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Chapter one

Introduction

1.1 Background to the Study

Globally, the quantity of waste produced has increase significantly because of the

accelerating rates of urbanization, industrialization and rise in population1,2. Research

indicate that unregulated practice, such as improper industrial waste disposal, fossil fuel

combustion and gas flaring pose serious environment damage resulting in severe soil

degradation, compromised water quality, and atmospheric pollution concerning aesthetic

consideration3,4. In Nigeria, a commitment to establish and implement a sustainable waste

management policy based on public health principles, has resulted in numerous

inadequate managed open dumpsites, where waste is incinerated openly, therefore

releasing hazardous chemical pollution into the environmen5,6. Poor waste dumpsite

management endanger the groundwater supplies, as the intrusion of chemical leachates

through aquifers and soil poses risk to human health and the environment7,8,9.

A type of persistent organic pollutants known as polycyclic aromatic hydrocarbons (PAHs)

are made up of two or more benzene rings, which include these uncharged compounds,

which are made up of aromatic rings with carbon and hydrogen atoms, are one of the

main environmental contaminants in the world. They are created when organic waste is

not completely burned or when hydrocarbons undergo pyrolysis10,11, planar, non-polar,

and the majority are colorless, PAHs primarily posses high boiling and melting point, low

solubility in water and low vapor pressures12,13. There are different hundred of PAHs, that

occur as
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complex mixtures rather than single compounds. Various mixtures of PAHs are generated

depending on the process involved. PAHs source could be natural or man-made (human

practices) or industrial processes. Industrial waste, exhaust from automobile, and fume

from burning wood, charcoal, and tobacco contain high levels of PAHs14.

PAHs are produced when organic materials are burned at low temperatures, like in

cigarettes or wood fires. High-temperature chamber generate fewer PAHs. Fire smoke,

such as smoke from wood tobacco, charcoal, nanoparticles contains PAHs and other

chemicals15. Most PAHs are poorly soluble in water , instead, they tend to attach to

sediment particles,These contaminated sediments can remain suspended in aquatic

systems and be transported through water bodies.Improper disposal of PAH containing

substances such as tar, creosote or ash in landfills can result in their leaching into the

groundwater16.

PAHs originated from both anthropogenic sources, (vehicle emission and industrial

activities) as well as natural processes like wildfires,volcanic eruptions and forest fire17.

PAHs are found in the air, water, soil, and food. They are often found in the environment

as a gas or attached to small particles. More than 100 varieties of PAHs have been

discovered and observed in nature, and 16 have been recognized as priority pollutants

under control by EPA and the European18,19.

As show in appendix 1 ,Among the 16 priority PAH, Benzo(a)Pyrene is carcinogenic but

Indeno(1,2,3-cd)Pyrene, Benz(a)Anthracene, Naphthalene, Benzo(b)Fluoranthene,

Chrysene, Benzo(k)Fluoranthene, Dibenz(ah)Anthracene, are possibly carcinogenic20.

The presence of these chemical in different environmental media are prevalent in most
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emerging countries dependent on natural resource exploitation21.

Soil SDGs 1, 2, 3, 14, 15, and 22 are supported by the United Nations Environment

Programme global assessment. Base on UN study, soil that contributes approximately

95 % of pollution hinders the attainment of Sustainable Development Goals (SDGs),

including the provision of human food, which is heavily impacted by human activity22.

They will endanger human health in addition to harming the ecological environment. The

accumulation of polycyclic aromatic hydrocarbons (PAHs) in soils and sediments is

increased by their high hydrophobicity and low solubility in water, leading to strong

adsorption onto soil particles. As a result, soils often act as a major reservoir or final sink

for PAHs. This persistence in the soil environment has raised significant global

environmental concerns. PAHs are widespread contaminants, occurring across terrestrial,

aquatic, and atmospheric compartments. Soil contamination by PAHs is generally

categorized into three levels, unpolluted ∑PAH < 200 ng/g, moderately polluted

200–600 ng/g, and heavily polluted >1,000 ng/g23,24,25,26

1.2 Statement of the Problem

Polycyclic aromatic hydrocarbons (PAHs) are chemical molecule with numerous aromatic

ring they are generated through the partial combustion of organic materials such as coal,

oil, gas, wood, or waste. Dumpsites, especially those that involve the burning of waste or

prolonged decomposition of organic materials, are significant sources of PAHs. These

compounds can persist in the environment due to their chemical stability and hydrophobic

nature, posing serious risks to human health and ecosystems.
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1.3 Justification of the Study

i. Environmental Concern: The Ajakanga waste dumpsite in Ibadan receives large

volumes of mixed domestic, commercial, and industrial waste without proper

management. Open burning and leachates formation release toxic compounds,

including polycyclic aromatic hydrocarbons (PAHs), into the surrounding soil, air,

and water.

ii. Persistence of Pollutants: PAHs are persistent organic pollutants that are chemically

stable, resist degradation, and tend to accumulate in soil and sediments. Their

long-term presence increases the risk of contamination of nearby ecosystems and

groundwater sources.

iii. Public Health Risk: Continuous exposure to PAHs poses significant health hazards

such as carcinogenicity, respiratory disorders, and genetic damage. Communities

living around dumpsites are particularly vulnerable through inhalation, ingestion, and

dermal contact.

iv. Data Gap: Despite the environmental and health risks associated with dumpsites in

Nigeria, limited scientific data exist on the levels, distribution, and sources of PAHs

in Ibadan. This study fills this critical gap by providing baseline data on PAH

contamination in Ajakanga dumpsite.

v. Policy and Management Relevance: The results of this research will guide

policymakers and environmental agencies in developing effective waste management

regulations, monitoring programs, and remediation strategies to minimize exposure

and protect public health.
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vi. Contribution to Knowledge: The findings strengthen the understanding of the

environmental behavior of PAHs in tropical waste dumpsites and contribute to

sustainable environmental management practices aligned with the United Nations

Sustainable Development Goals (SDGs).

1.4 Sources of PAHs in Dumpsites

Dumpsites, especially open and poorly managed ones, serve as hot spots for PAH

contamination. Key sources of PAHs in dumpsites include:

1.4.1 Burning of Waste

Open burning of municipal solid waste, such as garbage,coal coking,wood burning

releases PAHs into the air, soil, and nearby water bodies.

1.4.2 Decomposition of Organic Waste

Organic components in waste such as plastics containing hydrocarbons,additive in

plastics such as dyes or plasticized, rubber, food waste,textile waste, and organic chemical

waste such as paint, solvent etc can generate PAHs during thermal or biochemical

degradation.

1.4.3. Industrial Waste Dumpsites

PAH emissions in dumpsite can also come from partial combustion of industrial

processes such waste incineration, the production of iron and steel, dye manufacturing,

fungicides, refinery exhaust, and asphalt combustion of industrial activities such as waste

incineration, iron and steel production, dye manufacturing, fungicide, exhaust from

refineries and asphalt are also emission sources of PAH in dumpsite
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1.5 Environmental Health Risks of PAHs

1.5.1 Carcinogenicity

Some PAHs, such as benzo(a)pyrene, have been grouped as carcinogenic by the

International Agency for Research on Cancer (IARC). Chronic exposure to PAHs in

dumpsites, through inhalation or dermal contact, increases the risk of lung, skin, and

bladder cancers27.

1.5.2 Respiratory Issues

Inhalation of PAHs from smoke generated by burning waste can cause a respiratory

ailments such as asthma, chronic bronchitis, and reduced lung function28.

1.5.3 Soil andWater Contamination

PAHs can leach into the soil and groundwater, contaminating these resources and creating

long-term exposure risks for nearby populations. Contaminated water may lead to

gastrointestinal issues and other chronic health conditions29.

1.5.4 Bioaccumulation and Toxicity

PAHs are hydrophobic and bioaccumulate within living thing. These substances have the

potential to cause toxicity when they get into food chain30.

1.5.5 Genotoxic Effects

PAHs can cause DNA damage through the formation of reactive oxygen species (ROS)

and PAH-DNA adducts. This Genotoxicity can lead to mutations and an increased risk of

cancer31.
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1.6 Impact on Vulnerable Populations

Communities living near dumpsites are particularly vulnerable to PAH exposure. Children

and pregnant women are at greater risk due to their developing immune systems and

higher susceptibility to toxic compounds.

1.7 Mitigation Strategies

To reduce the environmental health risks associated with PAHs in dumpsites, the

following measures are recommended

1.7.1 Waste Management Improvements

Proper waste segregation, recycling, and disposal techniques can prevent the formation of

PAHs. Alternatives to open burning, such as incineration in controlled environments,

should be adopted.

1.7.2 Site Remediation

Contaminated dumpsites should undergo remediation techniques such as Bioremediation,

soil washing, or thermal desorption to reduce PAH levels.

1.7.3 Regulation and Monitoring

Governments should enforce strict regulations to prevent illegal dumping and burning of

hazardous waste. Regular monitoring of air, soil, and water quality around dumpsites is

necessary.

1.7.4 Public Awareness

Educating communities about the dangers of dumpsite pollution and encouraging proper

waste disposal practices can reduce exposure risks. Dumpsites are a significant source of

PAHs, posing severe risks to human health and the environment. Long-term exposure to
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PAHs can lead to cancer, respiratory issues, and other chronic health conditions.

Addressing these risks requires a combination of improved waste management practices,

remediation of contaminated sites, and public awareness. By reducing PAH emissions and

exposure, it is possible to safeguard both environmental and public health.

In underdeveloped nations, the management of solid waste is exacerbated by

unsustainable practices that enhance environmental pollution and the spread of diseases.

In Nigeria, Ibadan south west Nigeria in particular, the major cause of concerns is the

uncontrolled and unregulated disposal of waste at dumpsite, open burning of waste

fractions and the mismanagement of the leachates produced in final disposal sites32. The

situation deteriorates in slum location,that has higher human density,air, traffic, and water

contamination. Uncontrolled disposal of waste in open spaces close to water bodies are

normal issues in Ibadan, posing public health concerns33.

1.8 Aim and Objectives of the Study

The aim of this study is to investigate the presence, distribution and risk of PAHs in

Ajakanga waste dumpsite in Oluyole local Government, Ibadan.

The objectives are:

 To quantify the level of PAHs in Ajakanga waste dumpsite soil

 To identify the sources of PAHs in Ajakanga waste dumpsite soil

 Assess the potential health and ecological risk associated with PAHs contamination

in Ajakanga waste dumpsite

 Evaluate the effectiveness of existing waste management practice in controlling

PAHs in Oyo State
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1.9 Research Questions

1. What are the levels of PAHS in dumpsite

2. What are the sources and dominant PAH compounds

3. To what extend do PAHs pose a risk to human health and environment

1.10 Significance of the Study

Understanding polycyclic aromatic hydrocarbons (PAHs) in dumpsites is crucial for

several reasons related to environmental protection, policy making, and public health.

PAHs are a group of organic chemical that are primarily generated from partial

combustion of organic materials, including fossil fuels and waste. Their persistence in the

environment and potential health risks make them a significant concern.

1.11 Environmental Protection

1.11.1 Persistence and Bioaccumulation

PAHs are known for their stability and resistance to degradation, this lead to their

persistent in the environment for extended periods. They can accumulate in soil and

sediments, leading to long-term contamination of ecosystems34 Understanding their

behavior in dumpsites helps in assessing the extent of environmental damage and the

necessary remediation strategies.

1.11.2 Ecosystem Impact

PAHs can adversely affect soil and aquatic ecosystems. They are toxic to various

organisms, including plants, fish, and microorganisms, disrupting ecological balance and

food webs34. Monitoring PAH levels in dumpsites is essential for protecting biodiversity

and maintaining ecosystem health.
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1.12 Policy making

1.12.1 Regulatory Framework

Knowledge of PAH contamination in dumpsites informs policymakers about the need for

stricter regulations on waste management and industrial emissions. The U.S.

Environmental Protection Agency (EPA) has classified certain PAHs as priority pollutants

due to their toxicity and prevalence in hazardous waste sites35,36. This classification aids

in developing targeted policies for pollution control.

1.12.2 Risk Assessment and Management

Understanding the sources and concentrations of PAHs allows for better risk assessments

related to waste disposal practices. Policymakers can implement more effective waste

management strategies and remediation efforts based on scientific data regarding PAH

toxicity and exposure pathways37.

1.13 Public Health

1.13.1 Health Risks

PAHs are associated with several health difficulties, like respiratory issue, cancer, and

developmental disorders. Exposure can occur through inhalation, ingestion, or dermal

contact, particularly in communities near dumpsites35,36,37. Understanding the health

implications of PAH exposure is vital for public health initiatives aimed at reducing risks.

1.13.2 Community Awareness and Engagement

Educating communities about the dangers of PAHs and their sources can empower

residents to advocate for cleaner environments and better waste management practices.

Community engagement in monitoring and remediation efforts can also enhance public
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health outcomes37.

1.13.3 Vulnerable Populations

Certain populations, such as children and those living in low-income areas, may be more

susceptible to the harmful effects of PAHs. Understanding these dynamics can help tailor

public health interventions and ensure that vulnerable groups receive adequate

protection37.

In summary, comprehending the implications of PAHs in dumpsites is essential for

safeguarding the environment, informing effective policy making, and protecting public

health. This understanding facilitates the development of strategies to mitigate

contamination, regulate emissions, and educate communities about health risks.

1.14 Scope of the Study

The project site is AJAKANGA waste dumpsite, located in Oluyole local Government,

Ibadan, Oyo State. Ibadan is located in southwestern Nigeria and serves as the capital city

of Oyo State. Geographically, it is situated on the coordinates:

Latitude: 7.3775° N

Longitude: 3.9470° E

Oluyole Local Government Area (LGA) is located in the southwestern part of Oyo State,

Nigeria, and is part of the Ibadan metropolitan area. It has its headquarters in Idi-Ayunre,

which lies along the Ibadan-Ijebu Ode Road.

Geographical Coordinates:

Latitude: 7.2500° N

Longitude: 3.8500° E
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Boundaries and Location:

Oluyole LGA is strategically positioned, sharing boundaries with several other LGAs and

states

To the North: It shares a boundary with Ibadan South-West and Ibadan North LGAs.

To the South: It borders Ogun State.

To the East: It is bordered by Ona Ara Local Government Area.

To the West: It shares boundaries with Ido Local Government Area.

The Ajakanga waste dumpsite in Ibadan, Nigeria is located between the following

coordinates

Latitude: 7°18.70'N to 7°18.90'N

Longitude: 3°50'E to 3°51'E

The Ajakanga dumpsite is in the Oluyole local government area of Ibadan, in the

southwestern part of Nigeria. It is close to River Ona, separated only by Odo Ona Elewe

Road.

The Ajakanga dumpsite is one of four dumpsites in Ibadan, along with Aba-Eku, Awotan,

and Lapite. The Oyo State Waste Management Authority (OYWMA) manages all four

dumpsites. The Ajakanga dumpsite is a forested area that opened in 1996 and is still in

use today. It receives waste from a variety of sources, including commercial, hospital,

electronic, household, and industrial38,39,40,41,.

Due to Rapid urbanization, the dumpsite is gradually being surrounded by built up areas.

It is approximately 128km northeast of Lagos And generates about 1,618,293 kg of solid

wastes daily.
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An overview and map of the dumpsite is Shown in appendix 2 and 3

1.15 Sample Size

18 samples will be analyse, 3 samples each at five different locations including control

site and a triplicate sample for priority PAHs

PAHs Compound of Studied are the 16 priority PAHs identify by USAEPA which are list

below

Benzo[ghi]perylene, Phenanthrene, Acenaphthene, Naphthalene, Indeno(1,2,3-cd)pyrene,

Acenaphthylene, Benzo(a)anthracene, Anthracene, Benzo(b)fluoranthene,

Benzo(k)fluoranthene, Chrysene, Dibenz(a,h)anthracene, Fluoranthene, Fluorene, Pyrene,

Benzo(a)pyrene
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Chapter Two

Literature Review

2.1 Polycyclic Aromatic Hydrocarobns (PAHs)

Polycyclic aromatic hydrocarbons (PAHs) are organic molecules composed of aromatic

rings, containing hydrogen and carbon atoms, they are classify as organic persistent

pollutant compounds, that contain multiple benzene rings, and are hydrophobic in nature,

partially soluble in water and high octanol-water partition coefficient, they are produced

by partial combustion of organic matter or pyrolysis of hydrocarbon1,2. Soil pollution has

become a major environmental concern globally, because their sources of contamination

are due to natural and anthropogenic activity. PAHs are resistant to chemical and

biological degradation because they adsorb securely to organic matter in soil2,3,4.

PAHs are highly mobile and ubiquitous chemical, that are by-products of many chemical

reactions, which has potential environmental threat5,6,7,8,9.

Anthropogenic sources are the major sources of PAHs in human environment while

natural sources PAHs are refer to as background PAHs. Anthropogenic source PAHs has

more aromatic rings than naturally synthesized PAHs. Higher concentrations of PAHs in

soils are often linked to nearby pollution sources. These compounds are distributed across

all parts of the environment, including air, water, and soil. PAHs formed through natural

processes generally contain fewer aromatic rings compared to those produced by human

activities. Extensive research has highlighted their widespread occurrence in various

environmental compartments and identify soil as main exposure source of PAHs because
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89.9 % of these pollutants are accumulated in the soil environment. PAHs are transferred

to food chain as a result of PAHs present in soil contaminate crops and

vegetables10,11,12,13,14,15,16.

Industries play a vital role in driving national economic development. However, it is

widely recognized that industrial zones tend to exhibit higher levels of environmental

contamination compared to urban settings. This is primarily due to inadequate waste

disposal practices, inefficient emission control technologies, and outdated process

systems. Although advancements such as recycling initiatives and resource recovery

methods have improved the sustainability of industrial operations, significant challenges

remain. Persistent organic pollutants (POPs), including polycyclic aromatic hydrocarbons

(PAHs), are of particular concern due to their carcinogenic and mutagenic potential,

attributed to their fused aromatic ring structures. PAHs exhibit strong hydrophobicity and

chemical stability, leading to their accumulation in soils. These soil-bound PAHs can

enter the human body through both direct and indirect exposure pathways. Key

contributors to PAH contamination include vehicular emissions, the burning of fossil

fuels, the use of synthetic fertilizers in agriculture, and industrial activities such as

pyrolysis17,18,19,20,21,22,23,24,25,26.

