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Abstract

Groundwater remains the primary source of drinking water for many communities in
Nigeria, including the rapidly urbanizing Mowe Ibafo corridor in Ogun State. With
increasing population growth and urban development, concerns about the safety and
sustainability of groundwater resources have become more pressing. This study was
conducted to assess the physicochemical characteristics and heavy metal concentrations
of groundwater in the Mowe Ibafo area, with a view to determining its suitability for
domestic and drinking purposes. Water samples were collected from selected holes
and wells across six different streets in the study area. Laboratory analyses carried
out to determine key physicochemical parameters such as pH, tempe e, Jjturbidity,
electrical conductivity, total dissolved solids (TDS), and total hardn sstH)avy metals,
including lead (Pb), iron (Fe), manganese (Mn), and zinc (Zn), wer o analyzed using
standard methods. The results obtained were compared wi e’ World Health
Organization (WHO) and Nigerian Standard for Drinking uality (NSDWQ)
guidelines. However, heavy metal analysis revealed elev lewels of iron and lead in
some sampling points, which pose potential health ris as neurological disorders,
anemia, and other long-term health issues. The pr e of these contaminants is
attributed to both natural geological factors aan{Lt ropogenic activities such as
indiscriminate waste disposal and possible indw ischarges. This study underscores

the urgent need for regular monitoring of gro ater quality in Mowe Ibafo, public

sensitization on potential risks, and the impl ation of appropriate water treatment and
management strategies to ensure safe stainable water supply for the growing
population.

Keywords: Groundwater Qualit ® Ibafo, Physicochemical Parameters, Heavy
Metals, Water Pollution, Public Health, Nigeria.
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Chapter One
Introduction

1.1 Background to the Study

Water is essential for life, serving as a critical resource for domestic, agricultural, and
industrial purposes'. Across the globe, water is one of the most utilized natural resources,
vital not only for sustaining human life but also for supporting ecosystems arQna ling
socio-economic development?. Among water resources, groundwater pla@@rﬁculaﬂy
significant role in meeting the demands of growing populations.@es as a reliable
source of freshwater, especially in regions where surface te%ﬂability is limited or
unreliable®. However, despite its critical importance, ty of groundwater is under
increasing threat due to various natural and hu aw@ed activities. These threats have

profound implications for water security, publi% th, and sustainable development*.
O
Groundwater pollution is a grovw'@wem worldwide, driven by factors such as
agricultural runoff, improper w%@posal, industrial discharges, and rapid urbanization®.
Agricultural activitie Q§ particular, contribute significantly to groundwater
contamination. The g chemical fertilizers, pesticides, and herbicides often results in
X\

the leaching ‘of harmful substances into the underlying aquifers, compromising water
quality® arly, industrial discharges, often containing heavy metals and hazardous
che}hiy%s, contribute to the degradation of groundwater resources’. Urbanization
exacerbates the issue by increasing the concentration of pollutants, as unregulated

construction, poor drainage systems, and the absence of effective waste management

systems contribute to groundwater contamination®.



In Nigeria, groundwater serves as the primary source of drinking water for a significant

proportion of the population, particularly in areas where public water supply systems are

either unavailable or unreliable®. Groundwater sources such as boreholes and wells have
become indispensable for meeting the water needs of urban and rural communities alike'®.
These sources provide water for a range of domestic uses, including drinking, cooking,
and sanitation, as well as for agricultural and industrial applications'. Ho , the

increasing dependence on groundwater has not been matched by adegulatory
12

oversight or infrastructure for monitoring and protecting these reso@ ontaminants
in groundwater, particularly heavy metals, pose serious h% sks even in trace
amounts'3, Heavy metals such as zinc (Zn), cadmium (C er (Cu), and arsenic (As)
are known to have toxic effects on human health, inc@n neurological disorders, kidney
damage, and increased risks of cancer!®. Chl@(b exposure to these metals through
contaminated drinking water can result in\}@term health complications, particularly for
vulnerable populations such as chilﬂ@tegnant women, and the elderly's. Additionally,
the presence of other pol}u@ncluding nitrates, sulfates, and microbial pathogens,

further exacerbates th%s@sociated with groundwater consumption'¢.

In the conte '@owe Ibafo, Ogun State, the lack of comprehensive data on
groundwatéquality limits the ability of stakeholders to address emerging challenges
eff@%. Existing studies on groundwater contamination in Nigeria have primarily
focused on broader regional patterns, with limited attention to localized areas such as
Mowe Ibafo Ogun State'8. This gap in knowledge hinders the development of targeted
interventions and policies aimed at safeguarding groundwater resources'®. Moreover, the
absence of systematic monitoring and regulatory frameworks allows contamination

sources to persist unchecked, further compromising water quality over time?’.



Given these concerns, this study aims to address the critical gap in knowledge by
examining the physicochemical properties and heavy metal concentrations of
groundwater in Mowe Ibafo Ogun State. Physicochemical properties, including
parameters such as pH, electrical conductivity, total dissolved solids, and turbidity,
provide valuable insights into the quality and safety of water for various uses. Meanwhile,
the analysis of heavy metal concentrations enables the identification of ecific
contaminants and their potential sources. By comparing the findings with at10na1
and local water quality standards, this research seeks to assess,th Qlablhty of
groundwater in Mowe Ibafo, Ogun State for human consumptio @ter applications.
An understanding of groundwater quality in Mowe I@%gun State and other

urbanizing communities in Nigeria is anticipated to b atly enhanced by the study's

results, which will serve as a foundation for éf&uon of evidence-based plans to

reduce the risk of contamination and\@n

groundwater resources.
\%\

The assessment of grz er quality in Mowe Ibafo, Ogun State, is crucial due to

ee the sustainable management of

1.2 Statement of the Prob

increasing populat th, urbanization, and industrial activities in the region, which
may lead to c@maﬁon and depletion of this vital resource. Groundwater serves as the
primary;&bb of potable water for local communities, but with limited monitoring, the
SUS}W ility and safety of this water source remain uncertain. This study aims to assess
the physicochemical parameters and level heavy metals of groundwater in Mowe Ibafo to
determine its potability and identify potential pollutants. relevant parameters such as PH,
total dissolved solid, chloride, phosphate, nitrate will be analyzed to evaluate water

quality. Additionally, the study will investigate the potential anthropogenic activities that

contribute to groundwater contamination, such as industrial activities and agricultural



practices. The findings will provide critical data to inform water management policies and

safeguard public health in the study area.

1.3  Justification of the Study

The justification for this study lies in the critical role that groundwater plays in ensuring
water security, public health, and sustainable development, particularly in regions
experiencing rapid urbanization, Groundwater serves as a primary source o r for
domestic, agricultural, and industrial use, making its quality and availabil ntial for

socioeconomic stability. However, escalating urban expansion, agricﬁ{al practices, and

industrial activities have significantly increased the risk of ater contamination
and over exploitation. This has far-reaching implication blic health, food security,
and environmental sustainability. Q

The challenges associated with groundwatq@’bty and availability are particularly acute.
Many urban and peri-urban areas fa.cg\' ter scarcity and contamination due to inadequate
management practices, poor infr@ure, and insufficient regulatory frameworks. The
presence of heavy metals'a@gﬂer pollutants in groundwater poses a severe threat to
human health, especi?@n regions where access to alternative water sources is limited.

Furthermore, l‘l%lﬂ of comprehensive data and consistent monitoring systems

exacerbate@e issue, hindering effective policy formulation and implementation.

Thmdy is justified by the pressing need to address these challenges through a detailed
assessment of groundwater quality, pollution sources, and management practices. By
providing a nuanced understanding of these issues, the research will contribute to
developing sustainable strategies for groundwater protection and efficient use in Nigeria.

Moreover, the findings will support policymakers, environmental agencies, and other

stakeholders in implementing evidence-based interventions to mitigate risks and promote



long-term water security. Ultimately, the study aligns with global efforts to achieve the
Sustainable Development Goals (SDGs), particularly Goal 6, which focuses on ensuring

access to clean water and sanitation for all.

1.4  Aim and Objectives of the Study

The aim of this study is to evaluate the water quality parameters in ground water of

1. To ascertain the groundwater physiochemical parameters ir/‘Qwe Ibafo, Ogun

$0

2. To determine the level of heavy metals that i @ nt in the groundwater in

\V

Mowe Ibafo, Ogun State. Q

Residential Areas in Mowe Ibafo, Ogun State.

The specific objectives include:

3. To assess heavy metal contamination@oundwater and link it to land use

practices, using certain indices ®%
1.5 Research Questions \
&

1. What are the physic&ical parameters of groundwater samples from Mowe

Ibafo Residen@l?

2. What is t\)&ncentration of heavy metals in groundwater samples from Mowe
Iba dential Area?
3. ébgroundwater samples from Mowe Ibafo Residential Area meets WHO water

quality guideline?

1.6  Significance of the Study
This work is important because it helps manage, preserve, and comprehend groundwater
resources in rapidly urbanizing places like Mowe Ibafo, Nigeria. A vital supply of fresh

water is groundwater, especially in areas with inadequate or contaminated surface water



supplies. Rapid population increase and urbanization, however, frequently put
groundwater supplies under tremendous strain, which results in contamination and
overextraction. These issues are clarified by this study, which also provides practical
advice for overcoming them, This study is crucial as it aims to provide a comprehensive
analysis of the current status of groundwater quality in Mowe Ibafo. By assessing key
contaminants such as heavy metals, and physicochemical parameters the study will help
determine whether the groundwater is safe for consumption and other use ill also
identify the sources of contamination, including industrial waste, agri ul@ runoff, and
inadequate sanitation, providing vital data that has been lacki ’\he region. The
findings of this study will offer valuable insights for local @%ﬁes, policymakers, and
environmental agencies, enabling them to design @ implement effective water

management strategies. By pinpointing lk@ hotspots and understanding

contamination levels, the study will guid velopment of sustainable practices that

o\
1.7 Scope of the Study A%‘\(o

ensure the protection and safe use of @/ater resources..

This study focuses on v@‘ting the quality of groundwater in Mowe Ibafo, a rapidly

urbanizing area rgea&agos, Nigeria. Given its dependence on groundwater as a primary
[ ]

water sou ce,@region serves as a critical case study for understanding the broader

implicat f urbanization and inadequate environmental management on water quality.

\/QJ

The study is primarily concerned with two major aspects of groundwater quality:
physicochemical properties and heavy metal contamination. These include parameters
such as pH, turbidity, dissolved oxygen, and the presence of heavy metals such as cobalt
(Co), iron (Fe), cadmium (Cd), copper(Cu) ,zinc (Zn), manganese (Mn) and arsenic (As).

By examining these factors, the research aims to provide a comprehensive picture of the



groundwater’s suitability for human consumption and other domestic uses. Additionally,
the study considers the health risks posed by the identified contaminants, highlighting

their potential impact on the community’s well-being.

1.8  Limitations of the Study

This study acknowledges certain limitations that may impact its scope and findings. One
of the challenges is the variability of groundwater conditions across different ns of
Nigeria. Groundwater contamination and quality issues are influenced by @0 ogical,
hydrological, and anthropogenic factors, making it difficult to gene\ﬁe indings to the

entire country. The study is focused on selected urban and pes areas, which may

not comprehensively represent rural regions where ground \&@

\V

Furthermore, resource constraints, including 'n(b%d funding, limit the extent of

is equally vital.

fieldwork and laboratory analyses that ¢ nducted. This restricts the depth of the
study’s primary data collection effg&h its ability to explore long-term trends in
groundwater quality comprehensi\sl@\)espite these limitations, the study aims to provide
valuable insights to inforr% %able groundwater management practices.
N
)
C
O
O
\/QJ
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Chapter Two
Literature Review
2.1 Water Quality and Groundwater Contamination
Groundwater is one of the most vital natural resources, providing essential support for
both human and environmental sustainability’. It is a crucial element of the Earth’s hydro
logical system and is responsible for maintaining ecosystems, replenishing aquifers, and
sustaining various human activities. According to estimates, groundwater @Qutes
about 30% of the world’s total freshwater supply?, a significant amoun@gering the
increasing global demand for clean and reliable water sour ’\his resource is

indispensable for countless uses, from drinking water for ho lds and agricultural

e

dependence on groundwater, particularly in re iq@here surface water is limited or

irrigation to supporting industrial processes and eco activities. The increasing

unavailable, underscores its critical importance i*stistaining communities and ecosystems

across the globe. @
A

The global reliance on groundw, (? underscored by its extensive use in various sectors.
Nearly half of the global :&ﬁtion depends on groundwater as their primary source of
drinking water®. Thi Qﬂiculaﬂy true in many developing regions, where surface water
sources may @ or contaminated, making groundwater the most reliable and often
the only@@le source of potable water. In addition to providing drinking water,
gro\Q/&ter plays a crucial role in agriculture. It serves as a vital irrigation resource in
areas where rainfall is irregular or insufficient to support crops. This is especially critical

in regions where agriculture is the backbone of the economy, and crop yields are heavily

dependent on consistent and reliable irrigation.

Groundwater is also an essential component in industrial processes, especially in

industries that require large amounts of water for cooling, processing, and cleaning.

10



Mining, manufacturing, and energy production industries all rely heavily on groundwater
as a primary water source. In these settings, groundwater can be used not only for direct
consumption but also for secondary uses such as cooling systems, washing raw materials,
or even for wastewater treatment purposes. Therefore, the quality of groundwater is a
critical factor in determining its suitability for these various purposes*. Whether used for
domestic, agricultural, or industrial purposes, the safety and purity of groundwater are
fundamental to human health and economic development. Polluted or inated
groundwater can pose significant risks to human well-being, rj{ rom acute

waterborne diseases to long-term health issues such as cancer an @logical disorders.

However, despite its significance, groundwater quality has @asingly come under threat
in many parts of the world. The rapid pace of Q&rialization, urbanization, and
population growth in the last century has placed ormous strain on natural resources,
including groundwater. Industrial activitf@lg as mining, manufacturing, and energy
production, have introduced a wid@e of contaminants into groundwater systems.
Heavy metals, chemicals, and%&i@ substances from industrial waste have seeped into

N

aquifers and contami @derground water reserves, making them unsafe for human
C

consumption and a&'u ural use. Similarly, agricultural activities, particularly the use of
.

fertilizers, p@, and herbicides, have significantly contributed to groundwater

contami . These chemicals, while essential for modern farming, have led to the

leaM of harmful substances into the groundwater, affecting both the quality of water

and the surrounding ecosystems. The impact of these contaminants is not only felt by

human populations but also by the natural environment. Contaminated groundwater can

adversely affect plant and animal life that relies on clean water sources, disrupting entire

ecosystems and threatening biodiversity.

11



Table 2.1:The Difference Between Water Quality And Ground Water Contamination

Aspect Water Quality Groundwater
Contamination
Definition The physical, chemical, and biological | The presence of harmful
characteristics of water that determine | substances in groundwater
its suitability for use. that degrade its safet@
usability.
(\
Focus Ensuring that water is clean, safe, and Ident1fy1n an ventlng
suitable for drinking, agriculture, and polluta affecting
industry. u sources.
Causes Natural mineral content, water source strlal waste,
and treatment processes. < gricultural runoff, sewage
discharge, and
E fb urbanization.
Measurement | Assessed using indicat e pH Evaluated by detecting
dissolved oxygen, turbidity, and pollutants such as heavy
contaminant levéi metals, pesticides,
bacteria, and nitrates.
Impact on Goo & uality promotes health Contaminated groundwater
Health an eing. can cause diseases like

cholera, cancer, and
neurological disorders.

(
Environ@a
Impa%

A

(D

1

Supports biodiversity and healthy
ecosystems.

Leads to ecosystem
disruption, affecting plant
and animal life.

Management
Strategies

Water treatment, filtration, and regular
quality monitoring.

Pollution control,
sustainable land use, and
stricter industrial
regulations.

