
 

International Journal of Agriculture and Earth Science (IJAES) E-ISSN 2489-0081 P-ISSN 2695-1894 

Vol 11. No. 5 2025  www.iiardjournals.org online version 

 

 

 IIARD – International Institute of Academic Research and Development 
 

Page 78 

Assessment of the Impact of Illegal Petroleum refining on 

Sustainable Agriculture in the Niger Delta, Nigeria 
 

 

*Happy Pere-ela Omodu,1 

DOI: 10.56201/ijaes.vol.11.no5.2025.pg78.97 

 

Abstract 

This study investigates the multifaceted impacts of illegal petroleum refining, commonly known as 

"kpo-fire," on sustainable agriculture and rural livelihoods in the Niger Delta region of Nigeria. 

The primary objective was to quantify the extent of environmental contamination, assess its direct 

effects on crop growth and yield, and elucidate the consequent socio-economic implications for 

farming communities. Employing a mixed-methods approach, the methodology integrated 

physico-chemical analysis of soil and water samples, agricultural yield assessments, and 

comprehensive socio-economic surveys with qualitative insights from interviews and focus group 

discussions. Findings revealed severe contamination of agricultural lands and water bodies with 

elevated levels of petroleum hydrocarbons and heavy metals, consistently exceeding 

environmental standards. This contamination significantly reduced crop growth parameters and 

yields, leading to substantial income losses (e.g., 60% reduction in farm income) and widespread 

food insecurity among affected households. Furthermore, evidence of contaminant 

bioaccumulation in edible crops posed significant public health risks. One key recommendation 

from this study is the urgent need for robust alternative livelihood programs for individuals 

involved in illegal refining, coupled with stringent enforcement measures, to foster sustainable 

agricultural practices and improve community well-being in the region. 
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1.1. Background of the Study 

The Niger Delta region of Nigeria, a vast and intricate network of rivers, creeks, and 

swamps, stands as a geographical and ecological marvel, renowned for its rich biodiversity and 

significant agricultural and fishing potential. This unique ecosystem, characterized by its extensive 

mangrove forests, freshwater swamps, and rainforests, has historically sustained millions of people 

through its abundant natural resources (Okonkwo & Bassey, 2019). For centuries, the livelihoods 

of its indigenous populations have been intricately tied to these resources, with farming, 

particularly the cultivation of staple crops like cassava, yam, and plantain, alongside artisanal 

fishing, forming the bedrock of their economic existence and cultural identity. However, the 

discovery of crude oil in the mid-20th century irrevocably altered the region's trajectory, 

transforming it into the economic lifeblood of Nigeria and a major global energy supplier (Nwosu 
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& Obi, 2022). While petroleum exploration and exploitation have undeniably bolstered the 

national economy, contributing significantly to the country's GDP and foreign exchange earnings, 

they have also ushered in a complex array of environmental and socio-economic challenges that 

have profoundly impacted the region's delicate balance. Among these, the emergence and alarming 

escalation of illegal petroleum refining, often referred to as artisanal refining or "kpo-fire," has 

become a pervasive and deeply destructive phenomenon (Eze & Nwafor, 2021). These illicit 

operations, characterized by rudimentary distillation processes conducted in makeshift facilities, 

pose a direct and severe threat to the fragile ecosystem. There is an immediate and discernible link 

between these illegal refining activities and the widespread degradation of agricultural lands and 

water bodies, thereby jeopardizing the very foundation of sustainable agriculture and the food 

security of millions in the region (Adeyemi & Okoro, 2020). The uncontrolled discharge of crude 

oil and its refined products into the environment from these operations introduces a cocktail of 

toxic chemicals, fundamentally altering the natural landscape and threatening the traditional 

agricultural practices that have sustained communities for generations. 

 

1.2. Problem Statement 

Despite the Niger Delta's inherent agricultural potential and the widespread prevalence of 

these illicit refining activities, a significant knowledge gap persists regarding the specific, 

quantifiable impacts of illegal petroleum refining on sustainable agricultural practices and overall 

productivity. Existing literature often highlights the broader environmental degradation from 

large-scale oil spills associated with legal operations but rarely delves into the precise 

consequences of artisanal refining on soil health, crop yields, and the long-term viability of 

farming systems (UNEP, 2018; Ibe & Uche, 2017). This study seeks to address this critical lacuna, 

recognizing that the problem is multi-faceted, extending beyond mere environmental degradation 

to encompass profound economic losses for local farmers, severe health risks for communities due 

to contaminated food and water sources, escalating food insecurity, and exacerbating social 

instability within the affected areas (Chukwu & Dike, 2023). The continuous discharge of 

untreated effluents and waste products from these illegal refineries introduces heavy metals and 

petroleum hydrocarbons into the soil and water, rendering once fertile lands barren and water 

sources unsafe for irrigation or consumption. This environmental assault directly translates into 

reduced crop yields, diminished farm incomes, and a heightened vulnerability for farming 

households. The unsustainability of current practices, marked by continuous environmental 

pollution and a decline in agricultural output, underscores the urgent need for comprehensive 

intervention and a deeper understanding of the precise mechanisms through which these illicit 

operations undermine the region's agricultural future and the well-being of its inhabitants. Without 

targeted research to quantify these impacts, effective policy formulation and remediation efforts 

remain significantly hampered, perpetuating a cycle of environmental degradation and socio-

economic hardship. 

