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ABSTRACT

This study investigates the impact of solid waste disposal on the quality of
groundwater in Ganmo and Amayo communities in Ilorin, Kwara State, Nigeria. The
research was driven by increasing concerns about the proximity of open dumpsites to
residential wells and the associated health risks posed by possible contamination of
water sources. A total of six (6) wells and one (1) borehole (used as control) were
selected near two major dumpsites. Water samples were collected and analyzed for
various physicochemical and bacteriological parameters including pH, turbidity,
electrical conductivity, total dissolved solids (TDS), total hardness, nitrate, chloride,
iron, lead, total coliform, and E. coli. The results were compared with national and
international water quality standards (NSDWQ and WHO).

Findings revealed that most of the water samples exceeded permissible limits
in parameters such as turbidity, electrical conductivity, and bacteriological indicators,
particularly in wells closer to the dumpsites. Strong correlations were found between
pollutant levels and proximity to waste sites, suggesting significant leachate
infiltration. The study concludes that improper solid waste management significantly
deteriorates groundwater quality, posing serious public health risks. It recommends

strict enforcement of environmental regulations, proper siting of waste disposal units,
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regular water quality monitoring, and public awareness campaigns on safe water

practices.
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CHAPTER ONE
INTRODUCTION
1.1  Background of the Study

Solid wastes are unwanted or useless solid materials generated from human activities in
residential, industrial or commercial areas. Solid wastes also mean any garbage, refuse, sludge
from a wastewater treatment plant, or air pollution control facility and other discarded materials
including solid, liquid, semi-solid, or contained gaseous material, resulting from industrial,
commercial, mining and agricultural operations (Vergara and Tchobanoglous, 2012). Solid waste
is any discarded or abandoned material. Solid wastes can be solid, liquid, semi-solid or
containerized gaseous material.

Underground water being that part of precipitation that infiltrates through the soil down to
the water table. Underground water is mostly contained in aquifers which are water bearing rock
made of layers of permeable rock, sand, or gravel through which groundwater flows, containing
enough water to supply wells and springs (Greenburg 2005). When rain falls to the ground, some
waters flow along the earth's surface to the streams or lakes, while some are used by plants, some
are returned back to the atmosphere through leaves of plants via transpiration, some evaporate and
return to the atmosphere while some infiltrate into the ground. Underground water is found in the
cracks and spaces in the soil, sand and rock. It moves slowly through layers of soil, sand and rock
also known as aquifers. According to Edwards (2013), aquifers typically are made of a
conglomeration of gravel, sand, stone or fractured rock, like limestone. The speed at which the
groundwater flows depends on the size of spaces in the soil or rock and how well the spaces are
connected. Saturation zone is the zone at which water completely fills the aquifer. The water table

is located above the saturation zone, the water table depth varies due to many factors, it may also



rise and fall depending on many factors, heavy rainfall may cause the water table to rise while
heavy pumping of the groundwater supplies may cause the water table to fall.

Ravenscroft (2007) has suggested that underground water is polluted by human activities,
in areas where material above the aquifer is permeable, pollutants can be easily sunk into the
groundwater. Of the global quantity of available freshwater, more than 98% is groundwater stored
in pore spaces and fractures of rock strata (Smith 2016). Dumping of refuse affects the groundwater
in that biodegradable solids are decomposed and leaches into the soil to reach the groundwater.
This is faster when rain falls and wash down the decomposed materials down into the groundwater,
although the water gets cleaner as it percolates down the earth surface into various strata of soil,
but there are some dissolved solids, metals and salts which will not be removed from the water and
thereby reaches the groundwater, and reduces the quality of the groundwater fit for drinking.

Many houses these days do not have proper means of solid waste disposal, it is common in
the area of study that people living in the area use open dumping and burning as their means of
solid waste disposal. Many landlords face the need to provide a source of water for their homes as
water is needed in human being’s daily activities which make some dig wells or boreholes to reach
the groundwater without considering certain distances between the well and their dumping sites.
Drinking contaminated groundwater causes several diseases, therefore, this study is done to
analyze certain samples of water taken from wells near dumping sites and deduce meaningful
conclusions on the potability of the water samples analyzed.

1.2 Statement of the Problem

Generation, collection and proper management of solid waste from household, industries,
markets, abattoir and shops result in improving the standard of living of the inhabitants. The
location of dumpsites closest to the wells and groundwater recharge areas easily release pollutants

to these water bodies. With gradual accumulation, pollutants can become harmful to the end users.



Therefore, assessment of water quality is an important aspect of water evaluation and the standard
of living of the people.
1.3  Aim and Objectives

The aim of this work is to determine the impacts of solid waste on ground water quality
used for domestic purposes.
The specific objectives of this work are to:
a) ldentify wells close to dump sites in Ganmo/Amayo Town
b) Determine the physico-chemical characteristics of the water samples taken from the selected

wells in the areas of study and compare it WHO and NSDWQ standard
c) Determine the correlation between levels of pollutants in selected wells with distances from
the dumping site.

d) Evaluate the engineering features of the selected wells.
e) Recommend best practices for preventing pollution of wells.
1.4 Justification for the Study

Wells located very close to a refuse dumping site are harmful to human health because of
the increased level of pollutants and contaminants, which are caused by the solid wastes.
Subsequently, there is a need for a better and safer source of water for drinking purposes and other
domestic purposes. Accordingly, if the groundwater sources are located at an acceptable distance
from the dumping site, it will hugely reduce the health hazards caused by water in the body systems
of the people using the water.
1.5  Scope of the Study

The scope of this study covers laboratory analysis and assessment of different wells in

relation to municipal solid wastes at Ganmo/Amayo community in llorin. The analysis was carried



out to examine the characteristics of solid wastes, physico-chemical characteristics of soil at the
dumpsites and physicochemical characteristics of the wells within the proximity of the dumpsites.
This study will test for the effects of solid wastes on the quality of groundwater samples
using various tests such as tests for chlorides, test for hardness in water, turbidity test, acidity test,
alkalinity test, test for suspended solids, test for total solids etc.
1.6 Limitation of the Study
The study determined the effects of dumpsite leachate on the groundwater and surface in
the study area. This study is limited to only this particular community (Ganmo and Amoyo) and
seven samples (7) as the representative of the community and the parameters measured were
limited by financial constraints and time hence the results are limited in revealing the trends over

time.



CHAPTER TWO
LITERATURE REVIEW

21  Waste

These are unwanted or unusable items, remains, or byproducts, or household garbage,
chemical waste, the undigested remainder of food expelled from the body as excrement, used or
contaminated water from domestic, industrial, or mining applications.
2.2 Sources of Waste

Sources of waste can be broadly classified into four types: Industrial, Commercial,
Domestic, and Agricultural.
2.2.1 Industrial waste

These are the wastes produced by industrial activity which includes any material that is
rendered useless during a manufacturing process such as that of factories, industries, mills, and
mining operations. Most of the toxic industrial wastes are dumped on waste lands for slow and
gradual decomposition. Some industries dump their effluents on barren land, road sides creating a
very unhygienic environment for the local population. Some of the effluents have heavy metals
which pollute the groundwater through seepage during the monsoon season (US EPA OAR, 2015).
Some heavy metals have been found slowly accumulating on land soils. One such most toxic heavy
metal is cadmium which is present in traces in some fertilizers. Examples are plastic, glass, etc.
2.2.2 Institutional waste

These are wastes produced from institutions such as schools, hospitals, or prisons. These
include wastes not typically found in the households but hazardous waste in circumstances.
2.2.3 Commercial waste

Commercial waste can be defined as any waste generated as a result of carrying out a

business, including associated lawn and garden clippings from normal maintenance of the business



premises. It also includes rubbish produced by customers i.e., food wrappers and containers.
Example: plastic, paper, etc.
2.2.4 Domestic waste

The different household wastes which are collected during household activities like
cooking, cleaning, etc. are known as domestic wastes. Examples are leaves, vegetable peels,
excreta, etc.
2.2.5 Agricultural waste

Various wastes produced in the agricultural field are known as agricultural wastes.
Chemical fertilizers increase soil fertility and give better crop yield in lesser time. Shortly, the land
becomes saline, acidic or alkaline and loses fertility. Pesticides and Biocides are toxic chemicals
used in crop fields which are not eco-friendly. They enter into crops and then into primary and
secondary consumers. Even human beings are affected due to biomagnification. In underdeveloped
and developing countries, the poor sanitary conditions aggravate soil pollution (Tietz and Jeff,
2006). The excreta of man and animals, digested sewage sludge used as manure pollute the soil.
Several germs present in such wastes contaminate soil, vegetables, and water bodies causing severe
health hazards. Examples are cattle waste, weed, husk, etc.
2.2.6  Municipal solid wastes

These are solid wastes from home, offices, stores, schools, hospitals, hotels etc. These
domestic solid wastes one usually thrown in municipal garbage collecting cans or on road side
open waste lands (Kumar et al, 2016). They are collected by municipality vehicles to certain
garbage disposal sites. They are dumped over a large area of land which becomes the breeding
ground of flies and rats. Usually, they are not burnt to reduce the volume because burning would

cause air pollution which is still more dangerous.



