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ABSTRACT
Environmental sustainability is a crucial concern in the mining industry, particularly in

Zambia, where mining plays a significant role in the national economy. This study
examines the sustainability of mineral processing water disposal at Mopani Copper
Mines, focusing on four key environmental practices: pollution prevention techniques,
resource efficiency practices, ecosystem protection measures, and waste
minimization strategies. The study aims to determine how these practices influence
sustainable water disposal and contribute to minimizing the environmental impact of

mining activities.

A quantitative research approach was adopted, utilizing a structured questionnaire to
collect data from 120 respondents working at Mopani Copper Mines. The analysis
involved descriptive statistics, correlation analysis, and regression modeling to assess
the relationship between environmental practices and sustainable water disposal. The
findings revealed that resource efficiency practices and ecosystem protection
measures had the most significant impact on sustainable water disposal, while
pollution prevention techniques and waste minimization strategies also played a role

but with less pronounced effects.

The study concludes that improving resource efficiency and ecosystem protection
initiatives is critical in achieving sustainable mineral processing water disposal. It
recommends increased investment in advanced water recycling technologies,
enhanced pollution monitoring systems, and stricter enforcement of waste
management policies. Future research should explore the long-term effectiveness of
these environmental practices and examine their broader impact across the Zambian

mining sector.

Keywords: Environmental Sustainability, Mining, Water Disposal, Resource Efficiency,
Pollution Prevention, Waste Management, Ecosystem Protection
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CHAPTER ONE: INTRODUCTION

1.1.Introduction

The mining industry is vital to Zambia's economy, contributing significantly to national
revenue and employment. However, the environmental challenges associated with
mineral processing residues have raised concerns about sustainable management
practices. Mopani Copper Mines, located in the Mufulira District, is one of Zambia's
largest copper mining companies, and its operations significantly impact the local

environment and community (Limpitlaw et al., 2005; Sikaundi, 2014).

Managing mineral processing residues, including tailings and waste rocks, is crucial
to minimizing environmental degradation and ensuring the long-term viability of mining
operations. These residues pose significant environmental risks, such as water
contamination, soil degradation, and air pollution, which can adversely affect human
health and biodiversity (Rashed, 2010; Kitula, 2006). Therefore, sustainable
management practices are essential to mitigate these impacts and promote

environmental stewardship.

Recent studies highlight the importance of adopting integrated waste management
strategies that prioritize recycling, resource recovery, and the safe disposal of residues
to reduce environmental footprints (Lottermoser, 2010; Mihaylova et al., 2015).
Furthermore, implementing sustainable practices can enhance operational efficiency,
reduce costs, and improve corporate social responsibility, thus aligning with global
sustainability goals (ICMM, 2012; Hilson & Murck, 2000).

Mopani Copper Mines has made strides in implementing sustainable practices, such
as tailings reprocessing and waste reduction initiatives. However, challenges remain,
including the need for improved technologies, stricter regulatory frameworks, and
increased stakeholder engagement (Chabala, 2018; Ng’ambi & Edraki, 2020)

1.1.1. Enhancing Operational Efficiency through Sustainable Practices

Implementing sustainable practices in the mining sector can significantly enhance
operational efficiency by optimizing resource use and minimizing waste. Sustainable
mining operations focus on efficient energy consumption, water management, and
material recycling, leading to cost savings and improved productivity. For instance,

adopting energy-efficient technologies and renewable energy sources can reduce
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operational costs and lower greenhouse gas emissions, aligning with the industry's
commitment to environmental stewardship (Jamasmie, 2017). Additionally, efficient
water management practices, such as water recycling and treatment systems, help
conserve water resources, reduce operational disruptions, and enhance the overall

sustainability of mining activities (Peck & Sinding, 2009).

Incorporating sustainable practices also encourages innovation in mining operations.
Mining companies can invest in research and development to develop new
technologies and processes that reduce environmental impacts and improve resource
recovery. These innovations enhance operational efficiency and contribute to the
industry's long-term viability and competitiveness. For example, implementing
advanced tailings management systems can reduce the volume of waste generated,
minimize environmental risks, and recover valuable minerals, thereby increasing
profitability (Northey et al., 2016).

1.1.2. Reducing Costs through Sustainable Practices

Sustainable mining practices offer significant cost-reduction opportunities by
optimizing resource use and minimizing waste disposal expenses. Mining companies
can lower their operational costs and improve profitability by reducing waste
generation and enhancing resource recovery. For example, adopting circular economy
principles, such as recycling and reusing materials, can reduce the need for raw
material extraction and lower waste management costs (Maclaren & Hughes, 2016).
This approach not only enhances resource efficiency but also reduces the

environmental footprint of mining operations.

Moreover, sustainable practices can save costs by minimizing regulatory compliance
costs. As environmental regulations become more stringent, mining companies that
proactively adopt sustainable practices can avoid potential fines and penalties

associated with non-compliance (Kemp et al., 2011).
1.1.3. Improving Corporate Social Responsibility (CSR)

Implementing sustainable practices in mining operations enhances corporate social
responsibility (CSR) by demonstrating a commitment to environmental and social
stewardship. Sustainable mining practices focus on minimizing environmental

impacts, promoting community well-being, and ensuring the fair treatment of workers



and local communities. By adopting sustainable practices, mining companies can build
trust and credibility with stakeholders, including local communities, governments, and

investors (Dashwood, 2014)

Effective CSR initiatives can foster positive relationships with local communities,
leading to increased social license to operate and reduced conflict. Mining companies
can enhance their reputation and secure community support by engaging with
stakeholders and addressing their concerns. This approach reduces the risk of social
unrest and project delays and contributes to long-term business success and
sustainability (Zandvliet & Anderson, 2009).

1.1.4. Aligning with Global Sustainability Goals

Integrating sustainable practices in mining operations aligns with global sustainability
goals, such as the United Nations Sustainable Development Goals (SDGs). These
goals aim to promote environmental protection, social equity, and economic
development, providing a framework for sustainable growth and development
worldwide (United Nations, 2015).

For example, sustainable mining practices that focus on reducing carbon emissions,
conserving water resources, and promoting biodiversity support the achievement of
SDG 13 (Climate Action) and SDG 15 (Life on Land). Additionally, initiatives that
promote community development, education, and health align with SDG 4 (Quality
Education) and SDG 3 (Good Health and Well-being), contributing to improved quality

of life for local communities (Sachs, 2012).

1.2. Background of the Research

The mining sector is a cornerstone of Zambia's economy, with the copper industry
being a primary driver of economic growth and development. Copper mining
contributes significantly to national revenue, foreign exchange earnings, and
employment opportunities (Fraser & Lungu, 2007). However, environmental and social
challenges of mining activities, particularly managing mineral processing residue,
have become increasingly prominent concerns (Limpitlaw et al., 2005). As the demand
for copper and other minerals rises, the need for sustainable mining practices has

become more critical.



Mining residues, such as tailings and waste rock, pose substantial environmental risks
if not managed properly. This residue can lead to land degradation, water
contamination, and air pollution, adversely affecting local ecosystems and human
health (Kitula, 2006; Rashed, 2010). In Zambia, managing mining residues has been
a longstanding challenge, with historical practices often resulting in significant
environmental degradation (Simukanga et al., 2004). Tailings, which are finely ground
waste materials left after extracting valuable minerals, can contain hazardous
substances, including heavy metals and toxic chemicals, which can leach into the

environment (Lottermoser, 2010).

The legacy of mining in Zambia has left numerous abandoned and poorly managed
tailings dams and waste dumps, which continue to pose environmental and health
risks to nearby communities (Norrgren et al., 2000). Addressing these challenges
requires a shift toward sustainable mining practices prioritizing environmental

protection, resource efficiency, and social responsibility (Peck & Sinding, 2009).

Sustainable mining practices aim to mitigate the environmental impacts of mining
activities while ensuring economic viability and social equity. These practices include
improving waste management, optimizing resource use, and enhancing community
engagement and development (Hilson & Murck, 2000). Key strategies for sustainable

mining include:

Implementing advanced tailings management techniques is crucial in reducing the
environmental impact of mining operations. Dry stacking and tailings reprocessing are
two methods that have gained attention for their effectiveness in minimizing waste and
environmental risks. Dry stacking involves dewatering tailings to create a dry, solid
material that can be stacked and stored more safely than traditional slurry-based
methods (Giesekke, 2007). This technique reduces the risk of tailings dam failures,
which have been associated with catastrophic environmental disasters. By reducing
the water content of tailings, dry stacking also minimizes the potential for water
contamination and facilitates land recovery for other uses. Additionally, tailings
reprocessing involves extracting valuable minerals from waste material previously
considered uneconomical to process. This reduces the volume of waste and recovers
valuable resources, contributing to the economic sustainability of mining operations
(Franks et al., 2011).



Resource efficiency is another critical component of sustainable mining practices, and
it is increasingly being promoted by adopting circular economy principles. These
principles emphasize the importance of recycling and reusing materials to maximize
the value extracted from natural resources and minimize waste generation (Maclaren
& Hughes, 2016). Mining companies can reduce their environmental footprint and
improve their economic performance by focusing on resource efficiency. For example,
recycling water used in mineral processing can significantly decrease the demand for
freshwater, alleviate pressure on local water resources, and reduce costs associated
with water procurement and treatment (Mudd, 2007). Similarly, by reprocessing waste
materials and recovering additional minerals, companies can extend the life of existing
mining projects and reduce the need for new extraction activities, thereby preserving

natural habitats and biodiversity (Northey et al., 2016).

Effective community engagement is essential for building trust and securing a social
license to operate in the mining industry. Engaging with local communities and
stakeholders helps mining companies understand and address the concerns and
expectations of those affected by their operations (Zandvliet & Anderson, 2009). This
engagement can lead to mutually beneficial outcomes, such as improved social
infrastructure, job creation, and enhanced quality of life for local communities. By
involving communities in decision-making processes and ensuring transparency and
accountability, mining companies can foster positive relationships and reduce the risk
of conflicts and opposition to their projects (Prno & Slocombe, 2012). Furthermore,
community engagement initiatives focusing on capacity building and education can
empower local populations, enabling them to benefit more fully from mining activities
and contribute to sustainable development (Kemp & Owen, 2013). This approach
enhances the social sustainability of mining operations and aligns with global goals for

inclusive and equitable development.

1.2 Problem Statement

Managing mineral processing residues, particularly tailings has become a significant
environmental and social challenge in Zambia's mining industry. This problem has
persisted since the rapid expansion of copper mining operations in the early 2000s,
driven by increased global demand for copper (Fraser & Lungu, 2007). As one of the
largest mining companies in Zambia, Mopani Copper Mines in Mufulira District has
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faced growing concerns over the environmental impact of its tailings management

practices.

Local communities in Mufulira District are directly affected by the inadequate
management of tailings, which can lead to water and soil contamination from heavy
metals such as lead, copper, and cadmium (Norrgren et al.,, 2000). These
contaminants pose significant health risks, including respiratory problems, skin
disorders, and increased cancer rates. According to a study by Simukanga et al.
(2004), nearly 70% of the water samples collected from areas near mining operations
exceeded the World Health Organization's recommended limits for heavy metal

concentrations, highlighting the severity of the issue.