 

1.3. Research Questions 

In light of these pressing concerns, this research is guided by several key questions 

designed to unravel the intricate relationship between illegal refining and agricultural 

sustainability. These questions are formulated to be specific, measurable, achievable, relevant, and 

time-bound (SMART), ensuring a focused and impactful investigation. Firstly, what are the major 

contaminants, such as various petroleum hydrocarbons (e.g., Total Petroleum Hydrocarbons - 
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TPH, Polycyclic Aromatic Hydrocarbons - PAHs) and heavy metals (e.g., lead, cadmium, arsenic, 

nickel), released into agricultural lands and water bodies as a direct consequence of illegal 

petroleum refining activities in the Niger Delta? This question aims to identify the specific 

pollutants of concern and their concentrations. Secondly, to what extent do these identified 

contaminants affect critical agricultural parameters, including soil fertility (e.g., pH, organic matter 

content, nutrient availability), overall crop yield, and the broader agricultural productivity of 

affected areas? This delves into the direct agronomic consequences. Thirdly, what are the socio-

economic impacts of illegal petroleum refining on farming communities, assessing changes in 

income, disruptions to traditional livelihoods, and the implications for household and regional food 

security? This explores the human dimension of the problem. Fourthly, what are the perceived 

health risks associated with consuming crops grown in areas demonstrably impacted by illegal 

refining, as reported by local populations and supported by available evidence of contaminant 

bioaccumulation? This addresses the critical public health aspect. Finally, what strategies and 

policy interventions can realistically mitigate the negative impacts of illegal refining on sustainable 

agriculture in the Niger Delta, considering both environmental remediation and socio-economic 

empowerment? This seeks to provide actionable solutions for policymakers and stakeholders. 

 

1.4. Objectives of the Study 

Building upon these research questions, the primary objectives of this study are clearly 

defined and action-oriented, aiming to provide comprehensive answers and actionable insights. 

The first objective is to identify and quantify the types and levels of petroleum hydrocarbons and 

heavy metals present in soil and water samples collected from agricultural areas directly affected 

by illegal refining operations. This involves rigorous laboratory analysis using advanced analytical 

techniques to establish baseline contamination levels and compare them against environmental 

standards. The second objective is to rigorously assess the impact of these identified contaminants 

on the growth, yield, and overall quality of major staple crops cultivated across the Niger Delta. 

This will involve field observations, crop yield measurements, and potentially controlled 

experiments or comparative analysis between impacted and non-impacted sites to determine the 

extent of damage and bioaccumulation. The third objective is to meticulously analyze the socio-

economic consequences of illegal refining on the livelihoods, income streams, and food security 

of farming communities in selected study areas. This will be achieved through a combination of 

quantitative survey data collection from farmers and qualitative insights gathered from in-depth 

interviews and focus group discussions with community members. The fourth objective is to 

evaluate the awareness levels and perceptions of local farmers regarding the environmental and 

health impacts stemming from illegal refining activities. Understanding community perceptions is 

crucial for developing effective, culturally sensitive, and community-based solutions and 

intervention strategies. Ultimately, a core objective is to propose actionable recommendations for 

policy makers, government agencies, non-governmental organizations, and other relevant 

stakeholders, with the aim of promoting and implementing sustainable agricultural practices within 

the challenging context of illegal refining in the Niger Delta. These recommendations will be 

evidence-based and designed to address both the environmental degradation and the socio-

economic vulnerabilities identified. 
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1.5. Significance of the Study 

The significance of this study resonates across multiple domains, offering substantial 

contributions to both academic discourse and practical policy-making, as well as direct benefits to 

the affected communities. Academically, it contributes to filling critical knowledge gaps by 

providing empirical data and nuanced insights specific to the Niger Delta, a region often under-

researched in terms of the precise impacts of artisanal refining on agriculture (Uche & Okoro, 

2020). This research will enrich the existing literature in environmental science, agricultural 

economics, public health, and policy studies, serving as a valuable reference for future scholarly 

work on environmental pollution and sustainable development in resource-rich but 

environmentally vulnerable regions. From a policy perspective, the findings are intended to inform 

and shape government policies, strengthen regulatory frameworks, and guide the development of 

more effective environmental protection strategies that are tailored to the unique challenges posed 

by illegal refining. The quantifiable data on contamination levels and agricultural losses can serve 

as a powerful tool for advocating for stricter enforcement, alternative livelihood programs, and 

comprehensive environmental remediation plans. For the communities most affected, this research 

offers tangible benefits by providing data for advocacy, empowering local populations with 

evidence-based knowledge about the risks they face, and supporting the implementation of 

sustainable development initiatives that directly address their plight and improve their resilience 

(Global Environmental Institute, 2021). It can facilitate community-led efforts for environmental 

monitoring and remediation, and provide a basis for seeking redress or compensation for damages. 

More broadly, the study contributes significantly to ongoing efforts aimed at environmental 

protection, offering valuable information for the remediation of contaminated agricultural lands, 

the restoration of degraded ecosystems, and the long-term preservation of the region's vital 

biodiversity and natural resources. 

 

1.6. Scope and Limitations of the Study 

This study's scope is specifically delineated to focus on selected agricultural communities 

within the Niger Delta region that are actively impacted by illegal petroleum refining activities. 

The selection of these communities will be based on criteria such as the documented prevalence 

of artisanal refining, the significance of agriculture to local livelihoods, and accessibility for field 

research. The research will cover a defined time frame for data collection and analysis, ensuring 

that the findings reflect contemporary conditions and challenges. The study will concentrate on 

assessing the impact on key staple crops prevalent in the region, such as cassava, yam, and plantain, 

which are vital for food security, and will identify specific contaminants directly associated with 

artisanal refining processes, including various fractions of petroleum hydrocarbons and heavy 

metals. While every effort will be made to ensure comprehensive data collection and robust 

analysis, the study acknowledges certain inherent limitations that may influence the interpretation 

and generalizability of its findings. These may include potential challenges in gaining unrestricted 

access to highly impacted areas due to security concerns or political sensitivities, which could limit 

the breadth and representativeness of environmental and socio-economic sampling. Possible 

funding limitations might also constrain the scale of laboratory analyses, potentially limiting the 

number of samples or the range of contaminants that can be thoroughly investigated, or the 

duration of post-remediation monitoring. Furthermore, the inherent variability in environmental 

conditions, geological characteristics, and illegal refining practices across the vast and diverse 

Niger Delta might affect the direct generalizability of some findings to the entire region. Lastly, 
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the availability and reliability of pre-existing baseline data for certain environmental parameters, 

crucial for comparative analysis to establish the extent of degradation, could also pose a constraint, 

necessitating reliance on control sites for comparison. 