12




In addition to industrial and agricultural pollution, urbanization has played a crucial role
in the deterioration of groundwater quality. As cities expand and populations grow, the
demand for water increases, leading to over-extraction of groundwater resources. Over-
extraction, often without adequate recharge, results in a phenomenon known as
groundwater depletion. In many urban centers, this has led to falling water tables and the
drying up of wells. Moreover, urban areas contribute to groundwater conta&tion
through the discharge of untreated sewage and wastewater into under % water
sources. The high density of infrastructure, such as roads, buildings, and ge systems,
in urban environments exacerbates the risk of contamination, as ’gnts from various

sources, such as domestic waste, runoff, and industrial d%@a%s, find their way into

aquifers. Q
N\

Additionally, rapid urbanization often leads & construction of poorly managed
landfills and waste disposal sites, whiely Over time, contribute to the leaching of
hazardous chemicals and heavy m %o the groundwater. While modern landfills are
designed to minimize such rlsém many developing regions, outdated waste disposal

practices continue to ﬁ@valent exacerbating the contamination of groundwater

resources. This urb tric pollution can also result in the salinization of groundwater,
particularl (@tal areas, where the over-extraction of groundwater causes seawater to

intrude i eshwater aquifers.

The vulnerability of groundwater to contamination is also influenced by climate change,
which affects precipitation patterns, groundwater recharge rates, and the availability of
fresh water. As global temperatures rise, many regions are experiencing more extreme
weather events, such as droughts and floods, which affect the availability and quality of

groundwater. Extended periods of drought reduce the natural replenishment of aquifers,
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leading to over-extraction and contamination of existing groundwater supplies. On the
other hand, heavy rainfall and flooding can cause surface water to infiltrate aquifers,
carrying with it contaminants such as bacteria, chemicals, and sediment. This dynamic
further complicates the challenge of maintaining clean and accessible groundwater

resources, especially in regions where climate variability is becoming more pronounced.

Furthermore, the increasing global population, particularly in urban are@rther

intensifies the pressure on groundwater resources. As cities and to n@c and to
lead

accommodate growing populations, demand for water increases, o eading to over-
extraction of groundwater reserves. In some regions, the rate o on far exceeds the
natural replenishment rate, resulting in the depletion of a s and the deterioration of

groundwater quality. This exacerbates the risk of & scarcity, particularly in areas

where surface water resources are already limite&ﬂluted.

The contamination of groundwater, th: }bre, represents a multifaceted challenge that
.
requires concerted efforts at IOQ(C;sglonal, and global levels to mitigate its impact.
Sustainable groundwater -m@%ement strategies are essential to ensure that this
invaluable resource @% available for future generations. Governments, industries,
and local co %gs must work together to adopt policies and technologies that
promote th&yesponsible extraction and protection of groundwater. Additionally, there is a
need %%hanced monitoring of groundwater quality, particularly in areas prone to
contamination, to detect harmful substances early and prevent the widespread
deterioration of water quality. Public education campaigns on the importance of
groundwater conservation and protection can also play a significant role in raising

awareness and fostering collective responsibility for this shared resource.
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Groundwater remains one of the most critical resources for sustaining human life and the
environment. However, its vulnerability to contamination from industrial, agricultural,
and urban activities has raised serious concerns about its future availability and quality.
Ensuring the continued viability of groundwater as a reliable resource requires
comprehensive and coordinated efforts to reduce pollution, promote sustainable extraction
practices, and protect this essential resource for future generations. Without such efforts,

the availability of clean and safe groundwater could be severely compromis@pacting

human health, food security, and overall environmental well-being?.

S

Groundwater quality is crucial for both environmental subility and human health.

2.1.1 Importance of Groundwater Quality

Clean groundwater serves as a vital source of drinking¥water for billions of people,
especially in regions where surface water is @ or unreliable’. Poor groundwater
quality, due to contamination from pollu&@ e industrial waste, agricultural runoff, or
improper waste disposal, can lead m@?s health issues, including waterborne diseases,
poisoning from heavy metals, a@bc?g—term chronic illnesses®. Additionally, groundwater
supports agricultural irgi g@ﬁA, which is essential for food production. If contaminated, it
can negatively affec § yields and food safety®. Groundwater quality also plays a role

. \’
in maintainin@ ecological balance of aquatic systems and ecosystems dependent on

undergr ater supplies!!.

1. Ensuring Safe Drinking Water

a. Groundwater serves as the primary source of drinking water in many rural and urban

communities.

b. Good quality groundwater prevents waterborne diseases caused by microbial
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contamination (e.g., E. coli, coliforms) and chemical pollutants (e.g., nitrates, heavy

metals).

c. Safe drinking water supports public health, reduces morbidity and mortality, and

enhances overall community well-being.

2. Domestic and Household Applications

S\

a. Clean groundwater is essential for bathing, cooking, laundry, cleani other

domestic activities. /\

b. Contaminated water can cause skin irritation, gastroint&% disorders, and eye

infections, directly affecting quality of life. QQ

c. Availability of safe groundwater improves ho d hygiene and sanitation standards.

3. Environmental and Ecosystem Sup }\\D

a. Groundwater maintains wetl \rivers, lakes, and soil moisture, which are critical

for supporting plants, anim'a@u biodiversity.
b. It regulates a%uﬁ'c ecosystems by ensuring water supply during dry seasons.

c. Poor@aly groundwater can disrupt ecosystems, reduce species diversity, and

im@al ecological processes.

2.1.2 Natural Factors Contributing to Contamination

Some groundwater contamination arises from natural factors. Aquifers may naturally
contain elevated levels of certain elements, such as arsenic or fluoride'. In regions with

volcanic activity or high geothermal gradients, heavy metals like selenium or mercury
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may leach into the water system . Similarly, high salinity in coastal aquifers often results

from seawater intrusion®.

Natural contamination, while less frequent than anthropogenic sources, presents unique
challenges. For example, the Indo-Gangetic Plain in South Asia is known for its arsenic-
rich groundwater'®, affecting millions of residents. In Nigeria, certain regions report high
levels of fluoride, contributing to dental fluoroscopic in affected poputations'’.
Addressing these natural issues often requires advanced treatment tech 1@ hat are
not readily accessible in resource-limited settings'®.While human tiv;r(flgs are major
contributors to groundwater contamination, natural (geogeni Qors also play an
important role. These factors arise from the natural coition of soil, rocks, and
hydrological processes, which can introduce miner&Qtals, and other contaminants
into groundwater. Understanding natural source@ssential for differentiating between
anthropogenic and geogenic pollution. Gf\\@water contamination is not always caused
by human activities. Natural factof’\&g?g from geology, hydrology, and geochemical

processes can introduce cont@kan‘[s into aquifers. These factors are important to

consider when assessin@@dwater quality®.

1. Geological éﬁmlogical Factors

a. Roc@mosition, Groundwater flowing through mineral-rich rocks can dissolve

\&s such as iron (Fe), manganese (Mn), arsenic (As), and fluoride (F°).

b. Soil Minerals, Certain soils naturally contain high levels of salts or heavy metals that

leach into groundwater.

c. Faults and Fractures, Cracks in rocks and soils allow contaminants to move directly

into aquifers.
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2. Geochemical Processes

a. Dissolution of Minerals, Natural minerals in rocks and sediments dissolve into

groundwater over time.

b. Oxidation-Reduction Reactions, Can release metals like arsenic and iron into

S\

c. Weathering, Physical and chemical breakdown of rocks releases natural inants.

groundwater.

4. Hydrological Factors 6\

a. Groundwater Flow, Water movement can transport na@y Eccurring contaminants

through aquifers. Q

b. Recharge from Rainwater or Rivers, Ca@ dissolved minerals from surface to

NS
Q)

c. Shallow Aquifers, More Vulr@ to natural contamination due to shorter filtration

Q
pathways. ‘ A
N

4. Organic Matte*
° \&

a. Decaying, Vegetation, Releases natural compounds such as humic and fulvic acids into
gr@r.
b. These compounds can interact with metals and affect water chemistry.

5. Volcanic and Geothermal Activity

a. Volcanic rocks and geothermal regions may naturally enrich groundwater with arsenic,

boron, fluoride, and other trace metals.
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b. Thermal springs often contain naturally high levels of dissolved minerals®.
6. Natural Salinity

a. Saltwater Intrusion: In coastal areas, seawater mixes with freshwater aquifers,

increasing chloride and sodium content.

b. Evaporation in Arid Regions: Leads to high salt concentrations in shallow grog&vater.

2.1.3 Anthropogenic Sources of Contamination < Q

Human activities contribute significantly to groundwater contami "&21. The discharge
of untreated industrial effluents is a major concern, introducin Q)us chemicals such
as cadmium, chromium, and lead into aquifers®. Simil ® overuse of pesticides and
fertilizers in agricultural practices often results in Qﬁte contamination®. High nitrate
levels are particularly concerning in rural a liant on shallow wells for drinking
water**.Groundwater contamination can @ate from natural sources such as mineral
dissolution in rocks, but huma@ities anthropogenic sources are the major

contributors to groundwa;[e@ﬂion in urban and peri-urban areas. Anthropogenic

activities introduce h@emicals, pathogens, and heavy metals into the subsurface,

threatening watgg&ty and public health.

Urbanizatié exacerbates contamination through improper waste management®.
Les%%& from landfills, septic tanks, and open dumpsites percolate into aquifers,
introducing organic and inorganic pollutants. A case study in Lagos, Nigeria, highlighted
significant groundwater pollution caused by uncontrolled urban sprawl?’. In addition, oil
exploration activities in the Niger Delta have been associated with hydrocarbon

contamination of groundwater?.

19



Groundwater quality is significantly influenced by human activities, which introduce
microbial, chemical, and physical pollutants into aquifers. Anthropogenic contamination
is a major concern in areas experiencing rapid urbanization, industrialization, and
agricultural development, such as Mowe Ibafo. Understanding these sources is essential

for designing effective monitoring, management, and mitigation strategies.

1. Domestic and Household Activities Q\

a. Sewage and Wastewater: Improperly managed sewage from homes al‘d Qmunities,
including leaking septic tanks and pit latrines, introduces pathoger@lxtes, phosphates,

and organic matter into groundwater.

b. Domestic Waste Disposal: Household chemicz@ergents, and pharmaceuticals

leach into soil and percolate to aquifers. gb

c. Health Implications: Increased risk f\m robial infections, waterborne diseases, and

chemical toxicity?’ E_;\\'

2. Industrial Activities Q\A
a. Factories and @facturing plants release heavy metals, dyes, solvents, hydrocarbons,

N

and chemi% ents.

b.@per disposal or accidental spills lead to infiltration into groundwater.

c. Examples: Lead, cadmium, chromium, and nickel contamination from metal

processing; petroleum hydrocarbons from fuel storage.

d. Impacts: Toxicity, carcinogenic effects, and ecological damage.
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3. Agricultural Activities

a. Fertilizers: Excessive use introduces nitrates, phosphates, and potassium, which can

leach into aquifers.
b. Pesticides and Herbicides: Chemicals like organophosphates, carbamates, and

"

c. Livestock Farming: Animal waste contributes microbial pathogens and n@ .

glyphosate contaminate groundwater.

d. Consequences: Eutrophication, soil degradation, and healtl@l'%g from chemical

exposure. %

4. Urbanization and Land Development Q

a. Construction activities disturb soil lay increase surface runoff, carrying

pollutants into groundwater recharge area&g

b. Impermeable surfaces such@’oads and pavements reduce natural filtration,

concentrating contaminant§.$

c. Impacts: Increase tuQmidity, heavy metal load, and contamination from urban runoff.
[ ]

5. Solid V\%e isposal and Landfills

a.\&hates from dumpsites and landfills contain heavy metals, organic pollutants,

plastics, and toxic chemicals.
b. Poorly managed waste disposal allows these substances to infiltrate aquifers.

c. Consequences: Severe groundwater pollution and long-term ecological damage.
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2.1.4 Health Implications of Groundwater Contamination

Groundwater contamination poses serious health risks, especially in regions where
alternative water sources are unavailable*. Heavy metals such as lead, cadmium, and
arsenic are known to cause neurological, developmental, and carcinogenic effects®.
Nitrate contamination has been linked to methemoglobinemia or “blue baby syndrome” in
infants®'. Microbial contamination is another significant concern, especially in with
inadequate sanitation®?. Pathogens like Escherichia coli, Salmonella, and @ olerae
are frequently detected in polluted aquifers®*. In Nigeria, ground‘{ter outbreaks of
cholera and typhoid fever have been attributed to poor water %Q Addressing these
issues requires a multi-pronged approach, including impro@ater monitoring, effective
treatment technologies, and community education. (}Q&ater can be contaminated by

bacteria, viruses, protozoa, and parasites, often @fgating from sewage, pit latrines, and

animal waste @

a. Common Pathogens like Es@na coli, Salmonella, Vibrio cholerae, Giardia,
Cryptosporidium. . \AQ

b. Health Impacts: Diarth€a, dysentery, and gastroenteritis,

C. typhoid% lera outbreaksHepatitis A and E

d. fazand child mortality in severe cases

e. Chronic Exposure: Repeated exposure to low-level microbial contamination can cause

long-term gastrointestinal disorders and weaken immunity.
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2.1.5 Global Efforts and Regulatory Frameworks

International organizations like the WHO and the United Nations have emphasized the
need for sustainable groundwater management®. Sustainable Development Goal 6 (SDG
6) aims to ensure access to safe water and sanitation for all by 2030°”. Countries have also
developed national policies and standards to regulate water quality®®. For instance,
Nigeria’s National Water Policy outlines measures for monitoring, assess and
enforcement of groundwater quality standards®. However, challenges imited
financial and technical resources hinder effective implementation OQ(Qese frameworks,
particularly in developing countries®. In addition, the lack awareness about

water quality issues further complicates efforts to address cination.

2.1.5.1 Global Recognition of Groundwater Iﬁg@lce

Internationally, groundwater has been ree@ as a vital freshwater resource requiring

protection and sustainable managem@
1. United Nations (UN) .I%%es: The UN Sustainable Development Goals (SDGs),
particularly Goa@n Water and Sanitation, emphasize access to safe drinking

water and sustitable management of water resources, including groundwater.
2. Worl@alth Organization (WHO): WHO develops guidelines for drinking water
@ty, including permissible limits for chemical and microbial contaminants in

groundwater.

3. United Nations Educational, Scientific and Cultural Organization (UNESCO):
Through the International Groundwater Resources Assessment Centre (IGRAC),

UNESCO promotes global groundwater monitoring, management, and data sharing.
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4. World Bank and FAO: These organizations support projects to monitor groundwater
quality, implement sustainable irrigation practices, and reduce contamination in

vulnerable regions*!.

Groundwater has increasingly been recognized as one of the most critical freshwater
resources worldwide due to its reliability, sustainability, and role in human and ecological
systems. Unlike surface water, which is subject to seasonal fluctuations, gr water
provides a stable source of water year-round, making it vital for C} water,
agriculture, industry, and ecosystem maintenance. Intematio‘{ organizations,
governments, and research institutions have emphasized its n and sustainable

management through policies, initiatives, and monitoriné f @ ms

2.1.6 Advancements in Monitoring and Assess Q

Recent advancements in water quality assess ave improved our ability to monitor

groundwater contamination*?. Techniq1§ as atomic absorption spectroscopy (AAS)
[ ]

and inductively coupled plas@s spectrometry (ICP-MS) provide accurate

measurements of trace eleme@[n microbial analysis, polymerase chain reaction (PCR)

techniques have enha@ detection of pathogenic organisms*:.

Pollution ind@@ding the Heavy Metal Pollution Index (HPI) and the Groundwater
Quality %@ (GQI), have been developed to simplify the evaluation of water quality
dat%%hese tools enable researchers and policymakers to assess contamination levels
and prioritize interventions*¢. Despite these advancements, data gaps remain a significant

challenge, particularly in under-researched regions*’.

Monitoring and assessment of groundwater quality are essential for ensuring safe water
supply, environmental protection, and sustainable resource management. Traditional

methods relied on manual sampling and laboratory analyses, which, although effective,
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were time-consuming, labor-intensive, and limited in spatial and temporal coverage.
Recent technological advancements have transformed groundwater monitoring, enabling
real-time, precise, and large-scale assessments. These advancements are critical for areas
like Mowe Ibafo, where groundwater contamination from industrial, agricultural, and

urban activities is a growing concern.

1. Traditional Groundwater Monitoring Methods \
R
Historically, groundwater quality assessment involved: Q/Q
N
a. Manual sampling of wells, boreholes, and springs. %0
b. Laboratory analysis for physicochemical paramete C, TDS, hardness, major
ions) and microbial contaminants. (bQ

O

c. Use of basic field instruments for terq@%, turbidity, and dissolved oxygen (DO).

