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 population'?. %arch
indicate that unregulated practice, such as improper industrial waste dispo@ssﬂ fuel
combustion and gas flaring pose serious environment damage res&g in severe soil
degradation, compromised water quality, and atmospheric pol@ncerning aesthetic
consideration®*. In Nigeria, a commitment to establish ement a sustainable waste
management policy based on public health p@es, has resulted in numerous
inadequate managed open dumpsites, \@waste is incinerated openly, therefore
releasing hazardous chemical poll 'Q&nto the environmen>®. Poor waste dumpsite
management endanger the gro@gvi}er supplies, as the intrusion of chemical leachates
through aquifers and sail @s risk to human health and the environment’3°.
A type of persis.te,n\,%ganic pollutants known as polycyclic aromatic hydrocarbons (PAHs)
are made @0 or more benzene rings, which include these uncharged compounds,
WhiCh@rbnade 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

10.11 " planar, non-polar,

not completely burned or when hydrocarbons undergo pyrolysis
and the majority are colorless, PAHs primarily posses high boiling and melting point, low

solubility in water and low vapor pressures'?!3, There are different hundred of PAHs, that

occur as



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 PAHs'.

PAHs are produced when organic materials are burned at low temperatures'&e in
cigarettes or wood fires. High-temperature chamber generate fewer PAHs@?ssmoke,
such as smoke from wood tobacco, charcoal, nanoparticles contaifis, PAHs and other
chemicals'>. Most PAHs are poorly soluble in water , inste%@ tend to attach to
sediment particles,These contaminated sediments c¢ n suspended in aquatic
systems and be transported through water bod'es@per disposal of PAH containing
substances such as tar, creosote or ash 1 s can result in their leaching into the

N

groundwater!'S. . ,\%

PAHs originated from both a@ﬁ{%genic sources, (vehicle emission and industrial

activities) as well as na; u@%@cesses like wildfires,volcanic eruptions and forest fire!”.

PAHs are foun(} in%alr, water, soil, and food. They are often found in the environment

as a gas g&a}hed to small particles. More than 100 varieties of PAHs have been

disco@nd observed in nature, and 16 have been recognized as priority pollutants

under control by EPA and the European'!*:

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,
0

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

The presence of these chemical in different environmental media are prevalent in most
2
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emerging countries dependent on natural resource exploitation?!.

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 activity?2.
They will endanger human health in addition to harming the ecological enéi./nt. The

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

increased by their high hydrophobicity and low solubility i@ leading to strong

adsorption onto soil particles. As a result, soils often ac jor reservoir or final sink

for PAHs. This persistence in the soil env'ro@ has raised significant global

environmental concerns. PAHs are widesp{acd'bntaminants, occurring across terrestrial,

aquatic, and atmospheric compa@@oﬂ contamination by PAHs is generally
AN

categorized into three levels ﬁg lluted YPAH < 200 ng/g, moderately polluted

200-600 ng/g, and he@ted >1,000 ng/g?32425.26

1.2 Statement ?f,{g’ro lem

Polycyclicg@: hydrocarbons (PAHs) are chemical molecule with numerous aromatic
ring tl@rée 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

1.

ii.

1il.

1v.

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 % air,
and water. OQ

Persistence of Pollutants: PAHs are persistent organic pollutant(%t are chemically
stable, resist degradation, and tend to accumulate in %@ sediments. Their
long-term presence increases the risk of contamindti f nearby ecosystems and

groundwater sources.

o)
Public Health Risk: Continuous expqs %QAHS poses significant health hazards
such as carcinogenicity, respi.ra}&}isorders, and genetic damage. Communities
living around dumpsites ar@cra\ularly vulnerable through inhalation, ingestion, and
dermal contact. Q.Q\A

Data Gapi I@e the environmental and health risks associated with dumpsites in
Nigeria, &}d scientific data exist on the levels, distribution, and sources of PAHs
ir@an. This study fills this critical gap by providing baseline data on PAH
contamination in Ajakanga dumpsite.

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.



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).

14 Sources of PAHs in Dumpsites \

Dumpsites, especially open and poorly managed ones, serve as hot s r PAH

Open burning of municipal solid waste, such as g al coking,wood burning

releases PAHs into the air, soil, and nearby Watel;‘ p@

1.4.2 Decomposition of Organic Wa

contamination. Key sources of PAHs in dumpsites include:

1.4.1 Burning of Waste

Organic components in waste sus&\astlcs containing hydrocarbons,additive in
plastics such as dyes or plastlletK ber, food waste,textile waste, and organic chemical

waste such as paint, 5@( etc can generate PAHs during thermal or biochemical

degradation. %
1&(&;& Waste Dumpsites

sions 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



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 cancers?”: OQ

1.5.2 Respiratory Issues &

Inhalation of PAHs from smoke generated by burning was@ cause a respiratory
ailments such as asthma, chronic bronchitis, and reduce nction?®.
1.5.3 Soil and Water Contamination ,bQ
PAHs can leach into the soil and groundw%%l aminating these resources and creating
long-term exposure risks for nea.rg&pulations. Contaminated water may lead to
gastrointestinal issues and othe%{%: health conditions®.
1.5.4 Bioaccumulati n@oxicity
PAHs are hydrophgbic and bioaccumulate within living thing. These substances have the

potential t: c@oxicity when they get into food chain®.

1.5.5 @otoxic 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

cancer’!.



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 d@ es, the

&

Proper waste segregation, recycling, and disposal techni prevent the formation of

following measures are recommended

1.7.1 Waste Management Improvements

PAHs. Alternatives to open burning, such as inc}&%ion in controlled environments,

P
1.7.2 Site Remediation . @

Contaminated dumpsites shoul%ﬁ@rgo remediation techniques such as Bioremediation,

soil washing, or therm @ion to reduce PAH levels.
1.7.3 Regulatig\rﬂd onitoring

Governm ts@d enforce strict regulations to prevent illegal dumping and burning of

should be adopted.

hazar(@rbvaste. Regular monitoring of air, soil, and water quality around dumpsites is
A

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
7



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 exacerb%d by
unsustainable practices that enhance environmental pollution and the spreseases.
In Nigeria, Ibadan south west Nigeria in particular, the major caus& concerns is the
uncontrolled and unregulated disposal of waste at dumpsit@ burning of waste
fractions and the mismanagement of the leachates pro final disposal sites*?. The
situation deteriorates in slum location,that has hi h%%nan density,air, traffic, and water
contamination. Uncontrolled disposal of @ open spaces close to water bodies are

normal issues in Ibadan, posing pub}i&th concerns>?.

1.8 Aim and Objectives of t@%y
N

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

Ajakanga Waste: @ite in Oluyole local Government, Ibadan.

The obj ecl'v&@

> T@%tify 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



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 @ial for
several reasons related to environmental protection, policy making/ nd(r{lblic health.
PAHs are a group of organic chemical that are primari]%n rated from partial

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

environment and potential health risks make thels @ﬁcant concern.

1.11 Environmental Protection \Q’b

1.11.1 Persistence and Bioaccumu.l%&

A\

PAHs are known for their st@{ct? and resistance to degradation, this lead to their

persistent in the envir§® for extended periods. They can accumulate in soil and

sediments, leadig& ong-term contamination of ecosystems®* Understanding their
behavior B@ites helps in assessing the extent of environmental damage and the
neces@mediation strategies.
\v

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 webs**. Monitoring PAH levels in dumpsites is essential for protecting biodiversity

and maintaining ecosystem health.



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 sites*>6. This clas@%on aids

&

Understanding the sources and concentrations of PAHs Qor better risk assessments

in developing targeted policies for pollution control.

1.12.2 Risk Assessment and Management

related to waste disposal practices. Policymak rs,b implement more effective waste

management strategies and remediation eff ased on scientific data regarding PAH

toxicity and exposure pathways?’. . *\
N\
&
&
1.13.1 Health Risks Q\

1.13 Public Health

PAHs are assgcia}%wﬂh several health difficulties, like respiratory issue, cancer, and
developm%{di}orders. Exposure can occur through inhalation, ingestion, or dermal
contac%’érticularly in communities near dumpsites*>-¢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
10



health outcomes®”
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 %uate
protection?’. OQ
In summary, comprehending the implications of PAHs in dumps&ils essential for
safeguarding the environment, informing effective policy ma\% d protecting public
health. This understanding facilitates the develop, strategies to mitigate

contamination, regulate emissions, and educate cor@ies about health risks.

L

The project site is AJAKANGA wa@mp site, located in Oluyole local Government,

1.14 Scope of the Study

Ibadan, Oyo State. Ibadan is 10(@1&5?1 southwestern Nigeria and serves as the capital city

of Oyo State. Geogra%@t is situated on the coordinates:

Latitude: 7. 3775° N\

Longltude&@

Oluon%cal 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
11
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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. OQ

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

The Ajakanga waste dumpsite in Ibadan, Nigeria is locat%geen the following

coordinates QO

Latitude: 7°18.70'N to 7°18.90'N ,bQ

Longitude: 3°50'E to 3°51'E \Q’bb

The Ajakanga dumpsite is in the &} local government area of Ibadan, in the
southwestern part of Nigeria. It ga\se to River Ona, separated only by Odo Ona Elewe

Road. QQ\A

The Ajakanga (iu&e 1s one of four dumpsites in Ibadan, along with Aba-Eku, Awotan,
and Lapit '[(Q}yo State Waste Management Authority (OY WMA) manages all four
dump@rbl"he 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 industrial383%:4041,

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.
12
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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 OQ
Benzo[ghi]perylene, Phenanthrene, Acenaphthene, Naphthalene, IndﬁK(I, ,3-cd)pyrene,
Acenaphthylene, Benzo(a)anthracene, Anthracene, nzo(b)fluoranthene,

Benzo(k)fluoranthene, Chrysene, Dibenz(a,h)anthracen@nthene, Fluorene, Pyrene,

Benzo(a)pyrene 6’6Q
®%
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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 %istent
pollutant compounds, that contain multiple benzene rings, and are hydrop (@Q?nature,
partially soluble in water and high octanol-water partition coefﬁcierﬁ,\hey are produced
by partial combustion of organic matter or pyrolysis of hydroc ,2. Soil pollution has
become a major environmental concern globally, beca sources of contamination
are due to natural and anthropogenic activity. are resistant to chemical and
biological degradation because they adsor y to organic matter in soil2,3,4.

N\

PAHs are highly mobile and ubiquitg&emical, that are by-products of many chemical
reactions, which has potential e@ﬁwntal threat>6.7:89,

Anthropogenic sourc%@he major sources of PAHs in human environment while
natural sourcesﬁ@are refer to as background PAHs. Anthropogenic source PAHs has
more aron&i@s than naturally synthesized PAHs. Higher concentrations of PAHs in

soils aééen 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
vegetables!1L1213,1415,16,
Industries play a vital role in driving national economic development. However, it is
widely recognized that industrial zones tend to exhibit higher levels of envirc%ental
contamination compared to urban settings. This is primarily due to ina waste
disposal practices, inefficient emission control technologies, an(&ut ated process
systems. Although advancements such as recycling initiati\%@ resource recovery
methods have improved the sustainability of industrial ns, significant challenges
remain. Persistent organic pollutants (POPs), inal&@olyoyclic aromatic hydrocarbons
(PAHs), are of particular concern due t@carcinogenic and mutagenic potential,
attributed to their fused aromatic rip&&:tures. PAHs exhibit strong hydrophobicity and
chemical stability, leading to %'(c?\ccumulation in soils. These soil-bound PAHs can
enter the human bo .@wgh both direct and indirect exposure pathways. Key

contributors to I;Aﬂ\'%:ontamination include vehicular emissions, the burning of fossil
[ ]

uels, the «us S etic fertilizers in agriculture, and industrial activities such as
fuels, th ynthetic fertil gricult d industrial activit h

perl)ébs’l9’20’21’22’23’24’25’26'
Long-term exposure to PAHs can cause cancerous tumors in human organs. Exposure
calculations use randomly selected parameter values from distributions?’. 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 parameters?®2% 3% Exposure through ingestion, inhalation, and dermal absorption are
20



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 inhalw are
the common ways of human exposures. Apart from the PAHs levels, the n@%portant
factors for the risk value3!323334  are exposure duration (ED), expos%frequency (EF),
skin surface area (SA), and inhalation rate. %

The role of these parameters in the total health risk leve determined through
analysis, they are common practice to estimate the %%1 health risk levels.?*

2.2 Characteristics, Chemical Structure assification PAH

Polycyclic aromatic hydrocarbons (E& are a class of organic compounds known for
their characteristic structural Qg@(a)smon of multiple fused aromatic rings. These
compounds generally exi ohd form at ambient conditions due to their relatively high
melting and b01l ﬁ They also exhibit low volatility and extremely poor solubility
in water, pgﬁf_ws that become even more pronounced with an increase in molecular size
and t %mber 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
21



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 c@ion.
These attributes, combined with their biological interactions, underscore thnce of
PAHs in both environmental and industrial contexts’®3’- PAHs are @op obic and do
not easily dissolve in water or volatilize into the atmospher% pt for naphthalene,

which was formerly used in moth balls, PAHs are al stable, has low water
solubility, and high sorption capacity which co?rj@o their long term persistence in

the environment3%3°, ’b
\S

2.3 Chemical Structure and Cla.sg'&ion

Polycyclic aromatic hydrocarbé\(cﬂ\\Hs) are a type of chemical compounds consisting
parent structure with si @atlc rings that can be recognized by contemporary analytical
of two or more.fus aromatic rings, Naphthalene (CioHs) forms the tiny parent PAH ring
structure &t@) aromatic rings, while coronene (C:4Hi2) crate the largest parent
comp@% 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 groups*’?
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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)
PAHs*®, This classification is not only indicative of molecular size but alsc@ggly
correlates with the physicochemical properties and environmental behavior of the
compounds. %Q
LMW PAHs are generally more volatile, more water-s nd less lipophilic
compared to their HMW counterparts. These prop@inﬂuence their environmental

mobility and biological availability. In C% W PAHs exhibit lower solubility in

N\

water, reduced volatility, and greates&stence
[ ]

2.3.2 Classification Based @)lecular Structure

PAHs can be categori@%ed on the arrangement and number of their aromatic rings:

a. Linear PA@

In linear %Is, the aromatic rings are arranged in a straight line.
B@%s 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 R\an one

S

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

carbon atom.

