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Abstract: Microbial contamination, particularly by Escherichia coli (E. coli), poses a 
major public health risk in Nepal's Terai region, yet localized data remain scare. This study 
evaluated E. coli contamination in shallow tube wells across urban, semi-urban, and rural 
areas of Bedkot Municipality during the pre-monsoon season, and assessed associated 
health risks according to the WHO guidelines. A cross-sectional design was employed in 
2024, collecting 23 water samples from 40-foot-deep tube wells through a stratified 
random sampling: urban (n=10), semi-urban (n=6), and rural (n=7). For comparison, seven 
samples of chlorinated municipal water were analyzed prior to distribution. E. 
coli enumeration followed standard membrane filtration protocols. Results revealed a 
pronounced spatial gradient of contamination. Rural wells exhibited the highest mean E. 
coli concentration (13.8 ± 17.7 CFU/100 mL), with 57% of samples exceeding the WHO 
guideline (0 CFU/100 mL); 43% were classified as high risk and 14% as intermediate risk. 
Semi-urban wells showed a lower mean concentration (1.33 ± 1.5 CFU/100 mL), yet 
66.7% exceeded guidelines, placing 33.3% at intermediate risk. Urban wells demonstrated 
minimal contamination (0.1 ± 0.3 CFU/100 mL), with only 10% non-compliance and at 
intermediate risk. All treated municipal water samples were free of E. coli, confirming the 
efficacy of centralized chlorination. These findings highlight heightened vulnerabilities in 
rural and semi-urban settings, likely linked to inadequate sanitation and land-use practices. 
Achieving SDG 6.1 in this region requires context-specific interventions, including 
sanitation improvements, wellhead protection, and expanded access to treated water. 

 

1. Introduction 
 Access to safe drinking water is a fundamental human right and a cornerstone of public health, yet 
billions worldwide remain deprived of this essential service. The United Nations Sustainable 
Development Goal (SDG) 6 aims to ensure the availability and sustainable management of water and 
sanitation for all, with Target 6.1 specifically calling for universal and equitable access to safe and 
affordable drinking water by 2030 (Saidi et al., 2022), (United Nations, 2015), (WHO, 2023). Despite 
progress, this target remains particularly challenging in low- and middle-income countries (LMICs), 
where microbial contamination of groundwater is persistent and widespread (Bain et al., 2014), (Uprety 
et al., 2020). 
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 Microbial contamination, primarily through fecal matter, is a leading cause of global waterborne 
diseases, accounting for an estimated 1.7 billion diarrheal cases and nearly half a million deaths 
annually (WHO, 2023). Escherichia coli (E. coli), a commensal bacterium in the intestines of humans 
and warm-blooded animals, is a central indicator of fecal pollution due to its strong correlation with 
pathogenic organisms responsible for diarrheal diseases, cholera, and dysentery. Consequently, it plays 
a critical role in public health risk assessment and water quality monitoring (Haddou et al., 2024), 
(Naily et al., 2022), (Odonkor and Mahami, 2020), (Uprety et al., 2020).  
 Nepal reflects these LMICs challenges. Although more than 90% of the population has access to 
basic water supply services, only about one-quarter benefit from safely managed sources, highlighting 
a critical gap between service coverage and water quality (National Planning Commission, 2020). This 
disparity is most acute in the Terai (Plain) region—Nepal’s densely populated southern plains and 
agricultural hub. Here, groundwater from shallow tube wells is the predominant drinking source, but 
the alluvial aquifers are highly susceptible to microbial contamination due to shallow well construction, 
high population density, intensive agriculture, inadequate sanitation, and permeable soils (NSO, 2021), 
(Uprety et al., 2020), (Smith, 2001). Diarrheal diseases, strongly linked to microbial exposure, remain 
a leading cause of child morbidity and mortality in the Terai (Dhimal et al., 2022), representing a more 
immediate and widespread risk than chemical contaminants like arsenic (Mahato et al., 2018). 
 Bedkot Municipality in Kanchanpur District, situated between the northern edge of the Terai plains 
and Siwalik hills, typifies the pressures facing rapidly urbanizing areas in the Terai. It encompasses 
urban, semi-urban, and rural communities, each exerting distinct stressors on groundwater resources 
(ENPHO, 2022). Approximately 68.6% of households rely on tube wells for drinking water (NSO, 
2021), previous study has reported E. coli contamination in local sources (Uprety et al., 2020). 
Sanitation infrastructure is underdeveloped: rural households depend largely on traditional pit latrines, 
while urban and semi-urban households use a mix of pit latrines and septic tanks. Poorly constructed 
and maintained facilities, often located near water abstraction points, significantly heighten E. coli 
contamination risks (ENPHO, 2022). These risks are further exacerbated by seasonal dynamics, where 
declining groundwater tables during the pre-monsoon season concentrate pollutants, and heavy 
monsoon rains mobilize contaminants into aquifers (Bain et al., 2014), (Nayebare et al., 2022), 
(Odonkor and Mahami, 2020).  
 Despite this heavy reliance on shallow groundwater, systematic assessments of E. coli 
contamination across settlement types in Bedkot Municipality are limited. A recent study focused on 
physicochemical water quality (Hamal et al., 2025), but comprehensive data on E. coli contamination 
and the associated health risk during the critical pre-monsoon period are lacking. 
 This study addresses this gap by systematically evaluating E. coli contamination in shallow tube 
wells across urban, semi-urban, and rural areas of Bedkot Municipality during the pre-monsoon season 
and assessing the associated health risk based on WHO (1997) thresholds. The findings provide 
evidence-based insights to guide local water safety interventions and support Nepal’s progress toward 
achieving SDG 6.1.  
 
