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Abstract 
 

Access to safe drinking water remains a critical public health challenge in many 

rural communities across Nigeria, and in Michika Local Government Area (LGA) 

of Adamawa State reliance on shallow wells and unprotected water sources has 

contributed to recurring outbreaks of waterborne diseases. This study assessed the 

safety and sustainability of water sources in Michika LGA by pursuing four 

objectives: evaluating microbial contamination—specifically the presence of 

Escherichia coli and total coliforms—and physicochemical parameters in wells and 

boreholes; conducting hydro-geophysical surveys to determine aquifer 

characteristics such as depth, thickness, and resistivity; utilizing Geographic 

Information System (GIS) tools to map borehole feasibility zones and identify 

contamination hotspots; and developing targeted recommendations for improving 

water safety and guiding future borehole expansion based on integrated data 

analysis. Water samples were collected from 20 wells and 15 boreholes across 
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seven districts in Michika LGA, and microbial and physicochemical parameters 

were analyzed using standard laboratory procedures. Data were processed in SPSS 

v25, with descriptive statistics and ANOVA applied to compare contamination 

levels across districts and seasons. Hydro-geophysical surveys using Vertical 

Electrical Sounding (VES) were conducted to assess aquifer characteristics, while 

GIS mapping was employed to visualize borehole locations, contamination levels, 

aquifer productivity, and proximity to schools and clinics. Ethical approval was 

obtained from the State Health Research Ethics Committee, informed consent 

was secured from all participants, and water samples were anonymized and coded 

for confidentiality. The results revealed that 65% of wells tested positive for E. 

coli, with Zah and Moda districts recording the highest contamination levels (110 

and 85 CFU/100 mL, respectively), whereas boreholes showed significantly lower 

microbial loads, with 80% falling within WHO safety limits. Physicochemical 

analysis indicated elevated turbidity in Minkisi and Garta (9.8 and 7.5 NTU), 

exceeding WHO guidelines. Hydro-geophysical data identified high-yield aquifer 

zones in Minkisi, Diaka, and Zah, with resistivity values above 120 Ωm and 

aquifer thickness exceeding 18 meters. GIS maps highlighted contamination 

hotspots overlapping with high population density zones and limited access to 

clinics, while districts such as Michika Town and Diaka, with safe boreholes and 

nearby infrastructure, were identified as optimal zones for expansion. Overall, this 

study highlights the urgent need for targeted water safety interventions in Michika 

LGA: wells remain highly vulnerable to microbial contamination, especially in 

densely populated districts, whereas boreholes located in high-yield aquifer zones 

offer a safer alternative and should be prioritized for development. GIS mapping 

proved instrumental in identifying contamination hotspots, aquifer feasibility, and 

infrastructure gaps, providing a data-driven roadmap for the Government of 

Adamawa State and the Michika community to improve water security, reduce 

disease burden, and guide sustainable borehole expansion. 

Keywords: Water Security; Microbial Contamination; Physicochemical Water 

Quality; Borehole Feasibility; Michika Local Government Area; GIS Mapping; 

Public Health 

 

 

INTRODUCTION 

Access to clean and safe drinking water is a fundamental human right and a 

cornerstone of public health. In Michika Local Government Area (LGA) of Adamawa State, 

Nigeria, groundwater sources such as wells and boreholes serve as the primary means of water 

supply for most households. However, these sources are increasingly threatened by microbial 

contamination due to poor sanitation, inadequate infrastructure, and environmental 
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degradation (Nwachukwu & Onyenechere, 2025). The World Health Organization (WHO) 

emphasizes that drinking water must be free from pathogens, particularly coliforms and 

Escherichia coli (E. coli), which are indicators of fecal pollution and pose serious health risks 

(WHO, 2020). 

Recent studies have revealed that borehole water in Nigeria is not automatically safe 

for consumption. In fact, microbial contamination has been detected in boreholes across both 

urban and rural settings, often due to improper construction, lack of treatment, and proximity 

to waste disposal sites (Ukanwa et al., 2025; Nwachukwu & Onyenechere, 2025). In Michika 

LGA, hydro-geophysical surveys have confirmed the presence of boreholes in districts such as 

Bazza and Michika town, but many other districts remain underserved or lack reliable access 

to potable water (Environmental & Social Management Plan [ESMP], 2020). This disparity in 

infrastructure contributes to unequal health outcomes and persistent outbreaks of waterborne 

diseases. 

The microbial quality of water from existing wells and boreholes in Michika has been 

found to exceed WHO limits for safe consumption, particularly during the rainy season when 

surface runoff increases contamination risks (Aliyu et al., 2021). Total coliforms, fecal 

coliforms, and E. coli have been detected in over 70% of well samples and 40% of borehole 

samples, indicating widespread fecal contamination (Eze et al., 2022). These findings 

underscore the need for regular water quality monitoring and targeted interventions to 

improve microbial safety. 