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

d. Alternant and Non-Alternant PAHs ,bQ
Alternant PAHs: These are PAHs where th%% rons are distributed alternately over the
structure. Example: Benzo[a]pyrene.

)
Non-Alternant PAHs: These ar@a with structural features that disrupt alternating
patterns of m-electrons (e gs containing five or seven members). Example: Fluorene
(a three-ring PAH §1ve remember central ring).
233 Cl sggatlon Based on Molecular Size
PAHs @ften 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&se
PAHs are usually less volatile but more toxic and carcinogenic. Examples: C@%e

(C24H12): A six-ring PAH.

Ovalene (C32H14): A ten-ring PAH. $:
2.3.4 Classification Based on Origin Q

PAHs can also be classified based on their sourc@e of formation

® Pyrogenic PAHs ®%

They are formed by the incompleteé9 tion of organic matter (e.g., fossil fuels, wood,
or biomass). Typically h.ighQQmolecular weight PAHs. Examples: Benzo(a]pyrene,
Indeno([1,2,3-cd]pyrene. Q\

L Petrogen(@)

They are @Ved from unburned fossil fuels such as crude oil, coal, and petroleum
prO%glrbTypically 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 OQ

PAHs formed through natural processes such as volcanic eruptioe‘.\forest fires, and
diagenesis of organic matter in sediments. %

2.3.5 Classification Based on Functional Groups QO

While most PAHs are purely hydrocarbons, s U@@ contain functional groups that
modify their chemical and physical prope%%sed on this, PAHs can be classified as:

® Parent (Unsubstituted) PAHs *

Contain only carbon and hy@g atoms, with no functional groups. Examples:

Benz[a]anthracene, Py rQ

® Contain Alk&oups

Attached tg th matlc rings,(methyl, ethyl, etc.)

Exam@rbMethyl phenanthrene, Dimethyl naphthalene

® Oxygenated PAHs (Oxy-PAHs)

Contain oxygen-containing functional groups such as carbonyl (C=0) 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 substituerg mples:
Dibenzothiophene &

2.3.6 Classification Based on Toxicity and Environmental Q

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

potential: 6’§
® Priority Pollutant PAHs \Q’b

The U.S. Environmental Protectiop,&cy (EPA) has identified 16 PAHs as priority
pollutants due to their carcinog &f‘?\and environmental persistence:

Benzo[ghi]perylene, P e@hrene, Acenaphthene, Naphthalene, Indeno(1,2,3-cd)pyrene
Acenaphthylenf, ,\%Benzo(a)anthracene, Anthracene, Benzo(b)fluoranthene,

Benzo(k)fgm@tne, Chrysene, Dibenz(a,h)anthracene, Fluoranthene, Fluorene , Pyrene,

Benz %‘rene
&

® 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

degradability*®. These compounds are lipophilic, allowing them to accun fatty

tissues, as evidenced by higher concentrations found in human adlpos&sue compared to

other biological samples*!. Their persistence in the env1r0n@g attributed to their

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

biodegradability even after microbial adaptatio ermore, PAHs are prevalent in
R

aquatic ecosystems, where they accumul te ents and biota, leading to potential

bio-magnification in food webs* &

2.4.1 Environmental Persnst@co

PAHs exhibit low degﬁmhty, allowing them to persist in various environmental
matrices. ,\%

Studies i% that many heterocyclic PAHs are non-readily biodegradable,
compl'@ remediation efforts*,

Their mobility in the environment leads to widespread contamination, affecting both
terrestrial and aquatic ecosystems*

2.4.2 Bioaccumulation

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

tissue, indicating a direct link to human health risks*.
28



Aquatic organisms, such as fish, also show high levels of PAH accumulation, raising
concerns about food safety and ecosystem health*2,

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 impact*. Howevér, the
effectiveness of these methods remains variable and requires further investi@%

2.5 General Sources of PAHs /\

Polycyclic aromatic hydrocarbons (PAHs) originate from two % source categories:
natural and anthropogenic emissions. Natural sour de phenomena such as
volcanic activity, wildfires, and lightning-ind peat-land fires, though their
contribution is relatively minor compar\dé@man activities¥. PAHs are generated
through the incomplete combustion.wmc material and can enter the environment via
both natural and synthetic pa@‘é@\. In the general population, dietary intake is the
principal exposure r%e@ tobacco smoke being the primary contributor among
smokers*® . ,&
Anthropogg&s}lrces, which represent the dominant cause of PAH pollution, are
typica%%ssiﬁed into four major groups: industrial, mobile, domestic, and agricultural
emissions*®. 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 generation?’. Additional industrial contributors include coal gasification, electric

arc and oxygen furnaces, and combustion engines used in heavy equipment*®,
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Mobile sources of PAHs encompass emissions from aircraft, ships, trains, and both
on-road and off-road vehicles®. Domestic contributions involve everyday household
practices like burning solid fuels, cooking on gas/oil stoves, and using wood or kerosene
for heating®®. Agricultural emissions are often linked to open burning of biomass and
agricultural waste, especially under sub-optimal combustion conditions®'. \
\J

In rural settings, PAH contamination is largely attributed to domestic anultural
practices, whereas urban areas face greater contributions from ind&ria , mobile, and
domestic activities. Seasonal variations also influence PAH@QHrations, with the
highest levels observed in winter, followed by spring, nd summer. The elevated

winter and spring levels are associated with incria@sil fuel use, intensive residential

heating, limited photodegradation, and @

temperatures and calm air conditiorls%
PAHs can further be categorize@‘és?i

atmospheric dispersion due to low

on their origin of formation into three main types:
pyrogenic, petrogenic @iogenicﬁ. Pyrogenic PAHs are produced during the
incomplete conzbg{s%l of organic matter at high temperatures (350—1,200°C) under low
oxygen coggcm}ﬂ. They are also formed during processes like coal carbonization and
theerrécking of petroleum, and are more prevalent in urban environments>. In
contrast, petrogenic PAHs are associated with petroleum and its derivatives, which are
dispersed into the environment through leaks, spills, storage, and transportation®.
Typically, pyrogenic sources are dominated by high molecular weight (HMW) PAHs,

whereas petrogenic sources contain mostly low molecular weight (LMW) PAHs>’.

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 .
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 particles®®. The persistence of PAHs in&il or
sediments may lead to their secondary migration into groundwater, pla@&d food
chains. For instance, plant roots may absorb PAHs from contaminate@ils and transport
them to edible parts. Currently, complete avoidance of PAH e%@ is unrealistic, as it
can occur through inhalation, ingestion, and derm tion . Often, multiple
exposure routes may act simultaneously, such as sk%@itact and inhalation from polluted

®%

Occupational settings pose a signiflcq&'sk, particularly for workers in coke production,

soils®!,

%é@c management, where inhalation of PAH-laden air

K

and dust is a concern‘”gl—@kver, non-occupational exposures are also prevalent through

food processing industries,
°

contaminated fsx;\' rinking water, and smoking®. For instance, a single cigarette can
deliver 2040 \ograms of benzo(a)pyrene, a potent PAH, while dietary intake accounts
for up@% % of exposure in non-smokers®,

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 pg/L
for benzo(a)pyrene®. Domestic and industrial cooking methods, including grilling,
roasting, frying, barbecuing, and drying, can also lead to PAH formation®®. 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 intake®’

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 @%ﬂ, and
As waste decomposes, leachates (a liquid that drains fr ) can transport PAHs into

Industrial waste, such as petroleurp ucts, tar, asphalt, and chemical residues, often

surrounding environment.

2.5.1.2 Leachates Formation

the soil and groundwater.

2.5.1.3 Industrial and Urban Waste

contains PAHs. Improper dispo%‘q%ban waste contributes to PAH contamination.
2.5.1.4  Petroleum- @roducts

Spilled or impfo@posed motor oil, lubricants, and fuels in dumpsites can be a
source of \

2.5.1.Q%atural 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 tain a

representative sample. &

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

area coverage. QO

Composite Sampling: Combine multiple sub—sagﬁ%om the same location to reduce

°
2.6.3 Grab Samplin
pling . @

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

detecting peak concer%@

Composite Samplings Combine samples taken at different times or locations to obtain an
[ ]

average ccgggw\non.
2.6.4 @Ih-lntegrated Sampling

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

variability.

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
33



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 Q\
@benzene)

Polycyclic aromatic hydrocarbons (PAHs) are composed of fused aro

rings and exhibit hydrophobic characteristics, which result in the'r@lubility in water
and high affinity for organic matter in soil. This strm@ﬁtion to soil organic
components reduces their availability for microbial chemical breakdown. Over
extended periods, PAHs become increasingly e@\ed within soil micropores, further
enhancing their resistance to degradation’i@fcg high octanol-water partition coefficient
(Kow) also contributes to their pe@ in the environment. These physicochemical

properties complicate thes Q@ion and analysis of PAHs from contaminated soils,

necessitating the us@ivanced and varied analytical extraction techniques.such

sonication , t@d solvent extraction, mechanical agitation and soxhlet extraction

but are n ited to this only

2.9\g{lalytical 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 approaches®®70,
Immunoassay-based techniques (e.g., EPA 4030 and 4035, Update III), w% are
predominantly commercially available in kit form, are less commonly use@to their
tendency to yield biased results. Their lower sensitivity, speciﬂg'f%, and accuracy
especially in detecting a wide range of aromatic compou imit their application
primarily to preliminary field screening for soil and w ysis’®7!, Within the realm
of spectrometry, ultraviolet (UV) and infrared (I%Qethods are commonly employed.
UV-based techniques (both absorption and%%cence) demonstrate good selectivity and
sensitivity toward PAHs but are p{@& interference from matrix components such as

lipids. Similarly, although IR %é?r?metry is cost-effective and rapid, it necessitates an

essential post—extracti()%@) due to its poor selectivity®

Chromatograp, '@hniques, particularly gas chromatography (GC) and liquid

chromatog@ly (LC), are more widely adopted for PAH determination despite their
rel iv@l high cost and extended processing time’>’>". 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) 7576.77.78.79.80,

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)73-8081,

HPLC is generally favored for analyzing thermally unstable, semi-volatile, or non-volatile
compounds. EPA methods 550, 610, and 8310 require aqueous samples Qﬂ@ergo
pre-treatment via liquid-liquid extraction (LLE) or solid-phase extracti(/@i) before
instrument analysis. Solid matrices are typically extracted with so %}Sing Soxhlet or
ultrasonic devices 28384, Extracts must then be re-dissolved.i %Vent compatible with
the initial extraction for proper injection’. Howe\Q\JIOSH 5506 is limited to
acetonitrile-extracted samples and exhibitsb%uced performance when high
concentrations of particulates such as ﬂy@%iesel soot are present. Nonetheless, the
method is sensitive enough to deté@s in mixtures of aliphatic compounds even at

trace levels. NIOSH 5800 511@ utilizing a flow-injection setup with dual-wavelength

fluorescence detectio@mtifymg total PAHs®’.

The combina@\}ﬁ’ and fluorescence detectors in HPLC methods (e.g., EPA 550, 610,
8310; N@ 5506) enhances the detection range for various PAHs. Less fluorescent
con\lpounds like naphthalene and fluorene are typically analyzed with UV detectors, while
more fluorescent compounds are better detected using FL detectors®. EPA 8310 is
particularly suitable for detecting PAHs in water samples at parts-per-billion levels and is
also effective for effluent analysis’’. 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 applied’”-78:86.87,
PDA detectors are more sensitive than standard UV/V types, and are occasionally used
either alone’>’®%” or in combination with FL7>38 Despite these options, fluorescence

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

Mass spectrometry (MS) is another significant LC detector, providi\Q\L\ecise
identification and quantification of trace polar organic compounds, paftti ly when
multiple analytes are involved’!. Comprehensive LC/MS approaChes“employ complex
interfaces (e.g., thermospray, electrospray, moving beltGm icle beam) to transfer
separated compounds from the chromatography stage@) the mass spectrometer for

detailed characterization®®®?. However, no univ@nterface exists that is effective for

all PAHs"". ®%

Gas chromatography (GC) is {é;\\ﬁl d for separating volatile, thermally stable,
non-polar organic substande&g{uding certain semi-volatile PAHs?*"!. Detectors used in
GC for PAH analysis faclude PID, FID, FT-IR, and MS7%939495 The technique excels in
resolution, p{ic}%ﬂ with capillary columns. However, PAHs with molecular weights
above 3 Qu are often problematic due to low volatility and potential decomposition

undéxJngh temperatures”’.

