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Abstract. A completely green process was developed based on the concept of combining microfiltration-
based MBR and ultrafiltration (UF) by treating micro-polluted source water in drinking water treatment. The 
integrated process was operated continuously for evaluation of its performance. Satisfactory results had been 
achieved in terms of impurities removal and membrane fouling control. It was found that this integrated 
technology was very efficient for removal of organic matter, ammonia and particulates, corresponding with 
an average removal rates at 31.62%, 28.59%, 86.41% and 99.64% for CODMn, UV254 NH4+-N and 
turbidity, respectively. The algae concentration in the effluent of this process was undetectable. The effluent 
turbidity would not be influenced by the fluctuation of the influent, and membrane separation effect should 
be the removal mechanism. Removal of organic matter should be attributed to biodegradation mechanism in 
MBR and separation mechanism by MF and UF membrane, while the nitrification effect in MBR should be 
accounted for the removal of ammonia. Due to the better and more stable removal of impurities and no 
harmful by-products produced, this double membrane technology should be an anticipated process for 
drinking water production.  
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1.  Introduction 
Low-pressure membrane technology has been demonstrated as one of the most promising technology for 

drinking water production. The advantages include small footprints, rejection of suspended solids and 
microorganisms by membrane filtration.  Additionally, biotic safety could be enhanced by removing 
pathogenic bacteria and protozoan oocysts during membrane filtration [1, 2], and this innovative process 
hardly brings by-products. Membrane bioreactor (MBR), which combines the activated sludge process and 
membrane filtration technology, could achieve a satisfactory result for drinking water treatment [3-5]. 

However, the drawbacks of membrane technology may attribute to the high-energy consumption which 
is mainly caused by the membrane fouling. Though MF membrane could present a relatively low trans-
membrane pressure compared to UF membrane, it is hard to produce valid effluent with respect to the 
drinking water. That is probably attributed to the larger pores in MF membrane which could not reject some 
impurities (i.e., virus) as in case of UF membrane. MF and UF are widely studied in drinking water treatment 
[6, 7], but to our knowledge, there has not been reported about the combination technology of MF and UF. 

Conventional water treatment process often involves dosage of additional chemicals, such as coagulant 
and/or oxidant. The disadvantage of this act is that it may bring detrimental by-products, which could be 
reached by people. And the by-products would hardly be removed during the whole treatment process. 
Therefore, the concept of completely green method based on membrane technology should be significant for 
production of drinking water with highly healthy quality. 
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Based on our previous study, a hybrid process, which concludes a MF membrane module and a UF 
membrane module in sequences, was established by directly feeding of lake water for drinking water 
production. The objective was to evaluate the efficiency of the hybrid process for drinking water production 
by treating micro-polluted source water through a pilot-scale set-up. It was mainly focused on removal of 
organic matter, ammonia and particulates simultaneously, and evaluation of this process in drinking water 
treatment was also discussed. 

2.  Materials and methods 

2.1. Pilot hybrid process description 
The pilot experimental set-up was established in a drinking water plant, which is situated in the 

downstream of Yellow River, China. The set-up ran continuously with directly feeding of the reservoir water. 
As shown in Fig. 1, a MF membrane module is immersed in the submerged MF membrane tank. The 
transition tank is linked with two transition pumps. Note that the former and the latter are separately 
responsible for the effluent of MF and influent of UF. The UF module was operated in an inside-out mode 
without recirculation.  

 
Fig.1 schematic diagram of the pilot scale experimental set-up 

The flow along the sequencing process is about 2m3/h, corresponding to fluxes at 17L/(h·m2) for MF 
membrane and at 57L/ (h·m2) for UF membrane. Water flushing of MF and UF membrane is performed for 
duration of 2 min every 28 min intervals. With respect to MF membrane, hydraulic retention time for MBR 
is 2 h, and no sludge drainage strategy is applied through the whole period. The air compressor provided air 
at a flow of 40m3/h for bubbles cleaning and oxygen supplying at the bottom of the submerged MF 
membrane tank, corresponding to the air/water ration at 1:20. 

The characteristics of MF and UF membrane fibres are illustrated in Table 1. 
Table 1 property of MF membrane and UF membrane 

Parameter MF UF
Pore size (μm) 0.2 0.01

Materials PP PS 
Inner/outer diameter (mm) 1.2/1.8 1.0/1.5

2.2. Raw water quality and Analytical methods 
The main quality of the raw water in this study is shown in Table 2. Samples of the influent and effluent 

of MBR and UF were taken every 2 days. The parameters such as COD, NH4
+-N were performed according 

to standard methods [8]. Algae concentration was determined using the method of membrane filtration and 
was counted under a microscopic (400×). The pH and turbidity of the samples were monitored using a pH 
meter and turbidity meter, respectively. 

Table 2 characteristics of the raw water 

Items Raw water
Average value Minimum value Maximum value 

Temperature (℃) 25 23 27
pH 7.8 7.5 8.1 
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Turbidity (NTU) 12.36 3.97 20.50 
COD (mg/L) 3.62 2.97 4.20 

Algae (counts/L) 5×107 2×107 8×107 
Ammonia (mg/L) 0.28 0.15 0.36 

3.  Results and discussion 

3.1. Start-up of the MF-based MBR 
For MF-based MBR, natural start-up mode was adopted for growth of nitrifiers in this study. 0.5 g/L of 

powdered activated carbon was dosed into the MF membrane tank at the beginning of this process. 
According to our previous bench scale study, dosing of PAC, even at 0.5g/L, could accelerate the start up of 
the MBR and decrease the membrane fouling. The system had reached stable operation while initializing this 
pilot test. 

