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Aims One of the consequences of taking ground water into surface is changing its chemical 
quality, specially increasing the concentration of dissolved salts. This research was performed 
in order to analyze growth possibility of heterotrophic bacteria in the membrane of active 
desalination plants in Kashan City, Iran. 
Instrument & Methods This descriptive cross-sectional study was done on water output 
of 20 active desalination plants in 2013 in Kashan City, Iran and 200 specimens of input and 
output water was randomly extracted from desalination plants. Awareness and education 
level of system operators, filter changing intervals, HPC of input and output water and 
chlorine concentration of input and output water were measured and recorded. Obtained 
data were analyzed statistically with SPSS 18 software using one-way ANOVA, Chi-square, 
McNemar and one-sample T tests. 
Findings There was a significant relation between the interval time and output HPC level 
of the plants (p<0.05). The mean number of HPC was decreased from 16.7±24.5CFU/ml in 
input water to 14.4±23.7CFU/ml in output water which was not significant (p>0.05). The 
mean concentration of chlorine in samples of 20 desalination plants was 0.76±0.44mg/l in 
input water and 0.64±0.52mg/l in output water (p>0.05). Level of awareness had significant 
relation with the output water pollution with HPC (p<0.05) but their education level had no 
such relation (p>0.05).
Conclusion The mean level of HPC pollution in output water of desalination plants of Kashan 
City, Iran, is much less than WHO standards.
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Introduction 
According to increasing of population and 

developing industrial and agricultural 

activities in recent years, water extraction 

rate from ground resources has ascended. One 

of the consequences of taking ground water 

into surface is changing its chemical quality, 

specially increasing the concentration of 

dissolved salts or TDS (total dissolved solid) 

due to invasion of salty water into fresh water 
[1, 2].  

This quality changing and water salinization is 

very obvious in many cities of Iran, especially 

in tropical regions and deserts that are very 

poor in terms of surface water resources. At 

the moment, more than 80% of consumable 

water in Kashan City, Iran, with a population 

more than 250.000 is provided by 65 deep 

wells that have been dogged inside the city 

and its suburb. During the last two decades, 

ground water level of Kashan region has been 

dropped off due to indiscriminate extraction 

and successive droughts that one of its clear 

consequences is uptrend of TDS concentration 

and salinity increasing of well water. This 

quality changing of water has caused Kashan 

residents to look for new options of providing 

fresh water for drinking uses. One of the well-

known options is desalination plants which 

are more than 20 in Kashan region at this time 
[2].  

Desalting process and making water fresh in 

these machines is done by reverse osmosis 

(RO) process. In RO process one of the main 

parts of the machine is filter or semi 

permeable membrane that plays the role of 

separating salts from water. This membrane is 

made of different materials, e.g. propylene, 

carboxy metal cellulose and etc. Membrane 

materials, their changing interval, using 

condition and machine maintaining have a 

great effect on the output water quality [1, 3-6]. 

Although desalination machines are capable 

to remove the main part of water TDS and 

provide desired taste which satisfies the 

consumers, but one of the discussed topics 

about them is possible growth of 

heterotrophic bacteria (HPC), that is so-called 

biofilm, on the membrane [5, 7-10]. Although 

HPC existence in refined water is not 

considered as water pollution and unhealthy 

condition, but high number of HPC can be a 

sign of defect in refinery or water disinfection 

systems [7, 11-13]. 

Although there are some strategies to prevent 

HPC growth in these refining water systems 

but using chlorine and other oxidant ion 

compounds to prevent biofilm growth in 

membranes is not a good choice because these 

compounds cause decomposition of the 

membranes tissue and decrease their useful 

life [14-17]. Moreover, in storage tanks, the 

output water from desalination plants is 

mostly open and because of the lack of 

utilization condition and suitable 

maintenance, remained chlorine can make 

secondary bacterial pollution that will be 

dangerous for consumers’ health [9, 16, 18-20].  

This research was performed in order to 

analyze growth possibility of heterotrophic 

bacteria in the membrane of active 

desalination plants in Kashan region and 

identify some parameters affecting it and also 

control remaining chlorine concentration in 

delivered water. 

 

Instrument & Methods 
This descriptive cross-sectional study was 

done on water output of 20 active 

desalination plants during January to 

November 2013 in Kashan City, Iran. 100 

specimens of input water (5 from each plant) 

and 100 specimens of output water (5 from 

each plant) was randomly extracted from each 

desalination plant (totally 200 specimens) in 

glass sterile containers and were transferred 

to Microbiology Laboratory of the Health 

School of Kashan University of Medical 

Sciences and maintained at 4°C. From each 

plant, 5 operators were selected randomly to 

fill a questionnaire (totally 100 operators). 

