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Escherichia coli is a fecal-coliformic bacteria that usually uses as bioindicator in water quality based on biological parameter. Water source
which contaminated with E. coli indicates the contamination of human
or mammals feces. This study was aimed to analyze the quality of
drinking water stations distributed in Pasuruan Regency. The water
samples were collected from the drinking water stations of 24 districts
in Pasuruan. The biological parameter of water samples were assayed
to detect the coliformic bacteria. Water quality was determined as poor
and good quality according to drinking water standard in Indonesia. As
a result, most of the drinking water stations from 24 districts in
Pasuruan Regency had poor water quality. This happened due to the
open defecation behaviour of the social community and lack of
sanitation. However, the contamination of coliformic bacteria including
E. coli can be reduced by socialization to decrease open defecation
behaviour including other behaviour which may decrease the hygiene
of environment as well as the drinking water stations. Further, strategy
development to get healthy environment is needed.
Copy Right, IJAR, 2019,. All rights reserved.
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Introduction:Escherichia coli is a Gram negative rod-shaped bacterium that commonly found in the lower intestine of warmblooded organisms (endotherms) including human. It is one of the most frequent causes of many common bacterial
infections diseases. According to Elsas et al. [1], E. coli is a commensal bacteria and it has different pathogenic
behavior. Their virulence capacity is related to their genes that encode key traits for colonization, secretion of toxic
metabolite, transport functions, and invasion. E. coli is the best bacterial indication of fecal contamination in based
on the prevalence of thermotolerant coliforms in environment temperature [2].
Java Island is the most dense population in the world, it has more than a thousand people per kilometer square.
Pasuruan Regency is an old human settlement area since 10 century in East Java. This area is a representatif of Java
Island conditions, it has high land mountain in the south to lowland and also coastal region in the north. Pasuruan
consist of 24 districts which total area ranged from 37 to 125.55 km2 and the people were consentrated in urban area
that located on lowland and coastal region. People numbers were vary from 18.967 to 131.819 person on each
district.
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Inspite of Pasuruan is an old human settlement, it does not mean that people in Pasuruan meets high quality living
standard. Some of people have poor behavior such as open defecation. They don’t have proper place for defecation
such as private house toilet, or communal sanitary facilities. The Faecal contamination of soil and water is common
in urban areas due to the overgrowth population, unclean toilets, and the release of waste into the open field without
treatment. East Java had 20 % open defecation in 2010 [3]. While WHO 2014 [4], stated that Indonesia had 14 %
open defecation people in urban area and 31 % open defecation in rural area. According to Luo et al. [5], there is no
difference between E. coli in intestine, in environment, and the calculation of coliform individuals is valid. E. coli
which spreading in environment had potential for contaminating household watersource and drinking water station.
Prevalence of E. coli diseases in Pasuruan area was rapidly increase on rainy season. Pasuruan is regularly flooding
on heavy rain or continous rain in several days, and E. coli is easily spreading in settlement environment by flood.
Pasuruan had six main rivers, e.g., Lawean, Rejoso, Gembong, Welang, Masangan, and Kedunglarangan river. Most
of this region were flooded by above rivers especially on lowland area. Worse conditions was happened when the
flood brought the organic waste polution into people settlement. These materials could be utilized as nutrient source
for bacteria. According to Widmer et al. [6], monitoring urban surface waters for fecal contamination with the
possibility of E. coli as an opportunistic pathogen was needed to determine the impact on river waters usage in
public health of urban populations in south-east Asia.
Jagals et al. [7] found that the seven genes of invasive and hemorrhagic E. coli strains in the waters. Container had a
central role in supplying water to rural communities so further microbiological characterization in water is so much
needed. The widespread of E. coli population was poorly recorded and studied in Pasuruan. Rao et al. (2015) found
the way to inform community members about the safest locations to get drinking water and watershed scale
transport of microbial contaminants/ between villages [8]. Recently, people take the drinking water from drinking
water station. Drinking water stations are the key of people health in Pasuruan. It is interesting to detect and analyze
E. coli density on drinking water stations in Pasuruan Regency’s District. In collaboration with local public health
center, this research was aimed to survey and analyze drinking water stations quality in Pasuruan.
Research Purpose:Based on the formulation of the problem above, the objectives of this study are as follows:
Analyze the quality of drinking water stations distributed in Pasuruan Regency.

