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Abstract
Increase in waste generation, resulting from population growth, has led to a burden on global health.
Physico-chemical, organic analysis, and leachate pollution index analysis were conducted on the water
samples from Aba Eku dumpsite (latitudes 3°35'N and 4°10'N and longitudes 7°2'E and 7°40'E.).
Relationships among various parameters were also analysed using correlation coefficients (r) and
significance levels (p values). Water samples revealed high concentrations of physico-chemical
parameters, heavy metals, also Polyaromatic hydrocarbons (PAHs), and phthalate esters were present.
Notably, the dumpsite exhibited highest concentration of naphthalene among all the PAHs. These
findings indicate that the landfill site is polluted with PAH and phthalate compounds. Significant
relationships among parameters were observed, including a strong negative correlation between pH
and both BOD (r = -0.932) and dissolved oxygen (r = -0.912). Total dissolved solids showed
significant positive associations with chloride (r = 0.977, p < 0.05), total hardness (r = 0.889), sulphate
(r = 0.955, p < 0.05), and phosphate (r = 0.836). BOD exhibited a strong positive correlation with
dissolved oxygen (r = 0.984, p < 0.05) and NO-3 (r = 0.742), while chloride demonstrated significant
positive correlations with total hardness (r = 0.942), sulphate (r = 0.994, p < 0.01), and phosphate (r =
0.796). Significant differences (P < 0.001) were found between leachate and 300m location, leachate
and 600m location, as well as leachate and the river location. No significant differences (P > 0.05)
were detected among other locations. Leachate pollution index (LPI) values of water samples around
the dumpsite ranged from 5.558 to 7.683, indicating slight contamination from heavy metals. The
pollution from the landfill site, and surface runoff, poses a significant risk to quality of both
underground water and river. Urgent remediation, waste management strategies should be
implemented to mitigate the pollution.

Keywords: Leachates, Heavy Metals, Leachate Pollution Index, Physicochemical Parameters.

Word Count: 300
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Chapter One

Introduction

1.1 Background to the Study

Waste was not a threat before, not until urban populations began to increase rapidly.

People’s consumption, usage of solid materials that eventually result in magnanimous solid

wastes is a result of globalization. Solid wastes are defined as non-liquid or nongaseous

products for example of human activities that are unwanted1. The generation of Municipal

solid waste (MSW) increases in line with the developmental rate of any country. Africa

according to research is the least developed region in the world having 38% urbanization.

Although compared to many other countries in the world this is low, African countries are

experiencing rapid development with a growth rate of four percent per annum2. African

countries are now faced with huge amounts of MSW which has a direct effect on human

health, safety and the environment.

In light of population expansion, fast urbanization, and rising per capita trash creation,

waste management is a critical issue in both developed and developing countries3,4,5.

Methods of disposal that have invariably increased municipal solid waste (MSW) load

include sanitary landfill, composting and incineration. According to World Bank Data, in

2016, the municipal solid waste (MSW) generated by the world is about 2.01 billion tons;

at a rate of about 0.74kg/capita/day. In 2005, about 262.4 million tones’ of MSW was

generated at the rate of 4.48 pounds/capita/day in the US6. In the metro cities of India,

about 3 billion people are responsible for the generation of MSW at the rate of 1.2

kg/capital/day7. In East Asia and the Pacific, 777 million people are responsible for waste

generation, at the rate of 738,959 tons/day and 0.95 kg/capita/day. Latin America and the

Caribbean of about 400million people generate 437545 tons of MSW in a day at the rate
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of 1.09 kg/capita/day; about 426 million people in South Asia, are responsible for 192411

tons of MSW in a day at the rate of 0.45 kg/capita/person. MSW generation data for the

region, in 2012 also stated that 261 million people are responsible for 169120 tons of MSW

per day in Africa at the rate of 0.65 kg/capita/day8. In Nigeria, around 196 million people

produce 32 million tons of solid municipal waste each year, of which roughly 20%–30%

is collected. More than 730412 individuals generate 370706 tons per year in Onitsha, and

the commercial center of Lagos generates 370706 tons per year9.

Nowadays, waste collection, treatment, transportation, storage, and eventual disposal of

waste is the major problems of urban areas10,11,12. Solid wastes, mounds of rubbish, garbage

and sewage are produced every day and, in an attempt, to dispose of these materials, the

environment has been carelessly polluted. Consequently, there is relatively poor waste

management practices enhanced by indiscriminate dumping of refuse in water bodies and

isolated places13,14.However, a major concern is that there are no adequate infrastructural

facilities and appropriate land use planning to match up with the demands posed by the

urban growth rate, especially the rural areas in Africa15,16.

This waste dumped indiscriminately pollute the environment by burning waste outside,

thereby contaminating groundwater and surface water through leaching and runoff,

harboring disease vectors, etc. Consequentially physical, chemical, and biological

activities at municipal dumping grounds lead to the decomposition of trash, the production

of leachate, and the release of landfill gases17.

Leachates are formed when rainwater penetrates the waste at a dumpsite and dissolves the

waste through biochemical activities that result in waste decomposition18,19. A series of

biological and physicochemical transformations occur after waste is dumped in landfills,
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and in turn, produces extremely polluted wastewater called leachate. Wastewater (leachate)

may pollute nearby groundwater, surface water and as well as topsoil20.

Leachate composition depends on its type, burying technique, and the area's geology site,

climate, dumpsite age, and kind of garbage, and can typically comprise both dissolved and

solid waste and suspended substances. Leachates include significant levels of dissolved

organics and xenobiotic. Ammonia, heavy metals, inorganic salts, organic chemicals, and

other poisonous substances21,22.

Municipal landfill leachate has 200 organic compounds that have been discovered with up

to 35 substances with the potential to cause harm to the environment and human

health23,24,25,26. Leachates from municipal solid waste are very similar in composition to

those from mixed or hazardous landfill. Municipal waste raises the soil's organic matter,

pH, cation-exchange capacity, nitrogen content, and other soil properties27. However,

excessive waste in the soil may raise the level of heavy metals in the groundwater and soil

and may have adverse consequences on agriculture, soils, and public health28,29. Polycyclic

aromatic hydrocarbons (PAHs) are one of the organic compounds found in dumpsite

leachates30,31.

PAHs are environmental contaminants that are comprised of more than two benzene rings.

PAHs can bio accumulate in humans through the food chain27. PAHs are persistent organic

compounds with toxic and carcinogenic capabilities28,32. Waste incineration is an important

source of parent and halogenated polycyclic aromatic hydrocarbons (PAHs and HPAHs)

in urban air. During incineration, PAHs are mainly derived from the incomplete

incineration of organic matter in waste32,33. PAHs are soluble not easily in water, also attach

easily to solid particles. Most types of PAHs in air, water and soil exist most in an
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absorption state, they could migrate, under certain conditions, into environmental media,

carrying along dust, rainfall and snow34,35,36.

PAHs found in soil and surface groundwater normally diffuse into the atmosphere, being

carried by escaping dust, and invariably causes toxic damage to human and animal body

system through the respiratory system and ingestion. It has been verified that most PAHs

e.g. BaP, BaA, ANT, are of high carcinogenicity, mutagenicity, genotoxicity and high

teratogenicity37.

As mentioned earlier, Leachate is mostly generated through the penetration of precipitated

water into the dumpsites. PAEs (esters of phthalic acids) are easily released from this waste

and are found in high concentrations in landfill leachate38,39. PAE presence in MSW

leachate has been documented in many studies40,41 Penetration of leachate to ground and

surface water can cause water contamination, rendering it unusable42.

However, Phthalates, or esters of phthalic acid, are toxic, and ubiquitous environmental

pollutants and some of them (e.g. butyl benzyl phthalate, DEHP etc.) are identified as

hazardous compounds43,44,45,46. DEHP and some other phthalate compounds, according to

EPA (USA) on its Toxicity Release Inventory are considered because of their toxicity and

the evidence of pervasive human and environmental exposure to them47. They are

compounds which consist of chemicals that cause adverse environmental or human health

effects.

However main concerns of human and wildlife exposure to PAEs are the potential adverse

effects on reproduction, fertility issues, the development of newborns, and

carcinogenicity48.
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PAEs enter the human body through inhalation, ingestion and dermal absorption49,50.

Because PAEs can bioaccumulate over long-term exposure, humans are at higher risk

following continued consumption of contaminated water or food5. PAEs may potentially

affect human testicular dysgenesis syndrome, reproductive development and sex reversal.

PAEs acting as endocrine disruptors may contribute to many health problems such as

hepatomegaly, osteoporosis, and feminization of boys, weight loss, and skin and breast

cancer51,52. Pharmaceuticals and personal care items, as well as developing pollutants like

phthalates, bisphenol-A, and non-ionic surfactants such alkylphenol polyethoxylates

(APEs), Perfluorinated compounds (PFCs) and (PPCPs) are now detected typically in

environmental matrices and in biota53,54.

1.2 Statement of the Problem

Unmanaged and improperly managed waste from decades of economic growth requires

urgent action at all levels of society55. Compounds, many of which are hazardous to human

health and the environment, are present in dumpsite leachate and topsoil.

Dumpsite leachate can also seep through the soil into groundwater, percolates and run off

into surface water56.

Dumpsite leachate contains different hazardous substances, some of which threaten the

environment and is one of the major concerns of urban areas the world over57.

1.3 Justification of the Study

• The growing rates MSW generation, is alarming and has constituted a great problem

for environmental managers and the government because most of these waste residues

are discarded indiscriminately58.
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• The uncontrolled increase in waste generation rate will lead to a rise in environmental

challenges if not well managed59.

• Excessive waste in the soil may increase the heavy metal concentration of the soil and

groundwater and may have harmful effects on soils, crops and human health60,61,62.

• Municipal waste increases the nitrogen, pH, cation-exchange capacity, percentage base

saturation and organic matter of soil63.

• High PAH concentrations in soils and leachate are the result of accumulation from

surface run-off, of municipal and industrial waste discharge, and aerial deposition from

industrial pipes64.

Thus, there is a need for public awareness on the harmful effects associated with dumpsite

leachates and to discourage people farming and living on dumpsites or close to dumpsites65.

1.4 Aim and Objectives of the Study

Aim of the Study

The aim of this study was to evaluate the pollution level of Aba-Eku (Ibadan) municipal

landfill site by assessing the physico-chemical parameters and persistent organic pollutants

in the landfill leachate and underground water.

The specific objectives of this study were to:

I. evaluate the level of heavy metals (Cu, Cr, Cd, Pb, Mn and Fe) in underground

water on and around Aba-Eku open dumpsite.
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II. evaluate the chemical parameters (pH, TS, COD, BOD, DO, chlorides, total

hardness, nitrate, phosphate and ammonia of the leachates and the underground

water around the open dumpsite.

III. determine the persistent organic pollutants (Polycyclic Aromatic Hydrocarbons

(PAH) and Phthalates Esters (PAE) in leachates and the underground water

around the open dumpsite.

IV. analyze and calculate the pollution index of Aba-Eku open dump site in Ibadan

1.5 Research Questions

1. What are the levels of some selected heavy metals present in the leachate and

underground water around the dumpsite?

2. What is the pollution index of the open dumpsite?

3. What types of PAH are present in the dumpsite?

4. What are types of phthalates present in the dumpsite?

5. What are the environmental effects of this pollutants?

1.6 Significance of the Study

In Nigeria solid waste are indiscriminately disposed on open space and fallow land usually

sited close to residential areas. Solid waste generally finds itself in the landfills and open

dumpsites where it poses serious threats to aquatic systems and human health. The disposal

of waste poses major environmental and public health problems in cities across the world.

These open dumpsites are not properly managed hence, leachates generated from landfills

pose a significant health risk to the ecosystem and general population.
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Landfill leachates are a complex mixture of components such as dissolved organic matter,

inorganic macro-components, heavy metals and a wide range of xenobiotic organic

compounds that have the capacity to leach highly toxic substances into soil and

underground water66. Amongst the many chemical compounds monitored from open dump

sites and landfills are Phthalates esters (PAEs), Poly aromatic hydrocarbons (PAHs) and

heavy metals that are believed to have some endocrine activity67,68. In literature, reports

exist on the effects of landfill leachate in environmental matrices.

However, no known reports on:

• Spatial Physico-chemical parameters of the underground water of Aba-Eku landfill

dumpsite.

• Leachate pollution index of the underground water of Aba-Eku landfill dumpsite.

• Types and distribution of persistent organic pollutants (phthalate esters and the

polycyclic aromatic hydrocarbon of Aba-Eku landfill dumpsite.

Therefore, this study

I. examined the spatial pollution status of the underground and river water of Aba-

Ekulandfill leachate

II. determined the leachate pollution index of Aba-Eku landfill site.

III. also assessed the phthalate compound on the dump site.

IV. will generated a baseline for further studies on Aba-Eku landfill site.
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1.7 Scope of the Study

The physicochemical parameters (pH, total solids, COD, BOD, DO, chlorides, total

hardness, nitrates, sulphates, phosphorus and ammonia), were analyzed along with selected

heavy metals (Cu, Cr, Cd, Pb, Mn, Fe) were analyzed from the sampled leachates and

underground water samples at spatial distribution with standard methods. The sampling

carried out in this study was on and around Aba-Eku municipal dumpsite located at

Lagelu Local Government Area, Ibadan Oyo State Nigeria.

1.8 Limitation of the Study

This study assessed the leachate pollution index of the municipal dumpsite, alongside the

two groups of organic pollutants e.g. PAEs and PAH. The seasonal variation of the

examined parameters was not considered. The management of the dumpsite was exposed

and closely monitored us to reduce our access to some locations on the dumpsite. We

were only allowed for a single collection.

1.9 Operational Definition of Terms

Dumpsite: An area of land where large amounts of waste materials are disposed or buried

under the earth.

Waste: Unwanted or unusable materials, substances or by-products.

Solid Waste: The unwanted or useless solid materials generated from human activities in

residential, industrial or commercial areas.
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Municipal: Relating to a town or a district or its governing body.

Environment: The natural world in which people, animals and plants live, as a whole or

in a particular geographical area especially as affected by human activity.

Pollution: The presence or introduction into the environment of a substance which has

harmful or poisonous effects.

Plant: A living thing that grows in the earth and usually has a leaf stem and root.

Hazardous: Risky or dangerous, has potential to cause danger.

