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Abstract 

Nigeria's oil-rich Niger Delta region is the country's lifeblood, contributing 85% of the national 

economy. Paradoxically, the region remains heavily dependent on fishing and farming as essential 

means of survival. However, its entire ecosystem, which supports these services, is under severe 

threat due to relentless crude oil exploration. This study uses the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) systematic literature review protocol to design 

a framework. This framework depicts the various impacts of oil spills on the Niger Delta 

ecosystems, particularly forest ecosystems, rural livelihoods and food security. The review process 

was completed in four stages: data acquisition, document screening, qualitative data extraction, 

and results presentation. First, data acquisition involved searching relevant articles from various 

sources, including Google Scholar, Web of Science, Elsevier Scopus, PubMed Central and 

relevant grey literature. Exclusion criteria were used to remove documents that were not relevant 

for this research. The included article used a reproducible method, reported relevant outcomes, and 

focused on oil pollution in the Niger Delta of Nigeria. One hundred and fifteen (115) full-text 

publications were eventually obtained for data analysis using NVIVO software. 

The result analysis stage involved the coding, identification, and interpretation of themes obtained 

by querying the compendium of information obtained. Three layers that bear different components 

and subcomponents that are affected by crude oil were identified. The first layer (Layer 1) consists 

of humans, Aquatic Environment, and Terrestrial Environment. The authors discussed the impacts 

of oil pollution on the Humans component, with a percentage probability of 78% greater than 

both Aquatic Environment and Terrestrial Environment components. Layer 2 consists of six 

factors that are affected by oil spills. Of these factors, Human Health and Mortality 

Rate and Forest Habitat and Ecosystem Services share equal significance. However, the impact 

on Water was scarcely discussed by authors, as it accounts for just 39.1% probability. Layer 3 
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consists of sixteen factors (16). Some of the most discussed factors by authors are Aquatic 

Vertebrates, Vegetation, and Consumption patterns. In contrast, some of the least discussed 

factors are Human Displacement, Conflicts, Aquatic Invertebrates, Human Exposure, and Food 

Quality. 
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Lay Summary 

Nigeria’s economy depends on the oil-rich Niger Delta region. Despite the immense contribution 

from oil companies in the region, its inhabitants still reply on agriculture as a primary means of 

sustenance. Unfortunately, the region’s agricultural resources are under serious threat from oil 

exploration. Hence, this research investigates the impacts of oil pollution in the region using the 

PRISMA protocol. The protocol was divided into data extraction, document screening, qualitative 

data extraction and results analysis phases. Qualitative data extraction was done with the help of 

NVivo software, while the data obtained were analysed. It was observed that impacts on the 

Humans were mostly considered by authors, while fewer authors discussed impacts on Aquatic 

Environment and Terrestrial Environment. Additionally, the livelihood system of the Niger Delta 

people was impacted significantly. The research culminated in the creation of a Niger Delta oil-

impact framework that could serve as a roadmap for future researchers. 
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Preface 

This research was born out of the need to establish a research framework to enable environmental 

scientists and environmentalists alike to accurately measure the various impacts of oil pollution in 

the Niger Delta region of Nigeria. Although the literature is already awash with interesting research 

in this domain, the developed framework will certainly serve as a better guide to making objective 

judgements about the impacts of oil pollution in the region. Three major ecosystem components 

as they relate to the region were considered: namely Humans, Aquatic Environment and Terrestrial 

Environment. I designed the research methodology and objectives with the inclusion of 

consequential inputs and suggestions by my supervisor, Prof. Terry Sunderland and members of 

the supervisory committee, Prof. Jeanine Rhemtulla and Prof. Robert Kozak. Prof. Terry 

Sunderland led the conceptualization of the research and with his advice, I used PRISMA flow 

method of systematic review for my method and developing the research framework. 
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Chapter 1 : Introduction 

1.1 Background 

Our global economy has a heavy reliance on fossil fuels. These fossil fuels are not just for energy 

generation but also for transportation, agriculture, building construction and industrial 

manufacturing. However, the reliance on fossil fuels has led to the establishment of multinational 

crude oil processing companies and their servicing counterparts (Pickl, 2019). There are over 200 

oil and gas companies worldwide, and a growing number of subsidiaries and other smaller oil 

servicing companies (Muspratt, 2019). The supermajors in the oil and gas industry include 

Chevron, Total, Exxon Mobil, and Shell. These conglomerate oil firms have become household 

names in the global economy (Satyakti, 2017). Without a doubt, these companies have contributed 

immensely to the global economy. However, the results of their industrial activities have 

accelerated climate change and environmental degradation through oil pollution and GHG 

emissions. For example, around 45% of the world’s greenhouse gas (GHG) emissions, which cause 

climate change, are attributed to energy supply and industrial activities (Yihui & Sokhi, 2008). 

About 58% of these GHG are made up of carbon dioxide (CO2) released from the combustion of 

fossil fuels (Yihui & Sokhi, 2008). 

Oil exploration and extraction activities by oil and gas companies have inadvertently contributed 

to the release of harmful hydrocarbons into our environment through accidental spills from oil rigs 

and offshore platforms during pipeline installation, dredging, and oil transportation by tankers and 

ships (Zhang et al., 2019). The two major primary avenues through which the oil and gas industry 

degrades our environment and upset our natural ecosystem are oil spills and gas flaring, and their 

effects have been felt in oil-producing communities where there is an increased frequency of acid 

rain which contributes to global climate change (Amadi, 2014). So, the overall incidence of oil 

spillage has caused air, land, and water pollution, which threatens the well-being of rural 
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inhabitants. Accidental oil spillage is inevitable in an oil-producing environment. As a result, the 

consequences of oil spillage is soil degradation resulting from the destruction of soil 

microorganisms, causing many untold hardships to a growing population. These events are 

particularly evident in the Niger Delta region of Nigeria. 

Despite the impacts of oil spillage in the Niger Delta, the accrued benefits of hosting multinational 

oil companies in the Niger Delta communities cannot be overlooked. The presence of these 

companies has provided jobs to some Niger Deltans. For example, according to SPDC (n.d), 66% 

of the 4,500 Nigerians employed in SPDC are indigenous Niger Deltans. This implies that only 

2,970 Niger Deltans are oil workers out of the 30 million plus population of the region. The 

remaining Niger Deltans who are not gainfully employed in these companies engage in other 

livelihood activities ranging from farming and agricultural extension services to other jobs. For 

instance, in a survey undertaken by Ikechi et al. (2014), 246,909 responses collated were made up 

of farmers and agricultural extension workers. In the face of these benefits, statistics from Nigerian 

National Petroleum Corporation (NNPC) have indicated that yearly, 300 spills occurred in the 

Niger Delta with an estimated 2,300 cubic metres of oil spilled into the environment between 1975 

and 1995 (Osuagwu & Olaifa, 2018). In contrast, records from the World Bank have debunked the 

figures provided by NNPC because their archive showed that the annual spills in the Niger Delta 

were more than ten times those reported by NNPC. The frequency of oil spills has, in recent times, 

increased exponentially. In fact, Akinwumiju et al. (2020) showed that between 2006 and 2019 

about 7,943 oil spill incidents have occurred in the Niger Delta. As a result, farmers and 

agricultural extension workers are the worst hit in the event of an oil spill. Hence, it is evident that 

there is a nexus between oil production and Niger Delta rural livelihoods. However, at the moment, 

there is no universal framework that accurately and systematically measures or shows the 

multifaceted impacts of crude oil pollution in the Niger Delta. Establishing a framework in this 
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context will provide researchers with enough information to prioritise their research interest in the 

areas where it is most needed. It will also assist all stakeholders in the Niger delta in developing a 

better strategy to address the impacts of oil spills. 

1.2 Research Question 

How does oil pollution in the Niger Delta affect forest ecosystems and rural livelihoods? 

1.3 Research Objectives 

The main objective of this research is to develop a framework for accurately depicting the impacts 

of oil pollution in the Niger Delta. 

1.4 The Current Challenges in Niger Delta Nigeria 

The Niger Delta of Nigeria covers an area exceeding 29,900 km2 with a population of over 30 

million people (Kuenzer et al., 2014).  It is rich in crude oil and is also a biodiversity hotspot (Onu, 

2003). The region's fertile ecosystem supports resources such as oil palm, coconut, cocoa, rubber, 

and timber (Watson, 2014; Arugu, 2015; Yekeen, 2019). Ironically, the region, which now 

contributes 85% of the national revenue via crude oil exports, remains heavily dependent on 

agriculture as an essential means of survival (Ekanem & Nwachukwu, 2015). Oil exploitation has 

increased local degradation through dredging, oil spill and gas flaring, resulting in increased 

biodiversity loss, soil infertility, and forest loss in the Niger Delta (Akinro et al., 2008; Kadafa, 

2012a). The high exploitation and extraction rate of crude oil results from the collaboration 

between the Federal Government of Nigeria and the leadership of the Niger Delta communities. 

The collaboration has enabled multinational companies to establish mining and drilling sites for 

crude oil and natural gas in this region (Figure 1.1). Unfortunately, in mining these resources, 

around 40 million litres of the extracted crude oil accidentally discharges into the aquatic and 

terrestrial environment surrounding these mining sites, mostly through sabotage and a culture of 
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poor maintenance (Ratcliffe, 2019). Consequently, the Niger Delta ecosystems and their 

accompanying habitats have been severely affected (Eluozo, 2018). For example, Obida et al. 

(2018) showed that 29% of the 565,000 people in the surrounding communities (about 2% of the 

Niger Delta population), were poisoned through the ingestion and consumption of oil-polluted 

drinking water and agricultural produce, respectively. Osuagwu & Olaifa (2018) carried out a 

study on the effects of oil spills on fish production in the Niger Delta and report that oil pollution 

jeopardizes fish hatcheries in coastal waters and adulterates the flesh of commercial fish, making 

it inedible.  

Production-level oil exploration requires a large expanse of lands, which means that other activities 

will be overridden. Thus, oil exploration in the Niger Delta is mostly carried out via exploratory 

wells. There are 6,400 oil wells that are interconnected to oil pipelines with networks (Figure 1.1) 

that surround the landmass of the regions and cover 1,143km across the Niger Delta region 

(Akinwumiju et al., 2020). The quantity of oil wells and extent of pipeline networks in the region 

has intensified crude oil exploration in the region, resulting in the contamination of soil, which is 

indispensable for healthy plant growth (Izah et al., 2018; Enuoh & Ogogo, 2018). Furthermore, 

low soil fertility has led to downward trending agricultural yields, which has resulted in reduced 

food productivity. This decrease in agricultural productivity has also led to an increased incidence 

of poverty within the Niger Delta (Akpokodje & Salau, 2015). In the context of environmental 

degradation, the overall impacts of oil spills have reduced access to safe and nutritious food 

suitable for the region's populace's dietary needs. The early harvest of crop yields to avoid 

excessive loss from oil spills is an added consequence of environmental degradation within the 

Niger Delta. Further destruction of the populace's livelihood opportunities leads to loss of income 

and increased antisocial activities, such as kidnapping, robbery and oil pipeline sabotage 

(Nwachukwu & Mbachu, 2018). The proliferation of these activities is a result of the absence of 
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fertile land in the upland Niger Delta and pollution of water bodies in the coastal areas, which 

greatly impact the livelihoods of the local communities.  

 

Figure 1.1: Map of Niger Delta with all crude oil production and transmission activities [data 

source: Fischer et al. (2008)] 
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1.5 The vegetation Type in Niger Delta, Nigeria 

The vegetation of the Niger Delta is richly bio-diversified and accounts for various ecosystems, 

including swamp forest, lowland rainforest, and mangrove forest (Ayalande, 2014; Igu & 

Marchant, 2017). The Niger Delta is not only naturally endowed with mineral resources such as 

crude oil but also harbours a high level of species biodiversity in terms of tree and animal species 

but also varieties of tree and animal species (Seiyaboh & Izah, 2017). The Nigerian wildlife 

ecosystem comprises about 7,895 plant species (including 338 families and 2,215 genera), over 

22,000 animal species (vertebrates and invertebrates, including 20,000 insects, 100 birds, 1,000 

fishes, 247 mammals, and 123 reptiles), and 1,489 microorganisms (Osawaru et al., 2013; Izah, 

2018). Specifically, certain sites in the Niger Delta region of Nigeria share this multiplicity of 

biodiversity (Izah, 2018). For example, in Wilberforce Island, Bayelsa State, there are 45 mammals 

(and 21 families), 78 avian fauna (belonging to 27 families) and over 56 plant species (Izah, 2018). 

Another example is seen in the Nun River forest of Bayelsa state, where there are 36 mammals 

(belonging to 18 families) and 18 reptiles (belonging to 12 families), and 67 avian fauna belonging 

to 25 families (Izah, 2018). A unique species, West African lucinid bivalve Keletistes rhizoecus, 

also exists in the Niger Delta (Zabbey et al., 2010).  

Summarily, the Niger Delta is rich in biodiversity, essentially because of the different ecological 

zones it supports and the assemblage of varieties of wildlife and different species of organisms 

(Ayanlade & Drake, 2015). Ezenwaka & Graves (2014) highlighted some benefits of the Niger 

Delta ecosystem, which are provisioning of consumables such as food and water; regulating 

services such as erosion and flood control, climate regulation and water purification; cultural 

services that rather promotes the practice of few recreational activities, educational and spiritual 

benefits; and supporting services such as soil formation, biomass production, habitat provision and 

water cycling. The local people of the Niger Delta depend heavily on the provisioning services 
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(consumptive and extractive benefits) of the Niger Delta ecosystem for basic livelihood 

requirements and wellbeing (Ezenwaka & Graves, 2014).  For instance, the ecosystem provides a 

wide variety of timber and non-timber forest products including aquatic resources, whose 

byproducts are further used for medicine, food, and utensils (Ezenwaka & Graves, 2014).  