Long-term exposure to PAHs can cause cancerous tumors in human organs. Exposure

calculations use randomly selected parameter values from distributions27. Monte Carlo

simulations, which assess probabilistic uncertainty, can be used to determine the impact

of these parameters on overall health risk using probability density functions for each

input parameters28,29, 30. Exposure through ingestion, inhalation, and dermal absorption are
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the three routes by which PAHs in the soil enter the human body. Deposition of

soil-bound PAHs in food, and soil particles erosion from the earth surface and absorption

of PAHs carrying particles on open surfaces of human skin, bio-accumulation in soil,

specific risk assessment parameters such as body weight (BW), exposure sensitivity

analysis. Globally, Monte Carlo probabilistic approaches with sensitivity inhalation are

the common ways of human exposures. Apart from the PAHs levels, the most important

factors for the risk value31,32,33,34 are exposure duration (ED), exposure frequency (EF),

skin surface area (SA), and inhalation rate.

The role of these parameters in the total health risk levels can be determined through

analysis, they are common practice to estimate the human health risk levels.35

2.2 Characteristics, Chemical Structure and Classification PAH

Polycyclic aromatic hydrocarbons (PAHs) are a class of organic compounds known for

their characteristic structural composition of multiple fused aromatic rings. These

compounds generally exist in solid form at ambient conditions due to their relatively high

melting and boiling points. They also exhibit low volatility and extremely poor solubility

in water, properties that become even more pronounced with an increase in molecular size

and the number of aromatic rings. Conversely, PAHs display strong solubility in

non-polar organic solvents, which is attributed to their hydrophobic and lipophilic nature.

One of the most distinctive analytical features of PAHs is their ultraviolet (UV)

absorbance behavior. Each PAH molecule has a specific UV absorption profile, allowing

for the differentiation and identification of individual isomers based on their unique

spectral characteristics. Moreover, many PAHs exhibit fluorescence and are capable of
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emitting light at characteristic wavelengths when excited, making them useful in

spectroscopic detection methods. As the molecular complexity of PAHs increases, they

tend to show greater resistance to oxidative and reductive reactions. In addition to these

physicochemical properties, PAHs also possess several functional characteristics, such as

thermal stability, sensitivity to light, electrical conductivity, and resistance to corrosion.

These attributes, combined with their biological interactions, underscore the relevance of

PAHs in both environmental and industrial contexts36,37. PAHs are hydrophobic and do

not easily dissolve in water or volatilize into the atmosphere, except for naphthalene,

which was formerly used in moth balls, PAHs are chemical stable, has low water

solubility, and high sorption capacity which contribute to their long term persistence in

the environment38,39.

2.3 Chemical Structure and Classification

Polycyclic aromatic hydrocarbons (PAHs) are a type of chemical compounds consisting

parent structure with six aromatic rings that can be recognized by contemporary analytical

of two or more fused aromatic rings, Naphthalene (C10H8) forms the tiny parent PAH ring

structure with two aromatic rings, while coronene (C24H12) crate the largest parent

composition with six aromatic rings that can be detected by modern analytical

techniques.The classification of PAHs can be done based on various criteria, including

their structural features, molecular size, origin, and functional groups40a
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2.3.1 Classification of PAH Based on their Aromatic Rings

Polycyclic aromatic hydrocarbons (PAHs) are commonly classified based on the number

of fused aromatic rings within their molecular structure. PAHs containing two to three

rings are typically referred to as low molecular weight (LMW) PAHs, whereas those

composed of four to six rings fall under the category of high molecular weight (HMW)

PAHs40b. This classification is not only indicative of molecular size but also strongly

correlates with the physicochemical properties and environmental behavior of the

compounds.

LMW PAHs are generally more volatile, more water-soluble, and less lipophilic

compared to their HMW counterparts. These properties influence their environmental

mobility and biological availability. In contrast, HMW PAHs exhibit lower solubility in

water, reduced volatility, and greater persistence

2.3.2 Classification Based on Molecular Structure

PAHs can be categorized based on the arrangement and number of their aromatic rings:

a. Linear PAHs

In linear PAHs, the aromatic rings are arranged in a straight line.

Examples Anthracene (C14H10) A three-ring linear PAH where the rings are fused in a

straight sequence.

Tetracene (C18H12) A four-ring linear PAH.
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b. Angular PAHs

Angular PAHs have rings fused in a non-linear, angular fashion.

Examples; Phenanthrene (C14H10) A three-ring PAH with an angular arrangement.

Chrysene (C18H12): A four-ring angular PAH.

c. Clustered or Pericondensed PAHs

These PAHs have more complex, compact arrangements where rings share more than one

carbon atom.

Examples: Pyrene (C16H10): A four-ring clustered PAH.

Coronene (C24H12): A six-ring PAH arranged in a circular pattern.

d. Alternant and Non-Alternant PAHs

Alternant PAHs: These are PAHs where the π-electrons are distributed alternately over the

structure. Example: Benzo[a]pyrene.

Non-Alternant PAHs: These are PAHs with structural features that disrupt alternating

patterns of π-electrons (e.g., rings containing five or seven members). Example: Fluorene

(a three-ring PAH with a five-remember central ring).

2.3.3 Classification Based on Molecular Size

PAHs are often classified by the number of fused aromatic rings in their structure:

a. Low Molecular Weight

Low Molecular Weight (LMW) PAHs composed of 2–3 aromatic rings. Generally less

toxic and more volatile than larger PAHs.

Examples: Naphthalene (C10H8): A two-ring PAH. Anthracene (C14H10): A three-ring

PAH.
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b. Medium Molecular Weight

Medium Molecular Weight (MMW) PAHs composed of 4–5 aromatic rings. Examples:

Fluoranthene (C16H10): A four-ring PAH Benzo[a]pyrene (C20H12):A five-ring PAH.

c. High Molecular Weight

High Molecular Weight (HMW) PAHs composed of six or more aromatic rings. These

PAHs are usually less volatile but more toxic and carcinogenic. Examples: Coronene

(C24H12): A six-ring PAH.

Ovalene (C32H14): A ten-ring PAH.

2.3.4 Classification Based on Origin

PAHs can also be classified based on their source or mode of formation

 Pyrogenic PAHs

They are formed by the incomplete combustion of organic matter (e.g., fossil fuels, wood,

or biomass). Typically higher molecular weight PAHs. Examples: Benzo(a]pyrene,

Indeno[1,2,3-cd]pyrene.

 Petrogenic PAHs

They are derived from unburned fossil fuels such as crude oil, coal, and petroleum

products. Typically lower molecular weight PAHs. Examples: Naphthalene,

Phenanthrene.

 Biogenic PAHs

They are Produced by biological processes in plants, fungi, and microorganisms. These

PAHs are often precursors for more complex PAHs in the environment. Examples: Retene
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(a PAH derived from plant resins).

 Anthropogenic PAHs

They are result from human activity, including industrial processes, vehicle emissions,

and waste incineration.

Examples: Fluoranthene, Chrysene,

 Natural PAHs

PAHs formed through natural processes such as volcanic eruptions, forest fires, and

diagenesis of organic matter in sediments.

2.3.5 Classification Based on Functional Groups

While most PAHs are purely hydrocarbons, some may contain functional groups that

modify their chemical and physical properties. Based on this, PAHs can be classified as:

 Parent (Unsubstituted) PAHs

Contain only carbon and hydrogen atoms, with no functional groups. Examples:

Benz[a]anthracene, Pyrene.

 Contain Alkyl Groups

Attached to the aromatic rings,(methyl, ethyl, etc.)

Examples: Methyl phenanthrene, Dimethyl naphthalene

 Oxygenated PAHs (Oxy-PAHs)

Contain oxygen-containing functional groups such as carbonyl (C=O) or hydroxyl (-OH).

These often form as degradation products of PAHs. Examples: 9,10-Anthraquinone

1-Hydroxyphenanthrene.
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 Nitrogen-Containing PAHs (N-PAHs)

Contain nitrogen atoms in the aromatic ring system or as substituent. They formed during

combustion processes or as environmental degradation products. Examples: Carbazole,

Acridine

 Sulfur-Containing PAHs (S-PAHs)

Contain sulfur atoms in the aromatic ring system or as substituent. Examples:

Dibenzothiophene

2.3.6 Classification Based on Toxicity and Environmental Impact

PAHs can also be grouped based on their toxicity, persistence, and bio-accumulation

potential:

 Priority Pollutant PAHs

The U.S. Environmental Protection Agency (EPA) has identified 16 PAHs as priority

pollutants due to their carcinogenicity and environmental persistence:

Benzo[ghi]perylene, Phenanthrene, Acenaphthene, Naphthalene, Indeno(1,2,3-cd)pyrene

Acenaphthylene, Benzo(a)anthracene, Anthracene, Benzo(b)fluoranthene,

Benzo(k)fluoranthene, Chrysene, Dibenz(a,h)anthracene, Fluoranthene, Fluorene , Pyrene,

Benzo(a)pyrene

 Carcinogenic PAHs

Some PAHs are known carcinogens and pose significant health risks. Examples:

Benzo[a]pyrene , Dibenz[a,h]anthracene
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 Non-Carcinogenic PAHs

PAHs with lower toxicity or carcinogenic potential. Examples: Fluorene, Anthracene.

2.4 Environmental Persistence and Bioaccumulation

Polycyclic aromatic hydrocarbons (PAHs) are persistent organic pollutants that pose

significant environmental and health risks due to their bio accumulation and limited

degradability40. These compounds are lipophilic, allowing them to accumulate in fatty

tissues, as evidenced by higher concentrations found in human adipose tissue compared to

other biological samples41. Their persistence in the environment is attributed to their

resistance to bio-degradation, with many heterocyclic PAHs showing limited

biodegradability even after microbial adaptation42. Furthermore, PAHs are prevalent in

aquatic ecosystems, where they accumulate in sediments and biota, leading to potential

bio-magnification in food webs43

2.4.1 Environmental Persistence

PAHs exhibit low degradability, allowing them to persist in various environmental

matrices.

Studies indicate that many heterocyclic PAHs are non-readily biodegradable,

complicating remediation efforts42,

Their mobility in the environment leads to widespread contamination, affecting both

terrestrial and aquatic ecosystems43,

2.4.2 Bioaccumulation

PAHs accumulate in fatty tissues, with significant concentrations found in human adipose

tissue, indicating a direct link to human health risks40.
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Aquatic organisms, such as fish, also show high levels of PAH accumulation, raising

concerns about food safety and ecosystem health42.

While the persistence and bio-accumulation of PAHs are well-documented, some studies

suggest that bio-remediation techniques using adapted microbial communities may offer

potential solutions for mitigating their environmental impact44. However, the

effectiveness of these methods remains variable and requires further investigation.

2.5 General Sources of PAHs

Polycyclic aromatic hydrocarbons (PAHs) originate from two primary source categories:

natural and anthropogenic emissions. Natural sources include phenomena such as

volcanic activity, wildfires, and lightning-induced peat-land fires, though their

contribution is relatively minor compared to human activities45. PAHs are generated

through the incomplete combustion of organic material and can enter the environment via

both natural and synthetic pathways. In the general population, dietary intake is the

principal exposure route, with tobacco smoke being the primary contributor among

smokers38

Anthropogenic sources, which represent the dominant cause of PAH pollution, are

typically classified into four major groups: industrial, mobile, domestic, and agricultural

emissions46. Industrial emissions arise mainly from incomplete combustion in activities

such as waste incineration, metallurgical processes (e.g., steel and aluminum production),

cement and coal-tar pitch manufacturing, chemical production, refinery operations, and

energy generation47. Additional industrial contributors include coal gasification, electric

arc and oxygen furnaces, and combustion engines used in heavy equipment48.
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Mobile sources of PAHs encompass emissions from aircraft, ships, trains, and both

on-road and off-road vehicles49. Domestic contributions involve everyday household

practices like burning solid fuels, cooking on gas/oil stoves, and using wood or kerosene

for heating50. Agricultural emissions are often linked to open burning of biomass and

agricultural waste, especially under sub-optimal combustion conditions51.

In rural settings, PAH contamination is largely attributed to domestic and agricultural

practices, whereas urban areas face greater contributions from industrial, mobile, and

domestic activities. Seasonal variations also influence PAH concentrations, with the

highest levels observed in winter, followed by spring, autumn, and summer. The elevated

winter and spring levels are associated with increased fossil fuel use, intensive residential

heating, limited photodegradation, and restricted atmospheric dispersion due to low

temperatures and calm air conditions52.

PAHs can further be categorized based on their origin of formation into three main types:

pyrogenic, petrogenic, and biogenic53. Pyrogenic PAHs are produced during the

incomplete combustion of organic matter at high temperatures (350–1,200°C) under low

oxygen conditions 54. They are also formed during processes like coal carbonization and

thermal cracking of petroleum, and are more prevalent in urban environments55. In

contrast, petrogenic PAHs are associated with petroleum and its derivatives, which are

dispersed into the environment through leaks, spills, storage, and transportation56.

Typically, pyrogenic sources are dominated by high molecular weight (HMW) PAHs,

whereas petrogenic sources contain mostly low molecular weight (LMW) PAHs57.

Biogenic PAHs are naturally synthesized by microorganisms, algae, phytoplankton, and
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plants, often as a result of the slow biological transformation of organic substances 58.

Once released into the atmosphere, PAHs exist either as gases or attached to particles, and

are deposited onto soil, water bodies, and vegetation through wet and dry deposition

processes. Due to their low vapor pressure and high hydrophobicity, PAHs with three or

more rings tend to strongly adhere to soil particles59. The persistence of PAHs in soil or

sediments may lead to their secondary migration into groundwater, plants, and food

chains. For instance, plant roots may absorb PAHs from contaminated soils and transport

them to edible parts. Currently, complete avoidance of PAH exposure is unrealistic, as it

can occur through inhalation, ingestion, and dermal absorption 60. Often, multiple

exposure routes may act simultaneously, such as skin contact and inhalation from polluted

soils61.

Occupational settings pose a significant risk, particularly for workers in coke production,

food processing industries, and traffic management, where inhalation of PAH-laden air

and dust is a concern62. However, non-occupational exposures are also prevalent through

contaminated food, drinking water, and smoking63. For instance, a single cigarette can

deliver 20–40 nanograms of benzo(a)pyrene, a potent PAH, while dietary intake accounts

for up to 70 % of exposure in non-smokers64.

In drinking water, PAH concentrations typically range between 1 ng/L and 11 ng/L, with

the World Health Organization (WHO) setting a maximum acceptable limit of 0.7 µg/L

for benzo(a)pyrene65. Domestic and industrial cooking methods, including grilling,

roasting, frying, barbecuing, and drying, can also lead to PAH formation66. Additionally,

fruits and vegetables grown in contaminated soils or exposed to atmospheric PAHs may
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also serve as significant sources of dietary intake67

2.5.1 Sources of PAH in Waste Dumpsite

Mechanisms of PAHs formation in waste dumpsite

2.5.1.1 Burning of Waste

Open burning of waste materials, such as plastics, wood, and rubber, is a major source of

PAHs in dumpsites. Combustion processes release PAHs into the air, soil, and

surrounding environment.

2.5.1.2 Leachates Formation

As waste decomposes, leachates (a liquid that drains from waste) can transport PAHs into

the soil and groundwater.

2.5.1.3 Industrial and Urban Waste

Industrial waste, such as petroleum products, tar, asphalt, and chemical residues, often

contains PAHs. Improper disposal of urban waste contributes to PAH contamination.

2.5.1.4 Petroleum-Derived Products

Spilled or improperly disposed motor oil, lubricants, and fuels in dumpsites can be a

source of PAHs.

2.5.1.5 Natural Sources

Anthropogenic activities are the primary sources, natural processes such as wildfires or

natural organic material degradation can also contribute to PAH levels in waste

dumpsites.
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2.6 Analytical Techniques for PAH Detection

2.6.1 Sampling Techniques

Sampling techniques for polycyclic aromatic hydrocarbons (PAHs) in soil, water, and

leachates are crucial for accurate analysis and assessment of contamination.

2.6.2 Soil Sampling

Random Sampling: Select random locations within the study area to obtain a

representative sample.

Systematic Sampling: Establish a grid and collect samples at regular intervals to ensure

area coverage.

Composite Sampling: Combine multiple sub-samples from the same location to reduce

variability.

2.6.3 Grab Sampling

Collect a single sample from a specific location at a specific time. This is useful for

detecting peak concentrations.

Composite Sampling: Combine samples taken at different times or locations to obtain an

average concentration.

2.6.4 Depth-Integrated Sampling

For lake or river sampling, collect water from different depths to account for

stratification.

2.7 Leachates Sampling

Direct Collection: Collect leachates directly from collection wells or pipes.

Pumping: Use a pump to extract leachates, ensuring minimal exposure to air to avoid
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volatilization of PAHs.

Grab Sampling: Similar to water sampling; obtain samples during specific time intervals

to capture variations.

These sampling techniques help ensure that the data collected accurately reflect the

presence and concentration of PAHs in the environment.