Anthropogenic: Originating from human activity.
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Chapter Two

Literature Review

2.1 Solid Waste

Waste is a useless byproduct of human activity that physically contains the same substances

as the valuable product1,2. According to the Basel Convention on the Control of

Transboundary Movements of Hazardous Wastes and Their Disposal of 1989, Art. 2(1),

"'Wastes' are substance or objects, which are disposed of or are intended to be disposed of

or are required to be disposed of by the provisions of national law3. Waste production tends

to increase with rising levels of income, urbanization, and population4. Meat, vehicles,

electricity, and other consumer products are all being consumed in greater quantities by

this increasingly rich population4.

Waste is any material that is no longer useful or valuable to society. Looking back in time,

waste management was first a problem in densely populated areas such as villages and

cities5,6. Poor waste management leads to sanitary and aesthetic problems. One of the most

commonly used waste management practices is disposal of waste to landfills7. A landfill

constructed with modern practice has environmental disadvantages of waste disposal.

Waste in landfills degrades, producing greenhouse gases such as methane8. Rainfall and

groundwater seepage into the landfill creates leachate, contaminated water. The release of

untreated leachate can lead to contamination of groundwater, eutrophication of

surrounding waters, or spread of toxic compounds.

In order to manufacture those products, more natural resources are being utilized, and as a

result of increased consumption, more trash is being generated. Post-consumer waste

affects air, water, human health, and contributes to climate change. Solid waste is defined
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as worthless and undesired substances in a solid form that are abandoned by members of

society. It is any product or material that has no future use or value for the person or

organization that owns it and is being or will be discarded9.

Solid waste comprises all the wastes arising from human activities that are normally solid,

discarded as useless or unwanted by-products of process lines or materials that may be

required by law to be disposed off 10, 11,12. It has become a recurring feature in the urban

environment. Municipal solid waste, industrial solid waste, and agricultural solid waste are

examples of solid waste classifications13. Municipal and industrial solid wastes contain a

variety of harmful pathogenic organisms and essential chemical components that have a

negative impact on the quality of the land, air, and water as well as on human health.14,15

In addition to being an eyesore in the city, it poses health risks and endangers the well-

being of both people and animals in the environment. Municipal solid waste sites can be

toxic due to the presence of hazardous materials and chemicals. It accumulates on streets

and open spaces between houses, causing or contributing to serious health problems. The

poorer households suffer most since it is overwhelmingly in the poorer areas of cities that

there are no services to collect garbage or the services are very inadequate16.

2.2 Types of Solid Wastes

Waste can be broadly classified into several categories based on its source, composition,

and potential environmental impact. Here are some of the most common classifications of

waste:

2.2.1 Municipal Solid Waste (MSW): This refers to the everyday waste produced by

households, commercial and institutional establishments, and small businesses. According

to the World Bank Group, the rate of global waste generation is approximately 0.74 kg of
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waste per capita per day17. An uptrend in waste generation was reported, with the global

municipal solid waste production at 1.3 billion tonnes in the year 2012 increasing to 2.01

billion tonnes in the year 2016. It is expected to reach 2.59 billion tonnes in 2030. While

the world's population continues to rise, the demographic composition of the world's

population is changing rapidly. The globe is experiencing extreme levels of urbanization,

with the majority of this growth occurring in small & mid cities in low-income nations18.

Increasing populations, industrialization, and changing consumption patterns result in the

generation of increasing amounts of solid waste and its diversification19.

2.2.2 Hazardous Waste: This includes waste materials that are potentially harmful or

dangerous to human health or the environment. Examples include medical waste, chemical

waste, and electronic waste.

2.2.3. Industrial Waste: This includes waste materials generated by industries such as

manufacturing, construction, and mining. Examples include scrap metal, concrete, and

chemical byproducts.

2.2.4. Agricultural Waste: This includes waste materials generated by agricultural

activities such as crop and livestock production. Examples include crop residue, animal

manure, and agricultural chemicals.

2.2.5 Construction and Demolition Waste: This includes waste materials generated

during the construction, renovation, and demolition of buildings and other structures.

Examples include wood, concrete, bricks, and metal. The EPA defines this type of waste

as “Construction and Demolition (C&D) debris is a type of waste that is not included in

municipal solid waste (MSW)”. Items typically found in C&D include but are not limited

to steel, wood products, drywall and plaster, brick and clay tile, asphalt shingles, concrete,
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and asphalt. Generally speaking, construction and demolition waste can be categorized as

any components needed to build infrastructures. In 2018, the EPA estimated that the US

generated approximately 600 million tons of C&D waste20. The waste generated by

construction and demolition is often intended to be reused or is sent to the landfill.

Examples of reused waste is milled asphalt can be used again for the asphalt mixture or fill

dirt can be used to level grade.

2.2.6 Biomedical Waste: This includes waste materials generated by healthcare

facilities, such as hospitals, clinics, and laboratories. Examples include used needles,

contaminated gloves, and human or animal tissue. This type of waste is typically generated

from hospitals, physicians' offices, dental practices, blood banks, veterinary offices,

and research facilities. This waste has often been contaminated with bodily fluids from

humans or animals. Examples of this type of contamination can include blood, vomit, urine,

and other bodily fluids. Concerns started to generate when medical waste was appearing

on east coast beaches in the 1980’s. This forced congress to pass the Medical Waste

Tracking Act. This act was only in effect for approximately 3 years after the EPA

concluded the “disease-causing medical waste was greatest at the point of generation and

naturally tapers off after that point21.

2.2.7 Electronic Waste (E-Waste): This includes discarded electronic devices such as

computers, phones, and televisions. E-waste can contain hazardous materials such as lead,

mercury, and cadmium. Electronic waste, often referred to as “E-Waste” or “E-Scrap,” are

often thrown away or sent to a recycler. E-Waste continues to end up in landfills across the

world. The EPA estimates that in 2009, 2.37 million tons of televisions, computers, cell
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phones, printers, scanners, and fax machines were discarded by US consumers. Only 25%

of these devices were recycled; the remainder ended up in landfills across the US.

E-Waste contains many elements that can be recycled or re-used. Typically speaking,

electronics are encased in a plastic or light metal enclosure. Items such as computer boards,

wiring, capacitors, and small motor items are common types of E-waste. Of these items,

the internal components include oil, iron, gold, palladium, platinum, and copper. All of

which are mined from the earth’s core. For these items to be mined, it requires massive

amounts of energy to operate the equipment, which emits greenhouse gases into the

atmosphere. Donating e-waste to recycling centers or refurbishing this equipment can

reduce the greenhouse gases emitted through the mining process. It will also lower the

usage of our naturally formed products to ensure future generations will have sufficient

natural resources.

2.2.8 Radioactive Waste: This includes waste materials that emit ionizing radiation and

can be harmful to human health and the environment. Examples include spent nuclear fuel

and nuclear weapons waste. Radioactive waste is produced by industries such as mining,

nuclear power generation, defense, medicine, and certain types of scientific research22,23.

Waste can be classified and categorize based on its nature and potential environmental

impact. These classifications help to categorize waste based on its nature and potential

environmental impact

2.2.9 OrganicWaste: Organic waste refers to waste materials that are biodegradable and

originate from living organisms or natural sources. This includes food waste, yard waste,

agricultural waste, and other biodegradable materials. Organic waste can be broken down

by microorganisms through composting or anaerobic digestion processes.
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2.2.10 Inorganic Waste: Inorganic waste refers to waste materials that are non-

biodegradable and do not originate from living organisms. This category includes materials

such as plastics, metals, glass, ceramics, and synthetic fibers. Inorganic waste can persist

in the environment for a long time and may require specialized recycling or disposal

methods.

2.2.11 Toxic Waste: Toxic waste, also known as hazardous waste, is waste that poses a

threat to human health and the environment due to its chemical, biological, or physical

characteristics. Toxic waste includes substances that are corrosive, flammable, reactive, or

poisonous. Examples of toxic waste include certain chemicals, pesticides, solvents,

batteries, and medical waste. Proper handling, storage, and disposal methods are necessary

to prevent harm from toxic waste.

It has been observed that in 1980, on average, a balance of 100 metric tons of solid waste

are piled up daily in Benin City24. This is because while about 350 metric tons of solid

waste are generated daily, the maximum rate of evacuation achievable was only 250 metric

tons daily. Uchegwu in his research remarked that big cities like Port Harcourt, Lagos,

Kano, etc. in Nigeria produced on average 46 kg of solid waste per person, per day. In 2010

estimated MSW generated in Lagos, Port Harcourt, Ibadan and Warri are 1.23 × 105;

762,143; 996,102 and 174, 372 t/ year respectively25,26. On the contrary, Lagos with a

population estimate of 21 million has a per capita waste generation of 0.5 kg per day, the

city generates more than 10,000 tons of urban waste every day. Ibadan with a projected

population of 3,154,487, the quantity of waste generated in Ibadan Metropolis in 2012 is

estimated at 634,998.43 t/year and 0.55 kg per capita per day which included provision for

street sweeping27.
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The composition of waste varies from one municipality to another and from country to

country significantly (Table 2.1). Such variation depends mainly on the lifestyle,

economic situation, waste management regulations and industrial structure28. However,

the average composition of MSW in the United States is approximately 33% paper and

cardboard, 13%-yard waste, 13% food waste, 12% plastics, 6% metals, 5% rubber,

leather, and textiles, 4% wood, and 14% other materials28.

Waste Composition(% w/w)

Region Organic

food

Glass Metals Paper Plastics Rubber Wood Others

East Asia 53 26 3 15 12 <1 2 12

South Asia 57 4 3 10 8 2 1 15

Europe And
Central Asia

36 8 3 18.6 11.5 <1 1.6 21

Latin America
and Caribbean

52 4 3 13 12 <1 <1 15

Middle East and
North Africa

58 3 3 13 12 2 1 8

North America 28 45 9.3 28 12 9 5.6 3.6

Table 2.1: Waste Composition in Different Region.
Sources:28.
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Household or municipal wastes are usually generated from variable sources where different

human activities are encountered. The amount of MSW generated varies by region, but on

average, an individual in the United States produces about 4.5 pounds of waste per day.

This adds up to more than 250million tons ofMSWgenerated annually in the United States

alone29. Several studies reported that the municipal solid waste that are generated in

developing countries is mainly from households (55–80%), followed by market or

commercial areas (10–30%). The later consists of variable quantities generated from

industries, streets, institutions and many others30.

MSW is typically collected by municipalities and waste management companies through

curbside collection, drop-off centers, or transfer stations. MSW can be disposed of through

a variety of methods, including landfilling, incineration, and composting. Landfilling is the

most common method of MSW disposal in the United States, with approximately 52% of

MSW being sent to landfills.

This poses a significant hazard to the terrestrial ecosystem and groundwater resources31.

Pollutants (e.g., nutrients, heavy metals, polycyclic aromatic hydrocarbons, etc.) emanating

from dumpsites usually penetrate the lower soil horizons as leachates thereby polluting the

groundwater at different degrees15,32. Environmental contaminants are those substances

which are present in the environment above the permissible limits of concentration, which

adversely alters the environment and is toxic to human ( Figure 2.1), animal and plant

health. Due to industrialization and the overuse of chemical fertilizers, our environment

has become contaminated with various types of contaminants33. The contaminants include

solid, liquidand gaseous substances which are produced by human activity for short-term

economic benefits at the cost of long-term ecological benefits for humanity. A wide

variety of
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contaminants are present in the environment, and they can be broadly categorized as

emerging contaminants, endocrine disruptors, carcinogens, mutagens, neurotoxins, and

others, and they enter the environment from various point and nonpoint sources34. The

common sources of contaminants are fossil fuels, industries and industrial accidents, oil

spills, mining, ammunition and agents of war etc (figure 2.2). The contaminants may be

natural or xenobiotic (man-made) in nature35.

2.3 Leachates

Leachates consists of the liquid effluent generated from municipal waste consolidation into

landfills. This liquid is a cocktail of numerous chemicals that are the result of water passing

through the waste and saturating it with organic and inorganic matter. The produced

leachate poses significant disposal challenges for landfill operators worldwide due to its

potential to contaminate soils, surface water, aquifers and sea water36. Leachate can be

treated locally or in a municipal wastewater treatment plant. Treatment methods for

leachate can be divided into biological and physicochemical methods. Biological

techniques use bacteria to reduce the organic matter and nitrogen content of leachate.

Physico-chemical techniques are often used as a pre-treatment for biological steps or to

remove specific compounds. Examples of biological treatment methods are sequencing

batch reactors, moving bed biofilm reactors, and wetlands. Examples of physicochemical

techniques are chemical oxidation, precipitation, and absorption. Various treatment

methods often produce contaminated sludge that must be treated and disposed
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Figure 2.1: Theoretical Framework of the Review: Source of Contaminants Due to

Solid Waste.

Source: 4.
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Figure 2.2: Composition and Classification (by material) of MSW Generated by The

United States in 2013.

Source: 20.
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Generally, it is necessary to reduce the water content of the sludge before it is further

treated and finally disposed of37. Rapid development and rising populations have boosted

garbage generation in the majority of emerging nations. However, there hasn't been much

attention paid to the management of waste in these emerging nations, such as Nigeria,

where stacks and heaps of this material are carelessly discarded in public places38. In most

nations around the world, the most popular practice for managing solid waste is

landfilling39,40. A large portion of these landfills are unclean in the majority of developing

nations, including Nigeria and India41. In the presence of moisture, biodegradable wastes,

which are frequently found in landfills from developing nations, go through a number of

biological and chemical processes to produce mounds of decomposed organic matter

(landfill soil), which are laden with a mixture of organic pollutants and toxic metals36,42.

2.4 Sanitary Landfills

One of the most popular and widely approved methods of getting rid of these wastes is

sanitary landfilling. This is as a result of its cost-effective and sustainable approach to trash

management. For instance, the majority of the materials required for construction are easily

accessible and present naturally in most places. The mineral seal or liner is a crucial part

of the sanitary landfill because it prevents leachates and contaminants from entering the

groundwater or subsoil and contaminating them. Additionally, it stops water from

percolating or seeping into the waste. Because of its tropical and subtropical climate,

Nigeria benefits from the creation of lateritic soils, which are the result of extensive

weathering. As a result, they are the most often used soils for a variety of construction uses
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since they are plentiful (easily available) everywhere. There is a wealth of information on

the varied geotechnics qualities of different types of soil from around the world43,44.

Despite the usage of Integrated Municipal Solid Waste Management, landfilling is still the

most often used technique of disposing of solid waste by municipal authorities globally.

Landfills Leachates are a key cause of environmental worry since they have been linked to

changes in ecological equilibrium. Landfills have developed into well-engineered

structures with bottom liners and leachate management systems to reduce the migration of

this leachate into the environment. This evolution has occurred relatively quickly.

Unfortunately, the majority of developing economies, such as those in Africa and Asia,

have not kept up with the rate of economic evolution45.

