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ABSTRACT

This study evaluated the physicochemical and bacteriological quality of major drinking water

sources in Amufi Community, Edo State, Nigeria, as well as household access and health

outcome perceptions. Fifteen water samples were collected from boreholes, tap water, rainwater,

and streams, while 220 households participated in a structured questionnaire survey. Laboratory

analyses followed APHA (2017) standard procedures, and results were compared with WHO

(2017) and NSDWQ (2007) guidelines. Eight key parameters were measured, including pH, TSS,

Na, NO₃⁻, Ca, Fe, EC, and TDS. Results showed that groundwater pH ranged from 4.71 to 5.82,

falling below the WHO acceptable range of 6.5–8.5, while surface water from streams was

neutral to slightly alkaline (8.00–8.27). Nitrate levels were critically high across all samples

(42.36–81.20 mg/L), exceeding the 50 mg/L limit. Microbiological results revealed that 73% of

samples had heterotrophic plate counts above 100 CFU/mL, with the highest contamination in

streams and some boreholes. Coliform bacteria were detected in 60% of samples, and isolates

identified included Shigella spp., Klebsiella pneumoniae, Staphylococcus aureus, and

Corynebacterium spp. Household data indicated that 59.3% relied on tap water and 36.0% on

boreholes, with only 42.9% treating water before use, mostly by boiling. Waterborne diseases

were reported by 36% of respondents, mainly typhoid and diarrhoea. The study concludes that

most drinking water sources in Amufi are unsafe for consumption, highlighting the urgent need

for improved treatment, sanitation, and continuous monitoring to protect public health.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the Study

Access to safe and clean water is a fundamental human right and a critical factor for sustaining

life, health, and socio-economic development (Odunmbaku and Ekute, 2020; Amaibi, 2022).

However, in many rural communities, including those in Nigeria such as Amufi, access to

potable water remains a significant challenge due to limited infrastructure and contamination

risks. The United Nations Sustainable Development Goals (SDGs) emphasize the need for

universal access to safe and affordable drinking water, making the evaluation of water quality in

underserved rural areas imperative for public health and development planning (Sawyerr et al.,

2024).

Water quality in rural settings is often compromised by both natural and anthropogenic factors.

Sources such as wells, boreholes, and surface water bodies can be contaminated by agricultural

runoff, improper waste disposal, industrial pollutants, and microbial pathogens, posing serious

health risks to local populations (Ighalo, 2020). For rural communities like Amufi, where

reliance on untreated water sources is high, exposure to contaminants such as heavy metals,

nitrates, and fecal coliforms can result in widespread waterborne diseases including diarrhea,

cholera, and typhoid fever (WHO, 2023).

Studies conducted in various Nigerian rural areas reveal that groundwater and surface water

sources exhibit variability in key physicochemical and microbiological parameters. For instance,

pH, total dissolved solids, and concentrations of heavy metals such as lead and arsenic often

exceed acceptable limits in certain locations, while microbial contamination including

Escherichia coli presence is commonly reported (Sawyerr et al., 2024). This contamination not
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only undermines water quality but also limits water acceptability and safety for domestic use.

Periodic assessment and monitoring of water quality parameters are therefore necessary to

identify pollution sources, assess health risks, and inform mitigation strategies.

Water quality assessment typically involves the measurement of various indicators such as pH,

temperature, turbidity, dissolved oxygen, total dissolved solids, heavy metals, and microbial

indicators using both field and laboratory techniques (Edegbene, 2025). Seasonal variations,

especially between dry and wet seasons, further influence water quality dynamics in rural rivers

and wells, necessitating extended monitoring over time to capture these fluctuations (Jaji et al.,

2007). Such evaluations are vital in guiding water resource management policies and improving

the provision of safe water in communities that lack adequate treatment infrastructure.

Despite these efforts, knowledge gaps exist regarding specific rural communities such as Amufi,

where comprehensive water quality data remain scarce. This lack of localized data hinders the

efforts of government and non-governmental agencies in designing effective water safety

interventions tailored to community needs.

In Amufi community, Edo State, Nigeria, access to safe and clean water remains a significant

challenge, with residents primarily relying on untreated groundwater and surface water sources

for their daily needs. These water sources are increasingly vulnerable to contamination from

agricultural activities, improper waste disposal, and inadequate sanitation facilities. Such

contamination raises concerns about the presence of harmful chemical substances and pathogenic

microorganisms, posing serious health risks to the community. Despite the critical need, there is

limited comprehensive data on the quality of water in Amufi, which hampers effective

assessment and management of water safety.
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The lack of reliable water quality information has contributed to potential exposure to

waterborne diseases such as cholera, typhoid, and diarrheal infections, resulting in increased

morbidity and mortality within the community. Additionally, the absence of regular water quality

monitoring and intervention strategies threatens both public health and environmental

sustainability. This situation underscores the urgent need to evaluate the physico-chemical and

microbial characteristics of water sources in Amufi to identify contamination levels, inform

stakeholders, and support the development of targeted water management policies aimed at

safeguarding community health and improving overall water supply quality.

Without addressing these issues, the Amufi community remains at risk of adverse health

outcomes and diminished quality of life due to inadequate water quality, highlighting a critical

gap that this study seeks to fill.

1.2 Aim and Objectives of the Study

The aim of this study is to evaluate the water quality, sources, accessibility, and health outcome

perceptions within Amufi Community, Edo State, Nigeria.

The objectives are to;

 To determine the physicochemical and bacteriological quality of the major drinking water

sources in Amufi community.

 To assess the community's knowledge, attitudes, and practices of water sources.

 To compare the analyzed water quality results with national and international standards to

determine their suitability for human consumption.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Concept of Water Quality

Water quality is a multidimensional concept that encompasses the physical, chemical, biological,

and radiological characteristics of water, which collectively determine its suitability for various

uses such as drinking, agriculture, recreation, and industrial processes (Bandh and Mushtaq,

2025). It is not a fixed attribute but rather a dynamic condition influenced by both natural

processes and anthropogenic activities. The assessment of water quality is therefore essential for

ensuring public health, environmental sustainability, and economic development.

According to the Institute for Environmental Research and Education (2025), water quality is

evaluated based on several parameters, including temperature, turbidity, pH, dissolved oxygen,

nutrient levels, and the presence of pathogens or toxic substances. These parameters are

measured against established standards to determine whether a water body is safe for its intended

use. For instance, drinking water must meet more stringent microbiological and chemical criteria

than water used for irrigation or industrial cooling.

The concept of water quality also involves understanding the sources of pollution that can

degrade it. These sources are broadly categorized into point sources, such as discharge from

wastewater treatment plants and non-point sources, including agricultural runoff and urban

stormwater (IERE, 2025). The increasing prevalence of emerging contaminants like

pharmaceuticals, microplastics, and endocrine-disrupting compounds further complicates water

quality management, necessitating continuous monitoring and adaptive regulatory frameworks.

Furthermore, water quality is closely linked to ecosystem health. Poor water quality can lead to

eutrophication, loss of biodiversity, and the proliferation of waterborne diseases. As such,
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maintaining high water quality standards is not only a matter of human health but also of

ecological integrity (Carvalho et al,, 2025).

2.2 Global Overview of Water Quality and Public Health

Water quality is a critical determinant of public health worldwide, significantly influencing

disease transmission and overall community well-being. Globally, poor water quality and

inadequate sanitation are responsible for a substantial burden of disease, with unsafe drinking

water contributing to over one million deaths annually, predominantly from diarrheal diseases

(Lin et al., 2022; WHO, 2023). Children under five years old are disproportionately affected,

with nearly 300,000 child deaths each year attributable to waterborne illnesses, reflecting the

vulnerability of this population group (Lin et al., 2022). The contamination of water sources by

microbial pathogens such as Escherichia coli, Vibrio cholerae, and various parasites is a primary

driver of diseases including cholera, typhoid fever, dysentery, hepatitis A, and schistosomiasis

(Solidarites, 2022; WHO, 2023).

