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Abstract

Background: Dug wells located near industrial areas have a higher contamination levels compared
to wells far from industrial areas. Previous research has shown metal contamination in wells near
industrial area. This gap highlights the need for further research that address the microbiological
safety of water sources affected by industrial activities.

Objectives: This study investigates the risk of microbiological contamination in well water
surrounding the Morosi industrial area in Southeast Sulawesi, Indonesia.

Methods: The type of research is quantitative observational design; this research analyzes 52 dug
wells across four villages. Key variables examined include the distance of wells from septic tanks
and the physical condition of the wells, assessed through microbiological testing using the Most
Probable Number (MPN) method.

Results: Majority of well samples (94.2%) did not meet microbiological quality standards, with a
notable presence of E. coli in 44.2% of samples. Statistical analysis indicates a moderate
relationship between the physical condition of wells and E. coli presence, as well as a significant
association between proximity to septic tanks and contamination risk.

Conclusion: There are various factors that contribute to the well’s contamination. Statistical

Artic'Ie History: analyses demonstrate the vulnerability of water sources around the Morosi industry to microbial
Received 30 December 2024 contamination due to inadequate sanitation practices.
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Background

Contaminated clean water sources are a health issue prevalent worldwide, including in Indonesia. The condition
of clean water sources, particularly dug wells in industrial areas used by the community for daily needs, including drinking
water, requires attention. Groundwater, often utilized as a drinking water source, must meet specific quality standards to
ensure it is safe for consumption. Research indicates that the quality of groundwater, including dug wells, can be affected
by industrial activities such as waste disposal and chemical use, which may increase the risk of microbial contamination
(Mudatsir, 2007; Gandri et al.,, 2023; Izzati et al., 2019).

Dug wells near industrial areas are particularly vulnerable, showing higher contamination levels compared to
those farther from pollution sources (L.E. & M.A, 2023; Gnimadi et al,, 2024). Poor sanitation and inadequate water
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management practices also contribute to the risk of microbial contamination, as improper waste management can lead to
groundwater pollution, thereby impacting public health (Nur et al., 2021; Prasetyo, 2022; Kitole et al.,, 2024).

Condition in Morosi Southeast Sulawesi, the proximity of industrial zones to community water sources raises
concerns. Microbiological contamination can arise from domestic waste, industrial effluents, and agricultural run off.
Research indicates that water quality in industrial areas can be influenced by various factors, including industrial waste
disposal and chemical use, which may increase the risk of microbial contamination (Babuji et al., 2023; Ditia, 2024;
Emmanuel-akerele & Peter, 2020; Irvan et al,, 2021). A study in Kenya indicated that the bacteriological quality of drinking
water could be compromised by leaks in the distribution network, allowing contaminants to enter the water supply system
(Nduku et al,, 2022).

The risk of microbiological contamination in the areas surrounding the Morosi industrial zone may increase due
to poorly managed industrial waste. Research conducted in Lesotho demonstrated that inadequate sanitation and hygiene
practices around water sources could heighten the risk of bacterial contamination (Gwimbi et al., 2019). A study by
Bukhari et al. showed that industrial waste could contaminate water and food sources (Hussain et al., 2020).

Microbiological agents that can contaminate water sources include various coliform bacteria, such as Escherichia
coli, Salmonella typhi, and Shigella dysenteriae (Tulchinsky, 2018)(Nurhajawarsi & Haryanti, 2023). Previous research has
shown that E. coli is often found in well water located near contamination sources, such as septic tanks and domestic
waste. A study in Trivandrum, India, revealed a significant relationship between the presence of E. coli in drinking water
and the proximity of wells to septic tanks, which is a primary factor rendering well water unsafe for consumption (Sruthi
etal, 2022). Furthermore, earlier studies have indicated that Escherichia coli serves as a fecal indicator in water sources.
In Metro City, Lampung, it was found that 72% of water sources were contaminated with E. coli, with 36% of them at
highly risky concentrations (Jannah & Putri, 2021).