S

a. Delayed results due to 151\ tory processing time.
b. Limited spatigl\c@ge.

c. Inabili@ ctect rapid changes in water quality.

d}l&abor and operational costs.

2. Modern Instrumentation and Sensors:

a. Multi-Parameter Probes; Measure several water quality parameters simultaneously,

including pH, EC, TDS, DO, temperature, and turbidity, Provide instant readings,
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reducing the need for frequent laboratory analysis. Portable and suitable for field

monitoring, enabling rapid assessment of groundwater sources.

b. Electrochemical and Optical Sensors: Ion-selective electrodes (ISEs): Detect specific
ions like nitrate, fluoride, and heavy metals in real time, Optical sensors: Measure
parameters such as turbidity, chlorophyll, and organic content using light absorption

techniques.High sensitivity allows detection of trace pollutants at low concentr®
3. Remote Sensing and Geographic Information Systems (GIS) ( Q

a. Remote sensing (satellite or drone-based) monitors surface fi , vegetation cover,

and potential contamination sources that affect ground recharge areas.

Q

b. GIS enables spatial mapping of groundwater’@ty, contamination hotspots, and

®%

c. Integration of remote sensing.a@S allows predictive modelling and assessment

vulnerability zones.

of contamination spread. Q}(')\
. $
4: Advanced Labo%@echniques

a. Spectrosc ;xﬂsc niques, Atomic Absorption Spectrophotometry (AAS): Detects
(@)

metals lik®d, cadmium, and iron with high sensitivity, Inductively Coupled Plasma-
M&@jctrometry (ICP-MS): Allows detection of multiple trace metals simultaneously
at extremely low concentrations. UV—Visible Spectrophotometry: Rapid determination of

nitrates, phosphates, and organic pollutants.

b. Chromatographic Techniques ,High-Performance Liquid Chromatography (HPLC) and

Gas Chromatography-Mass Spectrometry (GC-MS) detect pesticides, hydrocarbons, and
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emerging contaminants. Essential for detecting persistent organic pollutants that are not

captured by conventional methods.

Advancements in monitoring and assessment of groundwater quality—from multi-
parameter sensors and remote sensing to Al-driven modelling have transformed how

groundwater is evaluated. These technologies enable accurate, rapid, and comprehensive

assessment of water quality, supporting public health protection, envi ental
@vL Ibafo,

sustainability, and informed water resource management. In regions lil</
adopting these advanced monitoring techniques is critical for preveﬁ{g contamination,

ensuring safe water supply, and promoting sustainable developn%

2.1.7 Case Studies of Groundwater ContaminatiorQQ

Internationally, the contamination of groundWﬁgQwith per- and polyfluoroalkyl
substances (PFAS) has raised significant con . PFAS, often referred to as “forever

chemicals,” are widely used in industr%\ip ications and have been detected in aquifers

across the United States, Europ@

natural degradation and a\c@ate over time, posing long-term risks to human and

s of Asia’'. These chemicals are resistant to

environmental health@er noteworthy example is the arsenic crisis in Bangladesh,
where millions @ on arsenic-contaminated wells for drinking water®. This

N\

contamination been linked to severe health problems, including skin lesions, cancer,

and ¢ (b'ascular diseases>*.
N2

In Nigeria, rural communities often face microbial contamination due to the proximity of
wells to latrines or open defecation sites*. Studies in Mowe-Ibafo have demonstrated that
poor waste management practices significantly increase coliform counts in groundwater,

rendering it unsafe for consumption®. These case studies highlight the diverse sources
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and impacts of groundwater contamination, underscoring the need for targeted

interventions and long-term monitoring®’.

2.2 Physicochemical Parameters of Groundwater

Groundwater quality assessment is a crucial process in ensuring the safety and
sustainability of water resources for various uses, including drinking, irrigation, and
industrial applications. One of the fundamental steps in this assessment is the e%ltion
of its physicochemical parameters. These parameters offer a detailed undets of the
water’s quality, helping to determine its suitability for human cons g(agrlcultural
productivity, and industrial processes. The analysis of physi emlcal properties
provides insights into the presence of contaminants, n@ characteristics, and the
overall health of groundwater systems. Among Q&O“ critical parameters in

groundwater quality assessment are pH, to%%ssolved solids (TDS), electrical

conductivity (EC), hardness, and the c (glon of both essential and non-essential

elements’®. *

The pH of groundwater is Q,Q% the most important physicochemical parameters, as it
indicates the acidity @Emty of the water. The pH scale ranges from 0 to 14, with
values below 7-ih®§ing acidity, values above 7 indicating alkalinity, and a value of 7
representir& ality. The pH of groundwater plays a significant role in determining the
solubi@xd availability of nutrients and contaminants in the water. For instance, acidic
water (with a pH lower than 7) can increase the solubility of heavy metals, such as lead,
cadmium, and copper, which can be toxic to human health and ecosystems. On the other
hand, highly alkaline water (with a pH above 7) may cause issues such as the formation of

scale deposits in pipes and equipment, reducing their efficiency®.
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The pH of groundwater is influenced by various factors, including the geological
composition of the aquifer, the presence of organic matter, and anthropogenic activities
such as industrial waste disposal and agricultural runoff. Groundwater in limestone-rich
regions, for example, tends to be more alkaline due to the dissolution of calcium
carbonate, while groundwater in areas with a high presence of organic materials may
become more acidic due to natural decomposition processes. Anthropogenic @ties,
such as mining, agricultural practices, and wastewater discharge, can also ibute to
changes in groundwater pH. For example, the use of nitrogen-bas rtilizers in
>

agriculture can lead to the acidification of groundwater due to th§ tion of nitric acid

in the water. Q

Total dissolved solids (TDS) refer to the combi@gncentration of all dissolved
substances in water, including minerals, salts, a anic materials. TDS is an important
parameter in groundwater quality assess&{@lgcause it provides an overall measure of
the water’s salinity or mineral cont ﬁsgh TDS levels can affect the taste of drinking
water and may render it unsuit@;?or irrigation and industrial use. Elevated TDS levels
in groundwater often %@e presence of dissolved ions such as sodium, chloride, and
sulfate, which can&ze detrimental effects on human health and the environment. For

° &
example, exc@ sodium concentrations in groundwater can lead to soil salinization,

which n ely impacts agricultural productivity by reducing the soil’s ability to retain

moslkwe and nutrients®°.

TDS is influenced by various factors, including the geological composition of the aquifer,
the recharge rate of groundwater, and human activities. In arid regions, groundwater may
naturally have high TDS levels due to the dissolution of minerals in the surrounding rocks.

Similarly, the over-extraction of groundwater can increase the concentration of dissolved
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substances, as the water table declines and more minerals are brought into contact with
the aquifer. Anthropogenic activities such as mining, industrial processes and the use of
fertilizers and pesticides can also contribute to increased TDS levels in groundwater. For
example, the leaching of chemicals from agricultural fields into the groundwater can raise
the TDS levels, making the water unsuitable for human consumption and agricultural

irrigation.

Electrical conductivity (EC) is another important physicochemical param @QAS often
used to assess groundwater quality. EC measures the ability of water g‘lﬁ:t electricity,
which is directly related to the concentration of dissolved ionsg ater. A higher EC
indicates a greater concentration of dissolved salts and@erals, while a lower EC
indicates purer water. EC is often used as a prox&)r DS, as both parameters are
correlated, with higher TDS levels generally res@n higher EC values. EC is useful in
identifying the salinity of groundwater aﬂ@essing its suitability for irrigation, as high

salinity can have adverse effects’ ?@iant growth and soil structure. In industrial

applications, high EC values n%&e indicate the presence of dissolved chemicals that

could interfere with rn%u@armg processes*®.
Hardness is aﬁo@? y parameter in groundwater quality assessment, as it is related to

the conce of calcium and magnesium ions in the water. Hard water can cause the
build@cale in pipes, boilers, and other equipment, leading to increased maintenance
costs and reduced efficiency. While hardness does not typically pose a direct threat to
human health, it can affect the effectiveness of soap and detergent, making it harder to
clean clothes and dishes. Hardness is generally classified into three categories: soft,

moderately hard, and hard. Soft water has low concentrations of calcium and magnesium,

while hard water has higher concentrations. Groundwater in areas with limestone or
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gypsum deposits tends to be harder due to the dissolution of calcium and magnesium salts
in the aquifer®. In addition to these basic physicochemical parameters,the concentration

of essential and non-essential elements in groundwater is an important

aspect of its quality. Essential elements, such as calcium, potassium, and magnesium, are
required for human health and plant growth. In contrast, non-essential elements, such as
arsenic, mercury, and lead, can be toxic to humans and the environment, ev t low
concentrations. The presence of non-essential elements in groundw Qﬁ occur
naturally due to the dissolution of minerals in the surrounding roNr as a result of
anthropogenic activities, such as mining, industrial discharg gricultural runoff.
For example, groundwater in areas with naturally occurrin@enic deposits can become

contaminated with high levels of arsenic, posing a sig@c;t health risk to those who rely
on it for drinking water. b(b

Human activities such as industrial was &posal, mining, and the use of pesticides and

. \1
fertilizers can introduce non-e&s\a elements into groundwater systems. These
contaminants can remain in &&Aer for extended periods, as groundwater is often slow
to recharge and may*@ easily filtered by natural processes. Long-term exposure to
toxic elemen @oundwater can lead to a variety of health issues, including
neurologicgl rders, kidney damage, and cancer. Therefore, the assessment of essential

and n%résential elements in groundwater is a critical component of water quality

monitoring, helping to identify potential risks to human health and the environment®.

Groundwater quality assessment also involves the identification of potential sources of
contamination and the development of strategies to mitigate these risks. Natural
geological processes, such as the dissolution of minerals and the leaching of substances

from rocks, can contribute to changes in groundwater quality. However, human activities,
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including industrial processes, urbanization, and agricultural practices, have become the
primary drivers of groundwater contamination. Effective groundwater management
requires understanding the relationship between physicochemical parameters and the
potential sources of contamination, as well as implementing policies and technologies that

protect this vital resource.

Groundwater quality assessment is an essential process in ensuring that t@{itical
resource remains safe for various uses. The evaluation of physicochemj @r meters,
including pH, TDS, EC, hardness, and the concentration of essenti ag'{on-essential
elements, provides valuable insights into the water’s qual@ its suitability for
drinking, irrigation, and industrial purposes. Variations in_t @ parameters are influenced
by both natural processes and anthropogenic activ@@aking it essential to monitor
groundwater quality regularly to detect poten@%sks and ensure sustainable water
management practices. As the demand @an water continues to rise globally, it is

increasingly important to protec't@ preserve groundwater resources for future

generations®. é

2.2.1 Importance o@toring Physicochemical Parameters

Monitoring phy@emical parameters is vital for understanding and managing
environme&&‘ﬂality, particularly in water, soil, and air. In an MSc project, this
monit@provides critical data for assessing the health of ecosystems, detecting conta
mination, and ensuring regulatory compliance®!. For instance, parameters such as pH,
dissolved oxygen, turbidity, and concentrations of heavy metals are key indicators of
water quality®?. Tracking these factors helps in identifying pollution sources, such as
industrial discharge or agricultural runoff, which can negatively affect both human health

and biodiversity®?.
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Physicochemical parameters also play a crucial role in sustainable resource management®.
In agriculture, monitoring soil pH, nutrient levels, and salinity ensures optimal crop
growth and food safety®, while in water management, it aids in maintaining safe drinking
water and preventing eutrophication®®. By regularly monitoring these parameters, early

warning systems can be established to detect changes that may lead to ecological

degradation or public health risks®’. \
2.2.2 Key Physicochemical Parameters : QQ

2.2.2.1 pH 6\

The pH of groundwater typically ranges from 6.5 to 8.5, ammended by the WHO*®.
However, deviations can occur due to factors suc &ineral dissolution, industrial
discharge, and agricultural runoff*. Acidic gro@ater (pH < 6.5) is often associated
with the dissolution of heavy metals lik@md manganese, which can pose health
risks™. Conversely, alkaline groun@ (pH > 8.5) may indicate the presence of

bicarbonates or carbonate rocks@‘\(9
2.2.2.2 Total Dlsso@%lds (TDS)

TDS is a meas the combined content of all inorganic and organic substances
dissolved 1 \gtd" High TDS levels (>1000 mg/L) can impart a salty taste to water and
cause Q%&g in pipelines and appliances™. Low TDS levels, while aesthetically pleasing,
may\fﬁ:k essential minerals such as calcium and magnesium’. In areas like the Sahel
region of Nigeria, high TDS levels are often linked to evaporative concentration and

saltwater intrusion’.
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2.2.2.3  Electrical Conductivity (EC)

EC reflects the water’s ability to conduct electrical current, which is proportional to its
ion concentration”. High EC values typically indicate elevated levels of dissolved salts,
making water unsuitable for irrigation due to the risk of soil salinization”. In contrast,
low EC values may signal limited ion content, which can affect crop productivity”.

Studies in southwestern Nigeria have revealed significant correlations between&C and

2.2.2.4 Hardness /\QJ

Groundwater hardness is primarily caused by the presence of and magnesium

groundwater salinity”.

ions®. Hard water, while not harmful to health, can lead t@lle formation in plumbing
systems and reduce the efficiency of soap and deterge @Soft water, on the other hand,

may increase the corrosiveness of pipes and 1 etals like lead®?. Groundwater in

regions with limestone or dolomite depos@ exhibits high hardness levels®.

2.2.2.5 Dissolved Oxygen (DO) Eo\s&

DO is an essential paramete{%at reflects the level of oxygen available in water for
aquatic life and cher@}ctionss“. Low DO levels (<5 mg/L) can lead to anaerobic
conditions, prm@ the growth of harmful bacteria and reducing water quality®.
Groundwaggs}ms with high organic content or limited recharge often exhibit depleted
DO 16@6

2.2>/Trace Elements and Heavy Metals

The presence of trace elements and heavy metals in groundwater is a critical concern due
to their toxicity and potential health impacts®”. While some trace elements like zinc and

copper are essential in small quantities, excessive concentrations can be detrimental®,
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a. [Iron (Fe) and Manganese (Mn): Elevated levels of iron and manganese are common
in groundwater systems with reducing conditions®. While these metals are not highly
toxic, they can cause staining of plumbing fixtures and impart an unpleasant metallic
taste to water®.

b. Arsenic (As): Arsenic contamination is a significant issue in regions with sedimentary
aquifers, such as Bangladesh and parts of Nigeria®'. Chronic exposure to arsepic can

lead to skin lesions, cancer, and cardiovascular diseases®. Q
(w;

c. Lead (Pb) and Cadmium (Cd): These heavy metals are ofﬁeg uced into
groundwater through industrial discharge and improper waste sal®. Even at low

concentrations, lead and cadmium are highly toxic and,ean ¢ause developmental and

neurological disorders®*. Q

2.2.4 Geochemical Processes Influencing Ph@hemical Parameters

As water moves through soil and rock ;10115, it interacts with minerals, organic
matter, gases, and microbial comm%' . These interactions influence key parameters
such as pH, electrical conductb@*fEC), total dissolved solids (TDS), hardness, alkalinity,

N

redox potential, and c Q@vtlons of major ions and trace metals. Understanding these
processes is impogﬁr assessing groundwater quality in areas like Mowe—Ibafo.
.
Several geo @mcal processes influence the physicochemical characteristics of
ground%bl‘hese include mineral dissolution, ion exchange, and red-ox reactions®. For
exa\& the dissolution of carbonate minerals often increases water hardness and pH®®.
Similarly, ion exchange processes between groundwater and surrounding soil can alter the
concentrations of sodium, calcium, and magnesium®’. Red-ox reactions, which involve the
transfer of electrons between chemical species, play a critical role in determining the

availability of trace elements®®. For instance, under reducing conditions, iron and

manganese are mobilized, leading to elevated concentrations in groundwater®.
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2.2.5 Impact of Anthropogenic Activities
Anthropogenic activities are one of the leading causes of groundwater contamination
worldwide. As urbanization, industrialization, and population growth increase, more
pollutants infiltrate soils and percolate into aquifers. In rapidly developing areas like
Mowe—Ibafo, the pressure from human activities significantly affects the physicochemical
and microbial quality of groundwater. Anthropogenic activities significantly influence the
physicochemical properties of groundwater. Agricultural practices, such as Q&sive
use of fertilizers, often lead to nitrate contamination, which increases \I'DS™and alters
pH'®. Similarly, industrial discharges introduce a wide range 0@1 tants, including
heavy metals and synthetic organic compounds, that ct\groundwater quality'®’.
Urbanization exacerbates these impacts through mcreé@mpervmus surfaces, reduced
recharge rates, and the generation of leachatesbpﬁ andfills'®. In Lagos, Nigeria, for
example, studies have shown elevated 1

of TDS, EC, and heavy metals in

groundwater due to uncontrolled urba Ka l“’3

2.2.6 Regulatory Standards %(Euldehnes

The World Health Or (WHO) and national regulatory bodies have established
guidelines to ensure the'safety of groundwater based on its physicochemical parameters'®.
These standa@/@ as benchmarks for water quality monitoring and management'®.
For inst%b(he WHO recommends a maximum TDS level of 1000 mg/L for drinking
wa\%ﬁile Nigeria’s National Environmental Standards and Regulations Enforcement

Agency (NESREA) sets specific limits for parameters like pH, EC, and heavy metals!®.

