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ABSTRACT

In Orhionmwon Local Government Area, many residents depend on untreated surface and
groundwater sources such as wells, boreholes, and rivers for drinking and domestic use. The
quality of these sources had not been scientifically assessed, raising concerns about their
suitability for human consumption. The area faces growing contamination from agricultural
runoff, poor waste disposal. These factors can introduce harmful substances like nitrates,
phosphates, and heavy metals into drinking water sources. Consuming contaminated drinking
water can cause diseases such as cholera, typhoid, and diarrhea, and long-term exposure to
toxic metals like lead or chromium can result in neurological and kidney damage. Hence,
there was a need to determine if water from these sources posed such health risks. This study
assessed the physicochemical quality of drinking water from selected sources in Orhionmwon Local
Government Area, Edo State, Nigeria. Water samples were collected from five sites comprising two
boreholes, two hand-dug wells, and one river. A total of twenty-three physicochemical parameters
were analysed, including pH, turbidity, electrical conductivity, total dissolved solids (TDS), total
suspended solids (TSS), nitrate, sulphate, phosphate, dissolved oxygen (DO), biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total hardness, alkalinity, and several heavy metals
(Fe, Cu, Zn, Ni, Pb, Mn, Cr, etc.). Analytical methods were based on APHA standard procedures and
results were compared with Nigerian Industrial Standard (NIS 977:2017) and WHO permissible limits.
The findings revealed that pH values across all water sources were below the acceptable range (6.5–
8.5), indicating acidic water with potential for corrosiveness and metal leaching. River water showed
elevated turbidity, BOD (3.8 mg/L), and COD (38.0 mg/L), suggesting organic pollution. Lead and
chromium levels in the river exceeded regulatory limits, posing potential health risks. Borehole water
generally exhibited the best quality, while the river was the most contaminated source. Most other
parameters, including nitrate, sulphate, chloride, and iron, were within permissible limits.These results
indicate that while some water sources are suitable for consumption, others, particularly the river,
require urgent intervention and treatment. The study recommends regular monitoring, pH correction,
community sensitization, and infrastructure improvement to ensure the provision of safe drinking
water in Orhionmwon.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Water is indispensable for sustaining life, economic growth, and ecosystem balance. Globally,

billions of people depend on water for drinking, cooking, sanitation, and industrial use.

However, the quality of drinking water remains a significant concern, especially in

developing countries where access to safe and treated water is limited (WHO, 2022). The

physicochemical characteristics of water, such as pH, turbidity, temperature, electrical

conductivity (EC), total dissolved solids (TDS), hardness, and concentrations of ions and

metals, determine its suitability for consumption and its potential impact on human health

(Chukwu et al., 2024).

Drinking contaminated water is associated with a wide range of waterborne diseases

including cholera, typhoid fever, hepatitis A, and diarrheal illnesses. According to the World

Health Organization (WHO), more than 2 billion people globally still use drinking water

sources contaminated with faeces (WHO, 2022). These risks are compounded in rural areas,

where there is often inadequate infrastructure to monitor and treat water before consumption.

The Orhionmwon Local Government Area (LGA) of Edo State, Nigeria, comprises numerous

rural and semi-urban communities that rely heavily on groundwater and surface water sources,

including wells, boreholes, rivers, streams, and rainwater. These sources are often untreated

and vulnerable to contamination from various anthropogenic and natural activities.

Agricultural runoff, poor waste disposal practices, and proximity to industrial or oil-

producing zones all contribute to the degradation of water quality in this region.

Moreover, with population growth and increased economic activity in Orhionmwon, there is
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a growing demand for water resources, potentially stressing existing supplies and

compounding contamination risks. The assessment of physicochemical properties of water in

this environment is therefore necessary to determine its safety and sustainability.
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1.4 AIMAND OBJECTIVE

The primary aim of this study is to assess the physicochemical quality of drinking water in

the Orhionmwon environment. The specific objectives are to:

 Determine heavy metals in the water

 Compare these values with WHO and NSDWQ permissible limits.

 Identify sources and patterns of potential contamination.

 Make recommendations for improving water quality management in the study area.
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1.3 RESEARCHQUESTIONS

To guide this study on the physicochemical analysis of water from different sources
in OrhionmwonLocal Government Area, Edo State, Nigeria, the following research
questions have been formulated:

1 What are the physicochemical characteristics (such as temperature, pH, turbidity, total
dissolved solids, electrical conductivity, dissolved oxygen, and major ion
concentrations) of water obtained from boreholes, wells, rivers, and sachet water in
the study area?

2 How do the physicochemical parameters of these water sources compare withthe
World Health Organization (WHO) and Nigerian Industrial Standards (NIS)
permissible limits for potable water?

3 What are the possible environmental and anthropogenic factors contributing to
variations in the physicochemical quality of water sources within Orhionmwon LGA?

4 What potential public health risks are associated with the consumption and use of
water from these different sources based on their physicochemical properties?

5 What recommendations can be made for improving water quality management and
ensuring safe water supply for the residents of Orhionmwon Local Government Area?

1.5 SCOPE OF STUDY

The research will focus on the analysis of selected water sources in Orhionmwon LGA, such

as boreholes, hand-dug wells, streams, and sachet water. Only physicochemical parameters

will be considered in this phase of study. Microbial and biological parameters, though

important, are outside the current scope but are recommended for future research.
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CHAPTER TWO

LITERATUREREVIEW

2.1 WATERQUALITY ASSESSMENT

Over the years, it has become vital to explores the conceptual, empirical, and theoretical

frameworks surrounding drinking water quality assessment. To achieve this, we need to first

review previous studies on physicochemical analysis, water quality standards, and the health

implications of unsafe drinking water, with an emphasis on Nigerian and African contexts.

With an aim to provide a solid background for the present study by identifying key gaps and

relevant indicators.

Water quality refers to the chemical, physical, and biological characteristics of water in

relation to its suitability for a specific purpose, particularly for human consumption (WHO,

2022). For water to be considered potable, it must be free from harmful microorganisms,

toxic substances, offensive taste or odour, and undesirable levels of dissolved solids and

metals (Afolabi et al., 2021).

Physicochemical parameters such as pH, turbidity, temperature, electrical conductivity (EC),

total dissolved solids (TDS), and concentrations of major ions (e.g., chloride, nitrate,

phosphate, calcium, magnesium) and trace metals (e.g., iron, lead, copper) are commonly

measured to determine water quality. These parameters serve as indicators of contamination

and help trace the sources and behavior of pollutants in the environment (Taiwo et al., 2023).

2.2 IMPORTANCE OF PHYSICOCHEMICALWATERANALYSIS

Physicochemical analysis is a vital component of water quality assessment. It provides

critical information about the origin, movement, and interaction of water with geological and

anthropogenic inputs. For example, high turbidity may indicate erosion or organic
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contamination, while elevated nitrates and phosphates may signal agricultural runoff or

sewage pollution (Edokpayi et al., 2020).

Furthermore, parameters like electrical conductivity and total dissolved solids reflect the

mineral content and ionic composition of water, affecting taste, corrosivity, and usability.

Physicochemical analysis is especially important in areas without centralized water treatment

systems, where untreated or poorly treated sources are used directly for drinking and cooking.

2.3 SOURCES OFDRINKINGWATER

Access to safe and adequate drinking water is a fundamental human necessity and a major

public health concern, particularly in developing regions. Drinking water can originate from a

variety of natural and artificial sources, including surface water (rivers, lakes, and streams),

groundwater (wells, boreholes, aquifers), harvested rainwater, and municipal water supply

systems (WHO, 2022).

