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Abstract---Dug wells are a source of clean water used by many people
in Indonesia. Poor quality water can have negative effect on public
health. This study was to obtain an overview of the bacteriological
quality of water and the risk of water pollution of dug wells on Semau
Island, Indonesia. The research design was a cross-sectional study.
The research location was on Semau Island (8 villages), one dug well
was taken for each village as a sample. Observations and laboratory
examinations were conducted to determine environment risk factors,
total coliform, Escherichia coli and total bacterial. The results showed
that the total coliform in 6 samples exceeded standards, E. coli were
found in all samples, the total plate number ranged 85-190 CFU/ml.
The dug wells environment showed that 50% are at a distance of
<10m from the source of pollution, 100% no waste water drainage,
62% there were cracks on the floor, 62% of the well 3 meters deep no
plastered, 82% no fence. Some samples had poor bacteriological
quality and environment risk factors for contamination, it is necessary
to improve the facilities and environmental of the wells and treat water
before consumption.

Keywords---Coliform, Escherichia coli, total plate count, pollution, dug
wells.
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Introduction

Environmental pollution can be caused by physical, chemical, biological
pollutants. Water contaminated with microorganisms can cause environmental-
based diseases, including diarrhea (Haseena et al., 2017) . Water that does not
meet the requirements is also one of the factors that influence the occurrence of
health problems in Indonesia and East Nusa Tenggara. The results of the Basic
Health Research conducted by Ministry of Health (2018) found that the
prevalence of diarrhea in East Nusa Tenggara was 6.58 % and Kupang District
was 9.25%. Diarrhea cases in Kupang Regency in 2017, 2018, 2019 were 8,229
cases, 6,537 cases, and 14,544 cases. The results of basic research of health also
show that sanitation conditions in Kupang Regency have not all were good. One of
the clean water facilities that are still mostly used by the people of Indonesia is
dug well water. Based on the results of the basic health research conducted by
Ministry of Health in 2014, it showed that the largest proportion of households
based on the type of drinking water source in Indonesia is dug wells.

Waterborne organisms are classified into three categories; bacteria, viruses, and
protozoa; amounted to 58%, 36% and 17% of the total investigations, respectively.
The total number of samples in all investigations is 8,118, with the detection of
one or more organisms in 30% of samples, Viruses were detected in 52%, bacteria
in 35% and protozoa in 12% (Farrell et al., 2021). Fecal coli is one indicator of
water quality used to determine water pollution (Tang et al., 2022) . Research in
Kermansyah showed that Fecal coliform was found in water sources in urban
(22%) and rural (45%) (Davoodi et al., 2018) . Preliminary research on dug well
water in Labuan Bajo showed that the E. coli parameters exceeded the
requirements (Wolo et al., 2020) . A water inspection study using the MPN (Most
Probable Number) method which consists of 3 tests, namely, a presumption test,
a confirmatory test, and a reinforcing test showed that from 15 drinking water
samples 8 samples of drinking water were tested positive for Coliform bacteria
contamination, while 7 other samples were negative. Of the 8 positive Coliform
samples, only 1 sample was negative for fecal Coliform bacteria and 7 other
samples were positive for fecal Coliform bacteria (Aulya et al., 2020) .

Semau District is located on Semau Island, Kupang Regency, East Nusa Tenggara
Province. To meet the daily needs of clean water, some people use sources from
dug wells. Because the area is near the coast, the well water on Semau Island is
partly salty and partly fresh. Not every family that uses water from a well has its
own well. Existing wells are mostly used communally or used by several families.
A study was conducted in the village of Bokonusan, Semau Island which showed
that the average distance dug wells from the pollutant source was <11 meters,
there were dug wells whose construction did not meet the requirements (Telan &
Baok, 2017) .

Dug wells that are used communally if they are not in accordance with health
standards, will have a negative impact on many people. Communal use of wells
also has the potential for contamination of well water. Bad behavior of well users
will have an effect on the environmental conditions of the dug well. Therefore, it is
important to conduct research on the bacteriological quality and environmental
conditions of dug wells on Semau Island which are used communally. This study
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aims to determine the bacteriological quality of dug well water on Semau Island
which is used communally. In addition, I also want to get an overview of
environmental conditions which are risk factors for water pollution.