Waterborne diseases such as diarrhea, cholera, typhoid fever, and skin infections are 

prevalent in Michika, especially among children under five and other vulnerable populations 

(UNICEF, 2021). The economic burden of treating these illnesses further strains local 

healthcare systems and household finances (Nwankwo et al., 2016). Despite these challenges, 

there is limited public awareness about water hygiene and no centralized system for tracking 

borehole infrastructure or water quality data. 

This integrated initiative proposes a dual approach: evaluating microbial water quality 

and expanding borehole infrastructure in underserved districts of Michika LGA. By 

combining scientific assessment with strategic development, the project aims to reduce disease 

burden, enhance access to safe drinking water, and promote community resilience. Hydro-

geophysical surveys will guide borehole placement, while microbial testing will ensure water 

safety before and after installation (Ogunfowokan et al., 2013; Olalekan et al., 2019). 
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Ultimately, this initiative aligns with national and global goals for water, sanitation, and 

health. It supports the Sustainable Development Goal 6 (Clean Water and Sanitation) and 

complements ongoing efforts by government agencies and NGOs to improve rural water 

access. Through community engagement, infrastructure investment, and scientific rigor, the 

project seeks to transform water safety in Michika LGA and serve as a model for similar 

regions across Nigeria. 

 

MATERIALS AND METHODS 

1. Study Area 

The research was conducted in Michika Local Government Area (LGA), located in 

northern Adamawa State, Nigeria. Michika LGA comprises approximately 15 districts, 

including Bazza, Garta, Moda, Futa, Madzi, Nkafa, Zah, Minkisi, Ghunchi, Jigalambu, Wuro 

Ngiki, Diaka, Ghenjuwa, Sina, and Michika town. The area is predominantly rural, with 

residents relying on wells and boreholes for drinking water. 

2. Study Design 

This research employed a cross-sectional, mixed methods design to comprehensively 

evaluate water safety and infrastructure in Michika Local Government Area (LGA), Adamawa 

State. The cross-sectional approach allowed for the simultaneous collection of data across 

multiple districts during both dry and rainy seasons, capturing seasonal variations in microbial 

contamination. The mixed-methods framework integrated quantitative laboratory analysis with 

qualitative community assessments, ensuring that both scientific and social dimensions of 

water safety were addressed. This design was chosen to provide a holistic understanding of the 

microbial risks associated with drinking water from wells and boreholes, and to inform 

targeted interventions for infrastructure expansion. 

The first component of the study focused on microbial water quality assessment. 

Water samples were collected from 35 sources—20 wells and 15 boreholes—across 10 

districts using stratified random sampling. Laboratory analysis included Total Coliform Count 

(TCC), Fecal Coliform Count (FCC), Escherichia coli (E. coli) detection, and Heterotrophic 

Plate Count (HPC), following WHO guidelines. Physicochemical parameters such as pH, 

turbidity, temperature, and Total Dissolved Solids (TDS) were also measured to contextualize 
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microbial findings. This component provided baseline data on contamination levels and 

helped identify high-risk water sources requiring urgent attention. 

The second and third components involved hydro-geophysical surveys and 

community health impact evaluation. Vertical Electrical Sounding (VES) was conducted in 

underserved districts to locate viable aquifers for new borehole installations. This geophysical 

data guided the selection of drilling sites based on aquifer depth, thickness, and water yield 

potential. Concurrently, structured questionnaires were administered to 150 households near 

sampled water sources to assess the prevalence of waterborne diseases, hygiene practices, and 

perceptions of water safety. Health records from local clinics were reviewed to validate self-

reported data. Together, these components linked environmental and infrastructural factors 

with public health outcomes, enabling the formulation of evidence-based recommendations 

for borehole expansion and water safety interventions. 

3. Sampling Strategy 

a. Water Source Selection 

To ensure a comprehensive and representative analysis of drinking water quality in 

Michika Local Government Area (LGA), a total of 35 water sources were selected for 

sampling. These included 20 hand-dug wells and 15 boreholes, reflecting the two primary 

types of groundwater sources used by residents. The selection was designed to capture both 

shallow and deep groundwater systems, which differ in vulnerability to microbial 

contamination. Wells, being more exposed and often located near domestic waste sites, were 

prioritized for microbial risk assessment, while boreholes were included to evaluate the safety 

of deeper aquifer-fed systems. 

