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ARTICLE  INFO  ABSTRACT 

Article type: 

Original Article  

Background:     River and underground waters are main sources of tap water in Guilan, Iran. Overland 
wastes move into rivers during periods of heavy or extended rain that is very common in the area. 
Pseudomonas aeruginosa, Legionella pneumophila, and Escherichia coli are main human pathogens 
with water source. This study is designed to determine the load of these bacteria in main water supplies 
of the area.  
Methods:  Samples were collected directly into sterile containers, concentrated by centrifuge, 
inoculated in enrichment medium and incubated for 3-4 days. DNA was extracted by using commercial 
kit. Several rounds of PCR was performed to search P. aeroginosa, integron I, Metallo-β-lactamases 
gene, L. pneumophila, mip gene, and E. coli.  
Results:  About 92.0% of the samples showed bacterial contamination as revealed by PCR with primers 
of 16S rRNAgene, 9.5% of the samples had L. pneumophila, and 11,1% had Pseudomonas aeruginosa, 
but Escherichia coli was not detected. We found the mip gene in 66.6% of the samples with L. 
pneumophila. Metallo-β-lactamasesgene was found in 11.1% of all samples. We also found Integrin 1 
in 28.5% of the samples with P. aeruginosa.  
Conclusion:   This study indicates that in spite of chlorination, total bacterial contamination of pot 
waters in the area is high and contamination with L. pneumophila and P. aeroginosa is considerable. It 
might be related to the biofilm formation and the growth of water microflora. It seems that free residual 
chlorine is ineffective. We suggest a more effective decontamination procedure based on modern 
technology. 
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Introduction 

 

   Water is considered as the essence of life and 

access to safe drinking water is a basic human 

right. Water is necessary for the welfare of 

humankind and for sustainable development. Safe 

drinking water should not represent any significant 

risk to health over a lifetime of consumption. 

Sources of drinking water include piped water, 

rivers, reservoirs, springs, streams, wells, ponds 

and rain. It should be noted that the way water is 

collected, handled after collection and stored at 

home cause quality deterioration to such an extent 

that the water poses potential risks of infection to 

consumers (1, 2). 

   The lack of microbiologically safe drinking 

water and adequate sanitation measures leads to a 

number of diseases including cholera, dysentery, 

salmonellosis, typhoid, and every year millions of 

lives are lost in developing countries (3). Diarrhea 

is a major cause of death of more than 2 million 

people per year worldwide, mostly children under 

the age of five and it is the symptom of infection or 

the result of a combination of a variety of enteric 

pathogens (4). 

   There are bacterial pathogens, including enteric 

and aquatic bacteria, which are strongly resistant 

not only to the water environment, but also to most 

of the disinfectants (5). Some early bacterial agents 

may contaminate surface waters through wildlife 

or domestic animal feces (5). A number of 

pathogens including environmental bacteria are 

capable of surviving and proliferating in water 

distribution systems and the general population is 

refractory to infection with them (5). The presence 

of E. coli in the water samples collected from the 

ground and surface water sources emphasizes that 

there has been fecal contamination of the drinking 

water sources and its presence in the water 

indicates recent fecal contamination of the water 

(5). Legionella and Pseudomonas are 

environmental pathogens that have found an 

ecologic niche in drinking and hot water supplies 

(6). Now, P. aeruginosa is considered as an 

opportunistic pathogen in patients with low 

resistance to infections and its presence in water 

and food is unacceptable because it has been 

implicated in waterborne and foodborne diseases 

(6). It is now considered to be a primary infectious 

agent (7). The presence of P. aeruginosa as a mean 

of assessing the hygienic quality of  drinking  water  

has  been advocated,  and  levels  of  this organism  

provide  an  indication  of  the  general  safety  of 

the water distribution system (8). 

   The aim of the present study was to determine the 

contamination degree of tap waters with P. 

aeruginosa, L. pneumophila, and E. coli in all cities 

in Guilan province, Iran. 

