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ABSTRACT

The indiscriminate disposal of solid waste and the proliferation of open dumpsites pose serious
threats to soil quality, groundwater integrity and plant health. This study evaluated the ecological
risk associated with heavy metals in soils collected around open dumpsites in Oluku, Benin City,
Edo State, Nigeria. Ten soil samples were randomly collected using an auger and analyzed for
heavy metal concentrations using Atomic Absorption Spectrophotometry (AAS). The mean
concentrations of the analyzed metals ranged from 1.22 mg/kg for Cu to 3.05 mg/kg for Mn,
following the decreasing order: Mn > Cd > Pb > Cr > Ni > Co > Zn > Fe > Cu. The
contamination factor (CF) values for Fe, Zn, Cu, Pb, Cd, Mn, Ni, Cr and Co were 1.23, 1.26,
1.22, 1.95, 2.48, 3.05, 1.36, 1.42 and 1.29, respectively, indicating moderate contamination by
Cd and considerable contamination by Mn. The ecological risk factor (Eir) of individual metals
revealed that Cd (mean = 74.4) contributed the highest ecological risk, followed by Mn (30.58)
and Pb (9.77). The overall potential ecological risk index (RI) was 133.92, suggesting a
moderate level of ecological risk in the study area. The findings imply that uncontrolled
dumping and anthropogenic activities contribute significantly to the accumulation of toxic
metals in the soil, which may pose long-term environmental and health risks. Proper waste
management strategies and periodic monitoring of soil quality are therefore recommended to
mitigate further contamination and safeguard environmental health.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Developing countries face a daunting challenge of managing rapidly increasing waste generation,

which is exacerbated by inadequate facilities and resources (Samadder et al., 2017). The inability

of waste management authorities to cope with the volume of waste generated has led to

indiscriminate disposal, transforming many Nigerian cities into sprawling ghettos. This has

resulted in severe pollution of land, air and water, exposing the population to numerous health

hazards. A healthy environment is intricately linked with human health and pollution from

various sources, including industrial emissions, agricultural runoff and sewage disposal, can

have devastating consequences. The disposal of waste on land poses significant risks, including

surface and groundwater contamination by leachate and bioaccumulation of toxic heavy metals

in soil (Ghrefat et al., 2012). Heavy metals, such as mercury, arsenic and lead, can accumulate in

soil and be taken up by plants, leading to biomagnification up the food chain (Qu et al., 2012).

Moreover, heavy metal contamination can hamper soil productivity by disrupting soil fauna and

flora. Municipal solid waste open dumps are a significant source of groundwater, surface water

and soil contamination, posing a major threat to environmental and human health (Samadder et

al., 2017). Landfill leachate often contains high levels of heavy metals, which can persist in the

environment and pose long-term health risks (Moody et al., 2017). Exposure to heavy metal-

contaminated soils can occur through ingestion, dermal contact, or inhalation and can have

adverse health effects, particularly in children (Saeedi et al., 2012). The issue of groundwater

contamination by landfill waste has been a concern since the 1970s, particularly in developing
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countries where waste management practices are often inadequate (Oyelami et al., 2013).

Uncontrolled dumping and unscientific disposal of municipal solid waste can lead to severe

environmental and health consequences, emphasizing the need for effective waste management

strategies.

In 2018, Thailand generated approximately 27.8 million tons of waste, representing a 1.64 %

increase from 2017. Despite recycling efforts, which accounted for 9.58 million tons (34 %) of

the waste, the country still faces significant waste management challenges. Hazardous waste

content totaled 638,000 tons, a 3.2 % increase from 2017, largely due to urbanization, population

growth and tourism (Pollution Control Department, 2018).

Thailand has numerous community waste disposal sites, with 3,205 sites across the country, of

which 2,785 are open and 419 are closed. Unfortunately, many of these open dumpsites lack

proper design and management, posing environmental and health risks. Groundwater, often used

for agriculture and livestock purposes without testing or treatment, is particularly vulnerable to

contamination.

Heavy metals, naturally occurring in the earth's crust, have been increasingly released into the

environment through human activities. Anthropogenic sources of heavy metals include vehicle

emissions, industrial processes, waste disposal and consumer products such as batteries, paints

and pesticides. These metals can accumulate in the environment and pose significant health risks.