2.3.1 Groundwater Sources:Wells, Boreholes, andAquifers

In rural and semi-urban settings such as Orhionmwon LGA, groundwater is the most

common source of drinking water. It is typically accessed through hand-dug wells, boreholes,

or deep aquifer systems. These sources are generally more protected from immediate surface

contamination compared to surface water; however, they are still vulnerable to leaching of

agricultural chemicals, seepage from pit latrines, and heavy metal infiltration, especially in

areas with poor geological protection or lack of sanitary infrastructure (Edokpayi et al., 2020).

 Hand-dug wells are shallow and highly susceptible to contamination from surface runoff

and human activities.
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 Boreholes, which tap deeper aquifers, often yield better quality water, but issues such as

iron, manganese, and hardness contamination may still occur if not properly treated.

 Aquifers serve as deep natural reservoirs of water but may carry geogenic contaminants

such as arsenic, lead, or fluoride depending on the underlying rock formations.

2.4 OVERVIEWOF PHYSICOCHEMICAL PARAMETERS OF DRINKINGWATER

The physicochemical parameters of drinking water play a critical role in determining its

suitability for human consumption, agricultural use, and other domestic purposes. These

parameters influence taste, odour, appearance, and, more importantly, the health safety of

water. Below is a detailed overview of each parameter used in assessing drinking water

quality.

2.4.1 pH

The pH of water indicates its acidity or alkalinity and is measured on a scale from 0 to 14. A

pH between 6.5 and 8.5 is generally considered acceptable for drinking water (WHO, 2022).

Water with a low pH is corrosive and can leach toxic metals like lead or copper from pipes,

while high pH can cause scaling and an unpleasant taste (APHA, 2020).

2.4.2 Electrical Conductivity (EC)

EC measures the ability of water to conduct electricity, which is directly related to the

concentration of dissolved salts or ions. It is expressed in µS/cm. Higher values indicate

greater ion content and may reflect contamination from agricultural runoff, sewage, or

industrial waste (Edokpayi et al., 2020).
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2.4.3 Total Dissolved Solids (TDS)

TDS represents the total concentration of dissolved substances in water, including minerals,

salts, and organic matter. TDS values above 500 mg/L may alter taste and affect water

palatability (WHO, 2022). Excessive TDS can also lead to kidney and digestive issues.

3.2.1 Total Suspended Solids (TSS)

TSS includes particulate matter that remains suspended in water and contributes to turbidity.

High TSS levels can reduce light penetration, promote microbial growth, and interfere with

disinfection processes (APHA, 2020).

3.2.2 Dissolved Oxygen (DO)

DO is essential for aquatic life and is a key indicator of water purity. High DO levels indicate

good quality, while low levels may reflect pollution or organic matter decomposition. For

potable water, DO should generally be above 5 mg/L (USEPA, 2020).

3.2.3 Biological Oxygen Demand (BOD)

BOD measures the amount of oxygen required by microorganisms to decompose organic

material in water. High BOD indicates the presence of biodegradable organic pollution,

which may lead to oxygen depletion (WHO, 2022).

3.2.4 Chemical Oxygen Demand (COD)

COD estimates the oxygen needed to chemically oxidize organic and inorganic substances in

water. It provides a broader measure of pollution than BOD. High COD values indicate heavy

contamination, typically from sewage or industrial discharge (APHA, 2020).
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3.2.5 Sulphate (SO42-)

Sulphates occur naturally in water due to the dissolution of minerals and anthropogenic

sources like fertilizer runoff. At levels above 250 mg/L, they may impart a bitter taste and

have a laxative effect, especially on children and the elderly (WHO, 2022).

3.2.6 Phosphate (PO43-)

Phosphates in drinking water typically originate from detergents, agricultural runoff, and

sewage. Though not harmful at low levels, high phosphate concentrations can promote

eutrophication and microbial growth, affecting water quality (Afolabi et al., 2021).

3.2.7 Nitrate (NO-3)

Nitrate is a common pollutant in agricultural areas. Excessive intake (above 50 mg/L) can

cause methemoglobinemia ("blue baby syndrome") in infants and reproductive complications

in adults (WHO, 2022).

3.2.8 Calcium (Ca²+) andMagnesium (Mg²+)

These are essential minerals contributing to water hardness. While not directly harmful, their

presence affects taste and can cause scale buildup in pipes. Hard water is not a health risk but

can reduce the effectiveness of soap and detergents (Umoren, et al., 2024).

3.2.9 Total Hardness

Total hardness is the sum of calcium and magnesium concentrations. While water with 80–

100 mg/L as CaCO3 is generally acceptable, very hard water can cause scaling, while very

soft water can be corrosive to plumbing (SON, 2020).



27

Alkalinity

Alkalinity measures the buffering capacity of water—its ability to neutralize acids. It is

mainly due to the presence of bicarbonates, carbonates, and hydroxides. Acceptable levels

range between 20–200 mg/L. Excessive alkalinity can affect taste and digestion (Umoren, et

al., 2024).

3.2.10 Chloride (Cl)

Chloride naturally occurs in water but high levels (above 250 mg/L) may result from sewage,

industrial effluents, or saline intrusion. It gives a salty taste and contributes to high

conductivity (WHO, 2022).

3.2.11 Iron (Fe)

Iron is often present in groundwater due to the dissolution of ferrous minerals. Although

essential to health, concentrations above 0.3 mg/L can cause staining, unpleasant taste, and

microbial growth (APHA, 2020).

3.2.12 Copper (Cu)

Copper in small amounts is essential, but excessive concentrations (above 2.0 mg/L) can lead

to liver and gastrointestinal problems. It may enter water from corroded plumbing (USEPA,

2020).

3.2.13 Zinc (Zn)

Zinc is not harmful in low amounts but can give water an undesirable taste at concentrations

above 3.0 mg/L. It can leach from galvanized pipes or industrial pollution (Onuoha, 2023).
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3.2.14 Nickel (Ni)

Nickel may contaminate drinking water from industrial discharge or corrosion of stainless-

steel pipes. Long-term exposure is associated with dermatological and carcinogenic risks

(WHO, 2022).

3.2.15 Lead (Pb)

Lead is highly toxic even at low concentrations. It may enter drinking water through

corrosion of old lead pipes. It can impair cognitive development in children and cause

miscarriage or kidney damage in adults (USEPA, 2020).

3.2.16 Manganese (Mn)

Manganese is naturally occurring and may appear in groundwater. Though essential in trace

amounts, levels above 0.4 mg/L can affect neurological development in infants and cause

black staining of fixtures (WHO, 2022).

3.3 REVIEWOFEMPIRICAL STUDIES

Several recent studies across Nigeria and other parts of Africa have investigated the

physicochemical quality of drinking water, with special emphasis on rural and peri-urban

communities where reliance on untreated surface and groundwater sources is common.

Edokpayi et al. (2020) conducted an in-depth assessment of groundwater quality in the

Vhembe District of South Africa and reported elevated concentrations of nitrates, chlorides,

and total dissolved solids (TDS). The authors attributed these high values to agricultural

activities, sewage infiltration, and poorly managed sanitation systems, stressing that long-

term consumption of such water could predispose local populations to methemoglobinemia

and other waterborne diseases.
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In Nigeria, Afolabi et al. (2021) investigated the quality of boreholes in Ibandan. Their results

revealed frequent exceedances of WHO permissible limits for nitrates and lead. The study

highlighted the dual sources of contamination: leaching from agricultural fertilizers and

corroding household plumbing systems. The findings further underscored the vulnerability of

shallow wells to environmental pollution, calling for the adoption of safer and deeper

boreholes with appropriate treatment measures.

A recent study by Igiebor et al. (2021) in Orhionmwon Local Government Area of Edo State

focused on borehole water quality. The researchers found elevated levels of turbidity, TDS,

and iron. These abnormalities were linked to inadequate water treatment facilities,

anthropogenic activities, and the geological composition of the aquifer. The study

emphasized that prolonged ingestion of such water could result in gastrointestinal disorders

and staining of household fixtures, while also posing challenges for industrial use of the water.