2.2.7 Mining solid wastes

They include mine dust, rock tailing, slack and slag. Open cast mining completely spoils
the surrounding soil. Toxic chemicals and metals present in the mining wastes destroy vegetation
and produce many deformities in animals and human beings.
2.2.8 Electronic wastes

The latest solid waste that has appeared in the last twenty years commonly known as e-
wastes is no less harmful. Irreparable computer and electronic goods. Frequently, more efficient
and user-friendly electronic items appear in the market thus discarding the old generation
equipment which simply become garbage or solid wastes. Over half of the e-wastes generated in
developed countries are exported to developing countries where they ultimately increase the e-
garbage proportions (Blau, 2006).
2.2.9 Hospital wastes

Hospitals generate hazardous wastes that contain disinfectants, other harmful chemicals
and pathogenic microorganisms. Such wastes require careful treatment and disposal. The use of
incinerators is crucial for disposal of hospital wastes.
2.3 Types of Wastes

Common waste is classified into two types: Biodegradable and Non-biodegradable waste.
These two kinds of wastes are explained below:
2.3.1 Biodegradable waste

These are the wastes that come from our kitchen and it includes food remains, garden
waste, etc. Biodegradable waste is also known as moist waste. This can be composted to obtain
manure.

Biodegradable wastes decompose themselves over a period of time depending on the

material.



2.3.2 Non-biodegradable waste

These are the wastes which include old newspaper, broken glass pieces, plastics, etc.
Nonbiodegradable waste is known as dry waste. Dry wastes can be recycled and can be reused.
Nonbiodegradable wastes do not decompose by themselves and hence are major pollutants.
2.4 Solid Waste

Solid waste means any garbage, refuse, sludge from a wastewater treatment plant, water
supply treatment plant, or air pollution control facility and other discarded materials including
solid, liquid, semi-solid, or contained gaseous material, resulting from industrial, commercial,
mining and agricultural operations, and from community activities, but does not include solid or
dissolved materials in domestic sewage, or solid or dissolved materials in irrigation return flows
or industrial discharges that are point sources from manufacturing plants (Kumar et al, 2016).
Examples of solid waste include: waste tires, septage, scrap metal, latex paints, furniture and toys,
garbage, appliances and vehicles, oil and antifreeze, empty aerosol cans, paint cans and
compressed gas cylinders, construction and demolition debris, asbestos.
2.4.1 Classes of solid wastes
a) Household waste is generally classified as municipal waste,
b) Industrial waste as hazardous waste, and
c) Biomedical waste or hospital waste as infectious waste.
i) Hazardous waste

Industrial and hospital waste is considered hazardous as they may contain toxic substances.
Certain types of household waste are also hazardous. Hazardous wastes could be highly toxic to
humans, animals, and plants; are corrosive, highly inflammable, or explosive; and react when
exposed to certain things e.g., gases (Horinko et al, 2016). Household waste that can be categorized

as hazardous waste include old batteries, shoe polish, paint tins, old medicines, and medicine



bottles. Hospital waste contaminated by chemicals used in hospitals is considered hazardous.
These chemicals include formaldehyde and phenols, which are used as disinfectants, and mercury,
which is used in thermometers or equipment that measure blood pressure. Hospital waste is
generated during the diagnosis, treatment, or immunization of human beings or animals or in
research activities in these fields or in the production or testing of biologicals. It may include
wastes like sharps, soiled waste, disposables, anatomical waste, cultures, discarded medicines,
chemical wastes, etc. These are in the form of disposable syringes, swabs, bandages, body fluids,
human excreta, etc. This waste is highly infectious and can be a serious threat to human health if
not managed in a scientific and discriminate manner.
i) Non-hazardous waste

All waste materials not specifically deemed hazardous under federal law are considered
nonhazardous wastes. It includes paper, wood, plastics, glass, metals, and chemicals, as well as
other materials generated by industrial, commercial, agricultural, and residential sources. Even
though these wastes are not defined as hazardous, improper management of them poses significant
risks to the environment and human health (Horinko and Courtin, 2016). Therefore, the handling,
transport, and disposal of nonhazardous wastes is regulated by the government, largely at the state
and local level. The extent to which a particular waste is deemed non-hazardous depends on both
its physical and chemical nature and the source from which it comes.
Some of the types of nonhazardous waste known are the following;
(@) Agricultural waste: Non-Hazardous components include animal manure, urine, and

bedding materials.
(b) Batteries: These contain heavy metals such as mercury, lead, cadmium, and nickel, that

contaminates the environment if batteries are improperly disposed of.
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Construction & demolition debris: Materials generated during the construction,
renovation, and demolition of buildings, roads, and bridges.

Industrial waste: Non-Hazardous waste produced by industries in the country.

Medical waste: Solid waste generated in the diagnosis, treatment, or immunization of
human beings or animals.

Municipal solid waste Trash or garbage generated by households and commercial
institutions consisting of everyday items such as product packaging, grass clippings,
furniture, clothing, bottles, food scraps, newspapers, appliances, paint and batteries.
Scrap tires: Used automotive tires that are destined for disposal.

Special wastes: Industrial wastes deemed non-hazardous by the Environmental Protection
Agency (EPA) pending further study are cement kiln dust, crude oil and natural gas wastes,
fossil fuel combustion wastes, and certain mineral processing and mining wastes.

Effects of Municipal Solid Waste on the Environment

Uncontrolled strong waste dumping exposes urban inhabitants to potential dangers from

polluted water especially those living adjoining to dumpsites, unhealthy food sources, air, land,

and vegetation contamination. Poor solid waste disposal and handling of wastes leads to

environmental degradation, ecosystem destruction and high risks to public health. Such

accumulations of solid wastes are a health hazard not only to urban residents but threaten the

environment (UNEP, 2005). Environmental problems associated with solid waste range from

health hazards, water pollution and soil, offensive odor and repulsive sight. The outcome of this

all is degradation of our environmental quality (AbdusSalam et al.,2011).

Most dumpsites are sited within the vicinity of living communities and wetlands. The

dumpsites are often not technologically sited for adsorption of toxic substances. Therefore, makes

them responsive to discharge pollutants to nearby water bodies and to the air through leachates or



dumpsite gases respectively (Kulikowska and Klimiuk, 2008). Many water resources have been
earmarked as being hazardous to man as well as other living systems (Moh, 2012).

The highest numbers of the uncontrolled dumping sites are many years old with unmanaged
waste disposal techniques. Such dumping sites have significant environmental impacts. Solid
waste poses significant life-threatening potential health of the terrestrial, aquatic and aerial
environments (Odukoya et al., 2000).

2.6 Challenges of urban solid waste management

Attitudes towards waste management about dumping sites greatly affect the municipal
solid waste management system. Municipal solid waste management starting from household
waste storage, to waste segregation, recycling, collection frequency, willingness to pay for waste
management services, and opposition to sitting of waste treatment and disposal facilities depend
on public awareness and participation. Awareness and involvement in the management of the
dumping sites has equal significance to the proper solid waste management for health and well-
being of the people. This restricts use of community and societal approaches in the management
of solid waste management services (Zurbrugg, 2003).

2.7 Impacts of Solid Waste Management

Leachate is toxic to the surface and to groundwater. Contamination of these water sources
is detrimental to health. Many communities in less-developed regions rely on untreated surface
water and well-water for drinking and other domestic purposes. The potentials of land and water
contamination as a result of improper solid waste management concerns many researchers. Despite
natures rejuvenating capacity solid wastes lack dilution to absorb or reduce the impact of residues,
in waterways and on land. More coordinated effort is needed to protect. Preventive and

environmental control is necessary for sustainable solid waste management practice.



2.7.1 Waste Depth

Concentration of constituents in leachate is found in lower parts in the landfills. Surface
rocks and the geology of the dumping site determine the solid waste saturation. This is in respect
to the breakdown and distribution that take place in the process of waste decomposition. Water
seepage from landfills carries chemical toxicants from disintegrating waste material. Waste age
and waste depth increases leachate toxicity (Ahmed et al., 2012).
2.7.2 Landfill Age

The duration of time for solid dumping determines waste decomposition in the landfills.
The leachate forms in layers and becomes toxic with time (Asadi, 2008). Leachate of recent landfill
contains high COD and BOD with gradual subsequent reduction in the lower layers. (Asadi, 2008).
Carboncontaining compounds decompose faster than inorganic compounds with age. (Chiang,
Chang & Chung, 2001). Inorganic compounds are not so toxic as they are removed through
infiltration by rainfall (Chiang et al., 2001). Sulphate reduced to sulphide through infiltration
precipitates heavy metals (Adhikari, Khanal & Manandhar, 2013). Leachate quality in the landfills
becomes toxic as organic matter therein undergoes stabilization (Adhikari et al., 2013).
2.7.3 Leachate Formation

Municipal solid waste disposal sites have been associated with surface and groundwater
pollution. The gradual decomposition of organic substances at the dumping sites needs to be
addressed (Zouboulis, 2002). Depositing of solid wastes from any source’s forms leachate within
the dump and landfills. This is a resultant of the Physical, chemical and biological processes
(Kjeldsenet al., 2002). Physicochemical characteristics of leachate depend on the source of the
solid waste materials and volume. The geology, compaction and moisture content play a role in

the retention of the contaminants. Water flow and climatic conditions determine leachate toxicity



