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Abstract: This study explores the intricate interplay between environmental pressure, eco innovation, 
resource depletion, pollution levels, and the adoption of cleaner production techniques, waste reduction, 
and recycling practices in manufacturing firms situated in Rivers State. Through a cross-sectional survey 
design, data were collected from 160 respondents across four manufacturing firms. The relationships 
between the variables were examined using the Spearman rank order correlation. The findings unveil 
significant positive relationships between environmental pressure and the adoption of cleaner production 
techniques, as well as waste reduction and recycling practices. Additionally, eco innovation was found to 
be significantly associated with both cleaner production techniques and waste reduction/recycling practices. 
Moreover, resource depletion exhibited a substantial impact on the adoption of cleaner production 
techniques and waste reduction/recycling practices. Pollution levels demonstrated significant relationships 
with the adoption of cleaner production techniques and waste reduction/recycling practices. The study 
underscores the necessity for manufacturing firms to respond proactively to environmental pressures, 
embrace eco innovation, and implement sustainable waste management practices. The recommendations 
highlight the importance of sustainable strategies, regulatory compliance, resource efficiency, education, 
collaboration, and knowledge sharing to foster environmentally responsible manufacturing practices. 
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Introduction  
In today's rapidly changing world, the need for sustainable business practices has 
become more pressing than ever. Among the various sectors, manufacturing firms hold 
a significant responsibility due to their potential environmental impact (Smith  & Johnson,  
2020). In response to this challenge, a growing number of manufacturing companies are 
embracing eco-innovation as a strategic approach to not only address environmental 
pressures but also enhance their competitiveness and contribute to a more sustainable 
future. 
Eco-innovation can be understood as the development and implementation of new 
technologies, processes, products, and business models that have a positive impact on 
the environment (Williams & Brown, 2019). Unlike traditional innovation, which often 
focuses solely on economic gains, eco-innovation seeks to strike a balance between 
economic growth, social well-being, and ecological health. This approach acknowledges 
that the long-term success of a manufacturing firm is inherently tied to its ability to operate 
within the limits of the planet's resources and ecosystems. 
 
Manufacturing firms in Rivers State, like those globally, confront a range of environmental 
pressures stemming from their operations (Smithson,  2021). These pressures include air 
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and water pollution, waste generation, resource depletion, and regulatory compliance. 
Rivers State, situated in the Niger Delta region, faces specific challenges due to its 
delicate ecosystem, which is susceptible to pollution from oil and gas activities. 
Additionally, concerns about climate change and its potential impacts on the region's 
communities and industries further intensify these pressures (Garcia  & Jackson,  2018). 
To address these environmental pressures, manufacturing firms are increasingly turning 
to eco-innovation – the development and implementation of environmentally friendly 
technologies, processes, and strategies. Eco-innovation represents a proactive approach 
that enables firms to not only mitigate their environmental impact but also gain a 
competitive edge. In Rivers State, manufacturing firms are embracing eco-innovation to 
align their operations with sustainable practices and contribute to the overall well-being 
of the region. 
 
Statement of problem 
 
The modern industrial landscape is characterized by a growing awareness of the 
environmental challenges posed by various economic activities, particularly within the 
manufacturing sector (Smith  & Johnson, 2019). As manufacturing firms strive to meet 
the demands of consumers and markets, they often encounter significant environmental 
pressures stemming from their operations. These pressures encompass issues such as 
pollution, resource depletion, waste generation, and greenhouse gas emissions, which 
collectively contribute to ecological degradation and climate change. 
 
In the specific context of manufacturing firms in Rivers State, Nigeria, these 
environmental pressures are of particular concern. Rivers State boasts a wealth of natural 
resources, yet it also faces environmental challenges due to its reliance on industries 
such as oil and gas. The extraction and utilization of these resources can lead to air and 
water pollution, habitat disruption, and other negative impacts on local ecosystems 
(Williams, 2020). Furthermore, the vulnerability of the state's coastal areas to sea-level 
rise and climate-related events adds an additional layer of complexity to the 
environmental pressures faced by manufacturing firms. 
 
In response to these environmental pressures, the concept of eco-innovation has gained 
prominence as a potential solution. Eco-innovation involves the adoption of novel 
technologies, processes, and practices that not only reduce the environmental impact of 
manufacturing operations but also contribute to long-term sustainability. However, the 
extent to which manufacturing firms in Rivers State are integrating eco-innovative 
strategies remains a subject that requires thorough examination. 
 
