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Abstract 

Gas flaring during oil and gas operations discharges pollutants into the atmosphere. Some 

communities in the Niger Delta region of Nigeria believe their health and livelihoods are 

affected by gas flaring. Hence the need to evaluate the impact of gas flaring on public health 

and community’ knowledge. The aims and objectives of this study included: evaluating public 

health impact of gas flares; assessing disease prevention and treatment for diseases 

associated with gas flaring; comparing the impact on health in gas flaring host communities 

and non-gas flaring host communities; assessing the association between gas flaring and 

prevalence of diseases: delineation of opinion from perception; and evaluating government’s 

efforts in mitigating the adverse effects of gas flaring.  

This entire thesis was a cross-sectional mixed method study and 500 self-administered 

questionnaires to individuals above 18 years of all genders comprised six sections with closed 

and open-ended items to ensure objectivity and accuracy of data. Thematic analysis was used 

on qualitative data. Descriptive statistical research methods as well as multiple regression 

analysis, analysis of variance, Multivariate tests, and Correlation analysis were utilized. 

The survey response rate for this entire thesis was 97.4% (487 out of the 500) and participants 

comprised 40.1% women. Among the 487 respondents, 99.1% resided in 12 oil-producing 

local government areas across Delta State, while 97.7% of them worked in communities 

distributed across oil-producing 11 local government areas and 68.2% had worked in the 

region for 3-20 years. Participants were well distributed in age groups with 89% consisting of 

20-70 years old. The respondents comprised 96% with secondary or higher education, and 

regarding socioeconomic status, 61.7% classified themselves as middle- or upper-class.  

On public health impact, the community had knowledge with 90% of respondents affirming the 

negative impact of gas flaring. However, level of nominal knowledge between educational 

subgroups shows gradient increase with educational status, but no statistical difference 

observed in demographic subgroups. 
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Regarding prevention and treatment programmes for diseases associated with gas flaring, 

40% of the participants disagreed while 39% agreed that there were prevention programmes 

by oil companies. Lack of capacity among the communities’ low-mid social class to 

appropriately dialogue with government for change was also observed. 

On comparison of environmental and occupational health, based on stress and respiratory 

issues, respectively – i.e. as indicated by respondents; stress was in 62.3% of participants 

and in 50.9% family members. Respiratory problems were indicated in approximately 25% of 

the participants and in 33% of family members. Among other ill-health conditions, diabetes 

was most prevalent. Nearness of residence to gas flare sites was associated with increased 

frequency in ill-health issues in respondents and their families. 

On analysis of purposive survey of association between nearness-to-flare and prevalence of 

diseases, the results showed neither correlation nor significant difference stratified distance-

to-flare site, while MANOVA revealed significance on perception. Thus, implying that nearness 

to gas flare sites mediates perception of negative health impact.  

Evaluation of government’s efforts in mitigating the adverse effects of gas flaring in host 

communities, and whether there were age and/or gender differences highlighted divergent 

views on the discourse of government’s efforts in mitigation and adaptation of gas flaring. 

Empirical evidence of generational gap on environmental issues showed that women agreed 

more on mitigation and adaptation (p < 0.02), while the silent generation (>70 years old) 

agreed more on government’s behavioural change wheel but disagreed on mitigation and 

adaptation while younger generation agreed (p < 0.001). 

In conclusion, this thesis provides insights into gas flaring, and the effects on the environment 

and the health of humans and contributes data on gender and generational gap in discourse 

of environmental issues. It is acknowledged that movement restrictions including social 

distancing occasioned by COVID-19 were limitations to the work. This study affirms that the 

impacts on health in gas flaring host communities are severe compared to non-gas flaring host 
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communities. It is recommended that government and oil companies provide adequate health 

facilities and health education on impacts of gas flaring for the communities. Further studies 

need to determine the occurrence, severity, and prevalence of specific diseases in gas flaring 

host communities compared with non-gas flaring host communities. 
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Chapter 1 

Introduction to the thesis 

Citation of published version: Obi N, Bwititi P and Nwose E. Study proposal of the 

impact of gas flaring on health of communities in Delta state Nigeria. International 

Journal of Scientific Reports 2021; 7: 468 - 472. DOI: https://dx.doi.org/10.18203/issn.2454-

2156.IntJSciRep20213262. 

    

1.1 Background of the study 

Gas flaring is combustion of gas that is brought to the surface as part of oil and gas 

operations. This combustion produces various toxins and heat that negatively impacts 

on health of humans and other animals as well as the environment. There has been 

an increased global concern on the impact of gas flaring on the environment and 

recently on human health. Equally, the impact of gas flaring in Niger Delta, Nigeria is 

also of local concern and the uncontrolled and wasteful flaring of gas has negative 

impacts on the flora, fauna and human health and livelihood in this region. 

Reports indicate that gas flaring in Nigeria contributes more GHGs such as carbon 

dioxide, chlorofluorocarbons, methane and nitrous oxide into the atmosphere than the 

combined contribution from Sub-Saharan African countries. The GHGs emitted during 

gas flaring are significantly implicated in global warming, which may result to rise in 

sea level and hasten the effects of climate change. Gas flaring, commonly carried out 

by oil exploration companies in Nigeria therefore poses a hazard to the health of 

populations and environment by pollution, warming and release of GHGs into the 

atmosphere.  

This research was carried out to study the impact of gas flaring on the health of 

communities in the Delta region of Nigeria with a view to understand community 

knowledge and mitigation efforts by oil companies and government. Of importance is 

https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20213262
https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20213262
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the association between gas flaring and prevalence of disease including delineation 

of opinion from perception. 

1.2 Introduction  

During extraction of oil, a considerable amount of gas is found as a by-product and in 

most cases, it is disposed by burning using a process known as flaring. It occurs as a 

result of technical, regulator or economic constraints (Ekpoh & Obia, 2010; WorldBank, 

2016). It is a process by which air pollution occurs. In 1956 following the discovery and 

exploitation of petroleum products in Nigeria, there has been a steady discharge of 

gaseous fuel into the atmosphere as well as gas flaring (Allen, 2018).  

It is known that gas flaring into communities in Nigeria emits toxic chemical 

substances, which negatively affect public and community health or human livelihood 

(Allison et al., 2018). Gas flaring releases GHGs and toxic compounds triggering 

climate change resulting in e.g. erosions and floods thereby affecting agriculture, which 

leads to food insecurity hence furtherance of public and community health. Outbreak 

of diseases and acid rain are also features (Adewale & Mustapha, 2015; Idris, 2007). 

In a study in the Niger Delta Region of Nigeria, Maduka and Tobin-West (2017) reported 

a significant relationship between gas-flaring and hypertension. Studies have also 

shown that several pollutants from gas flare cause respiratory problems, insomnia, 

headache, cancer, bronchitis and depression, blood disorders, damage to the skin, 

asthma and anaemia (Adienbo & Nwafor, 2010; Ajugwo, 2013; Gobo et al., 2009; 

Maduka & Tobin-West, 2017b). There are detailed reviews on these phenomena (Obi, 

Akuirene, et al., 2021; Obi, Nwose, Bwititi, Akuirene, et al., 2021).  
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1.3 Research objectives and hypotheses 

The main aim of this study was to determine the impact of gas flaring on health in the 

communities in the Niger Delta Regions, look also at community knowledge as well 

the mitigation efforts of oil companies and the government of Nigeria. The specific 

objectives, hypothesis and research question/design are tabulated in Table 1.1.  
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Table 1.1: Summary of objectives, hypotheses, methods, statistics and research designs of the study 

Objective Hypothesis Research design  

Evaluate public health impact of environmental pollution 
due to gas flares  

Pollution due to gas flares has had a negative impact on 
environment and community health. 

The host community residents 
including community health 
workers was surveyed 

Assess disease prevention and treatment for diseases 
that are expected to increase because of gas flaring 

Diseases that are more prevalent as a result of gas flaring 
were not easily prevented and treated 

The companies’ community 
relations programmes and 
healthcare providers experience 
were surveyed 

Compare the impact on health in gas flaring host 
communities and non-gas flaring host communities 

Impacts on health or wellbeing in gas flaring host 
communities were more severe as compared to non- gas 
flaring host communities 

Comparative descriptive study of 
host versus neighbouring 
communities was done 

Assess the association between gas flaring and 
prevalence of diseases ... host communities vs. 
neighbouring communities 

There was association between gas flaring and prevalence 
of diseases of interest to this study in gas flaring host 
communities  

The communities and healthcare 
providers were surveyed 

Evaluate the government’s efforts in mitigating the 
adverse effects of gas flaring already being experienced 
by host communities 

Government’s efforts in mitigating the adverse effects of 
gas flaring already being experienced by host communities 
were not sufficient. 

Survey* relevant government 
offices, oil companies, and 
healthcare providers 

*Survey encompasses qualitative and quantitative methods; qualitative data were analyzed thematically to supplement quantitative analysis; BCW: behavioural 

change wheel
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1.4 Methods 

1.4.1 Ethical considerations:  

Ethics approvals were obtained from the Human Research Ethics Committee of 

Charles Sturt University Australia (Approval number H20004), and from Novena 

University Nigeria. African/Nigerian culture is hierarchal hence, discussions for 

permission from paramount rulers of the communities and village elders constituted a 

big part of necessary approvals. The hospitals, oil companies and regulatory office 

gave consent to carry out the study, where necessary.  

An overview of the research design and methods and how the results would be utilized 

were given to potential participants and the study was carried out in a way that 

guaranteed confidentiality and integrity of the participants. Participation was voluntary 

and participants were encouraged to respond to all questions but were informed that 

if there were questions that they did not feel comfortable to answer they could skip. All 

information and data were anonymous, confidential and private and kept securely.  

Participants were asked to provide free, information on their health and their family 

and this was also anonymous and non-identifiable. Consent was in the form of free 

acceptance, completion of the questionnaire and returning it to researcher. Just as 

with community participants, data for oil companies were treated with confidentially 

and names and addresses were not required. Alphanumeric identifiers were used 

throughout data collection and in the presentation of the results. Overall results after 

statistical analysis are presented and not individual data.  

Reports had shown that inhabitants of the Niger Delta region worried about the effects 

of gas flaring on their quality of life and health but they had little or no information on 
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the impacts of pollution (Nriagu et al., 2016; Sako, 2017; Schick & Myles, 2018). 

Having said this, it was not anticipated that the study would cause further distress to 

the respondents and the interviewer more than e.g. the anxiety that was already there. 

On the contrary, the awareness about this study and engagement of participants 

appeared to comfort the communities since something was being done about gas 

flaring. For easy access in the communities, the researcher was accompanied by local 

security and residents.  

1.4.2 Operational plan 

The study was carried out in the Delta region of Nigeria (Figure 1.1) and the following 

steps were applied: a critical literature review to give a global perspective to allow 

comparison with similar communities followed by the qualitative and quantitative 

research. Qualitative approach made provision to understand the BCW including 

capacity and motivations of the stakeholders. In addition, it enabled exploration and 

understanding of the perception, attitudes of respondents. This complemented the 

quantitative research method, which enabled statistical and mathematical modelling 

for more robust comparisons between groups.  

The structured questionnaires are sectionalized with specific questions so each 

section captured one of the objectives. Thus, different sections were administered to 

targeted subpopulation of communities, health workers, oil companies or government 

agencies. Table 1.1 highlights summary of proposed methods for the study, while 

further of the methodology constitute the content of Chapter 3 later in the thesis. 
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Figure 1.1: Map of Niger Delta showing the states in the region and map of Nigeria 

Source: Udotong et al. (2017) 

1.5  Results – expected outcomes, and significance of the study 

1.5.1 Expected outcomes 

The expected findings for the respective 5 research objectives are summarized as 

follows: 

i. knowledge of the public health impact of environmental pollution due to gas 

flares was established 

ii. insights of the disease prevention and treatment: BCW on adaptation & 

mitigation programmes 

iii. understanding of the impact on health in gas flaring host communities and non-

gas flaring host communities; environmental and occupational health, BCW of 

stakeholders 

iv. association between gas flaring and prevalence of diseases: family health 



 27 

epidemiology was established; and  

v. extent of government’s efforts in mitigating the adverse effects of gas flaring: 

BCW. 

1.5.2 Significance of the study 

It was therefore imperative to critically evaluate and understand the impact of gas 

flaring on community health. Therefore, the justification and significance of the study 

includes the impact it has on the research field, its contribution to new knowledge and 

how others will benefit from it.  

Importantly, the study will give insights on the effects of gas flares as environmental 

pollutants on public health; compare the impacts of gas flaring on the health of host 

versus neighbouring communities with and without gas flares; provide information of 

the epidemiology of the diseases associated with gas flaring and to provide insight into 

stakeholders’ BCW on policies, mitigation and adaptation. 

1.6 Discussion  

1.6.1 Conceptual framework:  

Nigeria is the highest oil producer in Africa and is ranked sixth among the Organization 

of Petroleum Exporting Countries (OPEC). There has been a remarkable 

transformation in Nigeria’s economy as a result of the exploitation of oil (Matemilola et 

al., 2018). However, the environments of the oil producing regions have suffered 

degradation and loss in economic and social values. The oil producing communities 

in the Niger Delta region are located in the Southern part of Nigeria (Figure 1.1). Gas 

flaring has been the preferred means of disposing associated or waste gas by various 

petroleum exploration and production companies in the Niger Delta for over six 

decades (Ite & Ibok, 2013).  
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Whenever gas is flared, energy is wasted, GHGs and pollutants are released and 

humans as well as environment are at risk of the effects of resultant pollution. Flaring 

of gas generates an unending, excessive and blazing fire, day and night thereby 

exposing the people to toxins that threaten health and livelihoods (Osuoka & Roderick, 

2005). The majority of gas flares are situated close to local communities and often lack 

sufficient safety and security measures for inhabitants who may risk working near the 

heat of the flare (Agochi, 2014). According to  IPCC (2007), associated gas flared into 

the atmosphere contains GHGs, as well as other poisonous substances. Over 250 

toxins are released from flaring and these include carcinogens, which contributed to 

the GHGs (Osuoka & Roderick, 2005). 

Poisonous gases cause health problems to communities living in or near the gas 

flaring sites and the problems include cancer, asthma, a variety of blood disorders, 

immune dysfunction, respiratory illness, spontaneous abortion, reproductive 

disorders, endocrine dysfunction, skin disorders, heat irritation, heat exhaustion, 

reduced life expectancy and deformities in children. Some inhabitants of Niger Delta 

also believe that the region is bedevilled with discomfort, suffering, and obliteration, 

regardless of this region being the financial backbone of Nigeria (Matemilola et al., 

2018a). A resident of Ebedei in Niger Delta who lived besides the constant flame of a 

gas flare expressed concern about the possible effects of gas flaring on his health and 

that of his children (Schick & Myles, 2018).  

The Federal Government of Nigeria has been concerned with the growing trend of gas 

flaring and placed several measures to curb, however the extent of BCW and 

effectiveness, especially in the reduction of the volume of gas produced is yet to be 

investigated. For instance, in 2017, 7.6 billion cubic meters of gas was flared in the 

country (NOAA/GGFR, 2018) and this may have contributed to negative health impact 
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to those living around the flare sites. Further, a preliminary study indicated that the 

community’s concern around health impact may be associated with distance to gas 

flare site; but no significant difference in prevalence of disease linked to gas flaring 

was reported (Akuirene et al., 2019). Given the foregoing background, it was pertinent 

to conduct research to understand the epidemiology of diseases in communities with 

and without gas flaring as well as to investigate the health impact of, and mitigation 

programmes for gas flaring by comparing the human health outlook/outcomes 

between communities with and without gas flaring. 

1.6.2 The thesis strength and layout:  

This introductory chapter has set the protocol of the doctoral research work. The 

strength is in the available human and material resources for the project, the weakness 

lies in the limitation of scope of work being majorly a survey while the opportunity is in 

the reality of the community vis-à-vis environmental health problems. It is 

acknowledged that movement restrictions including social distancing occasioned by 

COVID-19 posed a threat to the work.  

1.7 Organization of thesis 

The thesis is presented in twelve chapters including this introduction being Chapter 1. 

The next is chapter 2, which reviews literature on the impact of gas flaring on 

communities in Delta region of Nigeria. This is presented in two perspectives – re: 

environmental health and community health.  

Chapter 3 presents the methodology, including a review of the various research 

designs and methods to justify the approaches adopted in this project. Further, the 

participants’ demographics are described as part of this chapter.  
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Chapter 4 discusses the public health impact of environmental pollution in areas with 

gas flares to address the first specific research objective of the project. 

Chapter 5 describes the community awareness of health problems associated with 

gas flaring and programme to mitigate to address the second specific research 

objective of the project. 

Chapter 6 compares environmental and occupational health in gas flare host 

communities and those farther from gas flares, addressing the third specific research 

objective of the project.  

Chapter 7 is an additional component of chapter 6 and presents an epidemiological 

cohort study on diabetes. 

Chapter 8 assesses the association between gas flaring and prevalence of disease: 

delineation of opinion from perception and this addressed the fourth specific research 

objective. It constitutes the first of two parts, which assess associations between gas 

flaring and prevalence of diseases. 

Chapter 9 is the second of two parts “the association between gas flaring and 

prevalence of disease: delineation of opinion from perception and this addressed the 

fourth specific research objective”. It is the logistic regression analysis to determine 

predictive values of the independent variables. 

Chapter 10 evaluates government’s efforts to mitigate the adverse effects of gas 

flaring in host communities. This focuses on the fifth specific objective. 

Chapter 11 explains gas flaring in Niger Delta Nigeria and sustainability development 

goal framework and this is based on qualitative analysis components of the various 

research objectives.  
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Chapter 12 is the summary, conclusion and recommendations of the thesis. It also 

identifies potential areas of future research, strengths and limitations of the study. 

The various chapters of this thesis are presented as independent published research 

papers. In the various chapters in some instances, there are comprehensive 

introduction sections while in others the section come as summaries. This is due to 

the information having been covered either in the literature review or in early chapters. 
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Chapter 2 

     Literature review 

2.1 Citations of published versions:  

2.1.1: Obi N, Akuirene A, Bwititi P, et al. Impact of gas flaring on communities in Delta 

region of Nigeria, narrative review part 1: environmental health perspective. Int J Sci 

Rep 2021; 7: 186-193. DOI: https://dx.doi.org/10.18203/issn.2454-

2156.IntJSciRep20210548. 

2.1.2: Obi N, Akuirene A, Bwititi P, et al. Community health perspective of gas flaring 

on communities in Delta region of Nigeria: narrative review. Int J Sci Rep 2021; 7: 180-

185. 2021-02-20. DOI: https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20210547  

 

2.2 Impact of gas flaring on communities in Delta region of Nigeria:  – 

Environmental health perspective 

2.2.1 Overview  

As mentioned, gas flaring is combustion of associated gas from crude-oil exploitation 

and exploration and occurs in refineries, oil wells and oil rigs. Nigeria is a major 

producer of gas and oil and this has occasioned high rate of gas flaring because of 

poor enforcement of anti-gas flaring laws (Allen, 2018). Gas flaring results in pollution 

with adverse public health consequences particularly in gas flaring communities 

(Allison et al., 2018), hence the objective of this narrative review is to identify the risks 

associated with gas flaring. Literature from diverse databases including peer reviewed 

journals as well as governmental and organizational papers were searched for this 

narrative.  

Over the years, several laws have been enacted in Nigeria with stipulated dates to 

end gas flaring, but the targets have not been met. The Federal government of Nigeria 

https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20210548
https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20210548
https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20210547
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updated the legal framework titled ‘Flare gas (prevention of waste and pollution) 

regulations, 2018’ to facilitate financial profits through utilization and 

commercialization of associated gas, to reduce or exterminate flaring. This effort 

appears ineffective due to weak enforcement and poor monitoring mechanism. The 

statutory government institution entrusted to enforce anti-gas law may benefit from 

motivation to ensure oil operators comply to combat environmental health risks from 

gas flaring. 

2.2.2 Introduction 

The former World Bank President, Jim Yong Kim’ noted that continuous flaring gas 

was wasteful handling of CO2 emission and encouraged countries and oil companies 

to positively respond to this menace and noted that the world can collectively take 

concrete action to end flaring and use this valuable natural resource where there was 

no electricity (World Bank, 2015). 

As previously mentioned, gas flaring is primarily the burning of gas associated with oil 

production and it is usually carried out in places where there are insufficient 

infrastructures to handle the gas (Elvidge et al., 2009). This practice has drawn global 

attention for years and policy makers have brainstormed to reduce or end routine 

flaring. Aregbe (2017) reported that flaring gas was responsible for several health and 

environmental challenges and some negative impacts of gas flaring include global 

warming, climate change, environmental pollution, loss of livestock and respiratory 

challenges.  

Nigeria has the 9th largest gas reserve in the world with a reserve of 199 TCF. A 

significant volume of gas produced with crude oil is flared and Nigeria is the 7th highest 

gas flaring nation in the world, with daily flare of about 800 million standard cubic feet 

(NOAA/GGFR, 2018). Reports show that communities close to oil and gas exploratory 
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activities suffer from harmful effects associated with gas emissions (Ajugwo, 2013). 

Apart from pollution, there is also the hazard of oil spill, as well as health challenges 

in communities close to gas flare. It is concerning to see oil companies focusing mainly 

on oil and neglecting the potential of harnessing gas as an energy source and also not 

focusing on the negative effects of burning the gas. 

It is estimated that one million standard cubic feet of gas can generate 1.036 billion 

BTU of energy (United States Energy Information Administration, 2019); and 

harnessing this energy can alleviate the huge energy generation deficit in Nigeria. In 

2017, the President of Nigeria, accented to the Paris climate accord, which tasked 

nations to reduce greenhouse gas emissions unconditionally by 20% and conditionally 

by 45%. The Paris agreement was expected to deliver 100 billion US dollars per year 

by 2020 in support to developing countries, to implement this (Uwaegbulam, 2017). 

It must be pointed out that curbing gas flaring goes beyond signing accords. Some 

proactive steps are needed from stakeholders such as governments, and oil and gas 

companies to reduce and ultimately stop gas flaring. For instance, review of fees and 

fines imposed for flaring of gas in Nigeria shows that the fees are ridiculously low, to 

the extent that operators find it more cost-effective to pay the fine than invest in 

harnessing the flared gas. Therefore, the low fees and fines are no impediment to gas 

flaring by the oil and gas operators whose focus is to extract oil at the possible least 

cost (Ajugwo, 2013). 

This chapter explains in sequence of four sections: the phenomenon (occurrence) of 

gas flaring, the impact of gas flaring in Nigerian communities, risks associated with 

gas flaring in relation to human health and community health studies and the 
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government interventions. This narrative review is a first step in the continuation and 

expounding of preliminary work previously published (Akuirene et al., 2019). 

2.2.3 Phenomenon of Gas Flaring 

Natural gas is a hydrocarbon mixture, which consists primarily of methane and varying 

amounts of other higher alkanes such as ethane (C2H6) and propane (C3H8), as well 

as butane (C4H10), and a small percentage of CO2, N, and/or H2S. Natural gas is 

produced when layers of putrefying plant and animal matter are exposed to intense 

heat and pressure over thousands of years. It is a fossil fuel used for domestic cooking, 

heating and electricity, fuel for vehicles and fuel in the manufacturing e.g. of plastics 

and other organic chemicals. Natural gas is found in oil and natural gas fields, and in 

coal beds as coalbed methane (Aregbe, 2017). 

When petroleum exploration commenced, natural gas was not considered useful 

because of the difficulties in transporting to markets and its storage. As a result, the 

gas was burned at the well or vented into the atmosphere, to create room for other 

operations and to avoid gas explosion (Aregbe, 2017). Presently, flaring and venting 

is ongoing in locations where local markets and gas transportation infrastructures are 

not available, or where the gas is contaminated with other incombustible gases.   

There are different definitions of gas flaring that exist. Gas flaring can be defined as 

the steady discharge of gaseous fuel into the atmosphere during petroleum 

exploration activities (Ansa & Akinrotimi, 2018). Another definition is the process of 

burning-off the gas found in, or mixed with crude oil.  

Gas flaring occurs because it is costly to separate associated gas from the oil and 

some oil companies burn the gas directly from pits while others construct flare stacks. 

The flares often contain as many as 250 different toxins, and emit particulate matter. 
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Carcinogenic substances and unburned fuel components such as benzene, toluene, 

xylene, and hydrogen sulphide are also contained in the flares (Ekpoh & Obia, 2010).  

Ignition devices securely and ably extinguish waste gases produced in a plant during 

normal operation. Waste gases come from diverse sources such as associated gas, 

gas plants, well-tests and other places and are collected in piping headers and 

delivered to a flare system for safe disposal (Emam, 2015). Burning of natural gas 

associated with oil extraction takes place because of technical, regulatory, and/or 

economic constraints. This causes more than 350 million tons of CO2 emissions every 

year, with serious harmful impacts from methane that has not been combusted and 

black carbon emissions (World Bank, 2018).  

 

Figure 2.1: Picture of a Gas flare site (Available online: Friends of the Earth 2009) 

Gas flares can attain a height equivalent to several storeys in the Niger Delta, often 

near communities. Some flares, such as shown in Figure 2.1, have been burning 

constantly day and night for over 30 years (Friends of the Earth, 2009). A few more 

empirical pictures from the literature are presented in appendix 2.  

There are various reports on the magnitude of gas that is flared. For instance, it is 

reported that an average of about 130 bcm of gas are flared in the world yearly 

http://www.flickr.com/photos/foeaction/sets/72157612649194256/
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(Elvidge et al., 2009), (Fawole et al., 2016). The World Bank reports that billions of 

cubic meters of natural gas are flared annually at oil production sites around the globe 

(World Bank, 2018). Further, in 2002, The World Bank estimated that globally, about 

108 bcm of natural gas was flared and vented annually, an amount equivalent to the 

combined annual natural gas consumption of France and Germany. It also noted that 

gas flared in Africa (37 bcm in 2000) produced 200 TWh, which was about 50% of the 

power consumption of the African continent, and more than twice the level of power 

consumption in sub- Saharan Africa, excluding the Republic of South Africa (World 

Bank, 2004). Flaring gas wastes valuable energy that can be used for economic 

growth and it also contributes to climate change by releasing millions of tons of CO2 

into the atmosphere. 

 

Figure 2.2: The ranking of top 30 gas flaring countries (2013-2017) (NOAA/GGFR, 2018) 
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The top 30 gas flaring countries in the world are shown in Figure 2.2. Nigeria, Africa’s 

biggest gas energy producer was second highest in 2011 and dropped to sixth 

between 2013 and 2017 as reported by the U.S. NOAA and GGFR (NOAA/GGFR, 

2018).  

There is no doubt that Nigeria contributes substantially to gas flare (NOAA/GGFR, 

2018). A high proportion of natural gas extracted in oil wells in Niger Delta is 

immediately flared into the environment at approximately 70 million/m3 per day and 

this is equivalent to 40% of African natural gas consumption and is the largest source 

of greenhouse gas emission on the planet (Emoyan, 2008). It has been reported that 

gas flaring is dangerous and an abuse of human rights because the gas pollutants 

contain over 250 different toxins that are harmful, poisonous and unfriendly to the 

ecosystem and humans (Raimi et al., 2013). Constituents of a gas that is flared are 

diverse and depend on the source of the gas and the magnitude of released 

hydrocarbons are related to the rate of ignition (Emam, 2016).  

As mentioned, the gas can be processed and used for fuel rather than flared and in 

the United States, oil companies process and use natural gas or re-inject gas into the 

ground, and only about 1% of gas is flared. While in Nigeria, as much as 60% of 

associated gas is wasted in flare but only 40% of people have access to electricity. 

There is therefore need for flared gas to be processed, distributed, and used e.g. as 

fuel for cooking or for electricity. Using processed natural gas as fuel for cooking can 

replace firewood that Nigerians use and this improves air quality. Gas can also be re-

injected into the ground, a clean option that keeps the gas from being burned and 

creating greenhouse gases (Friends of the Earth, 2009).   
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A marked reduction in the percentage of gas flared from 2000 to 2017 in Nigeria is 

shown in Table 2.1. According to updated report in August 2021 (Lo, 2021), Nigeria 

has reduced gas flaring by 70% as at 2020. Although the proportion of gas flare is 

down, it is still a considerable waste and constitutes physical, environmental and 

health hazard. Furthermore, there is widespread agreement that gas flaring is 

unproductive, needless has a negative impact and contributes to global warming and 

climate change by discharging millions of tons of CO2 to the atmosphere (Ajugwo, 

2013; Raimi et al., 2013; Nriagu, 2011; Okotie et al., 2018) 

Table 2.1: Quantities* of gas Produced vs. flared in Nigeria (Sharif et al., 2016) 

*Billion cubic feet 

(BCF) 

 

2.2.4 Impact of 

Gas Flaring in 

Nigerian 

communities 

Gas flaring 

commenced in 

Nigeria during the 

discovery and 

production of oil and 

gas. A study on the 

level of ambient air 

pollutants in the Niger 

Delta region relative 

to Lagos state revealed that pollutants levels are uppermost in the former where the 

majority of flare sites are (Orubu, 2002). The author maintains that some of the GHGs 

Year Gas Produced* Gas Flared* Percentage Flared 

2000  1,720.81   929.97  54% 

2001  1,943.60   1,000.75  51% 

2002  1,751.13   920.93  53% 

2003  1,903.33   801.47  42% 

2004  2,110.18   851.65  40% 

2005  2,135.34   805.52  38% 

2006  2,289.89   820.43  36% 

2007  2,606.87   816.64  31% 

2008  2,580.40   670.79  26% 

2009  2,228.12   536.37  24% 

2010  2,819.68   544.73  19% 

2011  2,966.65   503.94  17% 

2012  2,996.04   465.26  16% 

2013  2,811.98   427.97  15% 

2014  3,048.55   379.17  12% 

2015  3,004.55   341.35  11% 

2016  2,711.80   288.88  11% 

2017  2,938.05   324.30  11% 
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emitted at flare sites contribute to global warming. The oil rich Niger Delta of Nigeria 

lies between 4° and 6° N of the equator and between longitude 50 and 90 E of 

Greenwich, with an estimated area of 70 000 Km2 (Figure 1.1). The Niger Delta 

consists of a number of distinct ecological zones, characteristic of large river deltas in 

tropical regions, coastal ridge barriers, mangroves, freshwater swamp forests and 

lowland rain forests. The major consequences of gas flaring are severe environmental 

damages, loss of plants and animal lives, loss of revenue to  government and damage 

to health of the communities (Ajugwo, 2013).  