2.8 Extractions Method

Polycyclic aromatic hydrocarbons (PAHs) are composed of fused aromatic (benzene)

rings and exhibit hydrophobic characteristics, which result in their low solubility in water

and high affinity for organic matter in soil. This strong adsorption to soil organic

components reduces their availability for microbial or chemical breakdown. Over

extended periods, PAHs become increasingly embedded within soil micropores, further

enhancing their resistance to degradation68. Their high octanol-water partition coefficient

(Kₒw) also contributes to their persistence in the environment. These physicochemical

properties complicate the extraction and analysis of PAHs from contaminated soils,

necessitating the use of advanced and varied analytical extraction techniques.such

sonication , accelerated solvent extraction, mechanical agitation and soxhlet extraction

but are not limited to this only

2.9 Analytical Methods for PAHs

Polycyclic aromatic hydrocarbons (PAHs), along with their distinct coefficients, are

typically quantified globally after extraction from environmental, biological, or industrial

samples using standardized analytical protocols. These procedures are recognized and

endorsed by regulatory bodies such as the United States Environmental Protection
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Agency (USEPA), the International Organization for Standardization (ISO), and the

National Institute for Occupational Safety and Health (NIOSH). These analytical methods

generally fall into three major categories: immunoassays, spectrometric techniques, and

chromatographic approaches69,70.

Immunoassay-based techniques (e.g., EPA 4030 and 4035, Update III), which are

predominantly commercially available in kit form, are less commonly used due to their

tendency to yield biased results. Their lower sensitivity, specificity, and accuracy

especially in detecting a wide range of aromatic compounds limit their application

primarily to preliminary field screening for soil and water analysis70,71. Within the realm

of spectrometry, ultraviolet (UV) and infrared (IR) methods are commonly employed.

UV-based techniques (both absorption and fluorescence) demonstrate good selectivity and

sensitivity toward PAHs but are prone to interference from matrix components such as

lipids. Similarly, although IR spectrometry is cost-effective and rapid, it necessitates an

essential post-extraction cleanup due to its poor selectivity69.

Chromatographic techniques, particularly gas chromatography (GC) and liquid

chromatography (LC), are more widely adopted for PAH determination despite their

relatively high cost and extended processing time72,73,74. High-performance liquid

chromatography (HPLC), one of the primary LC techniques, employs detectors such as

UV, fluorescence (FL), mass spectrometers, photo-diode array (PDA), or a combination

of PDA and FL (EPA 550, 610, 8310; NIOSH 5506, 5800; ISO 17993) 75,76,77,78,79,80.

GC-based methods often follow EPA-approved organic extraction procedures and utilize
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detectors like flame ionization (EPA 610, 8100; NIOSH 5515), Fourier transform-infrared

(EPA 8410), and mass spectrometers (EPA 525, 625, 8270; ISO 18287, DTS 28581, FDIS

28540, EN 15527), including thermal extraction configurations (EPA 8275)75,80,81.

HPLC is generally favored for analyzing thermally unstable, semi-volatile, or non-volatile

compounds. EPA methods 550, 610, and 8310 require aqueous samples to undergo

pre-treatment via liquid-liquid extraction (LLE) or solid-phase extraction (SPE) before

instrument analysis. Solid matrices are typically extracted with solvents using Soxhlet or

ultrasonic devices 82,83,84. Extracts must then be re-dissolved in a solvent compatible with

the initial extraction for proper injection70. However, NIOSH 5506 is limited to

acetonitrile-extracted samples and exhibits reduced performance when high

concentrations of particulates such as fly ash or diesel soot are present. Nonetheless, the

method is sensitive enough to detect PAHs in mixtures of aliphatic compounds even at

trace levels. NIOSH 5800 differs by utilizing a flow-injection setup with dual-wavelength

fluorescence detection for quantifying total PAHs85.

The combination of UV and fluorescence detectors in HPLC methods (e.g., EPA 550, 610,

8310; NIOSH 5506) enhances the detection range for various PAHs. Less fluorescent

compounds like naphthalene and fluorene are typically analyzed with UV detectors, while

more fluorescent compounds are better detected using FL detectors69. EPA 8310 is

particularly suitable for detecting PAHs in water samples at parts-per-billion levels and is

also effective for effluent analysis70. While UV/Vis detectors can detect most PAHs

within the 190–360 nm range, fluorescence detectors offer higher selectivity and
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sensitivity, especially when optimal excitation/emission wavelengths are applied77,78,86,87.

PDA detectors are more sensitive than standard UV/V types, and are occasionally used

either alone72,78,87 or in combination with FL79,88. Despite these options, fluorescence

detection remains the most sensitive and is preferred for trace-level PAH determination89.

Mass spectrometry (MS) is another significant LC detector, providing precise

identification and quantification of trace polar organic compounds, particularly when

multiple analytes are involved90,91. Comprehensive LC/MS approaches employ complex

interfaces (e.g., thermospray, electrospray, moving belt, particle beam) to transfer

separated compounds from the chromatography stage into the mass spectrometer for

detailed characterization90,92. However, no universal interface exists that is effective for

all PAHs77.

Gas chromatography (GC) is best suited for separating volatile, thermally stable,

non-polar organic substances, including certain semi-volatile PAHs90,91. Detectors used in

GC for PAH analysis include PID, FID, FT-IR, and MS70,93,94,95. The technique excels in

resolution, particularly with capillary columns. However, PAHs with molecular weights

above 300 amu are often problematic due to low volatility and potential decomposition

under high temperatures77.

EPA 8021B, a GC/PID method, is commonly applied to measure BTEX compounds,

oxygenates, and other volatile organics in various samples including groundwater, sludge,

and soils. Despite its selectivity and sensitivity, the method is prone to contamination

from high molecular weight substances70,96. EPA 610 allows PAH detection in wastewater
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via LLE using methylene chloride, applicable to both LC (with UV/FL detection) and GC

(with packed or capillary columns and FID)77,82,. EPA 8100, a packed-column GC/FID

method, accommodates both aqueous and solid samples, though it struggles to resolve

specific PAH isomer pairs unless capillary columns or silica gel cleanup are

employed77,81,. NIOSH 5515, another GC/FID method, targets airborne PAHs after sample

filtration, though it requires careful cleanup due to FID’s sensitivity to background

interferences76,93,97.

GC/MS methods like EPA 525, 625, and 8270 are widely utilized for quantifying PAHs

across water, soil, and air media77,98. EPA 525 targets semi-volatiles in drinking water

following pH adjustment and SPE99,100. EPA 625 is designed for wastewater, employing

dual pH LLE followed by GC/MS, with its updated version allowing SPE as an

alternative101. EPA 8270 covers a wide range of organic pollutants including PAHs, with

extraction protocols tailored to the matrix type LLE for liquids and Soxhlet or solvent

extraction for solids. It also permits TCLP leachates extraction via SPE and extends to

compounds such as pesticides, nitrosamines, phenols, and ethers102.

EPA 8272 focuses on ten parent PAHs and two alkylated derivatives in water and

sediment pore water, utilizing flocculation and SPME followed by SIM-mode

GC/MS103,104,105.

GC/MS is particularly advantageous for its dual function of retention-time and spectral

identification, offering high sensitivity in SIM mode72,106. While more costly than GC/FID

or PID, GC/MS enables accurate quantification of volatile and semi-volatile petroleum
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constituents. Nevertheless, unknown compound identification remains challenging with

electron ionization; chemical ionization or high-resolution MS can provide supplementary

structural data69,70,91.

EPA 8410 and 8275 are GC-based techniques for PAHs. EPA 8410 employs FTIR

detection and complements EPA 8270 by helping differentiate PAH isomers that are

difficult to distinguish via MS alone. The method mandates extract cleanup prior to

injection and is applicable to wastewater, soils, and solid wastes107. EPA 8275, a capillary

GC/MS method with thermal extraction, quantifies PCBs and EPA priority PAHs in solid

matrices. Samples are thermally extracted at 340°C and injected into the GC, followed by

separation and MS detection77,108.

2.10 Environmental and Health Impacts of PAHs

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of organic chemicals made up of

several interconnected aromatic rings. They are mainly produced during the incomplete

burning of organic substances such as fossil fuels, wood, and tobacco. PAHs are

commonly found in the environment and are a major concern because they persist for

long periods, can accumulate in living organisms, and pose serious health risks109,110.

2.10.1 Environmental Impacts of PAHs

2.10.1.1 Persistence in the Environment

PAHs are highly stable and resistant to degradation, allowing them to persist in soil, water,

and sediments for long periods111. They can be transported over long distances through

atmospheric deposition and water systems.
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2.10.1.2 Soil and Sediment Contamination

PAHs accumulate in soils and sediments, particularly in industrial and urban areas. These

contaminated sites may act as reservoirs, leading to prolonged release into the

environment 112,113.Contaminated sediments can harm benthic organisms

(bottom-dwelling species), disrupting aquatic ecosystems114.

2.10.1.3 Bioaccumulation

PAHs can bioaccumulate in aquatic species, leading to toxic effects on fish and other

organisms in the food chain. They may biomagnify through the food web, affecting

predators and eventually humans115.

2.10.1.4 Toxicity to Aquatic Life

PAHs are notable toxicant to aquatic organisms, causing developmental, reproductive,

and immunological effects116,117. For instance, fish exposed to PAHs may exhibit

deformities, reduced growth, and lower survival rates118,119.

2.10.1.5 Air Pollution:

PAHs are a significant component of particulate matter (PM), especially in urban and

industrial regions.They contribute to smog formation and impact air quality.

2.10.2 Health Impacts of PAHs

PAHs are dangerous to human health because of their teratogenic, carcinogenic, and

mutagenic properties. Routes of exposure include inhalation, ingestion, and dermal

contact.
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2.10.2.1. Carcinogenicity:

Many PAHs are identified as carcinogens by the International Agency for Research on

Cancer (IARC). For example, Benzo(a)pyrene (BaP) is a well-known carcinogen linked

to lung, skin, and bladder cancers. Long-term exposure, especially by breathing in of

polluted air or consumption of contaminated food with PAH increases cancer risk120,121,122

2.10.2.2 Respiratory Effects:

Inhalation of PAHs (e.g., from vehicle emissions, industrial processes, or tobacco smoke)

can cause respiratory irritation, asthma, and chronic bronchitis123,124.Long-term exposure

to PAHs in particulate matter contributes to reduced lung function and pulmonary

diseases.

2.10.2.3 Reproductive and Developmental Toxicity

PAHs can interfere with reproductive systems, leading to reduced fertility and

developmental delays in offspring125,126.

antenatal exposure to PAHs has been linked to lower birth weight and impaired

psychological feature development in children127,128.

2.10.2.4 Genotoxicity

PAHs can form DNA adducts (binding to DNA), leading to mutations and genetic

damage129. This genotoxic potential underpins their carcinogenic and mutagenic effects.

2.10.2.5 Dermal Toxicity

Skin exposure to PAHs, especially in occupational settings, can cause irritation, rashes,

and even skin cancer with prolonged contact130.
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2.10.2.6 Immune System Effects

PAHs may suppress immune responses, making individuals more susceptible to

infections and diseases131,132,133,134,135,136,137.

2.11 Regulatory Standards for PAH

Regulatory standards for polycyclic aromatic hydrocarbons (PAHs) in water, soil, and

sediment are established by various organizations, including the World Health

Organization (WHO) and the European Union (EU) Environmental Protection Agency

(EPA). Here’s an overview of the relevant standards and guidelines.

2.11.1 WHO Guidelines

The WHO has not established specific numerical guidelines for PAHs in water, soil, or

sediment. However, it emphasizes the importance of monitoring PAHs due to their

potential health risks, particularly their carcinogenic properties. The WHO often relies on

assessments from other organizations, such as the International Agency for Research on

Cancer (IARC), which classifies certain PAHs as carcinogenic to humans138,139,140,141

2.11.2 EU Standards

The EU has developed several regulatory frameworks concerning PAHs, particularly in

food and environmental media142,143,144,145,146

2.11.2.1 Water Quality Standards

The EU Water Framework Directive 2000/60/EC includes PAHs in its list of priority

substances. Specific limits for PAHs in water bodies are set to protect aquatic life and

human health. The EU has established Environmental Quality Standards (EQS) for

certain PAHs, such as benzo[a]pyrene, which is often used as a marker for the presence of
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other carcinogenic PAHs147.

2.11.2.2 Soil and Sediment Quality Guidelines

The EU has guidelines for the assessment of contaminated sites, which include PAHs.

The European Commission has recommended monitoring specific PAHs in soil and

sediments, particularly in areas affected by industrial activities. The guidelines suggest

using a combination of empirical and mechanistic approaches to derive sediment quality

guidelines (SQGs) that protect benthic organisms from adverse effects

2.11.2.3. Food Safety Regulations

The European Food Safety Authority (EFSA) has assessed the risks associated with PAHs

in food. The SCF (Scientific Committee on Food) recommended monitoring 15 PAHs in

food products, highlighting their carcinogenic potential. The EU has set maximum levels

for certain PAHs in foodstuffs, particularly those that are known to be carcinogenic.

2.12 Key PAHs Monitored

The following PAHs are commonly monitored due to their toxicity and prevalence in

environmental samples

Benzo[a]pyrene

Benz[a]anthracene

Chrysene

Fluoranthene

Pyrene

These compounds are often included in regulatory assessments and monitoring programs

due to their significant health risks



44

While WHO does not provide specific numerical standards for PAHs, it recognizes their

health risks. The EU has established comprehensive guidelines for monitoring PAHs in

water, soil, sediment, and food, focusing on protecting human health and the

environment.

2.13 Regulation of PAHs in Nigeria

In Nigeria, the regulation of polycyclic aromatic hydrocarbons (PAHs) is primarily the

responsibility of the Federal Ministry of Environment and the National Environmental

Standards and Regulations Enforcement Agency (NESREA). The Nigerian government

has established laws and regulations to control the release of PAHs into the environment.

The Environmental Guidelines and Standards for Industrial Processes (EGSIP) is a set of

regulations that outline the acceptable levels of PAHs in various industrial processes and

emissions. The guidelines specify the maximum allowable concentrations of PAHs in air,

water, and soil.

The Nigerian government has also established the National Environmental Policy (NEP)

which aims to protect the environment and ensure sustainable development. The NEP sets

out policies and guidelines for the management of PAHs and other hazardous substances.

In terms of specific regulations, the Nigerian government has established the following

standards and guidelines for PAHs

1. The National Environmental Standard and Regulations Enforcement Agency

(NESREA) has set a standard for the maximum allowable concentration of PAHs in

industrial effluent of 0.1 mg/L.

2. The Nigerian Oil and Gas Industry Content Development Act (NOGICD Act) requires
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oil and gas companies to implement measures to prevent the release of PAHs and other

pollutants into the environment.

3. The Nigerian National Petroleum Corporation (NNPC) has established guidelines for

the management of PAHs in the petroleum industry, including the use of best available

technology to minimize emissions.

It's worth noting that while these regulations and guidelines are in place, enforcement and

monitoring are often challenging due to limited resources and capacity148,149,150,151,152,153.

In Oyo State, Nigeria, the regulation of polycyclic aromatic hydrocarbons (PAHs) is

primarily the responsibility of the Oyo State Ministry of Environment and Natural

Resources. And their sole responsible is enforcing environmental laws and regulations in

the state, including those related to PAHs.

The Oyo State Environmental Policy outlines the state's commitment to protecting the

environment and promoting sustainable development. The policy sets out principles and

guidelines for the management of PAHs and other hazardous substances.

The Oyo State Environmental Management and Protection Law provides the legal

framework for the regulation of environmental activities in the state, including the control

of PAHs. The law requires all industries and individuals to obtain permits and comply

with environmental standards and regulations.

In terms of specific regulations, the Oyo State Government has established the following

standards and guidelines for PAHs

The Oyo State Environmental Protection Agency (OySEPA) has set a standard for the

maximum allowable concentration of PAHs in industrial effluent of 0.1 mg/L154.
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* The Oyo State Environmental Guidelines and Standards for Industrial Processes outline

the acceptable levels of PAHs in various industrial processes and emissions154.

* The Oyo State Ministry of Environment and Natural Resources has established

guidelines for the management of PAHs in the agricultural sector, including the use of

best agricultural practices to minimize PAHs in soil and water155. It's worth noting that

while these regulations and guidelines are in place, enforcement and monitoring are often

challenging due to limited resources and capacity.
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Chapter Three

Methodology

3.1 Research Design

This investigation into polycyclic Aromatic Hydrocarbon (PAHs) contamination

associated with the Ajakanga Waste dumpsite adopts an environmental sampling and

analytical study that employs a comparative approach with control sites and incorporates

human health risk assessment, this is deliberately selected for its methodological strength

and suitability to the study’s objectives. This design provides a structured and immediate

evaluation of the environmental conditions and potential public health risk within the

specific environmentalism context of Oluyole Local Government Area, Oyo State,

Nigeria. This method strength lies in its ability to yield precise, reproducible, and reliable

value of high-quality standard data essential for understanding contamination dynamics at

an environmentally sensitive yet under explored site. The section hypothesis allows for a

comprehensive assessment at a particular point in time, making it highly effective for

preliminary environmental studies that seek to establish baseline contamination levels

The environmental sampling and analytical study of this research focuses on assessing the

extent of contamination, identifying the sources of PAHs, evaluating the potential risks to

human health and the ecosystem, and providing data to inform remediation strategies and

regulation.

The principal objective of environmental sampling protocols within dumpsite

surroundings is the acquisition of representative samples. Such samples must accurately

delineate the concentration levels and spatial distribution of Polycyclic Aromatic
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Hydrocarbons (PAHs).

3.1.1 Quantification of Contamination

Ascertaining the total concentration of PAHs, with specific emphasis on the 16 priority

PAHs designated by the United States Environmental Protection Agency (US EPA). This

quantification, applied to soil and proximate media is fundamental to determining the

extent of pollution.

3.1.2 Spatial Distribution Mapping

Elucidating the spatial (horizontal) and vertical (depth) variability of PAH concentrations.

This is critical, as PAHs exhibit strong sorption to soil organic matter but retain the

potential for leachate-mediated migration into groundwater, a risk exacerbated in unlined

disposal sites.

3.1.3 Establishment of Baseline Data

Collecting comparative samples from both the contaminated locus and a pristine control

area, situated remotely from industrial activities. This provides a crucial benchmark for

quantifying the environmental impact attributable to the dumpsite.