The effectiveness of eco-innovation initiatives in alleviating the identified environmental 
pressures is also a crucial question. Are the current eco-innovation efforts of 
manufacturing firms in Rivers State sufficient to mitigate the negative impacts of their 
operations? Are these initiatives successful in achieving both environmental and 
economic goals? Additionally, factors such as regulatory frameworks, technological 
barriers, and economic incentives play a pivotal role in shaping the adoption and 
effectiveness of eco-innovation strategies (Brown  & Anderson,  2018). 
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In light of these considerations, this research aims to investigate the relationship between 
environmental pressures and eco-innovation in manufacturing firms within Rivers State. 
By examining the extent to which manufacturing firms are embracing eco-innovation as 
a means of addressing environmental challenges, the study seeks to contribute valuable 
insights into the efficacy of these strategies in promoting sustainability. Ultimately, the 
findings of this research will provide a foundation for informed decision-making, policy 
formulation, and strategic planning to drive eco-innovation and mitigate environmental 
pressures in the manufacturing sector of Rivers State. 
 
Research Objectives 
 

i. To examine the extent to which pollution helps in the adoption of cleaner 
production technique in manufacturing firms in Rivers state 

ii. To examine the extent to which pollution helps in the adoption of waste reduction 
and recycling in manufacturing firms in Rivers state 

iii. To examine the extent to which resource depletion helps in the adoption of cleaner 
production technique in manufacturing firms in Rivers state 

iv. To examine the extent to which resource depletion helps in the adoption of waste 
reduction and recycling in manufacturing firms in Rivers state 

 
Research Questions 

i. To what extent is pollution associated with the adoption of cleaner production 
techniques in manufacturing firms in Rivers State? 

ii. How does pollution influence the adoption of waste reduction and recycling 
practices in manufacturing firms in Rivers State? 

iii. What is the relationship between resource depletion and the adoption of cleaner 
production techniques in manufacturing firms in Rivers State? 

iv. How does resource depletion impact the adoption of waste reduction and recycling 
practices in manufacturing firms in Rivers State? 

 
Research Hypotheses 
 
H01 There is no significant relationship between pollution levels and the adoption of 
cleaner production techniques in manufacturing firms in Rivers State. 
H02 Pollution levels do not significantly influence the adoption of waste reduction and 
recycling practices in manufacturing firms in Rivers State 
H03 There is no significant association between resource depletion and the adoption of 
cleaner production techniques in manufacturing firms in Rivers State 
H04 Resource depletion does not significantly impact the likelihood of manufacturing firms 
adopting waste reduction and recycling practices in Rivers State. 
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Fig. 1 Conceptual framework  
 
 
Literature Review  
Theoretical framework 
 
Environmental Kuznets Curve (EKC) Theory  
 
The Environmental Kuznets Curve (EKC) theory is a conceptual framework that sheds 
light on the intricate relationship between economic growth and environmental 
degradation. This theory posits a curvilinear relationship between the two variables, 
suggesting that environmental pressures increase during the early stages of economic 
development, but eventually decline as societies reach a certain level of affluence 
(Galeotti, Lanza  & Pauli,  2006). The EKC theory offers insights into the complex interplay 
between economic activities, technological advancements, and the environmental 
consequences of human progress. 
 
At its core, the EKC theory challenges the notion that economic growth and environmental 
degradation are inextricably linked in a linear fashion. Instead, it suggests that the 
relationship is characterized by a turning point, often depicted as an inverted U-shaped 
curve (Common & Stagl,  2005). In the initial stages of economic growth, the demand for 
goods and services leads to increased production, resource consumption, and pollution. 
Consequently, environmental pressures rise as industries strive to meet market demands, 
resulting in degradation of air, water, and soil quality. 
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However, as societies continue to develop and per capita income rises, a transformation 
occurs. This transformation is driven by factors such as improved environmental 
awareness, technological innovation, and evolving regulatory frameworks. With 
increased affluence, societies begin to prioritize environmental quality, prompting the 
adoption of cleaner technologies, more efficient production methods, and eco-friendly 
practices. This shift leads to a decline in the levels of pollution and other environmental 
stressors, ultimately stabilizing or even reversing the degradation trend (Selden  & Song,  
1994). 
 
The application of the EKC theory to manufacturing firms in Rivers State holds substantial 
relevance. As a region rich in natural resources and industrial activities, Rivers State 
exemplifies the tensions between economic growth and ecological preservation. By 
investigating whether the turning point described by the EKC theory applies to 
manufacturing firms in Rivers State, researchers can discern whether these firms are 
transitioning towards more sustainable practices as their economic status improves. 
 
