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ABSTRACT
Water, sanitation, and hygiene (WASH) remain critical public health challenges in low-income and environmentally degraded communities. This study assessed household sanitation and hygiene practices alongside the bacteriological quality of domestic water sources in Twanchik community, a tin mining–impacted settlement in Jos, Nigeria. A cross-sectional survey of 100 randomly selected households collected data on WASH using a structured questionnaire, while 50 water samples were analyzed for total heterotrophic bacterial counts (THBC) and fecal coliform counts (FCC) using membrane filtration, with bacteria species identified using conventional microbiological procedures. Results revealed suboptimal WASH conditions, including toilet sharing (45%), open defecation (21%), indiscriminate waste disposal into streams (68%) and open areas (26%), limited handwashing facilities (16%), and handwashing frequency (52%). Of the households, 63% lived in private residences and 37% in shared compounds, with 53% comprising 1–5 occupants. Livelihoods of residents were mainly trading (34%) and 46% had attained secondary education. Water sources varied seasonally: protected wells dominated the dry season (65%), while rainwater harvesting (42%) and wells (52%) were primary in the rainy season; 58% of households did not treat water. Residents reported dissatisfaction with water availability (60%) and access (68%), and noted seasonal changes in taste (72%), color (45%), and odor (25%). Bacteriological quality of water sources revealed elevated THBC (1.40 × 10² ± 7.39 × 10¹ CFU/100 mL (control) to 9.75 × 10² ± 4.50 × 10¹ CFU/100 mL (spring water) and FCC from 1.80 × 10¹ ± 5.83 × 10⁰ to 1.95 × 10² ± 3.50 × 10¹ CFU/100 mL, exceeding WHO limits. Escherichia coli (36.5%) predominated, followed by Klebsiella spp. (18.8%) and Enterobacter spp. (14.1%). These findings indicate substantial deficiencies in WASH and bacteriological quality of water sources, driven by both behavioral practices and environmental constraints. Therefore, improved WASH practices and environmental remediation are integrated interventions required to reduce risk of waterborne disease infections in the mining-impacted settlement.
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Water, sanitation, and hygiene (WASH) are essential components of public health strategies to prevent waterborne and hygiene‑related infections and support sustainable development. Despite this, persistent deficiencies in WASH practices remain a major public health concern especially in rural and peri‑urban areas of developing countries (WHO, 2023; UNICEF, 2024). In Nigeria, large gap exists in WASH services with only 19–21% of the population has access to safely managed drinking water and sanitation (WHO/UNICEF JMP, 2024; World Bank, 2025). Moreover, open defecation remains common, practiced by approximately 18% of the population (UNICEF & WHO, 2023).
In Jos plateau, decades of tin mining have altered the landscape, resulting in land degradation, abandoned pits, disrupted drainage patterns, and increased risk of domestic water contamination (Oruonye et al., 2024; Manguta et al., 2025). WASH access in these mining-impacted areas is limited by environmental and socio-economic constraints. In other communities however, impacts of mining resulted household wealth that improved access to modern water and sanitation infrastructures (Dietler, et al., 2021). For settlement such as Twanchik in an abundant mining site, they faced compounded vulnerabilities potentially constitute of a rural setting (Wapwera et al., 2015). Typically, the High-Water Poverty Index (WPI) will limit sanitation infrastructure that forces residents to rely on unsafe water sources, such as ponds, streams, and shallow wells (UNICEF & WHO, 2023). This poor sanitation practices further exacerbate risks of open defecation, indiscriminate waste disposal, and insufficient handwashing (Prüss-Ustün et al., 2019; Mogane & Momba, 2025). Moreover, water sources from WASH-deprived conditions frequently harbor high loads of pathogenic microorganisms, including Escherichia coli, Vibrio cholerae, and Salmonella spp. (Prüss-Ustün et al., 2019; WHO, 2022; Olanrewaju et al., 2025). Therefore, fecal contamination of water sources in poor WASH settlements sustained the transmission of waterborne diseases (Prüss-Ustün et al., 2019; Mogane & Momba, 2025).
Although several studies have assessed domestic water quality and household sanitation practices, there is limited focus on the environmental dynamics of mining-impacted settlements (Edokpayi et al., 2018; Sridhar et al., 2020). The interaction between the degraded environment and poor household sanitation practices will promotes microbial contamination of water sources (Ako et al., 2014; Oruonye et al., 2023; Zou et al., 2025). This study provided empirical evidence on the bacteriological quality of domestic water sources and household WASH practices in tin mining-impacted environment. Data from mining-impacted settlements provide critical evidence for designing targeted interventions to improve water hygiene, reduce waterborne diseases, and promote sustainable sanitation practices in mining impacted communities. This study determined the bacteriological quality of domestic water and household sanitation practices in Twanchik community, Jos, Plateau State Nigeria. 
MATERIALS AND METHODS  
Study Area
Twanchik is a settlement in the tin mining-impacted area of Jos South LGA, Plateau State, Nigeria, located between latitude 9°30′N–10°00′N and longitude 8°30′E–9°00′E, at 1,200–1,400 m above sea level. The Jos Plateau lies within a tropical savanna, with mean annual temperatures of 18–22°C and average rainfall of 1,200–1,500 mm, peaking between June and August (Nigerian Meteorological Agency (NIMET), 2023). 