Furthermore, gas flaring in the Niger Delta has resulted in thermal radiation, flue gas 

dispersion and emissions producing considerable amounts of air pollutants over the 

past 50 years. Flaring and venting of associated gas in Niger Delta contributes 

approximately 35 million metric tons of CO2 per year, CH4, a large number of 

hydrocarbons and other forms of GHGs into the atmosphere. For example CH4 

constitutes approximately 86% of the natural gas, and because of the low burning 

efficiency of the flares, a big percentage of the associated gas released is CH4 that 

has a high global warming potential (Ite & Ibok, 2013b). 

Gas flaring has made communities poor and there is increased mortality rate, with 

attendant environmental, economic and health difficulties, which are sufficient 

justifications for ending gas flaring (Ajugwo, 2013). Gas flaring contaminates water 

and food and causes ill-health, environmental degradation and displacement of people 

from their ancestral homes (Okotie et al., 2018).  

Further, gas flaring impacts negatively on terrestrial ecosystems with particular 

emphasis on plant growth and development (Chukwuka et al., 2018). Gas flaring emits 

air pollutants such as oxides of nitrogen, carbon and sulphur (Ajugwo, 2013). These 
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pollutants increase the acidity of the soil thereby making no flora thrive in the area 

surrounding the flare, destroys mangrove swamps and salt marshes, reduces growth 

of some plants and causes soil degradation and declines agricultural productivity 

(Chukwuka et al., 2018), (United Nations Development Programme, 2006). In some 

cases, there is no vegetation in the areas surrounding the flare due partly to the heat 

produced and acid nature of soil. In the same vein, study on the effects of gas flaring 

on crop farming in the Niger Delta showed that crops’ growth is retarded (Dung et al., 

2008). 

2.2.5 Risks associated with gas flaring in relation to human health 

As mentioned, gas flaring, which is routinely carried out during oil exploration poses a 

significant hazard to the health since it pollutes the air, heats the atmosphere and 

releases GHGs (World Health Organization, 2003). Although Nigeria pledged to stop 

gas-flaring and imposed fines on oil exploration, companies still flare gas. The health 

of the people in the Niger-Delta is therefore compromised and the people may not be 

educated enough to know the extent. They live and work alongside the flares with no 

protection. While there is a substantial public concern about the environmental 

impacts, consequences and damage of gas flaring in the Niger Delta, the magnitude 

of pathological and psychological effects in the local communities are slightly known 

(Nriagu et al., 2016). These risks can be listed as broadly as 

❖ indirect risks 

❖ direct risks 

Indeed, most studies in various parts of the world have included monitoring air 

pollution levels and the health impacts (Chuwah & Santillo, 2017) but similar large-

scale comprehensive studies on the impact of air pollution on health have not been 
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conducted in the Niger Delta.  In the next section, the indirect and direct risks 

associated with gas flaring are discussed. 

2.2.6 Indirect Risks associated with gas flaring in relation to human health 

Nigerian gas flares release about 18 million metric tons of GHGs and discharge lethal 

substances in the environment (Ubani & Onyejekwe, 2013). Gas flaring causes 

climate change and greenhouse-effect resulting in gradual rise in atmospheric 

temperature and depletion of the ozone layer, the natural cooling shield from sun ray’s 

insulation and heat in the sky, thereby exposing the earth to high intensity of solar 

radiation. The impact of the environmental threat includes food insecurity, increasing 

risk of disease, acid rain, rain corrosion of buildings and the rising costs of extreme 

weather damage because of toxins such as benzene in the air (Idris, 2007; Raimi et 

al., 2013). Due to global warming caused by emission of GHGs in the atmosphere 

during human activities such as during gas flaring, depletion of stratospheric ozone 

layer occurs that leads to increase in the solar UV-B radiation (280-315mm) at the 

surface of the earth. The harmful effects of UV radiation include cataracts in the eyes, 

permanent or temporary blindness, skin cancers, DNA damages, lung diseases, 

suppression of immune responses to skin cancer, infectious diseases (Anwar et al., 

2015). 

Furthermore, studies show that gas flaring creates noise pollution and flaring at 

elevated temperature results in discharge of soot and particulate. Exposure to noise 

pollution is associated with a variety of ill-health including but limited to hypertension, 

cardiovascular disease, stress, hearing loss, reduced reproduction, sleep 

disturbances, among others (Goines & Hagler, 2007; Heinonen-Guzejev et al., 2007; 

Ugonna, 2014). Flares coat the land and community with soot as well as damage 

vegetation including heating up and changing the soil pH (Allison et al., 2018; Manby, 
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1999a; Oghenejoboh et al., 2007). A negative impact of gas flaring is also the potential 

to destroy the medicinal plants that rural and urban people use. Uncontrollable gas 

flaring produces soot laden with toxic substances including hydrocarbons, sulphur 

oxides and the oxides of nitrogen, which negatively affect soil fertility as mentioned 

and are linked to ailments such as bronchial, chest, rheumatic and eye problems. In 

the same vein, soot is associated with difficulty in breathing, lung, and throat irritation, 

birth related problems, such as low birth weight; and, heart disease (Yakubu, 2018).  

Gas flaring in the Niger Delta is reported to cause acid rain and people rely on rainfall 

for laundry, cookery, drinking (humans and animals) and other domestic purposes. 

Consumption of acid rain is associated with skin cancers, lesions and stomach ulcers 

and leaching the mucous membrane of the intestinal walls (Nduka et al., 2008). In 

addition, some communities in the Niger Delta believe that acid rain due to local gas 

flares corrodes roofing especially zinc roofing. This view is supported by report that 

acid rain from gas flaring increases the corrosion of zinc roofs in the Niger Delta 

(Ekpoh & Obia, 2010). Such  findings have encouraged the use of asbestos roofing 

(Allison et al., 2018) since asbestos has better repelling properties to acid rain. Having 

said that, asbestos increases the incidences of diseases such as cancer of the lungs, 

pleural and peritoneal mesothelioma, as well as asbestosis (Burdorf et al., 2007). 

There are different schools of thought concerning the relationship between gas flaring 

and acid rain with some noting that gas flaring contributes to acid rain. Reports point 

out that the levels of sulphur dioxide and nitrous oxide emitted from most flares are 

sufficient to produce acid rain (Ajugwo, 2013; Allison et al., 2018; Ekpoh & Obia, 2010; 

Manby, 1999; Osuoka & Roderick, 2005). 

Table 2.2: Government Intervention to end Gas flaring in Nigeria. (Sharif et al., 2016), 

(Department of Petroleum Resources, 2018),(Otiotio, 2013) 
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Year Government Intervention 

1958 Oil production commenced and all gas produced was flared a t this time 

1969 
The Petroleum Act was enacted and the Petroleum Drilling and Production Act 
provided for operators to submit their gas utilization plan. 

1979 
The Associated Gas Re-Injected Act was enacted, to encourage the 
reinjection rather than flaring of gas. Flare deadline was set at 1984 

1985 
The Associated Gas Re-injection Regulation was enacted, prescribing fees for 
flaring. 

2010 
The Gas flaring Prohibition Bill was developed however it is didn’t receive 
legislative attention. This bill proposed a flare fee of $3.50/1000scf flaring 
penalty 

2006, 
2007, 
2008 

Other Gas Utilization Programmes include: National Gas Master Plan in 2006 
which was swiftly followed by a National Domestic Gas Supply and Pricing 
Policy 2007 and the National Gas Supply and Pricing Regulation in 2008, 
which were aimed to fully align the gas sector with the economic growth 
aspiration of the nation 

2016 
The National Gas Flare Commmercialization Programme. Launched in 2016 
to invite 3rd party investors to take and utilize gas at flare 

2018 
The Federal Government recently signed the Flare Gas (Prevention of Waste 
and Pollution) Regulations 2018, specifying new penalties for gas flaring in the 
country 

2020 Proposed Gas flare deadline is the year 2020 

 

2.2.7 Direct risks associated with gas flaring in relation to human health 

Literature has highlighted risks associated with gas flaring in relation to human health but there 

is no comprehensive study on the health impact of gas flaring on humans. Flaring of gas in 

Niger Delta releases contaminants that affect air quality negatively thereby increasing health 

risks such as tumours, neurological, reproductive and developmental disorders (Ite & Ibok, 

2013b); (Yakubu, 2018). As mentioned, gas flaring discharges toxic compounds into the 

atmosphere and these cause damage to skin cells, different types of cancers, asthma, blood 

disorders, leukaemia, bronchitis, respiratory problems and anaemia in the communities in 

proximity to the flaring. The discharges consist of toxic compounds and elements, such as 

benzene and enter the food chain and cause health disorders. Adverse health conditions 

substantially reduce life expectancy (Adewale & Mustapha, 2015; Allison et al., 2018; 

Nwankwo & Ogagarue, 2011; Nwaogu & Onyeze, 2010). Data from several studies suggest 

that impurities and toxic particles due to flares, cause harmful effects on human health and 
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ecosystems. The human health effects of gas flare pollutants in the Niger Delta are shown in 

Table 2.3. 

Table 2.3: Summary of human health effects of gas flare pollutants in the Niger Delta 

Chemical name Human Health Effects 

Ozone in land Can cause respiratory problems and eye defects (Emam, 2015). 

Alkenes: ethylene, 
Propylene 

Could result in weakness, nausea and vomiting (Emam, 2015). 

Hydrogen sulphide 

Headaches, nausea, delirium, tremors, convulsions, skin and eye 
irritation, Respiratory tract and mucous membrane irritation, may 
cause immediate or delayed pulmonary oedema, may result in 
extremely rapid unconsciousness and death (Agency for Toxic 
Substances and Diseases Registry, 2014); (Emam, 2015) 

Carbon monoxide 
Can cause permanent damage to the heart and brain, may harm the 
mental development of foetus and children and can lead to 
miscarriage and death (Emam, 2015); (John & Feyisayo, 2013) 

Nitrogen dioxides 
(NO, NO2)  

Cause irritation of eyes, nose, throat and lungs. Cough, shortness 
of breath, tiredness, and nausea may also occur. Build-up of fluid in 
the lungs 1 or 2 day(s) after exposure is also possible. May result in 
rapid burning, spasms, and swelling of the upper respiratory tract 

and throat tissues. Reduced oxygenation of body tissues, a build-
up of fluid in lungs. It may lead to death (Agency for Toxic 
Substances and Diseases Registry,2002); (Rahimpour & Jokar, 
2012) 

Alkanes: methane, 
ethane, propane  

Cause swelling, itching, inflammation, skin infection such as 
eczema, acute lung swelling (Andalib Moghadam, 2007; Emam, 
2015) 

Aromatics: 
Benzene, Toluene, 
Ethylene, and 
Xylene 

It is toxic, poisonous and carcinogenic, causes blood abnormalities, 
causes depression and affects nerve system negatively (Emam, 
2015) 

 

Research shows that exposure to these pollutants from flared gas can lead to severe health 

risks especially persons who reside and engage in work close to the flaring sites within the 

host communities (Ana et al., 2009). Unfortunately, most gas flaring sites in the Niger Delta 

are situated close to the residences of the inhabitants. Gobo et al., (2009) reported of an 

association in residents of Igwuruta/ Umuechem communities that have a long history of gas 

flaring, with frequency of ill-health conditions such as cough, eye and skin irritation, as well as 

asthma compared to Ayama community with no gas flaring. In view of the foregoing, threat to 
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human health posed by pollution due to gas flaring cannot be ignored and there may be 

extensive human health effects associated with oil pollution in the Niger Delta. 

 

2.2.8 Government intervention to end gas flaring in Nigeria 

The federal Government of Nigeria is concerned with the growing trend of gas flaring 

and has several measures to curb this and some are shown in Table 2.2. Although 

these measures have reduced the amount of gas flared in respect of the volume of 

gas produced, a lot needs doing to further reduce the volume. In 2017, 324 BCF of 

gas was flared in the country and possibly led to negative health impacts to those living 

around the flare sites. Ajugwo (2013), noted that Nigerian government had not 

enforced environmental regulations effectively due to overlapping and conflicting 

jurisdiction of separate governmental agencies governing petroleum and the 

environment as well as non-transparent governance. In the same vein, due to weak 

regulations and enforcement, operators prefer to flare associated gas than separate it 

from oil (Allison et al., 2018). Furthermore, their focus is to extract the oil, get value for 

it and flare gas at little cost (Ajugwo, 2013). In 2016, the Minister of State for Petroleum 

Resources launched 7 initiatives for the Petroleum Industry in Nigeria, one was the 

Gas Revolution.  

In the drive towards revolution of the gas industry, the Nigerian Gas Flare 

Commercialization programme was developed. The development was hinged on 

paragraph 35b of the Petroleum Act, which gives the Federal Government some 

ownership right to in the natural gas produced. Although, at an agreed cost without 

payment of royalty. Furthermore, in 2018, a regulation was passed pursuant to this 

Act called the Flare Gas (Prohibition of Wastes and Pollution) Regulation 2018, which 

seeks to: allocate flare points that have not received commercial use i.e. seeks to 
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allocate flare points to third party midstream companies who will pay and monetize the 

gas; ensure that all new oil and gas development projects have a full proof gas 

utilization plan with a no flaring policy; introduce a new flare charge regime to 

disincentive flaring.  

The new gas flare charges for oil and gas producers are as follows – with expectation 

that upon implementation of this regulation, operators will be more driven to actualize 

projects that are flare free: Daily production above 10 000 bbl/d = 2 US dollars/1 000 

scf and daily production less than 10 000 bbl/d = 0.5 US dollars/1 000scf. 

2.2.9 Conclusion 

The effort to mitigate gas flaring appears ineffective due to weak enforcement and 

poor monitoring. The statutory government institution entrusted to enforce anti-gas law 

may benefit from motivation to ensure oil and gas operators comply to combat 

environmental health risks from gas flaring.  

In view of this, the first step towards curbing gas flaring is for Nigerian Federal 

Government to review fiscal policies that relate to gas flare and to increase fines 

related to gas flaring so that companies invest in gas handling facilities. In addition to 

reducing the health and environmental consequences of gas flaring, the government 

can have financial gain from gas sales and monetization initiatives. It is therefore 

important that the government is proactive to ensure gas utilization schemes are 

adopted and routine gas flaring is controlled.  
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2.3 Community health perspective of gas flaring on communities in Delta 

region of Nigeria: Narrative review 

2.3.1 Overview 

The Nigerian gas flares emit various pollutants that cause several health concerns but 

there is no comprehensive study on the health impact of gas flaring on humans in 

Delta State. Hence, this study sought to determine the impact of gas flaring on health 

in the communities in the Niger Delta Regions, looking also at community knowledge 

as well the mitigation efforts of oil companies and the government of Nigeria.  

Following a non-systematic approach to develop this narrative, studies that link 

various diseases such as hypertension, cancers, birth defects, diabetes, respiratory 

problems, cardiovascular and kidney disease to gas flaring in the region, the risk 

perception and the policies and regulations were examined. Findings from most of the 

papers reviewed showed an association between gas flaring and the diseases 

identified and prevalence of most of the diseases in oil and gas communities compared 

to areas where gas flaring is not practiced.  

In conclusion, insufficient data on the prevalence and association of diseases such as 

hypertension, cancers, birth defects, diabetes, respiratory problems, cardiovascular 

and kidney disease with gas flaring were some of the gaps identified. These 

observations necessitate the need for epidemiological studies on the health effects of 

gas flaring on humans. 

2.3.2 Introduction 

Exploration of oil and gas in the Niger Delta has been steadily increasing for more 

than four decades. These have contributed to the continuous production or release of 

wastes in the form of liquid, solid and gas into the environment. Flaring of gas 
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associated with exploration and production processes contributes to the waste 

generated. Satellite data projections from the World Bank show that global gas flaring 

has risen to 150 billion cubic metres compared to the levels seen in 2009. This figure 

is equal to the yearly total consumption of gas in Sub-Saharan Africa (World Bank, 

2020). Gas flaring is often characterized with the release of gases, particulates, noise 

and heat, which have adversely affected both the humans and the environment. This 

leads to substantial contamination and deterioration of the air quality, water and land 

and the flora inhabiting these biomes (Egwurugwu, Nwafor, & Ezekwe, 2013).  

As previously expressed, flared gas is a major source of air pollution and contributes 

negatively to both environmental and human health (Osuji & Avwiri, 2005). The 

detrimental impact to the health and wellbeing of local communities have been known 

for a while (Tawari & Abowei, 2012). Hence, people living in communities where gas 

flaring occurs often attribute their risk of premature death, respiratory disorders such 

as asthma, cancer, and CVD amongst others to this activity (Oluduro & Durojaye, 

2013) (Egwurugwu, Nwafor, & Ezekwe, 2013).  

Although several studies have investigated the phenomenon of gas flaring, there has 

been little thorough research on the health impacts of gas flaring in humans residing 

in the Niger Delta region of Nigeria, recent interest has focused on the correlation 

between distance to gas flaring sites and the occurrence of certain illnesses identified 

in individuals in the communities studied. The findings provided evidence that the 

community had more environmental and health issues due to the proximity to gas flare 

sites (Akuirene et al., 2019). 

This study builds on previous findings and goes further to review research works 

linking different diseases (hypertension, cancers, birth defects, diabetes, respiratory 
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problems, cardiovascular and kidney disease) to gas flaring in the Niger-Delta region 

of Nigeria. Furthermore, the community risk perception and policies and regulations in 

regard to gas flaring are discussed. To achieve this, both scoping and non-systematic 

review methods were adopted. Scoping review and critical appraisal were used to 

evaluate community health studies on gas flaring. Non-systematic literature review 

was employed to develop narrative on community risks, regulatory policies regarding 

gas flaring and justification for further work. 

2.3.3 Community health perspectives on gas flaring 

Much of the literature pays attention on the environmental effects of gas flaring but 

there is little research on the association between diseases and gas flaring in the Niger 

Delta of Nigeria. There are reports that exposure of communities to pollutants 

discharged during gas flaring in the Niger Delta perhaps causes myriad health 

problems of which the aetiologies of some cannot be ascertained (Ana, 2011). Below 

is a review of studies that link various diseases to gas flaring. 

2.3.3.1 Cancers 

The burden of cancer has been on the increase over the past few decades and is one 

of the leading causes of morbidity and mortality worldwide, with approximately 14 

million new cases in 2012 (World Health Organization, 2018a). In a comparative study 

of two cancer reference centres in Ibadan in South-West and Port Harcourt in the 

Niger Delta, it was highlighted that there was an association between environmental 

risk factors and cancers (Ana et al., 2009). In the same vein, the higher levels of skin 

cancers recorded in Port Harcourt were possibly a result of the increased 

environmental risk factors in the more industrialized Port Harcourt area (Ana et al., 

2010).  
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2.3.3.2 Birth defects 

Congenital disorders are defects of structure or function, including metabolism and 

can be due to various factors including environmental teratogens and micronutrient 

deficiencies (World Health Organization, 2018b). It was reported that the prevalence 

of birth defects in a tertiary health facility in the Niger Delta was higher than in other 

regions of Nigeria, perhaps due to years of exposure of the inhabitants to 

environmental pollution such as gas flaring. The results also show an increase in 

congenital abnormalities between 2011-2014 compared to previous studies (1990-

2003) and the authors attributed this to the number of environmental teratogens 

increasing over time or better diagnosis of birth defects (Abbey et al., 2017). These 

findings are similar to those reported by researchers in Texas, who found that residing 

near gas flaring sites was detrimental to pregnant women and babies. The study 

examined  23,487 live births to women between 2012 to 2015 in Eagle Ford region, 

Texas and observed that exposure to a high levels of flaring was associated with 50% 

greater likelihoods of preterm births compared with no exposure (University of South 

California, 2020).  

2.3.3.3 Diabetes mellitus 

Diabetes is a persistent metabolic disease characterized by elevated levels of blood 

glucose, which leads over time to damage to the heart, blood vessels, eyes, kidneys, 

and nerves. About 422 million people worldwide have diabetes, particularly in low- and 

middle-income countries (World Health Organization, 2018c). In 2015, Nwafor et al. 

reported that residents in oil producing communities were at high risk of developing 

diabetes, hypertension and obesity. This study was carried out in rural communities of 

Erema and Obagi, which have been exposed to emissions from gas flaring for the past 



 52 

50 years (Nwafor et al., 2015a). However, it must be pointed out that the research did 

not take into account communities not exposed to gas flaring.  

Diabetes mellitus is attributed to a multitude of determinants including behavioural 

lifestyle, cultural, environmental, occupational, and socioeconomic (Dendup et al., 

2018a). Hence, health promotion strategies to prevent or slow the progression 

diabetes have been suggested with a view to improve diabetes-protective lifestyle and 

to resist pro-diabetes environmental factors (Kolb & Martin, 2017). Further, air 

pollution inclusive of smoke as well as disturbed sleep, and stress are suggested to 

be determinants of diabetes (Dendup et al., 2018; Kolb & Martin, 2017). These 

determinants are also associated with gas flaring in oil exploration communities and 

there is dearth of evidence to substantiate the effects. Indeed, it has been noted that 

quality and quantity of studies are limited to allow inference of causality (Dendup et 

al., 2018). Studies have noted that a healthy lifestyle pattern can result in reducing the 

risk determinants or advancing diabetes prevention and part of the focus should be to 

identify strategies to mitigate harmful daily habits and predisposing dietary patterns 

(Bellou et al., 2018). Therefore, multi-faceted strategic health promotion involving 

empirical data to drive an epidemiological approach is recommended (Gruss et al., 

2019). 

In Delta State Nigeria, a study investigated the perception of environmental cum 

occupational health issues in population living near gas flaring sites, it was reported 

that 40% and 89% of respondents indicated gas flaring causes diabetes and stress, 

respectively (Akuirene et al., 2019). Other studies of the associated diabetes research 

programme have neither investigated nor reported on any cohort of those living or 

having family members with diabetes (Nwose, Ekotogbo, et al., 2019; Nwose, 

Mogbusiaghan, et al., 2019; Nwose, Richards, et al., 2017).  
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At the global level, community-based educational intervention for diabetes prevention 

has also been a known concept in health promotion. However, the published meta-

analyses and systematic reviews are mostly limited to considerations of clinical data, 

dietary habits, and physical activities of daily living (Galaviz et al., 2018; Patnode et 

al., 2017; Shirinzadeh et al., 2019; Shirvani et al., 2021). Thus, there is arguable a gap 

in knowledge and practice in terms of educational programmes for diabetes prevention 

and coverage of risk determinants such as perception-induced mental health of those 

living around industrial facilities (Downey & Van Willigen, 2005). 

In the current population study involving assessment of the prevalence of diabetes 

and stress amongst other ill-health conditions, it was observed that 77.36% of 

respondents were living with diabetes and/or stress or they have a family member with 

the conditions. This is a large proportion that warrants further studying, especially with 

regards to empirical data for epidemiological approach to public health promotion in 

diabetes prevention education. 

 

2.3.3.4 Hypertension 

Hypertension is a condition in which the blood vessels have persistently elevated 

pressure placing them under more stress. It is a public health problem and WHO 

reported that about 1.13 billion people worldwide had hypertension (World Health 

Organization, 2018d). Studies in the Niger Delta linked pollution as a result of gas 

flaring to increased prevalence of hypertension. For instance, in the Niger Delta, some 

researchers compared inhabitants chronically exposed to gas flaring and those not 

exposed to gas flaring in another community and reported a high prevalence of 

hypertension in people chronically exposed to gas flaring than those not exposed to 

gas flaring (Egwurugwu & Nwafor, 2013). The study also showed that blood pressures 
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were higher in males than females, perhaps a reflection more direct involvement in 

the oil and gas industry in males. Increase in hypertension with age was also 

observed, however not many confounders were included in the study, but the length 

of exposure in the elderly cannot be ruled out.  

Similarly, a comparative cross-sectional study was conducted on the burden of 

hypertension in oil and gas polluted Ebubu community and non-oil and gas polluted 

Usokun community in the Niger Delta and the findings revealed that hypertension 

prevalence was higher amongst participants in polluted environment compared to 

those in unpolluted area, implying a possible association between oil pollution and 

negative impact on health (Ezejimofor et al., 2016). 

A cross-sectional household survey was also conducted among residents in three gas-

flaring and three non-gas-flaring host communities the Niger Delta region and found 

that persons living in gas flaring communities were 1.75 times likely to be hypertensive 

than those in communities without oil exploration activities (Maduka & Tobin-West, 

2017b). The evidence presented in this section suggests that living in a gas flaring 

host community increases the chances of being hypertensive compared to living in 

communities farther away from gas flare sites. 

2.3.3.5 Respiratory problems 

Examination of the effects of gas flaring on lung function by analysing changes in peak 

expiratory flow rate of inhabitants in Ugberikoko, concluded that gas flaring adversely 

affected lung function of children and adults of both sexes in the gas flaring community 

by reducing mean peak expiratory flow rates. The severity of impact on peak expiratory 

flow rate worsened with longer exposure to gas flaring and thus a marked decrease in 

peak expiratory flow rate (Ovuakporaye et al., 2012). Similarly, another study of effects 
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of gas flaring in the Ibeno community in the Niger Delta, showed that prolonged 

exposure to air pollution from gas flaring impacts negatively on lung function (World 

Health Organization, 2003). 

 

2.3.3.6 Kidney diseases  

Little was found in the literature on the impact of prolonged exposure to oil and gas 

flares on renal function. However, a case-controlled research comparing inhabitants 

of Niger Delta, chronically exposed to low dose emissions of oil/gas flaring with non-

exposed persons from another community in the same region (Egwurugwu, Nwafor, 

Oluronfemi, et al., 2013), showed that individuals in the oil/gas flared environments 

were more prone to developing kidney diseases than those not exposed. Another 

corroborative report (Okafor et al., 2015), noted a high prevalence of the risk factors 

for developing chronic kidney diseases in a community in the Niger Delta.   

2.3.3.7 Cardiopulmonary parameters 

A study evaluating the impact of gas flare on cardiopulmonary parameters in some 

states of the Niger Delta showed increased blood pressure, pulse rate and respiratory 

rate of children and adults in gas flaring communities by comparison with non-flaring 

communities (Irikefe et al., 2016). This implies an association between exposure to 

gas flares and incidences of increased blood pressure, pulse rate, respiratory rate of 

people domiciled in gas flaring communities in the Niger Delta.  

 

2.3.3.8 Cardiovascular diseases 

Cardiovascular diseases (CVDs) include coronary heart disease, cerebrovascular 

disease, rheumatic heart disease and other conditions (World Health Organization, 

2019) and there are few studies linking cardiovascular disease to gas flaring especially 

in Nigeria. However, a cross sectional study of adults in North eastern Colorado, USA 

evaluated the association between intensity of oil and gas activity and cardiovascular 

disease indicators in 2015 and 2016 (McKenzie et al., 2019). The findings show a 

positive association between the intensity of oil and gas activity within 16 Km of a 

participant's homes and some indicators of cardiovascular diseases. In the same vein, 
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some researchers evaluated the effects of prolonged exposure to gas flares on some 

haematological parameters and the findings showed that prolonged exposure to gas 

flares in humans could adversely affect haemopoiesis resulting in reduction in red 

blood cell, haemoglobin concentration, mean corpuscular volume, mean corpuscular 

haemoglobin, mean corpuscular haemoglobin concentration and platelet count. 