Research has shown elevated levels of heavy metals in various environments, including street

dusts (Mnolawa et al., 2011), agricultural soils (Dinev et al., 2008), cemeteries (Amuno, 2013),

solid waste dumps (Adelekan and Alawode, 2001), oil and gas facilities (Iwegbue et al., 2006)

and lake sediments (Li et al., 2013). Exposure to high levels of heavy metals can cause a range
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of health problems, from mild illnesses like gastrointestinal disorders and respiratory issues to

life-threatening diseases such as cancer, cardiovascular disease and kidney damage (Mahmood et

al., 2014).

Health and ecological risk assessment is an appropriate tool for assessing and quantifying the

probable adverse effects of different pollutants on human health and environment (Krcmar, et al.,

2018). Calculating the risk value can help policymakers perform strategies to mitigate adverse

health effects through removing the source of pollution, Therefore, to run an effective program

for a further control of human health risk, a comprehensive health and ecological risk assessment

is needed.

1.2 AIMAND OBJECTIVES

This research work is aimed at investigating the environmental risk posed by heavy metals in

around open dumpsite.

The Specific objectives include to:

i. determine the heavy metal concentration, such as Zn, Pb, Ni, Cd, Mn, Fe, Cr, Al and Cu

in soil around open dump site..

ii. assess the contamination factor and potential ecological risks of heavy metal

contaminants in the soil.

1.3 STATEMENT OF PROBLEM

The indiscriminate disposal of solid waste in open dumpsites is a common practice in many

developing regions, often due to inadequate waste management infrastructure. These dumpsites
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frequently contain a variety of hazardous substances, including heavy metals such as lead (Pb),

cadmium (Cd), arsenic (As), mercury (Hg) and chromium (Cr), which pose significant

environmental and public health risks. When waste is exposed directly to the ground, heavy

metals can leach into the surrounding soil and groundwater, potentially contaminating local

water supplies, affecting vegetation and disrupting soil microbial communities.

Despite increasing awareness of the dangers posed by heavy metals in the environment, many

open dumpsites remain unmonitored, with limited data on the concentrations and mobility of

these contaminants. Moreover, there is often a lack of systematic ecological risk assessment to

determine the extent of environmental degradation and the potential threat to nearby ecosystems

and human populations. This situation is particularly alarming as heavy metals are non-

biodegradable, tend to accumulate in the food chain and can have long-term toxic effects on

plants, animals and humans. In the absence of comprehensive ecological assessments,

policymakers and stakeholders lack the necessary information to design effective mitigation

strategies or enforce environmental regulations. Therefore, there is a critical need to assess the

ecological risks associated with heavy metals in open dumpsites, particularly those located near

residential areas, agricultural lands, or water bodies. Such assessments will provide a scientific

basis for risk management and help guide remediation efforts to protect environmental and

public health.

1.4 JUSTIFICATION OF STUDY

The increasing use of open ground dumpsites for waste disposal presents significant

environmental and public health concerns, particularly in areas lacking effective waste

management systems. This study is necessary to assess the ecological and human health risks



5

associated with heavy metal contamination resulting from such practices. Heavy metals like lead,

cadmium, mercury, arsenic and chromium, often present in domestic, industrial and electronic

waste, are non-biodegradable and tend to persist in the environment. When these metals leach

into the soil, they can alter its structure, reduce fertility, interfere with microbial activity and

inhibit plant growth, ultimately disrupting the balance of local ecosystems. In addition to

environmental degradation, the presence of heavy metals in soil and water sources poses serious

health risks to nearby human populations. These toxic elements can enter the food chain through

crops grown on contaminated soil or through drinking water sourced from polluted groundwater.

Long-term exposure to heavy metals has been linked to a range of severe health problems,

including neurological disorders, kidney and liver damage, weakened immune function,

reproductive issues and various cancers. Vulnerable groups such as children and pregnant

women are especially at risk. Despite these dangers, many open dumpsites remain unassessed

and there is often limited data available on the levels of heavy metals and the associated risks in

specific locations. This study seeks to fill that gap by generating site-specific data and

conducting a thorough ecological risk assessment. The findings will provide valuable insights for

policymakers, environmental regulators and health authorities, enabling them to make informed

decisions about waste management, land use and public health protection. Moreover, the

research will contribute to the broader goal of promoting environmental sustainability and

safeguarding human well-being in affected communities.
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CHAPTER TWO

LITERATURE REVIEW

2.1 OVERVIEW

The rapid industrialization and population growth in many countries have led to a significant

increase in waste generation, with thousands of tonnes of waste produced daily (Sharma and

Shah, 2005; CPCB, 2004; Shekdar et al., 1992). Solid waste, comprising organic and inorganic

materials, is a major cause of pollution and is generated by human and animal activities in urban

societies (Berkun, 1991; Mee and Topping, 1998). The composition of solid waste varies widely

depending on socio-economic conditions, location and waste management practices (El-Fadel et

al., 1997).