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 substances’*?. 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)"73%. 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
employed’”8!:, NIOSH 5515, another GC/FID method, targets airborne PAHs after&mple
filtration, though it requires careful cleanup due to FID’s sensitivity t@ground

S

GC/MS methods like EPA 525, 625, and 8270 are widely 'h%or quantifying PAHs

interferences’®9397,

across water, soil, and air media’’. EPA 525 target@i—volatiles in drinking water
following pH adjustment and SPE*!%, EPA 626%6signed for wastewater, employing
dual pH LLE followed by GC/MS, w\\lgfgupdated version allowing SPE as an
alternative!'®!. EPA 8270 covers a Wi ge of organic pollutants including PAHs, with
extraction protocols tailorgd @ matrix type LLE for liquids and Soxhlet or solvent

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

compounds s@ticides, nitrosamines, phenols, and ethers!%2,

EPA 82}8@:%% on ten parent PAHs and two alkylated derivatives in water and
secﬁhvﬁt pore water, utilizing flocculation and SPME followed by SIM-mode

GC/MSlO3,104,105‘

GC/MS is particularly advantageous for its dual function of retention-time and spectral
identification, offering high sensitivity in SIM mode’*!%, 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 data%®-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 isomeq“e% are
difficult to distinguish via MS alone. The method mandates extract Q}@ prior to
injection and is applicable to wastewater, soils, and solid wastes!?’ &275, a capillary
GC/MS method with thermal extraction, quantifies PCBs a@iﬁriority PAHs in solid

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

separation and MS detection””-1%, @Q

2.10 Environmental and Health Imp }i\ PAHs

Polycyclic Aromatic Hydrocarboit._%%\ﬂ are a group of organic chemicals made up of
several interconnected aroh@%ngs. They are mainly produced during the incomplete
burning of organic %ances such as fossil fuels, wood, and tobacco. PAHs are
commonly f@e environment and are a major concern because they persist for
long perj@an accumulate in living organisms, and pose serious health risks!'%1°,
2.1}.\1/QEnvironmental 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,

111

and sediments for long periods'''. 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  !''2!13 Contaminated sediments can harm  benthic  organisms
(bottom-dwelling species), disrupting aquatic ecosystems''4. \
2.10.1.3 Bioaccumulation O{

PAHs can bioaccumulate in aquatic species, leading to toxic effec&n fish and other
organisms in the food chain. They may biomagnify throug%;ood web, affecting
predators and eventually humans!?>, QO

2.10.1.4  Toxicity to Aquatic Life ,bQ

PAHs are notable toxicant to aquatic or@, causing developmental, reproductive,

N\

and immunological effects!!®!17: .Fg&stance, fish exposed to PAHs may exhibit
deformities, reduced growth, ar%Q%\r survival rates!''®11°,

2.10.1.5 Air Pollu (@

PAHs are a sig.n%f\'%t component of particulate matter (PM), especially in urban and
industrial rg hey 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 risk'2¢121.122

2.10.2.2 Respiratory Effects: OQ
Inhalation of PAHs (e.g., from vehicle emissions, industrial processe‘,{to acco smoke)
can cause respiratory irritation, asthma, and chronic bronchiti@. ong-term exposure
to PAHs in particulate matter contributes to reduc function and pulmonary
diseases. ,bQ

2.10.2.3 Reproductive and Develop% oxicity

PAHs can interfere with reprong& systems, leading to reduced fertility and
developmental delays in offspri®£%.

antenatal exposure to E@%as been linked to lower birth weight and impaired
psychological f.eatv,&ievelopment in children'?"-128,

2.10.2.4 b&u}toxicity

PAHS®%form DNA adducts (binding to DNA), leading to mutations and genetic
damage'?. 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 contact!3"
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2.10.2.6 Immune System Effects

PAHs may suppress immune responses, making individuals more susceptible to
infections and diseases!3!:132:133,134,135,136,137,
2.11 Regulatory Standards for PAH
Regulatory standards for polycyclic aromatic hydrocarbons (PAHs) in water, % and
sediment are established by various organizations, including the ’@q Health
Organization (WHO) and the European Union (EU) Environmentai%)tection Agency
(EPA). Here’s an overview of the relevant standards and guidel%
2.11.1 WHO Guidelines QO
The WHO has not established specific numerical @hnes for PAHs in water, soil, or
sediment. However, it emphasizes the %@nce of monitoring PAHs due to their
potential health risks, particularly tb%cinogenic properties. The WHO often relies on
assessments from other organi@é?\,such as the International Agency for Research on

Cancer (IARC), which 1@% certain PAHs as carcinogenic to humans!3813%:140,141

2.11.2 EU Standa&is
o\\'

The EU h oped several regulatory frameworks concerning PAHs, particularly in
food a@vironmemal media!42143:144,145,146

211\le 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 PAHs'7.

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 se(@g quality
guidelines (SQGs) that protect benthic organisms from adverse effect&

2.11.2.3. Food Safety Regulations %

The European Food Safety Authority (EFSA) has asses sks associated with PAHs
in food. The SCF (Scientific Committee on Food) f&%flmended monitoring 15 PAHs in
food products, highlighting their carcinog% ential. The EU has set maximum levels
for certain PAHs in foodstuffs, parti.cq&those that are known to be carcinogenic.

2.12 Key PAHs Monitored \c—’\

R\

The following PAHs @ﬁmonly monitored due to their toxicity and prevalence in

environmental sa@
Benzo[a]pzre@

Benz[ %racene
'S

Chrysene

Fluoranthene

Pyrene

These compounds are often included in regulatory assessments and monitoring programs

due to their significant health risks
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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 Qrily the
responsibility of the Federal Ministry of Environment and the Nat&&algfvironmental
Standards and Regulations Enforcement Agency (NESREA). igerian government
has established laws and regulations to control the relea, s into the environment.
The Environmental Guidelines and Standards fo I@ial Processes (EGSIP) is a set of
regulations that outline the acceptable level s in various industrial processes and

N\

emissions. The guidelines specify tllg&imum allowable concentrations of PAHs in air,

water, and soil. éCO\

The Nigerian governm n@also established the National Environmental Policy (NEP)
which aims to lzr(,)@he environment and ensure sustainable development. The NEP sets
out policie&@delines for the management of PAHs and other hazardous substances.
In ten@ré 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, en@ent and
monitoring are often challenging due to limited resources and capacit&4 150,151,152,153
In Oyo State, Nigeria, the regulation of polycyclic aromati carbons (PAHs) is
primarily the responsibility of the Oyo State Minis nvironment and Natural
Resources. And their sole responsible is enforci%@bnmental laws and regulations in
the state, including those related to PAHs. ’b

\S
The Oyo State Environmental Polic&@\ﬂines the state's commitment to protecting the
environment and promoting su%e%e development. The policy sets out principles and
guidelines for the man e@m of PAHs and other hazardous substances.
The Oyo Statg @0nmental Management and Protection Law provides the legal
framewor fo(th}regulation of environmental activities in the state, including the control
of PAQ’.&‘he 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/L'>*.
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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 emissions'>*.

* 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 water'>®, It's worth noti& that

while these regulations and guidelines are in place, enforcement and monitc@ge 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 samplihg and
analytical study that employs a comparative approach with control sites an@?cporates
human health risk assessment, this is deliberately selected for its me@logical strength
and suitability to the study’s objectives. This design provides %Qred and immediate
evaluation of the environmental conditions and potengi ic health risk within the
specific environmentalism context of Oluyol L&@‘ Government Area, Oyo State,
Nigeria. This method strength lies in its a\\il'gbyleld precise, reproducible, and reliable
value of high-quality standard data 9@1 for understanding contamination dynamics at
an environmentally sensitive ye@‘g% explored site. The section hypothesis allows for a
comprehensive assess e@ particular point in time, making it highly effective for
preliminary en\:imq%ntal studies that seek to establish baseline contamination levels
The envirc&@sampling and analytical study of this research focuses on assessing the
exten@ntamination, 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. OQ

3.1.2 Spatial Distribution Mapping /\
Elucidating the spatial (horizontal) and vertical (depth) variabili '’AH concentrations.
This is critical, as PAHs exhibit strong sorption to nic matter but retain the

potential for leachate-mediated migration into gg‘my@'er, a risk exacerbated in unlined

P
3.1.3 Establishment of Baseline.n(da\

A\

Collecting comparative sample%ga both the contaminated locus and a pristine control

disposal sites.

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

sgm}t of Migration Pathways

3.14 As%

Samp@diverse environmental compartments to elucidate the fate, transport

quantifying the er&lmental impact attributable to the dumpsite.

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 r he low
molecular weight to high molecular weight PAHs. This allows f&&{fferentiation
between pyrolytic (pyrogenic) sources, such as the incompl% ustion of organic

materials (e.g, open burning), and petrogenic sour@gginating from petroleum

3.1.7 Physicochemical Correlation Anal

O
&

Investigating statistical relationships @een measured PAH concentrations and key soil

products! (e.g, crude oil or diesel spills).

physicochemical parameters. T%\gﬁmination seeks to understand the factors governing
PAH behavior, persiste c@io availability within the soil matrix.

3.1.8 Toxicol?@Assessment

Calculating&i}y Equivalent Quantities (TEQs) for identified carcinogenic PAHs. This
facilit %he 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 ca& city

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

&

Oluyole Local Government Area (LGA) is located in t Qvestem part of Oyo State,

Latitude: 7.3775° N

Longitude: 3.9470° E !

Nigeria, and is part of the Ibadan metropolitan aie@s its headquarters in Idi-Ayunre,

which lies along the Ibadan-Ijebu Ode Ro%b
Geographical Coordinates: . @
Latitude: 7.2500° N %’&co

Longitude: 3.8500° E Q\A
Boundaries and Iso\' ion:

Oluyole L%@ategically positioned, sharing boundaries with several other LGAs and
Stateséb

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.

F@ 1: Map Of Ajakanga Waste Dumpsite,Oluyole Local Government,Ibadan,Oyo State

Y

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

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

River Ona, separated only by Odo Ona Elewe Road?>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
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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 activm{lined
used since 1996, and is still in use today. It receives waste from a Varie@ources,
including commercial, hospital, electronic, household, and industrialzig

3.3 Population of Study %Q

The population of this study encompasses the en\%gltal and human systems
associated with the Ajakanga Municipal Solid )@ (MSW) Dumpsite, located in
Oluyole Local Government Area, Ibada ate, Nigeria. The dumpsite is situated
between latitude 7°18'N and longiq@O'E, occupying an extensive area that has
served as a major waste dispo%gan\t for the Ibadan metropolis for over two decades.
The site receives larg @nes of mixed municipal waste daily, including household
refuse, plastics,.e%&nlc waste, agricultural residues, and small-scale industrial wastes.
The prima&&d} population comprises soil samples collected from various zones within
and a@% 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 lac®%equate
waste management infrastructure or access to piped water. The inhabitants are therefore
potentially exposed to environmental contaminants through 1 Qn of contaminated
dust, ingestion of crops cultivated on nearby soils, Q@mal contact during daily
activities.
o)

soil sample and surrounding human com%{bs provides a comprehensive framework
for understanding the extent of P@@tamination and the associated ecological and
health risks. This approach ée\ with the study’s objectives to evaluate the

environmental and p@ implications of PAH pollution arising from continuous
e

waste dumping ar,l& n burning at the Ajakanga site.

N

These resg nsures that findings are representative of both ecological and
anthr%%lic 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 i&ﬁve
zones (A—E) based on proximity to the dumpsite center, topography, and 0 waste
disposal intensity. Zones A, B, C, D, and E were located within the a&e waste disposal
area and immediate surroundings 0—200 m, and control zones ely. Each zone was
further subdivided into sampling points spaced approxi 50 meters apart to ensure

adequate spatial coverage and to minimize samp in@

A total of eighteen (18) composite soil s ere collected three samples from each
zone using a systematic random sa@@hnique. At each sampling point, sub-samples
were collected at depths of O%ﬁca\,representing the topsoil layer most susceptible to
contamination by PA s®t0 atmospheric deposition and leachate infiltration. The
sub-samples W.er,e\' mogenized to form a composite sample for each point, properly

labeled, d%d in pre-cleaned aluminum foil and glass containers to prevent
photo@ation or contamination prior to analysis.

The sample size determination was based on both spatial representation and analytical
feasibility, following methodological recommendations for soil pollution studies”®. 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 dum% and

open burning at the Ajakanga site. OQ

3.5 Sample Collection and Preparation /\

The collection and preparation of soil samples were carrie@ollowing standard
environmental sampling protocols to ensure quracy, reliability, and
representativeness of the results. The proceduregﬁa ed to the guidelines recommended

by the United States Environmental Prote@ency‘s.

3.5.1 Sample Collection . \
D

Soil samples were collected f@care delineated zones (A—E) within and around the
Ajakanga Municipal S li;@kste (MSW) Dumpsite, as described in Section 3.4 Within
each zone, thre.e &mpling points were selected using a systematic random sampling
technique 8@3‘6 spatial coverage and minimize sampling bias.

At ea rénpling 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 °@48 -72
hours to remove residual moisture while preventing the loss &VO atile organic
compounds. After drying, the samples were gently crushed % mortar and pestle
made of porcelain and then sieved through a 2 mm stai el mesh to remove stones,
roots, and debris, ensuring uniform particle size for, tion.

Prepared samples were stored in clean, %% ass bottles with Teflon-lined caps and
kept in a refrigerator at 4 °C until { h§>traction and analysis. This storage condition
prevented microbial activity an%ceﬁcal degradation prior to instrumental analysis.

3.6 Sample Extracti n@& nalytical Procedure

The extraction.a nalysis of Polycyclic Aromatic Hydrocarbons (PAHs) from soil
samples vg(qalr\ied out using Soxhlet extraction followed by Gas Chromatography
coupl%%th Flame Ionization Detection (GC—FID), in accordance with the USEPA
Method 354°C 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 becau%f its
complementary polarity, which enhances the efficient dissolution and recf both
low molecular weight (LMW) and high molecular weight (HMW) PA&

The extraction process was carried out for 6 hours, maintainin@gant reflux rate of 4
— 6 cycles per hour to ensure thorough extraction of om the soil matrix. After
extraction, the solvent extract was allowed to copl %Qubsequently concentrated using a
rotary evaporator at 40 °C. The extract v%%l transferred into a pre-cleaned vial for

cleanup. . \
N
3.6.2 Cleanup and Concentr@éa

To remove co-extracted i : %es such as lipids, waxes, and pigments that may interfere
with chromatog.r%analysis, the crude extracts were purified using a silica gel/alumina
column clg&_ﬁocedure. The column was prepared with activated silica gel 5 g layered
over Q’bof 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 (USEPA Method 610, 8100)
3.6.3.1 GC-FID Analysis

Quantitative determination of PAHs was carried out using a Gas Chromatography (GC)
equipped with a Flame lonization Detector (FID) and a capillary column (DB-5, 30 m x

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

resolution and sensitivity as follows Q\

Carrier gas: Nitrogen at 1.5 ml/min (constant flow) < :
Injector temperature: 250 °C 6\
Detector temperature: 300 °C §

Injection mode: Splitless, with 1 pL sample volume QQ
Oven temperature program 6’6
Initial temperature 60 °C held for 2 min ®%

Ramp at 10 °C/min to 180 °C heldé\ﬁn

Then 5 °C/min to 280 °C hel@) min

3.6.3.2 Principle ol‘%%\hromatography for PAH Analysis

Gas Chromat@&(f@) is a fundamental analytical technique extensively employed in
the sepa}ab, identification, and quantification of Polycyclic Aromatic Hydrocarbons
(Pkﬂsgfn 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 column®.

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 separation'®. 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, ty<§ally a
non-polar or slightly polar liquid film bonded to the inner wall of a fused pillary
column, interacts with the analytes based on van der Waals fofées and dispersion
interactions!!. %O

Separation of individual PAHs is achieved due to diffi n their boiling points and
interaction strengths with the stationary phase. Lov@cular weight (LMW) PAHs elute
earlier due to their lower boiling points, w% molecular weight (HMW) with higher
boiling points and stronger affinity fqrih\stationary phase, elute later!?.

To improve resolution, temp@&ﬁg\ programming is employed, whereby the oven
temperature is gradua é}eased during the analysis. This allows compounds with a
wide range of Vf)@es to be efficiently separated within a single run.

