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Abstract
[bookmark: _GoBack]The study examined the effect of air pollution cost on profitability of small scale Agricultural firms in Nigeria. The specific objective was to ascertain the extent to which investment in air pollution control equipment and investment in air pollution control practices affect profit return on selected SMEs in Nigeria. Survey research design was adopted in the study. The population comprised owners/managers of 8,687,966 small-scale agricultural enterprises in Nigeria from which a sample size of 400 was selected. The study collected primary data from the respondents using structured questionnaire. The research questions were analysed using mean and frequency distribution. The hypotheses were tested using multiple regression analysis. The findings are: investment in air pollution control equipment has a significant and positive effect on the profit return of selected small scale agricultural firms in Nigeria (b = 0.560; p-value = 0.000); investment in air pollution control practices has a significant and positive effect on the profit return of selected small scale agricultural firms in Nigeria (b = 0.423; p-value = 0.000). In conclusion, integrating pollution control into operational strategies is not merely a compliance measure but a viable contributor to firm profitability. The study recommends that managers of small-scale agricultural firm should allocate a dedicated portion of the firms’ annual capital expenditure toward the acquisition and maintenance of air pollution control equipment such as emission capture systems, exhaust treatment units, or air filtration devices.
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1.1 Introduction
Air pollution has increasingly become a pressing environmental issue across the globe, particularly in developing nations like Nigeria, where industrialization, urbanization, and population growth are progressing at a rapid pace. Air pollution results from the release of harmful substances such as carbon monoxide, nitrogen oxides, sulfur dioxide, particulate matter, and other toxic chemicals into the atmosphere. These pollutants originate from various sources, including fossil fuel combustion, agricultural activities, industrial operations, and transportation (Abaje et al., 2020). In the agricultural sector, the situation is complicated further by emissions from burning agricultural waste, use of synthetic fertilizers, pesticide applications, and emissions from machinery. While air pollution is often discussed from a public health or environmental sustainability angle (Idoko et al., 2025), it also presents a significant economic challenge, particularly for small-scale agricultural firms. These firms, already struggling with limited access to capital, markets, and technology, are highly vulnerable to the economic ramifications of environmental degradation.
Nigeria’s agricultural sector is a major component of the country’s economy, contributing about 24% to the Gross Domestic Product (GDP) and employing more than 70% of the labor force, especially in rural areas. Small-scale agricultural firms play a vital role in this ecosystem, forming the backbone of food production and contributing to the livelihood of millions of Nigerians (Chukwuma-Ume & Ume, 2025). However, these firms are increasingly facing adverse environmental conditions, including the effects of climate change and air pollution. In addition to physical threats to crop and livestock production, air pollution imposes hidden costs—both direct and indirect—on agricultural enterprises. Direct costs may include reduced crop yields due to ozone damage, acid rain, and particulate matter affecting plant health. Indirect costs include increased spending on health care for farm workers, reduced working hours due to illness, and higher maintenance costs for machinery exposed to corrosive pollutants. These costs ultimately reflect in the profitability and sustainability of small-scale farms, making it imperative to explore and quantify the effect of air pollution cost on the financial performance of these firms.
In today’s business environment, effective control of air pollution has become not just an environmental responsibility but a strategic imperative (Kalash, 2024). Globally, businesses are increasingly being held accountable for their environmental footprints by regulatory authorities, investors, customers, and civil society. The implementation of sustainability standards, environmental audits, and eco-friendly certifications has become commonplace. For agricultural firms, especially those aiming to engage with international markets or supply chains governed by sustainability metrics, managing pollution is critical to meeting compliance requirements and avoiding penalties. Moreover, the cost of ignoring air pollution is rising, not only due to regulatory fines but also due to operational inefficiencies and reputational damage. For instance, polluted air affects the health of employees, leading to increased absenteeism and lower productivity (Yusuffet al., 2024). It also degrades assets and infrastructure, increasing the frequency and cost of maintenance. In this context, controlling air pollution is not just about environmental compliance—it is an essential part of business continuity and risk management.
From a microeconomic standpoint, air pollution control presents a cost-benefit scenario that small-scale agricultural firms in Nigeria cannot afford to overlook. Although these firms often operate with limited financial resources, the cost of inaction may outweigh the investment needed for pollution control measures (Kalash, 2024). In Nigeria, the agricultural sector is highly dependent on environmental conditions. Poor air quality can negatively affect photosynthesis, reduce soil fertility through acidification, and cause health complications among farm workers. Furthermore, exposure to airborne toxins can lead to chronic health problems that affect labor availability and productivity, especially in communities where farming is labor-intensive and mechanization is low. As these problems accumulate, they begin to erode the firm’s profit margins.
It is also important to consider the spatial dimension of air pollution effects (Idoko et al., 2025). Agricultural firms located near urban centers or industrial zones often experience higher levels of air pollution due to proximity to traffic emissions and industrial discharges. This geographical factor can exacerbate the environmental and economic challenges faced by small-scale firms in peri-urban and semi-rural settings. In contrast, firms located in less polluted areas may experience comparatively better yields and reduced health-related expenditures, all else being equal. Therefore, location becomes a determinant not just of market access, but also of environmental risk exposure.
Small-scale farming firms hardly thrive in an environment that is not conducive to sustainable growth, where farmers cannot access the resources and support they need to optimize productivity (Chukwuma-Ume & Ume, 2025). These firms lose the benefit from favorable environmental conditions, with sizeable interference from external pollutants, disallowing for healthy crop yields and livestock production. In such a scenario, air pollution is not effectively controlled through robust regulations, technological innovation, and the adoption of sustainable farming practices. As a result, small-scale farmers are unable to focus on improving their operations, fostering profitability, and ensuring food security for the broader population.
The agricultural sector is increasingly burdened by environmental pollution, particularly air pollution, which has become a growing challenge in recent years. Air pollution, resulting from both industrial and agricultural activities, has intensified due to rapid urbanization, industrialization, and the excessive use of chemicals in farming (Efobi et al., 2019). Small-scale farmers, who already operate under financial constraints, struggle to cope with the escalating costs and adverse effects of air pollution (Sridhar et al., 2018). The impact of pollution manifests in lower crop yields, increased health problems among farmworkers, and a reduction in the overall quality of agricultural produce. These farmers often lack the financial capacity, access to technology, and knowledge necessary to mitigate pollution's harmful effects. As a result, they remain trapped in a cycle of low productivity and reduced profitability.