2. Materials and Methods 
2.1 Description of Study Area   
 The study was conducted in Bedkot Municipality, Kanchanpur, Nepal, which spans latitudes 
28°32' N to 29°08' S and longitudes 80°03' E to 80°33' W (Figure 1). The municipality covers an area 
of 159.42 km² (Dahal and Timalsina, 2020) and features a tropical savanna climate (Köppen–Geiger 
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classification) with an average annual temperature above 26 °C and annual rainfall between 1,800 and 
2,000 mm. Elevation ranges from 192 to 1,401 meters above sea level (ENPHO, 2022).  
 Administratively, Bedkot comprises ten wards. The 2021 national census reported a population 
of 57,680 distributed across 12,595 households, with a population density exceeding 350 people per 
km² (NSO, 2021). Forest is the dominant land use (53.95%), followed by agricultural land (32.68%), 
riverine areas (5.23%), and built-up land (4.98%). The municipality's fragile geological formations 
contribute to heavy sediment loads during the monsoon, transported by a network of rivers and streams 
(Dahal and Timalsina, 2020). Groundwater is the primary drinking water source, accessed mainly 
through tube wells (hand pumps) at common depths of 20, 40, and 60 feet (ENPHO, 2022). Nearly all 
households (98.9%) depend on tube wells or piped water, while a small fraction rely on wells (0.5%), 
spouts (0.2%), bottled water (0.2%), and rivers/streams (0.2%) (NSO, 2021).  

 

 
Figure 1. Location map indicating (a) the Map of Nepal (b) Bedkot Municipality (study area), and 

(c) sampling sites within the study area. 

2.2 Study Design and Sampling Strategy   
A cross-sectional study was employed during the pre-monsoon season (April–May) of 2024 to 

assess E. coli contamination in drinking water. The study focused on privately owned, functional 
shallow tube wells of uniform depth (40 feet), which are widely used (with over 50% of households 
depending) and are highly vulnerable to contamination in the study area (ENPHO, 2022). A stratified 
random sampling strategy was employed to ensure representative coverage across urban, semi-urban, 
and rural settings. This was followed by purposive selection within each stratum to reflect local 
conditions, resulting in an unequal sample distribution. 