The increasing amounts of municipal solid waste generated annually have raised concerns about

the economic and environmental sustainability of current waste disposal methods

(Daskalopoulos et al., 1998). While developed countries have established regulatory frameworks

for waste disposal, developing countries often rely on unsophisticated methods such as open

dumps (Kocasoy, 2002). Open dumps pose significant environmental and health risks, including

the generation of leachates and obnoxious odors and can act as breeding sites for disease-causing

vectors (Everett, 1992; Knoll, 1983; Adhikari et al., 2006). The lack of proper waste

management infrastructure in developing countries exacerbates the problem, with open dumps

often unfenced and lacking leachate and gas control systems (Krajewski et al., 2001). This can
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lead to the spread of diseases such as cholera, diarrhea and typhoid fever (Fobil et al., 2008;

Everett, 1992; Knoll, 1983; Afrane et al., 2004). Effective waste management strategies are

essential to mitigate these risks and promote a healthier environment.

The rapid urbanization, changing lifestyles and population growth in developing countries have

led to a significant increase in the quantity and complexity of solid waste generated (Alam and

Ahmade, 2013). Unfortunately, the current municipal solid waste management practices in these

countries are inadequate, leading to environmental and health problems (Srivastava et al., 2015).

The absence of effective waste management systems has resulted in communities resorting to

indiscriminate dumping and open burning, posing significant threats to public health and the

environment (Ejaz et al., 2010). Open dumps are a common feature in many developing

countries, including Ethiopia and can lead to air and water pollution (Ejaz et al., 2010).

The illegal disposal of waste can lead to the generation of greenhouse gases, leachate and other

pollutants that can contaminate soil, water and air (Bobeck, 2010). In urban areas, municipal

solid waste can clog drains, creating breeding grounds for insects and leading to flooding during

rainy seasons (Ejaz et al., 2010).The improper disposal of municipal solid waste has been linked

to various health problems, including malaria, diarrhea and respiratory infections (Kafando et al.,

2013). Exposure to pollutants from waste can also cause a range of health issues, including

respiratory problems, skin irritation and gastrointestinal disorders (De and Debnath, 2016).

Vulnerable populations, such as children, the elderly and those with pre-existing medical

conditions, are disproportionately affected by the health impacts of poor waste management

(Zanobetti et al., 2000). Long-term exposure to pollutants from waste can lead to chronic health

effects, including respiratory problems and lung cancer (WHO, 2000). Maternal exposure to air

pollution from waste can also have adverse birth outcomes, including low birth weight and
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preterm birth (Rushton, 2003). Effective waste management practices are essential to mitigate

these health and environmental impacts.

Waste disposal methods, including open dumps, landfills, sanitary landfills and incinerators, are

notable sources of metal emissions into the environment (Yarlagadda et al., 1995; Waheed et al.,

2010; Iwegbue et al., 2010; Rizo et al., 2012). Leachate generation is primarily linked to

precipitation infiltration through waste, resulting in leachate migration into groundwater and

subsequent pollution (Samuding, 2009). Leachate migration has led to soil contamination with

heavy metals like lead, copper, zinc, iron, manganese, chromium and cadmium, which pose

serious problems due to their non-biodegradable nature (Hong et al., 2002). The primary sources

of heavy metals in landfills are industrial waste, incinerator ash, mine waste and household

hazardous materials like batteries, paints and dyes (Erses and Onay, 2003). Heavy metal

contamination of soil from waste disposal sites is a significant issue in industrial and urban areas

(Mandal and Sengupta, 2006). Soils act as a sink for heavy metals released into the environment,

as many heavy metals bind to soil particles (Obiajunwa et al., 2002). When assessing pollutant

levels in soil and leachate at contaminated sites, direct results are often necessary for soil

classification and determining remediation strategies (Banar et al., 2007).

2.2 IMPACTS OF HEAVYMETALS POLLUTION

Heavy metals have played a significant role in human development since ancient times. Early

humans used metals like gold, silver and copper for various purposes and the advent of mining

and metallurgy established the connection between heavy metals, pollution and human history

(Sharma et al., 2016). Industrial activities like mining and metal recovery drove economic

growth and technological advancement. However, large-scale smelting of heavy metals in
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ancient times, such as during the Roman Empire, resulted in environmental pollution and

adverse health effects.