In addition to microbial contamination, chemical pollutants like arsenic, fluoride, and heavy

metals present in natural groundwater or introduced through industrial and agricultural activities

pose significant health risks globally. These chemicals can lead to chronic conditions such as

neurological disorders, cancers, and developmental delays (Lin et al., 2022; Mukamana, 2021).

The impact of water quality on health extends beyond direct disease causation, affecting

nutritional status through gastrointestinal illnesses that impair nutrient absorption and exacerbate

malnutrition, particularly in low- and middle-income countries (Lin et al., 2022).

Waterborne diseases have distinct geographical patterns; while cholera outbreaks are prevalent in

parts of Africa, Asia, and Latin America, vector-borne diseases like dengue fever are
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increasingly linked to water management issues across tropical and subtropical regions

(Solidarites, 2022). Moreover, inadequate water, sanitation, and hygiene (WASH) infrastructure

in health care settings and communities amplify the risk of infection and complicate disease

control efforts (WHO, 2023).

Monitoring water quality is essential for effective public health interventions. Studies indicate

that improvements in water treatment, sanitation facilities, and hygiene education can

dramatically reduce disease incidence, as seen with decreased cholera cases following household

water treatment implementations (Lin et al., 2022; Solidarites, 2022). Despite this, millions still

lack access to safely managed water, underscoring persistent global inequities and the need for

intensified efforts toward Sustainable Development Goal 6 (UN SDG 6) which aims to ensure

availability and sustainable management of water and sanitation for all (WHO, 2023).

2.3 Water Quality Situation in Nigeria

The state of water quality in Nigeria presents a significant public health and environmental

challenge. Despite the country's abundant freshwater resources, access to safe and potable water

remains limited for a large portion of the population. Recent assessments reveal that over two-

thirds of Nigeria’s water sources are contaminated, posing serious health risks and contributing

to the prevalence of waterborne diseases such as cholera, typhoid, and dysentery (Guardian

Nigeria, 2025).

The contamination of water sources in Nigeria is largely attributed to poor sanitation

infrastructure, indiscriminate waste disposal, agricultural runoff, and inadequate regulatory

enforcement. Surface and groundwater sources are frequently exposed to pollutants including

faecal matter, heavy metals, and industrial effluents. A nationwide review of physicochemical
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properties of surface water between 2015 and 2025 indicated widespread deviations from

acceptable standards, particularly in parameters such as turbidity, pH, and microbial content

(Ogbe et al., 2025).

Experts have raised alarm over the implications of poor water quality on national health

outcomes. It is estimated that 70–80% of diseases in Nigeria are water-related, with an annual

death toll reaching up to 800,000 due to unsafe water consumption and poor hygiene practices

(Daily Post Nigeria, 2025). These figures underscore the urgent need for improved water

governance, investment in water treatment infrastructure, and public education on safe water

practices.

Efforts by the Federal Ministry of Water Resources and Sanitation, in collaboration with

international partners such as UNICEF, have led to the establishment of water quality monitoring

frameworks and the organization of national conferences aimed at addressing the crisis. However,

implementation gaps and limited community engagement continue to hinder progress.

2.4 Physicochemical Parameters of Water Quality

Physicochemical parameters are critical indicators used to evaluate the quality of water, as they

influence both aquatic ecosystems and human health. Understanding these parameters helps

identify water suitability for various uses, including drinking, agriculture, and industry. This

section reviews key physicochemical parameters typically analyzed in water quality studies,

citing findings from Nigerian and comparable environmental settings.

pH measures the hydrogen ion concentration and reflects how acidic or alkaline the water is, on a

scale from 0 (acidic) to 14 (alkaline), with 7 being neutral. Most aquatic organisms thrive within

a pH range of 6.5 to 8.5. Water outside this range may be corrosive or support harmful chemical
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reactions (Atlas, 2025; Omer, 2019). Studies in Nigerian rural communities often report pH

values within this range but occasionally note acidic or alkaline shifts due to industrial effluents

or agricultural runoff (Rahman et al., 2021).

Temperature influences the chemical reaction rates, dissolved oxygen solubility, and biological

activity in water. Higher temperatures lower dissolved oxygen levels, stressing aquatic life,

whereas cold waters typically hold more oxygen (Fiveable, 2024). Seasonal temperature

variation in Nigerian surface waters impacts microbial growth and pollutant breakdown rates

(Egun and Oboh, 2021).

Electrical Conductivity (EC) indicates the capacity of water to conduct electric current, which

depends on ion concentration from dissolved salts and minerals. EC is measured in microsiemens

per centimeter (µS/cm). High conductivity signals elevated total dissolved solids (TDS) and

potential pollution from salinity or industrial waste (Atlas, 2025; Fiveable, 2024). Nigerian

studies reveal EC fluctuations linked to domestic waste discharge and natural mineral content

variation (Odiana and Edosomwan, 2022).

Total Dissolved Solids (TDS) represent total ions dissolved in water, affecting taste, corrosion

potential, and health risk. Elevated TDS values can originate from natural mineral dissolution or

anthropogenic pollution like fertilizers and sewage (Atlas, 2025). Research in Edo State and rural

Nigerian areas has shown TDS exceeding recommended limits during rainy seasons due to

runoff (Egun and Oboh, 2021).

Turbidity measures water cloudiness caused by suspended particles such as silt, organic matter,

and microorganisms, quantified in Nephelometric Turbidity Units (NTU). High turbidity reduces

light penetration, impairing photosynthesis, and may harbor pathogens (Fiveable, 2024).
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Nigerian water bodies often show increased turbidity in rainy seasons, linked to surface runoff

and soil erosion (Rahman et al., 2021).

Dissolved Oxygen (DO) is essential for respiration of aquatic organisms and the breakdown of

organic matter. DO levels fluctuate with temperature, pollution, and biological activity. Low DO

often signals pollution and can lead to hypoxic conditions harmful to aquatic life (Atlas, 2025;

Fiveable, 2024). Studies of Nigerian rivers document DO depletion near urban discharges and

agricultural runoff (Odiana and Edosomwan, 2022).

Hardness refers to the concentration of calcium and magnesium ions and affects water suitability

for irrigation and domestic use; excess hardness can cause scaling (Atlas, 2025). Meanwhile,

nitrates, sulphates, and chlorides are common chemical constituents monitored due to their health

and environmental impacts. High nitrate levels often arise from fertilizer use and sewage

infiltration, linked to methemoglobinemia in infants. Sulphates can affect taste and cause laxative

effects at high concentrations. Chlorides indicate salinity and possible contamination from

industrial waste or seawater intrusion (Fiveable, 2024; Rahman et al., 2021).

In Nigerian settings, comprehensive analyses frequently report seasonal spikes in these

parameters, especially during wet seasons due to enhanced runoff carrying agricultural inputs

and domestic waste into surface and groundwater sources (Egun and Oboh, 2021; Odiana and

Edosomwan, 2022). These physicochemical indicators collectively form the basis for water

quality indices used to classify water as potable, suitable for agriculture, or requiring treatment

(Chidiac et al., 2023).

2.5 Microbiological Quality of Water

Microbiological water quality refers to the presence or absence of pathogenic microorganisms in

water, which directly impacts its safety for human consumption. The most common indicators of
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microbial contamination include Escherichia coli (E. coli), Salmonella, Shigella, and

Cryptosporidium, among others. These organisms are typically introduced into water sources

through faecal contamination, often resulting from inadequate sanitation, sewage discharge,

agricultural runoff, and poor waste management practices (WHO, 2025).

E. coli, a member of the coliform group, is widely recognized as a reliable indicator of faecal

pollution. Its presence in drinking water suggests recent contamination and the potential presence

of other pathogenic organisms. Salmonella and Shigella are also significant pathogens associated

with waterborne outbreaks. Salmonella is transmitted primarily via the faecal-oral route and has

been linked to unsafe drinking water and poor hygiene conditions, while Shigella is known for

causing severe gastrointestinal infections, particularly in children and immunocompromised

individuals (Lamichhane et al., 2024).