A total of 23 tube well samples were collected: 10 from urban areas (U1-U10), 6 from semi-urban 
areas (S1-S6), and 7 from rural areas (R1-R7. A larger urban sample size (n=10) was chosen to account 
for higher population density and greater heterogeneity potential contamination sources (e.g., sewer 
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leaks, septic tanks, waste disposal sites). The rural sample (n=7) was smaller, reflecting more uniform 
contamination drivers, such as agricultural runoff, livestock waste, and pit latrines (Ghosh et al., 2023), 
(Smith, 2001).  The semi-urban sample (n=6) represented areas with mixed contamination patterns. 

Additionally, seven samples (M1–M7) were collected from randomly selected the municipal water 
supply system points, specifically after chlorination but before distribution to consumers. As 30.3% of 
households use municipal water as a secondary source (NSO, 2021), these samples (collected post-
chlorination and pre-distribution) served as a benchmark for “safe” water distribution in the pipes 
network and provided an indicator to assess the efficacy of the centralized treatment process (WHO, 
2011). 
 Consent was obtained prior to all sampling. Collections were conducted between 7:00 and 9:00 
AM to minimize diurnal variability. Following APHA (2012) protocols, water samples was collected 
in sterile 125 mL bottles containing sodium thiosulfate to neutralize any residual chlorine. Wells and 
taps were flushed for five minutes, and sampling bottles were rinsed three times with source water 
before collection. Samples were immediately stored in a dark cooler with ice packs (~ 4 °C) and 
transported to the laboratory for analysis within six hours. This approach is consistent with methods 
used in similar groundwater quality studies in resource-limited settings (Ghosh et al., 2023), (Uprety 
et al., 2020). 
  
2.3 Laboratory Analysis  
 E. coli was enumerated using the membrane filtration technique (APHA, 2012). A 100 mL aliquot 
of each water sample was filtered through a 0.45 µm pore-size filter mounted on a funnel placed over 
a Buchner flask under vacuum pressure. The water samples were shaken before filtration. After 
filtering, the filter paper was carefully transferred to a sterile absorbent pad inside a sterile Petri dish 
using sterile forceps. The Petri dish was incubated in an inverted position at 37°C for 24 h. After 
incubation, the filter paper was examined under a microscope, and the number of colonies was counted, 
with the results expressed as colony-forming units (CFUs) per 100 mL of water. For quality control, 
duplicate analysis was performed for 15% of the samples. The culture medium was routinely checked 
using positive and negative control, and weekly verification of colony was conducted as described by 
Uprety et al. (2020).  
 
2.4 Data Analysis and Health Risk Categorization  
 Data were processed in Microsoft Excel 2019. Descriptive statistics (mean, standard deviation 
(SD), and range) were calculated for E. coli concentrations in each stratum. To evaluate health risks, E. 
coli concentrations were classified according to WHO (1997) thresholds: low risk (<1 CFU/100 
mL), intermediate risk (1–10 CFU/100 mL), high risk (11–100 CFU/100 mL), and very high 
risk (>100 CFU/100 mL).  

3. Results  
 Analysis of shallow tube well samples in Bedkot Municipality revealed widespread fecal 
contamination, with many sources failing to meet the WHO (1997) guideline zero detectable E. coli (0 
CFU/100 mL). Non-compliance rates varied substantially across geographical settings. Semi-urban 
wells exhibited the highest rate of contamination, with 66.7% (4/6) exceeding permissible limits, 
followed by rural wells at 57.1% (4/7). In contrast, urban wells showed markedly better microbial 
quality, with only 10% (1/10) non-compliant. 
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 All seven treated municipal water samples (100%) were fully compliant and free of E. coli (0 
CFU/100 mL), confirming the effectiveness of centralized chlorination (Figure 2).  
  