Detection Qf gA% Flame Ionization Detector (FID) was use for the detection of PAHs.
The F %’éparticularly suitable for PAHs due to its high sensitivity to hydrocarbons, wide
linear dynamic range, and minimal susceptibility to most inorganic impurities'3.

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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concentrations'?.

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 star%is of
known concentration ensures accurate quantification'!. OQ

In environmental investigations such as soil contamination in Ajak&waste dumpsite

studies, GC coupled with FID provides high sensitivity, reprod\@@, and selectivity for

the detection of trace levels of PAHs. This makes GC a nsable tool for evaluating

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

®%

3.6.3.3 Working Principle of GC Jgfor PAH Determination

and environmental risk assessment'4.

The Gas ChromatographyFla@ca\ization Detector (GC—FID) system operates on the
principle of separatio @/ed by ionization-based detection of organic compounds,
particularly hy.dro:&ons such as Polycyclic Aromatic Hydrocarbons (PAHs). This
technique 8(‘@}(}, adopted in environmental monitoring due to its high selectivity,
sensit@%&nd stability in quantifying organic pollutants in complex matrices like soil'l.
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 time'2.

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 serve%as an
identifying characteristic. Quantitative analysis is achieved through con@%vn with
calibration curves obtained from standard PAH mixtures of known co&qltra ions'!,

FID detection is particularly advantageous for PAHs beca se compounds are
hydrocarbon rich and exhibit strong ionization respons ing high signal intensities
with minimal interference from water, oxygen, or ipg@nic species. The detector exhibits
a nearly universal carbon response, meani at all carbon-containing compounds
produce proportional signals regard] molecular structure!!.

This characteristic enhances th@??olhty and accuracy of quantitative determination in
PAH analysis.

For effective oper %Qc —FID parameters such as hydrogen flow rate, air flow rate,
and dete@& perature must be optimized to ensure complete combustion and
maxir@bn production. Typically, detector temperatures are maintained between 250°C
an(kPC to prevent condensation of heavier PAHs before detection'!.

The quantitative determination of PAHs using GC-FID is often expressed using the
calibration equation:

Cx-Ax/As+ Cy/Ry

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

* ( Re) = response factor obtained from calibration. \
This approach provides both qualitative and quantitative information ial for
environmental contamination assessment and source identiﬁcatiof&f '’AHs in soil
samples. %Q

3.6.4 Preparation of Working Standard QO

A working calibration standard was prepare %%Qommercially obtained Certified
References Standard for stock solution W%bmcentration of 1000 ppm using dilution
formula . ,&\

CiV1=C:V:2, which based on p%‘él?\e of conservation of mass

where C1 initial conce tr@s of the stock solution

V1 initial Voh.lmﬁthe stock solution used for dilution

C2 final ogap}ration of the new diluted solution

V2 @olume new diluted solution

3.6.>/ Standard Check Solution

In Gas Chromatography — Flame lonization 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. Thi&&ures

that the calibration curve remains valid throughout the analysis. QQ
> Quality Control and Assurance /\
The solution serves as a quality control (QC) sample, con g the precision and

accuracy of the analytical run. Deviations in retention 'Qgetector response from the
standard check indicate possible instrument drift, g@m degradation, or contamination.
This helps in maintaining data integrity an% ying with QA/QC protocols.

> Detection of Instrumental Drifg&la function

AN

During extended analytical m@mon in environmental monitoring of multiple soil

samples the instrume%@itlvity can change. Regular injection of the standard check

solution allows. the ‘analyst to detect signal drift or baseline instability early, enabling
timely corgt(&:tion (e.g., recalibration, column maintenance, or detector cleaning).

> V@%‘]tion 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 @?salytical
system performed correctly at the time of analysis. This traceab%/ 1s critical for

regulatory compliance, publication credibility, and inter la® comparability of

results. QO

The standard check solution is indispensable in g‘é(‘,@analysis of PAHs in soil because

°
* Confirms calibration validity, 5&

| IR
* Ensures instrument stability, ’&

3\

* Detects analytical dri t,Q\

it

* Verifies metho%&cismn, and
* Provides&&j}for data quality assurance.

3.7 @ty 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 @%mented
throughout the analytical process. These included the use of methéd, blanks, duplicate
samples, and spiked recoveries for performance validation. Th@f detection (LOD)
and limit of quantification (LOQ) were determined fq 'AH compound based on
signal to noise ratios of 3:1 and 10:1, respectivebb%coveries for the spiked samples
ranged between 82—-105%, which is within\t%’@ceptable limits for PAH determination in
environmental samples (USEPA, 20.0;&\

All glassware and sampling c%&@s were pre-cleaned with acetone and hexane and

baked at 120 °C to i@te residual organic contaminants. Analytical results were

3.9 Dat &x}s and Interpretation

The d@tained from the laboratory analysis were subjected to systematic statistical and

expressed in mill@s per kilogram (mg/kg) of dry weight soil.

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 acrdss the
different zones of the dumpsite. OQ
Data were tabulated and graphically presented using Microsoft E %ﬁ and SPSS
version 26.0. Graphical representations such as bar chaﬂ% charts, and spatial
distribution maps were used to illustrate the concentr%gms and variations among
zones (A-E). Q

O
3.9.2 Diagnostic Ratio Analysis for So%%entiﬁcation
To identify possible sources oﬂ@ molecular diagnostic ratios were applied,
comparing specific PAH isome@{ﬂ similar physicochemical properties. Ratios such as
Ant/(Ant + Phe), Flu/( L.Q\Pyr), BaA/(BaA + Chr), and LMW/HMW were calculated
and interpreted.fg@ng established literature criteria'>.
Ratios of g@Jr Phe) > 0.1 and Flu/(Flu + Pyr) > 0.5 were interpreted as indicative
of pyr@c 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 (£16PAHs) and individual compou%were
compared with National and International soil quality guidelines, in@ those
established by the World Health Organization (WHO, 2010), the @%dlan Council of
Ministers of the Environment (CCME, 2008), and the Dut ct and Intervention
Values (RIVM, 2010). QQ

This comparative assessment enabled evaluatior&;@kher PAH concentrations in these
study area exceeded permissible limits an@osed potential ecological or health risks.
Emphasis was placed on key c@gemc compounds such as benzo[a]pyrene,

benzo[b]fluoranthene, and mde@, ,3-cd]pyrene, due to their toxicological significance.

3.9.4 Ecological and %mk Interpretation

To evaluate t}lg&ential ecological and human health implications, the Toxic
Equivalen&&a&tor (TEF) approach was applied to estimate BaP-equivalent
conce@ns (BaP.q) for each sampling zone, using the weighting factors proposed by
Nisbet and LaGoy'¢. 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—carci&enic
risks, to humans. The assessment typically follows a structured appro@sed on
standardized frameworks, such as those recommended by World Health Organization
(WHO), U.S. Environmental Protection Agency (EPA) and oth atory agencies.
Risk assessment for PAHs generally includes the followi

3.9.6 Hazard Identification ,bQ

Identifies the specific PAHs of conc% their toxicological properties (e.g.,

\

carcinogenicity, mutagenicity, and q«&mental toxicity).

N

Example: The EPA has clas%fi’benzo[a]pyrene (BaP) as a Group 1 carcinogen

(carcinogenic to huma Q\A
3.9.7 Dose-Rss@ ssessment

Establishes, th \tionship between exposure levels and the likelihood of adverse effects.
Carcil%%c 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). OQ

3.9.11 Toxic Equivalency Factor (TEF) &(/

PAHs are assigned a Toxic Equivalency Factor (TEF) relativ zo[a]pyrene (BaP),
regarded as the reference compound with a TEF of 1. QO

The BaP-TEQ is calculated as: ,bQ

BaP-TEQ = Z (Concentration of individuakl%%x EF for that PAH)

3.9.12 Carcinogenic Risk (CR) Q
N\
SF

The LCR is calculated as CR = @ ................... equ 1
CDI = Chronic D 'lx.@hke (mg/kg/day)
CDl is det?r&i ased on exposure frequency, duration, and body weight:
CDI &(,(ék x EF x ED) / (BW x AT)
(‘@%H concentration (mg/kg or mg/m?)

\1{2 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)
85



SF = Slope Factor (risk per unit dose, mg/kg/day). For BaP, the EPA provides a slope
factor of 7.3 (mg/kg/day)™'. Acceptable Risk Levels:- Regulatory threshold:
Carcinogenic risks are typically considered acceptable if LCR < 1 x 107 (1 in
1,000,000 risk) 7-8:2-10.11,

3.9.13 Non-Carcinogenic Risk Assessment \

For non-carcinogenic effects, PAHs are assessed using the Hazard Quotier@ ) and

&
O
HQ=CDI/RD,............... equ 2 Q

Hazard Index (HI).

3.9.14 Hazard Quotient (HQ)

CDI = Chronic Daily Intake (mg/kg/day) (same cql&%ion as above).
RfD = Reference Dose (mg/kg/day), prow%d’by regulatory agencies such as the EPA.

3.9.15 Hazard Index (HI) ,&

If multiple PAHs are presen Qﬁk I is the sum of individual HQs : HI =X HQ

Interpretation: QQA

HI<1: No fi@ant non-carcinogenic risk.
HI> 14P ial for adverse non-carcinogenic effects.
3.9.16@%@ 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 QQ
Interpretation of results integrated statistical outcomes, diagfestic ratios, and
contamination indices to provide a coherent picture of PAH% or in the Ajakanga
dumpsite environment. Spatial patterns were evaluatedet ion to proximity to waste
burning zones, leachate flow paths, and human actiy@tensity.
The findings were discussed in comg@ with similar studies within Nigeria

17,18,

international research reports pr w',%lg contextual relevance and strengthening the

interpretation of contaminat@?}urces, environmental risks, and management
implications. QQ\A

This analytical. f{&work ensured that the data generated were not only statistically
sound bu a&.}:ientiﬁcally interpretable in terms of pollution sources, ecological
signif@, 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 stratiﬁ{d into
five zones (A—E) based on distance from the dumpsite and intensity of isposal
activities. A total of eighteen (18) composite soil samples weré“collected using a
systematic random sampling technique to ensure spatial repre%@eness. Each sample
was air-dried, homogenized, sieved, and properly prese%gaboratory analysis.
Extraction of PAHs from the soil samples was ¢ Hj@t using Soxhlet extraction with a
hexane and acetone solvent mixture (1:\\6 ollowed by silica gel/alumina column

cleanup to eliminate impurities. Qu ive determination of PAHs was achieved using
Gas Chromatography coupled wi %}me Ionization Detection (GC—FID), operated under
optimized instrumenta @‘IOHS. Quality assurance measures such as method blanks,
spiked recoveri.ess{%replicate analyses were implemented to ensure precision, accuracy,
and reliab%)&ﬁc\sults.

The d@%tained 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,
\{J
Ibadan, Oyo State, Nigeria. The results are organized and interpreted in o n to the

study objectives, which focus on determining the concentration, spa&kdisfribution, and

probable sources of PAHs, as well as evaluating their potent ological and health

risks. QO

The data obtained from the Gas Chromatograp F@ Ionization Detection (GC-FID)
analysis are presented as concentration%' ividual and total PAHs (ZisPAHs) in
milligrams per kilogram (mg/kg) of d&ﬁl. The results are further categorized according
to the five delineated sampling @gg\(AE) within and around the dumpsite, representing

variations in contamir%@tensity and proximity to waste deposition activities.

Descriptive sta:tisﬁ% ools, graphical illustrations, and inferential analyses were
employed &gﬁ‘)pret the results. The discussion integrates the findings with published
studieéb‘n 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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Concentration of Samples in Descending Order
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Figure 4.1 : Concentration of PAHs in Soil Sampl&@escending Order in each Sampling Location

Q)
Source : Research Fieldwork, 2025 C-)\
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Table 4.2 _Concentration of PAHs for Different Zone in Ajakanga Waste Dumpsite mg/kg

PAHs Samples
PAHs Zone A 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 Q
Benzo_a_pyrene 0.16+0.04 0.28+0.11 0.22+0.14 0.34+0.21 0.28+0.21 @
Benzo_b_fluoranthene  2.63+1.15 4.00+1.16 2.12+1.15 2.74£1.16 4.09+1.29 (ZE:E)@
Benzo_k_fluoranthene ND ND ND ND ND & ND
Chrysene ND ND ND ND Q ND
Dibenzo[ah]anthracene ND ND ND ND ND
Fluoranthene 0.88+0.39 1.34+0.39 0.71+0.51 0.92+0.39 7+0.43 0.77+0.31
Fluorene 0.32+0.14 0.49+0.14 0.26+0.18 0.33+ 0.50+0.16 0.28+0.13
Indeno[123cdPyrene 0.35+0.15 0.53+0.15 0.28+0.20 0, .15 0.54+0.17 0.31+0.15
Naphthalene ND ND ND D ND ND
Phenanthrene 2.34£1.03 3.56+1.03 1.89+ 44£1.03 3.64£1.15 2.04+0.97
pyrene 1.97+0.86 2.99+0.87 @ 2.05+0.87 3.06+0.97 1.7240.82
Benzo(ghi)perylene 2.49+1.09 3.79£1.10 N 1.43 2.60+1.10 3.87+1.22 2.17+1.04
X16PAHsSZ 14.46 23.51° 12.54 16.26 24.02 13.46
mean 1.61 2. co\ 1.39 1.81 2.67 1.50
SDh 1.18 é 1.11 1.42 2.16 1.21

°

Below detection limit (<0.00015) Zone /@ﬂ Zone B WEST, Zone C EAST, Zone D SOUTH, Zone E centre of the dumpsite —and Zone F
°

500m away from dumpsite g% Naphthalene(Nap),Acenapthalene (Ace), Acenapthylene (Acy), Phenanthrene (Phe), Anthracene (Ant),

Fluorene (Flu: Fﬁ@hene (Fla), pyrene (Pyr), Benzo(a)anthracene (Bad),Chrysene (Chr), Benzo(b)fluoranthene (BbF),
Benzo(k)fQ%ne (BKF), Benzo(a)pyrene(BaP), Indeno(l,2,3-cd)pyrene (IcdP), Dibenzo(a,h)anthracene (DbA) andBenzo(ghi)peryene

(BghiP)]. 2 16 PAHs summation of 16 US EPA  priority PAHs
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Concentration of PAHs in Different Zones
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Figure 4.2 : Concentration of PAHs in Different Zones $