The health risks associated with microbiologically unsafe water are profound. Contaminated

water can lead to outbreaks of diarrhoeal diseases, typhoid fever, hepatitis A and E, and other

enteric infections. According to the World Health Organization (WHO), waterborne diseases

account for a significant proportion of global morbidity and mortality, especially in developing

countries where access to treated water is limited (WHO, 2025).

To mitigate these risks, WHO has established comprehensive guidelines for drinking-water

quality. These guidelines emphasize the absence of faecal indicators such as E. coli in 100 mL of

drinking water as a minimum requirement for safety. The guidelines also recommend regular

monitoring and the implementation of water safety plans to ensure microbial risks are effectively

managed (WHO, 2025).

2.6 Heavy Metal Contamination in Water Sources
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Heavy metal contamination in water sources is a critical environmental and public health issue

worldwide, particularly in developing countries with intensive industrial, agricultural, and urban

activities. Common heavy metals of concern include lead (Pb), cadmium (Cd), arsenic (As), and

mercury (Hg), which are persistent, bioaccumulative, and toxic even at low concentrations

(Laoye, 2025). These metals can enter water bodies through various pathways such as industrial

effluents, corrosion of pipes, pesticide runoff, mining activities, and improper waste disposal

(Ahmed et al., 2023; Egbueri, 2020).

Lead contamination often arises from corroded plumbing systems, industrial discharges, and

contaminated soils, posing significant neurological risks, especially to children, including

cognitive impairment and developmental delays (Laoye, 2025). Cadmium, frequently linked to

battery manufacturing and phosphate fertilizers, accumulates in kidneys and can cause renal

dysfunction and bone damage (Ahmed et al., 2023). Arsenic contamination primarily derives

from both natural geological sources and pollution from pesticides or industrial waste, leading to

serious chronic effects such as skin lesions, cancers, and cardiovascular diseases (Laoye, 2025;

Iwunze, 2024). Mercury, introduced via artisanal mining, coal combustion, and waste, is

neurotoxic, impairing cognitive and motor functions and increasing risks of fetal developmental

problems (Laoye, 2025).

Numerous studies in Nigerian contexts reveal heavy metal pollution exceeding World Health

Organization (WHO) permissible limits in both groundwater and surface water sources. For

instance, in the oil- and gas-producing communities of the Niger Delta, lead and mercury

concentrations were significantly elevated compared to non-oil-producing communities,

highlighting the impact of oil industry-related pollution (Iwunze, 2024). Similarly, boreholes in
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Jigawa State showed chromium and iron levels above safe thresholds, with chromium exposure

linked to skin irritation, respiratory issues, and organ damage (Ahmed et al., 2023).

The presence of these heavy metals in water sources poses significant human health hazards due

to their toxic, carcinogenic, and mutagenic properties. Chronic exposure can lead to anemia,

kidney damage, neurological disorders, and even death (Laoye, 2025). Contaminated irrigation

water further exacerbates these risks by introducing metals into the food chain through crops and

fish, compounding human exposure and ecological damage (Laoye, 2025).

Given these factors, regular monitoring and risk assessment of heavy metals in community water

sources are essential for the protection of public health. Strategies such as environmental clean-

up, pollution source control, improved waste management, and public awareness are critical to

mitigate heavy metal contamination in Nigerian water resources and beyond.

2.7 Seasonal Variations in Water Quality

Seasonal fluctuations between dry and wet periods profoundly shape water quality in rural

communities, where surface water sources like rivers and ponds are critical for domestic and

agricultural use. These changes, driven by hydrological processes such as rainfall-induced runoff

and evaporation, affect key parameters including turbidity, microbial load, and dissolved solids.

Studies from tropical and subtropical regions, particularly in Africa and India, reveal that wet

seasons often increase contamination through sediment and pollutant transport, while dry seasons

concentrate solutes, posing challenges for water safety and public health in rural settings.

Turbidity, an indicator of water clarity influenced by suspended particles, consistently rises

during wet seasons due to runoff and erosion in rural water systems. For example, in the Mvudi

River, Limpopo Province, South Africa, turbidity ranged from 13.3 to 473 NTU in the wet
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season, compared to 1.3 to 14.7 NTU in the dry season, driven by sediment-laden runoff

(Edokpayi et al., 2015). Similarly, the River Ibi in rural Taraba State, Nigeria, exhibited higher

turbidity in the rainy season (37.01–40.41 NTU) than in the dry season (19.21–28.72 NTU),

exceeding WHO guidelines due to agricultural and waste-related runoff (Aso et al., 2025). In

Sierra Leone’s Rokel River, serving rural villages, wet-season turbidity averaged 14.12 NTU

compared to 6.99 NTU in the dry season, linked to mining and agricultural runoff (Barrie et al.,

2023). However, in the Gudlavalleru Engineering College Pond in rural Andhra Pradesh, India,

turbidity peaked during the dry (summer) season and was lowest during monsoons, influenced by

evaporation rather than runoff (Krishna et al., 2021). These patterns highlight how seasonal

turbidity spikes impair water usability in rural communities.

Microbial load, including coliforms and heterotrophic bacteria, often surges during wet seasons

due to fecal and organic matter entering water bodies via runoff. In the Mvudi River, Enterococci

counts were significantly higher in the wet season (mean 3.4 × 10³ cfu/100 mL) than in the dry

season (1.22 × 10³ cfu/100 mL), while E. coli levels exceeded guidelines in both seasons,

signaling health risks for rural users (Edokpayi et al., 2015, International Journal of

Environmental Research and Public Health). The River Ibi showed elevated microbial counts in

the rainy season, with total heterotrophic bacteria at 1.78 × 10⁵ cfu/mL and fecal coliforms up to

40 MPN/100 mL, compared to lower dry-season values, indicating pathogens like Escherichia

coli and Salmonella spp. from rural waste (Aso et al., 2025). In contrast, the Rokel River

displayed no significant seasonal variation in E. coli (11.92–12.50 CFU/ml) or total coliforms

(32.79–33.08 CFU/ml), though levels remained unsafe year-round due to anthropogenic

pressures (Barrie et al., 2023). In urban-adjacent Port Harcourt, Nigeria, rainy-season spikes in

thermotolerant coliforms (21% to 42% positivity in drinking sources) suggest similar risks may
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extend to peri-rural areas (Kumpel et al., 2017). These findings emphasize the heightened

disease risk during wet seasons in rural areas with limited water treatment.

Dissolved solids, including total dissolved solids (TDS) and ions, typically concentrate during

dry seasons due to reduced dilution and increased evaporation. In the Rokel River, TDS was

higher in the dry season (mean 13.98 mg/L) than the wet season (10.04 mg/L), with electrical

conductivity following a similar trend (31.80 μS/cm dry vs. 12.26 μS/cm wet), reflecting

seasonal hydrological impacts (Barrie et al., 2023). The River Ibi showed dry-season TDS

ranging from 25.69–30.55 mg/L compared to 18.00–21.70 mg/L in the rainy season, though

within WHO limits (Aso et al., 2025). In the Mvudi River, electrical conductivity (a proxy for

dissolved solids) showed no significant seasonal variation (10.5–16.1 mS/m), but chloride and

nitrate levels were higher in the dry season (14.82 mg/L and 6.87 mg/L) than the wet season

(9.35 mg/L and 3.25 mg/L), raising concerns about eutrophication (Edokpayi et al., 2015).

Conversely, in Port Harcourt’s groundwater, TDS increased in the rainy season (median 50.1

mg/L vs. 20.2 mg/L dry), likely due to leaching, offering insights for rural groundwater systems

(Kumpel et al., 2017). These variations underscore the need for season-specific monitoring to

ensure safe water in rural communities.

2.8 Water Quality Standards and Guidelines

Water quality standards serve as benchmarks for evaluating the safety and suitability of water for

human consumption and other uses. Globally, the World Health Organization (WHO) provides

comprehensive guidelines that outline acceptable limits for various physicochemical and

microbiological parameters. These include thresholds for pH (6.5–8.5), turbidity (<5 NTU),
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nitrate (<50 mg/L), and the complete absence of E. coli in 100 mL of drinking water (WHO,

2023).