Essentially, there are three main forest types, namely mangrove forest, freshwater swamp forest 

and lowland rainforest in the Niger Delta, Nigeria. Mangrove forests are found in the intertidal 

zone of tropical regions in the world and it is richly biodiverse and serves as an interface between 

the land and sea (Gajula et al., 2020; Kumari et al., 2020). Freshwater swamp forests are forests 

that are usually inundated with freshwater. They are rich in minerals and occur seasonally or 

permanently in tropical, subtropical and temperate regions. Usually, they are found at the lower 

parts of water bodies (Bada, 2018). Lowland tropical rainforests are one of the most complex 

ecological zones with evergreen tree species having a great height of about 60m. The lowland 

forest is also characterised by flourishing trees with dense canopies (Glime, 2019). In light of the 

Niger Delta, these forest types will be discussed considerably in subsequent subsections. 

1.5.1 Mangrove Forest   

In the Niger Delta, mangroves are the most predominant forest ecosystem and accounts for around 

50% of the total mangroves in West Africa with high levels of species diversity (14 taxa of 

macrofauna with over 60 species), although not comparable with those of terrestrial forests 

(Carugati et al., 2018; Ewah-Oboho et al., 2005, U.S Geological Survey, 2013). This forest 

ecosystem provides a diverse range of benefits, including conservation of biodiversity, soil and 

water, as well as timber production (Igu, & Marchant, 2016; Igu & Marchant, 2018). These 

ecological services, in turn, improve living conditions for local inhabitants. The mangrove habitat 

also provides refuge for varieties of fish species and food in the form of fish and shellfish harvested 

https://www.nature.com/articles/s41598-018-31683-0#auth-Laura-Carugati
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by local communities and, most importantly, food chain support (Onyena & Sam, 2020). 

Organisms such as zooplankton (e.g., Cyclopoida, Ostracoda, and Cladocera) which are mainly 

found floating in water, is an important food source for many aquatic organism (Ikhuoriah et al., 

2015) and a significant proportion of the foods eaten in the Niger Delta comes from the aquatic 

environment (Etuk et al., 2020). Other benefits of the mangrove forest ecosystem are the provision 

of wood fuel for both cooking and drying fish.  

The tree trunks protruding out of the muddy soil is one of the significant characteristics of 

mangroves (IUCN, n.d.). These trunks harbour a host of other species such as fish and crustaceans 

(IUCN, n.d.). The trees are usually 40 meters high or as shrubs below the high-water level of spring 

tides (Ohimain, 2016). This vegetation formation has a remarkable ability to sequester carbon 

dioxide more effectively than other terrestrial ecosystems (Huxham et al., 2018; Donato et al., 

2011, Alongi, 2014). Unfortunately, the mangrove environment has been severely affected by oil 

pollution. Dredging for oil exploratory activities in the Niger Delta disturbed mangroves, 

providing an opportunity for colonization by Nypa palm weeds (Nababa et al., 2020; Feka & 

Ajonina, 2011). This palm was introduced to Calabar in the early 1900s and has since spread 

throughout West Africa (Sunderland and Morakinyo, 2002). Figure 1.2 illustrates the changes in 

the mangrove rainforest over 33 years and the progression in the loss of Niger Delta mangrove 

forest can be visibly observed. From the figure, in the year 1987, Bayelsa state was densely 

occupied by the mangrove rainforest and terrestrial forests, but 13 years later, the loss of these 

ecosystems is noticeable. Worse still, in 2020, the mangrove forest became further degraded and 

replaced with sparse vegetation. Terrestrial forests are now gradually taken over by local 

settlements and mangroves have now been replaced with bare swamps. Oil exploration activities, 

invasion of the Nypa palm species (Nypa fruticans), exploration of the mangrove for fuelwood, 

agriculture, urbanisation is some of the important drivers of mangrove forest change in the Niger 
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Delta (Nababa et al., 2020; Feka & Ajonina, 2011). Around 4,000,000 cubic metres of Mangrove 

woods are harvested in Nigeria. In the same vein, coastal Nigeria is also a host to 85% of all 

industries which has led to a population explosion in this region (Ibe and Awosika, 1991). 

However, oil exploration activities and urbanisation are the major drivers of this change (Kadafa, 

2012a). Particularly, oil exploration has, over a period of 26 years (1980-2006), caused the loss of 

approximately 2568ha of mangrove forest and this number has gone up in recent times (Feka & 

Ajonina, 2011). 

 

Figure 1.2: Changes in land use cover for major Niger Delta states [data source: Fischer et al. 

(2008)] 
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1.5.2 Freshwater Swamp Forests 

The freshwater swamp forest ecosystem is defined globally by its unique physical and chemical 

processes, which differentiate them from other forest ecosystems (Igu & Marchant, 2016). It 

covers about 17,000 km2 which is about half of the entire Delta region (Igu & Marchant, 2017). 

The freshwater swamp forest ecosystem plays a vital role in regulating the climate, sequestering 

carbon, controlling flooding and purifying water (Omokhua & Koyejo, 2008). They are usually 

associated with streams and rivers that often flow into the surrounding sea. Niger Delta’s 

freshwater ecosystem lies between the lowland rainforest and mangrove swamp forest, providing 

a transition zone between them whilst serving as a migratory boundary for both fauna and flora 

(Ibimilua, 2013; Igu & Marchant, 2017).  It is also a supplier of timber and forest products to the 

local population (UNDP, 2006). The ecosystem is home to aquatic species such as crayfish, prawn 

and crocodile. The soils of freshwater swamp forests are usually fertile due to the migration of rich 

mineral sediments transported from the sea to the land during flooding. This helps replenish the 

soil nutrients as well as providing the ability to recover from natural ecosystem disturbances 

(Thomas & Baltzer, 2002). Freshwater swamp forests are occasionally classified into seasonally 

flooded swamp forests and permanently flooded swamp forests. Freshwater tree species usually 

exceed 30m in height (Omokhua & Koyejo, 2008). Despite the potential of regulating coastal water 

flow and eliminating sediment and pollutants from moving water, evidence suggests that the 

ecosystem is in jeopardy. The devastation of floodwaters caused by rising temperatures and 

climate change resulting from gas flaring (oil exploration activities) and deforestation could lead 

to the dwindling of its biodiversity (Omokhua & Koyejo, 2008; Agbagwa & Ekeke, 2011). This 

claim has been corroborated by Igu (2017) who revealed that the freshwater swamp forests now 

have a low species biodiversity due to a reduction in the number of species and loss of species 

habitats which can be closely linked to industrialization and urbanization. Hence, adequate 



11 

conservation measures have to be institutionalized across landscapes to preserve the already few 

species in the freshwater swamp forest ecosystem. 

1.5.3 Lowland Rain Forest  

The Nigerian Lowland Forest ecosystem is restricted to a narrow band along the southwest 

Nigerian coast, stretching from east of Benin to west of the Niger Delta. Mangrove and swamp 

forests separate the lowland forest. In the North, the lowland tropical rainforest gradually 

transitions into the Guinea Forest-Savanna Mosaic (WWF, n.d.). The lowland rainforest is one of 

the most complex ecological zones in the Niger Delta region. Local medicines, wild foods and 

timber products are all derived from this vegetation. Some commonly found species are Terminalia 

ivorensis (used in traditional medicine as a diuretic and for the management of renal failure), 

Triplochiton scleroxylon (used as a rich protein food and providing shades for cocoa 

plantations) and Terminalia superba (used for the treatment of a variety of disease including but 

not limited to female infertility, diabetes mellitus and abdominal pains) (Ayanlade, 2014; Moomin 

et al., 2020, Fern, 2014; Kougnimon et al., 2018). Endemism is low in the Niger Delta region, 

despite the sharp divide between the Niger River and Dahomey Gap in the Benin Republic 

compared to other lowland forest ecosystems in West and Central Africa (WWF, n.d.). Certain 

animal species, such as the endemic Niger Delta red colobus (Piliocolobus epieni), are already 

being threatened by forest loss. 

 

In recent times, the biodiversity of the lowland rainforest has declined due to gas flaring, 

uncontrolled oil spill, loss of forest and urbanization. The constant release of non-biodegradable 

industrial wastes from crude oil processing companies has caused enormous environmental 

damage and loss of fauna and flora habitats (Izah et al., 2018). 
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1.6 Current State of Niger Delta’s Livelihood Systems 

Livelihood systems are trades, businesses or profitable activities that people are involved in which 

ensure their survival (CIFOR, n.d). It could also mean the process of acquiring the necessities of 

life (i.e., food, water, shelter, and clothing). Generic examples of livelihood systems are farming, 

fishing, commerce, and tourism. According to the 2006 census, the Niger Delta population density 

sits around 30 million and for every square kilometer, there are 256 people (Fund for Peace, 2016). 

The majority of this population engage in agricultural practices, such as fishing and farming, which 

serves as their major livelihood system, with 2,604 fisheries households which is incomparable 

with the number of farmers in the region (Abah, 2013). The region has a pluralistic land tenure 

system in which multiple households could own a particular piece of land (Hennings, 2021). 

Subsistence farmers who live in the upland areas of the region rely on fertile arable land for 

growing crops. Marketing their farm produce to support their families comes immediately after 

harvesting. Similarly, in the coastal areas, fishers usually wade through neighbouring water bodies 

devoid of crude oil pollution to catch fish for subsistence use and also for sale.  

 

However, the sustainability of the region’s livelihood system is not guaranteed. On several 

occasions, the Federal Government of Nigeria had allocated suitable agricultural lands to the oil 

industry for the mining of crude oil (Albert et al., 2017). Hence, community members have  lost 

their rights to occupy those lands because such lands have no legal tenure which eventually lead 

to loss of livelihoods (Baba et al., 2020). The fallout from mining activities in the Niger Delta 

pollute lands and damage the soil structure, making the environment unsuitable for farming even 

after mining operations are suspended for some time. For instance, the 20 years plus Shell 

Petroleum Company oil exploration in Ogoni Land, Niger Delta, has left enormous carbon 

footprints and deposits of hydrocarbons in the environment, which has destroyed both the 
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agricultural sector and manpower in the community (Lindén & Pålsson, 2013). This has worsened 

the state of the already moribund livelihood systems and led to revenue loss to both the Local 

Government and Federal Government (Ijekeye, 2019). Hence, the overall impact of the 

appropriation of agricultural lands to oil companies trickles down to even the Federal Governments 

of Nigeria and the associated Niger Delta communities. As a result, rural dwellers in the Niger 

Delta now struggle to access basic human needs such as clothing, food and shelter because their 

lands, which once provided means of survival, are now unsuitable for agricultural practices. This 

situation becomes even more difficult when peasant farmers have to grapple with degraded lands, 

psychologically impacting them. The health risks associated with this worrisome situation are 

discussed in Chapter 3 of this thesis.  
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Chapter 2 : Methodology 

2.1 Methodological Approach 

This study investigated the effects of oil pollution on forest ecosystems, food security, and the 

livelihood of residents in Nigeria's Niger Delta. A systematic review using the PRISMA protocol 

was conducted. The PRISMA protocol, which stands for Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis, is an evidence-based minimum set of items for reporting systematic 

reviews and meta-analysis in a transparent and thorough manner (Page et al., 2020; Foli et al., 

2015). In this work, I conducted the systematic review in four stages: Data Acquisition, 

Data/Document Screening, Qualitative Data Extraction and Results Analysis (Figure 2.1).  

 

Figure 2.1: Stages of the systematic review 
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2.1 Data Acquisition 

This phase of the research involved the gathering of information from different credible sources. I 

conducted literature searches on the Web of Science, Google Scholar, Elsevier's Scopus Database, 

PubMed Central (R) and sources of grey literature, such as Amnesty Nigeria, United Nations 

Development Programme (UNDP), Food and Agricultural Organisation (FAO), United Nations 

(UN) and Center for International Forestry Research (CIFOR). There was also some preliminary 

scoping. Scoping helps reduce unnecessary searching to ensure that studies do not exceed the 

stipulated timeline for the research.  

 

Figure 2.2: Scoping architecture developed from a careful observation of the research title and 

objective 

 

This scoping strategy was the basis of the search terms queried from the literature resources. The 

scoping served as a minimalistic blueprint that I followed during the process of acquiring data 
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from relevant sources. The preliminary stage of the data acquisition also involved selecting 

research keywords. I queried the data sources with the search strings shown in Table 2.1. In Table 

2.1, the base search strings were combined to form the derived search strings. Google Scholar, 

Elsevier’s Scopus Database and PubMed Central were queried using these search strings. Using 

the Google Search Engine, I identified certain gray literature that are in the forefront of research 

in the environmental issues of Niger Delta, Nigeria and publish periodic reports and issues 

pertaining to environmental sustainability in the Niger Delta region. These gray literatures were 

queried using the identified search strings. In using the Google Search Engine, I implemented the 

logical operators in the derived search string by simply replacing AND and OR with “&” and “+”, 

respectively. A total of 250 citations were acquired after executing the search queries. Table 2.2 

shows the respective number of articles retrieved from each queried data source. 