U.S. Environmental Protection Agency (EPA) Standards,the EPA establishes Maximum
Contaminant Levels (MCLs) for drinking water quality, including for substances such as
lead, arsenic, and coliform bacteria. These MCLs serve as benchmarks for assessing

groundwater contamination. The Safe Drinking Water Act (SDWA) regulates
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groundwater sources for public drinking water systems, requiring regular monitoring and

reporting!'®7,

The EU WFD sets out regulations for maintaining and improving the quality of
groundwater across Europe, emphasizing the protection of water resources from pollution

and over-exploitation,it also focuses on assessing the ecological status of groundwater

bodies and sets limit values for pollutants!®®, Q\

National Standards: Each country typically has its own regulatory body ernmental
agency (e.g., Central Pollution Control Board in India, Environm@ency in the UK)
that sets national water quality standards. These standards offen%de permissible levels

109

of contaminants like total dissolved solids (TDS), nitrat armful microorganisms

Groundwater Sustainability and Pollution P@%on: Some regulations focus on
preventing groundwater pollution, suchq\\@k on agricultural runoff (fertilizers and

pesticides), industrial discharge, an\K' roper waste disposal. These guidelines help
ensure that groundwater reso&@ce?lain viable for future generation!!,

2.2.7 Technologicaw\ces in Physicochemical Analysis

Technological ,m&ss has significantly improved the accuracy, sensitivity, and
efficiency «@f gb.y&icochemical analysis used to assess water quality. Modern techniques
allow @%rchers to detect contaminants at very low concentrations, identify complex
cheh(al interactions, and monitor water quality in real time. These advancements are
essential for groundwater studies in areas like Mowe Ibafo, where contamination from
natural and human activities is a concern.Advances in analytical techniques have
significantly improved the ability to monitor physicochemical parameters. Instruments

like atomic absorption spectrophotometers(AAS) and inductively coupled plasma mass

spectrometers (ICP-MS) provide precise measurements of trace elements and heavy
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metals. Similarly, portable sensors and field kits allow for real-time monitoring of

parameters such as pH, TDS, and EC!'.

The physicochemical parameters of groundwater are critical indicators of its quality and
usability. Understanding these parameters requires a comprehensive approach that
considers both natural geochemical processes and anthropogenic influences. Continued
monitoring, coupled with adherence to regulatory standards, is essential for en g the

sustainable management of groundwater resources. : Q

2.3 Heavy Metals in Groundwater: Sources and Effects 6\

Groundwater plays a critical role in providing essential Wa‘ﬁ$ources for drinking,

Q ¢ threats to the quality of

irrigation, and industrial use. However, one of the g
groundwater is contamination by heavy metals@vy metals, defined as metallic
elements with high atomic weights and densiti% e naturally found in the Earth’s crust.
Despite their natural presence, heavy m: ﬁcome hazardous when their concentrations
exceed permissible levels in the < sgﬁ\ent. Unlike organic pollutants, which can be
broken down by natural proc@ heavy metals are non-biodegradable and can persist in

ecosystems for long p@@ Over time, they accumulate in living organisms, potentially

causing serious-@isks and environmental damage''?.

The soup&éf heavy metals in groundwater are diverse, ranging from natural geological
pro‘sis/g! to human activities. Naturally occurring heavy metals in the Earth’s crust are
often released into groundwater through processes such as weathering, erosion, and
mineral dissolution. For instance, elements like arsenic, cadmium, copper, lead, and
mercury are commonly found in rocks, soils, and sediments. Over time, these elements
can leach into groundwater through natural processes like groundwater movement,

especially in regions with specific geological formations. In such cases, the
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concentrations of these metals in groundwater tend to be relatively low, but they can still

pose a significant risk to human health when consumed over long periods of time.

While natural sources of heavy metals contribute to groundwater contamination,
anthropogenic (human-made) activities have become the leading cause of elevated
concentrations of heavy metals in groundwater. Industrial activities, mining operations,
agriculture, and improper waste disposal are major contributors to he metal
contamination in groundwater. Industrial processes, such as the productio ronics,
textiles, and chemicals, often involve the use of heavy metals likef%d, mercury, and
cadmium. Improper disposal of industrial waste containing etals can lead to
contamination of surrounding groundwater resources. F@cample, the discharge of
untreated wastewater containing heavy metals into r'@&akes, or groundwater sources

can result in elevated concentrations of these@ls in drinking water supplies and
irrigation systems. @

.
Mining activities are another sig{ﬁ%\f source of heavy metals in groundwater. Mining
for precious metals, coai@% other minerals can release heavy metals into the
environment through@cess of excavation and ore processing. As mining waste is
often stored 1 &?\@)onds or left in open pits, the metals can leach into the surrounding
groundwaﬁ& time. This process, known as acid mine drainage (AMD), occurs when
sulfid rberals in mined rocks react with water and air, leading to the formation of acidic
water with elevated concentrations of heavy metals like copper, arsenic, and zinc. In some

regions, mining activities have caused significant contamination of nearby groundwater

aquifers, rendering them unsafe for human consumption and agricultural use.

Agricultural activities, particularly the use of chemical fertilizers and pesticides, can also

contribute to heavy metal contamination of groundwater. Many fertilizers contain metals
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like cadmium, lead, and arsenic, which can accumulate in the soil and leach into the
groundwater over time. Similarly, the widespread use of pesticides and herbicides in
farming can introduce metals such as mercury and copper into the environment, which
can eventually contaminate groundwater supplies. Improper disposal of chemical
containers, runoff from agricultural fields, and the overuse of certain pesticides and

fertilizers exacerbate this issue, leading to long-term contamination of water resm&es.

Another major source of heavy metals in groundwater is the improper di{/ waste,
including municipal, industrial, and medical waste. The uncontroll&iisposal of solid
waste and sewage can lead to the leaching of heavy me@ the surrounding
environment, particularly when waste is disposed of in lan@ or dumpsites located near
groundwater sources. In some regions, waste disp@@xactices have resulted in the
contamination of groundwater with a wide rangic metals, including lead, cadmium,

and mercury. These contaminants can ent’e\\@l ing water supplies, posing serious health

risks to people who rely on groundW@ their primary water source.

&

Once heavy metals enter gr ater, they are transported through the aquifer by the
movement of water. }@1 cases, these metals are difficult to remove once they have

contaminated @pplie& Unlike organic pollutants, which can be broken down by
S

natural progess€s, heavy metals remain in the environment for extended periods,
accun@g in soil, sediment, and living organisms. This persistence makes heavy

metals a long-term environmental concern, as they can continue to pose risks even after

the source of contamination has been removed.

The effects of heavy metal contamination on human health and ecosystems can be
devastating. When consumed through drinking water, heavy metals can accumulate in the

human body over time, leading to a range of health problems. For example, long-term
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exposure to arsenic, which is a common heavy metal contaminant in groundwater, can
cause skin lesions, respiratory issues, cardiovascular problems, and an increased risk of
cancer. Chronic exposure to cadmium can lead to kidney damage, bone fractures, and
lung diseases. Lead poisoning, which can occur as a result of drinking contaminated water,
is particularly harmful to young children, as it can impair cognitive development, cause

learning disabilities, and damage the nervous system. \

In addition to direct health effects, heavy metals can have a detrimenta Q on the
environment. Heavy metals that enter groundwater can eventually%ltf(eir way into
surface water bodies, affecting aquatic life. High concentratio y metals in rivers,
lakes, and wetlands can lead to the bio-accumulation of metals in fish and other
organisms, disrupting ecosystems and food chains. %{aQ organisms exposed to heavy

metals may experience reduced growth, impairec@duction, and even death, which can
have cascading effects on the entire ecosys@

AW
Heavy metal contamination can a pact agriculture. When heavy metals are present in
groundwater used for irrigati@q{ey can accumulate in the soil and be absorbed by crops,
making them unsafe @an consumption. This not only affects food security but also
poses a signi e@k to human health. For example, crops like rice and vegetables

grown wi‘w&o aminated water can contain elevated levels of arsenic, cadmium, and

other @E, posing a risk to consumers who rely on these crops for nutrition.

The adverse effects of heavy metal contamination on both human health and ecosystems
emphasize the need for effective monitoring and management strategies to prevent and
mitigate contamination. Groundwater monitoring programs that track the concentrations
of heavy metals in water sources are essential for identifying contamination hot-spots and

taking appropriate action. Governments and environmental agencies must enforce strict
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regulations on industrial practices, mining operations, and agricultural activities to reduce
the release of heavy metals into the environment. In addition, efforts to raise public
awareness about the dangers of heavy metal contamination and the importance of safe

waste disposal practices can help minimize human exposure to these toxic metals.

Heavy metal contamination of groundwater is a growing concern with significant
implications for human health, agriculture, and the environment. The sources Q&eavy
metals in groundwater are diverse, ranging from natural geological proo human
activities such as industrial pollution, mining, agriculture, and impréper waste disposal.
The persistence and non-biodegradable nature of heavy met them a long-term
environmental threat, requiring comprehensive monitornd management efforts.
Addressing the issue of heavy metal contamination @Qndwater is essential to ensure
the safety and sustainability of this vital re%‘(g for future generations. Effective
strategies, including improved waste @emen‘[, stricter regulations, and public
awareness campaigns, are necessary@uce the risk of heavy metal contamination and

protect groundwater resourc@?ﬂher degradation.

2.3.1 Sources of Heav %etals in Groundwater

Heavy metals al\ urally occurring elements with high atomic weight and density.

While som: (&dron and zinc) are essential in trace amounts, excessive concentrations in

O

gro &ter can be toxic to humans and the environment. The presence of heavy metals
in groundwater arises from both natural (geogenic) and human-induced (anthropogenic)
sources. The contamination of groundwater with heavy metals originates from natural and
anthropogenic sources. Understanding these sources is critical for identifying hot-spots of

pollution and implementing mitigation strategies.
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2.3.1.1 Natural Sources

1. Geogenic Activities: Naturally occurring heavy metals, such as arsenic, lead, and
mercury, are often mobilized through weathering and dissolution of mineral-rich rocks''.
For instance, groundwater in sedimentary basins may contain arsenic due to reductive
dissolution of arsenic-bearing minerals'’?. Similarly, high levels of cadmium are
associated with zinc and phosphate deposits that leach into aquifers under spe& geo

chemical conditions''>.

2. Volcanic Activity: Volcanic eruptions release significant quantiti g‘ﬂéavy metals,
including lead, mercury, and chromium, into the atmosphere an Qrosphere““. These

metals eventually percolate into groundwater systems, E@llaﬂy in volcanic regions

like East Africa and parts of Nigeria''>.

2.3.1.2 Anthropogenic Sources b

1. Agricultural Practices: Agricultur § ff is a major contributor to heavy metal
contamination in groundwater. Fe hx pesticides, and herbicides contain metals such
as cadmium, copper, and zn%%ch leach into aquifers over time''®. In Nigeria, studies

in agricultural zone@ elevated cadmium levels in groundwater due to over-

application ofé@e fertilizers'"”.

2. Indusél Discharges: Industrial activities, including mining, smelting, and
mak{t/gmring, are significant sources of heavy metals''®. Wastewater effluents from
industries often contain toxic metals like chromium, nickel, and lead'". In regions with
inadequate industrial waste management, these effluents seep into aquifers, contaminating

groundwater supplies'?°.

3. Urbanization and Landfills: Urbanization contributes to heavy metal contamination

through leaches from municipal solid waste, electronic waste, and untreated sewage'?'.
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Metals such as lead, cadmium, and mercury are commonly found in landfill leaches,

posing a severe threat to shallow aquifers'?.

4. Artisanal and Small-Scale Mining (ASM): In Nigeria, artisanal gold mining activities
have been linked to mercury and lead contamination in groundwater, especially in
mining-intensive regions such as Zamfara State'?>. Miners often use toxic chemicals in

ore processing, which directly infiltrate nearby water sources'*. \

2.3.2 Pathways of Heavy Metals into Groundwater ( Q

Heavy metals enter groundwater through various pathways inf@%d by geological,

hydro logical, and human factors. %

O

1. Leaching and Percolation: Heavy metals in surface@s and sediments migrate into
groundwater through leaching, especially durin% all or irrigation'®. This process is
accelerated in areas with high soil permeabi d fractured aquifers'?.
2. Point and Non-Point Sources:, @rial discharge pipes represent point sources of
heavy metal pollution, while ag%;{(m}al runoff and atmospheric deposition act as diffuse
(non-point) sources'?’. .&\{é pathways contribute significantly to groundwater
contamination.
Q)
3. Saltwa rg}usion: In coastal regions, over-abstraction of groundwater leads to
saltwa@@msion, which introduces metals like lead and cadmium into aquifers'. This

ph%ﬁenon has been observed in Lagos, Nigeria, where urbanization and excessive

groundwater pumping exacerbate the problem'%.

4. Geo-chemical Reactions: Geochemical reactions, such as oxidation-reduction and

complexion, control the mobility and bio availability of heavy metals in groundwater'*.
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For example, arsenic is more mobile under reducing conditions, while chromium tends to

persist under oxidizing conditions'3’.

2.3.3 Effects of Heavy Metals on Human Health

Heavy metals pose severe health risks, particularly when present in groundwater used for

drinking and cooking. The toxic effects depend on the type of metal, its concentration,

and duration of exposure. Q\

1. Zinc: Zinc is essential for immune function, wound healing, DNA sy@/@ and cell
division. It supports growth and development, particularly during I@Sﬁcy, infancy, and
childhood'32. Deficiency can lead to weakened immunity, stun owth, hair loss, and
delayed wound healing. Excess zinc may cause nau iting, and interfere with

copper absorption, leading to potential deﬁciencies}‘%

2. Lead (Pb): Lead contamination, oftenh\ggao industrial discharge and urban runoff,
affects neurological development, ﬁulaﬂy in children'*. Prolonged exposure is

associated with reduced IQ, kid@{@mage, and hypertension'*>.

3. Cadmium (Cd): @m accumulates in the kidneys and liver, leading to renal
dysfunction and @gorosis”ﬁ. In agricultural communities, cadmium exposure is often

linked to tlggwﬁse of phosphate-based fertilizers'?”.

4. \@lry (Hg): Mercury in groundwater primarily originates from mining and
industrial discharges'*®. Chronic exposure affects the central nervous system, causing

tremors, memory loss, and impaired cognitive function'*.

5. Chromium (Cr): Chromium contamination, particularly in its hexavalent form (Cr®),

is carcinogenic. It affects the respiratory tract, gastrointestinal system, and kidneys'*.
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6. Copper: Copper is vital for energy production, red blood cell formation, immune
function, and brain health. It aids in collagen formation and iron absorption. Deficiency
can lead to anemia, weakened bones, and immune issues. Excessive copper can cause
liver damage, gastrointestinal problems, and neurological symptoms. Balanced copper

intake is crucial for overall health and well-being.