Furthermore, the research observed that the effects of prolonged exposure to gas 

flares were more in females than males. This was attributed to the fact that the females 

were more domiciled at home or in their farms than the mobile men thus females were 

exposed more to polluted environment than males (Egwurugwu, Nwafor, & Ezekwe, 

2013). Overall, in the recent report, there was evidence of variations on community 

health perspectives (Table 2.4). This variation requires further health promotion and 

research. 
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Table 2.4: Evidence of variations in community health perspective (Akuirene et al., 2019) 

Questions Yes No Unsure 

There are many of these cases in your clinic that are associated with gas flaring 83% 9% 8% 

These cases frequently present to my clinic in weekly basis 28% 16% 56% 

Complain of eye irritation by residents is common & associated with gas flaring history 92% 4% 3% 

Cases of deformities in children is common & associated with gas flaring 9% 21% 71% 

Low birth weight is common & associated with gas flaring 17% 10% 73% 

Gas flaring impact negatively on the red blood cell 87% 2% 11% 

Lung cancer linked to exposure of gas flaring is common 94% 4% 2% 

Chronic obstructive pulmonary disease linked to exposure of gas flaring is common 91% 4% 6% 

Cardiovascular disease linked to high level of exposure of gas flaring is common 90% 2% 8% 

Complain of skin irritation by residents is common & associated with gas flaring 87% 5% 8% 

The majority of patients with Diabetes are living nearer to gas flaring towns 31% 47% 21% 

The majority of patients with symptoms of stress are living in/near gas flaring towns 86% 11% 3% 
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2.3.4 Community risk perception 

In the Niger Delta, inhabitants reported adverse impacts of oil exploration on socio-

economic livelihood and health and believed that oil drilling was associated with 

decreased farmland productivity, decreased fish populations due to oil spills, adverse 

impacts on drinking water quality, and decreased animals for hunting due to noise 

(Okoli, 2006). A case study examined the perception and attitudes towards gas flaring 

in the Niger Delta and selected Ubeji town, a community where gas flaring takes place 

and the results showed that people perceived gas flaring as hazardous to health, 

environment, and general well-being of the community. The findings further show 

that many residents seemed to have accepted the continued gas flaring activities in 

the community (Edino et al., 2010). 

In another study evaluating the health risks associated with oil pollution in the Niger 

Delta, the community registered worry, annoyance and intolerance about the activities 

of oil production, which included gas flaring and refinery (Nriagu et al., 2016). This 

resonates with recent report indicating almost 100% awareness about air pollution but 

with low knowledge on impact of health (Figure 2.3). This therefore justifies various 

studies on gas flaring so that the community is informed to make decisions and to 

allow negative aspects of gas flaring to be minimized and positive aspects 

encouraged. 
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Figure 2.3: Level of knowledge of impact of gas flaring in communities (Akuirene et al., 2019) 

 

2.3.5 Policies and regulations regarding gas flaring 

Gas flaring is an urgent environmental problem especially in the Niger-Delta region where gas 

has been flared for 60 years. A number of measures have been taken to reduce and eliminate 

gas flaring and to curtail the impacts on humans and the environment. Environmental concerns 

began in 1972 during the United Nations conference on environment at Stockholm Sweden, 

which came with 26 principles, calling on states and international organisations to “play a 

coordinated, efficient and dynamic role in protecting and improving the environment”. Other 

conferences have since taken place, but the 1992 United Nations Framework Convention on 

Climate Change (UNFCCC) was the first international attempt to address the problem of 

climate change due to emission of greenhouse gases through human activities. The 

aim of UNFCCC is to maintain concentrations of GHGs at a degree that prevents 

dangerous intervention with the climate (United Nations Framework Convention on 

Climate Change, 2019). 
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governments and international institutions to promote efforts to increase and enhance 

the use of natural gas associated with gas flaring and ultimately reducing flaring (World 

Bank, 2004). In addition, the World Bank introduced the “Zero Routine Flaring by 2030” 

initiative to encourage government, oil companies and development institutions to 

cooperate to eliminate routine flaring no later than 2030. It is pertinent to note that this 

initiative pertains to routine flaring and not to flaring for safety reasons or non-routine 

flaring, which should be minimized. Many countries have joined this partnership 

including Nigeria, which proposed to end routine gas flaring by 2020.  

As back as 1969, Federal Government of Nigeria directed oil companies to end gas 

flaring within five years, by taking steps to utilize the gas. This was ignored and 

continued gas flaring led the government to establish the AGRA of 1979, a major step 

at regulating gas flaring. The AGRA is a legal framework for gas utilization that applies 

to land and the EEZ. The IOCs found it convenient and cheap to pay a penalty for gas 

flaring. The 1979 Gas Rejection Act was updated with Flare Gas (prevention of Waste 

and Pollution) Regulations, 2018 and the thrust was to facilitate conversion of flare 

gas to a marketable product, and the development of a competitive bidding process 

for entities wishing to access and utilize gas currently flared (Nigerian Gas Flare 

Commercialization Project, 2019). Despite the various environmental laws on gas 

flaring in Nigerian and the institutions and instruments to effectively enforce their 

implementation and compliance, gas flaring still persists. Many researchers adduce 

this to weak legal implementation, obsolete infrastructure by oil and gas companies, 

lack of political will and corruption (Otiotio, 2013; Udok & Akpan, 2017). 

2.3.6 Justification for further study  

Flaring is a concern to the public and it is a government priority because of potential 

health risks and environmental concerns associated with this activity and it also wastes 

a valuable non-renewable resource. Previous research on gas flaring in the Niger 
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Delta focused majorly on environmental impacts, consequences and damage and not 

on human health issues (Osuoka & Roderick, 2005; Sako, 2017). However, many 

communities in the Niger Delta believe that health, crops, homes and livelihoods are 

affected by gas flaring. While other factors may be at play, the lack of attention to this 

crucial issue, means that villagers’ questions and fears are unanswered. A few studies 

have attempted to discuss the impact of gas flaring on human health. One such study 

examined the environmental impacts of gas flaring on the built environment of Ubeji 

metropolis and compared it with communities farther from gas flaring sites in terms of 

prevalence of diabetes, heart diseases, haematological abnormalities, lung cancer, 

and stress. The findings showed that the impact of gas flaring on buildings was chronic 

and affected human health and environment due to the proximity to gas flare sites 

(Akuirene et al., 2019). 

 

 

Figure 2.4: Reported description of participants’ characteristics (Akuirene et al., 2019) 
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among participants were categorically assessed (Figure 2.4). In addition, most studies 

have not adequately assessed the association between gas flaring and prevalence of 

diseases in host versus neighbouring communities. It is therefore imperative to 

critically evaluate and understand the impact of gas flaring on public health. 

2.3.7 Conclusion 

This review provides insights into the concepts of gas flaring, how it occurs and the 

effects of gas flaring on the environment and health of humans. Considering this, it 

seems that there is little data quantifying the impact of gas flaring on the health of 

people whose property, crops and animals, drinking water, and air are also polluted 

by oil, waste products from exploration and extraction, and extensive waste gas flaring. 

The evidence presented in this chapter suggests for critical need of studies on the 

impact of gas flaring on the health of communities in the Niger Delta region of Nigeria. 
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Chapter 3:   

Research Methodology and participants’ demographics 

Citation of published version 

Obi N, Bwititi P and Nwose E. Study of the impact of gas flaring on communities’ 

health: methods and participants’ demographics. International Journal of Scientific 

Reports 2021; 7: 495-505. DOI: https://dx.doi.org/10.18203/issn.2454-

2156.IntJSciRep20213698. 

 

3.1 Overview 

It has been stated that the exploration and production of oil and gas in Nigeria have 

resulted in gas flaring and excessive amounts of harmful pollutants possibly leading 

to ill-health, loss of lives and damage to properties in communities. This research was 

designed to be a cross-sectional mixed method study. About 500 self-administered 

questionnaires were distributed to individuals of 18 years and above and the response 

rate was 97.4%. The questionnaire comprised six sections with closed and open-

ended items to ensure objectivity and accuracy of data. Demographic analysis shows 

that participants comprised 40.1% women, 99.1% resided in 12 oil-producing local 

government areas (LGA) across the Delta State, and 69.4% have lived in region for 3-

20 years. On occupation, 97.7% of respondents worked in communities distributed 

across oil-producing 11 LGAs and 68.2% had worked in the region for 3-20 years. 

Other participants lived and/or worked in neighbouring communities and states. 

Participants were well distributed in age groups with 89% consisting of 20-70 years 

old. Further, respondents comprised 96% who completed secondary or higher, and 

61.7% classified themselves as middle- or upper-class socioeconomic status. The 

proposal has provision to generate nuanced perspectives of stakeholders. The 

distribution of respondents indicates satisfactory selection criteria for valid responses 

to survey. 

https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20213698
https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20213698
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3.2 Introduction    

This chapter articulates the methodology on theoretical framework and empirical 

findings in the research on gas flaring in the Delta region and discusses the design, 

philosophies, approaches, strategies, data collection, description of the study area, 

and ethical consideration. Research methodology is the theory of how research is 

conducted, including the theoretical and philosophical principles that are the basis for 

the study and their effects on the method or methods adopted while research methods 

are methods or techniques used to collect and analyse research (Goundar, 2012).  

3.3 Methodology  

3.3.1 Purposes of research – brief of concept 

The purposes of this research are exploratory, descriptive and explanatory or causal 

(Sekaran & Bougie, 2016). Exploratory research is used to discover new 

understanding and concepts into the general nature of a problem, the possible 

decision alternatives and relevant variables to be considered (Aaker et al., 2008; 

Kothari, 2004; Saunders et al., 2016). It is also conducted to examine the study 

questions and may not offer a final conclusion to the research. The research is 

conducted through research questions and this serves as a basis for more specific 

data collection and several exploratory approaches that include literature reviews, 

focus group interviews, interviewing experts and case studies. Exploratory research 

was carried out through literature survey and open-ended survey questions. The 

literature search was to understand such problems in other countries and open-ended 

questions allowed participants to articulate what was not covered in closed-ended 

questions. 

Descriptive research explains the characteristics of a particular individual or group and 

is used to illustrate the behaviour of a specimen population (Aaker et al., 2008; Kothari, 

2004). The three main purposes of descriptive research are describing, explaining and 
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validating the findings. Descriptive research is applicable to quantitative and qualitative 

methods and is often conducted via survey questionnaires hence adopted in this 

study.  

Causal or explanatory research is conducted to understand the impact of certain 

changes in existing standard procedures. Explanatory research is intended to clarify 

and give reasons for the descriptive information. Causal studies test whether one 

variable causes another variable to change and the researcher is interested in 

delineating factors that cause a problem. The focus is on analysing a situation or 

problem to understand the correlation between variables (Saunders et al., 2016). The 

research was conducted by using research hypotheses and Kothari (2004), states that 

it is common to conduct exploratory research before moving to descriptive or causal 

studies to develop a thorough understanding of the phenomenon under study. In this 

study, the prevalence of environmental and/or occupational effects of gas flaring 

constitute one of the objectives. That is, to enable discussion or explanation regarding 

gas flare causality of health problems. The hypothesis was that there was a strong 

association between the gas flaring and the prevalence of diseases of interest to this 

study in gas flaring host communities. 

3.3.2 Research Design 1 – brief of considerations 

Aaker et al. (2008), defines research design as a detailed plan to guide a study to 

achieve its objectives while Saunders et al. (2016), describes research design as the 

overall plan for research. It is the conceptual context within which this research was 

structured. A research design is a general plan that directs data collection and analysis 

phases and indicates the various approaches in solving the research problem. Several 

authors agree that quality of a research design depends on how carefully the design 

options are selected, taking into account the specific objectives, research questions, 

and constraints of the project, such as access to data, time, and/or resources (Aaker 
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et al., 2008; Kothari, 2004; Saunders et al., 2016; Sekaran & Bougie, 2016). The 

research design identifies the procedures of section of the study population, how 

participants are used to yield the required data and how the data is collected and 

analysed. This research can be descriptive and according to Williams (2007), the three 

common approaches to research are qualitative, quantitative and mixed methods. 

Qualitative research aims to explore and discover issues about a problem, because 

little is known, and this approach presents data as a descriptive narration with words 

and attempts to understand phenomena in natural settings. It is a method that gathers 

data using informal, casual and relaxed methods where the participants are asked 

open-ended questions (Oden, 2019). The feedback is collected and collated and this 

is essentially non-numerical. A major advantage of qualitative research is that it 

enables a researcher to have in-depth understanding about how participants think and 

why they think in a specific way. However, Kothari (2004) states that qualitative 

research is a function of researcher’s insight and impression. Qualitative research is 

based on the interpretivism research philosophy, which involves research to interpret 

and tends to be inductive. Qualitative research is primarily exploratory and involves 

observing and interpreting information by the researcher. Data is collected through 

participant observation, in-depth interviews and focus groups. It is not converted into 

numerical form and is not statistically analysed. Qualitative methods explore why 

something is happening (Crawford & Irving, 2013). Therefore, in this study, exploratory 

agenda adopted qualitative approach.  

 Focus group discussions and face to face interviews were planned, although 

primary data collection did not take place due to COVID-19 restrictions.  

 Open-ended survey questionnaire was used to collect data on the community’s 

knowledge, attitudes and perceptions on gas flaring and its impact on health 

among others, and whether the presence of oil companies were beneficial or 
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detrimental to the community. 

Quantitative research is a technique that depends on numerical system to determine 

variables, use of statistical models to analyse the results and provides description of 

the report as it relates with other variables (Lucas-Alfieri, 2015). It is based on the 

measurement of quantity; hence it is expressed in numbers and graphs and it is used 

to test or confirm theories and assumptions. Quantitative research is generally 

associated with the positivist philosophy and large data sets and statistical analyses 

are often used and conclusions drawn (Antwi & Hamza, 2015). Quantitative research 

is characterized by deductive approaches to the research process intended at proving, 

disproving or lending credence to existing theories. The values underlying quantitative 

research include neutrality, objectivity and the acquisition of a sizeable scope of 

knowledge (Leavy, 2017). This method is generally appropriate when the primary 

purpose of the research is to explain or evaluate, hence it is appropriate and adopted 

in this study. 

 Quantitative research was used in this study by collecting information from the 

community using questionnaires. The data collected was analysed using 

statistical methods. 

Mixed methods research is a relatively recent development with various definitions 

(Clark & Ivankova, 2015; Watkins & Gioia, 2015). In this study, mixed methods were 

defined as the general term when both quantitative and qualitative data collection 

techniques and analysis are used in a research design to comprehend a research 

problem (Clark & Ivankova, 2015; Saunders et al., 2016). Watkins and Gioia (2015) 

stated that mixed methods provide figures and information that complement and 

contrast to get information about the research problems. This method enables the 

researcher to get answers by combining the two approaches.  

 A mixed method approach was therefore adopted for this study to obtain a 
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thorough understanding of the research aims, objectives and questions. This 

follows the approach of studying patient safety incidents (Carson-Stevens et 

al., 2015) as well as community health (Jha et al., 2021), and socioeconomic 

research (Onwuegbuzie & Collins, 2007). 

The data for this study were from questionnaires (quantitative research methods). 

Focus group discussions, semi structured interviews and documents (qualitative 

research methods) were also considered ideal. This intention was however limited by 

the COVID-19 restrictions inclusive of travel. Consequently, focus group discussions 

and face to face interviews did not take place and open-ended survey questionnaire 

was used. Qualitative and quantitative research methods were used to address the 

first objective of this research, which was to evaluate public health impact of 

environmental pollution due to gas flares. Questionnaires were administered to 

community residents and closed- and open-ended questions were used to gain in 

depth knowledge of the public health impacts of environmental pollution due to gas 

flares.  

3.3.3 Research Design 2 – for specific objectives and/or hypothesis 

Some Niger Delta communities believe that gas flaring affected their health, crops, 

homes and livelihoods. While other factors may be at stake, the lack of attention to 

this crucial issue means villagers’ questions and fears remain unanswered (Osuoka & 

Roderick, 2005). Therefore, this research sought to identify the risks associated with 

gas flaring in relation to human health and the knowledge in the community of Delta 

region of Nigeria in regard to gas flaring.  

The following objectives were developed: evaluate public health impact of 

environmental pollution due to gas flares; assess disease prevention and treatment 

for diseases expected to increase as a result of gas flaring; compare the impact on 

health in gas flaring host communities and non-gas flaring host communities; assess 
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the association between gas flaring and prevalence of diseases- host communities vs. 

neighbouring communities; and evaluate the government’s efforts in mitigating the 

adverse effects of gas flaring already being experienced by gas flaring host 

communities. 

This research adopted the pragmatic research philosophy since pragmatic studies 

often draw upon mixed methods approaches. This study adopted a mixed approach 

(qualitative and quantitative) to allow the inclusion of data to enhance understanding 

on the risks associated with gas flaring in relation to human health and the knowledge 

in the community in Delta region of Nigeria in regards to gas flaring (Table 3.1). 
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Table 3.1: Proposal methods for specific objectives 

Objective Hypothesis Method/design Statistics 

Evaluate public health impact of environmental pollution 

due to gas flares  

Pollution due to gas flares has had a negative impact on 

environment and community health. 

Quantitative analysis  MANOVA 

Qualitative analysis Thematic analysis 

Assess disease prevention and treatment for diseases 

that are expected to increase as a result of gas flaring 

Diseases that are more prevalent as a result of gas flaring 

are not easily prevented and treated 
Quantitative Analysis 

Correlation  

MANOVA 

Thematic 

Compare the impact on health in gas flaring host 

communities and non-gas flaring host communities 

Impacts on health or wellbeing in gas flaring host 

communities are more severe as compared to non- gas 

flaring host communities 

Quantitative Analysis Correlation 

Qualitative Analysis Thematic analysis 

Assess the association between gas flaring and 

prevalence of diseases ... host communities vs. 

neighbouring communities 

There is a strong association between gas flaring and 

prevalence of diseases of interest to this study in gas flaring 

host communities  

Quantitative Analysis 

Regression analysis 

Correlation 

Evaluate the government’s efforts in mitigating the 

adverse effects of gas flaring already being experienced 

by host communities 

Government’s efforts in mitigating the adverse effects of 

gas flaring already being experienced by host communities 

are not sufficient. 

Quantitative Analysis MANOVA 

Qualitative Analysis Thematic analysis 

*Survey encompasses the qualitative and quantitative methods. Qualitative data will be analysed thematically to supplement qualitative analysis 
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3.4 Description of the study area 

The study was carried out in the Niger Delta region of Nigeria (Figure 1.1), which has 

the largest proportion of flare sites in Nigeria (Ana, 2011). The Niger Delta is made up 

of the natural delta and the oil-producing areas east and west. The oil-rich Niger Delta 

region of Nigeria is located between 4° and 6° N of the equator and 5° and 9° 

Greenwich (Ijiomah, 2018; Onu, 2003). It has Africa’s largest river, Niger River that 

begins at the city of Onitsha stretching about 266 Km to the Atlantic Ocean. The region 

is composed of several ecological zones, typical of large river deltas in tropical regions. 

It supports a range of plant and animal life as well as the agriculture and fishing that 

many depend on for livelihoods. It is a large area of Southern Nigeria and consists of 

9 states: Abia, Akwa Ibom, Bayelsa, Cross Rivers, Delta, Edo, Imo, Rivers and Ondo.  

3.4.1 Study Population: Participants were above the age of 18 years of all sexes 

from the community, in oil companies, government, healthcare and local authorities. 

There is population of 239 760 in the study area (Delta State Government, 2014). 

3.4.2 Inclusion Criteria: Adults above the age of 18 years of all sexes. 

3.4.3 Exclusion Criteria: People below the age of 18 years of all sexes or more than 

18 years of sexes but declined to participate. 
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3.4.4 Sample Size Determination: The sample size for community participants for 

the questionnaire was determined by the formula: 

 n= N/ (1+Ne2) 

 

Where n is sample size 

N is population size 

e is margin of error at 0.05% 

 

Therefore, 

 

 N = 239760/ (1+239760 x 0.052) = 400 

 

Four hundred was determined to be sample size; and this number was derived using 

the Slovin’s formula as illustrated. This considered a confidence level of 95% (alpha 

level of 0.05). However, five hundred participants were surveyed in the communities. 

3.5 Data Collection and questionnaire 

Data was generated primarily from questionnaires, and for the mixed methods study, 

closed and open-ended items were used for the quantitative and qualitative 

components, respectively. The questionnaire consisted of multiple items written or 

typed on a form or series of forms in a definite order (Kothari, 2004). Structured 

questionnaires are reliable, simple to administer, easy to tabulate and administer 

(Kabir, 2016b). The use of structured questionnaires was efficient in collecting 

responses from a large sample prior to analysis, as each respondent addresses the 

same questions. Structured self-administered questionnaire with specific items 

capturing the objectives was designed and administered and the questionnaires were 

organized based on the general gas flaring ideas, emerging trends and information 
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acquired from the initial readings of literature. The questionnaire was in English and 

was titled “Impact of gas flaring on health of communities in Delta region of Nigeria” 

and had the following sections: section A: knowledge/Attitudes/Perspectives - this was 

the opening section and easy, non-detailed questions of people’s knowledge, attitudes 

and perspectives towards gas flaring were asked first, to make it easy for respondents 

to answer quickly and to adapt to the questionnaire; section B: personal health 

information; section C: family health information; section D: respondent 

characteristics. 

As a side attraction, visual observations of scenes were made during the survey. 

However, this was only meant to possibly contribute empirical pictorial data to the 

literature. Hence, the third appendix is a collection of 3 pictures.  

3.6 Data Analysis 

Data from the questionnaire were coded and entered into the computer and analysed 

using Statistical Package for the Social Science (SPSS) version 26, to describe the 

impact of gas flaring on the health of communities. MANOVA was used to analyse 

more complex sets of data. Chi square tests established relationship of variables e.g. 

association between exposure and diseases. Correlations were used to establish 

relationship of variables and to quantify the degree of the relationship. Regressions 

ascertained the effects of one or several explanatory variables. Additionally, the data 

from the qualitative research were analysed using thematic analysis.  

3.7 Results  

In this section, the gender and, age distribution, occupation, duration at residence, 

duration at occupation, educational level and social status of the research population 

are presented. A total of 488 participants responded to the survey, and comprised 
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59.9% males and 40.1% females. Figure 3.1 shows that the majority of respondents 

were 36-50 years and the least was in the >70 years group. Further, most of 

respondents worked in the civil service, this was followed by non-categorized 

occupations followed by traders and lastly farmers/fishermen (Figure 3.2). Fourteen 

respondents did not state their trade.  

 

Figure 3.1: Percentage distribution of the respondents into age groups 

 

Figure 3.2: Percentage distribution of respondents into occupational groups 
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Figure 3.3 shows the distribution across the 12 LGA in Delta State where the 

respondents work. It was observed that >61% of the respondents worked in 4 LGAs 

(Ndokwa East, Ughelli North, Ukwuani, and Warri South); while <3% of them worked 

in another 4 (Udu, Patani LGA, Oshimili South and Isoko South) LGAs. The figure also 

shows other non-Delta State communities from which respondents work. 

 

 

 

Figure 3.3: Percentage distribution of respondents by occupational address 

 

Table 3.2 show the distribution of residential areas of the sample population. It was 

found that some respondents lived in towns different from their occupational address. 

Furthermore, the highest proportion of respondents resided in Ughelli North (19.3%), 

while the lowest proportion of residents resided in Udu LGA, Isoko South LGA, Bomadi 

LGA, Oshimili South LGA and Patani LGA.  

Further, most of the respondents had lived for 6-10 years in their residences, and few 

had spent less than 3 years in their residence. Many respondents had been employed 
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for 11-20 years, followed by those employed for over 20 years and the smallest group 

had been employed for less than 3 years (Table 3.2). 

 

Table 3.2: Characteristics of study population – residential address and durations 

  Residential area Frequency Percent 

Residential address 

Ughelli North LGA 89 19.3 

Ughelli South LGA 14 3 

Ethiope East LGA 42 9.1 

Udu LGA 1 0.2 

Isoko South LGA 1 0.2 

Warri South LGA 59 12.8 

Bomadi LGA 1 0.2 

Ndokwa East LGA 87 18.9 

Ndokwa West 52 11.3 

UkwuanI LGA 64 13.9 

Patani LGA 2 0.4 

Uvwie LGA 45 9.8 

Benin city 1 0.2 

Sagbama LGA 1 0.2 

Oshimili South LGA 1 0.2 

Okpe LGA 1 0.2 

Total* 461 100 

Duration at residence 

Less than 3 years 40 8.4 

3-5 years 99 20.9 

6-10 years 144 30.4 

11-20 years 86 18.1 

Over 20 years 105 22.2 

Total* 474 100 

Duration at occupation 

Less than 3 years 63 13.4 

3-5 years 92 19.5 

6-10 years 94 20 

11-20 years 135 28.7 

Over 20 years 87 18.5 

Total* 471 100 

*Valid responses out of N=488 
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Figure 3.4 shows most of respondents had diploma/certificate education, followed by 

secondary education then postgraduate, while a small group only had primary 

education. This is consistent with studies carried out in a community in Delta State 

where at least 84.17% of respondents possess at least a secondary school certificate 

or higher (Edino et al., 2010). 

  

 

  

Figure 3.4: Percentage distribution of educational level of respondents 
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Figure 3.5: Percentage distribution of Social status of respondents 

 

3.7.1 Discussion 
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due to the COVID-19 restrictions, these qualitative approaches did not take place. It 

is pertinent to acknowledge the lack of focus group data as a limitation. Therefore, 

open-ended questions approach was adopted as alternative. As an alternative, open-

ended questions were used to understand reasons behind attitudes and opinions. An 

open-ended question does not have suggested responses and requires the 

respondent to answer in his or her words (Popping, 2015), thus participants presented 

their opinions in writing. One advantage of this approach is that it saves time and the 

researcher does not to miss on salient points since the respondents put their thoughts 

and views in writing and can edit after careful consideration.  

Closed- and open-ended questionnaires to the community enabled the research to 

gain in depth knowledge of the public health impacts of environmental pollution due to 

gas flares. Structured questionnaires are reliable, simple to administer, easy to 

tabulate and administer. The use of structured questionnaires is efficient in collecting 
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responses from a large sample prior to analysis, as each respondent responds to the 

same set of questions.(Kabir, 2016a; Roopa & Rani, 2012) 

There were more male respondents than female respondents in the study population 

and this is consistent with similar studies carried in the Delta region (Edino et al., 2010; 

Ugbomeh & Atubi, 2010). This could also be a cultural issue as females are likely to 

be more reserved in comparison to males. On age of the participants, the finding that 

the majority of the respondents were in the age group 36-50 years and the least were 

over 70 years (Figure 3.2) is also in agreement with similar studies in Delta 

communities which reported the highest number of respondents to be in the age group 

45-54 years (Oguoma et al., 2014). The elderly may be a bit reserved, hence the least 

in the number of respondents. 

Regarding residential address, the results show that communities tend to stay in one 

place for a long time, perhaps consistent with Africans' cultural beliefs of staying in 

home villages where ancestors lived. Possibly, the newcomers were traders or those 

that come to work in oil industry. Furthermore, the fact that majority of respondents 

had lived for over 6 years in the communities implies that they may have been exposed 

to gas flaring during this period and this has health implications. On occupation, 

majority of the respondents had worked in the communities for over 6 years. This again 

indicates that they may have been exposed to gas flaring for a long period and this 

could affect their health, livelihood and wellbeing. Considering educational status, it is 

apparent from Figure 3.5 that the respondents were fairly literate perhaps giving 

strength to the validity of this research since they may understand the gas flaring 

phenomenon, healthcare and diseases.  
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3.7.2 Limitations 

Due to a combination of COVID-19 movement restrictions and citizenship of the 

research communities, the original plan of focus group discussion could not hold. In 

focus group discussion, a researcher brings a group of individuals to discuss a subject, 

with a goal of drawing on the participants’ diverse personal experiences, values, 

expectations and attitudes through a moderated dialogue (Nyumba et al., 2018). 

Focus group discussion provides a variety of viewpoints on a research subject and 

gain an understanding of the problems (Gill et al., 2008). It is acknowledged that focus 

group discussions would have been useful for generating some robust information. 

Hence it is worth acknowledging this as the limitation. 

in the alternative method that was adopted, which is survey questionnaire, data 

collection followed a canned project approached – re: a Professor was engaged to 

oversee the distribution and retrieval of questionnaires. The questions were mainly 

closed-ended to enable results to be easily coded. Considering the limitation of closed-

ended questioning, open-ended questions were included in the questionnaires to 

provide for nuanced perspectives of the respondents. 

A third limitation was in the survey of healthcare workers’ opinion. The demographic 

section did not specifically discriminate healthcare profession from other occupations. 

Respondent being a healthcare worker was deciphered from a question about ‘my 

clinic’ and ‘your clinic’. 

Further, the demographic survey did not delineate respondent whether they were 

government or oil company officials. This is an acknowledged limitation as the analysis 

of companies’ and government’s programmes were based only on their indication of 

social status. However, this was purposely meant to de-identify respondents, evade 

conflict of interest, and encourage participation. 
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Perhaps, it can be considered a limitation that this study was not by stratified random 

sampling technique. This limitation becomes apparent as stratified groupings were of 

unequal sizes. Nevertheless, the approach adopted enabled elucidation of bias in 

reports from other studies. 

3.8 Ethical Considerations 

Ethical approval (Approval number H20004) was obtained from the Human Research 

Ethics Committee of the Charles Sturt University, Australia. This study was sensitive 

to cultural and ethical considerations and sought the consent and approval of the 

paramount rulers of the communities, the people in the communities, the hospitals, oil 

companies and regulatory offices and the leadership/rulers approved the study. An 

overview of what the research entailed and how the results would be utilized was given 

to the participants.  

3.9 Conclusion 

This chapter described the research design and the participants employed to identify 

the risks associated with gas flaring in relation to human health and the knowledge of 

community as well as government and gas companies’ policies on flaring in Delta 

region of Nigeria. Mixed methods (qualitative and quantitative) research were used. 

Demographics of participants show that a vast majority satisfied selection criterion to 

provide valid responses to survey questions. Open-ended questions were included in 

the questionnaire to provide nuanced perspectives of the various stakeholders. 
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Chapter 4 

Public health impact of environmental pollution in areas with gas flares 

Citation of Published version 

Obi NI, Bwititi PT and Nwose EU. Public health impact of environmental pollution in 

areas with gas flares. Journal of Complementary and Alternative Medical Research 

2021; 16: 1-DOI: https://doi.org/10.9734/jocamr/2021/v16i130276. 