Method
Research design

It was a crossestional study. The study population was dug wells in Semau
District which consisted of 8 villages namely Bakunusa, Otan, Uitao, Batuinan,
Letbaun, Hulolot, Uiata, and Hansisi. The sampled wells are wells that are used
communally (one well is used by more than one family). The sample used was 8
dug wells representing each village in Semau District, namely 8 villages. The
criteria for dug wells that were sampled were communal or shared by more than 1
family, well water was used as a source of clean water for daily needs and fresh
water.

Data collection technique

Data were collected through interviews, observations, and laboratory
examinations. Interviews were conducted to determine the characteristics of the
respondents and the use of dug wells. Observations were made to determine the
environmental sanitation conditions of dug wells using an observation
sheet/checklist. Furthermore, well water samples were taken to determine the
bacteriological quality of the water which was carried out through laboratory
examinations.

Bacteriological examination procedures

The indicator of biological contamination was determined by calculating the Most
Probable Number (MPN) coliform index (Supardan, 2018) ; (Aulya et al., 2020) ;
(Some et al., 2021). The analysis of total coliform and Escherichia coli
concentration was carried out using the MPN method according SNI 01-2332.1-
2006. The test stages included presumptive tests, confirmative tests and
complete tests. The media used were lactose broth (LB), brilliant green lactose
broth (BGLB) and E. coli broth (EC broth). The results obtained were then
matched with the MPN table. The total bacteria test used the total plate count
method using agar plate count media. Incubation was carried out at 37 C.
Observation of the results using a colony counter. Sampling of water and the
testing process in the laboratory were carried out with aseptic principles. All
equipment and media used were sterilized before use.

Data analysis
The data obtained were presented in the form of graphs and tables to obtain

Coliform, Eschericia coli, total plate count of bacteria in water and environmental
conditions of dug wells which are risk factors for pollution.
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Ethical clearance

This study was approved by ethic committee of Health Polytechnic of Kupang
(No.LB.02.03/1/0064/2022).

Results

Dug well characteristics

Table 1 Ownership of wells, number of users and distance from the beach

Sample  Ownership Family Number of Distance from the
users beach (km)

S1 Public 8 7

S2 Public 8 1.5

S3 Personal 3 1.5

S4 Public 8 1

S5 Public 34 2.5

S6 Personal 20 2

S7 Public 20 1.5

S8 Public 7 0.5

Table 1 illustrates that 2 wells are privately owned, while 6 wells are public
property. The number of well users ranges from 3 to 34 families. The distance of
the well from the beach varies from 0.5 km to 7 km.

Pollution Risk

All wells do not have sewerage or are in poor condition. Wells that are <10m from
the latrine are 12% (Figure 1). Distance from other pollutant sources 50% wells
<10m (Figure 2). Wells that are <2 meters away are inundated by 50% (Figure 3).
The cement floor surrounding the well is at 50% risk (Figure 4). There are 50% of
the wells that have puddles of water on the cement floor around the well (Figure
S). There are 62% of wells where the cement floor around the well is cracked
(Figure 6). A small number of wells (12%) with buckets and buckets are at risk of
causing pollution (Figure 7). The condition of the lip of the well at 25% allows
water to seep (Figure 8). Most of the wells (62%) on the walls of the 3 m deep well
were not completely plastered (Figure 9). Almost all wells (87%) do not have a
fence around the well. Details of the components of the pollution risk assessment
of dug wells are shown in table 2. The percentage level of pollution risk for each
well is shown in Figure 11.

E<10m

E>10m

Figure 1. Distance from well to latrine
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m<10m

m>10m

Figure 2. Distance from well to other pollutant sources

m<2

Figure 3. Distance from well to puddle

B Risk
H No Risk

Figure 4. Cement floor surrounding the well

B Risk
B No Risk

Figure 5. Puddle of water on the cement floor around the well



M Risk
B No Risk

Figure 6. Cracks in the cement floor around the well

12%

M Risk
B No Risk

Figure 7 Laying buckets and buckets that cause pollution

B Risk
H No Risk

Figure 8. Condition of the well lip that allows water to seep

B Risk
B No Risk

Figure 9. Cement wall with a depth of 3 (three) meters is not plastered
tightly /imperfectly

737
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13%

| Risk

M No Risk

Figure 10. The fence around the well

Table 2 Results of environmental sanitation inspection

Variables

Risk

%

No Risk

%

There is a latrine at a radius of 10
m around the well

1

12

7

88

There are other sources of pollution
within a 10 m radius around the
well  (animal dung, garbage,
puddles, etc.)

