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Abstract

Waterborne pathogens outbreaks are major reasons of diarrhea disease worldwide. Detecting

and monitoring emerging waterborne pathogens (EWPs) is important for drinking water

microbiological safety. The microbiological safety of household water hollow fiber membrane filter

which is the end of drinking water treatment process was studied with heterotrophic plate count

(HPC) and realtime PCR method. The effect of the flow rate, idle time and washing fashion were

investigated. Among the selected filters from three manufacturers, only the PVDF membrane water

filter (Brand B) could achieve a good water purification criteria. Brand A was found a certain degree

of EWPs in its effluent. The lowest bacteriaremoving efficiency of the PVC membrane water filter

was found Brand C. Our study showed that the microorganisms could reach up to 10^6 CFU ml1 and

the 16s rDNA could reach up to 10^6 copies ml1 in the initial filtrate of Brand C. More species and

amounts of EWPs were detected in the washing water. These results suggested that the popular

household membrane filters might cause microbiological risks at certain circumstances such as

the shock load of EWPs and leakage of the membranes in the case of abnormal source water or poor

membrane filter quality.
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Introduction

Along with the development of epidemiology more

and more pathogenic bacteria, especially the waterborne

ones, have been detected in source and drinking water

(Ashbolt, 2004). Gastrointestinal diseases like diarrhea

cause 1.70 million deaths per year world wide due to poor

water quality, sanitation and hygiene.

Before going into the distribution system, the

drinking water is disinfected to kill the microbial pathogens.

However, due to persistence of some bacteria to the

disinfectants and the existence of trace level biodegradable

organic matters as the microbial substrate may lead to

regrowth of bacteria in the pipelines. (Lin 2005; Sun et al.,

1999; Zhu et al., 2004). In order to remove these bacteria

and other contaminants such as particulates and heavy

metals, household membrane filters have become popular

in China since 1980s (Lehtola et al., 2004). The unique

structure of the hollow fiber membrane can extremely

increase the specific surface area of the filter, thus acquiring

a much higher purifying ability, the household membrane

filter with this kind of ultrafiltration membrane material has

been the prior choice for lots of Chinese families.

However, the central and local government

authorities have no uniform standard and effective

supervision for household membrane filters, which results

in dramatically difference in the quality of the filters

manufactured by different companies. In addition, the life

cycle of the filters is closely connected with the quality and

the quantity of the fed tap water. During the idle time, The
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household water filter had become a place for the growth

and reproduction of bacteria (Payment, 1989) If the bacterial

leakage occurred during the service-life of household

membrane filter, it would have an enormous harm on water

quality (Magalhaes et al., 2003). Furthermore, the recent

microbial standards of water quality considered much more

on E. coli rather than diversified EWPs (GB 5749-2006). In

this study, the municipal tap water was treated with three

typical hollow fiber membrane filtration household water

filters. The EWPs removals by these filters were determined

and the effects of flow rate and the idle time were also

investigated. Hopefully, this study would provide scientific

proof for residents, industries and the government

authorities, in order to consume and produce drinking water

with lower microbiological risk.

Materials and Methods

The relative parameters and running conditions of the

household membrane filters : Three kinds of hollow fiber

membrane filters were selected for all the experiments, all

their parameters are listed in Table 1. Model LH3-3 Ad (Brand

A) and QG-41-200 A (Brand B) hollow water filters were

both branded and produced from Lisheng and Qinyuan,

while SR-500C (Brand C) was local brand of Fujian province.

The influent of all household membrane filters was

tap water which was treated with the conventional

processes, i.e. coagulation, sedimentation, filtration and

disinfection (Fig. 1).

Because Brand C was superior in filtration

performance, only Brand A and B were run in most of the

tests. Both high and low flow rates were performed for Brand

A and B. The running time and numbers of 1# and 2# filter

of Brand C were the same, however, the 1# filter and 2# filter

were operated at low-speed and high-speed respectively.

Detection for heterotrophic plate count (HPC) : Household

membrane filters were started at different speeds for water

producing or washing, and then water samples were

collected at different time points (depending on the

experiment) with 50 ml sterile conical flask. Then the water

samples were serially diluted by 10 mL sterile tubes for the

determination of HPC(Bai et al., 2007).

Real-time PCR detection : Household membrane filters 1#

and 2# were started with different speeds, and then water

samples were collected at different time points (depending

on the experiment) with 1 l sterile sampling bottles. After

that, water samples were filtered through 0.22 μm sterile

membranes by vacuum pumps, and total DNA was extracted

from the filtered membranes.