Figure 2. E. coli counts (in CFU/100 mL) in shallow tube wells of different settings and treated 
municipal water 

A distinct spatial gradient in fecal contamination was observed. Rural wells recorded the highest mean 
E. coli concentration (13.8 ± 17.7 CFU/100 mL, range: 0–45), with high variability indicating a mix of 
safe and heavily contaminated sources. Semi-urban wells showed lower but still concerning levels 
(1.33 ± 1.5 CFU/100 mL, range: 0–4). Urban wells demonstrated minimal contamination (0.1 ± 0.3 
CFU/100 mL, range: 0–1). All treated municipal water samples consistently recorded 0 CFU/100 mL 
(Table 1 and Figure 2).  
 Risk classification according to WHO (1997) categories highlighted distinct exposure profiles. No 
samples exceeded the "very high risk" threshold (>100 CFU/100 mL). Rural communities faced the 
greatest risks: only 42.9% (3/7) of wells were "low risk," 14.3% (1/7) were "intermediate risk," and 
42.9% (3/7) were "high risk." Semi-urban wells were comparatively safer, with 66.7% (4/6) "low risk" 
and 33.3% (2/6) "intermediate risk." Urban wells posed the least concern, with 90% (9/10) "low risk" 
and one well (10%, 1/10) in the "intermediate risk" category. All municipal water samples were 
classified as "low risk" (Figure 3).  

Table 1.  Descriptive analysis of E. coli counts (in CFU/100 mL) in shallow tube wells from different 
settings and treated municipal water. 

Settings/ Sample Codes Mean ± SD 
(E. coli CFU/100 
mL) 

Min 
(E. coli 
CFU/100 mL) 

Max 
(E. coli 
CFU/100 mL) 

Rural (n =7; R1 – R7) 13.8 ± 17.7 0 45 
Semi-urban (n= 6; S1 – S6) 1.33 ± 1.5 0 4 

Urban (n = 10; U1 – U10) 0.1 ± 0.3 0 1 
Treated municipal water  
 (n = 7; M1 – M7) 

0 ± 0 0 0 

Abbreviations: Min (Minimum); Max (Maximum); SD (Standard Deviation)  
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Figure 3. Health risk (in %) of E. coli contaminated in shallow tube wells from different settings and 
treated municipal water. 