 

Material and method 

 

Sampling, Processing, and Enrichment 

 

   During April-June 2014, sixty three pot water 

samples (about 50 ml for each) were aseptically 

collected from 47 cities after the water had run for 

5 min. Potable water is supplied to the cities by the 

municipal system. The water has detectable free 

residual chlorine during sampling. All water 

samples were concentrated 20-fold (by dividing 

with 10 ml in 5 tubes and centrifugation with 12000 

rpm for 30 min in 4 °C). After discarding 

supernatant, the precipitates were resolved in 1 ml 

of the remained solution and then this solution was 

divided into two parts. One part was treated in 50 

°C for 30 min to reduce other contaminants for 

effective recovering of Legionella. After heat 

treatment, each sample was inoculated in 5 ml 

liquid medium containing yeast extract 10 g/l, L-

cystein 0.04%, ferric pyrophosphate 0.25 g/l, 

glycin 0.3% and vancomycin 5 µg/ml with final pH 

6.9, and incubated in 35 °C for 3 days. The 

selectivity of the medium was subsequently 

improved by the incorporation of vancomycin and 

glycine. This selective medium was assumed to 

facilitate the enrichment of the members of the 

family Legionellaceae from environmental sources 

(9). The second part of each sample was inoculated 

in Tripticase Soy Bean broth and incubated in 35 

°C for 3 days for recovering p. aeruginosa and E. 

coli. 
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DNA Extraction and Primers 

 

   All cultured samples were divided over 1 ml in 

volume and centrifuged in a Sigma model 3k30 

centrifuge at 12,000 rpm in 4 °C for 20 min. The 

supernatant was discarded, and the pellet was 

suspended in 1 mL of TE buffer before DNA 

extraction. DNA was extracted by using 

commercial procedure (Genomic DNA 

Purification Kit, Thermoscientific, Lot: 00155557, 

Fermentas, Lithuania). The extracted DNA was 

either used immediately for PCR or stored at 

– 20 °C until analysis.  

   Several rounds of PCR was performed for 

detecting Pseudomonas aeroginosa, integron1, 

Metallo-β-lactamases gene, Legionella 

pneumoohila, mip gene, and E.coli as below: 1) 

PCR by using specific primers for L. pneumophila 

and mip gene separately. 2) Multiplex PCR by 

using specific primers for pseudomonas 

aeruginosa, Integron1, and Metallo-β-lactamases 

gene. 3) Conventional PCR for detecting E. coli 

using specific primers, and 4) final round of PCR 

to investigate presence of other bacteria by using 

universal primers. All primers which were used in 

this study are characterized in Table 1.  

   We used genomic DNA of L. pneumophila strain 

NCTC 11192 as the positive control for the first 

round of PCR.  A standard strain of   P. aeroginosa 

(ATCC 27853) was used as the positive control for 

second round of PCR and E.coli )ATCC 

44338(was used as the positive control for third 

and fourth rounds of PCR. Pure water was used as 

the negative control for all PCR amolification 

reactions. 

 

PCR Conditions 

 

   Two micro liters of the extracted template DNA 

were used in a 20 µl reaction mixture that included 

10 µl of PCR premix [Prime Taq Premix (2x), 

Chorea Lot No 201208], 0.5 µl of each primer, and 

7 µl of ddH2O. Cycling conditions for 

amplification of L. pneumophila - species specific 

fragment began with an initial denaturation at 94 

°C for 5 min, and then 35 cycles including 94 °C 

for 60 s, 45 °C for 50 s, and 72 °C for 60s that were 

followed by a final extension at 72 °C for 10 min. 

Cycling program for the second round PCR was the 

same but the annealing temperature was 50 °C. 

Annealing temperature for third round of PCR was 

58 °C and for 16S rRNA amplification with the 

universal primers was 47 °C with the same cycling 

program. Electrophoresis of amplified product was 

performed on agarose gel (2% w/v) by 125 volt for 

45 minutes and analyzed by GelDoc 

Transluminator system (VilberLourmat model). 