A researcher-made questionnaire (10 

questions) was used to evaluate the level of 

knowledge of system operators regarding 

health and water quality (the questionnaire 

can be find as an attachment). Questions had 

different points but the sum was 100 points. 

Points more than 75 was considered as 

“good”, 50-75 as “moderate” and less than 50 

as “weak”. The validity of the questionnaire 

was confirmed by the 10 environmental 

health and statistic experts. The Cronbach’s 

alpha method was used to confirm the 

reliability of the instrument (α=0.75).  

To analyze the biofilm growth possibility, the 

HPC index or heterotrophic bacteria 

enumeration was used [11, 21, 22]. The 

determination of chlorine concentration in 
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input and output water was done based on 

presented instruction in the last print of 

Standard Method Book [21]. Filter changing 

interval of each plant was measured by the 

mean of last 5 changings from the recorded 

documents in the plant offices. 

Obtained data were analyzed statistically with 

SPSS 18 software. The relation between filter 

changing intervals and output HPC level of the 

plants was analyzed by one-way ANOVA test, 

awareness and education level with output 

HPC level of the plants was analyzed by Chi-

square test, the difference between input and 

output HPC level was analyzed by McNemar 

test and the difference between input and 

output chlorine concentration was analyzed 

by one-sample T test. 

 

Findings 
The filter changing interval in 20 desalination 

plants were between 6 and 12 months with 

the mean of 9.6±3.8 months. There was a 

significant relation between the interval time 

and output HPC level of the plants (p<0.05). 

 

Figure 1) Comparing the input and output HPC level of 

20 desalination plants of Kashan City, Iran, in 2013 with 

McNemar test 

Plant 

No. 

Filter changing 

interval 

(month) 

Input HPC 

(CFU/ml) 

Output 

HPC 

(CFU/ml) 

p 

Value

1 12.12±4.12 0.6±0.9 10.3±12.2 0.07

2 10.01±3.25 42.2±67.2 32.5±17.9 0.08

3 10.41±3.15 2.4±4.5 16.9±23.2 0.27

4 8.29±2.13 2.8±3.5 0.6±0.2 0.06

5 8.15±2.69 0.8±8.9 0.8±0.1 0.1

6 10.35±3.26 2.9±4.5 6.1±8.9 0.13

7 12.19±3.78 12.8±17.9 70.6±87.5 0.09

8 11.16±2.28 6.3±8.9 24.5±43.3 0.09

9 12.26±2.89 8.9±8.4 24.2±15.2 0.12

10 8.21±2.75 8.8±17.9 26.3±52.7 0.06

11 9.16±2.98 52.0±68.7 82.6±177.8 0.08

12 6.85±2.13 4.7±5.5 0.4±0.5 0.07

13 9.59±2.26 4.6±8.9 0.8±0.9 0.14

14 8.28±2.58 22.3±43.8 0.8±0.2 0.11

15 8.69±2.38 52.6±73.9 4.7±8.9 0.06

16 9.79±2.39 2.6±4.5 8.6±10.9 0.09

17 9.56±2.84 92.7±104.4 0.7±0.3 0.32

18 12.22±3.52 2.4±4.5 24±25.1 0.15

19 11.41±2.65 2.1±4.8 8.5±8.4 0.21

20 10.29±3.71 12.6±13.0 6.9±5.5 0.09

Mean 9.6±3.8 16.7±24.5 14.4±23.7 0.1

 

The mean number of HPC was decreased from 

16.7±24.5CFU/ml in input water to 

14.4±23.7CFU/ml in output water which was 

not significant (p>0.05). The minimum 

number of HPC in both input and output 

water samples were zero and the maximum 

number of HPC in input and output water was 

92.7±104.4CFU/ml (Plant No. 17) and 

82.6±177.8CFU/ml, (Plant No. 11) 

respectively (Figure 1). 

The mean concentration of chlorine in 

samples of 20 desalination plants was 

0.76±0.44mg/l in input water and 

0.64±0.52mg/l in output water (p>0.05). The 

minimum mean of chlorine concentration was 

seen in Plant No. 10 (0.54±0.31mg/l) and the 

maximum in Plant No. 3 (0.78±0.50mg/l; 

Figure 2). 

 

Figure 2) Comparing the input and output chlorine 

concentration of 20 desalination plants of Kashan City, 

Iran, in 2013 with one-sample T test 

Plant 

No. 