In Nigeria, the Nigerian Standard for Drinking Water Quality (NSDWQ), developed by the

Standards Organisation of Nigeria (SON), aligns closely with WHO recommendations but also

incorporates context-specific considerations. The NSDWQ stipulates permissible limits for

parameters such as total hardness (<150 mg/L), chloride (<250 mg/L), and lead (<0.01 mg/L),

while maintaining zero tolerance for faecal coliforms in potable water (SON, 2023).

Other regulatory frameworks, such as those from the United States Environmental Protection

Agency (USEPA) and the European Union (EU), offer additional reference points for water

quality management. These standards emphasize risk-based approaches and encourage the use of

Water Safety Plans (WSPs) to proactively identify and mitigate hazards throughout the water

supply chain (USEPA, 2023).

2.9 Effects of Poor Water Quality on Human Health and Livelihood

Poor water quality is a major contributor to the global burden of communicable diseases,

especially in developing rural communities where access to safe drinking water and sanitation is

limited. Contaminated water often harbors pathogens such as Vibrio cholerae, Escherichia coli,

Salmonella typhi, and Shigella species, which cause waterborne diseases including cholera,

diarrhea, typhoid fever, and dysentery (Lin et al., 2022; WHO, 2023). These diseases are a

significant cause of morbidity and mortality, particularly among children under five, where

diarrheal diseases remain a leading killer worldwide (Lin et al., 2022).

Cholera outbreaks are closely linked to poor sanitation and consumption of unsafe water,

resulting in severe dehydration and death if untreated. Areas with compromised water sources
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and inadequate waste management often experience recurrent cholera epidemics that strain

healthcare systems and disrupt community stability (Solidarites, 2022). Similarly, diarrhea

caused by a range of pathogens leads to nutrient loss and impaired absorption, exacerbating

malnutrition and weakening immune response (Mukamana, 2021). Typhoid fever, caused by

ingestion of food or water contaminated with Salmonella typhi, results in prolonged fever and

systemic illness, often requiring prolonged antibiotic treatment (WHO, 2023).

The health impacts translate into broader socioeconomic consequences for rural communities.

Frequent illness reduces labor productivity and school attendance, increasing economic hardship

and perpetuating cycles of poverty (Lin et al., 2022). Healthcare costs for treatment of

waterborne diseases create financial burdens on families already struggling for basic necessities,

limiting resources for food, education, and other essentials (Mukamana, 2021). Women and

children often bear disproportionate burdens, as they typically collect water and care for sick

household members, limiting their opportunities for education and economic participation (Lin et

al., 2022).

Moreover, poor water quality negatively affects agricultural productivity by jeopardizing

irrigation water safety, impacting food security and livelihoods dependent on farming

(Solidarites, 2022). Environmental degradation linked to contamination also threatens

biodiversity and ecosystem services that rural populations rely on for sustenance and income

(Lin et al., 2022).

Interventions that improve water quality, sanitation, and hygiene (WASH) have demonstrated

significant reductions in disease incidence and improvement in community well-being.

Investment in clean water infrastructure, hygiene education, and waste management in
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vulnerable rural areas is critical to breaking the health-poverty nexus and promoting sustainable

livelihoods (WHO, 2023; Mukamana, 2021).

2.10 Previous Studies on Water Quality in Edo State and Nearby Communities

Water quality investigations in Edo State and its surrounding communities have revealed

significant concerns regarding both physicochemical and microbiological parameters. These

studies provide valuable insights into the state of surface and groundwater sources, especially in

areas such as Benin City, Ikpoba-Okha, and Uhumwonde.

In a comprehensive study by Okoye and Ogbebor (2024), ten surface water bodies across Edo

State were analyzed for physicochemical properties. The results showed that turbidity levels

ranged from 12.4 to 45.6 NTU, exceeding the WHO guideline of <5 NTU. Total dissolved solids

(TDS) values were between 250 and 680 mg/L, with some sites surpassing the Nigerian Standard

for Drinking Water Quality (NSDWQ) limit of 500 mg/L. Biochemical oxygen demand (BOD)

values were also elevated, indicating organic pollution and potential microbial activity. The

Water Quality Index (WQI) classified 60% of the sampled sites as “poor” and 30% as “very

poor,” suggesting that most surface waters were unsuitable for direct consumption without

treatment.

Another study by Ogbebor et al. (2025) focused on groundwater contamination near municipal

dumpsites in Benin City. Borehole samples collected within 100 meters of dumpsites showed

nitrate concentrations ranging from 45 to 78 mg/L, exceeding the WHO limit of 50 mg/L.

Chloride levels were also elevated, reaching up to 320 mg/L in some locations. Microbiological

analysis revealed the presence of E. coli in 70% of the samples, confirming faecal contamination.
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These findings highlight the risk of leachate infiltration and the need for improved waste

management and borehole siting regulations.

In Ikpoba-Okha and Uhumwonde, seasonal studies have shown that microbial contamination

peaks during the rainy season. Okoye and Ogbebor (2024) reported E. coli counts ranging from

15 to 120 CFU/100 mL in hand-dug wells and streams during wet months, compared to 5 to 30

CFU/100 mL in the dry season. These results underscore the vulnerability of rural water sources

to surface runoff and inadequate sanitation infrastructure.

Onuegbu et al., (2025) assessed potable water quality from boreholes and rainwater reservoirs in

Etsako communities in Edo State. Water samples from 15 stations showed pH levels mostly

within acceptable limits except for a few stations, while total dissolved solids (TDS), turbidity,

salinity, and electrical conductivity were within regulatory standards. However, some locations

recorded elevated levels of lead, chromium, and manganese, with nickel and iron below

permissible limits. Microbiological analysis revealed fecal coliform bacteria within standard

limits in most stations, but overall water quality indexes ranged from poor to unsuitable for

drinking, implying significant health risks without proper treatment or alternative sources.

Adekunle and Okonji (2019) studied borehole water in Benin City, analyzing physical, chemical,

and microbial parameters in nine samples from Oredo, Egor, and Ovia North-East Local

Government Areas. They found electrical conductivity ranging from 12.85 to 101.94 µS/cm and

pH values between 4.32 and 5.55, indicating slightly acidic water in some locations. Total

dissolved solids (TDS) were low (0.67 to 4.00 mg/L). Chemical oxygen demand (COD) ranged

from 3.20 to 16.00 mg/L, and turbidity from 1.14 to 5.38 FTU. Heavy metals such as cadmium

and lead were not detected, but manganese (0.01 to 0.11 mg/L), iron (0.01 to 0.02 mg/L), and
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zinc (0.01 to 0.65 mg/L) were present. Microbial tests showed presence of E. coli and coliform

bacteria, indicating microbial contamination risks.

Osagie (2014) evaluated surface water of Osse River over 16 months, finding significant

seasonal changes. Dissolved oxygen (DO) fluctuated between 3.0 and 8.5 mg/L, with lower

levels during rainy seasons corresponding to increased organic load indicators such as

biochemical oxygen demand (BOD). Nitrate and phosphate concentrations were elevated in wet

months due to runoff, posing eutrophication risks and reducing water suitability.

Imoobe and Okoye (2021) assessed the impact of oil pollution in Ovia River at Gelegele

community. They recorded significantly lower dissolved oxygen and water temperatures, along

with substantially higher total hydrocarbon concentrations at contaminated sites compared to

control stations. Heavy metals including cadmium, nickel, and lead exceeded Nigerian standards

and WHO guidelines, confirming serious contamination linked to oil industry activity. These

pollutants rendered the water unfit for consumption and harmful to aquatic life.