Various previous studies have demonstrated water contamination due to industrial waste; however, most of these
studies have focused primarily on heavy metal contamination and other hazardous chemicals. Research conducted by
Haroun, which assessed the presence of heavy metals in waste and water, did not include a comprehensive microbiological
analysis (Mahdi Haroun, 2021). Study by Tasnim and Sunarsih regarding impaired kidney function in areas surrounding
nickel mining in Morosi indicated a relationship between water quality and kidney health (Tasnim & Sunarsih, 2023).
However, this research did not directly link microbiological contamination in water to health impacts.

These conditions highlight the critical importance of monitoring the presence of E. coli in well water, particularly
in areas affected by industrial activities, such as around the Morosi industrial zone. Therefore, this study will examine
microbiological contamination in dug well water in relation to the physical conditions of the wells and the distance of
pollutant sources to the wells. This research is expected to provide significant contributions regarding public health risks
associated with water quality in industrial areas and assist in the development of more effective mitigation strategies.

Methods

Study design

This research employs a quantitative observational study design with a cross-sectional framework. The study was
conducted in four villages located in the Morosi sub-district of Konawe Regency, which is an area surrounding the Morosi
industrial zone, there are Paku Village, Paku Jaya Village, Tanggobu Village, and Besu Village.

Data collection

Data collection was conducted from August to October 2024, during which 52 households and selected dug wells were
interviewed and water samples were taken. The primary data collection technique used was observation sheet, water
sampling, and laboratory examination Most Probable Number (MPN) Coliform Method. The research variables included
the dependent variable microbiological quality (MPN coliform), while the independent variables were the distance from
septic tanks to dug wells and the physical structure of the dug wells.

Data analysis

The univariate data analysis technique aimed to describe the parameters of coliform index, distance from septic tanks,
and the physical structure of dug wells, while bivariate analysis was used to determine which variables were related to
the microbiological quality of well water (total coliform). Data analysis was conducted using statistical tests to assess the
relationship between variables, employing the Chi-Square statistical test if p < 0.05.
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Results

Observation the Physical Condition of Dug Well
Table 1. Observation of the Physical Condition of the Dug Well

Physical Condition of Dug Does not meet  Percentage Meet Percentage
Well criteria criteria
Septic Tank Distance
Paku Village 4 25 4 25
Paku Jaya Village 5 25 15 75
Tanggobu Village 3 20 12 80
Besu Village 3 33.33 6 66.7
Total 15 28.84 37 71.15
Physical Structure of Dug Well
Paku Village 2 25 6 75
Paku Jaya Village 8 40 12 60
Tanggobu Village 6 40 9 60
Besu Village 3 33.33 6 66.67
Total 19 36.54 33 63.46

Table 1 shows the differences in the number of wells that meet the criteria versus those that do not. In Desa Paku,
there are 4 wells that meet the criteria and 4 that do not; in Desa Paku Jaya, there are 5 wells that meet the criteria and 15
that do not; in Desa Tanggobu, there are 3 wells that meet the criteria and 12 that do not; while in Desa Besu, there are 3
wells that meet the criteria and 6 that do not. Regarding the observation of the physical structure of the dug wells, it is
evident that only 19 wells (36.54%) meet the criteria out of 52 dug well samples, whereas 33 wells (63.46%) do not meet

the criteria.

Test Most Pro

The description of the microbiological quality of the dug well water in Desa Paku, Desa Paku Jaya, Desa Tanggobu,

bable Number (MPN)

and Desa Besu, as assessed by the MPN Index, is presented in the table below.
Tabel 2. Description quality microbiological dug weel water based on MPN indeks

Cluster

Dug well sample

Code

Value MPN per 100 ml in dug well water samples

Does Not Exceed
Contamination Limit
(per 100 ml)

Exceed Contamination Limit
(per 100 ml)

Paku Village

Paku Jaya
Village

Tanggobu
Village

1,2,3,4,5,6,7,8

9,10,11,12,13,14,
15,16,17,18,18,20
21,22,23,24,25,26,
27,28

29,30,31,32,33,34,
35,36,37,38,39,40,
41,42,43

Sample 2 (0/100 ml)

Sample 21 (0/100 ml)

there were no samples
that met microbiological
criteria

Sample 1,3,4,5,6,7,8,9

With MPN index:

(5/100 ml, 5/100 ml, 2/100 ml, ,
2/100 ml, 2/100 ml, 9/100 ml ,
2/100 ml)

Sample 9,10,11,12,13,14,15,
16,17,18,19,20,22,23,24,25,26,
27,28

With MPN index:

(5/100 ml, 9/100 ml,5/100
ml,17/100 m],17/100 ml, 9/100
ml,12/100 ml, 5/100 ml, 2/100 ml
,9/100 ml,17/100 m1,9/100
ml,5/100 ml,2/100 ml,2/100
ml,2/100 ml,2/100 ml,5/100
ml,5/100 ml).