2.3.4 Environmental Impacts of Heavy Metals in Groundwater

Heavy metals such as lead (Pb), cadmium (Cd), chromium (Cr), arsenic @ ;nercury
(Hg), zinc (Zn), copper (Cu), and nickel (Ni) are naturally occurrinéﬁl&rgnts that can
become toxic at elevated concentrations. Their presence in ater poses serious

environmental challenges due to their persistence, ccumulation, and non-

biodegradability. Q
Beyond human health, heavy metal co ation has profound environmental

q ) @

1. Soil and Crop Contamin@ﬁpﬁeavy metals in groundwater used for irrigation
accumulate in soils and , affecting agricultural productivity'*'. Crops grown in

contaminated fields, sugas cassava and maize, often exhibit high levels of cadmium and

lead, making @fe for consumption'*.

2. Ec@m Disruption Aquatic ecosystems are particularly vulnerable to heavy metal
pohﬁn. High concentrations of metals like copper and zinc in groundwater discharge

can harm fish, invertebrates, and microbial communities'*.

3. Bio-accumulation and Bio magnification Heavy metals bio-accumulate in organisms

and biomagnify up the food chain, affecting higher trophic levels, including humans'.
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Mercury, for instance, accumulates in fish, posing risks to both aquatic species and fish-

consuming populations'#.

Heavy metals in groundwater, originating from both natural and anthropogenic sources,
pose significant risks to human health and ecosystems. Their persistence and toxicity
necessitate proactive measures, including stringent regulatory enforcement, periodic
monitoring, and public awareness campaigns. Addressing this issue r es a
collaborative approach involving governments, industries, and local C@ ities to

ensure the sustainable management of groundwater resources. /\

2.4 Microbial Contamination of Groundwater %

Microbial contamination of groundwater has become a ingly critical public health
concern, especially in developing countries Wher@eated water sources are heavily
relied upon. Groundwater, a key resource for @ng, agriculture, and industrial uses, is
vulnerable to contamination by various \n\%ial agents, particularly pathogens such as
bacteria, viruses, and protozoa. T , %robial contaminants can enter aquifers through
both natural and human—ind;@%rocesses, leading to significant risks for communities
that depend on groun%%or their daily needs''. Groundwater is generally considered
cleaner and safer@surface water because it is filtered through layers of soil, sand, and
rock. How%er, M many developing regions, especially areas with rapid urbanization like
Mow %fo, groundwater is increasingly contaminated by microbial pathogens.
Micr\ogial contamination poses serious public health risks because it introduces disease-

causing organisms into drinking water sources.

The primary sources of microbial contamination in groundwater include human and
animal waste, inadequate sanitation facilities, and poor waste disposal practices. In areas

where sanitation infrastructure is either non-existent or insufficient, pathogens from
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sewage can easily infiltrate groundwater systems. This is particularly common in rural or
peri-urban areas where pit latrines and septic tanks are used, and these can leak or
overflow, allowing pathogens to reach groundwater sources. The infiltration of surface
water, which may carry microbial contaminants from agricultural runoff or urban waste,

is another significant pathway for contamination in groundwater systems.

Agricultural practices, including the use of untreated manure and the application of
fertilizers containing organic matter, can also introduce pathogens into {j@ ater. In
regions with heavy farming activities, microbial contaminants from im‘g[ion systems can
contaminate wells and boreholes, further compromising wa%@ty Contamination
from animal waste is particularly prevalent in areas where@tock farming is common,
as improper disposal of animal excrement can leégthe introduction of harmful
microorganisms into water supplies. Additionall& improper handling and disposal of
hospital waste or other medical waste caX\\@oduce a wide range of pathogens into the

groundwater system, exacerbating isk\of contamination.

The mechanism by which-m\Q%ial contaminants enter aquifers involves the movement

of water through the@ d rock layers. When rainwater or surface water containing

pathogens seefs@she ground, it can infiltrate the porous media of aquifers, carrying
n

pathogens&

micro ontamination, as these aquifers are often in close proximity to surface water

with it. Groundwater in shallow aquifers is especially susceptible to

and the contaminants in it. However, deeper aquifers, although generally more protected
from surface contaminants, can still become contaminated if there is improper well
construction or if there are faults in the geological layers that allow for the movement of

contaminated water from shallower layers.
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The impact of microbial contamination on public health is significant. The ingestion of
contaminated groundwater can lead to waterborne diseases, including cholera, dysentery,
typhoid fever, and gastroenteritis. These diseases are caused by various pathogenic
microorganisms that thrive in contaminated water, particularly in areas with poor water
treatment systems. In some cases, the pathogens can cause chronic health problems,
especially in children, the elderly, and immunocompromised individuals. Microbial
contamination occurs when groundwater becomes polluted with microorgani such as
bacteria, viruses, protozoa, and fungi. These microbes originate from u&l} and animal
waste and enter the aquifer through various pathways. For exa ’glverichia coli (E.

coli), a common bacterial contaminant, can cause severe 6& intestinal illnesses, and

rotavirus, a viral pathogen, can lead to widespread diarrutbreaks.

Q

Moreover, the long-term exposure to contan@ d groundwater can have adverse
environmental effects. Microbial contam'\@n can disrupt aquatic ecosystems, leading
to the degradation of water quality a@?iversity For example, the presence of harmful
bacteria and viruses can alter tt@&crobial balance in surface water bodies, affecting fish

populations and other ﬁ@organisms that rely on clean water for survival.

Microbial co@on of groundwater remains a serious threat to public health,
particularl&

sourc@ contamination include human and animal waste, agricultural runoff, and

gions where access to safe and clean water is limited. The primary

inadequate sanitation practices. Understanding the mechanisms by which pathogens
infiltrate groundwater and the associated risks can help to inform effective management
strategies for mitigating microbial contamination. Improved sanitation infrastructure,
better waste disposal practices, and water treatment techniques are crucial to ensuring the

safety of groundwater resources and protecting public health.
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2.4.1 Sources of Microbial Contamination in Groundwater

The infiltration of microbial pathogens into groundwater systems occurs through a variety
of pathways influenced by human activity and environmental factors. These sources can

be categorized into natural, anthropogenic, and mixed origins.

2.4.1.1 Natural Sources

1. Soil and Sediment Microbes: The natural microbial flora of soil and s%ents
includes bacteria, such as coliforms, which may infiltrate groundwater pemﬁc

hydrological conditions'®. In regions with porous soils, these g{amsms can

migrate deeper into aquifers'**. EQ

2. Wildlife Activities: Animals, particularly in areas ater bodies, contribute to
microbial contamination through fecal deposition“@uring heavy rainfall, pathogens

from animal excreta are washed into shallow glse,

2.4.1.2 Anthropogenic Sources , ,\%\

1. Poor Sanitation Practices:@ many developing regions, open defecation and
inadequate waste dispos.Se major contributors to microbial contamination of

groundwater'?’. Fecal orms, such as Escherichia coli (E. coli), are commonly detected

in wells locat® latrines'®.

2. Agri@'al Runoff: Runoff from farms, particularly those employing animal
husbaadry, introduces pathogenic bacteria, such as Salmonella and Campylobacter, into

groundwater sources'®. The overuse of manure as fertilizer exacerbates this issue'.

3. Leakage from Septic Systems: Improperly constructed or poorly maintained septic
systems often release untreated effluents into the surrounding soil, contaminating nearby

wells'®'. In areas with high water tables, this risk is significantly heightened's>.
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4. Landfills and Waste Dumps: Municipal solid waste, particularly in unlined landfills,
serves as a reservoir for microbial pathogens'®*. Leachates from such dumps infiltrate

groundwater, carrying bacteria, viruses, and protozoa'®*.
2.4.1.3 Mixed Sources

1. Flooding Events: During floods, contaminants from multiple sources, including
agricultural lands, septic tanks, and waste dumps, mix and infiltrate Q’l ater

systems'®>. These events often result in a surge of waterborne disease outbreaks*®e.

N

2. Urban Runoff: Urbanization exacerbates microbial contami n as runoff from

streets, parks, and construction sites introduces diverse mic % species into aquifers'®’.

Q

2.4.2 Mechanisms of Microbial Contamination Q

Microbial pathogens enter and persist in water through several mechanisms

determined by the interaction of geologi wrological, and biological factors.

a. Transport through Soil a{ﬁj\ock Microbial pathogens migrate through soil
profiles and fractures t@edrock influenced by soil type, porosity, and moisture
content'®®. Sand@ gravelly soils are particularly prone to facilitating rapid
microbia(iﬁ}&u%169

b. Perco@pn through Unsaturated Zones In regions with shallow water tables,

Kn/%l)organisms from surface sources percolate directly into aquifers'”. The
unsaturated zone acts as a natural filter, but its effectiveness varies depending on soil
composition and microbial size'”".

c. Adsorption and Desorption Pathogens interact with soil particles through
adsorption and desorption processes. While adsorption temporarily reduces microbial

mobility, desorption can release pathogens back into the water column'”2.
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d. Biofilm Formation Microorganisms form biofilms on surfaces within aquifers,
enhancing their survival and persistence'”?. Biofilms protect pathogens from

environmental stressors and facilitate their spread in groundwater systems'”.
2.4.3 Health Effects of Microbial Contamination

Microbial contamination of groundwater poses significant public health risks, GK:&HY
in communities that rely on untreated wells and boreholes. When patho eru as

bacteria, viruses, and protozoa enter groundwater, they can cause afwide” range of

waterborne diseases, many of which are severe and someti@tal. The health

implications of consuming microbial contaminated grouniiﬁe profound, ranging

from mild gastrointestinal disorders to life-threatening i

1. Bacterial Infections: Common bacterial p@ens in contaminated groundwater
include E. coli, Salmonella, and Vibrio ch& >. These bacteria cause diarrhea, cholera,

and typhoid fever, with vulnerable )\Q'A;ations such as children and the elderly being

2. Viral Infections:@vimses, such as norovirus, rotavirus, and hepatitis A, are

most affected!’®.

frequently transm@ through contaminated groundwater'””. These viruses are highly

infectious,éau g gastroenteritis and liver damage'”.

3. R()/zioan Infections: Protozoa like Giardia lamblia and Cryptosporidium parvum are
significant contributors to waterborne diseases'”. These pathogens form cysts that are
resistant to conventional water treatment methods, making them persistent threats to

groundwater users'®.

52



4. Emerging Pathogens: Emerging microbial threats, including antibiotic-resistant
bacteria, have been detected in groundwater'®!. These pathogens complicate treatment

options and pose severe risks to public health'®2,
2.4.4 Environmental Impacts of Microbial Contamination

Microbial contamination does not affect only human health; it also has significant
environmental consequences. When groundwater becomes polluted with ‘pathogenic
microorganisms from human and animal waste, it disrupts natural ecologi¢al systems,

degrades soil and water quality, and creates long-term environmen@ rds.

1. Impact on Aquatic Ecosystems: Contaminated gro@ater that discharges into
rivers and lakes introduces pathogens into aquatic @stemsm. This leads to algal

blooms, reduced biodiversity, and degradation o%{aic habitats'#4,

2. Soil and Crop Contamination: Irri %; with microbial contaminated groundwater
results in soil and crop contaminilt\%sbsed cing agricultural productivity and posing risks
to food safety'®”. . @

3. Aquifer Degradat Persistent microbial contamination alters the microbiome of

[ ]
aquifers, dis@%g atural purification processes'®. This makes aquifers more

susceptibl@.long-term degradation'®’.

2.5\\ﬂluti0n Indices for Water Quality Assessment

Water quality assessment is a critical process for understanding the extent of pollution in
groundwater and ensuring its safety for various uses. Pollution indices are quantitative
tools used to classify water quality based on specific parameters, including chemical,
microbial, and physical characteristics'®®. These indices simplify complex water quality

data into comprehensible values, enabling policymakers and researchers to assess,
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compare, and monitor groundwater pollution levels systematically'®. This section
discusses the concept of pollution indices, their types, methodologies, and applications in

assessing groundwater quality.

Pollution indices are mathematical formulations that consolidate multiple water quality

parameters into a single numerical value or category for classification. These indices

serve several purposes: :\

1. Simplifying Data Interpretation: Water quality data often involve m ltipgvariables,

which can be overwhelming to analyze individually. Polluti@ices provide a

O

2. Monitoring Pollution Trends: Indices facilitate tl@toring of water quality trends

consolidated metric for easier interpretation®®.

over time, allowing researchers to identify imp%%lents or deteriorations in pollution

levels?°!, &be

3. Decision-Making Tool: For @_@nental managers and policymakers, pollution
indices guide decisions on xe& allocation and remediation efforts?°2.
4. Public Awarenes :\btranslating technical data into user-friendly scores, indices help

°
raise public a@s about groundwater quality issues>®.

2.5.1 1@% Pollution Indices

Sev\eN{ pollution indices are used to assess groundwater quality, each with its focus and

methodology. The most commonly employed indices include:

1. Water Quality Index (WQI): The WQI is one of the most widely used indices for
evaluating overall water quality based on weighted parameters such as pH, dissolved

oxygen (DO), nitrate, and heavy metals*.
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a. Calculation: WQI is calculated using the weighted arithmetic mean of selected water
quality parameters®*”. Each parameter is assigned a weight based on its relative
importance to human health and environmental sustainability?°°.

b. Categories: The WQI scores are divided into categories, such as “Excellent,” “Good,”

“Poor,” and “Unsuitable for Drinking2*’.

2. Heavy Metal Pollution Index (HPI): HPI evaluates the presence and impac eavy
metals in groundwater®®. Since heavy metals pose serious health rislt/ dex is

crucial for regions with significant industrial or agricultural activitiesy\

a. Key Metals: Commonly included metals are lead (Pb)E fa$n (Cd), arsenic (As),
and mercury (Hg)*'°. Q

b. Application: HPI is particularly useful i@@tifying specific sources of metal

contamination?!!, @

3. Nitrate Pollution Index (NPI @sesses nitrate contamination, which is a major

concern in agricultural areas@ fertilizer runoff?'?. High nitrate levels in groundwater

are associated with m@lobinemia (blue baby syndrome)?'3.

Thresholds(. 'I?@orld Health Organization (WHO) sets the permissible limit for

nitrates@rinking water at 50 mg/L2",

Q

4. Mi€robial Water Quality Index (MWQI): MWQI evaluates the presence of
microbial contaminants such as Escherichia coli and coliforms?'®. This index is essential

for regions with inadequate sanitation infrastructure®'c.

2.5.2 Methodologies for Pollution Indices Calculation

1. Parameter Selection: The first step in calculating pollution indices involves selecting

55



relevant water quality parameters. These are chosen based on the intended use of the

water and local pollution concerns?"’.

2. Weight Assignment: Each parameter is assigned a weight or significance factor,
reflecting its impact on overall water quality?'®. For example, heavy metals often receive

higher weights due to their toxicity*".

3. Normalization: The values of each parameter are normalized using their@tive
permissible limits??°, Normalization ensures consistency across parametets different

units of measurement??'. 6\

4. Aggregation: Normalized values are aggregated usia ematical formulas to
compute the final pollution index score???. This sco@en interpreted based on pre-

defined thresholds?®. gb

2.5.3 Applications of Pollution Indic \:

Pollution indices have diverse apzlgsgxk) s in groundwater quality assessment, ranging

from research to policy impl@ion.

1. Identifying Polluaggtspots: Pollution indices enable the identification of areas

[ ]
with critically@e groundwater, facilitating targeted interventions?*.

2. Mon@g Remediation: Efforts Indices provide a benchmark for evaluating the

eff%é/eness of remediation programs over time**.

3. Comparative Studies: Researchers use pollution indices to compare groundwater

quality across regions or aquifers®®.

4. Policy Development: Indices inform environmental regulations and standards, guiding

sustainable water resource management®*’.
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Chapter Three

Methodology

3.1 Study Area

Mowe Ibafo is a community located in Obafemi-Owode Local Government Area of
Ogun State, along the Lagos—Ibadan Expressway. Positioned just outside Lagos, the area
has experienced significant population growth. This growth is as result of m@n of
people from Lagos to this area due to affordable housing.Mowe Ibafo is ¢ ized by
mixed land uses residential, commercial agricultural, recreational/(%n ortation and
industrial activities; but faces infrastructure challenges such as™i quate roads, poor

drainage, and limited public utilities. These informed its chs the study area.