Heavy metals like copper, gold and mercury were also used in ancient medicines, art and

agriculture. However, their toxic effects were not well understood until recent times. The

Minamata disease outbreak in Japan in the 1950s and the Iraq grain poisoning incident in the

1970s highlighted the dangers of methylmercury. The US Environmental Protection Agency

(EPA) first listed 24 hazardous substances, including heavy metals like lead, mercury and

cadmium, in 1978. The Agency for Toxic Substances and Disease Registry (ATSDR) has also

classified heavy metals as priority pollutants due to their potential harm to humans (Dokmeci,

2020).

Under normal conditions, heavy metal levels in nature are minimal and non-threatening.

However, human activities have led to a significant increase in heavy metal levels in the

environment, posing a threat to living organisms due to their bioaccumulation, persistence and

toxicity (Sharma et al., 2016; Ali et al., 2021). The introduction of heavy metals into marine

systems can result in various chemical, biological and physical processes, affecting the

environment and the metals themselves (Guo et al., 2018). Heavy metals can impact plants and

animals in aquatic areas, causing changes in population density, diversity and community

structure. However, natural factors like temperature and light can influence these responses,

making it challenging to assess the impacts of heavy metal pollution (Martinez et al., 2018).

Heavy metals can also affect cellular components, leading to DNA damage, apoptosis and

carcinogenesis (Tchounwou et al., 2012). The effects of heavy metals on human health, plants

and animals have been extensively discussed in the literature (Ayangbero et al., 2017).
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2.3 SOURCES OFHEAVYMETALSAROUND OPEN DUMPSITES.

Open dumpsites are significant environmental hazards due to their potential to release various

heavy metals into surrounding soil, water and air systems. These heavy metals originate from

multiple anthropogenic sources and can persist in the environment, posing long-term risks to

ecosystems and human health.

1. Leachate from Mixed Municipal Waste

Open dumpsites are a significant source of heavy metal pollution, primarily due to the leachate

generated from decomposing municipal waste. As rainwater seeps through the waste, it dissolves

and transports heavy metals like lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni) and zinc

(Zn) into the soil and groundwater (Saheed et al., 2020). In Ibadan, Nigeria, the leachate from

dumpsites has been found to contain high concentrations of heavy metals, exceeding the limits

set by the World Health Organization (WHO) and Nigerian Standards for Drinking Water

Quality (NSDWQ) (Saheed et al., 2020). This highlights the need for proper waste management

practices to mitigate the environmental and health risks associated with heavy metal pollution.

2. Electronic Waste (E-Waste) and Batteries

E-waste dumpsites, which receive discarded electronic devices such as mobile phones,

computers, televisions and batteries, are significant sources of heavy metal pollution. These



11

wastes contain toxic elements like mercury (Hg), arsenic (As), lead (Pb) and cadmium (Cd). A

study at the Onitsha e-waste dumpsite in Nigeria found high levels of aluminum (Al), copper (Cu)

and nickel (Ni) in the soil due to unregulated dismantling and open burning of electronic

components (Odoh et al., 2022).

3. Automobile Parts and Used Lubricants

Abandoned car parts and used engine oils at open dumpsites are significant sources of heavy

metals, including chromium (Cr), lead (Pb), copper (Cu) and nickel (Ni). These pollutants can

enter the environment through leaching or direct spillage and corrosion of vehicle components

(Nduka et al., 2008). A study at the Ugwuaji dumpsite in Enugu found heavy metals like

manganese (Mn), iron (Fe) and arsenic (As) in the environment, which were linked to waste

from automobiles (Okorie et al., 2022).

4. Open Burning of Waste

Open burning, a common practice in unmanaged dumpsites to reduce waste volume, results in

the release of heavy metals into the environment. When plastics, e-waste and rubber materials

are burned, toxic metals like lead (Pb), cadmium (Cd) and chromium (Cr) are released into the

air and eventually settle in nearby soils and water bodies (Ideriah et al., 2006). A study in Port

Harcourt found higher concentrations of metals during the dry season, when open burning is

more frequent, highlighting the seasonal variability of heavy metal pollution in the area (Ideriah

et al., 2006).

5. Industrial and Construction Debris
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Heavy metals like arsenic, lead and zinc can also contaminate the environment through the

disposal of industrial waste, such as paint cans, metal scraps and building materials. This is

particularly common in urban and peri-urban dumpsites where waste is not properly sorted

(Awoyemi et al., 2023). The lack of effective waste management practices in these areas

contributes to the presence of these toxic metals.