An ABI 7500 Real-Time PCR System (Applied

Biosystems) was used to detect and quantify targeted genes

in water samples in triplicate. The volume of each reaction

mixture was 20 µl including 10 µl of LA Taq (TaKaRa Dalian),

0.4 µl of ROX reference DyeII (50X) (TaKaRa Dalian), 0.2 µl

of each primer pair (Table 2) (Invitrogen), 1 µl of template

DNA and 8.2 µl sterile distilled water. The PCR protocol was

as followed: 30 sec at 95 °C, then 40 cycles of 5 s at 95 °C, 20

sec at different annealing temperatures, 32 sec at 72 °C and

32 sec at different lighting temperatures A melting curve

analysis was added. Furthermore, the standard curves were

produced by 10-fold serial diluted plasmid. The analysis of

real-time PCR results was carried out with ABI 7500 Software

v2.0.1 (Karsai et al., 2002).

The sampling method during idle time : After a long time of

producing or washing water, the household membrane filters

1# and 2# were stopped and this time point was recorded as

0 hr. Then, at different time points (depending on the

experiment), the producing and washing processes of filters

1# and 2# were started and closed quickly, and the initial

water (including the producing and washing water) were

collected in 50mL sterile conical flask.

Results and Discussion

HPC analysis of the effluents : The HPC counting results

showed that total cell concentration of effluent of Brand C

filter was obviously higher than that of the influent, indicating

that there were high microbiological risks in this kind of

household membrane filters. The HPC numbers of effluent

declined fast as the time elapsing, and high washing flow

rate could accelerate this process. As a whole, the number

of bacteria in the effluent dropped sharply to an about 100-

fold reduction in the first three minutes. However, the total

bacterial concentration remained at a high level at that time

according to the national standard (GB 5749-2006) (Fig.  2).

Table 1 : The relative parameters of the hollow fiber membrane filters

Brand Model Membrane Inner diameter of the Outside diameter of the Filtering mode

material membrane wire (mm) membrane wire (mm)

A LH3-3Ad PVC UM 0.9 1.6 Internal pressed

B QG-U1-200A PVDF UM 0.9 1.6 Internal pressed

C SR-500C PVC UM 0.9 1.6 Internal pressed

UM: ultrafiltration membrane
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The effluent HPC did not change much after it had

reached a stable value. The HPC of effluent should be lower

than that of influent theoretically. However, the bacterial

concentration of effluent was proved to be higher in this

study. The reason was probably that the filter could retain

the bacteria inside, and the trapped organic materials within

the filter could support the growth of heterotrophic bacteria,

leading to the bacterial regrowth and the biofilm formation

inside, and thereby the increase of the effluent HPC (Su et

al., 2009).

Besides Brand C, Brands A and B filters which kept

larger market share were also used in this study in order to

gain a more promising result. Both A and B filters were

proved to be more effective in removing total microbial

contaminants. As a result, almost no bacteria were detected

in the effluent of Brand B filter which was made of PVDF

membranes, whereas there were still some bacteria remained

in the effluent of Brand A filter (PVC membranes) (Fig.  3).

The results indicated that different brands of household

membrane filters varied in the purification capacity, and that

PVC membranes were more likely to be adhered with bacteria

than that of PVDF membranes.

The effluent washing out of the hollow fiber

membranes of the filters was also collected for HPC

measurement. In principle, there should be no bacteria

outside of the hollow fiber membranes. However, the HPC

Table 2 : Primers for pathogenic bacteria

Targeted Primers Sequences  5´ - 3´ Amplify Annealing Lighting References

genes sizes/bp temp./oC temp./oC

16s rDNA Eubac 341F CCTACGGGAGGCAGCAG 193 52 78 [10]