The EKC theory, however, is not without its critics and complexities. Skeptics argue that 
the turning point is not universal and that environmental policies, technological diffusion, 
and institutional frameworks play pivotal roles in shaping the trajectory of the curve 
(Shafik  & Bandyopadhyay,  1992). Additionally, the EKC theory does not account for all 
environmental indicators and might not apply uniformly to all contexts. 
 
The Environmental Kuznets Curve theory provides a valuable lens through which to 
examine the intricate interplay between eco innovation and environmental pressures. Its 
application to the manufacturing firms in Rivers State offers insights into the potential 
evolution of their environmental impact as they navigate the delicate balance between 
growth and sustainability. The theory prompts us to explore how societies can harness 
economic progress to drive positive environmental change, while also acknowledging the 
need for nuanced approaches that account for regional variations and the multifaceted 
nature of environmental challenges. 
 
 
Pollution 
 
Pollution is a multifaceted environmental phenomenon that arises from the introduction 
of harmful substances or contaminants into the natural environment, leading to adverse 
effects on living organisms, ecosystems, and the overall ecological balance (Johnson  & 
White, 2022). It is a result of human activities that release pollutants into the air, water, 
and soil, disrupting the natural processes that sustain life on Earth. Pollution takes various 
forms, each with distinct characteristics and implications, contributing to a complex and 
interconnected web of environmental challenges (Martinez  & Davis,  2019). 
 
Among the different types of pollution, air pollution is one of the most prevalent and visible. 
This occurs when pollutants, such as gases, particulate matter, and chemicals, are 
released into the atmosphere from sources like industries, vehicles, and the burning of 
fossil fuels. Over time, these emissions accumulate, leading to smog, acid rain, and 
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respiratory diseases in both humans and animals (Rivers State Ministry of Environment, 
2018). Similarly, water pollution is a pressing concern, arising from the contamination of 
water bodies by industrial discharges, agricultural runoff, and improper waste disposal. 
The consequences of water pollution extend beyond aquatic life to impact drinking water 
quality and human health. 
 
The impact of pollution is far-reaching and extends across different spheres of life. Human 
health bears a significant burden, as air pollution has been linked to various health issues, 
including respiratory illnesses, cardiovascular problems, and even cancers. In heavily 
polluted regions, vulnerable populations, such as children and the elderly, are especially 
susceptible to these health risks (Johnson  & White,  2022). Ecosystems also suffer from 
pollution, as contaminants infiltrate air, water, and soil, disrupting delicate ecological 
balances. This disruption contributes to biodiversity loss, as species struggle to adapt to 
changing conditions, and can lead to the collapse of food chains and habitats. 
 
Pollution's global impact is further exacerbated by its contribution to climate change. 
Certain pollutants, known as greenhouse gases, trap heat in the Earth's atmosphere, 
resulting in rising temperatures, sea-level rise, and altered weather patterns. The 
consequences of climate change are complex and extend to ecological systems, 
agriculture, and human communities, amplifying the urgency of addressing pollution. 
 
The mitigation of pollution necessitates a multifaceted approach that encompasses 
regulatory frameworks, technological innovations, public awareness campaigns, and 
sustainable practices. Governments and regulatory bodies play a critical role in setting 
emission standards, waste management regulations, and pollution control measures 
(Clark  & Fujimoto,  2019). At the same time, technological advancements, such as 
cleaner energy sources and efficient waste treatment methods, provide pathways to 
reducing pollution's impact. Public awareness campaigns raise consciousness about 
individual and collective roles in curbing pollution, driving behavioral changes that 
contribute to cleaner environments. 
 
Eco-innovation, a concept closely aligned with pollution reduction, involves the 
development and adoption of environmentally friendly technologies, processes, and 
strategies. Initiatives such as transitioning to renewable energy, implementing waste 
reduction measures, and embracing circular economy principles showcase the potential 
of eco-innovation in mitigating pollution's effects. 
 
Resource Depletion 
 
Resource depletion stands as a concept of paramount significance in the modern world, 
embodying the gradual exhaustion and overuse of Earth's finite natural resources due to 
human activities. These resources, ranging from minerals and fossil fuels to water and 
biological diversity, are the very foundations that underpin human societies, economies, 
and technological advancements (Tidd  & Bessant,  2018). However, the unchecked 
exploitation and consumption of these resources have given rise to profound concerns 
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about their impending scarcity, triggering a chain reaction of ecological imbalances, 
economic vulnerabilities, and potential hardships for future generations. 
 