Source : Research Fieldwork 2025 Q
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Figure 4.3 : Percentage Concentration of PAHs in Different Zones

Source : Research Field Work,2025
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Chemical Concentrations in Zone A (mg/kg)
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Figure 4.5 : Percentage Concentration of Individaul PAHs in Zone A

Source : Research Field Work, 2025
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Chemical Concentrations in Zone B (mg/kg)
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Figure 4.6 : Concentration of Individaul PAHs in Zone B Q :

Source : Research Field Work 2025 Q
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Figure 4.7 : Percentage Concentration of Individaul PAHs in Zone B

Source : Research Field Work 2025
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Chemical Concentrations in Zone C (mg/kg)
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Figure 4.8 : Concentration of Individaul PAHs in Zone C Q :

Source : Research Field Work, 2025 Q
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Figure 4.9 : Percentage Concentration of Individaul PAHs in Zone C

Source : Research Field Work, 2025
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Chemical Concentrations in Zone D (mg/kg)
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Figure 4.11 : Percentage Concentration of Individaul PAHs in Zone D

Source : Research Field Work, 2025
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Chemical Concentrations in Zone E (mg/kg)
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Figure 4.12 : Concentration of Individaul PAHs in Zone E&b
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Figure 4.13 : Percentage Concentration of Individaul PAHs in Zone E

Source : Research Field Work 2025
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Chemical Concentrations in Zone F (mg/kg)
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Figure 4.14 : Concentration of Individaul PAHs in Zone F&b

Source : Research Field Work 2025 \Q
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Table 4.3 PAHs Concentration by Number of Ring

PAHs HMW__mn/sdHMW___ LMW mn/sdLMW___ LMW /HMW__ »16PAHs J>PAHcarring 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 - 59606 2.8524 2.7966 2.8454

Zone B 129390 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 2.34@

Zone D 9.0175  3.01+0.07  7.2463 2.42+£2.07 .8036 16.2638 6.0481 - 7.2463 2.96€ 3. 2.9622
Zone E 13.2160  4.41+0.03 10.8085 3.60£3.09 8178 24.0245 8.7868 - 10.429 4.3684 4.4183
Zone F__7.4012 2.46+0.02__6.0613 2.02+1.73 .8190 13.4625 491737\ 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 du&d Zone F 500m away from dump site, HMW
(high molecular weight PAHs),LMW (low molecular weight PAHS),ZPAHcarc@’Cinogenic PAHs) 2-ring (PAHs with two aromatic ring)

3-ring (PAHs with three aromatic ring) 4-ring (PAHs with four a ring) 5-ring (PAHs with five aromatic ring) 6-ring (PAHs with six

°
aromatic ring), LM/HM (ration of low molecular weight @&n’ molecular weight PAHs).
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LMW vs HMW Concentrations by Zone
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Figure 4.16 : Low Molecular Weight and High Molecular We@Hs Concentration for each Zones

Source : Research Field Work, 2025
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Comparison of R3, R4, R5, and Ré Values Across Zones
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Figure 4.17 : PAHs Concentration by Number of R@ac Zones

Source : Research Field Work, 2025 \%\
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Table 4.4 PAHs Diagnostic ]

Fla/(fla+pyr) >N Iedp/(Iedp+Bghip) Fla/Pyr
Zone A 03093 N\ M 0.1232 0.4478
N
ZoneB  0,3093\ 0.1232 0.4478
\' v
\ —~—
Zone C  (Q.3093 0.1232 0.4478
S
o0
Zone D7 0.3093 0.1232 0.4478
v
ZoneE 03093 0.1232 0.4478
ZoneF 03093 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 Factorg,, Individual PAHs

PAHs

Banzo(a)pyrene
Pyrene
Indeno(1,2,3,cd)pyrene
Chrysene
Benz(a)anthracene
Acenaphthylene
Fluorene

Anthracene
Dibenz(a,h)anthracene
Benzo(k)fluoranhene

Naphthalene

TEF

0.001

0.01

0.1

0.001

0.001

0.01

Rfd-value(mg/kg/day)

0.03

0.0003

0.001 *
0.0003 (JOQ

A
O

0.04

0.03 Q
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Table 4.6 Carcinogenic Potency of PAHs in Ajakanga Waste Dumpsite

Carcinogenic PAHs

Benzo(b)Fluoranthene

Benzo(a)Pyrene

Indeno(123-cd)Pyrene

Benzo(ghi)Perylene

Acenaphthylene

Fluoranthene

Fluorene

TEF BaPeq

f
Zone A Zone B Zone C Zone D Z(){e E /
\('\

0.1 0.2633 04 0.212 0. 2741%'0 4089

N\

\)
1 0.1634 0.2832 0.2218 <\9.3447 0.2797

2O
AN
0.1 0.0351 0.0533 0.0282" 0.0365 0.0545
NS
* X
0.01 0.0249 0.0379\, 0.0201 0.026 0.0387
o\
0.001 0. 0033Q ~0 0065 0.0035 0.0045 0.0067
0.001 <'0 Q009 0.0013 0.0007 0.0009 0.0014
\ N

0.001\},0 0.0003 0.0005 0.0003 0.0003 0.0005

N
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N
N

Zone F

0.2293

0.1465

0.0305

0.0217

0.0037

0.0008

0.0003



Phenanthrene 0.001 0.0023 0.0036 0.0019 0.0024 0.0036 .. 0.002

Y,
‘&§‘
Pyrene 0.001 0.002 0.003 0.0016 0.0021 0.0031 0.0017
\v
(oo
Total 0.4955 0.7893 0.4901 0.6915 \~0.797 0.4366
3
O\
Q
RN
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1%§rcinogenic Potency of PAHs in Ajakanga Waste Dumpsite
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Figure 4.18 : Carcinogenic Potency of PAHs In Ajakanga Waste D

Source : Research Field Work, 2025

111



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 Q\

’,
N
Air inhalation rate soil IRsoil Mg/d 400 « ‘Q)/
N\
Average lifespan AT day 70x365. N\’ 70x365
Exposure duration ED year 4@~J 250
QN
skin exposure area SA cmz/%’b\ 1600 4350
LY _ N L]
Soil particle emission factor PEF A g 1.36x10° 1.36x10°
“\Ss

Skin adhesion factor AF@ mg/cm? 0.2 0.13

Skin adsorption param%Q\aBS - 0.13 0.13
L N

e
O

\/QJ
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Table 4.8 Lifetime Cancer Risk Calculation for Children and Adult

(ingestion,inhalation and dermal)

PAH ZONE A 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.@60E-7
BbF 1.20E-6 9.99E-71.90E-6 1.50E-6 9.80E-7 8.0SE-7 1.27E-6 1.04E-6 1.90E-6 1.56&1.0 -6 8.70E-7
Flu 4.1E-9 33E-9 6.2E-9 S5.1E-9 33E9 27E-9 43E-9 35E-9 6.4E- - 3.6E-9 2.9E-9
IedP 1.62E-71.3E-7 247E-7 2.02E-7 1.31E-7 1.07E-7 1.69E-7 1.39EQ® 2.07E- 1.42E-7 1.16E-7
Flu 15E-9 12E9 23E9 18E-9 12E9 1.0E9 1.5E-9 ’bQ 23E-9 19E-9 13E9 1.1E-9
Phena 1.08E-8 8.9E-9 1.65E-8 1.35E-8 8.8E-9 7.2E-9 1% 9.3E-9 1.69E-8 1.38E-8 9.5E-9 7.7E-9
pyr 9.1E-9 7.5E-9 139E-8 1.14E-8 7.4E-9 @ 9.5E-9 7.8E-9 1.42E-8 1.16E-8 8.0E-9 6.5E-9

N

°
Bpy 1.15E-7 9.47E-8 1.76E-7 1.438E-7 § E3 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 @ 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 2.87x10* 3.00x10°5 NG 3.17x10* 1.20x10+ 2.37x10°% NG 1.43x10*
Zone B 4.76x10* 4.95x10% NG 5.25x10* 1.98x10* 3.92x10° NG 2.38x10+
S\
Zone C 2.25x10* 2.62x10° NG 2.79x10+* 1.05x10- 2.08x10% @Q 1.26x10

Zone D 3.26x10* 3.39x10° NG 3.60x10* 4.89x10* 6& NG 4.89x10+

Zone E 4.86x10* 5.06x10°° NG 5.37x10+ 2.03 4.01x10*% NG 2.43x10*

Zone F 2.73x10% 2.84x10° NG 3.01x10 ’§~J6x104 225%x105 NG 1.59x10-4
Table 4.10 ILCR and Hazard.}\fd}x in Ajakanga Waste Dumpsite
. @ Children Adult

N\
ILCRingestion @ 2.11x10° 1.40%10°
ILCRdemﬂbo
IL%%’Qtion 8.00x101° 5.33x10°10

ILCRotal 2.96x10° 2.34%10¢

7.49%x107 9.45%107

HQ 4.04x10* 2.48%10*

114



ILCR and Hazard Index in Ajakanga Waste Dumpsite
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Figure 4.19 : Carcinogenic Potency o%&s in Ajakanga Waste Dumpsite

N
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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 (Z:sPAHS)
across the five sampling zones and control site. The results reveal noticeable spatial
variation in PAH levels, reflecting the influence of waste burning, leachate r@on, and
distance from the active disposal area. ’\(/

The concentration of the 16 priority PAHs were determined i oil samples from
Ajakanga waste dumpsite between lcm to 15 cm dept at six different point from the site
represented as North 1, 2, & 3, West 1, 2, & 3, East @93, South 1, 2, & 3, centre CH
1,2, & 3, and control C 1, 2, & 3. ’66’6

The result of the analysis for the 16 US &riority is presented in table 4.1 and figure
4.1 The minimum detection limit &D used for the analysis is 0.00015 mg/kg.

The highest concentration '()@a PAHs was recorded in West 1 (30.74 mg/kg), followed
closely by Centre (30}é\g/kg), while the lowest was found in Centre 1 (6.19 mg/kg)
This VariatiotQ.n}": tes a heterogeneous distribution of PAHs, strongly influenced by the
intensit)r@aste combustion, waste composition, and micro-topographical differences
that defitrol pollutant dispersion' similar to other literature publication?.

as show in figure 4.1. Acenaphthylene has the high value ranging from (1.69 - 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 XisPAHs = 18.2-25.7 mg/kg * and Osun State X1sPAHs ZQA— 2.6
mg/kg, 4 but exceed the background concentrations (<5 m% ported for
uncontaminated soils by CCME?® These findings suggest that o ing and leachate
infiltration are the principal contributors to PAH accumulin the Ajakanga dumpsite

soils

4.3 PAHs Concentrate 6’6Q

PAHs typically do not occur as individw\x&ounds in the environment, but rather as

part of a mixture. Their presence is @y assessed based on the total concentration of

\"J

9 out of the 16 prlorl@vere identified at five different point as show in Table 4.2 ,

the combined PAHs.

the concentratlon\&AHs in Zone A, Zone B, Zone C, Zone D, Zone E and Zone F
varies bet@n Eow detection limit (BDL,<0.00015ppb) to 3.30 mg/kg, <0.00015 to
65&\'&% <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 (£16 EPA
PAHs)

Zone B (west) (23.51 mg/kg) with 22.6 %, has the second highest total of (X16 EPA PAHs)

follow by Zone D (South) with (£16 EPA PAHs) (16.26 mg/kg) with 15.6 %, Zone A
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(North) total PAHs (£16 EPA PAHs) (14.46 mg/kg) with 13.9 %. Zone F (500m away
from the dumpsite) total PAHs (216 EPA PAHs) (13.46 mg/kg) with 12.9 % and Zone C
recorded the lowest total PAHs (216 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 erylene
2.49 mg/kg with 17.2 %, Phenanthrene 2.34 mg/kg with 16.2%, Pyr&@mg/kg with
13.6%, Fluoranthene 0.88 mg/kg with 6.1%, Indeno(1,2,3cd) g/kg with 2.4 %,
Fluorene 0.32 mg/kg with 2.2 % and Benzo(a)pyrene 0.16 with 1.1 %

In zone B, as show in figure 6 and 7, Acenaphthylen@@e highest PAHs concentration
of 6.53 mg/kg with 27.8 %, Benzo(b) Q(Qene 4.00 mgkg with 17.0 %,
Benzo(ghi)perylene 3.79 mg/kg Withx}\ 0, Phenanthrene 3.56 mg/kg with 15.1 %,
Pyrene 2.99 mg/kg with {é%,\\‘%, Fluoranthene 1.34 mg/kg with 5.7 %,
Indeno(1,2,3cd)pyrene O. ﬁ&%g with 2.3 %, Fluorene 0.49 mg/kg with 2.1 % and

Benzo(a)pyrene 0.28 @g with 1.2 %.

In zone C, as @gme 8 and 9, Acenaphthylene has the highest PAHs concentration
of 3.4@@ with 27.6 %, Benzo(b)fluoranthene 2.12 mg/kg with 16.9 %,
Be%%li)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 mgkg 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 mgkg with 12.6 %, Fluoranthene 092 mgkg 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 hi %AHS
concentration of 6.67 mg/kg with 27.8 %, Benzo(b)fluoranthene 4.09 &g&yith 17.0 %,
Benzo(ghi)perylene 3.87 mg/kg with 16.1 %,Phenanthrene 3. /kg with 15.2 %,
Pyrene 3.06 mgkg with 12.7 %, Fluoranthene @ mg/kg with 5.7 %,
Indeno(1,2,3cd)pyrene 0.54 mg/kg with 2.2 %, FllQQ@O.SO mg/kg with 2.1 % and
Benzo(a)pyrene 0.23 mg/kg with 1.2 % respec@’.b

In zone F as show in figure 14 a (@ Acenaphthylene has the highest PAHs
concentration of 3.74 mg/kg with’é\%, enzo(b)fluoranthene 2.29 mg/kg with 17.0 %,
Benzo(ghi)perylene 2.17 h&gwith 16.1 %, Phenanthrene 2.04 mg/kg with 15.1 %,
Pyrene 1.72 mg/k&% 12.8 %, Fluoranthene 0.77 mgkg with 5.7 %,
Inden0(1,2,3cQ.p>( 0.31 mg/kg with 2.3 %, Fluorene 0.28 mg/kg with 2.1 % and
Benzo(a@e 0.15 mg/kg with 1.1 % respectively.