Because of this, the economic viability of small-scale agricultural firms is significantly threatened by the persistent costs associated with air pollution (Dong & Wang, 2023). Decreased crop yields and reduced product quality lead to lower incomes for farmers, eroding their ability to reinvest in their operations or improve their living standards. Additionally, air pollution has a direct impact on labor productivity due to the adverse health effects on farmworkers. As illness and absenteeism rise, the costs of labor increase, further reducing the firm’s profitability (Yusuff et al., 2024). The lack of effective pollution control also damages the natural resources that small-scale farmers depend on, such as soil and water quality, which in turn leads to long-term reductions in agricultural productivity. Over time, this deterioration in environmental conditions and economic performance undermines the sustainability of small-scale farming businesses, threatening food security and rural livelihoods. The cumulative impact of these factors illustrates the need for urgent intervention to address the growing problem of air pollution and its effects on the profitability of small-scale agricultural firms in Nigeria. The followings are the specific objectives
1. To ascertain the extent to which investment in air pollution control equipment affects profit return on selected SMEs in Nigeria.
2. To analyse the degree to which investment in air pollution control practices affects profit return on selected SMEs in Nigeria.
2.0 Review of Related Literature
2.1 Conceptual Review
2.1.1 Air Pollution Cost
Air pollution cost refers to the economic burden or financial impact that results from the release of harmful pollutants into the atmosphere, which affects various aspects of the environment and business operations (Leroutier & Ollivier, 2025). It encompasses both direct and indirect costs that arise due to the negative effects of air pollution on agricultural production, health, and infrastructure. Direct costs can be attributed to the immediate expenses associated with the efforts to mitigate pollution, such as the installation of air pollution control technologies, equipment maintenance, and cleanup operations. In agriculture, these direct costs might include investments in equipment that reduces air emissions, as well as increased expenditure on fertilizers or pesticides to address the negative impacts of polluted air on crops (Dong & Wang, 2023). Additionally, the loss of productivity in crop yields and livestock output due to air pollution can translate into significant financial losses for firms, making air pollution control a necessary but costly endeavor for agricultural businesses.
Indirect costs of air pollution are often less visible but just as impactful. These can include long-term consequences such as the degradation of soil quality and the loss of biodiversity, which diminishes the natural resources farmers rely on. For instance, certain pollutants like ozone can reduce photosynthesis in plants, causing crop yields to fall, which ultimately lowers the income of agricultural firms. Furthermore, pollution can lead to the deterioration of workers’ health, resulting in higher medical expenses and absenteeism (Yusuffet al., 2024), thereby decreasing labor productivity and increasing operational costs. The indirect costs of air pollution can also extend to the broader economic system, affecting market prices, supply chains, and the competitiveness of agricultural products in both domestic and international markets.
The overall economic impact of air pollution is especially significant for small-scale agricultural firms, which often have limited resources to absorb these costs (Dong & Wang, 2023). In countries like Nigeria, where small-scale farming is a vital part of the economy, the financial strain from air pollution can undermine the survival and profitability of these businesses. As a result, understanding the true cost of air pollution is crucial for policymakers, businesses, and environmentalists alike, as it provides a foundation for developing strategies to mitigate its effects and protect the economic viability of agriculture in polluted regions.
[bookmark: _Toc196210780][bookmark: _Toc200519133][bookmark: _Toc200519499]2.1.2 Investment in Air Pollution Control Equipment
Investment in air pollution control equipment refers to the capital expenditure directed towards physical technologies and machinery designed to reduce or eliminate pollutants released into the atmosphere (Theodore, 2008). This type of investment primarily involves purchasing, installing, and maintaining devices that capture or neutralize harmful substances before they are emitted (Leroutier & Ollivier, 2025). It is a direct, tangible response to air pollution and plays a crucial role in industries such as energy, manufacturing, transportation, and agriculture.
The primary types of air pollution control equipment include:
Scrubbers: These devices are used to remove pollutants from industrial exhaust gases, typically by using a liquid to absorb harmful chemicals.
Electrostatic Precipitators (ESPs): These devices charge particles in exhaust gases and then use an electric field to capture them, typically used in coal-fired power plants.
Filters and Baghouses: These are used to capture particulate matter, particularly in industries like cement manufacturing, where dust is a significant issue.
Catalytic Converters: Commonly used in vehicles, these devices convert harmful gases like carbon monoxide and nitrogen oxides into less harmful substances, such as nitrogen and carbon dioxide.
Carbon Capture and Storage (CCS): Involves capturing CO2 emissions from industrial processes and storing them underground to prevent them from entering the atmosphere.
Investing in such equipment is an essential part of compliance with environmental regulations, especially in regions with stringent air quality standards (Brauer & Varma, 2012). For example, the Clean Air Act in the U.S. sets emission standards for industries, requiring them to invest in pollution control equipment to meet the prescribed limits. These investments are not only about complying with legal frameworks but also help mitigate the negative impact of air pollution on public health, which can result in healthcare savings and improve societal well-being.
However, while effective, air pollution control equipment can be costly in both initial capital and ongoing maintenance (Brauer & Varma, 2012). Companies often face high upfront costs, which can be a barrier for small or financially struggling firms. Additionally, there are operational costs involved in ensuring that the equipment functions properly, such as energy consumption, staff training, and regular maintenance to avoid malfunction. Nonetheless, the long-term benefits, both in terms of regulatory compliance and public health improvements, can outweigh these costs, making such investments crucial for sustainable industry practices.
[bookmark: _Toc196210781][bookmark: _Toc200519134][bookmark: _Toc200519500]2.1.3 Investment in Air Pollution Control Practices
Investment in air pollution control practices refers to the implementation of strategies, policies, or behavioral changes designed to reduce or prevent the release of pollutants into the air (Jonidi et al., 2021). Unlike equipment-focused investments, this category emphasizes systematic approaches and non-technical methods that can have an equally significant impact on air quality. These practices often involve changes in operational processes, technological adoption, or shifts in organizational culture (Ladan, 2013).
Some common air pollution control practices include:
Energy Efficiency Improvements: Reducing energy consumption within an organization or industrial process can significantly lower emissions, particularly in sectors like manufacturing or energy production. By optimizing energy use or switching to energy-efficient technologies, businesses can decrease the demand for energy-intensive processes that generate harmful emissions.
Process Optimization and Cleaner Production Techniques: Industries can reduce emissions by adopting cleaner production methods that use fewer toxic chemicals, generate less waste, and consume fewer resources. For instance, upgrading manufacturing processes to minimize the use of volatile organic compounds (VOCs) or adopting green chemistry practices in pharmaceuticals.
Transportation Practices: Encouraging or mandating the use of cleaner fuels, optimizing fleet management, and promoting public transportation can reduce vehicle emissions. Shifting from gasoline and diesel engines to electric vehicles or hybrids can significantly reduce a company's carbon footprint.