4. Discussion 
 This study reveals a pronounced prevalence and intensity of E. coli contamination in shallow tube 
wells, particularly in rural and semi-urban areas of Bedkot Municipality.  In rural settings, over half 
(57.1%) of the wells were non-compliant with WHO guidelines, and 42.9% were classified as "high 
risk," with contamination levels reaching 45 CFU/100 mL. This presents a serious health threat, 
especially to vulnerable groups (Rai et al., 2019). These findings align with studies from India, where 
rural groundwater contamination is linked to inadequate sanitation and agriculture (Megha et al., 2015), 
and from across South Asia and Africa (Gautam et al., 2025), (Ghosh et al., 2023), (Sekgobela et al., 
2023). In Bedkot, probable contamination sources include poorly constructed pit latrines, insufficient 
separation between wells and sanitation facilities, and unsafe fecal sludge disposal (ENPHO, 2022). 
 Notably, semi-urban areas exhibited the highest rate of non-compliance (66.7%), exceeding rural 
levels. This likely reflects the rapid, unregulated expansion characteristic of peri-urban zones, where 
infrastructure and regulatory systems fail to keep pace with population growth (Dahal and Timalsina, 
2020), creating a convergence of rural pressures (agricultural waste) and urban challenges (poorly 
managed septic tanks, inadequate sanitation in informal settlements) (Gautam et al., 2025).  
 These risks are exacerbated by local hydrogeology. Sandy loam soils and shallow water tables in 
the Terai enable rapid microbial transport from surface sources, a vulnerability well-documented 
globally (Nayebare et al., 2022), (Smith, 2001). Deficiencies in well construction—such as inadequate 
casing, cracked linings, and absent protective aprons—further heighten susceptibility to contamination 
(Luoto et al., 2011), (Sekgobela et al., 2023). In contrast, urban tube wells displayed markedly better 
water quality (90% low risk). This improvement likely reflects higher coverage of improved sanitation, 
denser paved surfaces that reduce infiltration, and better overall waste management. However, the one 
contaminated urban sample (U7) highlights the potential for "hotspots" due to infrastructure failures 
like sewage leakages (Gautam et al., 2025), (Pant, 2011), underscoring that permeable soils mean even 
urban areas remain vulnerable (ENPHO, 2022). 
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 Beyond infrastructure, climate and land-use are critical factors. Evidence shows rainfall can 
increase the likelihood of high E. coli contamination (Wu et al., 2016). Similar seasonal influences are 
expected in Bedkot, where monsoon rains may amplify microbial transport, particularly under 
conditions of inadequate sanitation (Bain et al., 2014), (Santos et al., 2023). 
 A key positive finding was the complete absence of E. coli in all treated municipal water samples, 
highlighting the proven effectiveness of centralized chlorination in eliminating fecal pathogens and 
achieving compliance with WHO (2011) guidelines. This offers a scalable model for expansion to 
underserved populations. 
 The identified contamination gradient (Rural > Semi-Urban > Urban) mirrors Bedkot's 
developmental trajectory and underscores the necessity of tailored interventions. While rural areas 
require urgent sanitation upgrades, peri-urban zones demand integrated planning to address 
overlapping risks, and urban areas must maintain infrastructure resilience to prevent localized failures. 
 Comparisons with regional and international studies reinforce these findings. In Nepal’s Terai 
region, thermotolerant coliforms and E. coli contamination have been widely reported in shallow wells 
(Gurung et al., 2015), (Mahato et al., 2018). Globally, rural sources are consistently more contaminated 
than urban ones (Santos et al., 2023), though exceptions exist. For instance, peri-urban sources in 
Bangladesh and South Africa showed higher contamination than rural wells (Sekgobela et al., 2023), 
(Wu et al., 2016), while studies in Indonesia and India reported elevated contamination in urban 
settings (Gautam et al., 2025), (Naily et al., 2022). Compared to these contexts, Bedkot’s 
contamination levels were relatively lower but still unsafe for consumption without treatment. The 
health implications are substantial, as consumption of this water poses a major risk for waterborne 
diseases, which remain a leading cause of morbidity and mortality in Nepal (Dhimal et al., 2022), (Rai 
et al., 2019). Children under five, the elderly, and immunocompromised individuals are particularly 
vulnerable to severe outcomes including diarrhea, cholera, typhoid, hepatitis, and malnutrition-related 
complications (Ghosh et al., 2023), (WHO, 2023). This interplay of microbial contamination with 
poverty and limited healthcare access leads to significant socioeconomic costs (Dietler et al., 2021), 
(Sarker et al., 2021), reinforcing that microbial contamination poses the most immediate public health 
risk in the region, even as chemical risks persist (Hamal et al., 2025). 
 
Implications for Policy and Practice  
 The findings lead to the following evidence-based recommendations for Bedkot Municipality: 

• Promote household water treatment and safe storage practices, particularly in rural and 
semi-urban communities (Luoto et al., 2011).  

• Establish routine, risk-based water quality testing of community and private wells, with 
public disclosure of results to inform user choices. 

• Develop a municipal Water Safety Plan (WSP) focusing on wellhead protection, strict 
enforcement of safe distances between latrines and wells, and proactive sanitation upgrades 
(Diener et al., 2016). 

• Prioritize the expansion of the treated piped water network to underserved rural and semi-
urban areas, building on the proven efficacy of chlorination.  