In& 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 publication?.
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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 publish®7-%:
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 s s,while
Acenaphthylene, Fluorene and Phenanthrene were all detected in all t mples with

Acenaphthylene been the dominant follow by Phenanthrene and @ ene has the lowest
concentration among the low molecular weight PAHs detec

The low molecular weight PAHs consist of 2-ring ar@&g PAHs, but the 2-ring PAHs
(Naphthalene) was not detected in all the samp)&b’b

The high molecular weight PAHs(HM s) consist of 4-ring, 5-ring and 6-ring,they
were well distributed in all the @‘e analyzed. Zone E has the highest concentration
value of 13.2160mg/kg é&w C has the lowest concentration of 6.9305mg/kg,
Benzo(b)FluoranthenQas the highest total concentration of 17.87mg/kg,
Benzo(ghi)PeQ.lf;\% 6.93mg/kg, Pyrene 13.38mg/kg, Fluoranthene 5.99mg/kg,
Indeno(k&Qd)Pyrene 2.38mg/kg and Benzo(a)Pyrene 1.43mg/kg. Chrysene,
Beé(uﬂanthracene, 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 %10,
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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 GQa ples
from the Ajakanga Municipal Solid Waste (MSW) Dumpsite is presen’Q ble 4.3.
The composing structure of PAHs detected in the samples by mber of rings are
shown in fig 17 and table 4.3, 2 ring PAHs were not detect all the samples analyse, 3
ring has the highest concentration of 46.256 mg/kg, Qas 19.3652 mg/kg, 6 ring has
19.3175 mg/kg and 5 ring has the lowest 19.3 1@9{{;

As shown in Table 4.3, HMW PAHs w Mmant in all the five zones (A, B,C D, and
E), The LMW/HMW ratios ra’é%&om 0.70 to 0.82, with an average value below
unity (0.79), indicating a’ ®ominantly pyrogenic origin of PAHs in the Ajakanga
dumpsite soils. QQ

Zones B and ® exhibited the highest total PAH concentrations 23.51 mg/kg and
24.02 W@ respectively, also showed strong dominance of HMW PAHs such as
benzojé|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 matter'!.

Furthermore, HMW PAHs are known for their higher carcinogenic potential, stronger
adsorption to soil organic matter, and lower volatility, making them more ent and
environmentally hazardous compared to LMW congeners. Thislqgjg)ence poses
long-term risks of bioaccumulation and ecological toxicity, parti in areas used for
farming or inhabited by local communities. Q

Overall, the compositional analysis indicates that the Qontamination at the Ajakanga
dumpsite is largely driven by pyrogenic proce%&marﬂy open burning of solid waste
and biomass, with localized petrogenic (}a\%nions from oil-based residues and leachate
migration®’. \é;\\'

4.5 Source Identiﬁcatiow&ng Molecular Diagnostic Ratios

Identifying the potentlg)urces and origins of polycyclic aromatic hydrocarbons (PAHs)
in the envir@ essential for evaluating associated environmental risks. PAHs
derived iﬁ%etrogerﬁc origins are typically dominated by low molecular weight (LMW)
cor%o%ds, 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 rings®. 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 identification®!°,
To complement the compositional pattern analysis, the molecular diagnostic ratio (MDR)
approach was employed to distinguish between the possible origins of PA %d in
the Ajakanga dumpsite soils. Diagnostic ratios are widely used as r& dlcators to
infer whether PAHs originate from petrogenic sources (derived petroleum and oil
residues) or pyrogenic sources formed by incomplete co@tion of organic materials
such as wood, coal, or refuse!?.

o N\
Diagnostic ratio of the PAHs obtained in Ajak@vaste dumpsite are show in table 4.3
The ration of ﬂuoranthene/(ﬂuoranthene + ne) in all the zones were less than 0.4, this
implied that the source of PAHs Xetrogemc sources'?, furthermore the use of
[Indeno(1,2,3 cd)Pyrene/In@%Z 3-cd)Pyrene + Benzo(ghi)Perylene] ratio give a
value that is less thanbbor all the zones which also implied that the sources of PAHs is
petrogenic'!, Q&Ts the use of Fluoranthene/Pyrene ratio give a value less than 1
which ak&%plied a petrogenic source of PAHs!2. The ratio of (LMW PAHs/HMW PAHs)
is man 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 ' this was also related to research work !°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 fi mpling
zones (ranging from 12.54 to 24.02 mg/kg) were compared a@&wtional and
international regulatory standards and value. Q

When compared with these benchmarks, the total PAI-@ucentrations in all zones
(12.54-24.02 mg/kg) at the Ajakanga dumpsite exc@% the DPR intervention value

(10 mg/kg) and the EU and WHO soil qualit@ines (1 mg/kg), indicating that the

site is heavily polluted. The contami evels are high enough to pose potential
ecological and health hazards, pa f§i\ due to the dominance of high molecular weight
(HMW) PAHs, many of" @% are carcinogenic, mutagenic, and teratogenic (e.g.,
benzo[a]pyrene, inder&lﬁ—cd]pyrene, and benzo[k]fluoranthene.

Comparativel@ H levels recorded in this study are consistent with findings from
other N@ dumpsites. For instance, there was a reported total PAH concentrations of
18}5gﬁjg/kg in soils around the Solous dumpsite’, Lagos, while another recorded 21.7
mg/kg in Bodija dumpsite soils®, Ibadan. Similarly, there was an observed concentrations
ranging from 11.2 to 28.6 mg/kg in urban waste-impacted soils'*. 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 soils’>, and a recorded 4.8-9.2 mg/kg in Chinese
managed waste sites'>. The disparity underscores the influence of poor waste
management practices, open dumping, and burning prevalent in develo@naﬁons,
leading to greater PAH emissions. ’\(/

The exceedance of regulatory limits in this study sugge Qytential long-term
environmental and human health implications. Prolonged ure to PAH-contaminated
soils through inhalation of dust particles, dermal cor@, r ingestion of crops grown on
contaminated land could increase the risk oﬁ@fgtory illnesses, skin disorders, and
cancer among residents and waste wor é&, oreover, PAHs adsorbed to soil particles
may undergo leaching into gro’{%}fer or bioaccumulation in food chains, posing
secondary risks to ecosyste‘r@

In summary, the PAJQ]centrations in soils from the Ajakanga dumpsite exceed safe
limits prescr@ational (DPR) and international (EU, WHO, CCME) standards,
indicatin%@ﬁﬁcant contamination and potential health risks. The findings emphasize
the&@nt 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 effects'®.

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. Q

This is commonly estimated by expressing the concentrations of ind&&l}arcinogenic

PAH compounds in terms of their benzo(a)pyrene equivalents (B

Total BaPeq = X1(C*TEF) @ 1)

C: represents the concentration of each individ QH, while TEF: denotes its
corresponding toxic equivalency factor. F or’blgo(a)pyrene, the TEF is assigned a
reference value of one. The toxic equ EQ) for each PAH was determined using
the TEF values proposed by Ni Q%ban LaGoy, which allow for the estimation of
cumulative carcinogenic po@@PAH mixtures based on their relative toxicities'* table
4.5 show the TEF andg value for each PAHs.

The carcinog@ tehcy of polycyclic aromatic hydrocarbons (PAHs) in soils from the
Ajakangdbéste dumpsite was evaluated using the toxic equivalency factor (TEF)
appr %h, 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 q, with

concentrations ranging from 0.1465 mg/kg Zone F to 0.3447 m&g(@w D. This
dominance of BaP aligns with findings from other journal, a eported that BaP
contributed over 40% of total carcinogenic PAH burden i ils of Hamedan County?’,
Iran. The predominance of high molecular weight ( PAHs such as BbF, BaP, and
IcdP in the Ajakanga soils further supportg,bbigogenic origin, consistent with the
diagnostic ratio analysis presented earli r\'ths study. Pyrogenic PAHs typically arise
from incomplete combustion of {éﬁl\c' waste, plastics, and fossil fuels'®. The elevated
BaPeq values in Zones B, D{&%E suggest active waste burning and vehicular emissions
within and around the psite, corroborating findings linked higher carcinogenic PAH
loads in urba@%ﬁa es to anthropogenic combustion activities'2.

Compar%b}, the mean BaPeq of 0.6167 mg/kg obtained in this study is lower than the
1 r&ﬂ%{hreshold 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 Morocco?!"

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 contact?*.

Overall, the carcinogenic potency data from Ajakanga dumpsite imply that the

carcinogenic risk from PAHs is moderate but significant, and sustained e@e could

elevate potential health hazards. Continuous environmental monitori&gyemediation

strategies such as bioremediation, phytoremediation, or S(@ing are therefore

recommended to mitigate further accumulation and associa@skszo.

4.8 Incremental Lifetime Carcinogenic Risks (I s).

ILCR is a quantitative estimate used to asse%érg)tential cancer risk associated with

long term exposure to carcinogenic sub é\&. In this study, the ILCR for PAHs in soil

o\

was evaluated in accordance \ﬁ?h guidelines provided by the United States

Environmental Protection A@y (USEPA) standards'>!417-13,

In this study, ILCR V@ for PAHs in the Ajakanga waste dumpsite soils were computed
35

for children @ ts through three primary exposure pathways ingestion, dermal

contact,%bﬁhalation using standard U.S. EPA models and site-specific parameters.

Q

The R equation for soil is as follows:
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CS x (mﬁmm % ‘»%) % IR, % EF % ED
ILCRingestion = -

BW = AT = 10®

s = (Eﬁl:mml % §f T] x SA x AF x ABS x EF x ED

LR Dermat = BW x AT x 10°
CS % (CSFyphation % 4 B /mg) % IRy, x EF x ED
- = Ik 100 i i i
ILCR pqhaeton = )

BW = AT = PEF

ILCR = ILCRIngestnn # ILCRpermal + ILCRphalation

A\

In the ILCR calculation, CS represents the toxic equivalent conce &Qn of monomeric
PAHs in the soil sample, expressed in milligrams per kilo a@/kg). The value 1076

serves as a unit conversion factor to adjust PAH cor@a 1ons appropriately for risk

assessment calculations. The cancer slope fao&f@F), measured in mg'-kg-day’,
quantifies the carcinogenic potential of @1 PAHs and is based on the potency of

benzo(a)pyrene (BaP), which serves @reference compound'®.

The parameter values appl.ied 1%&5 assessment, including exposure duration, frequency,
and body weight, we@@d from the Guidelines for Site Environmental Assessment
(DB11/T 656—2(2%

The lifetinje ca \nogenic risk (ILCRs) less than or equal to 10 are regarded basically as
ne@ifetime cancer risk, ILCRs between 10 and 10* are regarded as low risk
while ILRCs greater than 10 are regarded as high potential health risk!¢ .

4.8.1 Interpretation of Incremental Lifetime Carcinogenic Risk (ILCR)

The estimated total ILCR values ranged from 2.34 x 107¢ for adults to 2.96 x 10 for
children, indicating that both groups fall within the acceptable risk range 10°¢ — 10

recommended by the U.S. EPA 2023 and the World Health Organization (WHO). These
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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 weight!”

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 in nS %.
This dominance of the dermal pathway is consistent with the hy(’iq(qbéc nature of
high-molecular-weight PAHs, which adhere strongly to soil p%@nd are efficiently
transferred through skin contact!'®. Comparable exposutterns were reported in
sediments from Ikpoba River, South-South Nigeria, ({&dermal absorption accounted
for over two-thirds of total cancer risk!°. ,bbrb

Spatially, Zones B, D, and E recorded h\Qy higher ILCR values than the peripheral
zones A, C, and F. This spatial R{één\ahgns with the higher BaPeq concentrations and
combustion related PAH I Qdiscussed previously, confirming that localized waste
burning and hydroca@’esidues are principal contributors to incremental cancer risk at
the site. The @ﬁt ILCR range obtained at Ajakanga 1076 — 107 is comparable to
ﬁndingfor PAH-contaminated soils in southeastern Nigeria and by?!' for coastal
se(ﬁ%ﬁs in Morocco. However, it is lower than the elevated ILCR > 10~ reported by??
in agricultural soils of Hamedan County, Iran, and by?® 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 adults?4.

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 g, and
controlled waste-management practices. These measures would mi;@Cqurther PAH
buildup and safeguard residents and waste-site workers agains term carcinogenic
impacts. Q

4.9 Interpretation of Hazard Quotient (HQ) and{g&d Index (HI)

The Hazard Quotient (HQ) represents the rat%%(?e estimated daily intake (EDI) of a
contaminant to its reference dose (RfD \\&a the Hazard Index (HI) is the cumulative
sum of HQs from multiple expos’{&ways or compounds. An HQ or HI value below
1.0 indicates that non—caréi@mc effects are unlikely, whereas values greater than 1.0
signify potential adve}gealth impacts?.

The HQ Va(;s/%r individual exposure pathways ingestion, dermal contact, and
inhalatiq@oils from Ajakanga waste dumpsite ranged from 1.05 x 107* to 4.89 x 10
for adults and 2.25 x 107 to 5.06 x 10~ 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 duration'”.

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 contact!®.

A similar dominance of the dermal route was observed in sediments fronIkpoba

River in southern Nigeria'® and also in Moroccan coastal sedimentsﬂ.’\(/

Spatially, Zones B and E recorded the highest HQ and HI val sistent with their
elevated PAH concentrations and carcinogenic potencies sly discussed This spatial
pattern suggests that areas closer to the central port he dumpsite experience more

intense contamination due to waste combpbé vehicular emissions, and organic

degradation processes. \Q

When compared with other studi Qse mean HI values at Ajakanga as show in 4.9 are

notably lower than those rep@%n highly industrialized regions??

Similarly, HI values @een 0.35 and 1.84 in industrial soils of Northwest China was
.

observed?, @3}@&' ntinuous PAH accumulation from coal combustion posed

conside@ealth threats. The lower HI values in the Ajakanga dumpsite indicate that

Whm/%Ast 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 derivatives?%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 GQgement
practices, enforce open-burning restrictions, and promote remediati(&&gﬂogies such
as bioremediation and phytoremediation to minimize future hez@cations.

4.10 Comparison of results of finding with previous st

Ajakanga dumpsite, has an average mean range 1254 —~ 24.02 mg/kg, and individual
PAHs max 30.74 mg/kg, these show the du@ is highly contaminated compare to
other studies*>.Other research as also s o\g e concentration of X16 PAHs higher than
the value obtained in these resear@%ven similar!.