Emission Trading and Offsetting Programs: Some companies engage in emission trading schemes, where they invest in carbon credits or participate in emissions offset programs to neutralize their environmental impact. This can involve funding projects that capture or reduce greenhouse gases, such as reforestation projects or renewable energy installations.
Employee Training and Awareness: Companies can invest in training programs that help employees adopt best practices in reducing emissions. For example, workers might be trained to reduce waste, use equipment more efficiently, or manage resources like water and energy in a way that minimizes pollutants.
Waste Management and Recycling: Improving waste handling practices, such as reducing landfill waste and increasing recycling rates, can lower the generation of methane, a potent greenhouse gas. Industries may also invest in processes that recycle waste products into usable materials instead of allowing them to degrade into the environment.
While investments in practices may not involve large capital expenditures like equipment purchases, they can still lead to significant reductions in pollution. Moreover, these practices often offer more flexibility and adaptability, allowing companies to respond to changing regulations or market demands more swiftly (Leroutier & Ollivier, 2025). Furthermore, these approaches can result in cost savings in the long term by improving efficiency, reducing resource consumption, and avoiding the need for expensive equipment or regulatory fines.
Investment in air pollution control practices, unlike equipment, often requires a longer-term commitment to changing company culture and aligning organizational goals with sustainability objectives (Jonidi et al., 2021). It is a more holistic approach to pollution control, emphasizing continuous improvement rather than relying solely on external devices. When combined with technological investments, these practices can offer a more comprehensive strategy for achieving air quality goals.
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Profitability of small-scale firms refers to the ability of these businesses to generate income relative to their expenses over a specific period of time (Endris & Kassegn, 2023). It is an essential indicator of financial health and sustainability, showing whether a firm can effectively manage its resources to produce more revenue than it spends. Small-scale firms, which are typically characterized by limited capital, human resources, and access to large-scale technologies, often face challenges in maintaining profitability. Profitability in small-scale firms is often influenced by a variety of internal and external factors, such as production efficiency, market conditions, costs of inputs, and the ability to differentiate products in competitive markets (Vanpetch & Sattayathamrongthian, 2024).
For small-scale agricultural firms, profitability is particularly dependent on factors like crop yield, access to water and land resources, and the ability to adapt to changing environmental conditions. Unlike larger firms, small-scale businesses have a smaller financial buffer to absorb losses from unexpected events, such as poor harvests due to climate change or pests, or external shocks like price volatility or regulatory changes. Furthermore, small-scale firms often lack the economies of scale that larger organizations benefit from, making it more difficult for them to spread fixed costs and increase profit margins.
Profitability for small-scale firms also hinges on their capacity to manage operational costs effectively (Olutunla & Obamuyi, 2008). In the agricultural sector, this involves controlling input costs such as seeds, fertilizers, labor, and equipment, which can fluctuate due to factors such as inflation, seasonal variations, and environmental degradation. Effective management of these costs, combined with the ability to increase productivity and access profitable markets, is key to ensuring the financial success of small-scale agricultural businesses. However, external factors like air pollution, poor infrastructure, and economic instability can increase costs and reduce revenues, thereby hindering the profitability of these firms. Therefore, profitability in small-scale agricultural firms must be understood within the broader context of resource constraints, market challenges, and environmental risks that these businesses face.
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Profit return of small-scale firms refers to the financial return that these businesses achieve on their investments, typically expressed as a percentage of profit relative to the firm’s capital or assets (Endris & Kassegn, 2023). This concept is crucial for assessing how well a firm is utilizing its resources to generate earnings, and it helps stakeholders—such as business owners, investors, and policymakers—evaluate the financial performance and sustainability of the business. In the context of small-scale agricultural firms, profit return is particularly important because these firms often operate with limited capital and face many challenges that can erode their ability to achieve significant profits.
Profit return is crucial for assessing the overall success of small-scale firms (Leković & Marić, 2015), as is shows the extent to which the firm is achieving financial returns relative to its inputs, whether those inputs are financial resources, human labor, or land. For instance, a small-scale agricultural firm that is able to generate a high return on investment despite limited resources may be considered highly efficient, whereas a firm with low profit return may struggle to cover its operational costs, let alone achieve sustainable growth (Leković & Marić, 2015). For small-scale agricultural firms, the profit return is not only a reflection of business acumen and management effectiveness but also of external factors such as market conditions, access to technology, and environmental challenges. Factors like air pollution can directly influence profit return by decreasing crop yields, increasing operational costs, and affecting labor productivity.
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Stakeholder Theory is the theory upon which this study is anchored. Stakeholder Theory was first introduced by R. Edward Freeman in 1984 (Anaike et al., 2024). The theory emerged as a response to the traditional shareholder-centric view of business, which prioritizes the interests of owners or shareholders above all other parties involved in the business. Freeman’s stakeholder theory broadened the focus of corporate management to include all groups that affect or are affected by the actions of a business, arguing that long-term business success is dependent on the balance of interests among these various stakeholders (Idoko et al., 2025). This theory challenged the conventional notion that a company’s only responsibility was to maximize profits for its shareholders and instead proposed a more inclusive model that accounted for the well-being of employees, customers, suppliers, local communities, and even the environment.
The core postulations of Stakeholder Theory suggest that a firm’s success depends on the way it manages relationships with various stakeholders (Enekwe, et al., 2023). These stakeholders can be broadly categorized into primary stakeholders (such as shareholders, employees, customers, and suppliers) and secondary stakeholders (including the local community, regulatory bodies, and environmental groups). The theory posits that businesses should not only aim to create value for shareholders but also consider and actively engage with other groups that can influence or are impacted by business activities (Nworie & Orji-Okafor, 2024). Freeman argued that by addressing the concerns and needs of all stakeholders, businesses can create sustainable value, improve their reputation, and achieve long-term success (Idoko et al., 2025). The theory emphasizes the idea that businesses should be accountable to a broader array of parties and work to balance their interests in a way that leads to mutually beneficial outcomes.