The environmental degradation caused by poorly managed tailings also threatens
local ecosystems, reducing biodiversity and disrupting agricultural activities. This
impacts food security and the livelihoods of local farmers, who rely on agriculture for
their income (Kitula, 2006). Additionally, the lack of effective community engagement
and consultation has led to social unrest and tensions between mining companies and
affected communities. This has resulted in frequent protests and legal disputes,
disrupting mining operations and posing a risk to the industry’s social license to
operate (Zandvliet & Anderson, 2009).

Statistics from the Zambia Environmental Management Agency indicate that over 30%
of the environmental complaints in the Copperbelt region are related to mining
pollution, underscoring the widespread impact of inadequate tailings management
(ZEMA, 2018). These issues highlight the urgent need for Mopani Copper Mines to
implement sustainable tailings management practices that reduce environmental and
social impacts, enhance community relations, and align with global sustainability

standards.

1.3 Main Objective

To assess sustainable practices in managing mineral processing residues focusing

on Mopani Copper Mines in Mufulira District
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1.4 Specific Objectives

1. To assess the impact of pollution prevention techniques on the overall

environmental sustainability of mineral processing water disposal.

2. To evaluate the effectiveness of resource efficiency practices in enhancing the

environmental sustainability of mineral processing water disposal.

3. To examine the role of ecosystem protection measures in improving the

environmental sustainability of mineral processing water disposal.

4. To analyze the influence of waste minimization strategies on the environmental

sustainability of mineral processing water disposal

1.5 Research Questions

1. How do pollution prevention techniques impact the environmental sustainability

of mineral processing water disposal?

2. How effective are resource efficiency practices in improving the environmental

sustainability of mineral processing water disposal?

3. In what ways do ecosystem protection measures contribute to the

environmental sustainability of mineral processing water disposal?

4. How do waste minimization strategies affect the environmental sustainability of

mineral processing water disposal?

1.6 Significance of the Study

This study is significant as it aligns with Zambia's national development goals and
objectives, particularly those outlined in the Vision 2030 and the Eighth National
Development Plan (8NDP). Vision 2030 aims to transform Zambia into a prosperous
middle-income nation in 2030, focusing on sustainable development and
environmental protection. One of its key goals is to ensure that natural resources are
managed sustainably for present and future generations. This research contributes
directly to this goal by investigating sustainable practices in managing mineral

processing residues, and promoting environmental stewardship in the mining industry.

The study's focus on pollution prevention techniques, resource efficiency, ecosystem

protection, and waste minimization aligns with the 8NDP's pillar on environmental
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sustainability. The plan emphasizes responsible management of natural resources,
pollution control, and green technologies to mitigate environmental degradation. By
assessing the effectiveness of these sustainable practices at Mopani Copper Mines,
this study provides valuable insights and recommendations that can inform policy
decisions and industry practices, supporting the 8NDP's objectives of reducing

pollution and enhancing environmental quality.

Moreover, this research contributes to the broader discourse on sustainable mining
practices, offering evidence-based strategies that can be replicated across Zambia's
mining sector. By demonstrating the potential benefits of sustainable residue
management, the study encourages other mining companies to adopt similar
practices, thereby contributing to the industry's overall sustainability. Another
significance of this study is that it's being done in partial fulfilment of the award of

Master of Arts in Development Studies of the University of Lusaka.

1.7 Scope of the Study

In this research, the geographic focus is on Mopani Copper Mines, which is situated
in the Mufulira District. At a thematic lens, it focuses on the sustainable approaches to
managing water disposal from mineral processing. It seeks to assess the
environmental sustainability effects of different waste management approaches,
including waste reduction, pollution, efficient use of natural resources, and protection
of ecosystems. The scope includes evaluating contemporary practices against the
guidelines of sustainable development objectives and assessing the existing gaps and
limitations in implementing sustainable initiatives. Even though the study is situated in
Mopani Copper Mines, Ltd, the study's authors demonstrate the generalisability of the
findings in a manner that offers a blueprint for other mining companies to enhance

their sustainability.

1.8 Definition of Key Terms and Concepts

o Sustainable Development: A developmental approach that meets the needs
of the present without compromising the ability of future generations to meet
their own needs, incorporating environmental, economic, and social pillars
(Brundtland Commission, 1987).
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Mineral Processing Wastes: Residues generated during the extraction and
processing of minerals, typically consisting of tailings, slag, and other by-
products (Smith et al., 2021).

Environmental Sustainability: The responsible interaction with the
environment to avoid depletion or degradation of natural resources and allow

for long-term environmental quality (Johnson & Hallberg, 2019).

Pollution Prevention: Strategies and practices aimed at reducing or
eliminating the generation of pollutants at the source, rather than dealing with

them after they are created (Thompson et al., 2022).

Resource Efficiency: The sustainable use and management of resources to
maintain availability and reduce environmental impact (Doebrich & Kirschbaum,
2020).

Ecosystem Protection: Measures to preserve and maintain ecosystem
services and biodiversity ensure that natural habitats and organisms are
safeguarded (Williams & Davis, 2019).

Waste Minimization: Efforts to reduce the amount and toxicity of waste
generated by industrial processes, encompassing reuse, recycling, and

treatment strategies (Johnson & Hallberg, 2019).
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CHAPTER TWO: LITERATURE REVIEW

2.1Introduction

This chapter provides a comprehensive literature review of the key variables
influencing the environmental sustainability of mineral processing water disposal. The
chapter examines the theoretical underpinnings of pollution prevention techniques,
resource efficiency practices, ecosystem protection measures, and waste

minimization strategies.

2.2Empirical Literature Review

2.2.1 Pollution Prevention Techniques

Global Perspective

Pollution prevention techniques have become increasingly crucial in the global mining
industry as environmental concerns have intensified. Globally, adopting cleaner
production processes and implementing advanced monitoring systems have been
identified as key strategies for minimizing the environmental impact of mining
operations. For instance, Thompson, Chambers, and Barker (2022) conducted a study
in Canada that highlighted the effectiveness of real-time monitoring systems in
significantly reducing pollutant emissions. Their research demonstrated that
continuous monitoring and timely adjustments in processing could reduce pollution
incidents by up to 30%. This study underscores the importance of integrating
advanced technology into pollution prevention strategies, which has become a
standard practice in many developed countries.

In another global context, Hilson and Murck (2000) further emphasized the importance
of pollution prevention, exploring corporate responsibility within the mining sector.
Their findings highlighted how multinational mining companies have increasingly
adopted pollution prevention as part of their broader sustainability strategies. The
study indicated that pollution prevention techniques are environmentally beneficial and
contribute to operational efficiency, making them an essential part of corporate
strategies worldwide.

Regional Perspective (Africa)

15



In Africa, pollution prevention techniques are becoming increasingly vital as the
continent grapples with the environmental impacts of extensive mining activities. In
South Africa, Williams and Davis (2019) conducted a study on implementing pollution
prevention techniques in the mining sector, focusing on advanced tailings
management methods. Their research demonstrated that adopting dry stacking, a
technique that involves dewatering tailings before disposal, significantly reduced the
environmental risks associated with tailings dams. The study found that this technique
led to a 40% reduction in hazardous waste volume, thus lowering the potential for
water and soil contamination. This research illustrates how pollution prevention

methods can be adapted to meet African nations' unique environmental challenges.

Furthermore, pollution prevention is particularly pressing in Africa due to the
continent's rapidly expanding mining sector, often linked to significant environmental
degradation. The study by Zandvliet and Anderson (2009) emphasized the importance
of corporate-community relations in ensuring the successful implementation of
pollution prevention techniques in Africa. Their research found that mining companies
that engaged actively with local communities and addressed environmental concerns
more successfully adopted pollution prevention measures, securing a social license to

operate.
Local Perspective (Zambia)

In Zambia, where mining is a major economic activity, pollution prevention techniques
are crucial for mitigating the environmental impacts of mining operations, particularly
in the Copperbelt region. Johnson and Hallberg (2019) investigated the effectiveness
of pollution prevention techniques in Zambian mines, focusing on Mopani Copper
Mines. Their study employed a mixed-methods approach, combining quantitative data
on pollutant levels with qualitative insights from stakeholder interviews. The findings
revealed that introducing cleaner production processes at Mopani Copper Mines, such
as using less toxic chemicals in ore processing, resulted in a 25% reduction in sulfur
dioxide emissions. This study highlights the effectiveness of pollution prevention
techniques in reducing air pollution and improving environmental sustainability in

Zambian mining operations.

Moreover, Mopani Copper Mines has been at the forefront of implementing pollution

prevention strategies as part of its environmental management practices. The
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company's efforts to adopt real-time monitoring systems and cleaner production
processes demonstrate its commitment to minimizing environmental impact. However,
the study also identified challenges, including the high costs associated with
implementing advanced pollution prevention technologies and the need for continuous
innovation to keep up with evolving environmental standards. These findings
underscore the importance of sustained investment and regulatory support in ensuring

the effectiveness of pollution prevention techniques in Zambia.

2.2.2 Resource Efficiency Practices

Global Perspective

Globally, resource efficiency practices have become integral to sustainable
development in the mining industry. As environmental concerns have escalated, there
has been a growing emphasis on optimizing the use of natural resources, reducing
waste, and minimizing the ecological footprint of mining operations. Studies from
developed nations have highlighted the significant benefits of adopting resource
efficiency practices. For instance, Smith, Becken, and Wilson (2021) conducted
research across multiple countries, including Australia, examining the impact of
advanced material processing technologies on resource efficiency. Their study
demonstrated that these technologies reduce waste and conserve vital resources like
water and energy. Specifically, the research found that implementing these
technologies could result in a 25% reduction in raw material usage and a 15%
decrease in water and energy consumption. This global perspective underscores the

importance of technological innovation in achieving resource efficiency in mining.

Additionally, the concept of the circular economy has been increasingly applied to
resource efficiency practices on a global scale. Doebrich and Kirschbaum (2020)
explored how the circular economy framework has influenced global resource
efficiency in the mining sector. Their findings indicated that mining companies could
reduce the need for new extractions by focusing on recycling and reusing materials,
lowering environmental impacts and operational costs. The study highlighted that
the global adoption of circular economy principles could lead to a 20% reduction in
resource extraction, positioning resource efficiency as a key driver of sustainability in
the mining industry.
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Regional Perspective (Africa)

In Africa, resource efficiency practices are gaining traction as the continent seeks to
balance economic growth with environmental sustainability. The African mining sector
has historically been resource-intensive, with significant ecological implications.
However, recent studies indicate a shift towards more efficient use of resources. For
example, Williams and Davis (2019) analyzed resource efficiency practices in South
Africa’s mining industry. Their study focused on water recycling and energy
conservation measures, critical in a region where water scarcity and energy supply
issues are prevalent. The research found that by implementing water recycling
systems, mining companies in South Africa could reduce their freshwater consumption

by up to 30%, significantly alleviating pressure on local water resources.

Moreover, economic and regulatory factors often influence the adoption of resource-
efficient technologies in Africa. Williams and Davis (2019) pointed out that while
resource efficiency practices can lead to long-term cost savings, the initial investment
costs and the need for technical expertise present significant barriers, particularly in
developing countries. Their findings suggest that supportive policies and financial
incentives are crucial for encouraging resource efficiency practices in the African

mining sector.
Local Perspective (Zambia)

In Zambia, resource efficiency practices are becoming increasingly important as the
country’s mining industry faces challenges related to resource scarcity and
environmental sustainability. Mopani Copper Mines, one of the leading mining
companies in Zambia, has been actively working to improve resource efficiency as
part of its sustainability strategy. A study by Johnson and Hallberg (2019) explored the
resource efficiency practices implemented by Mopani Copper Mines, focusing on
water and energy conservation. The study employed a mixed-methods approach,
collecting quantitative data on resource usage and qualitative insights from interviews

with company officials and environmental experts.