Given the ongoing expansion in the quantity and diversity of waste entering landfills as a

result of urbanization and rapid population growth, it is likely that the surrounding habitat

will continue to experience an adverse influence from landfill leachate. Sub-Saharan Africa

is of special concern due to the region's high yearly rate of urbanization (approximately

4.1%), insufficient waste treatment infrastructure, and problematic land use planning that

plague the area46.

As a result of in-place waste being solubilized and chemical and biological reactions taking

place within the landfill system, leachate contains a variety of chemical elements, the

composition of which changes over the course of the landfill's life47. Food contamination

with heavy metals is another concern for human and animal health. The concentration of

heavy metals in water resources, air, and food is assessed with this regard48.
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2.5 Toxic Pollutants

Toxic pollutants encompass a wide range of substances with diverse chemical properties

and effects. Examples include heavy metals (lead, mercury, cadmium), volatile organic

compounds (VOCs), polychlorinated biphenyls (PCBs), dioxins, pesticides, asbestos, and

radioactive materials. Accidental release of these contaminants in the environment leads to

evolution of new diseases to human health and as well as mass death of population.

Exposure to toxic pollutants can lead to various adverse health effects, depending on the

specific substance and level of exposure. Health impacts can include respiratory problems,

neurological disorders, developmental abnormalities, organ damage, reproductive issues,

cancer, and even death. Toxic pollutants can have severe consequences for ecosystems and

the environment. They can contaminate soil, water bodies, and the atmosphere, leading to

habitat degradation, biodiversity loss, bioaccumulation in the food chain, and ecosystem

disruption.

Governments and international bodies have implemented regulations and protocols to

control and reduce toxic pollutants. These measures involve setting emission standards,

establishing safe disposal practices, enforcing pollution control measures, and promoting

the use of cleaner technologies. Monitoring programs are in place to measure the presence

and levels of toxic pollutants in the environment. This includes air quality monitoring,

water quality assessments, and soil testing. Toxicological studies are also conducted to

evaluate the potential health risks associated with exposure to specific pollutants. Effective

communication about toxic pollutants is crucial to inform the public, raise awareness, and

promote responsible behavior. Risk management strategies involve identifying sources,
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implementing pollution prevention measures, developing cleanup plans, and promoting

sustainable practices to minimize the release and impact of toxic pollutants.

2.6 Types of Toxic Pollutant

Toxic pollutants refer to substances that, when released into the environment, have the

potential to cause harm to living organisms. These pollutants can originate from various

sources and can have detrimental effects on human health, ecosystems, and the

environment as a whole. Here are some examples of toxic pollutants:

Heavy Metals: Heavy metals such as lead, mercury, cadmium, arsenic, and chromium are

toxic pollutants that can be released from industrial activities, mining, fossil fuel

combustion, and improper waste disposal. They can accumulate in the environment and

pose significant risks to human health and ecosystems.

Volatile Organic Compounds (VOCs):VOCs are organic chemicals that readily vaporize

at room temperature. They are found in many common products such as solvents, paints,

adhesives, and fuels. VOCs contribute to air pollution and can have harmful effects on

human health, including respiratory issues and the formation of ground-level ozone.

Polychlorinated Biphenyls (PCBs): PCBs are a group of synthetic organic compounds

that were widely used in electrical equipment, coolants, and hydraulic fluids until they were

banned due to their toxicity. PCBs are persistent in the environment, can accumulate in

organisms, and have been linked to adverse health effects, including developmental and

reproductive disorders.

Pesticides: Pesticides are chemical substances used to control pests, insects, and weeds in

agriculture and public health. While they serve important purposes, many pesticides are
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toxic to humans and non-target organisms. Pesticides can contaminate soil, water, and food

sources, posing risks to human health and ecological balance.

Air Toxics: Air toxics, also known as hazardous air pollutants, are a group of substances

emitted into the air from various industrial processes, combustion of fuels, and

transportation. Examples include benzene, formaldehyde, dioxins, and certain metals.

Inhalation of air toxins can lead to respiratory problems, cancer, and other adverse health

effects.

Persistent Organic Pollutants (POPs): POPs are organic compounds that are highly

resistant to degradation and can persist in the environment for long periods. They include

substances such as certain pesticides (e.g., DDT), industrial chemicals (e.g.,

polychlorinated biphenyls), and unintentional byproducts of combustion and industrial

processes (e.g., dioxins). POPs can bioaccumulation in organisms, travel long distances

through air and water, and have toxic effects on both humans and wildlife.

Heavy metals are toxic substances that can have adverse effects on human health and the

environment. Soil pollution by HMs can negatively affect human health, wildlife, and soil

production49. Heavy metals, due to their toxicity and stability in the environment and the

ease of getting into the food chain, pose a serious threat to organisms living in aquatic

ecosystems and, indirectly, also to human health 50,51,52.

Metals, such as Cu, Co, Mn, and Zn, are essential for animals, being involved in cellular

metabolism, antioxidant and anti-inflammatory defenses, gene expression, and protein

synthesis53. Excessive environmental concentrations of these become toxic for animals and

plants.
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Other metals, such as Cd, Cr, and Pb, are not involved in the metabolic pathways54,55. Cd

and Pb are accumulated primarily in the kidney and liver, but they may reach high

concentrations also in the gills, digestive tract, and spleen56. The kidney in particular, but

also the liver and gills, can accumulate Cr55. here are some common heavy metals and their

associated health effects:

Lead (Pb): Neurological Effects: Lead exposure can lead to cognitive and behavioral

impairments, especially in children. It can cause developmental delays, decreased IQ,

learning disabilities, and behavioral problems. Other Effects: Lead exposure can also affect

the kidneys, cardiovascular system, and reproductive system.

Mercury (Hg): Neurological Effects: Mercury exposure, particularly to methyl mercury,

can result in neurological damage, affecting cognitive function, memory, attention, and

motor skills. It is especially harmful to the developing brains of fetuses and young children.

Mercury can also cause kidney damage and affect the respiratory and cardiovascular

systems.

Cadmium (Cd): Kidney Damage: Cadmium exposure can lead to kidney damage,

including kidney dysfunction and renal failure. Other Effects: Cadmium can also affect the

respiratory system, skeletal system, and cardiovascular system.

Arsenic (As): Cancer Risk: Arsenic is a known human carcinogen and exposure to high

levels can increase the risk of various cancers, including skin, lung, bladder, and kidney

cancers. Arsenic can also cause skin lesions, cardiovascular effects, and neurological

effects.
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Chromium (Cr): Respiratory Effects: Hexavalent chromium (Cr (VI)) can cause

respiratory problems such as asthma and bronchitis. Prolonged exposure to high levels of

Cr (VI) has been associated with an increased risk of lung cancer.

These heavy metals can enter the human body through various routes such as inhalation,

ingestion, or dermal contact. The health effects can vary depending on the specific metal,

dose, duration of exposure, and individual susceptibility. In addition to their impact on

human health, heavy metals can also have harmful effects on the environment. They can

persist in soil, water, and air, contaminating ecosystems and posing risks to plants, animals,

and microorganisms. Heavy metals can disrupt ecological processes, harm biodiversity,

and enter the food chain, leading to bioaccumulation and biomagnification.

2.7 Phthalate Esters (PAEs)

Phthalates

Phthalates are a group of chemicals that are commonly used as plasticizers, which means

they are added to plastics to make them more flexible and durable. The first commercial

plasticizers were synthesized in 1846, and in the late 1920s, di (2-ethylhexyl) phthalate

(DEHP) was the first worldwide phthalic acid ester (PAE) introduced57. Phthalates are not

chemically bonded to materials used in the manufacturing process. They migrate to the

surface of the produced goods easily, and then to the environment and living organisms.

Phthalates were also found in landfill leachate. The older the landfill, the smaller the

amount of leachate, which suggests that phthalates are gradually degraded58. However,

DEHP was also found in leachate from older landfills, because they were widely used and

slowly degraded59. Other phthalates were gradually introduced in industrial processes due

to the marked development of polyvinyl chloride plastics (PVC) and other polymers, such
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as polyethylene terephthalate (PET), polyvinyl acetates, cellulosic, and polyurethanes,

which are softened by phthalates. There are many different types of phthalates, and they

can be classified into several categories based on their chemical structure and properties.

Examples of Phthalates

 High-Molecular-Weight Phthalates: These are phthalates that have a molecular

weight greater than 250 daltons. Examples include diisononyl phthalate (DINP),

diisodecyl phthalate (DIDP), and di-n-octyl phthalate (DnOP)60, 61.

 Low-Molecular-Weight Phthalates: These are phthalates that have a molecular

weight less than 250 daltons. Examples include diethyl phthalate (DEP), dibutyl

phthalate (DBP), and diisobutyl phthalate (DIBP)62.

 Ortho-Phthalates: these are phthalates that have a benzene ring attached to two

carboxylic groups (ortho position). Examples include DEP, DBP, di-n-octyl

phthalate (DnOP).

 Terephthalates: these are phthalates that have a benzene ring attached to two

carboxylic acid groups (para position). Example include dimethyl terepthalates

(DMT), and diethyl terephthalates (DET).

 Adipates: these are phthalates that have a linear carbon chain with two carboxylic

acid groups, e.g dietyl adipate, and dibutyl adipate.

 Trimellitates: These are phthalates that have three carboxylic acid groups

Examples include triethyl trimellitate and tri-n-butyl trimellitate. These are

phthalates that have three carboxylic acid groups.

Phthalate esters (PAEs) are synthesized by phthalic anhydride and alcohols, also known as

phthalic acid esters63,64. They are colorless, odorless, flavorless, exist as liquid types at a
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large temperature range (25 ℃ − 50 ℃), and are chemically stable65. In the 1930 s, di (2-

ethylhexyl) phthalate (DEHP) was added to plastic polyvinyl chloride (PVC) to improve

flexibility and elasticity.

PAEs were widely used in global amounts up to approximately 5.5 million metric tons per

year, through various sources, including household stuff (furnishings, clothing, cosmetics,

children's toys, nutritional supplements/food packaging, etc.), building and traffic

materials, industrial fields (paints and varnishes, adhesives, lubricants, waxes, cleaning

materials, electronics, inks), agricultural activities (insecticides, pesticides, fertilizers,

mulch plastic) or others (e.g., pharmaceuticals, medical devices, etc.)66. Owing to their

growing economic and commercial interest, PEs are by far the most used synthetic organic

chemicals in a large variety of products since 1930s66. Global production of PEs is

estimated at 6 to 8 million tons per annum67. As a result, PAEs are found in various

environmental matrices, including the atmosphere, lithosphere (soil, sediment), and

hydrosphere (surface water, and wastewater, etc.).

Human exposure to PAEs can happen through various pathways (figure 2.3) such as

ingestion,inhalation, skin absorption/contact, and intravenous injection. For example, the

human body can be easily exposed PAEs by oral exposure (i.e., the ingestion of food, or

children’s toys); inhalation from air ambient mixed with PAEs; by skin contact with

plastic products (i.e., personal care products, paints, clothes or cosmetics, etc.); and

intravenous exposure related to medical equipment. Meanwhile, PAEs are a type of

endocrine disruptivechemical (EDCs) that can cause substantial harm to the respiratory,

reproductive, and endocrine systems of humans. So far, PAE exposure was linked to a

variety of health problems, including abnormal reproductive system impacts, asthma, and

allergies.
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Several PAEs compounds were detected in the environment, such as Diethyl phthalate

(DEP), Dimethyl phthalate (DMP), Di(2-ethylhexyl)phthalate (DEHP), Dibutyl phthalate

(DBP), Diisobutyl phthalate (DIBP), Butyl benzyl phthalate (BBP), Diisononyl phthalate

(DINP), and Dinoctyl phthalate (DnOP)68 . PAEs are grouped into: high-molecular-weight

(HMW) PAEs with 7 to 13 carbon chains and low-molecular-weight (LMW) PAEs with 3

to 6 carbon chains. For example, DEHP (C24H38O4) belongs to the HMW.

2.8 Effects of Phthalate on Human

Overall, the utilization of these millions of tons of phthalates and BPA is related to their

wide use in the plastic industry, as well as in medical devices, health care products,

dispersants and emulsifying agents, epoxy resins, lubricants, auto parts, food packaging

and services, paints, gelling agents, cosmetics, insecticides, and many other households

and consumer products70,71,72. Despite their many uses and applications, phthalates and

BPA have become major environmental concerns due to their genotoxicity, neurotoxicity,

cytotoxicity, reproductive toxicity, and endocrine-disrupting effects, which may affect

human health from gestation to adulthood.
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Figure 2.3: Effects of BPA and Phthalates on the Development and Function of the

Male Reproductive Tract.

Abbreviations: Polychlorinated Biphenyls (PCB), Persistent Organic Pollutants (POP),

Polyfluoroalkyl Acids (PFAS), Perfluorooctanoic Acid (PFOA)

Source: 69.
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Endocrine Disruption: Phthalates can disrupt the endocrine system, interfering with

hormone signaling in the body. They have been linked to reproductive and developmental

effects, including reduced fertility, impaired sperm quality, and developmental

abnormalities in the male reproductive system73. Human exposure to these endocrine-

disrupting compounds (EDCs) can occur through four major pathways (ingestion,

inhalation, intravenous and dermal contact), where the first is the main route of exposure

74. By examining testicular volume, sperm parameters, and reproductive hormones in a

cohort of 216 young men with known prenatal exposure to multiple phthalates' esters, Hart

et al. (2018) made an effort to address this flaw. In particular, the authors discovered a

positive correlation between maternal monoethyl phthalate (MEP) and adult semen

volume, a negative correlation between maternal mono(carboxyisooctyl) phthalate

(MCiOP) and adult sperm motility, and a positive correlation between maternal DEHP,

DiNP (and their metabolites) and total testosterone75.

Asthma and Allergies: Some studies suggest a possible association between phthalate

exposure and an increased risk of asthma and allergies, although the evidence is not

conclusive.

Liver and Kidney Damage: Certain phthalates have been associated with liver and kidney

damage, although the extent of the health risks may depend on the specific phthalate

compound and the level and duration of exposure76.

Carcinogenic Potential: Some phthalates, such as di (2-ethylhexyl) phthalate (DEHP),

have been classified as possible human carcinogens by international agencies.
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2.9 Environmental Effects of Phthalates

Water Contamination: Phthalates can enter the environment through various pathways,

including wastewater discharges and leaching from landfills. They can contaminate surface

water and groundwater, potentially impacting aquatic ecosystems77.