2.4. EFFECTS OF HEAVY METAL CONTAMINATION ON PLANT PHYSIOLOGY
AND NUTRIENT DYNAMICS

Fruits and vegetables are crucial for daily nutrition due to their high content of proteins,

carbohydrates, vitamins, minerals and fibers (Baghaie and Fereydoni, 2019). A diet rich in fruits

and vegetables offers numerous health benefits, including lower blood pressure, reduced risk of

heart disease and stroke, prevention of certain cancers and protection against eye and digestive

problems. Given these benefits, the World Health Organization (WHO) recommends consuming

at least 400 grams of fruits and vegetables daily, excluding starchy tubers like potatoes (WHO,

2004). Despite their nutritional value, vegetables can absorb significant amounts of toxic metals

from the environment (Xiong, 1998; Cobb et al., 2000). These metals accumulate in various

plant parts, including roots, stems, fruits, grains and leaves. Heavy metals pose a significant

environmental threat due to their toxicity, persistence and non-degradability, particularly in

urban areas (Zwolak et al., 2019). Elevated metal levels in agricultural soils and plants primarily

result from human activities like mining, smelting, waste disposal, vehicle emissions, sewage

and the use of agrochemicals. The application of agrochemicals and wastewater for irrigation is a

primary source of metal contamination in vegetables (Mahmood and Malik, 2014; Chauhan and

Chauhan, 2014). In addition to soil-to-plant transfer, metals can accumulate through aerial

deposition on leaf surfaces. Heavy metal accumulation in edible plants poses severe health risks,

including cellular damage and carcinogenic effects (Jomova et al., 2011). The presence of toxic



13

metals in food can also reduce essential nutrients, leading to weakened immune function and

malnutrition-related disabilities (Liu et al., 2005).

2.5. HEALTH IMPACTS OFHEAVYMETALS

Heavy metals can enter the human body through ingestion, skin absorption, or inhalation. These

toxic metals are a significant concern for human health due to their capacity to damage cellular

membranes, alter DNA structure and interfere with protein functions and enzymatic activities.

Heavy metals can infiltrate the food chain through plant uptake, contamination during food

processing, or trophic transfer (Witkowska et al., 2021). Although these metals occur naturally in

trace amounts, they become hazardous to humans and other organisms when present in high

concentrations (Shakya and Agarwal, 2020). Unlike energy, which diminishes as it progresses

through trophic levels, heavy metals persist and accumulate in ecosystems, emphasizing the need

for rigorous monitoring of metal concentrations in soil, particularly around quarry sites, to

ensure food safety and minimize health risks, including carcinogenic effects. These metals are

present in trace amounts in natural water bodies, yet many are toxic even at low concentrations.

At elevated levels, both essential and non-essential heavy metals can disrupt cellular functions,

compromise enzyme activity and damage DNA integrity (Wu et al., 2016).

Lead poisoning generally occurs after extended exposure over a long period, typically months or

years (ATSDR, 2020). Young children, especially those under six, are the most at risk, as even

minimal lead exposure can result in lasting health problems during crucial developmental phases.
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In adults, significant exposure can be deadly. The symptoms of lead poisoning vary widely and

may include weight loss, high blood pressure, headaches, stomach pain and various cognitive

and neurological disorders. Other consequences include kidney damage, fertility problems,

gastrointestinal issues, heart disease and gradual failure of multiple organ systems.

Accumulation of chromium in the body can cause several adverse health effects, commonly

manifesting as allergic responses, digestive problems, reduced male fertility and damage to the

nervous, cardiovascular, liver and kidney systems. The presence and extent of chromium

poisoning are usually determined through blood and urine tests (Franchini and Mutti, 1988).

Hexavalent chromium [Cr(VI)] compounds—like chromium trioxide (CrO₃), sodium chromate

(Na₂CrO₄), potassium chromate (K₂CrO₄) and potassium dichromate (K₂Cr₂O₇)—are especially

toxic to the skin and are known to cause serious burns. These skin injuries can act as a pathway

for chromium to enter the body and cause systemic toxicity (Jumina and Harizal, 2019).

Following contact with potassium chromate, skin fibroblasts may undergo mitochondria-driven

cell death (apoptosis) (Lee and Goh, 1988). In healthy human fibroblast cultures, Cr(VI)

exposure triggers activation of ATM kinase, a protein crucial for managing cellular responses to

DNA damage (Ha et al., 2004), which leads to DNA breaks during the S phase of the cell cycle.