3.1.4 Assessment of Migration Pathways

Sampling diverse environmental compartments to elucidate the fate, transport

mechanisms, and potential bioaccumulation of PAHs within the local environment and

associated food webs.

The analytical study component involves the rigorous laboratory analysis of collected

samples to derive detailed chemical information regarding the PAH congeners present.
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3.1.5 Identification and Quantification

Employing advanced analytical instrumentation, predominantly Gas Chromatography -

Flame Ionization Detector (GC-FID), to precisely identify and quantify individual PAH

compounds within the environmental matrices.

3.1.6 Source Apportionment

Utilizing molecular diagnostic ratios as chemical-fingerprinting tools and ratio of the low

molecular weight to high molecular weight PAHs. This allows for the differentiation

between pyrolytic (pyrogenic) sources, such as the incomplete combustion of organic

materials (e.g, open burning), and petrogenic sources, originating from petroleum

products1 (e.g, crude oil or diesel spills).

3.1.7 Physicochemical Correlation Analysis

Investigating statistical relationships between measured PAH concentrations and key soil

physicochemical parameters. This examination seeks to understand the factors governing

PAH behavior, persistence, and bio availability within the soil matrix.

3.1.8 Toxicological Risk Assessment

Calculating Toxicity Equivalent Quantities (TEQs) for identified carcinogenic PAHs. This

facilitates the assessment of potential carcinogenic and non-carcinogenic health risks to

human receptors (via ingestion, dermal contact, and inhalation exposure pathways) and

the broader ecosystem.

3.1.9 Informing Remediation and Policy

Generating the empirical data necessary for policymakers, public health experts, and

regulatory agencies. This data serves as the foundation for designing effective pollution
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abatement measures, selecting and implementing appropriate remediation strategies such

as bioremediation, thermal desorption, and enforcing pertinent environmental legislation.

3.2 Study Area

The project site is AJAKANGA waste dumpsite, located in Oluyole local Government,

Ibadan, Oyo State. Ibadan is located in southwestern Nigeria and serves as the capital city

of Oyo State. Geographically, it is situated on the coordinates:

Latitude: 7.3775° N

Longitude: 3.9470° E 1

Oluyole Local Government Area (LGA) is located in the southwestern part of Oyo State,

Nigeria, and is part of the Ibadan metropolitan area. It has its headquarters in Idi-Ayunre,

which lies along the Ibadan-Ijebu Ode Road.

Geographical Coordinates:

Latitude: 7.2500° N

Longitude: 3.8500° E

Boundaries and Location:

Oluyole LGA is strategically positioned, sharing boundaries with several other LGAs and

States

To the North: It shares a boundary with Ibadan South-West and Ibadan North LGAs.

To the South: It borders Ogun State.

To the East: It is bordered by Ona Ara Local Government Area.

To the West: It shares boundaries with Ido Local Government Area.

The Ajakanga waste dumpsite in Ibadan, Nigeria is located between the following
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coordinates:

Latitude: 7°18.70'N to 7°18.90'N

Longitude: 3°50'E to 3°51'E

The Ajakanga dumpsite is in Oluyole local government area of Ibadan, in the

southwestern part of Nigeria.

Figure 3.1: Map Of Ajakanga Waste Dumpsite,Oluyole Local Government,Ibadan,Oyo State

Source: Oyo State Waste Management Authority (OYOWMA), Agodi-Gate

Figure 3.1 show the location map and the pictorial view of the location site, It is close to

River Ona, separated only by Odo Ona Elewe Road,2,3.The site is surrounded majorly

with low-income residents, artisans, waste pickers, farmers, and traders, who rely on the

area for both livelihood and habitation. The estimated population density of the

file:///C:/Users/HP%20Elitebook/tel:18.70
file:///C:/Users/HP%20Elitebook/tel:18.90


68

Ajakanga–Ayegun–Oluyole axis is about 1,200 – 1,500 persons per square kilometer,

with most households lacking adequate waste management infrastructure or access to

piped water.

The Ajakanga dumpsite is one out of four dumpsites in Ibadan managed by Oyo State

Waste Management Authority (OYWMA). The Ajakanga landfill is an active unlined

used since 1996, and is still in use today. It receives waste from a variety of sources,

including commercial, hospital, electronic, household, and industrial2,3,4,5

3.3 Population of Study

The population of this study encompasses the environmental and human systems

associated with the Ajakanga Municipal Solid Waste (MSW) Dumpsite, located in

Oluyole Local Government Area, Ibadan, Oyo State, Nigeria. The dumpsite is situated

between latitude 7°18′N and longitude 3°50′E, occupying an extensive area that has

served as a major waste disposal point for the Ibadan metropolis for over two decades.

The site receives large volumes of mixed municipal waste daily, including household

refuse, plastics, electronic waste, agricultural residues, and small-scale industrial wastes.

The primary study population comprises soil samples collected from various zones within

and around the Ajakanga dumpsite. These soils represent the principal environmental

medium for the accumulation and persistence of Polycyclic Aromatic Hydrocarbons

(PAHs) and other hazardous organic pollutants resulting from waste degradation, leachate

percolation, and open burning practices. Sampling within different zones (upwind,

downwind, and control locations) ensures that the data reflect the spatial variation and

potential dispersion of contaminants.
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The secondary population includes the human settlements and socio-economic activities

surrounding the dumpsite, extending approximately 500m – 800m radius from the center

of the dumpsite. This population consists predominantly of low-income residents, artisans,

waste pickers, farmers, and traders, who rely on the area for both livelihood and

habitation. The estimated population density of the Ajakanga–Ayegun–Oluyole axis is

about 1,200 – 1,500 persons per square kilometer, with most households lacking adequate

waste management infrastructure or access to piped water. The inhabitants are therefore

potentially exposed to environmental contaminants through inhalation of contaminated

dust, ingestion of crops cultivated on nearby soils, and dermal contact during daily

activities.

soil sample and surrounding human communities provides a comprehensive framework

for understanding the extent of PAH contamination and the associated ecological and

health risks. This approach aligns with the study’s objectives to evaluate the

environmental and public health implications of PAH pollution arising from continuous

waste dumping and open burning at the Ajakanga site.

These research ensures that findings are representative of both ecological and

anthropogenic dimensions of contamination. Which also supports evidence-based

recommendations for environmental monitoring, policy formulation, and community

health protection in waste-impacted environments.

3.4 Sampling Technique and Sample Size

The sampling frame for this study comprised defined zones within and around the

Ajakanga Municipal Solid Waste (MSW) Dumpsite, Oluyole Local Government Area,
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Ibadan, Oyo State, Nigeria. The selection of sampling points was guided by the need to

capture spatial variations in Polycyclic Aromatic Hydrocarbon (PAH) contamination

resulting from waste disposal, leachate migration, and atmospheric deposition from open

burning of refuse.

To ensure representative samples, the study area was systematically divided into five

zones (A–E) based on proximity to the dumpsite center, topography, and observed waste

disposal intensity. Zones A, B, C, D, and E were located within the active waste disposal

area and immediate surroundings 0–200 m, and control zones respectively. Each zone was

further subdivided into sampling points spaced approximately 50 meters apart to ensure

adequate spatial coverage and to minimize sampling bias.

A total of eighteen (18) composite soil samples were collected three samples from each

zone using a systematic random sampling technique. At each sampling point, sub-samples

were collected at depths of 0–15 cm, representing the topsoil layer most susceptible to

contamination by PAHs due to atmospheric deposition and leachate infiltration. The

sub-samples were homogenized to form a composite sample for each point, properly

labeled, and stored in pre-cleaned aluminum foil and glass containers to prevent

photodegradation or contamination prior to analysis.

The sample size determination was based on both spatial representation and analytical

feasibility, following methodological recommendations for soil pollution studies7,8. The

chosen number of samples provided sufficient replication for statistical analysis while

maintaining cost-effectiveness and analytical accuracy. The inclusion of a control zone

(Zone F), located approximately 500 m from the dumpsite in a relatively unaffected area,
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enabled comparison with background PAH concentrations and assessment of

contamination gradients.

This structured sampling frame ensured that the data generated were representative of the

different contamination zones, enabling a comprehensive evaluation of PAH distribution

patterns, potential sources, and environmental risks associated with waste dumping and

open burning at the Ajakanga site.

3.5 Sample Collection and Preparation

The collection and preparation of soil samples were carried out following standard

environmental sampling protocols to ensure the accuracy, reliability, and

representativeness of the results. The procedures adhered to the guidelines recommended

by the United States Environmental Protection Agency6.

3.5.1 Sample Collection

Soil samples were collected from five delineated zones (A–E) within and around the

Ajakanga Municipal Solid Waste (MSW) Dumpsite, as described in Section 3.4 Within

each zone, three (3) sampling points were selected using a systematic random sampling

technique to ensure spatial coverage and minimize sampling bias.

At each sampling point, surface soil samples 0 – 15 cm depth were obtained using a

stainless steel hand auger and placed into solvent-rinsed, airtight glass jars. This depth

range was selected because it represents the most active layer for pollutant accumulation

and microbial degradation, and is most directly affected by waste deposition and

atmospheric fallout.

Approximately 500 g of soil was collected per point. For each zone, sub-samples from the
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three points were thoroughly mixed to obtain a composite sample representative of that

zone. Each composite sample was properly labeled with sample code, date, and location

coordinates (obtained via GPS), and transported in an ice-packed cooler at 4°C to the

laboratory to minimize photodegradation and volatilization of organic compounds.

3.5.2 Sample Preparation and Pretreatment

In the laboratory, the samples were air-dried at room temperature 25 – 28 °C for 48 – 72

hours to remove residual moisture while preventing the loss of volatile organic

compounds. After drying, the samples were gently crushed using a mortar and pestle

made of porcelain and then sieved through a 2 mm stainless-steel mesh to remove stones,

roots, and debris, ensuring uniform particle size for extraction.

Prepared samples were stored in clean, amber glass bottles with Teflon-lined caps and

kept in a refrigerator at 4 °C until further extraction and analysis. This storage condition

prevented microbial activity and chemical degradation prior to instrumental analysis.

3.6 Sample Extraction andAnalytical Procedure

The extraction and analysis of Polycyclic Aromatic Hydrocarbons (PAHs) from soil

samples were carried out using Soxhlet extraction followed by Gas Chromatography

coupled with Flame Ionization Detection (GC–FID), in accordance with the USEPA

Method 3540C and Method 8100. These methods were selected due to their accuracy,

reproducibility, and suitability for quantifying PAHs in complex environmental matrices

such as soil.
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3.6.1 Soxhlet Extraction Procedure

For each composite soil sample, 5 g of homogenized, air-dried soil was accurately

weighed into a extraction thimble. The extraction was performed using a Soxhlet

apparatus with a 250ml round-bottom flask containing 50 ml of a solvent mixture of

hexane and acetone (1:1 v/v). The solvent combination was chosen because of its

complementary polarity, which enhances the efficient dissolution and recovery of both

low molecular weight (LMW) and high molecular weight (HMW) PAHs8.

The extraction process was carried out for 6 hours, maintaining a constant reflux rate of 4

– 6 cycles per hour to ensure thorough extraction of PAHs from the soil matrix. After

extraction, the solvent extract was allowed to cool and subsequently concentrated using a

rotary evaporator at 40 °C. The extract was then transferred into a pre-cleaned vial for

cleanup.

3.6.2 Cleanup and Concentration

To remove co-extracted impurities such as lipids, waxes, and pigments that may interfere

with chromatographic analysis, the crude extracts were purified using a silica gel/alumina

column cleanup procedure. The column was prepared with activated silica gel 5 g layered

over 2 g of anhydrous sodium sulfate to eliminate moisture. The column was

preconditioned with 5 ml of hexane before sample introduction.

The concentrated extract was loaded onto the column and eluted successively with 20 ml

of hexane and 20 ml of acetone. The eluate containing the target PAH compounds was

collected and further concentrated to 1 ml under a gentle stream of high-purity nitrogen

gas (N₂) before GC–FID analysis.
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3.6.3 Instrumental Analysis GC - FID (USEPAMethod 610, 8100)

3.6.3.1 GC–FIDAnalysis

Quantitative determination of PAHs was carried out using a Gas Chromatography (GC)

equipped with a Flame Ionization Detector (FID) and a capillary column (DB-5, 30 m ×

0.25 mm i.d., 0.25 µm film thickness). The analytical conditions were optimized for

resolution and sensitivity as follows

Carrier gas: Nitrogen at 1.5 ml/min (constant flow)

Injector temperature: 250 °C

Detector temperature: 300 °C

Injection mode: Splitless, with 1 µL sample volume

Oven temperature program

Initial temperature 60 °C held for 2 min

Ramp at 10 °C/min to 180 °C held for 2 min

Then 5 °C/min to 280 °C held for 10 min

3.6.3.2 Principle of Gas Chromatography for PAHAnalysis

Gas Chromatography (GC) is a fundamental analytical technique extensively employed in

the separation, identification, and quantification of Polycyclic Aromatic Hydrocarbons

(PAHs) in environmental matrices such as soil, water, and air. The principle of GC

analysis for PAHs is based on the differential partitioning of analyte molecules between a

mobile gaseous phase (carrier gas) and a stationary phase coated inside a

chromatographic column9.

PAHs are hydrophobic, semi-volatile organic compounds composed of fused aromatic
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rings. Their volatility and thermal stability make them well-suited for gas

chromatographic separation10. The extracted and concentrated PAH sample is introduced

into the injection port, where it is instantly vaporized at a controlled high temperature.

The carrier gas usually helium, hydrogen, or nitrogen serves as the mobile phase that

transports the vaporized molecules through the column. The stationary phase, typically a

non-polar or slightly polar liquid film bonded to the inner wall of a fused silica capillary

column, interacts with the analytes based on van der Waals forces and dispersion

interactions11.

Separation of individual PAHs is achieved due to differences in their boiling points and

interaction strengths with the stationary phase. Low molecular weight (LMW) PAHs elute

earlier due to their lower boiling points, while high molecular weight (HMW) with higher

boiling points and stronger affinity for the stationary phase, elute later12.

To improve resolution, temperature programming is employed, whereby the oven

temperature is gradually increased during the analysis. This allows compounds with a

wide range of volatilities to be efficiently separated within a single run.

Detection of PAHs Flame Ionization Detector (FID) was use for the detection of PAHs.

The FID is particularly suitable for PAHs due to its high sensitivity to hydrocarbons, wide

linear dynamic range, and minimal susceptibility to most inorganic impurities13.

In FID, the effluent from the GC column is burned in a hydrogen–air flame, producing

ions and electrons from organic carbon compounds. The resulting ion current, measured

between a collector electrode and the flame tip, is proportional to the number of carbon

atoms entering the detector per unit time, allowing quantitative determination of PAH
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concentrations12.

The efficiency of GC separation for PAHs depends on the distribution coefficient of each

compound between the stationary and mobile phases. The retention time (t<sub>R</sub>)

of each analyte serves as a characteristic parameter for qualitative identification, while the

peak area or height provides quantitative information. Calibration using PAH standards of

known concentration ensures accurate quantification11.

In environmental investigations such as soil contamination in Ajakanga waste dumpsite

studies, GC coupled with FID provides high sensitivity, reproducibility, and selectivity for

the detection of trace levels of PAHs. This makes GC an indispensable tool for evaluating

the extent of hydrocarbon pollution, source identification (pyrogenic or petrogenic origin),

and environmental risk assessment14.

3.6.3.3 Working Principle of GC–FID for PAH Determination

The Gas Chromatography–Flame Ionization Detector (GC–FID) system operates on the

principle of separation followed by ionization-based detection of organic compounds,

particularly hydrocarbons such as Polycyclic Aromatic Hydrocarbons (PAHs). This

technique is widely adopted in environmental monitoring due to its high selectivity,

sensitivity, and stability in quantifying organic pollutants in complex matrices like soil11.

After separation in the chromatographic column, the effluent containing individual PAHs

is directed into the Flame Ionization Detector, the eluate is introduced into a hydrogen air

flame where thermal energy causes combustion of the organic molecules. During this

combustion process, carbon atoms in the PAH molecules are converted into ions and

electrons. The ions produced, primarily CHO⁺ species, are collected by a polarized
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electrode positioned above the flame. The resulting ion current is directly proportional to

the number of carbon atoms entering the detector per unit time12.

The FID generates an electrical signal that is measured in picoamperes (pA), and this

signal is recorded as a chromatographic peak. The area under each peak corresponds to

the relative quantity of the PAH compound, while the retention time serves as an

identifying characteristic. Quantitative analysis is achieved through comparison with

calibration curves obtained from standard PAH mixtures of known concentrations11.

FID detection is particularly advantageous for PAHs because these compounds are

hydrocarbon rich and exhibit strong ionization responses, yielding high signal intensities

with minimal interference from water, oxygen, or inorganic species. The detector exhibits

a nearly universal carbon response, meaning that all carbon-containing compounds

produce proportional signals regardless of molecular structure11.

This characteristic enhances the reliability and accuracy of quantitative determination in

PAH analysis.

For effective operation, GC–FID parameters such as hydrogen flow rate, air flow rate,

and detector temperature must be optimized to ensure complete combustion and

maximum ion production. Typically, detector temperatures are maintained between 250°C

and 300°C to prevent condensation of heavier PAHs before detection11.

The quantitative determination of PAHs using GC–FID is often expressed using the

calibration equation:

CX =Ax/As *Cs/Rf

where:
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* ( Cx ) = concentration of the PAH in the sample (mg/kg),

* ( Ax ) = peak area of the analyte,

* ( As ) = peak area of the standard,

* ( Cs ) = concentration of the standard (mg/L), and

* ( Rf ) = response factor obtained from calibration.

This approach provides both qualitative and quantitative information essential for

environmental contamination assessment and source identification of PAHs in soil

samples.