 

4.1 Overview: abstract of research objective 1 (Chapter 1 section 1.5.1) 

Background: A variety of pollutants are discharged during gas flaring and these are 

detrimental to humans, animals and environment. These pollutants are linked to 

adverse health impacts including cancer, neurological, reproductive and 

developmental effects. Furthermore, some of the pollutants such as sulphur dioxide 

cause environmental issues including acid rain as well as the production of 

greenhouse gases and this contributes to climate change. This chapter evaluates the 

public health impact of environmental pollution in areas with gas flares.  

Methodology: This research followed a mixed method approach of quantitative and 

qualitative analysis. The survey questionnaire involved Likert scaled items. The 

nominal knowledge level of respondents was determined from their Likert scaled 

responses to questions. Descriptive statistics including frequency distribution of 

responses. ANOVA comparisons were made between the subgroups of demographic 

factors to determine differences in knowledge level. MANOVA was also done to 

determine the influence of educational and social levels as well as duration of stay in 

the community.  

Outcome: Evaluation of the nominal knowledge of respondents determined from 

Likert scale showed no statistically significant differences between demographic 

https://doi.org/10.9734/jocamr/2021/v16i130276
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subgroups. Further, ANOVA of nominal knowledge between educational subgroups 

showed gradient increase but no statistical difference.  

Conclusion: The community had knowledge on the negative impact of gas flaring. 

This report increases understanding of community awareness about the effects of gas 

flares on the environment and health.  

4.2  Introduction 

4.2.1 Synopsis of literature review 

The flaring of gas day and night exposes people to toxins that threaten their health 

and livelihoods (Osuoka & Roderick, 2005) and most gas flares are close to 

communities and often lack sufficient safety and security measures to protect 

inhabitants from the heat and toxins produced (Agochi, 2014; Ebeku, 2002). As 

discussed in Chapter 1, section 1.6, gas flares emit a range of toxic chemicals in 

addition to carcinogens (Tawari & Abowei, 2012), which may lead to serious health 

issues as detailed in Chapter 2, section 2.1.7.  Reports highlight that communities with 

gas flaring are exposed to high risk of premature death (Oluduro & Durojaye, 2013).  

Gas flaring also leads to ozone layer depletion, climate change, global warming, acid 

rain and rise in sea level as a result of the GHGs released as highlighted in Chapter 

2, section 2.1.2 (Maduka & Tobin-West, 2017; Mafimisebi & Ogbonna, 2016).  As 

stated in Chapter 1, section 1.6 and Chapter 2, section 2.1.4, the environment of the 

Niger Delta has deteriorated due to effects gas flaring (Ito & Ugbome, 2017) and some 

inhabitants are concerned regardless of the region being financially productive 

(Matemilola et al., 2018). 

 A resident of Ebedei community in Niger Delta who lives near a gas flare expressed 

concern about the effects of gas flaring on lives and livelihood (Ojeh, 2012; Ozabor & 
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Obisesan, 2015). However, a survey on the impact of gas flaring in a community in 

Niger Delta (Akuirene et al., 2019), which was preliminary to this study yielded no 

significance findings to corroborate the concern. It is for these reasons that it is 

important to study the impact of gas flaring on communities to allow policy making that 

contributes to control of gas flaring thereby alleviating community concerns.   

4.2.2 What is known 

Gas flares has a negative impact on health  

4.2.3 What is unknown 

The knowledge of the community members regarding public health impact of 

environmental pollution due to gas flares has yet to be fully ascertained.  

4.2.4 Objective 

To evaluate public health impact of environmental pollution due to gas flares 

4.2.5 Hypothesis 

Pollution due to gas flares has a negative impact on environment and community 

health. 

4.3 Methods 

4.3.1 Design: This study followed a mixed method approach of quantitative and 

qualitative analyses. Survey of host community residents including community health 

workers was done using a validated questionnaire.  

4.3.2 Assumption: In this study, perception was assumed to be a correlate of 

knowledge (Abiodun et al., 2014; Agege et al., 2018; Eniojukan et al., 2016)  
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4.3.3 Statistical analysis: First, descriptive statistics was followed with frequency 

distribution of respondents to the Likert scaled questions. The nominal knowledge 

level of respondents was determined from their Likert scaled responses to five 

questions (Table 4.1). The respondents were then categorized into two subgroups. In 

the categorization, a nominal score below 3/5 was assumed <40% (poor) knowledge, 

while ≥3/5 was assumed ≥60% (good) knowledge. Thus: 

Group 1: score <3/5 disagreement on the Likert scale implied lack of knowledge 

Group 2: score ≥3/5 agreement on the Likert scale implied being knowledgeable 

Therefore, second analyses were another frequency evaluation plus ANOVA 

comparisons between the subgroups of demographic factors. This was performed to 

determine differences in the knowledge level. Further statistics i.e. third analyses were 

MANOVA to determine the influence of educational and social levels as well as 

duration of stay in the community. In the multivariate analysis, participants were 

categorized into dichotomous educational status of either primary (secondary or lower) 

or tertiary (diploma and above). 

4.4 Results 

4.4.1 Descriptive statistics and frequency distribution of Likert scaled 

questions:  

Table 4.1 shows the descriptive statistics of respondents (N = 438). Those whose nominal 

knowledge level of health were less than or equal (≤) to 40% were approximately 9.4% of the 

respondents (41/438 respondents). The proportion of respondents considered knowledgeable 

in health impacts of gas flaring was 90.6% (Table 4.1). 
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Table 4.1: Mean and standard deviation for participants’ characteristics and nominal 

knowledge in public health impacts of gas flaring 

 Knowledge group Mean Standard deviation 

Duration at resident 

Group 1* 3.68 1.386 

Group 2** 3.22 1.233 

Total 3.26 1.254 

Duration at occupation 

Group 1* 3.85 1.256 

Group 2** 3.10 1.298 

Total 3.17 1.311 

Educational level 

Group 1* 2.61 .891 

Group 2** 2.62 .748 

Total 2.62 .761 

I think gas flaring is affecting 

my health 

Group 1* 3.24 1.374 

Group 2** 3.86 1.031 

Total 3.80 1.081 

I think gas flaring is affecting 

some members of my family 

Group 1* 3.15 1.370 

Group 2** 3.87 .993 

Total 3.80 1.054 

Gas flaring contribute to air 

pollution in my area 

Group 1* 3.66 1.407 

Group 2** 4.14 .970 

Total 4.09 1.026 

Air pollutants have detrimental 

impacts on human health 

Group 1* 3.93 1.311 

Group 2** 4.24 .929 

Total 4.21 .973 

Air pollutants from gas flared 

cause respiratory problems 

Group 1* 3.78 1.255 

Group 2** 4.23 .934 

Total 4.19 .976 

Group 1: N = 41; score <3/5 disagreement on the Likert scale implied lack of knowledge 

Group 2: N = 397; score ≥3/5 agreement on the Likert scale implied being knowledgeable 

 

Regarding the effect of gas flaring on own’s health, family health and air pollution: the 

majority of the respondents agreed, followed by the group that strongly agreed, then 

by the group that was not sure, disagreed and lastly by those who strongly disagreed. 

On the other two questions (air pollutants having detrimental impacts on human health 

and air pollutants from gas flares causing respiratory problems): the proportion who 

strongly agreed increased, while the groups that were unsure, disagreed or strongly 
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disagreed constituted 13% and 15% for general human health and respiratory 

problems, respectively (Figure 4.1). 

Figure 4.1: Frequency distribution of respondents’ perception*  

*based on questions in Table 4.1, about the effects of gas flaring on their health, family’s health, 

pollution and respiratory problems 

 

4.4.2 ANOVA comparisons between the subgroups of demographic factors: 

Evaluation of the nominal knowledge level of respondents determined from Likert 

scale showed no statistically significant differences between demographic subgroups. 

Although, social status showed close significance (From Table 4.2, p < 0.077).  
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Table 4.2: One-way ANOVA outcome 

 Sum of Squares Mean Square Significance* 

Age 

Between Groups 25.273 1.149 

.189 Within Groups 405.017 .908 

Total 430.290  

Gender 

Between Groups 4.755 .216 

.761 Within Groups 126.198 .280 

Total 130.954  

Social status 

Between Groups 15.160 .689 

.077 Within Groups 204.467 .467 

Total 219.627  

Duration at residence 

Between Groups 36.345 1.652 

.387 Within Groups 694.456 1.557 

Total 730.802  

Duration at occupation 

Between Groups 42.442 2.021 

.254 Within Groups 753.560 1.697 

Total 796.002  

Educational level 

Between Groups 14.579 .663 

.175 Within Groups 233.530 .516 

Total 248.109  

*P > 0.05 for all demographic subgrouping 

 

When the participants were distributed into dichotomous categories based on nominal 

values of their responses to the knowledge questions, frequency analysis affirmed that 

the majority were in the agreement (Figure 4.2). Further, ANOVA of nominal 

knowledge between educational subgroups showed gradient increase but no 

statistical difference (Figure 4.3). 

 

 

 

 

 

 



 89 

  

Figure 4.2: Dichotomous frequency distribution of based nominal values of respondents’ responses to 

the knowledge questions regarding gas flaring and public health impact. 

 

  
Figure 4.3: ANOVA on extent of agreement of nominal knowledge on gas flaring and public health 

impacts amongst educational subgroups of respondents  

 

4.4.3 MANOVA tests: The outcome resonates with ANOVA that there was significant 

difference on duration of stay (p < 0.014); but knowledge of public impact between 

subgroups of either educational or social status. However, review of the mean-values 

showed that most respondents had lived longer in the area (duration at residence and 

occupation), but less in educational status. Multivariate test indicates statistical 

significance (Table 4.3a; p < 0.014). Post-hoc test (LSD) showed statistical 

significance durations in occupation and residence, but not for educational or social 

level (Table 4.3b). 
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Table 4.3: Multivariate tests of effect showing the level of significance, error difference 

and hypothesis difference 

A: Multivariate Tests 

 Value F Hypothesis df Error df Sig. 

Pillai's Trace 0.029 3.169b 4 425 0.014 

Wilks' Lambda 0.971 3.169b 4 425 0.014 

Hotelling's Trace 0.03 3.169b 4 425 0.014 

Roy's Largest Root 0.03 3.169b 4 425 0.014 

B: Post-hoc Tests of Between-Subjects Effects 

Dependent Variable Type III*  df Mean Square F Sig. 

Educational: primary vs. tertiary 0.227 1 0.227 0.922 0.338 

Social status 0.05 1 0.05 0.103 0.749 

Duration at resident 6.063 1 6.063 3.906 0.049 

Duration at occupation 18.775 1 18.775 11.268 0.001 

*Sum of Squares  

 

4.4.4 Hypothesis test: On prevailing or predominant  knowledge of whether 

‘pollution due to gas flares had a negative impact on environment and community 

health’, the results show significant difference for ‘air pollutants from gas flared cause 

respiratory problems’ (p < 0.015) and ‘gas flaring contributed to air pollution in my area’ 

(p < 0.022). Therefore, the hypothesis was accepted (Table 4.4). 

Table 4.4: Tests of Between-Subjects Effects 

Source Mean Sq F Sig. 

Corrected 
Model 

Air pollutants have detrimental impacts on human health 1.972 2.064 0.151 

Air pollutants from gas flared cause respiratory problems 5.600 6.009 0.015 

Gas flaring contribute to air pollution in my area 5.648 5.254 0.022 

Intercept 

Air pollutants have detrimental impacts on human health 2779.359 2909.833 0.000 

Air pollutants from gas flared cause respiratory problems 2672.613 2867.468 0.000 

Gas flaring contribute to air pollution in my area 2500.626 2326.463 0.000 

K.group 
Air pollutants have detrimental impacts on human health 1.972 2.064 0.151 

Air pollutants from gas flared cause respiratory problems 5.600 6.009 0.015 

 Gas flaring contribute to air pollution in my area 5.648 5.254 0.022 
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4.5 Discussion 

This part of the study evaluated public health impact of environmental pollution due to 

gas flares with a hypothesis that ‘pollution due to gas flares had a negative impact on 

environment and community health’. Thus, the proposed outcome was to establish 

knowledge of the public health impact of environmental pollution due to gas flares in 

a broad demographic of participants. It is arguably common knowledge that air 

pollution from gas flares had public health impact including environmental pollution 

(Nriagu et al., 2016). However, the level of perception or knowledge was yet to be 

clearly evaluated. A preliminary observation was that knowledge of the public health 

impact was more in people living or working near the gas flare site (Akuirene et al., 

2019), hence the current study investigated a large population. The following sub-

sections of discussion highlights key summary of findings and how the findings relate 

to the hypothesis tested. 

4.5.1 Descriptive statistics and frequency distribution of Likert scaled 

questions showed a high proportion (90.6%) of the population with knowledge about 

the public health impact of gas flaring. This finding is consistent with other 

observations, which showed high perception of respondents’ to gas flaring to be 

hazardous to health and social well-being of residents (Edino et al., 2010).  

The proportion of those with little or no knowledge was low (Table 4.1), however this 

fraction could be high when specific questions are evaluated. For instance, the 

frequency distribution further showed that 21% were either unsure or disagreed with 

the perceptions of public health impact of gas flaring (Figure 4.1). 

4.5.2 ANOVA comparisons between the subgroups of demographic factors 

based on evaluation of the level of knowledge extrapolated from participants’ 
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responses showed that common demographic characteristics could not be an 

influential factor in the health impact of gas flaring, but social status was worth 

considering (Table 4.2). Based on dichotomous categorization of participants, analysis 

affirmed that approximately 90% were in agreement on all questions regarding health 

impact of gas flaring (Figure 4.2). ANOVA did not show statistically significant 

differences between educational subgroups. However, given the linear increase in 

knowledge with education (Figure 3), it can be inferred that the level of academic 

qualification may have influenced knowledge about public health impact of gas flares.  

Initial MANOVA results corroborate with ANOVA that there was no statistically 

significant difference in nominal knowledge of the public impact of gas flare pollutions 

between subgroups of educational or social status. Esu and Dominic (2013), similarly 

observed that the majority of respondents in their study, regardless of their education 

or occupation, perceived flared gases to negatively affect their well-being. Of interest 

in this study was the observation of statistical significance due to factors of nearness. 

Unlike the ANOVA results (Table 4.2), MANOVA showed significance that the 

subgroup who had lived longer in the area (duration at residence and occupation) had 

high level of nominal knowledge on health impact of gas flare pollutions (Table 4.3a). 

It can therefore be concluded that the respondents’ level of knowledge was 

significantly dependent on duration of residing or working in the area (p < 0.02). Post-

hoc test (LSD) showed duration of working to possibly be more influential (Table 4.3b). 

This observation further corroborates with our preliminary report (Akuirene et al., 2019) 

and a study by Mbachu (2012). 

Lastly, analysis was carried out to assess the hypothesis that ‘pollution due to gas 

flares has had a negative impact on environment and community health’ and the 

results of test of between-subjects effects based on dichotomized subgroups showed 
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significant difference for ‘air pollutants from gas flared cause respiratory problems’ (p 

< 0.015) and ‘gas flaring contributes to air pollution in my area’ (p < 0.022) thus 

accepting the hypothesis. This result agreed with other findings that showed air 

pollutants from the gas flaring stations to be responsible for respiratory and dermal  

diseases (Nwosisi et al., 2021). It is noteworthy that the perception of gas flaring on 

respiratory health impact was not statistical significant in our preliminary study 

(Akuirene et al., 2019b), hence, acceptance of this hypothesis calls for further studies. 

That is, implications are not excluded, but the need to develop evidence-base for 

policy development is warranted. 

4.6 Conclusion 

This part of the study established knowledge of the impact of air pollution arising from 

gas flares. As much as nine-tenth of the population perceived the public health and 

environmental impact of gas flaring. This corroborates with prevailing notions and calls 

for epidemiological data to establish evidence-base for public health intervention. 

Although policy implications constitute the subject of chapters 10 and 11 in this thesis, 

it suffices to recommended that Governments and oil companies should put measures 

in place to mitigate gas flaring, additionally, host communities should be educated on 

the health impacts of gas flaring. 
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Chapter 5:  

Community awareness of health problems associated with gas flaring and 

programmeme to mitigate 

Citation of Published version 

Obi NI, Bwititi PT and Nwose EU. Community awareness of health problems 

associated with gas flaring and programmeme to mitigate. Journal of Complementary 

and Alternative Medical Research 2021; 16: 31-41. DOI: 

https://doi.org/10.9734/jocamr/2021/v16i230284. 

 

5.1 Overview: abstract of research objective 2 (Chapter 1 section 1.5.1) 

Background:  As discussed in previous chapters, gas flaring has a negative impact 

on the host communities including fauna, flora and humans. Previous studies focused 

mainly on the contribution of gas flaring to environmental pollution but not on human 

health. This chapter assesses disease prevention and treatment programmes for ill-

health associated with gas flaring. Methodology: This research followed a mixed 

method approach of quantitative and qualitative analysis. Qualitative data comprised 

open-ended questions that sought the thematic views of community on how the 

companies liaised with either community and/or government, and what they would 

want the companies to provide to alleviate the health effects of gas flaring. Chi square 

and correlations were used on quantitative data to determine agreements and 

statistically significant differences of responses by participants from the questions that 

were set on Likert scales. Outcome: Chi-square showed statistically significant 

difference (X2 = z76, p < 0.017), when distribution of responses to Question-1 (Benefit 

of oil company to the community) and Question-4 (Oil companies’ awareness of 

potential health problems in the community) were compared. Therefore, the null 

https://doi.org/10.9734/jocamr/2021/v16i230284
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hypothesis was rejected i.e. there was association between variables and awareness 

of prevalent ill-health due to gas flaring are responded to with preventive and treatment 

programmes. Conclusion: There was a relationship between awareness of health 

problems and intervention and also a lack of capacity among the communities’ low-

mid social class to appropriately dialogue with the government for change.  

5.2 Introduction: synopsis of literature reviews relevant to 2nd objective 

It appears that literature pays more attention on environmental effects of gas flaring, 

while there is less research on if/how the associated or prevailing health problems are 

managed (Obi, Akuirene, et al., 2021). Pollution from gas flaring is associated with  

various health problems, although there is disagreement around the aetiologies of 

some of the diseases (Ana, 2011) such that causative implications of gas flares 

remains political. Nevertheless, there is literature that associates gas flares with 

cancer risk (Ana et al., 2009), including skin cancer (Ana et al., 2010). Concern about 

birth defects due to the effect of gas flaring is not limited to Nigeria. For instance, a 

Texas study indicated a 50% likelihood for pregnant women who reside near gas 

flaring sites to have preterm babies compared to those not exposed to gas flares 

(University of South California, 2020). Thus, there is a global concern regarding impact 

of gas flaring. There is also attribution to gas flaring in the prevalence of metabolic 

syndrome, although the study was not comparative (Nwafor et al., 2015a) except 

perhaps for hypertension (Egwurugwu & Nwafor, 2013; Ezejimofor et al., 2016; 

Maduka & Tobin-West, 2017). 

 



 96 

 

Figure 5.1: Healthcare workers’ perspective (Akuirene et al., 2019) 

 

A preliminary study indicated on one hand that only minimal <20% of respondents do 

not know or are unsure about gas being a risk factor in blood problems, cancer, 

cardiovascular disease (CVD), chronic obstructive pulmonary disease (COPD), eye 

and skin irritations. This implied that over 80% of the people perceived gas flare as a 

health problem. On the contrary, about the same high percentage did not know, or 

were unsure that gas flare constituted risk for diabetes or birth defect. Further, 72% of 

healthcare workers did not know or were unsure if these health problems presented 

to their clinic on weekly basis (Fig 5.1). Therefore, there is indication of need to query 

if prevention and treatment for diseases attributable to gas flaring are  being targeted. 

What is known: Gas flares has a negative impact on environmental and human 

health.  

What is unknown: Level of knowledge regarding the health problems associated with 

gas flaring and programmes of mitigation in the community of is unknown.  
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Objective: Assess disease prevention and treatment programmes for diseases that 

are associated with gas flaring. 

Hypothesis: Two hypotheses were:  

H0: Perceptions of benefit from oil companies was not associated with (i.e. 

independent from) awareness of health issues. Alternative (H1) being that perceptions 

of benefit from oil companies was associated with (i.e. not independent from) 

awareness of health issues. 

H0: Educational information about health impact of gas flaring was not associated (i.e. 

independent) with programmes to alleviate the health effects. Alternative (H1) being 

that educational information about health impact of gas flaring was associated (i.e. not 

independent) with programmes to alleviate the health effects. 

5.3 Methods 

5.3.1 Design: This study followed a mixed method approach of quantitative and 

qualitative analyses described in Chapters 3 and 4.  

5.3.2 Data: Survey was carried out on the companies’ community relations 

programmes and healthcare providers’ experience – re: adaptation and mitigation 

policies, where adaptation refers to the behavioural change wheel regarding health 

promotion programmes. On a Likert scale of 1-5, representing ‘strongly disagree to 

strongly agree’, participants were asked to indicate their degree of agreement or 

disagreement to 8-item survey questions (Table 2).  
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5.4 Results 

 

Table 5.1: Descriptive statistics for age, gender and social status of respondents 

Demography Subgroup Frequency Valid Percent 

Age 

< 20years 26 5.7 

20-35years 133 29.3 

36-50years 181 39.9 

51-70years 89 19.6 

> 70years 25 5.5 

Total 454 100 

Gender 

Males 281 61.1 

Females 179 38.9 

Total 460 100 

Social status 

Lower class 171 38.4 

Mid class 206 46.3 

Higher class 68 15.3 

Total 445 100 

 

 

A total of 466 participants responded to the survey and descriptive statistics ‘frequency 

distribution’ of respondents in Table 5.1a indicates that over 39.9% of the respondents 

were 36-50 years old, followed by 20-35 years (29.3%). The respondents in the age 

groups of 51-70 years, greater than 70 years and less than 20 years were 19.6%, 

5.5% and 5.7%, respectively. Table 5.1b shows that 61.1% were males while 38.9% 

were females. While the descriptive statistics on the social status of respondents show 

that the highest proportion of respondents (46.3%) were in the middle class followed 

by the lower class (38.4%) and the upper class (15.3%). Further frequency distribution 

of responses is summarized in Table 5.2. Visual review shows no similarity between 

the curves of any two, although the nearest 2-pairs are responses to Q2-Q8 as well 

as Q5-Q6 (Figure 5.2). 
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Table 5.2: Valid Percent of responses on questions about the companies’ community 

relations programmes and healthcare providers’ experience 

Category Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

Strongly disagree 33.9 16.5 16.4 6.0 14.2 19.4 15.8 15.3 

Disagree 24.9 33.1 23.1 5.8 27.7 25.6 22.5 22.0 

Unsure 13.2 29.9 18.5 7.8 22.8 22.4 23.3 26.3 

Agree 14.8 12.5 11.3 46.3 27.1 24.6 30.7 23.5 

Strongly agree 13.2 8.0 30.8 34.1 8.2 8.0 7.8 12.9 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

keys: 

Q1. Benefit of oil company 

Q2. Liaison between government & oil company 

Q3. Dedicated equipped health care systems by oil company 

Q4. Awareness of potential health problems 

Q5. Community health promotion policy  

Q6. General educational information with regards to health impact of gas flaring 

Q7. Provide educational information on ways to prevent health impact of gas flaring  

Q8. Programmes to alleviate the health effects of gas flaring 
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Figure 5.2: Frequency distribution of responses into Likert scales on 4-programmes* 

Key: *Liaison between government and oil companies, programmes to alleviate health effects of gas 

flare, community health promotion policy and educational information on health impact of gas flare  

 

Further, another critical review of the frequency of responses to the categorized 

questions showed that about 40% of the participant disagreed while 39% agreed 

(Figure 5.3), i.e. that there were disease prevention programmes being run by the oil 

companies in the communities.  

 

Figure 5.3: Likert-scaled distribution of respondents on evaluation of health programmes  
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Pearson Chi-square comparing distribution of responses to questions 1 and 4 showed 

statistically significant difference (X2 = 76, p < 0.017), but on linear-by-linear 

association and symmetric measures (p = 0.931). Between both Q2 vs. Q8 (X2 = 76, 

p < 0.001) and Q5 vs. Q6 (X2 = 500, p < 0.001), Pearson Chi-squares were significant 

and linear-by-linear association as well as symmetric measure also significant (p < 

0.001). On the phenomenon of interest, Q7 vs. Q8 (adaptation vs. mitigation) showed 

significance (X2 = 582, p < 0.001), including their correlations (Table 5.3). 

Table 5.3: Adaptation and mitigation correlation – SPSS analysis output 

Symmetric Measures 

 Value 

Asymptotic 

Standard Errora Approximate Tb 

Approximate 

Significance 

Interval by Interval Pearson's R .804 .019 29.009 .000c 

Ordinal by Ordinal Spearman Correlation .807 .020 29.333 .000c 

N of Valid Cases 462    

 

 

 

Figure 5.4: Comparison of responses to survey questions (Q) on awareness of potential health 

problems of gas flaring by social class. 

Key: Q4 – Q8 stands for questions #4 – #8  
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Table 5.4: MANOVA output showing significant differences except on awareness 

question 

Dependent Variable (I)SES (J)SES Sig Lower Bound* Upper Bound* 

Community health promotion policy 

Lower 
Mid .004 .11 .59 

Higher  .000 .39 1.05 

 Mid 
Lower .004 -.59 -.11 

Higher  .027 .04 .69 

Higher  
Lower .000 -1.05 -.39 

Mid  .027 -.69 -.04 

General educational info on health 

impact of gas flaring 

Lower 
Mid  .054 .00 .50 

Higher .001 .27 .96 

Mid 
Lower .054 -.50 .00 

Higher  .034 .03 .70 

Higher  
Lower .001 -.96 -.27 

Mid  .034 -.70 -.03 

Provide educational info regarding ways 

to prevent health impact of gas flaring 

Lower 
Mid  .183 -.08 .41 

Higher .000 .36 1.03 

Mid 
Lower .183 -.41 .08 

Higher  .002 .20 .86 

Higher  
Lower .000 -1.03 -.36 

Mid  .002 -.86 -.20 

Programmes to alleviate the health 

effects of gas flaring 

Lower 
Mid  .656 -.31 .20 

Higher .001 .27 .96 

Mid 
Lower .656 -.20 .31 

Higher  .000 .33 1.01 

Higher  
Lower .001 -.96 -.27 

Mid  .000 -1.01 -.33 

Awareness of potential health problems 

Lower 
Mid  .712 -.27 .18 

Higher .796 -.27 .35 

Mid 
Lower .712 -.18 .27 

Higher .590 -.22 .39 

Higher  
Lower .796 -.35 .27 

Mid  .590 -.39 .22 
 

Keys: 95% Confidence Interval 

 

MANOVA shows statistically significant difference between social classes (Figure 5.3). 

However, it is interesting to note similar degree of responses to ‘awareness of potential 

health problems’ (i.e. no difference – Table 5.4) among the social classes.  

5.5 Qualitative analysis  

Three thematic views are summarized from the open-ended questions about how the 

companies liaised with governments and community on matters related to the health 
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impact of gas flaring (Q9a of the questionnaire). The total number of respondents were 

279 (N=279). 

1. Meetings: 235 respondents including 55%, 47% and 65% of the lower-, middle- 

and upper-class groups, respectively. 

2. Don’t know/unsure: 21 respondents not including anyone from the upper social 

status 

3. Other comments: 23 respondents including only 2/68 (3%) of the upper-class 

group 

Further details of results are discussed with other qualitative analysis in chapter 9 of 

this thesis.  

 

5.6 Discussion 

The objective of this part of study was to assess disease prevention and treatment 

programmes for diseases associated with of gas flaring. Besides Chi-square analysis 

to compare distribution of responses, quantitative analyses was between social class 

groups i.e. to delineate government and oil company’ affiliates from the lower 

socioeconomic members of the community. These analyses still constituted major 

phenomenal comparison of interest. The following three sub-sections of discussion 

highlights key summary of findings and how the findings relate to the hypothesis tested 

5.6.1 Two general observations: First, descriptive ‘frequency distribution’ statistics 

showed only 39% of the respondents agreed that there were disease prevention 

programmes run by the oil companies in the communities (Table 2 & Figure 3). 

Therefore, the majority (61%) either disagreed, didn’t know, or were unsure. It is 

expected that there would be agreement to availability of prevention programmes but 

the high percentage of disagreement implies the proportion of the community was 



 104 

dissatisfied. Thus, to some extent, this observation supports a report of high level of 

distress in the communities experiencing gas flaring (Nriagu et al., 2016). Hence, this 

report contributes empirical data, albeit from another subpopulation, to further 

corroborate what is already known. 

Secondly, Chi-square showed statistically significant difference (X2 = 76, p < 0.017), 

when distribution of responses to Question-1 (Benefit of oil company) and Question-4 

(Awareness of potential health problems) were compared. Therefore, first null 

hypothesis was rejected i.e. there was association between variables and ‘awareness 

of prevalent diseases or health issues as a result of gas flaring were responded to with 

preventive and treatment programme’. The analysis between both Q2 (Liaison 

between government & oil company) vs. Q8 (Programmes to alleviate the health 

effects of gas flaring) and Q5 (Community health promotion policy) vs. Q6 (General 

educational information regarding health impact of gas flaring) was also significant (p 

< 0.001), Pearson Chi-squares were significant and linear-by-linear association as well 

as symmetric measure also significant (p < 0.001). These observations also imply a 

relationship between awareness of health problem and intervention. 