Further evidence from the Niger Delta region was provided by Iqbal et al. (2023), who

reported excessive fluoride and nitrate concentrations in rural boreholes across Enugu State.

The authors explained that while fluoride is beneficial in small quantities, its presence at

elevated levels increases the risk of dental and skeletal fluorosis, particularly among children.

They concluded that unchecked exposure to these contaminants represents a major public

health concern.

In Osun State, Olayiwola et al. (2020) conducted an analysis of both streams and shallow

wells and observed low pH levels, in addition to iron concentrations above WHO guidelines.

The acidic nature of the water was linked to increased solubility of heavy metals, thereby

compounding the risk of exposure. The authors further noted that such water sources are

often used directly for domestic purposes without prior treatment, heightening the likelihood

of long-term health effects.
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More recently, Igbinevbo et al. (2023) assessed sachet water samples and identified the

presence of heavy metals, including cadmium and lead, in a subset of the brands analyzed.

These findings raised concerns over the regulation and monitoring of commercially packaged

water, which is often assumed to be safe by consumers. The authors called for strengthened

enforcement of national standards for packaged water production to prevent chronic exposure

to toxic metals.

In Kwara State, Usman et al. (2024) reported significant microbial and physicochemical

contamination in both borehole and well water samples. Parameters such as turbidity, EC, and

nitrate were consistently above permissible limits. The study linked these outcomes to rapid

urbanization, poor waste management practices, and the indiscriminate siting of wells near pit

latrines. The researchers recommended community-level interventions, including proper

siting of wells, periodic monitoring, and sensitization of households on safe water practices.

Another investigation by Odiana et al. (2024) in Edo State demonstrated that borehole water

sources often contain elevated TDS and iron concentrations, largely influenced by

underground geological structures and improper waste disposal practices. The study drew

attention to the cumulative health risks associated with such exposures and proposed a

framework for community-based monitoring and treatment strategies to improve water safety.

3.4 HEALTH IMPLICATIONS OF POOR PHYSICOCHEMICAL WATER

QUALITY

Contaminated water with improper physicochemical properties can have serious health effects,

especially on vulnerable populations such as children and pregnant women. For instance,

abnormal pH levels, either too low (acidic) or too high (alkaline), can corrode pipes, increase

the solubility of toxic metals like lead and copper, and irritate the gastrointestinal tract. In

children, this can result in increased absorption of heavy metals, while in pregnant women, it



32

may cause nausea and digestive discomfort (WHO, 2022).

High total dissolved solids (TDS) levels may alter the taste of water and lead to mineral

imbalances. Prolonged consumption of water with high TDS can cause gastrointestinal

irritation in children and may contribute to kidney stress or dehydration in pregnant women

(Edokpayi et al., 2020). Similarly, elevated electrical conductivity (EC), often indicative of

high ion concentrations, has been associated with hypertension and kidney dysfunction. This

poses a serious risk for pregnant women, who are already more susceptible to changes in

blood pressure and electrolyte balance (Popoola et al., 2019).

Alkalinity, which reflects water’s buffering capacity, is essential for neutralizing acids, but

excessive alkalinity can cause bitter taste and gastrointestinal issues. Pregnant women

consuming highly alkaline water may experience indigestion and heartburn, while children

may be at risk of altered stomach pH affecting nutrient absorption (Nlemolisa et al., 2025).

Excessive chloride content in water can result in a salty taste and is linked to elevated blood

pressure. This is particularly concerning for hypertensive pregnant women and infants with

undeveloped kidneys (Onuoha, 2023).

Iron, though an essential micronutrient, when present in excess in drinking water, can lead to

organ damage over time, stain clothes and plumbing fixtures, and impart an unpleasant

metallic taste. In children, iron overload can impair liver function, while in pregnant women

it may lead to nausea or constipation (Olayiwola et al., 2020). Sulphate, when consumed in

high quantities, has a laxative effect that may cause dehydration and gastrointestinal distress.

This is especially problematic in infants and pregnant women, who are more susceptible to

fluid loss (Taiwo et al., 2023).

Nitrate contamination in water is a critical health issue. Once ingested, nitrates are converted

to nitrites, which impair the oxygen-carrying capacity of hemoglobin. In infants, this leads to
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methemoglobinemia or ―blue baby syndrome,ǁ a potentially fatal condition. Pregnant women

exposed to high nitrate levels may experience reduced oxygen delivery to the fetus,

increasing the risk of miscarriage or developmental delays (Afolabi et al., 2021).

In summary, the health impacts of unsafe physicochemical water parameters are well-

documented and underscore the need for rigorous assessment and remediation efforts in

communities like Orhionmwon, where residents may unknowingly rely on contaminated

water sources.



34

CHAPTERTHREE

METHODOLOGY

3.1 DESCRIPTIONOFTHE STUDYAREA

Orhionmwon Local Government Area is one of the 18 LGAs in Edo State, located in the

southern part of Nigeria. It lies between latitudes 5°30′N and 6°N and longitudes 5°30′E and

6°E. The region is largely rural, with scattered communities relying on various water sources

such as boreholes, hand-dug wells, streams, and rainwater harvesting systems.

Most residents depend on untreated groundwater sources, increasing the risk of

contamination due to inadequate sanitation and agricultural practices. The area's geology

includes sandy loam and lateritic soils, which can influence the mineral composition of

groundwater. Orhionmwon Local Government Area is located in the southern part of Edo

State, Nigeria. It shares boundaries with Uhunmwonde LGA to the north, Ikpoba-Okha to the

west, and Delta State to the south and east. The LGA is characterized by a humid tropical

climate, with distinct wet and dry seasons. Economic activities in the area include farming,

trading, hunting, and fishing.

The region is also susceptible to environmental degradation due to agricultural expansion,

deforestation, and oil-related activities. The water sources in this area are largely unregulated,

making them vulnerable to contamination from fertilizers, waste discharge, erosion, and

natural geochemical leaching (Ogbe et al., 2025). These factors make Orhionmwon an

important case study for assessing the physicochemical quality of drinking water.
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Fig 3.1: Map of study area SHOWING Evbuarhue Community in Orhionmwon Local
Government Area
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3.8 RESEARCH DESIGN

The study adopted a descriptive cross-sectional design, combining field sample collection and

laboratory analysis to evaluate the physicochemical properties of drinking water sources in

the community.

3.8.1 Sampling Locations and Sample Size

Water samples were collected from:

 Ikpe River: 1 surface water

 Boreholes: 2 different functional boreholes across the LGA

 Hand-dug wells: 2 separate wells in different residential zones

This provided a total of 5 sampling points, ensuring representation from each water source

commonly consumed in the LGA.

3.9 SAMPLE COLLECTION PROCEDURES

Sampling followed APHA (2017) guidelines:

 Borehole and Well Water: Taps were allowed to run for 3–5 minutes and well

buckets rinsed thoroughly before collecting samples to avoid debris and contamination.

 Stream: Samples were collected 30 cm below the surface to avoid surface

contaminants.

 Containers were rinsed three times with the water to be sampled before final

collection.
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 All samples were stored at 4°C and analyzed within 24–48 hours to prevent parameter

alteration.
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3.10 ANALYTICALMETHODS

The analysis of the collected water samples was conducted using standard procedures as

described in APHA (2023), and other established analytical guidelines. The parameters

analyzed include pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Total

Suspended Solids (TSS), Dissolved Oxygen (DO), Biological Oxygen Demand (BOD),

Chemical Oxygen Demand (COD), Sulphate (SO42- ), Phosphate (PO4³-), Nitrate (NO-3),

Calcium (Ca2+), Magnesium (Mg2+), Total Hardness, Alkalinity, Chloride (Cl), Iron (Fe),

Copper (Cu), Zinc (Zn), Nickel (Ni), Lead (Pb), and Manganese (Mn). The specific analytical

methods used for each parameter are described below:

3.4.1 Determination of pH (Potentiometric Method – APHA 4500-H⁺ B)

Calibrate the pH meter using standard buffers pH 4.0, 7.0 and 10.0. Rinse the electrode with

distilled water and gently blot dry. Pour 50 mL of the water sample into a beaker, immerse

the electrode ensuring good contact, allow the reading to stabilize and record the pH value.