3.6.4 Preparation of Working Standard

A working calibration standard was prepare from a commercially obtained Certified

References Standard for stock solution with a concentration of 1000 ppm using dilution

formula

C₁V₁ = C₂V₂ , which based on principle of conservation of mass

where C1 initial concentration of the stock solution

V1 initial volume of the stock solution used for dilution

C2 final concentration of the new diluted solution

V2 final Volume new diluted solution

3.6.5 Standard Check Solution

In Gas Chromatography – Flame Ionization Detection (GC–FID) analysis of Polycyclic

Aromatic Hydrocarbons (PAHs) in soil samples such as those collected from a dumpsite,

the standard check solution plays a vital role in ensuring analytical accuracy, reliability,

and consistency.
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 Instrument Calibration Verification

The standard check solution is used to confirm that the GC–FID system remains properly

calibrated during the analytical sequence. It contains known concentrations of target

PAHs, which are injected periodically to verify that the instrument’s response (peak area

or height) corresponds to the expected values within the acceptable range. This ensures

that the calibration curve remains valid throughout the analysis.

 Quality Control andAssurance

The solution serves as a quality control (QC) sample, confirming the precision and

accuracy of the analytical run. Deviations in retention time or detector response from the

standard check indicate possible instrument drift, column degradation, or contamination.

This helps in maintaining data integrity and complying with QA/QC protocols.

 Detection of Instrumental Drift or Malfunction

During extended analytical runs common in environmental monitoring of multiple soil

samples the instrument’s sensitivity can change. Regular injection of the standard check

solution allows the analyst to detect signal drift or baseline instability early, enabling

timely corrective action (e.g., recalibration, column maintenance, or detector cleaning).

 Verification of Analytical Precision and Reproducibility

Repeated analysis of the standard check solution allows the calculation of relative

standard deviation (RSD) of detector response. A low RSD usually ≤15 % demonstrates

method precision and the reliability of the GC–FID system under consistent analytical

conditions.
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 Retention Time Confirmation

The standard check solution helps to confirm the retention times of specific PAH

compounds. This is especially important when analyzing complex matrices such as

dumpsite soils, where co-eluting compounds might interfere with peak identification.

 Data Validation and Traceability

The use of standard check solutions provides documented evidence that the analytical

system performed correctly at the time of analysis. This traceability is critical for

regulatory compliance, publication credibility, and inter laboratory comparability of

results.

The standard check solution is indispensable in GC–FID analysis of PAHs in soil because

it

* Confirms calibration validity,

* Ensures instrument stability,

* Detects analytical drift,

* Verifies method precision, and

* Provides a basis for data quality assurance.

3.7 Quality Control Measures

To maintain data integrity, all sampling and preparation equipment were pre-cleaned with

hexane and acetone (1:1 v/v) before and after each use to avoid cross-contamination.

Field blanks and triplicate samples were included to assess potential contamination during

sampling and handling. All procedures were conducted under minimal light exposure to

prevent PAH photodegradation.
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These careful collection and preparation procedures ensured that the soil samples

accurately represented the contamination profile of the Ajakanga dumpsite environment

and provided a reliable basis for subsequent Soxhlet extraction and Gas Chromatography

with Flame Ionization Detection (GC–FID) analysis.

3.8 Quality Assurance and Quality Control (QA/QC)

To ensure data accuracy and reliability, strict QA/QC measures were implemented

throughout the analytical process. These included the use of method blanks, duplicate

samples, and spiked recoveries for performance validation. The limit of detection (LOD)

and limit of quantification (LOQ) were determined for each PAH compound based on

signal to noise ratios of 3:1 and 10:1, respectively. Recoveries for the spiked samples

ranged between 82–105%, which is within the acceptable limits for PAH determination in

environmental samples (USEPA, 2007).

All glassware and sampling containers were pre-cleaned with acetone and hexane and

baked at 120 °C to eliminate residual organic contaminants. Analytical results were

expressed in milligrams per kilogram (mg/kg) of dry weight soil.

3.9 Data Analysis and Interpretation

The data obtained from the laboratory analysis were subjected to systematic statistical and

interpretative evaluation to determine the concentration, distribution, sources, and

potential environmental risk of Polycyclic Aromatic Hydrocarbons (PAHs) in the soil

samples collected from the Ajakanga Municipal Solid Waste (MSW) Dumpsite. The

analytical results were processed using standard statistical tools and diagnostic indices to

provide a comprehensive understanding of contamination patterns.
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3.9.1 Data Processing and Statistical Analysis

The concentrations of individual PAHs in the soil samples were recorded in milligrams

per kilogram (mg/kg) of dry weight and summarized using descriptive statistical methods

(mean, range, standard deviation), and coefficient of variation. These statistical

parameters provided insights into the variability and distribution of PAHs across the

different zones of the dumpsite.

Data were tabulated and graphically presented using Microsoft Excel 2021 and SPSS

version 26.0. Graphical representations such as bar charts, pie charts, and spatial

distribution maps were used to illustrate the concentration trends and variations among

zones (A–E).

3.9.2 Diagnostic Ratio Analysis for Source Identification

To identify possible sources of PAHs, molecular diagnostic ratios were applied,

comparing specific PAH isomers with similar physicochemical properties. Ratios such as

Ant/(Ant + Phe), Flu/(Flu + Pyr), BaA/(BaA + Chr), and LMW/HMW were calculated

and interpreted following established literature criteria15.

Ratios of Ant/(Ant + Phe) > 0.1 and Flu/(Flu + Pyr) > 0.5 were interpreted as indicative

of pyrogenic sources (combustion of biomass, coal, or waste),

While ratios below these thresholds were associated with petrogenic origins (oil spills,

lubricants, or crude residues).

Similarly, LMW/HMW < 1 indicated dominance of high-molecular-weight PAHs

(pyrogenic input), whereas LMW/HMW > 1 suggested low-molecular-weight dominance

typical of petrogenic sources.
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These ratios, in combination with field observations (such as evidence of open burning

and leachate flow), were used to infer the dominant emission sources influencing the PAH

profile at the dumpsite.

3.9.3 Comparison with Regulatory Standards

The mean concentrations of total PAHs (Σ16PAHs) and individual compounds were

compared with National and International soil quality guidelines, including those

established by the World Health Organization (WHO, 2010), the Canadian Council of

Ministers of the Environment (CCME, 2008), and the Dutch Target and Intervention

Values (RIVM, 2010).

This comparative assessment enabled evaluation of whether PAH concentrations in these

study area exceeded permissible limits and thus posed potential ecological or health risks.

Emphasis was placed on key carcinogenic compounds such as benzo[a]pyrene,

benzo[b]fluoranthene, and indeno[1,2,3-cd]pyrene, due to their toxicological significance.

3.9.4 Ecological and Health Risk Interpretation

To evaluate the potential ecological and human health implications, the Toxic

Equivalency Factor (TEF) approach was applied to estimate BaP-equivalent

concentrations (BaPₑq) for each sampling zone, using the weighting factors proposed by

Nisbet and LaGoy16. This provided an estimate of the overall carcinogenic potency of the

PAH mixture relative to benzo[a]pyrene.

Furthermore, contamination indices such as the Contamination Factor (CF), Degree of

Contamination (Cd), and Pollution Load Index (PLI) were computed to quantify the

extent of soil contamination relative to reference values from uncontaminated sites.
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These indices aided in classifying the contamination levels (low, moderate, or high) and

provided a scientific basis for risk prioritization and management decisions.

3.9.5 Risk Assessment Model

Risk assessment for polycyclic aromatic hydrocarbons (PAHs) involves evaluating their

potential to cause adverse health effects, including carcinogenic and non-carcinogenic

risks, to humans. The assessment typically follows a structured approach based on

standardized frameworks, such as those recommended by World Health Organization

(WHO), U.S. Environmental Protection Agency (EPA) and other regulatory agencies.

Risk assessment for PAHs generally includes the following steps

3.9.6 Hazard Identification

Identifies the specific PAHs of concern and their toxicological properties (e.g.,

carcinogenicity, mutagenicity, and developmental toxicity).

Example: The EPA has classified benzo[a]pyrene (BaP) as a Group 1 carcinogen

(carcinogenic to humans).

3.9.7 Dose-Response Assessment

Establishes the relationship between exposure levels and the likelihood of adverse effects.

Carcinogenic PAHs often follow a low-dose linear model, while non-carcinogenic effects

are assessed using threshold models.

3.9.8 Exposure Assessment

Quantifies the levels of PAH exposure through various pathways such as ingestion,

inhalation, or dermal contact.
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3.9.9 Risk Characterization

Integrates dose-response and exposure data to estimate risks, distinguishing between

carcinogenic and non-carcinogenic risks

3.9.10 Carcinogenic Risk Assessment

For PAHs, carcinogenic risk is assessed using lifetime cancer risk models based on

Benzo[a]pyrene Toxic Equivalents (BaP-TEQs).

3.9.11 Toxic Equivalency Factor (TEF)

PAHs are assigned a Toxic Equivalency Factor (TEF) relative to benzo[a]pyrene (BaP),

regarded as the reference compound with a TEF of 1.

The BaP-TEQ is calculated as:

BaP-TEQ = Σ (Concentration of individual PAH × TEF for that PAH)

3.9.12 Carcinogenic Risk (CR)

The LCR is calculated as CR = CDI × SF……………….equ 1

CDI = Chronic Daily Intake (mg/kg/day)

CDI is determined based on exposure frequency, duration, and body weight:

CDI = (C × IR × EF × ED) / (BW ×AT)

C = PAH concentration (mg/kg or mg/m³)

IR = Intake rate (e.g., ingestion/inhalation rate)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg) Children 15kg and adult 70kg

AT =Averaging time (days)
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SF = Slope Factor (risk per unit dose, mg/kg/day). For BaP, the EPA provides a slope

factor of 7.3 (mg/kg/day)⁻¹. Acceptable Risk Levels:- Regulatory threshold:

Carcinogenic risks are typically considered acceptable if LCR < 1 × 10⁻⁶ (1 in

1,000,000 risk) 7,8,9,10,11.

3.9.13 Non-Carcinogenic Risk Assessment

For non-carcinogenic effects, PAHs are assessed using the Hazard Quotient (HQ) and

Hazard Index (HI).

3.9.14 Hazard Quotient (HQ)

HQ = CDI / RfD,……………equ 2

CDI = Chronic Daily Intake (mg/kg/day) (same calculation as above).

RfD = Reference Dose (mg/kg/day), provided by regulatory agencies such as the EPA.

3.9.15 Hazard Index (HI)

If multiple PAHs are present, the HI is the sum of individual HQs : HI = Σ HQ

Interpretation:

HI < 1: No significant non-carcinogenic risk.

HI > 1: Potential for adverse non-carcinogenic effects.

3.9.16 Key Reference Values

RfD for BaP (oral): 0.0003 mg/kg/day (EPA).

3.9.17 Combined Risk Assessment Approaches

Monte Carlo Simulation

Used to account for variability and uncertainty in exposure parameters (e.g., body weight,

intake rates).
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Generates probabilistic estimates of both carcinogenic and non-carcinogenic risks.

3.9.18 Cumulative Risk Assessment

Focuses on the combined effects of multiple PAHs and other co-contaminants.

Uses both TEFs for carcinogenicity and HI for non-carcinogenicity to assess cumulative

impacts.

3.10 Interpretation and Integration

Interpretation of results integrated statistical outcomes, diagnostic ratios, and

contamination indices to provide a coherent picture of PAH behavior in the Ajakanga

dumpsite environment. Spatial patterns were evaluated in relation to proximity to waste

burning zones, leachate flow paths, and human activity intensity.

The findings were discussed in comparison with similar studies within Nigeria

international research reports17,18, providing contextual relevance and strengthening the

interpretation of contamination sources, environmental risks, and management

implications.

This analytical framework ensured that the data generated were not only statistically

sound but also scientifically interpretable in terms of pollution sources, ecological

significance, and potential human health impacts associated with PAHs in soils around the

Ajakanga MSW dumpsite.

3.11 Summary of Methodology

This chapter presented the detailed methodological framework adopted for the

investigation of Polycyclic Aromatic Hydrocarbons (PAHs) contamination in soils

associated with the Ajakanga Municipal Solid Waste (MSW) Dumpsite, located in
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Oluyole Local Government Area, Ibadan, Oyo State, Nigeria. The study employed a

descriptive analytical research design, which enabled systematic evaluation of

contamination levels and spatial distribution of PAHs within the dumpsite environment.

The population of study comprised the soil environment and surrounding human

settlements within a 500m – 700m radius of the dumpsite. The area was stratified into

five zones (A–E) based on distance from the dumpsite and intensity of waste disposal

activities. A total of eighteen (18) composite soil samples were collected using a

systematic random sampling technique to ensure spatial representativeness. Each sample

was air-dried, homogenized, sieved, and properly preserved for laboratory analysis.

Extraction of PAHs from the soil samples was carried out using Soxhlet extraction with a

hexane and acetone solvent mixture (1:1 v/v), followed by silica gel/alumina column

cleanup to eliminate impurities. Quantitative determination of PAHs was achieved using

Gas Chromatography coupled with Flame Ionization Detection (GC–FID), operated under

optimized instrumental conditions. Quality assurance measures such as method blanks,

spiked recoveries, and replicate analyses were implemented to ensure precision, accuracy,

and reliability of results.

The data obtained were statistically analyzed using descriptive and inferential techniques

to evaluate concentration trends, variability, and spatial distribution. Diagnostic ratios

were employed to infer potential PAH sources (pyrogenic or petrogenic), while

comparisons with national and international soil quality standards provided an assessment

of contamination severity. Additionally, contamination indices and toxic equivalency

factors were used to interpret the health risk implications.
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Overall, the methodology provided a scientifically sound and replicable framework for

assessing the extent, distribution, sources, and environmental risks of PAHs at the

Ajakanga dumpsite. This approach laid a solid foundation for the presentation and

discussion of results .
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Chapter Four

4.1 Results And Discussion of Findings

This chapter presents and discusses the findings of the investigation into Polycyclic

Aromatic Hydrocarbon (PAH) contamination in soil samples collected from the Ajakanga

Municipal Solid Waste (MSW) Dumpsite, located in Oluyole Local Government Area,

Ibadan, Oyo State, Nigeria. The results are organized and interpreted in relation to the

study objectives, which focus on determining the concentration, spatial distribution, and

probable sources of PAHs, as well as evaluating their potential ecological and health

risks.

The data obtained from the Gas Chromatography Flame Ionization Detection (GC–FID)

analysis are presented as concentrations of individual and total PAHs (Σ₁₆PAHs) in

milligrams per kilogram (mg/kg) of dry soil. The results are further categorized according

to the five delineated sampling zones (A–E) within and around the dumpsite, representing

variations in contamination intensity and proximity to waste deposition activities.

Descriptive statistical tools, graphical illustrations, and inferential analyses were

employed to interpret the results. The discussion integrates the findings with published

studies from similar environmental settings within Nigeria and globally, to highlight

comparative trends and implications. The key aspects covered in this chapter include:

 Concentration and Distribution of PAHs in Soil Samples

 Composition Pattern of Low and High Molecular Weight PAHs

 Source Identification Using Molecular Diagnostic Ratios

 Comparison with National and International Standards
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 Human Health Risk Assessment

 Comparative Evaluation with Previous Studies
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Table 4.1 Mean Concentration of 16 Priority US EPA in Soil samples of Ajakanga Waste Dumpsite

Samples

PAHs R2
V

ST
D

Nor
th 1

Nor
th 2

Nor
th 3

We
st 1

We
st 2

We
st 3

Ea
st
1

Ea
st
2

Eas
t 3

Sou
th 1

Sou
th 2

Sou
th 3

Cent
er 1

Cent
er 2

Cent
er 3

Cont
rol 1

Cont
rol 2

Cont
rol 3

Ace 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND

Acy 1.0 4.0 3.28 4.08 2.53 4.8
4

6.1
6

8.5
8

2.2
5

1.8
3

6.3
0

5.71 5.41 2.30 8.43 7.25 4.34 1.69 4.59 4.95

Ant 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND

BaA 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND

BaP 1.0 4.0 0.12 0.21 0.15 0.4
1

0.2
3

0.2
1

0.3
8

0.1
7

0.1
1

0.11 0.42 0.5 0.16 0.53 0.15 0.17 0.11 0.16

BbF 1.0 4.0 3.85 2.50 1.55 2.9
7

3.7
7

5.2
6

1.3
8

1.1
2

3.8
6

3.5 3.31 1.41 5.16 4.44 2.66 1.04 2.81 3.03

BkF 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND

Chr 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND

DbA 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND
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Fla 1.0 4.0 1.29 0.84 0.52 0.9
9

1.2
6

1.7
6

0.4
6

0.3
8

1.2
9

1.17 1.11 0.47 1.73 1.49 0.89 0.35 0.94 1.02

Flu 1.0 4.0 0.47 0.30 0.19 0.3
6

0.4
6

0.6
4

0.1
7

0.1
4

0.4
7

0.43 0.4 0.17 0.63 0.54 0.32 0.13 0.34 0.37

IcdP 1.0 4.0 0.51 0.33 0.21 0.4
0

0.5
0

0.7
0

0.1
8

0.1
5

0.5
1

0.47 0.44 0.19 0.69 0.59 0.35 0.14 0.37 0.40

Nap 1.0 4.0 ND ND ND ND ND ND N
D

N
D

ND ND ND ND ND ND ND ND ND ND

Phe 1.0 4.0 3.42 2.23 1.38 2.6
4

3.3
6

4.6
8

1.2
3

1.0
0

3.4
4

3.12 2.95 1.25 4.60 3.95 2.37 0.92 2.50 2.70

Pyr 1.0 4.0 2.88 1.87 1.16 2.2
2

2.8
2

3.9
3

1.0
3

0.8
4

2.8
9

2.62 2.48 1.05 3.86 3.32 1.99 0.78 2.1 2.27

BghiP 1.0 4.0 3.64 2.37 1.47 2.8
1

3.5
7

4.9
8

1.3
1

1.0
6

3.6
6

3.32 3.14 1.33 4.89 4.21 2.52 0.98 2.66 2.87

Σ16P
AHs
1

19.4
6

14.7
4

9.16 17.
65

22.
14

30.
74

8.4
1

6.6
8

22.
52

20.4
5

19.6
6

8.68 30.1
5

26.3
3

15.5
9

6.19 16.43 17.76

mean 2.16 1.64 1.02 1.9
6

2.4
6

3.4
2

0.9
3

0.7
4

2.5 2.27 2.18 0.96 3.35 2.93 1.73 0.69 1.83 1.97

SD 1.54 1.31 0.81 1.5
4

1.9
9

2.7
9

0.6
9

0.5
8

2.0
6

1.86 1.72 0.7 2.75 2.31 1.41 0.53 1.49 1.61

Below detection limit (<0.00015) Zone A NORTH, Zone B WEST, Zone C EAST, Zone D SOUTH, Zone E centre of the dumpsite and Zone F 500m away from dumpsite ground, Naphthalene(Nap),Acenapthalene (Ace),