Soil and Sediment Contamination: Phthalates can accumulate in soil and sediments,

affecting soil quality and potentially entering the food chain through plant uptake78,79.

Toxicity to Aquatic Organisms: Phthalates can be toxic to aquatic organisms, including

fish and invertebrates, with potential effects on growth, reproduction, and behavior.

Persistence and Bioaccumulation: Some phthalates have the potential to persist in the

environment and bioaccumulate in organisms, leading to long-term exposure and potential

ecological impacts

2.10 Environmental Sources of Phthalate

Indoor Sources:

Consumer Products: Phthalates are commonly used as plasticizers in a variety of

consumer products, including vinyl flooring, PVC pipes, flexible plastics, and personal

care products (such as cosmetics, lotions, and fragrances), which can serve as sources of

phthalate release indoors80.

Outdoor Sources

Airborne Sources: Phthalates can be released into the outdoor air through volatilization

from consumer products, industrial emissions, and exhaust from vehicles. They can also

be transported long distances through atmospheric transport81.
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Water Sources:

Wastewater Discharges: Phthalates can enter water bodies through the discharge of

domestic and industrial wastewater, which may contain phthalates from various sources,

including household products and manufacturing processes82.

Soil and Sediment Sources:

Landfill Leachate: Landfill leachate, an aqueous by-product of landfilling, is generated as

a consequence of precipitation percolation through waste, biochemical processes in wastes

cells and the inherent water content of wastes themselves83. Phthalates can leach from

disposed consumer products in landfills and contaminate surrounding soil and groundwater

through leachate, which is the liquid that drains from landfills84,85.

Food Sources:

Packaging and Processing: Phthalates can migrate from packaging materials into food,

especially fatty or acidic foods, during processing, storage, and transportation86.

2.11 Methods of Analyzing Toxic Pollutants

1. Chromatography: Chromatography is a technique that separates the different

components of a mixture based on their chemical properties. This technique can be used to

separate and analyze individual pollutants in a sample87.

2. Mass Spectrometry: Mass spectrometry is a method of identifying and quantifying

molecules based on their mass-to-charge ratio. It can be used to identify specific toxic

pollutants in a sample88.
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3. Atomic Absorption Spectroscopy: This technique measures the absorption of

light by atoms in a sample, which can be used to determine the concentration of specific

elements, including toxic pollutants, in the sample89.

4. Immunoassays: Immunoassays use antibodies to detect and quantify specific toxic

pollutants in a sample. This technique is often used in environmental monitoring and food

safety testing90.

5. Microbial Assays: Microbial assays use bacteria or other microorganisms to detect

the presence of toxic pollutants in a sample. These assays are often used to test the toxicity

of a sample or to monitor the effectiveness of remediation efforts91.

6. Electrochemical Methods: Electrochemical methods use electrodes to detect and

quantify toxic pollutants in a sample. These methods are often used for water quality

monitoring and can detect a wide range of pollutants92.

Along with informal solid waste management (SWM), open dumping sites of SWs mainly

have operated in developing countries and pose serious environmental problems93. Landfill

leachates from municipal solid waste (MSW) sites can be highly toxic to both aquatic

organisms and plants.

The European Food Safety Authority (EFSA) has established the maximum daily limit of

human intake for some PAEs (DBP 0.01, BBP 0.5, DEHP 0.05, DNP 0.15, DDP 0.15 mg

kg−1 per day per body weight) 9. Since phthalates are loosely incorporated in the polymer

structure without covalent bonding, they can be easily separated and migrate constantly to

the environment, these pollutants have been shown to be ubiquitous in some environmental

compartments the polymers display limited resistance95,96,97.
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Therefore, changes in environmental conditions such as temperature, UV radiation, or

contact with liquid compounds (solvents, lipids, etc.) and/or acidic/alkaline environments,

could accelerate its release from the polymeric matrix to the different environmental

matrices98. For example, during the rainy season, runoff coming from dump sites may

transport organic pollutants, contaminating receiving water bodies and/or groundwater

resources4.

Adsorption

The mechanisms of adsorption/desorption together with biodegradation have been

considered the most influential processes regulating the migration of organic

micropollutants to aquifers 99. Some pollutants have a low potential to migrate to aquifers

during the Biological degradation by the indigenous bacterial consortium is an important

mechanism that naturally eliminates organic contaminants in the aquifer or during their

pathway from the surface to the saturated zone 100.

2.12 Poly Aromatic Hydrocarbons (PAHs)

Over 100 chemical compounds make up the group of compounds known as PAHs, most of

which are colorless but occasionally exhibit white or yellow coloring. They may come from

artificial or natural sources and are widely distributed (figure 2.4). Volcanic eruptions,

open burning, seepage or loss from coal or petroleum deposits are some typical natural

sources of PAHs101, 102. The anthropogenic sources of PAHs are caused by human activity

and are typically linked to thermal breakdown processes involving incomplete burning of

organicmaterials.103,104.

Therefore, the primary anthropogenic sources of PAHs are the processes used in the

processing of crude oil, tar sands, bitumen, coal, gas, and the use of refined petroleum
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products. Burning of municipal and medical trash, plants, and all forms of biomass are

additional sources105,106. When storing, transporting, and using crude and refined petroleum

products, temperatures between 100 °C and 150 °C are also conducive to the formation of

PAHs. These sources are referred to as petrogenic, if they cause low temperature PAH

emission. Last but not least, PAHs are created biologically during biomass breakdown and

as a result of some microbial activity. Human toxicology and exposure to PAHs in Nigeria.
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Figure 2.4: Polycyclic Aromatic Hydrocarbons: Sources, Importance and Fate in the
Atmospheric Environment.

Source: 107.
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Human Toxicology and Exposure to PAHs in Nigeria.

The human body has purportedly been revealed to contain PAHs. Although these kinds of

research are not common in Nigeria, many have shown a connection between exposure to

PAHs and a variety of physical afflictions and disorders. Carcinogenic PAH concentrations

in the blood and urine samples of about 36 children tested in Imo State, Nigeria, ranging

from 53.48 to 70.8 g/dL and 94.98-115.04 g/dL were determined107,108. In a different

investigation, blood samples collected from neurology patients included up to 14 PAHs.

Pyrene, fluoranthene, and acenaphthene concentrations were 2.96-236.86 ng/ml, 1.96-

11.55 ng/ml, and 11.08-1.81 ng/ml, respectively, in the blood plasma. The numbers

obtained were said to be important and related to the patient's health 109.

Because of their toxicity and characteristics including limited water solubility, strong

affinity for lipids, and propensity to adsorb to particulate matter, PAHs are of importance

because of their persistence in the environment, long-range transit, accumulation in the

soil, and hazardous nature. Their conversion into alkylated compounds is another factor

contributing to their toxicity. Sixteen of these are currently regulated by the World Health

Organization and the United States and are known as priority PAHs. Acenaphthene (ACE),

Acenaphthylene (ACY), Anthracene (ANTH), Benzo[a]anthracene (B[a]A),

Benzo[a]pyrene (B[a]P), Benzo[b]fluoranthene (B[b]F), Benzo[k]fluoranthene (B[k]F),

Benzo[g,h,i]perylene (B[ghi]P), Chrysene (CHRY), Dibenz[a,h]anthracene (D[ah]A),

Fluoranthene (FLTH), Fluorene (FLU), Indeno[1,2,3-c,d]pyrene (IND), Phenanthrene

(PHEN), Pyrene (PYR) and Naphthalene (NAP)110 . Through many years of eco-toxicity

studies, seven of the PAHs, namely Benzo[b]fluoranthene (B[b]F), Benzo[k]fluoranthene
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(B[k]F), Benzo[a]pyrene (B[a]P), Indeno[1,2,3-c,d]pyrene (IND), Benzo[a]anthracene

(B[a]A), Chrysene (CHRY), and Dibenz[a,h]anthracene (D[ah]A) have been identified and

profiled for potent carcinogens, mutagens and teratogens101

2.13 Sources of PAH

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of organic compounds consisting

of fused aromatic rings111. They are formed during the incomplete combustion of organic

materials and are widely distributed in the environment. PAHs are known to be

carcinogenic and mutagenic, making them a significant environmental and public health

concern. Presented below are the diverse origins of polycyclic aromatic hydrocarbons

(PAHs) (figure 2.5).

Combustion of Fossil Fuels

PAHs are majorly produced during the combustion of fossil fuels such as coal, oil, and

gasoline. Vehicle emissions, industrial processes, power plants, and residential heating are

some of the primary sources of PAHs resulting from the incomplete combustion of these

fuels. Studies have shown that vehicle exhaust is a major contributor to urban PAH

pollution112.

Biomass Burning

The burning of biomass, including wood, charcoal, crop residues, and animal dung,

releases PAHs into the atmosphere. Agricultural burning practices, deforestation, and

cooking using solid fuels in developing countries are significant contributors to PAH

emissions.
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Industrial Activities

Certain industrial processes such as steel manufacturing, aluminum production, and coke

production involve high-temperature operations that release PAHs into the air. PAHs are

also found in industrial effluents and wastewater.

Residential Heating and Cooking

In households that rely on solid fuels like wood, coal, or charcoal for cooking and heating,

PAH emissions can be substantial. Indoor air pollution from these sources can lead to

health problems, especially in developing countries with poor ventilation.

Tobacco Smoke

Cigarette smoke contains numerous harmful compounds, including PAHs. Smokers and

individuals exposed to secondhand smoke are at risk of inhaling PAHs and experiencing

adverse health effects.

Natural Sources

PAHs can also originate from natural sources such as forest fires and volcanic eruptions.

While the contribution from natural sources is relatively small compared to human

activities, they can still influence PAH levels in certain regions.

Road Dust and Urban Resuspension

PAHs from vehicle emissions and other sources can settle on road surfaces and become

part of road dust. When traffic passes over the roads, these particles can become

resuspended in the air, contributing to urban PAH pollution.
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2.14 Atmospheric Transformation and Deposition

PAHs can undergo various atmospheric transformations, including reactions with other

pollutants, photodegradation, and oxidation. These processes can alter the composition and

behavior of PAHs in the atmosphere and can lead to their deposition onto surfaces,

including soil and water bodies101.

2.15 Transport and Fate of PAHs in the Environment

The transport and fate of Polycyclic Aromatic Hydrocarbons (PAHs) in the environment

involve various processes that determine their movement, transformation, and ultimate

distribution. Understanding these processes is essential for assessing their environmental

impact and designing effective mitigation strategies.

Atmospheric Transport

PAHs released into the atmosphere during combustion processes, industrial activities, and

natural sources can travel long distances due to their volatility and low water solubility.

Once in the air, they can be transported over regional and even global scales before being

deposited back to the earth's surface through dry or wet deposition113.
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Figure 2.5: Natural and Anthropogenic Sources of Polycyclic Aromatic Hydrocarbons

(PAHs).

Source: 101.
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Deposition

PAHs can be deposited onto different environmental compartments through both dry and

wet processes. Dry deposition occurs when particles settle directly from the atmosphere

onto surfaces like soil, vegetation, and water bodies. Wet deposition involves PAHs being

scavenged from the atmosphere by rain or snow and subsequently deposited onto surfaces

during precipitation events114.

Soil Interaction

When PAHs are deposited onto soil surfaces, they can bind to soil particles, leading to their

sorption and sequestration. The extent of sorption depends on the physicochemical

properties of both the PAHs and the soil, such as organic carbon content, pH, and clay

mineral composition. Sorbed PAHs may remain in the soil for an extended period,

depending on their persistence and susceptibility to microbial degradation.

Water Interaction

PAHs can enter water bodies through direct runoff or via atmospheric deposition during

precipitation events. Once in water, they can partition between the dissolved phase and

suspended particles. PAHs with higher molecular weight and lower water solubility tend

to associate more with particulate matter, leading to their accumulation in sediments.

Bioaccumulation and Biomagnification

PAHs have the potential to bioaccumulate in aquatic organisms, particularly those with a

higher lipid content, such as fish. Through the process of biomagnification, PAH

concentrations can increase up the food chain, with top predators having the highest levels

(figure 2.6).
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Figure 2.6: Flow Charts showing Short- and Long-Term Health Effects of
Exposure toPAHs.

Source:115..
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Photodegradation

PAHs in the atmosphere and on surfaces can undergo photodegradation when exposed to

sunlight. This process involves the breaking of chemical bonds due to UV radiation,

leading to the formation of less complex and less toxic PAH derivatives. However, some

photodegradation products can still be harmful to the environment.

Microbial Degradation

In soil and aquatic environments, certain microorganisms have the ability to metabolize

PAHs, breaking them down into simpler and less toxic compounds. Microbial degradation

is a crucial natural mechanism for reducing the persistence and potential harmful effects of

PAHs in the environment.

2.16 Risk Management Strategies

Remediation and Mitigation Measures

Implementing effective strategies to prevent or mitigate groundwater contamination is

essential for minimizing the associated risks. These measures could encompass a range of

approaches, such as employing appropriate landfill designs to minimize leachate migration,

implementing leachate collection and treatment systems to minimize potential pollutants,

and ensuring consistent monitoring of groundwater quality to promptly detect any

deviations116, 117.

In order to effectively address the risks posed by groundwater contamination from

municipal solid waste dumpsites, the implementation of robust remediation and mitigation

measures becomes paramount. These measures constitute a crucial line of defence against
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the potential migration of toxic chemicals and pollutants, safeguarding both human health

and the environment118. A comprehensive approach involving multiple strategies is

necessary to tackle the multifaceted nature of the issue. One of the fundamental approaches

involves the careful design and engineering of landfills to minimize the migration of

leachate—a significant carrier of contaminants—into the groundwater system. Landfill

design elements include impermeable liners, drainage systems, and proper cover materials

to inhibit the percolation of leachate. This prevents the downward movement of pollutants,

reducing their potential reach within the subsurface 119.

Furthermore, the implementation of leachate collection and treatment systems represents a

pivotal strategy in reducing the release of potential pollutants into the environment. By

capturing leachate at the source, these systems prevent its uncontrolled migration and

facilitate its proper treatment. This not only minimizes the immediate impact on

groundwater quality but also mitigates the long-term potential for contaminant migration

120.

To ensure the effectiveness of these measures, consistent and rigorous monitoring of

groundwater quality is of utmost importance. Regular assessment of the concentrations of

various contaminants allows for the early detection of any deviations from established

benchmarks. This proactive approach enables timely responses and adjustments to

mitigation strategies, preventing potential risks from escalating and ensuring the ongoing

protection of water resources 121.