The use of Stakeholder Theory is justified in this study because it helps frame the way agricultural firms interact with and are impacted by their surrounding stakeholders, particularly in the context of environmental challenges such as air pollution. In this case, small-scale agricultural firms are not only accountable to their shareholders (owners) but also to other key stakeholders, such as local communities, government regulators, employees, and even the environment itself. Air pollution, as an externality, affects various stakeholders—farm workers may experience health issues, local communities might suffer from poor air quality, and the government might face pressures to enforce environmental regulations. By applying Stakeholder Theory, the study can explore how small-scale farmers' decisions to invest in air pollution control technologies or practices are influenced by these various stakeholders. For instance, government regulations may push for cleaner air standards, while consumer preferences for sustainably produced agricultural goods could incentivize firms to adopt environmentally friendly practices.
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Idoko et al. (2025) examined the impact of air pollution on the socio-economic life of residents in Port Harcourt Local Government Area, located in the South-South geopolitical zone of Nigeria. The study aimed to identify the primary sources of air pollution, assess how it affects the social and economic wellbeing of the local population, and explore the specific difficulties faced by business operators, farmers, and other individuals due to pollution-related issues. The researchers formulated four research questions and two hypotheses to guide the investigation. They utilized a survey research design, employing both stratified and purposive sampling methods. The study relied on both primary and secondary data sources. The total population of the study area was 1,245,316, from which a sample of 400 respondents was drawn. Data were analyzed using both descriptive and inferential statistics, particularly multiple regression analysis. The findings revealed that industrial activities and illegal oil refining (bunkering) were the major contributors to air pollution in the area. It was further discovered that air pollution significantly affected residents’ businesses and social lives, with many perceiving the pollution as a key source of black soot in their living and working environments. Hypothesis testing confirmed a statistically significant impact of air pollution on social engagement (F = 0.22274895, p < 0.05) and on economic livelihoods (F = 0.755070323, p < 0.05).
Kodiya et al. (2025) conducted a study on environmental pollution in Nigeria, focusing on integrated strategies for mitigation. The research explored the origins, nature, and consequences of pollution in air, water, and soil environments, emphasizing key pollutants, their sources, and the resulting effects on public health and ecosystems. Drawing data from scholarly articles, government publications, and international databases, the study pinpointed the main sources of pollution as industrial discharges, emissions from vehicles, agricultural runoff, oil exploration, and poor waste disposal practices. Over the past fifty years, oil exploration in the Niger Delta has led to the discharge of over 13 million barrels of crude oil, causing extensive environmental damage. In urban areas such as Lagos, a 20% increase in respiratory ailments was linked to high levels of vehicle emissions, with particulate matter concentrations (PM2.5) surpassing WHO guidelines by more than 300%. Only about 30% of city dwellers have access to formal waste collection systems, with most relying on unregulated and hazardous waste disposal methods. The study highlighted major contributing factors such as weak enforcement of environmental laws, lack of public awareness, and insufficient infrastructure for effective waste and pollution management. Consequences include loss of biodiversity, soil degradation, polluted water bodies, respiratory diseases, and a rise in cancer and neurological disorders.
Wilson-Oshilim and Omoye (2025) explored the connection between green innovation practices and the performance of Small and Medium Enterprises (SMEs) in Nigeria. The study focused on aspects such as green knowledge, eco-friendly products, sustainable processes, and green management practices. A sample of 75 participants was used, and data were gathered using questionnaires. Ordinary least squares regression analysis was employed to test the hypotheses. Results indicated no significant correlation between green knowledge and SME performance. However, green product development, eco-friendly processes, and green management practices all had positive and significant impacts on firm performance. The researchers advised SME managers to strengthen their understanding of green innovation and invest more in the development of sustainable products to enhance business sustainability.
Ifi (2025) investigated the role of environmental cost accounting in shaping the profitability of companies within Nigeria’s consumer goods sector. Guided by two research questions and two null hypotheses, the study spanned ten years from 2013 to 2022 and employed an ex post facto design. Sixteen consumer goods firms were included in the sample. The analysis showed that spending on environmental costs positively influenced both net profit margins and returns on capital employed.
Datoel and Inuwa (2024) assessed the effect of environmental expenditures on the financial outcomes of listed consumer goods companies in Nigeria over the 2013–2023 period. Adopting a longitudinal panel research design, the study utilized secondary data sourced from corporate annual reports. Out of 21 listed firms, 17 were selected through purposive sampling. Using E-Views 12, the researchers conducted descriptive statistics, correlation, and regression analyses. Findings revealed that spending on environmental initiatives had a positive influence on net profit margins across the companies studied.
Ali and Burhan (2024) explored the factors influencing the implementation of air pollution control strategies among firms in an emerging market context. Their findings revealed that company-specific characteristics significantly impacted the adoption of pollution control measures, with 44.3% of firms confirming adoption. Further analysis showed that older and larger firms, as well as those with shareholder equity, were more inclined to implement pollution control systems. Companies engaged in lean practices, investing in research and development, possessing quality certifications, and utilizing their capacities efficiently were also more likely to adopt such measures. Additionally, firms that faced regulatory, administrative, or political challenges—including issues from the COVID-19 pandemic—were more likely to engage in pollution mitigation efforts.
Lawrence and Bernard (2023) examined how environmental-related costs influence the financial performance of firms in Nigeria. The main goal was to determine if expenditures on waste management and community development activities had any positive financial implications. Covering the period between 2011 and 2020, the study employed the Panel Estimated Generalized Least Squares (Panel EGLS) technique. The results confirmed that waste management costs had a significant positive effect on firms’ financial outcomes.
Uzoh (2022) conducted a study to determine how environmental costs influence the financial performance of selected oil and gas companies in Nigeria. The research specifically focused on various categories of environmental costs, including those related to pollution prevention, environmental protection, remediation, and recycling. Data was collected from the annual reports of the firms over a ten-year period (2009–2018) through content analysis. These data were analyzed using inferential statistical methods via SPSS version 20. One of the key findings was that many oil and gas companies failed to disclose environmental operating costs in their financial statements. However, the study found that the various forms of environmental costs mentioned had a positive influence on the firms' financial performance. Multiple regression analysis further confirmed that the cumulative effect of these environmental costs on financial performance was both positive and statistically significant. The study highlighted that omitting environmental cost disclosures violates Generally Accepted Accounting Principles (GAAP), compromising the transparency of financial reports. Moreover, it was noted that failure to allocate resources for environmental responsibility, especially to mitigate the impact on host communities, has led to unrest, including the notable incident involving the death of Ken Saro-Wiwa and others.