Table 2.1: Search strings utilized 

SEARCH STRINGS 

Base Search Strings Derived Search Strings 

“Niger Delta”; “Niger Delta Nigeria”; 

“Niger Delta of Nigeria”; “Biodiversity”; 

“Biodiversity loss”; “Loss of biodiversity”; 

“Vertebrates”; “Invertebrates”; “Climate 

change”; “Gas flaring”; “Forest”; “Forest 

Ecosystem”; “Vegetation’; “Exploration”; 

“Oil production”; “Crude oil production”; 

“Extraction”; “Crude oil extraction”; 

“Crude oil mining”; “Crude oil”; “Oil”; 

“Ogoni land”; “Crude oil pollution”; “Oil 

pollution”; “Oil spill”; “Oil spillage”; 

“Farming”; “Farmers”; “Fishing”; 

“Fishers”; “Fishermen”; “Agriculture”; 

“Human”; “Human health”; “Health”; 

“Water”; “River”; “Land” 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Biodiversity”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Biodiversity loss” OR “Loss 

of biodiversity”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Vertebrates”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Invertebrates”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Climate change”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Gas flaring”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Forest” OR “Forest 
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Ecosystem”)] 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Vegetation”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Agriculture”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Exploration” OR “Oil 

production” OR “Crude oil production”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Extraction” OR “Crude oil 

extraction” OR “Crude oil mining)]; 

[(“Ogoni land”) AND (“Crude Oil” OR “Oil”)]; 

[“Ogoni land” AND (“Crude oil pollution” OR “Oil 

pollution” OR “Oil spill” OR “Oil spillage”)] 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Farming” OR “Farmers”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Fishing” OR “Fishers” OR 

“Fishermen”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR Niger 

Delta of Nigeria) AND “Ecosystem”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR Niger 

Delta of Nigeria) AND “Crude oil”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Oil Spillage” OR “Oil Spill” 

OR “Crude oil spill” OR “Oil Pollution” OR “Crude oil 

pollution” OR “Pollution”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Agriculture”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Health” OR “Human health”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Human”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND “Water” OR “River”]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 
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Delta of Nigeria”) AND “Land]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Survival” OR “Livelihood”)]; 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria” ) AND (“Environment” OR 

“Environmental” OR “Environmental Degradation” OR 

“Degradation”)] 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Habitat”)] 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Habitat” OR “Aquatic 

Habitat”)] 

[(“Niger Delta” OR “Niger Delta Nigeria” OR “Niger 

Delta of Nigeria”) AND (“Habitat” OR “Terrestrial 

Habitat”)] 

 

Table 2.2: Number of articles retrieved from each data source 

Data Source Number of Articles Retrieved 

Google Scholar 105 

Elsevier’s Scopus Database 56 

PubMed Central® 27 

Web of Science 28 

Gray Literature 34 

Total Number of Literature Consulted 250 

 

2.2 Data/Document Screening 

This stage involved de-duplicating, and filtering irrelevant documents based on the specific 

research objective outlined above (Figure 2.3). The titles, abstracts and conclusions of the 

downloaded articles were evaluated and screened based on their relevance to the research inclusion 
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and exclusion criteria (see below). After implementing the inclusion and exclusion criteria, 110 

documents were discarded and 140 were retained and subjected to deduplication. 

 

Figure 2.3: Document screening procedure 

 

2.2.1 Inclusion Criteria 

Documents were included based on the following criteria of articles that: 

● Used reproducible methods and are transparent in their analysis 

● Narratively and quantitatively evaluated their research objectives using relevant 

performance indicators 

● Reported relevant outcomes that showed the impacts of oil spillage on the Niger Delta 

ecosystems of Nigeria 

● Only considered the Niger Delta region of Nigeria 

● Whose year of publication fall between 2002 and 2021 (this date range was chosen because 

significant researches were carried out within the periods following increased cases of oil 

spill) 
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2.2.2 Exclusion Criteria 

The document exclusion criteria that were adopted are articles that: 

● The scope was beyond the Niger Delta region of Nigeria 

● Involved other forms of pollution other than oil pollution 

● Considered only illegal mining of crude oil in the Niger Delta region took cognizance of 

illegal mines and excluded pollution caused by the significant oil processing companies in 

the Niger Delta region of Nigeria 

● Involved the politics of crude oil exploitation and oil pollution 

● Do not clearly communicate the methodologies and analysis used  

2.2.3 Deduplication 

There are several other available options that could be used to remove duplicate documents (e.g., 

Ovid multi-file search, MEDLINE, EBSCO and Mendeley (Kwon et al., 2015). However, NVivo 

was chosen over others because most of them (for instance Ovid) are subscription-based.  

In the process of removing duplicate articles, similar titles written by the same author(s) in both a 

journal and conference proceedings were identified and consequently discarded. Of the 140 

subjected to deduplication, 25 duplicate articles were identified and removed, which further 

reduced the number of articles to 115 for data analysis 

2.3 Qualitative Data Extraction 

The preliminary stage of data extraction was executed by following procedure: 

● In order to draw insights from the literature, a Word Cloud Diagram was generated, which 

creates a visual of the most frequently used of words in all the articles//literature materials 

acquired. This was also done with the NVivo document analysis software.   
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● Adverbs and adjectives (which appear noisy and distracting) that do not seem to contribute 

to the overall objective of the research were removed. As a result, the research keywords 

such as “soil”, “water”, and “environment” were all retained. 

2.4 Data Analysis 

The final stage of the methodology, which is the Data Analysis stage, involved the analysis of the 

data acquired from literature resources retrieved. Query results using each keyword component 

identified, representing both the parent nodes and child nodes, returned a certain number of 

articles/literature resources. Some keywords (including child and parent nodes) coincidentally 

shared the same articles/reference materials. This is clearly a case of probability with replacement, 

in which a number of items could be selected from the same source and returned. At a later time, 

a different item (or the same item) is selected from the same source and also returned. The 

percentage probability that the quantity of files identified contains these components/keywords is 

mathematically represented as:  

𝑃%(𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡) =  
𝑁𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑓𝑖𝑙𝑒𝑠

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠
 × 100%                                              (2.1) 

where 𝑃%(𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡) is the percentage probability of the quantity of files collated containing a 

component, 𝑁𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 is the number of files that contains the component, 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡, and 𝑁𝑡𝑜𝑡𝑎𝑙 is the 

total number of files. To illustrate the computation of the percentage probability of the Human component, 

I applied Equation (2.1). That is, if the number of files containing the Human component (𝑁𝐻) is 88, and 

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠 is 115, then the percentage probability of the Human component  is calculated as: 

𝑃%(𝐻) =  
𝑁𝐻

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠
 × 100% =  

88

115
 × 100% = 76.52%                                              

Equation 2.1 was also applied to other components (both parent and child components). Chapter 

3 discusses the major components that were identified from the systematic review. 
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Chapter 3 : Results 

3.1 Introduction 

This section discusses the Word Cloud Diagram that was obtained from the NVivo document 

analysis software. Figure 3.1 shows frequently occurring words that overlap with the scoping 

architecture and the overall objective of the research, which further provides an overview of studies 

carried out by the featured authors. From the word summary, possible themes were identified, 

which broadened the search purview and facilitated the seamless grouping of the acquired 

keywords. These words were classified into three categories/components/nodes, namely Humans, 

Aquatic Environment and Terrestrial Environment based on the scoping architecture. To illustrate, 

keywords such as “land”, “soil”, and “agriculture”, were classified under the Terrestrial 

Environment component, and keywords such as “water”, “fishing”, and “mangrove”, were 

classified under the Aquatic Environment component. Keywords such as “Humans” and “Health” 

were classified under the Human component. I carried out a text search on each word that was 

categorised under the identified component. This was done on the NVivo software by separately 

executing a text search query on each of these words. During the text search, three questions came 

to the fore: What components of the ecosystem within the Niger Delta of Nigeria are affected by 

crude oil?, What are the significant effects of oil spills on these components? and How are these 

components affected? 

The Text search queries aided the investigation of these words and helped explore the context, use 

and meaning of these words. It also gave room to explore one it features known as Word Tree.  

The branches of the word tree indicated the many contexts in which words appear, which was 

particularly beneficial in highlighting all the author's points or views that surrounded the term 

sought after. The results of this search were created as nodes, which were opened and explored for 
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detailed investigation. For example, a text search for Humans helped to understand the word 

context better. Figures 3.2 and 3.3 respectively showed that Health is the most prominent theme 

that appeared after conducting a text search on the keyword “Humans”, so these terms were further 

investigated and coded. 

 

Figure 3.1: Word cloud diagram 
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Figure 3.2: Word Tree text exploration of the Human component 
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Figure 3.3: One of the Results of Word Tree text exploration of the Human component 
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The entire coding process contributed to the data analysis. For example, questions like "what is 

being said about humans?", "is it about one particular thing?" makes it easier to develop theories, 

see patterns and discrepancies. Summarily, the arrangement of these nodes was in hierarchies 

(parents and children). These hierarchies consolidate the questions and thoughts that arose while 

exploring text search, which were helpful in not just answering just answering the broader research 

question but also helping to address the research goal. These questions resulted in the creation of 

manageable node structure (Figure 3.4). The overall hierarchical relationship between the parent 

nodes and their children are shown in Figure 3.5. The hierarchy consists of the parent node, Layer 

1, Layer 2 and Layer 3. While Layer 3 has components that direct child nodes to Layer 2, Layer 2 

has components that are direct child nodes to Layer 1.  The components of Layer 1 are child nodes 

to Parent Node.  

The systematic review yielded 115 full-text articles analyzed. Of the 115 articles considered, 

76.5% [N(files) = 88] reflected studies on the impacts of crude oil on humans. However, the impact 

of this phenomenon on aquatic [N(Files) = 79] and terrestrial (N(Files) = 79] is each 68.7% of the 

articles analysed. The subsequent subsections discuss each component impacted by crude oil spills 

in the Niger Delta as it relates to the objectives of this study. 
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Figure 3.4: Excerpt of the relationship between the parent nodes and child nodes 



 
 

1 

 

Figure 3.5: Result summary of the systematic literature review on impact of oil pollution on the Niger Delta Ecosystem 
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3.2 Human 

Exploring the Human component (the parent node) impacted by crude oil pollution in the Niger 

Delta yielded two child nodes, namely, Human Health and Mortality Rate and Standard of Living 

(as illustrated in Figure 3.5). While Standard of Living accounts for 58.0% [N(Files)=51] 

probability, the Human Health and Mortality Rate accounts for 83.0% [N(Files)=73] of the queries 

obtained from the parent node (Human component). The summary of the percentage probability 

for the Human component and its child components are presented in Table 3.1. 

Table 3.1: Percentage probabilities for the Human component and its child components (nodes) 

with respect to the immediate parent nodes 

Component 
Size of  

component 

Total Number of 

files corresponding 

to the component 

Percentage probability  

computation with respect 

to the immediate parent node 

H 𝑁𝐻 = 88 𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠 = 115 𝑷%(𝑯) =  
𝑵𝑯

𝑵𝒕𝒐𝒕𝒂𝒍 𝒇𝒊𝒍𝒆𝒔

 × 𝟏𝟎𝟎% = 𝟕𝟔. 𝟓%  

HHMR 𝑁𝐻𝐻𝑀𝑅 = 73 𝑁𝐻 𝑃%(𝐻𝐻𝑀𝑅) =  
𝑁𝐻𝐻𝑀𝑅

𝑁𝐻

 × 100% = 83.0%  

CP 𝑁𝐶𝑃 = 41 𝑁𝐻𝐻𝑀𝑅 𝑃%(𝐶𝑃) =  
𝑁𝐶𝑃

𝑁𝐻𝐻𝑀𝑅

 × 100% = 56.2%  

HE 𝑁𝐻𝐸 = 22 𝑁𝐻𝐻𝑀𝑅 𝑃%(𝐻𝐸) =  
𝑁𝐻𝐸

𝑁𝐻𝐻𝑀𝑅

 × 100% = 30.1%  

CT 𝑁𝐶 = 17 𝑁𝐻𝐻𝑀𝑅 𝑃%(𝐶𝑇) =  
𝑁𝐶𝑇

𝑁𝐻𝐻𝑀𝑅

 × 100% = 23.3%  

SL 𝑁𝑆𝐿 = 51 𝑁𝐻 𝑃%(𝑆𝐿) =  
𝑁𝑆𝐿

𝑁𝐻

 × 100% = 58.0%  

SLP 𝑁𝑆𝑃 = 37 𝑁𝑆𝐿 𝑃%(𝑆𝑃) =  
𝑁𝑆𝑙𝑃

𝑁𝑆𝐿

 × 100% = 72.5%  

CA 𝑁𝐶𝐴 = 32 𝑁𝑆𝐿 𝑃%(𝐶𝐴) =  
𝑁𝐶𝐴

𝑁𝑆𝐿

 × 100% = 62.7%  

HD 𝑁𝐻𝐷 = 16 𝑁𝑆𝐿 𝑃%(𝐻) =  
𝑁𝐻𝐷

𝑁𝑆𝐿

 × 100% = 31.4%  
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Table 3.1 also shows a stepwise guide for calculating the percentage probabilities for the Human 

component and its child components. In the table, 𝑁𝐻𝐻𝑀𝑅, 𝑁𝐶𝑃, 𝑁𝐻𝐸 , 𝑁𝐶 , 𝑁𝑆𝐿, , 𝑁𝐶𝐴, 𝑁𝑆𝐿𝑃, and 𝑁𝐻𝐷 

respectively represents the number of articles retrieved that showed significant research in areas that 

pertains to Human Health and Mortality Rate (HHMR), Consumption Pattern (CP), Human Exposure (HE), 

Conflicts (CT),  Standard of Living (SL), Source of Livelihood and Parental Values (SLP), Cultural 

Activities (CA), and Human Displacement (HD) components. It should be noted that 𝑁𝐻𝐻𝑀𝑅 is a child of 

𝑁𝐻; 𝑁𝐶𝑃, 𝑁𝐻𝐸 , and 𝑁𝐶𝑇 are all child nodes of 𝑁𝐻𝐻𝑀𝑅; and 𝑁𝐶𝐴, 𝑁𝑆𝐿𝑃, and 𝑁𝐻𝐷 are child nodes of 𝑁𝑆𝐿. 