Surface water assessments in Edo State have predominantly centered on key rivers and reservoirs,

revealing elevated pollution indices that compromise ecological integrity and human use. In the

Ikpoba River traversing Benin City, spatial analyses have highlighted parameters like dissolved

oxygen (DO) averaging 2.35 mg/L, below WHO thresholds and chemical oxygen demand (COD)

exceeding limits at all sampling stations, attributed to industrial and domestic wastes (Ojeah and

Oriakhi, 2022, Nigerian Journal of Environmental Sciences and Technology). Iron (Fe) and lead

(Pb) concentrations frequently surpassed permissible levels in upstream segments, with inverse

distance weighted interpolation mapping hotspots of contamination. Similarly, rural communities

in Edo State rely on streams and rainwater-fed wells, where surface water exhibits high turbidity

and coliform counts due to open defecation and abattoir effluents, rendering it unsuitable for
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direct consumption without treatment (Okadigwe and Efe, 2017, UKEssays Geography Essay).

In nearby southwestern states like Osun, Ekiti, and Ondo, bordering Edo, river samples showed

iron enrichment (average 0.49 mg/L) and moderate contamination factors, though most

parameters remained within drinking standards, offering comparative insights into regional

surface water dynamics influenced by similar geological formations (Abulude et al., 2023,

Environmental Sciences Proceedings). These findings collectively emphasize seasonal and

spatial variabilities, with pollution exacerbated by inadequate waste management.

Groundwater studies dominate the literature, reflecting Edo State's dependence on boreholes and

wells amid unreliable surface supplies, often revealing subtle yet pervasive contamination from

leachates and geogenic sources. State-wide vulnerability mapping using the DRASTIC-L model

integrated with analytic hierarchy process and GIS identified high-risk zones covering 25% of

Edo State, particularly in northern and southern districts, where agricultural intensification and

urbanization heighten susceptibility to pesticides and wastewater infiltration (Ozegin et al., 2024,

Physics and Chemistry of the Earth, Parts A/B/C). In Benin City, geostatistical analyses of

borehole water demonstrated strong spatial dependencies for parameters like electrical

conductivity (42.0–660 μS/cm) and total dissolved solids (20.1–329 mg/L), all within WHO

limits, with exponential models best fitting seasonal variations and enabling predictive

interpolation for unmonitored areas (Ezugwu and Atikpo, 2021). Proximity to dumpsites

amplifies risks, as evidenced near active and non-active sites in Benin City, where pH values

(4.1–6.6) fell below safe ranges, iron levels reached 2.877 mg/L, and coliform counts indicated

microbial contamination from Escherichia coli and other pathogens, though most

physicochemical parameters complied with standards (Chiedozie and Tosan, 2022). In the Esan

area, including Ekpoma, borehole assessments noted elevated iron (1.08–1.55 mg/L) exceeding
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limits, alongside lead and nitrate spikes, highlighting geological constraints and the shift toward

rainwater harvesting despite its own vulnerabilities (Dic-Ijiewere et al., 2022, Water Practice and

Technology). Rural dug wells in communities like Ugo and Igueben similarly displayed high

coliform (1.2–2.3 MPN/100ml) and suspended solids, underscoring the need for improved

storage and treatment practices (Okadigwe and Efe, 2017).
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Study Area

This study was conducted in Amufi Community, situated in Egor Local Government Area of

Edo State, Nigeria. The community is a semi-urban settlement characterized by mixed residential

and small-scale commercial activities. It lies within the tropical rainforest belt and experiences a

humid climate with distinct wet and dry seasons, which influence both the availability and

quality of water sources. The inhabitants depend mainly on boreholes, hand-dug wells, streams,

and sachet water for domestic and drinking purposes. The choice of Amufi as the study area was

based on its growing population and the observed variation in water access and quality among

residents.

3.2 Research Design

The research employed a cross-sectional descriptive design aimed at evaluating water quality,

accessibility, and health outcome perceptions within the community. This design was suitable

because it allowed for the collection of both environmental and social data at a single point in

time, providing a holistic understanding of the water situation in Amufi. The study combined

field survey techniques using structured questionnaires with laboratory analyses of water

samples to assess the physicochemical and microbiological parameters of water used by residents.

3.3 Study Population and Sampling

The target population consisted of households and individuals residing in Amufi who obtain their

water from different sources within the community. A total of 220 respondents were selected

through simple random sampling to ensure fair representation of all residential clusters. Each
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respondent provided information regarding their water sources, accessibility, perception of

quality, and any related health challenges experienced. The sample size was considered adequate

to provide reliable and statistically significant results reflecting the community’s overall water

situation.

3.4 Data Collection Instruments

Data collection was carried out through two main approaches: the use of structured

questionnaires and laboratory analysis. The questionnaire was designed to capture demographic

characteristics, water sources, frequency of use, access and cost implications, perception of water

quality, and self-reported health outcomes such as cases of typhoid fever, diarrhoea, and skin

infections. The laboratory analysis complemented the survey by providing objective scientific

data on water quality parameters. Both instruments were pre-tested to ensure clarity, accuracy,

and reliability before being administered and implemented in the field.

3.5 Sample Collection

Water samples were collected from different sources across the community, including boreholes,

wells, streams, and sachet water outlets. Sterile 250 mL sampling bottles were used for the

collection, and all samples were properly labeled to indicate their source and collection point.

Samples were transported in ice-packed coolers to the microbiology laboratory within six hours

of collection to prevent changes in microbial load. Each sample was handled under aseptic

conditions to avoid contamination. The samples were then subjected to both physicochemical

and microbiological analyses following standard laboratory procedures.
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3.6 Laboratory Analysis

The collected water samples were subjected to comprehensive laboratory analysis to determine

their physicochemical and microbiological quality. All analyses were performed in duplicate,

and the results were compared with the World Health Organization (WHO) guidelines for

drinking water quality.

3.6.1 Physicochemical Analysis

The following physicochemical parameters were analyzed using standard methods:

pH: The pH of the water samples was measured electrometrically using a calibrated digital pH

meter (HANNA Instruments, Model HI98107). The electrode was immersed in each sample, and

the reading was recorded after stabilization.

Total Suspended Solids (TSS): TSS was determined gravimetrically. A known volume of each

water sample was filtered through a pre-weighed glass microfiber filter (Whatman GF/C). The

filter was then dried in an oven at 105°C for one hour, cooled in a desiccator, and re-weighed.

The TSS concentration was calculated in milligrams per litre (mg/L) based on the weight

difference.

Nitrate (NO₃⁻): The concentration of nitrate-nitrogen was determined using the

spectrophotometric method with the cadmium reduction column. The sample was passed through

a cadmium column to reduce nitrate to nitrite, and the resulting nitrite was diazotized with

sulfanilamide and coupled with N-(1-Naphthyl) ethylenediamine dihydrochloride to form a pink-

coloured dye. The absorbance was measured at 543 nm using a spectrophotometer, and the

nitrate concentration was determined from a standard curve and expressed as mg/L of NO₃⁻.

Calcium (Ca) and Iron (Fe): The concentrations of calcium and iron were determined using an

Atomic Absorption Spectrophotometer (AAS). The samples were aspirated directly into the AAS
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flame, and the absorbance at specific wavelengths for each element (e.g., 422.7 nm for Ca and

248.3 nm for Fe) was measured. The concentrations were calculated by comparing the

absorbance readings to those from standard solutions and were expressed in mg/L.

Electrical Conductivity (EC) and Total Dissolved Solids (TDS): EC and TDS were measured

using a calibrated multi-parameter meter (HACH HQ40d) equipped with an EC/TDS probe. The

probe was immersed in each sample, and the readings for EC (in microsiemens per centimeter,

µS/cm) and TDS (in mg/L) were recorded directly from the digital display.

3.6.2 Microbiological Analysis

Microbiological evaluation involved serial dilution, Gram staining, coagulase testing, and sugar

fermentation to determine the type and characteristics of bacteria present in the water samples.

For the serial dilution, a series of sterile tubes containing 9 mL of sterile diluent were prepared

and labeled accordingly. One millilitre of the water sample was transferred into the first tube to

create a tenfold dilution, mixed thoroughly, and subsequently transferred to the next tube to

achieve further dilutions up to the desired concentration. Each diluted sample was plated on

nutrient agar and MacConkey agar to estimate the total viable and coliform counts, and the plates

were incubated at 37°C for 24 to 48 hours. Colony counts were recorded and expressed as

colony-forming units per millilitre (CFU/mL).