3.2 Sample Site Selection (bQ

Sampling in the Mowe Ibafo area was base minant land use types to study how
human activities affect the environment cka( ime. Key sites included industrial (Mowe),
agricultural (Shimawa), commercié@), recreational (Magboro), residential (Arepo),
and transportation (Lotto), @ This land-use-specific approach supports long-term
environmental monit%@identifymg pollution sources, trends, and potential risks to
public health. &Q@f was georeferenced using a GPS device to ensure accurate location
tracking. Arcep \ith ( Latitude: 6.7552° N, Longitude: 3.2578° E ), Magboro (Latitude
6.714%%L0ngitude 3.4025° N), Ibafo (Latitude 6.7401° N, Longitude 3.4221° N),
M(k’ (Latitude 6.8107° N, Longitude 3.4366° N), Shimawa, (Latitude 6.7641° N,

Longitude 3.4884° N) and Lotto (Latitude 6.80199° N, Longitude 3.42117° N) .
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3.2.1 Collection of Water Sample

Between December 2024 and January 2025, 24 water samples (from 12 boreholes and 12
wells) were collected corresponding to the transition period between dry and rainy
seasons. This period is characterised by variation in temperature, precipitation and surface
runoff all of which can significantly influence the quality and composition of water. The
seasonal transition was particularly imported to the study as it affect both
physciochemical parameters and heavy metals of water bodies, during dry s %\ited
rainfall and high evapouration rate often lead to the concentration of dissolv€d ions and
metal. The samples were collected in pre-washed and sterilized xbottles, covered

tightly, and transported immediately in a sealed polyethylebbaﬁo the laboratory. The
a

samples were stored in a refrigerator at about 4 °C prior

Q

33 Determination of Physicochemical Par% rs

ysis.

Physicochemical Parameters such as p@ ductivity total dissolved solids (TDS)
alkalinity, bicarbonate, total hardnes\&sium (Ca), magnesium (Mg), chloride, sulphate,
phosphate, nitrate, dissolved ox@g O), turbidity and chemical oxygen demand (COD)
were determined using th . \%rican Public Health procedures?.

331 pH . 5&
pH of th WEQNaS measured using a pH meter equipped with a glass combination
electr@turated with potassium chloride (KCI), IM KCI solution was prepared by
dis&ﬁng 74.5 g of KCl in distilled water and diluting it to a final volume of one liter?.
For calibration, buffer solutions with pH values of 4, 7, and 9 were used. Before
measuring the sample, the pH meter was calibrated with these buffer solutions. A 50 ml
water sample was then transferred to a 100 ml flask, the electrode was immersed in the

solution, and the pH value was recorded.

78



3.3.2 Carbonate and Bicarbonate (CO3*& HCO3)

Concentrated sulphuric acid (2.8 ml) was added to 500 ml of distilled water and diluted to

one litre to obtain approximately 0.1N H2SOas. This was then diluted tenfold and

standardized by titration with a standard alkali, also 0.25 g of phenolphthalein was

dissolved in 100 ml of 60% ethanol, and 0.50 g of methyl orange was dissolved in 100 ml

of 95% ethanol to prepare the respective indicators*. 10 ml water sample was transferred

to a 100 ml conical flask. Two drops of phenolphthalein indicator were a Qan the
®

appearance of a pink color indicated the presence of carbonate. The sample ,Was titrated

with 0.01N H2SOs until the pink color disappeared, and the Volum@ was recorded as

‘A’. Then, two drops of methyl orange indicator were adde@%ng the solution yellow.

Titration continued until the color changed to red, and al volume was noted as ‘B’.
Calculation o (bQ

CO3* (mg/L) =—— b

HCOs(mg/L)= ( — ) 1000 ®%

Where N = Normality of acid, 2 E;éh%y of carbonate, A = Volume of titrant against

phenolphthalein indicator. B l@%me of titrant against methyl orange indicator.

30 = Equivalent weig@, 61 = Equivalent weight of HCO5®,

33.3 Chlor@@

Ten millil% of the sample was transferred to a 100 ml conical flask, and two drops of
pot«%%l chromate indicator were added, resulting in a yellow color. The sample was
then titrated with 0.01N silver nitrate (AgNOs) until the color changed to brick red.

The chloride concentration was calculated using the following formulas:

Cl (mg/L) = =190

le (mg/L) — ( x x1000%35.5)
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¢ /)= ( /)x165

Where N referred to the normality of AgNOs, V is the volume of AgNOs used, and 35.5
was the equivalent weight of chloride®.
3.3.4 Sulphate (SO4%)
Calcium solution (0.02 N) was prepared by dissolving 1.001 g of AR grade, dried calcium
carbonate (CaCOs) in approximately 5 ml of diluted hydrochloric acid (1:5Q). The
solution was boiled to expel carbon dioxide (CO:) and then diluted to (@re with
distilled water. For the Eriochrome Black T (EBT) indicator, 0.5 g of &d)re and4.5 ¢
of hydroxylamine hydrochloride (AR grade) were dissolved in 11 f ethyl alcohol.
hydrochloric acid solution (0.02 N) was prepared by diluti §appropriate volume of
concentrated HCl and then standardized against a ard alkali to achieve exact
normality, the buffer solution was prepared by di ing 8.25 g of ammonium chloride

§[ion (NH4OH) in one litre of distilled

(NH4CI) and 113 ml of concentrated amr@

water to achieve a pH of 10, 10 £nl &% buffer was added to 50 ml of the sample
solution during analysis’. \(;\\'
Magnesium chloride (MgCl&%Jtion (0.02 N) was prepared by dissolving 0.843 g of
dried magnesium carh@ (MgCO0:s) in a slight excess of dilute hydrochloric acid and
diluting the i‘é@ one litre. This solution was standardized against 0.02 N EDTA,
standard b@m chloride solution (0.02 N) was prepared by dissolving 2.4428 g of AR
grade m chloride dihydrate (BaCl.-2H-O) in about 300 ml of distilled water and
diluting the solution to one litre. It was standardized against the 0.02 N calcium solution®.

EDTA solution (0.02 N), 4.0 g of pure disodium EDTA salt was dissolved in

approximately 200 ml of distilled water and diluted to one litre. This solution was

standardized against the 0.02 N calcium solution.
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Calcium and magnesium ions (Ca** + Mg?*) determination, 5 ml of the water sample was
titrated , the carbonate (COs*") and bicarbonate (HCOs~) contents were determined by
titration against 0.02 N HCI, following a method similar to that used for 0.01 N H.SO.’.
In a separate aliquot, a known volume of 0.02 N HCI equivalent to the total alkalinity
(carbonates + bicarbonates), with a slight excess, was added. The mixture was boiled to
destroy carbonates and drive off CO.. Then, BaCl: solution, sufficient to ex&l the
sulphate content in the aliquot, was added, and the solution was boiled briefl

After cooling, 10 ml of buffer and 5 drops of EBT indicator were adc&ﬁlejsample was

titrated with standard EDTA solution to the first endpoint, althog@

not be considered final due to low accuracy. 2 ml of standﬁ

1tial result should
» solution was added,

and titration was resumed to obtain a proper endpoint fo@+ + Mg?" estimation.
The sulphate content (SO+*") was calculated usin%@rmula:
20/ )\:c% + -

Where: B = Ca** + Mg?" in the original sample (meq/L). Ba = milliequivalents of barium
added. « Mg = milliequivalents o {Sg,n sium added and T = total milliequivalents of
EDTA used in titration (includin nd Mg contributions)'©,

-

3.3.5 Calcium and %Ql\’um (Ca>*& Mg*)

Five millilitre Qf@ater sample was taken in a 100 ml conical flask. To this, 1 ml of
buffer sol .O&J\d 3 to 4 drops of Erichrome Black T (EBT) indicator were added. The
sampl@titrated with standard EDTA solution until the color changed from wine red to
skm, indicating the endpoint'!.

The combined concentration of Ca** and Mg ions (in milliequivalents per litre) was

calculated using the formula: Ca** + Mg?** (meq/L) = _( x x1000)

Where:
N = Normality of the EDTA solution
* V = Volume of EDTA used during titration
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For the determination of calcium alone (Ca?"), another 5 ml aliquot of the water sample
was taken in a 100 ml conical flask. To this, 1 ml of NaOH solution and a pinch of
murexide indicator were added. The solution was titrated with EDTA until the color
changed from pink to purple, indicating the endpoint!'?.

Calcium concentration (in milliequivalents per litre) was calculated as:

Ca* (meq/L) = (N x V x 1000) / Volume of sample

The magnesium concentration was determined by subtracting the calcium V@l the

The concentrations in mg/L were calculated using the following :011 factors

total (Ca** + Mg?") value: 2( /)=( 2+ 2)-—

Mg?* (mg/L) = Mg* (meq/L) % 12.16 Q

Ca* (mg/L) = Ca*" (meq/L) x 20.04 Q

>

A 300 ml BOD bottle was filled with the{@r sample, taking special care to avoid the

3.3.6 Dissolved Oxygen (DO) Determination

inclusion of air during the collectim’\& ss!3. Once filled, the bottle was sealed with a
stopper. The stopper was theréﬁgved, and 1 ml of manganous sulfate solution was

SN

carefully added at the @of the liquid. Subsequently, 1 ml of an alkaline-potassium
iodide-sodium azi&%ﬁnon was added at the surface, and the stopper was immediately
replaced whilg ensuring that no air bubbles were trapped.

The botﬂa§s then shaken thoroughly by inverting it several times. After the initial
fown of a flocculent precipitate, the bottle was allowed to stand until the floc had
settled halfway. It was then shaken again and allowed to settle a second time, 1 ml of
concentrated sulfuric acid was added by allowing it to run down the neck of the bottle so
that it mixed gently with the sample without disturbing the floc!*. The bottle was

restoppered and shaken until the precipitate completely dissolved, indicating that the

sample was ready for titration. A portion of the treated sample equivalent to 200 ml of the
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original volume was taken for titration. This volume was calculated using the formula:ml
of sample to titrate = (200 x Total sample volume) / 300
The dissolved oxygen (DO) concentration in the sample was then calculated using the

formula;

( x x 8000)
¢ )

Where: . _— Q\

ml of titrant refers to the volume of sodium thiosulfate used in titration
Normality of titrant is the exact normality of sodium thiosulfate
8000 is the oxygen equivalent factor used for conversion to mg/L"3 QJ

3.3.7 Electrical Conductivity (EC) and Total Dissolved Soﬁ%@S)

The EC (electrical conductivity) meter was calibrated using=staridard potassium chloride
(KCI) solutions. The calibration was carried out by%ctmg one of three available
standard KCI solutions, based on the expected Bén% the sample’s conductivity'6. The

conductivity values of the standard solut1 C were provided as follows:

0.1 M KCI: 12.88 dS/m (with a tem@re coefficient of +1.90%)

0.01 M KCI: 1.413 dS/m (w1tlé§mperature coefficient of +1.94%)
0.001 M KCI: 0.146 % th a temperature coefficient of +2.04%)
t to

The EC meter was S he appropriate standard solution, and calibration was performed

accordingly. @ conductivity cell with a cell constant of 0.1 K should not be calibrated
with the KCI solution, as its conductivity exceeds the cell’s measurement range.
ToWrmine the conductivity at a temperature other than 25°C, the following formula
was used:
Conductivity at D°C = C25°C + (C25°C x Temperature Coefficient / 100 x (D°C — 25°C))
Where:

C25°C = Conductivity at 25°C

D°C = Desired temperature

83



Temperature Coefficient = Specific to the KCI concentration'”.

3.3.8 Chemical Oxygen Demand (COD) Open Reflux Method
Water sample (50 ml) was placed in a 500 ml refluxing flask along with five to seven
glass boiling beads. To this, 1 g of mercuric sulphate (HgSO4) and 5 ml of concentrated
sulfuric acid containing silver sulphate were added. The mixture was stirred until the
mercuric sulphate dissolved completely!®.
Subsequently, 25 ml of 0.25 N potassium dichromate (K.Cr.07) solution WQ ded and
mixed thoroughly. While mixing, an additional 70 ml of concentrated u&r}c acid-silver
sulphate solution was introduced to the flask. After complet g, the flask was
connected to a reflux condenser, and the mixture was reﬂux@&oursw.
A reagent blank was prepared using 50 ml of distilled and the same reagents as the
sample, and it was refluxed under identical co M@alongside each set of samples to
ensure accurate comparison ,following the,r ing process, the flask was removed from
the condenser and allowed to cool..'l;\'}ents were then diluted to approximately 350
ml with distilled water. Four to fg{gy\ps of Ferroin indicator and a magnetic stirring bar
were added?®. The solutioﬁ@ stirred using a magnetic stirrer and titrated rapidly with
0.25 N ferrous ammgn sulphate (FAS) until the first red-brown endpoint was
observed. (@
The Chem@Oxygen Demand (COD) of the sample was calculated using the formula:
CO{/@;Q) = (A — B) x N x 8000 / Volume of sample (ml)
Where:

A = Volume of FAS used for the reagent blank (ml)

B = Volume of FAS used for the sample (ml)

N = Normality of the FAS titrant?'.
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3.3.9 Nitrite Nitrogen (NOz-N)

25 ml of the sample was transferred to a 50 ml volumetric flask. To this, 2 ml of color
reagent was added, mixed thoroughly, and then diluted to the mark with distilled water.
The color was allowed to develop, and the nitrite-nitrogen (NO2-N) concentration was
measured using a spectrophotometer at a wavelength of 543 nm. The reading was taken
after 10 minutes, but not later than 30 minutes after the addition of the reagent??.

To calibrate the spectrophotometer, NO2-N solutions were prepared by taki Q, , 10,
15, 20, and 25 ml of a 50 pg NO2-N stock solution in separate 50 m V@e ric flasks.
Each was treated in the same way as the sample by adding the &eagent, mixing,
diluting to volume, and measuring the absorbance. A calibsation, curve was developed ,
and the NO:-N concentration of the sample was determ y comparing its absorbance

against this curve. (bQ

The final concentration of NO2-N in the sa@us calculated using the formula:

NO>-N (mg/L)= 2 %\
>
Where: \(9
Q

R is the spectrophotome@;ling in mg/L (based on calibration curve)?.

3.4  Heavy WAnalysis

Atomic A@ptlon Spectroscopy (AAS) was used for the quantitative determination of
co% mium (Cd), arsenic (As), zinc , Manganese, cobalt and Iron .Samples were
digested with (HNOs) to remove organics; metal ions quantified using calibration curves

from certified standards?.

3.4.1 Digestion Procedures

Water sample (50 to 100 ml) was measured into a clean digestion vessel. To this, 5 to 10

ml of concentrated nitric acid (HNOs) was added. The vessel was then placed on a hot
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plate or digestion block and heated gently to a temperature between 85°C and 95°C,
ensuring that the sample did not boil*. Heating was continued until the volume of the
sample was reduced by approximately half, and the suspended solids had broken down.
Additional small amounts of nitric acid were added as needed to maintain digestion and

promote complete decomposition of the sample matrix.

After digestion, the sample was allowed to cool to room temperature. It was thendiluted
with deionized water to the desired final volume. The solution was filtere ve any

insoluble residue, and the clear filtrate was transferred into a clean, ¥abeled container for

further analysis®S. %0

3.4.2 AAS Determination of Heavy Metals Q

The digested solution was transferred into a 100 @lumetric flask and diluted to the
mark with deionised or distilled water. This s was then aspirated into the Buck 211

Atomic Absorption Spectrophotometer%A ) via the suction tube for analysis. The

instrument, a Buck 211VGP mo@l

standard parameters speciﬁcleh element under investigation?’.

ctured by Buck Scientific, was operated using

H = element, A = v@gtb (nm), B = slit width (nm), C = working range (ng/ml), D =
sensitivity (M‘Zm&

x@b

lamp current, F = flame type.
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Table 3.1: Analytical Wavelengths, Slit Widths, Working ranges ,Detection Limits, Lamp

current, and Techniques for AAS

H A B C D E F

As 193.7 0.7 1-100 45.0 300.0 MHS

CcO 240.7 0.2 1-20 0.2 6.0 Ai@&
.