Table 3.2 also shows the percentage probabilities of the Humans component and its child 

components with respect to the total number of files acquired, 𝑁𝑡𝑜𝑡𝑎𝑙.  

Table 3.2: Percentage probabilities for the Humans component and its child components (nodes) 

with respect to total number of files 

Component H HHMR CP HE CT SL SLP CA HD 

Percentage Probability 

with respect to 

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠, i.e., 

𝑃%(𝑐) =  
𝑁𝑐

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠
 ×

100%   

76.5% 63.5% 35.7% 19.1% 14.8% 44.3% 32.2% 27.8% 13.9% 

 

3.2.1 Human Health and Mortality Rate 

The document analysis revealed that oil pollution threatens human health and increases the 

mortality rate through several means. The highlighted themes from this analysis are consumption 

patterns, human exposure and politically incited conflicts in the Niger Delta region. A total of 73 

documents showed interest in the threat to human health and the mortality rate caused by oil 

pollution. Consumption Pattern accounts for 41 full-text articles (covering 51% of Human Health 

and Mortality Rate), which shows that consumption patterns are most studied as it relates to 
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increased mortality and unwholesome health conditions. Respectively, human exposure and 

conflicts account for 22 documents (making up 28%) and 17 documents (making up 21%) of the 

articles reported in the Human Health and Mortality Rate category.  

3.2.1.1 Consumption Pattern 

In light of this study, consumption patterns are pathways through which humans achieve their 

dietary needs, primarily from both aquatic and terrestrial resources within their reach. In the Niger 

Delta region, cases of oil spillage, especially those in the hinterland, were not reported promptly 

(Amnesty International, 2018; Mahmoud, 2017). When reported, these incidents of oil spillage are 

often referred to as “minor” incidents. Even though some post-spill remediation exercises were 

underway, it did not include the affected remote areas (Agbonifo, 2016). Hence, these areas easily 

facilitate the retention of excess crude oil pollutants in the environment. The possibility of humans 

coming in contact with toxic and carcinogenic pollutants, such as polycyclic aromatic 

hydrocarbons (PAH) and other organic and inorganic chemical compounds present in crude oil is 

on the high side. PAH is a group of massive aliphatic and aromatic hydrocarbons in order of 

10,000, containing two or more combined aromatic rings--and other hydrocarbons (Onwurah et 

al., 2007; Shen et al., 2014; Nwineewii and Marcus, 2015). PAH has been classified by the United 

States Environmental Protection Agency (USEPA) as a priority component responsible for 

persistent environmental pollution because it is the most toxic pollutant in crude oil (Adeyeye, 

2020). From the analysis of the Consumption Pattern component, PAH makes up about 70% of 

the major chemical components found in crude oil. Heavy metals (Etuk et al., 2020), which make 

up the remaining 30% of toxic crude oil chemical composition, also cause health problems to the 

local population in the Niger Delta. These heavy metals include Cadmium (Cd), Lead (Pb), and 

Mercury (Hg). There are several pathways through which petroleum pollutants are ingested into 

the body systems of rural dwellers in the Niger Delta region (Okonokhua et al., 2007). Figure 3.5 
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gives a cursory view of possible pathways that people in Niger Delta, Nigeria, consume 

contaminated food. 

 

Figure 3.6: Pathways through which humans ingest crude oil pollutants 

 

From Figure 3.4, during the transmission and intermittent storage of mined crude oil and petroleum 

byproducts, and sometimes usage of oil dispersant for cleaning oil spills, there are usually runoffs 

from vehicles and conveying systems, such as trucks, tankers, and pipelines (Anyanwu & Ejem, 

2020; Enegide & Chukuma, 2018). These runoffs enter water bodies that serve as commercial 

fishing hubs in the coastal areas and agricultural lands for farming. Besides, most subsistence 

farmers depend on farm produce obtained from these agricultural lands for their livelihood. Local 

fishers make a living by selling fishes, crabs, and other edible marine vertebrates and invertebrates 

to the local and foreign expatriates working in the oil and corporate institutes. Most farmers, 
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hunters, and fishers may be unaware or unconcerned about the level of crude oil pollutants already 

present in their foods. Even if they do, most may not care because they have no other way to make 

ends meet. In the end, a large percentage of the population feeds on these adulterated foods (Okoye 

et al., 2021). They unknowingly absorb a large amount of poisonous crude oil pollutants into their 

body system (Lawal, 2017). In addition, most rural dwellers in these coastal areas rely heavily on 

groundwater and river water for drinking (Onwurah et al., 2007; Daka and Ugbomeh, 2013; 

Ayanlade & Howard, 2016). There are other pathways through which these substances get ingested 

into their body system and cause profound health implications. However, the coverage obtained 

by querying Consumption Pattern provided information about several health consequences linked 

to the introduction of poisonous petroleum toxicants in the body systems of Niger Delta locals 

(either by directly consuming contaminated food or ingestion by drinking contaminated water) 

(Abonyi, 2020; Nriagu et al., 2016). The introduction of crude oil toxicants into the body system 

occurs by consuming contaminated drinking water, consuming adulterated foods, and exposure to 

noxious gases in the environment (Onyemachi, 2012; Ramirez et al., 2017). The aftermath of this 

usually results in a wide range of diseases and infections. Below are some common diseases 

associated with oil spillage. 

(a) Pulmonary Diseases: When poisonous gases are released into the atmosphere by surrounding 

oil industries in the Niger Delta (primarily through gas flaring), people unconsciously inhale these 

gases (Obida et al., 2017). These gases impair their respiratory functions; in addition (Obida et al., 

2017). The Niger Delta population living around polluted sites are the worst hit. Arguably, it has 

been established that the Niger Delta region has the highest number of pulmonary-related health 

challenges compared to other regions in Nigeria, having reached a record level (Nriagu, 2011; 

Ana, 2011). This is not a surprise because of the environmental hazards and pollutants introduced 

by oil industries in the region. 
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(b)  Cancer: This occurs in the form of neoplasm or tumour, caused by carcinoma, a fallout of 

smoke and other harmful industrial pollutants (Moslen et al., 2019). Most of these pollutants are 

from oil industries, which affect the host communities and industrial workers in the Niger Delta 

region. Gases inhaled led to different variants of cancer, such as cancer of the lungs and cancer of 

the kidney (Ramirez et al., 2017). In addition, a large proportion of crude oil constituents are 

lipophilic (Onwurah et al., 2007) and thus, exert toxicity in a cellular environment by competing 

with some endogenic pathways. This condition causes enzyme deactivation and forms complex 

products that damage lipid membranes. It also changes the protein structure of deoxyribonucleic 

acid (DNA) and other macromolecules within the cell (Orisakwe et al., 2004; Braide et al., 2011). 

(c)  Congenital and metabolic diseases: Constant exposure of pregnant workers to these pollutants 

can give birth to abnormal children (Oghenetega et al., 2020a). Their unborn child’s growth and 

development can be grossly affected (Hodal, 2017). The retrospective study by Oghenetega et al. 

(2020a) provided evidence to support this claim and confirmed that high levels of exposure to 

crude oil pollutants are more likely to be responsible for stillbirth and infant death cases. By 

intentionally improving spurious association within the data gathered, the authors reconfirmed that 

overexposure of women to crude oil pollutants only increases the infant death rate (Oghenetega et 

al., 2020b).  

(d)  Contagious Diseases: Disease vectors such as bacteria, viruses, rickettsia, and parasitic 

organisms (e.g., plasmodium from anopheles’ mosquitoes) or zoonotic organisms infected by 

insects found in the forests where exploratory activities occur can potentially transmit contagious 

diseases such as; malaria, bubonic plague, schistosomiasis, leishmaniasis, and coronavirus 

(Winemiller, 2018, Dimkpa et al., 2019). Some animals in the forests might have contracted these 

diseases when captured while carrying out exploratory activities. The consumption of these 

animals can lead to salmonella and tapeworm infections (Adekola et al., 2017).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Oghenetega%20OB%5BAuthor%5D&cauthor=true&cauthor_uid=32273775
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(e) Psychological Disorder: Continuous exposure to oil pollution can also lead to severe 

psychological distress, including depression, neurological impairment, post-traumatic stress 

disorder, and many more (Environmental Pollution Center, 2021). Akpofure et al. (2000) carried 

out a study on the post-impact assessment of the acute damaging effects of oil spills in the Niger 

Delta between 1998 and 2000 showing that there was an increase in anxiety disorders and phobic 

disorders for those exposed to crude oil pollution. Some subjects were also found to be 

schizophrenic, perplexingly neurotic, and having agoraphobic tendencies and disorders (Akpofure 

et al., 2000).  

3.2.1.2 Human Exposure 

The Human Exposure component gives information about how the Niger Delta population is 

directly exposed to toxic pollutants in petroleum products rather than through food and water 

consumption. I conjecture that some educated Niger Deltans, who understand their environment's 

prevailing condition, employ safety measures, such as personal hygiene, boiling water, and 

administering preventive medication. Arguably, a more significant percentage of the region's 

population, most of which has little or no education, could be at greater risk. Nonetheless, both the 

educated and uneducated population would have to cope with the continuous exposure to 

petroleum hydrocarbons since they live perpetually in this region.  

Oil workers and drilling engineers are at risk of exposure to excess crude oil pollutants (Orisakwe, 

2021). These people often live in proximity to the drilling sites and oil fields, inhaling volatile 

chemical components and aromatic hydrocarbons while performing their legitimate duties 

(Ordinioha & Brisibe, 2013; Etuk et al., 2020; Onyena & Sam, 2020; Ramirez et al., 2017). 

Additionally, while cleaning up dispersed oil in the environment, the contractors responsible for 

this occasionally come from the urban areas to the Niger Delta.  Other health implications 
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highlighted in the review included "endocrine system disruption", "nervous system inhibition and 

disruption", respiratory disorders, "developmental and carcinogenic effects'', "headaches", "skin 

symptoms", and "back pain" (Nriagu et al., 2016; Onyena & Sam, 2020; Orisakwe, 2021). Long-

term physiological implications are also of concern and include shortened life expectancy, 

deformation in children, reduction in the productive capacity of the populace, leukemia, emotional 

trauma, intensified asthma, and asthma bronchitis (Omeire et al., 2014).  

However, the rural population in oil-producing communities of the Niger Delta are even at greater 

risk, given their lack of awareness of the dangers of crude oil pollution. Regrettably, they 

experience extreme heat emitted from gas flares, and noisy drilling machines, causing general 

discomfort (Omeire et al., 2014; Orisakwe, 2021). More so, their homes show traces of the level 

of damage caused by incomplete combustion of flared gas. Soot from these flares are deposited 

chiefly on buildings and properties close to oil production sites. The physical living environment 

has now become inhabitable, causing them to have psychological and economic stress (Onyechi 

et al., 2016).  

A holistic examination of the Human Exposure component has shown that the common health 

conditions of people living in the oil-producing area of Niger Delta are respiratory diseases and 

cancer growth. The inhalation of byproducts from incomplete hydrocarbon combustion is the 

primary path to noncontact exposure to hydrocarbons in the region. 

3.2.1.3 Conflicts 

The coding stripes for Humans also produced reported cases of conflict and restiveness in some 

communities of the Niger Delta region (Uyigue & Agho, 2007; Eboh, 2019). The articles 

considered in the review broadly linked hostilities in the region to environmental devastation by 

multinational oil companies and neglect by the Federal Government of Nigeria (Ijekeye, 2019).  
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The indigenous Niger Delta people of Nigeria are versatile in agricultural practices, mainly 

farming and fishing. These activities have been a historical source of income for their families, 

which suggests that farmers and fishers cannot survive without fertile agricultural lands and 

unpolluted water bodies. Unfortunately, this narrative has, over the years, changed due to oil 

pollution and negligence, which has made teeming Niger Delta youths to resort to forming several 

agitation groups and militant groups to express their grievances towards the Federal Government 

(Albert et al., 2017; Eluozo, 2018). This agitation is because they have lost their lands and waters 

to crude oil extraction activities (Onyemachi, 2012). Thus, they have no other means of survival. 

This situation became even more volatile due to the outright negligence by the multinationals and 

the Federal Government of Nigeria (Ofulu, 2017). Some notable examples of violence and conflict 

in the region are “expulsion of Shell Petroleum Company from Ogoni land in the Niger Delta in 

1990s due to over 20 years of exploration without a corresponding infrastructural development” 

and clashes between military personnel attached to the management staff of Total and local youths 

of Odiemerenyi community in Ahoada East of River State (Numbere, 2021; Uyigue & Agho, 2007; 

FAO, 2018).  

Furthermore, about 70% of article references indicated that the environmental damage due to crude 

extraction in the Niger Delta region had given birth to other social vices and social issues (Eluozo, 

2018; Numbere, 2021). Examples are inter-and intra-communal clashes (Uyigue & Agho, 2007). 

Federal Government officials, multinational oil companies, and compromised elders of the Niger 

Delta communities reportedly instigated these activities (Albert et al., 2017). This divide-and-

conquer strategy protects the interest of the oil companies and the Federal government at the 

expense of the people (Albert et al., 2017). In addition, there has also been frequent pipeline 

vandalization and bombing by aggrieved Niger Delta militant and agitation groups (especially 

those of Ijaw and Ogoni) (Onyemachi, 2012). This act of vandalizing installed oil pipelines has 
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caused fire outbreaks, leading to loss of lives and properties (Uyigue & Agho, 2007). Examples of 

fire accidents resulting from vandalization occurred in 1998 in Jesse Village, Ekakpamre, Ughelli, 

Delta State, Nigeria, where 1000 lives were lost (Uyigue & Agho, 2007). Another incident 

occurred in Nngiji and Umuegbede, Abia State, Nigeria, in 2000, where 50 people lost their lives 

to an inferno caused by pipeline vandalism. Fallouts from this unprecedented situation have 

increased kidnapping, robbery, poverty, crisis and unrest in the region.  