Historical tin and columbite mining have extensively altered the landscape, leaving abandoned pits, tailings, and degraded soils (Ndace & Danladi, 2012; Okonkwo et al., 2022). Mixed land use includes residential settlements, subsistence farming, irrigation, and livestock grazing.
Water Sample Collection
Fifty water samples were collected over five visits from wells, streams, and springs, following method described by American Public Health Association (APHA), 2017). For wells, bottles were lowered with a rope and weight until filled; stream samples were collected against the current, and spring samples by submerging the bottle. All samples were stored under ice and transported to the laboratory for bacteriological analysis. 
Administration of Questionnaire
A cross-sectional survey captured household water access, sanitation, and hygiene practices using a structured questionnaire adapted from the WHO/UNICEF Joint Monitoring Programme and relevant literature (WHO/UNICEF Joint Monitoring Programme [JMP], 2023).
Bacteriological Analysis 
Bacterial loads were measured using membrane filtration per American Public Health Association et al., (APHA, 2023). Samples (100 mL) were filtered through 0.45 µm membranes; total heterotrophic bacterial counts (THBC) were determined on plate count agar at 37°C for 24 hours, and fecal coliform counts (FCC) on MacConkey agar at 44°C for 24 hours. Distinct colonies were subcultured on nutrient agar, stored on slants at 4°C.
Key cultural, biochemical, and carbohydrate fermentation tests were performed to identify bacterial species following standard microbiological procedures (Holt et al., 1994; APHA, 2017). Colonial morphology, Gram staining, and motility were assessed, while biochemical assays included catalase, citrate utilization, coagulase, urease, indole, methyl red, Voges-Proskauer, oxidase, and hemolysis tests. Carbohydrate fermentation was evaluated using glucose, lactose, sucrose, mannitol, maltose, arabinose, xylose, rhamnose, inositol, and sorbitol, with acid production indicated by phenol-red color change and gas formation monitored in Durham tubes.
Data Analysis 
Data were analyzed using SPSS v24. Descriptive statistics are presented as frequencies and percentages. ANOVA was employed to compare mean THBC and FCC across sampling sites.
RESULTS
Socio-Demographic Characteristics and Household Sanitation Practices
The socio-demographic profile of households in Twanchik community, Jos, is summarized in Table 1. Among the 100 households surveyed, 63% were privately owned, and 37% were shared compounds. Most households (53%) had between one and five members, with a roughly equal distribution of males and females. Trading was the most common occupation (34%), followed by artisanship (20%), while farming was least represented (2%). Educational attainment was predominantly secondary level (46%), with 28% having tertiary education, 21% primary education, and 5% reporting no formal education.
Drinking water sources and treatment methods of residents in Twanchik community, Jos is presented in Table 2. The result showed that during the dry season, majority of households (65%) depend on protected hand-dug wells as their primary water source, while smaller proportions rely on sachet/bottled water (13%) and boreholes (13%). In the rainy season, protected wells (52%) and rainwater harvesting (42%) were the most commonly used water sources. Despite this, 58% of households consumed water without treatment, whereas 20% applied chlorine or alum, and 16% boiled their water before use.
Table 3 presents the water availability and perceptions of quality indicators among residents of Twanchik community. The residents reported dissatisfaction with water availability (60%) and access (68%) (Table 3). In addition, seasonal variations in taste (72%), color (45%), and odor (25%) were the satisfactory determinants of the water quality.
Sanitation practices were generally inadequate (Table 4). While 64% of households used flush-to-septic toilets, toilet sharing occurred in 45% of cases, and open defecation persisted among 21% of residents. Most households lacked formal waste management systems, with 68% disposing of waste into streams and 26% into open areas. Designated handwashing facilities were available in only 16% of homes, and 52% of residents reported washing hands 1–3 times daily.
Bacteriological Quality of Water
Overall, bacteriological quality of water in Twanchik community (Table 5) varied significantly (p < 0.05) across sources, with surface waters showing higher heterotrophic bacterial loads and wells more susceptible to fecal contamination. The THBC were highest in spring (9.75 × 10² ± 4.50 × 10¹ CFU/100 mL) and stream water (8.31 × 10² ± 8.89 × 10¹ CFU/100 mL), while well (2.98 × 10² ± 1.0 × 10² CFU/100 mL) and control sources (1.40 × 10² ± 7.39 × 10¹ CFU/100 mL) recorded lowest counts. In contrast, FCC were highest in well water (6.41 × 10² ± 8.40 CFU/100 mL), followed by springs (1.95 × 10² ± 3.50 × 10¹ CFU/100 mL), and least for streams (1.35 × 10² ± 1.04 × 10¹ CFU/100 mL). Notably, well water from non–tin mining–impacted areas still showed detectable microbial contamination, with a heterotrophic bacterial count of 1.40 × 10² ± 7.39 × 10¹ CFU/100 ml and a fecal coliform count of 1.80 × 10² ± 5.83 × 10⁰ CFU/100 ml.
Overall, mining-impacted water sources demonstrated both higher prevalence and diversity of bacterial contaminants (87.6% of total isolates) compared to non–mining areas (9.4% of total isolates). In mining-impacted sites, Escherichia coli was the most prevalent, occurring in 27.5% of wells, 47.1% of streams, and 66.7% of springs. Other common bacteria included Klebsiella spp., Enterobacter spp., and Pseudomonas aeruginosa, while Salmonella spp., Proteus spp., Bacillus spp., Streptococcus spp., and Staphylococcus aureus were less frequent. 
In non–mining-impacted wells, E. coli, Klebsiella spp., Bacillus spp., and S. aureus were each detected in 25% of samples, whereas Enterobacter, Salmonella, Proteus, and P. aeruginosa were absent.

