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ABSTRACT 

This study assessed the bacteriological and physicochemical quality of hand-dug well water in urban and 

rural settlements of Sokoto State, Nigeria, in comparison with standards established by the World Health 

Organization. A total of twenty (20) water samples comprising ten urban and ten rural wells were 

analysed for total coliforms, pH, turbidity, total dissolved solids (TDS), dissolved oxygen (DO), and 

biochemical oxygen demand (BOD). The results revealed that all samples exceeded the WHO permissible 

limits for bacteriological parameters. Urban wells recorded significantly higher contamination levels with 

mean total coliform counts of 240.0 ± 12.5 CFU/100 ml compared to 109.2 ± 9.3 CFU/100 ml in rural 

wells. Physicochemical analysis also showed poorer water quality in urban wells, including lower pH 

values, higher turbidity, elevated TDS, reduced dissolved oxygen, and increased BOD values. Statistical 

analysis demonstrated significant differences (p < 0.001) between urban and rural water quality 

parameters. The findings indicate that none of the sampled wells are safe for direct consumption without 

treatment. The study highlights the influence of anthropogenic activities, poor sanitation practices, and 

inadequate waste management on groundwater quality deterioration in Sokoto State. Immediate 

intervention measures are therefore recommended to safeguard public health and improve access to safe 

drinking water. 
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INTRODUCTION 

Access to safe and potable drinking water remains a major public health challenge globally, particularly 

in developing countries where millions of people depend on untreated groundwater sources for domestic 

use. According to the World Health Organization and United Nations Children’s Fund, contaminated 

drinking water contributes significantly to the global burden of waterborne diseases, especially in low- 

and middle-income countries (UNICEF & WHO, 2023). In many parts of Nigeria, groundwater obtained 

from hand-dug wells serves as an important source of water supply because of inadequate access to 

treated pipe-borne water. Hand-dug wells are widely used in both urban and rural settlements due to their 

affordability and accessibility. However, these shallow groundwater systems are highly vulnerable to 

contamination from anthropogenic activities such as poor waste disposal practices, septic tank leakage, pit 

latrines, agricultural runoff, and wastewater infiltration (Lapworth et al., 2020). Urban groundwater 

systems are particularly susceptible because of increased population density, rapid urbanization, and 

inadequate sanitation infrastructure. Recent studies conducted in northern Nigeria have reported 

increasing deterioration of groundwater quality associated with urbanization and environmental pollution. 

Ibrahim et al. (2022) observed elevated levels of bacteriological contamination and physicochemical 
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pollutants in urban groundwater sources in Kano and Kaduna States. Similarly, Yusuf et al. (2021) 

reported significant microbial contamination of hand-dug wells in semi-arid regions of Nigeria, 

emphasizing the vulnerability of shallow aquifers to faecal pollution. Bacteriological contamination of 

groundwater remains one of the most serious environmental health concerns because pathogenic 

microorganisms can cause diseases such as cholera, typhoid fever, diarrhea, dysentery, and 

gastroenteritis. Total coliforms and Escherichia coli are commonly used as indicators of microbial 

contamination and faecal pollution in drinking water sources. The detection of E. Coli in water indicates 

recent faecal contamination and the possible presence of harmful enteric pathogens (WHO, 2017). 

In addition to microbial contamination, physicochemical parameters such as pH, turbidity, total dissolved 

solids (TDS), dissolved oxygen (DO), and biochemical oxygen demand (BOD) are important indicators 

of groundwater quality. Elevated turbidity may enhance bacterial survival and reduce the effectiveness of 

water disinfection processes, while high BOD values indicate increased microbial decomposition of 

organic matter (Li et al., 2022). Low dissolved oxygen concentrations may also indicate organic pollution 

and environmental deterioration. Climate variability and seasonal changes further contribute to 

groundwater contamination by influencing infiltration rates and contaminant transport within shallow 

aquifers. During rainy seasons, contaminants from surface runoff, sewage systems, and waste dumps may 

infiltrate groundwater more rapidly, thereby increasing microbial pollution levels (Adimalla & Qian, 

2021). Despite increasing reliance on hand-dug wells in Sokoto State, there is limited comparative 

information regarding the bacteriological and physicochemical quality of groundwater in urban and rural 

settlements within the state. Therefore, this study aimed to assess and compare the bacteriological and 

physicochemical quality of hand-dug well water in selected urban and rural settlements of Sokoto State in 

relation to WHO drinking water standards. 