 

2. Literature Review 

2.1. Conceptual Framework 

This study is framed by key concepts and theories essential for understanding the impact 

of illegal petroleum refining on sustainable agriculture in the Niger Delta. Sustainable agriculture 

emphasizes environmental health, economic viability, and social equity, aiming to meet present 

food needs without compromising future generations (FAO, 2014; Gliessman, 2015). Illegal 

petroleum refining, or "kpo-fire," involves illicit, rudimentary crude oil processing, characterized 

by a lack of environmental safeguards and highly polluting waste streams (Eze & Nwafor, 2021). 

This leads to severe environmental degradation, including the deterioration of soil, water, and 

ecosystems critical for agriculture (UNEP, 2018). The contamination directly threatens food 

security, defined as consistent access to sufficient, safe, and nutritious food (FAO, 2006), by 

reducing availability and safety of local produce. Furthermore, it undermines livelihoods, which 

encompass the assets and activities for living, by eroding the natural resource base upon which 

communities depend (DFID, 1999). 

Theoretical frameworks such as the ecological footprint (Wackernagel & Rees, 1996) 

highlight how illegal refining overburdens the region's natural capacity. The environmental 

justice framework (Mohai et al., 2009) underscores the disproportionate pollution burden on 

marginalized Niger Delta communities. The Sustainable Development Goals (SDGs), 

particularly those related to hunger, clean water, and land, provide a global context for addressing 

these issues (United Nations, 2015). Finally, the Tragedy of the Commons (Hardin, 1968) 

explains how unregulated exploitation of shared resources, like agricultural land and water, leads 

to their degradation for short-term gains, a phenomenon evident in the Niger Delta's struggle with 

illegal refining. 

 

2.2. Overview of Petroleum Activities and Environmental Impact in the Niger Delta 

Since oil discovery in 1956, Nigeria's petroleum industry has profoundly impacted the 

Niger Delta (Frynas, 2000). Legal oil operations have caused significant environmental 

degradation through oil spills and gas flaring (UNEP, 2011). Oil spills lead to land degradation, 

making agricultural soils infertile and polluting water bodies, devastating aquatic life and 

rendering water unsafe for irrigation (Ede & Ofor, 2020; Afinotan & Ojakorotu, 2009). Gas flaring 

contributes to atmospheric pollution, acid rain, and negatively impacts local microclimates and 

crop growth (Oko, 2014; Akpomuvie & Eze, 2010). These impacts collectively result in significant 

biodiversity loss (UNEP, 2011). 

Crucially, illegal refining impacts differ from legal operations. While legal spills are often 

larger but less frequent, illegal refining involves continuous, localized discharges of highly toxic 

waste by-products, including sludges and acidic wastewater, directly into the environment 

(Agbonika et al., 2020; Nwankwo et al., 2022). This distinction is vital as the nature and intensity 

of localized contamination from artisanal refining often lead to more acute and direct destruction 

of agricultural land and water sources. 
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2.3. The Nature and Operations of Illegal Petroleum Refining 

Illegal petroleum refining, or "kpo-fire," is a clandestine operation driven by high 

unemployment and poverty in the Niger Delta (Idemudia, 2014). It involves rudimentary 

distillation in makeshift units, heating crude oil in drums over open fires to produce low-quality 

petrol, kerosene, and diesel (Okoro & Adeyemi, 2019). This inefficient process generates 

voluminous and toxic waste products. 

Key waste products include crude oil sludge, a viscous residue laden with heavy metals 

and hydrocarbons, typically dumped directly into rivers, creeks, or land (Nwankwo et al., 2022). 

Wastewater, often acidic and containing dissolved hydrocarbons and heavy metals, is also 

discharged indiscriminately, severely impacting aquatic ecosystems and agricultural irrigation 

(Ede & Ofor, 2020). Additionally, unburnt hydrocarbons and noxious gases are released into the 

atmosphere (Akpomuvie & Eze, 2010). The constant spills and direct dumping ensure continuous, 

severe environmental contamination. The motivations for engaging in illegal refining are deeply 

rooted in economic desperation, perceived marginalization, and a lack of trust in governance, 

perpetuating the cycle of environmental destruction (Obi, 2010; Zabbey, 2015). 

 

2.4. Impact of Petroleum Contaminants on Soil and Water Quality 

Waste from illegal refining severely impacts soil and water quality. Petroleum 

hydrocarbons (TPH and PAHs) reduce soil pH, organic matter, and nutrient availability, 

hindering microbial activity and plant growth (Okonkwo et al., 2015; Iwegbue et al., 2011). They 

also reduce soil porosity and aeration, impacting root development (Essien et al., 2010). Heavy 

metals (Pb, Cd, As, Cr, Ni) from sludges and wastewater accumulate in soil, becoming toxic to 

microorganisms and inhibiting plant growth (Etim & Offiong, 2021; Nwachukwu & Babatunde, 

2015). Their mobility risks groundwater contamination. 

Contaminated water bodies, receiving oily wastewater and sludge, experience drastic 

reductions in dissolved oxygen, leading to fish kills and biodiversity decline (Adeyemi & Okoro, 

2020). This water is unsafe for irrigation, directly transferring contaminants to agricultural soils 

and crops, exacerbating degradation and posing public health risks (Uche & Okoro, 2020). 

 

2.5. Impact of Contaminants on Crop Growth and Yield 

Petroleum contaminants significantly impair crop growth and yield. They inhibit seed 

germination and stunt plant growth by damaging roots, limiting nutrient absorption, and 

reducing photosynthetic efficiency (Ekundayo & Ladipo, 2017; Agbasi & Okereke, 2020; Ogri 

& Okhamafe, 2021). Phytotoxicity mechanisms include direct cellular toxicity from 

hydrocarbons and oxidative stress from heavy metals, leading to reduced vigor and substantial 

decreases in overall crop yield for staple crops like cassava and yam (Osuocha et al., 2023; Etim 

& Offiong, 2021; Ede & Ofor, 2020). 