In essence, remediation and mitigation strategies encompass a multifaceted approach that

addresses the entire spectrum of contamination prevention and control. By combining

appropriate landfill designs, effective leachate collection and treatment systems, and



56

vigilant groundwater quality monitoring, the potential risks associated with groundwater

contamination can be substantially reduced122. These measures collectively contribute to

the creation of a sustainable framework for managing and safeguarding water resources in

areas affected by municipal solid waste dumpsites.

Long-TermMonitoring

Following the implementation of remediation measures to address groundwater

contamination issues, the significance of long-term monitoring cannot be overstated.

Continuous and sustained monitoring of groundwater quality serves as a critical

mechanism for evaluating the ongoing effectiveness of the employed remediation

strategies. This practice helps ensure that the situation remains under control and provides

a platform for timely responses to any unanticipated developments that may arise over

time.

The complexities of groundwater systems, along with the dynamic nature of contaminant

transport, necessitate an extended monitoring period to accurately gauge the success of the

implemented measures123. The long-term monitoring is pivotal in discerning the gradual

changes in contaminant concentrations, groundwater flow patterns, and potential

fluctuations in environmental conditions124. Such changes might not become apparent in

short-term monitoring efforts. Through long-term monitoring, the persistence and trends

of contaminants can be better understood. This aids in identifying whether the initially

observed reduction in pollutant concentrations, a key goal of remediation, is being

sustained over the years. By analysing these trends, practitioners can confirm whether the

desired remediation outcomes are being achieved or if further interventions are necessary.
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Moreover, long-term monitoring serves as an essential tool for detecting unforeseen issues

that might emerge after remediation. The subsurface environment can react unpredictably

to remediation actions, potentially leading to shifts in contaminant behaviour or the

appearance of previously dormant pollutants. Such occurrences may not become evident

immediately but could surface over time125. Regular monitoring provides the opportunity

to promptly detect and respond to these challenges, thereby preventing potential setbacks

and ensuring the continued protection of groundwater resources.

In essence, long-term monitoring encapsulates a proactive approach to environmental

management, where the lessons learned from the ongoing evaluation of groundwater

quality contribute to the refinement and enhancement of remediation strategies. The

insights gained from such monitoring efforts aid in maintaining control over the state of

groundwater quality and offer a means to respond effectively to changing conditions126.

Therefore, it serves as a linchpin in the overarching risk assessment and management

framework, ensuring that the commitment to safeguarding the environment and public

health remains resolute over time.

2.17 Public Health Effects of Landfill Leachates

The effects of landfill leachate on the environment and public health. The environment is

made up of a variety of elements that surround one. It could include the soil, water, and air

environments. Leachate from dump sites affects the ecosystem mostly as a consequence of

operating landfills below acceptable standards. Due to the fact that dumpsite leachate

contains a variety of elements that can have a negative impact on the environment and

public health, Nigeria's lack of properly engineered landfills has contributed to the cause

of dumpsite leachate effects on those two areas 127. Soil, groundwater, and surface water
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have all been shown to be contaminated by dumpsite leachate. As it may pollute the air

with an unpleasant odour, it can also be considered to contaminate the air environment.

Pollution from dumpsite leachate may contaminate food goods, plants, animals, or other

living things, which might have an impact on people's health 128.

2.17.1. Leachate as a Possible Pathogen Source and its Implications for Human

Health

The pathogenicity of leachates from dumpsites can be attributed to the dumpsite's

suitability for the growth of various microbial pathogens like Arthorobacter, Bacillus, E.

coli, Klebsiella, Micrococus, Proteus, Serratia, Aspergillus, Fusarium, Mucor, Penicillum,

Rhizopus, and Saccharomyces129. Direct handling of the garbage may lead to a number of

infectious and chronic illnesses in both the waste employees and the general public 130. As

they migrate from one dumpsite to another, scavengers of all ages are exposed to numerous

illnesses from the dumpsites. Some people reside fairly near to the landfill. People who

live closer to landfill sites experience more health problems than those who live further

away, including diarrhoea, abdominal pain, cough, asthma, skin irritation, malaria,

respiratory diseases, recurrent flu, eye irritation, body weakness, cholera, tuberculosis,

etc131. The proximity of a dumpsite near homes and other sensitive locations like a market,

a river, or a stream should be deemed unsafe and pose a risk to the public's health that has

to be adequately handled. Consumables including fruits, vegetables, sauces, and other food

products that are sold nearby are exposed to a variety of diseases from the dumpsite, which

poses a major health concern to those who live close to the site132. The elderly, small

children, and those with impaired immune systems are particularly susceptible to infection,

as are sellers, purchasers, and anybody who eats from such goods without cleaning or
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preparing them properly. E. coli, Enterobacter, Bacillus, Salmonella, Aspergillus niger,

Aspergillus flavus, Rhizopus, yeast species, Serratia marcescene, Klebsiella aerogenes,

Staphylococcus aureus, Alcaligens species, and Proteus species are a few of the pathogens

linked to dumpsite leachate. These pathogens may cause a number of disease outbreaks,

including typhoid, cholera, diarrhoea, skin rash, etc. by contaminating water, plants, or

food supplies.

2.17.2. Heavy Metal Occurrence in Dumpsite Leachate and Human Exposure

Many of these wastes are disposed of in the dump site without adequate or no treatment or

management, despite this the presence of heavy metals in waste dumpsites has increased

as a result of the indiscriminate disposal of some hazardous waste, such as electronic waste,

batteries, construction and demolition wastes. The leachate that is created from such a

dumpsite ultimately retains residues of the heavy metals that were present there.

Depending on the waste types it originates from and the age of the dumpsite, leachate may

include various metals. Out of the 92 naturally occurring elements, around 30 metals and

metalloids—Be, B, Li, Al, Ti, V, Cr, Mn, Co, Ni, Cu, As, Se, Sr, Mo, Pd, Ag, Cd, Sn, Sb,

Te, Cs, Ba, W, Pt, Au, Hg, Pb, and Bi—are potentially harmful to humans132. The health

of humans is known to be adversely affected by lead (Pb), cadmium (Cd), mercury (Hg),

and arsenic (As), even at low concentrations of intake133. Consuming plants or water that

has been polluted with heavy metals may lead to heavy metal toxicity in humans. For

instance, environmental cadmium may persist for decades in soils and sediments. Plants

progressively absorb accumulated metals in the food chain, which eventually reaches

humans who consume these plants. Due to cadmium's high rate of soil to plant transfer and

it was mostly identified in fruits and vegetables. To reduce the risk of hazardous metals
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entering the human system, planting vegetables and legumes close to waste sites should be

discouraged134. If ingested, the high quantity of metal that plants take up from the soil poses

a serious danger to human health135. Ingestion of other creatures, such as fish and aquatic

plants that inhabit an environment polluted by leachates may potentially result in further

impacts from leachates. If actions are not taken, pollutants will eventually migrate through

soil strata and may contaminate ground water after a certain period of time, which can

create serious problems because these metals cannot be degraded 136. The presence of toxic

heavymetal in leachate-contaminated soil indicates that there is appreciable contamination

of the soil. Heavy metals, which have been shown to be harmful to human health, are

known to cause a number of diseases and health problems, including impaired growth and

development, damage to the nervous system, organ damage, and a rise in the incidence of

cancer when ingested137.

2.17.3 Leachate Pollution of Underground Water

The soil is a crucial part of the dumpsite where different types of dirty materials are

dumped. Leachate is produced as a consequence of biological, chemical, and physical

processes that encourage garbage decomposition inside the landfill. Soil contamination is

caused by water flowing first through garbage disposal sites and subsequently through soil.

Leachates are known to pollute landfill soil and the area surrounding it138. Chemicals,

heavy metals, batteries, medications, and other potentially dangerous compounds may be

present in leachate. The soil has become a sink for pollution as a result of the migration or

movement of leachate. Because heavy metals including lead, copper, zinc, iron,

manganese, chromium, and cadmium cannot be biodegraded, they may create major issues

when contaminated139.Heavymetals alter the microbial population that produces enzymes,



61

which has an indirect impact on the enzymatic activity of soil. The microbial diversity,

population size, and general activity of the soil microbial communities are all altered by

the heavy metals140. Landfill leachate may compromise the quality and safety of soil,

contaminate the food supply, and pose long-term health hazards140. The quality and

production of crops may be impacted by the migrations of heavy metal-contaminated

leachate to agricultural farmland because they have the potential to degrade the soil and

render it unusable for agriculture141. Even at extremely low concentrations, Pb may disrupt

key essential plant functions including photosynthesis, mitosis, and water absorption with

toxic signs of dark green leaves142. High Pb concentrations in soils can reduce soil

production.

Leachate soil pollution may also result in the following additional effects:

•Modification of soil composition

•Landscape alteration and discomfort

•Crop/plant influence; abnormal development and growth brought on by harmful

substances

•Has an impact on the local economy; is often not appealing to visitors or investors

Contamination of Surface and Ground Waters.

Groundwater and surface water contamination from landfill leachate are the main possible

environmental effects. The dumpsite is made up of a variety of waste materials that are

being broken down by microorganisms as well as different chemicals, metals, and other

materials that make up the dump. When trash migrates into a body of water due to leachate,

it becomes a cause of water pollution. Leachate may also mix with the environment and
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water bodies due to rainwater flow. Leachate production is linked to precipitation that seeps

through the trash dump, which often causes leachate to migrate into the groundwater zone

and contaminate it143. Leachate from solid waste dumps has been documented in many

reports as contaminating ground water144. Different types of contaminants, such as heavy

metals, nitrogen species, chlorinated hydrocarbons, phenols, cyanides, and bacteria, among

others, may cause ground water contamination from dumpsite leachate145. Electronic

garbage dumped in a landfill emits poisons that seep into the groundwater, contributing to

groundwater contamination. Heavy metals may come from electronic trash, and their

presence in water bodies can have an impact on both terrestrial and marine life. Human

health is therefore impacted, particularly for those who drink directly from the source.

In Chachoengsao, an agricultural region east of Bangkok, the local people have lost their

primarywater supply as a consequence of e-waste disposal. In order to mine the electronics

for precious metal components like copper, silver, and gold, a neighbouring Chinese-run

firm began importing Western e-waste goods such shattered PCs, circuit boards, and

cables. When it rained, the water travelled through the rubbish pile, into their houses, and

into the water system since these things contain extremely poisonous lead, cadmium, and

mercury. Both the local government and environmental organisation Earth tested the water

in the province, and it was determined that dangerous amounts of iron, manganese, lead,

nickel, and sometimes arsenic and cadmium were present. The people also noted that the

shallow well had an unpleasant odour, and that certain skin conditions developed when

they used the well water146. The biological balance of the aquatic environment may be

severely impacted by surface or ground water pollution, and the variety of aquatic creatures

is constrained as contamination levels rise.



63

An aquatic organism's accumulation of heavy metals may spread through the higher classes

of the food chain. Because they are at the top of the food chain, including humans,

carnivores get the majority of the heavy metals in their bodies from the aquatic

environment via their diet. The concentration and flow of the leachate, as well as the

fundamental quality, volume, and sensitivity of the receiving water bodies, are the elements

affecting the polluting potential of leachate. Planning and building water resources

properly requires evaluating groundwater quality and creating plans to keep aquifers

clean147.

2.17.4 Leachate Air Contamination

Air is a vehicle for the spread of bacteria, fungi, and viruses that may infect people and

animals and cause a number of illnesses. Leachate promotes bad odour on the site and in

the neighbourhood, contaminating the air as a result of the concentration of

microorganisms and other harmful components produced on landfills. The locations'

airborne discharges may have a serious negative impact on human health. People who live

near to a landfill, garbage workers, and scavengers are vulnerable to ongoing exposure to

the numerous pollutants that are prevalent there. Anosmia may be brought on by prolonged

pollutant inhalation. It is often unpleasant and unclean to breathe in the foul smell from

such a dumpsite. Asthma, stomach discomfort, sneezing, skin irritation, and other health

issues might be brought on by it.

2.17.5 Leachate as a Potential Source of Pathogen and Health Implication

Studies has shown that leachate from dumpsite contains large number of pathogenic and

opportunistic microorganisms150,. It pathogenicity can be linked to the disposal of raw
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human faeces and other human waste on the dumpsite which is suitable for the growth of

diverse microbial pathogens like Arthorobacter, bacillus, E. coli, Klebsiella, micrococus,

Proteus, serratia, Aspergillus, Fusarium, mucor, Penicillum, Rhizopus and

Saccharomyces151. Direct handling of the waste can result in various types of infectious

and chronic diseases with the waste workers and community at large152. Scavengers both

young and old are open to various infections from the dumpsites as they move from one

dumpsite to the other. Some live very close to the dumpsite. A review carried out by Njoku

et al., shows that people living closer to landfill sites suffer from several illnesses such as

diarrhea, abdominal pain, cough, asthma, skin irritation, malaria, respiratory diseases,

recurring flu, eye irritation, body weakness, cholera, tuberculosis etc. more than the people

living far away from landfill sites153. The location of dumpsite closer to residential

buildings and other sensitive areas like market place, river and stream should be considered

not safe and a public health threat that needs to be properly addressed. Consumables such

as fruits, vegetables, condiments and other food items being sold close by are opened to

various pathogens from the dumpsite, will pose serious health risk to human within the

dumpsite vicinity due to possible cross contamination of food and fruit items154. Sellers,

buyers and any individuals who consumes from such items without washing or cooking

well are at high risk of contamination, especially the aged, young children and immune

compromised persons are more vulnerable. Some of the pathogens associated with

dumpsite leachate include; E.coli, Enterobacter, Bacillus, Salmonella, Aspergillus niger,

Aspergillus flavus, Rhizopus, yeast species, Serratia marcescene, Klebsiella aerogenes,

Staphylococcus aureus, Alcaligens species and Proteus species.Many outbreaks of disease
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such as typhoid, cholera, diarrhea, skin rash etc., may result from these pathogens through

contamination in water, plant or food sources.

2.18 Public Health Effects of PAHS

PAHs are taken into account as a category since they have been recognised as being of the

highest concern in terms of possible exposure and harmful effects on human health. Due

to the extensive distribution of these substances and their importance in terms of

toxicology, biological monitoring of exposure to PAHs is of prime interest. However, there

are certain differences between how each PAH affects health. In fact, several PAHs are

classified as being known, probable, or definitely carcinogenic to humans (Group 1, 2A,

or 2B) by the International Agency for Research on Cancer155. Benzo[a]pyrene (Group 1),

naphthalene, chrysene, benz[a] anthracene, benzo[k]fluoranthene, and

benzo[b]fluoranthene (Group 2B) [8] are a few of these155. Some PAHs are well-known to

be teratogens, mutagens, and carcinogens, which puts human health and wellbeing in grave

danger. Lung cancer risk is elevated as a result of PAH inhalation exposure, which is the

most severe health consequence to be anticipated156.