Research Methods:Data Collection
The drinking water stations in Pasuruan Regency’s District were selected as the sampling locations. There were 24
districts that included in figure 1 and table 1. The water samples were collected from representative area of
Pasuruan’s districts. The districts were included Bangil, Beji, Gempol, Gondangwetan, Grati, Kejayan, Kraton,
Lekok, Lumbang, Nguling, Pandaan, Pasrepan, Pohjentrek, Prigen, Purwodadi, Purwosari, Puspo, Rejoso, Rembang,
Sukorejo, Tosari, Tutur, Winongan, and Wonorejo. Each district had different total of water drinking stations (Table
1). However, only water drinking stations that already commercially distributed in market were choosen for its
quality analysis in this study.

Figure 1. The distribution of 24 districts in Pasuruan
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Table 1:-Total of drinking water stations used for sampling locations

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Pasuruan’s Districts
Bangil
Beji
Gempol
Gondangwetan
Grati
Kejayan
Kraton
Lekok
Lumbang
Nguling
Pandaan
Pasrepan
Pohjentrek
Prigen
Purwodadi
Purwosari
Puspo
Rejoso
Rembang
Sukorejo
Tosari
Tutur
Winongan
Wonorejo

Total of Water Drinking Stations
30
23
35
17
19
15
16
2
5
12
37
10
10
27
20
24
4
12
3
28
1
4
22
19

Water Quality Analysis
The drinking water quality was analyzed based on the biological parameter standard of drinking water in Indonesia.
Firstly, the coliformic bacteria and E. coli in the water samples were counted based on the Most Probable Number
(MPN) method in Microbiology Laboratorium. The data obtained were analyzed based on the drinking water quality
standard according to Permenkes Nomor 32 Tahun 2017 that the total of coliformic bacteria is ≤ 50 CFU per 100
mL and the total of E. coli is 0 (zero) CFU per 100 mL [9]. Therefore, the drinking water quality of each selected
stations was categorized as good quality if the standard used was fulfilled and it was categorized as poor quality if
the standard used was unfulfilled.
Water Quality Analysis
The data were analyzed using Microsoft Excel 2007 for Windows. In addition, the quality of the water samples is
converted to percentage (%) to determine the district which has the good quality of drinking water station.

Research Result And Discussion:According to the drinking water standard [9], almost of the selected stations in 24 districts of Pasuruan was varied in
the quality (Table 2). Each district has good and poor quality of drinking water stations exclude Lekok and Tosari
which only has good quality of drinking water stations. In percent, District of Tosari and Lekok has 100 % good
quality of drinking water station followed by District of Kejayan (87 %) and in contrast, District of Rembang has
100 % poor quality of drinking water station (Table 2).
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Table 2:-The drinking water stations quality based on the biological parameters

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Pasuruan’s Districts
Bangil
Beji
Gempol
Gondangwetan
Grati
Kejayan
Kraton
Lekok
Lumbang
Nguling
Pandaan
Pasrepan
Pohjentrek
Prigen
Purwodadi
Purwosari
Puspo
Rejoso
Rembang
Sukorejo
Tosari
Tutur
Winongan
Wonorejo

Good Quality of Water
Stations
11
6
11
7
7
13
9
2
2
9
16
4
7
10
8
10
2
8
0
11
1
4
15
5

Poor Quality of Water Stations
19
17
24
10
12
2
7
0
3
3
21
6
3
17
12
14
2
4
3
17
0
4
7
14