Eubac 534R ATTACCGCGGCTGCTGG

Yersinia 16S-2F CGGCAGCGGGAAGTAGTTT 201 60 80 [11]

enterocolitica 16S-2R GCCATTACCCCACCTACTAGCTAA

Vibrio EpsM-F GAATTATTGGCTCCTGTGCAGG 248 60 80 [12]

cholerae EpsM-R ATCGCTTGGCGCATCACTGCCC

Escherichia stx2-r GTC ATG GAA ACC GTT GTC AC 200 60 80 [13]

coli O157:H7 stx-2f ATT AAC CAC ACC CCA CCG

Shigella TEcol533-F TGGGAAGCGAAAATCCTG 258 60 80 [14]

soonei TEcol754-R CAGTACAGGTAGACTTCTG

Pseudomonas PAL1 ATGGAAATGCTGAAATTCGGC 60 80 [15]

aeruginosa PAL2 CTTCTTCAGCTCGACGCGACG

Legionella JFP AGGGTTGATAGGTTAAGAGC 386 55 78 [16]

pneumophila JRP CCAACAGCTAGTTGACATCG

Salmonella H-for ACTCAGGCTTCCCGTAACGC 423 55 80 [17]

spp. Ha-rev GAGGCCAGCACCATCAAGTGC

Staphylococcus Sa-1 GAAAGGGCAATACGCAAAGA 482 55 73 [18]

aureus Sa-2 TAGCCAAGCCTTGACGAACT

Helicobacter HpyR1 GCTTTTTTGCCTTCGTTGATAGT 135 60 80 [19]

pylori HpyF1 GGGTATTGAAGCGATGTTTCCT

(a) (b) 

(c) 

(e) 

(d)

Fig. 1 : Operation process for household membrane filters
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results showed that heterotrophic bacteria were detected in

the effluent. The No.1 filter with lower initial flow rate had

higher HPC numbers than that of No.2 filter, indicating that

a low flow rate might accelerate the process of bacterial

adhesion and biofilm formation.

The HPC results showed that the number of viable

heterotrophic bacteria increased and biofilms developed as

the time went on. This was because of the huge specific

surface area of household membrane water filter internal

and trace amount of organic matters in tap water.

Furthermore, since the biofilms would detach from the

surface, the number of viable heterotrophic bacteria in water

Y. Zhang et al.

samples varied significantly at different conditions.

HPC analysis of washing water : The flow rate of washing

water by No.1 filter was 112 l hr-1. The bacterial number of

the original washing water in terms of HPC was about

2.28×104 CFU.ml-1, however it decreased to 233 CFU.ml-1 in

20 sec. Then the HPC numbers remained at the same level,

around 66.7-333 CFU ml-1, which kept stable until the end of

washing process (Fig. 4a).

The No.2 filter with higher flow rate of 132 l hr-1

showed the same trend. The HPC of effluent collected at 0

sec, 20 sec was 2.10×103 and 133 CFU ml-1, respectively;

filter at different flow rate
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Fig. 3 : The HPC of effluent by the Brand A household membrane filter
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Fig. 4 : The HPC of washing water by the Brand C household

membrane filter at different flow rate
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Fig. 5 : The real-time PCR results of pathogenic microorganisms in effluent by household water filter at different flow rate

7.00E-02

6.00E-02

5.00E-02

4.00E-02

3.00E-02

2.00E-02

1.00E-02

0.00E+00
0 2 4 6 8 10

Sampling time (min)

Staphylococcus aureus enterrotoxic

76 l hr-1

effluent44 l hr-1

effluent

6.00E+000

5.00E+00

4.00E+00

3.00E+00

2.00E+00

1.00E+00

0.00E+00

0 2 4 6 8 10

Sampling time (min)

Staphylococcus aureus enterrotoxic

1.20E+02

1.00E+02

8.00E+01

6.00E+01

4.00E+01

2.00E+01

0.00E+00

0 2 4 6 8 10

Sampling time (min)

Pseudomanas aeruginosa

3.50E+00

3.00E+00

2.50E+00

2.00E+00

1.50E+00

1.00E+00

5.00E+01

0.00E+00

76 l hr-1

effluent

0 2 4 6 8 10

Sampling time (min)

Vibrio cholerae

1.20E+02

1.00E+02

8.00E+01

6.00E+01

4.00E+01

2.00E+01

0.00E+00

0 2 4 6 8 10

Sampling time (min)

Legionella pneumophila

76 l hr-1

effluent

0 2 4 6 8 10

3.50E+02

3.00E+02

2.50E+02

2.00E+02

1.50E+02

1.00E+02

5.00E+02

0.00E+00

28 l hr-1

effluent

Sampling time (min)

Legionella pneumophila

3.00E+06

2.50E+06

2.00E+06

1.50E+06

1.00E+06

5.00E+05

0.00E+00

Sampling time (sec)

16S rDNA

46 l hr-1

effluent

0 2 4 6 8 10

3.00E+04

2.50E+04

2.00E+04

1.50E+04

1.00E+04

5.00E+03

0.00E+00

0 2 4 6 8 10

Sampling time (sec)

16S rDNA

0 2 4 6 8 10

76 l hr-1

effluent

44 l hr-1

effluent



486

Journal of Environmental Biology, April 2013

afterwards the corresponding HPC of the washing water

remained at 0~33.3 CFU ml-1 (Fig. 4b). In general, No.1 filter

has higher HPC levels in the washing water than that of No.