3.4.2 Electrical Conductivity (EC) – APHA 2510 B

Standardize the conductivity meter using 0.01 M KCl solution. Rinse the probe, immerse into

50 mL of the sample in a beaker, wait for stabilized reading and record conductivity in µS/cm.

3.4.3 Total Dissolved Solids (TDS) – APHA 2540 C

Pre-dry an evaporating dish at 103–105°C, cool in desiccator and weigh (W₁). Filter 100 mL

sample through Whatman No. 42 filter paper. Transfer filtrate into the weighed dish,

evaporate to dryness in oven at 103–105°C. Cool in desiccator and weigh (W₂).

TDS (mg/L) = (W₂ – W₁) × 1000 / Volume of sample (mL)

3.4.4 Total Suspended Solids (TSS) – APHA 2540 D
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Dry a pre-weighed filter paper at 103–105°C, cool and weigh (W₁). Filter 100 mL of well-

mixed water sample. Dry the filter with residue at 103–105°C for 1 hour. Cool and reweigh

(W₂).

TSS (mg/L) = (W₂ – W₁) × 1000 / 100

3.4.5 Dissolved Oxygen (DO) – Winkler Method (APHA 4500-O B)

Fill the DO bottle (300 mL) without air bubbles. Add 2 mL manganous sulfate solution and 2

mL alkaline iodide-azide solution. Stopper and invert several times to form brown precipitate.

Allow to settle. Add 2 mL concentrated H₂SO₄ to dissolve precipitate. Take 200 mL aliquot

into conical flask. Titrate immediately with 0.025 N sodium thiosulfate until pale yellow. Add

2–3 drops starch indicator and continue titration until blue color disappears.

DO (mg/L) = mL of titrant × Normality × 8

3.4.6 Biological Oxygen Demand (BOD₅) – APHA 5210 B

Measure initial DO as above. Fill BOD bottles with sample (with dilution water if required).

Add 1 mL each of phosphate buffer, MgSO₄, CaCl₂ and FeCl₃ nutrient solution. Add

sufficient seed inoculum if low bacteria. Stopper and incubate at 20°C in the dark for 5 days.

After incubation, measure final DO.

BOD₅ (mg/L) = (DO₁ – DO₅) × Dilution Factor

3.4.7 Chemical Oxygen Demand (COD) – Closed Reflux Method (APHA 5220 C)

Pipette 2.5 mL water sample into COD digestion tube. Add 1.5 mL potassium dichromate

reagent and 3.5 mL sulfuric acid-silver sulfate mixture slowly. Cap and digest at 150°C for 2

hours. Cool, add 2–3 drops ferroin indicator, titrate with 0.1 N ferrous ammonium sulfate

until color changes from blue-green to reddish-brown.

COD (mg/L) = (B – S) × N × 8000 / mL Sample



41

(B = blank; S = sample titrant volume)

3.4.8 Sulphate – Turbidimetric Method (APHA 4500-SO₄²⁻ E)

Pipette 50 mL sample into flask, add 5 mL buffer solution. While stirring, add BaCl₂ crystals

(≈0.3 g). Mix for 1 minute. Read absorbance at 420 nm after 5 minutes. Determine

concentration from calibration curve.

3.4.9 Phosphate – Ascorbic Acid Method (APHA 4500-P E)

Take 50 mL of filtered sample. Add 8 mL ammonium molybdate-ascorbic acid reagent. Mix

and allow 10 minutes for color development. Read absorbance at 880 nm and calculate from

calibration curve.

3.4.10 Nitrate – UV Spectrophotometry (APHA 4500-NO₃⁻ B)

Filter sample and measure absorbance at 220 nm. Measure a second reading at 275 nm to

correct for organic interference. Calculate nitrate from standard calibration curve.

3.4.11 Calcium – EDTA Titration (APHA 3500-Ca B)

Pipette 50 mL sample into conical flask. Add 2 mL 1 N NaOH to adjust pH to 12. Add pinch

of murexide indicator; solution turns pink. Titrate with 0.01 M EDTA until color changes

from pink to purple.

Calcium (mg/L) = mL EDTA × M × 400.8 / mL Sample

3.4.12 Magnesium – EDTAMethod (APHA 3500-Mg B)

Take 50 mL sample, add ammonia buffer to pH 10. Add Eriochrome Black T indicator (wine

red color forms). Titrate with 0.01 M EDTA to clear blue endpoint.

Mg (mg/L) = (Total hardness – Calcium hardness)
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3.4.13 Total Hardness – EDTA Titration (APHA 2340 C)

Pipette 50 mL sample into flask, add ammonia buffer to pH 10. Add Eriochrome Black T

indicator. Titrate with 0.01 M EDTA until wine-red to pure blue.

Hardness as CaCO₃ (mg/L) = mL EDTA × 1000 / mL sample

3.4.14 Alkalinity – Titration Method (APHA 2320 B)

Take 50 mL sample. Add 2–3 drops phenolphthalein. Titrate with 0.02 N H₂SO₄ to pH 8.3 (P-

alkalinity). Add 2–3 drops methyl orange and continue titration to pH 4.5 (T-alkalinity).

Alkalinity expressed as CaCO₃ calculated per APHA formulas.

3.4.15 Chloride – Argentometric Titration (Mohr’s Method, APHA 4500-Cl⁻ B)

Measure 50 mL sample into flask. Add 1 mL 2% K₂CrO₄ indicator (yellow color).

Titrate with 0.05 N AgNO₃ until a permanent brick-red precipitate forms.

Chloride (mg/L) = mL AgNO₃ × N × 35.45 × 1000 / 50

3.4.16 Iron – Phenanthroline Spectrophotometry (APHA 3500-Fe B)

Take 50 mL sample. Add 2 mL hydroxylamine hydrochloride to reduce Fe³⁺ to Fe²⁺. Add 10

mL ammonium acetate buffer and 2 mL 1,10-phenanthroline reagent. Allow 10 minutes.

Measure absorbance at 510 nm using UV-VIS spectrophotometry.

3.4.17 Copper, Zinc, Nickel, Lead & Manganese – AAS Methods

Filter or digest sample with concentrated nitric acid depending on parameter (APHA 3111 B /

3113 B). Aspirate into AAS at element-specific wavelengths, using appropriate calibration

standards.

Express results in mg/L.

3.11 QUALITYASSURANCEAND QUALITYCONTROL (QA/QC)
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 All glassware was washed with dilute nitric acid and rinsed with distilled water before use.

 Blank samples and duplicate analyses were used to ensure accuracy.

 Calibration of instruments was done using standard solutions as per manufacturer's

instructions.

 All reagents were analytical grade.

3.12 DATA ANALYSIS

Data obtained from laboratory analysis were compiled using Microsoft Excel and analysed

statistically using descriptive statistics such as mean, standard deviation, and range. The

results were compared with NIS 977:2017 LIMIT drinking water standards to assess

compliance and identify deviations. Graphical representations such as bar charts and tables

were used to present findings.

3.13 STANDARDS FOR DRINKINGWATERQUALITY

To ensure safety and public health, international and national bodies have established

maximum allowable limits for each parameter in drinking water. Below are selected

standards from the Nigerian Industrial Standard for Drinking Water Quality (NIS 977:2017)
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Table 3 . 1: WHO and Nigerian Industrial Standard for Drinking Water Quality

with Health/Quality Concern.