3.2.2 Standard of Living 

Standard of living is a measure of the level of wealth and comfort of a community, state, country 

or region. In this study, 51 files were classified under the component, Standard of Living. Querying 

this component yielded other children nodes, including Source of Livelihood and Parental Values, 

Cultural Activities, and Human Displacement. From this result, there is 72.5% [N(Files) = 37] 

probability that the articles discussed mostly about the Source of Livelihoods and Parental Values, 

62.7% [N(Files) = 32] emphasised on the Cultural Activities and the remaining 31.4% [N(Files) = 

16] examined the Human Displacement component. The remainder of this subsection investigates 

each of these components in relation to how they affect humans, particularly those living in the 

Niger Delta communities. 

3.2.2.1 Source of Livelihood and Parental Values 

The Niger Delta livelihood activities determine the state of their local economies and social life 

because they influence the forces of demand and supply, as well as the purchasing power of the 

inhabitants. Following more than four decades of crude oil extraction in the region, fertile 

agricultural lands have now become desolate due to the cumulative effect of crude oil pollution in 

the Niger Delta environment (Oteh & Eze, 2012). Hence, nitrogen fixing microorganisms that 

improve soil fertility are killed by the toxins present in crude oil, which reduce crop yields by a 
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significant amount. Surprisingly, it was also uncovered that seismic activities caused by oil 

exploration also contributed to the depletion of fertile farmlands (Onyena & Sam, 2020; Oriaku et 

al., 2017). Also, continuous gas flaring contributes to acid rain that also lowers soil fertility 

(Uyigue & Agho 2007; Orisakwe, 2021). This had a sweeping effect on rural livelihood (Omeire 

et al., 2014; Agbagwa & Ndukwu, 2014). Similarly, fishing waterways have been inundated with 

high volumes of spilled crude oil, killing fishes, crabs, periwinkle and other seafood (Eluozo, 

2018).  

These experiences negatively impact the overall livelihoods of the rural dwellers and eventually 

they are impoverished (Amnesty International, 2019). As a result, the incidence of poverty, 

occupational dislocation and unemployment in the regions has over the years increased at an 

alarming rate, despite the fact that their communities are hosts to multinational oil companies 

(Onyena & Sam, 2020; Albert et al., 2017). Even so, the companies did not employ most of these 

locals who had no other source of livelihood, probably because they had no employable skill set 

(Uyigue & Agho, 2007). Based on the coding stripes obtained, the oil spill that took place at 

Oruma, Bayelsa State in 2005, exemplifies the impact of oil pollution on livelihoods. In the Oruma 

communities, oil spills from high-pressure Shell pipelines rapidly spread to many fish ponds in 

nearby communities, which relied on them for livelihood and food, killing large numbers of fishes 

(Onyemachi, 2012). Oil pollution in the region has also affected the local tourism industry, which 

contributes to the local economy (Zhang et al., 2019; Numbere, 2021). Tourists are forcefully 

driven out of the community because of the inhabitable state of the environment, thus, leading to 

further economic decline.  

Decline in parental values is one of the prominent consequences of oil pollution in the region 

(Albert et al., 2017). Parents and guardians whose sole source of income is fishing and farming 
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are unable to afford sending their wards to school in the event of oil pollution (Albert et al., 2017). 

These children are out of school for a protracted period of time. In the midst of environmental 

pollution, restiveness amongst youths increases the insecurity situation of the region. Hence, the 

traditional learning lifestyle common amongst the children is lost (Albert et al., 2017). Their 

predicament is compounded by the high cost of living and transportation.  

3.2.2.2 Cultural Activities 

Social structure, artefacts, historical monuments and cultural heritage define who a people are. The 

indigenous people of Niger Delta communities and historic cultural heritage are inseparable 

(Chukwuka et al., 2018). However, the advent of crude oil exploration and continued gas flaring 

and oil pollution in the region has led to loss of the region’s socio-cultural heritage (Mogaji, 2018). 

Many historical monuments and artefacts have been lost to acid rain (Orisakwe, 2021). Seasonal 

cultural activities have not been spared either (Onyena & Sam, 2020). For instance, the culture of 

bathing with community members in a river to usher in a new year of blessings has been 

supposedly abolished because the rivers which may have been used for these practices were 

polluted and thus are unideal for this purpose (Onyena & Sam, 2020). Thus, the native people have 

lost most of their collective identity as a result of the conversion of agricultural lands and industrial 

lands (Chukwuka et al., 2018). 

Additionally, traditional practices such as worship of gods and goddesses have been stymied by 

the building of oil installations and flow stations in forests and strategic areas (Chukwuka et al., 

2018). 

As a result, communities have lost their belief system and social values. Recreational activities 

and beach aesthetics have equally been affected by oil pollution (Mogaji et al., 2018; Arimoro et 

al., 2011). Children and fun-seeking adults can no longer swim in the beaches because the shores 
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have been heavily polluted by crude oil and dead seafood. Because of the loss of mangrove forests, 

activities such as mat weaving, local gin production, boat building and palm wine tapping have 

diminished and are almost non-existent (Eleke et al., 2019).  

3.2.2.3 Human Displacement 

The inability of the Nigerian Government to regulate the extraction of crude oil and create 

alternative sources of income for Niger Delta communities impacted by pollution has resulted in 

internal displacement and occupational displacement (Eboh, 2019). Over the years, the rate of 

rural-urban migrations has increased with crude oil pollution (Uyigue & Agho, 2007). 

Paradoxically, the towns and cities receiving these migrants have insufficient resources to create 

employment opportunities (Onyena & Sam, 2020). The population explosion is already pressuring 

the limited resources (Onyena & Sam, 2020). Unfortunately, the population explosion has an 

undesirable effect on the employment figures of such cities. However, the elderlies that still depend 

on agriculture for sustenance, accepted their fate and remained in the villages, dealing with the 

hardship associated with oil pollution (Langangen et al., 2017; Uyigue and Agho, 2007). In 

addition, the unavailability of arable farmlands has forced many youths out of Ogoni land (one of 

the communities in Niger Delta) to Port-Harcourt, Omoku and Eleme (Onyena & Sam, 2020). 

Furthermore, the oil spill of Osima in 1998, which caused a fire outbreak that lasted for eight days, 

forced 130,000 members of the communities from their homes (Onyemachi, 2012). This incident 

forced them to migrate to neighbouring communities because the inferno had ravaged their 

communities. 

3.3 Aquatic Environment  

During the analysis of the Aquatic Environment component, 79 articles relating to this theme were 

collected. Analysing the effects of crude oil pollution on the Aquatic Environment theme yielded 
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two children components, namely Aquatic Living Organisms and Water (described in Figure 3.5). 

These components are vastly impacted by oil pollution. The coding stripes obtained from this 

exploration evidenced that 78.5% [N(Files)=62] of the articles collected showed the impact of oil 

pollution on Aquatic Living Organisms and 42% [N(Files)=45] showed its impact on Water 

Quality. The percentage probabilities for the child components of Water Quality and Aquatic 

Living Organisms are shown in Table 3.3. 

 

Table 3.3: Percentage probabilities for the Aquatic Environment component and its child 

components (nodes) 

Component 
Size of  

component 

Total Number of files 

corresponding to the 

component 

Percentage probability  

computation with respect 

to the immediate parent node 

AQE 𝑁𝐴𝑄𝐸 = 79 𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠 = 115 𝑃%(𝐴𝑄) =  
𝑁𝐴𝑄𝐸

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠

 × 100% = 68.7%  

AQL 𝑁𝐴𝑄𝐿 = 62 𝑁𝐴𝑄𝐸  𝑃%(𝐴𝑄𝐿) =  
𝑁𝐴𝑄𝐿

𝑁𝐴𝑄𝐸

 × 100% = 78.5%  

AQV 𝑁𝐴𝑄𝑉 = 47 𝑁𝐴𝑄𝐿  𝑃%(𝐴𝑄𝑉) =  
𝑁𝐴𝑄𝑉

𝑁𝐴𝑄𝐸

 × 100% = 59.5%  

AQI 𝑁𝐴𝑄𝐼 = 24 𝑁𝐴𝑄𝐿  𝑃%(𝐴𝑄𝐼) =  
𝑁𝐴𝑄𝐼

𝑁𝐴𝑄𝐸

 × 100% = 30.4%  

AQP 𝑁𝐴𝑄𝑃 = 35 𝑁𝐴𝑄𝐿  𝑃%(𝐴𝑄𝑃) =  
𝑁𝐴𝑄𝑃

𝑁𝐴𝑄𝐸

 × 100% = 44.3%  

W 𝑁𝑊 = 45 𝑁𝐴𝑄𝐸  𝑃%(𝑊) =  
𝑁𝑊

𝑁𝑡𝑜𝑡𝑎𝑙

 × 100% = 39.1%  

WQ 𝑁𝑊𝑄 = 34 𝑁𝑊 𝑃%(𝑊𝑄) =  
𝑁𝑊𝑄

𝑁𝑊

 × 100% = 75.6%  

    

 

Table 3.3 also shows the procedure for computing the percentage probability for the Aquatic 

Environment component and its corresponding child nodes. From the table, AQE, AQL, AQV, 
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AQI, AQP, W, and WQ, respectively represents the Aquatic Environment component, Aquatic 

Living Organisms, Aquatic Vertebrate, Aquatic Invertebrate, Aquatic Plant, Water, and Water 

Quality components. While AQL and W are child nodes of AQE; AQV, AQI, and AQP are child 

nodes of AQL; and WQ is a child component of W. Table 3.4 also shows the percentage 

probabilities of the Humans component and its child components with respect to the total number 

of files acquired, 𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠.  

Table 3.4: Percentage probabilities for the Aquatic Environment component and its child 

components (nodes) with respect to the total number of files 

Component AQE AQL AQV AQI AQP W WQ 

Percentage 

Probability with 

respect to Ntotal, i.e., 

P%(c) =  
Nc

Ntotal files
 ×

100%   

68.7% 53.9% 40.9% 20.9% 30.4% 39.1% 29.6% 

 

Subsequent subsections will discuss extensively about the impact of crude oil pollution on the 

Niger Delta aquatic environment, aquatic living organisms and water resources. 

3.3.1 Aquatic Living organisms 

The introduction of crude oil into the Niger Delta aquatic ecosystems from accidental oil spills and 

other anthropogenic activities impacts aquatic life. This is due to the presence of petrogenic PAHs 

in petroleum which have mutagenic, toxic, and carcinogenic implications. In recent times, the 

continued introduction of PAHs from crude oil in aquatic habitats has caused a deterioration of 

aquatic biota (Baali et al., 2016). Evidence from the literature has shown that there are traces of 

petrogenic as well as pyrogenic PAH in the sediments of rivers and streams surrounding the Niger 
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Delta aquatic ecosystem. Sojinu et al. (2010) studied the concentration levels of sediments in 

certain regions of the Niger Delta. The study revealed that the highest concentration of PAH (about 

331 ng/g)—that essentially contained 2-ring structures such as naphthalene—was found in Oginni, 

which is an area dominated by oil wells and oil processing facilities in Niger Delta, Nigeria. This 

level of concentration was linked to the intense oil exploratory activities in the area, which led to 

pipeline leakages and the concomitant seepage into water bodies. A similar investigation was 

carried out by Ihunowo et al. (2019) who sought to measure the distribution of PAHs along Woji 

creeks in the Niger Delta. Out of 16 different classes of PAH investigated, only 11 were detected 

in the water and sediment samples obtained from the creeks, even though some classes such as 

Naphthalene, Phenanthrene, Pyrene and Indenol (1,2,3,-cd) pyrene and Benzo[(g),(h),(i)] perylene 

were not detectable (Ihunowo et al., 2019). In common with Sojinu et al. (2010), the dominant 

PAH in the Woji creeks were mostly 2- and 3-ring low molecular weight PAHs, which were 

dominant over 4-, 5-, and 6- ring high molecular weight (HMW) PAHs. It was later speculated by 

Ihunowo et al. (2019) that the major cause of PAH contamination in the Woji creeks is the seepage 

of petroleum into the creeks. Out of the 62 files (containing 210 references) acquired for Aquatic 

Living Organisms component, 44% (N = 47) of the majority of the articles emphasised on Aquatic 

vertebrates, 33% (N = 35) discussed about Aquatic Plants and the remaining 23% (N = 24) covered 

Aquatic Invertebrates. The rest of this subsection describes the bioaccumulation and 

bioconcentration of PAH classes and their effects on aquatic vertebrates, invertebrates, and plants. 

A review of these effects is first undertaken, and thereafter exemplified by instances from some 

Niger Delta communities. 

3.3.1.1 Aquatic Vertebrates 

In a bid to measure the concentration of PAH in River Aqurinrin in the Degele Community of 

Sapele, Niger Delta, Olaji et al. (2014) collected samples of four different species of fish namely, 
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Tilapia (Oreochromis niloticus), Catfish (Clarias gariepinus and Heterobranchus longifilis), and 

Liza falcipinnis. Naphthalene, an Low Molecular Weight (LMW) PAH was detected in all fish 

species collected, but Oreochromis niloticus had the highest concentration of LMW PAH 

(concentration range between 0.02 mg/kg; body weight/day and 0.94 mg/kg body weight/day) 

(Olaji et al., 2014). On the contrary, HMW PAH was not found inside any of the fish species (Olaji 

et al., 2014). Hence, River Aqurinrin in the Degele Community of Sapele, Niger Delta is sparingly 

contaminated by crude oil spills. This shows variations in the level of oil spills and contamination 

in the aquatic habitats within the Niger Delta communities.  