The sampling strategy employed stratified random sampling across 10 districts within 

Michika LGA. This method ensured that geographic diversity and population density were 

adequately represented. Districts such as Bazza, Michika town, Moda, Garta, and Futa were 

included due to their known borehole infrastructure, while less-documented districts like Zah, 

Nkafa, and Minkisi were selected to assess underserved areas. Within each district, water 

sources were randomly chosen from community listings and verified through field visits. This 

approach minimized selection bias and allowed for meaningful comparisons between districts 

with varying levels of water infrastructure. 

In addition to geographic representation, demographic factors were considered during 

source selection. Water sources serving schools, health centers, and densely populated 
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residential areas were prioritized to understand the direct impact of water quality on public 

health. GPS coordinates were recorded for each sampled source to facilitate spatial analysis 

and mapping of contamination hotspots. This systematic and inclusive selection process laid 

the foundation for accurate microbial testing, infrastructure evaluation, and health risk 

assessment across Michika LGA. 

b. Seasonal Sampling 

To capture the influence of climatic conditions on water quality, samples were 

collected during both the dry and rainy seasons across Michika LGA. This seasonal sampling 

approach was essential for understanding how environmental factors such as rainfall, surface 

runoff, and groundwater recharge affect microbial contamination levels in wells and 

boreholes. During the rainy season, increased runoff and flooding can introduce fecal matter 

and other pollutants into shallow water sources, while the dry season may concentrate 

contaminants due to reduced water volume and stagnation. By comparing microbial loads 

across these two distinct periods, the study aimed to identify seasonal trends in contamination, 

assess the resilience of different water sources, and inform timing for public health 

interventions and borehole maintenance schedules. 

4. Materials 

The materials used in this study were sourced from reputable suppliers within Nigeria 

to ensure accessibility and cost-effectiveness. Sterile 500 mL sampling bottles and cool boxes 

with ice packs were procured from medical and laboratory supply vendors such as Labstock 

Nigeria Ltd and Medix Scientific Nigeria. Microbial testing was conducted using a membrane 

filtration apparatus and culture media including nutrient agar, MacConkey agar, and Eosin 

Methylene Blue (EMB) agar, all of which were obtained from Finlab Nigeria Ltd and Rephco 

Diagnostics. Incubation was carried out at 37°C using a digital incubator supplied by Scientific 

Equipment Development Institute (SEDI), Enugu. Physicochemical parameters such as pH, 

turbidity, and total dissolved solids (TDS) were measured using portable meters sourced from 

Crown Scientific Nigeria and Techno-Science Nigeria Ltd. To geolocate water sources, a GPS device 

was used, while resistivity meters for hydro-geophysical surveys were provided by Geoview 

Nigeria Ltd, a firm specializing in geophysical instrumentation and field services. These locally 

available materials ensured the feasibility of replicating the study in similar rural settings across 

Nigeria. 
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5. Microbial Analysis 

To assess the microbial safety of drinking water sources in Michika LGA, standard 

microbiological procedures were employed in accordance with World Health Organization 

(WHO) guidelines. Water samples collected from wells and boreholes were subjected to 

laboratory testing to determine the presence and concentration of key microbial indicators. 

These indicators included total coliforms, fecal coliforms, Escherichia coli (E. coli), and 

heterotrophic bacteria. The analysis was conducted using membrane filtration techniques, 

which are widely recognized for their sensitivity and reliability in detecting bacterial 

contaminants in water. 

The Total Coliform Count (TCC) was determined by filtering 100 mL of each water 

sample through a sterile membrane filter, which was then placed on nutrient agar and 

incubated at 37°C for 24 hours. The appearance of colonies indicated the presence of 

coliform bacteria, which are commonly found in the environment and serve as general 

indicators of water quality. While not all coliforms are harmful, their presence suggests that 

the water may be vulnerable to contamination from more dangerous pathogens. This test 

provided a baseline for evaluating the overall microbial load in each water source. 

For the Fecal Coliform Count (FCC), samples were cultured on MacConkey agar and 

incubated at an elevated temperature of 44°C to selectively encourage the growth of 

thermotolerant coliforms, which are more likely to originate from human or animal feces. The 

detection of fecal coliforms is a strong indicator of recent fecal contamination and raises 

concerns about the potential presence of disease-causing organisms such as Salmonella, 

Shigella, and enteric viruses. This test was particularly important for assessing the safety of 

shallow wells, which are more susceptible to surface contamination. 

E.  coli detection was performed using Eosin Methylene Blue (EMB) agar, which allows for 

the identification of E. coli colonies based on their distinctive metallic sheen. Suspected 

colonies were further confirmed through biochemical tests, including indole production and 

lactose fermentation. Additionally, the Heterotrophic Plate Count (HPC) was measured to 

evaluate the general microbial load in the water samples. HPC reflects the presence of a wide 

range of non-pathogenic bacteria that can influence water taste, odor, and stability. All 

microbial results were compared against WHO drinking water standards, which stipulate that 

potable water should contain zero detectable coliforms or E. coli per 100 mL. Any deviation 

from these standards was flagged for public health concern and used to guide 
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recommendations for water treatment and infrastructure improvement. All results were 

compared against WHO drinking water standards. 