(WHO, 2006). Researchers, such as Kjeldsen et al. (2002) in their research of groundwater
contamination ascertain that availability of water is crucial in solid waste decomposition.
2.7.4 Leachate Composition

Municipal leachate is a composite of organic and inorganic components. This is a result of
the diverse origin of the deposited solid wastes. In most developing countries with low technology
for managing solid waste generation and management the management of solid wastes is still
underdeveloped (Tatsi and Zouboulis, 2002). Underdeveloped solid waste management practices
pose a threat to the quality and sustainability of soil and water resources. Leachate’s pollution in
the municipality is a major limitation to municipal waste management.
2.7.5 lons

Most municipal solid waste contain cations: Ca?*, Mg?*, Na*, K*, Fe?*, Mn?" and NH4* and
anions:
HCOs', Cl-and SO4? the distribution of ions in leachate toxicity are varied (Christensen et al., 2001)
2.7.6 Trace Elements

Organic and inorganic elements have been detected in solid waste leachates. Mainly are
from solid wastes indiscriminately deposited. Typically reported trace elements include Cd, Cr,
Cu, Ni, Pb, and Zn; most of them are regulated by water quality standards due to toxicity and half-
life (Jorstad, 2006).
2.7.7 Heavy Metals

Many studies have confirmed that the concentrations of heavy metals in leachates are
usually very low. However, they may constitute a significant environmental threat, even when very
low concentrations (ug/l) are leached into surface water or groundwater resources (Ehring, 1983).
Their relative abundance in leachate differs greatly between different dumps and landfills. The

typically reported heavy metals in leachates include: Cd, Pb, Zn, Ni, Cr, and Cu.



Although significant quantities of heavy metals are found in solid wastes only a small fraction is
leached to the underground water aquifers with time. Their solubility in leachates is influenced by
factors such as: Ph, redox potential and ion exchange capacity in the waste mass (Christensen et
al., 2001).

2.7.8 Dissolved Organic Matter

Dissolved organic covers a variety of organic products. These range from nonvolatile acids
to refractory fulvic and humic-like compounds (Kjeldsen & Christophesen, 2001). Concentrations
for this study were phsico-chemical and biological parameters. (Jorstad, 2006). Their
concentrations are described by parameters such; Total Dissolved Substances (TDS), Total
Suspended Substances (TSS) and Total counts in coliforms (Jorstad, 2006).

2.8 Solid Waste Management

Human and animal activities generate different kinds of wastes. These wastes are generally
in solid form, and may cause pollution of land, water, and air unless treated and disposed of
(Herbert and Lewis, 2007). The process of collection, transportation, treatment, and disposal can
be grouped under solid waste management.

The main sources for solid wastes are domestic, commercial, industrial, municipal, and
agricultural wastes. The increase in the quantity of solid waste is due to overpopulation, affluence,
and technological advancement.

2.8.1 Components of solid waste management

The municipal solid waste industry has four components: recycling, composting, disposal,
and wasteto-energy via incineration. The Waste Management Hierarchy is made up of four levels
ordered from most preferred to least preferred methods based on their environmental soundness:
Source reduction and reuse; recycling or composting; energy recovery; treatment and disposal.

The following steps are involved in solid waste management.



2.8.2 Collection of solid waste

The functional element of collection includes not only the gathering of solid waste and
recyclable materials, but also the transport of these materials, after collection, to the location where
the collection vehicle is emptied. The collected waste is then separated into hazardous and non-
hazardous materials. There are a number of waste separation technologies available such as air
stripping, stream stripping, carbon absorption, and precipitation. This location may be a materials
processing facility, a transfer station or a landfill disposal site. Collection of solid waste is
subdivided into the following;
)} Waste handling and separation, storage and processing at the source

Waste handling and separation involves activities associated with waste management until
the waste is placed in storage containers for collection. Handling also encompasses the movement
of loaded containers to the point of collection. Separating different types of waste components is
an important step in the handling and storage of solid waste at the source of collection.
i) Segregation and processing and transformation of solid wastes

The types of means and facilities that are now used for the recovery of waste materials that
have been separated at the source include curbside collection, drop-off and buy-back centers. The
separation and processing of wastes that have been separated at the source and the separation of
commingled wastes usually occur at a materials recovery facility, transfer stations, combustion
facilities and treatment plants.
iii) Transfer and transport

This element involves two main steps. First, the waste is transferred from a smaller
collection vehicle to larger transport equipment. The waste is then transported, usually over long

distances, to a processing or disposal site.



2.8.3 Disposal

Today, the disposal of wastes by landfilling or land spreading is the ultimate fate of all
solid wastes, whether they are residential wastes collected and transported directly to a landfill
site, residual materials from materials recovery facilities (MRFs), residue from the combustion of
solid waste, compost, or other substances from various solid waste processing facilities. According
to Davidson and Gary (2011), a modern sanitary landfill is not a dump; it is an engineered facility
used for disposing of solid wastes on land without creating nuisances or hazards to the public
health or safety, such as the problems of insects and the contamination of groundwater. Before the
final disposal of the solid wastes, it is processed to recover the usable resources and to improve the
efficiency of the solid waste disposal system. The main processing technologies are compaction,
incineration, and manual separation. The appropriate solid waste disposal method has to be
selected, keeping in view the following objectives: — should be economically viable
—should not create a health hazard
— should not cause adverse environmental effects
— should not result in unpleasant sight, odor, and noise.
2.8.4 Reusing

In recent years, some environmental organizations (for example jiji.com, efritin.com,
olx.com), have been gaining popularity for their online reuse networks (Sheftalovich and Zoya,
2016). These networks provide a worldwide online registry of unwanted items that would
otherwise be thrown away, for individuals and nonprofits to reuse or recycle. Therefore, this free
internet-based service reduces landfill pollution and promotes the gift economy.
The solid wastes can be properly utilized or reused to reap the benefits such as:
— conservation of natural resources

— economic development



— generate many useful products
— employment opportunities
— control of air pollution.
2.8.5 Landfills

Landfills are created by land dumping. Land dumping methods vary, most commonly it
involves the mass dumping of waste into a designated area, usually a hole or sidehill. After the
waste is dumped, it is then compacted by large machines. When the dumping cell is full, it is then
"sealed" with a plastic sheet and covered in several feet of dirt. This is because landfills pose the
threat of pollution and can intoxicate ground water. The signs of pollution are effectively masked
by disposal companies and it is often hard to see any evidence. Usually, landfills are surrounded
by large walls or fences hiding the mounds of debris. Large amounts of chemical odor eliminating
agents are sprayed in the air surrounding landfills to hide the evidence of the rotting waste inside
the plant (Horinko and Courtin, 2016).
2.8.6 Energy generation

Municipal solid waste (MSW) can be used to generate energy. Several technologies have
been developed that make the processing of MSW for energy generation cleaner and more
economical than ever before, including landfill gas capture, combustion, pyrolysis, gasification,
and plasma arc gasification. While older waste incineration plants emitted a lot of pollutants, recent
regulatory changes and new technologies have significantly reduced this concern. The
Environmental Protection Agency (EPA) noted these improvements in the year 2003, citing waste-
to-energy as a power source "with less environmental impact than almost any other source of

electricity".



2.9  Waste Recycling

Recycling of waste products is very important as this process helps in processing waste or
used products into useful or new products. Recycling helps in controlling air, water, and land
pollution. It also uses less energy. There are a number of items that can be recycled like paper,
plastic, glass, etc. Recycling helps in conserving natural resources and also helps in conserving
energy. Recycling helps in protecting the environment as it helps in reducing air, water, and soil
pollution.
2.10 Sources of Surface Water
Natural springs: In the olden days, one could just drink from a spring but in this modern age, the
water must be tested to be sure it is free of chemical toxins and purified of biological organisms.
To purify the water without adding anything, ozone is used. Ozone reduces to ordinary oxygen,
which is normally suspended in water or released into the atmosphere. It is then bottled to make
bottled spring water. If the water is naturally carbonated, then it is sparkling water.
Lakes and rivers: In recent times, these are quite polluted, but they are the source of tap water.
Tap water is purified and disinfected, usually with chlorine sometimes fluoride is added.
The ocean: Salty Ocean water can be made drinkable through desalination, filtration or chemically
decontamination. This is how many campers get drinkable water when camping. Drinking water
from streams without decontaminating it risks giardia and other illnesses. Although ocean water
makes up nearly 97 percent of all water on earth, it is not a viable source of potable water unless
salt and other impurities are removed. Desalination, the process by which salt is removed from
water, is a rapidly growing practice. While salt and other microscopic particles can be removed
from water in a variety of ways, the most promising method is through reverse osmosis. This
process forces saltwater through filters with microscopic pores that remove salt and other

microbes. Reverse osmosis requires large amounts of energy, making it a very expensive process.