Sample 29,30,31,32,33,34,35,36
37,38,39,4041,41,43

With MPN index: (9/100 ml,
9/100 ml,67/100 ml,9/100
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ml,17/100 m1,5/100 ml,
,<979/100 m1,<979/100 ml,/100
ml, <979/100 ml, <979/100 m],
84/100 ml, 265/100 ml, 27/100

ml, 17/100 m;
Besu Village 44,45,46,47,48,49, Sample 44 (0/100 ml) Sample
50,51,52 45,46,47,48,49,50,51,52
With MPN index:

(12/100 ml, 5/100 m1,2/100
ml,2/100 ml,2/100 ml,9/100
ml,5/100 ml,9/100 ml)

Based on the table above, it is known that of the 52 samples, there were 49 water samples that did not meet the
microbiological quality requirements (Total coliform), while 3 samples met the microbiological quality requirements
(Total coliform) which were determined in accordance with the Indonesian Minister of Health Regulation number 416 of
1990.

The next stage of the MPN test is checking for the presence of E. coli bacteria in the EMBA (Eosin Methylen Blue
Agar) media. The results of recognizing the presence of E. coli bacteria can be seen in the table 3 below

Table 3. Percentage of the presence of E. coli bacteria and other coliform bacteria

Cluster Percentage sample Percentage sample positive Percentage Sample not
positive bakteria others Coliform bacteria found coliform
E.Coli bacteria
Paku Village 12.5 37.5 50
Paku Jaya Village 50 40 10
Tanggobu Village 46.67 46.67 6.67
Besu Village 0 55.56 44.44

Table 3 shows that the percentage of E. coli bacteria in well water samples is different at each sampling location.
In water samples taken from the wells of Paku village residents, it was seen that the E. coli sample was 12.5%, in Paku
Jaya Village it was 50%, Tanggobu Village was 46.67%, while in Besu Village no E. coli bacteria were found but were
identified. the presence of other coliform bacteria was 55.56%.

Statistical test results of the relationship between the septic tank distance variable, the physical condition of the dug well and
the MPN value and the presence of E. coli bacteria

In this research, statistical analysis was carried out to find out relationship between the distance from the dug
well to the septic tank and the MPN value. Analysis of the distance from the dug well to the septic tank with the MPN value
can be seen in the table following.

Table 4. Analysis of the relationship between the distance from the dug well to the septic tank and

the MPN value
S; l;tlic DNM CMPN Value MC Total Fisher’s Exact
distance n % n % n % Analysis
DNMC 35 97.2 1 2.8 36 100 —value = 0.221
MC 14 87.5 2 12.5 16 100 g_ 0 05_ )
Total 49 94.2 3 5.8 52 100 o

Note: DNMC: Does not meet the criteria. MC: Meet the criteria

Based on the table above, it shows that of the 36 respondents whose distance from the dug well to the septic tank
did not meet the requirements, there were 35 (97.2%) respondents' wells with an MPN value that did not meet the
requirements and 1 (2.8%) respondent's well with an MPN value qualify. Meanwhile, of the 16 respondents whose
distance from the dug well to the septic tank met the requirements, there were 14 (87.5%) respondents' wells with an
MPN value that did not meet the requirements and 2 (12.5%) respondents' wells with an MPN value that met the
requirements.
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Based on statistical test results Fisher’s Exact value obtained p-value = 0.221, with a = 0.05, then p-value > a
which means HO accepted and Ha rejected. This shows that there is no relationship between the distance from the dug
well to the septic tank and the MPN value.

Statistical calculation relationship between the physical condition of the dug well and the MPN value can be seen
in the following table.