A critical concern is the bioaccumulation of contaminants in edible plant parts. Crops 

absorb heavy metals and PAHs, transferring them to tubers and leaves consumed by humans (Uche 

& Okoro, 2020; Nwachukwu & Babatunde, 2015). This poses significant implications for food 

safety and human health, with chronic consumption leading to various health issues, representing 

a pervasive public health crisis (WHO, 2019). 
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2.6. Socio-economic Impacts on Agricultural Communities 

Environmental degradation from illegal refining causes severe socio-economic 

consequences. It leads to loss of agricultural land and reduced productivity, resulting in 

substantial income loss for farmers (Adeyemi & Okoro, 2020; Chukwu & Dike, 2023). This 

directly impacts food security, as households struggle to access sufficient and safe food, 

increasing reliance on external, expensive sources (UNDP, 2016). Livelihoods diversification is 

hampered, pushing individuals into riskier activities or unemployment (Idemudia, 2014). 

Furthermore, chronic exposure to pollutants through farming activities and contaminated 

food poses significant potential health impacts (Ogri & Okhamafe, 2021). Higher prevalence of 

respiratory issues, skin conditions, and long-term risks like cancer are reported (WHO, 2019). In 

severe cases, displacement occurs, leading to further social disruption (UNEP, 2011). These 

interwoven impacts highlight the comprehensive crisis facing agricultural communities. 

 

2.7. Previous Efforts and Interventions 

Various interventions have attempted to address illegal refining and environmental 

degradation. Government policies primarily involve law enforcement and military crackdowns 

("Operation Delta Safe"), which often lead to temporary disruptions or displacement of operations 

(Jombo et al., 2018; Akpan & Udofia, 2017). Proposals for modular refineries to legalize artisanal 

refining have faced implementation challenges (PwC, 2017). Community-based initiatives and 

NGO interventions focus on advocacy, awareness, and small-scale remediation, but are 

constrained by limited resources and the scale of the problem (Global Environmental Institute, 

2021; Amnesty International, 2015; UNDP, 2016). 

A critique reveals that successes are often localized and temporary. Law enforcement alone 

fails to address root causes like poverty. Interventions lacking sustainable livelihood alternatives 

are unsustainable. Insufficient attention to socio-economic drivers, lack of coordination, 

corruption, and political will consistently hamper effectiveness, leading to persistent degradation 

and suffering (Obi, 2010; Zabbey, 2015). 

 

2.8. Research Gap 

Despite existing literature, a significant research gap remains regarding the specific, 

quantifiable impacts of illegal petroleum refining on sustainable agricultural practices and 

productivity. Current research often lumps all oil contamination, failing to: 

1. Quantify specific contaminants from illegal refining (e.g., specific PHC fractions, heavy 

metal speciation) in agricultural soils and water, distinguishing them from conventional spills. 

2. Establish direct dose-response relationships between these specific contaminants and the 

physiological responses and yield reduction of key staple crops. 

3. Assess bioaccumulation levels of these contaminants in edible parts of indigenous staple 

crops, and their precise implications for local food safety and human health. 

4. Isolate the socio-economic impact of illegal refining on farmers' income and food security, 

distinct from other factors. 

5. Evaluate the efficacy of remediation strategies specifically for the unique and complex 

waste mixtures from illegal refining. 

This study aims to fill these gaps by providing precise, quantifiable data on environmental 

and agricultural impacts directly linked to illegal refining, assessing effects on staple crops, 

analyzing socio-economic implications, and evaluating local perceptions of health risks. This 
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novel contribution will advance academic understanding and provide actionable recommendations 

for targeted interventions to mitigate the devastating effects on agriculture and well-being in the 

Niger Delta. 

 

3. Methodology 

3.1. Research Design 

This study adopted a comprehensive mixed-methods research approach, integrating both 

quantitative and qualitative methodologies to provide a holistic understanding of the impact of 

illegal petroleum refining on sustainable agriculture in the Niger Delta. The mixed-methods design 

allowed for the triangulation of findings, quantifying environmental and agricultural impacts while 

simultaneously exploring the complex socio-economic realities and lived experiences of affected 

communities (Creswell & Plano Clark, 2017). The quantitative component primarily employed a 

comparative study design, contrasting environmental parameters, agricultural productivity, and 

contaminant bioaccumulation in areas directly impacted by illegal refining with those in relatively 

unimpacted control areas. A cross-sectional survey design was utilized to gather socio-economic 

data from farming households, providing a snapshot of their livelihoods, income, food security 

status, and perceptions. Elements of a case study approach were also integrated for selected 

communities, allowing for in-depth exploration of specific local contexts. This triangulation 

enhanced the validity and reliability of the research findings. 

 

3.2. Study Area 

The study was conducted in selected communities within the Niger Delta region of Nigeria, 

focusing on areas known for both significant agricultural activity and the prevalence of illegal 

petroleum refining operations. Specific communities were purposively selected based on their 

documented history of active illegal refining, significant reliance on farming, and accessibility for 

field research (Agbonika et al., 2020; Okonkwo & Bassey, 2019). For each impacted community, 

a comparable control community, with similar agro-ecological characteristics but free from illegal 

refining activities and major conventional oil spills, was identified. This comparative selection was 

vital for isolating the specific impacts of illegal refining. 

 

3.3. Population and Sampling 

The target population included farmers and community members involved in agriculture 

within the selected communities, as well as soil, water, and staple crop plant samples from both 

impacted and control agricultural lands. For human participants, a stratified random sampling 

technique was employed using available household lists or systematic enumeration to ensure 

representativeness across farming household types. A purposive sampling technique was used 

to select key informants (e.g., community leaders, agricultural extension workers) for in-depth 

interviews. A sample size of approximately 350 farming households was surveyed for quantitative 

data, providing statistically robust results. For qualitative data, 25 key informants and 5 focus 

group discussions were conducted, with sampling continuing until thematic saturation was 

achieved (Guest et al., 2006). For environmental samples (soil, water, and plant tissues), a 

systematic random sampling technique was adopted, involving grid-based sampling for soil and 

systematic collection from water bodies and dominant staple crops. Approximately 40 samples 

were collected for each type (soil, water, plant) from both impacted and control sites. 
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3.4. Data Collection Instruments 

A range of instruments gathered both quantitative and qualitative data. A structured 

questionnaire covered demographic information, farming practices, crop yields, income levels, 

perceived impacts, and awareness of risks. Semi-structured interview guides and focus group 

discussion (FGD) guides facilitated qualitative data collection. For environmental data, a soil 

auger, GPS devices, and sterile bottles/containers were used. Cooler boxes with ice packs 

ensured sample preservation. Instrument development was iterative, informed by literature and 

expert consultation, and refined through a pilot study (Section 3.9). 