Animal studies have shown that exposure to chromate compounds can result in skin

inflammation, swelling, tissue death and in extreme cases, deep skin damage and scarring

(ATSDR, 2012). Ingesting Cr (VI) can rapidly cause digestive issues such as abdominal pain,

gastritis, duodenal ulcers and liver conditions like cirrhosis (Katsas et al., 2024). Symptoms from

oral exposure typically include nausea, vomiting, diarrhea, stomach pain and fever shortly after

ingestion.



15

Chronic exposure to nickel and its compounds can result in serious health consequences, such as

lung fibrosis, kidney and cardiovascular diseases and cancers of the respiratory tract (Zambelli et

al., 2016). Another crucial aspect of chronic exposure to heavy metals is their carcinogenic

potential. Although the precise mechanisms are not fully understood, it is believed that

disruptions in genomic integrity and gene expression play a role. Carcinogenic metals like

arsenic, cadmium and chromium can interfere with DNA synthesis and repair processes,

contributing to their toxic and carcinogenic effects (Koedrith et al., 2013). The toxicity and

potential for carcinogenicity of heavy metals depend on the dosage. Increased levels of arsenic

in limestone negatively affect both plants and humans. Exposure to arsenic can lead to damage to

vital organs, including the brain, liver and kidneys and is also associated with an increased risk

of cancer (Srinivasa et al., 2007; Anake et al., 2018). . Elemental mercury, a widely distributed

environmental toxicant, can cause numerous changes in body tissues, leading to adverse health

outcomes (Sarlak, 2015). When absorbed through environmental exposure, mercury accumulates

in the kidneys, neurological tissues and liver, resulting in effects such as neurotoxicity,

nephrotoxicity and gastrointestinal issues (De Miguel et al., 2007)
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CHAPTER THREE

MATERIALSAND METHODS

3.1 THE STUDYAREA

The study area Oluku and environs is located in Ovia North East local government area in Edo

State. The area lies between Latitude N060 and Longitude E0050. The area is accessible from

Uselu axis of the Benin-Lagos Road. The study area is known for hosting an active compressed

natural gas station; active sand mining sites. Many of these sand mines have been turned into

open dumpsites by residents due to non-adherence to international best practices by mine

developers. These activities are potential sources of heavy metal enrichment in the environment.

3.2 THE GEOLOGYOFTHE STUDYAREA

The study area Oluku and environs (latitude 6°25′59″N and longitude 5°35′59″E), lies within the

Benin Formation, a major stratigraphic unit of the Southern Sedimentary Basin. The Benin

Formation is composed predominantly of reddish to reddish-brown lateritic sands, sandy clays,

silts, gravels and ferruginized sandstones (Short and Stauble, 1967; Akujieze and Irabor, 2014).



17

The surface layer is typically lateritized, underlain by loose sands and sandy clays, often with

reticulate mud cracks. Parkinson (1907) first described this lithologic unit as “Benin Sand,”

representing deposits of a paleo-coastal environment dating from the Paleocene to Pleistocene.

Subsequent studies (Tattam, 1943) referred to the sequence as “Coastal Plain Sands,” extending

across parts of Benin, Calabar, Owerri and Onitsha. These sediments constitute the upper

continental facies of the Niger Delta, reflecting ancient fluvial and coastal plain depositional

systems.

3.3 SOIL SAMPLING

10 soil samples were randomly obtained from ten (10) different locations within Oluku environs

of including control samples obtained Iyowa, a community with no record of any active

dumpsites. The soil samples were collected as topsoil (0-15cm) using the hand auger. After being

carefully labeled and kept in a clean plastic container, the soil samples were transported to the

University of Benin, Ecotoxicological Laboratory for additional processing.

3.4 SAMPLE PREPARATION

After being allowed to air dry in the lab, the soil samples were sieved using 2mm screen and

placed in clear polyethylene bags with a well line until further analysis.

3.4.1 Digestion

1g of soil samples was broken down by hydrofluoric acid, nitric acid, perchloric acid and

sulfuric acid (HF-HNO3-HCLO4-H2SO4) in aqua regia. Next, 50 ml of distilled water was added

to the clear digest.
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3.4.2 Chemical Analysis

Using an Atomic absorption spectrophotometer AAS the concentration of heavy metals in soil

samples were measured.

3.4.3 Contamination factor (CF)

It is the proportion of each metal to the background values of that metal in the current sample.

CFi = (
�������� ������

������ �� ����������
) (3)

Where, Cmetal of sample is the observed value of individual metal and Cmetal of background is the

background value (Sadhu et al., 2012; Likuku et al., 2013)

low ≤1,

moderately 1≤ CF <3,

considerably = 3 ≤CF <6

very high ≥6.