• Promote the construction of sealed latrines, improved septic systems, and better 
management of agricultural waste to reduce contamination at the source (ENPHO, 2022), 
(National Planning Commission, 2020). 
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Conclusion  
This study provides compelling evidence that a significant proportion of the population in 

Bedkot Municipality is exposed to fecal contamination through shallow tube well water. A clear spatial 
gradient of risk exists, with rural areas facing the greatest threat, followed by semi-urban zones, while 
urban areas show comparatively better—though not infallible—groundwater quality. The likely drivers 
of this contamination are multifaceted, stemming from inadequate sanitation and agricultural practices 
in rural areas, the transitional vulnerabilities of semi-urban expansion, and localized infrastructure 
failures in urban settings. 

In stark contrast, the consistent absence of E. coli in treated municipal water confirms the 
critical role of centralized disinfection as an effective barrier. This underscores the expansion of this 
managed service as a primary solution. Overall, the findings highlight an urgent public health challenge 
that demands setting-specific interventions. Expanding access to safe municipal water, upgrading 
sanitation infrastructure, implementing comprehensive Water Safety Plans, and raising community 
awareness represent indispensable steps toward safeguarding drinking water and advancing tangible 
progress toward achieving SDG 6.1 in Bedkot and similar settings across the Terai. 

Limitations  
Key limitations include the cross-sectional design, which captures contamination only during 

the pre-monsoon season and may not reflect seasonal dynamics (Smith, 2001). Furthermore, the 
relatively small sample size means the findings are indicative for the study area but may not be 
generalizable to the entire Terai region.   

Authors’ Contributions: S.H.: Conceptualization, supervision, methodology, formal data analysis, 
interpretation, writing, revisions, finalization, correspondence; B.P. and R.B.: Sampling; B.A: 
Review. All authors read and approved the final manuscript. 

Acknowledgments: The authors sincerely thank the residents of Bedkot Municipality, Kanchanpur, 
Nepal, for their invaluable support and cooperation, and Mr. Mahesh Prasad Awasthi for creating the 
ArcGIS map. 

Funding: This study was financially supported by Manmohan Technical University, Nepal, for the 
fiscal year 2080/2081.  

Data Availability Statement: All datasets supporting the findings of this study are included in the 
manuscript.  

Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 
Compliance with Ethical Standards: This article does not contain any studies involving human or 
animal subjects. 

References 

American Public Health Association (APHA). (2012) Standard methods for the examination of water and
 wastewater (22nd ed.). 
Bain R., Cronk R., Wright J., Yang H., Slaymaker T., Bartram J. (2014) Fecal contamination of drinking water
 in low- and middle-income countries: A systematic review and meta analysis. PLOS Medicine, 11(5),
 e1001644. https://doi.org/10.1371/journal.pmed.1001644 