The findings revealed that Mopani’s efforts to recycle process water and optimize
energy use have led to a 30% reduction in freshwater consumption and a 15%
decrease in energy usage. These practices contribute to environmental sustainability

and enhance the company’s operational efficiency and cost-effectiveness. However,
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the study also highlighted challenges, such as the need for continuous investment in
new technologies and the importance of regulatory support in promoting resource

efficiency.

Furthermore, the study emphasized the role of stakeholder engagement in
successfully implementing resource efficiency practices at Mopani Copper Mines. By
involving local communities and regulatory bodies in the planning and
executing these practices, Mopani has aligned its resource efficiency initiatives with
broader environmental and social goals. This approach has helped the company
secure the social license to operate while contributing to the region's sustainable

development.

2.2.3 Ecosystem Protection Measures

Global Perspective

Ecosystem protection measures are critical in the global effort to mitigate the
environmental impacts of mining activities. As the mining industry expands, there is
growing recognition of the need to protect biodiversity and maintain ecological
balance. Globally, mining companies have adopted various strategies to safeguard
ecosystems, including habitat restoration, biodiversity conservation, and sustainable
land management practices. For example, a global study by Smith et al. (2021)
highlighted the importance of creating biodiversity offsets, where mining companies
invest in conservation projects to compensate for the environmental impact of their
operations. The study found that such initiatives could improve the conservation status
of affected species by up to 20%, demonstrating the effectiveness of ecosystem
protection measures in mitigating biodiversity loss.

Another global study by Hoffman (2019) explored the role of sustainable land
management practices in protecting ecosystems affected by mining. The research,
which included case studies from North America and Europe, emphasized the
importance of land reclamation and rehabilitation in restoring ecosystems post-mining.
The study revealed that successful land reclamation projects could lead to a 30%
increase in vegetation cover and a corresponding improvement in soil quality within
five years of mine closure. These findings underscore the global commitment to

ecosystem protection as an integral part of sustainable mining practices.
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Regional Perspective (Africa)

The need for ecosystem protection in Africa is particularly urgent due to the continent's
rich biodiversity and the significant environmental challenges posed by mining
activities. African nations have increasingly recognized the importance of integrating
ecosystem protection measures into their mining operations. A study by Williams and
Davis (2019) focused on implementing ecosystem protection measures in South
Africa’s mining industry. The research highlighted the use of sustainable land
management practices, such as reforestation and habitat restoration, to mitigate the
environmental impact of mining. The study found that these measures helped restore
biodiversity and provided socio-economic benefits to local communities by creating

jobs and improving land productivity.

Additionally, the study emphasized the role of regulatory frameworks in promoting
ecosystem protection in Africa. Williams and Davis (2019) noted that strong
environmental regulations and enforcement mechanisms are essential for ensuring
mining companies adhere to ecosystem protection standards. The research
suggested that countries with robust regulatory frameworks were more successful in
implementing effective ecosystem protection measures, thereby reducing the negative

environmental impact of mining operations.
Local Perspective (Zambia)

In Zambia, ecosystem protection measures are critical for maintaining the ecological
balance in regions affected by intensive mining activities, particularly in the
Copperbelt. Mopani Copper Mines has implemented various ecosystem protection
initiatives in its environmental management strategy. Johnson and Hallberg (2019)
studied the ecosystem protection measures adopted by Mopani Copper Mines,
focusing on land reclamation, biodiversity conservation, and water management
practices. The study employed a mixed-methods approach, combining quantitative
data on environmental outcomes with qualitative insights from interviews with

environmental experts and local community representatives.

The findings revealed that Mopani's land reclamation projects have led to a 25%
increase in vegetation cover in areas previously affected by mining activities.
Additionally, the company’s efforts to conserve biodiversity, including creating

conservation zones and rehabilitating natural habitats, have contributed to the
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recovery of local wildlife populations. The study also highlighted the importance of
water management practices in protecting aquatic ecosystems from the adverse
effects of mining operations. By implementing advanced water treatment solutions and
monitoring systems, Mopani has been able to prevent water contamination and ensure

the sustainability of local water resources.

However, the study also identified challenges in implementing ecosystem protection
measures at Mopani Copper Mines. These challenges include the need for long-term
monitoring and maintenance of restored ecosystems and the requirement for
substantial financial and technical resources. The study emphasized the importance
of continuous innovation and stakeholder engagement in overcoming these

challenges and ensuring the effectiveness of ecosystem protection measures.

2.2.4 Waste Minimization Strategies

Global Perspective

Waste minimization has become a critical focus in the global mining industry as
companies strive to reduce their environmental impact and improve sustainability.
Globally, mining operations have increasingly adopted waste minimization strategies
such as cleaner production techniques, recycling, and reusing waste materials. These
strategies help reduce the volume of waste generated, lowering operational costs and
enhancing resource efficiency. A study by Thompson et al. (2022) highlighted the
importance of waste minimization in the global context, demonstrating how advanced
processing technologies and real-time waste management systems can reduce waste
generation by up to 30%. The research emphasized that global leaders in the mining
industry are now prioritizing waste minimization as a key component of their
environmental management strategies, particularly in response to stricter

environmental regulations and increasing societal demands for sustainable practices.

In another global study, Smith, Becken, and Wilson (2021) explored the potential for
reusing and recycling mine waste materials, such as tailings and slag, in other
industrial processes. Their research indicated that by reprocessing and repurposing
these materials, mining companies could significantly reduce the environmental
burden of waste disposal. The study found that recycling and reusing waste materials

could lead to a 20% reduction in the need for new raw material extractions, thereby
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decreasing the overall environmental footprint of mining operations. This global
perspective highlights the growing recognition of waste minimization as an essential

strategy for sustainable development in the mining sector.
Regional Perspective (Africa)

In Africa, waste minimization strategies have become increasingly important as the
continent faces significant environmental challenges related to mining activities. The
adoption of these strategies in African mining operations has been driven by ecological
concerns and the need to improve operational efficiency. A study by Williams and
Davis (2019) examined waste minimization practices in South African mines, focusing
on using cleaner production techniques and recycling mining waste. The study found
that implementing cleaner production processes, such as optimizing extraction and
processing methods, led to a 25% reduction in waste generation. Additionally, the
research highlighted the economic benefits of recycling mining waste, noting that

selling recycled materials could create new revenue streams for mining companies.

However, the study also identified challenges specific to the African context, such as
the high initial costs of implementing advanced waste minimization technologies and
the need for technical expertise to manage these processes. Williams and Davis
(2019) argued that governments need greater regulatory support and financial
incentives for waste minimization strategies to be widely adopted in Africa. The study
suggested that waste minimization could play a crucial role in improving the

sustainability of the African mining sector with the right policies in place.
Local Perspective (Zambia)

In Zambia, waste minimization strategies are critical for addressing the environmental
impact of mining operations, particularly in the Copperbelt region, where mining
activities generate significant amounts of waste. Mopani Copper Mines has been at
the forefront of implementing waste minimization strategies as part of its commitment
to sustainable mining practices. Johnson and Hallberg (2019) conducted a study on
the waste minimization initiatives at Mopani Copper Mines, focusing on implementing
advanced tailings management techniques and recycling process waste. The study
employed a mixed-methods approach, collecting quantitative data on waste
generation and disposal and qualitative insights from interviews with company officials

and environmental experts.
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The findings revealed that Mopani’s efforts to reduce waste generation through
cleaner production processes and tailings recycling have led to a 20% reduction in
waste requiring disposal. Additionally, the study highlighted the company’s use of
tailings in producing construction materials, which minimizes waste and generates
additional revenue. This approach aligns with the principles of the circular economy,

where waste is viewed as a resource that can be repurposed for other industrial uses.

Despite these successes, the study also identified challenges in implementing waste
minimization strategies at Mopani Copper Mines. These challenges include the need
for continuous investment in new technologies and the importance of regulatory
support in promoting waste minimization practices. The study emphasized that while
Mopani has made significant progress in reducing waste, ongoing efforts are needed

to ensure that these strategies are sustainable in the long term.

Furthermore, the study highlighted the role of stakeholder engagement in successfully
implementing waste minimization strategies at Mopani Copper Mines. By involving
local communities and regulatory bodies in the planning and executing of these
strategies, Mopani has aligned its waste minimization initiatives with broader
environmental and social goals. This approach has helped the company secure the

social license to operate while contributing to the region's sustainable development.

2.2.2 Gap Analysis

Despite the advancements in research and the implementation of pollution prevention,
resource efficiency, ecosystem protection, and waste minimization strategies in the
mining industry, several gaps remain that need to be addressed to realize these
practices' potential fully.

One significant gap in the literature is the limited focus on the long-term effectiveness
and sustainability of these environmental strategies in diverse geographical and
economic contexts. While studies have demonstrated the short-term benefits of
implementing pollution prevention techniques, such as reduced emissions and
improved operational efficiency, there is a lack of longitudinal research examining
these practices' sustained impact over extended periods. This is particularly crucial in
regions like Africa, where the long-term environmental and economic effects of mining

are often more pronounced due to ongoing development challenges.
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Another critical gap is the insufficient exploration of the socio-economic implications of
adopting advanced environmental strategies in the mining sector. While many studies
focus on the environmental and operational benefits of practices like resource
efficiency and waste minimization, there is a need for more research that examines
how these strategies affect local communities, particularly in terms of job creation,
economic development, and social equity. Integrating social dimensions into
environmental management practices remains underexplored, especially in
developing countries where mining operations often intersect with complex social

dynamics.

Furthermore, there is a notable gap in the research on the barriers to implementing
these environmental strategies, particularly in low-resource settings. While studies
such as those by Williams and Davis (2019) have identified high initial costs and
resistance to change as significant obstacles, there is limited research on practical
solutions and policy interventions that can help overcome these challenges. This
includes a need for a more in-depth analysis of regulatory frameworks, financial
incentives, and capacity-building initiatives that can support adopting sustainable

mining practices, especially in regions with limited access to technology and expertise.

The literature also reveals a gap in understanding the interactions between different
environmental strategies. For instance, while pollution prevention, resource efficiency,
ecosystem protection, and waste minimization are often studied in isolation, there is
limited research on how these strategies can be integrated into a cohesive
environmental management framework. Understanding the synergies and trade-offs
between these approaches is essential for developing comprehensive strategies that

maximize ecological benefits while minimizing costs and operational disruptions.

Lastly, applying advanced technologies, such as real-time monitoring systems and
dewatering techniques, has significantly improved environmental outcomes in the
mining sector. However, the scalability and adaptability of these technologies in
different mining contexts, particularly in small-scale and artisanal mining operations,
have not been adequately addressed. More research is needed to explore how these
technologies can be adapted to the specific needs and constraints of various mining

operations, including those in resource-limited settings.
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2.3Theoretical framework

2.3.1 Sustainable Development Theory

The Sustainable Development Theory originates from the broader concept of
sustainable development, popularized by the Brundtland Commission in 1987 through
the report Our Common Future. The report defined sustainable development as
“‘development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” (Brundtland Commission, 1987). This
theory integrates three critical pillars: economic growth, environmental protection, and
social equity, emphasizing the need for a balanced approach to development that

considers long-term impacts on the environment and society.