Table 5. Analysis of the relationship between the physical structure condition of dug wells and the MPN value
Physical MPN Value

structure DNMC MC Total Fisher’s Exact
Condition Analysis
o, o, o,
dug wells V) n V) n V)
DNMC 34 100 0 0 34 100 p-value = 0.037
MC 15 83.3 3 16.7 18 100 o=0.05
Total 49 94.2 3 5.8 52 100 phi = 0.340

Note: DNMC: Does Not Meet The criteria. MC: Meet The Criteria

Based on the table above, it shows that of the 34 respondents whose physical structure condition of dug wells did
not meet the requirements, all or 34 (100.0%) of the respondent's wells with MPN values did not meet the requirements.
Meanwhile, of the 18 respondents whose physical structure condition of dug wells meets the requirements, there are 15
(83.3%) respondents’ wells with MPN values that do not meet the requirements and 3 (16.7%) respondents’ wells with
MPN values that meet the requirements.

Based on statistical test results Fisher’s Exact value obtained p-value = 0.037, with a = 0.05, then p-value < a
which means HO rejected and Ha accepted. This shows that there is a relationship between the physical structure condition
of the dug well and the MPN value. From the results of the relationship closeness test, values are obtained phi = 0.340,
which means that there is a weak relationship between the physical condition of the dug well and the MPN value. Analysis
of the condition of the distance from the dug well to the septic tank with the presence of E. Coli can be done seen in the
following table.

Table 6. Analysis of the relationship between the distance from the dug well to the septic tank and
the presence of E. Coli

Distance Presence E. coli Total
Septic Positive Negative Analysis
Tank to Chi Square
(V) (V) (V)

dug well n )0 n ) n )
DNMC 21 58.3 15 41.7 36 100 p-value =
MC 2 12.5 14 87.5 16 100 0.006

o =0.05

Total 23 44.2 29 55.8 52 100 phi = 0.426

DNMC: Does Not Meet The criteria. MC: Meet The Criteria

Based on the table above, it shows that of the 36 respondents whose distance from the dug well to the septic tank
did not meet the requirements, there were 21 (58.3%) of the respondent's wells where E. coli was found and 15 (41.7%)
of the respondent's wells were not found. presence of E. coli. Meanwhile, of the 16 respondents whose distance from the
dug well to the septic tank met the requirements, there were 2 (12.5%) respondents' wells where E. coli was found and
14 (87.5%) respondents' wells where E. coli was not found.

Based on statistical test results Chi Square value obtained p-value = 0.006, with a = 0.05, then p-value < a which
means HO rejected and Ha accepted. This shows that there is a relationship between the distance from the dug well to the
septic tank and the presence of E. coli. From the results of the relationship closeness test, values are obtained phi = 0.426,
which means that there is a moderate relationship between the distance from the dug well to the septic tank and the
presence of E. coli.

Based on the table 7, it shows that of the 34 respondents whose physical structure condition of dug wells did not
meet the requirements, there were 20 (58.8%) respondents’ wells where E. Coli was found and 14 (41.2%) respondents’
wells where E. coli was not found. E. coli. Meanwhile, 18 respondents had the physical structure condition of the well
digging that met the requirements, there were 3 (16.7%) respondents' wells where E. coli was found and 15 (83.3%)
respondents' wells where E. coli was not found.

Based on statistical test results Chi Square value obtained p-value = 0.009, with a = 0.05, then p-value < a which
means HO rejected and Ha accepted. This shows that there is a relationship between the physical structure condition of
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dug wells and the presence of E. coli. From the results of the relationship closeness test, values are obtained phi = 0.404,
which means that there is a moderate relationship between the physical condition of the dug well and the presence of E.
coli.

Table 7. Analysis of the Relationship between the Physical Structure Condition of Dug Wells and
the Presence of E. Coli

Physical .P‘resence E. coli : Total Chi Square
Structure Positive Negative Analysis
Condition n % n % n %

DNMC 20 58.8 14 41.2 34 100 p-value = 0.009
MC 3 16.7 15 83.3 18 100 a=0.05
Total 23 44.2 29 55.8 52 100 phi = 0.404

DNMC: Does Not Meet The criteria, MC: Meet The Criteria

DISCUSSION

Based on Table 1, the observation results indicate a significant difference between the number of wells that meet
the criteria and those that do not, based on distance to the septic tank and the physical condition of the wells. Overall, 28
wells (84%) have a distance that meets the criteria from the septic tank, while the total number of wells with a compliant
distance to the septic tank is 28, representing 84%. From the observation of the physical condition of the wells, 36.4% of
the wells meet the criteria, while 63.46% do not.