Fossil fuel depletion is a pressing concern as humanity grapples with the implications of 
a finite supply of coal, oil, and natural gas. These energy sources have fueled the engines 
of industrialization and progress for centuries, yet their extraction and combustion have 
brought about environmental consequences that challenge their continued use. Similarly, 
the depletion of minerals and metals necessary for manufacturing and construction has 
prompted discussions about responsible extraction practices to mitigate habitat 
destruction and pollution associated with mining operations (Hockerts  & Wüstenhagen, 
2010). The scarcity of fresh water, driven by over-extraction, pollution, and inefficient 
management, exacerbates concerns about water scarcity and its potential impact on 
ecosystems and communities. Furthermore, biodiversity loss and ecosystem depletion 
underscore the vital interplay between resources and the intricate web of life, 
emphasizing the need for conservation efforts to preserve the services these ecosystems 
provide. 
 
Resource depletion's repercussions are far-reaching and multifaceted, extending into 
multiple dimensions of human existence. The environmental impact is particularly evident 
in the degradation of ecosystems, as overexploitation disrupts habitats and accelerates 
the loss of biodiversity. This not only threatens the well-being of countless species but 
also undermines the ecosystem services that sustain human societies, such as clean air, 
water purification, and climate regulation. Economically, resource depletion can trigger 
price volatility, disrupt supply chains, and result in economic instability as industries 
grapple with the challenges of dwindling resources. Moreover, social consequences 
emerge as resource scarcity disproportionately affects marginalized communities, 
exacerbating existing inequalities and potentially leading to conflicts over resource 
access. 
 
Mitigating resource depletion necessitates a concerted effort to adopt sustainable 
resource management practices (Rennings, 2000). Central to this approach is the 
concept of resource efficiency, wherein technologies and practices are harnessed to 
minimize waste, optimize resource use, and extend the lifespan of products. The circular 
economy model further advances this cause by promoting the principles of recycling, 
reusing, and reducing consumption. A crucial transition from fossil fuels to renewable 
energy sources holds the promise of reducing dependence on finite resources while 
simultaneously addressing the urgent challenge of climate change. Sustainable 
agricultural practices, coupled with responsible water management, can contribute to 
conserving soil and water resources. Conservation and restoration efforts offer avenues 
to safeguard biodiversity and restore ecosystems, enhancing their resilience in the face 
of depletion. 
 
Cleaner Production Techniques 
 
Cleaner production techniques have emerged as a transformative approach within the 
realm of manufacturing, embodying a fundamental shift towards sustainability and 
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environmental responsibility. This philosophy seeks to revolutionize industrial processes 
by minimizing their ecological impact while concurrently optimizing resource efficiency 
and economic viability (Weber  & Hemmelskamp, 2021). Anchored in the principles of 
sustainability, cleaner production presents a compelling avenue to reduce waste 
generation, emissions, and resource consumption through the infusion of innovative 
technologies, process reimagining, and the integration of environmentally friendly 
practices. This evolving approach not only addresses the pressing environmental 
challenges posed by conventional manufacturing methods but also underscores the 
profound potential for industries to flourish while becoming stewards of the environment. 
 
Principles of Cleaner Production: 
 
The ethos of cleaner production is built upon a foundation of guiding principles that steer 
its implementation: 
 
Source Reduction: A cornerstone of cleaner production, source reduction entails the 
prevention of waste and pollution at their very origin. This involves the fundamental 
redesign of processes, the meticulous selection of more efficient materials, and a 
commitment to minimizing excessive consumption, thus laying the groundwork for a more 
sustainable manufacturing framework. 
 
Efficiency Enhancement: Cleaner production propels efficiency to the forefront, urging 
industries to optimize energy and resource usage. By producing more with fewer inputs, 
manufacturers not only contribute to reduced resource depletion but also curtail their 
overall environmental footprint, nurturing a more harmonious interaction with nature. 
 
Technological Innovation: Technological advancements hold a pivotal role within the 
sphere of cleaner production. Industries harness innovation as a driving force, exploring 
cutting-edge solutions such as automation, advanced materials, and cleaner energy 
sources to recalibrate their practices and make strides towards sustainability. 
 
Life Cycle Perspective: The life cycle perspective is pivotal to cleaner production, 
prompting manufacturers to consider the complete lifecycle of a product. This 
comprehensive outlook guides decisions that minimize environmental impacts across all 
stages, ensuring a holistic approach to resource management (Hansen  & Grosse-
Dunker, 2017). 
 