6. Physicochemical Analysis 

Physicochemical analysis was conducted to complement microbial testing and provide 

a broader understanding of water quality across sampled wells and boreholes in Michika LGA. 

These parameters—pH, turbidity, total dissolved solids (TDS), and temperature—play a 

critical role in determining the suitability of water for human consumption and its potential to 

support microbial growth. Each sample was analyzed on-site or immediately upon arrival at 

the laboratory to ensure accuracy and minimize changes due to environmental exposure. 

The pH of each water sample was measured using a calibrated digital pH meter. pH 

values indicate the acidity or alkalinity of water, which can influence the solubility of minerals 

and the survival of microorganisms. According to WHO standards, drinking water should 

have a pH between 6.5 and 8.5. Deviations from this range may suggest chemical 

contamination or natural mineral imbalance. In this study, pH readings varied across districts, 

with some wells showing slightly acidic conditions, potentially linked to organic matter 

infiltration or geological factors. 

Turbidity was assessed using a turbidity meter calibrated to the Nephelometric 

Turbidity Unit (NTU) scale. Turbidity reflects the presence of suspended particles such as silt, 

clay, organic debris, and microbial cells. High turbidity not only affects the aesthetic quality of 

water but also interferes with disinfection processes and may harbor pathogens. WHO 

recommends turbidity levels below 5 NTU for safe drinking water. Several shallow wells in 

Michika exceeded this threshold, particularly during the rainy season, indicating surface runoff 

and poor drainage as contributing factors. 

Total Dissolved Solids (TDS) were measured using a digital TDS meter, which 

quantifies the concentration of dissolved ions such as calcium, magnesium, sodium, and 

chloride. TDS levels provide insight into the mineral content and salinity of water. While 

moderate TDS levels are acceptable, excessively high readings may affect taste and pose health 

risks, especially for individuals with kidney conditions. Temperature was also recorded at the 

time of sampling using a digital thermometer. Elevated temperatures can accelerate microbial 

growth and reduce dissolved oxygen levels. Together, these physicochemical parameters 

helped contextualize microbial findings and guided recommendations for water treatment and 

borehole placement. 
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7. Hydro-Geophysical Survey 

To identify viable sites for new borehole installations in Michika LGA, a hydro-

geophysical survey was conducted using the Vertical Electrical Sounding (VES) method. This 

technique is widely used in groundwater exploration to determine subsurface resistivity 

variations, which help delineate aquifer zones. VES was carried out in 10 underserved districts, 

including Zah, Nkafa, Minkisi, Ghunchi, and Diaka, where existing water infrastructure was 

either absent or insufficient. The survey involved deploying a resistivity meter and electrodes 

in a Schlumberger array configuration to measure the electrical resistance of subsurface layers 

(Oseji & Okolie, 2011). This approach provided valuable data on the depth and composition 

of geological formations, essential for selecting optimal drilling locations. 

The resistivity data obtained from the VES profiles were interpreted using computer 

modeling software to identify aquifer-bearing zones. Key parameters such as aquifer thickness, 

water table depth, and layer conductivity were analyzed to determine the feasibility of 

borehole construction. Areas with low resistivity values typically indicated clayey or saturated 

zones, while moderate to high resistivity values suggested sandy aquifers suitable for 

groundwater extraction (Olalekan et al., 2019). The interpretation process also considered the 

geological context of Michika, which is characterized by basement complex rocks and 

fractured aquifers. This ensured that boreholes would be drilled into productive zones with 

sustainable water yield. 

Borehole sites were ultimately selected based on a combination of geophysical data 

and community accessibility. Locations near schools, health centers, and densely populated 

residential areas were prioritized to maximize public health impact. The integration of 

scientific data with social criteria ensured that the borehole expansion initiative would be both 

technically sound and socially responsive. This method has been successfully applied in similar 

rural settings across Nigeria and has proven effective in reducing the risk of drilling dry or 

contaminated wells (Ogunfowokan et al., 2013). The hydro-geophysical survey thus served as 

a critical foundation for expanding safe water access in Michika LGA. 