3.2. Removal of particulates and algae 
Turbidity is an important parameter to describe particulates concentration in water supply plants. In 

conventional process, turbidity could be lowered through coagulation/sedimentation and sand filtration.  
Fig.2 shows the monitored turbidity of the influent and effluent from MBR and UF. It could be seen that 

though the influent turbidity varied from 3.97 to 20.5 NTU, the MBR unit process could achieve a stable 
value below 0.40 NTU, which ensured an effective pretreatment for the following UF membrane. Therefore, 
UF membrane could get a low membrane fouling rate (data not shown), and no chemical cleaning was 
executed during the test period. After the hybrid process, turbidity was always kept below 0.1 NTU. It should 
be understood that almost all of the particulate substances in raw water were removed by the hybrid process 
through the separation effect of the double membrane process.  

Algae growing with a seasonal fluctuation especially in reservoir water often resulted in high by-
products precursors [9]. Its presence could bring troubles to the conventional process. Chemicals are often 
necessary for algae removal. 

In this study, the algae concentration of the effluent was always undetectable, which meant that the 
membrane filtration could accomplish the objective of the engineer without any other complicated process, 
i.e., air floating, pro-oxidation. 

 
Fig.2 variation of turbidity during the steady operation period 

3.3. Removal of organic matter 
Profiles about COD in the samples were illustrated in Fig. 3, while the total removal rate and the separate 

unit removal rate were presented in Fig. 4. 
Interestingly, as the influent COD ranged from 2.97 mg/L to 4.20mg/L, most of the monitored COD in 

the produced water of the hybrid process was below 3 mg/L, which is the standard value in the Chinese 
drinking water standard (GB5749-2006). The average total removal rate of COD was 31.62%, while that of 
the MBR unit and UF membrane were 25.25% and 6.37%, respectively. It could be found that UF alone only 
caused a small decrease of COD concentration, and most of the removed COD were eliminated by the MBR 
unit process.  
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UV254 is another parameter which represents unsaturated organic matter in the water treatment. Variation 
of UV254 in the influent and effluent of MBR and UF membrane were showed in Fig. 5. The average removal 
efficiency of UV254 was 28.59%.  

Considering that pore size of MF membrane is 0.2 μm, the organic matter in the feeding of UF 
membrane would be totally soluble species, and the removed part by UF should be situated between 0.2 μm 
and 0.01 μm. No chemicals were added into the whole process; the removal of organic matter should be 
attributed to the biodegradation effect by the microorganisms in MBR and separation effect by MF and UF 
membrane. Additionally, the gel layer formed on the MF membrane surface may be another explanation for 
the organic matter removal [10].  

 
Fig.3 variation of COD during the steady operation period 

 
Fig.4 removal of COD during the steady operation period 

 
Fig.5 variation of UV254 during the steady operation period 

3.4. Removal of ammonia and nitrite 
Fig. 6 presented the removal efficiency of ammonia during the test period. Generally, membrane not 

only rejects suspended solids in the raw water, but also could reject most of the bacteria in the bulk solution. 
Therefore, a relatively rapid accumulation of nitrifiers happened in the MBR tanks, compared with the 
conventional filter (i.e., biological aerated filter and granular activated carbon). In this stable operation stage, 
an average removal rate of 86.41% was observed and no nitrite accumulation was observed throughout the 
whole monitored period, with the average concentration of nitrite at 0.026 mg/L. 
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Fig.6 removal of ammonia during the steady operation period 

3.5. Evaluation of the hybrid process 
In addition to the impurities removal, this hybrid process presented a relatively low rate of membrane 

fouling. No chemical cleaning was implemented for MF and/or UF membrane during the experimental 
period. The periodic washing with the effluent of the integrated technology enabled that both of the double 
membrane ran in a stable status. Trans-membrane pressure of MF membrane did not exceed 30kPa and that 
of UF membrane did not exceed 60kPa. According to alone UF experiment in our previous study, UF 
showed a heavily membrane fouling without any pretreatment and a poor removal of impurities, such as 
lower removal of organic matter and hardly removal of ammonia. Although pretreatment strategy like 
coagulation and/or adsorption could bring a favorable effect on the following UF membrane in terms of 
impurities removal and fouling reduction, the chemicals used in conventional process usually produced some 
by-products which could not eliminated by the following membrane technology. Moreover, the complete 
removal of bacteria could give rise to a higher biological stability in the water distribution networks.  

The double membrane technology actually would increase the initial cost of a drinking water production 
process and a relatively complicate operation strategy should be necessary, but the effluent would not be 
prone to be affected by the influent quality and better control of drinking water quality could be anticipated. 
Upon the recognition of more and more harmful by-products emerging during the conventional process, 
integrated membrane technology should be promising for drinking water production. 

4.  Conclusions 
The hybrid process was developed based on the concept that there should be a completely green method 

for drinking water production. Therefore, MF and UF membrane were integrated in this study for 
investigation of the feasibility of this double membrane technology in drinking water treatment. A 
satisfactory result had been achieved, and it could be concluded as follows: 

• Particulate substances could be almost completely removed by the double membrane technology, 
turbidity below 0.4 NTU and below 0.1NTU was always found during the test period for effluent of 
MBR and UF membrane, respectively.  

• Algae concentration in the effluent of this hybrid process was undetectable owing to the membrane 
filtration mechanism. 

• A relatively high removal of organic matter in terms of COD and UV254 had been observed, and the 
fact that no chemicals were dosed into the whole process demonstrated that this green method could 
achieve a satisfactory removal rate of COD, approximately 30%. While for UV254, it was 28.59%. 

• Complete biodegradation by nitrifiers should be accounted for the average 86.41% removal of 
ammonia. 

• Owing to the high stability of the effluent from the double membrane process and the results 
mentioned above, it could be concluded that this double membrane technology may be a very 
promising process for drinking water production. 
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