 

 
 

 
 

Results  

 

   Sixty tree samples were collected from water 

outlets of 48 cities. We found L. pneumophila in 

6 samples (9.5%) but only 4 samples (66.6%) had 

mip gene (Table 2). Totally, 7 samples were 

positive for P. aeroginosa (11.1%) in which 3 

samples (42.8%) had Metallo-β-lactamases gene 

Table 1.     Features of the primers which were used 

in this study. 

Table 2.    Summary of amplification results. Arc
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and also one sample (14.3%) had integrin 1 (table 

2 and figure 1). In general, 4.8% of samples had 

Metallo-β-lactamases gene and 1.6% of them had 

integrin 1 (table 2). E. coli was not found in any 

sample, but 58 samples (92.0%) were positive in 

amplification assay with 16S rRNA universal 

primer (table 2) indicating whole presence of 

bacteria (mainly water normal flora). 

 

 
 

 

Discussion 

 

   Presence of L. pneumophila is associated with 

biofilms in warm water plumbing systems (17). 

This bacterium can also survive at lower 

temperatures in drinking water environments (18, 

19). Coliform bacteria are occasional 

contaminants of drinking water distribution 

systems and have been found in the biofilms on 

pipe walls and rubber-coated valves in these 

systems (20). E. coli is a member of the fecal 

coliform group and is a more specific indicator of 

fecal pollution than other fecal coliforms, so, at 

present, E. coli appears to provide the best 

bacterial indication of fecal contamination in the 

drinking water (21). It should be noted that a 

negative coliform no longer guarantees that water 

is free from all pathogens and low levels of 

pathogen occurrence may be responsible for the 

endemic transmission of enteric disease and also 

there is no direct correlation between numbers of 

any indicator and entire pathogens (21). In the 

present study we did not find E. coli in the studied 

samples.  

   The detection of opportunistic bacteria in 

drinking water biofilms has usually been 

performed using cultivation method. However, 

bacteria may enter a viable but non-cultivable 

(VBNC) state as a response to some form of 

environmental stress (22). In the VBNC state, the 

bacteria fail to grow on routine bacteriological 

media, but they are still alive and typically 

demonstrate low levels of metabolic activity. 

Some non-pathogenic coliforms are also viable 

but will not grow in the media prescribed for 

them; and coliforms found in the environment are 

often stressed thereby making recovery very 

difficult despite the growth media used (21). The 

detectable bias in the culture-based methods in 

detecting E. coli, as an indicator organism is why 

it has been substituted by PCR-based methods 

(23). For all above mentioned reasons we used 

molecular approach in the present study.  PCR 

analysis for screening drinking water and 

environmental samples has been used to detect E. 

coli in primary water specimens, stool specimens 

and in outbreaks by other pathogens as well (23, 

24). 

   Liguori et al. found P. aeruginosa in only 1 of 

38 (2.6%) of tap water samples (25) whereas we 

found this microbe more often 11.1%. Besides, 

similar to our results they also did not detect 

E.coli in the water samples tested. The findings of 

the present study and in Liguori et al were in 

accordance with similar studies recently 

conducted (26, 27).   

   Shamabadi performed a similar investigation in 

Qom, Iran, and showed that contamination rate of 

pot water with E. coli was zero but 16.7% of their 

Figure 1. Results of multiplex PCR with P. 

aeroginosa species specific, Integron1, and 

Metallo-β-lactamases gene primers for 13 samples. 

Lines 16 is the 100-1000 bp ladder. Lines 15 is 

positive control (p. aeroginosa type strain ATCC 

27853). Lines 5, 6, 9, and 12 are positive samples 

for P. aeroginosa (720 bp specific bands), Lines 2, 

5, 8, 9, and 10 are positive samples for Metallo-β-

lactamases gene (300 bp). All samples are negative 

for integrin 1. Lines 3, 4, 6, 7, 11, 12, 13, and 14 

are negative samples and line 1 is negative control 

(water). 