Figure 4.22 show that, T&nzo[a]pyrene equivalent (BaPeq) concentrations and
Incremental Lifetime&er Risk (ILCR) values for children and adults obtained in this
study compa@%t se reported by other researchers. The BaPeq values for Ajakanga
0.44—0.@1{& mean 0.62 mg/kg fall below the 1 mg/kg safety guideline established
by&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 x 107¢) and adults (2.34 x 107¢) are within the low-risk

range (10°-107%), similar to or lower than those reported”!* and below those from more

industrially impacted areas??.
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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 Xis
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, whi re less

carcinogenic than high-molecular-weight congeners such as B&&@prrene and

Dibenzo[a,h]anthracene. Nevertheless, the consistent ILCR value . ove 107¢ indicate a
potential cumulative risk from chronic exposure, ag with other research
publication*3, that uncontrolled waste burning signit{n elevates PAH-related health
risks in Nigerian dumpsites. Continuous moni@ and phased remediation are therefore
recommended to prevent future escalati& ontamination and exposure risks.

4.11 Summary of Findings on @'R

This study assessed the" @mogenic and non-carcinogenic risks associated with

isk Assessment

polycyclic aromatic @carbons (PAHs) in soils from the Ajakanga waste dumpsite
using standar(l)}ﬁ. 'A models. The findings reveal that although PAHs are present in
measurw@ncentrations, their overall risk levels fall within the moderate to acceptable
N

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 x 10°¢
(adults) to 2.86 x 107 (children), fall within the acceptable risk range 10°-10*
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 \@buming

activities. ’\(/

For non-carcinogenic risks, the Hazard Quotient (HQ) and Haza (HI) values were
below unity (HI < 1) for both adults and children, implyin@ adverse health effects are
unlikely under present conditions. However, children@o;ed slightly higher risk values,
reflecting their greater vulnerability to environ@ contaminants.

Overall, the results demonstrate that v@ the current PAH concentrations in the

[ ]
Ajakanga dumpsite soils do not’&ﬁ%a immediate severe health hazards, the persistent
dominance of carcinogerﬁ@s, pyrogenic source signatures, and elevated dermal
exposure risks indiébpotential long term implications if site conditions remain
[ ]

unmanaged. ‘he re, sustained environmental monitoring, public health sensitization,
and r@tion interventions such as bioremediation, soil washing, and
phMmediation 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 ﬂQQni icant
contaminated site, European commission classification, also cont}( the site is
heavily contaminated, but the Dutch guideline for soil c%@tion of PAHs in
dumpsite based on the target values and their intervention @ for the sum of ten PAHS
is 40mg/kg, meaning soil contamination exceeding thi &e required remediation while
concentration below it are considered less con@r the ecosystems and human health.
The total value of BaPeq range from }90 to 0.7893 mg/kg,this implied a moderate
carcinogenic burden, which coul@ose a severe health risk to human.
The diagnostic ratio and I&IMW indicate that the PAH in this study were from
petrogenic and pyro Q&urces.The lifetime carcinogenic risk on Ajakanga dumpsite
soil for child@}}gdult are 2.858%10° and 2.340%10° respectively, this implied that
within @’\10‘6 (2.858 million) children expose to Ajakanga dumpsite there is
po&h&[ity of 3 child having cancer and within 2.340x10¢ (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 4.04x10* and 2.48%10*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 m

The calculated Benzo[a]pyrene equivalent (BaPeq) concentrations (O& 893 mg/kg)
indicate a moderate carcinogenic burden, which, though b he World Health
Organization (WHO) guideline of 1 mg/kg for high c@m, still warrants serious
attention due to long-term exposure potential. Q

Diagnostic ratio analysis showed that both pyr@ and petrogenic sources contribute to
the contamination, consistent with emii&\@om open burning and petroleum residues.
When compared with intemati@tandards, the observed PAH levels surpass the
European Union (EU) and s %nvironmental Protection Agency (USEPA) soil quality
limits, which classif&centrations below 0.2 mg/kg as uncontaminated. In Nigeria,
NESREA ancé%%?b ental Guidelines and Standards for Industrial Processes (EGSIP)
similarlygnmend remediation when PAH levels exceed 1 mg/kg . Thus, the Ajakanga
dua&%represents a clear environmental pollution hotspot.

The Incremental Lifetime Carcinogenic Risk (ILCR) values for children and adults were
2.96 x 107 and 2.34 x 1075, respectively within the USEPA acceptable range of 107-10*,
indicating a low but notable cancer risk . The Hazard Quotient (HQ) and Hazard Index

(HI) values (4.04 x 10 for children and 2.48 x 10~* 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 contaminatio&mattem

at Ajakanga mirrors conditions in other urbanized and industrial env@ems of

developing nations. &Q/

Although the ILCR and HI values suggest a current low health ri persistently
elevated concentrations of carcinogenic PAHs—particularlzo[a]pyrene,

indeno[ 1,2,3-cd]pyrene, and benzo[b]fluoranthene p &tential long-term
environmental and public health threat. Accun%%fgof these compounds in the soil
ecosystem may lead to gradual ecologic M&tdation 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, 1is also recommended.
ii. Site Remediation: Contaminated dumpsites should undergo remediatithmques
like bioremediation, soil washing, or thermal desorption to r&QﬁAH levels.
ili. Regulation and Monitoring: Governments should enf ict regulations to
prevent illegal dumping and burning of hazardous waste. ar monitoring of air, soil,
and water quality around dumps@ is also necessary.

iv. Public Awareness: Educating communit@t the dangers of dumpsite pollution

and encouraging proper waste disposal %\i%s can reduce exposure risks.
S
S
S
&
\‘,?:b

142



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 3(&

mg/kg, which is significantly higher than the contamination threshold of 1.0 @

PAH Sources: Diagnostic ratio analysis indicated that the PAHs 01@:(1 from both

pyrogenic (combustion) and petrogenic (petroleum) sources. %

Cancer Risk: The estimated lifetime cancer risk for chl@ and adults fell into the
low-risk category, with values of 2.96 x 10°¢ anc%%& 0-¢ respectively.

Non-Carcinogenic Risk: The non—carcinbi@: 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

A deeper analysis of the specific sources of the pyrogenic and petrogaQ s found in

controlling PAH levels.

the dumpsite to better target mitigation strategies. Q
Expanding the study to include the analysis of PAHs in th. @ undwater and surface
water surrounding the dumpsite, as the document m: &this is a potential risk.
Evaluating the viability and effectiveness of @nt remediation techniques (e.g.,
bioremediation) for the specific type of, I@ontamination found at the Ajakanga

.

dumpsite.  The findings highl@e need for continuous monitoring and regulatory

control to reduce the long’—@ exposure risks.
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Appendix B&ﬁcture of the 16 priority polycyclic aromatic hydrocarbons
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LAB NO/2I

2025 FEBRUARY SAMPLE NO N1
2025 FEBRUARY SAMPLE NO N2
2025 FEBRUARY SAMPLE NO N3
2025 FEBRUARY SAMPLE NO W1
2025 FEBRUARY SAMPLE NO W2
2025 FEBRUARY SAMPLE NO W3
2025 FEBRUARY SAMPLE NO E1
2025 FEBRUARY SAMPLE NO E2
2025 FEBRUARY SAMPLE NO E3
2025 FEBRUARY SAMPLE NO CH1
2025 FEBRUARY SAMPLE NO CH2
2025 FEBRUARY SAMPLE NO CH3

2025 FEBRUARY SAMPLE NO C1
2025 FEBRUARY SAMPLE NO C2
2025 FEBRUARY SAMPLE NO C3
2025 FEBRUARY SAMPLE NO SI
2026 FEBRUARY SAMPLE NO 52
2025 FEBRUARY SAMPLE NO S3

Standard as QC Solution Conc. 4.0 ppm

R2 Values

SAMPLE

SAMPLE NO N1
SAMPLE NO N2
SAMPLE NO N3
SAMPLE NO W1
SAMPLE NO W2
SAMPLE NO W3
SAMPLE NO E1
SAMPLE NO E2
SAMPLE NO E3
SAMPLE NO CH1
SAMPLE NO CH2
SAMPLE NO CH3

SAMPLE NO C1
SAMPLE NO C2
SAMPLE NO C3
SAMPLE NO $1
SAMPLE NO S2
SAMPLE NO S3
Standard as QC Solution Conc. 4.0 ppm
R2 Values
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ppb Aacer

3.2760
4.0820
25206
48429
61559
8579
22532
1.8284
6.2965
8.4255
7.2484
43379

1.6902
4.5870
49453
57130
54068
22976
3.9998
0.9995

ppb Acridir

0.3985
0.2592
0.1606
0.3075
0.3908
0.5447
0.1431

0.1161
0.3998
0.5350
0.4602
0.2754

ppb Anthre

0.1809
0.1242
0.0770
0.1473
0.1873
0.2610
0.0685
0.0556
0.1916
0.2563
0.2205
0.1320

-

0.1073
0.2812
0.3140
0.3627
0.3432
0.1458
4.0035
0.9866

0.0514
0.1396
0.1505
0.1738
0.1645
0.0699
3.9897
0.9998

ppb Anthrz

0.3082
0.2005
0.1242
0.2378
0.3023
0.4213
0.1106
0.0898
0.3002
04138
0.3559
0.2130

0.0830
0.2253
0.2428
0.2805
0.2655
0.1128
3.9995
0.9988

ppb 10H-A

10.7588
6.9978
43364
8.3022
10.5529

14.7070
3.8626
3.1344

10.7940

14.4438

12.4258
74365

2.8975
7.8635
B4TTT
9.7937
92673
3.9387
3.9998
08970

ppb Antho

29138
1.8962
1.1745
2.2485
2.8581
3.9831
1.0461

0.8489

2.9234
3.9118
3.3653
2.0140

0.7847
21297
2.2960
2.6525
2.6009
1.0667
3.9857
0.9998



ppb Coronene

0.3682
0.2385
0.1484
0.2842
0.3612
0.5034
0.1322
0.1073
0.3684
0.4944
0.4253
0.2545

0.0992
0.2691
0.2902
0.3352
0.3172
0.1348
3.9992
0.9890

ppb Fluoranthene

1.2888
0.8383
0.5195
0.9945
1.2642
1.7618
0.4627
0.3755
1.2930
1.7302
1.4885
0.8908

0.3471
0.9420
1.0156
1.1732
1.1101
0.4718
4.0013
1.0000

ppb 9H-Fluorene -9-one

ppb 9H-Fluorene

04687 2.4656
03048 1.6037
0.1889 0.9938
0.3616 1.9026
04587 2.4184
06406 3.3703
0.1683 0.8852
0.1365 0.7183
04702 2.4736
06282 3.3100
05413 2.8476
03239 1.7042

0.1262 0.6640
0.3425 1.8021
03693 1.9428
04266 22444
04037 2.1238
01716 0.9028
3.9789 4.0126
0.9999 0.9988

ppb Indeno-1.2.3-cd Pyrene

0.5123
0.3332
0.2065
0.3953
0.5025
0.7003
0.1839
0.1493
0.5140
0.6878
0.5917
0.3541

0.1380
0.3745
0.4037
0.4664
0.4413
0.1876
4.0037
0.9900

ppb 1H-Indole

1.7931
1.1663
0.7227
1.3837
1.7588
24512
0.6438
0.5224
1.7890
2.4073
2.0710
1.2394

0.4829
1.3106
1.4129
1.6323
1.5445
0.6564
3.9689
0.9998

N

D
'béj
\®

ppb Isoquincline

0.2455
0.1597
0.0989
0.1894
0.2408
0.3356
0.0881
0.0715
0.2463
0.3296
0.2835
0.1697

0.0661

0.1794
0.1934
0.2235
0.2115
0.0899
3.9998
0.9970

ppb Naphthacene

0.7285
0.4738
0.2936
0.5621
0.7145
0.9958
0.2615
0.2122
0.7308
0.9780
0.8413
0.5035

0.1962
0.5324
0.5740
0.6631

0.6275
0.2667
4.0146
0.9998
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ppb Naphthe-1,2,3,4-def-Chryser

ppb Pentaphene
ppb Perylene

0.1287  2.1069 16.0946
0.0837  1.3704 10.4683
0.0519  0.8492 6.4871

0.0993  1.6258 12.4196
0.1262  2.0666 15.7866
0.1759  2.8801 22.0008
0.0462  0.7564 5.7782
0.0375 06138 4.6889
0.1291 21138 16.1472
01727  2.8286 21607
0.1486  2.4334 18.5883
0.0889  1.4563 11.1246

Q7

0.0347 0.5674 4.3345
0.0940 1.5399 11.7634
0.1014 1.6602 126821
0.1171 1.9179 14 6509
0.1108 1.8148 13.8634
0.0471 0.7713 5.8920
3.9877 4.0366 3.9994
0.9970 0.9996 0.9900

ppb Naphthe-2,3-f quinoline

23707
1.5420
0.9555
1.8294
2.3254
3.2407
0.8511
0.6907
2.3785
3.1827
2.7381
1.6386

0.6385
1.7327
1.8681
2.1581
2.0421
0.8679
3.9900
0.9999

ppb Phenanthraquinone

6.3208
41112
2.5477
4.8775
6.1998
8.6403
2.2693
1.8415
6.3415
8.4857
7.3002
4.3689

1.7023
46198
4.9806
5.7538
5.4445
2.3140
4.0354
0.9980

ppb 1H-Phenalene

20.5463
13.3638
8.2814
15.8548
20.1531
28.0861
7.3764
5.9858
206135
27.5835
23.7298
142016

5.5334
15.0171
16.1899
18.7032
17 6979
7.5217
3.9700
0.9989

ppb Phenantrene

3.4244
2.2273
1.3802
26425
3.3589
46810
1.2294
0.9976
3.4356
4.5972
3.9550
2.3669