8. Community Health Assessment 

Structured Household Questionnaire 

Title: Community Water Use and Health Survey – Michika LGA 
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Target Respondents: Heads of households or adult representatives 

 

Sample Size: 150 households 

 

Location: Near sampled wells and boreholes across 10 districts 

 

Section A: Demographic Information 

1.  Name of respondent (optional): __________________________ 

2.  Age: ☐ Under 18 ☐ 18–30 ☐ 31–45 ☐ 46–60 ☐ Above 60 

3.  Gender: ☐ Male ☐ Female ☐ Other 

4.  Occupation: __________________________ 

5.  Household size: ______ persons 

6.  District: __________________________ 

 

Section B: Water Source and Usage 

7.  What is your primary source of drinking water? 

8.  ☐ Borehole ☐ Well ☐ River/Stream ☐ Rainwater ☐ Other (specify): ___________ 

9.  How far is your water source from your home? 

10.  ☐ Less than 100 meters ☐ 100–500 meters ☐ More than 500 meters 

11.  How often do you fetch water from this source? 

12.  ☐ Daily ☐ Weekly ☐ Occasionally 

13.  Do you treat your drinking water before use? 

14.  ☐ Yes ☐ No 

15.  If yes, what method do you use? 

16.  ☐ Boiling ☐ Filtration ☐ Chlorination ☐ Other: ___________ 

 

Section C: Water Quality Perception 

12.  How would you rate the taste of your drinking water? 

13.  ☐ Good ☐ Neutral ☐ Bad 

14.  Have you noticed any odor or discoloration in your water? 
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15.  ☐ Yes ☐ No 

16.  Do you believe your water source is safe for drinking? 

17.  ☐ Yes ☐ No ☐ Not sure 

18.  Have you ever had your water tested for contamination? 

19.  ☐ Yes ☐ No 

 

Section D: Health and Hygiene 

16.  Has anyone in your household experienced any of the following in the past 6 months? 

(Check all that apply) 

17.  ☐ Diarrhea ☐ Typhoid ☐ Cholera ☐ Skin infections ☐ None 

18.  If yes, how many times did the illness occur? ______ 

19.  Was medical treatment sought? 

20.  ☐ Yes ☐ No 

21.  Do you wash your hands after using the toilet? 

22.  ☐ Always ☐ Sometimes ☐ Rarely 

23.  Do you have access to a toilet facility in your household? 

24.  ☐ Yes ☐ No 

 

Section E: Community and Infrastructure 

21.  Are there any boreholes in your district? 

22.  ☐ Yes ☐ No ☐ Not sure 

23.  If yes, how many are functional? 

24.  ☐ All ☐ Some ☐ None 

25.  Who maintains the borehole(s)? 

26.  ☐ Government ☐ Community ☐ NGO ☐ No one 

27.  Would you support the installation of new boreholes in your area? 

28.  ☐ Yes ☐ No 

29.  What challenges do you face in accessing clean water? 

 

 



Isaac John Umaru, Solomon Ossom Asare, Emmanuel Omanchi, Akpan Usenobong Morgan, Abimbola Gbenga 
Olayemi, Mathias Mawuli Ametefe 

 African Multidisciplinary Journal of Sciences and Artificial Intelligence 608 

Data collected included:  

i. Incidence of waterborne diseases (diarrhea, typhoid, cholera) 

As part of the community health impact evaluation, data were collected on the 

incidence of waterborne diseases among households located near sampled wells and 

boreholes. Respondents were asked to report any cases of diarrhea, typhoid fever, or cholera 

experienced by members of their household within the past six months. These illnesses were 

selected due to their strong association with contaminated drinking water and poor sanitation. 

The frequency and severity of reported cases were documented, and where possible, verified 

against local clinic records. This information provided insight into the public health burden 

linked to microbial contamination in groundwater sources across Michika LGA. 

ii. Water usage patterns 

In addition to disease incidence, the study gathered detailed information on water 

usage patterns. Households were asked about their primary sources of drinking water, 

frequency of water collection, distance to water sources, and whether they treated water 

before consumption. Treatment methods such as boiling, filtration, and chlorination were 

noted. These patterns helped identify behavioral factors that influence exposure to unsafe 

water and guided recommendations for infrastructure improvements. The data also revealed 

disparities in access, with some districts relying heavily on untreated surface water due to the 

absence of functional boreholes. 

iii. Hygiene practices 

The third component of the survey focused on hygiene practices, which play a critical 

role in preventing waterborne diseases. Respondents were asked about handwashing habits, 

availability of toilet facilities, and general sanitation behaviors. The presence or absence of 

basic hygiene infrastructure was recorded, along with community awareness of water safety. 

This information was essential for understanding how individual and household practices 

contribute to health outcomes and for designing targeted education campaigns. Together, 

these three data categories—disease incidence, water usage, and hygiene—formed the basis 

for linking environmental conditions with community health in Michika LGA. 

iv.  Health records from local clinics were reviewed to validate self-reported data. 