2.18.1 Routes of Exposure

Inhaling outdoor and indoor air, consuming foods containing PAHs, smoking cigarettes, or

inhaling smoke from open fireplaces are the main ways that people in general are exposed

to PAHs157. More than 40 recognised or suspected human carcinogens are also present in

tobacco smoke, along with a range of PAHs such benzo(a)pyrene157. Some plants,

including wheat, rye, and lentils, may produce PAHs or take them up via the soil, water, or
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air. Since these substances may leak into water from the land, as well as through industrial

effluents and maritime accidental spills during the transport of oil, water may potentially

include some PAHs. Additionally, PAHs are found in soil, mostly from airborne

dispersion158. As a result, the majority of individuals regularly come into contact with

PAHs. In both industrial and non-occupational situations, there are three main ways to be

exposed: by ingestion, inhalation, and skin contact. Workers who breathe exhaust fumes

on the job, such as mechanics, street sellers, and drivers of cars, as well as those who work

in the mining, metalworking, or oil refining industries, may also be exposed. When more

than one exposure route is used at once, it may impact the overall dosage received (for

example, cutaneous and inhalation exposures from polluted air) 101. Direct inhalation,

ingesting, or dermal contact with PAHs in the air or surface soil may expose a person to

them.

2.18.2. Metabolism Exposure to PAHs is Never to Single PAHs.

It is possible to accurately estimate the hazards of PAHs by understanding the variations

that may exist in mixes of PAHs. Therefore, it is essential to comprehend the dynamics of

PAHs' solitary metabolism as well as any potential hazardous consequences. This will aid

in precisely understanding the effects of PAHs and aid in the development of effective

remediation solutions. By observing the disappearance of the parent chemical, studies were

conducted comparing the metabolism of the PAHs phenanthrene (PHE), flouranthene

(FLA), and benzo (a)pyrene (BAP) in single, binary, and ternary combinations. It was

found that the metabolism of PAHs in the binary and ternary mixes was different from that

of the single PAH experiment. The metabolism of combinations showed evidence of

enzyme competition, which considerably altered the patterns of metabolism for individual
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PAHs. The metabolism of mixtures and the potential for adverse effects during mixture

metabolism were both observed to be influenced by PAH structure. The metabolism of a

single PAH altered more quickly over time than that of a ternary mixture, a binary

metabolism, and a ternary mixture metabolism combined 101. This family of chemicals have

a large bioavailability upon ingesting and inhalation because of their high lipophilicity.

Scientific studies have shown that practically all internal organs, especially those that are

abundant in adipose tissue, contain measurable quantities of PAH. These organs may act

as repositories for the hydrocarbons, from which they can be progressively released. Once

the PAHs have entered the body, certain enzymes are needed for a multistep metabolic

activation process. The mixed-function oxidase system is the primary system of enzymes

involved in PAH metabolism. Epoxidation is the first reaction. The next step is the

conjugation of PAH epoxides with glutathione, which is recognised as a real detoxification

response. Epoxides are transformed into phenols and diols if they are not conjugated with

glutathione. However, these PAH metabolites aren't always polar enough to be eliminated.

To permit elimination, they must thus be conjugated with sulfuric or glucuronic acids. The

majority of PAH metabolites are eliminated in urine and faeces159.

2.18.3 Short-Term Health Effects (Acute)

The effects of PAHs on human health mostly rely on the duration and mode of exposure,

the quantity or concentration of PAHs one is exposed to, as well as the relative toxicity of

the PAHs 101. Numerous additional variables, such as age and subjective variables like pre-

existing health condition, might also have an influence on health outcomes. It is unclear if

PAHs may have an immediate negative impact on human health. Eye irritation, nausea,

vomiting, diarrhoea, and disorientation have been reported as symptoms of occupational
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exposure to high levels of pollutant mixes including PAHs160. However, it is unknown

which elements of the combination caused these side effects, and other substances that are

often detected alongside PAHs might be to blame for similar symptoms. Combinations of

PAHs are also known to irritate and inflame the skin. Naphthalene, benzo(a)pyrene, and

anthracene directly irritate the skin. However, it has been shown that anthracene and

benzo(a)pyrene may elicit skin sensitization, or an allergic response, in both people and

animals 111.

2.18.4 Long-Term Health Effects (Chronic)

Reduced immunological function, cataracts, kidney and liver damage (such as jaundice),

breathing issues, asthma-like symptoms, and altered lung function are just a few of the

health impacts that may result from long-term or chronic exposure to PAHs. Meanwhile,

frequent skin-to-skin contact may cause skin irritation and redness. If breathed or

swallowed in high quantities, the particular PAH naphthalene may lead to the destruction

of red blood cells. The negative consequences that might happen if Man is exposed to

PAHs mostly depend on the exposure route 101,111.

2.18.5. Carcinogenicity

Reduced immunological function, cataracts, kidney and liver damage (such as jaundice),

breathing issues, asthma-like symptoms, and altered lung function are just a few of the

health impacts that may result from long-term or chronic exposure to PAHs. Meanwhile,

frequent skin-to-skin contact may cause skin irritation and redness. If breathed or

swallowed in high quantities, the particular PAH naphthalene may lead to the destruction
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of red blood cells. The negative consequences that might happen if Man is exposed to

PAHs mostly depend on the exposure route 111.

2.18.6. Effects of PAH on the Immune System

It has been reported that the PAHs induce suppress immune reaction in rodents 111. The

precise mechanisms of PAH induced immune-toxicity are still not clear. It was concluded

that the immune-suppression may be involved in the mechanisms by which PAH induce

cancer. The immune-toxic effects of PAH have been investigated for many years.

Whatever the route of exposure, the resulting effects have been considered mostly at the

systemic level. However, very few studies have looked for alterations of the local gut

immune system. Immuno-suppression is associated with an increased susceptibility of the

exposed individuals to the development of cancers or of infectious diseases. It was sated

that the immune-potentiation results in an increased secretion of cytokines by immune

cells, that leads to inflammation. Under specific circumstances, this may facilitate tumor

development, expression of hypersensitivity (allergy, contact hypersensitivity) or auto

immunity. Depending on various parameters in the design of the protocol such as route of

exposure, end point, high or low level of dosage, model used, immune suppression or

immune-potentiation can be observed161. Nevertheless, the published reports indicate that

the immune-suppression is the most frequent effect reported after exposure to PAH162. In

addition, the literature stated that the immune-potentiation is reported to occur after either

atmospheric or topic exposure, or by using in vitro systems163. In term of the route of

exposure, most of literature have used either subcutaneous and intra-peritoneal injection or

inhalation164. Experimental studies were conducted on the immuno-toxicity that resulted

from ingestion of PAH in contaminated food after oral intake of a diet contaminated with
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PAH. Furthermore, it has been reported that some PAH when taken into the diet may

induce DNA adducts in the lungs. In addition, translocations from one organ to another

may result in ‘‘at distance” effects.

2.19. Issues with Effective Waste/Leachate Management.

Waste management is a significant issue in developing nations like Nigeria. Even while

there are municipal solid waste disposal facilities spread out throughout the states, they are

poorly run. The country's failure to manage its waste effectively has exacerbated the

leachate impact and pollution, which is very dangerous for the environment and people's

health. In Nigeria, the issue of solid waste management is characterised by ineffective

collection techniques, inadequate collection system coverage, and poor solid waste

disposal148. The majority of states and cities do not have standard engineered landfills, and

the majority of landfills are not designed with a leachate collection/treatment system or an

engineered liner, resulting in the free flow and migration of leachate waste from the

dumpsite and environmental hazards149. It is also interesting to note that some issues with

improper waste management can be linked to irregular performance of duties by

environmental waste workers or agencies. For example, there appears to be no regular

clean-up, no apparent routine check on how waste is properly managed in the community

or dumpsite, and improper or no allocation of waste dumpsite, all of which contribute to

the growth of open dumpsites. Leachate from dump sites may also have negative effects

on the ecosystem and the general populace if there aren't enough financial and political

restraints for appropriate waste management.
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•Inadequate community members' awareness of good health hygiene.

• The careless dumping on landfills of hazardous industrial and medical wastes.

•There is no supposed location for landfills or rubbish disposal.

• The dump site's proximity to a market, a river, and homes.

•The dumpsite is not properly regulated or controlled.

•The treatment of the waste/leachate dumpsite is subpar or non-existent. Although there

haven't been many incidents of leachate migration in Nigeria, the issue might become much

worse if it isn't seriously investigated and addressed.
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Chapter Three

Methodology

3.1 Research Design

This research was designed to assess the level of toxic environmental contaminants e.g.

heavymetals, phthalates and polycyclic hydrocarbon (PAH) present in Aba-Eku municipal

dumpsite located at Km 13, along Akaran Ijebu Igbo road in Ona-Ara Local Government

Area of Oyo State and also determined the leachate pollution index of the municipal waste

dumpsite. The site was inspected and samples were later collected. The analytical stage

involves sample collection, sample preparation, laboratory bench work, instrumental

analysis and data analysis.

3.2 Study Site

Ibadan was created in 1829 as a war camp for warriors coming from Oyo, Ife and Ijebu,

and it is located between latitudes 3°35'N and 4°10'N and longitudes 7°2'E and 7°40'E. It

is the capital city of Oyo state, one of the thirty-six states in Nigeria1. The Ibadan metropolis

is made up of eleven Local Government Areas2. The city has had tremendous population

and area growth from just 100 acres in 1830 to 12.5 km2 in 1931, 30 km2 in 1963, 112 km2

in 1973, 136 km2 in 1981, and 214 km2 in 1988, more land was developed according to the

National Population Commission. Some major dumpsites in the Ibadan metropolis include

Awotan, Ajakanga, Lapite and Aba-Eku.

The study site, Aba Eku dumpsite is located at Km 13 along Akanran Road, Olunloyo, Ona

Ara Local Government Area of Oyo State. It is about 600m away from the Aba-Eku

community and is bordered by two other neighbouring residential areas: Aba-Epa and

Amuloko. The dumpsite was since in the year 1994 and covered about 9.419 hectares of
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Fig 3.1: The map of Aba-Eku municipal dump site in Ibadan.Source:

Author’s Field Work, 2023
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land. It has been used as an open dump since 1994. Reports of the death of some domestic

animals attributed to the impacts of the dumpsite necessitated the upgrading to landfill,

possibly in phases. It was thus upgraded and commissioned in 19981.The landfill site was

sited in close proximity to residential areas. It covers around 10 hectares and has an

elevation of 140-160m above sea level. It is characterized majorly by domestic wastes

some of which include plastics, papers, nylons, kitchen waste, domestic wastes with very

few electronic and poultry wastes, beverage cans among others2.

3.3 Sample Collection

Impurities were removed from the glass bottles and beakers to be used for the collection

by soaking it with little quantity of nitric acids, thoroughly shaken and rinsed with distilled

water in order to prevent contamination and were put to use after the containers had dried

off. Raw leachate was collected from 10 different leachate locations within the dumpsite

and mixed together to form a composite sample in two 2.5L amber glass containers using

a glass beaker. Before collection in the respective dumpsites, each of the glass beakers was

rinsed with the leachates that were to be collected evenly before the collection was done

and mixed then sealed.

The underground water sample was collected at lat.7.3256N/long 003.9891E, lat.

07.3244N/long 003.9879E etc., i.e., 300meters, 600meters and the river sample down

gradient using a stainless bucket. The samples container when filled with underground

water samples, was labeled and stored in an ice block cooler with ice to reduce vaporization

and deficiency of dissolved gases from the water. The sample was then transferred to the

laboratory in an ice chest for further analysis. Prior to the analysis of the water sample, it
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Fig 3.2: A cross-section of Aba-Eku dumpsite

Source: Author’s Field work, 2023
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was filtered with 0.45um Whatman filter paper before the extraction for phthalate and

polycyclic Aromatic hydrocarbon (PAH) analysis.

3.4 The Physicochemical Parameters Analysis

3.4.1 Determination of Chemical Oxygen Demand (COD)

This was done following the methods described by the USEPA (2006)3. Briefly, 2.5 mL

of the test samples were put into glass vials after filtering with Whatman filter paper. A

blankwas set with distilled water as well. To these vials was added 1.5 mL of potassium

dichromate reagent (Digestion Reagent). Thereafter, 3.5 mL of sulfuric acid reagent

(catalyst solution) was added. The vials were cocked and placed in the digester at 150°C

for two hours. Upon cooling, the contents were titrated with 0.1N Ferrous Ammonium

Sulfate Solution to a bluish-green end point using a ferroin indicator.

The amount of COD in the samples were expressed as:

COD (mg/L) = (A - B * N * 8 * 1000)/V

A= Volume of ferrous ammonium sulfate for blank

B= Volume of ferrous ammonium sulfate for sample

N= Normality of ferrous ammonium sulfate (0.1N)

V= Volume of sample used

Multiply the results obtained by 1000 to convert it to mg/L

Residual Chlorine mg/L = [(A-B) * 0.1 * 8 * 1000]/V

3.4.2 Estimation of Total Hardness

25.0 mL of the water sample was pipetted out into a clean conical flask. 5.0 mL

ammoniabuffer and 2 drops of Eriochrome Black T indicator were added and titrated

against 0.01M
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EDTA solution from the burette. The end point was the change of colour from wine red to

steel blue2.
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Calculation:

Total hardness (mg/L) = Volume of EDTA solution consumed × 1000 /Volume of Sample

used.

3.4.3 Determination of Sulfate

Turbidity Method: Sulfate ion is precipitated in HCl medium with barium chloride in such

a manner as to form barium sulfate crystals of uniform size. The absorbance of barium

sulfate suspension is measured with a spectrophotometer and the sulfate ion concentration

is determined by comparison of the reading with a standard curve.

Reagents

i. Conditioning Reagent

Mix 50mL glycerol with a solution containing 30mL Conc HCL, 300 ml distilled water,

100ml of 95% ethanol and 75g sodium chloride

ii. Stock Sulfate Solution

Dissolve 0.1479 g of anhydrous sodium sulfate in distilled water and dilute to 1L

iii. Standard Sulfate Solution

Prepare a series of standards by diluting stock solution of sulfate to cover the desired range

in between 1 to 40mg/L.

iv. Hydrochloric Acid

Make 10% v/v of HCL solution

Procedure

The sample was filtered with appropriate Whatman filter paper and 2mL of the clear

watersample was taken into test tube and 2mL of distilled water added to it. 1mL of

10% HCL
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solution was added after which 1mL of conditioning reagent was added and mixed for 30

secs. The absorbance of the resulting mixture was taken after 10 at 420 nm4.