Wells: Wells can be either near the surface or they can draw up water from very deep. They need
to be tested for purity. But some wells offer pure, drinkable water (bore hole).
Rainwater: Rainwater is usually pure, it may get dirty and contaminated by the roof, gutters or
pipes, surface where it is caught and sometimes the storage in which the water is stored
contaminates the rainwater.
Ice caps and glacial melting: Of the 3 percent of earth's water considered freshwater, 70 percent
of that small amount is currently locked in glaciers and ice caps. In theory, frozen glacial and ice
cap water could be melted and used, but the amount of energy needed to melt and transport vast
quantities of ice make it economically impractical. Glaciers and ice caps also play vitally important
roles in the regulation of earth's climates and global temperatures, making their preservation very
important.
2.11 Properties of Water

Water (H20) is a polar inorganic compound that at room temperature, it is a tasteless and
odorless liquid, which is nearly colorless apart from an inherent hint of blue. It is by far the most
studied chemical compound and is described as the "universal solvent” and the "solvent of life". It
is the most abundant substance on Earth and the only common substance to exist as a solid, liquid,
and gas on the Earth's surface. It is also the third most abundant molecule in the universe. Water
molecules form hydrogen bonds with each other and are strongly polar. This polarity allows it to
dissociate ions in salts and bond to other polar substances such as alcohols and acids, thus
dissolving them. Its hydrogen bonding causes its many unique properties, such as having a solid
form less dense than its liquid form, a relatively high boiling point of 100 °C for its molar mass,
and a high heat capacity .Water is amphoteric, meaning that it can exhibit properties of an acid.
Water is the chemical substance with chemical formula H2O; one molecule of water has two

hydrogen atoms covalently bonded to a single oxygen atom. Water is a tasteless, odorless liquid at
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ambient temperature and pressure. According to (Braun et al, 1993), liquid water has weak
absorption bands at wavelengths of around 750 nm which cause it to appear to have a blue color.
This can easily be observed in a water-filled bath or wash-basin whose lining is white. Large ice
crystals, as in glaciers, also appear blue.

Unlike other analogous hydrides of the oxygen family, water is primarily a liquid under
standard conditions due to hydrogen bonding. The molecules of water are constantly moving in
relation to each other, and the hydrogen bonds are continually breaking and reforming at timescales
faster than 200 femtoseconds (2x10~! seconds) (Richardson et al, 2016). However, these bonds
are strong enough to create many of the peculiar properties of water, some of which make it integral
to life.

The following are the physical properties of water:
Water, ice, and vapor

Within the Earth's atmosphere and surface, the liquid phase is the most common and is the
form that is generally denoted by the word "water". The solid phase of water is known as ice and
commonly takes the structure of hard, amalgamated crystals, such as ice cubes, or loosely
accumulated granular crystals, like snow. The gaseous phase of water is known as water vapor (or
steam). Visible steam and clouds are formed from minute droplets of water suspended in the air.

Water also forms a supercritical fluid. The critical temperature is 647 K and the critical
pressure is 22.064 MPa. A likely example of naturally occurring supercritical water is in the hottest
parts of deep water hydrothermal vents, in which water is heated to the critical temperature by
volcanic plumes and the critical pressure is caused by the weight of the ocean at the extreme depths
where the vents are located. This pressure is reached at a depth of about 2200 meters: much less
than the mean depth of the ocean (3800 meters). The following are the properties of water in the

three possible existing forms (water, vapor, ice).
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2.12  Groundwater Supplies

Groundwater exists within the pore spaces and breaks in rocks and dregs underneath the
Earth’s surface.

It starts as precipitation or snow. It permeates through the soil profile into the groundwater
framework. With time the boring of wells makes its way back to surface streams, oceans, or lakes.
Utilized broadly for household, industrial and agrarian purposes, groundwater resources constitute
an imperative component of water supply frameworks in many parts of the world. The water source
has wide conveyance, inexpensiveness, dependability, and has less chemical and microbial quality
than surface water, and requires little or no treatment before use (Morris, 2003).

About half of the populaces of the world’s population rely almost on groundwater for
potable water supplies (UNEP, 2010). In Africa, almost 75% of the population depends on
groundwater for water supply. In other nations that get minimal precipitation such as Libya,
Tunisia, Namibia, and Botswana, groundwater is the single source of potable water (WWAP, 2012)
2.13  Water Quality Standards and Guidelines

Water Quality Standards and Guidelines are primarily aimed at protecting public health
and aquatic life. The standards and guidelines are established case wise by each country to regulate
the levels of contaminants permitted in their various water sources (Onemano and Otum, 2003).
They consist of the water quality criteria to protect users, determine if they are being attained,
water body’s designated uses, and anti-degradation policies to protect high-quality water bodies.
Water quality degradation has attracted the attention of many organizations such as WHO in efforts
to promote a worldwide response to water quality deterioration.

The WHO Guidelines for Drinking-Water Quality (GDWQ) covers the Physical, chemical
and microbiological aspects of water quality (WHO, 2006). The guidelines are regularly updated

based on scientific research and consultations with various stakeholders and professionals which



leads to the periodic release of revised documents (WHO, 2011). The third and fourth editions of
the guidelines were published in 2004-2008 and 2011 respectively.

The WHO recommended Guidelines for Drinking-Water Quality are not mandatory limits,
although they are intended to form a basis for individual countries to formulate and regulate their
national water quality standards and guidelines in the context of local or national environmental,
social, economic and cultural conditions. Proper implementation of the WHO guidelines will
ensure the safety of drinking water supplies by elimination or reduction to a minimum acceptable
concentration of constituents of water known to be hazardous to health (WHO, 2011).

The Guidelines for Drinking-Water Quality are generic and are aimed to protect worldwide
public health. The most important stage of implementation of these standards is the conversion and
adaptation of the underlying Philosophy, guidance and given numeric values to quality standards
defined per country. Unlike in developed countries that have attained higher standards in
addressing water quality issues, the situation in Nigeria remains uncertain. However, Nigeria is
making efforts to follow the global trends of reducing standard concentration levels through the
NEBS and NEMA that have localized the international standards for the Nigerian case.

2.14  Pollution of Groundwater and Surface Water

The vulnerability of groundwater to pollution indicates combinations of geological and
hydrological parameters give risks associated with groundwater pollution than other combinations
(Dimitriou, 2008). Groundwater aquifers are hydraulically connected to the overlying land surface
through interwoven pore fringes. The vulnerability of an aquifer to contamination depends on this.
Groundwater that gets water and contamination from the land surface is considered more helpless
than groundwater that gets water and contaminants more gradually and in lower quantities.

The quality of groundwater depends on the relative number of contaminants that reach the

aquifer, the travel time of contaminants, and the topographical system contaminants-attenuation



capacity. The degree of attenuations occurs depends on soil and rock type and type of contaminant
and the related action (WHO, 2006).

Any effort to control or prevent surface and groundwater pollution in any area requires
adequate proper understanding of such natural intrinsic characteristics of any targeted aquifer in
terms of vulnerability to contamination and the background information of the activities in the area
in question.

2.15 Potential Health Effects of contaminated surface water flow and groundwater

Land filling is a common globally though, it’s a controlled method of disposing solid
wastes on land with the purposes of eliminating public health, environmental hazards and
minimizing nuisances without contaminating surface or subsurface water resources. Despite this,
many dumping sites are inadequate of lining and precautions in the construction leading to seepage
of leachate from the decomposition of the organic wastes (Butt and Ghaffar, 2012: Longe and
Balogun, 2010). In such dumping sites, the leachate continues to percolate into the ground and
may contaminate groundwater sources (USEPA, 2003: Mor, Ravindra, Dahiya, and Chandra,
2006). Gradual contamination of groundwater resources has a potential risk to the natural
environment and to the health of users especially children and elderly people (Mor et al., 2006).

Many water borne diseases such as diarrhoea, typhoid, cholera, paratyphoid, hepatitis,
enteric fever, dermatitis, blue baby syndrome can be caused by drinking water that has high
nitrates. Benzene, a known component of gasoline, is a human carcinogen (Butt & Igbal, 2007).
The serious health effects of lead such as learning disabilities in children; kidney, nerve, liver
problems; and pregnancy risks. The best way to reduce the health risks associated with poor
drinking water quality is by preventing contaminants from reaching the ground water is (Butt &

Igbal, 2007).



2.16 Effects of Water Pollutants on Health

Water naturally contains small amounts of broken up substances such as zinc, calcium,
magnesium, and indeed pollution like residue, sand, and microbial substances under typical
circumstances. These quantities are considered safe for human use; however, when they exceed
threshold limits, then the water is polluted (Christensen et al., 2001). Metal ions and their complex
exhibit a wide range of toxicity to organisms ranging from sub-lethal to lethal depending upon the
time of exposure and the ambient temperature. For example, the heavy metals; Pb, Zn, Mn, Cd,
As, Ni and Hg are highly toxic even in low concentrations (Sangarika et al., 2010). Cadmium and
lead are significantly hazardous to human health; long term exposure to lead may cause severe
disruption of biosynthesis of hemoglobin and/or anemia, damage of kidneys, high blood pressure,
brain damage, miscarriages, disruption of nervous system and sperm damage in males. Mercury
can be responsive to brain and kidney damage and interference with the nervous system and
regeneration of hemoglobin (GSADH, 2005). When these pollutants are indiscriminately dumped
in the landfills, the resulting leachate finds ways into the groundwater or is washed into surface
water and streams causing water pollution. Zn reaches the water bodies through artificial pathways
like by-products of steel production or coal-fired power stations, as well as burning of waste
materials (Damodharan, 2013). To a small extent Zn is found through effluents from commercial
industries, mining leaching, from fertilizers, and smelting activities. Measured pH values in
samples are mere indicators of acidity but not measure of potential activity levels of actual
hydrogen ions (H*). The pH measurements scale run from 0-14 with 7.0 considered neutral. pH
below 7.0 is considered acidic while those above 7.0 considered bases. pH levels are indicators of
the health implications of a water source as organisms thrive based on acidity at a given range.
Water acidity at any levels when comes into contact with any chemical or metal makes them more

noxious (Moh, 2012).