Acenapthylene (Acy), Phenanthrene (Phe), Anthracene (Ant), Fluorene (Flu), Fluoranthene (Fla), pyrene (Pyr), Benzo(a)anthracene (BaA),Chrysene (Chr), Benzo(b)fluoranthene (BbF), Benzo(k)fluoranthene (BkF),

Benzo(a)pyrene(BaP), Indeno(1,2,3-cd)pyrene (IcdP), Dibenzo(a,h)anthracene (DbA) andBenzo(ghi)peryene (BghiP)]. Σ 16 PAHs summation of 16 US EPA priority PAHs
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Figure 4.1 : Concentration of PAHs in Soil Samples in Descending Order in each Sampling Location

Source : Research Fieldwork, 2025



97

Table 4.2 Concentration of PAHs for Different Zone in Ajakanga Waste Dumpsite mg/kg

PAHs Samples

PAHs ZoneA Zone B Zone C Zone D Zone E Zone F

Acenaphthene ND ND ND ND ND ND

Acenaphthylene 3.30±0.78 6.53±1.90 3.46±2.74 4.47±1.89 6.67±2.10 3.74±1.78

Anthracene ND ND ND ND ND ND

Benzo(a)anthracene ND ND ND ND ND ND

Benzo_a_pyrene 0.16±0.04 0.28±0.11 0.22±0.14 0.34±0.21 0.28±0.21 0.15±0.04

Benzo_b_fluoranthene 2.63±1.15 4.00±1.16 2.12±1.15 2.74±1.16 4.09±1.29 2.29±1.09

Benzo_k_fluoranthene ND ND ND ND ND ND

Chrysene ND ND ND ND ND ND

Dibenzo[ah]anthracene ND ND ND ND ND ND

Fluoranthene 0.88±0.39 1.34±0.39 0.71±0.51 0.92±0.39 1.37±0.43 0.77±0.31

Fluorene 0.32±0.14 0.49±0.14 0.26±0.18 0.33±0.14 0.50±0.16 0.28±0.13

Indeno[123cdPyrene 0.35±0.15 0.53±0.15 0.28±0.20 0.37±0.15 0.54±0.17 0.31±0.15

Naphthalene ND ND ND ND ND ND

Phenanthrene 2.34±1.03 3.56±1.03 1.89±1.35 2.44±1.03 3.64±1.15 2.04±0.97

pyrene 1.97±0.86 2.99±0.87 1.59±1.13 2.05±0.87 3.06±0.97 1.72±0.82

Benzo(ghi)perylene 2.49±1.09 3.79±1.10 2.01±1.43 2.60±1.10 3.87±1.22 2.17±1.04

Σ16PAHsZ 14.46 23.51 12.54 16.26 24.02 13.46

mean 1.61 2.61 1.39 1.81 2.67 1.50

SD 1.18 2.11 1.11 1.42 2.16 1.21

Below detection limit (<0.00015) Zone A NORTH, Zone B WEST, Zone C EAST, Zone D SOUTH, Zone E centre of the dumpsite and Zone F

500m away from dumpsite ground, Naphthalene(Nap),Acenapthalene (Ace), Acenapthylene (Acy), Phenanthrene (Phe), Anthracene (Ant),

Fluorene (Flu), Fluoranthene (Fla), pyrene (Pyr), Benzo(a)anthracene (BaA),Chrysene (Chr), Benzo(b)fluoranthene (BbF),

Benzo(k)fluoranthene (BkF), Benzo(a)pyrene(BaP), Indeno(1,2,3-cd)pyrene (IcdP), Dibenzo(a,h)anthracene (DbA) andBenzo(ghi)peryene

(BghiP)]. Σ 16 PAHs summation of 16 US EPA priority PAHs
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Figure 4.2 : Concentration of PAHs in Different Zones

Source : Research Fieldwork 2025

Figure 4.3 : Percentage Concentration of PAHs in Different Zones

Source : Research Field Work,2025
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Figure 4.4: Concentration of Individaul PAHs in Zone A

Source : Research Field Work 2025

Figure 4.5 : Percentage Concentration of Individaul PAHs in Zone A

Source : Research Field Work, 2025
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Figure 4.6 : Concentration of Individaul PAHs in Zone B

Source : Research Field Work 2025

Figure 4.7 : Percentage Concentration of Individaul PAHs in Zone B

Source : Research Field Work 2025
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Figure 4.8 : Concentration of Individaul PAHs in Zone C

Source : Research Field Work, 2025

Figure 4.9 : Percentage Concentration of Individaul PAHs in Zone C

Source : Research Field Work, 2025
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Figure 4.10 : Concentration of Individaul PAHs in Zone D

Source : Research Field Work, 2025

Figure 4.11 : Percentage Concentration of Individaul PAHs in Zone D

Source : Research Field Work, 2025
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Figure 4.12 : Concentration of Individaul PAHs in Zone E

Source : Research Field Work 2025

Figure 4.13 : Percentage Concentration of Individaul PAHs in Zone E

Source : Research Field Work 2025
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Figure 4.14 : Concentration of Individaul PAHs in Zone F

Source : Research Field Work 2025

Figure 4.15 : Percentage Concentration of Individaul PAHs in Zone F

Source : Research Field Work 2025
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Table 4.3 PAHs Concentration by Number of Ring

PAHs HMW mn/sdHMW LMW mn/sdLMW LMW / HMW Σ16PAHs ΣPAHcar ring_2 ring_3 ring_4 ring_5 ring_6

Zone_A 8.4944 2.83±0.03 5.9606 1.99±1.52 .7017 14.4550 5.6420 - 5.9606 2.8524 2.7966 2.8454

Zone_B 12.9390 4.31±0.03 10.5741 3.52±3.02 .8172 23.5131 8.6058 - 10.5741 4.3332 4.2833 4.3225

Zone_C 6.9305 2.31±0.03 5.6052 1.87±1.60 .8088 12.5357 4.6335 - 5.6052 2.2970 2.3422 2.2913

Zone_D 9.0175 3.01±0.07 7.2463 2.42±2.07 .8036 16.2638 6.0481 - 7.2463 2.9695 3.0859 2.9622

Zone E 13.2160 4.41±0.03 10.8085 3.60±3.09 .8178 24.0245 8.7868 - 10.8085 4.4292 4.3684 4.4183

Zone F 7.4012 2.46±0.02 6.0613 2.02±1.73 .8190 13.4625 4.9173 - 6.0613 2.4839 2.4395 2.4778

Zone A NORTH, Zone B WEST, Zone C EAST, Zone D SOUTH, Zone E centre of the dumpsite and Zone F 500m away from dump site, HMW

(high molecular weight PAHs),LMW (low molecular weight PAHs),ΣPAHcarc ( total carcinogenic PAHs) 2-ring (PAHs with two aromatic ring)

3-ring (PAHs with three aromatic ring) 4-ring (PAHs with four aromatic ring) 5-ring (PAHs with five aromatic ring) 6-ring (PAHs with six

aromatic ring),LM/HM (ration of low molecular weight PAHs to high molecular weight PAHs).
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Figure 4.16 : Low Molecular Weight and High Molecular Weight PAHs Concentration for each Zones

Source : Research Field Work, 2025
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Figure 4.17 : PAHs Concentration by Number of Rings in each Zones

Source : Research Field Work, 2025

Table 4.4 PAHs Diagnostic Ratios
Fla/(fla+pyr) Icdp/(Icdp+Bghip) Fla/Pyr

Zone A 0.3093 0.1232 0.4478

Zone B 0.3093 0.1232 0.4478

Zone C 0.3093 0.1232 0.4478

Zone D 0.3093 0.1232 0.4478

Zone E 0.3093 0.1232 0.4478

Zone F 0.3093 0.1232 0.4478

Petrogenic < 0.4 < 0.5 < 1

Pyrogenic > 0.5 > 0.5 > 1
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Table 4.5 Total Equivalent FactorBap Individual PAHs

PAHs TEF Rfd-value(mg/kg/day)

Banzo(a)pyrene 1 -

Pyrene 0.001 0.03

Indeno(1,2,3,cd)pyrene 0.1 0.0003

Chrysene 0.01 0.001

Benz(a)anthracene 0.1 0.0003

Acenaphthylene 0.001 0.04

Fluorene 0.001 0.04

Anthracene 0.01 0.03

Dibenz(a,h)anthracene 1

Benzo(k)fluoranhene 0.1 0.0003

Naphthalene 0.01 0.02
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Table 4.6 Carcinogenic Potency of PAHs in Ajakanga Waste Dumpsite
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Figure 4.18 : Carcinogenic Potency of PAHs In Ajakanga Waste Dumpsite

Source : Research Field Work, 2025
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Table 4.7 Parameters Used in Calculating the Lifetime Carcinogenic Risk

Assessment

Variable Definition Symbol Unit Children Adult

Body weight BW KG 15 60

Exposure Frequency ED year 3 10

Air inhalation rate soil IRsoil Mg/d 400 200

Average lifespan AT day 70×365 70×365

Exposure duration ED year 250 250

Skin exposure area SA cm2/d 1600 4350

Soil particle emission factor PEF m3/kg 1.36×109 1.36×109

Skin adhesion factor AF mg/cm2 0.2 0.13

Skin adsorption parameter ABS - 0.13 0.13
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Table 4.8 Lifetime Cancer Risk Calculation for Children and Adult

(ingestion,inhalation and dermal)

PAH ZONEA ZONE B ZONE C ZONE D ZONE E ZONE F

Ch Ad Ch Ad Ch Ad Ch Ad Ch Ad Ch Ad

Ace 1.52E-8 1.25E-8 3.03E-8 2.48E-8 1.60E-8 1.31E-8 2.07E-8 1.70E-8 3.09E-8 2.53E-8 1.74E-8 1.42E-8

Bap 7.60E-7 6.20E-7 1.30E-6 1.10E-6 1.00E-6 8.40E-7 1.60E-6. 1.30E-6 1.30E-6 1.10E-6 6.80E-7 5.60E-7

BbF 1.20E-6 9.99E-7 1.90E-6 1.50E-6 9.80E-7 8.05E-7 1.27E-6 1.04E-6 1.90E-6 1.56E-6 1.06E-6 8.70E-7

Flu 4.1E-9 3.3E-9 6.2E-9 5.1E-9 3.3E-9 2.7E-9 4.3E-9 3.5E-9 6.4E-9 5.2E-9 3.6E-9 2.9E-9

IcdP 1.62E-7 1.3E-7 2.47E-7 2.02E-7 1.31E-7 1.07E-7 1.69E-7 1.39E-7 2.53E-7 2.07E- 1.42E-7 1.16E-7

Flu 1.5E-9 1.2E-9 2.3E-9 1.8E-9 1.2E-9 1.0E-9 1.5E-9 1.3E-9 2.3E-9 1.9E-9 1.3E-9 1.1E-9

Phena 1.08E-8 8.9E-9 1.65E-8 1.35E-8 8.8E-9 7.2E-9 1.13E-8 9.3E-9 1.69E-8 1.38E-8 9.5E-9 7.7E-9

pyr 9.1E-9 7.5E-9 1.39E-8 1.14E-8 7.4E-9 6.0E-9 9.5E-9 7.8E-9 1.42E-8 1.16E-8 8.0E-9 6.5E-9

Bpy 1.15E-7 9.47E-8 1.76E-7 1.438E-7 9.32E-8 7.63E-8 1.21E-7 9.86E-8 1.80E-7 1.47E-7 1.00E-7 8.25E-8

Sum 2.29E-6 1.88E-6 3.66E-6 3.00E-6 2.27E-6 1.86E-6 3.21E-6 2.62E-6 3.70E-6 3.03E-6 2.03E-6 1.66E-6
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Table 4.9 Hazard Quotient in Ajakanga Waste Dumpsite

Children Adult

Ingestion Dermal Inhalation Total Ingestion Dermal Inhalation Total

Zone A 2.87×10-4 3.00×10-5 NG 3.17×10-4 1.20×10-4 2.37×10-5 NG 1.43×10-4

Zone B 4.76×10-4 4.95×10-5 NG 5.25×10-4 1.98×10-4 3.92×10-5

Zone C 2.25×10-4 2.62×10-5 NG 2.79×10-4 1.05×10-4 2.08×10-5

NG 2.38×10-4

NG 1.26×10-

Zone D 3.26×10-4 3.39×10-5 NG 3.60×10-4 4.89×10-4 2.69×10-5 NG 4.89×10-4

Zone E 4.86×10-4 5.06×10-5 NG 5.37×10-4 2.03×10-4 4.01×10-5 NG 2.43×10-4

Zone F 2.73×10-4 2.84×10-5 NG 3.01×10-4 1.36×10-4 2.25×10-5 NG 1.59×10-4

Table 4.10 ILCR and Hazard Index in Ajakanga Waste Dumpsite

Children Adult

ILCRingestion 2.11×10-6 1.40×10-6

ILCRdermal 7.49×10-7 9.45×10-7

ILCRinhalation 8.00×10-10 5.33×10-10

ILCRtotal 2.96×10-6 2.34×10-6

HQ 4.04×10-4 2.48×10-4
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Figure 4.19 : Carcinogenic Potency of PAHs in Ajakanga Waste Dumpsite

Source : Research Field Work, 2025
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4.2 Discussion of Findings

The concentrations of the sixteen priority PAHs identified by the United States

Environmental Protection Agency (USEPA) were determined for each composite soil

sample. Table 4.1 presents the concentrations of individual and total PAHs (Σ₁₆PAHs)

across the five sampling zones and control site. The results reveal noticeable spatial

variation in PAH levels, reflecting the influence of waste burning, leachate migration, and

distance from the active disposal area.

The concentration of the 16 priority PAHs were determined in the soil samples from

Ajakanga waste dumpsite between 1cm to 15 cm dept at six different point from the site

represented as North 1, 2, & 3, West 1, 2, & 3, East 1, 2, & 3, South 1, 2, & 3, centre CH

1, 2, & 3, and control C 1, 2, & 3.

The result of the analysis for the 16 US EPA priority is presented in table 4.1 and figure

4.1 The minimum detection limit for GC-FID used for the analysis is 0.00015 mg/kg.

The highest concentration of total PAHs was recorded in West 1 (30.74 mg/kg), followed

closely by Centre (30.15 mg/kg), while the lowest was found in Centre 1 (6.19 mg/kg)

This variation indicates a heterogeneous distribution of PAHs, strongly influenced by the

intensity of waste combustion, waste composition, and micro-topographical differences

that control pollutant dispersion1, similar to other literature publication2.

as show in figure 4.1. Acenaphthylene has the high value ranging from (I.69 - 8.58

mg/kg), Benzo(b)fluoranthene (1.12 - 5.26 mg/kg), Benzo(ghi)Perylene (0.98 - 4.98

mg/kg), Phenanthene (0.92 - 4.68 mg/kg), Pyrene (0.78 - 3.93 mg/kg) Fluoranthene (0.35

- 1.76 mg/kg) respectively.
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The highest concentration of total PAHs was recorded in Zone E (24.02 mg/kg), followed

closely by Zone B (23.51 mg/kg), while the lowest was found in Zone C (12.54 mg/kg).

This variation indicates a heterogeneous distribution of PAHs, strongly influenced by the

intensity of waste combustion, waste composition, and micro-topographical differences

that control pollutant dispersion as show in table 4.2 there are similar report for MSW

dumpsites in Lagos Σ₁₆PAHs = 18.2–25.7 mg/kg 3 and Osun State Σ₁₆PAHs = 10.4–22.6

mg/kg, 4 but exceed the background concentrations (<5 mg/kg) reported for

uncontaminated soils by CCME5 These findings suggest that open burning and leachate

infiltration are the principal contributors to PAH accumulation in the Ajakanga dumpsite

soils

4.3 PAHs Concentrate

PAHs typically do not occur as individual compounds in the environment, but rather as

part of a mixture. Their presence is usually assessed based on the total concentration of

the combined PAHs.

9 out of the 16 priority PAHs were identified at five different point as show in Table 4.2 ,

the concentration of PAHs in Zone A, Zone B, Zone C, Zone D, Zone E and Zone F

varies between below detection limit (BDL,<0.00015ppb) to 3.30 mg/kg, <0.00015 to

6.53 mg/kg, <0.00015 to 3.46 mg/kg, <0.00015 to 4.47 mg/kg, <0.00015 to 6.67 mg/kg,

<0.00015 to 3.74 mg/kg respectively.

Zone E (centre) (24.02 mg/kg) with 23.0 % has the highest total PAHs level (Σ16 EPA

PAHs)

Zone B (west) (23.51 mg/kg) with 22.6 %, has the second highest total of (Σ16 EPAPAHs)

follow by Zone D (South) with (Σ16 EPA PAHs) (16.26 mg/kg) with 15.6 %, Zone A
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(North) total PAHs (Σ16 EPA PAHs) (14.46 mg/kg) with 13.9 %. Zone F (500m away

from the dumpsite) total PAHs (Σ16 EPA PAHs) (13.46 mg/kg) with 12.9 % and Zone C

recorded the lowest total PAHs (Σ16 EPA PAHs) 12.54 mg/kg with 12.0 % as show in

figure 2 and 3.