For Standard

A series of standards were prepared by having different concentrations of the standard

sulfate solution prepared in the range stated above. The standards were treated in a similar

way with the samples and a calibration curve was plotted. The concentrations of sulfate in

the samples were derived from the calibration curve plotted.

3.4.4 Determination of Nitrate

Reagents

2% CuSO4, 0.1% Sulfanilamide, 0.1% N-1-naphthylethylenediamine dichloride (NED)

Procedure

After filtering the sample appropriately, 250µL of 2% CuSO4 was added to 1ml of the

sample and mixed. 1mL of sulfanilamide was added as well as 0.5mL of NED reagent.

The mixture was allowed to stay for 10min after which the absorbance was taken at

540nm. The blank contained distilled water in place of the sample while the standard

composed ofdifferent concentration of sodium nitrate (10-100µg/mL). The concentration

of nitrates in the samples was derived from the standard curve plotted2.

3.4.5 Determination of Biological Oxygen Demand (BOD), Dissolved Oxygen and

Temperature

The Biological Oxygen Demand was done with the Extech Dissolved Oxygen Meter

modelled 407510A according to the method outlined4. The probe of the dissolved oxygen

meter was dipped into the test samples after calibration and allowed to stabilize. A stable

reading was recorded. The samples were enclosed and kept in the dark at 20°C for five
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days. After five days, the dissolved oxygen was recorded. The BOD of the test samples

was expressed in mg/L as the difference between the DO of day one and day five. The

values for temperature were equally recorded from the DO meter2.

3.4.6 Determination of pH and TDS

The pH and Total Dissolve Solids of the water samples were determined using United

States Environmental Protection Agency with Hanna pH multiple parameters meter

modelled HI-1285-5. 50. 0 mL of the samples were poured into a beaker. After

calibratingthe instrument, the pH and total dissolved solids were determined according to

themanufacturer's instructions and recorded in appropriate units5.

3.4.7 Determination of Heavy Metals

A total of seven (7) metals Copper, Chromium, Cobalt, Lead, Iron and Manganese heavy

metals were analyzed. Elements were determined following the method contained in

AOACManual (2019). Briefly, the water samples were filtered with Whatman filter paper.

The filtrate was used to determine the respective heavy metals with the Atomic Absorption

Spectrophotometer (AAS) modeled AA990 PG Instrument Ltd, England. The

concentration of each element was read out in part per million (ppm). The calibration was

done with standards prior to the determination of each element2

3.5 Determination of Phthalates Esters

Phthalates esters analysis was carried out using the standard method, USEPA 8061A, 3500,

3510 as described below; 500mL each of the leachate and underground water sample was

spiked with 20m/L standard solution. The sample was extracted thrice with 30 mL

dichloromethane. The extract was then transferred into hexane and concentrated to 0.25

mL prior to analysis. Using Agilent 6890 (GC-MS) gas chromatograph equipped with an

on-
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column automatic injector, flame ionization detector, HP 88 capillary column (100m x

0.25μm film thickness), CA, USA.

Table 3.1: AAS modeled AA990 PG Working Conditions

Element Wavelength

(nm)

Slit Width

(nm)

Working

Range

(µg/mL)

Sensitivity

(µg/mL)

Lamp

Current

Flame

Type

As 193.7 0.

7

1-100 45 300 MHS

Cd 228.8 0. 0.5-5 0.03 15 Air-

5 C2H2

Cr 357.9 0. 2.0-20 0.2 25 Air-

2 C2H2

Pb 283.3 0. 4.0-40 0.2 440 Air-

5 C2H2

Zn 213.9 0. 0.5-5 0.03 15 Air-

5 C2H2

Source: Author’s Field Work, 2023
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Polycyclic aromatic hydrocarbons (PAH) analysis was carried out on Agilent LC-8518

(HPLC) with a low-pressure gradient and solvent delivery LC-8518 pump with high-

pressure switching valves, a high-sensitivity LC-8518 Diode array (DA) detector.

• The column size is 150 x 4.6mm.

• Sample volume of 40 micro liter is injected.

• Detector system is DA detector.

• Mobile phase is Acetonitrile/Water/Formic acid 25:74:1.

• Lamda maximum (Wavelength) of 254nm.

• Column temperature of 40 degree centigrade.

• Run time of 25 minutes.

3.6 Quality Control and Quality Assurance Protocol

All quality control and quality assurance protocol was observed throughout the

experiment.

To avoid cross contamination no plastic materials was used during sampling,

transportation or analysis.

Glass jars with an aluminum foil under the cap and a stainless-steel bucket was used

during the study.

All jars were rinsed with leachate and underground water before sample

collection.All reagents are ensured to be analytical grade.

3.7 Extraction and Clean- up of Polycyclic Aromatic Hydrocarbons

Six (6) target PAHs were analyzed using Gas Chromatography-Mass Spectrometry

(GS/MS) following modified USEPA methods (method 8270 C)3.
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3.7.1 Solvent Extraction

Approximately 5mL of each water sample and 5 g of anhydrous sodium sulphate were

weighed and homogenized to a complete mixture. The mixtures were transferred to pre-

cleaned extraction tubes, and 25 mL dichloromethane added. The tubes were tightly

capped, allowed to stand for 30 minutes, and then shaken vigorously for 30 minutes. The

mixture was allowed to settle and solvent layers were filtered using filter papers. The

procedure was repeated twice with another 25 mL dichloromethane. The three extracts

were combined, concentrated on a rotary evaporator (Büchi Rotavapor R-114), exchanged

with 5 mL of n-hexane and re-concentrated to 1 mL for clean-up determined by calculating

the amount of analyte5.

2mL of the water samples were spiked with deuterate surrogate standards

methylnaphthalene-d8, fluorine-d10, anthracene-d10, pyrene-d10, p-terphenyl-d14, benzo

[a]pyrene-d12, and benzo (g.h.i) pyrene-d12), and then mixed with anhydrous magnesium

sulphate for extraction. An appropriate amount of activated copper powder was also added

to each extraction cell in order to remove sulphur during extraction. The PAHs were

extracted from water samples through an accelerated solvent extraction system (ASE 200,

Dionex, Sunny-vale, CA, USA) with a 1:1 (v/v) acetone/dichloromethane solvent mixture.

Samples were extracted three times under the following conditions: Oven temperature

100°C, Pressure-1700 psi, Heat time- 5min, Statictime- 10min and a 60 % flash. The three

extracts were pooled, concentrated with a rotatoryevaporator and solvent exchange with

5mL of N-hexane.
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3.7.2 Sample Clean-up Procedure

Sample clean-up was done on a silica gel-aluminum oxide glass column (10cm x 6 mm

ID), and elution was conducted by successively loading 5ml n-hexane and 20ml n-hexane-

dichloromethane (3:7, v/v) and the elution was collected for PAH determination. The

elution was concentrated and solvent exchange to 1ml of hexane containing 200ug/L

hexamethyl benzene and perylene-d12 as internal standards. The final extract was sealed

and kept at -4°C until further analysis.

3.8 Leachate Pollution Index Calculation

LPI = leachate pollution index

��� = ∑����
=1

Wi = weight for the w i is the weight for the ith pollutant variable;

Pi = the sub-index score of the ith leachate pollutant variable;

n = number of leachate pollutant variables used in calculating LPI;
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Chapter Four

Results and Discussion of Findings

4.1 Results of Physico - Chemical Analysis

The result of the Physico-chemical parameters e.g. Chemical oxygen demand (COD),

Biochemical oxygen demand (BOD), Nitrates, pH, Total Solid, Dissolve Oxygen,

Chloride, Total hardness, Sulphate, Phosphate,Ammonia, etc. are shown in Table 4.1.

4.2 Qualitative Analysis for Physicochemical Parameters of the Groundwater

Samples

Qualitative analysis for physicochemical parameters of the groundwater samples are

presented in Table 4.2, which explain the different ions with their units, minimum,

maximum, average and standard deviation (SD) values. The values were also compared

with the maximum allowed concentration of different ions in standards of the united

state environmental protection agency (USEPA)

4.3. The Correlation Coefficients (R) and Significance Levels (P Values) for the

Various Parameters Studied

Table 4.3 presents the correlation coefficients (r) and significance levels (p values) for

the various parameters studied. The results revealed important relationships among

the parameters. pH exhibited a strong negative correlation with both BOD (r = -0.932)

and Dissolved oxygen (r = -0.912). These findings indicated that as pH decreases, both

BODand Dissolved oxygen values tend to increase. Total Solids displayed significant

positive associations with Chloride (r = 0.977, p < 0.05), Total Hardness (r = 0.889),

Sulphate (r = 0.955, p < 0.05), and Phosphate (r = 0.836). This implies that higher

concentrations of Total Solids corresponded to elevated levels of Chloride, Total

Hardness, Sulphate, andPhosphate. Furthermore, pH positively correlated with COD

(r = 0.666), Phosphate (r = 0.282), and Ammonia (r = 0.438).



104

Table 4.1: Concentration of Physico-Chemical Parameters in the Samples

Parameters (mg/L) Leachate 300m 600m River

pH 7.225 7.025 7.315 7.720

Total solids 0.696 0.012 0.014 0.160

COD 300.0 660.0 420.0 1060

BOD 0.600 0.750 0.700 0.300

Dissolved oxygen 6.450 6.850 6.700 6.050

Chloride 911.0 9.009 7.008 5.005

Total Hardness 778.0 358.0 134.0 158.0

NO-3 0.026 0.035 0.031 0.027

Sulphate 4.665 0.570 0.945 0.435

Phosphate 3.918 3.640 3.792 3.780

Ammonia 0.389 0.468 0.345 0.524

COD = Chemical Oxygen Demand, BOD = Biochemical Oxygen Demand, NO-3 =Nitrates

Source: Author’s Field Work, 2023
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Table 4.2: Summary Statistics for Concentration of Physicochemical Parameters

of Leachate and Aba – Eku Water with Comparison to National Standards

Parameters Minimum Maximum Mean
Std.

Deviation
USEPA

pH 7.025 7.720 7.321 0.292 6.5-8.5

Total solids 0.012 0.696 0.221 0.324 500.0

COD 300.0 1060 610.0 335.0 410.0

BOD 0.300 0.750 0.588 0.202 250.0

DO 6.050 6.850 6.513 0.350 -

Chloride 5.005 911.0 2277 4555 250.0

Total Hardness 134.0 778.0 357.0 298.1 0-75.0

NO-3 0.027 0.035 0.030 0.004 10.00

Sulphate 0.435 4.665 1.654 2.019 250.0

COD = Chemical Oxygen Demand, BOD = Biochemical Oxygen Demand, NO-3

=Nitrates, DO= Dissolved Oxygen.
USEPA= United State Environmental Protection Agency

Source: Author’s Field Work, 2023
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This suggests that as pH increases, the levels of COD, phosphate, and ammonia also

tend to rise. On the other hand, COD exhibits a strong positive correlation with

ammonia (r = 0.907), while it demonstrates a negative correlation with the remaining

parameters, particularly BOD (r = -0.723). This implies that higher COD levels are

associated with elevated ammonia concentrations, whereas they are inversely related

to the levels of other parameters, especially BOD. BOD showed a strong positive

correlation with dissolved oxygen (r = 0.984, p < 0.05) and NO-3 (r = 0.742). This

indicates that higher BOD levels corresponded to increased concentrations of

dissolved oxygen and NO-3. However, BOD displayed a negative correlation with

phosphate (r =

-0.286) and ammonia (r = 0.640). Consequently, higher BOD levels were associated

with lower levels of phosphate, while they were linked to higher levels of ammonia.

Chloridedemonstrates significant positive correlations with Total Hardness (r = 0.942),

sulphate(r = 0.994, p < 0.01), and phosphate (r = 0.796). These results suggested that

higher chloride concentrations corresponded to increased levels of Total Hardness,

sulphate, andphosphate.

4.4 TwoWayAnalysis of Differences of Water Quality Parameters in Different

Locations.

In Table 4.4 a significant difference was observed only in the chloride measurements

among various locations at a 95% confidence interval. Specifically, significant

differences were found between the Leachate and the 300m location, the Leachate and

the 600m location, as well as the Leachate and the River location. However, no

significant differences were detected among the other locations.
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Table 4.3: Pearson’s Correlation Analysis of the Physicochemical Parameters and Heavy Metals among all Water Quality.

Parameters Correlation coefficient

pH Total

solids

COD BOD Dissolved

oxygen

Chloride Total

Hardness

NO-3 Sulphate Phosphate Ammonia

pH 1

Total solids -0.024 1

COD 0.666 -0.447 1

BOD -0.932 -0.172 -0.723 1

Dissolved oxygen -0.912 -0.326 -0.590 .984* 1

Chloride -0.220 .977* -0.616 0.041 -0.119 1

Total Hardness -0.455 0.889 -0.593 0.208 0.078 0.942 1

NO-3 -0.687 -0.699 -0.074 0.742 0.849 -0.555 -0.299 1

Sulphate -0.254 0.955* -0.690 0.108 -0.058 0.994** 0.923 -0.528 1

Phosphate 0.282 0.836 -0.455 -0.286 -0.450 0.796 0.545 -0.853 0.812 1

Ammonia 0.438 -0.196 0.907 -0.640 -0.526 -0.350 -0.233 -0.060 -0.448 -0.437 1

* Correlation is significant at the 0.05 level (2-tailed),
** Correlation is significant at the 0.01 level (2-tailed).
COD = Chemical Oxygen Demand, BOD = Biochemical Oxygen Demand, NO-3 = NitratesSource:

Author’s Field Work, 2023
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Table 4.4:Analysis of Differences ofWaterQuality Parameters in Different Locations Using TwoWayANOVAat a 95%Confidence

Parameters Leachate vs 300m Leachate vs 600m Leachate vs River 300m vs 600m 300m vs River 600m vs River

p-value Sig. p-value Sig. p-value Sig. p-value Sig. p-value Sig. p-value Sig.

pH P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

Total solids P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

COD P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

BOD P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

Dissolved oxygen P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

Chloride P<0.001 Yes P<0.001 Yes P<0.001 Yes P > 0.05 No P > 0.05 No P > 0.05 No

Total Hardness P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

NO-3 P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

Sulphate P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

Phosphate P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No P > 0.05 No

Note: “Yes” denotes that the water quality parameters in different locations are significantly different, and “No” denotes that the water
quality parameters in different locations are not significantly different.
Source: Author’s Field Work, 2023
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4.5 Results of Phthalate Analysis

Table 4.6 provides summary statistics on the concentration of Phthalate compounds

found in the groundwater samples. The table includes information on various Phthalate

compounds, along with their respective units, minimum and maximum values, as well

as the average and standard deviation (SD). The results indicated that diethyl

phthalateand benzyl butyl phthalate were present in high levels in the majority of the

samples.