Parameters NIS WHO Health/Quality Concern

977:2017

LIMIT

TemperatureAmbient NGV Microbial growth, affects dissolved oxygen, taste

pH 6.5-8.5 6.5-8.5 Corrosion (low pH), scaling (high pH), taste issues

Turbidity 5.0 5 NTU Indicates contamination, affects clarity, pathogen carrier

Conductivity 1000 NGV High salts/minerals, affects taste, equipment corrosion

Total 500 1000mg/L Taste issues, scaling, health effects at high levels

Dissolved

Solids (TDS)

Total NA NGV Aesthetic issues, pathogen carrier, filtration problems

Suspended

Solids (TSS)

Nitrate 10 50mg/L Methemoglobinemia (blue baby syndrome), infant health
risk

(NO3)

Sulphate 100 500mg/L Laxative effect, taste issues, corrosion

(SO4)

Phosphate NA NGV Eutrophication, algal blooms, indirect health risks
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(PO4)

Dissolved NA NGV Low levels harm aquatic life, indicate pollution

Oxygen
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Biochemical Oxygen

Demand

(BOD)

NA NGV Indicates organic pollution, low oxygen for aquatic life

Chemical NA NGV High organic/inorganic pollutants, water quality decline

Oxygen

Demand

(COD)

Total
100 NGV Buffering capacity issues, pH instability

Alkalinity

Hardness,
100 NGV Scaling, soap inefficiency, taste issues

CaCO3

Chloride 100 250mg/L Salty taste, corrosion of pipes, health effects

(Cl)

Calcium 75 NGV Scaling, hardness increase, minimal direct health impact

(Ca)

Magnesium 20 NGV Laxative effect, taste issues at high levels

(Mg)

Iron (Fe) 0.3 2 mg/L Taste, staining, bacterial growth promotion

Copper (Cu) 1.0 2 mg/L Gastrointestinal distress, liver/kidney damage (long-term)

Zinc (Zn) 5.0 3 mg/L Taste issues, potential toxicity at high levels
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Nickel (Ni) 0.01 0.07mg/L Allergic reactions, potential carcinogenicity

Lead (Pb) 0.01 0.01mg/L Neurotoxicity, developmental issues, kidney damage

Manganese 0.1 0.08mg/L Neurological effects, taste/staining issues

(Mn)

Cadmium

(Cd)

Chromium

0.003

0.01

0.003

mg/L

0.05mg/L

Kidney damage, bone toxicity, carcinogenic risk

Skin irritation, potential carcinogenicity (Cr VI)

(Cr)

Arsenic (As) 0.01 0.01mg/L Skin lesions, cancer, cardiovascular issues

Mercury

(Hg)

0.001 0.006

mg/L

Neurological damage, kidney toxicity, developmental harm

NA = Not Applicable, NGV= No Guideline Value.

These limits are essential benchmarks for comparing field measurements to evaluate water

quality.
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CHAPTERFOUR

RESULTS

4.1 OVERVIEWOFRESULTS

This chapter presents the results obtained from the physicochemical analysis of drinking

water samples collected from various sources in Orhionmwon Local Government Area, Edo

State. The sampled sources include two boreholes (BH1 and BH2), two hand-dug wells

(WELL1 and WELL2), and one surface water source (RIVER). The results were compared

against the Nigerian Industrial Standard for Drinking Water Quality (NIS 977:2017) to

evaluate compliance and public health implications.
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TEMPERATURE OC
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4.2 PHYSICOCHEMICALPARAMETERSOFWATER SAMPLES

4.2.1 Temperature

Fig 4.1: Chart showing Levels of Temperature in BH1, BH2,WELL1,WELL2 and RIVER

Temperatures ranged from 27.7°C (river) to 28.5°C (BH1). All values were within acceptable

limits, as water temperature is expected to align with ambient environmental conditions.

However, elevated temperatures may indirectly affect DO and microbial activity.

BH 1 BH 2 WELL1 WELL2 RIVER

Temperature 28.5 28.4 28.4 28.3 27.7

O
C
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PH
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4.2.2 pH

Fig 4.2: Chart showing Levels of pH in BH1, BH2, WELL1, WELL2 and RIVER

The pH values ranged between 5.30 and 5.80 across all samples. All were below the NIS

acceptable range (6.5–8.5), indicating acidic water, which can lead to pipe corrosion and

metal leaching (APHA, 2023). Long-term consumption of such water may pose

gastrointestinal risks.

BH 1 BH 2 WELL1 WELL2 RIVER

pH 5.75 5.4 5.3 5.35 5.8

PH
U
N
IT
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TURBIDITY
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4.2.3 Turbidity

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:2017
LIMIT

Turbidity 0.215 0.645 4.73 2.58 5.38 5

Fig 4.3: Chart showing Levels of Turbidity in BH1, BH2, WELL1, WELL2 and RIVER

Only the river (5.38 NTU) andWELL1 (4.73 NTU) exceeded or neared the 5 NTU threshold.

High turbidity may suggest suspended particles or microbial contamination and can interfere

with disinfection.

N
TU
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CONDUCTIVITY
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4.2.4 Electrical Conductivity (EC)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:201

7 LIMIT

Conductivity 22 15 16 19 23 1000

C

Values ranged from 15 to 23 µS/cm, far below the maximum limit of 1000 µS/cm. This

indicates low ionic concentration, suggesting minimal dissolved salts or minerals.

U
S/
C
M
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TOTAL DISSOLVED SOLIDS
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4.2.5 Total Dissolved Solids (TDS)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:20

17

LIMIT

Total Dissolved Solids
(TDS) 11 7 8 9 11 500

Fig 4.5: Chart showing Levels of Total Dissolved Solids in BH1, BH2, WELL1, WELL2 and

RIVER

TDS levels (7–11 mg/L) were significantly below the 500 mg/L limit, indicating low

mineralization. While safe, extremely low TDS can affect water palatability and may not

provide essential minerals (WHO, 2022).

PP
M
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TOTAL SUSPENDED SOLIDS
(TSS)
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4.2.6 Total Suspended Solids (TSS)

BH 1 BH 2 WELL1 WELL2 RIVER

Total Suspended Solids
(TSS) 0 0 0.1 0.1 0.3

Fig 4.6: Chart showing Levels of Total Suspended Solids in BH1, BH2, WELL1, WELL2 and

RIVER

Detected only in WELL1, WELL2, and RIVER (0.1–0.3 mg/L), these levels are low.

However, the river source, with the highest TSS, may harbour microbial pollutants due to

surface exposure.

M
G
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NITRATE (NO3)
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4.2.7 Nitrate (NO-3)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:2017
LIMIT

Nitrate (NO3) 2.3 1.49 3.52 0.81 3.93 10

Fig 4.7: Chart showing Levels of Nitrate in BH1, BH2, WELL1, WELL2 and RIVER

All samples were below the 10 mg/L limit. The river had the highest concentration (3.93

mg/L), likely due to agricultural runoff or organic decay.

M
G
/L



56

SULPHATE (SO4)
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4.2.8 Sulphate (SO42-)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:201

7 LIMIT

Sulphate (SO4) 0.27 0.46 0.6 0.33 2.39 100

Fig 4.8: Chart showing Levels of Sulphate in BH1, BH2,WELL1, WELL2 and RIVER

Sulphate levels were low in all samples (0.27–2.39 mg/L), well below the 100 mg/L limit.