Research by Wijayanti et al. shows that a distance of less than 10 meters between wells and septic tanks can
increase the risk of well water contamination by pathogenic bacteria, including E. coli, which can cause diarrheal diseases
(Sidik et al., 2020). This aligns with the findings of this study, where non-compliant wells are likely to be exposed to
contamination from nearby septic tanks. Furthermore, Kamari emphasizes that the infiltration of waste from poorly
managed septic tanks can contaminate groundwater, posing health risks to the community (Alvarez-Holguin et al,,
2022)(Kamari et al., 2023). Research by Nkem et al. reinforces that proximity to poorly managed septic tanks can elevate
the risk of bacterial contamination, including E. coli (Nkem et al., 2021). This is consistent with the finding that non-
compliant wells have a higher likelihood of fecal contamination exposure.

Additionally, Emeka et al. highlight that shallow groundwater depth and close proximity between septic tanks
and dug wells increase the likelihood of groundwater contamination by pathogenic bacteria (Emeka et al., 2021).
Therefore, the physical conditions of non-compliant dug wells, such as shallow depth and poor design, may contribute to
a high risk of E. coli contamination. The MPN (Most Probable Number) test in water analysis is a standard microbiological
method for detecting and estimating the number of pathogenic microorganisms, particularly coliform bacteria, in water
samples. Coliforms are often used as biological indicators of water quality because their presence signifies potential fecal
contamination, which can be a source of harmful pathogenic microbes, such as Escherichia coli, Salmonella, and various
other pathogens.

The MPN test is also employed to assess potential health risks to humans. Water contaminated with coliforms can
harbor pathogens that pose health risks, leading to diseases such as diarrhea, gastrointestinal infections, and cholera. The
MPN test aids in implementing preventive measures or additional treatments to ensure water safety, particularly for
drinking water. MPN utilizes a probabilistic method to estimate the number of bacteria by culturing them in a series of
dilutions on selective media (in this case, Lactose Broth or LB). In the context of the 5-1-1 method used in this examination,
water samples are tested at three dilution levels: 5 x 10 ml, where five tubes are used to hold 10 ml of water from the
original sample; 1 x 1 ml, where one tube is used to hold 1 ml of water from the diluted sample; and 1 x 0.1 ml, where one
tube is used to hold 0.1 ml of water from a further dilution. Research by (Kamari et al., 2023; Shayo et al., 2023) indicates
that the presence of total coliforms measured through the MPN index can be directly associated with an increase in the
incidence of gastrointestinal diseases in the community.

The statistical analysis of the relationship between the distance of dug wells to septic tanks and the MPN index
indicates that, although there is a tendency for wells closer to septic tanks to have a higher risk of contamination, the
statistical analysis does not support a significant relationship. This aligns with the research by (Nkem et al., 2021), which
states that while the distance between wells and septic tanks can affect water quality, other factors such as the physical
condition of the wells, waste management, and sanitation practices also play a crucial role in determining the
microbiological quality of water. Additionally, research by (Keleb et al., 2022) demonstrates that, although distance may
be a risk factor, water quality is influenced not only by physical distance but also by other environmental factors, such as
soil type, well depth, and sanitation management in the surrounding area.
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In the analysis of the relationship between the physical condition of the wells and the MPN values, it is evident
that non-compliant physical conditions of dug wells are directly associated with higher MPN values. Previous research by
(Keleb et al., 2022) indicates that poorly constructed wells that are not protected from contamination pose a higher risk
of being contaminated by pathogenic bacteria, including coliforms and E. coli. Although the analysis shows a significant
relationship, the phi value of 0.340 suggests that this relationship is relatively weak. This means that, while there is a
connection between the physical condition of the wells and the MPN values, other factors may also contribute to water
quality. Research by (Nkem et al., 2021) emphasizes that, in addition to the physical condition of the wells, factors such as
sanitation management, proximity to pollution sources, and community hygiene practices are also important in
determining the microbiological quality of water.