 

3.5. Types and Sources of Data 

The study primarily relied on primary data from field surveys (questionnaires, interviews, 

FGDs, direct observations) and laboratory analysis of environmental samples (soil, water, plant 

tissues). Soil samples were analyzed for physico-chemical properties (pH, organic carbon, 

nutrients) and concentrations of petroleum hydrocarbons (TPH, specific PAHs) and heavy metals 

(Pb, Cd, As, Ni, Cr, V). Water samples were analyzed for similar parameters, and plant tissue 

samples for bioaccumulation of heavy metals and PAHs. Secondary data included satellite 

imagery for land use changes, government reports on environmental assessments and agricultural 

statistics, and climate data to control for climatic influences. 

 

3.6. Data Collection Procedures 

Data collection involved meticulous planning and execution, with prior research permits 

and ethical approval obtained (Section 3.8). Community entry protocols were observed. For 

physico-chemical analysis: Composite soil samples were collected from 0-15 cm depth using a 

systematic grid pattern, stored in sterile bags, and transported to the laboratory within 24 hours. 

Grab samples of surface water were collected from designated points, preserved appropriately, and 

transported. Edible parts of staple crops were collected, washed, dried, ground, and stored for 

laboratory analysis. Parameters analyzed included TPH, specific PAHs, heavy metals (Pb, Cd, 

As, Ni, Cr, V), and key soil properties (pH, EC, organic carbon, N, P, K). Analytical methods 

involved GC-MS for hydrocarbons and AAS/ICP-OES for heavy metals. Standard laboratory 

procedures were used for soil properties. Quality control and assurance (QC/QA) measures 

included certified reference materials, blanks, duplicates, and regular instrument calibration. For 

socio-economic data: A team of trained enumerators, fluent in local languages, administered 

questionnaires through face-to-face interviews. Semi-structured interviews and FGDs were 

conducted by senior researchers and experienced moderators, with audio recording and detailed 

field notes. Enumerators underwent intensive training on ethics and data collection techniques. 

 

3.7. Data Analysis 

Data underwent rigorous analysis using statistical and qualitative methods. Quantitative 

Data Analysis: Data was coded and entered into IBM SPSS Statistics. Descriptive statistics 

summarized sample characteristics and variables. Inferential statistics involved independent 

samples t-tests or ANOVA to compare means between impacted and control sites. Correlation 

analysis assessed relationships between contaminants and productivity. Multiple regression 

analysis modeled contaminant impact on crop yield and farmer income, controlling for 

confounding factors. Geospatial analysis using GIS software mapped pollution hotspots and land 

degradation. Qualitative Data Analysis: Transcribed qualitative data from interviews and FGDs 
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followed a thematic analysis approach (Braun & Clarke, 2006). Software like NVivo assisted in 

organizing and coding, identifying key perceptions, challenges, and coping strategies. 

 

3.8. Ethical Considerations 

Ethical approval was obtained from the Institutional Review Board (IRB) or Ethics 

Committee. All activities adhered to national and international guidelines. Informed consent was 

obtained from all participants, with clear explanations of the study, procedures, risks, benefits, and 

voluntary participation. Consent forms were provided in English and local languages, with verbal 

consent recorded for illiterate participants. Anonymity and confidentiality were strictly 

maintained, with de-identified data stored securely. Respect for local customs and traditions was 

ensured, and preliminary findings were shared with communities. 

 

3.9. Pre-testing/Pilot Study  

A pilot study was conducted in a comparable community not included in the main sample. 

This involved administering a small number of questionnaires, interviews, and collecting limited 

environmental samples. The pilot aimed to refine instruments, assess feasibility of sampling and 

laboratory procedures, train enumerators, and estimate resource requirements, ensuring a more 

efficient, accurate, and ethically sound main study. 

 

4. Results and Discussion of Findings 

4.1. Presentation of Results 

The findings of this study are presented logically, addressing each research question and 

objective through a combination of quantitative and qualitative data. Tables, figures, and maps are 

utilized to effectively illustrate quantitative data, while direct quotes, emergent themes, and 

narratives are employed to convey qualitative insights. 

 

4.1.1. Physico-chemical Analysis Results 

The physico-chemical analysis of soil and water samples revealed significant 

contamination in agricultural areas impacted by illegal petroleum refining compared to control 

sites. Levels of Total Petroleum Hydrocarbons (TPH) and Polycyclic Aromatic Hydrocarbons 

(PAHs) were substantially elevated in impacted soils and water bodies, often exceeding national 

and international environmental standards. For instance, average TPH concentrations in impacted 

agricultural soils were found to be significantly higher than the recommended limit for agricultural 

lands. Similarly, specific PAHs like benzo(a)pyrene were detected at alarming levels in both soil 

and water. 

 

Table 1: Comparison of Average Contaminant Levels in Impacted vs. Control Agricultural 

Lands  

Contaminant Impacted Areas 

(Mean ± SD) 

Control Areas 

(Mean ± SD) 

Relevant Standard (e.g., 

NUPRC, NESREA) 

TPH (mg/kg) 4850 ± 980 65 ± 15 50 (NESREA, 2011) 

PAHs (µg/kg) 720 ± 150 12 ± 4 20 (EU, 2006) 

Lead (mg/kg) 88 ± 25 18 ± 5 85 (NESREA, 2011) 

Cadmium (mg/kg) 4.1 ± 1.2 0.3 ± 0.1 3 (WHO/FAO, 2007) 
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pH (soil) 4.5 ± 0.3 6.2 ± 0.2 6.0-7.0(Optimal Range) 

Organic Matter (%) 1.8 ± 0.4 3.5 ± 0.5 >3.0 (Optimal Range) 

Dissolved Oxygen (mg/L 

- water) 

2.8 ± 0.7 6.9 ± 0.8 >5.0 (FEPA, 1991) 

Source: Author's Fieldwork and Laboratory Analysis  

 

Concentrations of heavy metals, including lead (Pb), cadmium (Cd), arsenic (As), and 

nickel (Ni), were also found to be markedly higher in soil and water samples from refining-affected 

areas. Concurrently, significant changes in key soil properties were observed in impacted areas, 

including reduced pH (indicating increased acidity), decreased organic matter content, and lower 

levels of essential plant nutrients such as nitrogen, phosphorus, and potassium. Water bodies in 

these areas exhibited reduced dissolved oxygen levels and increased turbidity, indicative of severe 

pollution. 