3.0	Methodology
This study adopted a survey research design to investigate the effect of air pollution cost on the profitability of small-scale agricultural firms in Nigeria. This design is appropriate because it allows for the collection of primary data directly from business owners and managers through structured questionnaires. The population of this study comprises of owners and managers of small-scale agricultural firms in Nigeria. According to the National Survey of Micro, Small and Medium Enterprises (MSMEs) conducted by the Nigerian National Bureau of Statistics (NBS) in 2017, there are approximately 8,687,966 small-scale agricultural enterprises in the country.
To determine the appropriate sample size for this large population, the Taro Yamane formula was used as follows:
n =      
Where:
· n = sample size
· N = population size (8,687,966)
· e = margin of error (assumed at 5% or 0.05)
n = 
 n ​≈ 400 
Therefore, the sample size for this study is 400 respondents, which ensures that the sample is statistically representative of the population while maintaining manageability in data collection. Primary data for this study were collected through the administration of structured questionnaires to the selected small-scale agricultural firm owners and managers. The questionnaire was designed to capture information on the level of investment in air pollution control equipment, adoption of pollution control practices, and corresponding profit returns over time. The instrument used a 4-point Likert-scale items to facilitate quantitative analysis. One trained field researcher assisted in distributing and collating the electronic questionnaires to ensure accuracy and completeness of responses, especially in rural or hard-to-reach areas. Table 1 below shows the Likert scale system used in the study:

Table 1 Likert Scale System
	Scale Point
	Response Option

	1
	No Extent (NE)

	2
	Low Extent (LE)

	3
	Moderate Extent (ME)

	4
	Very High Extent (VHE)


Source: Brown (2010)
[bookmark: _Toc196210793][bookmark: _Toc200519146][bookmark: _Toc200519512]3.4.1 Validity and Reliability of the Research Instrument
To ensure the validity of the questionnaire, expert opinions from professionals in agricultural economics and environmental management was sought to review the instrument. Their feedback guided adjustments to ensure the questions are clear, relevant, and accurately reflect the constructs being measured. For reliability, a pilot test was conducted using a small group of 30 respondents from manufacturing sector. The responses from the pilot was tested for internal consistency using Cronbach’s Alpha, where values of 0.811, 0.927 and 0.792 were obtained. This shows that the instrument is considered acceptable for the reliability of the questionnaire items.
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Uzoh (2022) conducted a study to determine how environmental costs influence the financial performance of selected oil and gas companies in Nigeria using the model below: 
ROCE = a0+a1PPC + a2ENVPC + a3ENRRC + a4ENRC + μt____________eqi
Where ROCE = Return on capital employed (Firms profitability was measured by return on capital employed)
PPC = Pollution prevention cost
ENVPC = Environmental protection cost
ENRRC = Environmental recycling cost
ENRC = Environmental remediation cost 
a0+ a1, a2, a3, a4
μt represent intercept
The above model was modified to suit the study thus:
PRi = β0 ​+ β1​APEi + β2​IPPi + εi_________________________eqii 
Where:
PR = Profit Return (dependent variable)
APE = Investment in Air Pollution Control Equipment (independent variable)
IPP = Investment in Air Pollution Control Practices (independent variable)
β₀ = Intercept
β₁, β₂ = Coefficients of the independent variables
ε = Error term
Descriptive statistics such as frequencies, and means were used to summarize the responses to the research questions and therefore measure the key variables in the study. Multiple regression analysis was employed to test the hypotheses and determine the strength and significance of the effect of air pollution cost indicators on profit return. All statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS) version 26. The data were coded and cleaned to ensure accuracy before analysis.
The decision rule for testing the study’s hypotheses is based on a 5% level of significance. If the p-value of any independent variable is less than 0.05, the null hypothesis was rejected, indicating a significant effect of that variable on profit return. If the p-value is greater than 0.05, the null hypothesis is accepted, indicating no significant effect.
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The study examined the effect of air pollution cost on profitability of small scale Agricultural firms in Nigeria. The specific objective was to ascertain the extent to which investment in air pollution control equipment and investment in air pollution control practices affect profit return on selected SMEs in Nigeria. The study’s sample size was 400 but only 291 responses were retrieved (72.8%). Table 2 below shows the distribution of the responses followed by analysis of the research questionnaire items. The scale points range from 1 to 4, representing response options as follows: 1 – No Extent (NE), 2 – Low Extent (LE), 3 – Moderate Extent (ME), and 4 – Very High Extent (VHE).
Table 2 Descriptive Analysis
	S/N
	Investment in Air Pollution Control Equipment
	NE
	LE
	ME
	VHE
	Mean
	Decision

	1
	My farm has invested in equipment designed to reduce air pollution.
	22
	74
	47
	148
	3.10
	Agree

	2
	The use of air pollution control equipment is a routine part of my farm's operations.
	55
	25
	49
	162
	3.09
	Agree

	3
	Purchasing air pollution control equipment is necessary for the long-term success of my business.
	20
	55
	64
	152
	3.20
	Agree

	4
	High costs of air pollution control equipment affect our ability to invest in other areas of the business.
	26
	78
	53
	134
	3.01
	Agree

	
	Investment in Air Pollution Control Practices
	NE
	LE
	ME
	VHE
	Mean
	Decision

	5
	My farm adopts environmentally friendly practices to reduce air pollution (e.g., controlled burning, composting).
	32
	66
	29
	164
	3.12
	Agree

	6
	I have received training or information on pollution control practices relevant to agriculture.
	31
	45
	65
	150
	3.15
	Agree

	7
	Investing in pollution control practices is important for the health of my crops and livestock.
	26
	63
	67
	135
	3.07
	Agree

	8
	I regularly evaluate and improve farming methods to reduce pollution output.
	66
	36
	27
	162
	2.98
	Reject

	
	Profit Return
	NE
	LE
	ME
	VHE
	Mean
	Decision

	9
	My farm's profit has remained stable over the past three (3) years.
	48
	40
	48
	155
	3.07
	Agree

	10
	My current profit level allows me to reinvest in my agricultural operations.
	37
	63
	43
	148
	3.04
	Agree

	11
	I have experienced reduced losses due to improved environmental management.
	28
	46
	48
	169
	3.23
	Agree

	12
	Profit from my farming business is sufficient to cover operational costs and generate savings.
	35
	65
	44
	147
	3.04
	Agree