The results of the statistical test examining the relationship between the distance of wells to septic tanks and the
presence of E. coli bacteria indicate that wells located near septic tanks (TMS) have a higher likelihood of contamination
by E. coli. Previous research by (Keleb et al., 2022) demonstrates that the proximity of wells to pollution sources, such as
septic tanks, can increase the risk of microbiological contamination, including E. coli. This aligns with findings that 58.3%
of wells not meeting the distance criteria were detected to contain E. coli, whereas only 12.5% of wells that met the
distance criteria were contaminated. A phi value of 0.426 indicates a moderate relationship between the distance of dug
wells to septic tanks and the presence of E. coli. This suggests that as the distance between wells and septic tanks
decreases, the likelihood of contamination by E. coli increases. Research by (Nkem et al., 2021) also supports this finding,
stating that inadequate distance between wells and septic tanks can lead to waste infiltration into water sources, thereby
increasing health risks for communities relying on well water.

The results of the statistical test examining the relationship between the physical structural condition of dug wells
and the presence of E. coli bacteria show that wells with non-compliant physical conditions are more likely to be
contaminated by E. coli. Previous research by Keleb et al., (2022) indicates that poor physical structural conditions of
wells, such as shallow depth, inadequate design, and lack of protection from contamination, can lead to an increased risk
of microbiological contamination, including E. coli. From the obtained data, 58.8% of non-compliant wells were detected
to contain E. coli, whereas only 16.7% of compliant wells were contaminated. This indicates that good physical conditions
of wells contribute to a reduction in the risk of microbiological contamination. A phi value of 0.404 suggests a moderate
relationship between the physical condition of dug wells and the presence of E. coli. This indicates that while there is a
significant relationship, other factors may also influence the presence of E. coli in well water, such as sanitation
management, proximity to pollution sources, and community hygiene practices.

Conclusion

The study highlights a critical public health risk in the Morosi industrial area, with 52 of well water samples failing
microbiological quality standards and 44.2% testing positive for E. coli. The proximity of wells to septic tanks and poor
physical conditions of the dug wells significantly contribute to this contamination. These findings underscore the urgent
need for improved sanitation practices and water management strategies to protect community health.

Declaration of conflicting interest
The authors declared no competing interest

Funding
This research received funding from Poltekkes Kemenkes Kendari

Author contributions
Conceptualization and formal analysis: RY; data curation: SP & SD; Funding acquisition and investigation: RA; Methodology and
Supervision: DT; Software andwriting draft: MI; Validation andrevising: all authors.

Author’s Biographies

Reni Yunus is a Lecturer at Poltekkes Kemenkes Kendari, Department of Medical Technology Laboratory and a member of Assosiation
Institution Medical Technology Laboratory Indonesia.

Supiati a Lecturer at Poltekkes Kemenkes Kendari, Department of Medical Technology Laboratory.

Satya Darmayani is a Lecturer at Poltekkes Kemenkes Kendari, Department of Medical Technology Laboratory.

Rafika is a Lecturer at Poltekkes Kemenkes Makassar, Department of Medical Technology Laboratory.

Mubh. Thwan is Instructur laboratory of Poltekkes Kemenkes Kendari at Medical Technology Laboratory Department.

Desty Triyaswati is a Lecturer at Poltekkes Kemenkes Kendari at Medical Technology Laboratory Department.

References
Alvarez-Holguin, A., Sosa-Perez, G., Ponce-Garcia, O. C., Lara-Macias, C. R, Villarreal-Guerrero, F., Monzon-Burgos, C. G., & Ochoa-
Rivero, ]. M. (2022). The Impact of Treated Wastewater Irrigation on the Metabolism of Barley Grown in Arid and Semi-Arid

Volume 11, Issue 3, July - September 2025
161



Regions. International Journal of Environmental Research and Public Health, 19(4).
https://doi.org/10.3390/ijerph19042345

Babuji, P., Thirumalaisamy, S., Duraisamy, K., & Periyasamy, G. (2023). Human Health Risks due to Exposure to Water Pollution: A
Review. Water (Switzerland), 15(14), 1-15. https://doi.org/10.3390/w15142532