Pathogens and nutrients also contribute to water quality. Pathogens like coliforms are the
result of untreated sewage. The coliform bacteria group that originates from the intestinal tract of
warm-blooded animals and is an indicator of the bacteriological noxious contamination of
domestic water supply. The presence of E. coli in potable water has been attributed to many
diseases. On the other hand, Total coliforms may not necessarily be harmful to humans though
according to the Environmental Protection Agency (EPA) they are indicators of pathogens that
need regular investigation. Coliform level symptoms under the category of gastroenteritis may not
be serious for healthy people. However, they can lead to serious complications to people having
weak immune systems (Butt & Igbal, 2007). Escherichia coliforms in drinking water are often
reflected through biological indicators of the total coliforms. The Escherichia coliform is an
indicator of the presence of pathogens in water. Their presence in drinking water is of concern
because of the various diseases they may cause to human beings. Similarly, coliforms have
nitrogen carrying capacity of red cells in infants and can cause a condition referred to as
methemoglobinemia or blue baby syndrome (Osu and Okoro, 2011).

2.17 Important Terms Relating to Water
2.17.1 Color

The term “color” is used here to mean true color, that is, the color of water from which
turbidity has been removed. The term “apparent color” includes not only color due to substances
in solution, but also that due to suspended matter. Apparent color is determined on the original
sample without filtration or centrifugation. In some highly colored industrial wastewaters color is
contributed principally by colloidal or suspended material. In such cases both true color and
apparent color should be determined. Color in water may result from the presence of naturally
occurring metallic ions (iron and manganese), humus and peat materials, plankton, weeds, and

industrial wastes (Davis et al, 2011). Color is removed to make a water suitable for general and



industrial applications. Colored industrial wastewaters may require color removal before discharge
into watercourses.
2.17.2 Turbidity

Turbidity is a measure of the degree to which the water loses its transparency due to the
presence of suspended particulates. The more total suspended solids in the water, the murkier it
seems and the higher the turbidity (Bas Wijnen et al, 2014). The measurement of turbidity is a key
test of water quality. Turbidity in open water may be caused by growth of microorganisms. Human
activities that disturb land, such as construction, mining and agriculture, can lead to high sediment
levels entering water bodies during rain storms due to storm water runoff. Areas prone to high
bank erosion rates as well as urbanized areas also contribute large amounts of turbidity to nearby
waters, through storm water pollution from paved surfaces such as roads, bridges and parking lots.
Some industries such as quarrying, mining and coal recovery can generate very high levels of
turbidity from colloidal rock particles.

In drinking water, the higher the turbidity level, the higher the risk that people may develop
gastrointestinal diseases (Mann et al ,2017). This is especially problematic for immune
compromised people, because contaminants like viruses or bacteria can become attached to the
suspended solids the suspended solids interfere with water disinfection with chlorine because the
particles act as shields for the virus and bacteria. Similarly, suspended solids can protect bacteria
from ultraviolet (UV) sterilization of water.

2.17.3 Total solids

The term "total solids" refers to matter suspended or dissolved in water or wastewater, and
is related to both specific conductance and turbidity. Total solids (also referred to as total residue)
is the term used for material left in a container after evaporation and drying of a water sample.

Total Solids includes both total suspended solid, the portion of total solids retained by a filter and



total dissolved solids, the portion that passes through a filter (American Public Health Association,
1998).

Total solids can be measured by evaporating a water sample in a weighted dish, and then
drying the residue in an oven at 103°C to 105° C. The increase in weight of the dish represents the
total solids. Instead of total solids, laboratories often measure total suspended solids and/or total
dissolved solids.

2.17.4 Total suspended solids (TSS)

Total Suspended Solids (TSS) are solids in water that can be trapped by a filter. TSS can
include a wide variety of material, such as silt, decaying plant or animal matter, industrial wastes,
and sewage. High concentrations of suspended solids can cause many problems for stream health
and aquatic life. High TSS can block light from reaching submerged vegetation and as the amount
of light passing through the water is reduced, photosynthesis slows down. Moreover, reduced rates
of photosynthesis cause less dissolved oxygen to be released into the water by plants, if light is
completely blocked from bottom dwelling plants, the plants will stop producing oxygen and will
die. Decomposition of plants will cause bacteria to use up even more oxygen from the water, low
dissolved oxygen can lead to fish kill, high TSS can also cause an increase in surface water
temperature, because the suspended particles absorb heat from sunlight. This can cause dissolved
oxygen levels to fall even further (because warmer waters can hold less dissolved oxygen), and
can harm aquatic life in many other ways, as discussed in the temperature section.

The decrease in water clarity caused by TSS can affect the ability of fish to see and catch
food. Suspended sediment can also clog fish gills, reduce growth rates, decrease resistance to
disease, and prevent egg and larval development. When suspended solids settle to the bottom of a

water body, they can smother the eggs of fish and aquatic insects, as well as suffocate newly



hatched insect larvae. Settling sediments can fill in spaces between rocks which could have been
used by aquatic organisms for homes (Mitchell and Stapp, 1992).

High TSS in a water body can often mean higher concentrations of bacteria, nutrients,
pesticides, and metals in the water. These pollutants may attach to sediment particles on the land
and be carried into water bodies with storm water. In the water, the pollutants may be released
from the sediment or travel farther downstream (Federal Interagency Stream Restoration Working
Group, 1998).

High TSS can cause problems for industrial use, because the solids may clog or scour pipes
and machinery.

Factors affecting total suspended solids
(@) High flow rates

The flow rate of the water body is a primary factor in TSS concentrations. Fast running
water can carry more particles and larger-sized sediment. Heavy rains can pick up sand, silt, clay,
and organic particles (such as leaves, soil, tire particles) from the land and carry it to surface water.
A change in flow rate can also affect TSS; if the speed or direction of the water current increases,
particulate matter from bottom sediments may be suspended once more.

(Watershed’s website).
(b)  Soil erosion

Soil erosion is caused by disturbance of a land surface. Soil erosion can be caused by

Building and Road Construction, Forest Fires, Logging, and Mining. The eroded soil particles can

be carried by storm water to surface water. This will increase the TSS of the water body.



(© Urban runoff

During storm events, soil particles and debris from streets and industrial, commercial, and
residential areas can be washed into streams. Because of the large amount of pavement in urban
areas, infiltration is decreased, velocity increases, and natural settling areas have been removed.
Sediment is carried through storm drains directly to creeks and rivers.
(d)  Wastewater and septic system effluent

The effluent from Wastewater Treatment Plants (WWTPs) can add suspended solids to a
stream. The wastewater from our houses contains food residue, human waste, and other solid
material that we put down our drains. Most of the solids are removed from the water at the WWTPs
before being discharged to the stream, but treatment cannot eliminate everything.
(e) Decaying plants and animals

As plants and animals’ decay, suspended organic particles are released and can contribute
to the TSS concentration.
()] Bottom-feeding fish

Bottom-feeding fish (such as carp) can stir up sediments as they remove vegetation. These
sediments can contribute to TSS.
2.17.5 Total dissolved solids (TDS)

Total Dissolved Solids (TDS) are solids in water that can pass through a filter (usually with
a pore size of 0.45 micrometers). TDS is a measure of the amount of material dissolved in water.
This material can include carbonate, bicarbonate, chloride, sulfate, phosphate, nitrate, calcium,
magnesium, sodium, organic ions, and other ions. A certain level of these ions in water is necessary
for aquatic life. Changes in TDS concentrations can be harmful because the density of the water

determines the flow of water into and out of an organism's cells (Mitchell and Stapp, 1992).



However, if TDS concentrations are too high or too low, the growth of many aquatic lives can be
limited, and death may occur.

Similar to TSS, high concentrations of TDS may also reduce water clarity, contribute to a
decrease in photosynthesis, combine with toxic compounds and heavy metals, and lead to an
increase in water temperature.

TDS is used to estimate the quality of drinking water, because it represents the number of
ions in the water. Water with high TDS often has a bad taste and/or high-water hardness, and could
result in a laxative effect.

Factors affecting total dissolved solids
(@) Geology and soil in the watershed

Some rock and soil release ions very easily when water flows over them; for example, if
acidic water flows over rocks containing calcite (CaCOs), such as calcareous shales, calcium (Ca?*)
and carbonate (COs%) ions will dissolve into the water. Therefore, TDS will increase. However,
some rocks, such as quartz-rich granite, are very resistant to dissolution, and don’t dissolve easily
when water flows over them. TDS of waters draining areas where the geology only consists of
granite or other resistant rocks will be low (unless other factors are involved).

(b) Urban runoff

During storm events, pollutants such as salts from streets, fertilizers from lawns, and other
material can be washed into streams and rivers. Because of the large amount of pavement in urban
areas, natural settling areas have been removed, and dissolved solids are carried through storm
drains to creeks and rivers.