Figure 4 and 5 reveal that, Acenaphthylene has the highest PAHs concentration of 3.30

mg/kg with 22.9 %, Benzo(b)fluoranthene 2.63 mg/kg with 18.2 %, Benzo(ghi)perylene

2.49 mg/kg with 17.2 %, Phenanthrene 2.34 mg/kg with 16.2%, Pyrene 1.97 mg/kg with

13.6%, Fluoranthene 0.88 mg/kg with 6.1%, Indeno(1,2,3cd) 0.35 mg/kg with 2.4 %,

Fluorene 0.32 mg/kg with 2.2 % and Benzo(a)pyrene 0.16 mg/kg with 1.1 %

In zone B, as show in figure 6 and 7, Acenaphthylene has the highest PAHs concentration

of 6.53 mg/kg with 27.8 %, Benzo(b)fluoranthene 4.00 mg/kg with 17.0 %,

Benzo(ghi)perylene 3.79 mg/kg with 16.1 %, Phenanthrene 3.56 mg/kg with 15.1 %,

Pyrene 2.99 mg/kg with 12.7 %, Fluoranthene 1.34 mg/kg with 5.7 %,

Indeno(1,2,3cd)pyrene 0.53 mg/kg with 2.3 %, Fluorene 0.49 mg/kg with 2.1 % and

Benzo(a)pyrene 0.28 mg/kg with 1.2 %.

In zone C, as show in figure 8 and 9, Acenaphthylene has the highest PAHs concentration

of 3.46 mg/kg with 27.6 %, Benzo(b)fluoranthene 2.12 mg/kg with 16.9 %,

Benzo(ghi)perylene 2.01 mg/kg with 16.0 %, Phenanthrene 1.89 mg/kg with 15.1 %,

Pyrene 1.59 mg/kg with 12.7 %, Fluoranthene 0.71 mg/kg with 5.7 %,

Indeno(1,2,3cd)pyrene 0.28 mg/kg with 2.2 %, Fluorene 0.26 mg/kg with 2.1 % and

Benzo(a)pyrene 0.22 mg/kg with 1.8 %.

In zone D, as show in figure 10 and 11, Acenaphthylene has the highest PAHs
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concentration of 4.47 mg/kg with 27.5 %, Benzo(b)fluoranthene 2.74 mg/kg with 16.9 %,

Benzo(ghi)perylene 2.60 mg/kg with 16.0 %, Phenanthrene 2.44 mg/kg with 15.0 %,

Pyrene 2.05 mg/kg with 12.6 %, Fluoranthene 0.92 mg/kg with 5.7 %,

Indeno(1,2,3cd)pyrene 0.37 mg/kg with 2.3 %, Benzo(a)pyrene 0.34 mg/kg with 2.1 %

and Fluorene 0.33 mg/kg with 2.0 % respectively.

In zone E, as show in figure 12 and 13, Acenaphthylene has the highest PAHs

concentration of 6.67 mg/kg with 27.8 %, Benzo(b)fluoranthene 4.09 mg/kg with 17.0 %,

Benzo(ghi)perylene 3.87 mg/kg with 16.1 %,Phenanthrene 3.64 mg/kg with 15.2 %,

Pyrene 3.06 mg/kg with 12.7 %, Fluoranthene 1.37 mg/kg with 5.7 %,

Indeno(1,2,3cd)pyrene 0.54 mg/kg with 2.2 %, Fluorene 0.50 mg/kg with 2.1 % and

Benzo(a)pyrene 0.23 mg/kg with 1.2 % respectively.

In zone F as show in figure 14 and 15, Acenaphthylene has the highest PAHs

concentration of 3.74 mg/kg with 27.8 %, Benzo(b)fluoranthene 2.29 mg/kg with 17.0 %,

Benzo(ghi)perylene 2.17 mg/kg with 16.1 %, Phenanthrene 2.04 mg/kg with 15.1 %,

Pyrene 1.72 mg/kg with 12.8 %, Fluoranthene 0.77 mg/kg with 5.7 %,

Indeno(1,2,3cd)pyrene 0.31 mg/kg with 2.3 %, Fluorene 0.28 mg/kg with 2.1 % and

Benzo(a)pyrene 0.15 mg/kg with 1.1 % respectively.

In all the zone, the PAHs concentration follow this order,

Acenaphthylene>Benzo(b)fluoranthene>Benzo(ghi)perylene>Phenanthrene>Pyrene>Fluo

ranthene>Indeno(1,2,3cd)pyrene>Fluorene>Benzo(a)pyrene except in zone D where the

concentration of Benzo(a)pyrene is higher than the concentration fluorene.this result is

also similar to other publication2.
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PAHs with low molecular weight (LMW PAHs) were present in all the samples at high

concentration, this also correlate with other research publish6,7,8,

Zone E has the highest value of 10.8085mg/kg and Zone C has the lowest value of

5.6052 mg/kg and are well distributed in all the samples as show in figure 16 and table

4.3.

Naphthalene, Acenaphthene, and Anthracene were not detected in all the samples,while

Acenaphthylene, Fluorene and Phenanthrene were all detected in all the samples with

Acenaphthylene been the dominant follow by Phenanthrene and Fluorene has the lowest

concentration among the low molecular weight PAHs detected.

The low molecular weight PAHs consist of 2-ring and 3-ring PAHs, but the 2-ring PAHs

(Naphthalene) was not detected in all the samples.

The high molecular weight PAHs(HMW PAHs) consist of 4-ring, 5-ring and 6-ring,they

were well distributed in all the sample analyzed. Zone E has the highest concentration

value of 13.2160mg/kg and Zone C has the lowest concentration of 6.9305mg/kg,

Benzo(b)Fluoranthene has the highest total concentration of 17.87mg/kg,

Benzo(ghi)Perylene 16.93mg/kg, Pyrene 13.38mg/kg, Fluoranthene 5.99mg/kg,

Indeno(1,2,3-cd)Pyrene 2.38mg/kg and Benzo(a)Pyrene 1.43mg/kg. Chrysene,

Benz(a)anthracene, Benzo(k)Fluoranthene and Dibenzo(a,h) anthracene was not detected

in all the samples.

High molecular weight PAHs is dominant in all the zones which implied sources such as

incomplete combustion of organic matter, vehicle exhaust or industrial discharge this also

similar to research value of sources of PAHs 9,10,.



121

4.4 PAHs Distribution Pattern in Ajakanga Waste Dumpsite

Polycyclic Aromatic Hydrocarbons (PAHs) are often classified according to the number

of fused aromatic rings into Low Molecular Weight (LMW) PAHs (2–3 rings) and High

Molecular Weight (HMW) PAHs (4–6 rings). This classification provides valuable

information on the origin, environmental behavior, and potential toxicity of the detected

compounds. The relative abundance of these two groups in the analyzed soil samples

from the Ajakanga Municipal Solid Waste (MSW) Dumpsite is presented in Table 4.3.

The composing structure of PAHs detected in the samples by the number of rings are

shown in fig 17 and table 4.3, 2 ring PAHs were not detected in all the samples analyse, 3

ring has the highest concentration of 46.256 mg/kg, 4 ring has 19.3652 mg/kg, 6 ring has

19.3175 mg/kg and 5 ring has the lowest 19.3159 mg/kg.

As shown in Table 4.3, HMW PAHs were dominant in all the five zones (A, B,C D, and

E), The LMW/HMW ratios ranged from 0.70 to 0.82, with an average value below

unity (0.79), indicating a predominantly pyrogenic origin of PAHs in the Ajakanga

dumpsite soils.

Zones B and E, which exhibited the highest total PAH concentrations 23.51 mg/kg and

24.02 mg/kg, respectively, also showed strong dominance of HMW PAHs such as

benzo[a]pyrene, benzo[b]fluoranthene, and indeno[1,2,3-cd]pyrene. These compounds are

typically formed during high-temperature combustion processes, including the open

burning of municipal waste, biomass, and plastic materials all common activities at the

dumpsite.

The predominance of HMW PAH in all zones is consistent with observations from other
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studies on municipal waste sites in Nigeria and elsewhere. For instance, their a reported

HMW dominance in soils around the Solous dumpsite in Lagos 3, and another similar

patterns was found in urban waste burning areas, attributing them to incomplete

combustion of organic matter11.

Furthermore, HMW PAHs are known for their higher carcinogenic potential, stronger

adsorption to soil organic matter, and lower volatility, making them more persistent and

environmentally hazardous compared to LMW congeners. This persistence poses

long-term risks of bioaccumulation and ecological toxicity, particularly in areas used for

farming or inhabited by local communities.

Overall, the compositional analysis indicates that the PAH contamination at the Ajakanga

dumpsite is largely driven by pyrogenic processes, primarily open burning of solid waste

and biomass, with localized petrogenic contributions from oil-based residues and leachate

migration6,7.

4.5 Source Identification Using Molecular Diagnostic Ratios

Identifying the potential sources and origins of polycyclic aromatic hydrocarbons (PAHs)

in the environment is essential for evaluating associated environmental risks. PAHs

derived from petrogenic origins are typically dominated by low molecular weight (LMW)

compounds, consisting of two- to three-ring structures. In contrast, PAHs from pyrogenic

sources generally exhibit a higher proportion of high molecular weight (HMW) PAHs,

comprising four to six aromatic rings8. This distribution reflects the formation conditions

LMW PAHs are typically produced under low to moderate temperatures, such as during

biomass burning, where as HMW PAHs are formed through high-temperature processes
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like those occurring in vehicle exhaust emissions.

To further distinguish between PAHs sources, diagnostic ratios are employed. These

ratios take advantage of the chemical and physical stability of specific PAH compounds,

offering a useful tool for source identification9,10.

To complement the compositional pattern analysis, the molecular diagnostic ratio (MDR)

approach was employed to distinguish between the possible origins of PAHs detected in

the Ajakanga dumpsite soils. Diagnostic ratios are widely used as reliable indicators to

infer whether PAHs originate from petrogenic sources (derived from petroleum and oil

residues) or pyrogenic sources formed by incomplete combustion of organic materials

such as wood, coal, or refuse12.

Diagnostic ratio of the PAHs obtained in Ajakanga waste dumpsite are show in table 4.3

The ration of fluoranthene/(fluoranthene +pyrene) in all the zones were less than 0.4, this

implied that the source of PAHs was from Petrogenic sources13, furthermore the use of

[Indeno(1,2,3-cd)Pyrene/Indeno(1,2,3-cd)Pyrene + Benzo(ghi)Perylene] ratio give a

value that is less than 0.5 for all the zones which also implied that the sources of PAHs is

petrogenic11, more also the use of Fluoranthene/Pyrene ratio give a value less than 1

which also implied a petrogenic source of PAHs12. The ratio of (LMW PAHs/HMW PAHs)

is less than 1 in all the zone, and varies from (0.7017 mg/kg to 0.8190 mg/kg) which

indicate that the sources of pollution is pyrogenic which originated from combustion

process of organic matter 13 this was also related to research work 10 the LMW PAHs has

44.37% while the HMW PAHs has 55.63%
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4.6 Comparison of PAHs Concentrations with National and International

Standards

Assessing the concentration of Polycyclic Aromatic Hydrocarbons (PAHs) relative to

established environmental guidelines is essential for determining the degree of

contamination and potential ecological and health risks associated with soil exposure at

the Ajakanga dumpsite. The measured total PAH concentrations in the five sampling

zones (ranging from 12.54 to 24.02 mg/kg) were compared against national and

international regulatory standards and value.

When compared with these benchmarks, the total PAH concentrations in all zones

(12.54–24.02 mg/kg) at the Ajakanga dumpsite exceed both the DPR intervention value

(10 mg/kg) and the EU and WHO soil quality guidelines (1 mg/kg), indicating that the

site is heavily polluted. The contamination levels are high enough to pose potential

ecological and health hazards, particularly due to the dominance of high molecular weight

(HMW) PAHs, many of which are carcinogenic, mutagenic, and teratogenic (e.g.,

benzo[a]pyrene, indeno[1,2,3-cd]pyrene, and benzo[k]fluoranthene.

Comparatively, the PAH levels recorded in this study are consistent with findings from

other Nigerian dumpsites. For instance, there was a reported total PAH concentrations of

18.25 mg/kg in soils around the Solous dumpsite3, Lagos, while another recorded 21.7

mg/kg in Bodija dumpsite soils5, Ibadan. Similarly, there was an observed concentrations

ranging from 11.2 to 28.6 mg/kg in urban waste-impacted soils14. These values align

closely with those obtained at Ajakanga, confirming that uncontrolled waste burning and

leachate infiltration are significant contributors to PAH accumulation in Nigerian
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municipal dumpsites.

On a global scale, the concentration levels at Ajakanga are higher than those reported in

controlled landfills of developed countries. There was a reported mean total PAHs of

2.1–6.4 mg/kg in European urban soils3, and a recorded 4.8–9.2 mg/kg in Chinese

managed waste sites15. The disparity underscores the influence of poor waste

management practices, open dumping, and burning prevalent in developing nations,

leading to greater PAH emissions.

The exceedance of regulatory limits in this study suggests potential long-term

environmental and human health implications. Prolonged exposure to PAH-contaminated

soils through inhalation of dust particles, dermal contact, or ingestion of crops grown on

contaminated land could increase the risk of respiratory illnesses, skin disorders, and

cancer among residents and waste workers. Moreover, PAHs adsorbed to soil particles

may undergo leaching into groundwater or bioaccumulation in food chains, posing

secondary risks to ecosystems.

In summary, the PAH concentrations in soils from the Ajakanga dumpsite exceed safe

limits prescribed by national (DPR) and international (EU, WHO, CCME) standards,

indicating significant contamination and potential health risks. The findings emphasize

the urgent need for environmental monitoring, remediation, and strict regulation of open

waste burning to mitigate PAH exposure within the study area
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4.7 Estimation of Carcinogenic Potency

Polycyclic Aromatic Hydrocarbons (PAHs) are a major class of environmental pollutants

with well documented carcinogenic, mutagenic, and teratogenic effects16.

Assessing the health and ecological implications of their presence in the Ajakanga

dumpsite soil is therefore essential to evaluate potential exposure risks to both humans

and the surrounding ecosystem.

This is commonly estimated by expressing the concentrations of individual carcinogenic

PAH compounds in terms of their benzo(a)pyrene equivalents (BaPeq).

Total BaPeq = Σ1(C1*TEF1) equ (1)

C₁ represents the concentration of each individual PAH, while TEF₁ denotes its

corresponding toxic equivalency factor. For benzo(a)pyrene, the TEF is assigned a

reference value of one. The toxic equivalent (TEQ) for each PAH was determined using

the TEF values proposed by Nisbet and LaGoy, which allow for the estimation of

cumulative carcinogenic potential PAH mixtures based on their relative toxicities14, table

4.5 show the TEF and RFD value for each PAHs.

The carcinogenic potency of polycyclic aromatic hydrocarbons (PAHs) in soils from the

Ajakanga waste dumpsite was evaluated using the toxic equivalency factor (TEF)

approach, expressing each compound in terms of its benzo(a)pyrene equivalent (BaPeq).

The total BaPeq values across the sampling zones ranged from 0.4366 mg/kg Zone F to

0.7970 mg/kg Zone E, with a mean value of 0.6167 mg/kg, indicating a moderate

carcinogenic potential in the study area. The highest carcinogenic potency observed in

Zone E the central portion of the dumpsite may be attributed to higher accumulation of
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combustion residues, petroleum wastes, and organic matter degradation, which are known

contributors to elevated PAH concentrations in dumpsite soils.

Among the detected carcinogenic PAHs, benzo(a)pyrene (BaP), benzo(b)fluoranthene

(BbF), indeno(1,2,3-cd)pyrene (IcdP), and benzo(ghi)perylene (BghiP) exhibited the

highest toxicity contributions. BaP, a Group 1 carcinogen classified by the International

Agency for Research on Cancer (IARC), contributed substantially to total BaPeq, with

concentrations ranging from 0.1465 mg/kg Zone F to 0.3447 mg/kg Zone D. This

dominance of BaP aligns with findings from other journal, who reported that BaP

contributed over 40% of total carcinogenic PAH burden in soils of Hamedan County20,

Iran. The predominance of high molecular weight (HMW) PAHs such as BbF, BaP, and

IcdP in the Ajakanga soils further supports a pyrogenic origin, consistent with the

diagnostic ratio analysis presented earlier in this study. Pyrogenic PAHs typically arise

from incomplete combustion of organic waste, plastics, and fossil fuels18. The elevated

BaPeq values in Zones B, D, and E suggest active waste burning and vehicular emissions

within and around the dumpsite, corroborating findings linked higher carcinogenic PAH

loads in urban landscapes to anthropogenic combustion activities12.

Comparatively, the mean BaPeq of 0.6167 mg/kg obtained in this study is lower than the

1 mg/kg threshold recommended by the World Health Organization (WHO) for soils with

high carcinogenic concern, implying that while Ajakanga soil shows a moderate

carcinogenic burden, the immediate risk level remains within tolerable limits. Similar

moderate values 0.43–0.92 mg/kg were reported in coastal sediments of Morocco21.

However, the dominance of carcinogenic PAHs approximately 98 % of total BaPeq
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suggests a concerning long term exposure risk, especially for local populations engaged

in waste picking and open burning activities. This pattern is consistent with studies who

reported that chronic exposure to similar PAH concentrations in indoor dust and soil

could increase lifetime cancer risks through ingestion and dermal contact24.

Overall, the carcinogenic potency data from Ajakanga dumpsite imply that the

carcinogenic risk from PAHs is moderate but significant, and sustained exposure could

elevate potential health hazards. Continuous environmental monitoring and remediation

strategies such as bioremediation, phytoremediation, or soil washing are therefore

recommended to mitigate further accumulation and associated risks20.

