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Abstract
Thermotolerant Coliforms (TtC) bacteria is one of the microbial quality indicators of drinking water. This study was
aimed to Survey of Effective parameters (Water Resources, Seasonal Variation and Residual Chlorine) on Presence
of thermotolerant bacteria in drinking water. For this study, data of the last 10 years assessments of microbial quality
regarding various species of fecal coliform was taken from health centers associated with urban, rural and private
sources of Kermanshah city. A total number of 8643 samples were taken, 1851 samples from rural, 365 from urban
and 4834 from private resources.
The results showed that fecal coliform, Escherichia coli (22.3%) and Klebsiella (2%) were the most and least bacteria
existent in urban water resources, respectively. In rural water sources, E. coli (45.9%) and Enterobacter cloacea
(2.6%) and in private sources E. coli (34%) and Klebsiella (1.3%) had the most and least existent, respectively.
Further, E. coli (47.5%) and Klebsiella (0.4%) had, respectively, the highest and lowest distribution in all months
considered. In addition the results showed a significant decrease of distribution of fecal coliforms with increasing
residual chlorine, while a decreasing trend is observed from the dose of 0.8 mg/L. According to the results, it can be
stated that among fecal coliforms, E. coli has the widest distribution in water resources and because this bacterium
causes diseases such as diarrhea and hemolytic uremic syndrome, so is of particular importance in the monitoring of
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water resources. Hence it is necessary to consider the bacterium in resources with low microbial quality, especially in
the hot seasons.
Keywords: Thermo tolerant Bacteria, Drinking Water Resources, Seasonal Variation, Residual Chlorine.
Introduction
Water is the lifeblood and supplying sufficient amounts of safe and accessible water for all is essential. Bacterial
contamination of drinking water is an important public health problem in developed countries. The development of
tests for treatment of water can has significant benefits and each effort should be in order to achieve an appropriate
quality of drinking water. Microbial contamination of drinking water causing mortality and morbidity among
consumers is one of the major challenges worldwide (1). World Health Organization has attributed 4% of all deaths
and 5.7% of the total burden of diseases to the consumption of contaminated water (2). Thus, assessment of the
microbial quality of drinking water can protect consumers against water borne diseases and help to prevent the spread
of the diseases (3). Meanwhile, the Enterobacteriaceae family which includes gram-negative, non-spore-forming and
bacillus shape bacteria with size approximately 0.4-0.7 mm is of major importance (4,5). Four groups of these
bacteria, including Escherichia coli, Citrobacter, Enterobacter and Klebsiella which are the most important indicators
of fecal coliforms (6), distribute in different proportions in various environments, such as water, sewage, soil,
vegetables and food (7,8). The study by Alotaibi (2009) showed that fecal coliforms in surface water were 60% and
in wells 78.88%. Infection of E. coli, Klebsiella, Enterobacter cloacea, Enterobacter aerogenes, Enterobacter
agglomerans, Citrobacter freundii in surface water were 24.44, 5.55, 17.78, 6.67, 8.88 and 6.67% and in wells were
19.95, 10.17, 18.64, 8.08, 5.5 and 10.15%, respectively (9). Therefore, the distribution of such microorganisms in
water resources, particularly resources used for drinking is very important. Because such microorganisms that are
indicators of fecal contamination can themselves cause illness or be indicative of the presence of other pathogens
(10). For example, studies have shown that the presence of E-coli serotype O157:H7 in water sources contaminated
by human sewage can cause diarrhea among consumers (11).
Given that various species of fecal coliforms in terms of number and reproduction in the gut of humans and warmblooded animals, environmental resistance and penetration in soil are different (12), and considering the type and
location of resources, proximity to pollutants, sanitation and use of disinfectants, they have different distribution in
water resources (13). In addition, according to Iran national standards (drinking water-microbiological
characteristics), all bacteriological testing of drinking water, treated water for distribution system and water in the
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distribution system must be negative concerning Escherichia coli or thermotolerant bacteria (14). Accordingly, the
present study was aimed to Survey of Effective parameters (Water Resources, Seasonal Variation and Residual
Chlorine) on Presence of thermotolerant bacteria in drinking water.
Materials & Methods
For this study, data of the last 10 years (2004-2014) assessments of the microbial quality in terms of various species
of fecal coliforms was taken from health centers associated with urban, rural and private sources of Kermanshah city.
Given that the study was conducted based on census, all results of measuring samples during the 10 years (8643
samples) were analyzed. The number of samples in rural, urban and private resources was 1851, 365 and 4834,
respectively. Way to identify various species of fecal coliforms was according to standard methods (14,15). Finally,
using SPSS software (version 16) and the instructions Descriptive, Freqency and Cross-Tab, the results were
presented and described.
Results
The distribution of fecal coliforms in urban, rural and private water resources of Kermanshah city based on Imvic test
shows in Figures (1, 2 and 3). Escherichia coli (22.3%) and Klebsiella (2%) were the most and least bacteria existent
in urban water resources, respectively. In rural water sources, E. coli (45.9%) and Enterobacter cloacea (2.6%) and in
private sources E. coli (34%) and Klebsiella (1.3%) had the most and least existent, respectively. Tables 1 and 2
present fecal coliforms distribution concerning months of the year and the amount of residual chlorine in water
sources of the city. The results showed that E. coli with an average of 38.1% and Klebsiella with 2.8% had the
highest and lowest distributions. The results also showed a significant decrease of distribution of fecal coliforms with
increasing residual chlorine, while a decreasing trend is observed from the dose of 0.8 mg/L