Cd 228.8 0.5 0.5-5 0.03 15.0 & (élr-Csz

N
Zn 213.9 0.5 0.5-5 0.03 @Q Air-CH»

Fe 2483 0.2 2-20 0.1 Q& 0.0 Air C2H,

\\
Mn 403.1 0.2 7.27 ’ﬁ‘b 5.0 Air-CoHa

Cu 324.7 0.5 1-2 \Q 0.1 15.0 Air-CH»
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The meter reading for each metal was recorded by the AAS and used to calculate the
concentration of the respective element in the water samples. The concentration (in ppm
or mg/kg) was determined using the following formula:

Ppm or mg/kg (of the elements) = Meter reading x Slope or Gradient x dilution factor,

% (of the elements) = ppm or mg/kg divided by 10000

3.5 Heavy Metal Pollution Index (HPI) and Heavy Metal Evaluation InﬁerI)

The Heavy Metal Pollution Index (HPI) is a tool used to evaluate the ove@ ality of

C

water in relation to heavy metal contamination. The HPI is given by

HPI=Y'n WiQi %0
O
Qi=Yn(Mi/Si) x100 Q
>
Wi= 1/Si 6
()

Where; @
n = Number of heavy metals co@

Wi = Unit weight of the i-t @a&y metal

Qi = Sub-index of @eavy metal
Mi = Measiﬁ@fentration of the i-th heavy metal in the water

Si= @rd permissible limit (WHO) for the i-th heavy metal

Intek(retation of HPI:

e HPI < 100: Indicates low pollution
e 100 <HPI < 200: Indicates moderate pollution.

e HPI>200: Indicates high pollution.
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While the Heavy Metal Evaluation Index (HEI) is used to assess the quality of water

based on the concentrations of various heavy metals. It is calculated as follows;

HEI=} n(Ci/Hi)
Where:
n = Number of heavy metals considered
Ci = Measured concentration of the iii-th heavy metal in the water \

Hi = Maximum permissible concentration of the i-th heavy metal ac to the

WHO standards (J

The interpretation of the HEI values is generally as follows: %

HEI < 10: Low Contamination. Indicates that % er quality is within the

acceptable limits for the heavy metals con51dered

HEI = 10-20: Medium Contaminati@cates that the water quality is at the

threshold limit for the heavy metal %dered.

N

HEI > 20: High Contam%&w n. Indicates that the water quality exceeds the
acceptable limits f % avy metals considered, implying potential health risks and
i

the need for rem al"actions?®

3.6 Data A! alysns
The d@btained from the analysis of physicochemical parameters and heavy metals
cork{tration were statiticallyanalysed to determine spatial and temporal variation as well

as to evaluate the degree of contamination within the study area .

Statistical analysis was performed using IBM SPSS statistics and microsoft excel to
compute descriptive statistics and microsoft excel to compute descriptive statistics,

establish correlation and assess the significance of variation among locations, Descriptive
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statistics including the mean range and standard deviation were used to summarize the

overall distribution of the measured parameters?.
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Chapter Four
Results and Discussion of Findings

4.1 Results

This chapter presents the results obtained from the determination of heavy metals and
physicochemical parameters in groundwater samples collected from the Mowe-Ibafo area.
It provides a detailed analysis of key water quality indicators, including total
dissolved solids (TDS), and electrical conductivity (EC), as well as the cc/ations of
selected heavy metals such as lead, cadmium, and copper. The re «are discussed in

relation to established water quality standards, potential healthe tions, and possible

sources of contamination within the study area. QQ

4.1.1 Result of Physicochemical Parameters be

4.1.1.1 pH and Temperature (b
\O

The pH of groundwater samples va ie%rom 4.25 to 7.25. As illustrated in Figure 4.1,
only borehole water samples @ Mowe (7.25) and Shimawa (6.76) met the
recommended range. Thes'e%&ipliant samples are represented with blue bars, while the

remaining twelve samples) highlighted in orange, indicate non-compliance.

D

The most gd@lter sample was from Mowe well water sample (pH 4.25), followed by

Lotto éﬁb

asszﬁed with industrial emissions or agricultural runoff, Such acidic conditions can

ater (4.65), suggesting influences from organic acid leaching or acid rain

corrode plumbing systems and increase metal leaching, potentially leading to public
health concerns. Temperature remained relatively stable at approximately 28.2°C across
all sites, consistent with values reported for surface and shallow groundwater in southern
Nigeria. The stability of temperature suggests minimal thermal pollution or deep aquifer

influence.
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4.1.1.2 Total Dissolved Solids (TDS) and Electrical Conductivity (EC)
TDS and EC are critical indicators of water quality, reflecting dissolved ion
concentrations and potential contamination sources. Figure 4.2 depicts the distribution of

TDS and EC across sampling locations.

Borehole samples from Mowe, Shimawa, and Ibafo recorded TDS values between 202
and 291 mg/L, and EC values between 405 and 582 pS/cm. , these figur gest

moderate mineralization possibly due to rock-water interaction@ow—level

anthropogenic inputs. ’\

Lotto well water sample recorded the highest TDS (869 m ﬁic (1738 uS/cm), far
exceeding WHO limits. This indicates serious contamin, ikely from leachates, urban

runoff, or wastewater infiltration. /bafo and Shi Qwell water samples also showed

moderately elevated values but within per@ ranges.

Control borehole and well water's@s, with TDS values of 160 and 162 mg/L

respectively, and EC Values&éﬁ and 325 uS/cm, served as baselines with minimal

anthropogenic inﬂuer@enerally linear relationship between TDS and EC across all
samples reinforce‘ss&ion-based conductivity theory.

4.1.1.3 Ni@g Concentration

Flg\r/e@ shows spatial variability in nitrate concentration across sampling locations.
Most samples fell below this threshold; however, /bafo well (50.02 mg/L) and control
well water (57.07 mg/L) slightly exceeded the limit, suggesting possible contamination
from agricultural runoff, septic leakage, or domestic effluents. Other moderately elevated
samples include Shimawa(45.05 mg/L), Magboro (30.25 mg/L), and Arepo well water

samples (38.42 mg/L).
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4.1.1.4 Sulphate Concentration

The highest recorded concentration was 51.04 mg/L (Shimawa well water), while the
lowest (0.00 mg/L) was observed in Lotto and Magboro borehole water (Figure 4.4). The
generally low sulphate levels indicate minimal industrial discharge or sulphide oxidation

in the study area.

4.1.1.5 Hardness Q\

Water hardness, defined by the concentration of calcium and magnesi

directly regulated by WHO due to its non-toxic nature. However, a tical limit of 200
mg/L is often referenced to avoid scaling and aesthetic issue% own in Figure 4.5,
Magboro borehole recorded the highest hardness (4 L), indicating excessive
mineral content. Lotto (210 mg/L), Mowe (190 mg/ ,§Ibafo well water (240 mg/L)
samples also approached or exceeded this practic&eshold. Conversely, Arepo borehole
water sample (0.25 mg/L) and Shimawcﬁ@ mg/L) recorded extremely low hardness

values, which could cause corrosiv%;és,a d lead to metal leaching in pipes .

4.1.1.6 Turbidity and DiSEQ&)xygen (DO)

Turbidity and DO are\él parameters for assessing water clarity and aerobic conditions.
As shown in ?g .6, all borehole and control borehole samples had turbidity values of
0 NTU, i@aﬁng the absence of suspended particles. In contrast, well water samples
exl%%%rbidity levels between 570 and 1064 NTU, far exceeding the WHO guideline
of 5 NTU. These elevated turbidity levels imply high levels of particulate matter,
potentially including microbial contaminants. The source of this turbidity could be surface
infiltration, runoff, or poor well construction. DO concentrations were uniformly low
across all samples, with none meeting the general benchmark of >5 mg/L for aerobic

conditions. The highest DO value (3.5 mg/L) was recorded in Mowe well water, followed
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by the control well water (3.0 mg/L). Low DO levels are often linked to organic pollution
and microbial decomposition raising concerns over potential septic contamination or

oxygen demand from organic wastes.
4.1.1.7 Turbidity and Dissolved Oxygen (DO)

Oxidation—Reduction Potential (ORP) is a measure of a water body's ability to either gain
or lose electrons, reflecting its redox status. It serves as a proxy for Qing the
oxidative or reductive nature of water, and indirectly, its micr bbctivity and

contaminant degradation potential. ORP is expressed in milli;:@m ), with higher

values indicating oxidative conditions and lower (evege ive) values reflecting
0

reductive environments Figure 4.7 presents a histog ORP values across water

samples from the Mowe — Ibafo axis of Ogun St e{bQ

4.1.2 Heavy Metals in Groundwater S s across all locations

Heavy metals in groundwater are o @oncem due to their non-biodegradable nature,
toxicity at trace levels, ancl 2&@% accumulate in biological tissues (bio-accumulation).
The histogram plots \)ncentration data (see Figures 4.2a—4.2g) illustrate the
distribution of AL ic (As), Copper (Cu),Cadmium (Cd),Zinc (Zn),Magnesium (Mg),

cobalt C(og@n (Fe) in borehole and well water sources across locations of the study

area. fb
\/QJ

4.1.2.1 Arsenic (As)

Arsenic concentrations ranged from 0.015 mg/L (Mowe borehole) to 0.067 mg/L (Control
well water)(figure 4.8a). According to WHO (2017), the maximum permissible limit for
arsenic in drinking water is 0.010 mg/L. All samples exceed this threshold, with the

highest levels observed in well water from Arepo and the control samples, indicating

99



o Lit=3)

B0 i TR T T Ty S f U, f_—_—

i

93’)

:

-220'

i g

0 ll?!l 095 - Nﬂ
0 @ \J ] & 0 ] 0 {
@ § @” § o* A A A

ﬁp ° fa \@’ @“& v.s“f

Locations, with a Dotted Red Line Representing the AFDAC Permissible Limit
(50 mg/L).

Figure 4.4: Bar Chart of the Nitrate Concentrations fwer samples across Sample

Source: Author’s Field Work, 2025

100



[
o
=

..................................................................................................................................................................................

¥

(=)
=3
=

]
=

s Limit = 250

805 w0 SN i ox 5
o 0 010 008 000 201 20 | ‘ ‘ ‘
T T T i T

sulphate (rmasl
e
-
=2

=
I
=

L=

™
Figure 4.5: Bar Chart of the Sulphate Concentratio 11 Water Samples across
Sample Locations, with a Dotted Red Line Representin WHO/NAFDAC Permissible
Limit (250 mg/L).

)
Source: Author’s Field Work, 2025 6
(o)

101



=
E

e (imit =200

Hardness (masl)
g8 =2 =

=

=]

\4
Figure 4.6: Bar Chart of the Hardness for all Water samples deross Sample Locations,

with a Dotted Red Line Representing the WHO/NAFD t@u issible Limit (200 mg/L
CaCO03).

Source: Author’s Field Work, 2025 b’bQ
O

102




e == WHCYNAFDWE Lirit (5 NTUI
1000
B0
i 44
g -n:—-l-:-— [ER)
.:J &00 | "
&
=
F 400
200
o : L o B £ i ' e : i
2 F 2 F I RELF LR L P
: f £ < F £ £ f£ £ 5 g & 3 £
: = e L £ =
§ s § &+ & § & § § & 4§ & & F
= & 5 £ & F £ = & £ £ £ F 3
-] T = o o = o = b= -]
s £ g F g4 F 5§ F § G
g & @ 4 § 4 “’
té é;- o g'
& 4 .

Figure 4.7: Bar Chart of the Turbidity of all Water Sam across Sample Locations,

with a Dotted Red Line Representing the WHO/NAF %@ermw&ble Limit (% NTU)

Source: Authors Field work, 2025 6

103



=== WHO DO Minimum {5 mg/L)

DO (gL

A iy A
ﬁﬁffj ﬁ fﬁfﬁﬁﬁfﬁ

Figure 4.8: Bar Chart of the Dissolved Oxygen (DO) all Wa@le‘s across Sample

Locations, with a Dotted Red Line Representing the WHO/N Permissible Limit

(5 mg/l) O

Source: Author’s Field Work, 2025 Q

104



-=-- Suggested ORP Upper Benchmark (~200 mV)

200 frmmmm e e e I — e e S — -

150 1

100 A

Oxidation-Reduction Potential (mv)

\P':'@ F & ‘@q@ vs'go & & (0\0 3 @ 3 & .QP"‘Q o & ,QGO i & F 'S“é
N N P A
Q,"@ Q'ée. & & & & & & & f\* & & & &
pr & <° QF& @ & o o “@}‘# .ghé’\@ < s
Sample Locations N

Figure 4.9: Bar Chart of the Oxidation-Reduction Pote@ (ORP) of all Water samples
across Sample Locations, with a Dotted Red Lin presenting the WHO/NAFDAC

Permissible Limit (200 mV) 6’6

Source: Author’s Field Work, 2025 @

105



widespread arsenic contamination. The elevated levels could stem from geogenic sources,
including arsenic-rich bedrock or anthropogenic influences, such as pesticide residues,
industrial waste, and improper waste disposal. Chronic exposure to arsenic through
drinking water is associated with skin lesions, cardiovascular diseases, and increased

cancer risk, underscoring the need for immediate mitigation.

4.1.2.2 Copper (Cu) \

Copper levels ranged from 0.377 mg/L (Mowe borehole) to 0.623 mg/t @trol well
water) (Figure 4.8b). indicating no immediate health risk. Howeé\elevated copper

levels, even within safe limits, may contribute to aesthetic iss as bitter taste and

blue-green staining of pipes. The relatively high levels i locations may be linked to

corroding plumbing systems, especially in acidic w environments (e.g., pH < 6.5), as
observed in earlier sections of this study. ’bb(b

Cadmium concentrations varied &9\).017 mg/L to 0.084 mg/L, with the highest value

4.1.2.3 Cadmium (Cd)

found in Control well waté ’ékgure 4.9a). WHO’s guideline value for cadmium is 0.003
mg/L, indicating tha@sampled locations far exceed the permissible limit. Possible
sources incl e\ strial discharge, batteries, plastic degradation, andphosphate
fertilizers @:hing into groundwater. Long-term ingestion of cadmium-contaminated

water %y: iead to kidney damage, bone demineralization, andhypertension.

4.1.2.4 Zinc (Zn)
Zinc levels ranged from 0.568 mg/L to 0.806 mg/L, all well below the WHO maximum
limit of 3.0 mg/L (Figure 4.9b). Zinc is an essential trace element and poses minimal

health risk at these levels. However, excessive intake (>3 mg/L) can cause metallic taste
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and gastrointestinal irritation. The detected concentrations suggest limited zinc pollution,

possibly derived from minor industrial activities or galvanized plumbing systems.

4.1.2.5 Magnesium (Mg)

Magnesium values spanned 0.433-0.678 mg/L (Figure 4.10a), which are low and within
safe thresholds for drinking water. Although not specifically regulated by WHO for health
effects, excessive magnesium in combination with sulfate may cause a laxati ffect.
These values suggest natural geogenic origin from dolomite or magnesiulcjg rocks,

which dissolve into groundwater.

4.1.2.6 Cobalt (Co) s '

Cobalt concentrations were between 0.062—0.136 mg@ﬁgure 4.10b). WHO has no
established guideline for cobalt in drinking t(@e to insufficient data. However,
cobalt is toxic in excess and exposur r than 0.1 mg/L is associated with
cardiotoxicity and thyroid dysfunczig\'kral samples (e.g., Control well water, Ibafo
borehole) exceed this threshold, @ting potential contamination from industrial tools,
pigments, or mining residu'a&onitoring is advisable despite the lack of definitive WHO
limits. QQ
)
@

4.1.2.7 Iron
Iron levl&ged from 0.008-0.057 mg/L, all below the WHO aesthetic limit of 0.3 mg/L

(F 1?5! 4.11). Although not hazardous at these levels, iron can cause taste, staining, and

plumbing issuesabove threshold levels. The low iron values imply minimal corrosion or

natural iron leaching, consistent with well-aerated aquifers.
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Table 4.1: Summary of Heavy Metals Evaluation across all Locations

WHO Limit (mg/L)
Metal Exceeding Samples Potential Health Risks
(NESREA)

As  0.01 All Carcinogenicity, vascular damage
Cu 20 None Aesthetic issues at >1.0 Q\

Cd 0.003 All Kidney damage, osteop(@

Zn 3.0 None Rarely toxic, miné%be impact
Mg  Not strict None Laxative @t [Et high levels)

Co  No WHO value Some >0.1 Cardi@ity, thyroid disruption

Fe 0.3 (aesthetic) None @&taining, plumbing deposits

Source: Author’s Field Work, 2025 @

N
¢
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4.2 Discussion of Findings

This section presents the findings from the analysis of heavy metals and physicochemical
parameters of groundwater samples obtained from the Mowe—Ibafo axis of Ogun State,
Nigeria. This region, experiencing rapid urbanization and diverse land-use activities, was
selected to assess the anthropogenic impacts on groundwater quality'. The study covered
key land use types, including industrial (Mowe), agricultural (Shimawa), con&rcial
(Ibafo), recreational (Magboro), residential (Arepo), and transport-infl zones
(Lotto). The physicochemical parameters investigated include salinity, t&y:rature, pH,

total dissolved solids (TDS), electrical conductivity (EC), oxid, e uction potential
=

(ORP), turbidity, dissolved oxygen (DO), hardness, nitrate, 6 ate.