The river exhibited higher levels, which may be geogenic or from organic decay.
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PHOSPHATE (PO4)
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4.2.9 Phosphate (PO4³-)

BH 1 BH 2 WELL1 WELL2 RIVER

Phosphate (PO4) 0.02 0.04 0.05 0.03 0.08

Fig 4.9: Chart showing Levels of Phosphate in BH1, BH2, WELL1, WELL2 and RIVER

Detected in all sources (0.02–0.08 mg/L), with the highest in the river. Though not regulated

under NIS, elevated phosphate may enhance algal growth in surface waters.
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DISSOLVED OXYGEN
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4.2.10 Dissolved Oxygen (DO)

BH 1 BH 2 WELL1 WELL2 RIVER

Dissolved Oxygen 7.4 7.6 6.2 6 4.8

Fig 4.10: Chart showing Levels of Dissolved Oxygen in BH1, BH2, WELL1, WELL2 and

RIVER

DO ranged from 4.8mg/L (river) to 7.6mg/L (BH2). Lower DO in the river indicates organic

pollution or microbial activity, while higher values in boreholes suggest cleaner conditions.
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4.2.11 Biochemical Oxygen Demand (BOD)

BH 1 BH 2 WELL1 WELL2 RIVER

Biochemical Oxygen
Demand (BOD)

2.6 2.2 3 3.2 3.8

Fig 4.11: Chart showing Levels of Biochemical Oxygen Demand in BH1, BH2, WELL1,

WELL2 and RIVER

BOD values (2.2–3.8 mg/L) were highest in the river, indicating active biological

decomposition of organic matter. Borehole values were lower, indicating better water quality.
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4.2.12 Chemical Oxygen Demand (COD)

Fig 4.12: Chart showing Levels of Chemical Oxygen Demand in BH1, BH2, WELL1,

WELL2 and RIVER

COD was highest in the river (38 mg/L), a strong indicator of organic and chemical pollution.

Other sources had much lower values (2–6 mg/L), consistent with minimal contamination.

BH 1 BH 2 WELL

1

WELL

2
RIVER

NIS
977:20

17

LIMIT

Chemical oxygenDemand (COD) 4 2 4 6 38 0
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TOTAL ALKALINITY
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4.2.13 Total Alkalinity

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:201

7 LIMIT

Total Alkalinity 3.75 2.5 3.75 5 6.25 100

Fig 4.13: Chart showing Levels of Total Alkalinity in BH1, BH2, WELL1, WELL2 and

RIVER

All samples showed low alkalinity (2.5–6.25 mg/L), well below the 100 mg/L limit. This low

buffering capacity explains the low pH values, making the water more susceptible to

acidification.
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HARDNESS, CACO3
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4.2.14 Hardness

BH 1 BH 2 WELL1 WELL2 RIVER
NIS 977:201

7 LIMIT

Hardness, CaCO3 4.8 4 4 4.8 7.21 100

Fig 4.14: Chart showing Levels of Hardness in BH1, BH2,WELL1, WELL2 and RIVER

Hardness was generally low (4.0–7.21 mg/L), which is well within the acceptable 100 mg/L

limit. This confirms the water is soft, reducing scaling potential but possibly affecting taste

and soap lathering.
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CHLORIDE (CL)
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4.2.15 Chloride (Cl)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:2017LIMIT

Chloride
(Cl)

5.4 3.3 3.6 4.5 5.7 100

Fig 4.15: Chart showing Levels of Chloride in BH1, BH2,WELL1,WELL2 and RIVER

Chloride concentrations (3.3–5.7 mg/L) were within safe limits (≤100mg/L), posing no taste

or corrosive risks.
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CALCIUM (CA)
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4.2.16 Calcium (Ca2+)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:2017

LIMIT

Calcium (Ca) 1.6 0.96 1.28 0.96 0.96 75

Fig 4.16: Chart showing Levels of Calcium in BH1, BH2, WELL1, WELL2 and RIVER

Calcium levels ranged from 0.96–1.6 mg/L, significantly lower than the 75 mg/L limit,

confirming the soft nature of the water.



65

MAGNESIUM (MG)
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4.2.17 Magnesium (Mg2+)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:201

7 LIMIT

Magnesium (Mg) 0.19 0.39 0.19 0.58 1.17 20

Fig 4.17: Chart showing Levels of Magnesium in BH1, BH2, WELL1, WELL2 and RIVER

Magnesium was below the 20 mg/L limit in all samples. The river showed the highest

concentration (1.17 mg/L), still considered very safe.
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IRON (FE)
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4.2.18 Iron (Fe)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS 977:2017

LIMIT

Iron (Fe) 0.03 0.02 0.04 0.04 0.09 0.3

Fig 4.18: Chart showing Levels of Iron in BH1, BH2, WELL1,WELL2 and RIVER

Iron concentrations (0.02–0.09 mg/L) were well below the permissible limit (0.3 mg/L).

River water had the highest value, possibly from natural leaching or suspended particles.
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4.2.19 Copper (Cu)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:2017
LIMIT

Copper (Cu) 0.01 0.01 0.02 0.03 0.04 1

Fig 4.19: Chart showing Levels of Copper in BH1, BH2, WELL1,WELL2 and RIVER

Copper was present in trace amounts (0.01–0.04 mg/L), far below the 1.0 mg/L limit,

indicating minimal metallic contamination.
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4.2.20 Zinc (Zn)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:2017

LIMIT

Zinc (Zn) 0.03 0.02 0.04 0.05 0.06 5

Fig 4.20: Chart showing Levels of Zinc in BH1, BH2, WELL1, WELL2 and RIVER

Zinc levels (0.02–0.06 mg/L) were within the safe range (≤5.0mg/L), with higher values in

well and river water.
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4.2.21 Nickel (Ni)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:2017
LIMIT

Nickel (Ni) 0 0 0 0 0.01 0.01

Fig 4.21: Chart showing Levels of Nickel in BH1, BH2, WELL1,WELL2 and RIVER

Nickel was undetectable (ND) in borehole and well samples but present in the river at 0.01

mg/L, which is exactly at the NIS maximum limit. Continuous exposure could pose health

risks.
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LEAD (PB)
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4.2.22 Lead (Pb)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:2017
LIMIT

Lead (Pb) 0 0 0 0 0.02 0.01

Fig 4.22: Chart showing Levels of Lead in BH1, BH2, WELL1,WELL2 and RIVER

Lead was not detected in any sample except in the river (0.02 mg/L), which exceeds the NIS

limit of 0.01 mg/L, posing significant risks for children and pregnant women, including

neurological damage (USEPA, 2020).
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4.2.23 Manganese (Mn)

BH 1 BH 2 WELL1 WELL2 RIVER
NIS

977:201

7 LIMIT

Manganese (Mn) 0.02 0.02 0.03 0.03 0.04 0.1

Fig 4.23: Chart showing Levels of Manganese in BH1, BH2,WELL1, WELL2 and RIVER

All samples had manganese below the 0.1 mg/L limit. The river had the highest value (0.04

mg/L), which is acceptable but may require monitoring over time.
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4.2.24 Cadmium (Cd), Arsenic (As), Mercury (Hg)

These were not detected (ND) in any sample, indicating absence or below detectable

thresholds, which is favorable as they are highly toxic even at low concentrations.
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4.2.25 Chromium (Cr)

BH 1 BH 2 WELL1 WELL2 RIVER

NIS 977:20

17

LIMIT

Chromium (Cr) 0 0 0.01 0.01 0.02 0.01

Fig 4.27: Chart showing Levels of Chromium in BH1, BH2,WELL1,WELL2 and RIVER

Chromium was found in WELL1, WELL2 (0.01 mg/L), and river (0.02 mg/L). The river value

exceeds the NIS limit of 0.01 mg/L and poses carcinogenic risks with long-term exposure.
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4.3 Comparison with NIS 977:2017 Standards

Most parameters analyzed in the boreholes and wells complied with the NIS standard, except

for:

 pH: All samples were acidic and fell below the standard limit.

 Turbidity: River andWELL1 exceeded the 5.0 NTU limit.

 Lead and Chromium: Detected in the river above permissible limits.

 Nickel: River sample exactly at the maximum limit.

