has been related 

to fouling acceleration[12]. Fourier Transform-Infrared 

spectroscopy was applied to investigate the composition of 

the fouling layer. Atomic Force Microscopy (AFM) and 

Scanning Electron Microscopy (SEM) was used to visualize 

the membrane surface and cross section, respectively. 

 
Figure 1. TMP temporal increase during a 4-days experiment. 

 

Results and discussion 
 
Figure 1 shows the trans-membrane pressure (TMP) 

development over time. As expected, CEB was more 

effective in fouling mitigation than was TWB: could not 

prevent a rapid increase in TMP. NBB was also more 

effective than was TWB. During the first two days of



 
Figure 2. Distribution of filtration resistance assessed after 

the operation. 

 

 
Figure 3. EEM spectra of dissolved organic matter in the 

sludge supernatant collected from: (a)TWB, (b) NBB, and (c) 
CEB. 

 
Figure 4. ELC-OCD chromatogram of dissolved organic 

matter in the sludge supernatant collected from TWB, NBB, 
and CEB. 

 
 operation the TMP development over time was comparable 

in the NBB and CEB experiments. However, a sudden and 

yet to be explained TMP increase was observed with NBB on 

the second day. Distribution of filtration resistance assessed at 

the termination of the operation (Figure 2) shows that there 

was a high degree of reversible fouling in the TWB 

experiment, which could not be removed even with granules 

scouring. Such fouling could be removed by CEB/NBB 

coupled with granules. Figures 3 and 4 show the EEM and 

LC-OCD data, respectively. The amount of DOC released in 

the sludge bulk and measured in the sludge supernatant is not 

significantly different between the three experiments. All the 

peaks in the EEM spectra and LC-OCD chromatogram are 

not significantly different, as confirmed quantitively by 

measuring the DOC concentration in the sludge supernatant.  

 
Figure 5. FT-IT spectra of the gel layer samples from the 

MBRs operated with TWB and NBB. 
 

 
Figure 6. AFM images of a new membrane (a)) and fouled 

membranes cleaned by TWB (b) and NBB (c). 
 

 

 
Legend: M: Membrane, F: Fouling layer. 

 

Figure 7. SEM images of a new membrane (a) and of fouled 

membranes cleaned by TWB (b) and NBB (c). 

 

Thus, the rapid increase in TMP observed in the TWB 

experiment was not caused by the dissolved organic matter in 

the sludge bulk. FT-IR spectra, shown in Figure 5, reveals 

that the composition of the fouling layer attached to the 

membrane samples was identical TWB and NBB 

experiments. This indicates that the high reversibility of 

fouling observed in the TWB experiment cannot be explained 

by the fouling layer composition. Most likely, the structure of 

the fouling layer is more relevant than its composition. To 

investigate the structure of the fouling layer, AFM and SEM 

were applied. AFM images (Figure 6) suggest that the fouling 



layer was rougher in the NBB sample than in the TWB 

sample. The former had a roughness of 414.8 nm±94.8 nm, 

and the latter a roughness of 382.9 nm±102.78 nm. It was 

postulated that NBB change the structure of the fouling layer, 

which allowed it to be easily removed by the shear force 

generated by the granules. This did not occur when TWB was 

applied, thus the fouling layer became smooth in this case. 

SEM images were also obtained. Figure 7 shows the cross-

section images of a new membrane and of fouled ones used in 

the TWB and NBB experiments. The images indicate a 

thinner fouling layer with a thickness of 1.6 μm±0.4 μm on 

the membrane cleaned by NBB comparing with a thicker 

biofilm of 2.1 ±0.4 μm on the membrane cleaned by TWB. 

Thus, as stated before, NBs change the fouling layer, 

preventing the formation of a thick biofilm on the membrane 

surface. Although the results obtained were positive, it is 

necessary to confirm the reproducibility of the data by 

replicating the experiments. 

 

 

Conclusion 
 
The distribution of filtration resistance showed that TWB 

couldn’t mitigated reversible fouling, which is considered to 

be the main cause of the rapid TMP increase under a high 

membrane flux.  SEM and AFM images suggested that NBB 

and granules scouring enhanced the removal of foulants from 

the membrane surface, preventing the formation of a thick 

fouling layer. The higher surface roughness observed with 

NBB suggested that NBB changed the fouling structure of the 

layer, which might facilitate its removal by the granules. 

Thus, NBB could NBB could mitigate fouling more 

efficiently than TWB. However, CEB could mitigate 

membrane fouling more efficiently than NBB. Further studies 

are necessary to investigate better conditions to improve 

NBB, and reproducibility of the data should be more carefully 

assessed. 
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