990 bp 

720 bp 

300 bp 
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samples were shown to be contaminated with P. 

aeruginosa (28). Comparatively, such a finding is 

very close to ours. Although coliforms are known 

as the best index for monitoring water microbial 

quality, in some cases this index is not very 

efficient. Some believe that the excess growth of 

heterotrophic bacteria cause in suppression of the 

coliforms. Therefore, it is recommended to use 

other bacteria as an alternative index in microbial 

quality control of the water samples and some 

species of Pseudomonas can be among these 

indicators.  Interestingly, results of our study are 

compatible with this idea. In this study, the 

average of the detection of bacteria was 92.0%, 

contamination rate with E. coli was zero whereas 

contamination rate with P. aeroginosa was 

11.1%. It seems that an excess number of bacteria 

can suppress E.coli but not Pseudomonas 

aeruginosa. 

   Study of Yassin et al. in Gaza Strip showed that 

the contamination level of total and fecal 

coliforms exceeded that of the World Health 

Organization (WHO) limit for water wells and 

networks and it is attributed to the intermittent 

water supply, sewage flooding and age of water, 

and wastewater networks (29). 

   AlOtaibi detected fecal coliforms in 

desalinated, surface, and well water, with 

percentages of 3.23, 60.0 and 87.88, respectively 

(30). Abu-Zeid et al. studied 201 tap water 

samples and found 26.4% contamination with 

coliforms (31) but Ahmad et al. did not find any 

contamination in pot water supplies of the 

industrial city of Yanbu in Saudi Arabia (32). 

   Legionella is a part of microflora in some 

aquatic environments. The cooling tower and the 

air condition system have also been reported to be 

sources of several outbreaks (33). Manmade 

water systems especially hot water systems are 

the main sources of Legionella (34). These 

bacteria can survive in biofilms and aslo can resist 

against chlorine and other disinfectants (35). 

Study of Borella et al. (2005) on 119 hot water 

samples of hotels in Italy showed a high rate of 

contamination with L. pneumophila (45.8%) (44). 

This study showed that there is adverse 

association between bacterial count in the water 

samples and the free residual chlorine. The study 

of Tison et al. (1983) showed that Legionella 

count in water decreases up to 1000 fold by 

chlorination (36).  Palmer et al. (1995) also 

reported that viable count of Legionella decreased 

by chlorination (37). 

   Chlorine-based disinfectants are the most 

commonly used disinfectants and are cheap and 

easy to use. Free chlorine is an effective 

disinfectant for bacteria and viruses. Main 

limitation of using chlorination is that it produces 

some potential harmful disinfection by-products. 

However, in the latest edition of the WHO 

Guidelines for Drinking Water Quality, it is 

recommended that the risks of human illness and 

death from pathogens in drinking water are much 

greater than the risks from exposure to 

disinfectants and disinfection by-products (38).    

   Based on efficiency, ozone is the most efficient 

disinfectant for inactivating bacteria, viruses, and 

protozoa. In contrast, chloramines are the least 

efficient and are not recommended for use as 

primary disinfectants. Chloramines are favored 

for secondary water disinfection, because they 

react more slowly than chlorine and are more 

persistent in distribution systems. In addition, 

chloramines produce lower disinfectant by 

product levels than does chlorine, although 

microbial activity in the distribution system may 

produce nitrate from monochloramine. The 

failure of conventional treatment processes to 

eliminate critical waterborne pathogens in 

drinking water demand that improved and/or new 

disinfection technologies be developed such as 

using nanotechnology to solve the problem , 

through the use of nanosorbents, nanocatalysts, 

bioactive nanoparticles, nanostructured catalytic 

membranes, and nanoparticle-enhanced filtration. 
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Conclusion 

 

   The data of the present study raise concern 

about the microbiological quality of the tap water 

in the area and highlights the importance of 

adopting appropriate monitoring system. This 

study indicates that in spite of chlorination, total 

bacterial presence in potable water in the area is 

high and contamination with L. pneumophila and 

P. aeroginosa is considerable. It is shown that it 

may be related to the biofilm formation and the 

growth of water microflora. It seems that the free 

residual chlorine is not effective, so we suggest a 

more effective decontamination procedure based 

on new technology such as using nanosorbents, 

nanocatalysts, bioactive nanoparticles, 

nanostructured catalytic membranes, and 

nanoparticle-enhanced filtration. 
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