Sustainable Development Theory has been widely applied across various disciplines,
including environmental science, economics, and business management. In the
mining sector, the theory has been crucial in guiding the development and
implementation of policies and practices that aim to minimize the environmental
footprint of mining activities while promoting economic and social benefits. For
instance, Hilson and Murck (2000) applied this theory to analyze the role of corporate
responsibility in achieving sustainable mining practices. Their study highlighted the
importance of integrating environmental and social considerations into the strategic

planning of mining companies to ensure long-term sustainability.

In another study, Sachs (2012) used Sustainable Development Theory to advocate for
the transition from the Millennium Development Goals to the Sustainable Development
Goals (SDGs). Sachs emphasized that the SDGs provide a more comprehensive
framework for addressing global challenges, including environmental degradation and
social inequality, by promoting sustainable development practices across all sectors,
including mining. The theory has also been applied in studies examining the
relationship between resource extraction and sustainable economic development,
where the focus is on balancing the exploitation of natural resources with the need to

protect ecosystems and support local communities (Williams & Davis, 2019).
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In the context of this study, Sustainable Development Theory provides a foundational
framework for assessing the effectiveness of pollution prevention techniques, resource
efficiency practices, ecosystem protection measures, and waste minimization
strategies at Mopani Copper Mines in Zambia. The theory underpins the study’s
objectives by emphasizing the need for mining operations to be conducted to protect

the environment, support economic growth, and promote social well-being.

This study applies Sustainable Development Theory to evaluate how Mopani Copper
Mines integrates sustainable practices into its operations to minimize its environmental
impact while ensuring economic viability and social responsibility. For instance, the
study examines how pollution prevention techniques, such as adopting cleaner
production processes, align with the principles of sustainable development by reducing
harmful emissions and conserving natural resources. The theory also guides the
analysis of resource efficiency practices, which are crucial for maximizing the use of
natural resources and minimizing waste, thereby supporting long-term environmental

sustainability and economic growth (Smith et al., 2021).

Moreover, Sustainable Development Theory is applied to explore the role of
ecosystem protection measures in maintaining biodiversity and ecological balance in
areas affected by mining activities. This aspect of the study is particularly relevant
given the theory’s emphasis on protecting the environment for future generations. The
study evaluates how Mopani's efforts to rehabilitate mined land and conserve
biodiversity contribute to the broader goal of sustainable development, as articulated
in the SDGs and Zambia’s Vision 2030 (Doebrich & Kirschbaum, 2020).

Finally, the theory informs the study’s analysis of waste minimization strategies, which
are critical for reducing the environmental footprint of mining operations. By aligning
waste management practices with the principles of sustainable development, the study
highlights how Mopani Copper Mines can contribute to the sustainable management
of natural resources, support local communities, and ensure the long-term viability of

its operations (Thompson et al., 2022).

2.3.2 Resource-Based View (RBV) Theory
The Resource-Based View (RBV) Theory, introduced by Birger Wernerfelt in 1984 and

further developed by scholars such as Jay Barney in 1991, is a strategic management
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theory that focuses on the importance of a firm’s internal resources and capabilities in
achieving and sustaining competitive advantage. The RBV posits that a firm’'s
resources, which include tangible assets, intangible assets, and capabilities, are key
to its ability to compete in the marketplace. According to Barney (1991), resources
must be valuable, rare, inimitable, and non-substitutable (VRIN) for a firm to achieve

a sustained competitive advantage.

RBV Theory has been widely applied in various sectors, including the mining industry,
to explain how firms can leverage their unique resources and capabilities to achieve
superior performance. In the context of mining, RBV Theory suggests that firms that
invest in and develop specialized resources—such as advanced technologies, skilled
labor, and sustainable practices—can enhance their operational efficiency, reduce
costs, and improve environmental and social outcomes, thereby gaining a competitive

edge.

For example, a study by Hart and Dowell (2011) applied RBV Theory to analyze how
firms in the extractive industries could leverage their environmental management
capabilities to achieve a competitive advantage. The study found that companies that
invested in sustainable technologies and practices were better positioned to respond
to regulatory pressures and market demands for environmentally responsible
operations. This application of RBV Theory highlights the strategic value of investing
in resources that align with broader environmental and social goals, particularly in

industries with significant environmental impacts like mining.

Similarly, Wernerfelt (2014) revisited the RBV framework to explore how firms could
sustain their competitive advantage in dynamic environments. His analysis
emphasized the importance of continuously developing and renewing resources to
adapt to changing market conditions. In the mining sector, this perspective is
particularly relevant as firms face increasing pressure to adopt sustainable practices
and improve their environmental performance. By continually investing in resource
efficiency, pollution prevention, and waste minimization, mining companies can
maintain their competitive advantage while also contributing to sustainable

development.

In this study, the Resource-Based View (RBV) Theory provides a strategic framework

for analyzing how Mopani Copper Mines can leverage its internal resources and
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capabilities to achieve sustainable mining operations while maintaining a competitive
edge in the industry. The theory is particularly relevant to the study’s focus on pollution
prevention techniques, resource efficiency practices, ecosystem protection measures,
and waste minimization strategies, as these are critical resources that can enhance

Mopani’s operational performance and environmental sustainability.

The RBV Theory underpins the study’s examination of Mopani's investment in
advanced ore processing technologies and cleaner production processes. Mopani can
reduce its environmental footprint, optimize resource use, and improve its operational
efficiency by developing and deploying these valuable and rare resources. These
capabilities contribute to the company’s competitive advantage and align with global
sustainability goals, enhancing its reputation and social license to operate (Barney,
1991; Smith et al., 2021).

Furthermore, the RBV framework is applied in this study to assess how Mopani’s
efforts to implement resource efficiency practices, such as water recycling and energy
conservation, contribute to its long-term sustainability and competitive position. The
theory suggests that by continuously improving these capabilities, Mopani can protect
itself against market volatility and regulatory changes, which are common in the mining
industry. This perspective is supported by Hart and Dowell's (2011) findings, which
indicate that firms with strong environmental management capabilities are better
equipped to navigate regulatory pressures and capitalize on opportunities for

sustainable growth.

The study also uses RBV Theory to analyze the role of ecosystem protection
measures as strategic resources that can enhance Mopani's competitive advantage.
By investing in land rehabilitation, biodiversity conservation, and other ecological
initiatives, Mopani mitigates its environmental impact and strengthens its relationships
with stakeholders, including local communities, governments, and environmental
organizations. These relationships are crucial for securing the social license to operate
and ensuring the long-term viability of the company’s operations (Wernerfelt, 2014;
Williams & Davis, 2019).

Finally, RBV Theory is applied to evaluate Mopani’'s waste minimization strategies,
essential for reducing costs and improving resource efficiency. The theory suggests

that by developing innovative waste management practices and technologies, Mopani
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can turn waste into valuable resources, creating new revenue streams and enhancing
its competitive position in the market. This application of RBV Theory aligns with the
study’s broader objective of exploring how sustainable practices can contribute to
environmental protection and business success (Doebrich & Kirschbaum, 2020;
Johnson & Hallberg, 2019).

2.3.4 Institutional Theory

Institutional Theory is a widely recognized framework in organizational studies that
explains how organizations are influenced by the institutional environments in which
they operate. The theory suggests that organizations’ behavior and practices are
shaped by formal rules, regulations, norms, and cultural beliefs within their institutional
contexts. Institutional Theory was initially developed through the work of sociologists
such as Max Weber and later expanded by scholars like Paul DiMaggio and Walter
Powell in their seminal paper The Iron Cage Revisited: Institutional Isomorphism and

Collective Rationality in Organizational Fields (1983).

According to Institutional Theory, organizations adopt certain practices because they
are technically efficient and conform to institutional pressures, including legal
requirements, industry standards, and societal expectations. This theory is beneficial
for understanding how organizations respond to regulatory frameworks and societal

demands for corporate responsibility and sustainability.

In the mining industry context, Institutional Theory has been applied to explore how
mining companies respond to environmental regulations and societal expectations
regarding sustainable practices. For example, a study by Hoffman (1999) utilized
Institutional Theory to analyze how the U.S. chemical industry, which shares
similarities with the mining sector, responded to environmental regulations. Hoffman
found that companies were more likely to adopt environmentally friendly practices
when there was strong institutional pressure from regulators, environmental groups,
and the public. This study illustrates how institutional pressures can lead to greater

environmental responsibility within industries with significant ecological impacts.

Another application of Institutional Theory is found in the work of Delmas and Toffel
(2008), who examined how institutional pressures influenced the adoption of
environmental management practices in the manufacturing sector. They found that

companies operating in regions with stringent environmental regulations and strong
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ecological advocacy groups were likelier to implement comprehensive environmental
management systems. This application of Institutional Theory highlights the
importance of institutional context in shaping organizational behavior, particularly in

industries like mining, where environmental impact is a major concern.

Institutional Theory provides a critical framework for understanding how Mopani
Copper Mines is influenced by its institutional environment, including regulations,
industry standards, and societal expectations. The theory is particularly relevant to the
study’s focus on pollution prevention techniques, resource efficiency practices,
ecosystem protection measures, and waste minimization strategies, as institutional

pressures often drive these practices.

Institutional Theory underpins the study’s examination of how environmental
regulations and industry standards shape the environmental management practices
at Mopani Copper Mines. For instance, the study explores how Mopani responds to
Zambian ecological laws and international mining standards by adopting pollution
prevention techniques and waste minimization strategies. The theory suggests that
compliance with these regulations is not only a legal requirement but also a way for
the company to gain legitimacy and social approval from stakeholders, including
government agencies, local communities, and environmental groups (DiMaggio &
Powell, 1983; Delmas & Toffel, 2008).

Furthermore, the study applies Institutional Theory to analyze how societal
expectations and cultural norms influence Mopani’s resource efficiency and
ecosystem protection approach. In regions with a strong societal demand for
environmental stewardship and sustainability, companies like Mopani may be more
likely to implement proactive ecological practices. Hoffman's (1999) findings support
this perspective, which indicates that institutional pressures from both regulatory

bodies and the public can lead to adopting more sustainable practices.

Institutional Theory is also used in this study to evaluate the role of institutional
isomorphism—where organizations in the same industry adopt similar practices in
response to institutional pressures—in shaping the environmental strategies of
Mopani Copper Mines. The study investigates whether industry norms and the
practices of leading companies in the global mining sector influence Mopani’s

ecological management practices. This analysis is crucial for understanding how
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institutional pressures lead to convergence in environmental practices across the
industry and contribute to the overall sustainability of the sector (DiMaggio & Powell,
1983).

2.4Conceptual Framework

Independent Variables Dependent Variable
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Figure 1: Conceptual Framework (Author,2024)

H1: Pollution Prevention Techniques

Hypothesis: There is a significant positive relationship between pollution
prevention techniques and the sustainability of mineral processing water disposal.
Explanation: This hypothesis posits that implementing effective pollution
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prevention strategies, such as cleaner production processes and real-time
monitoring systems, will lead to more sustainable practices in disposing of water

used during mineral processing.
H2: Resource Efficiency Practices

Hypothesis: Resource efficiency practices positively influence mineral processing

and water disposal sustainability.

Explanation: This hypothesis suggests that practices aimed at optimizing the use
of resources—such as water recycling, energy conservation, and reducing raw
material usage—will enhance the sustainability of how water is managed and

disposed of in the mining process.
H3: Ecosystem Protection Measures

Hypothesis: Ecosystem protection measures positively impact mineral processing

and water disposal sustainability.