Source: SPSS V. 26 (2025)
The descriptive analysis in Table 2 provides hint into how respondents perceive their investment in air pollution control equipment and practices, as well as the impact of such efforts on profit returns. The analysis is based on a four-point Likert-type scale ranging from 1 (No Extent) to 4 (Very High Extent), with interpretation drawn from the frequency distributions and the associated mean values.
For the first statement regarding investment in equipment designed to reduce air pollution, the majority of respondents (148) indicated a "Very High Extent," followed by 74 choosing "Low Extent" and 47 opting for "Moderate Extent." Only 22 respondents chose "No Extent." This distribution supports the mean score of 3.10, leading to the decision of “Agree,” indicating that such investments are fairly widespread among the farms surveyed.
In the second statement, which assesses the routine use of air pollution control equipment, the highest frequency again falls under "Very High Extent" (162), suggesting that many farms have integrated these practices into their regular operations. While 55 respondents chose "No Extent," and 49 selected "Moderate Extent," the mean of 3.09 still supports an agreement that pollution control is part of operational routines.
When asked about the necessity of purchasing air pollution equipment for long-term business success, responses were concentrated heavily in the “Very High Extent” category (152), with fewer selecting “Low” (55) and “Moderate” (64). Only 20 responded with “No Extent.” The resulting mean of 3.20 indicates a strong level of agreement that such investments are strategic for sustainability.
Regarding the cost implications of such investments, the response was somewhat more varied. Although “Very High Extent” remained the most frequent response (134), “Low Extent” was also notably high at 78, and 53 chose “Moderate Extent.” The 26 who responded “No Extent” suggest that not all farms feel the strain equally. With a mean of 3.01, there is still agreement that the cost of pollution control equipment can impact other areas of investment.
Turning to air pollution control practices, the fifth statement indicates strong adoption of eco-friendly practices such as controlled burning or composting, with 164 respondents selecting “Very High Extent.” Though 66 selected “Low Extent” and 29 chose “Moderate Extent,” the mean of 3.12 supports the conclusion that such practices are indeed present in the sector.
The sixth statement, which evaluates the accessibility of training or information on pollution control, had the highest frequency at the “Very High Extent” level (150). With a mean of 3.15, this implies that a significant number of respondents have access to relevant environmental knowledge, helping to reinforce informed practice.
Respondents also largely agreed that investing in pollution control practices benefits crop and livestock health, with 135 choosing “Very High Extent” and 67 selecting “Moderate Extent.” The mean score of 3.07 affirms general agreement, although 63 selected “Low Extent,” indicating a need for more uniform conviction in this area.
Interestingly, the only rejected statement appears in the eighth item, where respondents were asked about regularly evaluating and improving pollution-reducing farming methods. While 162 chose “Very High Extent,” a large group (66) chose “No Extent” and only 27 selected “Moderate Extent.” This dispersion results in a slightly lower mean of 2.98, below the threshold for agreement, suggesting that while some farms practice routine evaluation, it is not yet a widespread or consistent activity.
In terms of profit returns, the ninth item shows that 155 respondents felt their profit had remained stable over the past three years. Coupled with 48 responses each for “Moderate” and “No Extent,” the mean score of 3.07 suggests overall stability in financial performance despite environmental investments.
The tenth item reveals that a majority (148) agree that current profit levels allow reinvestment in operations. Although 63 selected “Low Extent,” the mean score of 3.04 affirms general agreement with this statement.
For the eleventh statement, which connects improved environmental management with reduced losses, an overwhelming 169 respondents selected “Very High Extent,” giving it the highest mean in this section at 3.23. This shows strong belief in the financial benefits of environmental responsibility.
Finally, in the twelfth item, 147 respondents affirmed that profits are sufficient to cover operational costs and generate savings. Although 65 chose “Low Extent,” the mean score of 3.04 supports agreement, indicating overall profitability despite expenses associated with air pollution control.
[bookmark: _Toc196210800][bookmark: _Toc200519153][bookmark: _Toc200519519]4.2 Test of Hypotheses
The result of the multiple regression is shown below in Table 3. 
Table 3 Test of Hypotheses
	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.738a
	.545
	.542
	2.131

	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	1566.065
	2
	783.032
	172.397
	.000b

	
	Residual
	1308.107
	288
	4.542
	
	

	
	Total
	2874.172
	290
	
	
	