Fig.1.Distribution of fecal coliforms of drinking water urban sources.
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Fig.2.Distribution of fecal coliforms of drinking water rural sources.

Fig.3.Distribution of fecal coliforms of drinking water private sources.

Seasons

Months
Number of samples

Citrobacter freundii

Escherichia coli

Enterobacter aerogenes

Enterobacter agglomerans

Enterobacter cloacea

Klebsiella

No fecal coliform

Table-1: Distribution of fecal coliform based on the months of year in drinking water of Kermanshah city.

Spring

April
may

437
805

14.2
10.8

36.2
41.7

5.5
5.7

0
2.5

5.5
0.6

0.7
4.3

38
24.3

June

960

12.9

40.6

5.1

10.1

6.6

0.8

23.9

July
August
September

967
1066
834

14.9
19.7
17

45
36.1
47.5

5.9
6
7.6

5.6
7.7
0.9

3.2
2.8
2.8

2.8
6.2
0.4

22.6
21.5
23.9

October

761

13.6

33.4

8.8

7.7

2.8

0.4

28.8

November
December
January

708
666
553

8.9
13.7
4.7

38.6
31.8
31.5

12.6
2.1
4.9

3.4
15.5
11.9

0.1
0.2
6.3

1.7
0.5
4

34.7
36.3
36.7

Summer

Fall

Winter

Distribution (%)
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February

497

11.7

27.4

7.2

6

0.6

6.4

40.6

March

433

7

37.9

3.9

4.4

1.6

0.9

44.3

12.42

Average

38.1

6.4

6.06

3

2.8

29.3

Table-2: Distribution of fecal coliforms regarding the amount of residual chlorine in water sources of
Kermanshah city.

3.3
3.1
2.5
2.4
3

3.5
2.2
1.8
0.8
2.8

21.1
37.6
46.8
63.4
29.1

Total

7.5
5
4
2
4.62

No fecal coliform

7.1
5.9
5
3
6.4

Klebsiella

Enterobacter
agglomerans

42.6
34.6
26.8
19
38.1

Enterobacter cloacea

Enterobacter aerogenes

5837 15.2
1376 13.5
821 11.4
609
9
Average 11.27

Escherichia coli

0
0 - 0.5
0.5-0.8
More than 0.8

Citrobacter freundii

Residual chlorine range
(mg/l)

Number of samples

Distribution (%)