4

50

4

50

There is/at any time there is a
puddle of water at a distance of 2
meters around the well

50

50

The sewerage is damaged/no drain

100

gl

The cement floor surrounding the
well has a radius of less than 1
meter

50

A~ O

There is/at any time there is a
puddle of water on the cement floor
around the well

50

50

There are cracks in the floor around
the cement floor around the well

62

38

The buckets and ropes are placed
in such a way as to allow
contamination

12

88

The lip of the well (ring) is not
perfect so that it allows water to
seep into the well

25

75

10

Cement walls as deep as 3 (three)
meters from the ground surface are
not plastered tightly
enough/imperfectly

62

38

11

The fence around the well is not
perfect/non-existent to allow
animals to enter

87

13
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Figure 11. Percentage of Pollution Risk Level

The results of the inspection of the environmental sanitation component which is
a pollutant risk factor, from 8 wells, the highest risk of pollution is 91 % and the
lowest is 27%.

Total coliforms concentration

The results of the total coliform analysis can be seen in Figure 12. These results
indicate that all samples contain coliforms, ranging from 20 to 460 MPN/100ml.
Most of them did not meet the requirements, only 2 samples that met the
requirements, namely the S2 and S5 samples.

500 460

MPN Coliform (MPN/100 ml)

S1 S2 S3 S4 S5 S6 S7 S8
Sample

Figure 12. Total coliform concentration
Escherichia coli concentration
The results of the analysis of the E. coli content in the dug well water samples can

be seen in Figure 13. These results indicate that all water samples contained E.
coli bacteria with numbers ranging from 9.1 to 460.
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Figure 13. Escherichia coli concentration
Total plate count of bacteria

The results of measuring the number of germs (total plate count) in water
samples ranged from 85 colonies to 190 (Figure 14).
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Figure 14 Total plate count of bacteria
Discussion
Water Pollution Risk

Understanding water quality conditions and the factors that influence it needed to
improve water quality (Pingping et al., 2019). The results of previous studies show
that the sources of water pollution in urban and rural areas are different (Yang et
al., 2022) . Poor well location, construction, and hygiene and sanitation practices
are some of the influencing factors water quality. There is an urgent need for
educating the population on effective water disinfection strategies and for regular
well monitoring. (Akoachere et al., 2013).

All wells do not have sewerage or are in poor condition. Water polluted by sewage
is not suitable as drinking water and for recreation (Some et al., 2021) . Good
waste management is needed to reduce water pollution (Bisimwa et al., 2022) .
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Other studies have shown that dug wells that are close to a septic tank cause
high coliform bacteria contamination (Supardan, 2018). A study found the well
construction and location did not meet the requirements, the number of indicator
bacteria exceeded the standard. Variation of bacteriological parameters between
locations does not significant because well characteristics and hygiene and
sanitation practices were similar. Difference in bacteriological quality with respect
to the state of the well, and the presence of cover was not significant. Well
distance from sanitary structures is negatively correlated with bacteriological
characteristics indicating it could be a major contributing factor to poor water
quality (Akoachere et al., 2013).

The results of another study showed that the quality of two dug well water
samples in Kampung Ujung The Labuan Bajo area is no longer suitable for use as
raw material for drinking water. Furthermore, the government must provide other
water sources such as: addition of raw water storage tanks, so that the
community does not depend completely in dug well water (Wolo et al., 2020).
Sanitation and hygiene in water sources are significantly related to the presence
of E. coli in household drinking water (Ondieki et al., 2022). Poor sanitation, lack
of understanding about basic hygiene and cleanliness, poor economic conditions,
hygiene and other activities contribute to water pollution. Bacteria in water
increase the risk of waterborne diseases and other health problems. Season
affects the level of water contamination (Choudhury et al., 2022).