5.6.2 Correlations between adaptation and mitigation: The Q7-Q8 evaluated the 

correlation of adaptation and mitigation policies. In this study, question on provision of 

educational information assessed adaptation programme (Q7), while health 

‘treatment’ programmes to alleviate represented mitigation (Q8). Chi-square showed 

significance (X2 = 582, p < 0.001), including their correlations (Table 5.3). Therefore, 

the second null hypothesis was also rejected. That is, the alternate hypothesis was 

accepted that educational information about health impact of gas flaring was 

associated i.e. not independent of programmes to alleviate the health effects.  
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These observations from Chi-square analysis support the view of 39% respondents 

who agreed on availability of health programmes being provided. Regarding the recent 

report that called on the oil companies to support efforts towards combatting the public 

health issues linked with their operations, especially to placate the restiveness in host 

communities (Orisakwe, 2021), this report suggests increased awareness of 

programmes among the community. 

5.6.3 Behavioural change wheel: Thirdly, MANOVA showed statistically significant 

differences between social classes (Figure 5.3). There were no differences in level of 

agreement on ‘awareness of potential health problems’ among the social classes and 

no statistical differences between the lower and middle social groups on ‘Provide 

educational info regarding ways to prevent health impact of gas flaring’ or 

‘Programmes to alleviate the health effects of gas flaring’ (Table 5.4). Therefore, the 

predominant differences in the responses between the upper social group versus 

others, can be interpreted from a variety of perspectives.  

From the cynical perspective, it may be partly bias by those in the upper social class 

who are representatives of community chiefs, oil companies, or government. This view 

corroborates opinions about government’s conflict of interest (Francis & Pegg, 2020; 

Ogbuigwe, 2018; Otiotio, 2013) and repressive nature on matters regarding oil 

exploration and the communities’ restiveness (Manby, 1999b; Orisakwe, 2021). In 

terms of BCW, this connotes unwillingness to change buoyed by lack of motivation i.e. 

due to conflict of interest. This therefore supports the speculation that authorities lack  
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commitment or political will to address the oil communities’ concerns (Chijioke et al., 

2018). 

On a logical perspective, it may be that those in the upper social class were more 

aware, compared to lower or middle class. For instance, the Nigerian government 

have the power to enforce laws on gas flaring, and the ‘legislations are not aimed at 

the conservation of the natural resources and prevention of waste’ (Otiotio, 2013), but 

these facts may be unknown to the low-middle class community. In the context of BCW 

and based on knowledge is power concept, this implies lack of capacity among the 

communities’ low-mid social class to appropriately dialogue with the government for 

change. This adds empirical data to supports a statement from a recent report of a 

review that there was “lack of grassroots orientation to the negotiation and 

implementation of” corporate social responsibility programmes (Andrews et al., 2021). 

Lastly, the qualitative data supports the third quantitative analysis observation. The 

majority of the upper social class indicated that the oil companies had meetings with 

community leaders and government. However, most (2/23 ~ 87%) of the dissenters 

were from the low-mid social class groups. Further, 100% of the respondents who 

indicated that they either don’t know or were unsure came from the low-mid social 

class groups. This observation resonates with the notion that community members still 

worry about the impact of oil exploration with associated gas flaring on their lives 

(Nriagu et al., 2016b; Orisakwe, 2021), and that government as well as companies 

may be indisposed to the wellbeing of the people (Elum et al., 2016).  

Perhaps it is pertinent to note two points of cognisance. Firstly, Nigerian economy 

depends largely on petroleum resources and petroleum exploration in Nigeria has 

been associated wastage of the gas components by flaring and this has caused  



 107 

extensive negative public health impacts including loss of lives (Elum et al., 2016). 

Further, Nigerian government has legislations and regulatory mechanisms for gas 

flaring – such as the Nigerian National Petroleum Corporation (NNPC) and National 

Environmental Standards and Regulations Enforcement Agency (NESREA). 

Secondly, a comparative evaluation of the regulatory programme showed 

“…ineffective, inefficient, and non-transparent gas flaring laws and policies … conflict 

of interest on the part of the government, regulatory officials and the oil and gas 

companies...” (Otiotio, 2013b). The ‘conflict of interest’ by the government came to 

light in 1999 on the execution of community protest leaders (Manby, 1999b) and it was 

reported that the basis of this conflict of interest was lack of autonomous enforcement 

agency, because government was both owner and the regulator (Francis & Pegg, 

2020; Ogbuigwe, 2018; Otiotio, 2013). What this chapter highlights is delineation of 

social classes of the people within the community for a more correct survey of 

perspectives i.e. besides the hypothesis tested. 

5.7 Conclusion  

The aim of this part of the study was to assess prevention and treatment programme 

for diseases associated with gas flaring. A significant finding from this study was that 

there was an association between awareness of health problem and intervention from 

oil companies and government. In the context of the BCW, the results suggest a lack 

of capacity among the communities’ low-mid social class to appropriately dialogue with 

the government for change. It is therefore imperative to further study to validate these 

claims. 
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Chapter 6 

Comparison of environmental and occupational health in gas flare host 

communities and those farther from gas flare sites 

Citation of published version: Obi NI, Bwititi PT and Nwose EU. Evaluation of 

government’s efforts to mitigate the adverse effects of gas flaring in host 

communities. Journal of Complementary and Alternative Medical Research 2021; 16: 

42-50. DOI: https://doi.org/10.9734/jocamr/2021/v16i230285 

 

6.1 Overview: abstract of research objective 3 (Chapter 1 section 1.5.1) 

Background: Gas flaring occurs during crude oil extraction and has adverse 

implications for the community’ health and the environment. Reports show that 

residents complain about ill-health e.g. insomnia due to heat generated during gas 

flaring. This chapter therefore compares the impact on health in the gas flaring host 

and the non-gas flaring host communities.  

Methodology: This part of research followed a mixed method approach of quantitative 

and qualitative analysis. Six questions were asked on occupation, residence, distance 

from the gas flare, social status in community, health status and family health history. 

Two questions assessed health status as well as family health history of participants 

and were semi-qualitative. Comparison of environmental and occupational data 

between host and neighbouring communities was done.  

Outcome: Nearness of residence to gas flare sites resulted in increased frequency in 

the number of ill health issues in respondents and their families. The impact of gas 

flaring i.e. ill health was high in those near to the site and diabetes was more prevalent 

amongst other ill-health conditions surveyed. Multiple comparisons showed that the 

group farthest from gas flare site had significantly least proportion of members 

stressed or suffering respiratory problems  

https://doi.org/10.9734/jocamr/2021/v16i230285
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Conclusion: Impact on health or wellbeing among members of gas flaring host 

communities were more severe when compared to those far. Government policies 

need to mitigate the adverse effects of gas flaring and the community needs to be 

educated on the impacts of gas flaring and how this can be minimised. 

6.2 Introduction: synopsis of literature relevant to 3rd objective 

In addition to noise and fire, flares emit volatile organic compounds, which are  

detrimental to humans, animals and the environment and are linked to adverse health 

issues (Ajugwo, 2013; Nriagu et al., 2016) and these are discussed in Chapter 2 

section 2. Therefore, there are concerns regarding gas flaring on the health of people 

residing on working near gas flare sites. A study carried out in Niger Delta, showed 

that residents were at significant risk for respiratory and cutaneous disorders as a 

result of close proximity to gas flaring stations and continual exposure to gas flaring 

emission (Nwosisi et al., 2021). A Texan study reported increased risk of preterm birth 

as a result of exposure to gas flaring (University of South California, 2020) as detailed 

in sections 2.2.3.2 and 5.2. In spite of this, only a few studies have compared the 

effects of gas flaring on the health of those residing near or working in gas flaring sites 

to those in non-gas flaring areas. 

A preliminary study investigated the impact of gas flaring in Warri metropolis including 

Ekpan, Iffie, Ubeji communities, and Eku community in Delta State of Nigeria 

(Akuirene et al., 2019). The study assessed the impact of gas flaring in the 

communities with respect to nearness to the flare site and comparison of toxic impacts 

of gas flaring activities was done. Questionnaires assessed perceptions of toxic health 

impact of gas flaring, among other objectives and the results showed linearity and non-

linearity of responses. For instance, on one hand perceived prevalence of ill-health 
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issues were high, but not linear relative to distance from gas flaring sites. There was 

observation of linear relationship between ‘distance to gas flare site’ and ‘perception 

of poor air quality’. Further, the level of assessed health conditions also appeared 

significantly different, but not in a linear direction as per nearness to gas flare site.  

The current study was set to assess health conditions in a broader terms of 

environmental and occupational impacts. It is developed from the preliminary study 

(Akuirene et al., 2019), as a scale-up with the aim for a large sample size and involving 

broad geographical reach. 

What is known: Gas flares have a negative impact on environmental and human 

health (Ajugwo, 2013; Nriagu et al., 2016)  

What is unknown: The extent of ill-health in communities near gas flaring compared 

to those farther away has yet to be established as being significantly different.  

Objective: Compare the impact on health in gas flaring host communities and non-

gas flaring host communities. 

Hypothesis: Impacts on health or wellbeing among members of gas flaring host 

communities were the same when compared to non- gas flaring host communities. 

Alternate hypothesis was that impacts on health or wellbeing among members of gas 

flaring host communities were more severe when compared to non- gas flaring host 

communities – severity indicated by level of prevalence. 

6.3 Methods 

Summary of design, data and statistical analysis were as follows: 

6.3.1   Design: Comparative descriptive study of host versus neighbouring 

communities. This study followed a mixed method approach of quantitative and 
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qualitative analyses – the latter being to enable open-ended suggestions from 

respondents. Details of methodology are described in Chapter 3. 

6.3.2   Questionnaire: Six questions were asked on occupation, residence, distance 

to gas flare site, social status in community, health status and family health history. 

The 5th and 6th questions, i.e. health status and family health history, respectively, were 

semi-qualitative for more nuanced information from participants. 

6.3.3   Discretional presumptions: In this part of study, discretion was applied to 

assess environmental and occupational impacts by stress and respiratory problems, 

respectively. These discretional applications were based on various literatures 

(Barregard et al., 2008; Daiber et al., 2019; Jeon & Kim, 2018; Lucassen et al., 2014; 

Rush et al., 2017). Other health variables i.e. cancer, cardiovascular disease and 

diabetes were assessed as secondary. 

6.3.4 Statistical analysis: First, the descriptive statistics were followed with frequency 

distribution of respondents to the Likert scaled questions. The comparison of 

environmental and occupational data between host and neighbouring communities 

was also done. Multivariate analysis (MANOVA) was carried out to evaluate the 

number of ill-health in individual respondents and in combination with family. All 

statistics were performed using SPSS, while Excel tool was used in constructing some 

graphics. 

6.4 Results 

Figure 6.1 shows the frequency distribution of respondents by age groups. The 

participants comprised 61% men and 39% women. Farmers constituted the least 

proportion of the participants (Figure 6.2), and a majority of the respondents were in 

the low-middle social strata (Table 6.1). 
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Figure 6.1: Frequency distribution of participants by stratified age groups 

 

 

 

Figure 6.2: Frequency distribution of participants by occupation 
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Table 6.1: Frequency distribution of participants by distance and social status 

Demography Subgroup Frequency Valid Percent 

Social status 

Low 146 40.6 

Middle 161 44.7 

High 53 14.7 

Total 360 100 

Distance 

<1 Km 36 10.5 

2 – 5 Km 187 54.5 

6 – 10 Km 78 22.7 

11 – 20 Km 13 3.8 

>20 Km 29 8.5 

Total 343 100 

 

 

 

Further, the majority of the respondents lived or worked within 5 Km to a gas flare site 

(Table 6.1). Most of the respondents indicated to be suffering environment impact 

(62.3%) and/or have family member who suffered from the same (50.9%). However, 

occupational impact assessed by respiratory problems were indicated in about one-

quarter of the participants and one-third of family members. Among the other ill-health 

conditions surveyed, diabetes was more prevalent (Figure 6.3). 
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Figure 6.3: Prevalence of the five different health conditions in participants (left) and 

their families (right) 

  

Multivariate analysis (MANOVA) evaluated the number of ill-health (x5) in individual 

respondents and in combination with family (x10) and the results show that distance 

to gas flare site, but not occupation was statistically significant. Both residential 

address and nearness of either residence or occupation to gas flare sites showed 

significance (Table 6.3). That is, impact was dependent more on individuals’ nearness 

to the site of gas flaring. Therefore, the null hypothesis was rejected, and alternate 

version accepted i.e. impacts on health or wellbeing among members of gas flaring 

host communities were the same when compared to non- gas flaring host communities 
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Table 6.3: Output of MANOVA analysis 

Effect Sig. 

Occupation 

Pillai's Trace .666 

Wilks' Lambda .666 

Hotelling's Trace .666 

Roy's Largest Root .042 

Resid_add 

Pillai's Trace .000 

Wilks' Lambda .000 

Hotelling's Trace .000 

Roy's Largest Root .000 

Dist2Flare 

Pillai's Trace .043 

Wilks' Lambda .038 

Hotelling's Trace .034 

Roy's Largest Root .000 

Occupation * Resid_add 

Pillai's Trace .465 

Wilks' Lambda .462 

Hotelling's Trace .459 

Roy's Largest Root .015 

Occupation * Dist2Flare 

Pillai's Trace .074 

Wilks' Lambda .074 

Hotelling's Trace .075 

Roy's Largest Root .007 

Resid_add * Dist2Flare 

Pillai's Trace .447 

Wilks' Lambda .430 

Hotelling's Trace .412 

Roy's Largest Root .003 

Occupation * Resid_add * Dist2Flare 

Pillai's Trace .331 

Wilks' Lambda .346 

Hotelling's Trace .362 

Roy's Largest Root .108 

 

Multiple comparisons showed that the group farthest from gas flare site had 

significantly least proportion of members who are stressed or suffering respiratory 

problems. Comorbidities of the phenomenal health conditions in participant and family 

(x/10) were also least in this group compared to those nearer the gas flare site (p < 

0.001). 
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6.5 Discussion 

This study is based on a preliminary observation, which indicated perceived 

prevalence of ill-health that did not show linear association with distance from gas 

flaring sites (Akuirene et al., 2019). It was assumed that sampling scope may have 

confounded the result. In this study, 54.5% of respondents were clustered in 2-5 Km 

group while the 45.5% constituted remaining four groups (Table 6.2). This may be a 

limiting factor that confounded the results. However, this limitation may be ameliorated 

by the strengths of distributions of participants by age, occupation, and social status.  

This study expanded the scope of population survey and evaluated more specifically 

the prevalence of phenomenal ill-health in participants and their family members. 

Results show a predominance of environmental health impact as assessed and 

indicated by stress (≈ 62% among participants) while about 25% had occupational 

hazards of respiratory problems. There are several studies that reported on similarly 

high level of stress in various occupations. For instance, a recent systematic review 

reported the same approximate level (61.9%) among healthcare workers (Onigbogi & 

Banerjee, 2019).  

It is pertinent to differentiate scenarios of how stress may cut across various 

environments, but the health outcome is different. In this discourse on gas flaring, the 

health outcomes were speculated to be primarily respiratory problems (Nwosisi et al., 

2021), though diabetes, cardiovascular disease and cancer were speculated (Obi, 

Akuirene, et al., 2021). In the example with healthcare workers, stress had headache 

as ill-health outcome (Onigbogi & Banerjee, 2019).  

The results from this study also appear different from the observation regarding 

prevalence of cardiovascular disease reported by some (Maduka & Tobin-West, 
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2017). However, a critical appraisal shows different scenario whereby their study was 

specific on hypertension (Maduka & Tobin-West, 2017), whereas this survey asked 

about ‘heart disease’ in general. Nevertheless, the observation of average of 8.4% can 

be surmised as low compared to the recently indicated 11% contribution to death rate 

(Ike & Onyema, 2020). Another observation was the averaged 13.4% prevalence of 

diabetes mellitus among the participants, which was higher than observed from cross-

sectional studies (Nwose, Digban, et al., 2017; Nwose et al., 2015; Otovwe et al., 

2018) warranting further investigation. 

The results from multiple comparison when the cumulative number of comorbidities 

(i.e. x/10 based on the 5 phenomenal health conditions in ‘participant + family’ making 

10) were analysed, and it was observed that nearness to the gas flare site was the 

main influential factor to stress and comorbidities. It is noteworthy that in this study, 

people working in the gas flare host community were not delineated nor their individual 

occupational specifications. In fact, this study expounded the scope of previous work 

to survey more people from non-host communities. Another research reported 

hypertension to be more prevalent among those living in host communities. 

This study was mindful that toxins can travel distances and therefore communities 

seen as non-host to gas flaring are still exposed but perhaps to a less extent. The 

findings of this study affirm that health impact of gas flares is dependent on nearness 

to the gas flaring site. On this basis, the study’s alternate hypothesis is upheld that 

impacts on health or wellbeing among members of gas flaring host communities 

were more severe when compared to non- gas flaring host communities. 
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6.6 Conclusion 

The focus of this study was to compare prevalence of ill-health in communities 

delineated into groups based on nearness to gas flare site as an index of impact on 

health. The observation affirmed that the impacts on health in members of gas flaring 

host communities were more severe when compared to non-gas flaring host 

communities. Government policies need mitigate the effects of gas flaring on the 

health and environment. The community needs to be educated on the impacts of gas 

flaring on their health and environment. Oil companies should also provide personal 

protective equipment such as nose masks, hearing protection, eye protection, hand 

and foot protection, face shields and safety glasses to communities exposed to gas 

flaring. Further studies should be carried out to determine the occurrence, severity and 

prevalence of specific diseases in gas flaring host communities compared with non-

gas flaring host communities. 
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Chapter 7 

 Prevalence and family history of diabetes: Cohort evaluation from gas flare 

communities in the Niger Delta Nigeria 

 

7.1 Overview: abstract of research objective 3 (Chapter 1 section 1.5.1) 

Background: Air pollution inclusive of smoke, disturbed sleep, and stress are 

suggested to be determinants of diabetes and these are associated with gas flaring in 

oil exploration communities.  

Objective: This part of study evaluated the prevalence and family history of DM with 

associated comorbidities in oil exploration community of Niger Delta Nigeria.  

Method: This was a cohort study involving participants (N = 88) selected from 

respondents in a bigger project and the criteria was either living and/or had someone 

in the family with diabetes. Stress, respiratory problems, heart disease and cancer 

were 4 conditions discretionally surveyed for prevalence in participants and their 

families. Nominal values were determined as prevalence of ill-health among 

respondents and the main statistical analysis was comparison between gas flare 

versus neighbouring communities.  

Results: Approximately 73% of respondents were in the age range of 20-69 years old. 

Among them, the 36-50 years’ group constitutes the highest proportion. There were 

72% living and/or working within 5 Km range of gas flare site. Prevalence of ill-health 

conditions out of 5 was higher in the ‘>70 years’ subgroup compared to other age 

subgroups (p < 0.001) and stress and cancer had highest and lowest, prevalence, 

respectively in individuals and/or their families.  

Conclusion: Health education to promote diabetes-protective lifestyle is a diabetes 

prevention method. The observation from this cohort study provides empirical data to 

advance epidemiological approach in diabetes education and health promotion. 
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7.2 Introduction: synopsis of literature relevant to the 3rd objective 

Diabetes mellitus is caused by a variety of factors, including behavioural, cultural, 

environmental, occupational, and socioeconomic factors (Dendup et al., 2018a). 

Additionally, air pollution, including smoke, disturbed sleep, and stress are implicated 

as risk factors for diabetes mellitus (Dendup et al., 2018a; Kolb & Martin, 2017). These 

determinants are also associated with gas flaring in oil exploration communities and 

there is dearth of evidence to substantiate the effects. In the Delta State Nigeria, a 

study investigated the perception of environmental cum occupational health issues in 

population living near gas flaring sites, and reported that 40% and 89% of respondents 

indicated gas flaring causes diabetes and stress, respectively (Akuirene et al., 2019b).  

In the current population study, it was observed that 77.36% of respondents either 

have diabetes and/or stress or know a family member living with the disease. This is 

a significant proportion that calls for further investigation. That is, there is need for 

further studies to corroborate this finding. This is particularly important in terms of 

empirical data for epidemiological approaches to public health promotion in diabetes 

prevention education. 

What is known: Communities in oil exploration host-communities may be at high risk 

for diabetes (Nwafor et al., 2015b). 

What is unknown: The level of prevalence of diabetes with associated comorbidities 

of stress and heart disease in gas flare host communities, as well as variation with 

distance from flare site were unknown. 

The gap: A potential gap between what was known versus unknown was lack of data 

on any cohort of those living or having family members with diabetes. 
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Objective: To study the prevalence and family history of diabetes and comorbidities 

in a cohort of individuals and to ascertain if there was dependence on stress or in 

nearness to gas flare site. 

Hypothesis: Prevalence of diabetes and comorbidities in gas flaring host communities 

were similar non-host communities. 

7.3 Methods 

Summary of design, data and statistical analysis are as follows. 

Design: Descriptive cohort analysis 

Questionnaire: Comprised six questions on occupation, residence, distance to the 

gas flare site, social status, health status and family health history. Besides diabetes 

and stress, participants were asked to indicate if they or family member had any of 

other 3 ill-health conditions viz: cancer, heart disease and respiratory problems. Thus, 

all variables are as reported by participants. 

Inclusion criteria: Participants who had responded to either having diabetes or had 

someone in the family with diabetes. 

Statistical analysis: All 5 conditions (diabetes and stress plus other 3 ill-health 

conditions) were given a nominal value of one; and each response was scored ‘out of 

5’ for personal health and ‘out of 10’ for family history. Comparisons of environmental 

and occupational data: host versus neighbouring communities were performed. 

7.4 Results 

Among the 287 respondents with stress and/or diabetes, there was a cohort of ‘N = 

88’ with either diabetes (55/88) and/or had someone in the family with diabetes 

(44/88). Among the 55 individuals living with diabetes, 11 also had family history of 

diabetes.  
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➢ Respondents living with DM but no family history = 44 

➢ Respondents living with DM and have family history of DM = 11 

➢ Respondents without DM but have family history of DM = 33 

The cohort comprised 52 males and 36 females and, approximately 7% were below 

20 years old, while another 6% were over 70 years (Figure 7.1). Redistribution of 

cohort by nearness to gas flare site shows that 61% lived and/or worked within 2-5 Km 

range (Figure 7.2). 

  

Figure 7.1 Distribution of cohort into stratified age groups 

 

 

<20years old, 
7.1%

20 - 35years, 
23.5%

36 - 50years, 
37.6%

51 - 70years, 
25.9%

>70years old, 
5.9%
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Figure 7.2 Frequency distribution of cohort by nearness to gas flare site 

 

The prevalence of specifically evaluated ill-health in participants and/or in their families 

were observed with stress and cancer being highest and lowest, respectively (Table 

7.1). The ‘2 x 2’ method, calculated odds ratio gave a value of 1.5, which is a measure 

of the association. 

Table 7.1: Prevalence of ill-health among respondents and in their families (N = 88) 

    Stress Respiratory 
Diabetes 
mellitus 

Heart 
disease 

Cancer 

Participant 
N  32 22 55 3 1 

% 36.4% 25.0% 62.5% 3.4% 1.1% 

Family 
history 

N  35 27 44 13 5 

%  39.8% 30.7% 50.0% 14.8% 5.7% 

 

On evaluation of prevalence of other ill-health conditions, the results show that 5.7% 

were apparently healthy with no indicated illness but had a family history of the ill-

health. While (69.3%) of the participants had only one ill-health condition, this was 

reduced to 12.5% when family history is considered. In another perspective, a 

cumulative 75% participants had one or no ill-health, whereas the proportion is 

drastically down to 12.5%, if family history is considered (Table 7.2).  

<1Km
11%

2 - 5Km
61%

6 - 10Km
16%

11 - 20Km
2%

>20Km
10%
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Table 7.2: Frequencies of ill-health in participants and their families 

Cohort 
Number* 
of illness 

Frequency Percent 

Participants 
only 

0 5 5.7 

1 61 69.3 

2 14 15.9 

3 8 9.1 

Total 88 100.0 

Participants 
+ family 
members 

1 11 12.5 

2 41 46.6 

3 14 15.9 

4 9 10.2 

5 12 13.6 

6 1 1.1 

Total 88 100.0 

*From maximum of 5 in individual participants and 10 in ‘participants+ family members’ 

Multivariate analysis showed no statistical difference between gender groups, but in 

stratified age groups. Prevalence of the number of ill-health conditions out of 5 in the 

individual participants was higher in the ‘>70 years’ subgroup compared to other age 

subgroups (p < 0.001). The degrees of significant differences reduced when family 

history is considered. Respiratory problems were significantly different between ‘<20 

years’ and ‘>70 years’ group (p < 0.02) and there were no statistically significant 

differences in [20-35], 36-50], and [51-70] subgroups. 

In the evaluation of ‘nearness to gas flare site’, cognizance was given to stack unequal 

sample sizes, and multivariate analysis was between the 3 groups with close 

frequencies (Figure 7.2). Multivariate analysis showed that averaged nominal values 

were significantly lower in the ‘>20 Km’ group compared to the groups nearer the gas 

flare sites. No difference between groups 1 & 3, in fact, the value was higher in group 

3 than in 1 (Figure 7.3). 
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Figure 7.3: Number of health conditions per participant in distance groups (p < 0.01) 

 

7.5 Discussion 

This cohort study has been driven by the knowledge of diabetes being associated with 

stress (Kolb & Martin, 2017), and the implication of gas flaring to cause ill health such 

as stress (Akuirene et al., 2019b; Obi, Akuirene, et al., 2021). The results show that a 

majority of participants indicated to be living with diabetes mellitus and/or stress. 

Therefore, this descriptive cohort analysis investigated the prevalence ‘diabetes and 

comorbidities in individuals together with their family history’ and if there was 

dependence on nearness to gas flare site. The summary findings as well as 

implications to health promotion and public health epidemiology are presented in the 

next three subsections. 

7.5.1 Summary findings: 

Firstly, of the 55 respondents with diabetes, 20% also had a family history of diabetes 

(Figure 7.1). Further, evaluation of stress among this cohort showed 9% in persons 

with diabetes. This level was lower than the 12.5% prevalence of stress in type 2 

diabetics in Malaysia (Kaur et al., 2013), and lower than the 35% in type 2 diabetic 
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patients attending a tertiary diabetes care centre in India (Sendhilkumar et al., 2017). 

The prevalence in the current study was lower if entire cohort including family history 

is considered; but there can be a limitation in these responses e.g. participants may 

be insensitive to relatives’ stress concerns, hence may have under reported stress in 

their family members. Equally perception and knowledge could have differed in the 

respondents. Further, the 55 individuals with diabetes included 11 with family 

members also living with the ill-health. This empirical data can be viewed from two 

perspectives:  

a. 20% of those with diabetes had family predisposition and this was similar to 

observation of an international cross-sectional study that reported 18.5% 

prevalence of family history (Choi et al., 2019). It may also imply, from the 11/44 

prevalence among individuals with family history of diabetes, that the risk was 

25%. This was higher than 14.3% in people with first-degree relatives with 

diabetes reported by (Annis et al., 2005).  

b. the odds ratio, which showed the calculated value of 1.5, means a strong 

association i.e. that there were 150% chances of someone with diabetes family 

history developing the ill-health. This observation falls within the range of results 

polled in a systematic review (Ismail et al., 2021). 

Secondly, number of respondents in the extreme ends of age-stratified subgroups 

were low compared to the mid-3 that comprised 87% of the cohort. Interesting 

observation was that there was no statistically significant differences between these 3 

middle subgroups. However, notable is 7.1% of the cohort who were teenagers and 

required follow up (Figure 7.2). The problem of diabetes among teenagers has been 

identified (Adeleke et al., 2010; Jensen & Dabelea, 2018; Liese et al., 2006). This 

report contributes further epidemiological data from Nigeria. 
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Third, respiratory problems were 3rd most prevalent in the cohort, after stress and 

diabetes (Table 7.1). Perhaps, this observation was confounded by limitation of what 

the participants knew. For instance, heart disease and cancer are objectively based 

on diagnosis, respiratory problems can be by perception. Further, most of the 

respondents lived near gas flaring site indicated impacts on respiratory distress more 

than other ill-health.  

Fourth, is the hypothesis where nearness to gas flare site was evaluated: multivariate 

analysis showed statistically significant difference with averaged number of ill-health 

(prevalence of comorbidities) being lowest in the subgroup farthest from flare. This 

observation was only when family history was considered (Figure 7.3). No difference 

between groups 1 & 3 (i.e. [<2 Km] compared to [6-10 Km]). In fact, the value was 

higher in group 3 than 1 and this implies less carefulness among those who are farther 

relative to nearness to gas flaring site, but the sample size is small to be conclusive. 

However, the observation of significantly lowest level of ill-health in the farthest 

distance-to-flare group is noteworthy. 