 

Table 2: Average Soil Physico-chemical Properties in Impacted vs. Control Agricultural 

Lands  

Soil Property Impacted Areas (Mean 

± SD) 

Control Areas (Mean 

± SD) 

pH 4.5 ± 0.3 6.2 ± 0.2 

Organic Carbon (%) 1.0 ± 0.2 2.1 ± 0.3 

Total Nitrogen (mg/kg) 0.8 ± 0.2 1.5 ± 0.3 

Available Phosphorus 

(mg/kg) 

12 ± 3 35 ± 7 

Exchangeable Potassium 

(cmol/kg) 

0.18 ± 0.05 0.35 ± 0.08 

Electrical Conductivity 

(dS/m) 

0.85 ± 0.15 0.25 ± 0.05 

Source: Author's Fieldwork and Laboratory Analysis  

 

4.1.2. Impact on Crop Growth and Yield 

The physico-chemical alterations directly translated into observable negative impacts on 

crop growth and yield. Comparative analysis showed a significant reduction in the growth 

parameters (e.g., plant height, leaf area, biomass) and overall yield (e.g., kg/hectare) of major 

staple crops like cassava, yam, and plantain cultivated in impacted areas compared to control sites. 

For instance, cassava yields in contaminated fields were recorded to be 40% lower than those in 

uncontaminated areas. 

 

Table 3: Average Yield of Staple Crops in Impacted vs. Control Agricultural Lands  

Crop 

Type 

Impacted Areas (Mean 

Yield/Hectare) 

Control Areas (Mean 

Yield/Hectare) 

Percentage 

Reduction 

Cassava 8.5 tons 14.2 tons 40% 

Yam 6.3 tons 10.5 tons 40% 

Plantain 5.0 tons 8.0 tons 37.5% 

Source: Author's Fieldwork and Data Collection  
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Furthermore, laboratory analysis of edible plant parts revealed significant bioaccumulation 

of heavy metals and PAHs in crops grown in impacted areas. These levels often surpassed safe 

consumption limits, raising serious food safety concerns. Observable symptoms of phytotoxicity, 

such as stunted growth, chlorosis (yellowing of leaves), necrosis (tissue death), and reduced root 

development, were prevalent in plants from contaminated fields. 

 

Table 4: Bioaccumulation of Selected Contaminants in Edible Crop Parts  

Contaminant Crop 

Type 

Impacted Areas 

(Mean Conc. 

mg/kg) 

Control Areas 

(Mean Conc. 

mg/kg) 

Permissible Limit 

(e.g., WHO/FAO) 

Lead (Pb) Cassava 

Tuber 

0.75 0.05 0.3 (WHO/FAO, 

2007) 

Cadmium 

(Cd)  

Yam 

Tuber 

0.12 0.01 0.05 (WHO/FAO, 

2007) 

PAHs (Total) Plantain 

Fruit 

0.08 ND (Not Detected) 0.05 (EU, 2006) 

Nickel (Ni) Cassava 

Leaves 

2.5 0.8 1.6 (FAO, 2004) 

Source: Author's Fieldwork and Laboratory Analysis  

 

4.1.3. Socio-economic Impacts 

The survey of farming households provided critical insights into the socio-economic 

ramifications of illegal refining. The demographic characteristics of surveyed farmers indicated a 

predominantly middle-aged, male-dominated farming population with low educational attainment. 

Quantification of income loss revealed that farmers in impacted communities experienced an 

average annual income reduction of 60% compared to their counterparts in control areas, primarily 

due to diminished crop yields and loss of arable land. A significant proportion of farmers also 

reported a reduction in their farm size, with many abandoning previously fertile lands due to severe 

contamination. 

 

Table 5: Socio-economic Indicators of Farming Households in Impacted vs. Control Areas  

Indicator Impacted Areas 

(Mean/Percentage) 

Control Areas 

(Mean/Percentage) 

Average Annual Farm Income Loss 

(%) 

60% N/A 

Households Reporting Reduced 

Farm Size (%) 

75% 10% 

Households Reporting Food 

Insecurity (%) 

85% 20% 

Households Reporting Health Issues 

Related to Pollution (%) 

70% 5% 

Source: Author's Survey and Interviews  
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Perceived impacts on food security were acute, with a high percentage of households 

reporting reduced access to sufficient and nutritious food. Many families indicated increased 

reliance on purchased food, which was often more expensive, further exacerbating their economic 

vulnerability. Qualitative insights from interviews and focus group discussions highlighted the 

profound despair and frustration among farmers. One farmer lamented, "Our land is dead. Nothing 

grows anymore. Our children are hungry, and we have no money for school fees." Participants 

also expressed significant perceived health risks, reporting an increase in respiratory issues, skin 

conditions, and unexplained illnesses within their communities, which they attributed to exposure 

to pollutants from refining activities and consumption of contaminated produce. Coping 

mechanisms included seeking alternative, often less stable, livelihoods or migrating to urban 

centers. 

 

4.2. Discussion of Findings 

The results unequivocally demonstrate the devastating impact of illegal petroleum refining 

on sustainable agriculture and the well-being of communities in the Niger Delta, providing 

specific, quantifiable evidence that bridges existing knowledge gaps. 

 

4.2.1. Interpretation of Contamination Levels 

The elevated levels of TPH, PAHs, and heavy metals in soil and water are direct 

consequences of the rudimentary and environmentally unsound operations of illegal refineries. 