For the Gram staining, a loopful of each bacterial isolate was placed on a clean glass slide, air-

dried, and heat-fixed. The smear was then stained with crystal violet for one minute, rinsed with

water, treated with iodine for another minute, and gently decolorized with alcohol for about three

seconds. Safranin was used as a counterstain for thirty seconds before the slide was rinsed, dried,

and observed under an oil immersion microscope at 100x magnification. Gram-positive

organisms appeared purple, while Gram-negative organisms appeared pink or red.
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The coagulase test was performed to identify Staphylococcus aureus among the isolates. A drop

of plasma and a drop of saline were placed side by side on a clean glass slide, and an isolated

colony was emulsified in each drop to form a smooth suspension. The slide was gently rocked

for ten to fifteen seconds and observed for clumping. The presence of visible clumping in the

plasma without any reaction in the saline control indicated a positive result, confirming the

presence of Staphylococcus aureus.

For the sugar fermentation test, phenol red broth containing 1% of a specific sugar (lactose,

glucose, sucrose, or maltose) was prepared with an inverted Durham tube to detect gas

production. The broth was sterilized at 121°C for 3 minutes, cooled to room temperature, and

inoculated with a bacterial isolate using a sterile inoculating loop. Each tube was clearly labeled

with the sugar type and organism tested. Inoculated tubes were incubated at 37°C for 24 to 48

hours. A color change from red to yellow indicated acid production (positive fermentation),

while the presence of gas bubbles in the Durham tube indicated gas production.

This combination of tests helped in identifying the metabolic and biochemical characteristics of

bacterial isolates found in the water samples, thereby providing insight into possible

contamination sources and public health risks.

3.7 Data Analysis

All data collected from the questionnaires were coded and analyzed using the Statistical Package

for the Social Sciences (SPSS) version 25. Descriptive statistics such as frequency distributions,

percentages, and means were used to summarize responses, while inferential statistics including

Chi-square tests and correlations were employed to examine relationships between water sources,

accessibility, and perceived health outcomes. Laboratory results were compared with the World
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Health Organization (WHO) standards for drinking water to assess compliance and identify

potential health risks associated with the different sources.
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CHAPTER FOUR

4.0 RESULTS

A total of 220 households were surveyed in Amufi Community using a structured questionnaire.

The majority of respondents were female (62.4%), reflecting their primary role in water

collection and household management. Age distribution showed 45.5% in the 25–34 years

bracket, followed by 28.6% aged 35–44 years. Most households (78.3%) had 4–6 members, and

68.3% of respondents had completed secondary education. Occupationally, 42.9% were traders,

31.7% civil servants, and 18.5% farmers. Monthly income was predominantly low to middle

(<50,000: 71.4%) These demographics indicate a young, moderately educated, and economically

active population reliant on informal livelihoods.

Water samples were collected from 15 points representing the dominant sources in Amufi:

boreholes (B1–B5), tap water from treatment plants (T1–T4), rivers/streams (R4–R6), and

rainwater (R1–R3). All analyses were conducted at the University of Benin Microbiology and

Water Quality Laboratory using standard methods (APHA, 2017).

As shown in table 4.1, Eight parameters were assessed: pH, total suspended solids (TSS), sodium

(Na), nitrate (NO₃⁻), calcium (Ca), iron (Fe), electrical conductivity (EC), and total dissolved

solids (TDS). Groundwater sources, including boreholes and tap water, ranged in pH from 4.71

to 5.82 with a mean of 5.14 ± 0.38, indicating strong acidity, while surface water from streams

showed neutral to slightly alkaline values between 8.00 and 8.27. Nitrate levels were critically

elevated across all samples, ranging from 42.36 to 81.20 mg/L with a mean of 61.56 ± 10.12

mg/L, exceeding the NSDWQ and WHO limit of 50 mg/L in every instance. Iron was detected in

60% of samples at concentrations between 0.01 and 0.03 mg/L, remaining within permissible

limits.
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Table 4.1: Physicochemical Parameters of Water Samples from Amufi Community

Sample Source
Type pH TSS

(mg/L)
Na

(mg/L)
NO₃⁻
(mg/L)

Ca
(mg/L)

Fe
(mg/L)

EC
(µS/cm)

TDS
(mg/L)

1 Borehole
(B1) 4.89 0.008 1.10 66.89 0.40 ND 28.7 15.79

2 Borehole
(B2) 5.71 0.070 4.50 69.55 0.80 0.01 52.6 28.95

3 Borehole
(B3) 4.79 0.002 0.50 59.12 ND ND 11.9 6.55

4 Tap Water
(T1) 5.82 0.001 8.40 81.20 0.20 0.01 90.1 4.96

5 Tap Water
(T2) 5.32 0.001 8.50 66.54 0.10 0.01 87.9 4.83

6 Tap Water
(T3) 5.42 0.012 4.10 65.77 0.10 0.02 73.4 40.37

7 Tap Water
(T4) 5.51 0.05 2.00 48.99 ND ND 14.3 7.98

8 Stream (R4) 8.27 0.004 0.50 58.63 0.25 0.03 23.6 1.30
9 Stream (R5) 8.00 0.004 1.40 42.36 0.30 0.02 61.3 3.37

10 Borehole
(B4) 4.93 0.002 0.20 58.30 0.10 ND 10.3 5.69

11 Borehole
(B5) 5.12 0.004 0.40 61.27 0.20 ND 11.4 6.27

12 Rainwater
(R1) 4.77 0.011 4.30 53.19 0.40 0.01 54.9 30.09

13 Rainwater
(R2) 5.23 0.012 2.70 52.85 0.30 0.02 65.9 36.25

14 Rainwater
(R3) 5.15 0.007 ND 64.54 0.30 ND 9.0 4.75

15 Stream (R6) 4.71 0.008 3.40 65.16 0.10 0.02 44.8 24.64
ND = Not Detected
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Total dissolved solids and electrical conductivity were generally low, reflecting minimal

mineralization, though tap water sources recorded the highest electrical conductivity values from

73.4 to 90.1 µS/cm. Total suspended solids remained very low in all samples, below 0.08 mg/L,

suggesting optical clarity but providing no assurance of microbial safety.

Table 4.2 illustrates that; heterotrophic plate count reflects the total viable aerobic bacterial

population and serves as an indicator of general microbial load and treatment efficacy. Plates

were incubated at 37°C for 24 hours on nutrient agar. Among boreholes, two samples (B1 and

B2) exhibited zero growth, while the remaining three (B3, B4, and B5) displayed high counts

ranging from 6.7 × 10⁵ to 2.17 × 10⁶ CFU/mL. All tap water samples exceeded the WHO

guideline of ≤100 CFU/mL, with values spanning 6.7 × 10⁴ CFU/mL in T1 to 2.17 × 10⁶

CFU/mL in T3. Surface water from streams showed heavy contamination between 1.33 × 10⁵

and 2.17 × 10⁶ CFU/mL. Rainwater samples varied, with R3 recording zero CFU/mL and R1 and

R2 showing lower counts below 10³ CFU/mL

According to the data in Table 4.3, Presumptive coliform count indicates potential faecal

contamination through gas and acid production at 44.5°C in MacConkey broth. Seven samples

were coliform-free with 0 MPN/100 mL: R1, R2, R3, B1, B2, B5, and T4. Moderate

contamination appeared in R6 at 670 MPN/100 mL. Severe contamination exceeding 10⁵