 

In another study, the impact of 3-ring PAH, phenanthrene, on crustaceans (e.g., signal crayfish, 

Pacifastacus leniusculus) was studied to ascertain its effects on cardiac performance, oxidative 

stress response and tissue burden (Ainerua et al., 2020). Results from the research showed that 

phenanthrene tends to reduce the maximum possible heart rate of the signal crayfish, which could 

reduce the aerobic exercise capacity after a 15-day exposure of the fish to phenanthrene (Christou 

& Seals, 2008). However, this did not reduce the normal heart rate of the crustacean (Ložek et al., 

2020). It was also observed that the exposure of the crustacean to PAH was responsible for the 

reduction in the likelihood of the signal crayfish surviving in its ecosystem.  

The concentrated PAH easily gets into the tissues of marine mammals because they are absorbed 

through their gastrointestinal tracts which then spread to other tissues and sometimes settle in fatty 

tissues. The increasing concentration of PAH in the tissue can lead to physiological effects such 

as cognitive difficulties and impaired development (Webb et al., 2017). Aquatic organisms (such 

as fish) lose their ability to learn and explore after the exposure to dangerous levels of HMW PAH, 

which affect their ability to swim due to increased lethargy, anxiety, and reduction of social 

interaction, especially when exposed to phenanthrene (Brette et al., 2017). Furthermore, PAH 
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induces developmental issues amongst organisms because of their skeletal framework 

malformation, leading to craniofacial deformation, jaw malformation and skeletal mineralization 

in some organisms (Rafikova et al., 2019). This, overall, leads to reduction in the weight and size 

of the aquatic organism. In fact, a study has revealed a strong correlation between reduction in size 

and level of contamination (Langangen et al., 2017). 

 

3.3.1.2 Aquatic Invertebrates 

The accumulation of HMW PAHs in aquatic habitats also causes bioaccumulation and 

bioconcentration in invertebrates (Stephansen et al., 2020). Through ultraviolet (UV) radiation 

photo-enhanced toxicity of PAHs, intermediate stages of aquatic microorganisms such as larvae 

and embryos will be subjected to a greater risk of toxicity due to their translucent and lightweight 

nature, facilitating their exposure to PAHs (Mace, 2017). To corroborate this claim, pioneering 

research was conducted to investigate the impact of PAHs as well as monohydrated PAHs 

(OHPAHs) on the embryogenesis of sea urchins obtained from the Tayama Bay Side of the Noto 

Peninsula (Suzuki et al., 2015). The spicule length and the messenger RNA (mRNA) of the 

Hemicentrotus pulcherrimus of spicule matrix protein 50 gene was measured after exposing the 

experimental samples to different concentrations of 4-hydroxybenzyl[a]anthracene (4-OHBaA) 

and benz[a] anthracene (BaA). The spicule length of the sea urchins was suppressed by 4-OHBaA 

with a concentration of either 10
−8

M or 10
−7

M. BaA, with concentration of  10
−7

M 

significantly inhibited the length of the spicule (Hayakawa, 2018). However, no effect was 

recorded when the sea urchins were exposed to BaA with a concentration of 10
−8

M (Hayakawa, 

2018). It was further observed that the complexity of the sea urchins’ mRNA decreased 

considerably when exposed to 4-OHBaA. This eventually causes malformation of the spicule in 

sea urchins. 
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Daka & Ugbomeh (2013) measured the level of bioaccumulation of PAHs in crab Callinectes 

pallidus that inhabits the upper Bonny Estuary area of Azuabie in the Niger Delta region of 

Nigeria. By collecting samples of sediments and crab samples from the estuary and quantifying 

the classes of PAH present, major carcinogenic PAHs, including Naphthalene, Benzo[a]pyrene, 

Benzo[a]Anthracene and Phenanthrene were detected (Daka & Ubgomeh, 2013). However, the 

concentration of these PAHs varied with seasons (rainy season and dry season). A similar study 

conducted by Moselm et al. (2019) sought to measure the concentration of PAH in bivalve (Arca 

senilis - blood cockles) and the associated health risks when the PAH-contaminated bivalve is 

consumed. During the analysis of bivalve samples, three indicators were assessed namely 

carcinogenic toxic equivalent (TEQs), Excess Cancer Risk (ECR) and Dietary Daily Intake (DDI). 

Values for each of these indicators were obtained based on the concentration of PAH in the 

experimental sample. The values of ECR and DDI obtained were below the threshold established 

by the United States Environmental Protection Agency (USEPA) (Moselm et al., 2019). Although 

these indicators suggest that the health risk involved in consuming PAH-contaminated Arca Senilis 

is minimal, regular monitoring of the PAH concentration in these invertebrates is recommended 

because of the capricious nature of these concentration levels.  

3.3.1.3 Aquatic Plants 

Hydrophyte/macrophytes are also affected by overexposure to PAH brought about by petrogenic 

pollutants, which could oftentimes lead to phytoaccumulation. Several studies have been carried 

out to detect the concentration levels of PAH in certain aquatic plants. These studies have 

buttressed the fact that aquatic floras are also affected by industry-induced pyrogenic pollutants. 

In a study by McConkey et al. (2009), the toxicity of a certain class of PAH called Phenanthrene 

(PHE) and photoproduct of PHE exposed the UV light, 9, 10 phenanthrenequinone (PHEQ) on 

marina bacteria, photobacterium phosphoreum and aquatic plant Lemna gibba (duckweed) was 
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measured. The obtained results showed that the PHEQ variant of PAH significantly increased 

phytotoxicity. Comparatively, the toxicity of PHEQ when exposed to visible light increased more 

than PHE (McConkey et al, 2009). A related study highlighted the impact of these levels of toxicity 

on the plant species. These toxicity levels were indications of stunting of growth and degree of 

chlorosis as well as inhibition of photosynthesis in these aquatic plants (Huang et al., 1997; Huang 

et al., 1993). In order to comparatively determine the differences in the phytoaccumulation of 

aromatic and aliphatic pollutants in both submerged and emergent freshwater aquatic plants. Fan 

et al. (2018) measured the concentration of other organic pollutants, including polycyclic aromatic 

hydrocarbons (PAHs) and substitute PAHs (s-PAHs) such as oxy-PAHs, and sulphur-PAHs in 

both plant types (10 submerged and emergent plants from Lake Dianchi in Yunnan-Guizhou 

plateau close to Kunning, Yunnan, China. High levels of PAHs and s-PAHs were observed in the 

aquatic plants. However, the submerged aquatic plants had a higher concentration of pollutants 

than the emergent plants (Fan et al., 2018). Özen et al. (2017) undertook a study to assess the 

distribution of Macrophytes and the degree of PAH contaminants in some selected aquatic habitats 

in the industrial city of Kocaeli, Turkey. A perennial flowering plant called the European water-

plantain (Alisma plantago-aquatica) obtained from four aquatic habitats located close to industrial 

facilities. By measuring the ratio of 8 PAH contaminants in A. plantago, it was established that 

aquatic plants nearest to industrial stations had the highest concentration of PAHs congeners (Özen 

et al., 2017). However, lower concentrations of the pollutants were observed in plants distant from 

industrial facilities (Özen et al., 2017). This literature survey is indicative of the presence of 

pyrogenic organic pollutants, majorly, PAH and its variants in aquatic plants, which could impact 

their overall growth and survival.  
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A similar study which involved the determination of the PAH levels of both wild and cultivated 

edible mushrooms was conducted by Igbiri et al. (2017). The authors collected samples of these 

mushrooms in triplicate from different locations of Port Harcourt, River State, Niger Delta, 

Nigeria. USEPA-16 PAHs concentration ranged from 0.02 mg/kg to 3.37 mg/kg. The significance 

of this research is that it would give insight about the dietary intake of both carcinogenic and non-

carcinogenic USEPA-16 PAHs. Pleurotus ostreatus, a species of mushroom, tends to have higher 

bioaccumulation of BaP and BaBeq than other species considered, which indicates that its 

continuous consumption could lead to high life-time cancer risks (Igbiri et al., 2017).  

 

3.3.2 Water 

Water resources are one of the vehicles that transport crude oil pollutants from the oil field to 

aquatic vertebrates, invertebrates and plants. The presence of crude oil toxicants in water reduces 

the volume of dissolved oxygen, which leads to the suffocation of aquatic living organisms 

(Okpara & Kharlamova, 2018). These organisms eventually die, which leads to a reduction in the 

quality of water (Oteh & Eze, 2012). The following subsection will further examine the implication 

of crude oil pollution on water quality.  

 

3.3.2.1 Water Quality 

During data exploration, I acquired 45 articles (containing 146 references), of which 34 articles 

covered the Water Quality component. This number represents 75.6% of all the articles with 

contents related to the Water component. Water quality means the condition of water in terms of 

its chemical, physical and biological constituents, often with reference to its suitability for 

consumption. The chemical constituents that essentially affect the suitability of water for 

consumption, particularly for drinking are PAH, and heavy metals (Nwineewii and Marcus, 2015; 
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Enegide & Chukwuma, 2018). Usually, the concentration and toxicity of these chemical 

constituents are measured based on some metrics predefined by the World Health Organisation 

(WHO) and USEPA (Nwineewii & Marcus, 2015; Etuk et al., 2020). Some of the commonly 

known metrics are Target Hazard Quotient (THQ) and Hazard Index (HI) (Etuk et al., 2020). Water 

resources, such as groundwater, stream water and river water can lose their quality when exposed 

to oil pollution. These oil pollutions are caused by crude oil spills and are predominant during 

offshore drilling activities, leakages from oil installations and production water discharge (Abonyi, 

2020; Onyena & Sam, 2020). Because the Bonny crude oil of Nigeria is light in nature and 45% 

of which accounts for PAH, the crude oil easily dissolves in water (Orisakwe et al., 2004). 

Typically, when this kind of crude find its way into water bodies, they affect the purity and quality 

of groundwater, ruining zooplanktons, phytoplankton and benthic organisms by reducing the 

concentration of dissolved oxygen, increasing the pH as well as the temperature of the water 

(Numbere, 2018). When it comes down to humans, the quality of drinking diminishes due to crude 

oil pollution. Hence, this leads to scarcity of potable drinking water, threatening public health and 

safety (Iwubeh et al., 2020).  

Literature has evidence that confirms that a large proportion of the Niger Delta water resources 

have been contaminated. For instance, the University of Lagos’ Faculty of Pharmacy investigated 

the major toxicological constituents of borehole water in the Niger Delta (mainly Delta state and 

Rivers state) (Onyemachi, 2012). It was discovered that well over 70% of the water samples 

collected from these regions contain Benzo pyrene, whose concentration is above the permissible 

standard as specified by the WHO. Similarly, the concentration of PAH in the Niger Delta creeks 

(Eleme and Okrika) was higher than the permissible level specified by USEPA (Nwineewii & 

Marcus, 2015). Another research sought to determine the concentration of heavy metals present in 

the Cross River Estuary. The study showed that Nikel (Ni), Cadmium (Cd) and Lead(Pb) were the 
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three main heavy metals with HI and THQ indices relatively higher than those of Zinc (Zn), Copper 

(Cu) and Iron (Fe) (Etuk et al., 2020). On the whole, when the concentration and toxicological 

level of these water pollutants are higher than the allowable level, then the health risks are higher. 

 

3.4 Terrestrial Environment  

The Terrestrial Environment component (Figure 3.5) is made up of 79 articles. This component 

yielded two child components namely, Forest Habitat and Ecosystem Services and Agricultural 

Productivity. While Forest Habitat and Ecosystem Services constitute 69.6%[N(Files)=55] 

percentage probability, Agricultural Productivity constitutes 58% [N(Files)=75, N(Ref)=422] of 

the Terrestrial Environment component (Table 3.5). From the table, TE, FHES, SO, VEG, TV, TI, 

AP, CY, and FQ, respectively represents the Terrestrial Environment component, Forest Habitats 

and Ecosystem Services, Soil, Vegetation, Terrestrial Vertebrates, Terrestrial Invertebrates, 

Agricultural Productivity, Crop Yield, and Food Quality components. While FHES and AP are 

child nodes of TE; SO, VEG, TV, and TI are child nodes of FHES; and CY as well as FQ are child 

nodes of AP. Table 3.6 also shows the percentage probabilities of the Humans component and its 

child components with respect to the total number of files acquired, 𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠. Subsequent 

subsections elaborate these components. 
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Table 3.5: Percentage probabilities for the Terrestrial Environment component and its child 

components (nodes) 

Component 
Size of  

component 

Total Number of 

 files corresponding 

 to the component 

Percentage probability  

computation with respect 

to the immediate parent node 

 

TE 𝑁𝑇𝐸 = 79 𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠 = 115 𝑃%(𝑇𝐸) =  
𝑁𝑇𝐸