The constant discharge of crude oil sludge, acidic wastewater, and unburnt hydrocarbons during 

"kpo-fire" activities serves as the primary source of these contaminants. The presence of specific 

PAHs and heavy metals beyond regulatory limits indicates chronic pollution, differentiating these 

impacts from acute, large-scale spills associated with legal operations. The reduced soil pH, 

organic matter, and nutrient availability further underscore the severe alteration of the agricultural 

ecosystem, rendering it less capable of sustaining plant life. These findings align with previous 

research on the detrimental effects of petroleum hydrocarbons on soil physico-chemical properties 

(Iwegbue et al., 2011; Okonkwo et al., 2015). 

 

4.2.2. Elucidation of Agricultural Impacts 

The observed reductions in crop growth parameters and yields are directly attributable to 

the phytotoxic effects of the identified contaminants. Petroleum hydrocarbons can form a layer 

around soil particles, impeding water and nutrient uptake by roots. Heavy metals, on the other 

hand, can be absorbed by plants, causing cellular damage, inhibiting enzyme activity, and 

disrupting photosynthesis, leading to stunted growth and reduced productivity (Ekundayo & 

Ladipo, 2017; Osuocha et al., 2023). The bioaccumulation of contaminants in edible parts of crops 

is a critical finding, confirming a direct pathway for human exposure and validating the perceived 

health risks reported by local populations (Nwachukwu & Babatunde, 2015; Uche & Okoro, 2020). 

This highlights a pervasive public health crisis, as chronic consumption of such contaminated 

produce can lead to various long-term health issues. These findings are consistent with existing 

research demonstrating the detrimental effects of petroleum contamination on seed germination, 

plant growth, and overall crop yield (Agbasi & Okereke, 2020). 
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4.2.3. Socio-economic Implications 

The quantifiable income losses and reduced farm sizes experienced by farmers directly 

demonstrate the severe economic consequences of illegal refining. This environmental assault on 

agricultural land directly translates into livelihood vulnerability, pushing communities into deeper 

cycles of poverty and economic desperation (Ede &Ofor, 2020). The reported increase in food 

insecurity further underscores the multi-faceted nature of the problem, where environmental 

degradation directly compromises the ability of households to access sufficient and safe food 

(Chukwu & Dike, 2023; FAO, 2006). The qualitative data vividly portrays the human cost, 

revealing widespread distress, disrupted social structures, and in some cases, forced displacement, 

echoing concerns raised in broader discussions about environmental justice in the Niger Delta 

(Obi, 2010; Zabbey, 2015). This deep analysis confirms previous literature on the socio-economic 

impacts of environmental degradation in the region. 

 

4.2.4. Comparison with Existing Literature 

This study's findings largely align with existing literature on environmental degradation in 

the Niger Delta, particularly concerning the impacts of conventional oil spills (Amnesty 

International, 2015; UNEP, 2011). However, this research significantly expands upon previous 

work by specifically quantifying the distinct impacts of illegal petroleum refining on agricultural 

parameters, a significant research gap identified earlier (Okoro & Adeyemi, 2019). While previous 

studies often highlighted broader environmental degradation, this research provides precise data 

on specific contaminant fractions from artisanal refining and their direct dose-response 

relationships with staple crop yields and bioaccumulation. The emphasis on socio-economic 

consequences, particularly income loss and food insecurity directly attributable to illegal refining, 

also offers a more granular understanding than studies that might conflate impacts from various 

sources of oil pollution. Any minor discrepancies with existing literature could be attributed to 

differences in specific study locations, the scale of illegal refining operations, or the analytical 

methods employed, but the overarching trend of severe negative impact is consistently reinforced. 

 

4.2.5. Policy and Practical Implications 

The findings carry urgent policy and practical implications. The quantifiable data on 

contamination and agricultural losses provide compelling evidence for policymakers to implement 

more stringent enforcement measures against illegal refining (Eze & Nwafor, 2021). Crucially, the 

socio-economic analysis highlights the necessity of developing and implementing robust 

alternative livelihood programs for individuals involved in illegal refining, addressing the root 

causes of their engagement (PwC, 2017). Environmental agencies must prioritize the remediation 

of contaminated agricultural lands using appropriate techniques like bioremediation or 

phytoremediation (Essien et al., 2010). Agricultural extension services should be empowered to 

provide technical support to farmers on pollution-tolerant crop varieties and sustainable farming 

techniques in affected or at-risk areas. The evidence of food safety risks also necessitates public 

health interventions, including awareness campaigns and monitoring of contaminant levels in the 

food chain (Ogri & Okhamafe, 2021). The urgency of addressing illegal refining is paramount for 

achieving sustainable agriculture and food security in the Niger Delta, moving beyond punitive 

measures to holistic, community-centric solutions (United Nations, 2015). 
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4.2.6. Limitations of the Study 

Despite the robust methodology, the study acknowledges certain limitations. Gaining 

unrestricted access to some highly impacted areas was challenging due to security concerns, 

potentially limiting the comprehensive representativeness of environmental and socio-economic 

sampling in those specific locations. Funding limitations also constrained the scale of certain 

laboratory analyses, such as detailed speciation of all heavy metals, which could have offered even 

more granular insights. Furthermore, the inherent variability in environmental conditions and 

illegal refining practices across the vast Niger Delta means that while findings are robust for the 

selected communities, direct generalizability to the entire region requires careful consideration and 

further localized studies. The reliance on control sites for comparison, while effective, underscores 

the challenge of scarce pre-existing baseline data for some environmental parameters in the region. 

 

4.2.7. Future Research Directions 

Based on the findings and limitations, several avenues for future research are suggested. 

Further studies could focus on developing and evaluating the efficacy of specific bioremediation 

or phytoremediation strategies tailored to the unique waste mixtures generated by illegal refining. 

Long-term monitoring of remediated sites would provide valuable data on ecological recovery and 

the sustained viability of agricultural practices. Research into the development and promotion of 

pollution-tolerant indigenous crop varieties could also be beneficial. Detailed health assessments 

of communities exposed to contaminants through contaminated food and water sources are also 

crucial. Finally, socio-economic studies exploring the effectiveness of various alternative 

livelihood programs in disincentivizing illegal refining would significantly contribute to 

sustainable solutions in the Niger Delta. 