2 filter. This was more likely that the bacterial aggregation

adhered to the membranes were easier to be washed out at

lower flow rate, and that more culturable bacteria by HPC

measurements could be detected under this condition.

The HPC results of washing water confirmed the

conjecture of HPC produced. Specifically, the more flow,

the more biofilms detached and the more HPC produced. To

this, we suggest that controlling of the backwash water

parameters is an important way to control microbial quantity.

The real-time PCR results of pathogenic microorganisms

in the effluents : Four kinds of pathogenic microorganisms

were detected in the effluents. The results of real-time PCR

(Fig. 5) showed that the microorganism concentration was

high in the effluent of Brand C household water filter at the

initial stage. In addition, with the extension of water

production time, microorganism concentration in the effluent

decreased. Furthermore, the higher water production

velocity applied, the lower microorganism concentration of

effluent was obtained at the stable period, where the

concentration of pathogenic microorganisms followed either.

Moreover, Microorganism concentration (copies.ml-1) decline

mainly occurred in the first 5 min. of water production.

The results above further indicated that household

water filter of Brand C existed a high risk on microbiology.

Since a high concentration of microorganisms in the effluent

containing a variety of pathogenic microorganisms was

detected, it was not suggested that the water produced by

the household water filter of Brand C could be drunk directly.

Real-time PCR is a molecular biology detection

method which detects bacteria quantity in gene level. This

method can detect not only the viable cells quantity but

also the viable but nonculture (VBNC) state cells (Oliver,

2005) which the HPC results can’t detect. This method is of

great significance in the study of EWPs (Buck and Oliver

2010). Cause the EWPs, may have different culture

conditions from the indicator E.coli that more attention

should pay they in the point-of-use aspect.

The impact of idle time to CFU : Idle time was the time when the

filter was not in use and water in the filter was in a stable and

undisturbed state. The idle time of household water filter could

affect the concentration of internal microorganisms. When

washing occurred after a long time of water production, the

concentration of microorganisms in the household water filter

maintained a low level. But, the concentration of microorganisms

would increased obviously, revealing that the microorganism

could grow on the external surface of the hollow fiber membrane

during the idle time (Lautenschlager et al., 2010).

Y. Zhang et al.

Fig. 6 : The influence of idle time to CFU of effluent and washing water by household water filter of Brand C
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After a long time washing, the concentration of

microorganisms in the household water filter maintained a

low level. Keeping stable after a period of time, the

microorganism concentration in the washing water increased

significantly. Similar to the CFU change of effluent, the CFU

change of washing water presented an analogous to growth

curve trend either (Fig. 6).

The microorganisms in effluent of household

membrane filters exceeded the nation’s standards, and

some kinds of pathogens with high microbiological risk

were also detected. So these kinds of household membrane

filters did not conform to the hygienic standard, and the

quality of the household membrane filters should be

improved. The biofouling in hollow fiber membrane of low-

velocity household membrane filters was easier to be

detached from the membrane surface. The flushed water

of household membrane filters contains much more

pathogens in both number and diversity than that of the

effluent, therefore it has higher microbiological risk

(Reynolds et al., 2000). Both the internal and external

surfaces of the hollow fiber membrane filter offer a site for

the bacteria to attach, grow and reproduce, which poses a

great threat to microbiological safety of the effluent.

Especially in the idle time, the growth and reproduction of

the microorganism are very obvious on both inside and

outside of the hollow fiber membrane. The household

membrane filters themselves become the dens for the

bacterial proliferation (Warris et al., 2010), and further

increase the microbiological risk.

At last, we suggest that a period of sufficient

effluent and flushing is very necessary before using once

installed the household membrane filters. It would be better

not to drink the effluent directly at the early seconds. The

filters should be washed and replaced in time during the

process of operation. After a long duration of idle time,

the sufficient effluent and flushing would be needed again

before reuse.
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