Input chlorine 

concentration 

(mg/l) 

Output chlorine 

concentration 

(mg/l) 

p 

Value

1 0.65±0.28 0.57±0.35 0.1

2 0.34±0.36 0.62±0.84  0.09

3 0.90±0.14 0.78±0.50 0.19

4 0.78±0.19 0.63±0.56 0.07

5 0.68±0.75 0.56±0.35 0.06

6 0.92±0.26 0.59±0.59 0.07

7 0.58±0.38 0.67±0.46 0.06

8 0.65±0.48 0.76±0.45 0.17

9 0.71±0.92 0.62±0.75 0.06
10 0.78±0.13 0.54±0.31 0.12

11 0.70±0.21 0.67±0.38 0.09

12 0.95±0.15 0.59±0.86 0.47

13 1.04±0.19 0.62±0.24 0.07

14 0.88±0.46 0.71±0.26 0.09

15 0.94±0.65 0.65±0.38 0.1

16 0.55±0.75 0.55±0.69 0.17

17 0.84±0.35 0.75±0.81 0.13

18 0.75±0.28 0.61±0.16 0.06

19 0.81±0.29 0.60±0.28 0.37

20 0.87±0.19 0.74±0.65 0.12

Mean 0.76±0.44 0.64±0.52 0.09

 

55% of system operators had “Good”, 25% 

“Moderate” and 20% “Weak” awareness about 

water quality and hygiene. 60% of system 

operators’ level of education was less than 

diploma, 30% had diploma and just 10% had 

certificates higher than diploma. Level of 

awareness had significant relation with the 

output water pollution with HPC (p<0.05) but 

their education level had no such relation 

(p>0.05); which showed that in the plants 

with more aware operators about water 

quality and health, the output HPC level was 

lower.    
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Discussion 
In this study, desalination plant operators’ 

awareness, their education level, chlorine 

concentration in input and output water and 

filter changing interval was determined and 

heterotrophic bacteria growth in refined 

output water of active desalination plants in 

Kashan City, Iran, was analyzed.  

Less interval between reverse osmosis filters 

washing, decreased heterotrophic bacteria 

growth in refined output water significantly, 

that was because of preventing biofilm growth 

and washing other impurities from filters 

membrane. One of the reasons of increasing 

the HPC number in output water of 

desalination plants in reverse osmosis method 

is the lack of periodic washing of membranes 

or long time interval between two washings 

that can have a deep impact on output quality 

and also filters useful life [8, 9, 22].  

Chlorine concentration in input water of 

desalination plants which had germicidal and 

disinfection features caused the decreasing of 

HPC growth in filters and less HPC numbers in 

output water [10, 16]. It should be noted that in 

used filters in the reverse osmosis process, 

remaining chlorine is removed like other salts 

of course, since high oxidizer products, e.g. 

chlorine, on RO membranes have negative 

influence and decrease its useful life, so 

increasing additional chlorine in the water is 

prevented except than what exists in input 

water routinely [7, 15, 23]. 

Based on World Health Organization (WHO) 

guidelines, HPC legal number in drinking 

water is 500CFU/ml [11, 13] that by comparing 

this number with provided results from our 

study (14.4CFU/ml), it can be said that there 

is no problem in output water from 

desalination plant in terms of HPC number 

and their number is far less than maximum 

allowable number in drinking water. It is 

worth noting that in some specimens, HPC 

number was higher than 500CFU/ml which 

could not indicate inappropriateness of 

refined water quality because based on WHO 

instructions, high HPC in drinking water has 

only hygienic danger for the consumers. High 

number of HPC can provide appropriate 

conditions for other microorganisms growth, 

e.g. Legionella, Escherichia coli and etc., that 

product flavor, adore and corrosion in 

drinking water [11, 13]. 

Awareness level of operators had a significant 

relation with output water pollutions level of 

desalination plants (p<0.05) but education 

level of operators had no significant relation 

with it (p>0.05). It can be due to having 

related working experience or passing 

professional training periods by the operators 

that improve the utilization condition and 

observing technical points in effective 

desalination plants even with a degree less 

that high school diploma. 

We were not faced with any limitations in 

performing this study. The authors suggest 

similar studies to be carried on microbial 

quality of desalinated water in other cities of 

Iran. 
 

Conclusion 
The mean level of HPC pollution in output 

water of desalination plants of Kashan City, 

Iran, is much less than WHO standards; 

decreasing the interval of filter changing is 

suggested to reduce the level of HPC in output 

water. 
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