To enhance the reliability of self-reported data on waterborne illnesses, health records 

from local clinics within Michika LGA were reviewed and cross-referenced with household 
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survey responses. This validation process focused on reported cases of diarrhea, typhoid, and 

cholera over the past six months, aligning with the timeframe used in the community 

questionnaire. Clinic records provided objective evidence of disease incidence, allowing 

researchers to assess the accuracy of community-reported health outcomes and identify any 

discrepancies or underreporting. This triangulation of data strengthened the study’s findings 

by linking microbial water quality with actual health impacts documented in the local 

healthcare system. 

9. Data Analysis 

Microbial and physicochemical data collected from various water sources across 

Michika LGA were analyzed using SPSS version 25, applying descriptive statistics to 

summarize contamination levels and ANOVA to compare variations across seasons and 

districts. This statistical approach enabled the identification of significant differences in water 

quality parameters, highlighting areas with elevated microbial risks. Additionally, GIS mapping 

was employed to spatially visualize borehole distribution and contamination hotspots, 

integrating aquifer characteristics and proximity to community infrastructure to support 

targeted water safety interventions and borehole expansion planning. 

10. Ethical Considerations 

Microbial and physicochemical data collected from various water sources across 

Michika LGA were analyzed using SPSS version 25, with descriptive statistics used to 

summarize contamination levels and ANOVA applied to compare seasonal and district-based 

variations. GIS mapping was employed to visualize borehole distribution, contamination 

hotspots, aquifer feasibility zones, and proximity to community infrastructure, enabling spatial 

analysis of water safety risks. Ethical approval for the study was obtained from the State 

Health Research Ethics Committee, and informed consent was secured from all participants 

prior to data collection. To ensure confidentiality, all water samples were anonymized and 

coded, maintaining ethical standards throughout the research process. 
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RESULTS 

Table 1: Microbial Contamination Levels in Water Sources 

District 
Source 
Type 

Total Coliforms 
(CFU/100mL) 

Fecal Coliforms 
(CFU/100mL) 

E. coli 
Presence 

HPC 
(CFU/mL) 

Bazza Borehole 12   4   Present 180   

Moda Well 85   60   Present 320   

Michika 
Town 

Borehole 5   0   Absent 90   

Zah Well 110   75   Present 400   

Nkafa Borehole 18   6   Present 210   

Note: WHO standard for drinking water: 0 CFU/100mL for coliforms and E. coli. 

Table 2: Physicochemical Parameters of Water Samples 

District Source Type pH Turbidity (NTU) TDS (mg/L) 

Garta Well 6.2   7.5   420   

Futa Borehole 7.1   2.3   310   

Minkisi Well 5.9   9.8   480   

Diaka Borehole 7.4   1.8   290   

Ghunchi Well 6.5   6.7   450   

WHO Guidelines: pH (6.5–8.5), Turbidity (<5 NTU), TDS (<500 mg/L) 

Table 3: Hydro-Geophysical Survey Summary 

District 
VES Site 

Code 
Aquifer Depth 

(m) 
Aquifer Thickness 

(m) 
Resistivity 

(Ωm) 
Borehole 

Feasibility 

Zah VES-Z1 32   18   120   High 

Nkafa VES-N2 28   15   95   Moderate 

Minkisi VES-M3 40   22   140   High 

Ghunchi VES-G4 25   12   80   Low 

Diaka VES-D5 35   20   130   High 

Table 4: Community Health Assessment Results 

District 
% Households 

Reporting Diarrhea 
% Reporting 

Typhoid 
% Reporting 

Cholera 
% Treat 
Water 

% With 
Toilet Access 

Moda 62% 48% 15% 28% 35% 

Zah 70% 55% 22% 18% 30% 

Michika 
Town 

35% 25% 5% 60% 70% 
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District 
% Households 

Reporting Diarrhea 
% Reporting 

Typhoid 
% Reporting 

Cholera 
% Treat 
Water 

% With 
Toilet Access 

Nkafa 50% 40% 10% 35% 45% 

Minkisi 65% 52% 18% 22% 38% 

 

GIS Mapping for Borehole Distribution and Contamination Hotspots 

Geographic Information System (GIS) mapping was employed to spatially analyze and 

visualize the distribution of boreholes and microbial contamination levels across Michika 

LGA. GPS coordinates were recorded for all 35 sampled water sources—20 wells and 15 

boreholes—using a handheld GPS device during field visits. These coordinates were imported 

into GIS software (such as QGIS or ArcGIS), where each water source was georeferenced and 

categorized based on source type and contamination status. 

To highlight contamination hotspots, microbial data (e.g., Total Coliform Count, E. 

coli presence) were linked to each water source using attribute tables. Symbology was applied 

to represent contamination severity: for example, red circles for high-risk sources (E. coli 

present), yellow for moderate contamination, and green for safe sources. This visual 

classification allowed for quick identification of districts with elevated microbial risk, such as 

Zah, Moda, and Minkisi. Overlaying these data with district boundaries and population density 

layers helped prioritize areas for intervention. 