Many human activities cause a decrease in water quality (Kadwe et al., 2022). A
study showed that almost all groundwater samples were contaminated with
pathogenic microorganisms. In addition, the values of several parameters that
determine the physicochemical quality of water are also not in accordance with
the standards. The chloride ion concentration was slightly below the specified
limit in most of the water samples. Consuming unsafe drinking water is one of the
main causes of the prevalence of water-borne diseases such as diarrhea,
gastroenteritis, typhoid fever and others (Alsalme et al., 2021)

Total coliform concentration

This study found water samples that exceeded the requirements for coliform
levels. Other study aimed to determine the biological contamination of dug well
water in Central Lombok, the results obtained are dug well water with a distance
of 3.45 m and 4.70 m to a septic tank contaminated with coliform bacteria with
the highest coliform MPN index of 1898 per 100 mL. (Supardan, 2018) . The
degree of acidity (pH) is one of the important factor in bacterial growth. This study
aims to determine the characteristics of pH and its effect on The occurrence of
coliform bacteria in the Madura Strait indicates that the survival of bacteria in an
alkaline environment is higher than in an acidic environment (Wahyuni, 2015).

Giving chlorine in water aims to reduce microorganisms in the water to be
consumed. However, the water to be consumed should be cooked first at the right
temperature and time because it does not rule out the possibility that
microorganisms are resistant to antimicrobials. Studies have shown that many
Coliforms in wastewater are also resistant to antibiotics (Marano et al., 2020).
Research on efforts to eliminate coliform and e coli in wastewater installations has
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been carried out (Balogun & Ogwueleka, 2021) . Research on various methods to
remove coliforms from water has been carried out, including slow sand filters
(matuzahroh et al., 2020).

Escherichia coli concentration

This study found E. coli contamination in water. Other research show that there
is a relationship between the number of E. coli in drinking water samples and the
lack of protection of water sources, including improper defecation behavior,
livestock manure, and proximity to water sources (Gwimbi et al., 2019) . Several
factors that are predicted to cause faecal coliform contamination in water sources
include education, sanitation, and experience of lack of water (Getachew et al.,
2018).

Clean water at home using tanks in Guadalajara, half of the samples examined
for coliform content exceeded the limit, while E. coli was not detected (Rubino et
al., 2019). Research in Central Lombok found that dug well water sources
contaminated by Escherichia coli bacteria contained 2 well water samples,
namely 14 per 100 mL and 16 per 100 mL (Supardan, 2018) . Risk factors that
increase E. Coli include temperature and fecal contamination. Fecal
contamination may be a risk factor for increasing E. coli (Soare et al., 2022).
Research has been carried out to determine the microbiological quality of
seawater on the most attractive beaches in Albania. Seawater samples were tested
mainly for Eschericia coli and fecal enterococci (Bakalli et al., 2021).

Total Plate Count of bacteria

The results of measuring the number of bacteria in water samples varies. The
result was similar to a study in Nigeria was carried out to determine the
physicochemical and microbiological parameters in water samples collected from
five hand dug wells at selected locations . Total bacteria count ranges from 2.79 x
108 up to 9.66 x 108 CFU/ml (Adegalu et al., 2016) . Studies on lake water in
India reveal that microbiological qualities water samples exceeded the allowable
limit. This study aims to study the physicochemical and microbiological
contamination of water samples in lakes in India. The antibiotic sensitivity
profiles of the main isolates from the water samples were assessed by disc
diffusion test, and the two isolates that showed the highest resistance percentage
of antibiotics (Skariyachan et al., 2021).

Microbiological research water on the coast of Colombia it is known that E.coli
and Salmonella spp. detected in 70% and 20% of samples. The highest E. coli
counts were observed on urban and rural beaches with the presence of many
restaurants on the beach. The presence of Salmonella sp. is associated with rivers
that do not have a wastewater treatment system (Soto-Varela et al., 2021) .
Microbial assessment of water samples in Nigeria confirmed the presence of vibrio
species due to fecal pollution. Bacterial isolates were identified in some of the
water samples were Enterobacter cloaca, Escherichia coli, Klebsiella oxytoca,
Pseudomaonas fluorescens and Salmonella spp. The study revealed that
sanitation facilities including better toilets and latrines are lacking in many areas.
Hand dug wells have the highest frequency of pollutant and bacteria occurrence
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due to their proximity to the septic tank . The study concludes that residents in
the study area are exposed to polluted water sources , which pose a threat to
their health (Adedeji et al., 2017)

Conclusion

The results of laboratory tests on water samples showed that the total coliform in
6 samples were no good, Escherichia coli were found in all samples, the total plate
number bacteria 85-190 colonies/ml. The results of observations in the dug wells
environment show that the wells still have conditions that are risk factors for
contamination of well water so it is necessary to improve the facilities and
environmental conditions of the wells and treat water before consumption. In
future, we may conduct research to improve the bacteriological quality of water
using local materials.
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