7.5.2. Implications for health promotion 

There is discussion on stress being associated with diabetes pathogenesis and 

indeed, the pathophysiology of hypothalamus-pituitary-adrenalin axis, including input 

of the limbic system as well as the side-effects of corticosteroids, in the causality of 

hyperglycaemia have been reported (Nwose & Bwititi, 2016; Richards et al., 2011). 

There have been calls for public health practitioners to address the mental health 

issues of people living around industrial facilities (Downey & Van Willigen, 2005a; 

Mohai et al., 2009). The risk determinants in diabetes pathogenesis include lifestyle 

factors (Dendup et al., 2018a; Kolb & Martin, 2017), hence strategies of diabetes self-

management comprise behavioural change wheel around dietary changes, physical 
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activities of daily living and smoking. Given the observation of 9% prevalence of stress 

in those with diabetes in the cohort, a contribution for public health practice is 

additional epidemiological data to advance discrimination of stress as a factor, in 

addition to the multiple other risk determinants of diabetes. 

A point of note on bias and limiting confounding factors is imperative. The relevance 

in discriminating stress in health promotion around diabetes is pertinent. It has been 

noted that quality and/or volume of data were insufficient to infer causality of stress in 

diabetes and evidence of positive association are often biased (Dendup et al., 2018; 

Eze et al., 2015). In this cohort study, it was observed that participants were unequally 

distributed to enable good comparison of every stratified subgroup of nearness to gas 

flare site. Further, noise has been attributed to be a determinant of diabetes (Dendup 

et al., 2018; Dzhambov & Dimitrova, 2016; Kolb & Martin, 2017). As part of 

discrimination of stress in diabetes health promotion, it is pertinent to highlight noise 

as another factor. This is relevant to transport workers and traders in marketplaces 

who are exposed to noise constantly.  

The relevance of this empirical data is in epidemiological approach to public health 

promotion for epidemiology practitioners involved in diabetes prevention campaign, at 

least in Niger Delta communities of Nigeria. There was knowledge that nearness to 

industrial activity impacted negatively on mental health and such negative impact can 

be mediated by individuals' perceptions (Downey & Van Willigen, 2005). Therefore, it 

is reasonable for educational health promotion programmes of diabetes prevention to 

address, especially among individuals living 

➢ Near gas flare site: to appreciate confounding determinants of diabetes, 

besides air pollution, inherent in their environment and lifestyle. 
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➢ Farther from gas flare site: to become more aware of their lifestyle determinants 

and stressful factors of diabetes. 

The family history factor is another point of public health education and promotion. A 

substantial proportion of people living with diabetes were unaware and the implication 

is that these people may also not be aware of their family history and therefore 

unaware of their risk status. This group of the population have been identified to be 

predominant in rural communities, which constitute part of the hard-to-reach 

population (Arugu & Maduka, 2017; Simmons & Voyle, 2003). This cohort analysis 

reports empirical data of 150% risk of developing diabetes in those with family history, 

and such information is useful in health promotion. 

Lastly, is consideration of young adults and it has been indicated that diabetes is an 

epidemic among youths and intervention is required (Gamble et al., 2021). In this 

study, there was no statistically significant difference between stratified aged groups 

of ’20-35’, ’36-50’ and ’51-70’ years. This empirical epidemiological observation calls 

for broad look at diabetes as a global epidemic inclusive of the various determinants 

existing in communities without gas flaring. From this perspective, it is important to 

avoid discriminating age groups, but include the elderly and the young in health 

education. 

7.5.3 Brief note on relevance to public health epidemiology 

At this juncture, it is perhaps pertinent to reiterate that public health educational 

intervention for diabetes prevention is undisputedly known but scope of focus on risk 

determinants and epidemiological data have been limited (Galaviz et al., 2018; 

Patnode et al., 2017; Shirinzadeh et al., 2019; Shirvani et al., 2021). While 

confounding risk determinants of diabetes are known to be inclusive of air pollution 
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and chronic stress, educational interventions in diabetes prevention programmes are 

yet to integrate individuals’ mental health, perceptions, and stress factors. 

Indeed, there is evidence of association between mental health status and nearness 

to site of oil exploration activities (Casey et al., 2018). What this chapter brings to the 

fore is the need to consider perception and associated mental health issues of people 

living around industrial facilities. Hence, it is worthy to emphasize the relevance of this 

empirical data on prevalence and family history of diabetes, in view of usefulness to 

epidemiology practitioners involved in diabetes prevention campaign in gas-flaring oil-

producing communities, for epidemiological approach to public health promotion. 

 

7.6 Conclusion 

This report provides empirical data on self-reported diabetes and family history from 

Niger Delta Nigeria. The observed prevalence and family history of diabetes did not 

show correlation with nearness to gas flare site. It is inferred that determinant risk 

predispositions may be the principal factors to focus, rather than gas flare and stress. 

The implication is for health promotion with strategic epidemiological approach. In 

terms of diabetes prevention education targeting whole population, this empirical data 

can be used to illustrate that those at risk of DM may be more but not limited to 

nearness to gas flare site. 
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Chapter 8 

Assessment of association between gas flaring and prevalence of diseases: 

delineation of opinion from perception 

Citation of published version: Obi NI, Bwititi PT and Nwose EU. Gas flaring in Niger 

Delta Nigeria and sustainability development goal framework: Qualitative survey of 

the health impacts, mitigation and adaptation. Journal of Complementary and 

Alternative Medical Research 2021; 16: 38-49. DOI: 

https://doi.org/10.9734/jocamr/2021/v16i330293 

 

8.1 Overview: abstract of research objective 4, part 1 (Chapter 1 section 1.5.1) 

Background: As elaborated in Chapters 2-7, gas flaring pollutes the atmosphere, 

causing health issues like heart disease and respiratory issues. This chapter assesses 

the community's perception of the link between gas flaring and disease prevalence.  

Methodology: This research followed a descriptive quantitative approach. Purposive 

survey using 2 Likert scale questionnaires was adopted, and the first questionnaire 

collected data on distance to gas flare site, health status and family health history, 

amongst others. The second collected data on perception and knowledge-based 

opinions regarding association and correlation. Summated Likert scale were collated 

and descriptive and correlation analysis between distance to gas flare site and number 

of diseases in respondents and their families were done.  

Results: In this survey, there was no correlation between nearness to gas flare and 

prevalence of diseases. There appeared to be no difference in communities proximal 

to flare sites compared to non-host communities farther from site. Multivariate analysis 

further showed no statistically significant difference between groups, except in 

comparison of perceptions.  

Conclusion: This investigation showed a variation from previous observation in this 

series i.e. that distance to gas flare site was a potential factor influencing community 

https://doi.org/10.9734/jocamr/2021/v16i330293
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members’ perception about their health impact, but the surveyed opinion of healthcare 

workers differs. This implies that nearness to gas flare sites mediate perception of 

negative health impact and this calls for further research to delineate perception from 

knowledge-based opinion.  

8.2 Introduction: synopsis of literature reviews relevant to chapter’s section 

Gas flaring releases toxic compounds into the atmosphere, and this affects the health 

and wellbeing of the people living near the gas flare sites. The adverse health effects 

include substantial reduction in life expectancy as well as food security (Adewale & 

Mustapha, 2015). GHGs cause acid rain with attendant negative outcomes in the 

health of the people (Goyer et al., 1985; Nduka & Orisakwe, 2010); and this can be 

exacerbated by gas flare (Adewale & Mustapha, 2015). Hence, gas flare may 

constitute additive health risk for those who live and/or work in communities near the 

gas-flaring activities (Laurenzi et al., 2016). There are various ill-health outcomes and 

these are detailed in chapter 2 section 2.2.1. 

In a recent report of qualitative study that evaluated the perception determinants 

among community and healthcare providers (Oghenetega et al., 2020), 4 themes: 

cultural beliefs, hospital-related factors, level of environmental hazard, and personal 

experiences were highlighted as influencing the peoples’ sensitivities to effect of oil 

pollution. In other words, perceptions of the impact of gas flaring on human health is 

influenced by several factors that may culminate in unconscious bias. Indeed, other 

studies have shown that up to 25% of the people did not believe that gas flare impacted 

on health, whereas 75.0% believed otherwise (Adewale & Mustapha, 2015). Against 

this backdrop, this part of study evaluated if there was correlation between peoples’ 

perception and hospital cases. 
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What is known: Diseases are caused by a variety of factors hence the concept of 

determinants of health. However, studies of causalities or positive association 

between air pollution and diseases are often biased and lacking quality (Dendup et al., 

2018b; Eze et al., 2015). 

What is unknown: The correlation between gas flaring and prevalence of diseases.  

Objective: Assess the association and possible correlation between gas flaring and 

prevalence of diseases. 

Hypothesis: There was a strong correlation between nearness to gas flare and 

prevalence of diseases i.e. communities proximal to flare sites compared to non-host 

communities farther from site. 

8.3 Methods 

Summary of design, data and statistical analysis for this part of study were as follows: 

8.3.1   Study design and instrument 

Design: Descriptive purposive survey using Likert scale questionnaire 

Questionnaires: Two questionnaires were used for this part of study and the first 

questionnaire collected data on distance to gas flare site, health status and family 

health history, amongst others. Specifically, participants were asked to indicate if they 

or any of their immediate family members were living with cancer, diabetes, heart 

disease, respiratory problems and/or stress. The number of diseases out of 5 in 

individual respondent (out of 5), plus family (out of 10) were collated. 

In the second questionnaire, opinions of healthcare practitioners were surveyed using 

12 Likert-scaled questions (Table 8.1). Among the questions were 5 that focused on 

‘association’ of gas flare to some ill-health. Another 4 questions (#6 – 9) were on 

whether certain ill-health was ‘linked’ i.e. correlated to gas flaring; and one question 
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(Q2) was used to check level of hospital visits. The sum of each respondent’s ratings 

on the scale for all 10 questions were collated as ‘summated scale’ value. Further, in 

the second questionnaire, there were 2 questions (Q11 & 12) to assess perception. 

Table 8.1: 12 items questionnaire* for the 2nd dataset 

SN Questions Theme 

1 
Many of these cases in your clinic are associated with gas 
flaring 

Association 

2* Cases frequently present to my clinic in weekly basis Clinic** 

3 Complain of eye irritation by residents is common 

Association† 4 
Cases of deformities in children is common & associated with 
gas flaring 

5 Low birth weight is common & associated with gas flaring 

6 Gas flaring impact negatively on the red blood cell 

Link 

7 Lung cancer linked to exposure of gas flaring is common 

8 
Chronic obstructive pulmonary disease linked to exposure of 
gas flaring is common 

9 
Cardiovascular disease linked to high level of exposure of gas 
flaring is common 

10 
Complain of skin irritation by residents is common & associated 
with gas flaring 

Association 

11* 
Majority of patients with diabetes are living nearer to gas flaring 
towns 

Perception 

12* 
Majority of patients with symptoms of stress are living in/near 
gas flaring towns 

*Respondents to this knowledge-based opinion questionnaire were limited to civil servants and other 
white-collar professionals including healthcare workers 
**Health facility of where respondent works 
†Questions used to assess association 
SN: serial number of questions in questionnaire 
 

8.3.2    Selection criteria 

 In the first questionnaire, all participants who indicated to be either living, or 

have someone in the family living with any of the 5 ill-health were included.  

 In the second survey, selection was purposively limited by occupation to 

exclude farmers and traders, in order to achieve polling of knowledge-based 

opinion on prevalence of ill-health. 
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8.3.3 Statistical analysis 

Descriptive and correlation analyses. First, statistical evaluation was correlation 

among distance to gas flare site versus number of diseases in respondents and their 

families. Second statistics was descriptive analysis of the Likert scale responses and 

followed by another correlation of summated scale versus distance to gas flare site 

and number of diseases in respondents and their families. Given response 3 being 

unsure, the range of 2.5-3.4 was used as cut-off to categorize respondents into ‘agree’ 

versus ‘disagree’.  

8.4 Results 

The first dataset included 339 respondents, which comprised 63% males and 37% 

females. Among them, stratified age-groups or <20 years, [20-35], [36-50], [51-70] and 

>70 years old constituted 5.8%, 28.2%, 38.8%, 20.6% and 6.7%, respectively. 

Distribution of respondents into stratified ‘distance-to-flare site groups showed that 

10.6% lived or worked within 1 Km distance while majority (54.9%) are in the 2-5 Km 

range (Table 8.2). 

Table 8.2: Frequency distribution of participants by stratified ‘distance-to-flare’ 

Group  Frequency Percent 

≤ 1 Km 36 10.6 

2-5 Km 186 54.9 

6-10 Km 78 23.0 

11-20 Km 11 3.2 

≥ 20 Km 28 8.3 

Total 339 100.0 

 

On evaluation of frequency of diseases among participants, 3.2% appeared apparently 

healthy while a majority (81.4%) had one out of five ill-health (Table 8.3a). All 

respondents had family members with ill-health with 10.6% having one ill-health and 
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majority (66.4%) living with at least 2 out of 10 (Table 7.3b). There were 25.7% and 

52.8% respondents free from stress and respiratory disease, respectively. 

Table 8.3a: Frequency of diseases (out of 5 ill-health conditions) in participants 

 N* Frequency Percent 

0 11 3.2 

1 276 81.4 

2 43 12.7 

3 9 2.7 

Total 339 100.0 

Key: *Number of ill-health out of 5 

 

Table 8.3b: Frequency of diseases (out of 10 ill-health conditions) in participants and 

families 

 N** Frequency Percent 

1 37 10.9 

2 225 66.4 

3 41 12.1 

4 22 6.5 

5 12 3.5 

6 2 0.6 

Total 339 100.0 

Key: **Number of ill-health out of 10 

 

On the Likert scaled dataset from second questionnaire, responses in which the average for 

a question were above 3.4 and below 2.5 were considered agreement and disagreement, 

respectively. Given summated scale being expected to be a minimum of 10 and maximum of 

50, the range of 25-34 was taken as cut-off whereby respondent’s sum below <25 was 

considered disagreement and above ≥35 was agreement. Averaged responses (i.e. 

knowledge-based opinion on health) fell in the ‘agree’ range for all ‘link’/correction questions 

and 2 of 5 ‘association’ items. Responses to other questions fall in the ‘unsure’ range. None 
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was in the ‘disagree’ range and analysis of variance shows significant difference (Figure 8.1, 

p < 0.0001). 

 

 

 

Figure 8.1: Averaged Likert scale (Y axis) of responses to knowledge-based health questions* 

*Keys: Q1 – Q8 as indicated on Table 8.1 

 

Summated scales for 5-Association, 4-Link, 10-Opinion and 2-Perception questions were 

correlated with distance to flare site, and the results are shown in Table 8.4. Opinions were 

moderately significantly correlated with perception, but not statistically significant with distance 

to flare site. MANOVA test between the stratified ‘distance-to-flare’ groups show differences 

in summated scale, except only on perception (Table 8.5).  

 

Table 8.4: Results of Pearson correlation 

  5_Association 4_Link 2_Percepts 10_Opinions Distance-to-flare 

5_Association 1     

4_Link 0.680108 1    

2_Perception 0.463245 0.448636 1   

10_Opinions 0.930617 0.888247 0.503883 1  

Dist-to-flare 0.010989 0.092604 -0.09995 0.020772  1 
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Table 8.5: Multiple Comparisons of Perception between groups* 

Distance.Group Distance.Group Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

≤ 1 Km 

2 – 5 Km .032 -1.6395 -.0762 

6 – 10 Km .083 -1.6745 .1048 

11 – 20 Km .343 -.6996 1.9996 

≥ 20 Km .436 -.7640 1.7640 

2 – 5 Km 

≤ 1 Km .032 .0762 1.6395 

6 – 10 Km .829 -.5932 .7391 

11 – 20 Km .015 .2939 2.7218 

≥ 20 Km .018 .2398 2.4759 

6 – 10 Km 

≤ 1 Km .083 -.1048 1.6745 

2 – 5 Km .829 -.7391 .5932 

11 – 20 Km .029 .1487 2.7211 

≥ 20 Km .035 .0888 2.4810 

11 – 20 Km 

≤ 1 Km .343 -1.9996 .6996 

2 – 5 Km .015 -2.7218 -.2939 

6 – 10 Km .029 -2.7211 -.1487 

≥ 20 Km .851 -1.7186 1.4186 

≥ 20 Km 

≤ 1 Km .436 -1.7640 .7640 

2 – 5 Km .018 -2.4759 -.2398 

6 – 10 Km .035 -2.4810 -.0888 

11 – 20 Km .851 -1.4186 1.7186 

* Stratified distance to flare site 

 

 

Table 8.6: Correlation result of impacts of gas flare on individuals and family health, 

distance to site and occupation. 

  5_Impacts 10_Impacts 2_Environment 2_Occupation Distance-to-site 

5_Impacts 1     

10_Impacts 0.801165 1    

2_Environment 0.375464 0.376612 1   

2_Occupation 0.425149 0.524726 -0.14462 1  

Distance-to-site -0.08351 -0.22204 -0.2172 -0.05187 1 
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8.5 Discussion 

This study assessed the association and possible correlation between gas flaring and 

prevalence of diseases; and it was hypothesised that there was strong correlation 

between nearness to gas flare and prevalence of diseases i.e. communities proximal 

to flare sites compared to non-host communities farther from site. To this end, this part 

of study surveyed prevalence of 5 types of ill-health among participants and evaluated 

groups based on stratified distance-to-flare site. The study also surveyed opinions of 

healthcare practitioners on prevalence of ill-health (Table 8.1). 

The results show that over 65% of respondents lived or worked within 5 Km of the flare 

site (Table 8.2), but only 3.2% indicated being apparently healthy while 15.4% (12.7 + 

2.7) had co-morbidities (Table 8.3a). A report from Netherlands in 1992 highlighted 

<30% prevalence of chronic ill-health among individuals (Knottnerus et al., 1992) while 

a report from Australia in 2014 indicated approximately 12% hypertension and 5% 

anxiety (Ghosh et al., 2014), and a report from Belgium in 2015 indicated about 23% 

prevalence comorbidity among individuals (van den Akker et al., 2019). Although, 

these various studies were neither related to gas flaring, nor focused on distance to 

industrial activities that pollute the environment; one thing in common is the prevalence 

of disease comorbidities. Hence, the 15.4% prevalence of comorbidities among the 

respondents observed in this study among Niger Delta population is comparably in 

agreement with reports from other parts of the world, and contributing epidemiological 

data related to gas flaring activities. Perhaps, an inference can be argument that other 

communities without gas flaring factors have similar levels of comorbidities. 

Further, every participant who responded to the survey questions indicated having a 

family history of at least one of the ill-health conditions. More specifically, 10.9% have 

one of the five ill-health conditions, while the remaining 89.1% have at least two, when 
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respondent and family member were added (Table 8.3b). A study that assessed family 

history of diseases, reported that 12% to 36% had at least one of 4 chronic diseases 

(Carroll et al., 2017). However, the study was not on gas flaring and not from Niger 

Delta Nigeria. Indeed, no similar studies have been found to compare with the current 

study. Therefore, while the observation of approximately 90% prevalence in this study 

is high comparatively, one contribution to epidemiology from this report is family health 

statistics from Niger Delta Nigeria and in relation to gas flare. 

When opinions of healthcare workers were assessed on Likert scale, responses were 

on average indicative of agreement that the enquired ill-health conditions were 

associated or linked to gas flare, although unsure on some questions of association 

(Figure 8.1). Pertinently, agreement was strongest for respiratory problems and 

unsure on hospital visit i.e. knowledge-based opinion of healthcare workers failed to 

corroborate the prevalence of respiratory diseases. Further, correlations analysis of 

the summated Likert scale with regard to 10 opinion questions versus distance-to-flare 

site and perception questions in Table 8.4 shows that: 

 Distance-to-flare: no correlations with the summated Likert scale (r = 0.021), 

or perception (r = -0.099). 

 Perception: Moderate correlation to the 10_opinions (r = 0.504), but weakest 

when compared to association and link questions 

Therefore, the hypothesis was rejected and surmised that there was no strong 

correlation between nearness to gas flare and prevalence of diseases. That is, 

prevalence of ill-health, especially of individuals, may not differ in communities 

proximal to flare sites compared to non-host communities farther from site. This 

observation, especially about perception, can be explained by the concept of 
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perception determinants i.e. that cultural beliefs, hospital-related factors, level of 

environmental hazard, and personal experiences influence respondents’ perceptions 

on the impact of gas flaring on their personal and family health (Adewale & Mustapha, 

2015; Oghenetega et al., 2020). 

Multivariate analysis further showed no statistically significant difference between 

groups, except in comparison of perceptions (Table 8.5). The second correlations also 

showed that impacts of gas flare on individuals (5_Impacts) and family (10_Impacts) 

were moderately to highly correlated to occupations (range of r = 0.375 – 0.801), with 

distance-to-flare site showing only negative and low correlation with family health 

(Table 8.6).  

Thus, the hypothesis was rejected and surmised that there was no strong correlation 

between nearness to gas flare and prevalence of diseases. That is, prevalence of ill-

health, especially of individuals, may not differ in communities proximal to flare sites 

compared to non-host communities farther from site. What these results contribute is 

that distance to gas flare site is a potential factor influencing community members’ 

perception about the health impact. It has been suggested “that residential proximity 

to industrial activity has a negative impact … both direct and mediated by individuals’ 

perceptions…” (Downey & Van Willigen, 2005b), and a report from one of the host 

communities in this study reported on the peoples’ perception (Okwuezolu et al., 

2020). Thus, the contribution to knowledge being advanced here is a re-articulation of 

concept that nearness to industrial site such as gas flaring mediate perception of 

negative health impact. 
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8.6 Conclusion 

The results of this study show that distance to gas flare site was a potential factor 

influencing community members’ perception about the health impact and this implies 

that nearness to gas flare sites mediate perception of negative health impact.  Another 

contribution of this study was that there was considerably a high prevalence of ill-

health in the communities surveyed. Furthermore, the findings suggest no strong 

correlation between nearness to gas flare sites and prevalence of diseases. That is, 

prevalence of ill-health, especially of individuals, may not differ in communities 

proximal to flare sites compared to non-host communities farther from site. It is 

recommended that the government and oil companies provide adequate health 

education for the communities, especially to address the people’s perceptions that did 

not seem to match records of hospital visits. Further studies on the assessment of 

association between gas flaring and the prevalence of diseases should be carried out 

to validate these findings. 
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Chapter 9 

Gas flaring impact on disease prevalence: Assessment of the predictive value 

 

9.1. Overview: abstract of research objective 4 part 2 (Chapter 1 section 1.5.1) 

Background: Gas flaring is associated with adverse health. Therefore, in evaluation 

of health impact of gas flaring, the association with prevalence of diseases has been 

assessed. The aim of this work was to determine how the probability for high 

prevalence of ill-health may be due to gas flaring.  

Methodology: This research followed an epidemiological method of observational 

cohort study and two questionnaires were used. The first questionnaire was used to 

collect data on distance to gas flare site, health status and family health history, among 

others as independent variables. The second collected data on perception and 

knowledge-based opinions regarding association and correlation. On health, 

participants were asked to indicate if they or any of their immediate family members 

had cancer, diabetes, heart disease, respiratory problems and/or stress. For 

dependent variable, the health information on prevalence of diseases in individual 

respondent and family (out of 10) were collated and dichotomized into low (≤3/10) or 

high (≥4/10). Logistic regression was the main statistical analysis performed on the 6 

themes of questions developed. 

Outcome: Results of Logistic regression on each of the 6 themes of the questions 

revealed that themes on link, perception and mitigation were statistically significantly 

different. In addition, on likelihood ratios, when all 12-item questions were evaluated, 

age was the only significant factor. Gender factor failed to show significance in any 

occasion, distance-to-flare site showed to be statistically significantly different in 2 of 

the 6 themes. 
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Conclusion: This study showed that the assessed individuals’ variables could predict 

probabilities of the peoples’ perception on prevalence of diseases being attributable 

to gas flare, and distance-to-flare site was the most relevant.  

 

9.2. Introduction: synopsis of literature reviews relevant to chapter’s section 

Gas flaring releases toxic compounds into the atmosphere, and this affects the 

wellbeing of the people living near the gas flare sites (Adewale & Mustapha, 2015). 

Studies report of varied ill-health that include dermatological diseases, haematological 

abnormalities or blood dyscrasias, malignancies and respiratory diseases (Nwankwo 

& Ogagarue, 2011; Obi, Akuirene, et al., 2021) and substantial reduction in life 

expectancy as well as food insecurity (Adewale & Mustapha, 2015).  

Other researchers albeit based on studies on rats have also reported on the effects of 

gas flare on haematological abnormalities to include high eosinophil count (i.e. 

symptom of allergic or hypersensitivity inflammatory reaction) as well as leucopaenia 

and rouleaux formation, among others. Another corroborating report highlights 

haematological abnormalities, respiratory disease, and skin irritation in humans (Giwa 

et al., 2019). 

Equally, human histopathologic studies for lung cancer examination have also 

indicated damage to the respiratory system (Otitoloju & Dan-Patrick, 2010). Gas flaring 

has been linked to an increase in the occurrence of cardiovascular diseases and 

diabetes (Maduka & Tobin-West, 2017) and there are also suggestions of mental 

health issues, which implies stress (Downey & Van Willigen, 2005; Mohai et al., 2009). 

The above shows that gas flaring is associated with communicable and non-

communicable diseases and well as mental health. 

A recent qualitative study evaluated the perception determinants among community 

https://www.sciencedirect.com/topics/engineering/skin-irritation
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and healthcare providers (Oghenetega et al., 2020) and, 4 themes viz cultural beliefs, 

hospital-related factors, level of environmental hazard, and personal experiences were 

highlighted as influencing the peoples’ sensitivities to the effects of oil pollution in the 

community. In other words, perceptions of the impact of gas flaring on human health 

is influenced by several factors that may culminate in unconscious bias. Indeed, 

another report showed that up to 25% of the people did not believe on ill health impact 

of gas flare, whereas 75.0% believe on the contrary (Adewale & Mustapha, 2015). 

Against this backdrop, this study attempts to progress on the evaluation of correlation 

between peoples’ perception and hospital cases (Obi, Nwose, Bwititi, & Adjene, 2021). 

What is known: Diseases are caused by a variety of factors hence, the concept of 

determinants of health. However, studies of causalities or positive association 

between air pollution and diseases are often biased and lacking quality (Dendup et al., 

2018; Eze et al., 2015). 

What is unknown: The predictive values of individual’s opinions and perceptions as 

factors of gas flaring’ impact on health. 

Objective: To determine the probability that high prevalence of ill-health occurs due 

to gas flaring by examining data on distance to gas flare site, health status and family 

health history amongst others as independent variables. This was done by assessing 

logistic regression to determine the predictive significance of individual factors in the 

probability that high prevalence of ill-health occur due to gas flaring. 

Hypothesis: There was statistically significant probability of nearness to gas flare 

being a factor in prevalence of diseases. That is, communities proximal to flare sites 

are more probable than communities farther from site to have high prevalence of 

diseases. 
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9.3 Methods 

Summary of design, data and statistical analysis for this work are as follows: 

9.3.1    Questionnaires 

A 12-item Likert-scaled questionnaire was used but expounded with 4 additional 

questions to 16-items. The additional questions were to assess agreement on 

mitigation plans (Table 9.1). 

 

Table 9.1: 16-item questionnaire on perception and knowledge-based opinions 

regarding association and correlation 

SN Question Theme  

1 Many of these cases in your clinic are associated with gas flaring (GF) Association 

2 Cases frequently present to my clinic in weekly basis Clinic 

3 Complain of eye irritation by residents is common 

Association 4 Cases of deformities in children are common & associated with GF 

5 Low birth weight is common & associated with GF 

6 Gas flaring impact negatively on the red blood cell 

Link 
7 Lung cancer linked to exposure of gas flaring is common 

8 Chronic obstructive pulmonary disease linked to exposure of GF is common 

9 Cardiovascular disease linked to high level of exposure of GF is common 

10 Complain of skin irritation by residents is common & associated with GF Association 

11 Majority of patients with diabetes are living nearer to GF towns 
Perception 

12 Majority of patients with symptoms of stress are living in/near Gf towns 

13 There is treatment & preventive health talks for cancer 

Mitigation 
14 There is treatment & preventive health talks for diabetes & heart diseases 

15 There is treatment & preventive health talks for respiratory diseases 

16 There is treatment & preventive health talks for stress 

 

 

9.3.2   Statistical analysis 

 Logistic regression was performed as previously described (Lau, 2017). In this part of 

study, independent variables included age, gender, occupation, duration at 

occupation, educational status, and nearest (occupational or residential) distance to 

gas flare site. The focus of interest was limited to identifying  
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1. Whether ‘model fitting’ is statistically significant at ‘p < 0.05’ to predict the 

dependent variable. 

2. Which of the independent variables show statistical significance?  

 

Limitation of study scope: It is pertinent to note that this survey data was not 

purposed to generate logistic or probability equation for prediction. Instead, the scope 

was limited to the 2 points itemised above. Hence, focus of the logistic regression were 

the p-values of model fitting and those of individual factors in likelihood ratio tests, 

only. 

 

9.4 Results 

Table 9.2: Descriptive statistics of Likert scaled responses on mitigation questions  

  Mean Median Mode Std Dev Min Max 

Cancer (out of 5) 2.99 3 3 1.19 1 5 

Diabetes & heart diseases (out of 5) 3.09 3 3 1.18 1 5 

Respiratory diseases (out of 5) 3.16 3 3 1.18 1 5 

Stress (out of 5) 3.25 3 4 1.20 1 5 

Overall (out of 20) 12.49 12 12 4.45 4 20 
 

Descriptive statistics of Likert scaled responses on mitigation theme questions are 

highlighted in Table 9.2. Themes of questions were summed and categorized into 

dichotomous groups of [0] (representing disagreement/No) and [1] (representing 

agreement/Yes) for values respectively less or more than half of theme’s total. 