Application of Cleaner Production Techniques: 
 
The application of cleaner production techniques is as diverse as it is transformative: 
 
Process Modification: Industries embark on process modification endeavors, enhancing 
energy efficiency, reducing waste generation, and minimizing emissions. This entails 
embracing advanced process control systems, optimizing reaction conditions, and 
integrating closed-loop systems to usher in a new era of environmentally conscious 
manufacturing. 
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Material Substitution: Through material substitution, manufacturers replace hazardous or 
resource-intensive materials with eco-friendly alternatives that retain or enhance product 
performance. This realignment not only mitigates environmental risks but also extends to 
more sustainable end-of-life options. 
 
Waste Minimization: Embracing waste minimization strategies, industries embark on a 
journey to reduce waste generation. The adoption of recycling, reusing, and the recovery 
of valuable materials from waste streams not only lessens the environmental burden but 
also contributes to a circular economy model. 
 
Energy Efficiency Measures: Cleaner production champions energy efficiency through 
the incorporation of technologies like energy recovery systems and renewable energy 
sources. This strategic shift not only reduces energy consumption but also curtails the 
emission of greenhouse gases, bolstering sustainability efforts. 
 
Water Conservation: Manufacturers adopt water conservation measures, embracing 
technologies and practices that reduce water consumption and mitigate water pollution. 
By nurturing responsible water use, cleaner production furthers its commitment to 
environmental stewardship. 
 
Lean Manufacturing Principles: The principles of lean manufacturing find harmony within 
the cleaner production paradigm. By streamlining processes, eliminating waste, and 
optimizing resource utilization, industries not only enhance efficiency but also reduce their 
overall environmental impact. 
 
Benefits of Cleaner Production: 
 
The embrace of cleaner production techniques ushers forth a multitude of benefits that 
transcend environmental considerations (Akpan  & Adekunle,A. A. (2017): 
 
Environmental Protection: Cleaner production techniques stand as a bulwark against 
environmental degradation. By minimizing waste and emissions, industries alleviate the 
pressure on ecosystems, alleviating the negative impact of industrial activities on the 
quality of air, water, and soil. 
 
Cost Savings: The efficiency gains associated with cleaner production manifest as 
reduced operational costs. As industries optimize their resource consumption and 
streamline processes, they achieve improved profitability, fostering economic 
sustainability. 
 
Regulatory Compliance: Cleaner production techniques offer industries a pathway to align 
with increasingly stringent environmental regulations. This not only mitigates legal and 
financial risks but also elevates industries as responsible corporate citizens. 
 
Enhanced Reputation: Companies that champion cleaner production techniques often 
enjoy an enhanced reputation. This resonates strongly with environmentally conscious 
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consumers and investors, forging a bridge between sustainability efforts and positive 
brand perception. 
 
Innovation and Competitiveness: The embrace of cleaner production fosters a culture of 
innovation within industries. This proactive approach enables businesses to maintain a 
competitive edge in a rapidly evolving market while responding to consumer demand for 
sustainable products. 
 
Waste Reduction and Recycling 
 
In the pursuit of sustainability, waste reduction and recycling emerge as pivotal strategies 
that address the pressing challenge of excessive waste generation(Okoro, 2016). These 
approaches offer practical solutions to alleviate the environmental impact of waste, while 
also presenting opportunities for economic growth and resource efficiency. At their core, 
waste reduction and recycling embody the principles of a circular economy, striving to 
minimize waste creation, maximize material reuse, and divert valuable resources away 
from landfills. 
 
Waste Reduction: 
 
Waste reduction, often referred to as source reduction, represents the foundational step 
in curbing the waste crisis. This strategy hinges on preventing waste at its origin by 
rethinking consumption patterns, optimizing production processes, and adopting 
innovative packaging and design practices. By encouraging a shift towards more mindful 
and sustainable consumption, waste reduction seeks to reduce the sheer volume of waste 
that enters the disposal stream. The aim is to minimize the extraction of raw materials 
and the energy-intensive disposal methods that accompany excessive waste generation 
(Leiserowitz  & Smith, 2010). 
 
Recycling: 
 
Recycling stands as a centerpiece in the journey towards a circular economy. This 
practice entails collecting, processing, and transforming discarded materials into new 
products. By reintroducing materials back into the production cycle, recycling slashes the 
demand for virgin resources, curbs energy consumption, and lessens the burden on 
landfills. Materials such as paper, plastics, glass, metals, and electronics find new life 
through recycling, embodying the ethos of resourcefulness and environmental 
responsibility. 
 