Table 1. Socio-Demographic Characteristics of Households Heads in Twanchik Community, Jos 
	[bookmark: _Hlk224191859]Characteristic  
	No (%)

	Type of residence
	

	shared compound
	37 (37.0)

	Private
	63 (63.0)

	Number of residents per household
	

	1-5
	53 (53.0)

	6-10
	41 (41.0)

	11-15
	6 (6.0)

	                                                                                                                                                                                                                                                                                                                                                                                                                   Ratio of males-females per household
	

	More males
	29 (29.0)

	More females
	50 (50.0)

	Equal number of male-female population per household
	21 (21.0)

	Number of children under 5 yrs. Old
	

	1
	28 (28.0)

	2
	13 (13.0)

	3
	4 (4.0)

	4
	2 (2.0)

	5
	2 (2.0)

	none 
	51 (51.0)

	Occupation of household head
	

	Security
	7 (7.0)

	Artisan
	20 (20.0)

	Farmer
	2 (2.0)

	Engineer
	3 (3.0)

	Trader
	34 (34.0)

	para-military
	2 (2.0)

	Nurse
	1 (1.0)

	Clergy
	3 (3.0)

	Driver
	3 (3.0)

	Retiree
	3 (3.0)

	civil servant
	7 (7.0)

	company staff
	7 (7.0)

	Unemployed
	3 (3.0)

	Cleaner
	3 (3.0)

	Student
	1 (1.0)

	health practitioner
	1 (1.0)

	Educational level of household head
	

	Primary
	21 (21.0)

	Secondary
	46 (46.0)

	Tertiary
	28 (28.0)

	No formal education
	5 (5.0)





Table 2. Drinking Water Sources and Treatment Methods of Residents in Twanchik Community, Jos
	Parameter 
	No (%)

	Main source of drinking water in dry season
	

	protected dug well
	65 (65.0)

	unprotected dug well
	1 (1.0)

	sachet/bottled
	13 (13.0)

	Borehole
	13 (13.0)

	unprotected spring
	8 (8.0)

	Main source of drinking water in rainy season
	

	protected dug well
	52 (52.0)

	sachet/bottled
	5 (5.0)