Hamal et al., J. Mater. Environ. Sci., 2025, 16(9), pp. 1731-1740 1739 
 

Dahal K., and Timalsina K. P. (2020) Dimensions of land use change and implications in spatial planning
 of emerging town Bedkot municipality, Kanchanpur district, Nepal. Geographical Journal of
 Nepal, 13, 185–200. https://doi.org/10.3126/gjn.v13i0.28158 
Dhimal M., Bhandari D., Karki K. B., Shrestha S. L., Khanal M., Shrestha R. R. P., ...  Groneberg, D.
 A.(2022) Effects of climatic factors on diarrheal diseases among children below 5 years of age at
 national and subnational levels in Nepal: An ecological study. International Journal of
 Environmental Research and Public Health, 19(10), 6138. https://doi.org/10.3390/ijerph19106138 
Diener A., Kenea M. A., Pratama I. Y., Bhatta M., Bhatta M., & Marks S. J. (2016) Safer Water for Remote
 Nepal—Novel Pathways Towards SDG 6.1. International Health, 19(8), 928-942.  
Dietler D., Farnham A., Loss G., Fink G., Winkler M. S. (2021) Impact of mining projects on water and
 sanitation infrastructures and associated child health outcomes: A multi-country analysis of
 Demographic and Health Surveys (DHS) in sub-Saharan Africa. Globalization and Health, 17(1),
 70. https://doi.org/10.1186/s12992-021-00723-2 
Environment and Public Health Organization (ENPHO). (2022) SFD Report Bedkot Municipality, Nepal,
 2022.   
Gautam B., Dar S. N., Sachan R. S. K. (2025) A study on Escherichia coli contamination in drinking water
 sources to combat waterborne diseases effectively in Bist Doab, Punjab, India. Journal of Water and
 Health, 23(2), 155-167. https://doi.org/10.2166/wh.2025.267  
Ghosh G. C., Chakraborty T. K., Shekder N., Tanin T. A., Habib A., Zaman S. (2023) Groundwater
 quality and human health risk assessment in urban and peri-urban regions of Jashore,
 Bangladesh. H2Open Journal, 6(4), 576–587. https://doi.org/10.2166/h2oj.2023.081 
Gurung S., Raut N., Shrestha S., Gurung J., Maharjan B., & Shrestha S. (2015). Assessment of groundwater quality in far western Kailali district, Nepal. Jacobs Journal of Hydrology, 1(1), 1-9.  
Haddou S., Elrherabi A., Loukili E.H., Abdnim R., Hbika A., Bouhrim M., Al Kamaly O., Saleh, A.
 Shahat, A.A., Bnouham M., et al. Chemical Analysis of the Antihyperglycemic, and
 PancreaticαAmylase, Lipase, and Intestinal α-Glucosidase Inhibitory Activities of Cannabis sativa L.
 Seed Extracts. Molecules, 2024, 29, 93. https://doi.org/10.3390/molecules29010093 
Hamal S., Bist R., Pant B., Adhikari B. (2025) Water quality index and human health risk assessment for
 heavy metals in groundwater of Bedkot Municipality, Kanchanpur, Nepal: A cross-sectional
 study. EQA-International Journal of Environmental Quality, 69, 73
 86. https://doi.org/10.6092/issn.2281-4485/21769 
Luoto J., Najnin N., Mahmud M., Albert J., Islam M. S., Luby S., ... Levine D. I. (2011) What point-of use
 water treatment products do consumers use? Evidence from a randomized controlled trial among
 the urban poor in Bangladesh. PLoS ONE, 6(10),e26132. https://doi.org/10.1371/journal.pone.0026132 
Mahato S., Mahato A., Karna P. K., & Balmiki N. (2018). Investigating aquifer contamination and
 groundwater quality in eastern Terai region of Nepal. BMC research notes, 11(1), 321.  
 https://doi.org/10.1186/s13104-018-3445-z  
Megha P. U., Kavya P., Murugan S., & Harikumar P. S. (2015). Sanitation mapping of groundwater
 contamination in a rural village of India. Journal of Environmental Protection, 6(01), 34.
 http://dx.doi.org/10.4236/jep.2015.61005  
Naily W., Sunardi S., Asdak C., Dida E. N., Hendarmawan H. (2023) Distribution of Escherichia coli and
 coliform in groundwater at Leuwigajah and Pasirkoja Areas, West Java, Indonesia. In IOP Conference
 Series: Earth and Environmental Science (Vol. 1201, No. 1, p. 012105). IOP Publishing.
 https://doi.org/10.1088/1755-1315/1201/1/012105  
National Planning Commission. (2020). National review of sustainable development goals. National Planning
 Commission: Kathmandu, Nepal.  
National Statistics Office (NSO). (2021) National population and housing census 2021 (Vol. 39, Issue
 1). https://censusnepal.cbs.gov.np/results 



Hamal et al., J. Mater. Environ. Sci., 2025, 16(9), pp. 1731-1740 1740 
 

Nayebare J. G., Owor M. M., Kulabako R., Taylor R. G. (2022) Faecal contamination pathways of shallow
 groundwater in low-income urban areas: Implications for water resource planning and
 management. Water Practice & Technology, 17(1), 285–296. https://doi.org/10.2166/wpt.2021.110 
Odonkor S. T., Mahami T. (2020) Escherichia coli as a tool for disease risk assessment of drinking water 

sources. International Journal of Microbiology, Article 2534130. 
https://doi.org/10.1155/2020/2534130 