(c) Fertilizer runoff
Fertilizer can dissolve in storm water and be carried to surface water during storms, and

contribute to TDS.



(d)  Wastewater and septic system effluent

The effluent from Wastewater Treatment Plants (WWTPs) adds dissolved solids to a
stream. The wastewater from our houses contains both suspended and dissolved solids that we put
down our drain. Most of the suspended solids are removed from the water at the WWTPs before
being discharged to the stream, but WWTPs only remove some of the TDS. Important components
of the TDS load from WWTPs include phosphorus, nitrogen, and organic matter.
(e) Soil erosion

Soil erosion is caused by disturbance of a land surface. Soil erosion can be caused by
Building and Road Construction, Forest Fires, Logging, and Mining. The eroded soil particles may
contain soluble components that can dissolve and be carried by storm water to surface water.
This will increase the TDS of the water body.
()] Decaying plants and animals

As plants and animals’ decay, dissolved organic particles are released and can contribute
to the TDS concentration.
2.17.6 Dissolved Oxygen

Dissolved oxygen (DO) is a relative measure of the amount of oxygen (O2) dissolved in
water. Oxygen gets into the water by diffusion from the atmosphere, aeration of the water as it
tumbles over rocks and waterfalls, and as a product of photosynthesis. The oxygen content of water
will decrease when there is an increase in nutrients and organic materials from industrial
wastewater, sewage discharges, and runoff from the land (Whitney King, 2011). Excessive plant
and algae growth and decay in response to increasing nutrients in waterways can significantly
affect the amount of dissolved oxygen available (Chiya and 1zum, 1995). Dissolved oxygen (DO)
is one of the most important indicators of water quality. It is essential for the survival of fish and

other aquatic organisms. Oxygen dissolves in surface water due to the aerating action of winds.



Oxygen is also introduced into the water as a byproduct of aquatic plant photosynthesis. Dissolved
oxygen refers to the level of free, non-compound oxygen present in water or other liquids. It is an
important parameter in assessing water quality because of its influence on the organisms living
within a body of water. In limnology (the study of lakes), dissolved oxygen is an essential factor
second only to water itself. A dissolved oxygen level that is too high or too low can harm aquatic

life and affect water quality.



CHAPTER THREE
MATERIAL AND METHODS
3.1  Study Area
3.1.1 Location of the Study Area
This research work was carried out at Ganmo/Amayo community in the Ifelodun Local
Government Area of Kwara state, Nigeria. Ganmo/Amayo which is located on latitude 7°26° 39’

N and longitude 3° 54’ 57’ E is one of the largest communities in Ifelodun.
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Figure 3.1: Map Showing Ganmo/Amayo in Ifelodun Local Government Area
3.1.2 Climatic Condition of the Study Area

llorin has a tropical and dry climate with a lengthy wet season and relatively constant
temperatures throughout the course of the year. The climate of the study areas is tropically wet and
dry, with the wet season from mid-March to October and dry period from November to March
through August sees somewhat of a lull in precipitation. This lull nearly divides the wet season
into two different seasons. During the dry period, llorin experiences the typical West African

harmattan. The mean total rainfall for llorin is 1420.06mm falling in approximately 109 days.



Rainfall peaks in June and September. The mean maximum temperature is 26.46 C and the relative
humidity is 74.55%.
3.1.3 Soil and Drainage Pattern

The common type of drainage available in Ganmo/Amayo area is open channel, the
residents of Ganmo/Amayo dispose their waste inside the drainage when it is raining which often
leads to incessant erosion and flooding. Some dispose of their waste in stream course
3.1.4 Population

Ganmo/Amayo community is experiencing rapid population growth and expansion of
urban Physical infrastructure. The community is located in Ifelodun Local Government. Ifelodun
has a population of 306,795, (NBS, 2006) making it densely populated and having the highest
residents in the state. According to Planning Authority of Ifelodun Local Government (2015),
Google Earth (2017) and ground truthing (2017) the total number of residential buildings in the
study area at the period of carrying out this research was 20,915. The community is largely
occupied by students and staff of the University of llorin and The Polytechnic llorin as well as
other local occupants.
3.1.5 Economic and Environmental Activities

Ganmo/Amayo is manifesting some of the indicators of environmental poverty such as
housing congestion, traffic congestion, poor drainage and sewage system, indiscriminate discharge
of liquid and solid waste, environmental pollution, inadequate social facilities and over-utilization
of existing infrastructural facilities. There has been a lot of informal physical development in
Ganmo/Amayo; some houses that were hitherto residential have been converted to commercial
uses, places that were originally earmarked as setback are used for shops and stores.

The major economic activity of this area is trading which include road side trading, selling

of wares in shops, transport services, boarding for students etc.



3.1.6 Sources of Waste Generation in Ganmo/Amayo

The percentage of solid waste generated from residential area is about 33.73%, commercial
30.77%, industrial, 1.77%, religion and institutional accounted for 13.02% and 20.71%
respectively The types of solid waste generated by the institution in Ganmo/Amayo are basically
paper, nylon of pure water and biscuit while the industrial waste in include; paper, nylon, metal,
plastic and the like. The level of waste being generated in Ganmo/Amayo is a challenge because
of the lack of waste management policy and governance.

There are various modes of waste storage/disposal in Ganmo/Amayo, among these are
metal bin which accounted for 46.15%, the plastic bin is about 31.96%, basket and carton takes
10.65% and 3.55% respectively. Others modes include burning waste in the ground which takes
about 7.69% of the total. One of the reasons why plastic bin and metal dustbin take the largest

percentage of solid waste storage in Ganmo/Amayo, this is because it serves as a convenient means

of storing waste before disposal, it is pollution free and enhances the clean environment

Plate 3.2: Elewure Dumpsite at Ganmo primary school



Plate 3.3: Dumpsite at Winners chapel church in Amoyo

Plate 3.4: Ganmo last bus-stop in Kwara State.



Plate 3.5: Dumpsite at Redemption Road opposite Amoyo Primary School

3.1.7 Geology and Hydrology

The main lithology of the rock unit includes the amphibolites, migmatite gneisses, granites
and pegmatites. Other important rock units are the schists, made up of biotite schist, quartzite schist
talktremolite schist, and the muscovite schists. The topography of the llorin is characterized by
undulating terrain with general elevation between 180 m and 210 m above sea level, and is drained
by rivers Omi, among others. Occurrence of groundwater is dependent on the extent of weathered
units and development of secondary porosity, e.g. fractures, faults, joints.

Consequently, the weathered aquifers are generally discontinuous, with groundwater
occurrences in localized disconnected phreatic weathered regolith aquifers, essentially under
unconfined to semi-confined conditions.

3.2  Research Design

This study used a Descriptive Research Design. Descriptive research design is used to

investigate the background of a research problem and get the required information needed to carry

out further research. It is used in multiple ways by different organizations, and especially when



getting the required information about their target audience. Descriptive research design is cheap,
easy and effective to conduct (Creswell (2002). The descriptive research design enables the
experimenter to gather information, epitomize and interpret them for the purposes of clarification
(Orodho, 2004).

3.3  Sampling Procedure and Size

Initial reconnaissance survey was conducted within the study area. Two (2) dumping sites
were found with a total of sixteen (16) wells and one (1) stream where wastes are being dumped.
The wells close to the dumping site and the stream were purposely selected both upstream and
downstream. The stream was equally sampled alongside with the wells. This sampling method was
selected because of its flexibility and so as to get different samples with respect to their distance
to the dumping site. The area so selected was chosen due to regular use of these water sources for
domestic purposes.

A total of six (6) wells and one (1) borehole were selected (with the borehole being the
control point) at equidistance both upstream and downstream (Figure 2). The water sample were
collected at an average depth of 3.7m.

The choices of the sampling points were determined by the direction of flow and their
proximity by the dumping site and the dumping stream and nearness to the surface leachate flow
from the dumping site. The samples were collected from the wells in the morning and the evening

time because some of the parameters of water changes with respect to time of the day.
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Figure 3.2: Map showing the Sampling wells and the dumpsite

3.4  Sampling Methods and Procedure

The sampled water was collected in 1-liter plastic water bottles. The accuracy of the
microbiological, physical and chemical characteristics of water samples is affected to some extent
by the method of sampling and storage. In collecting samples for chemical and physical tests,
sample bottles were rinsed several times with distilled water and then rinsed with the sampled
water at the sites. Each sample were immediately close, air tightened and then put in a container
for transfer to department of Public Health laboratory in UCH for analysis.

The wells and dumping site locations were determined using iPhone GPS locator. A tape
rule was used in measuring the distances between the dump site and wells in conjunction with a
smart measuring device. Graduated tape with an attached weight was used to measure the depth of

the wells.