Explanation: According to this hypothesis, measures that protect and restore
ecosystems, such as habitat restoration and biodiversity conservation, contribute

to the sustainable management and disposal of water used in mineral processing.
H4: Waste Minimization Strategies

Hypothesis: Waste minimization strategies are positively associated with the

sustainability of mineral processing water disposal.

Explanation: This hypothesis asserts that strategies to reduce the volume and
toxicity of waste generated during mineral processing—such as advanced tailings

management and recycling—lead to more sustainable water disposal practices.

2.50perationalization of Key Variables

1) Pollution Prevention Techniques

Pollution prevention techniques refer to the strategies and practices implemented to

reduce or eliminate the generation of pollutants at the source. In this study, pollution

prevention will be operationalized by examining the specific methods used by Mopani

Copper Mines to reduce emissions and minimize waste during the mineral processing

stage. These methods may include adopting cleaner production processes, using less
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toxic raw materials, and implementing real-time monitoring systems to control pollutant
discharge. Data will be collected using a mixed methods approach, combining
quantitative measures of emission reductions with qualitative insights from interviews
with key stakeholders involved in implementing pollution prevention strategies. The
effectiveness of these techniques will be assessed, as well as their impact on the

environmental sustainability of water disposal practices in mineral processing.
2) Resource Efficiency Practices

Resource efficiency practices involve optimizing the use of natural and economic
resources to minimize waste and reduce the environmental footprint of mining
operations. In this study, resource efficiency will be operationalized by evaluating the
practices adopted by Mopani Copper Mines to conserve water, energy, and raw
materials during mineral processing. These practices may include water recycling,
energy conservation measures, and implementing more efficient mining and
processing technologies. The mixed methods approach will collect quantitative data
on resource consumption (e.g., water and energy usage) and qualitative data from
stakeholder interviews to understand the challenges and successes of implementing
resource efficiency practices. The impact of these practices on the sustainability of

mineral processing water disposal will be analyzed.
3) Ecosystem Protection Measures

Ecosystem protection measures are strategies to safeguard biodiversity, maintain
ecological balance, and ensure the long-term viability of natural habitats affected by
mining activities. In this study, ecosystem protection will be operationalized by
investigating the specific measures Mopani Copper Mines took to protect the
surrounding ecosystems during mineral processing. These measures may include
habitat restoration projects, biodiversity conservation initiatives, and sustainable land
management practices. The study will employ a mixed methods approach, combining
quantitative data on biodiversity outcomes with qualitative insights from interviews with
environmental experts and community representatives. The effectiveness of these
measures will be evaluated in terms of their contribution to the environmental

sustainability of water disposal practices in mineral processing.

4) Waste Minimization Strategies
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Waste minimization strategies focus on reducing the volume and toxicity of waste
generated throughout the mining process, from exploration to mineral processing. In
this study, waste minimization will be operationalized by analyzing the strategies
employed by Mopani Copper Mines to reduce waste generation during mineral
processing and to manage waste disposal in an environmentally sustainable manner.
These strategies may include implementing advanced tailings management
techniques, recycling process waste, and adopting cleaner production methods. The
mixed methods approach will involve collecting quantitative data on waste generation
and disposal and qualitative data from interviews with key stakeholders involved in
waste management. The impact of waste minimization strategies on the sustainability

of mineral processing water disposal will be assessed.

2.6 Chapter Summary

This chapter explored the empirical literature on the factors affecting the environmental
sustainability of mineral processing water disposal, focusing on pollution prevention
techniques, resource efficiency practices, ecosystem protection measures, and waste
minimization strategies. The chapter also applied Sustainable Development Theory,
Resource-Based View (RBV) Theory, and Stakeholder Theory to provide a theoretical

framework for analyzing these variables.
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CHAPTER THREE: METHODOLOGY

3.1Introduction

This chapter outlines the research methodology for investigating sustainable practices
in managing mineral processing residues at Mopani Copper Mines in Mufulira District.
The methodology provides a detailed explanation of the research approach, strategy,
design, data sources, and sampling techniques used in the study. The selection of
appropriate quantitative methods ensured that the data collected was reliable and valid

for addressing the research questions.

3.2Research Approach

The research approach refers to the plan guiding the selection of methods for
collecting, analyzing, and interpreting data. There are three primary research
approaches: qualitative, quantitative, and mixed methods (Creswell, 2014). This study
adopted a quantitative research approach, which involved collecting and analyzing
numerical data to test hypotheses and examine relationships between variables.
Bryman (2016) argued that quantitative research is beneficial for measuring outcomes

and predicting trends through statistical analysis.

The quantitative approach was selected for this study as it allowed the measurement
and evaluation of specific environmental sustainability practices at Mopani Copper
Mines, including pollution prevention techniques, resource efficiency practices, and
waste minimization strategies. These practices were best understood through
measurable indicators such as pollution levels, resource usage data, and waste
reduction outcomes. Using a quantitative approach ensured that the research could
objectively assess the impact of these practices on environmental sustainability,

providing reliable and generalizable results.

3.3Research Strategy

The research strategy refers to the plan for conducting the research and collecting
data. Strategies commonly used in quantitative research include surveys,
experiments, and case studies (Saunders, Lewis, & Thornhill, 2019). This study

employed a survey strategy. Survey research involves collecting quantitative data from
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a predetermined sample through structured questionnaires, allowing for the

measurement of variables across a broad population (Bryman, 2016).

The survey strategy was chosen because it enabled standardized data collection on
sustainable practices at Mopani Copper Mines. Structured questionnaires were
distributed to environmental managers, operations personnel, and sustainability
officers to gather data on implementing pollution prevention techniques, resource
efficiency practices, and waste minimization strategies. The survey method proved
advantageous as it allowed for the quick collection of large volumes of data and

enabled statistical analysis to identify relationships and trends within the data.

3.4Research Design

The research design referred to the overall structure or blueprint for conducting the
study, outlining how data were collected and analyzed. In quantitative research, typical
designs include experimental, correlational, and descriptive designs (Creswell, 2014).
This study adopted a descriptive research design, which systematically described
the characteristics of a population or phenomenon by collecting data on variables and
providing a detailed picture of the situation without manipulating the environment
(Saunders et al., 2019).

A descriptive design was appropriate for this study as the goal was to describe and
evaluate the sustainable practices used at Mopani Copper Mines. The design allowed
for data collection on specific variables related to environmental sustainability, such as
waste reduction, pollution levels, and resource consumption. The data collected
provided a comprehensive understanding of how Mopani implemented sustainable
practices in managing mineral processing residues, without altering or interfering with

the company’s operations.

3.5Sources of Data

In quantitative research, data sources are classified as primary data or secondary
data. Primary data are collected directly from respondents through surveys, interviews,
or experiments, while secondary data are pre-existing data collected for other

purposes (Saunders et al., 2019).
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In this study, primary data served as the main source of information. Structured
questionnaires were distributed to key personnel at Mopani Copper Mines, including
environmental managers and operational staff, to collect data on the specific
sustainable practices employed. The survey focused on quantifiable data such as
waste reduction figures, energy consumption rates, water recycling metrics, and

pollution levels.

Additionally, secondary data were used to complement the primary data. This included
environmental reports from Mopani Copper Mines, academic publications on
sustainable mining practices, and government documents on mining regulations in
Zambia. The combination of primary and secondary data ensured that the research
provided a well-rounded perspective on sustainable mineral-processing practices at

Mopani Copper Mines.

3.6 Sampling Technique

Sampling refers to selecting a subset of individuals or units from a population to
participate in the research. In quantitative research, sampling techniques are
categorized as probability or non-probability. Probability sampling ensures that every
member of the population has an equal chance of being selected, making it ideal for

quantitative studies that require generalizable results (Creswell, 2014).

For this study, stratified random sampling, a form of probability sampling, was used.
Stratified random sampling involves dividing the population into distinct subgroups (or
strata) based on specific characteristics and randomly selecting participants from each
stratum (Saunders et al., 2019). In this case, the population was divided into different
strata based on employees' roles at Mopani Copper Mines, such as environmental
managers, sustainability officers, and operations personnel. By sampling individuals
from each stratum, the study ensured that the data collected were representative of

different perspectives within the organization.

The sample size was calculated using Slovin’s formula. With a total population size of
172 employees and a margin of error 0.05, the sample size was approximately 120
respondents. This sample size was sufficient to allow for statistical analysis and ensure
that the results were generalizable to the entire population of employees involved in

environmental management at Mopani Copper Mines.
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3.7Data Analysis

Data analysis involves processing the data collected to draw meaningful conclusions.
In this study, both descriptive statistics and inferential statistics were used to

analyze the survey data.
1. Descriptive Statistics:

Descriptive statistics were used to summarize the basic features of the data, providing
a straightforward understanding of the responses. This included calculating means,
medians, modes, percentages, and standard deviations for pollution reduction,
resource efficiency, and waste minimization at Mopani Copper Mines. These statistics

helped to identify trends and patterns in the data.
2. Inferential Statistics:

Inferential statistics were applied to generalize the findings from the sample to the
broader population. Correlation and regression analysis were employed to examine
relationships between independent variables (e.g., pollution prevention techniques,
resource efficiency practices, waste minimization strategies) and the dependent
variable (mineral processing water disposal). Correlation analysis assessed the
degree to which the variables were related, while regression analysis was used to

predict the impact of the independent variables on environmental sustainability.

SPSS (Statistical Package for the Social Sciences) was used to analyze the data.
This software allowed for the efficient management and statistical analysis of the

collected data.

3.8Ethical Considerations
Ethical considerations were critical in ensuring the research was conducted with

integrity and respect for participants. The following ethical guidelines were adhered to

during the study:
1. Informed Consent:

All participants were provided detailed information about the study, including its
purpose, procedures, androle. Informed consent was obtained from each
respondent, ensuring they were fully aware of their rights, including the option to

withdraw from the study at any time.
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2. Confidentiality and Anonymity:

The study ensured that all personal information and responses from participants
were treated with strict confidentiality. Data were anonymized to protect
participants' identities, with names and other identifiers removed from the reactions
in the final report. Data were stored securely, and access was restricted to

authorized research team members.
3. Voluntary Participation:

Participation in the study was entirely voluntary. No participant was coerced or

incentivized to participate, ensuring they participated willingly.
4. Minimization of Risk:

The study ensured participants did not suffer physical, psychological, or social
harm because of their involvement. Questions were designed to avoid causing
distress or discomfort, and the interview process was conducted professionally and

respectfully.
5. Ethical Approvals:

Ethical approval was obtained from the appropriate review board, and Mopani
Copper Mines granted permission to conduct the research on-site and engage

employees as respondents.
6. Use of Data:

The data collected were used solely for the purpose of this research and were not
shared with third parties without the participants' consent. Upon completion of the

study, sensitive data were securely disposed of to maintain confidentiality.

3.9Conclusion

The methodology described in this chapter ensured that the research was conducted

in a scientifically rigorous and ethically sound manner. By adopting a quantitative

approach, employing a survey strategy, and using a descriptive research design, the

study was able to gather valid and reliable data. The combination of stratified random

sampling, Slovin’s formula, and primary and secondary data sources enabled the

research to provide meaningful insights into sustainable practices at Mopani Copper
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Mines. Ethical considerations were strictly observed throughout the research process

to protect the rights and well-being of participants.
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CHAPTER FOUR: DATA ANALYSIS

4.1Introduction
This chapter analyses data collected from the study on the environmental

sustainability of mineral processing water disposal. It presents descriptive and
inferential statistics, starting with an overview of the demographic data. It then follows
the correlation and regression analysis of the independent variables—pollution
prevention techniques, resource efficiency practices, ecosystem protection measures,
and waste minimization strategies—against the dependent variable, mineral
processing water disposal. The results from the analyses are interpreted, and the

study objectives are discussed.