Benefits of Waste Reduction and Recycling: 
 
Environmental Preservation: 
At the forefront, waste reduction and recycling contribute to environmental preservation. 
By diverting materials from landfills and minimizing resource extraction, these practices 
alleviate the strain on ecosystems, water resources, and soil quality, ensuring a more 
sustainable balance with nature. 
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Energy Savings: 
Recycling comes with significant energy savings when compared to the energy-intensive 
processes required to manufacture new materials from raw resources. For instance, the 
energy savings from recycling aluminum are substantial, with up to 95% less energy 
consumption compared to producing aluminum from scratch. 
 
Conservation of Resources: 
The principles of waste reduction and recycling resonate deeply with resource 
conservation. By extending the life of materials, these practices contribute to the 
preservation of finite resources, reducing the need for continuous extraction. 
 
Economic Growth: 
Beyond environmental benefits, waste reduction and recycling foster economic growth. 
The recycling industry generates employment, stimulates economic activity, and 
cultivates innovation. By transforming discarded materials into valuable commodities, 
recycling creates economic value from waste. 
 
Reduced Landfill Burden: 
Waste reduction and recycling also hold the potential to alleviate the mounting burden on 
landfills. This reduction in landfill waste conserves valuable land space and resources, 
which can be repurposed for other essential needs. 
 
Challenges and Considerations: 
 
While waste reduction and recycling hold tremendous promise, they are not without 
challenges: 
 
Contamination: 
Contamination of recyclable materials can impede the recycling process. Proper waste 
segregation and public education are crucial to ensuring the quality of recyclables. 
 
Infrastructure and Accessibility: 
Effective waste reduction and recycling require robust infrastructure and accessibility. 
Investments in collection systems, processing facilities, and convenient recycling options 
are imperative. 
 
Behavioral Change: 
Encouraging behavioral change among individuals and businesses is essential. Public 
awareness campaigns, educational initiatives, and incentive programs play a pivotal role 
in fostering waste reduction and recycling habits. 
 
Market Demand: 
The demand for recycled materials can be influenced by market fluctuations. Creating 
consistent demand for recycled products is vital to maintaining a resilient recycling 
ecosystem. 
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Methodology 
 
Research Design: 
The research employed a cross-sectional survey design to investigate the relationship 
between environmental pressure, eco innovation, and the adoption of waste reduction 
and recycling practices in manufacturing firms. This design allowed for the collection of 
data at a single point in time, offering insights into the variables' concurrent relationships. 
 
Sample Selection: 
A sample of 40 respondents was selected from each of the four manufacturing firms 
participating in the study, resulting in a total sample size of 160 respondents. The firms 
were purposively chosen based on their location in Rivers state and their engagement in 
manufacturing activities. Participants were drawn from various departments, including 
production, operations, and environmental management, ensuring a diverse 
representation of perspectives. 
 
Data Collection: 
Primary data were collected using structured questionnaires administered to the selected 
respondents. The questionnaire was designed to gather information about the perceived 
environmental pressure, eco innovation practices, and the adoption of waste reduction 
and recycling techniques within the manufacturing firms. 
 
Data Analysis: 
The collected data were subjected to statistical analysis using the Spearman rank order 
correlation to test the research hypotheses. The Spearman rank order correlation 
assesses the strength and direction of the relationship between two ordinal or interval 
variables. In this study, it was used to determine whether there is a significant correlation 
between environmental pressure, eco innovation, and the adoption of waste reduction 
and recycling practices. 
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H01 There is no significant relationship between pollution levels and the adoption 
of cleaner production techniques in manufacturing firms in Rivers State. 
 
 
Correlations 
 pollution cleaner 

production 
techniques 

Spearman's 
rho 

pollution 

Correlation 
Coefficient 

1.000 .579** 

Sig. (2-tailed) . .000 
N 160 160 

cleaner 
production 
techniques 

Correlation 
Coefficient 

.579** 1.000 

Sig. (2-tailed) .000 . 
N 160 160 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
The correlation coefficient of 0.579** suggests that as pollution levels increase, the 
adoption of cleaner production techniques also tends to increase. In other words, 
manufacturing firms that face higher pollution levels are more likely to adopt cleaner 
production techniques as a response to environmental pressures and regulatory 
requirements. 
 
The significance level (p-value) of less than 0.01 indicates that the observed correlation 
is unlikely to have occurred by random chance. This provides strong evidence to support 
the hypothesis that there is a significant relationship between pollution levels and the 
adoption of cleaner production techniques in manufacturing firms in Rivers State. 
 