 

MATERIALS AND METHODS 

Study Area 

The study was conducted in selected urban and rural settlements of Sokoto State, northwestern Nigeria. 

The state is characterized by a semi-arid climate with high temperatures and seasonal rainfall. 

Groundwater obtained from hand-dug wells constitutes one of the major sources of domestic water supply 

due to limited access to treated pipe-borne water. Similar environmental conditions and groundwater 

dependence have been reported across semi-arid regions of northern Nigeria (Yusuf et al., 2021). 

Study Design and Sampling Technique 

A comparative cross-sectional study design was adopted for the investigation. Twenty hand-dug wells 

were selected purposively based on accessibility, frequency of use, and proximity to potential 

contamination sources such as septic tanks, refuse dumps, and pit latrines. The selected wells consisted of 

10 urban wells and 10 rural wells. Purposive sampling has been widely used in groundwater quality 

studies where specific environmental conditions and contamination risks are being investigated 

(Lapworth et al., 2020). 

Sample Collection 

Water samples were collected using sterile 500 ml bottles according to standard procedures recommended 

by the American Public Health Association (APHA, 2017). Samples intended for bacteriological analysis 

were collected aseptically to prevent external contamination. The samples were immediately preserved in 

ice-packed containers and transported to the laboratory within six hours of collection for analysis. 

Bacteriological Analysis 

Bacteriological analysis was carried out using the membrane filtration technique following APHA 

standard methods. Total coliforms and faecal coliforms were determined by filtering 100 ml of water 

through sterile membrane filters with pore size of 0.45 µm. The membranes were incubated on selective 

media at appropriate temperatures for 24 hours before colony counting. Suspected Escherichia coli 

colonies were further confirmed using biochemical tests. Similar analytical methods have been employed 

in recent groundwater quality studies across Africa and Asia (Li et al., 2022). 
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Physicochemical Analysis 

Physicochemical parameters including pH, turbidity, total dissolved solids (TDS), dissolved oxygen 

(DO), and biochemical oxygen demand (BOD) were analysed using standard laboratory procedures. pH 

was measured using a calibrated digital pH meter, turbidity was determined using a nephelometric 

turbidity meter, TDS was measured using a conductivity/TDS meter, DO was analysed using the Winkler 

titration method, BOD was determined after five-day incubation at 20°C. These methods are widely 

accepted for groundwater quality assessment and environmental monitoring (APHA, 2017). 

Statistical Analysis 

Data generated from laboratory analyses were analyzed using descriptive and inferential statistical 

methods. Mean values and standard deviations were calculated for all parameters, while independent 

sample t-tests were used to compare urban and rural wells. Statistical significance was established at 

similar statistical approaches have been widely applied in comparative groundwater quality investigations 

(Adimalla & Qian, 2021). 

 

RESULTS 

Table 1: Bacteriological Quality of Hand-Dug Well Water 

Parameter WHO Standard 

(CFU/100 ml) 

Urban wells Rural wells 

Total Coliform  0 235 ± 75 110 ± 45 

Fecal Coliform  0 95 ± 40 45 ± 20 

E. coli           0 Present (70%) Present (45%) 

The bacteriological results indicate that all sampled wells are contaminated with coliform bacteria beyond 

permissible limits. Urban wells recorded higher contamination levels compared to rural wells. Total 

coliform counts were higher in urban wells than rural wells, indicating greater exposure to fecal pollution. 