Percentages of respondents who agreed in the various themes are presented in Figure 

9.1. When the individual responses were converted to percentage for each theme, 

analysis of variance (ANOVA) showed statistically significant differences with 

mitigation being lowest (Table 9.3, p < 0.0001). 
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Figure 9.1: Percentages of ‘agreed/Yes’ respondents in theme 

 

Table 9.3: Summary of summated Likert scale responses for 6-themes 

Groups Count Sum Average Variance 

12_Questions 195 141.02 0.7232 0.0173 

5_Assoc 195 134.96 0.6921 0.0200 

4_Link 195 151.05 0.7746 0.0253 

2_Perception 195 142.50 0.7308 0.0363 

10_Opinions 195 140.72 0.7216 0.0183 

4_Mitigation 195 121.80 0.6246 0.0495 
 

The results of logistic regression performed for each of the 6-themes showed model 

fitting for 3 (link, perception and mitigation) to be statistically significantly different while 

the other 3 were not. On likelihood ratios, age was a significant factor only when all 

12-item questions were evaluated (Table 9.4). Whereas, gender factor failed to show 

significance in any occasion, distance-to-flare site was statistically significantly 

different in 2 of the 6 models (Tables 9.5-9.9). 
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Table 9.4: Model fitting of 12-item questionnaire (p > 0.12) 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced 
Model 

Chi-
Square df Sig. 

Intercept 47.470a 0.000 0   

Age 59.796b 12.327 4 0.015 

Gender 47.470b 0.000 1 0.987 

Occupation 63.717b 16.247 3 0.001 

Duration 51.203b 3.734 4 0.443 

Education 49.591b 2.122 3 0.548 

Distance_to_flare 
site 

53.518b 6.048 3 0.109 

 

Table 9.5: Model fitting of summated Likert scale on Association (p > 0.09) 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced 
Model 

Chi-
Square df Sig. 

Intercept 67.826a 0.000 0   

Age 73.323b 5.497 4 0.240 

Gender 68.393b 0.567 1 0.451 

Occupation 76.143 8.317 3 0.040 

Duration 71.648b 3.822 4 0.431 

Education 70.228 2.402 3 0.493 

Distance_to_flare 
site 

76.031b 8.205 3 0.042 

   

Table 9.6: Model fitting of summated Likert scale on Link (p < 0.04) 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced 
Model 

Chi-
Square df Sig. 

Intercept 61.238a 0.000 0   

Age 65.071b 3.833 4 0.429 

Gender 61.339b 0.101 1 0.750 

Occupation 71.187b 9.949 3 0.019 

Duration 63.648b 2.410 4 0.661 

Education 72.784b 11.546 3 0.009 

Distance_to_flare 
site 

65.494b 4.257 3 0.235 

 

Table 9.7: Model fitting of summated Likert scale on Perception (p < 0.02) 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced 
Model 

Chi-
Square df Sig. 

Intercept 105.026a 0.000 0   

Age 107.441 2.415 4 0.660 
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Gender 107.810 2.784 1 0.095 

Occupation 108.457 3.431 3 0.330 

Duration 111.852 6.826 4 0.145 

Education 109.297 4.271 3 0.234 

Distance_to_flare 
site 

119.851 14.825 3 0.002 

  

Table 9.8: Model fitting of summated Likert scale on Opinion (p > 0.17) 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced 
Model 

Chi-
Square df Sig. 

Intercept 57.356a 0.000 0   

Age 64.963b 7.608 4 0.107 

Gender 58.101b 0.745 1 0.388 

Occupation 71.161b 13.805 3 0.003 

Duration 62.171 4.815 4 0.307 

Education 58.791b 1.435 3 0.697 

Distance_to_flare 
site 

60.228b 2.872 3 0.412 

 

Table 9.9: Model fitting of summated Likert scale on Mitigation (p < 0.04) 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced 
Model 

Chi-
Square df Sig. 

Intercept 149.060a 0.000 0   

Age 151.078b 2.018 4 0.732 

Gender 149.565b 0.506 1 0.477 

Occupation 156.600 7.541 3 0.057 

Duration 158.453b 9.393 4 0.052 

Education 153.975 4.915 3 0.178 

Distance_to_flare 
site 

152.863b 3.804 3 0.283 

 

9.5 Discussion 

The objective of this study was to determine the probability of high prevalence of ill-

health occurring due to gas flaring. The study considered distance to gas flare site and 

the influence of basic demographic characteristics (age, gender, educational status 

and occupation) of individuals, their health status and family health history as 

independent variable i.e. potential determinant factors.  
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The results of descriptive statistics show all central values of summated Likert scale 

responses to be in the ‘unsure’ range (Table 9.3). This implies that on average, the 

people neither agreed nor disagreed regarding associating or linking impact of gas 

flare to prevalence of diseases. It can also be adjudged that the perception of the 

people about gas flare impact and mitigation programmes were neutral. Nevertheless, 

the logistic regression report from the research area indicated difference in prevalence 

of hypertension when non-host communities were compared with host community 

(Maduka & Tobin-West, 2017). 

Table 9.4 shows that only age and occupation were significant and the model fitting 

was not statistically significant while Table 9.5 shows occupation and distance-to-flare 

site as significant, however, model fitting is not significant. Table 9.6 shows 2 

(occupation and educational status) of the 6 factors to be statistically significant 

possibly implying that the assessed individuals’ variables predict probability on this 

occasion, but distance-to-flare site was not statistically significant and hence 

may not influence peoples’ probability to link prevalence of diseases with gas 

flare. Although, there is dearth of study date in this space, report from Texas indicated 

the combination of both space and time factors – re: spatiotemporal concept (Willis et 

al., 2021). Therefore, the model fitting being not significant may be due to the duration 

at residence, which did not achieve statistical significance.  

The results in Table 9.7 are in agreement with previous observation that proximity to 

industrial site influences perception of the people (Obi, Nwose, Bwititi, & Adjene, 

2021). The interesting point is that even educational status did not show significance 

for modelling prediction to perception. Further, it was only the ‘distance-to-flare site 

that was a significant factor, but not other factors. The model also shows statistically 

significant difference possibly implying that the assessed individuals’ variables could 
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predict probability of the peoples’ perception on prevalence of diseases being 

attributable to gas flare, and distance-to-flare site is the most relevant. This 

observation agrees with the reported notion that nearness to gas flare site influences 

the perception of health impact (Downey & Van Willigen, 2005). Additionally, this 

report advances the prospect of using the distance-to-flare site to predict the peoples’ 

perception. 

Table 9.8 shows occupation as a significant factor, but neither other factors nor the 

logistic model showed statistically significant difference. This implies that the assessed 

individuals’ variables were unable to predict probability of the peoples’ opinion. Table 

9.9 shows duration at occupation is significant factor, but not other factors, the model 

however, showed statistically significant difference. This implies that considering 

multiple factors, only length of stay vis-à-vis experience in the assessed individuals’ 

variables was able to predict probability on the peoples’ assessment of 

mitigation programmes and duration at occupation is the most relevant. This 

observation reiterates the reported spatiotemporal concept that combination of space 

and/or time factors are relevant predictive determinants (Willis et al., 2021). 

 

9.6 Conclusion 

This study observed that the assessed individuals’ variables could predict probability 

of the peoples’ perception on prevalence of diseases being attributable to gas flare, 

and distance-to-flare site was the most relevant. Furthermore, other factors such as 

age, educational status, experience and duration at occupation site play a role in 

determining the probability that high prevalence of ill-health occurred due to gas 

flaring. It is therefore important that communities are educated on the health impacts 

of gas flaring and equally government should intensify efforts to curb gas flaring, 
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Chapter 10 

Evaluation of government’s efforts to mitigate the adverse effects of gas flaring 

in host communities 

Citation of published version 

Obi NI, Bwititi PT and Nwose EU. Evaluation of government’s efforts to mitigate the 

adverse effects of gas flaring in host communities. Journal of Complementary and 

Alternative Medical Research 2021; 16: 42-50. DOI: 

https://doi.org/10.9734/jocamr/2021/v16i230285. 

10.1 Overview: abstract of research objective 5 (Chapter 1 section 1.5.1) 

Background: Previous chapters have highlighted health impact of gas flaring in Niger 

Delta Nigeria and comparison of communities, amongst others. Government have 

mitigation programmemes whose satisfaction in the communities of Niger Delta is 

unknown. 

Objective: The objective of this chapter was to evaluate government’s efforts at 

mitigation and adaptation whether there are age and/or gender differences 

Methods: This part was a quantitative survey cross-sectional study that used Likert 

scale questionnaire to generate views of the community on the behavioural change 

wheel (BCW) as well as mitigation and adaptation efforts of the government. 

Respondents were stratified into age groups and dichotomized in female or male and 

analysis involved multivariate analysis (MANOVA) to evaluate age and gender 

differences. Chi-Square tests were performed to assess associations between BCW 

components mitigation versus adaptation.  

Results: A total of 435 respondents were included and the results show levels of 

inconsistent age and gender differences. Men tended to agree more on government’s 

BCW albeit not significance achieved, while women agreed more mitigation and 

adaptation (p < 0.02). On age, the silent generation (>70 years old) group agreed more 

https://doi.org/10.9734/jocamr/2021/v16i230285
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on BCW, but contrarily disagreed on mitigation and adaptation while younger 

generation agreed on the latter (0.001). Chi-Square tests show significance for 

association.  

Conclusion: This report highlights divergent views of the community on the discourse 

of government’s efforts at mitigation and adaptation of gas flaring in Niger Delta 

Nigeria, thereby providing empirical evidence of generational gap on environmental 

issue. 

 

10.2 Introduction: synopsis of literature reviews related to the fifth objective 

The Federal Government of Nigeria has been concerned with the growing trend of gas 

flaring in the country. This has led the Federal Government of Nigeria to place several 

measures to curb the menace of gas flaring and some are shown in the following 

timelines. Although these measures have led to a reduction in the volume of gas flared 

per the volume of gas produced, a lot still needs to be done to further reducing the 

volume of gas been flared as discussed in Chapter 2 section 2.1.8 and highlighted in 

Figure 10.1. 

In 2017, 324 BCF of gas was flared in the country and perhaps has led to negative 

health impacts to those living around the flare sites. It has been reported that the 

Nigerian government has not enforced environmental regulations effectively because 

of the overlapping and conflicting jurisdiction of separate governmental agencies 

governing petroleum and the environment as well as non-transparent governance 

mechanisms (Ajugwo, 2013) This has been discussed extensively in Chapter  2 

section 2. 

In 2016, the Minister of State for Petroleum Resources launched seven big wins for 

the Petroleum Industry in Nigeria, one of which is Gas Revolution. As a drive towards 
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the gas revolution, the Nigerian Gas Flare Commercialization Programme was 

developed, which is hinged on paragraph 35b of the Petroleum Act that gives the 

Government the right to take natural gas produced with crude oil by the licensee or 

lessee free of cost at the flare or at an agreed cost without payment of royalty. 

Furthermore, in July 2018, a Regulation was passed pursuant to this Act called the 

Flare Gas (Prohibition of Wastes and Pollution) Regulation 2018 (Nigerian Gas Flare 

Commercialization Project, 2019). 
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Government Intervention 1979 1985 2006 2007 2008 2010 2016 2018 

The Associated Gas Re-Injection Act: Flare deadline was set at 1984          

The Associated Gas Re-Injection Regulation: prescribing fees for flaring          

Gas Utilization Programmes: National Gas Master Plan          

Gas Utilization Programmes: National Domestic Gas Supply and Pricing Policy          

Gas Utilization Programmes: National Gas Supply and Pricing Regulation          

The Gas flaring Prohibition Bill: $3.50/1000scf flaring penalty          

National Gas Flare Commercialization Programme          

Flare Gas (Prevention of Waste and Pollution) Regulations 2018          

 

Figure 10.1: Timelines of government intervention to end Gas flaring in Nigeria (Department of Petroleum Resources, 2018; Nigerian Gas Flare 

Commercialization Project, 2019; Otiotio, 2013a)
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What is known: Government has mitigation programmes against adverse effects of 

gas flaring on community and environmental health (Figure 8.1). 

What is unknown: Whether the government’s behavioural change wheel (BCW) and 

adaptation efforts are satisfactory or unsatisfactory to the people. 

Research objective: To evaluate the people’s views concerning government’s efforts 

in mitigating the adverse effects of gas flare in gas flaring host communities 

Hypothesis: This study investigates 2 hypotheses 

1. Views on government’s efforts in mitigating the adverse effects of gas flaring 

differ when age and/or gender groups are compared in the community.  

2. Other hypothesis is that mitigation and adaptation are dependent. 

 

10.3 Methods 

Summary of design, data and statistical analysis are as follows: 

10.3.1 Design 

This was a quantitative survey method, using Likert scale questionnaire. 

Questionnaire: The questionnaire collected data on 3 themes including government’s 

behavioural change wheel, mitigation, and adaption (Table 10.1). 
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Table 10.1: Survey questions in themes 

SN Theme Disease prevention & treatment programmes - re: The government  

1 Awareness/Capacity The government is aware of potential health problems in the community due to impact of gas flaring 

2 Motivation The laws or policies or regulations governing operation of oil companies are okay 

3 Opportunity/Practice The current guiding laws for gas flaring are adequate to ensure effective enforcement 

4 Mitigation *has put measures in place to protect community from the impact of gas flaring 

5 Mitigation *has community health promotion policy regarding diseases/illnesses/injuries associated with gas flaring 

6 Adaptation *provides general educational info in regard to health impact of gas flaring in the community 

7 Adaptation *provides educational info regarding ways to prevent health impact of gas flaring in the community 

8 Mitigation *has programmemes to alleviate the health effects of gas flaring in the community 
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10.3.2 Selection criteria 

All participants who responded to the first 3 questions were selected to constitute dataset_1 

for evaluation of BCW. 

10.3.3 Statistical analysis 

Besides descriptive analysis, 2 main analyses were performed. First was multivariate analysis 

(MANOVA), which involved age and gender subgroups on responses to BCW (Q1-3) as well 

as mitigation and adaptation (Q4-8) questions. Second analysis was Chi-Square tests for 

responses to motivation vs. opportunity as well as mitigation vs. adaptation i.e. (Q2 versus 

Q3), and (summative ‘4+8’ versus ‘5-7’). 

10.4 Results 

Descriptive statistics show the frequency distribution of respondents to comprise 40.3% being 

in the 36-50 years bracket and 61.5% being males (Table 10.2). The averaged Likert scale 

values out 5 when converted to percentage show for all the 8 questions marginal agreements 

on mitigation and adaptation but mixed on BCW with value for awareness being statistically 

significantly lower relative to others (Figure 10.2). 

Table 10.2: Frequency distribution of participants into age and gender subgroups 

Groups  Valid percentage 

Stratified age groups 

<20 years old 6.1% 

21-35 28.2% 

36-50 40.3% 

51-70 19.6% 

>70 years old 5.8% 

Gender dichotomy 
Males 61.5% 

Females 38.5% 
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Figure 10.2: Averaged Likert scale values for all 8 questions (ANOVA: p < 0.00001) 

 

Comparison of stratified age groups showed statistically significant differences in the 

individual responses on BCW, but not on summated scale. Multivariate analysis 

showed values for the [>70 years] group is significantly different from those of [20-35], 

[36-50] and [51-70] years. The mean values also indicated <2.5 on question of 

awareness, but >3.0 on motivation and opportunity (Figure 10.3). In the responses on 

mitigation and adaptation, statistically significant differences were observed on all 

individual and summated scales with consistent lowest values observed in the [>70] years 

old group (p < 0.001), contrary to BCW where it is highest in 2 of the 3 questions. The results 

show that on average, respondents over 70 years old disagreed on all points while young 

adults 20-35 years old agreed (Table 10.3). 
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Figure 10.3: Averaged summated Likert scale responses in age groups (MANOVA p < 0.14) 

 

Table 10.3: Averaged Likert scale responses to questions on mitigation and adaptation 

Age group Q4 Q5 Q6 Q7 Q8 

<20 years old 2.5000 2.6923 2.8077 2.8846 2.7308 

20 - 35 2.9583 3.0250 2.9667 2.9083 3.0333 

36 - 50 2.4942 2.4942 2.5291 2.5523 2.5349 

51 - 70 2.4762 2.3929 2.4762 2.5000 2.5357 

>70 years old 1.8800 1.7600 1.8400 1.7200 1.6800 

 

On comparison between gender, results showed no difference in the responses on 

BCW, both individual questions and summated scale. However, cursory review 

showed consistently higher values for males than in females. Further, results showed 

mean values indicating <2.5 on question of awareness, but >3.0 on motivation and 

opportunity (Table 10.4). In the responses on mitigation and adaptation questions, 

significant differences were observed on all individual and summated scale with 

consistent lower values in males than female (p < 0.001), contrary to BCW. Further 

critical review shows on average, men disagreed while women agreed (Figure 10.4). 

Therefore 1st hypothesis was accepted that views of government’s mitigation and 

adaptation effort differ with age and gender groups. 
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Table 10.4: Descriptive statistics of BCW responses in gender groups 

Gender dichotomy Mean 
 

Std. Deviation N 

Capacity: Awareness of government 

1.00 2.2304  1.56654 204 

2.00 1.9921  1.41702 126 

Total 2.1394  1.51345 330 

Motivation: Existing laws, policy, & procedure 

1.00 3.2157  1.37628 204 

2.00 3.1984  1.32677 126 

Total 3.2091  1.35558 330 

Opportunity: Enforcement of laws & procedures 

1.00 3.1078  1.34572 204 

2.00 3.0952  1.37654 126 

Total 3.1030  1.35550 330 

Summated scale (Q1 - 3)/15 

1.00 8.5539  2.87199 204 

2.00 8.2857  2.89788 126 

Total 8.4515  2.88046 330 

  

 

Figure 10.4: Averaged summated Likert scale responses in gender groups (p < 0.001) 

 

Chi-Squared tests showed significance both asymptomatic and symmetric. The test 

between responses to questions on motivation and opportunity components of BCW 

was multiple group (Table 10.5). The test between mitigation and adaptation was 

based on their respective summated scales, which were categorized into agreement 

and disagreement (Table 10.6) and in both tests, Pearson Chi-Square is p < 0.0001. 

Therefore, the 2nd hypothesis was accepted that mitigation and adaptation were 

dependent of each other. 
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Table 10.5: X2 test of ‘Motivations vs. Opportunity’ Likert scale responses 

A: Crosstab 
Opportunity** 

Total 
1 2 3 4 5 

Motivation*  

1 29 6 3 0 1 39 

2 21 38 24 2 0 85 

3 3 7 25 8 4 47 

4 4 2 6 61 13 86 

5 2 2 6 27 37 74 

Total 59 55 64 98 55 331 

*Existence of laws, policy & procedure; **Enforcement of the laws & procedures; X2: Chi square 

 B: Chi-Square Value df Asymptotic Significance* (2-sided) 

Pearson Chi-Square 355.411 16 0.001 

Likelihood Ratio 339.167 16 0.001 

Linear-by-Linear Association 191.044 1 0.001 

N of Valid Cases 331     

*Shows p < 0.05 

 

Table10.6: X2 test of ‘Mitigation vs Adaptation’ dichotomous responses 

A: Crosstab 
Adaptation dichotomous categories 

Total 
Agree Disagree 

Mitigation dichotomous categories 
Agree 198 20 218 

Disagree 35 182 217 

Total 233 202 435 

X2: Chi square 

 B: Chi-Square Value df 

Asymptotic 

Significance 

(2-sided) 

Exact Sig. 

(2-sided) 

Exact Sig. 

(1-sided) 

Pearson Chi-Square 243.950a 1 0.001     

Continuity Correctionb 240.956 1 0.001     

Likelihood Ratio 275.428 1 0.001     

Fisher's Exact Test       0.001 0.001 

N of Valid Cases 435         

*Shows p < 0.05 

 

 

10.4 Discussion 

Two contextual underpinnings of this work were mitigation and adaptation to gas 

flaring health impacts. The concept of mitigation versus adaptation was about the 
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agenda to alleviate or stabilize versus adapting or adjusting to the occurring trend. 

This research acknowledged that Nigerian government had several mitigation 

programmes; and the objective was to survey if BCW and adaptation efforts were in 

tandem. 

The first observation was that the level of government awareness was low and the 

averaged Likert scaled responses indicate disagreement on government’s awareness, 

but marginal agreement on the other 2 BCW questions (Figure 8.2). There is no gain 

saying that awareness or knowledge is power and on capacity, motivation, and 

opportunity; the implication is that the people believed government was motivated as 

well as had opportunity but lacked the capacity i.e. to tackle gas flaring impacts. In 

terms of ability and willingness, the government was willing but unable and there were 

similar concerns from other parts of the world. For instance, the United States of 

America is among the world’s top 5 countries involved in gas flaring and report has 

implied the American government was unaware of level of flare and associated 

pollution (Schade, 2020). 

The second observation was on age and gender differences in responses. Figures 

10.2- 10.4 corroborate that the people believed the government was willing and had 

the prospect to offer services but lacked awareness of the magnitude of the public 

health problem. However, there were age and gender differences, including those >70 

years being the influential age in differences observed. The result showed consistently 

lowest summated scale values in the >70 years old group with statistical significance 

(p < 0.001). Thus, it can be inferred that age was strong factor as respondents over 

70 years old disagreed on all points while young adults 20-35 years old agreed (Table 

10.3).  

The implication albeit worrisome is that there may be generational gap in 

understanding the role of government in mitigation and adaptation of gas flare impacts. 

Age differences towards climate change has been reported, for instance in Australia it 
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has been reported that the young generation have strong pro-climate views (Colvin & 

Jotzo, 2021). While the report indicates that younger generation cared more about 

climate change, this study is around industry-related environmental pollution and it is 

pertinent to note that: 

• The elderly [>70 years] agreed more that government had willingness and 

chance, but contrarily disagrees more on the level of the government’s capacity 

(Figure 8.3). 

•  The elderly [>70 years] disagreed on all 5 questions about mitigation and 

adaptation of gas flaring while the younger ‘generation’ tended to agree albeit 

marginally (Table 10.3).  

These observations draw attention to the general disposition of the young being more 

worried about climate change (Hassim, 2021). The observations imply that the 

disposition may not translate to care about industrial pollutions. In fact, there was 

conflict dispositions around baby boomers being more environmental culprits or 

friends; and the observation reported here is in agreement with a report from United 

States of America of deep generational gaps on “…environmental priorities, and in 

terms of general values, it is the Silent generation that stands apart" (Pew Research 

Centre, 2011). 

Further, the evaluation for gender differences showed no statistically significant 

difference on views regarding government BCW, though men tended to agree more 

(Table 10.4). On the contrary, there were statistically significant difference between 

gender and women agreed more on questions regarding government’s mitigation and 

adaption efforts (Figure 10.4). This observation was in agreement with the notion 

about gender gap on environment issues (Ballew et al., 2018). There is concern 

regarding gender roles in environmental pollution epidemiology, but data is limited 

(Clougherty, 2010). What this report contributes is epidemiological data to advance 
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age and gender perspectives in the discourse of gas flaring mitigation and adaptation 

agenda. 

In the Chi-Square tests, first was on motivation vs. opportunity and this was meant to 

assess the general knowledge that motivation drives practice (Michie et al., 2011; 

Yang et al., 2010). The results show Pearson Chi-Square between the motivation and 

opportunity components of BCW to be large and significant as well as the mitigation 

and adaptation based on the respective summated scales agreement/disagreement 

categories. Therefore, the second hypothesis was accepted that mitigation and 

adaptation are dependent of each other. 

10.5 Conclusion 

This study evaluated the people's views regarding government's efforts in mitigating 

the adverse effects of gas flare in gas flaring host communities and observed age and 

gender differences. The results showed that men tended to agree more on 

government's BCW albeit not significance achieved, while women statistically 

significantly agreed more on mitigation and adaptation. On age, the silent generation 

(>70 years old) group agreed more on BCW, but contrarily disagreed on mitigation 

and adaptation while younger generation agreed on the latter (p < 0.001). This report 

contributes additional data on gender and generational gap in the discourse of 

environmental issues. 
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Chapter 11 

Gas flaring in Niger Delta Nigeria and sustainability development goal 

framework: Qualitative survey of the health impacts, mitigation and adaptation 

Citation of published version 

Obi NI, Bwititi PT and Nwose EU. Gas flaring in Niger Delta Nigeria and sustainability 

development goal framework: Qualitative survey of the health impacts, mitigation and 

adaptation. Journal of Complementary and Alternative Medical Research 2021; 16: 

38-49. DOI: https://doi.org/10.9734/jocamr/2021/v16i330293. 

11.1 Overview: abstract of research objectives (Chapter 1 section 1.5.1) 

Background: Petroleum exploitation and production have resulted in various 

environmental, socio-economic, political and health problems. This study is part of 

ongoing research to evaluate sustainability development goal in host communities of 

gas flaring operations. 

Objective: The research purpose is to generate thematic opinions of the community 

regarding the risks associated with gas flaring and evaluate the mitigation and 

adaptation programmes of government and oil and gas companies in the Delta region, 

Nigeria. 

Methods: This was qualitative with a quantitative component utilizing a survey of 8 

open-ended and 2 semi-quantitative questions. Sample size was N = 488 and 

participants were over 18 years old. Thematic analysis adopted word cloud, followed 

by thematic aggregation and quantification. 

Results: The response rates were 99.2%, 76.2%, 75.4% and 70.1% for Sections B, 

C, D, and F (the sections are outlined in Table 9.1), respectively. Over 66% reported 

negative impacts of gas flaring including specifications of some health problems and 

stress and respiratory problems were most common. Lack of opinion e.g. on how oil 

and gas companies liaised with the community (47%) and on how government liaised 

with companies (63%) were observed. 

https://doi.org/10.9734/jocamr/2021/v16i330293
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Conclusion: While the majority of respondents had opinions, they however lacked 

knowledge regarding what the government and/or oil and gas companies could do on 

mitigation and adaptation on negative impacts of gas flaring. This therefore calls for 

awareness campaign and health promotion in the affected communities. 

11.2 Introduction: synopsis of literature reviews relevant to chapter’s section 

Petroleum exploitation and production in the Niger Delta, Nigeria over the years have 

resulted in various environmental, socio-economic and political problems. Gas flaring 

results in environmental damage that impacts negatively on plants and animals 

inclusive of human, and there is also loss of revenue to the oil companies and the 

government (Ajugwo, 2013) as detailed in Chapters 1 and 2. According to findings, 

Nigeria has emitted more GHGs than all of sub-Saharan Africa combined (Osuoka & 

Roderick, 2005), and as mentioned this impacts negatively on terrestrial ecosystems 

and degrades the environment (Chukwuka et al., 2018). 

As mentioned, gas flaring in the Niger Delta has resulted in acid rain, which corrodes 

roofing especially that made of zinc. This has therefore encouraged the use of 

asbestos for roofing (Allison et al., 2018). However, the usage of asbestos increases 

the risk of diseases such as cancer of the lung, pleural and peritoneal mesothelioma, 

as well as asbestosis (Burdorf et al., 2007) as discussed in Chapter 2, section 2.1.6. 

These therefore contribute to ill-health of the people and animals and destroy their 

environment. 

What is known: There are negative impacts of gas flaring and government has 

programmes to address the problems (Ajugwo, 2013; Chukwuka et al., 2018; 

University of South California, 2020). 

What is unknown: The level of knowledge and opinions of the community regarding 

impact of gas flaring and necessary mitigation and adaptation programmes are also 

not clear. 

Research objective: The broad aim of this part of study was to identify the risk 
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awareness associated with gas flaring on human health in terms of the knowledge and 

opinion in the community of the Delta region, Nigeria. The specific objectives were as 

previously stated in Chapter 1. 

Presumptions: Knowledge is always true, but opinion is apprehension and subject to 

bias (Keena, 2022). “I don’t know” is presumed unsure, while “no idea” emphatically 

means non-existence of fact. 

11.3 Methods 

This study adopted a mixed method approach of quantitative and qualitative analyses. 

11.3.1  Design: This was a qualitative protocol as described (Obi, Bwititi, et al., 

2021a), and involved open-ended questions that enabled suggestions from 

respondents. Details of methodology are described in chapter 3. 

11.3.2 Questionnaire: This comprised 10 items to evaluate 4 objectives (Table 9.1), 

which were alphabetically indicated as per the original objectives and questions. 

These questions were qualitative components of the respective questionnaires used 

in the referenced works indicated in Table 9.1. 

11.3.3  Inclusion criteria: The respondents (N = 488) who returned their survey 

questionnaire were included and questions without responses were noted analysed, 

accordingly. 
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Table 11.1: Research objectives and questions 

Section* Research objective 
Questions for qualitative 
evaluation 

B 

Evaluate public health impact 
of environmental pollution due 
to gas flares (Obi, Bwititi, et al., 
2021e)  

B9: What do you know as health 
impacts of gas flaring? 

B10. What is your opinion about gas 
flaring on health & environment? 