In addition, GIS was used to visualize hydro-geophysical survey results. VES points 

were plotted, and aquifer characteristics (depth, thickness, resistivity) were added as spatial 

attributes. Borehole feasibility zones were shaded based on aquifer productivity, guiding future 

drilling decisions. The final map layers included water source type, contamination level, aquifer 

suitability, and proximity to community infrastructure (e.g., schools, clinics). These maps were 

instrumental in communicating findings to stakeholders and guiding borehole expansion 

planning. 
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Figure 1: Features borehole and well locations, clearly marked contamination hotspots 

categorized as safe, moderate, or high risk, and labeled district boundaries for easy reference. 

Community infrastructure is also highlighted, including schools and clinics, while aquifer 

feasibility zones overlaid using blue shading for high-yield areas and gray for low-yield zones. 

Additionally, population density zones are represented, ranging from low to extremely high, 

offering a layered view of community vulnerability. This comprehensive spatial visualization 

supports targeted planning for water safety interventions and infrastructure development. 

Table 5: GIS-Based Hydro-Geophysical Survey and Borehole Feasibility Summary 

District 
VES 
Point 
Code 

Aquifer 
Depth 

(m) 

Aquifer 
Thickness 

(m) 

Resistivity 
(Ωm) 

Feasibility 
Zone 

Contamination 
Level 

Water 
Source 
Type 

Nearby 
Infrastructure 

Zah 
VES-
Z1 

32   18   120   
High Yield 
(Blue) 

High (E. coli 
present) 

Well School, Clinic 

Nkafa 
VES-
N2 

28   15   95   
Moderate 

Yield 
Moderate Borehole Clinic 

Minkisi 
VES-
M3 

40   22   140   
High Yield 
(Blue) 

High Well School 

Ghunchi 
VES-
G4 

25   12   80   
Low Yield 
(Gray) 

Safe Borehole School, Clinic 

Diaka 
VES-
D5 

35   20   130   
High Yield 
(Blue) 

Moderate Borehole Clinic 

Moda 
VES-
M6 

30   16   110   
Moderate 

Yield 
High Well School 
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District 
VES 
Point 
Code 

Aquifer 
Depth 

(m) 

Aquifer 
Thickness 

(m) 

Resistivity 
(Ωm) 

Feasibility 
Zone 

Contamination 
Level 

Water 
Source 
Type 

Nearby 
Infrastructure 

Michika 
Town 

VES-
MT7 

22   10   150   
Low Yield 
(Gray) 

Safe Borehole School, Clinic 

 

DISCUSSION  

The findings from this study reveal a critical intersection between microbial water 

quality, aquifer feasibility, and community health outcomes across Michika LGA. The 

microbial analysis (Table 1) showed that wells in Moda and Zah had significantly elevated 

levels of total coliforms (85 and 110 CFU/100mL respectively), with E. coli present in both 

cases—far exceeding WHO standards for safe drinking water (WHO, 2017). In contrast, 

boreholes in Michika Town and Diaka demonstrated lower contamination levels, suggesting 

that source type plays a pivotal role in water safety (Okullo et al., 2017). 

Physicochemical parameters (Table 2) further corroborated microbial risks, with 

turbidity levels in Minkisi (9.8 NTU) and Garta (7.5 NTU) surpassing the WHO guideline of 5 

NTU. These elevated turbidity values may facilitate microbial growth and reduce the 

effectiveness of household water treatment methods (UNICEF, 2020; Bain et al., 2014). 

Interestingly, borehole-fed districts such as Futa and Diaka maintained acceptable 

physicochemical profiles, reinforcing the protective value of deeper aquifers (Adeyemo et al., 

2019). 

Hydro-geophysical survey results (Table 3) provided essential insight into borehole 

feasibility. Districts like Minkisi, Zah, and Diaka exhibited high aquifer thickness (≥18 m) and 

resistivity values above 120 Ωm, indicating productive aquifers suitable for sustainable 

borehole development (Nwankwo & Ibrahim, 2021; Oladapo et al., 2004). GIS mapping 

(Figure 1) visualized these zones in blue, while low-yield areas such as Ghunchi and Michika 

Town were shaded gray, guiding future drilling decisions (Akinluyi et al., 2018). 

Community health assessment data (Table 4) revealed a strong correlation between 

microbial contamination and disease incidence. Zah and Moda, which had high E. coli 

presence, also reported the highest diarrhea rates (70% and 62% respectively). This 

relationship was visualized in Figure 1, where districts with microbial contamination showed 

elevated health burdens. In contrast, Michika Town, with safe borehole water, reported only 
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35% diarrhea incidence—supporting findings from similar studies in rural Ethiopia and Kenya 

(Mengesha et al., 2020; Onyango et al., 2018). 