Ditia, S. (2024). The effect of industrial waste on air pollution and water pollution causes climate change. Journal of Waste and
Sustainable Consumption, 1(1), 18-26. https://doi.org/10.61511/jwsc.v1i1.2024.668

Emeka, C., Nweke, B., Thunwo, C. K, & Nta, S. (2021). Assessment of Groundwater Quality in Close Proximity to Septic Tanks and
Potential Impact on Health. European Journal of Environment and Earth Sciences, 2(1), 8-10.
https://doi.org/10.24018/ejge0.2021.2.1.104

Emmanuel-akerele, H. A., & Peter, F. I. (2020). Microbial and Physico-Chemical Assessment of Soil and Water Around Waste Dump
Sites in Lagos. International Journal of Applied Biology, 5(1), 73-82.

Gandri, L., Syaf, H., Abadi, M., Hasani, U. 0., Arif, L. 0. K,, & Albasri. (2023). Analisis Daya Dukung Tata Air untuk Monitoring Kinerja
Pengelolaan DAS Poleang, Sulawesi Tenggara. Al-Ard: Jurnal Teknik Lingkungan, 8(2), 91-100.
https://doi.org/10.29080/alard.v8i2.1731

Gnimadj, C. ]. I, Gawou, K., Aboah, M., Owiredu, E. O., & Adusei-Gyamfi, ]. (2024). Assessing the Influence of Hand-Dug Well Features
and Management on Water Quality. Environmental Health Insights, 18(1). https://doi.org/10.1177/11786302241249844

Gwimbi, P., George, M., & Ramphalile, M. (2019). Bacterial contamination of drinking water sources in rural villages of Mohale Basin,
Lesotho: Exposures through neighbourhood sanitation and hygiene practices. Environmental Health and Preventive
Medicine, 24(1), 1-7. https://doi.org/10.1186/s12199-019-0790-z

Hussain, A., Bukhari, S., Andleeb, S., Rehman, K. U., Magsood, L., Javid, A., Hussain, A., Ali, W., Khalid, N., Igbal, M. ], & Yasin, H. (2020).
Heavy Metal Levels in Vegetables and Soil Cultivated with Industrial Wastewater from Different Sites of Chunian and Jamber,
District, Kasur. Journal of Applied Sciences and Environmental Management, 24(2), 271-277.
https://doi.org/10.4314 /jasem.v24i2.13

Irvan, Rajagukguk, Y., Wahyuningsih, H., & Nabilah, Y. (2021). The effect of industrial waste on the water quality of Padang River in the
industrial area of Tebing Tinggi. IOP Conference Series: Materials Science and Engineering, 1122(1), 012072.
https://doi.org/10.1088/1757-899x/1122/1/012072

Izzati, T., Munita, A. A, Kusuma, R. I,, & Pradana, A. H. (2019). Analisa Kualitas Air Tanah Wilayah Perindustrian Kab. Bekasi Dan
Pemukiman Penduduk Kota Bekasi, Jawa Barat, Indonesia. Jurnal Teknokris, 4(2), 81-85.
https://doi.org/10.35814 /infrastruktur.v4i2.693

Jannah, Q. N., & Putri, G. L. (2021). Escherichia coli contamination of groundwater in Metro City, Lampung. E3S Web of Conferences,
277. https://doi.org/10.1051/e3sconf/202127704001

Kamari, S., El Ouarghi, H., Ghalit, M., Makan, A., & Bourjila, A. (2023). Risk of Groundwater Contamination by Domestic Wastewater in
Rural Areas of the Province of Al Hoceima, Northern Morocco. Ecological Engineering and Environmental Technology, 24(9),
104-120. https://doi.org/10.12912/27197050/172412

Keleb, A.,, Ademas, A, Sisay, T., Lingerew, M., & Adane, M. (2022). Bacteriological Quality of Bottled Drinking Water and Municipal Tap
Water in Northeastern Ethiopia. Frontiers in Environmental Science, 10(March), 1-9.
https://doi.org/10.3389/fenvs.2022.828335