The analysis reveals that arsenic and cadmium &inaﬁon is widespread, with
potentially harmful health implications for the@rg population. Cobalt concentrations
also raise concerns in a few locations,@anting monitoring despite limited global
guideline values. Meanwhile, zinc,'t%g%iium, copper, and iron levels generally comply

with international standards?. é

\
Groundwater quality\@gMowe - Ibafo axis is at risk due to anthropogenic inputs,
notably indu i%m ff, agricultural leachates, and domestic waste infiltration. These
findings n@sitate urgent public health interventions, including point-of-use treatment,
cow/@ educationandregulatory oversight of groundwater extraction and land-use
practices. The contamination of groundwater, therefore, represents a multifaceted
challenge that requires concerted efforts at local, regional, and global levels to mitigate its
impact®. Sustainable groundwater management strategies are essential to ensure that this
invaluable resource remains available for future generations. Recent advancements in

water quality assessment have improved our ability to monitor groundwater
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contamination.Techniques such as atomic absorption spectroscopy (AAS) and inductively
coupled plasma mass spectrometry (ICP-MS) provide accurate measurements of trace
elements*. In microbial analysis, polymerase chain reaction (PCR) techniques have

enhanced the detection of pathogenic organisms®*.

Pollution indices, including the Heavy Metal Pollution Index (HPI) and the Groundwater
Quality Index (GQI), have been developed to simplify the evaluation of water ity data.
These tools enable researchers and policymakers to assess contamin '@Vels and
prioritize interventions. Groundwater pH is affected by multiple fdctors, including the
geological characteristics of the aquifer, the presence of o i atter, and human
activities like industrial waste disposal and agricultural or instance, groundwater
in limestone-dominated areas often has higher alkah ?e to the dissolution of calcium
carbonate’. In contrast, areas rich in organic m&nay have more acidic groundwater
because of natural decomposition. Humaﬁﬂ{@ities such as mining, intensive agriculture,
and wastewater discharge can fud@er groundwater pH. For example, the use of
nitrogen-based fertilizers c A@ﬁy groundwater through the formation of nitric acid.
Groundwater quality s@lent is an essential process in ensuring that this critical
resource remair.ls for various uses. The evaluation of physicochemical parameters,
including H@, EC, hardness, and the concentration of essential and non-essential
element vides valuable insights into the water’s quality and its suitability for
dri?h'wg, irrigation, and industrial purposes. Variations in these parameters are influenced
by both natural processes and anthropogenic activities, making it essential to monitor
groundwater quality regularly to detect potential risks and ensure sustainable water
management practices®. As the demand for clean water continues to rise globally, it is

increasingly important to protect and preserve groundwater resources for future

generations.
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Groundwater plays a critical role in providing essential water resources for drinking,
irrigation, and industrial use. However, one of the growing threats to the quality of
groundwater is contamination by heavy metals. Heavy metals, defined as metallic
elements with high atomic weights and densities, are naturally found in the Earth’s crust.
Despite their natural presence, heavy metals become hazardous when their concentrations
exceed permissible levels in the environment’. Unlike organic pollutants, which can be
broken down by natural processes, heavy metals are non-biodegradable and ersist in
ecosystems for long periods. Over time, they accumulate in living organisms, potentially

O

The sources of heavy metals in groundwater are diverse rg from natural geological

causing serious health risks and environmental damage.

processes to human activities. Naturally occurring h@&etals in the Earth’s crust are
often released into groundwater through proc@such as weathering, erosion, and
mineral dissolution®. For instance, elen@fge arsenic, cadmium, copper, lead, and
mercury are commonly found in rd %ils, and sediments. Over time, these elements
can leach into groundwater @\\3\ natural processes like groundwater movement,
especially in regio§ specific geological formations. In such cases, the

concentrations 02{&
[ ]

pose a signiﬁ@sk to human health when consumed over long periods of time.

etals in groundwater tend to be relatively low, but they can still

While@ral sources of heavy metals contribute to groundwater contamination,
anthropogenic (human-made) activities have become the leading cause of elevated
concentrations of heavy metals in groundwater. Industrial activities, mining operations,
agriculture, and improper waste disposal are major contributors to heavy metal
contamination in groundwater®. Industrial processes, such as the production of electronics,

textiles, and chemicals, often involve the use of heavy metals like lead, mercury, and
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cadmium. Improper disposal of industrial waste containing heavy metals can lead to
contamination of surrounding groundwater resources. For example, the discharge of
untreated wastewater containing heavy metals into rivers, lakes, or groundwater sources
can result in elevated concentrations of these metals in drinking water supplies and

irrigation systems.

Mining activities are another significant source of heavy metals in groundwatersMining
for precious metals, coal, and other minerals can release heavy 1 to the
environment through the process of excavation and ore processing.&mming waste is
often stored in tailing ponds or left in open pits, the metals ca to the surrounding
groundwater over time. This process, known as acid mine age (AMD), occurs when
sulfide minerals in mined rocks react with water and %&ﬁng to the formation of acidic
water with elevated concentrations of heavy m@ike copper, arsenic, and zinc'?, In
some regions, mining activities have\\@ significant contamination of nearby

groundwater aquifers, rendering th e for human consumption and agricultural use.
Agricultural practices, inel the use of untreated manure and the application of
fertilizers containing@ matter, can also introduce pathogens into groundwater. In
h \)\Q%ning activities, microbial contaminants from irrigation systems can
w

s and boreholes, further compromising water quality. Contamination

regions with
contamina

from %% waste is particularly prevalent in areas where livestock farming is common,
as improper disposal of animal excrement can lead to the introduction of harmful
microorganisms into water supplies. Additionally, the improper handling and disposal of
hospital waste or other medical waste can introduce a wide range of pathogens into the

groundwater system, exacerbating the risk of contamination!!.
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The mechanism by which microbial contaminants enter aquifers involves the movement
of water through the soil and rock layers. When rainwater or surface water containing
pathogens seeps into the ground, it can infiltrate the porous media of aquifers, carrying
pathogens along with it. Groundwater in shallow aquifers is especially susceptible to
microbial contamination, as these aquifers are often in close proximity to surface water
and the contaminants in it. However, deeper aquifers, although generally more protected

Qer well

construction or if there are faults in the geological layers that allow %Qyovement of

O
N

A

from surface contaminants, can still become contaminated if there is i

contaminated water from shallower layers!?.
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Chapter Five

Conclusion
5.1 Summary of Findings

The results of this study show that the groundwater quality in Mowe—Ibafo is affected by
both natural factors and human activities, which have led to notable variations in heavy
metal concentrations and key physicochemical parameters.

The pH levels of the groundwater samples ranged from slightly acidic to slight aline.
Some samples fell below the neutral pH of 7, indicating acidic conﬁ/ that can

increase the mobility of toxic metals. Total Dissolved Solids T& levels in some

locations were found to be higher than recommended limits, s increased mineral
content and possible contamination from runoff, soil leachi human activities.
Electrical Conductivity (EC) values corresponded with the TDS results, confirming the

presence of significant amounts of dissolved io&ch indicate higher salinity levels in
some areas. @

The concentrations of certain heavy , such as lead (Pb), cadmium (Cd), and copper
(Cu), exceeded the safe lirpit&@mmended by WHO drinking water standards in some
sampling sites. Elevat @s of lead and cadmium pose serious health risks, including
potential dama%est\' e nervous system, kidneys, and other organs if consumed over long
periods ,The &e}we of these metals suggests possible contamination sources such as

improp e disposal, industrial activities, and leaching from surrounding soils.

A

5.2 Conclusion

The increasing degradation of water quality in the Mowe—Ibafo region can be attributed
largely to unplanned urban expansion, improper waste disposal, intensive agriculture, and
inadequate wastewater management systems. One major concern is nitrate contamination,

which often results from excessive use of nitrogen-based fertilizers in farming and the
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leaching of untreated sewage and animal waste into groundwater sources. High nitrate
levels pose serious health risks, particularly for infants, as they can cause conditions like

methemoglobinemia(‘blue baby syndrome’) and other health complications.

Turbidity, or the cloudiness of water caused by suspended particles, indicates possible
contamination from soil erosion, surface runoff, or poorly managed construction activities.
High turbidity reduces light penetration in water, affecting aquatic ecosy and

potentially harbouring harmful microorganisms that can cause waterbornes.

Increased salinity and high levels of total dissolved solids i'[@’xtay result from
geological factors, but they are often exacerbated by human “activities such as over-

extraction of groundwater, industrial discharges, and il@per waste dumping. Elevated

salinity makes water unsuitable for drinking an&@ion, as it can damage crops and

reduce soil fertility through salinization. \Q(b

Acidic pH levels, meanwhile, can er the mobility of toxic heavy metals such as lead,
cadmium, and copper in g@ater. This increases the likelihood of these metals

entering the human fo it, posing additional health hazards like neurological damage,

kidney problems@t er chronic diseases.

Altogether@ese findings highlight that without immediate action, the communities
Wi@q/lowelbafo region face significant threats to safe drinking water, agricultural
productivity, and overall public health. There is therefore a pressing need for integrated
land use planning, enforcement of stricter pollution control measures, investment in
modern wastewater treatment facilities, and public education to promote sustainable

agricultural practices. If these issues are not urgently addressed through coordinated
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policy and community engagement, the region risks facing an escalating cycle of

environmental degradation and socio-economic challenges in the years to come.

5.3 Recommendations

Going by the findings from this study, the following recommendations are made:

1. There should be regular monitoring and surveillance through the:

i. Establishment of a community-based water quality monitoring framework, ying
monthly testing of key parameters (DO, nitrate, sulphate, TDS, conduct@ing field

kits and confirmatory laboratory tests.

ii. Development a GIS-enabled water quality database to tr: ﬁmnaﬁon hotspots and

seasonal variations. Q

2. There should be pollution control check thro ¢

\S)

i. Implementation of buffer zones be en agricultural lands and groundwater recharge

areas, using vegetative strips o c@cted wetlands to minimize leaching of nitrates and

Qﬁ\

il. Enforcemen.t d%regulation of septic tank maintenance and industrial waste disposal

sulphates.

in the regi:n @%nt leaching into aquifers.

3. @)s ment of public health intervention through the:

i. Provision of public access to decentralized water purification systems (e.g., point-of-use

nitrate filters or solar-powered ultra-filtration systems).

ii. Sensitization of the community members on the health effects of unsafe water and

promote rainwater harvestingas a complementary source of water for domestic usage.
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4. There should be further research on:

1. a comprehensive seasonal study covering both dry and wet seasons to evaluate temporal

dynamics; and

ii. expanded future work to include bacteriological analysis and trace metal monitoring to

A
S

This study adds to existing knowledge by providing updated and lo -spec1ﬁc data on

assess broader contamination.

5.4 Contribution to Knowledge

the current state of groundwater quality in the Mowe—Ibafo rs% area experiencing
rapid urban growth and increasing human activity. The highlights how land use
practices, such as intensive farming, improper w@ sposal, and poor wastewater

management, directly impact key water qua ndicators including nitrate levels,

\

By identifying the link between @1 activities and the presence of pollutants such as

turbidity, salinity, and pH.

nitrates and heavy metals 11®undwater this work emphasizes the need for better land

use planning, stricter b@tlon control measures, and improved environmental policies.

The study ISQy\trlbutes practical insight by demonstrating how groundwater in peri-
urban a §<e Mowe-Ibafo can become unsafe if not properly monitored and managed.
It s\ves as evidence that similar communities in developing countries face comparable

risks when urbanization outpaces infrastructure development.
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5.5 Suggested Areas for Further Research
Groundwater Remediation Methods: Investigate cost-effective and locally appropriate
technologies or methods for treating contaminated groundwater, including both in-situ (in

the ground) and ex-situ (after extraction) techniques.

Seasonal Assessment: Future studies should investigate how groundwater quality
parameters and heavy metal concentrations change between the dry and rahﬁﬁ%ons.

This will help determine seasonal influences on contamination levels. ( Q

N

Detailed Source Identification: More advanced studies using 'ic or geochemical
tracing techniques should be conducted to pinpoint speciﬁ@% of heavy metals and

other pollutants, distinguishing between natural ogenic) and human-made

(anthropogenic) sources. 6(6Q
O

Policy and Governance Studies: E@e the effectiveness of existing water
management and environmental pf@u policies in the region, and explore ways to

strengthen enforcement and s@lder collaboration for better groundwater protection.

N
¢S

x@b
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Appendices
Appendix I : Study Area Description

Location: Mowe-Ibafo is a rapidly developing peri-urban corridor located along the
Lagos—Ibadan Expressway in Obafemi Owode Local Government Area, Ogun State,
Southwestern Nigeria. the area has experienced significant population growth. This
growth is as result of migration of people from Lagos to this area due ﬁable
housing.Mowelbafo is characterized by mixed land uses resid&t@commercial

agricultural, recreational, transportation and industrial activities Q

Coordinates: QO

latitude: 6°40’N and 6°45°N 6(6Q
Longitudes: 3°24°E and 3°28’E ®%
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Appendix II: Sampling Location

Arepo is primarily a residential area, characterized by housing communities. Magboro

serves as a recreational area, featuring parks and leisure spots. Ibafo functions as a

commercial center with markets and business activities. Mowe is an industrial area,

hosting factories and production facilities. Shimawa is dedicated to agriculture, with

farms and cultivated lands. Lotto acts as a transportation hub, connecting maj oﬁ% and

transit points.

O
< C

Sample ID Sampling location GPS cordinates miple Description
ypes
S1 Arepo 6.7552° N N | Water Residential
O Area
3.2578° Q
S2 Magboro 6.714 Water Recreational
&\[ Area
S3 Ibafo \{%VO 1°N Water Commercial
\ Area
o\ 13.4221°N
S4 Mowe &0\3 6.8107° N Water Industrial Area
. \Q} 3.4366° N
S5 Shimay/a, 6.7641° N Water Agricultural
Q Area
3 3.4884° N
S6 *X[to 6.80199° N Water Transportation
(} Area
N 342117° N
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Appendix III: Sample Preparation and Analytical Methods
* Pre-cleaned 1.5-litre polyethylene bottles were used for sampling.

* Before sampling, bottles were rinsed three times with the groundwater at each site to

avoid contamination.

* For heavy metal analysis, samples were preserved by adding a few@s of

concentrated nitric acid (HNOs) to reduce the pH below 2. ( 0
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Appendix IV: List of Analyzed Physico-chemical Parameters and Heavy Metals

. Salinity

. Temperature

.PH

. Total Dissolved Solids
. Conductivity

ORP

. Turbidity

. Dissolved Oxygen Q\

. Hardness

10. Nitrate ( 0
11. Sulphate /\

Heavy Metals %
Asenic (As)
Copper (Cu) QO
Cadmium (Cd) Q
Zinc (Zn) b’b
Maganese (Mn) ’b
Combalt (Co) @

Iron (Fe) ’\%

N R Y N N

Nk WD =
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Appendix V:Quality Assurance and Quality Control (QA/QC)

* Triplicate samples were taken at selected locations to check reproducibility.

* Glassware and sampling containers were cleaned with distilled water and acid-washed.

* All reagents used were of analytical grade.
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Appendix VI: Health Risk

* The primary pathway for human exposure is direct consumption of contaminated

groundwater used for drinking and cooking.

* Ingestion of water containing heavy metals, nitrates, or pathogens can lead to both acute

and chronic health effects.

* Residents may come into contact with contaminated water during bath@shmg, or

other domestic uses.
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Appendix VII: Questionnaire

1 . How do you obtain your drinking water?

2. Are there any noticeable changes in the water quality?

3 . Have you experienced any water-borne diseases recently?
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