	Borehole
	1 (1.0)

	rain water
	42 (42.0)

	Method of water treatment
	

	Boiling
	16 (16.0)

	Use of chlorine/alum
	20 (20.0)

	Filtration
	3 (3.0)

	Sedimentation
	3 (3.0)

	no treatment
	58 (58.0)













Table 3. Water Availability and Perceptions of Quality Indicators Among Residents of Twanchik Community 
	Parameter 
	No (%)

	Availability of water in the community
	

	Yes
	40 (40.0)

	No
	60 (60.0)

	Water Accessibility
	

	Yes
	68 (68.0)

	No
	32 (32.0)

	Change in taste of drinking water
	

	Yes
	72 (72.0)

	No
	28 (28.0)

	Change in color of drinking water
	

	Yes
	45 (45.0)

	No
	55 (55.0)

	Change in smell of drinking water
	

	Yes
	25 (25.0)

	No
	75 (75.0)












Table 4: Sanitation Practices, Refuse Disposal and Hygiene Practices of Residents in Twanchik Community, Jos
	                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
	No (%)

	Type of toilet
	

	flush -septic tank
	64 (64.0)

	flush -pit latrine
	6 (6.0)

	flush to mining pit
	1 (1.0)

	flush -piped sewer 
	4 (4.0)

	Pit latrine
	4 (4.0)

	Open defecation
	21 (21.0)

	Share toilet facility
	

	Yes
	45 (45.0)

	No
	34 (34.0)

	Dumping site for refuse
	

	Stream
	68 (68.0)

	open area
	26 (26.0)

	mining pit
	6 (6.0)

	Use of water from the streams
	

	Domestic activities
	29 (29.0)

	Irrigation only
	5 (5.0)

	Building only
	6 (6.0)

	irrigation and domestic activities
	6 (6.0)

	building and domestic activities
	3 (3.0)

	None
	51 (51.0)

	Knowledge of defecating in the stream
	

	Yes
	81 (81.0)

	No
	19 (19.0)

	Presence of hand washing area
	

	Yes
	16 (16.0)

	No
	84 (84.0)

	Hand washing per day
	

	1-3
	52 (52.0)

	4-6
	39 (39.0)

	7-9
	9 (9.0)














Table 5: Total Heterotrophic Bacterial Count and Fecal Coliform Count of Water Sources in Twanchik Community, Jos 

	Water sources
	Number of samples
	Total Heterotrophic Bacterial Count (CFU/100ml)
	Fecal Coliform Count (CFU/100ml)

	Well
	24
	2.98 × 10² ± 1.0 × 10²ᵇ
	6.41 × 10² ± 8.40 × 10⁰ᵃ

	Stream
	19
	8.31 × 10² ± 8.89 × 10¹ᵃ
	1.35 × 10² ± 1.04 × 10¹ᶜ

	Spring
	2
	9.75 × 10² ± 4.50 × 10¹ᵃ
	1.95 × 10² ± 3.50 × 10¹ᵇ

	Well of non-mining areas
	5
	1.40 × 10² ± 7.39 × 10¹ᶜ
	1.80 × 10² ± 5.83 × 10⁰ᵇ


Values are expressed as mean ± standard deviation. Means within the same column with different superscripts (a–c) are significantly different (p < 0.05).
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Table 6: Occurrence of Bacterial Contaminants on Water Sources in Twanchik Community, Jos 

	Bacteria species
	Occurrence n(%)/ Water Sources
	Total

	  
	Well
(n=24)
	Stream
(n=19)
	Spring
(n=2)
	Well of Non-Mining Areas 
(n=5)
	

	Enterobacter spp.
	10 (25.0)
	2 (5.8)
	0 (0.0)
	0 (0.0)
	12 (14.1)

	E. coli
	11 (27.5)
	16 (47.1)
	2 (66.7)
	2 (25.0)
	31 (36.5)

	Salmonella spp.
	1 (2.5)
	3 (8.9)
	0 (0.0)
	0 (0.0)
	4 (4.7)

	Klebsiella spp.
	8 (20.0)
	6 (17.7)
	0 (0.0)
	2 (25.0)
	16 (18.8)

	Proteus spp.
	0 (0.0)
	3 (8.9)
	0 (0.0)
	0 (0.0)
	3 (3.5)

	P. aeruginosa
	4 (10.0)
	1 (2.9)
	1 (33.3)
	0 (0.0)
	6 (7.1)

	Bacillus spp.
	2 (5.0)
	1 (2.9)
	0 (0.0)
	2 (25.0)
	5 (5.9)