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠

 × 100% = 68.7%  

FHES 𝑁𝐹𝐻𝐸𝑆 = 75 𝑁𝑇𝐸 𝑃%(𝐹𝐻𝐸𝑆) =  
𝑁𝐹𝐻𝐸𝑆

𝑁𝑇𝐸

 × 100% = 95.0%  

SO 𝑁𝑆𝑂 = 53 𝑁𝐹𝐻𝐸𝑆 𝑃%(𝑆𝑂) =  
𝑁𝑆𝑂

𝑁𝐹𝐻𝐸𝑆

 × 100% = 96.4% 

VEG 𝑁𝐴𝑉𝐸𝐺 = 45 𝑁𝐹𝐻𝐸𝑆 𝑃%(𝑉𝐸𝐺) =  
𝑁𝐴𝑉𝐸𝐺

𝑁𝐹𝐻𝐸𝑆

 × 100% = 81.8%  

TV 𝑁𝑇𝑉 = 28 𝑁𝐹𝐻𝐸𝑆 𝑃%(𝑇𝑉) =  
𝑁𝑇𝑉

𝑁𝐹𝐻𝐸𝑆

 × 100% = 51.0%  

TI 𝑁𝑇𝐼 = 24 𝑁𝐹𝐻𝐸𝑆 𝑃%(𝑇𝐼) =  
𝑁𝑇𝐼

𝑁𝐹𝐻𝐸𝑆

 × 100% = 43.6%  

AP 𝑁𝐴𝑃 = 55 𝑁𝑇𝐸 𝑃%(𝐴𝑃) =  
𝑁𝐴𝑃

𝑁𝑇𝐸

 × 100% = 69.6%  

CY 𝑁𝐶𝑌 = 34 𝑁𝐴𝑃 𝑃%(𝐶𝑌) =  
𝑁𝐶𝑌

𝑁𝐴𝑃

 × 100% = 45.3%  

FQ 𝑁𝐹𝑄 = 22 𝑁𝐴𝑃 𝑃%(𝐹𝑄) =  
𝑁𝐹𝑄

𝑁𝐴𝑃

 × 100% = 29.3% 
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Table 3.6: Percentage probabilities for the Humans component and its child components (nodes) 

with relative to the total number of files 

Component TE FHES SO VEG TV TI AP CY FQ 

Percentage Probability 

with respect to 

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠, i.e., 

𝑃%(𝑐) =  
𝑁𝑐

𝑁𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑙𝑒𝑠
 ×

100%   

68.7% 65.2% 46.1% 39.1% 24.3% 20.9% 47.8% 29.6% 19.1% 

 

3.4.1 Forest Habitats and Ecosystem Services 

I identified four subcomponents in the Forest Habitats and Ecosystem Services category: Soil, 

Vegetation, Animal Displacement, and Death of Invertebrates and Microorganisms. About 39% 

(N = 53) of the articles emphasised  Soil, 28% [N(Files) = 45] focused on Vegetation, 18% [N(Files 

= 28)] had Vertebrate as the primary subject of discussion and the remaining 15% [N(Files = 24)] 

had Invertebrate and Microorganisms as the central point of discussion.  

3.4.1.1 Soil 

Crude oil spills cause soil degradation. Soil degradation measures the physical, chemical and 

biological deterioration of soil quality. This phenomenon can involve soil salinity, fertility, acidity, 

soil structure, and soil contamination (NSW Government, 2019).  Soil degradation is commonly 

experienced in the Niger Delta region due to crude oil exploratory activities, which is mainly 

attributed to continued gas flaring, dredging, drilling activities, and contamination of mangrove 

sediments from oil spills (Numbere, 2019; Oriaku et al., 2017; Agbonifo, 2016). Gases are flared 

to prevent the risk of exploration from mixtures of reactive gases during crude oil production 

(Miller, 2016). However, they introduce oxides of carbon, nitrogen, and sulphur, as well as 

particulate matter into the environment (Omeire et al., 2014).  
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Gas flaring affects soil temperature, pH, moisture content, bulk density, organic matter, and 

microbial population (Chukwuka et al., 2018; Uwagbae et al., 2014; Seiyaboh & Izah, 2017; 

Onwurah et al., 2007; Ohanmu et al., 2018). Increase in soil temperature causes about 60% 

decrease in the microbial load of soil (Chukwuka et al., 2018). This affects other properties of the 

soil, such as soil nutrients (e.g., P, K, and Na), leading to a reduction in soil fertility, which then 

leads to stunted growth (decreased plant height, decreased root length, and reduced salt exchange 

efficiency) (Ubogu & Odokuma, 2019; Onyena & Sam, 2020). From the literature coverage of the 

Soil component, there is an inverse relationship between the distance of gas flaring sites and soil 

properties, such as bulk density and temperature (Seiyaboh & Izah, 2017). On the contrary, a direct 

relationship occurs between gas flaring sites and properties such as organic matter and moisture 

content.  

Soil compaction (which occurs when soil particles stick together) is usually formed during and 

after oil exploration (Onyena & Sam, 2020). It could also be caused by pedestrian traffic in oil 

fields (Chukwuka et al., 2018). The formation of soil compaction affects soil structure, causing 

other problems, such as soil fragmentation, decreased porosity and aeration, and decreased 

infiltration ability (Agbagwa and Ndukwu, 2014). This condition reduces the ability of plants to 

absorb water, distorts plant root structure and overall plant physiology (Chukwuka et al., 2018). 

This translates to stunted leaf development, and photosynthesis. As a result, mineral absorption 

efficiency is reduced, hindering the germination of seedlings, and ultimately causing the death of 

plants (Chukwuka et al., 2018). Furthermore, it has been speculated that noise generated from 

drilling sites could adversely impact plant growth at varying degrees (Kadafa, 2012b; Eluozo, 

2018). In addition, dredging activities could change soil quality and prevent mangroves from 

growing (Numbere, 2019; Nwozor et al., 2019). The laying of pipelines in Eagle Island in the 

Niger Delta exemplifies the impact of dredging on mangrove forests (Numbere, 2019). This 
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exposed the mangrove forests to invasive plant species such as Nypa palms at the expense of native 

plant species. This is why these palms blossomed better than native mangrove seedlings when 

planted on mangrove soils (Numbere, 2019).  

3.4.1.2 Vegetation 

The Niger Delta region is characterised by loss of natural vegetation due to large-scale dispersal 

of crude oil (Badejo & Nwilo, 2004). Mangrove vegetation close to gas flaring sites are susceptible 

to heat generated from the flare. Continuous gas flaring leads to build up of acid rain that causes 

defoliation of mangroves, tissue damage to aerial shoots, reduction in litter fall (Eboh, 2019; 

Mogaji et al., 2018; Omamoke & Achi, 2012). Mangrove plants are also negatively affected 

because the seedlings hardly survive when exposed to crude oil. Crude oil deposits from oil fields 

also damage the mangrove vegetation by coating aerial and submerged roots, hence making 

absorption difficult for them (Onyena & Sam, 2020). Moreover, crude oil droplets coat the 

breathing surfaces of the roots, stem and seedling, hindering salt exchange (Onyena & Sam, 2020; 

Zhang et al., 2019). On a broader scale, indiscriminate discharge of crude oil affects the mangrove 

vegetation’s physiology, and anatomy (Chukwuka et al., 2018). For instance, the mangrove forest 

experiences mutagenesis when they come in contact with crude oil derivatives, such as PAHs 

(Chukwuka et al., 2018). The condition affects the chlorophyll-synthesising ability of the plant 

and foliar micro-structure of the leaves. Overall, exposing crude oil to natural vegetation causes 

deforestation, and biodiversity loss (Onyena & Sam, 2020; Ramirez et al., 2017).  

The economical implication of losing vegetation to crude oil spills is not far-fetched. One of the 

economic values of the mangrove ecosystem is the provision of traditional medicine (Omeire et 

al., 2014). The quality of medicinal plants that can be used as phytotherapeutics is affected by 

change in its biochemical composition, thus, changing the plant’s natural resilient property against 
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pollutants (Shu et al., 2019). Example of widespread disposal of crude oil across vegetation was 

witnessed in Ogada-Brass pipelines splitter near Etiama Nembe in 1995 (Mogaji et al., 2018). 

Around 24,000 barrels of crude oil were dispersed across freshwater rainforests and mangrove 

swamp forests. Another notable oil spill occurred in 1998 at Eket, Akwa Ibom State, Niger Delta, 

Nigeria (Mogaji et al., 2018). About 40,000 barrels of crude oil caused the damage of 340 hectares 

of mangrove forests in the area. In addition, the replacement of vegetation by grasses and shrubs 

in many parts of the Niger Delta is a sign of loss of natural forest. 

3.4.1.3 Terrestrial Vertebrates 

The Niger Delta of Southern Nigeria is blessed with many faunal and floral groups. Endemic 

monkey taxa such as Cercopithecus sclateri and Procolobus badius epieni have been discovered 

in the region (Law, 2004). Other endemic species occur in this region. A typical example of such 

subspecies is the Niger Delta or Heslop’s pygmy hippopotamus (Hexaprotodon liberiensis 

heslopi) (Luiselli et al., 2015; WWF, n.d.). The Niger Delta red Colobus (Procolobus badius 

epieni) is perceived to be one of the most discussed species that are under serious threat of 

extinction due to unfavourable conditions of the forest ecosystem in the region (Murphy, 2020). 

This is most occasioned by the loss of forest and mangrove habitat due to anthropogenic activities 

including those of crude oil companies. Most oil processing installations are usually situated inside 

rainforest and mangrove patches. The red colobus was first recorded in 1993 but it is now among 

the list of 25 most endangered primates by the International Union of Conservation of Nature 

(IUCN). Over the years, this species has progressively decreased its distance of existence from 

1500 square kilometers to 78 square kilometers for most forests in Bayelsa state, Niger Delta, 

Nigeria. This distance range is on par with those of other primates such as the red-capped 

mangabey (Cercocebus torquatus), the Nigerian white-throated guenon (Cercopithecus 

erythrogaster, prococki) and mona monkey (Cercopithecus mona) (Orji, 2020). In fact, the 
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population of the red colobus has dwindled over time from about 10,000 to around 5000 as of 2020 

(Orji, 2020).  

 

The Niger Delta red colobus lives most of its life on a particular tree species called Hallea ciliata 

and is locally known as “abura”. These trees are an important source of food to the Niger Delta 

red colobus. They also depend on young leaves of plants, such as Lecomtedoxa klaineana and 

Xylopia aethiopica for their survival (Usongo & Amubode, 2001). However, recent expansion of 

farming activities, bush burning resulting from oil pollution in the region have nearly wiped out 

these tree species. Hence, the red colobus is unable to survive since they are now deprived of their 

sources of food. Other mangrove fauna that are also affected by crude oil pollution are birds. When 

birds are in a mangrove habitat polluted with crude oil, they become less active because their wings 

are soaked by crude oil and as a result, they easily get exhausted when flying (International Bird 

Rescue, n.d.). Hence, other activities such as feeding, are affected. Also, drinking oil-polluted 

water also leads to the ingestion of oil into their body system which damages their guts, 

consequently, leads to poisoning, starvation and death (King et al., 2020). The recurrence of oil 

pollution eventually leads to the reduction in bird population within the Niger Delta. 

3.4.1.4 Terrestrial Invertebrates 

Most studies have been on the impact of oil pollution on terrestrial vertebrates, however, there has 

been a limited number of studies focusing on terrestrial invertebrates. Despite this, terrestrial 

invertebrates are an indispensable component of an ecosystem. They play important roles in 

providing ecosystem services and are also pivotal in the food web (Morley et al., 2013). In addition, 

they provide food to both terrestrial and marine vertebrates as well as humans, apart from the roles 

they play in decomposing organic matter to improve soil fertility (Barthod et al., 2020). Terrestrial 
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invertebrates such as arthropods, which represent a major component of the biodiversity of the salt 

marshes, are sensitive to oil pollution (Pennings et al., 2014). Oil pollution potentially has a long-

lasting effect on these organisms. Studies to corroborate this claim have been carried out in Niger 

Delta communities impacted by crude oil spills. For instance, recent studies showed that the crude 

oil spills affect the biodiversity and abundance of soil arthropods and soil mesofauna (such as 

earthworms, arthropods, nematodes, and mollusks) because exposure of these species to oil 

spillages reduces their composition, especially for regions recently contaminated with crude oil 

(Adeduntan & Owokotomo, 2018, Rotimi et al., 2014). Remediated crude-polluted localities 

expectedly have more species in abundance and diversity than recently short-term polluted 

localities (Rotimi et al., 2014, Uwagbae et al., 2014). This suggests that the period and age of oil 

pollution also reflects the species' biodiversity, richness, and abundance.  

3.4.2 Agricultural Productivity 

Query results from the Agricultural Productivity component yields Crop Yield and Food Quality 

subcomponents. The Crop Yield subcomponent makes up 61% [N(Files) = 34] of the files obtained 

and the Food Quality subcomponent makes up 39% [N(Files) = 22]. 

3.4.2.1 Crop Yield 

Soil degradation also has adverse consequences on the volume of crop yield and survival of plants. 

From the reviewed literature, it was observed that most cases of reduced crop yields were directly 

linked to the increase in greenhouse gases (Omeire et al., 2014). In the Niger Delta region, 

plantations located close to gas flaring sites are affected by the emission of greenhouse gases from 

these sites (Seiyaboh & Izah, 2017). Gas flaring contributes to global climate change which breeds 

pests, causes spread of diseases, flooding, coastal erosion and inconsistent rainfall patterns 

(Omeire et al., 2014; Ifeanyieze et al., 2016). Gas flaring increases greenhouse gases thereby 
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contributing to global warming and climate change in the region (Omeire et al., 2014). Climate 

change breeds pests, spread of diseases, flooding, coastal erosion and inconsistent rainfall patterns 

(Ifeanyieze et al., 2016). This ultimately leads to crop failure, affecting the volume of harvested 

crops. As an example, in the Niger Delta region, farmers have to religiously maximize the rainfall 

pattern of the seasons. As a result, farmers who plant after the first or second rain in the June/July 

season (the peak season) usually run into massive loss whenever the rains are delayed beyond the 

expected period due to climate change (Uyigue & Agbo, 2007; Ifeanyieze et al., 2016). Gas flaring 

affects a wide spectrum of food and cash crops. For instance, it decreases the length and weight of 

cassava, and its amino acid and sugar content due to high temperatures around gas flaring sites 

(Ordinioha & Brisibe, 2013; Seiyaboh & Izah, 2017).  This observation was found to be more 

conspicuous with cassava plantations close to gas flaring sites (Dung et al., 2008). Other food 

crops that are also affected are yam, okra, plantain, maize and potatoes (Seiyaboh & Izah, 2017; 

Chukwuka et al., 2018).  