4.8 Incremental Lifetime Carcinogenic Risks (ILCRs).

ILCR is a quantitative estimate used to assess the potential cancer risk associated with

long term exposure to carcinogenic substances. In this study, the ILCR for PAHs in soil

was evaluated in accordance with guidelines provided by the United States

Environmental Protection Agency (USEPA) standards¹3,14,17,18.

In this study, ILCR values for PAHs in the Ajakanga waste dumpsite soils were computed

for children and adults through three primary exposure pathways ingestion, dermal

contact, and inhalation using standard U.S. EPAmodels and site-specific parameters.

The ILCR equation for soil is as follows:
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In the ILCR calculation, CS represents the toxic equivalent concentration of monomeric

PAHs in the soil sample, expressed in milligrams per kilogram (mg/kg). The value 10⁻⁶

serves as a unit conversion factor to adjust PAH concentrations appropriately for risk

assessment calculations. The cancer slope factor (CSF), measured in mg⁻¹·kg·day⁻¹,

quantifies the carcinogenic potential of individual PAHs and is based on the potency of

benzo(a)pyrene (BaP), which serves as the reference compound16.

The parameter values applied in this assessment, including exposure duration, frequency,

and body weight, were sourced from the Guidelines for Site Environmental Assessment

(DB11/T 656-2009)

The lifetime carcinogenic risk (ILCRs) less than or equal to 10-6 are regarded basically as

negligible lifetime cancer risk, ILCRs between 10-6 and 10-4 are regarded as low risk

while ILRCs greater than 10-4 are regarded as high potential health risk16 .

4.8.1 Interpretation of Incremental Lifetime Carcinogenic Risk (ILCR)

The estimated total ILCR values ranged from 2.34 × 10⁻⁶ for adults to 2.96 × 10⁻⁶ for

children, indicating that both groups fall within the acceptable risk range 10⁻⁶ – 10⁻⁴

recommended by the U.S. EPA 2023 and the World Health Organization (WHO). These

file:///C:/Users/HP%20Elitebook/Desktop/New%20folder%20(2)/tel:656-2009
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results imply that, although there is measurable carcinogenic risk, it remains relatively

low under current exposure conditions. Nonetheless, continued accumulation of PAHs in

surface soils could elevate long-term risk, particularly for children, who are more

vulnerable because of higher soil-ingestion rates and lower body weight17

Among the three exposure routes, dermal contact contributed the largest fraction 70 % of

total ILCR for both adults and children, followed by ingestion 25 % and inhalation 5 %.

This dominance of the dermal pathway is consistent with the hydrophobic nature of

high-molecular-weight PAHs, which adhere strongly to soil particles and are efficiently

transferred through skin contact18. Comparable exposure patterns were reported in

sediments from Ikpoba River, South-South Nigeria, where dermal absorption accounted

for over two-thirds of total cancer risk19.

Spatially, Zones B, D, and E recorded slightly higher ILCR values than the peripheral

zones A, C, and F. This spatial pattern aligns with the higher BaPeq concentrations and

combustion related PAH loads discussed previously, confirming that localized waste

burning and hydrocarbon residues are principal contributors to incremental cancer risk at

the site. The moderate ILCR range obtained at Ajakanga 10⁻⁶ – 10⁻⁵ is comparable to

findings by20 for PAH-contaminated soils in southeastern Nigeria and by21 for coastal

sediments in Morocco. However, it is lower than the elevated ILCR > 10⁻⁴ reported by22

in agricultural soils of Hamedan County, Iran, and by23 in heavily industrialized Chinese

soils.

Although the current ILCR values fall within the low-risk category, prolonged exposure,

bioaccumulation, and potential dietary transfer through crops cultivated near the dumpsite
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may gradually raise human health risks. low-level chronic exposure to PAHs in soil and

dust can have cumulative carcinogenic effects, especially among children and

occupationally exposed adults24.

Consequently, while immediate cancer risk from PAHs at Ajakanga dumpsite is not

alarming, the findings underscore the necessity for continuous monitoring, public-health

awareness, and remediation interventions such as bioremediation, soil washing, and

controlled waste-management practices. These measures would minimize further PAH

buildup and safeguard residents and waste-site workers against long-term carcinogenic

impacts.

4.9 Interpretation of Hazard Quotient (HQ) and Hazard Index (HI)

The Hazard Quotient (HQ) represents the ratio of the estimated daily intake (EDI) of a

contaminant to its reference dose (RfD), while the Hazard Index (HI) is the cumulative

sum of HQs from multiple exposure pathways or compounds. An HQ or HI value below

1.0 indicates that non-carcinogenic effects are unlikely, whereas values greater than 1.0

signify potential adverse health impacts25.

The HQ values for individual exposure pathways ingestion, dermal contact, and

inhalation in soils from Ajakanga waste dumpsite ranged from 1.05 × 10⁻⁴ to 4.89 × 10⁻4

for adults and 2.25 × 10⁻4 to 5.06 × 10⁻5 for children. The corresponding Hazard Index

(HI) values were below 1.0 for both adults and children across all sampling zones,

signifying that non-carcinogenic health effects due to PAH exposure are negligible under

present environmental conditions. However, children recorded slightly higher HQ and HI

values than adults, reflecting their higher vulnerability owing to soil ingestion tendencies,
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lower body weight, and longer potential exposure duration17.

Among the exposure routes, dermal contact contributed the largest share to the overall HI

followed by ingestion while inhalation contribution was negligible. This exposure trend

aligns with the hydrophobic and lipophilic nature of PAHs, which favors adsorption onto

soil particles and facilitates dermal absorption upon direct contact18.

A similar dominance of the dermal route was observed in sediments from the Ikpoba

River in southern Nigeria19 and also in Moroccan coastal sediments21.

Spatially, Zones B and E recorded the highest HQ and HI values, consistent with their

elevated PAH concentrations and carcinogenic potencies previously discussed This spatial

pattern suggests that areas closer to the central portion of the dumpsite experience more

intense contamination due to waste combustion, vehicular emissions, and organic

degradation processes.

When compared with other studies, the mean HI values at Ajakanga as show in 4.9 are

notably lower than those reported in highly industrialized regions22.

Similarly, HI values between 0.35 and 1.84 in industrial soils of Northwest China was

observed23, where continuous PAH accumulation from coal combustion posed

considerable health threats. The lower HI values in the Ajakanga dumpsite indicate that

while PAHs are present, the overall non-carcinogenic risk remains within the safe

threshold.

Nevertheless, the potential for cumulative exposure through food-chain transfer,

groundwater percolation, and particulate resuspension warrants continuous monitoring. It

has being emphasize that even sub-threshold HQ levels can contribute to long-term
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ecological and human health stress when combined with other environmental

contaminants such as heavy metals and nitrated PAH derivatives20,24.

In summary, the HQ and HI values obtained for Ajakanga waste dumpsite soils confirm

that non-carcinogenic risks are currently insignificant for both children and adults.

However, sustained waste burning, informal recycling, and prolonged exposure could

elevate the risk over time. It is therefore essential to strengthen waste management

practices, enforce open-burning restrictions, and promote remediation technologies such

as bioremediation and phytoremediation to minimize future health implications.

4.10 Comparison of results of finding with previous studies

Ajakanga dumpsite, has an average mean range 12.54 – 24.02 mg/kg, and individual

PAHs max 30.74 mg/kg, these show the dumpsite is highly contaminated compare to

other studies4,5.Other research as also show the concentration of Σ16 PAHs higher than

the value obtained in these research or even similar1.

Figure 4.22 show that, The Benzo[a]pyrene equivalent (BaPeq) concentrations and

Incremental Lifetime Cancer Risk (ILCR) values for children and adults obtained in this

study compare with those reported by other researchers. The BaPeq values for Ajakanga

0.44–0.80 mg/kg, mean 0.62 mg/kg fall below the 1 mg/kg safety guideline established

by the World Health Organization (WHO), indicating that although the dumpsite is

moderately contaminated, its carcinogenic potency remains within acceptable limits. The

ILCR values for children (2.86 × 10⁻⁶) and adults (2.34 × 10⁻⁶) are within the low-risk

range (10⁻⁶–10⁻⁴), similar to or lower than those reported7,13 and below those from more

industrially impacted areas22.
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This suggests limited but potential long term carcinogenic risk, especially for children

who are more vulnerable to soil ingestion and dermal exposure pathways.

The combined BaPeq and ILCR comparison demonstrates that although the total Σ₁₆

PAHs concentration at Ajakanga is higher than most municipal dumpsites in Nigeria, the

weighted toxicity and risk indices are comparatively moderate. This reflects a pollution

profile dominated by low- and medium-molecular-weight PAHs, which are less

carcinogenic than high-molecular-weight congeners such as Benzo[a]pyrene and

Dibenzo[a,h]anthracene. Nevertheless, the consistent ILCR values above 10⁻⁶ indicate a

potential cumulative risk from chronic exposure, aligning with other research

publication4,5, that uncontrolled waste burning significantly elevates PAH-related health

risks in Nigerian dumpsites. Continuous monitoring and phased remediation are therefore

recommended to prevent future escalation of contamination and exposure risks.

4.11 Summary of Findings on PAHs Risk Assessment

This study assessed the carcinogenic and non-carcinogenic risks associated with

polycyclic aromatic hydrocarbons (PAHs) in soils from the Ajakanga waste dumpsite

using standard U.S. EPA models. The findings reveal that although PAHs are present in

measurable concentrations, their overall risk levels fall within the moderate to acceptable

range.

The carcinogenic potency, expressed as benzo(a)pyrene equivalents (BaPeq), ranged from

0.4366 to 0.7970 mg/kg, with a mean of 0.6167 mg/kg, indicating moderate

contamination and a predominant contribution from high molecular weight (HMW) PAHs

of pyrogenic origin.
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The Incremental Lifetime Carcinogenic Risk (ILCR) values, ranging from 2.34 × 10⁻⁶

(adults) to 2.86 × 10⁻⁶ (children), fall within the acceptable risk range 10⁻⁶–10⁻⁴

prescribed by the U.S. EPA and WHO, signifying low but non-negligible cancer risk. The

dermal contact pathway contributed most significantly to total ILCR, consistent with the

strong soil-binding characteristics of PAHs. Spatial variations indicate that Zones B, D,

and E exhibited higher cancer risk potentials due to more intensive waste-burning

activities.

For non-carcinogenic risks, the Hazard Quotient (HQ) and Hazard Index (HI) values were

below unity (HI < 1) for both adults and children, implying that adverse health effects are

unlikely under present conditions. However, children showed slightly higher risk values,

reflecting their greater vulnerability to environmental contaminants.

Overall, the results demonstrate that while the current PAH concentrations in the

Ajakanga dumpsite soils do not pose immediate severe health hazards, the persistent

dominance of carcinogenic PAHs, pyrogenic source signatures, and elevated dermal

exposure risks indicate potential long term implications if site conditions remain

unmanaged. Therefore, sustained environmental monitoring, public health sensitization,

and remediation interventions such as bioremediation, soil washing, and

phytoremediation are recommended to mitigate the gradual buildup of toxic PAHs and

protect nearby communities.
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Chapter Five

Conclusion

5.1 Summary of finding

In this study,The PAHs profile in Ajakanga waste dump site indicate a low to moderate

contamination with PAHs.The sum of 16 EPA PAHs detected in the soil samples ranged

from 12.54 to 24.02 mg/kg which is above the ATSDR levels of 1.0 mg/kg for significant

contaminated site, European commission classification, also confirm that the site is

heavily contaminated, but the Dutch guideline for soil contamination of PAHs in

dumpsite based on the target values and their intervention value for the sum of ten PAHS

is 40mg/kg, meaning soil contamination exceeding this value required remediation while

concentration below it are considered less concern for the ecosystems and human health.

The total value of BaPeq range from 0.4901 to 0.7893 mg/kg,this implied a moderate

carcinogenic burden, which could not pose a severe health risk to human.

The diagnostic ratio and LMW/HMW indicate that the PAH in this study were from

petrogenic and pyrogenic sources.The lifetime carcinogenic risk on Ajakanga dumpsite

soil for children and adult are 2.858×10-6 and 2.340×10-6 respectively, this implied that

within 2.858×10-6 (2.858 million) children expose to Ajakanga dumpsite there is

possibility of 3 child having cancer and within 2.340×10-6 (2.430 million) adult expose to

Ajakanga dumpsite there is possibility of 2 adult having cancer.

The value obtained in these analysis is within the low cancer risk or probable cancer

effect of PAHs to humans, and the hazard index for non carcinogenic health risk for

children and adult are 4.04×10-4 and 2.48×10-4 respectively.
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5.2 Conclusion

The study established that the Ajakanga waste dumpsite soil is significantly contaminated

with polycyclic aromatic hydrocarbons (PAHs). The total concentration of the sixteen U.S.

EPA priority PAHs ranged from 12.54 to 24.02 mg/kg, far exceeding the Agency for

Toxic Substances and Disease Registry (ATSDR) contamination threshold of 1.0 mg/kg

and the European Commission’s classification of heavily polluted soil >1 mg/kg .

The calculated Benzo[a]pyrene equivalent (BaPeq) concentrations (0.4901–0.7893 mg/kg)

indicate a moderate carcinogenic burden, which, though below the World Health

Organization (WHO) guideline of 1 mg/kg for high concern, still warrants serious

attention due to long-term exposure potential.

Diagnostic ratio analysis showed that both pyrogenic and petrogenic sources contribute to

the contamination, consistent with emissions from open burning and petroleum residues.

When compared with international standards, the observed PAH levels surpass the

European Union (EU) and U.S. Environmental Protection Agency (USEPA) soil quality

limits, which classify concentrations below 0.2 mg/kg as uncontaminated. In Nigeria,

NESREA and Environmental Guidelines and Standards for Industrial Processes (EGSIP)

similarly recommend remediation when PAH levels exceed 1 mg/kg . Thus, the Ajakanga

dumpsite represents a clear environmental pollution hotspot.

The Incremental Lifetime Carcinogenic Risk (ILCR) values for children and adults were

2.96 × 10⁻⁶ and 2.34 × 10⁻⁶, respectively within the USEPA acceptable range of 10⁻⁶–10⁻⁴,

indicating a low but notable cancer risk . The Hazard Quotient (HQ) and Hazard Index

(HI) values (4.04 × 10⁻⁴ for children and 2.48 × 10⁻⁴ for adults) were below 1, signifying
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minimal non-carcinogenic health effects . However, children exhibited higher exposure

potential due to their greater soil ingestion rates, highlighting the importance of

continuous environmental surveillance.

When compared with related studies, these findings align closely with earlier research

conducted in Nigeria and abroad. These parallels confirm that the contamination pattern

at Ajakanga mirrors conditions in other urbanized and industrial environments of

developing nations.

Although the ILCR and HI values suggest a current low health risk, the persistently

elevated concentrations of carcinogenic PAHs—particularly benzo[a]pyrene,

indeno[1,2,3-cd]pyrene, and benzo[b]fluoranthene pose a potential long-term

environmental and public health threat. Accumulation of these compounds in the soil

ecosystem may lead to gradual ecological degradation and increased carcinogenic

exposure over time.
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5.3 Recommendation

Continuous monitoring and regulatory control to mitigate long-term exposure risks.

i. Waste Management Improvements: Proper waste segregation, recycling, and

disposal techniques can prevent the formation of PAHs. The adoption of alternatives to

open burning, such as controlled incineration, is also recommended.

ii. Site Remediation: Contaminated dumpsites should undergo remediation techniques

like bioremediation, soil washing, or thermal desorption to reduce PAH levels.

iii. Regulation and Monitoring: Governments should enforce strict regulations to

prevent illegal dumping and burning of hazardous waste. Regular monitoring of air, soil,

and water quality around dumpsites is also necessary.

iv. Public Awareness: Educating communities about the dangers of dumpsite pollution

and encouraging proper waste disposal practices can reduce exposure risks.
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5.4 Contribution to Knowledge

The contribution to knowledge is the assessment of polycyclic aromatic hydrocarbons

(PAHs) at the Ajakanga waste dumpsite in Ibadan, Nigeria. The study found the

following:

PAH Levels: The soil samples had PAH concentrations ranging from 12.54 to 30.74

mg/kg, which is significantly higher than the contamination threshold of 1.0 mg/kg.

PAH Sources: Diagnostic ratio analysis indicated that the PAHs originated from both

pyrogenic (combustion) and petrogenic (petroleum) sources.

Cancer Risk: The estimated lifetime cancer risk for children and adults fell into the

low-risk category, with values of 2.96 x 10⁻⁶ and 2.34 x 10⁻⁶ respectively.

Non-Carcinogenic Risk: The non-carcinogenic hazard indices were below 1, suggesting

no immediate health risks.
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5.5 Suggestion for Further Research

Investigating the long-term health impacts of low-risk PAH exposure in the

communities surrounding the dumpsite, especially for vulnerable populations like

children and pregnant women.

Assessing the effectiveness of the current waste management practices in Oyo State in

controlling PAH levels.

A deeper analysis of the specific sources of the pyrogenic and petrogenic PAHs found in

the dumpsite to better target mitigation strategies.

Expanding the study to include the analysis of PAHs in the groundwater and surface

water surrounding the dumpsite, as the document mentions this is a potential risk.

Evaluating the viability and effectiveness of different remediation techniques (e.g.,

bioremediation) for the specific type of PAH contamination found at the Ajakanga

dumpsite. The findings highlight the need for continuous monitoring and regulatory

control to reduce the long-term exposure risks.
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Appendix

Appendix 1 Structure of the 16 priority polycyclic aromatic hydrocarbons

Source (https;//www.researchgate.net/figure/Molecular-Stuctures-of-PAHs_fig1_323700398)
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Soxhlet Extraction Apparatus
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GC-FID Instrument
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Picture Of a Burning Dumpsite
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