Plate 3.2: Collection of Sample

3.5  Method of Analysis

The following tests were carried out to determine the initial and final concentrations of
various water quality parameters. The tests include; PH test, Turbidity test, Conductivity test, Total
Dissolves Solids test, Total alkalinity test, Total Hardness test, Calcium Hardness test, test for
Chloride, test for Nitrate, test for Iron, test for Lead, Total Coliform test, E.Coli test present in the
water sample.
3.6  Data Analysis and Presentation Method

Data on the level of pollutants in the wells was analyzed using descriptive statistics to
obtain means. Correlation analysis was performed through cross- tabulations to determine the
relationship between the level of pollutants in wells as compared to the materials used in
construction of the well, the depth of well and the distances between the wells and the dumping
sites. The Data was analyzed using Statistical Package for Social Sciences (SPSS) computer

software version 16, PSPP and Microsoft Excel Package



CHAPTER FOUR
RESULTS AND DISCUSSION
41  Preamble
The study investigated the effects of solid waste dump sites on groundwater quality in
Ganmo/Amoyo town. This chapter present the results of the physical, chemical and
bacteriological tests on well water samples carried out in this project research. This chapter
contains three sections. The first section describes the levels of pollutants in the wells and
compares them to the recommended standards by WHO and NSDWQ. The second section is on
the results of correlations analyses between levels of pollutants and distance from the dumpsite
and the final section is on the results of correlations analyses between levels of pollutants and
depth of the well.
4.2 Levels of pollutants in the wells and stream water as compared to guidelines provided
by KEBS for portable water
4.2.1 Appearance
All the samples collected from each well location are clear with no despicable appearance.
There is no milky or cloudy appearance which could be as a result of colloids and fine clay.
422 pH
The ground water pH was measured as shown in Table 4.1. The results in Table 4.2 shows
that the pH in well water ranged from 6.51 to 7.45 having a mean of 6.99. Four Samples were
acidic while three samples were alkaline. The mean pH during the study was within the guidelines

and in acceptable range as NSDWQ and WHO (6.5 — 8.5).



Table 4.1: Descriptive Statistics of the pH showing mean pH and Standard deviation of

measured values

N Mean Std Dev Minimum Maximum

PH 7 6.99 .35 6.51 7.45
Valid (N) 9
Table 4.2: Results of Physical, Chemical, Bacteriological and Soil Analysis of Sample
Parameters Ganmo Amoyo NSDWQ WHO
PHYSICAL PARAMETERS

PH 6.36 6.53 6.5-85 6.5-85
Turbidity (NTU) 6.5 7.5 5 5
Electrical Conductivity (us/cm) 946 1711 1000 1000
Appearance Clear Clear Clear Clear
Total Dissolved Solids

(mg/l) 264.0 276.0 500 500
CHEMICAL

PARAMETERS

Total Alkalinity (mg/I) 82 91 200 200
Total hardness (mg/l) 140 124 150 200
Calcium Hardness

(mg/1) 119 93 75 100
Chloride (mg/l) 61 68 250 250
Nitrate (mg/l) 2.96 3.18 50 50




Iron (Fe) (mg/l) 0.003 0.002 0.3 0.3

Lead (Pb) (mg/1) 0.00 | 0.00 0.01 0.01

BACTERIOLOGICAL

ANALYSIS

Total Coliform (MPN) 952 720 10 10

E.Coli (MPN) 723 509 0 0

SOIL ANALYSIS Ganmo | Amoyo EPA EPA

Aluminium (mg/kg) 56.5 62.0 10,000 to {10,000 to 300,000 mg
300,000 Al kg-1

Lead (mg/kg) 68.0 73.0 400 ppm 400 ppm

Arsenic (mg/kg) 0.00 0.00 40 40

Copper (mg/kg) 64.5 62.0 2—-50mg 2—-50 mg

Chromium (mg/kg) 72.0 68.0 50 pg/L 50 pg/L

Zinc (mg/kg) 15.0 18.0  |10-300 mg/kg 10-300 mg/kg

Mercury (mg/kg) 0.00 0.00 72 ppm 72 ppm

Cobalt (mg/kg) 28.0 32.0 750 mg/kg 750 mg/kg

Iron (mg/kg) 76.5 80.0 20,000 to 20,000 to 550,000
550,000 mg/kg

mg/kg
Manganese (mg/kg) 41.5 32.0 |20to 40 ppm 20 to 40 ppm (mg/kg)
(mg/kg)

Other Parameters

Distance to Dump Site

(m) 421 |13.32




Depth of Well (m) 8.19 7.36

Covered Yes Yes Yes Yes

Wall Lining Unlined Lined Lined Lined

4.2.3 Electrical Conductivity of Water
Conductivity measures the water’s ability to conduct electricity. It is the opposite of
resistance. Pure, distilled water is a poor conductor of electricity. When salts and other inorganic
chemicals dissolve in water, they break into tiny, electrically charged particles called ions. lons
increase the water’s ability to conduct electricity. Common ions in water that conduct electrical
current include sodium, chloride, calcium, and magnesium The electrical conductivity of the well
sample as compared to NSDWQ and WHO guidelines is presented in the table 4.2. The results
in Table 4.2 indicate that Ganmo and Amoyo is within NSDWQ and WHO Standard. Amoyo
Sampling points had relatively high electrical conductivity than the permissible level. This is
likely because Amoyo was located at dry dump site implying less inorganic dissolved solids like
nitrate, sulphate and phosphate anions or cations like sodium, magnesium and iron.
4.2.4 Turbidity
The turbidity of the well samples depend on the amount of suspended solid matters. The
result in the Table 4.2 below indicate that the turbidity values for the water samples fall within
NSDWQ and WHO standard. The maximum limit of 5 NTU by NSDWQ was satisfied by all the
samples. This is due to minimal contamination by clay, silt, organic matter and planktons.
4.2.4 Total Dissolved Solids
Total dissolved solids (TDS) is due to the inorganic salts and small amounts of organic

matter present in solution in water. The principal constituents are usually calcium, magnesium,



sodium, and potassium cations and carbonate, hydrogencarbonate, chloride, sulfate, and nitrate
anions.
The range of total dissolved solids of the water samples is between 264mg/l and 276mg/I.
The two samples location meet NSDWQ and WHO standard of 500mg/l. The presence of
dissolved solids in water may affect its taste but the two samples has a good taste because theyfall
within the NSDWQ and WHO standard.
4.25 Total Alkalinity
The Alkalinity in the water will help keep the water's pH stabilized. The result for the total
Alkalinity is shown in the Table 4.2 shown above. The range of the well samples is 63 — 102mg/I.
All the well samples meet the standard of 200mg/l by NSDWQ and WHO.
4.2.6 Total Hardness
Total hardness is the sum of the calcium and magnesium concentrations in water sample.
The range of values for the water sample is 140 for Ganmo and 124 for Amoyo all falls within
NSDWQ (150mg/l) and WHO (200mg/l) NSDWQ and WHO standard.
4.2.7 Calcium Hardness
Drinking water with high calcium hardness is not known to have any adverse health
effects. In fact, there are health benefits associated with hard water, as both calcium and
magnesium are important dietary requirements. Calcium also improves the taste of the water.
The limit set by WHO (100mg/l) is based on water aesthetics and not a health guideline. All the
samples fall short of WHO and NSDWQ standards of 100mg/l and 75mg/I respectively. Calcium
mostly get into the water by leachate action of the dumpsite.
4.2.8 Chloride
Chloride concentrations in well water range from 45mg/I to 82mg/l , hence satisfying WHO

and NSDWQ limits of 250mg/I for potable water.



4.2.9 Dissolved Nitrates

The results in table 4.2 show that all the sampling points of the well recorded lower
dissolved nitrate levels (ranging from 2.32 — 5.1mg/L) of dissolved nitrates than the
recommended NSDWQ and WHO guidelines of 50mg/I

4.2.10 Iron (Fe)

The WHO and NSDWQ permissible level of iron (0.3 mg/l) is not exceeded in all wells.

Iron levels range from 0.002 to 0.015mg/l in the sampled wells.
4.2.11 Lead (Pb)

No lead concentration was detected in the water sample. This shows that the sample is from

any lead poisoning.
4.2.12 Total Coliform

The results of bacteriological analysis of well water from the Agbowo community showed
that all the wells were contaminated with coliform sand other bacteria as indicated in Table 4.2.
The levels of Total coliforms counts in sampled wells were very high all exceeding 350mg/I as
compared to the NSDWQ guidelines of 10/100ml.

These high counts might have arisen due to the poor level of hygiene and sanitation
observed in this community. Wells in this area are constantly exposed to contamination from
human activities. Also, the layout of the houses is not well planned such that the distances
between wells and septic tanks and even refuse dumps are very minimal. These high parameters
are of great concern to public health since the water from these wells is consumed by people
without treatment (Adekunle et al., 2007). The presence of coliform in water is an indication of
feacal contamination and has been associated with waterborne epidemic (Mackenzie et al., 1995).
Any water source used for drinking or cleaning purposes should not contain any organism of

fecal origin (Akeredolu, 1991).



4.2.12 E.coli Count in the Sampled Wells
The levels of E.Coli in sampled wells were very high all exceeding 150mg/l as compared
to the NSDWQ guidelines of nil/100ml as indicated in Figure 4.12. This is very dangerous to
human health. Therefore residents may be at risk of suffering from water borne illnesses after
consumption of this water without treatment
4.3 The Correlation between Levels of Pollutants in Sampled Wells with respect to Distances
between the Wells and the Dumpsite
4.3.1 Correlation between Physical Parameters in Sampled well and Distance from Dumpsite
The session investigated whether the levels of pollutants in wells differed with respect to
the distance from the dumping site. Correlation analyses were done to ascertain whether
significant relationships existed between the levels of pollutants and distance from the dumpsite.
Table 4.3 summarizes the Pearson’s correlations between the Physical parameters in the sample
wells and the distances of the sampling points from the dumpsite. The results show that there is
a strong positive correlation between pH and the distance to the dumpsite (r=.653. P = .112),
there is a weak positive correlation between Turbidity and the distance to the dumpsite (r=.271.
P = .557), there is a very weak positive correlation between Conductivity and the distance to the
dumpsite (r= .051. P = .914), and a strong correlation between TSD and the distance to the
dumpsite (r=.453, P =.308).

