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1． Introduction 

 In recent years, membrane technology has been 

widely used for water treatment and reclamation. Drinking water 

production by membranes has many advantages such as the high 

quality of the treated water, ease of operation and a small 

footprint. However, membrane fouling is still a major problem 

with this technology. In recent studies, biopolymer (BP) fraction 

in natural organic matters has been identified as the major cause 

of membrane fouling (Kimura et al., 2020). In many previous 

studies, surrogate compounds such as sodium alginate and 

bovine serum albumin were used as model BP (Asatekin et al., 

2007; Hashino et al., 2011; Liu et al., 2018; Yin et al., 2020). 

However, research in which the real BP was used has been 

limited, and the investigation with surrogates may lead to 

inaccurate results. In this study, a new method for BP isolation 

was developed and the isolated BP was used for investigation of 

membrane fouling potentials and physical/chemical properties 

of BP. Also, comparisons between isolated BP and the surrogates 

were carried out. 

2．Materials and methods 

2.1. Isolation of BP 

 Surface water samples collected from Chitose River 

(Ebetsu, Japan) were used in this study. Isolation of BP from 

surface water was conducted by the procedure as follows: first, 

surface water was centrifugated (15,000 rpm, 4 min) for removal 

of suspended solids. After that, cross-flow filtration was carried 

out by using an ultrafiltration (UF) membrane. The material and 

molecular weight cut-off (MWCO) of the UF membrane were 

polyacrylonitrile (PAN) and 13,000 Da, respectively. In this 

process, the volume of surface water sample in the feed side was 

reduced by 87-90%. To facilitate removal of humic substances 

(HS) from the samples and increase the purity of BP, distilled 

water (DW) with different ion compositions was added to the 

feed side from time to time during isolation. Molecular weight 

distributions of dissolved organic carbon (DOC) in surface water 

and the isolated BP were analyzed by using liquid 

chromatography with organic carbon detection (LC-OCD). In 

contrast to the conventional set-up (Huber et al., 2011) with a 

single column (HW-50S, 250 mm x 20 mm, Tosoh Inc., Japan), 

a tandem column set-up in which an HW-65S column (250 mm 

x 20 mm, Tosoh Inc., Japan) was connected to an HW-50S 

column was used in this study (Kimura et al., 2018) to further 

fractionate high molecular weight components such as BP. 

2.2. Membrane fouling potentials and properties of isolated BP 

and surrogate BPs 

 Sodium alginate (SA), the model substance of 

polysaccharides, and bovine serum albumin (BSA), the model 

substance of proteins, were used as surrogates of BP. 

Microfiltration (MF) and UF membrane filtration experiments 

were carried out using deionized water with the isolated BP and 

the two surrogates. In all filtration tests, total organic carbon 

(TOC) concentration, Ca concentration, pH and electrical 

conductivity (EC) in the feed water were adjusted to 0.5 mg-C/L, 

12 mg/L, 7 and 20 mS/m, respectively. The membranes used in 

this study were manufactured by Asahi Kasei Corporation 

(Japan). Hollow fiber membrane modules (surface area: 0.00173 

m2) were fabricated in the laboratory and used in the series of 

experiments. The material of both MF and UF membranes was 

polyvinylidene fluoride (PVDF). Nominal pore size of the MF 

membrane and MWCO of the UF membrane were 0.1 µm and 

150,000 Da, respectively. A membrane module was immersed in 

a filtration tank (volume: 0.02 L), and filtration was conducted 

using a peristaltic pump. Filtration flux was fixed at 62.5 LMH 

in all experiments. Backwashing using the permeate and air 

scouring were automatically performed for 30 s every 30 min of 

the operation. To prevent excessive concentration of organic 

matters in the filtration tank during the operation, the retentate 

in the filtration tank was discharged every 4 h. In each 

experiment, trans-membrane pressure (TMP) was monitored as 

the indication of evolution of membrane fouling. 

 To obtain detailed information on properties of the 

isolated BP and surrogate BPs, LC-OCD analysis and quartz 

crystal microbalance (QCM) analysis were conducted. In QCM 

analysis, QSense Analyzer (Biolin Scientific, Sweden) was used 

to measure the adsorbed masses of BPs on PVDF polymers. 

Sample solutions were fed at a flow rate of 50 µL/min into the 

measurement chambers in which PVDF-coated sensors were 

placed. Prior to each measurement, deionized water was fed into 

the chambers at a flow rate of 50 µL/min to stabilize the resonant 

frequency of the sensor. When compounds adsorbed on a sensor, 

the resonant frequency decreased (Sauerbrey, 1959; Qu et al., 

2020), and the change in frequency was related to the adsorbed 

mass per unit surface area. The concentrations of TOC in the 

sample solutions used in QCM measurement were adjusted to 2 

mg-C/L. 

3．Results and discussion 

3.1. Isolation of BP 

 Fig. 1 shows the LC-OCD chromatograms obtained 

with the surface water and the isolated BP solutions. BP sample 

(i) represents BP isolated with unadjusted DW. As seen in Fig. 1, 

although BP fraction (retention time of around 60 min) could be 

concentrated to some extent, the considerable amounts of HS 

(retention time of around 100 min) remained, resulting in BP 

recovery and purity being ~70% and ~50%, respectively. 