3.4.4 Ecological Risk Factor (ERF) and Potential Ecological Risk Index (PERI)

The first method to quantify different degrees of ecological risk in sediments was put out by

Hakanson (1980).

ERi = Tr x CFi (7)

Where, ER =ecological risk of each metal, Tr, = toxic response factor for each heavy metal.



19

PERI = �=1
�=9 ���� (8)

Slightly < 40

mediumly 40-80

strongly 80-160,

very strongly = 160-320

extremely strong≥ 320,

Table 3.1: Grade standards for potential ecological risks

Risk level Low risk Moderate risk High risk Very high
risk

Disastrous
risk

Grade I II III IV V
Eir <40 40≤ Eir 80 80≤ Eir 160 160≤ Eir 320 Eir≥320
PERI <95 95≤ RI<190 95≤ RI<380 RI>380
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CHAPTER FOUR

PRESENTATION OF RESULTS

The results of contamination factor (CF), Ecological risk and potential ecological risks (PERI) of

heavy metals in soil obtained from the study area is presented in Table2 and Table 3 respectively.

The CF values of Fe ranged from 1.11-1.42 with averaged value of 1.23. The value of Zn ranged

from 1.01-1.60 with and averaged value of 1.26. CF values of Cu ranged from 0.91-1.47 with an

averaged value of 1.22. Pb (1.56-2.28), Cd (1.8-3.66), Mn (2.9-3.41), Ni (1.28-1.51), Cr (1.31-

1.56) and Co (1.15-1.35). The results of ecological risk index (Eir) of individual metals and the

potential ecological risk factor (overall risk index RI) in the soils are presented in Table 6. It was

observed that the ecological risk index of each metal decrease in order of

Cd>Mn>Pb>Ni>Cu>Cr>Co>Zn>Fe. The Eir of Cd varies from (38-110) with mean value of 74.4.

Mn varies from (28.04-34.19) mean value of 30.58, Pb, (7.82-11.43) with mean of 9.77, Ni

ranged from (6.42-7.59) with mean values of 6.81, Cu (4.55-7.35) with mean of 5.68. Cr (2.62-

3.12) mean of 2.85, Co (1.15-1.365) with mean of 1.29, Zn (1.02-1.60) with mean of 1.26 and Fe

(1.18-1.42) with a mean of 1.23.
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Table 4.1: Results of contamination factor of heavy metals in soil samples analyzed in the area of study.

Heavymet
als

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Mean

Fe 1.338645 1.180923 1.179517 1.118819 1.401453 1.429107 1.121865 1.180455 1.173424 1.269745 1.239395

Zn 1.282663 1.017884 1.600596 1.387978 1.425733 1.098857 1.147541 1.322901 1.132638 1.206657 1.262345

Cu 5.292135 4.55618 6.264045 5.485955 6.539326 7.353933 6.233146 6.033708 6.511236 7.132022 1.228034

Pb 11.31783 10.50388 7.829457 8.75969 9.186047 10.5814 11.43411 10.03876 8.837209 9.302326 1.955814

Cd 109 83 64 65 75 53 38 54 110 93 2.48

Mn 30.71429 33.66667 31.57143 31.57143 31.04762 27.80952 29 34.19048 28.2381 28.04762 3.058571

Ni 7.198068 7.592593 7.093398 6.89211 6.650564 6.425121 6.457327 6.795491 6.449275 6.626409 1.363607

Cr 2.773684 3.036842 2.626316 2.910526 2.652632 2.847368 2.668421 2.821053 3.115789 3.121053 1.428684

Co 1.150538 1.311828 1.215054 1.295699 1.365591 1.365591 1.317204 1.33871 1.27957 1.333333 1.297312
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Table 4.2: Ecological risk index and potential ecological risk index of heavy metals in soils.

Heavy
metals

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Mean
(Eir)

Fe 1.338645 1.180923 1.179517 1.118819 1.401453 1.429107 1.121865 1.180455 1.173424 1.269745 1.239395

Zn 1.282663 1.017884 1.600596 1.387978 1.425733 1.098857 1.147541 1.322901 1.132638 1.206657 1.262345

Cu 5.292135 4.55618 6.264045 5.485955 6.539326 7.353933 6.233146 6.033708 6.511236 7.132022 5.684551

Pb 11.31783 10.50388 7.829457 8.75969 9.186047 10.5814 11.43411 10.03876 8.837209 9.302326 9.77907

Cd 109 83 64 65 75 53 38 54 110 93 74.4

Mn 30.71429 33.66667 31.57143 31.57143 31.04762 27.80952 29 34.19048 28.2381 28.04762 30.58571