3.4.2.2 Food Quality 

Crude oil production activities, such as gas flaring and crude oil spill remediation, potentially 

change the nutritional composition of foods. For example, the composition of anti-nutrients (such 

as alkaloids, cyanogenic glycosides, and tannin) present in common edible vegetables (e.g., bitter 

leaf, water leaf, and pumpkin leaf) changes due to exposure to the implications of gas flaring 

(Seiyaboh & Izah, 2017). Literature has also shown that ascorbic acid, a natural water-soluble 

vitamin (Vitamin C) antioxidant agent, significantly reduced in waterleaf and the protein content 

of cassava also reduced when these crops were exposed to oil spill (Seiyaboh & Izah, 2017; 

Abonyi, 2020). The quality of seafood from aquatic environments has also reduced due to the 

accumulation of PAHs (Ukpong & Obok, 2018). In addition, staple foods (such as cocoyam and 

cereals) that are routinely consumed in the Niger Delta region have lost their nutritional value 
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(Abonyi, 2020). This has brought about proliferation in childhood malnutrition in many Niger 

Delta communities (Ordinioha & Sawyer, 2008). Moreso, heavy metals (mainly lead and 

cadmium) have also been discovered in significant quantities in cassava and pumpkin leaves 

(Abonyi, 2020). These poisonous elements further compromise the quality of staple foods 

consumed in the Niger Delta.  
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Chapter 4 : Discussion 

4.1 Comparative Analysis of Components that are Impacted by Oil Spills 

4.1.1 Layer Three (3) Factors 

Based on the results of the systematic review, sixteen (16) layer-3 factors (Figure 3.5) were 

identified to be impacted by oil spills in the Niger Delta. However, the relative numbers of articles 

that appeared to show interest in these factors differ. For the sake of simplicity, a bar chart shown 

in Figure 4.1, has been used to describe the volume of articles (in terms of the percentage 

probability) that was acquired based on the sample space (the 115 articles harvested using the 

PRISMA approach). From Figure 4.1, the most studied factors that are impacted by oil spills are 

Soil (46.1%), Vegetation (39.1%), Aquatic Vertebrates (40.9%) and Consumption Patterns 

(35.7%), while the least studied factors are Human Displacement (13.9%), Human Exposure 

(19.1%), Conflicts (14.8%), Terrestrial Invertebrates (20.9%), Terrestrial Vertebrates (24.3%), 

Food Quality (19.1%), and Aquatic Invertebrates (20.9%). Terrestrial Invertebrates and Aquatic 

Invertebrates appear to show equal importance. The same can be said of Human exposure and 

Food Quality. I presume that these two factors (Human exposure and food quality) cannot be 

completely controlled because they are contingent upon the degree of oil pollution in the Niger 

Delta region. Despite the fact that we desire to always lower the level of our exposure to crude oil 

pollutants and improve our food quality, we cannot do without living in our environment and 

consuming foods that are at our disposal if we do not achieve our desires.  

The percentage probability of the Human Displacement factor showed that it has not been the 

nexus of research relating to oil pollution in Niger Delta. That is to say that only a handful of 

researchers have explored the effects of oil pollution on human displacement with reference to the 

sample space. This can potentially be attributed to the fact that almost every major oil producing 



62 

Niger Delta communities are facing this challenge. Hence, it is a widespread problem that seems 

to have been entrenched in the everyday life of the Niger Delta people. This could have made it 

not a commonly discussed issue. 

 

Figure 4.1: Comparative percentage probabilities that the impacts of crude oil (identified in Layer 

3 of Figure 3.5) were considered by authors in the articles given the sample space (all the 115 

articles harvested using the PRISMA approach) 

 

Impacts of oil spill in the Niger Delta region as it relates to conflicts in the region was amongst the 

least discussed component from the literature. Few authors indicated that most of the clashes 

between different agitation groups must have been instigated by the connivance between leaders 
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of the Niger Delta communities and multinational oil companies. Other authors opinionated that 

most of the inter- and intra-communal clashes in the region were caused by disagreements in the 

process of royalty interests. Hence, there are contrary opinions as to the major instigators of 

conflicts in the region. The speaks volumes about the complexity of the politics surrounding oil 

exploration and production in the Niger Delta. Furthermore, I conjecture that the frequency and 

full details of the occurrence of conflicts in the region have been ill-reported and downplayed by 

the media from the outset of these incidents. 

Terrestrial Vertebrates and Terrestrial Invertebrates are little discussed in the literature. In the 

review of the Terrestrial Vertebrates subcomponent, some vertebrates were identified namely, 

Cercopithecus sclateri, Procolobus badius pieni (the red colobus), Heslop’s pygmy hippopotamus, 

Cercocebus torquatus, Cercopithecus erythrogaster and Cercopithecus mona. Nevertheless, there 

is still paucity of information about these vertebrates and many other vertebrates in this region that 

have already gone into extinction. There are also limited studies on terrestrial invertebrates despite 

their contribution to the general ecosystem of the region. For instance, earthworms break down 

organic matter and fertilize the soil. Other invertebrates, such as arthropods, and nematodes, also 

have their economic benefits. Regrettably, the reviewed articles have shown that it is difficult to 

quantify the population of these invertebrates affected by crude oil spills. 

4.1.2 Layer Two (2) Factors 

From Layer 2 of Figure 3.5, six (6) factors were identified to be impacted by oil spills in the Niger 

Delta. Figure 3.8 fleshes out these factors with respect to the probability that the impact of oil spills 

on these factors were considered considerably by authors drawn from the sample space. In Figure 

4.2, impacts on Forest Habitats and Ecosystem Services (47.8%) were mostly discussed by 

authors, while impacts on Water were the least discussed (39.1%). It can also be observed from 
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the figure that the Human Health and Mortality Rate component closes in on Forest Habitat and 

Ecosystem Services. This suggests that both components share almost equal significance within 

the Niger Delta ecosystem, confirming that survival of locals in the Niger Delta region can possibly 

be measured by the amount of ecosystem services being provided by the forest habitats; and human 

health and mortality rates.  

 

Figure 4.2: Comparative percentage probabilities that the impacts of crude oil (identified in Layer 

2 of Figure 3.5) were considered by authors in the articles given the sample space (all the 115 

articles harvested using the PRISMA approach) 

 

4.1.3 Layer One (1) Factors 

At Layer 1 (Figure 3.5), the three major components impacted by crude oil spills in the Niger Delta 

are Humans, Aquatic Environment, and Terrestrial Environment. Figure 4.3, compared the 

percentage probabilities that the impacts on these three factors were discussed by authors in their 
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research (drawn from the sample space). The impact on the Humans component, which has a 

percentage probability of 76.5%, was discussed by most authors relative to the sample space.  

Equal percentage probability (68.7%) was recorded for Aquatic Environment and Terrestrial 

Environment components. It can, thus, be implied that impacts of oil spills on Humans were mostly 

considered by authors drawn from the sample space. I also conjecture that  most authors who 

discussed impacts on Aquatic Environment equally discussed impacts on Terrestrial Environment. 

This suggests that there could be relative paucity of information/studies about the Niger Delta 

aquatic environment and terrestrial environment and how oil spills have impacted them.  

 

Figure 4.3: Comparative percentage probabilities that the impacts of crude oil (identified in Layer 

1 of Figure 3.5) were considered by authors in the articles given the sample space (all the 115 

articles harvested using the PRISMA approach) 
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Finally, the review has shown that the magnitude of the discussions on the impact of crude oil 

spills is incomparable with those linked to the impacts of gas flaring in the Niger Delta region. Gas 

flaring appears to be a major concern and has a far-reaching effect on subcomponents mainly, 

vegetation, human displacement, human exposure, soil, crop yield and food quality. This implies 

that about 37.5% of the third-layer articles from the sample space are influenced by gas flaring in 

oil fields. Although gas flaring exuded unstable gaseous components during crude oil production, 

the emission of these gases should be controlled as it has a long-term effect on the subcomponents 

previously mentioned. This is not to say that spilled oil does not degrade the environment. 

However, flared gas can travel much longer distances and could devastate a wider area within a 

city or community. Worst still, one of the long-term effects of gas flaring that the world is currently 

battling with is climate change. Hence, gas flaring should be regulated by relevant authorities.  
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4.2 Limitations of the Research 

1. Due to the method used, the results of this research are limited to the articles reviewed for 

the entire research. 

2. All the articles reviewed may not fully show the impacts of oil pollution on Niger Delta 

ecosystem. So, this review process only serves as a guide which can further be expanded 

upon. 

4.3 Framework for Measuring the Impacts of Oil Spill on the Niger Delta Ecosystem 

The impacts of oil pollution on Niger Delta ecosystem components have been identified. Each 

component had subcomponents that lead to the major factors that are impacted by oil pollution. A 

total of sixteen (16) components/factors were identified from the articles with the impacts of crude 

oil pollution on these factors. In order to establish a roadmap that better equip environmentalists 

and researchers in quantifying and measuring the impacts of crude oil exploration on the Niger 

Delta ecosystem, a framework that underscores these impacts has been laid out in Figure 4.4. 
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Figure 4.4: Research framework for measuring the impacts of oil spill on Niger Delta ecosystems 
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Chapter 5 : Conclusions and Recommendations      

5.1 Conclusions 

The primary motivation of this study is the problem of pollution due to crude oil on the entire 

ecosystems in Niger Delta, Nigeria. Several articles were investigated in this study using NVivo 

software. A total of 250 articles were searched out from various resources out of which 115 were 

used for data extraction. Querying the articles that met the inclusion criteria of this research yielded 

several keywords, which were further classified into three major components, followed by detailed 

coding. These components are Humans, Aquatic Environments and Terrestrial Environment. 

Results from exploring all codes derived from the three components showed that the impacts of 

oil pollution on sustenance and livelihoods of humans appeared to be majorly discussed by all the 

authors as buttressed by the word frequency diagram shown in Figure 5.1.  

 

Figure 5.1: Word frequency diagram accentuating the importance of livelihood sustenance in the 

Niger Delta region of Nigeria 
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5.2 Recommendations 

Results from the document analysis emphasized the highly significant effect of crude oil spills on 

livelihoods and sustenance. Insufficient research information about some Niger Delta ecosystem 

components was the major research gap identified in the systematic review conducted. As a result, 

to further consolidate the body of knowledge on the various impacts of oil spills on the Niger Delta 

ecosystem, the following recommendations are made: 

● Studies on the impacts of oil spills on humans should not be isolated because other 

ecosystem components, mainly aquatic and terrestrial environments, determine the 

survival of humans. Hence, environmentalists and researchers alike should equally 

extensively do more research about different species of organisms that live in these 

environments and how oil pollution impact their existence and survival 

● While we wait for the remediation of the Niger Delta environment, factors such as human 

exposure and food quality, which provide information about the level of environmental 

exposure to oil pollution and the quality of food consumed, cannot be totally controlled. 

Hence, healthcare facilities and services should be established adequately in order to 

control any health challenge when the need arises 

● Researchers should also harvest information about human displacement in the Niger Delta 

region of Nigeria. This will provide more insight about the population of people migrating 

from one community to another in search of arable agricultural lands or better job 

opportunities. This information can be used to create a mathematical model when 

correlated with the degree of oil pollution in the community, contributing to the body of 

knowledge of environmental sciences. 
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● Scientists and environmentalists should seek to explore Niger Delta aquatic and terrestrial 

invertebrates as there are not so many studies that show the abundance of these species in 

the region.  

Niger Delta stakeholders should also provide a remediation formula that will prevent the complete 

collapse of the already-threatened Niger Delta environment. The following recommendations can 

be adopted by all Niger Delta stakeholders, including the Federal Government of Nigeria and 

Multinationals. 

● Multinational oil firms should initiate a planned routine maintenance of the oil installations 

and pipelines. This is because most pipelines which have been functioning for decades 

without being routinely maintained have developed leakages due to natural phenomena, 

such as corrosion and acid rain, facilitating oil spillage over a wide range of pipeline 

networks. Thus, replacing this oil pipeline infrastructure will significantly cut down oil 

spills in the region; 

● Community leaders, multinational oil firms and the Federal Government of Nigeria should 

collectively relocate gas flaring sites (which is a major concern) and commence scheduled 

cleaning of regions already contaminated with crude oil. This should be immediately 

followed by a campaign directed at empowering young people to embrace agriculture by 

providing long-term loans and grants in order to not only revive the region’s agricultural 

prowess but also deter rural-urban migration. 

● Green farming should temporarily replace non-existent farmlands during the remediation 

of the Niger Delta environment. In addition, animals at high-risk of extinction should be 

protected until their environment has been certified safe for inhabiting. 
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● Most Niger Delta regions that have been struggling with oil pollution are usually not 

fortified with social amenities, such as reliable healthcare and good public schools. Hence 

rural people who reside in these areas are vulnerable. As a result, the Nigerian Government 

and executive of oil companies should collaborate to ensure that rural people have access 

to reliable healthcare and education. 

● Multinationals should be more accountable than ever in issues regarding oil pollution and 

environmental degradation; and 

● Rural education curricula that contain subjects on environmental conservation should be 

added to the early childhood education framework 
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