Pant, B. R. (2011). Ground water quality in the Kathmandu valley of Nepal. Environmental monitoring and
 assessment, 178(1), 477-485. https://doi.org/10.1007/s10661-010-1706-y  
Rai K.R., Mukhiya R.K., Thapa S., Rai G., Sabina K., Thapa P.M., Shrestha P., Rai S.K. (2019) Diarrheal
 disease outbreak in gaidatar village of rautahat district, Nepal. BMC Res. Notes 12 (1), 124.
 https://doi.org/10.1186/s13104-019-4156-9  
Rai S. K., Ono K., Yanagida J. I., Kurokawa M., Rai C. K. (2009) Status of drinking water contamination
 in Mountain Region, Nepal. Nepal Med Coll J, 11(4), 281-3.  
Saidi N., Azzaoui K., Ramdani M., Mejdoubi E., Jaradat N., Jodeh S., Hammouti B., Sabbahi R.,
 Lamhamdi A. Design of Nanohydroxyapatite/Pectin Composite from Opuntia Ficus-Indica Cladodes
 for the Management of Microbial Infections. Polymers, 14 (2022) 14,4446.
 https://doi.org/10.3390/polym14204446 
Santos T. M., Wendt A., Coll C. V., Bohren M. A., Barros A. J. (2023) E. coli contamination of drinking
 water sources in rural and urban settings: an analysis of 38 national representative household surveys
 (2014-2021). Journal of Water and Health, 21(12), 1834 1846. https://doi.org/10.2166/wh.2023.174  
Sarker B., Keya K. N., Mahir F. I., Nahiun K. M., Shahida S., & Khan R. A. (2021) Surface and ground water
 pollution: causes and effects of urbanization and industrialization in South Asia. Scientific
 Review, 7(3), 32-41. https://doi.org/10.32861/sr.73.32.41 
Sekgobela J. M., Murei A., Khabo‐Mmekoa C. M., Momba M. N. B. (2023) Identification of fecal contamination
 sources of groundwater in rural areas of Vhembe District Municipality, Limpopo Province, South
 Africa. Water Environment Research, 95(12), e10965. https://doi.org/10.1002/wer.10965  
Smith M. K. (2001) Microbial contamination and removal from drinking water in the Terai region of
 Nepal (Master's thesis, Massachusetts Institute of Technology). MIT Libraries. 
United Nations. (2015) Transforming our world: The 2030 Agenda for Sustainable
 Development. https://sdgs.un.org/2030agenda 
Uprety S., Dangol B., Nakarmi P., Dhakal I., Sherchan S. P., Shisler J. L., ... Nguyen T. H. (2020)
 Assessment of microbial risks by characterization of Escherichia coli presence to analyze the public
 health risks from poor water quality in Nepal. International Journal of Hygiene and Environmental
 Health, 226, 113484. https://doi.org/10.1016/j.ijheh.2020.113484 
World Health Organization (WHO). (1997) Guidelines for Drinking Water Quality. Second edition, Volume 3
 Surveillance and Control of Community Supplies. WHO, Geneva, Switzerland. 
World Health Organization (WHO). (2011) Guidelines for drinking-water quality (4th ed.).  
World Health Organization (WHO). (2023) Drinking-water [Fact sheet].  
Wu J., Yunus M., Islam M. S., Emch M. (2016) Influence of climate extremes and land use on fecal
 contamination of shallow tube wells in Bangladesh. Environmental Science & Technology, 50(5), 2669
 2676. https://doi.org/10.17615/gjj2-yq91  
 
 
 

(2025) ;  http://www.jmaterenvironsci.com 