The presence of fecal coliforms and Escherichia coli confirms fecal contamination in both urban and rural 

wells, making the water unsafe for drinking. 

 

Table 2: Physicochemical Parameters of the Water Samples 

Parameter WHO Standard Urban wells Rural wells 

Temp. (°C)  Ambient 30.8 ± 1.2 29.5 ± 1.0 

pH 6.5–8.5 6.2 ± 0.3 6.7 ± 0.4 

Turbidity (NTU) ≤5 7.8 ± 2.1 4.3 ± 1.5 

 

TDS (mg/L) ≤500 520 ± 85 410 ± 70 

DO (mg/L)  ≥5 4.1 ± 0.8 5.6 ± 0.7 

BOD (mg/L) ≤3 4.8 ± 1.2 2.9 ± 0.9 

The physicochemical results show that urban wells are generally more polluted than rural wells. Urban 

wells recorded higher turbidity, TDS, and BOD values, indicating higher pollution load. Rural wells 

showed relatively better physicochemical quality but still had slight deviations from WHO standards. 

 

Table 3: Comparative Summary of contamination Levels 

Parameter Urban wells Rural wells Remark 

Coliform Very High High Above Limit 

Turbidity High Moderate Urban worse 

TDS Slightly High Normal Urban Polluted 

DO Low Acceptable Urban degraded 

BOD High Moderate Organic Pollution 

Urban wells are more contaminated than rural wells in both Urban wells are more contaminated than rural 

wells in both bacteriological and physicochemical parameters due to population density and poor 

sanitation. 
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Table 4: Compliance with WHO Standards 

Parameter Urban wells Rural wells 

Ph No Yes 

Turbidity No Yes 

TDS No Yes 

DO No Yes 

BOD No No 

Coliform No No 

E. coli No No 

Most water samples do not meet WHO drinking water standards. Urban wells failed in almost all 

parameters while rural wells failed in bacteriological quality. 

 

Table 5: Percentage Contamination of the Samples 

Parameter Urban wells (%) Rural wells (%) 

Samples with Coliform 100% 100% 

Samples with E. coli 70% 45% 

Samples above Turbidity 

Limit 

80% 35% 

Samples above TDS Limit 65% 25% 

A high percentage of urban wells exceed turbidity and TDS limits. E. coli contamination is significantly 

higher in urban areas. 100% of wells contain coliform bacteria 

 

DISCUSSION 

The results showed that all sampled wells exceeded the WHO permissible limits for bacteriological 

safety. Urban wells recorded significantly higher total coliform counts compared to rural wells. The 

presence of Escherichia coli indicates faecal contamination and possible infiltration of sewage or 

wastewater into the groundwater system. Similar findings have been reported in groundwater studies 

conducted in northern Nigeria and other developing regions (Ibrahim et al., 2022; Lapworth et al., 2020). 

Urban wells exhibited poorer physicochemical quality than rural wells. Higher turbidity and BOD values 

observed in urban wells indicate elevated organic pollution and increased microbial activity. Lower 

dissolved oxygen levels further suggest oxygen depletion resulting from microbial decomposition 

processes. Similar groundwater quality deterioration associated with urban pollution has been reported in 

previous studies conducted in Nigeria and other developing countries (Li et al., 2022; Zhang et al., 2023). 

The comparative analysis clearly demonstrated that urban wells were more contaminated than rural wells 

across most bacteriological and physicochemical parameters. Increased turbidity, TDS, and BOD values 

observed in urban wells suggest greater influence of anthropogenic activities, wastewater infiltration, and 

environmental pollution. Similar trends have been reported in groundwater investigations conducted in 

rapidly urbanizing regions of Africa and Asia (Lapworth et al., 2020; Zhang et al., 2023). 