100
100
100
100
100

Discussion
Based on the results Escherichia coli was the most existent coliform in all urban, rural and private water supplies with
the highest value in rural ones. This suggests that E. coli, as compared to other fecal coliform species, is the most
existing in water resources which can be due to more resistance of this organism in different environmental
conditions (13 to 245 days in different aquatic environments), the most number in the environmental pollutants
(especially feces of warm-blooded animals) and the most penetration in the ground (11, 16, 17). Also, inappropriate
hygienic behavior and lack of sanitation training in the use of water supplies can be effective in high levels of E. coli
(18). This is according to the results obtained by other researchers such as Nounou et al. in Saudi Arabia that also
found E. coli as the most existing coliform in water sources studied (19). The study of Lin et al. (2004) in South
Africa showed that the most frequent bacterial species were related to E. coli and then Citrobacter, Enterobacter and
Klebsiella (15). Also Gwimbi (2011) study showed that 71% of water sources (springs and open wells) were
contaminated with E. coli (20). The results obtained by Losch et al. (2008) also showed that the distribution
percentage of Enterobacteriaceae bacteria in water supplies of surface water, groundwater and drinking water were,
respectively, 52.9, 44.1 and 2.9 for Escherichia coli, 62.5, 33.9 and 3.6 for Klebsiella, 45.2, 45.2 and 6.5 for
Enterobacter, 56, 40, and 4 for Citrobacter and 27.3, 72.7 and 0 for other bacteria (21). In the study of Golas et al.
(2002) infection rate to Escherichia coli was reported 10.7% (22)
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The results also showed that rural water sources had more distribution of the various fecal coliform species
particularly E. coli than other sources. This was attributed to the lack of protection, sanitation and disinfection of rural
water supplies as well as more exposed to environmental pollutants (18). Jagals et al. (2013) from Australia also
reported that 46% of samples taken from rural communities of South Africa were infected with E. coli (23). In the
study of Admassu et al. (2004) from Ethiopia levels of Escherichia coli in protected springs and wells and pipelines
were reported 35.7, 28.6 and 50%, respectively (18). On the other hand, 50% of unprotected wells and springs had
fecal contamination. The highest contamination was observed in rural areas supplied with unprotected resources and
some protected resources that did not have adequate disinfection. The results of this study also showed that
Enterobacter aerogenes, Enterobacter agglomerans, and Klebsiella in the cold months and Citrobacter freundii,
Escherichia coli and Enterobacter cloacea in the hot months of the year had the highest existence in water resources.
It shows that there is the potential contamination of fecal coliform bacteria in all months of the year. Because several
factors such as rainfall, proximity to pollution sources, the lack of continuous monitoring, fracture of distribution
network, water sources type etc. influence pathogenic water pollution. Considering the factors of pollution,
distribution of fecal coliforms is varied in different seasons or months. Thus, there are some differences in reporting
fecal coliforms at different times. For example, contrary to the results of this study, Shahsavaripoor et al. (2011)
showed that the highest incidence of E. coli in the river followed in this order: spring, fall, summer and winter. So
that the maximum amount of E. coli has occurred in rainy seasons (24). The decrease of E. coli in the summer was
attributed to lower rainfall and consequently the decrease of runoff and suspended particles. Kim et al. (2005) also
showed that the incidence of E. coli in wet months is 7 times more than months with low rainfall (25). But in
confirming the results of this study, Buckalew et al. (2006) research showed that the amount of E. coli reduced in the
cold months (26). Blanch et al. (2007) reported that seasonal variations affect the microbial quality of the distribution
so that most of the positive samples followed in this order: spring, summer, autumn and winter (5).
The results also showed that the distribution of the studied bacteria reduced markedly through increased residual
chlorine, but in the amount of more than 0.8 mg/l residual chlorine, the decreasing trend of fecal coliforms
distribution was less. This indicates that adequate residual chlorine can be an effective factor in reducing of fecal
coliforms in water resources (27). Accordingly, regular and continuous chlorination causes better quality of urban
water supplies in terms of fecal coliforms than other water sources Studied. Pirsaheb et al. (2013) also found that
urban water supplies had better microbial quality than rural ones, due to better condition of residual chlorine (28).
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The study of Araujo et al. (2004) showed that residual chlorine caused a sharp decrease of indicator organisms
particularly E. coli however, did not disable appropriately resistant pathogens such as Cryptosporidium and Giardia
(29). Kahler et al. (2010) reported that pathogenic bacteria are easily destroyed by chlorination, although it is not
work for some viruses and protozoa cysts (30).
Conclusion
According to the results, it can be stated that among fecal coliforms, E. coli has the widest distribution in water
resources and because this bacterium causes diseases such as diarrhea and hemolytic uremic syndrome, so is of
particular importance in the monitoring of water resources. Hence it is necessary to consider the bacterium in
resources with low microbial quality, especially in the hot seasons. In addition, continuous and regular chlorination,
sanitation and monitoring of resources and prevention of environmental pollutants contact, particularly human and
animal wastes, with water resources maintain water microbial quality in the standard level.
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