Based on the correlation analysis, it can be inferred that there is indeed a significant 
positive relationship between pollution levels and the adoption of cleaner production 
techniques in the context of manufacturing firms in Rivers State. This finding aligns with 
the initial hypothesis and underscores the importance of environmental pressures in 
driving the adoption of more sustainable and environmentally friendly production 
practices. 
 
 
 
H02 Pollution levels do not significantly influence the adoption of waste reduction 
and recycling practices in manufacturing firms in Rivers State 
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Correlations 
 pollution Waste 

Reduction 
and 
Recycling 

Spearman's 
rho 

pollution 

Correlation 
Coefficient 

1.000 .611** 

Sig. (2-tailed) . .000 
N 160 160 

Waste 
Reduction 
and 
Recycling 

Correlation 
Coefficient 

.611** 1.000 

Sig. (2-tailed) .000 . 
N 160 160 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
The correlation coefficient of 0.611** suggests that as pollution levels increase, the 
adoption of waste reduction and recycling practices also tends to increase. This implies 
that manufacturing firms facing higher pollution levels are more inclined to adopt waste 
reduction and recycling practices as a means to mitigate their environmental impact and 
enhance sustainable waste management. 
 
The significance level (p-value) of less than 0.01 indicates that the observed correlation 
is statistically significant and not likely to have occurred by random chance. This provides 
robust evidence to support the hypothesis that pollution levels significantly influence the 
adoption of waste reduction and recycling practices in manufacturing firms in Rivers 
State. 
 
Based on the correlation analysis, it can be affirmed that there is a significant positive 
relationship between pollution levels and the adoption of waste reduction and recycling 
practices in the context of manufacturing firms in Rivers State. This finding underscores 
the role of pollution levels as a driving factor in shaping the decisions of manufacturing 
firms to embrace more environmentally friendly waste management practices. 
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H03 There is no significant association between resource depletion and the 
adoption of cleaner production techniques in manufacturing firms in Rivers State 
 
 
Correlations 
 Resource 

depletion 
cleaner 
production 
techniques 

Spearman's 
rho 

Resource 
depletion 

Correlation 
Coefficient 

1.000 .791** 

Sig. (2-tailed) . .000 
N 160 160 

cleaner 
production 
techniques 

Correlation 
Coefficient 

.791** 1.000 

Sig. (2-tailed) .000 . 
N 160 160 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
The correlation coefficient of 0.791** indicates a substantial positive relationship between 
resource depletion and the adoption of cleaner production techniques. This suggests that 
manufacturing firms facing higher levels of resource depletion are more likely to adopt 
cleaner production techniques as a response to the need for resource conservation and 
sustainability. 
 
The significance level (p-value) of less than 0.01 underscores the statistical significance 
of the observed correlation. It implies that the association between resource depletion 
and the adoption of cleaner production techniques is unlikely to have occurred by random 
chance. 
 
In conclusion, based on the correlation analysis, it can be affirmed that there is a 
significant positive association between resource depletion and the adoption of cleaner 
production techniques in the context of manufacturing firms in Rivers State. This finding 
supports the hypothesis that resource depletion plays a notable role in influencing 
manufacturing firms to embrace cleaner production techniques as a means to conserve 
resources and minimize environmental impact. 
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H04 Resource depletion does not significantly impact the likelihood of 
manufacturing firms adopting waste reduction and recycling practices in Rivers 
State. 
 
Correlations 
 Resource 

depletion 
Waste 
Reduction 
and 
Recycling 

Spearman's 
rho 

Resource 
depletion 

Correlation 
Coefficient 

1.000 .612** 

Sig. (2-tailed) . .000 
N 160 160 

Waste 
Reduction 
and 
Recycling 

Correlation 
Coefficient 

.612** 1.000 

Sig. (2-tailed) .000 . 
N 160 160 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
The correlation coefficient of 0.612** suggests a substantial positive relationship between 
resource depletion and the likelihood of manufacturing firms adopting waste reduction 
and recycling practices. This implies that as resource depletion becomes more 
pronounced, manufacturing firms are more inclined to embrace waste reduction and 
recycling practices as part of their commitment to sustainable resource management. 
 
The significance level (p-value) of less than 0.01 indicates the statistical significance of 
the correlation, indicating that the observed relationship between resource depletion and 
the adoption of waste reduction and recycling practices is unlikely to have occurred 
randomly. 
 
Based on the correlation analysis, it can be concluded that there is a significant positive 
impact of resource depletion on the likelihood of manufacturing firms adopting waste 
reduction and recycling practices in the context of Rivers State. This finding lends support 
to the hypothesis that resource depletion plays a notable role in driving manufacturing 
firms to implement waste reduction and recycling practices as a response to the need for 
resource conservation and sustainable waste management. 
 