Although there are two districts that have 100 % good quality of drinking water stations, total of the representative
stations in Lekok and Tosari is too slight so that can not be compared to the others which provided with a lot of
drinking water stations. However, based on the result, most of the districts could not fulfil the standard quality based
on the biological parameters. This can be happened due to several contamination sources from human daily
activities or behaviours. The poor quality of drinking water stations is caused by the high contamination of
coliformic bacteria including E. coli. The coliformic bacteria is a group of bacteria that naturally living in the
digestive tract of human (intestine). The coliformic bacteria are grouped into two groups namely fecal and non-fecal.
One of the most important species of fecal-coliformic bacteria is E. coli which usually used as an indicator if the
water sources including streams, lakes, etc are contaminated with mammal’s feces.
Environmental contamination
Many pollutan factors could influence the contamination in drinking water. According to Guber et al. [10] the
parameters of the survival and release models obtained for E. coli in their study were substantially different from
those obtained using other sources, such as domestic animal feces and manures. A comprehensive study is needed to
get the better predictions. Yoboue et al. [11] stated that wastewater came from the fish breeding station were
potentially pathogenic to human and aquatic organisms because it contained Salmonella, vibrio, Escherishia coli,
Staphylococcus and Pseudomonas. In addition, E. coli can contaminate the environment caused by untreated abattoir
effluent [12]. Adebayo et al. [13] stated that microorganisms in the environment have different roles such as in
sewage, oil treatment, energy generation, oil spillage, and radioactive contamination. Kafle, et al. [14] found in
absence of predation and competition, E. coli may be a soil commensal as long as it maintains as stable populations
in soil. Jang et al. [15] found that E. coli can be integrated into indigenous microbial communities in the
environment. In Ethiopia, Abera et al. [16] found that Bahir Dar was a city with a poor bacterial quality in
drinking water. Sachdev et al. [17] stated that water pollutions have great impact on health of society.
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Figure 2:-The percentage of drinking water stations quality in the 24 districts of Pasuruan
According to Villacampa et al. [18], sandy beaches and urban beaches have a higher content of bacteria compared to
natural and gravel beaches. This condition is almost the same with Pasuruan regency that have coastal region that
potential as a bacterial source. Bok et al. [19] found E. coli isolates from adults have the greater genetic diversity
compared to E. coli from young children and constitutes a substantial reservoir of the virulence genes typical for
extraintestinal pathogenic E. coli. In urban India, Surya et al. [20] stated that both women and men were use toilets
more often during the rainy season. The drop-outs among men were greater than the women in the summer. This
case could be happen in Pasuruan.
Possibility of River Watersheed contamination
River and some water springs in Prigen and Pandaan and also Ranu Grati lake in Grati districts were became the
source of drinking water station in Pasuruan and others region. Detecting water of river from E. coli contamination
was very important. Some people in Pasuruan still use river as open defecation area. In United States, Lawrence [21]
was monitoring river pollution and found that the new set data estimated using regression-6 on the new Norcross
data and regression-12 on the new Atlanta data. It was collected between October 1, 2008 and September 9, 2009. It
was matched with measure E. coli densities at the both site using new data. While in China, Sun et al. [22] revealed
that the fecal bacteria found in Yangtze River water were highly related with the potential pathogenic bacteria.
Fairweather et al. [23] found high multivariate dispersion among downstream samples as well as overall sample
dissimilarity that indicated higher heterogeneity downstream. Bussi et al. [24] stated that climate change has no big
impact on average river flow and land use change can have a large impact on pathogens.
Good treatement of household equipment and foods
In this study, it was found that in several drinking water stations were located close to toilets or not separated with
toilets. This situation may lead E. coli contamination. A good example was stated by Vannavong et al. [25], that
sociodemographic and E. coli contamination in Laos and Thailand were less associated, good treatment of
household stored water, regular cleaning of rain jars, and the provision of toilets can inhibit contamination of
drinking water. While Wolf et al. [26] suggested that household connections of water supply and higher levels of
community were highly supporting the sustainable development goals.
Other important thing was food treatment. Preparing food or food material in properly ways and always do the
sanitation of food equipment was important. Nawas et al. [27] found that salad and water in restaurants were
contaminated by E.coli in Chittagong Bangladesh. Chekabab et al. [28] also stated that the outbreaks of E. coli
O157:H7 in the last decade related to the water contamination and contamination through fresh products (in green
leaves and vegetables). Albarri et al. [29] found that E. coli O157:H7 infections for humans can be found in chicken,
meat, and vegetables. In order to protect human health, appropriate control measures to eliminate human pathogen
should be developed. Oranusi et al. [30] found the microbial loads of the seafood’s were more than acceptable