This implies that as the distance to the dumpsite increases, these parameters also increases.



Table 4.3: The Correlation between Physical Parameters in Sampled Wells with respect to

Distances between the Wells and the Dumpsite

Distance to Dump Site (m)

PH Pearson Correlation .653
Sig. (2-tailed) 112
Turbidity (NTU) Pearson Correlation 271
Sig. (2-tailed) .557
Conductivity(us/cm) Pearson Correlation .051
Sig. (2-tailed) 914
Total Dissolved Solids (mg/l) Pearson Correlation 452
Sig. (2-tailed) .308

4.3.2 Correlation between Chemical Parameters in Sampled wells and Distance from

Dumpsite

Table 4.4 summarizes the Pearson’s correlations between the chemical parameters in the

sample wells and the distances of the sampling points from the dumpsite. The results show that

there is a strong negative correlation between total alkalinity and the distance to the dumpsite (r=

-.333. P = .466), there is a small negative correlation between total hardness and the distance to

the dumpsite (r=-.214. P = .645), there is a negative correlation between Calcium hardness and

the distance to the dumpsite (r=.424 P = .343), there is a positive correlation between chloride

and the distance to the dumpsite (r=.151 P = .756), there is a strong positive correlation between

dissolved nitrates and the distance to the dumpsite (r= .634 P = .126), and a strong correlation

between Iron and the distance to the dumpsite (r=.718, P = .069). Negative correlations implies

that as the distance from the sample well to the dumpsite increases, the parameter measured




decreases. Likewise, positive correlations implies that as the distance from the sample well to the

dumpsite increases, the parameter measured increases.

Table 4.4: The Correlation between Chemical Parameters in Sampled Wells with respect to

Distances between the Wells and the Dumpsite

Distance to Dump Site (m)

Total Alkalinity (mg/l) Pearson Correlation -.333
Sig. (2-tailed) 466
Total hardness (mg/l) Pearson Correlation -.214
Sig. (2-tailed) .645
Calcium Hardness (mg/l) Pearson Correlation -424
Sig. (2-tailed) 343
Chloride (mg/l) Pearson Correlation 151
Sig. (2-tailed) 746
Nitrate (mg/l) Pearson Correlation .634
Sig. (2-tailed) 126
Iron (mg/l) Pearson Correlation 718
Sig. (2-tailed) .069

4.3.3 Correlation between Bacteriological Parameters in Sampled wells and Distance from

Dumpsite

Table 4.5 summarizes the Pearson’s correlations between the bacteriological parameters in

the sample wells and the distances of the sampling points from the dumpsite. The results show

that there is a strong negative correlation between total coliform and the distance to the dumpsite

(r=-.695. P =.083), and there is a strong negative correlation between E. Coli and the distance




to the dumpsite (r=-.816. P =.025). As the distance to the dumpsite increases, the total coliforms

and E. Coli reduces.

Table 4.5: The Correlation between Bacteriological Parameters in Sampled Wells with respect

to Distances between the Wells and the Dumpsite

Distance to Dump Site (m)

Total Coliform MPN

Pearson Correlation

-.695

E. Coli_ MPN

Pearson Correlation

-.816

4.4 The Correlation between Levels of Pollutants in Sampled Wells with respect to the depth

of the wells

4.4.1 Correlation between Physical Parameters in Sample Water and depth of the wells

The session investigated whether the levels of pollutants in wells differed with respect to

the depth of the wells. Correlation analyses were done to ascertain whether significant

relationships existed between the levels of pollutants and depth of the wells

Table 4.6 summarizes the Pearson’s correlations between the Physical parameters in the

sample wells and the depth of the sampled wells. The results show that there is a strong positive

correlation between pH and the depth of the sampled well(r= .554. P = .197), there is a small

positive correlation between Turbidity and the depth of the wells(r=.143. P = .760), there is a

very weak negative correlation between Conductivity and depth of the sampled well (r=-.125. P

=.789), and a strong correlation between TSD and the depth of the sampled well (r=.529, P =

222).




Table 4.6: The Correlation between Physical Parameters in Sampled Wells with respect to the

depth of the wells

Distance to Dump Site (m)

PH Pearson Correlation .554
Sig. (2-tailed) 197
Turbidity (NTU) Pearson Correlation 143
Sig. (2-tailed) .760
Conductivity(ps/cm) Pearson Correlation -.125
Sig. (2-tailed) 789
Total Dissolved Solids (mg/l) Pearson Correlation 529
Sig. (2-tailed) 222

4.4.2 Correlation between chemical parameters in Sample Water and depth of the wells

Table 4.7 summarizes the Pearson’s correlations between the chemical parameters in the

sample wells and the depth of the sampled wells. The results show that there is a negative

correlation between total alkalinity and the depth of the sampled well(r=-.234. P = .613), there

is a negative correlation between total hardness and the depth of the wells(r= -.275. P = .551,

there is a very moderately negative correlation between calcium hardness and depth of the

sampled well (r=-.456. P = .304), there is a very strong positive correlation between dissolved

nitrates and depth of the sampled well (r=.514. P =.238), there is a very weak positive correlation

between chloride and depth of the sampled well (r=.049. P = .918), and a strong correlation

between Iron and the depth of the sampled well (r=.676, P = .095).




Table 4.7: The Correlation between Chemical Parameters in Sampled Wells with respect to

the depth of the wells

Depth_of Well
Total _Alkalinity Pearson Correlation -.234
Sig. (2-tailed) .613
Total _hardness Pearson Correlation -.275
Sig. (2-tailed) 551
Calcium_Hardness Pearson Correlation -.456
Sig. (2-tailed) 304
Chloride Pearson Correlation .049
Sig. (2-tailed) 918
Nitrate Pearson Correlation 514
Sig. (2-tailed) .238
Iron_Fe Pearson Correlation .676
Sig. (2-tailed) .095

4.4.3 Correlation between Bacteriological Parameters in Sampled wells and the depth of Well
Samples

Table 4.8 summarizes the Pearson’s correlations between the bacteriological parameters in

the sample wells and the depth of the sampled well. The results show that there is a strong

negative correlation between total coliform and the depth of well sample(r=-.697. P = .082), and

there is a strong negative correlation between E. Coli and the depth of the sampled well (r=-.807.

P =.028). As the depth of the sampled well increases, the total coliforms and E. Coli reduces.



Table 4.8: The Correlation between Bacteriological Parameters in Sampled Wells with

respect to the depth of the wells

Depth_of Well _m

Total_Coliform_MPN |Pearson Correlation -.697
Sig. (2-tailed) .082
Coli_MPN Pearson Correlation -.807
Sig. (2-tailed) .028




CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
51  Conclusion

In this study, various statistical techniques were used to evaluate quality and variation in
physical, chemical and microbial parameters of well-water (underground water) in Ganmo and
Amayo in relation to their proximity to solid waste dump site. The results have shown that
leachates from Solid waste dumpsite owing to proximity to well-water impact on physico-
chemical properties such as nitrate, Ammonia, chloride, Sodium, Magnesium, Electrical
Conductivitiy, Total dissolved solids, Salinity, water hardness, and microbial qualities of the
well-water. Precipitation also contributes significantly to the migration of coliforms from various
sources to the underground water.

The Physical parameters measured show that other than the pH and turbidity, all other
concentration values exceeded the NSDWQ guidelines for drinking water. The presence of high
load of bacteria in well samples mean that leachate is altering the water quality of water in the
vicinity of the dumpsite. Bacteriological concentration of water from all sampling points
exceeded the NSDWQ standards. Hence the water in the vicinity of the dumpsite presents
significant threat to public health. Any use of this water especially for domestic purposes should
be disallowed as its use will lead to waterborne diseases such as cholera and typhoid.

There is therefore a need for biogeochemistry assessment of hydrologic environment
before considering siting a well in any location. The results suggest that the minimum standard
distance between solid waste dumpsite and well water will vary with different hydrologic

environments



5.2

Recommendations

The following recommendations are made at the end of the study;

To maintain and sustain portable water which is free from bacteriological and chemical
contaminants, there is need to consider solid waste disposal and management, in term of
sorting of waste, disposal method used and siting of disposal site.

Formulation of policies and guidelines by ministry of water resources on digging of wells
for domestic use in areas of high aquifer levels, boreholes should be an alternative for the
provision of potable water in such areas.

Further research on the safe distance between the dumping site and the sources of portable
water should be done so as to reduce leachate pollution from the dumping site

To reduce waste, reuse, waste avoidance and waste recovery, public awareness campaigns
and sensitisation should be done.

Nigeria ministry of water resources should come up with mechanism to improve the
quantity and quality of the water supply to reduce direct reliance on the surface water

source and wells.
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