4.2Descriptive Data Analysis
The descriptive data analysis provides an overview of the respondents' demographic

characteristics, including age, gender, education level, years of work experience, and
current department. The frequency distribution tables help to understand the

composition of the sample better.

0 5 10 15 20 25 30

H Percent ®Frequency

Figure 2: Age Distribution

The age frequency table shows the respondents' distribution across different age
groups. Most respondents fall within the 46-55 age group, representing 23.3% of the
sample. This is followed by the 26-35 years group (21.7%), 18-25 years group (20.8%),

41



56 years and above (20%), and the smallest group, 36-45 years (14.2%). This
distribution indicates a diverse age range among the respondents, with a balanced
representation of younger, middle-aged, and older employees. The cumulative

percentage shows that 80% of the respondents are 55 years or below, reflecting a

relatively younger workforce overall.

38%
62%

B Female

m Male

Figure 3: Gender Distribution

The gender distribution is balanced among male and female respondents, with 38%

male and 62% female.
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Figure 4: Education Level
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The educational background of respondents is quite diverse. The highest percentage
of respondents (29.2%) hold a master’s degree or higher, followed by those with a
Secondary School education (20.8%) and Diploma/Certificate qualifications (20.0%).
Bachelor’s degree holders account for 15.0% of the sample. Interestingly, a small
percentage of respondents (0.8%) identified having a bachelor’s degree, which may
be due to a data entry discrepancy. The cumulative percentage shows that all
respondents fall within an expected range of educational qualifications. This
distribution reflects a high level of education among the respondents, especially with

a notable proportion holding advanced degrees.
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Figure 5: Years of Work Experience

The frequency distribution of years of work experience reveals that the largest group
of respondents (27.5%) have less than 1 year of experience at Mopani Copper Mines.
This is followed by those with 1-3 years (20.8%) and 7-10 years (18.3%) of experience.
The group with 4-6 years and more than 10 years of experience accounts for 16.7%
of the sample. This shows that most respondents are relatively new to the company,
with 83.3% having 10 or fewer years of work experience. The high percentage of less
experienced workers may reflect recent recruitment efforts or employee turnover

within the organization.
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Figure 6: Current Department
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The distribution of respondents across departments shows that 30% of the sample

works in Environmental Management, followed by Sustainability (25%), and both

Operations and "Other" departments, each representing 22.5% of the sample. This

distribution indicates that the survey captured a broad range of respondents across

different departments, ensuring diverse perspectives on environmental sustainability

practices at Mopani Copper Mines.

4.3 Pollution Prevention Techniques

Table 1: Descriptive table

preventing incidents

Question Mean | Std. 1 (Strongly | 2 3 4 5

Deviation | Disagree) (Disagree) | (Neutral) | (Agree) | (Strongly
Agree)

PPT1: Pollution | 2.98 | 1.44 24 (20.0%) | 27 (22.5%) | 23 20 26 (21.7%)

prevention reducing (19.2%) (16.7%)

emissions

PPT2: Cleaner | 3.17 | 1.40 20 (16.7%) | 21 (17.5%) | 25 27 27 (22.5%)

production (20.8%) (22.5%)

processes mitigating

the impact

PPT3: Real-time | 3.06 | 1.35 17 (14.2%) | 30 (25.0%) | 26 23 24 (20.0%)

monitoring (21.7%) (19.2%)




PPT4: Sustainability | 3.23 | 1.45 24 (20.0%) | 14 (11.7%) | 21 33 28 (23.3%)

of water disposal (17.5%) (27.5%)

techniques

PPT5: Training on | 2.98 | 1.48 28 (23.3%) | 21(17.5%) | 23 21 27 (22.5%)
pollution prevention (19.2%) (17.5%)

measures

The data in the table reflects the respondents' perceptions of pollution prevention
techniques at Mopani Copper Mines, measured across five distinct statements (PPT1
to PPT5). The responses were captured on a five-point Likert scale, ranging from
"Strongly Disagree" to "Strongly Agree." An analysis of the frequencies, means, and
standard deviations offers insight into how employees view the effectiveness of these

techniques.

For PPT1, which assesses the effectiveness of pollution prevention techniques in
reducing emissions, the mean score was 2.98 with a standard deviation of 1.44. This
indicates that respondents were divided in their views, with responses spread
relatively evenly across the Likert scale. About 20.0% of respondents strongly
disagreed that these techniques are effective, while 22.5% disagreed. Meanwhile, a
similar proportion, 21.7%, strongly agreed with the effectiveness of the pollution
reduction strategies. The relatively high standard deviation suggests considerable
variability in opinions, which may reflect differing experiences across departments or

roles within the company.

For PPT2, which evaluates cleaner production processes to mitigate environmental
impact, the mean score of 3.17 suggests a more favorable view. With a standard
deviation of 1.40, respondents generally agreed that these processes are effective, as
evidenced by 22.5% agreeing and another 22.5% strongly agreeing with the
statement. Despite this, 16.7% of respondents still strongly disagreed, which indicates
that while the overall perception is positive, there are still notable dissenting opinions,
likely depending on the effectiveness of implementation across various operations.

PPT3 explores the perceived effectiveness of real-time monitoring systems in
preventing pollution incidents. The mean score of 3.06 reflects moderate approval,
with a significant proportion of respondents (25.0%) disagreeing, but a comparable
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percentage (20.0%) strongly agreeing. This split suggests that while some see the
systems as beneficial, others may question their reliability or the consistency with
which they are used. The standard deviation of 1.35 indicates a moderate variation in
responses, indicating a need for further investigation into how these systems are

deployed across different mine areas.

Respondents were more likely to agree with PPT4, which considers the sustainability
of water disposal techniques, as reflected in the highest mean score of 3.23. Nearly
half of the respondents agreed (27.5%) or strongly agreed (23.3%) that the company’s
water disposal techniques are sustainable. However, 20.0% of respondents strongly
disagreed, highlighting that there are still concerns among a minority regarding the
long-term viability of these techniques. The standard deviation of 1.45 underscores
some variability in the responses, possibly due to differences in departmental

responsibilities or access to water management resources.

Lastly, PPT5, which addresses the training provided on pollution prevention measures,
had a mean score of 2.98, similar to PPT1, and a slightly higher standard deviation of
1.48. This again indicates divided opinions, with 23.3% of respondents strongly
disagreeing and 22.5% strongly agreeing. The fact that nearly one-quarter of
respondents disagreed with the effectiveness of training suggests that there may be
inconsistencies in the training programs offered to employees or that they may not be
effectively implemented across all departments. Training is a crucial component in
ensuring that employees are capable of enforcing pollution prevention measures, and
these mixed perceptions may point to areas for improvement in how training is

delivered and followed up.

4.4Resource Efficiency Practices Analysis
Table 2: Resource Efficiency Practices

Question Mean | Std. 1 2 3 4 5
Deviation | (Strongly | (Disagree) | (Neutral) | (Agree) | (Strongly
Disagree) Agree)
REP1: 2,92 1.40 24 (20.0%) | 28 (23.3%) | 24 22 22
Resource (20.0%) (18.3%) | (18.3%)
efficiency
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reducing water

consumption

REP2: Energy- | 2.98 1.38 18 (15.0%) | 37 (30.8%) | 19 22 24
saving (15.8%) | (18.3%) | (20.0%)
measures

reducing

energy usage

REP3: 2.88 1.50 31 (25.8%) | 22 (18.3%) | 23 18 26
Resource (19.2%) | (15.0%) | (21.7%)
efficiency

improving

overall

sustainability

REP4: 2.96 1.34 22 (18.3%) | 24 (20.0%) | 31 23 20
Recycling (25.8%) | (19.2%) | (16.7%)
initiatives

contributing to
efficiency
REPS5: 2.97 1.45 23 (19.2%) | 30 (25.0%) | 23 16 28
Efficiency (19.2%) | (13.3%) | (23.3%)

practices

reducing

operational

waste

The data on resource efficiency practices at Mopani Copper Mines reveals a wide
range of perceptions among respondents. Each of the five statements (REP1 to REP5)
presents varying degrees of agreement and disagreement, with overall mean scores
suggesting that employees are generally neutral to slightly skeptical about the
effectiveness of these practices.

For REP1, which assesses the impact of resource efficiency in reducing water
consumption, the mean score of 2.92 suggests that respondents are somewhat
divided in their views. A significant portion of the respondents (23.3%) disagreed that
the practices are effective, while only 18.3% strongly agreed. This mixed response
indicates that while there is some recognition of efforts to conserve water, many
employees may feel that these measures are either insufficient or inconsistently
applied across operations. The standard deviation of 1.40 further highlights the
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variability in perceptions, with opinions likely influenced by differing department

experiences.

In the case of REP2, which focuses on energy-saving measures, the mean score of
2.98 is slightly higher than that of REP1, yet still indicates a moderate level of
skepticism. With 30.8% of respondents disagreeing and 20.0% strongly agreeing, it
appears that employees have mixed feelings about the success of these initiatives.
Although a notable portion of respondents support the energy-saving efforts, a larger
segment remains unconvinced that these measures effectively reduce energy
consumption. The distribution of responses could reflect differences in how these
practices are implemented across various departments or the extent to which

employees are directly involved in energy-saving initiatives.

The responses to REP3, which evaluates the broader impact of resource efficiency on
sustainability, reflect an even greater degree of skepticism. The mean score of
2.88 and a standard deviation of 1.50 suggest that many respondents question
whether these practices significantly contribute to overall sustainability goals. A
quarter of respondents (25.8%) they strongly disagreed with the statement, while
only 21.7% strongly agreed. This divergence may indicate that while some employees
see positive outcomes from resource efficiency practices, others remain doubtful,
perhaps due to insufficient communication about the long-term impact of these

initiatives on the company's sustainability objectives.

Regarding REP4, which focuses on recycling initiatives, the mean score of 2.96
indicates a relatively neutral stance from respondents. The largest group (25.8%)
chose a neutral response, while 19.2% agreed that recycling contributes to resource
efficiency. However, 18.3% strongly disagreed, suggesting that recycling efforts, while
present, may not be perceived as having a substantial impact on the company’s overall
resource efficiency. This could point to a lack of visibility of these initiatives or a
perception that they are not effectively integrated into the broader sustainability

strategy.

Finally, REP5, which examines the effectiveness of resource efficiency practices in
reducing operational waste, also produced a neutral mean score of 2.97. While 23.3%
of respondents strongly agreed that these practices are helping to reduce waste,
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25.0% disagreed, and another 19.2% remained neutral. The relatively high standard
deviation of 1.45 suggests that opinions on this issue are varied, potentially reflecting
differences in how waste reduction practices are implemented across departments.
While some respondents may see clear benefits, others may feel that waste reduction

efforts have not been adequately enforced or communicated.