Ni 7.198068 7.592593 7.093398 6.89211 6.650564 6.425121 6.457327 6.795491 6.449275 6.626409 6.818035

Cr 2.773684 3.036842 2.626316 2.910526 2.652632 2.847368 2.668421 2.821053 3.115789 3.121053 2.857368

Co 1.150538 1.311828 1.215054 1.295699 1.365591 1.365591 1.317204 1.33871 1.27957 1.333333 1.297312

Risk Index
(RI)

133.9238
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CHAPTER FIVE

DISCUSSION OF RESULTS

5.1 CONTAMINATION FACTOR (CF)

The result of contamination factor of the metals analyzed across sampling sites is shown in

Table …..The contamination factor of heavy metals revealed that Fe ranged from 1.11-1.42, Zn

(1.01-1.60), Cu (0.91-1.47), Pb (1.56-2.28), Cd (1.8-3.66), Mn (2.9-3.41), Ni (1.28-1.51), Cr

(1.31-1.56) and Co (1.15-1.35). The contamination factor was used to determine the extent of

contamination of heavy metals in soils using the control values. The mean CF values of heavy

metals in the soils within the study area with the exception of Mn (CF > 3.05) pose moderate

contamination. While Mn indicates considerable contamination. This suggests that industrial

activities and indiscriminate dumping of refuse are contributing to the presence of these metals

especially Cd and Mn to the soils which is a major sink of contaminants. This findings is

consistent with (Smart et al., 2023) who reported moderate and considerable contamination in

their research shows that cadmium (Cd) recorded the highest CF values in Locations 1(3.63) and

9(3.66) with an overall mean value of 2.48. Mn recorded its highest value in Location 4 (3.41)

and has an overall average value of (3.05). The mean CF values of other aforementioned metals

were below 2.This implies that all soil bound Cd and Mn in the sampling locations show

considerable contamination soils in the area of research (1≤ CF<3)

5.2 ECOLOGICALRISKS

The results of ecological risk index (Eir) of individual metals and the potential ecological risk

factor (overall risk index RI) in the soils are presented in Table 6. It was observed that the

ecological risk index of each metal decrease in order of Cd>Mn>Pb>Ni>Cu>Cr>Co>Zn>Fe.

The Eir of Cd varies from (38-110) with mean value of 74.4. Mn varies from (28.04-34.19) mean
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value of 30.58, Pb, (7.82-11.43) with mean of 9.77, Ni ranged from (6.42-7.59) with mean

values of 6.81, Cu (4.55-7.35) with mean of 5.68. Cr (2.62-3.12) mean of 2.85, Co (1.15-1.365)

with mean of 1.29, Zn (1.02-1.60) with mean of 1.26 and Fe (1.18-1.42) with a mean of 1.23.

Among the metals analyzed Cadmium (Cd) recorded the highest ecological risk index with mean

value of 74.4 (40≤ Eir 80) posing moderate risk to the environment, this was succeeded by

Manganese (Mn) with mean value of 30.58 (Eir <40) posing low ecological risk to the

environment. The (Eir) values of Lead (Pb), Nickel (Ni), Copper (Cu), Chromium (Cr), Cobalt

(Co), zinc (Zn) and iron (Fe) indicates that they possess low ecological risk to the environment.

This aligns with the findings of (Smart et al., 2023; Tesleem et al., 2023; Soltani-Gerdefaramarzi

et al., 2021) who reported similar higher (Eir) values for Cd. The International Agency for

Research on Cancer (IARC) classified Cd as carcinogenic among other health risk associated

with its dietary intake that are related to neurons, skeleton and kidneys including cardiovascular

disorders (Renleri et al., 2022). Sources of cadmium includes industrial wastes, vehicular

emissions, burning of coal, incineration of wastes and disposal of Ni-Cd batteries have very great

influence in the ecological assessment of study. The overall or cumulative risk index (RI) was

133.92, this implies that the soils around the sampling area and the environment are at moderate

risk of pollution of toxic metals which might increase the vulnerability of humans to diseases.
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CONCLUSION

The present study investigated the concentration and the level of contamination within an open

dumpsite in Oluku. A preliminary assessment of the ecological risk posed to the environment

was carried out. The results of contamination factor indicates that Mn had the highest value

posing considerable contamination. The sampling locations showed that Cd and Mn

demonstrated considerable and moderate ecological risk. It is suggested that municipal wastes

sites should be sited far away from residential areas and should be located in geologic settings

with non-permeable materials to prevent leaching of effluents into groundwater sources.
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