standard (significantly higher in gastropods, p≤0.05). Water body protection and seafood monitoring were
necessary.
Escherichia coli Survival
It is necessary to develop advanced technology to detect E. coli survival in environment. This way is important for
Pasuruan environmental health. Ragupathi et al. [31] stated that among the identification methods to differentiate E.
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coli and Shigella serogroups, using single nucleotide polymorphism is easy and among the non-molecular methods
matrix-assisted desorption ionization–time of flight mass spectrometry may be applied data analysis is assisted with
advanced analytic tools. Adhikari et al. [32] mentioned that E. coli ATCC strains were the longest in response to
starvation stress compared to the environmental strains. Environmental isolates didn’t show the strong response in
the stress condition compared with ATCC strains. Djaouda et al. [33] found bacterial competition to get the nutrients
and/or thermolabile antimicrobial substances synthesized by ―ultramicrocells‖ or by the autochthonous bacteria
retained by the filter might affect the bacterial survival. E. coli had helped in evolutionary experiments because of its
quick environmental adaptation with the rate of cell division once in every 30 min [34]. While, Singh et al. [35]
found high prevalence of antibiotic-resistant commensal E. coli against the commonly used antibiotics among
children in Rural Hill Communities of North East India. E. coli effect has some roles in reproductive health and
disease [36]. In addition, patients with acute diarrhea under 5 years of age in Myanmar were reported to be very
high. Water contaminations in Myanmar were also very high level [37].
Strategic Solution and Mass Desinfection
The multidimensional indicator framework can provide guidance on monitoring human right to sanitations [38].
Anaerobic baffled reactor (ABR) has been used commonly in Indonesia [39]. The combination of ABR and
anammox process in ABR can be potentially become an improvement to remove the nitrogen in ABR. Petrik et al.
[40] found that the salinized sea water must be treated with treatment protocols capable of removing both bacterial
loads and organic chemical compounds. Drinking water from seawater desalination plants should be carefully tested.
They also suggested City of Cape Town to move to an integrated water and sewage management plan. Chubaka et
al. [41] stated that households in Adelaide were using domestic filtration to improve municipal water quality.
Opposition of water chlorination and fluoridation is not supported by epidemiological evidence showed that these
chemicals are harmful. Lewis & Claasenb [42] suggested the systematic monitoring of groundwater quality,
workshops on public health, sanitation practices, and improve sanitation facilities in Namibia. Both desalination sea
water treatment as drinking water source and integrated domestic filtration for municipal water treatment were could
implemented in Pasuruan. Coastal region of Pasuruan could use desalination sea water and highland or terestrial
settlement could use municipal water treatment from ground water or river as drinking water source.
Local government should focus on mass desinfection of drinking water source and improving it. Abhilash & Harika
[43] found solar water disinfection system had arranged the improves of the water quality (free from microbial
activity) of drinking water at household level. López et al. [44] mentioned that ultrasound can be implemented as
tertiary treatment of municipal wastewater for the removal of biological and organic pollution, according to reuse
guidelines in terms of pathogens presence. Bowman et al. [45] found the highly selective affinity towards Pb2+
observed for strain R19 suggests its use for the recovery of Pb2+ from multiple metal solutions, they were well
adapted to unfavorable conditions due to their resistance to metals and antibiotics, so these characteristics may help
in developing an effective process for wastewater treatment using these strains. Beltran et al. [46] stated that electing
sanitizing products to kill or remove human pathogens from fresh produce to minimize risk of foodborne infections.
Antonelli et al. [47] found the toxic effect of Peracetic Acid (PAA) on the aquatic environment was due to the
residual disinfectant in the water, rather than to chemical modification of the effluent. Sunil [48] found potential
toxic contaminants can be removed more than 95% by using the reverse osmosis method that has been designed
appropriately. Soo-Hwan et al. [49] found Silver nano particles could be used as an effective antibacterial material.
Social Campaign
Fuller & Eisenberg [50] stated that understanding the role of herd protection from drinking water, sanitation, and
hand hygiene (WASH) interventions can help inform coverage targets and strategies that indirectly protect those that
are unable to be reached by WASH campaigns. Abalo et al. [51] prominent people were invited to intermittently
grace the National Sanitation Day (NSD) exercise, their invitations should be to empower the local people toesteem
the importance of the programme by making it their own rather than depending on their presence to increase
patronage.

Conclusion:Drinking water stations in districts of Pasuruan are still remain in poor quality. The coliformic bacteria
contamination especially E. coli in drinking water stations is the main problem that cause the quality becomes poor
and can not fulfil the drinking water standard according to the biological parameters. Therefore, strategy to reduce
the coliformic bacteria including E. coli contamination on drinking water stations is needed to develop for further
increase the drinking water quality in Pasuruan Regency of East Java, Indonesia.
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