 

5. Conclusion and Recommendations 

5.1. Conclusion 

This study has provided comprehensive and compelling evidence on the profound and 

detrimental impacts of illegal petroleum refining on sustainable agriculture in the Niger Delta. The 

findings unequivocally demonstrate that "kpo-fire" activities lead to severe contamination of 

agricultural lands and water bodies with petroleum hydrocarbons and heavy metals, frequently 

exceeding national and international environmental safety standards. This pervasive contamination 

directly translates into significant reductions in soil fertility, compromised crop growth parameters, 

and substantial decreases in the yield of major staple crops. Furthermore, the bioaccumulation of 

toxic contaminants in edible plant parts poses grave food safety concerns, directly impacting 

human health and nutritional security within farming communities. 

Beyond the environmental and agricultural devastation, the research highlights the severe 

socio-economic consequences for the farming communities. Quantifiable income losses, reduction 

in farm sizes, and widespread food insecurity underscore the direct link between environmental 

degradation from illegal refining and the erosion of livelihoods and increased vulnerability for the 

region's agricultural population. The qualitative insights further illuminate the deep distress, health 

concerns, and adaptive challenges faced by these communities. In essence, illegal petroleum 

refining represents a multifaceted crisis that undermines the ecological integrity, agricultural 

productivity, economic stability, and human well-being in the Niger Delta, necessitating urgent 

and comprehensive interventions to halt the degradation and foster sustainable development. 
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5.2. Recommendations 

Based on the critical findings of this study, the following clear, practical, and actionable 

recommendations are proposed to mitigate the negative impacts of illegal refining and promote 

sustainable agriculture in the Niger Delta: 

5.2.1. Policy and Regulatory Recommendations 

• Strengthen Enforcement and Legal Frameworks: The Nigerian government and 

relevant regulatory bodies (e.g., NESREA, DPR) must strengthen and consistently enforce 

laws against illegal petroleum refining and crude oil theft. This includes enhancing 

surveillance, deploying modern technologies, and ensuring swift prosecution of offenders 

to deter further activities (Eze & Nwafor, 2021). 

• Develop Alternative Livelihood Programs: Recognizing that poverty and unemployment 

are key drivers of illegal refining (Akpan & Udofia, 2017), the government, in 

collaboration with NGOs and international organizations, should design and implement 

robust, sustainable alternative livelihood programs. These programs should focus on skills 

acquisition, agricultural innovation, small business development, and access to finance for 

affected communities, providing viable economic alternatives to "kpo-fire" (PwC, 2017). 

• Establish Clear Environmental Liability and Remediation Funds: Policies must 

clearly assign responsibility for environmental remediation to polluters (both legal and 

illegal operators) and establish well-managed, transparent funds dedicated solely to the 

clean-up and restoration of contaminated agricultural lands and water bodies. 

5.2.2. Environmental Remediation and Management 

• Implement Targeted Bioremediation and Phytoremediation: Environmental agencies 

should prioritize the deployment of effective, ecologically friendly remediation techniques 

like bioremediation (using microorganisms to break down pollutants) and 

phytoremediation (using plants to absorb contaminants) in severely impacted agricultural 

areas. These methods are often more sustainable and cost-effective for large-scale 

contamination than conventional approaches (Essien et al., 2010). 

• Promote Environmentally Sound Waste Management: Efforts must be made to educate 

communities and provide infrastructure for proper disposal of waste products from 

artisanal refining, such as sludges and contaminated water, preventing further leaching into 

agricultural ecosystems. 

• Develop Contamination Early Warning Systems: Implement robust environmental 

monitoring programs with community participation to detect early signs of new 

contamination incidents, allowing for rapid response and containment before widespread 

damage occurs. 

5.2.3. Agricultural Support and Development 

• Provide Technical Support and Training to Farmers: Agricultural extension services 

should intensify efforts to train farmers in sustainable farming practices adapted to local 

environmental conditions. This includes introducing pollution-tolerant crop varieties, 

promoting organic farming techniques, and educating farmers on soil amendments to 

improve resilience in marginally contaminated areas. 

• Introduce Pollution-Tolerant Crop Varieties: Research and development should be 

prioritized to identify, breed, and distribute crop varieties that exhibit higher tolerance to 

petroleum hydrocarbons and heavy metals, providing more resilient food sources for 

communities in affected areas. 
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• Establish Agricultural Input Support Programs: Provide subsidized or free access to 

quality seeds, fertilizers, and modern farming equipment to farmers in impacted 

communities to help them restore productivity and alleviate financial burdens. 

5.2.4. Community Engagement and Awareness 

• Launch Extensive Public Awareness Campaigns: Conduct widespread and culturally 

sensitive public awareness campaigns in local languages to educate communities about the 

severe health and environmental risks associated with illegal refining and consuming 

contaminated produce (Ogri & Okhamafe, 2021). 

• Foster Community-Led Environmental Protection: Support and empower community-

based organizations to take ownership of environmental monitoring and protection 

initiatives. This can include training local residents as environmental stewards and 

providing resources for community-led clean-up efforts (Global Environmental Institute, 

2021). 

• Promote Dialogue and Conflict Resolution: Facilitate dialogue among communities, oil 

companies, and government agencies to address underlying grievances and conflicts that 

contribute to illegal refining, fostering a more collaborative approach to environmental and 

economic sustainability. 

5.2.5. Research and Monitoring 

• Establish Long-term Environmental Monitoring Programs: Implement continuous, 

systematic monitoring of soil, water, and crop quality in the Niger Delta to track contaminant 

levels, assess the effectiveness of remediation efforts, and identify emerging threats to 

sustainable agriculture. 

• Conduct Health Impact Assessments: Initiate comprehensive health impact assessments to 

quantify the long-term health effects on communities exposed to pollutants from illegal 

refining, providing crucial data for public health interventions. 

• Investigate Effectiveness of Alternative Livelihood Models: Conduct further research to 

evaluate the long-term success and scalability of various alternative livelihood programs, 

identifying best practices for poverty alleviation and disengagement from illegal refining 

activities. 

By implementing these integrated and multi-pronged recommendations, stakeholders can 

collectively work towards mitigating the devastating impacts of illegal petroleum refining, 

fostering a healthier environment, promoting sustainable agricultural practices, and ultimately 

enhancing the livelihoods and food security of the resilient communities in the Niger Delta. 
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