 
Summary of Findings 
 
The study investigated the relationships between environmental pressure, eco 
innovation, resource depletion, pollution levels, and the adoption of cleaner production 
techniques, waste reduction, and recycling practices in manufacturing firms in Rivers 
State. The findings of the study reveal significant associations and impacts that shed light 
on the dynamics between these variables. 
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Environmental Pressure and Cleaner Production Techniques: The study found a 
significant positive relationship between environmental pressure and the adoption of 
cleaner production techniques. Manufacturing firms facing higher environmental 
pressures are more likely to adopt cleaner production techniques as a response to 
regulatory requirements and public expectations. 
 
Environmental Pressure and Waste Reduction/Recycling: The study also uncovered a 
significant positive relationship between environmental pressure and the adoption of 
waste reduction and recycling practices. Higher environmental pressures drive 
manufacturing firms to adopt sustainable waste management practices to mitigate their 
impact on the environment. 
 
Eco Innovation and Cleaner Production Techniques: The study established a significant 
positive relationship between eco innovation and the adoption of cleaner production 
techniques. Manufacturing firms that prioritize eco innovation are more inclined to adopt 
cleaner production practices, reflecting a commitment to sustainability and technological 
advancement. 
 
Eco Innovation and Waste Reduction/Recycling: Similarly, the study revealed a significant 
positive relationship between eco innovation and the adoption of waste reduction and 
recycling practices. Firms that emphasize eco innovation are more likely to adopt 
sustainable waste management practices, aligning with their broader innovation-oriented 
strategies. 
 
Resource Depletion and Cleaner Production Techniques: The findings highlighted a 
significant association between resource depletion and the adoption of cleaner production 
techniques. Manufacturing firms facing higher resource depletion levels are more inclined 
to adopt cleaner production techniques to conserve resources and enhance efficiency. 
 
Resource Depletion and Waste Reduction/Recycling: The study also identified a 
significant impact of resource depletion on the likelihood of manufacturing firms adopting 
waste reduction and recycling practices. Resource-depleted firms are more motivated to 
embrace sustainable waste management practices to mitigate resource scarcity. 
 
Pollution Levels and Cleaner Production Techniques: The study demonstrated a 
significant relationship between pollution levels and the adoption of cleaner production 
techniques. As pollution levels rise, manufacturing firms are more likely to adopt cleaner 
production techniques to mitigate environmental impact. 
 
Pollution Levels and Waste Reduction/Recycling: The study unveiled a significant positive 
relationship between pollution levels and the adoption of waste reduction and recycling 
practices. Higher pollution levels prompt manufacturing firms to adopt waste reduction 
and recycling practices to enhance environmental sustainability. 
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Conclusion 
 
The study's findings collectively underscore the intricate connections between 
environmental pressures, eco innovation, resource depletion, pollution levels, and the 
adoption of cleaner production techniques, waste reduction, and recycling practices in 
manufacturing firms in Rivers State. The significant associations and impacts revealed in 
the correlations highlight the imperative for manufacturing firms to respond to these 
environmental dynamics with proactive and sustainable strategies. 
 
Recommendations 
 

1. Enhanced Sustainable Practices: Based on the findings, manufacturing firms 
should consider adopting cleaner production techniques, waste reduction, and 
recycling practices as integral components of their operational strategies. These 
practices not only mitigate environmental impacts but also align with innovation 
and resource efficiency. 

 
2. Investment in Eco Innovation: Manufacturing firms are encouraged to invest in eco 

innovation to foster sustainable practices. By integrating innovative technologies 
and approaches, firms can achieve both environmental and competitive 
advantages. 

 
3. Environmental Regulation Adherence: Given the influence of environmental 

pressure and pollution levels, manufacturing firms should prioritize adherence to 
environmental regulations and standards. This not only ensures legal compliance 
but also contributes to positive public perception. 

 
4. Resource Efficiency Planning: To address resource depletion, manufacturing firms 

should implement resource-efficient processes, materials, and technologies. This 
approach helps conserve resources, reduce waste, and optimize production. 

 
5. Education and Awareness: Fostering a culture of environmental awareness and 

education within manufacturing firms can empower employees to actively 
participate in cleaner production, waste reduction, and recycling efforts. 

 
6. Collaboration and Knowledge Sharing: Manufacturing firms should consider 

collaborative initiatives and knowledge-sharing platforms to collectively address 
environmental challenges. Collaborative efforts can drive industry-wide adoption 
of sustainable practices. 
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