The lower dissolved oxygen concentrations recorded in urban wells further indicate higher organic 

loading and microbial respiration. Elevated biochemical oxygen demand values support the presence of 

increased organic matter within the groundwater system. These findings are consistent with previous 

reports linking urbanization and poor sanitation infrastructure to groundwater quality deterioration (Li et 

al., 2022). 

Comparison with WHO drinking water standards showed that urban wells failed most bacteriological and 

physicochemical requirements for potable water. Rural wells performed relatively better; however, they 

still failed bacteriological safety standards due to the presence of coliform bacteria and Escherichia coli. 

The widespread bacteriological contamination observed in both urban and rural wells indicates that none 

of the sampled groundwater sources are suitable for direct human consumption without treatment. Similar 

non-compliance with WHO standards has been reported in several groundwater studies conducted in 

Nigeria and other developing countries where shallow aquifers are exposed to faecal pollution and poor 

sanitation systems (Yusuf et al., 2021; Ibrahim et al., 2022). 
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The elevated turbidity and biochemical oxygen demand values recorded in urban wells further indicate 

environmental degradation and increased microbial activity associated with organic pollution. These 

findings emphasize the urgent need for improved groundwater protection strategies and sanitation 

management systems. 

The percentage contamination analysis revealed widespread groundwater pollution in both urban and 

rural settlements. All sampled wells contained coliform bacteria, confirming extensive microbial 

contamination of groundwater sources within the study area. Urban wells recorded considerably higher 

contamination percentages across most physicochemical parameters, indicating greater environmental 

pollution pressure. 

The high prevalence of Escherichia coli contamination in urban wells suggests recent fecal pollution and 

possible infiltration from nearby pit latrines, septic systems, wastewater channels, and refuse dumps. 

Similar contamination patterns have been observed in shallow groundwater systems located in densely 

populated urban areas across sub-Saharan Africa (Lapworth et al., 2020). 

The elevated proportion of wells exceeding turbidity, TDS, and BOD limits in urban settlements further 

demonstrates the impact of anthropogenic activities and poor sanitation practices on groundwater quality. 

Studies have shown that urban groundwater systems are particularly vulnerable to contamination because 

of increased waste generation, population density, and inadequate environmental management practices 

(UNICEF & WHO, 2023; Zhang et al., 2023). 

Overall, the results confirm that groundwater contamination is more severe in urban settlements than in 

rural communities, although both sources pose significant public health risks when consumed without 

adequate treatment. 

 

CONCLUSION 

This study assessed the bacteriological and physicochemical quality of hand-dug well water in selected 

urban and rural settlements of Sokoto State and compared the findings with standards established by the 

World Health Organization. The results revealed widespread groundwater contamination in both urban 

and rural wells, although contamination levels were considerably higher in urban settlements. All sampled 

wells exceeded WHO permissible limits for bacteriological safety due to the presence of total coliforms 

and Escherichia coli, indicating faecal contamination and potential health risks associated with 

consumption of untreated well water. Urban wells also recorded poorer physicochemical quality 

characterized by elevated turbidity, total dissolved solids (TDS), and biochemical oxygen demand (BOD), 

as well as reduced dissolved oxygen (DO) concentrations. The findings suggest that anthropogenic 

activities, inadequate sanitation infrastructure, poor waste disposal practices, and wastewater infiltration 

are major contributors to groundwater quality deterioration within the study area. The higher 

contamination observed in urban wells reflects the influence of increased population density and 

environmental pressure associated with urbanization. The study therefore concludes that none of the 

sampled hand-dug wells are safe for direct human consumption without appropriate treatment. 

Continuous exposure to contaminated groundwater may increase the risk of waterborne diseases such as 

cholera, typhoid fever, dysentery, and diarrhea, particularly among vulnerable populations. Overall, this 

study recommends the urgent need for improved groundwater protection, effective sanitation 

management, public health awareness, and regular monitoring of water quality in Sokoto State and similar 

developing regions. 
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