0.9222
2.5028
2.6983
31172
2.9497
1.2536
4.0020
0.9999



ppb 9,10-Phenanthrenedione

1.2642
0.8222
0.5095
09755
1.2400
1.7281
04539
0.3683
1.2683
16971
1.4600
08738

0.3405
09240
0.9961
1.1508
1.0889
04628
3.0979
0.9990

ppb Phenanthridine

1.3698
0.8909
0.5521

1.0570
1.3435
18724
04918
0.3991
1.3742
1.8389
1.5820
0.9468

0.3689
1.0011
1.0793
1.2469
1.1799
05014
3.9985
1.0000

ppb 1,10-Phenanthroline

5.1746
3.3657
2.0857
3.9931

5.0756
7.0735
1.8578
1.5075
5.1915
6.9470
5.9764
3.5767

1.3936
3.7821

4.0775
4.7104
4.4573
1.8944
3.9988
0.9999

ppb Phenanthro-4,5-bed-thiophene

02779
0.1808
0.1120
02145
02726
0.3799
0.0998
0.0810
02788
03731
03210
0.1921

0.0749
02031
02190
02530
02394
01017
3.9875
0.9987

ppb Phenazine

14.8770
9.6764
5.9963

11.4801

14.5923

20.3364
5.3411
4.3342
14.9257
19.9725
17.1821
10.2830

4.0066
10.8735
11.7227
13.5425
12.8146
5.4463
4.0037
0.9985

\

ppb Phenazone

72673
4.7268
29202
56079
7.1282
9.9342
26091
21172
72911
9.7564
8.3933
50231

1.9572
53116
57264
66154
62598
26605
4.0027
0.9988

&

ppb Picene

0.1263
0.0822
0.0509
0.0975
0.1239
0.1727
0.0454
0.0368
0.1267
0.1696
0.1459
0.0873

0.0340
0.0923
0.0995
0.1150
0.1088
0.0462
3.9980
1.0032

>

ppb Quinoline

21.8019
14.1806
8.7875
16.8237
21.3847
29.8025
78272
63516
21.8732
29.2691
251799
15.0694

58715
15.9348
17.1793
19.8462
18.7794
7.9814
4.0014
1.0015

\‘
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ppb Triphenylene

4.6800
3.0440
1.8863
3.6114
4.5904
6.3974
1.6802
1.3634
4.6953
6.2829
5.4051
3.2348

1.2604
3.4206
3.6877
4.2602
4.0312
1.7133
4.0036
0.9987

z

1]

£

8 2

@ @

i 2
2 & &
2 3 o

(=1
5 H §
+ 2 2
@ (=] a
-] -3 =
a2 g a2

0.1103 8.9561 3.7848

0.0717 5.8252 24617
0.0445 3.6098 1.5265
0.0851 6.9111 2.9206
0.1082 8.7847 3.7124
0.1508 12.2427 5.1737
0.0396 3.2154 1.3588
0.0321 2.6092 1.1026
0.1107 8.9854 3.7972
0.1481 12.0236 5.0811
0.1274 10.3438 43712
0.0762 6.1904 2.6161

M\

0.0297 24120 1.0193
0.0808 6.5459 2.7663
0.0869 7.0572 2.9823
0.1004 8.1527 3.4453
0.0850 7.7145 3.2601
0.0404 3.2787 1.3856
3.9890 4.0033 4.0016
0.9983 1.0000 0.9987

ppb Dibenzo-thiophene

25272
1.6437
1.0186
1.9501
2.4788
3.4545
0.9073
0.7362
2.5354
3.3927
29187
1.7468

0.6806
1.8471

1.9913
2.3005
2.1768
0.9252
4.0042
1.0000

ppb Dibenzo-a,i-pyrene

67391

4.3833
27163
5.2003
66101

92121
24184
1.9633
67611
9.0472
7.7833
46580

1.8149
49255
53102
6.1346
5.8048
24671
3.9800
0.9987

ppb Dibenzo-a,h-pyrene

16.4008
10.6675
6.6105
12.6559
16.0870
224194
5.8882
47781
16.4544
22.0182
18.9420
11.3362

4.4169

11.8872
12.9234
14.9206
14.1271
6.0041

4.0000
0.9986



ppb Dibenzo-def p-chrysene

7.6756
4.9924
3.0637
6.9230
7.5287
10.4923
27557
22362
7.7007
10.3045
8.8649
5.3054

2.0671

5.6100
6.0482
6.9871

6.6115
2.8099
4.0022
1.0002

ppb a-pyrene

2.8784
1.8722
1.1601

2.2211

2.8233
3.9346
1.0334
0.8386
2.8878
3.8642
3.3243
1.9895

0.7752
2.1038
2.2681
26202
2.4793
1.0537
4.0042

0.9997

ppb 7H-Benzo-c-fluorene

30124
19593
12142
23246
29547
41179
1.0815
08776
3.0222
40442
347N

2.0822

08113
22017
2.3737
27422
25948
1.1028
3.8995

09887

ppb Benzo-b-fluoranthene

3.8468
2.5021
1.5505
2.9685
3.7732
5.2585
1.3811
1.1207
3.8594
5.1644
4.4429
2.6589

1.0360
2.81186
3.0312
3.5018
3.3136
1.4083
4.0016

1.0000

ppb Benzo-ghi-fluoranthene

1.9040
12384
0.7674
1.4602
1.8676
26027
0.6836
0.56547
1.9102
2.5561
2.1990
1.3160

05128
1.3916
1.5003
1.7332
1.6400
06970
3.8969

1.0001

ppb 11H-Benzo-b-flucrene

9.2107
5.9909
3.7125
7.1076
9.0345
12.5908
3.3068
26834
9.2409
12.3655
106379
6.3665

2.4806
6.7320
7.2578
8.3845
7.9338
3.3719
4.0000
0.9998

ppb Benzo-H-naphtho-1,2-flguinolene

0.3719
0.2418
0.1499
0.2870
0.3648
0.5084
0.1335
0.1083
0.3731
0.4893
0.4295
0.2570

0.1002
0.2718
0.2930
0.3385
0.3203
0.1361
4.0036
0.9983
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22313 3.6446
1.4513 2.3706
0.8994 1.4690
1.7218 28124
2.1886 3.5749
3.0502 49821
0.8011 1.3085
0.6501 1.0618
2.2386 3.6565
2.9956 4 8929
25771 42093
1.5423 25192

4
0.6009 09815
1.6309 26638
1.7582 28719
2.0312 3377
1.8220 31394
0.8169 1.3343
4.0042 3.9800
1.0000 09987

ppb Benzo-c-phenanthene

1.9687
3.3371
24150
6.4766
3.6483
3.2570
6.0601
26686
1.7513
2.5087
8.3129
2.3943

27284
1.6815
25145
1.7708
6.5670
7.9479
4.0000
0.9986

ppb Benzo-a-pyrene

0.1250
0.2119
0.1533
0.4112
0.2316
0.2068
0.3848
0.1694
01112
0.1593
0.5278
0.1520

0.1732
0.1068
0.1596
0.1124
0.4170
0.5046
4.0022
1.0002

ppb Benzo-e-pyrene

0.0599
0.1016
0.0735
0.1970
0.1110
0.0991
0.1844
0.0812
0.0533
0.0763
02529
00728

0.0830
0.0512
0.0765
0.0539
0.1998
02418
4.0042
0.9997

ppb Benzo-f-quinoline

0.0967
0.1639
0.1186
0.3180
0.1792
0.1599
0.2976
0.1310
0.0860
0.1232
0.4082
0.1176

0.1340
0.0826
0.1235
0.0870
03225
0.3903
3.9995
0.9987



ppb Benzo-h-quinoline

3.3750
5.7208
4.1399
11.1027
6.2543
5.5834
10.3888
4.5747
3.0023
4.3007
14.2507
4.1045

4.6773
2.8826
4.3105
3.0356

112578

13.6250

4.002
1.000

ppb Benzo-b-triphenylene

0.9141
1.5494
1.1212
3.0070
1.6939
1.5122
2.8136
1.2390
0.8131
1.1648
3.8596
1.1116

1.2668
0.7807
1.1674
0.8221

3.6901
4.004
1.000

ppb Benzo-Biphenylene

6.4452
10.9251
7.9061
21.2031
11.9439
10.6627
19.8397
8.7363
5.7335
8.2131
27.2148
7.8384

8.9323
5.5050
8.2318
57971
21.4992
26.0200
3.999
0.999

ppb 9H-Carbazole

1.0742
1.8209
1.3177
3.5339
1.9907
1.7771
3.3066
1.4561
0.9556
1.3689
4.5358
1.3064

1.4887
0.9175
1.3720
0.9662
3.5832
4.3367
4.002
1.000

. 4‘6‘

\

ppb Dibenz-a.h-acridine

0.3966
0.6722
0.4864
1.3046
0.7349
0.6560
1.2207
0.5375
0.3528
0.5053
1.6745
0.4823

0.5496
0.3387
0.5065
0.3567
1.3228
1.6009
3.097
1.000

ppb Dibenz-a,j-acridine

0.4297
0.7283
0.5271

1.4135
0.7963
0.7108
1.3226
0.5824
0.3822
0.5475
1.8143
0.5226

0.5955
0.3670
0.5488
0.3865
1.4333
1.7347
4.000
1.000
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ppb Dibenz-a.c-anthacene

16232
27515
19912
5.3400
3.0081
26854
4.9967
22003
14440
2.0685
6.8541
19741

22496
1.3864
20732
1.4600
54146
6.5532

4.004

0.998

ppb Dibenz-a,j-anthacene

0.0872
0.1478
0.1069
0.2868
0.1616
0.1442
0.2684
0.1182
0.0776
01111
0.3681
0.1060

ppb 7H-Dibenzo-a,g-carbazole

46668
79108
57246
15.3526
8.6483
7.7206
14.3654
6.3258
4.1515
5.9469
19.7055
56756

6.4676
3.9860
5.9605
41975
15.5670
18.8404
4.001
1.000

ppb Benzo-c-acridine

22797
3.8643
2.7964
7.4996
4.2246
37714
7.0174
3.0901
2.0280
2.9050
9.6260
27725

3.1594
1.9471
29116
2.0505
7.6043
9.2034
4033
0.999

ppb Benzo-e-acephenanthrylene

0.0396
0.0672
0.0486
0.1304
0.0734
0.0656
0.1220
0.0537
0.0353
0.0505
0.1673
0.0482

0.0549
0.0338
0.0506
0.0356
0.1322
0.1600
4.013
1.004

ppb Benzanthrone

6.8391
11.5928
8.3892
22.4989
12,6738
11.3143
21.0521
92702
6.0839
8.7150
28.8779
83174

9.4782
5.8414
8.7349
6.1514
22.8130
27.6101
3.999
1.000

ppb Benzo-c-chrysene

1.4681
24885
1.8008
4.829
27206
24287
45190
1.9899
1.3060
1.8708
6.1989
1.7854

2.0346
12639
1.8750
1.3205
4.8970
59268

3.987

0.999



ppb Benzo-g-chrysene

0.0346
0.0586
0.0424
0.1138
0.0641
0.0572
0.1065
0.0469
0.0308
0.0441
0.1461
0.0421

ppb Benzo-c-cinnoline

2.8095
4.7622
3.4462
9.2424
5.2063
4.6478
8.6481
3.8081
2.4992
3.5801
11.8629
3.4167

ppb Benzo-a-dibenzothiophene

1.1873
20125
1.4564
3.8058
2.2002
1.8642
3.6546
1.6083
1.0562
1.5128
5.0132
1.4438

1.6454
1.0141
1.5164
1.0679
3.9603
4.7931
3.998
1.003

ppb TPAHS

2427626
187.3738
128.6406
280.0955
272.3918
346.2725
185.8057
109.8230
242.4819
327.4869
394.0274

188.7272
Y
106.2040
184.0515
211.2274
223.3269
300.5690
2218334
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1 ead City University (1 CU), Ibadan
Motto: Knowledge for Self Reliance

Oba Otudeko Avenue. Toll gate Area, PP (. Box 30675 Secrctaria, thadan. Cvo Staie. Nigeria
www fou cdueng

Departrnent of Chercal Sciences

Tre Managing Director
tiottainai Recycling

Shoun Ajagungbade, Bodija
Ibadan

24 July 2024

Dear Sur/Madam,

Request for Access to the Waste Dump Sites

The bearer, Mr. Fowosere Olatilewa David is a registered MSc Student of Lead City University, Ibadan in

the Department of Chemical Sciences. He is presently working on a research project titled “Polycyclic

Aromatic Hydrocarbons in Waste Dump Sites in Ibadan™ and | am his research supervisor for the project.

He needs to collects soil samples from the waste dump sites for analysis to assess the levels of polycyclic

aromatic hydrocarbons (PAHs) in them. The results of the project is purely for academic purpose but the
result will add value by providing data on the levels of PAHs in the waste dump sites which could be one
of the sources of these compounds in the sites. The results of the study will also contribute to local,
national and international data on the levels of PAHSs in the environment. PAHSs are toxic compounds in
the environment and the need for effective waste management to reduce their levels in the environment
is essential. This results of this study may assist in deveicping such strategies. |shall be grateful if you will

grant him access.

Thank you for your cooperation.

'
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=

Tz vearer, Mr. Fowosere Qlatilewa David is a registered M5c Student of Lead City Un}versity, Ibadan in
He is presently working on a research project titled “Polycyclic
'radan” and I am his research supervisor for the project.
dump sites for analysis to assess the levels of polycyclic

{7 Department of Chemical Sciences.
Aromatic Hydrocarbons in Waste Dump Sites in |
He nzeds tc collects soil samples from tie waste
aromatic hydrocarbons (PAHs) in them. The results of the project is purely for academic purpose but the
result will add value by providing data on the Ievgls of PAHs in the waste dump sites which could be one
ne sources of these compounds in the sites. The results of the study will also contribute to local,
ional and international data on the levels of PAHs in the environment. PAHs are toxic compounds in
the environment and the need for effective waste management to reduce their levels in the environment
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MINISTRY OF ENVIRONMENT AND NATURAL RESOURCES
SECRETARIAT, IBADAN,
OYO STATE OF NIGERIA.

E-mail: oyoenvironment17@gmail.com

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

Your Ref. No

Our Ref. \|!AD151?/115 ///HBSE fher ' 302?‘”

The Dump Manager
Ajakanga Dump Site,
Oluyole Local Governiment,

.
Tbadan,

RE: REQUEST FOR ACCESS TO THE WASTE DUMP SITE

I am directed to inform you that, Mr. Fowosere Oiatilewa David, a Post
Groduate student of Lead City University, Ibadan, Department of Chemical
Sciences, is carrying out a research work on ™ Polycylic Aromatic
Hydrocarbons in Waste Dump Site in Tbadan * and that you should to allow
nimm to collect soil sample at your dump site.

2. The research work is for academic purpose.

3. Thariks for your cooperation in this regards.

ﬁﬁfﬁ;

for: Honourable Commissioner
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Victure Of a Burning Dumpsite
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