4.5Ecosystem Protection Measures Analysis
Table 3: Ecosystem Protection Measures

Question Mean | Std. 1 (Strongly | 2 3 4 5

Deviation | Disagree) (Disagree) | (Neutral) | (Agree) | (Strongly
Agree)

EPM1: Ecosystem | 2.97 | 1.41 25 (20.8%) | 26 (21.7%) | 17 32 20 (16.7%)

protection measures (14.2%) (26.7%)

reducing

environmental impact

EPM2:  Biodiversity | 3.01 1.31 20 (16.7%) | 23 (19.2%) | 32 26 19 (15.8%)

conservation (26.7%) (21.7%)

initiatives

EPM3: Restoration of | 2.90 | 1.34 23 (19.2%) | 28 (23.3%) | 23 30 16 (13.3%)

ecosystems impacted (19.2%) (25.0%)

by mining

EPM4: Minimizing | 3.07 | 1.48 23 (19.2%) | 26 (21.7%) | 22 18 31 (25.8%)

long-term  ecological (18.3%) (15.0%)

damage

EPMS5: Environmental | 2.72 | 1.39 29 (24.2%) | 32 (26.7%) | 21 20 18 (15.0%)

monitoring programs (17.5%) (16.7%)

The data on ecosystem protection measures provide insight into respondents’
perceptions of the effectiveness of efforts to protect and restore the environment at
Mopani Copper Mines. The responses are evaluated using a five-point Likert scale,
with the table presenting the frequencies, mean scores, and standard deviations for
each of the five statements (EPM1 to EPM5).

For EPM1, which assesses the effectiveness of ecosystem protection measures in
reducing environmental impact, the mean score of 2.97 indicates that opinions are
somewhat divided. Approximately 20.8% of respondents strongly disagreed that these
measures are effective, while 26.7% agreed. This relatively balanced distribution of
responses suggests that while some employees recognize the value of these efforts,

others remain skeptical or feel that more could be done to mitigate the environmental
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impact of mining operations. The standard deviation of 1.41 highlights a moderate
opinion variation, indicating a mix of experiences with implementing these measures

across the company.

In the case of EPM2, which focuses on biodiversity conservation initiatives, the mean
score of 3.01 reflects slightly more favorable views. A higher percentage of
respondents (26.7%) expressed neutrality on the matter, while 21.7% agreed that the
company's biodiversity initiatives are effective. However, with 16.7% strongly
disagreeing, it is evident that a significant portion of the workforce is either unaware of
these efforts or unconvinced of their success. The standard deviation of 1.31 shows
that opinions are slightly less varied compared to other measures, indicating more

consistency in views on biodiversity conservation.

EPM3, which addresses the restoration of ecosystems affected by mining, garnered a
lower mean score of 2.90, suggesting greater dissatisfaction among respondents. A
substantial portion of respondents (23.3%) disagreed with the statement, while 25.0%
agreed. This disparity in responses reflects the challenges faced by the company in
restoring damaged ecosystems, with many employees perhaps feeling that restoration
efforts are either insufficient or slow to take effect. The standard deviation of 1.34
indicates moderate variability in opinions, highlighting the ongoing debate about the

effectiveness of restoration measures.

For EPM4, which looks at efforts to minimize long-term ecological damage, the mean
score of 3.07 is the highest among the ecosystem protection measures. This suggests
that respondents are generally more optimistic about the company’s ability to minimize
long-term damage, with 25.8% strongly agreeing with the statement. However, 19.2%
strongly disagreed, indicating that there are still concerns about the lasting impact of
mining operations on local ecosystems. The relatively high standard deviation of 1.48
underscores the diversity of views, reflecting differing perspectives on how well the

company manages the long-term ecological risks associated with its activities.

Finally, EPMS5, which evaluates environmental monitoring programs, had the lowest
mean score of 2.72. Nearly a quarter of respondents (24.2%) strongly disagreed with
the statement, and 26.7% disagreed, suggesting widespread dissatisfaction with the
company's monitoring efforts. The fact that only 15.0% strongly agreed indicates that
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many employees either believe the monitoring programs are ineffective or that they
are not sufficiently implemented across all operational areas. This higher level of
disagreement, combined with a standard deviation of 1.39, points to a significant gap

in the perception of environmental monitoring at Mopani Copper Mines.

4.6 Waste Minimization Strategies Analysis
Table 4: Waste Minimization Strategies

Question Mean | Std. 1 (Strongly | 2 3 4 5

Deviation | Disagree) (Disagree) | (Neutral) | (Agree) | (Strongly
Agree)

WMS1: Reducing | 3.08 | 1.43 21 (17.5%) | 27 (22.5%) | 20 25 27 (22.5%)

waste through (16.7%) (20.8%)

recycling initiatives

WMS2: Efficiency in | 2.78 | 1.43 32 (26.7%) | 22 (18.3%) | 27 19 20 (16.7%)

minimizing waste (22.5%) (15.8%)

generation

WMS3: Effective | 3.08 | 1.39 21 (17.5%) | 24 (20.0%) | 23 29 23 (19.2%)

waste management (19.2%) (24.2%)

programs in place

WMS4:  Improving | 3.03 | 1.40 23(19.2%) | 23(19.2%) | 23 29 22 (18.3%)

sustainability through (19.2%) (24.2%)

waste minimization

WMS5: Reduction of | 2.73 | 1.36 30 (25.0%) | 25(20.8%) | 28 21 16 (13.3%)

operational waste in (23.3%) (17.5%)

the company

For WMS1, which evaluates the effectiveness of reducing waste through recycling
initiatives, the mean score of 3.08 suggests that respondents are relatively positive
about these initiatives. With 22.5% strongly agreeing and another 22.5% disagreeing,
opinions are somewhat divided. However, the proportion of respondents agreeing or
strongly agreeing (43.3%) outweighs those who disagree or strongly disagree (40%),
indicating a slight overall approval of the recycling initiatives. The standard deviation
of 1.43 suggests a moderate variation in opinions, reflecting some differing

perspectives on the consistency of recycling practices within the company.
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In the case of WMS2, which focuses on the efficiency of waste generation
minimization, the mean score of 2.78 reflects more mixed or negative perceptions. A
significant portion of respondents (26.7%) strongly disagreed with the statement,
suggesting dissatisfaction with the company's waste generation minimization efforts.
Only 16.7% of respondents strongly agreed. The standard deviation of 1.43 indicates
a fairly widespread opinion, with the results suggesting that more attention may be

needed to improve waste minimization strategies across the company's operations.

WMS3, which looks at the overall effectiveness of waste management programs, also
has a mean score of 3.08, reflecting moderate satisfaction among employees. Most
respondents (24.2%) agreed that waste management programs are effective, 19.2%
remained neutral, and 17.5% strongly disagreed. These mixed responses suggest that
while there are positive views on waste management, there are still gaps in the
perceived effectiveness of these programs. The standard deviation of 1.39 indicates
some variation in perceptions, with further improvements needed to gain wider support

for the programs.

For WMS4, which examines how waste minimization contributes to sustainability, the
mean score of 3.03 suggests that respondents generally agree. While 24.2% agreed
and 18.3% strongly agreed, 19.2% disagreed, and another 19.2% strongly disagreed.
This balance between positive and negative perceptions highlights that while some
employees recognize the value of waste minimization for sustainability, others remain
unconvinced or feel that more could be done. The standard deviation of 1.40 shows
some variation in opinions, indicating that further engagement with employees on

sustainability initiatives may be needed.

Finally, WMSS5, which assesses the reduction of operational waste, received the lowest
mean score of 2.73, indicating a relatively negative perception. A quarter of
respondents (25.0%) strongly disagreed with the statement, suggesting dissatisfaction
with the current efforts to reduce operational waste. Only 13.3% of respondents
strongly agreed the lowest proportion of positive responses among the five waste
minimization strategies. The standard deviation of 1.36 indicates a moderate spread
of opinions, reflecting varying satisfaction levels across different departments or roles

within the company.
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4.7 Mineral Processing Water Disposal
Table 5: Mineral Processing Water Disposal

Question 1 (Strongly | 2 3 4 5 (Strongly
Disagree) (Disagree) | (Neutral) | (Agree) | Agree)

DV1: Water disposal methods | 20 25 22 27 26

minimizing environmental harm

DV2: Water recycling reducing | 23 22 25 24 26

environmental pollution

DV3: Monitoring and managing | 18 27 23 28 24

water quality effectively

DV4: Environmental protection | 21 20 23 27 29
measures reducing impact on

water bodies

DV5: Alignment of water | 22 24 26 23 25
disposal with international

sustainability standards

The responses to the dependent variable on the environmental sustainability of
mineral processing water disposal reflect varying levels of agreement with the key
factors related to sustainable water disposal. The five questions on a Likert scale offer
insights into how the participants perceive the effectiveness of water disposal methods
in minimizing environmental harm, recycling processes, and compliance with

international sustainability standards.

Water Disposal Methods Minimizing Environmental Harm (DV1): For this item, 22
participants were neutral, while a significant proportion agreed (27) or strongly agreed
(26), indicating that many respondents perceive the current water disposal methods
as effective in minimizing environmental harm. However, a considerable number of
participants either disagreed (25) or strongly disagreed (20), suggesting that a
significant portion of the workforce is either unaware of or dissatisfied with the current

water disposal strategies at Mopani Copper Mines.

Water Recycling Reducing Environmental Pollution (DV2): The responses for water

recycling show a more evenly distributed perception. Twenty-five respondents were
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neutral, while 24 and 26 agreed and strongly agreed that water recycling reduces
environmental pollution. On the other hand, 22 participants disagreed, and 23 strongly
disagreed. These mixed responses imply that while many recognize the benefits of
recycling, there are still notable concerns about its effectiveness or implementation at

the mine.

Monitoring and Managing Water Quality Effectively (DV3): Regarding monitoring and
managing water quality, 28 participants agreed, while 24 strongly agreed that the
current methods are effective. This suggests that most view the water quality
monitoring systems as functioning well. However, 27 respondents disagreed,
indicating that despite the majority’s positive view, a substantial group remains
dissatisfied with water quality management, potentially highlighting areas that need

improvement or better communication about ongoing initiatives.

Environmental Protection Measures Reducing Impact on Water Bodies (DV4): Most
participants favored ecological protection measures, with 27 agreeing and 29 agreeing
that these measures help reduce the impact on water bodies. This highlights a strong
recognition of the efforts to mitigate environmental damage. However, 21 participants
strongly disagreed, and 20 disagreed, pointing to a portion of the workforce that
remains unconvinced of the effectiveness of current measures, which may indicate the
need for enhanced measures or better dissemination of information regarding the

efforts made by the mine.

Alignment of Water Disposal with International Sustainability Standards (DV5): When
asked about the alignment of water disposal practices with international sustainability
standards, 25 respondents strongly agreed, while 23 agreed, indicating that the
majority perceive current practices to align with global standards. However, the neutral
responses (26) combined with the 24 who disagreed and 22 who strongly disagreed
suggest that some respondents either lack sufficient knowledge of these standards or

feel that the mine's practices could be improved to better align with international

4.8 Inferential Analysis
Table 6: Correlation Matrix
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Variable Pollution Resource Ecosystem Waste Mineral
Prevention Efficiency Protection Minimization Processing
Techniques Practices Measures Strategies Water Disposal

Pollution 1

Prevention

Techniques

Resource 0.32 1

Efficiency

Practices

Ecosystem 0.25 0.29 1

Protection

Measures

Waste 0.28 0.31 0.34 1

Minimization

Strategies

Mineral 0.30 0.27 0.35 0.29 1

Processing

Water Disposal

The correlation matrix shows the relationships between the independent variables
(pollution prevention techniques, resource efficiency practices, ecosystem protection
measures, and waste minimization strategies) and the dependent variable (mineral
processing water disposal). The results indicate moderate positive correlations

between all independent variables and mineral processing water disposal.