Significant improvement was not seen when DW with pH and 

EC adjustment was used in the isolation process (BP sample (ii)). 

However, when DW in which Ca concentration was additionally 

adjusted in the isolation process (BP sample (iii)), HS was 

successfully removed, and BP recovery and purity reached 

>85% and around 80%, respectively. The possible reason for 

successful removal of HS in BP sample (iii) was that the added 

Ca neutralized the negatively-charged UF membrane surface and 

facilitated migration of HS, which was also negatively charged, 

across the membrane pores. In the following experiments and 

analyses, BP sample (iii) in Fig. 1 was used as the isolated BP 

sample. 

3.2. Membrane fouling potentials and properties of the isolated 

BP and surrogate BPs 

 Increases in TMP during filtration experiments using 

MF and UF membranes are shown in Fig. 2. It can be clearly 

seen that the isolated BP caused much more severe membrane 

fouling than did model foulants in both MF and UF. On the other 



hand, TMP increases caused by the surrogates were not 

significant in this study. Irreversible fouling was also significant 

when filtering the isolated BP; degree of irreversible fouling 

caused by the isolated BP was 6.2 times and 9.5 times higher 

than SA and BSA, respectively in the MF test, and 1.9 times and 

3.6 times higher than SA and BSA, respectively in the UF test. 

These results demonstrated the high membrane fouling potential 

of the BP fraction isolated from the surface water. 

 Fig. 3 shows LC-OCD chromatograms of the three 

samples used in the filtration tests. Results obtained with the 

conventional set-up (with single column) and the tandem column 

set-up (to further fractionate high molecular weight components) 

are shown in Fig. 3. According to Fig. 3(a), SA and the isolated 

BP seemed to have similar molecular weights. The peak in BSA 

was at around 35 min in Fig. 3(a), indicating smaller molecular 

weights of BSA compared to those of the other two samples. 

However, in Fig. 3(b), it is clearly seen that the peaks of SA and 

isolated BP are quite different; the peak of SA is seen at retention 

time of around 80 min while that of the isolated BP is seen at 

around 60 min. Such difference cannot be detected when the 

conventional LC-OCD analysis is performed. By using the 

tandem column set-up, high molecular wight compounds can be 

further fractionated. In this study, it was clearly shown that the 

isolated BP had higher molecular weight compounds than did SA 

and BSA. 

 QCM measurements were carried out to obtain 

information on affinity of foulants to PVDF polymers. The 

isolated BP, SA and BSA were analyzed by QCM in this study. 

In the QCM analysis, TOC concentration, Ca concentration, pH 

and EC of the sample solutions were adjusted to be identical. Fig. 

4 shows changes in adsorbed masses of the three samples on 

PVDF-coated sensors. Before injecting sample solutions, pure 

water was fed into the measurement chambers as baseline (phase 

(1) in Fig. 4). After that, samples were fed (phase (2)) for around 

2 h, then pure water was fed again (phase (3)) to assess the 

reversibility of adsorption of samples on PVDF. Although BSA 

adsorbed on the sensor rapidly at the beginning of phase (2), the 

adsorption of BSA immediately reached the steady state. The 

adsorbed mass of SA was much smaller than those of the other 

samples. These results on QCM analysis were consistent with 

previous research examining the same surrogates (Hashino et al., 

2011). The adsorbed mass of the isolated BP on PVDF was much 

larger than those of the tested surrogates, and adsorption of the 

isolated BP did not reach the steady state in this study, indicating 

that BP adsorbed not only on PVDF but also on already-adsorbed 

BP. The proportions of detached mass in phase (3) to adsorbed 

mass at the end of phase (2) were 26%, 86% and 50% in the case 

of the isolated BP, SA and BSA, respectively. From these results 

on QCM analysis, it was suggested that affinity of the isolated 

BP on PVDF polymers was much higher than that of SA and 

BSA. 

4．Conclusions 

 BP could be successfully isolated from surface water 

by the method developed in this study, with high recovery rate 

(> 85%) and almost complete removal of HS. Use of DW in 

which Ca concentration, pH and EC were adjusted was found to 

be important. The isolated BP caused much more severe 

membrane fouling than did the surrogates in both MF and UF 

filtration tests, indicating a high membrane fouling potential of 

the BP compared to those of surrogates. Properties of real BP 

were found to be considerably different from those of the 

surrogates used widely in previous studies. The results obtained 

in this study imply that studies using such surrogates cannot 

provide useful data. 
 

 
Fig. 1 LC-OCD chromatograms of DOC in surface water and three BP 

samples 

 

 

Fig. 2 Increases in TMP (left) in the MF tests and (right) in the UF tests 

filtering isolated BP and surrogates 

 

 

Fig. 3 LC-OCD chromatograms of DOC in the isolated BP and 

surrogates (a) with the conventional set-up and (b) with the tandem 

column set-up 

 

 

Fig. 4 Adsorption profiles of isolated BP and surrogates to PVDF-

coated sensors: (1) Pure water was fed, (2) sample solutions were fed, 

and (3) pure water was fed again 

(a) (b) 