These deviations were more prevalent in surface water (river), which is more exposed to

anthropogenic influences, runoff, and microbial activity.
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Table 4.1: Physiochemical Parameters In drinking water in Orhionmwon Local

Government Area, Edo State

Parameters Units BH 1 BH 2 WELL1 WELL2 RIVER

NIS
977:2017

LIMIT
Temperature 0c 28.5 28.4 28.4 28.3 27.7 Ambient
pH 5.75 5.40 5.30 5.35 5.80 6.5-8.5

Turbidity NTU 0.215 0.645 4.73 2.58 5.38 5.0
Conductivity uS/cm 22 15 16 19 23 1000
Total Dissolved Solids (TDS) mg/l 11 7 8 9 11 500
Total Suspended Solids (TSS) mg/l 0.0 0.0 0.1 0.1 0.3 NA
Nitrate (NO3) mg/l 2.30 1.49 3.52 0.81 3.93 10
Sulphate (SO4) mg/l 0.27 0.46 0.60 0.33 2.39 100
Phosphate (PO4) mg/l 0.02 0.04 0.05 0.03 0.08 NA
Dissolved Oxygen mg/l 7.4 7.6 6.2 6.0 4.8 NA
Biochemical Oxygen Demand
(BOD)

mg/l 2.6 2.20 3.00 3.20 3.80 NA

Chemical oxygen Demand
(COD)

mg/l 4.00 2.00 4.00 6.00 38.00 NA

Total Alkalinity mg/l 3.75 2.50 3.75 5.00 6.25 100
Hardness, CaCO3 mg/l 4.80 4.00 4.00 4.80 7.21 100
Chloride (Cl) mg/l 5.4 3.3 3.6 4.5 5.7 100
Calcium (Ca) mg/l 1.60 0.96 1.28 0.96 0.96 75
Magnesium (Mg) mg/l 0.19 0.39 0.19 0.58 1.17 20
Iron (Fe) mg/l 0.03 0.02 0.04 0.04 0.09 0.3
Copper (Cu) mg/l 0.01 0.01 0.02 0.03 0.04 1.0
Zinc (Zn) mg/l 0.03 0.02 0.04 0.05 0.06 5.0
Nickel (Ni) mg/l ND ND ND ND 0.01 0.01
Lead (Pb) mg/l ND ND ND ND 0.02 0.01
Manganese (Mn) mg/l 0.02 0.02 0.03 0.03 0.04 0.1
Cadmium (Cd) mg/l ND ND ND ND ND 0.003
Chromium (Cr) mg/l ND ND 0.01 0.01 0.02 0.01
Arsenic (As) mg/l ND ND ND ND ND 0.01
Mercury (Hg) mg/l ND ND ND ND ND 0.001

NOTE: NA = Not Available
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CHAPTER FIVE

DISCUSSION, CONCLUSIONANDRECOMMENDATIONS

5.1 DISCUSSION

The physicochemical characteristics of water samples from Orhionmwon reveal varying

degrees of compliance with the Nigerian Industrial Standard (NIS 977:2017) and international

water quality guidelines (WHO, 2022). Results indicate that while boreholes generally

provide safer water, surface and well sources show multiple deviations that raise health

concerns.

5.2.1 pH

The acidic nature of all samples (pH 5.30–5.80) is consistent with findings by Olalekan et al.

(2022) in southwestern Nigeria, where several groundwater sources recorded sub-standard pH.

Similarly, Edokpayi et al. (2020) observed pH values below 6.5 in rural borehole sources in

South Africa. This deviation from the recommended range of 6.5–8.5 (WHO, 2017; NIS

977:2017) indicates potential for corrosive action on plumbing systems and increased metal

leaching such as lead and copper. For vulnerable populations, such as children, prolonged

consumption of acidic water can irritate mucous membranes and increase toxic metal

exposure.

5.2.2 Turbidity

Turbidity levels in the river (5.38 NTU) and WELL1 (4.73 NTU) either exceed or approach

the NIS limit of 5 NTU. This trend is in line with the study by Fahimah et al. (2023), which

showed elevated turbidity in underground water due to poor sanitation around the source.

High turbidity interferes with disinfection, increases microbial survival, and can lead to
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waterborne diseases, especially among infants and immunocompromised individuals (WHO,

2022).

5.2.3 Conductivity and TDS

Low EC (15–23 µS/cm) and TDS (7–11 mg/L) values indicate minimal ionic presence. These

are far below permissible thresholds (1000 µS/cm for EC, 500 mg/L for TDS) and conform

with the findings of Umoren et al. (2024) in some Communities in Abeokuta, Ogun State.

While low TDS may signify safe water, extremely low levels can affect taste and may deprive

consumers of beneficial minerals like calcium and magnesium (WHO, 2022).

5.2.4 DO, BOD, and COD

The elevated BOD (3.8 mg/L) and COD (38 mg/L) in the river suggest high organic pollution,

confirming findings by Chukwu et al. (2024), where surface waters near agricultural zones

showed similar levels. Although no specific NIS limits are provided for BOD and COD in

drinking water, WHO (2022) recommends BOD below 2 mg/L for safe water. High values

imply microbial activity, oxygen depletion, and an increased risk of enteric pathogens.

5.2.5 Nitrate, Sulphate, and Phosphate

Nitrate values (up to 3.93 mg/L) remained within safe limits (<10 mg/L), confirming reports

by Popoola et al., (2019) in borehole waters in Lagos metropolis. However, even low nitrate

levels can be dangerous for infants, leading to methemoglobinemia or ―blue baby syndromeǁ

if concentrations increase (WHO, 2022). Sulphate and phosphate levels were also low, and

similar values have been reported by Umoren et al. (2024) in non-industrial rural settings.

Nevertheless, phosphate enrichment in the river could stimulate eutrophication, promoting

algal blooms in the long term.
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5.2.6 Alkalinity and Hardness

Low alkalinity (2.5–6.25 mg/L) and hardness (4–7.21 mg/L) suggest poor buffering capacity

and softness of the water, which aligns with the findings of Olayiwola et al. (2020) in

southwestern Nigeria. While soft water is generally acceptable, low alkalinity contributes to

low pH, thus compounding the risk of metal dissolution and corrosion of water distribution

systems.

5.2.7 Chloride, Calcium, Magnesium

All values were well within limits (Cl: <100 mg/L, Ca: <75 mg/L, Mg: <20 mg/L). These

values confirm conformity with studies by Ogbe et al. (2025) and suggest minimal saltwater

intrusion or mineral contamination, often observed in inland rural water sources.

5.2.8 Heavy Metals (Fe, Cu, Zn, Ni, Pb, Mn, Cr)

 Iron, Copper, and Zinc were detected in trace amounts, below NIS thresholds. These

results are consistent with findings in borehole water in southwestern Nigeria reported by

Akoteyon et al. (2024).

 Nickel (0.01 mg/L) and Chromium (0.02 mg/L) were detected in the river, with Cr

exceeding the limit (0.01 mg/L). Cr (VI) is a known carcinogen, and chronic exposure

may lead to kidney and liver damage.

 Lead (0.02 mg/L) was above the NIS limit (0.01 mg/L) in the river. This mirrors the

warning by WHO (2022) that no level of lead is safe, particularly for children, pregnant

women, and foetuses, due to the risk of neurological damage and developmental delays.

 Manganese (0.02–0.04 mg/L) was within permissible levels (0.1 mg/L), though WHO
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(2022) recommends caution above 0.05 mg/L, particularly for infants due to possible

neurotoxicity with long-term exposure.



80

5.2.9 TraceToxins: Cd, As, Hg

These were not detected (ND) in any sample, which is a positive outcome. Cd, As, and Hg

are highly toxic even at trace levels, and their absence supports the non-industrial nature of

the Orhionmwon environment, consistent with Yahaya et al. (2021) and APHA (2022) reports

on rural African water systems.

5.2.10 Overall Trends

The comparative analysis suggests:

 Borehole water was the safest, followed by well water, while surface water (river)

presented the highest health risks.