4.6 Results of PAHAnalysis

Summary statistics for concentration of PAH compounds of the groundwater samples

are presented in Table 4.7, which explain the different ions with their units, minimum,

maximum, average and standard deviation (SD) values.

4.7 Results of LPI Analysis

The LPI (Leachate Pollution Index) of the water samples collected from Aba-Eku is

presented in Table 4.8. The table indicated that the water samples obtained from three

sources, namely leachate, 300m, and river contaminated by the accumulation of heavy

metals. Among these sources, the river exhibited the highest LPI of 7.68, indicating

significant contamination due to heavy metal accumulation. On the other hand, the

water samples taken from 600m showed the lowest LPI of 5.56, indicating slight

contamination from heavy metals. Overall, the mean LPI of the water samples from

Aba-Eku was 7.0.
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Table 4.5: Concentration of Phthalate Compounds in Water and Leachates of Aba- Eku

Phthalate compounds Minimum Maximum Mean Std. Deviation

Diethyl Phthalate 47.34 47.34 47.34 .

Dipropyl Phthalate 0.03 30.91 15.47 21.84

Diamyl Phthalate 6.09 8.80 7.45 1.92

Benzylbutyl Phthalate 36.14 36.14 36.14 .

Unit=µg/L

Source: Author’s Field Work, 2023
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Table 4.6: Concentration of PAH Compounds in Water and Leachates of Aba- Eku

PAHCOMPOUNDS Minimum Maximum Mean Std.

Deviation

Phenol 2.05 2.05 2.05 .

Biphenyl 34.38 34.38 34.38 .

Naphthalene 43.14 71.81 59.51 14.76

Pyrimidione 25.55 25.55 25.55 .

Quinolinee-6-Carbonitrile 2.64 7.01 4.83 3.09

Butylronitrile 3.36 3.36 3.36 .

Pyridine 2.71 2.71 2.71 .

5-Methyl Benzofuran 3.23 3.23 3.23 .

2-Methyl-4h3,1benzoxaazin-

4-One

4.57 4.57 4.57 .

Tetrahydrofuran 86.18 86.18 86.18 .

Tetradecadiene 4.05 4.05 4.05 .

Methyl Stearate 45.80 45.80 45.80 .

Unit=µg/L

Source: Author’s Field Work, 2023
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Table 4.7: The LPI of Aba-Eku Water Sample and Water Samples

Samples LPI Mean Standard Deviation

Leachate 7.595

300m 7.151 6.997 0.987

600m 5.558

River 7.683

Source: Author’s Field Work, 2023
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Discussion of Findings

The concentrations of the PAHs of the leachates is shown in Table 4.7. The leachate

samples contain Napthalene, Quinoline-6-carbonitrile, methyl stearate and

tetradecadiene. The levels of the PAHs in the leachate samples were linked to the

combustion of different waste materials in the dumpsite1,2. The levels of PAH found in

the leachate were attributed to infiltration of pollutants from the dumpsite during

rainfall which was in agreement with previous works3,4. The range of distribution of

PAHs concentration levels expunge from 7.009-43.141. The compound with the

highest composition (%) in the leachate was methyl stearate, followed by naphthalene

and quinolone-6-carbonitrile while the lowest were tetradecadiene. Pyromidione,

butylronitrile,pyridine,5-methylbezofuran.

The PAHs concentrations for 300 meters location away from underground water sample

contains butylronitrile, pyridine, 5-methylbenzofuran, tetrahydrofuran and 2-Methyl-

4H-3,1-benzoxazin-4-one. The range of distribution of PAHs concentration levels

ranged from 2.711-86.178. Naphthalene, a dominant constituent in the leachate.

The PAH concentration for 600 meters distance from dump-site and the river has the

meanpercentage concentration of 59.5077. However, naphthalene was reported as a

minor constituent in its leachate sample5. This was followed by quinolone-6-

carbonitrile found in leachate and in 600 meters sample. However, tetradecadiene was

not found in the samples.

The results presented in Table 4.8 indicate that the river water samples obtained from

Aba-Eku had highest LPI compared to other water sources, particularly leachate.

This finding might seem counterintuitive, as one would expect leachate, which

directly receives pollutants from waste materials, to have a higher LPI. However,

several factors could explain why the river exhibited a higher LPI in this study. One

possible explanation is that the river is a flowing water body, continuously moving
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and transporting various contaminants along its course. As the river flows, it can pick

up pollutants from different sources, such as industrial discharges, agricultural runoff,

and urban waste, contributing to an accumulation of heavy metals6. The continuous

influx of contaminants from upstream areas can lead to a higher overall LPI in the

river compared to the stagnant leachate7. Additionally, the composition of

contaminants in leachate and river water could differ. Leachate primarily originates

from waste materials, such as landfill sites, where specific types of pollutants may

dominate8. On the other hand, the river receives inputs from multiple sources,

including industrial areas, agricultural lands, and urban centers, introducing a wider

range of pollutants and potentially different heavy metal profiles9.These variations in

contaminant composition could influence the LPI values observed in the different

water sources.
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Chapter Five

Conclusion

5.1 Summary of Findings

The study revealed that the physicochemical parameters of the leachate and water around

the sampling site met the acceptable standards set by international guidelines except the

increase in the biological oxygen demand and the concentration of iron. The leachate

pollution index indicated that the river sample had highest pollution level, followed by

the leachate samples in the order of river > leachate > 300 meters > 600 meters. Among

all the location examined, the pollution index of the river was higher than that of the

dumpsites.

Furthermore, the study findings demonstrated contamination of the dumpsite and the

surrounding water with Polycyclic Aromatic Hydrocarbons (PAHs). The PAH

concentrations in descending order were Naphthalene - 59.508, Methyl Stearate - 45.805,

Bi-Phenyl - 34.379, Pyrimidione - 25.545, Quiniline-Carbonitrile - 4.826, 2-

Methyl-4h3,1benzoxaazin-4-One - 4.571, Tetradecadiene - 4.409, Butylronitrile - 3.364,

5-Methyl Benzofuran - 3.231, Pyridine - 2.711, Phenol - 2.05 (mean concentration).

Notably, the dumpsite exhibited highest concentration of naphthalene among the PAHs.

Additionally, the findings indicated that the dumpsite, as well as the underground water at

300 meters, 600 meters, and the river, were contaminated with Phthalates at varying

concentrations. The Phthalate concentrations were as follows: Diethyl phthalate - 47.34%,

Dipropyl phthalate - 30.91%, Diamyl phthalate - 8.8%, and Benzylbutyl phthalate -

36.14%.
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5.2 Conclusion

Several findings have emerged from the observation and analysis of the dumpsite and its

surrounding environment. Firstly, it was noted that both the dumpsite itself and the

underground water in its vicinity are contaminated with leaching from the dumpsite.

Furthermore, the dumpsite is also polluted with PAH and phthalate compounds. The

pollution index of the dumpsite is moderately high, and this pollution has been spreading

to the neighboring environment. In particular, the concentration of leachate pollution in the

river near the dumpsite was found to be significantly higher. This can be attributed to the

environmental interactions occurring within the community, likely influenced by

anthropogenic activities.

In terms of the physico-chemical parameters, most values obtained from the study were

found to be within the permissible limits set by local and international standards. However,

the levels of COD and Fe exceeded the prescribed limits. Additionally, the concentration

of metals in the leachate was higher compared to both the underground water and the river

water.

Similarly, there was a notable increase in the concentration of PAHs and phthalate Esters

in the leachate when compared to the underground water and the river water.

The calculated leachate pollution index (LPI) exceeded 7.0, indicating that the landfill site

is a significant source of leachate pollution.

The results obtained from this study are consistent with previous studies conducted in

2015 and 2019.
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These findings collectively suggest that the Aba-Eku landfill site is indeed polluted.

Moreover, surface runoff from the landfill site poses a potential risk of polluting both the

underground water and the river.

Considering the implications of these findings, there is a potential adverse impact on the

public health of the general population in the Ona-Ara Local Government Area.

5.3 Recommendations

Based on the outcome of this study, it can be therefore recommended that:

1. The general public needs to be well sensitized and enlightened on heavy metals

and PAHs, their source, health effects and how to check their discharge into the

environment.

2. The dumpsite should be reconstructed or improve on the management.

3. The dumpsite should be well monitored by the environmental management and

regulatory bodies and a robust Environmental Management System should put

inplace.

4. Regular Environmental Audit should be carried out on the site

5. The use of environment friendly technologies that reduce the release of

leachingcontaminants into the environment.

5.4 Contribution to Knowledge

• This study is the probably the first to examine spatial pollution status of the

underground and river water of Aba-Eku landfill leachate.

• This study is probably the first to determine the leachate pollution index of

Aba-Eku landfill site
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• This study also assess the phthalate compound on the dump site.

• This study has generated a baseline for further studies on Aba-Eku land fill site.

• This study can be used for Ibadan land and Nigeria at large for literacy studies

and policy formulations especially in the area of siting landfills away from

residential areas

5.5 Suggested Areas for Further Research

There should be further research work on the underground water in the environment at

seasonal variation to quantify the level of types of any organic contaminants present in the

environment.
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Appendix I

Phthalate Compound and their Concentration in Leachate and Underground Water

Samples

Sample ID Phthalate compounds Retention time Concentration
µg/10g

RiverWater Diethyl Phthalate 0.715 36.1405
600m UW Dipropyl Phthalate 1.307 6.0918

Diamyl Phthalate 2.990 8.8009
300m UW Diethyl Phthalate 0.740 0.0290

Dipropyl Phthalate 1.365 30.9091
Leachates Benzylbutyl Phthalate 1.523 47.34255
UW – Underground Water

Source: Author’s Field Work, 2023
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Appendix II

Characteristics of Aba-Eku River Water and its Leachate Pollution Index

Parameters
Significance

Pollution
Weight
(Wi)

Pollution
Concentration

Sub-Index
Value (Pi)

Overall
Rating
(Wipi)

pH 3.509 0.055 7.72 5 0.275
BOD 3.902 0.061 0.3 0 0
COD 3.963 0.062 1060 36 2.232
TDS 3.196 0.05 0.16 5.2 0.26
Ammonia/Nitrogen 3.25 0.051 0.5238615 5 0.255
Chloride 3.078 0.048 5.005 5 0.24
Copper 3.17 0.05 0.01 5 0.25
Chromium 4.057 0.064 0 5 0.32
Lead 4.019 0.063 0 5 0.315
TKN 3.367 0.053 0.5507365 5 0.265
Iron 2.83 0.045 0.21 5 0.225
Total 38.341 0.602 1074.479598 81.2 4.637

LPI = 7.68272

Source: Author’s Field Work, 2023
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Appendix III

Characteristics of Aba-Eku 600meters Underground Water and its Leachate Pollution
Index

Parameters
Significance

Pollution
Weight
(Wi)

Pollution
Concentration

Sub-Index
Value (Pi)

Overall
Rating
(Wipi)

pH 3.509 0.055 7.315 5 0.275
BOD 3.902 0.061 0.7 0 0
COD 3.963 0.062 420 15.1 0.9362
TDS 3.196 0.05 0.014 4.9 0.245
Ammonia/Nitrogen 3.25 0.051 0.3445725 5 0.255
Chloride 3.078 0.048 7.0077 5 0.24
Copper 3.17 0.05 0.03 5.3 0.265
Chromium 4.057 0.064 0 5 0.32
Lead 4.019 0.063 0 5 0.315
TKN 3.367 0.053 0.3754475 5 0.265
Iron 2.83 0.045 0.1 5 0.225
Total 38.341 0.602 435.88672 60.3 3.3412

LPI = 5.5502

Source: Author’s Field Work, 2023
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Appendix IV

Characteristics of Aba-Eku 300meters Underground Water and its Leachate Pollution
Index

Parameters
Significance

Pollution
Weight (Wi)

Pollution
Concentration

Sub-Index
Value (Pi)

Overall
Rating
(Wipi)

pH 3.509 0.055 7.025 5 0.275
BOD 3.902 0.061 0.75 0 0
COD 3.963 0.062 660 35 2.17
TDS 3.196 0.05 0.0119 5 0.25
Ammonia/Nitrogen 3.25 0.051 0.4678335 5 0.255
Chloride 3.078 0.048 9.0099 5 0.24
Copper 3.17 0.05 0 6 0.3
Chromium 4.057 0.064 0 5 0.32
Lead 4.019 0.063 0 5 0.315
TKN 3.367 0.053 0.50240855 5 0.265
Iron 2.83 0.045 0.1 5 0.225
Total 38.341 0.602 677.8670421 81 4.615

LPI = 7.151162

Source: Author’s Field Work, 2023



154

Appendix IV

Characteristics of Aba-Eku Leachate and its Leachate Pollution Index

Parameters
Significance

Pollution
Weight (Wi)

Pollution
Concentration

Sub-Index
Value (Pi)

Overall
Rating
(Wipi)

PH 3.509 0.055 7.225 5 0.275
BOD 3.902 0.061 0.6 0 0
COD 3.963 0.062 300 12.5 0.775
TDS 3.196 0.05 0.6963 15.2 0.76
Ammonia/Nitrogen 3.25 0.051 0.38933945 5 0.255
Chloride 3.078 0.048 911091.099 5 0.24
Copper 3.17 0.05 0.07 6 0.3
Chromium 4.057 0.064 0 5 0.32
Lead 4.019 0.063 0 5 0.315
TKN 3.367 0.053 0.415965 5 0.265
Iron 2.83 0.045 0.8 5 0.225
Total 38.341 0.602 911401.2956 68.7 3.73

LPI = 7.59468

Source: Author’s Field Work, 2023
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Appendix VI

Concentration of Heavy Metal in Leachate Water Sample

Source: Author’s Field Work, 2023
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Appendix VII

Concentration of Heavy Metal in 300meters Underground Water Sample

Source: Author’s Field Work, 2023
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Appendix VIII

Concentration of Heavy Metal in 600meters Underground Water Sample

Source: Author’s Field Work, 2023
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Concentration of Heavy Metal in the River Sample

Source: Author’s Field Work, 2023
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Appendix X

Entrance of Aba Eku Dumpsite

Source: Author’s Field Work, 2023
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Appendix XI

Leachate sampling

Source: Author’s Field Work, 2023
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