	Streptococcus spp.
	3 (7.5)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	3 (3.5)

	S. aureus
	1 (2.5)
	2 (5.8)
	0 (0.0)
	2 (25.0)
	5 (5.9)

	Total
	40(47.1)
	34(40.0)
	3(3.5)
	8(9.4)
	85(100)


Key; n = number of samples








Discussion
This study assessed household sanitation and hygiene practices alongside the bacteriological quality of domestic water sources in Twanchik, a tin mining–impacted settlement in Jos, Nigeria, revealing a complex interaction between WASH behaviors and water quality. The findings support the Behavioural Model of Environmental Decision-Making, which posits that WASH outcomes are shaped by both infrastructural and behavioral constraints (Oyelami et al., 2026).
The socio-demographic profile reflects a typical low-income rural setting, where economic vulnerability evidenced by the predominance of trading and artisanal occupations limits households’ capacity to invest in improved water, sanitation, and hygiene services (Azeez et al., 2023; WHO & UNICEF, 2023). Although many residents had attained at least secondary education, this did not translate into improved WASH practices, reinforcing evidence that awareness alone is insufficient in resource-limited settings (Bain et al., 2021). Environmental constraints, including limited access to safe water and inadequate sanitation infrastructure, further restrict the adoption of recommended practices.
Water sourcing patterns showed reliance on unprotected hand-dug wells, with seasonal use of rainwater. Even protected sources remain vulnerable to contamination in mining contexts due to surface runoff and poor sanitary protection (Ako et al., 2014; Yang et al., 2025). Combined with widespread consumption of untreated water, these conditions increase the risk of diarrheal diseases (Prüss-Ustün et al., 2019). Additionally, dissatisfaction with water availability, seasonal scarcity, and variations in taste, color, and odor indicate potential physicochemical and microbiological contamination, which influences user perception and water-use behavior (WHO, 2022; Oyelami et al., 2026).
Despite the presence of flush-to-septic toilets, open defecation persists, highlighting behavioral and environmental barriers to effective sanitation (Wapwera et al., 2015). This practice, alongside open waste discharge into streams, perpetuates environmental contamination and increases the transmission of enteric pathogens (WHO & UNICEF, 2023). Mining-related landscape alterations, including soil disruption and modified drainage systems, further exacerbate runoff and contamination of water sources (Yang et al., 2025).
The bacteriological quality of water sources in Twanchik showed significant spatial variation (p < 0.05), reflecting differential exposure associated with mining activities. Elevated heterotrophic bacterial and fecal coliform counts across wells, streams, and springs exceeded recommended standards, indicating widespread contamination driven by poor sanitation and environmental fecal infiltration (Mukherjee et al., 2021; Oruonye et al., 2024; Yang et al., 2025).
Although contamination was also detected in non–mining control wells, indicating underlying WASH deficiencies (Edokpayi et al., 2018), the comparatively lower bacterial loads suggest reduced environmental pressure. The higher prevalence and diversity of contaminants in mining-impacted sources relative to controls, dominated by Escherichia coli alongside Klebsiella, Enterobacter, and Pseudomonas aeruginosa, underscore the role of mining-induced environmental disruption in amplifying microbial contamination.
Conclusion
This study highlights significant WASH challenges in the tin mining–impacted Twanchik community, Jos. Despite moderate education, households, mostly small and informally employed, exhibited inadequate hygiene practices. Water was sourced from hand-dug wells and rainwater, with prevalent untreated consumption. Sanitation was poor, marked by toilet sharing, open defecation, and limited handwashing. Bacteriological analysis revealed high bacterial loads, dominated by Escherichia coli, Klebsiella spp., Pseudomonas aeruginosa, and Salmonella spp., particularly in wells, indicating the compounded impact of environmental degradation and inadequate sanitation on public health.
Recommendations 
Addressing WASH-related risks in mining-affected communities demands a coordinated approach. This includes ensuring access to protected water sources, promoting hygiene awareness, encouraging behavior changes to minimize open defecation, and improving environmental management around mining sites. Additional measures, such as regular microbial water testing and household-level water treatment, are vital to limit pathogen exposure and maintain safe water and sanitation practices.
[bookmark: _GoBack]Consent 
Written consent was obtained from all participants prior to the questionnaire administration as necessary, to ensure voluntary participation.  
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