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	.210
	.668
	
	.315
	.753

	
	Investment in Air Pollution Control Equipment
	.560
	.051
	.489
	11.078
	.000

	
	Investment in Air Pollution Control Practices
	.423
	.049
	.380
	8.621
	.000

	a. Dependent Variable: Profit Return


Source: SPSS V. 26 (2025)
Table 4 presents the results of the regression analysis for the study on the effect of air pollution control investments on the profitability of small-scale agricultural firms in Nigeria. The table includes several key sections: the model summary, ANOVA, and coefficients, which help to assess the fit of the model, the overall significance of the variables, and the individual contribution of each predictor to profit return.
The Adjusted R Square value is 0.542, which indicates that approximately 54.2% of the variance in profit return can be explained by the combination of the predictors: investment in air pollution control equipment and investment in air pollution control practices. This is a relatively strong explanatory power for the model, meaning that the variables chosen for the study do a good job of explaining the changes in profit return for small-scale agricultural firms. The Adjusted R Square is particularly useful here because it accounts for the number of predictors in the model, giving a more accurate measure of model fit.
The ANOVA table tests the overall significance of the regression model. The F-statistic has a very low p-value of 0.000, which is less than the commonly used significance level of 0.05. This indicates that the overall regression model is statistically significant. In other words, the combination of investment in air pollution control equipment and investment in air pollution control practices has a significant effect on profit return. The null hypothesis stating that the model has no explanatory power is thus rejected, supporting the idea that air pollution control investments do influence the profitability of small-scale agricultural firms.
The constant term is 0.210, with a p-value of 0.753, which is greater than the 5% significance level. This indicates that the intercept is not statistically significant, meaning that the base level of profit return without any investment in air pollution control practices or equipment is not significantly different from zero.
[bookmark: _Toc196210801][bookmark: _Toc200519154][bookmark: _Toc200519520]4.2.1 Test of Hypothesis I
H01. Investment in air pollution control equipment does not significantly affect profit return on selected SMEs in Nigeria.
The coefficient for investment in air pollution control equipment is 0.560, with a p-value of 0.000. This suggests a positive effect of investment in air pollution control equipment on profit return. Specifically, for each unit increase in investment in air pollution control equipment, profit return increases by 0.560 units, and this effect is statistically significant at the 5% level (since the p-value is less than 0.05). This means that as small-scale agricultural firms increase their investment in equipment for controlling air pollution, their profitability improves significantly. In other words, the alternate hypothesis was accepted that investment in air pollution control equipment has a significant and positive effect on the profit return of selected small scale agricultural firms in Nigeria (b = 0.560; p-value = 0.000).
[bookmark: _Toc196210802][bookmark: _Toc200519155][bookmark: _Toc200519521]4.2.2 Test of Hypothesis II
H02. Investment in air pollution control practices does not significantly affect profit return on selected SMEs in Nigeria.
The coefficient for investment in air pollution control practices is 0.423, with a p-value of 0.000. Similar to the investment in air pollution control equipment, this is also a positive and statistically significant effect. For each unit increase in investment in pollution control practices, profit return increases by 0.423 units. Again, the p-value is well below 0.05, indicating that this effect is statistically significant. Therefore, investing in pollution control practices also leads to a significant improvement in the profitability of the firms. In other words, the alternate hypothesis was accepted that investment in air pollution control practices has a significant and positive effect on the profit return of selected small scale agricultural firms in Nigeria (b = 0.423; p-value = 0.000).
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The finding that investment in air pollution control equipment has a significant and positive effect on the profit return of selected small-scale agricultural firms in Nigeria (b = 0.560; p = 0.000) can be explained through the cost-saving and value-enhancing benefits of pollution control infrastructure. When firms invest in air pollution control equipment—such as scrubbers, filters, or emission capture systems—they are not only complying with environmental regulations but also reducing the long-term risk of fines, production downtime, and reputational damage. Such investments also promote cleaner and more efficient production processes, which can reduce waste and enhance resource utilization. For small-scale agricultural firms that often face tight margins and scrutiny from environmental regulators or host communities, cleaner operations may boost stakeholder trust and improve access to green financing or partnership opportunities. The profitability gains reflect both direct operational efficiencies and indirect benefits such as improved brand perception and customer loyalty. This result aligns closely with multiple empirical studies. For instance, Ifi (2025) found that environmental cost accounting, including investments in pollution control, positively influences profitability indicators such as net profit margin and return on capital employed. Datoel and Inuwa (2024) also showed that firms that allocate resources to environmental expenditures, including technological upgrades, see corresponding increases in their financial outcomes. Similarly, Uzoh (2022) demonstrated that expenditures on pollution prevention and remediation—key functions of air pollution control equipment—positively affect firm performance in the oil and gas sector. Lawrence and Bernard (2023) further confirm that waste management-related expenditures (often tied to pollution control infrastructure) contribute positively to firm profitability. Even though Efobi et al. (2019) noted a low rate of environmental policy adoption among firms in Nigeria and Ghana, the subset of firms that implemented pollution control strategies recorded improved performance. These converging findings provide robust validation of the profitability benefits of investing in pollution control technology.
The second finding—that investment in air pollution control practices has a significant and positive effect on the profit return of selected small-scale agricultural firms in Nigeria (b = 0.423; p = 0.000)—highlights the strategic value of operational behavior change and process-level interventions. These practices may include emission monitoring, waste separation, clean energy usage, staff training on environmental compliance, and adherence to regulatory frameworks. Unlike capital-intensive equipment, control practices often require relatively lower investment but deliver cumulative benefits through better risk management, regulatory compliance, and operational sustainability. Such practices can reduce the frequency of legal or community-related disruptions and position firms to benefit from government incentives for environmentally responsible behavior. Furthermore, they create a culture of sustainability within the firm, enhancing long-term competitiveness and employee engagement. Several studies support the profitability effect of environmental control practices. Wilson-Oshilim and Omoye (2025) found that eco-friendly processes and green management practices—both of which fall under pollution control practices—significantly improved SME performance. Ali and Burhan (2024) observed that firms adopting pollution control strategies were often more efficient and innovative, leading to performance improvements. Agbiogwu et al. (2016) emphasized that environmental and social cost considerations—including operational pollution controls—significantly influence key financial metrics. Moreover, Odesa et al. (2016) demonstrated a positive link between firm performance and costs related to environmental practices such as employee health and safety and waste management, which are integral to pollution control systems. Efobi et al. (2019), although reporting low adoption rates, highlighted the importance of training and policy frameworks to enhance implementation—further reinforcing the value of air pollution control practices.
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The study examined the effect of air pollution cost on profitability of small scale Agricultural firms in Nigeria. The hypotheses were tested using multiple regression analysis. The findings are: 
1. Investment in air pollution control equipment has a significant and positive effect on the profit return of selected small scale agricultural firms in Nigeria (b = 0.560; p-value = 0.000). 
2. Investment in air pollution control practices has a significant and positive effect on the profit return of selected small scale agricultural firms in Nigeria (b = 0.423; p-value = 0.000).
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The findings of this study reiterate the economic relevance of proactive environmental management among small-scale agricultural firms in Nigeria. The significant positive effect of air pollution control costs—both in terms of equipment and practices—on profit return suggests that these firms are not only responding to environmental challenges but are also experiencing financial benefits from doing so. This implies that integrating pollution control into operational strategies is not merely a compliance measure but a viable contributor to firm profitability. It reflects a shift in the business-environment dynamic where sustainability efforts are increasingly aligned with financial performance, reinforcing the notion that environmental responsibility can coexist with, and even enhance, business viability.
Furthermore, these results point to a broader structural evolution within Nigeria’s agricultural SME sector, indicating that environmental investments are becoming instrumental to long-term competitiveness. The strong statistical significance of both variables suggests that pollution control is not a marginal activity but a central aspect of productive efficiency and value creation. It highlights the capacity of small-scale firms to internalize environmental costs in ways that enhance their operational resilience and market positioning.  
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1. Managers of small-scale agricultural firm should allocate a dedicated portion of the firms’ annual capital expenditure toward the acquisition and maintenance of air pollution control equipment such as emission capture systems, exhaust treatment units, or air filtration devices. This investment has been shown to significantly boost profit returns by improving production efficiency, reducing regulatory fines, and enhancing public image.
2. Small-scale agricultural firms should institutionalize pollution control practices within daily operations by establishing internal environmental policies, conducting regular emissions monitoring, training staff on eco-friendly practices, and ensuring adherence to environmental regulations.
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