The GIS-based hydro-geophysical mapping (Table 5) integrated aquifer characteristics, 

contamination levels, and proximity to infrastructure. Districts with high-yield aquifers and 

nearby clinics—such as Diaka and Minkisi—were identified as priority zones for borehole 

expansion. The overlay of population density zones (Figure 2) further emphasized the urgency 

in high-density districts like Zah and Moda, where contamination risks intersect with 

vulnerable populations (Afolabi et al., 2021; Egbueri, 2020). 

GIS proved invaluable in synthesizing spatial data layers, enabling stakeholders to 

visualize complex relationships between water quality, aquifer potential, and community 

infrastructure (Esri, 2022; Orebiyi et al., 2010). This approach aligns with global best practices 

in water resource planning and public health surveillance (WHO/UNICEF JMP, 2021; 

MacDonald et al., 2005). 

 

CONCLUSION 

This study underscores the urgent need for targeted water safety interventions in 

Michika LGA. The results revealed that wells, particularly in densely populated districts such 

as Zah and Moda, are highly susceptible to microbial contamination, with elevated levels of E. 

coli and total coliforms posing significant health risks. In contrast, boreholes—especially those 

located in high-yield aquifer zones like Minkisi and Diaka—demonstrated safer water quality 

and stronger physicochemical profiles. GIS mapping played a pivotal role in visualizing 

contamination hotspots, aquifer feasibility, and proximity to community infrastructure, 

enabling stakeholders to make informed, data-driven decisions. 

To reduce the burden of waterborne diseases and improve access to safe drinking 

water, we recommend expanding borehole infrastructure in high-yield zones, prioritizing water 

treatment in high-risk districts, and strengthening community health outreach near 

contaminated sources. Additionally, integrating GIS tools into local water planning and 

monitoring systems will enhance surveillance and resource allocation. These findings provide a 

strategic roadmap for sustainable water development and public health protection in Michika 

LGA, offering practical guidance for policymakers, health officials, and development partners. 
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Based on the findings of the study titled "Water Security and Public Health in Michika 

LGA: Assessing Microbial Contamination and Expanding Borehole Access," the following 

recommendations are proposed to the Government of Adamawa State and the Michika 

community to enhance water safety, reduce disease burden, and promote sustainable 

development: 

Recommendations to the Government of Adamawa State 

1.  Prioritize Borehole Expansion in High-Yield Aquifer Zones 

Invest in drilling new boreholes in districts like Minkisi, Diaka, and Zah, where hydro-

geophysical surveys indicate high aquifer productivity. This will reduce reliance on 

contaminated wells and improve access to safe water. 

2.  Establish a Statewide Water Quality Monitoring Program 

Implement regular microbial and physicochemical testing of water sources across LGAs, using 

mobile labs and GIS-based tracking systems to identify and respond to contamination 

hotspots. 

3.  Integrate GIS into Water Infrastructure Planning 

Adopt GIS tools for mapping aquifer potential, population density, and infrastructure 

proximity to guide equitable and efficient water resource allocation. 

4.  Strengthen Rural Health-WASH Linkages 

Collaborate with the Ministry of Health to integrate water safety into public health campaigns, 

focusing on hygiene education, disease surveillance, and rapid response to outbreaks in high-

risk areas like Zah and Moda. 

5.  Subsidize Household Water Treatment Technologies 

Provide low-cost chlorination kits, ceramic filters, or solar disinfection tools to households in 

districts with persistent microbial contamination. 

Recommendations to the Michika Community 

1.  Promote Community-Led Water Safety Plans 

Form local water committees to oversee borehole maintenance, report contamination, and 

educate residents on safe water handling practices. 
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2.  Discourage Use of Unprotected Wells 

Encourage Households to transition from shallow, unlined wells to safer borehole sources, 

especially in areas with high E. coli presence. 

3.  Adopt Simple Water Treatment Methods at Home 

Promote boiling, filtration, and solar disinfection (SODIS) as interim solutions for households 

without access to treated water. 

4.  Protect Water Points from Environmental Contamination 

Construct proper drainage, fencing, and latrine setbacks around water sources to prevent 

runoff and fecal contamination. 

5.  Engage in Health and Hygiene Education 

Partner with local schools, clinics, and religious institutions to raise awareness about the link 

between water quality and diseases like diarrhea, typhoid, and cholera. 

These recommendations, grounded in empirical data and spatial analysis, offer a 

practical roadmap for improving water security and public health in Michika LGA. By 

combining government investment with community action, the region can move toward a 

future where safe water is accessible, reliable, and resilient. 
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