C 

Assess disease prevention and 
treatment for diseases that are 
expected to increase as a result 
of gas flaring (Obi, Bwititi, et al., 
2021b)  

C15. Personal health 

C16. Family health 

D 

Compare the impact on health 
in gas flaring host communities 
and non-gas flaring host 
communities (Obi, Bwititi, et al., 
2021c) 

D9a. How does your company liaise 
with government?  

D9b. How does your company liaise 
with community?  

D10. What oil companies can do to 
alleviate the health effects of gas 
flaring in the community? 

F 

Evaluate the government’s 
efforts in mitigating the adverse 
effects of gas flaring already 
being experienced by gas 
flaring host communities (Obi, 
Bwititi, et al., 2021d) 

F9a. How government liaises with 
community? 

F9b. How government liaises with 
companies? 

F10. What government can do to 
alleviate health effects? 

*No qualitative survey associated with section A (demographics) and E (another research objective) 

 

11.3.4 Statistical analysis: The mixed method analysis involved predominantly 

thematic and also quantification. Except for section C, the thematic analysis first 

adopted ‘word cloud’ method using WordItOut, to identify themes occurring most. 

WordItOut was obtained as a free online software tool. It generates word cloud from 

responses. This was then itemized for the most common 3-5 themes. In quantification, 

responses were coded in a scaled format to enable frequency distribution of 

aggregated responses (Table 11.2). Thus, the mixed methods evaluation of 

knowledge and opinions is summarily: 

i. Themes: word clouds to visualize common terms, followed by thematic phrases 

derived from ordered responses. 

ii. Quantification: synonymous responses are aggregated and coded common 

themes, followed by descriptive frequency distributions (Table 9.2) 
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Table 11.2: Code systems for the responses 

Section Codes Thematic response 

B 

1 Positive effect 

2 No adverse effect 

3 No idea/unsure 

4 General adverse, non-specific 

5 Specific ill-health 

D & F 

No No idea 

Unsure Do not know/unsure 

Yes there is response 

 

Analysis of Section C was mainly semi-quantitative, because participants were given 

5 specific options to choose as many that applied. In section B, questions of knowledge 

and opinion were explicit while sections D and F, questions were indirect – re: “how 

does…” and “what do you think” to assess knowledge and opinion, respectively. 

11.4 Results 

Word Cloud of section B questions showed common knowledge that gas flare pollution 

was detrimental to health, and respiratory diseases were the most cited ill-health 

(Figure 11.1).  On the analysis for evaluation of public health impact in community i.e. 

Section B questions of Table 11.1, common phrases in the expressions of the 

respondents i.e. to the questions were: 

B9. What do you know as health impacts of gas flaring? 

• Very hazardous 

• Very dangerous 

• Very detrimental 

• This is the release of unwanted or excess gas to the atmosphere and they are 
dangerous to human health 

• The gases flared serves as pollution to water and air 

• Respiratory Problems 

• Negative impact 

• Pollutes the air and water hence it damages human health 
 
 
 



 172 

 
B10. What is your opinion about gas flaring on health & environment? 
 

• Very dangerous 

• Very negative impact on health 

• Stop gas flaring 

• Detrimental to human health 

• Pollutes the environment 
 

When the various responses to question B10 were aggregated into positive, negative 

or no adverse effect; it was observed for instance that approximately 2% believed 

there were ‘no adverse effects’ while 17% had no opinion i.e. no response (Figure 

11.2). 
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Figure 11.1: Word Cloud of responses to question B9 & B10 (generated by WordItOut) 

 

 
Figure 11.2: % Distribution of aggregated responses to question 
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Section C was semi-quantitative and the analysis showed stress had the highest 

prevalence followed by respiratory problems. In the respondents (N = 488), stress 

was the most reported ill health and cancer the least in the respondents and their 

family members (Figure 11.3). 

 

 
Figure 11.3: Prevalence of specific ill-health as indicated by respondents 

 

Section D assessed how the oil companies liaised with the community and what oil 

industries could do to alleviate known negative health impacts. Thematic analysis of 

Question-D9 showed that ‘regular meetings’ were common, while Question-D10 

showed ‘provision of medical facilities’ and ‘stop gas flaring’ were the most common 

themes (Figure 11.4). When responses were aggregated and quantified, the results 

show that 34% – 47% did not have opinion and indicated no response, no idea or 

“don’t know/unsure” (Figure 11.5).  
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Figure 11.4: Word Cloud of responses to question D9 & D10 (generated by WordItOut) 
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Figure 11.5: Distribution of aggregated responses on desired company programmes 

 

Section F assessed government’s mitigation and adaptation programmes and 

thematic analysis of Question-F9 show, similar to D9, that ‘regular meetings’ were 

predominant, and also awareness through the news media. Question-F10 showed 

‘stop gas flaring’ followed by ‘provide health services’ as two most prominent themes 

(Figure 11.6). When responses were aggregated and quantified, result show as much 

as 39-63% had no opinion as indicated by no response, no idea or “don’t know/unsure” 

(Figure 11.7).  
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Figure 11.6: Word Cloud of responses to question F9 & F10 (generated by WordItOut) 
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Figure 11.7: Distribution of aggregated responses on desired government programmes 

 

Further evaluation of the phrases on Sections D and F show similar themes albeit 

qualitatively. The common phrases among respondents i.e. based on responses to 

the questions were: 

D9a. How does your company liaise with government? 

• Regular Meetings 

• Through the Public Relations Officer 

• Government does not care about the community 

• Not sure, or Don’t know,  

• Not aware, or No idea 

• Very poor  

D9b. How does your company liaise with community?  

• Regular meetings 

• Not sure, or Don’t know 

• No idea, or Not aware 

• Very poor 
 
 

D10. What oil companies can do to alleviate the health effects of gas flaring in 
the community? 

• Stop gas flaring 

• Adequate medical facilities 

• Safety awareness should be carried out for the community 

• Provision of job, relief materials and electricity 

• Compensation 
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• By educating the community on the effects of gas flaring 
F9a. How government liaises with community?  

• Through community leaders, or “Liaison Officers” 

• Through meetings, awareness campaign and news 

• Through Seminars, news and organized meetings 

• Through general educational info 

• Not sure, or don’t know,  

• No idea 
 F9b. How government liaises with companies? 

• Thru meetings 

• Through the Public Relations Officer, &/or “Company Liaison Officer” 

• Not sure, or don’t know 

• No idea, or None 

 F10. What government can do to alleviate health effects? 

• Provision of health facilities and educate on the community on the effects of 

gas flaring 

• Provide social services for its citizens 

• Provide medications and equip the hospitals 

• Provide more social amenities such as schools and hospitals 

• Stop the oil companies from flaring gas 

• Regulate and enforce laws on gas flaring 

• Government has no regard for the people 

• Make laws or policies to govern gas flaring operations 

• Free medical services should be provided 

• Channel the gas for useful purpose 

• Provide health allowance 

 

11.5 Discussion 

This research sought to ascertain the level of knowledge and opinions of the Delta 

community regarding impact of gas flaring and aim was to identify the risk awareness 

associated with gas flaring on human health. This study discriminated knowledge and 

opinions of the community regarding the impact of gas flaring as well as necessary 

mitigation and adaptation programmes as unknown phenomenon to explore. As earlier 

mentioned, the broad research objective was to determine, by qualitative methods, 

the knowledge and opinion of people in Delta region of Nigeria. In the study, it was 

presumed that knowledge is true, while opinion may depend on knowledge but is 

prone to bias (McGinn, 2018). 
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Quantification of the aggregated themes showed that about 66% mentioned negative 

health impacts while up to 20% either explicitly did not believe or implied doubt (Figure 

11.4). This estimated level of knowledge being majority was close to the quantitative 

results and could be related to the common knowledge that gas flare caused air 

pollution with negative public health impact (Nriagu et al., 2016b). Therefore, results 

of qualitative analysis were consistent with reports of high negative perception of 

respondents hazardous effects of gas flaring (Edino et al., 2010; Nwosisi et al., 2021). 

On the semi-qualitative evaluation of prevalence of 5 ill-health, results showed that 

comparing all 5 diseases, prevalence in respondents and their family trail the same 

trend of stress being highest followed by sequence of respiratory disease, diabetes, 

heart disease and cancer. Studies in Nigeria have reported that high level of stress 

prevailing in healthcare workers (Nwosisi et al., 2021; Onigbogi & Banerjee, 2019) as 

well as respiratory and dermal diseases in Niger Delta (Nwosisi et al., 2021; Onigbogi 

& Banerjee, 2019). However, in this study stress was the most prevalent and 

respiratory disease was second in the gas flaring communities and this is interesting, 

especially as these are self-reporting surveys and chest pain, asthma, difficulties in 

breathing have also been reported. 

The evaluations of companies’ programmes (Section D) and government’s 

mitigation/adaptation efforts yielded similar theme. On quantification of aggregated 

themes, the results show a substantial proportion of respondents without opinion. 

Figures 11.5 and 11.7 respectively show that averaged proportion of respondents with 

opinion on mitigation and adaptation programmes of companies (58%) or government 

(46%) was merely average. These results corroborate previous observations about 

‘knowledge versus opinion’ discourse that highlights differences due to perception as 

well as in age and gender groups, i.e. that there was no agreement regarding 

mitigation and adaptation programmes by either gas flaring companies or the 
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government. There is implicit suggestion that living or working near gas flare site may 

cause bias in opinion (Downey & Van Willigen, 2005b; Okwuezolu et al., 2020). What 

this report contributes is the proportion of respondents without opinion regarding 

mitigation and adaptation programmes on gas flaring. It is high and confounded e.g. 

by several socioeconomic variables including occupation and residence. Therefore, 

further studies are warranted and this is important for public health promotion. 

11.6 Conclusion 

This mainly qualitative study investigated common themes around knowledge of 

impact and prevalence of health problems due to gas flaring and evaluated, through 

the participants’ opinion, the mitigation and adaptation programmes of both 

government and the operating companies. The results showed a high level of 

knowledge and while the majority may have opinions regarding what the government 

and/or companies were doing around mitigation and adaptation, there was lack of 

opinion e.g. on how company liaised with community or how government liaised with 

companies was considerably huge proportion of a cohort. Hence, awareness 

campaign and health promotion are warranted. 
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Chapter 12 

Summary, Conclusions and Recommendations 

12.1 Overview 

This chapter presents the overall findings and significance of the research. Previous 

studies on gas flaring in the Niger Delta focused primarily on environmental impacts, 

consequences, and damage rather than human health concerns. Many Niger Delta 

communities, on the other hand, believed that gas flaring was harmful to their health, 

crops, homes, and livelihoods. While other reasons may be at work, the villagers' 

concerns and queries went unanswered due to the lack of focus on this vital subject. 

It was therefore imperative to critically evaluate and understand the impact of gas 

flaring on public health.  

The justification and significance of the study were to: give insights on the effect of gas 

flares as environmental pollutants on public health; compare the impacts of gas flaring 

on the health of host versus neighbouring communities with and without gas flares; 

provide information of the epidemiology of the diseases due to gas flaring and provide 

insight into stakeholders’ behavioural change wheel on policies mitigation and 

adaptation.  

First, the summaries of the key findings are reiterated. Afterwards, it will discuss 

limitations and strengths of the study, as well as the implications and directions for 

future research. 

12.2 Summary in relation to research objectives 

The aim of this study was to identify the risks associated with gas flaring, in relation to 

human health, and the health literacy in oil-producing communities of Delta region 

Nigeria. The following three sub-headings represent main specific objectives of this 

research. The core findings for the objectives are summarized. 
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12.2.1 Evaluation of public health impact of environmental pollution due to gas 

flares 

The results of the survey show that around 90% of the respondents believed that gas 

flaring had a negative impact on human health and the environment. To identify the 

knowledge level, the respondents were asked their opinions about the effects of gas 

flaring on health and the environment; and the majority of the responses ranged from 

very dangerous, negative impact on health, detrimental to human health, pollutes the 

environment to causes respiratory problems. Overall, it is concluded that most of the 

population irrespective of their age, gender, social status, occupation, duration at 

residence and duration at occupation believed that gas flaring has a negative impact 

on their personal health, the health of their families, and the quality of the air they 

breathe. 

12.2.2  Community Awareness of Health Problems Associated with Gas Flaring 

and Programme to Mitigate 

The study showed that 40% of the participant disagreed that there were prevention 

programmes run by oil companies while 39% agreed. Lack of capacity among the 

communities’ low-mid social class to appropriately dialogue with the government for 

change was also observed. In addition, there were no differences in the level of 

agreement among the social classes on ‘awareness of potential health problems,' and 

no statistical differences between the lower and middle social groups on ‘Provide 

educational information regarding ways to prevent the health impact of gas flaring,' or 

‘Programmes to alleviate the health effects of gas flaring.'  

12.2.3 Comparison of Environmental and Occupational health in gas flare host 

communities and those farther from gas flare sites  

This study compared the prevalence of poor health in communities classified 

according to their proximity to a gas flare site as an index for health impact. The 

findings confirm that the health consequences of gas flaring were more severe in gas 

flaring host than in non-gas flaring host communities. The ill health conditions 
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surveyed were diabetes, cancer, stress, heart diseases and respiratory problems. 

Stress was reported in 62.3% of participants and 50.9% family members while 

respiratory problems were indicated in approximately 25% of the participants and 33% 

of family members. Diabetes was shown to be more prevalent than other ill health 

problems such as cancer, and heart diseases. This study has shown that educational 

health promotion programmes of diabetes prevention especially in people living near 

gas flare site should be developed. This would indicate confounding determinants of 

diabetes, beside air pollution, inherent in their environment and lifestyle and enable 

those living farther away from gas flare site to become more aware of their lifestyle 

determinants and stressful factors of diabetes. 

12.2.4  Assessment of Association between Gas Flaring and Prevalence of 

Diseases: Delineation of Opinion from Perception 

This aspect of the study assessed the association between nearness-to-flare and 

prevalence of diseases, results showed neither correlation nor significant difference 

stratified distance-to-flare site, while a statistical test, MANOVA revealed significance 

on perception. Thus, implying that nearness to gas flare sites mediates perception of 

negative health impact. That is, the prevalence of illness, particularly in persons, may 

not differ between communities near-to versus far-from gas flare site. The research 

reports that over 65% of respondents lived or worked within 5 Km of the flare, while 

only 3.2% reported being in good health, with 15.4% reporting having co-morbidities.  

The findings indicate that distance to gas flare site was a potential factor influencing 

community members’ perception about the health impact and this implies that 

nearness to gas flare sites mediate perception of negative health impact. In this 

regard, it is recommended that the government and oil companies provide health 

education for the communities, especially to address the people’s perceptions that do 

not seem to match records of hospital visits. More studies on the assessment of 
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association between gas flaring and the prevalence of diseases should be carried out 

to validate these findings. 

12.2.5  Evaluation of Government’s Efforts to Mitigate the Adverse Effects of 

Gas Flaring in Host Communities  

This study examined people's perceptions of the government's attempts to mitigate 

the negative consequences of gas flaring in gas flaring host areas and observed age 

and gender differences. Males tended to agree more on the government's BCW, albeit 

this was not statistically significant, whereas females agreed more on mitigation and 

adaptation (p< 0.02). In terms of age, the silent generation (>70 years old) agreed 

more on BCW, but disagreed on mitigation and adaptation, whilst the younger 

generation agreed on the latter (0.001). It is therefore imperative to further study to 

validate these claims.   

12.3 Strengths of the study 

This research makes practical contribution in identifying the knowledge and perception 

of host communities to the health impact of gas flaring. The sample size was large and 

a rigorous statistical analysis employed. Five hundred questionnaires were 

administered and 488 participants responded to the survey. Hence the response rate 

was 97%. This research revealed the health and safety implications of gas flaring in 

Nigeria. Therefore, one contribution to epidemiology from this thesis is family health 

statistics from Niger Delta Nigeria in relation to gas flare. In addition, the study revealed 

that distance to gas flare site was a potential factor influencing community members’ 

perception about the health impact. The thesis contributes to epidemiological data by 

advancing age and gender perspectives in the discourse of gas flaring mitigation and 

adaptation agenda. This establishes more evidence-base for public health 

intervention. The strength is in the human and material resources to carry out the 
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project. The weakness lies in the limitation of scope of work being majorly a survey. 

The opportunity lies in the reality of the community vis-à-vis environmental health 

problems. However, it must be acknowledged that movement restrictions including 

social distancing occasioned by COVID-19 posed a threat to the work.  

 

12.4 Limitations  

Six points of limitations are explained out as follows 

❖ The study intended to use interviews and focus group discussions to ascertain 

knowledge, attitudes and perceptions on gas flaring and its impact. An 

advantage of focus group discussions provides a variety of viewpoints on a 

research subject and gain understanding of the problems (Nyumba et al., 

2018). However, due to the COVID 19 restrictions, these qualitative approaches 

did not take place, hence constituted a limitation. 

❖ Open-ended questions approach was adopted as an alternative. Yet, due to 

COVID-19 movement restrictions, in addition to and citizenship of the research 

communities, data collection followed a canned project approach a Professor 

oversaw the distribution and retrieval of questionnaires. This meant that 

research was restrained from observation of unspoken clues. 

❖ This was a self-reporting survey, although there are advantages to this method 

of survey, there are also limitations. Invalid answers may be provided as some 

of the participants may lack insight into their own situations. Definitions of 

diseases may differ in non-medical people. Some respondents may get tired or 

lose interest after answering the first set of questions (Demetriou et al., 2015). 

However, to overcome the limitations of this survey approach, most of the 

questions were short and specific. The questions were mainly closed to enable 

results to be easily coded. However, open-ended questions were included to 
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provide for nuanced perspectives of the respondents. The questions were also 

relevant and easy to understand. This made the respondents to respond and 

complete all the questions.  

❖ Another limitation was in the survey of healthcare workers’ opinion. The 

demographic section did not specifically ask participants to categorically being 

a healthcare profession or other occupations. However, whether a 

participant/respondent being a healthcare worker was decoded from the 

purposive questionnaire item about ‘my clinic’ and ‘your clinic’.  

❖ Further, the demographic survey did not delineate the respondent as 

government of oil company officials. This was acknowledged limitation as the 

analysis of companies’ and government’s programmes were based only on the 

respondents’ indication of social status. However, this was purposely meant to 

de-identify respondents, evade conflict of interest and to encourage 

participation.  

❖ Lastly, it can be considered a limitation that this study was not by stratified 

random sampling technique. This limitation became apparent as stratified 

groupings were of unequal sizes. Nevertheless, the approach adopted enabled 

elucidation of bias in reports from other studies. 

 

12.5 Conclusion 

This thesis identified the risks associated with gas flaring in relation to human health 

and the knowledge of community as well as government and gas companies’ policies 

on flaring in Delta region of Nigeria. It also provided insights into the concept of gas 

flaring, how it occurs and the effects on the environment and the health of humans. 

Demographics of participants show that a majority satisfied selection criterion to 

provide valid responses to survey questions. Thematic analysis was used on 
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qualitative data. In addition, descriptive statistical research methods as well as multiple 

regression analysis, ANOVA, Multivariate tests and Correlation analysis were utilized 

to achieve the research objectives. 

This research established knowledge of the impact of air pollution arising from gas 

flares. It also affirmed that the impacts on health in members of gas flaring host 

communities were more severe when compared to non-gas flaring host communities. 

This thesis shows a high level of knowledge on gas flaring impacts and that the 

majority had opinions regarding what the government and/or companies are doing 

around mitigation and adaptation. Furthermore, it has increased understanding of the 

consequences of air pollution caused by gas flares. As much as nine-tenth of the 

population believed that gas flaring had a negative influence on public health and the 

environment. This is consistent with commonly held opinions and demands for 

epidemiological data to be collected in order to provide an evidence-base for public 

health intervention. There were also cases of lack of opinion on how companies liaised 

with community or how government liaised with companies. Hence, awareness 

campaign and health promotion are warranted. 

12.6 Recommendations 

It is advised that governments and oil firms implement measures to reduce gas flaring. 

Furthermore, host populations should be educated on the health consequences of gas 

flaring. The Government should make efforts to eradicate gas flaring in Nigeria. 

In view of this, the first step to curb gas flaring is for Nigerian federal Government to 

review fiscal policies that relate to gas flare to increase fines related to gas flaring so 

that companies invest in gas handling facilities. In addition to reducing the ill-health 

and environmental consequences of gas flaring, the government can have financial 

gain from gas sales and monetization’ initiatives. It is therefore important that the 
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government is proactive to ensure gas utilization schemes are adopted and routine 

gas flaring is controlled.  

The evidence in this thesis suggests for critical need of studies on the impact of gas 

flaring on the health of communities in the Niger Delta region of Nigeria. Other 

recommendations are: 

1.  Government and oil companies should provide adequate health education for 

host communities through sustained public sensitization particularly to address 

the perception that do not seem to match records of hospital visits. 

2. Further studies should focus on the determination of the occurrence, severity, 

and prevalence of specific diseases in gas flaring host communities compared 

with non-gas flaring host communities. 

3. Government and oil operators should jointly put measures to mitigate gas 

flaring by ensuring host communities are properly educated on the health 

impacts flared gases. 

4. Environmental regulators should adjust their governance system to primarily 

focus on gas flaring prevention rather than focus on payment of fines because 

no amount money generated can remediate the severe health and 

environmental impact from flared gases on the host communities. 

5. Nigerian federal government should review its fiscal policies to reflect increase 

in fines, penalties for offenders, criminalized gas flaring activities and 

encourage environmental regulators to set-up their compliance monitoring and 

enforcement visits to gas flare sites in other ensure strict adherence to extant 

laws and regulations. 

6. Government should open the gas sector to more private partnership, which 

would help in providing necessary infrastructure for effective utilization of 

natural gas as an alternative to flaring gas. 
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7. Government should design a programme and ensure flared gas are processed, 

distributed and used to generate electricity through gas turbines and also as 

fuel for cooking, this will improve air quality. 

8. Another secondary way to minimize activities of gas flaring is to mandate oil 

and gas operators to practice gas reinjection into the ground which is a clean 

option that keeps the gas from being burned and creating GHGs. 
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Appendix 1 

Research Questionnaire 

INSTRUCTION: 

This questionnaire is made up of six (6) sections… 

Section A: Demographics 

1. Name: (Optional) ---------------------------------------------------------------------------- 

2. Age:  <20 □; 20 – 35 □; 36 – 50 □; 51 – 70 □; >70 □ 

3. Gender: Female □; Male □ 

4. Occupation: Civil servant □; Trader/Business □; Farmer/fishing □; Others □        

5. Occupational address: ------------------------------------------------------------------- 

6. Residential address: ---------------------------------------------------------------------------- 

7. Duration in residence: <3yrs □; 3-5yrs □; 6-10yrs □; 11-20yrs □; >20 & above 

8. Duration in occupation: <3yrs □; 3-5yrs □; 6-10yrs □; 11-20yrs □; >20 & above 

9. Educational level: Primary □; Secondary □; Diploma/Graduate □; Postgraduate □ 

10. Social status:  

a. Lower (unemployed, junior level employee, daily-pay worker, housewife) □;  

b. Middle class (senior level employee) □;  

c. Upper (Chief in community, manager at work, religious leader) □ 
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Section B: Evaluation of public health impact in Community 

Instruction: Please indicate your degree of agreement or disagreement with each statement in the appropriate box… 

Strongly Agree (SA)         Agree (A)   U (Unsure)      Disagree (D)    Strongly Disagree (SD) 

 

1. Duration in residence: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

2. Duration in occupation: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

3. Educational level: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

  Questions Strongly disagree Disagree Unsure Agree Strongly agree 

4 I think gas flaring is affecting my health           

5 I think gas flaring is affecting some of my family           

6 Gas flaring contribute to air pollution in my ]area           

7 Air pollutants have detrimental impacts on human health           

8 Air pollutants from gas flared cause respiratory problems           

 

 

9. What do you know as health impacts of gas flaring? ------------------------------------------------------------------------------------------------- 

10. What is your opinion about gas flaring on health & environment? -------------------------------------------------------------------------------- 



 214 

 

Section C: Community leaders’ survey of ‘host vs. neighbouring communities’ 

11. Occupation: Civil servant □; Trader/Business □; Farmer/fishing □; Others □        

12. Residential address: ---------------------------------------------------------------------------- 

13. Distance from residence or occupational workplace to gas flare site:  

a. Qualitative (photos/personal info): 

b. Quantitative: <1km □; 2-5km □; 6-10km □; 11-20km □; >20km □ 

14. Social status in community:  

a. Community Chief □ 

b. Women’s leader: street □; club/meeting □ 

c. Men’s leader: street □; club/meeting □ 

d. Religious leader □ 

15. Do you suffer any of the following disease? 

a. Cancer □; Diabetes □; Heart disease □; Respiration problem □; Stress □ 

16. Does your family member suffer? 

a. Cancer □; Diabetes □; Heart disease □; Respiration problem □; Stress
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Section D: Evaluation of programmes among companies 

Instruction: Please indicate your degree of agreement or disagreement with each statement in the appropriate box… 

Strongly Agree (SA)      Agree (A)   U (Unsure)      Disagree (D)    Strongly Disagree (SD) 

1. The presence of oil companies has been beneficial to the community: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

2. The oil companies liaise with Government on matters related to gas flaring: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

3. The oil companies have dedicated equipped Health care systems for gas flaring communities: option 1 □; option 2 □; option 3 □; option 4 □; 

option 5 □ 

  
Disease prevention & treatment programmes - re: The 
oil companies… 

Strongly 
disagree 

Disagree Unsure Agree Strongly agree 

4 
are aware of potential health problems in the community 
due to impact of gas flaring 

          

5 
have community health promotion policy regarding 
diseases/illnesses/injuries associated with gas flaring 

          

6 
provide general educational info in regards to health 
impact of gas flaring in the community 

          

7 
provide educational info regarding ways to prevent health 
impact of gas flaring in the community 

          

8 
have programmes to alleviate the health effects of gas 
flaring in the community 

          

 

9. How does your company liaise with (a) government and (b) community on matters relating to health impact of gas flaring?  

➢ Community: -------------------------------------------------------------------------------------------------------------------------------------------------------------- 

➢ Government: -------------------------------------------------------------------------------------------------------------------------------------------------------------- 

10: What do you think the oil companies can do to alleviate the health effects of gas flaring in the community? 

➢ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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Section E: Evaluation of Healthcare practitioners & providers 

Considering Cancer, Diabetes, Low blood level, Respiration problem and Stress) 

 
Disease prevention & treatment programmes - re: The oil 

companies… 

Strongly 

disagree 
Disagree Unsure Agree 

Strongly 

agree 

1 
There are many of these cases in your clinic that are associated with 

gas flaring 
          

2 These cases frequently present to my clinic in weekly basis           

3 
Complain of eye irritation by residents is common & associated with 

gas flaring history 
          

4 
Cases of deformities in children is common & associated with gas 

flaring 
          

5 Low birth weight is common & associated with gas flaring           

6 Gas flaring impact negatively on the red blood cell           

7 Lung cancer linked to exposure of gas flaring is common           

8 
Chronic obstructive pulmonary disease linked to exposure of gas 

flaring is common 
          

9 
Cardiovascular disease linked to high level of exposure of gas flaring 

is common 
          

10 
Complain of skin irritation by residents is common & associated with 

gas flaring 
          

11 
Majority of patients with Diabetes are living nearer to gas flaring 

towns 
          

12 
Majority of patients with symptoms of stress are living in/near gas 

flaring towns 
          

13 There is treatment & preventive health talks for cancer           

14 
There is treatment & preventive health talks for diabetes, & heart 

diseases 
          

15 There is treatment & preventive health talks for respiratory diseases           

16 There is treatment & preventive health talks for stress           
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Section F: Evaluation of programmes by the government 

Instruction: Please indicate your degree of agreement or disagreement with each statement in the appropriate box… 

Strongly Agree (SA)         Agree (A)   U (Unsure)      Disagree (D)    Strongly Disagree (SD) 

1. The government is aware of potential health problems due to impact of gas flaring: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

2. The laws or policies or regulations governing operation of oil companies are okay: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

3. The current guiding laws for gas flaring are adequate for effective enforcement: option 1 □; option 2 □; option 3 □; option 4 □; option 5 □ 

  Disease prevention & treatment programmes - re: The government  
Strongly 

disagree 
Disagree Unsure Agree 

Strongly 

agree 

4 has put measures in place to protect community from the impact of gas flaring           

5 has community health promotion policy regarding diseases/injuries associated with gas flaring           

6 provides general educational info in regards to health impact of gas flaring in the community           

7 provides educational info regarding ways to prevent health impact of gas flaring in the community           

8 has programmemes to alleviate the health effects of gas flaring in the community           

 

9. How does government liaise with (a) companies and (b) community on matters relating to health impact of gas flaring?  

➢ Community: ----------------------------------------------------------------------------------------------------------------------------------------------- 

➢ Companies: ------------------------------------------------------------------------------------------------------------------------------------------- 

10: What do you think the government can do to alleviate the health effects of gas flaring in the community? 

➢ ---------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

Thank you 

The end 
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Apendix 2: 

Additional pictures from data available from literature 

 

Source: Nigerian Gas Flare Commercialization Project, (2019). 

 

 

Source: Schick & Myles, (2018)  
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Appendix 3 

Empirical Pictorial Observations 

 

Picture of gas flare site in a Niger Delta community 

 

 

Picture of gas flare site in a Niger Delta community 

 

Picture of a gas flare site in a Niger Delta community 