Kitole, F. A, Ojo, T. O., Emenike, C. U., Khumalo, N. Z,, Elhindi, K. M., & Kassem, H. S. (2024). The Impact of Poor Waste Management on
Public Health Initiatives in Shanty Towns in Tanzania. Sustainability, 16, 1-26.
https://doi.org/https://doi.org/10.3390/su162410873

LE., A, & M.A, Y. (2023). Effects of Poor Solid Waste Management on Groundwater: A acse study of Damaturu, Northeast Nigeria.
FUDMA Journal Of Science (F]S), 7(3), 77-86. https://doi.org/https://doi.org/10.33003 /fjs-2023-0703-1852 8 EFFECTS

Mahdi Haroun. (2021). Assessment of significant metals in effluents, soil, and pond water of tanneries south of capital of Sudan state.
World Journal of Advanced Research and Reviews, 12(2), 284-290. https://doi.org/10.30574/wjarr.2021.12.2.0595

Mudatsir. (2007). Milvobiologi Fakultas Temperatur air hidup mikroba dan yangmempengaruhi kehidupan mikroba ketiga. Jurnal
Kedokteran Kuala, 7(1), 23-29.

Nduku, M. A, N, A. D,, & ], N. (2022). Bacteriological quality of drinking water for Masinga-Kitui water supply system, Kenya.
International Journal Of Community Medicine And Public Health, 10(1), 126. https://doi.org/10.18203/2394-
6040.ijcmph20223536

Nkem, K. 0., Eze, C. L., & Ini, I. U. (2021). Investigation of Groundwater Contamination from Septic Tank Siting in Umungasi/Abayi,
Abia State. Asian Journal of Biotechnology and Bioresource Technology, 6(4), 41-48.
https://doi.org/10.9734/ajb2t/2020/v6i430088

Nur, I, A. Rizki Amelia, & Sumiaty. (2021). Hubungan Konstruksi Sumur dengan Kualitas Air Sumur Gali Di Kelurahan Bitowa Kota
Makassar. Window of Public Health Journal, 2(5), 1239-1250. https://doi.org/10.33096 /woph.v2i3.341

Nurhajawarsi, N., & Haryanti, T. (2023). Analisis Kualitas Air Sumur Sekitar Kawasan Industri Bantaeng (Kiba). Sebatik, 27(1), 43-51.
https://doi.org/10.46984 /sebatik.v27i1.2258

Prasetyo, C. purnomo. (2022). Pengaruh Air Limbah Domestik pada Kualitas Air Tanah di Kelurahan Bandar Kidul Kota Kediri. Jurnal
Tecnoscienza, 7(1), 115-133. https://doi.org/10.51158/tecnoscienza.v7i1.803

Shayo, G. M., Elimbinzi, E., Shao, G. N., & Fabian, C. (2023). Severity of waterborne diseases in developing countries and the
effectiveness of ceramic filters for improving water quality. Bulletin of the National Research Centre, 47(1).
https://doi.org/10.1186/s42269-023-01088-9

Sidik, M., Wijayanti, S. P. M., & Igbal, A. (2020). the Determinants of Diarrhea Disease Incidence in Densely Populated Area of West
Nusa Tenggara, Indonesia. Jurnal Kesehatan Lingkungan, 12(2), 107-114. https://doi.org/10.20473/jkl.v12i2.2020.107-114

Volume 11, Issue 3, July - September 2025
162



Sruthi, C., Sethulekshmi, C., Latha, C,, Jolly, D., & Jose, P. (2022). Drinking quality assessment of well water with respect to Escherichia
coli contamination from different sources#. Journal of Veterinary and Animal Sciences, 53(1).
https://doi.org/10.51966/jvas.2022.53.1.49-54

Tasnim, T., & Sunarsih. (2023). Analysis of impaired kidney function in the community around the Morosi nickel mines. Journal of
Public Health in Africa, 14(9). https://doi.org/10.4081/jphia.2023.2700

Tulchinsky, T. H. (2018). John Snow, Cholera, the Broad Street Pump; Waterborne Diseases Then and Now. Case Studies in Public
Health, 77-99. https://doi.org/10.1016 /b978-0-12-804571-8.00017-2

Volume 11, Issue 3, July - September 2025
163