MPN/100 mL affected R4, R5, B3, B4, T1, and T3, while T2 registered less than 1 MPN/100 mL

despite elevated HPC

Isolates from positive coliform tubes underwent Gram staining, catalase, coagulase, oxidase,

indole, motility, urease, and lactose fermentation tests. Shigella spp., identified as non-motile,

lactose-fermenting gram-negative bacilli, predominated in contaminated boreholes (B2, B3, B4)

and one tap water sample (T1). Klebsiella pneumoniae appeared exclusively in stream samples
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R4 and R5. Staphylococcus aureus and Corynebacterium spp. likely originated from

environmental
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Table 4.2: Heterotrophic Plate Count (CFU/mL)
Sample Source P1 P2 P3 Mean Total CFU DF Final HPC (CFU/mL)
R1 Rainwater 100 100 50 87 1.17×10³ D1 1.17 × 10³
R2 Rainwater 50 100 50 67 6.7×10² D1 6.7 × 10²
R3 Rainwater 0 0 0 0 0 D1 0
R4 Stream 250 200 200 217 2.17×10⁶ D4 2.17 × 10⁶
R5 Stream 150 100 100 117 1.17×10⁶ D4 1.17 × 10⁶
R6 Stream 150 100 150 133 1.33×10⁵ D3 1.33 × 10⁵
B1 Borehole 0 0 0 0 0 D1 0
B2 Borehole 0 0 0 0 0 D1 0
B3 Borehole 50 50 100 67 6.7×10⁵ D4 6.7 × 10⁵
B4 Borehole 250 200 200 217 2.17×10⁶ D4 2.17 × 10⁶
B5 Borehole 150 50 100 100 1.0×10⁶ D4 1.0 × 10⁶
T1 Tap Water 50 100 50 67 6.7×10⁴ D2 6.7 × 10⁴
T2 Tap Water 150 150 100 133 1.33×10⁶ D4 1.33 × 10⁶
T3 Tap Water 200 200 250 217 2.17×10⁶ D4 2.17 × 10⁶
T4 Tap Water 100 150 150 133 1.33×10⁵ D2 1.33 × 10⁵



33

Table 4.3: Presumptive Coliform Count (MPN/100 mL)

Sample P1 P2 P3 Mean Total DF MPN/100 mL
R1 0 0 0 0 0 D1 0
R2 0 0 0 0 0 D1 0
R3 0 0 0 0 0 D1 0
R4 250 200 200 217 2.17×10⁶ D4 2.17 × 10⁶
R5 150 100 100 117 1.17×10⁶ D4 1.17 × 10⁶
R6 50 100 50 67 6.7×10² D2 670
B1 0 0 0 0 0 D1 0
B2 0 0 0 0 0 D1 0
B3 50 100 50 67 6.7×10⁵ D4 6.7 × 10⁵
B4 50 50 50 50 5×10⁵ D4 5.0 × 10⁵
B5 0 0 0 0 0 D1 0
T1 100 150 150 133 1.33×10⁶ D4 1.33 × 10⁶
T2 50 50 50 50 8.3×10⁻³ D3 <1
T3 200 200 250 217 2.17×10⁶ D4 2.17 × 10⁶
T4 0 0 0 0 0 D1 0



34

or post-collection sources, while Bacillus spp. in B1 represented typical soil flora.

As highlighted in Table 4.5, groundwater pH fell consistently below the acceptable range of 6.5–

8.5, nitrate exceeded 50 mg/L in every sample, heterotrophic plate counts surpassed 100

CFU/mL in 73% of samples, and total coliforms were detected in 60% of samples with Shigella

and Klebsiella confirmed in several sources.

According to the data in Table 4.6, Tap water was the primary drinking source for 59.3% of

respondents, followed by boreholes (36.0%), rainwater (2.6%), and streams (2.1%). Access was

generally convenient, with 75.1% reporting sources within 100 metres. Over half (57.1%) did not

treat water before consumption, while among the 42.9% who did, boiling was the dominant

method (64.2%), followed by filtration (22.2%) and chlorination (13.6%). Key concerns included

intermittent supply (65.6%), high cost (47.1%), poor taste or odour (35.4%), and perceived

contamination (21.7%).

Thirty-six percent of respondents reported at least one waterborne illness in the previous year,

with typhoid accounting for 75.0% of cases, diarrhoea 26.5%, and dysentery 8.8%. These

incidence rates are presented in Table 4.7. Respondents identified toilets as the most lacking

facility (92.1%), followed by handwashing stations (89.4%), waste disposal systems (88.9%),

and clean water supply (61.4%). These gaps are detailed in Table 4.8.
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Table 4.4: Biochemical Characteristics and Identified Organisms
Isolate Morphology Cat Coag OXI IN Indole Motility Urease Lactose Organism
R1 GPC + – + – NR NR NR A Corynebacterium spp.
R2 GPC + – + – NR NR NR A Staphylococcus aureus
R3 GPC + – + – NR NR NR A Corynebacterium spp.
R4 GNB + + – – NR NR NR A Klebsiella pneumoniae
R5 GNB + + – – NR NR NR A Klebsiella pneumoniae
R6 GNB + + – – NR NR NR A Corynebacterium spp.
B1 GPR + – – – NR NR NR A Bacillus spp.
B2 GNB + + – – NR NR NR A Shigella spp.
B3 GNB + + – – NR NR NR A Shigella spp.
B4 GNB + + – – NR NR NR A Shigella spp.
B5 GNB + + – – NR NR NR A Corynebacterium spp.
T1 GNB + + – – NR NR NR A Shigella spp.
T2 GNB + + – – NR NR NR A Corynebacterium spp.
T3 GNB + + – – NR NR NR A Corynebacterium spp.
T4 GPC + – + – NR NR NR A Staphylococcus aureus
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Table 4.5: Summary of Compliance with NSDWQ (2007) and WHO (2017)
Parameter Limit Amufi Range Compliance

pH 6.5–8.5 4.71–8.27 Non-compliant (groundwater)

Nitrate (NO₃⁻) ≤50 mg/L 42.36–81.20 mg/L Non-compliant (100%)

HPC ≤100 CFU/mL 0 – 2.17 × 10⁶ CFU/mL Non-compliant (73%)

Total Coliforms 0 MPN/100 mL 0 – 2.17 × 10⁶ MPN/100 mL Non-compliant (60%)

Pathogens Absent Shigella, Klebsiella Present – High Risk
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Table 4.6: Community Knowledge, Attitudes, and Practices (KAP) Regarding Drinking
Water (n = 220)

Variable Category Frequency Percentage (%)
Primary Source Tap Water 130 59.3

Borehole 79 36.0
Rainwater 6 2.6
Stream 5 2.1

Distance to Source <100 m — 75.1
100–500 m — 20.1
>500 m — 4.8

Household Treatment No 125 57.1
Yes 95 42.9

↳ Treatment Method (n=95) Boiling 61 64.2
Filtration 21 22.2
Chlorination 13 13.6

Perceived Problems (multiple response) Intermittent supply 144 65.6
High cost 104 47.1
Poor taste/odour 78 35.4
Contamination 48 21.7
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Table 4.7: Reported Waterborne Illness
Response Percentage
Yes 36.0
No 64.0
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Table 4.8: Perceived Gaps in WASH Facilities

Facility Missing Percentage
Toilets 92.1
Handwashing stations 89.4
Waste disposal 88.9
Clean water supply 61.4
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CHAPTER FIVE

5.0 DISCUSSION

The physicochemical analysis of water samples from Amufi Community revealed significant

deviations from both NSDWQ (2007) and WHO (2017) drinking water standards. The

consistently acidic pH values (4.71–5.82) observed in groundwater sources, including boreholes

and tap water, pose serious concerns for water safety and infrastructure integrity. These findings

align with previous studies conducted in similar geological settings within Nigeria. Egbueri

(2020) reported comparable acidic pH ranges (4.8–6.2) in groundwater from Anambra State,

attributing the acidity to leaching from acidic soils and rock formations common in southeastern

Nigeria. Similarly, Emenike et al. (2017) documented pH values below 6.5 in 68% of borehole

samples from rural communities in Edo State, emphasizing that prolonged consumption of acidic

water can lead to gastrointestinal discomfort and increased heavy metal dissolution from

distribution pipes.