 Results are largely consistent with rural water studies in sub-Saharan Africa but

indicate site-specific issues such as acidic pH, elevated turbidity, and toxic metal

presence in the river source.
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5.2 CONCLUSION

This study was carried out to evaluate the physicochemical characteristics of drinking water

from selected sources in Orhionmwon Local Government Area, Edo State. Five water sources,

comprising two boreholes, two hand-dug wells, and one river, were sampled and analysed for

twenty-five physicochemical parameters. The goal was to assess their compliance with the

Nigerian Industrial Standard for Drinking Water Quality (NIS 977:2017) and identify

potential health implications associated with their consumption.

The results revealed significant variations across the different water sources, with borehole

water generally exhibiting better physicochemical quality compared to wells and river water.

The pH values of all samples were acidic, ranging between 5.30 and 5.80, which is below the

permissible range of 6.5–8.5 as set by both NIS and the World Health Organization (WHO).

This persistent low pH across all sources suggests a systemic deficiency in buffering capacity,

likely due to low alkalinity values observed in the samples. Acidic water is known to corrode

plumbing systems and promote the leaching of toxic metals such as lead, iron, and copper

into the water supply. While no immediate toxicity may result from such pH levels, chronic

exposure poses long-term risks to gastrointestinal health and may increase the concentration

of heavy metals in the water distribution system.

Turbidity levels in the river and WELL1 exceeded or neared the NIS guideline of 5 NTU,

suggesting the presence of suspended particles that could harbour microbial organisms or

chemical pollutants. This aligns with earlier studies in rural Nigerian communities, where

high turbidity was linked to poor well construction and runoff contamination during rainfall.

Although the borehole samples showed significantly lower turbidity, the presence of

suspended solids in well and river water underscores the need for effective treatment before

consumption.
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Electrical conductivity and total dissolved solids (TDS) values across all samples were

relatively low, indicating minimal ionic content. This reflects the non-industrial and low-

salinity nature of the environment. However, while low TDS is generally viewed as

favourable for drinking water, extremely low values may result in poor taste and lack of

essential minerals that contribute to the dietary needs of the local population. In rural and

peri-urban areas where dietary mineral intake is already limited, ultra-pure water lacking

calcium and magnesium may not offer optimum health benefits.

The results for dissolved oxygen (DO), biochemical oxygen demand (BOD), and chemical

oxygen demand (COD) provide insight into the organic and biological state of the water.

Borehole samples recorded high DO levels and low BOD and COD, confirming minimal

biological pollution. In contrast, the river source showed markedly high BOD and COD

values, 3.80 mg/L and 38.00 mg/L respectively, indicating significant organic pollution, likely

from agricultural runoff, domestic sewage, or decomposing vegetation. These values exceed

the WHO recommendation for BOD in drinking water and highlight the urgent need for

treatment interventions before river water can be deemed safe for public use.

Analysis of major nutrients such as nitrates, sulphates, and phosphates showed concentrations

within acceptable limits. Nitrate levels were highest in the river (3.93 mg/L), although still

below the 10 mg/L maximum threshold set by WHO and NIS. Elevated nitrates, especially

when associated with microbial contamination, pose a serious threat to infants due to the risk

of methemoglobinemia or "blue baby syndrome." Sulphate and phosphate values were

relatively low, yet the presence of phosphate in the river sample at 0.08 mg/L could

contribute to eutrophication and excessive algal growth if the river is exposed to persistent

nutrient loading.

Hardness and alkalinity values were very low across all sources. Total hardness ranged from
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4.00 to 7.21 mg/L, which classifies the water as soft. Soft water has advantages in terms of

minimizing scaling in plumbing and appliances but is also more aggressive in terms of

corrosion and less palatable. The low alkalinity values (as low as 2.50 mg/L) further highlight

the lack of buffering capacity in the water, making the sources vulnerable to pH instability

and acidification.

With respect to heavy metals, most parameters were within safe limits for borehole and well

samples. However, the river sample exceeded the permissible limits for lead and chromium.

Lead was recorded at 0.02 mg/L, which is twice the acceptable limit of 0.01 mg/L, while

chromium was detected at 0.02 mg/L, also exceeding the standard limit. The presence of

these toxic metals poses a major public health concern. Chronic exposure to lead has been

linked to neurodevelopmental disorders in children, reduced IQ, behavioural problems, and

kidney damage. Chromium, particularly in its hexavalent form, is a known carcinogen and

can affect both renal and hepatic function. The presence of these metals in the river suggests

anthropogenic influence, possibly from agricultural inputs, improper waste disposal, or

natural geological leaching intensified by low pH conditions.

Other trace metals such as iron, copper, zinc, manganese, and nickel were found in relatively

safe concentrations across most sources. The river had slightly higher values, yet they

remained within permissible limits. Cadmium, arsenic, and mercury were not detected in any

of the samples, which is a positive indicator of water safety, given the extremely toxic nature

of these elements even at very low concentrations. The absence of these contaminants likely

reflects the rural, non-industrial characteristics of the study area.

Overall, the borehole water emerged as the safest among all the sources evaluated, with

minimal deviations from standard values. The wells showed moderate quality, with

occasional exceedances in turbidity and low pH, while the river water proved to be the most
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contaminated, particularly in terms of turbidity, organic load, and heavy metals. The

healthimplications of consuming untreated water from the river are particularly severe for

vulnerable populations such as infants, pregnant women, and the elderly, who may

experience cumulative effects of toxic exposure over time. Given the reliance of many

Orhionmwon communities on these water sources, it is critical that measures are taken to

improve water quality through treatment, monitoring, and community education.
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5.3 RECOMMENDATIONS

In light of the findings from this study, several recommendations are proposed to address the

existing gaps in water quality and protect public health in Orhionmwon and similar

environments.

First, it is imperative that the local government, through its water board and public health

departments, prioritize water treatment interventions for communities that rely on surface

water sources. The river sample in this study contained levels of lead and chromium that

exceed safe limits and pose long-term health risks. Simple but effective treatment methods

such as sand filtration, activated carbon filtration, and chemical precipitation can be

introduced at the household or community level. Additionally, pH adjustment through the use

of calcium carbonate or lime should be considered to neutralize the acidic nature of the water

and minimize metal leaching.

Furthermore, a robust water quality monitoring framework should be instituted, involving

regular sampling and analysis of all major drinking water sources, especially during the rainy

season when runoff contamination is most prevalent. The Ministry of Environment and

related agencies such as NAFDAC and the Standards Organisation of Nigeria (SON) must

collaborate to enforce compliance with national water quality standards, particularly among

sachet and bottled water producers operating in the area.

Community sensitization is also essential. Residents need to be educated on the risks of

consuming untreated water and trained on basic household water treatment techniques such

as boiling, solar disinfection (SODIS), and chlorination. Public health campaigns can also

discourage open defecation and poor waste disposal practices near water sources, which

contribute to nutrient and microbial contamination.
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Infrastructural improvements must not be overlooked. Wells should be properly lined and

covered to prevent contamination from runoff or animals. Borehole platforms must be

constructed with proper drainage systems to prevent stagnation and microbial breeding. In

addition, the establishment of communal water committees with technical training can ensure

local ownership, sustainability, and accountability in the maintenance of water infrastructure.

Finally, this study recommends that future research efforts include microbial analysis and

seasonal variation studies to provide a more comprehensive picture of water safety across

different periods of the year. Such data would support more targeted interventions and

enhance the resilience of water supply systems to environmental changes and human

activities.

In conclusion, while access to water in Orhionmwon is relatively widespread, access to safe

water remains a challenge. Addressing this requires an integrated approach that combines

scientific monitoring, policy enforcement, infrastructure development, and community

participation to ensure that every resident has access to clean, safe, and affordable drinking

water.
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