The universal exceedance of nitrate levels (42.36–81.20 mg/L) across all water sources

represents a critical public health emergency. Every sample exceeded the WHO maximum

permissible limit of 50 mg/L, with tap water sample T1 recording the highest concentration at

81.20 mg/L—62% above the safety threshold. This finding is particularly alarming given the

well-established link between elevated nitrate consumption and methemoglobinemia (blue baby

syndrome) in infants, as well as potential carcinogenic effects from long-term exposure (Ward et

al., 2018). Comparable nitrate contamination patterns have been documented in other Nigerian

communities. Adimalla and Qian (2019) reported nitrate concentrations ranging from 55 to 120

mg/L in groundwater from agricultural regions of northern Nigeria, directly correlating

contamination with intensive fertilizer application and inadequate sanitation facilities. In Amufi
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Community, the likely sources of nitrate pollution include pit latrines, agricultural runoff, and

decomposing organic matter, exacerbated by the shallow water table and high population density

reported in the study area.

The presence of elevated nitrate levels in treated tap water is particularly concerning, suggesting

inadequate treatment processes or post-treatment contamination. Tirkey et al. (2017) emphasized

that conventional water treatment plants often lack nitrate removal capacity, as standard

coagulation and filtration processes are ineffective against dissolved inorganic compounds. This

observation underscores the urgent need for Amufi's water treatment infrastructure to incorporate

advanced treatment technologies such as ion exchange, reverse osmosis, or biological

denitrification.

Electrical conductivity and total dissolved solids remained generally low across samples,

indicating minimal mineralization, a characteristic typical of rainwater-recharged aquifers in

tropical regions (Egbinola and Amanambu, 2014). However, tap water sources exhibited the

highest conductivity values (73.4–90.1 µS/cm), likely reflecting chlorination residuals and

dissolved treatment chemicals. While these values remain well below WHO guidelines (1000

µS/cm), the lack of essential minerals in Amufi's water sources may have nutritional implications

for vulnerable populations, particularly children (Rosborg, 2015).

The microbiological analysis revealed widespread bacterial contamination across all water

source types, with 73% of samples exceeding the WHO heterotrophic plate count guideline of

≤100 CFU/mL. The most severe contamination was observed in borehole B4 and tap water T3,

both recording 2.17 × 10⁶ CFU/Ml over 20,000 times the acceptable limit. These findings reflect

a complete breakdown in water quality assurance and suggest multiple contamination pathways

affecting both groundwater and treated supplies.
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The detection of fecal indicator bacteria (coliforms) in 60% of samples confirms direct or

indirect contamination with human or animal waste. The presence of Shigella spp. in three

borehole samples (B2, B3, B4) and one tap water sample (T1) is particularly alarming, as this

organism is exclusively associated with fecal contamination and causes shigellosis, a severe

diarrheal disease characterized by bloody stools, fever, and abdominal cramps (Kotloff et al.,

2018). The identification of Klebsiella pneumoniae in stream samples (R4 and R5) further

confirms environmental fecal contamination, as this opportunistic pathogen is commonly found

in human intestinal flora and wastewater (Podschun and Ullmann, 1998).

These microbiological findings correspond with similar studies across Nigeria and sub-Saharan

Africa. Okoh et al. (2020) documented coliform contamination in 78% of rural water sources in

South-South Nigeria, with Shigella and Klebsiella among the predominant pathogens isolated.

Particularly relevant to Amufi's situation, Igbinosa and Okoh (2008) reported that 64% of

supposedly treated municipal water supplies in Benin City, Edo State, contained fecal coliforms

exceeding safe limits, attributing the contamination to aging infrastructure, inadequate

chlorination, and cross-contamination from sewage leaks.

The intermittent detection pattern observed in this study, where some boreholes showed zero

bacterial growth (B1, B2) while adjacent sources were heavily contaminated (B3, B4, B5),

suggests point-source contamination rather than aquifer-wide pollution. This pattern aligns with

findings by Adelana et al. (2008), who demonstrated that improperly constructed boreholes with

inadequate sanitary seals allow surface runoff and subsurface contamination to directly enter

groundwater. The high coliform counts in tap water, despite treatment, indicate either treatment

system failure or post-treatment recontamination through broken distribution pipes, illegal
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connections, or storage tank contamination, challenges widely documented in Nigerian urban

water systems (Adekunle et al., 2004).

Rainwater samples presented a mixed profile, with one sample (R3) showing complete absence

of bacteria, while others showed moderate contamination. This variability likely reflects

collection and storage conditions rather than atmospheric contamination. Gwenzi et al. (2015)

demonstrated that rainwater quality is primarily determined by roofing material cleanliness,

gutter maintenance, and storage tank sanitation, with properly maintained systems yielding water

superior to many groundwater sources in contaminated areas.

The KAP assessment revealed critical gaps between water quality realities and community

awareness. Despite 73% of water sources being microbiologically unsafe, only 42.9% of

households practiced any form of water treatment, and among those who did, methods were

often inadequate. While boiling (used by 64.2% of treating households) is effective when

properly executed, studies have shown that household boiling practices in resource-limited

settings often fail to achieve sustained temperatures necessary for complete pathogen

inactivation (Clasen et al., 2008). The low adoption of chemical disinfection (13.6%) despite its

proven efficacy and cost-effectiveness suggests knowledge gaps regarding water treatment

options.

The high reliance on tap water (59.3%) and boreholes (36.0%) as primary drinking sources,

combined with the documented contamination of these sources, explains the substantial disease

burden. The reported 36% annual incidence of waterborne illness, with typhoid fever accounting

for 75% of cases, directly correlates with the presence of Shigella and other fecal pathogens in

the water supply. These self-reported rates align with clinical data from similar Nigerian

communities. Antai (2014) reported waterborne disease prevalence of 32–41% in underserved
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Nigerian communities with comparable water quality profiles, with typhoid fever and bacterial

dysentery predominating.

The community's perceived problems, intermittent supply (65.6%), high cost (47.1%), and poor

taste/odour (35.4%), reveal a focus on water availability and palatability rather than safety. Only

21.7% identified contamination as a concern, suggesting low awareness of invisible microbial

hazards. This perception gap is common in developing regions and has been documented by

Doria (2010), who found that sensory characteristics (taste, odour, appearance) dominate public

water quality perceptions, while microbial safety the most significant health determinant remains

underestimated.

The critical shortage of WASH infrastructure, particularly toilets (lacking in 92.1% of

households) and handwashing stations (lacking in 89.4%), creates a reinforcing cycle of

contamination. Without adequate sanitation facilities, communities’ resort to open defecation or

poorly constructed pit latrines that directly contaminate shallow groundwater. This relationship

between sanitation coverage and water quality degradation has been extensively documented.

Cronin et al. (2007) demonstrated that communities with less than 75% toilet coverage

experience significantly higher groundwater nitrate and bacterial contamination, even in areas

with naturally good water quality.

When benchmarked against NSDWQ (2007) and WHO (2017) standards, Amufi Community's

water sources demonstrated comprehensive non-compliance across multiple parameters. The

universal nitrate exceedance, widespread microbial contamination, and pH non-compliance in

groundwater collectively render these sources unfit for direct human consumption without

treatment. This assessment is particularly concerning given that 57.1% of respondents consume

untreated water.
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The water quality profile observed in Amufi is unfortunately representative of broader water

security challenges across rural Nigeria. According to Ishaku et al. (2012), approximately 60%

of rural water supplies in Nigeria fail to meet national drinking water standards, with microbial

contamination being the most prevalent issue. However, the severity of nitrate contamination

observed in Amufi (100% non-compliance) exceeds typical regional patterns and demands

urgent targeted intervention.

Conclusion

This comprehensive assessment of Amufi Community's water security demonstrates a critical

public health emergency characterized by universal nitrate contamination, widespread bacterial

pollution, and inadequate household water treatment practices. The detection of pathogenic

Shigella and Klebsiella species in primary drinking water sources, coupled with high self-

reported incidence of waterborne diseases, confirms direct health impacts of water quality

failures. The findings underscore the urgent need for integrated interventions addressing

infrastructure, sanitation, and community behavior. Without immediate action, Amufi's

vulnerable population, particularly children and pregnant women will continue experiencing

preventable waterborne diseases and long-term health consequences of chronic contaminant

exposure.
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