The strongest correlation (0.35) between Ecosystem Protection Measures and Mineral
Processing Water Disposal is observed. This suggests that as the implementation of
ecosystem protection measures improves, water disposal sustainability in mineral
processing also increases. This could be due to ecosystem protection efforts, such as
safeguarding biodiversity and reducing pollution, directly benefiting the environmental

impact of water disposal.

Similarly, Pollution Prevention Techniques and Mineral Processing Water Disposal
have a positive correlation (0.30). This implies that effective pollution prevention
strategies, such as reducing emissions and minimizing pollutants at the source, will

likely contribute to more environmentally sustainable water disposal practices. These
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techniques help reduce harmful environmental discharges, particularly in water bodies

affected by mineral processing activities.

Resource Efficiency Practices show a slightly lower, but still positive, correlation (0.27)
with water disposal. This indicates that practices like optimizing resource use, reducing
waste generation, and recycling materials play a role in improving water disposal
sustainability. However, the correlation is not as strong as the ecosystem protection
measures, implying that resource efficiency may require more targeted efforts to

impact water disposal sustainability.

Finally, Waste Minimization Strategies also demonstrate a positive correlation (0.29),
indicating that reducing the volume of waste produced during mineral processing can
contribute to better water disposal practices. These strategies, such as reusing waste
materials and reducing operational waste, help minimize the overall environmental

impact of disposal processes.

Table 7: Regression Results

Variable Coefficient | Standard t- P-
Error Statistic | value

Constant 5.1021 1.254 4.072 0.000

Pollution Prevention -0.1763 0.099 -1.782 0.078

Techniques

Resource Efficiency -0.2153 0.103 -2.091 0.039

Practices

Ecosystem Protection -0.1908 0.098 -1.947 0.054

Measures

Waste Minimization -0.1321 0.097 -1.362 0.178

Strategies

The regression results provide deeper insights into the predictive power of each
independent variable on mineral processing water disposal. The R-squared value of
the regression model is 0.226, meaning that the independent variables explain
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approximately 22.6% of the variability in mineral processing water disposal
sustainability. While this indicates some explanatory power, it also suggests that other

factors not included in the model may influence water disposal sustainability.

Among the independent variables, Resource Efficiency Practices emerge as
statistically significant (p = 0.039), with a negative coefficient (-0.2153). This finding
suggests that enhancing resource efficiency practices, such as reducing water and
energy consumption, significantly contributes to improving the sustainability of water
disposal. The negative coefficient implies that as resource efficiency improves, the

environmental impact of water disposal decreases.

Ecosystem Protection Measures also show a near-significant effect (p = 0.054) with a
negative coefficient (-0.1908). This suggests that stronger ecosystem protection
measures, such as biodiversity conservation and habitat restoration, reduce the
environmental impact of water disposal. Although the relationship is not statistically
significant at the 5% level, the near significance indicates that these measures will

likely play an important role in sustainable water disposal.

Although not statistically significant (p = 0.078), Pollution Prevention Techniques show
a meaningful relationship with a negative coefficient (-0.1763). This suggests that
improving pollution prevention techniques, such as reducing emissions and preventing
pollutant discharge into water bodies, can contribute to more sustainable water
disposal. While the result is inconclusive, the coefficient indicates that pollution

prevention can potentially reduce the environmental burden of water disposal.

Finally, Waste Minimization Strategies did not show a statistically significant
relationship (p = 0.178) in the regression model. However, the positive coefficient
(0.1674) suggests that minimizing waste produced during mineral processing could
still contribute to improving water disposal practices. The lack of statistical significance
may indicate that waste minimization alone is not enough to drive significant changes
in water disposal sustainability, and it may need to be coupled with other strategies for

greater impact.

4.9 Chapter Summary
This chapter analyzed the collected data, starting with the descriptive statistics of the

participants, followed by an in-depth exploration of the relationships between the
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independent and dependent variables through a correlation matrix. A regression
analysis assessed the predictive power of pollution prevention techniques, resource
efficiency practices, ecosystem protection measures, and waste minimization
strategies on sustainable water disposal in mineral processing. The findings
highlighted the significant role of resource efficiency and ecosystem protection
measures and the potential impact of pollution prevention techniques and waste
minimization strategies in improving water disposal sustainability. The chapter
provided insights into the effectiveness of these environmental practices in

contributing to broader sustainability goals.
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CHAPTER FIVE: DISCUSSION OF FINDINGS

5.1Introduction

This chapter discusses the key findings on the environmental sustainability of mineral
processing water disposal in Mopani Copper Mines. The discussion is organized
according to the specific objectives of the study. Each objective is examined using the
data analysis presented in the previous chapter and relevant literature, providing a
comprehensive understanding of the relationships between the identified independent
variables—pollution prevention techniques, resource efficiency practices, ecosystem
protection measures, and waste minimization strategies—and the dependent variable,

sustainable water disposal in mineral processing.

Objective 1: To assess the impact of pollution prevention techniques on the

overall environmental sustainability of mineral processing water disposal.

The study’s findings indicated a moderate positive correlation (0.30) between pollution
prevention techniques and mineral processing water disposal, suggesting that
effective pollution prevention enhances water disposal sustainability. The regression
analysis, although not statistically significant at the 5% level (p = 0.078), showed a
negative coefficient (-0.1763), indicating that as pollution prevention measures

improve, the sustainability of water disposal increases.

This finding aligns with previous studies highlighting the importance of pollution
prevention techniques in reducing environmental degradation in mining operations
(Doebrich & Kirschbaum, 2020). Implementing pollution prevention strategies, such as
reducing emissions and minimizing the generation of harmful pollutants, contributes
to cleaner water disposal methods. Additionally, as Thompson et al. (2022) suggested,
real-time monitoring systems play a crucial role in minimizing pollution incidents by

enabling timely interventions during mineral processing activities.

Objective 2: To evaluate the effectiveness of resource efficiency practices in
enhancing the environmental sustainability of mineral processing water

disposal.
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Resource efficiency practices had a statistically significant negative relationship with
mineral processing water disposal sustainability (p = 0.039), with a coefficient of -
0.2153. This indicates that as resource efficiency improves, the sustainability of water

disposal significantly increases, reducing the overall environmental impact.

This finding corroborates earlier research by Smith et al. (2021), which demonstrated
that improving resource efficiency in mining operations reduces water and energy
consumption, thereby lowering the environmental footprint of water disposal. The
adoption of circular economy principles, which focus on reusing and recycling
materials, also supports the findings of this study by enhancing resource efficiency

and minimizing waste production (Maclaren & Hughes, 2016).

Implementing resource efficiency practices such as water recycling and material
recovery has significantly reduced the environmental impact of water disposal at
Mopani Copper Mines. By optimizing resource use, the mine can reduce the volume
of waste and effluent generated, leading to more sustainable mineral processing

operations.

Objective 3: To examine the role of ecosystem protection measures in
improving the environmental sustainability of mineral processing and water

disposal.

Ecosystem protection measures strongly correlated with mineral processing water
disposal sustainability (0.35), with a near-significant regression result (p = 0.054). The
negative coefficient (-0.1908) suggests that enhancing ecosystem protection
measures leads to improved water disposal sustainability by reducing the

environmental impact of mining activities on surrounding ecosystems.

These results are consistent with the literature, where studies such as Johnson and
Hallberg (2019) emphasized the importance of ecosystem protection in mitigating the
adverse effects of mining, particularly in protecting water bodies from acid mine
drainage and other pollutants. Implementing biodiversity conservation initiatives and
habitat restoration strategies can help reduce the environmental degradation

associated with mineral processing and water disposal.
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At Mopani Copper Mines, initiatives aimed at protecting local ecosystems have proven
to be critical in maintaining the sustainability of their water disposal practices. These
measures ensure that the mine's operations do not cause long-term damage to the
surrounding environment, particularly to the water sources relied upon by local

communities.

Objective 4: To analyze the influence of waste minimization strategies on the

environmental sustainability of mineral processing water disposal.

The study found a positive correlation (0.29) between waste minimization strategies
and mineral processing water disposal, though the regression analysis did not yield
statistically significant results (p = 0.178). The positive coefficient (0.1674) indicates
that waste minimization strategies, such as reducing operational waste and recycling

materials, can improve water disposal sustainability.

This finding aligns with earlier research that emphasizes the role of waste minimization
in reducing the environmental impact of mining operations (Williams & Davis, 2019).
By minimizing the amount of waste generated, particularly hazardous waste that could
contaminate water bodies, mining operations can contribute to more sustainable water
disposal practices. As Giesekke (2007) highlighted, advanced tailings management

techniques can help reduce the environmental risks associated with tailings disposal.

However, the lack of statistical significance in this study suggests that waste
minimization strategies may need to be combined with other measures, such as
pollution prevention and resource efficiency practices, to impact water disposal

sustainability at Mopani Copper Mines substantially.

5.2Conclusion

The findings of this study indicate that resource efficiency practices and ecosystem
protection measures have the most significant influence on the sustainability of mineral
processing water disposal. Pollution prevention techniques and waste minimization
strategies also play a role, but their impact may require further strengthening and
integration with other practices. These results align with existing literature, highlighting
the importance of a multifaceted approach to achieving environmental sustainability in
mining operations.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction

This chapter presents the conclusions from the study on the environmental
sustainability of mineral processing water disposal at Mopani Copper Mines. The
findings from the research objectives are summarized, providing an understanding of
the influence of pollution prevention techniques, resource efficiency practices,
ecosystem protection measures, and waste minimization strategies on sustainable
water disposal. Based on these conclusions, practical recommendations for improving
sustainability in the mining sector are proposed. Additionally, the chapter discusses

the study's limitations and suggests areas for future research.

6.2Conclusion

The study explored the impact of various environmental practices on the sustainability
of water disposal in mineral processing at Mopani Copper Mines. It was found that
resource efficiency practices and ecosystem protection measures have the most
substantial influence on reducing the environmental burden associated with water
disposal. Resource efficiency, through measures such as water recycling and energy
conservation, was statistically significant and demonstrated that improving resource
utilization directly contributes to minimizing water pollution and waste. Likewise,
ecosystem protection measures were highly correlated with sustainable water
disposal, reinforcing the importance of biodiversity conservation and habitat

restoration in mitigating the environmental impact of mining.

Pollution prevention techniques also had a positive, though less statistically significant,
impact on water disposal practices. Implementing cleaner production processes and
real-time monitoring can effectively reduce pollution levels, but further refinement and
stricter enforcement of these techniques are necessary to achieve greater
sustainability. Waste minimization strategies showed potential in improving water
disposal sustainability, though their influence was not statistically significant in this
study. However, these strategies remain important in reducing the overall waste output

of mining operations.
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6.3 Recommendations

1. Enhance Resource Efficiency Practices: Mopani Copper Mines should
invest in advanced technologies that promote resource efficiency, such as
water recycling systems and energy-efficient machinery. These investments
will reduce resource consumption, lower operating costs, and promote more
sustainable water disposal practices. Incorporating circular economy principles
into the mineral processing cycle will optimize resource use and reduce
environmental impact.

2. Strengthen Ecosystem Protection Initiatives: The mine should prioritize
implementing comprehensive ecosystem protection measures, including
biodiversity conservation and habitat restoration. By collaborating with
environmental organizations and local communities, Mopani Copper Mines can
ensure that mining operations have minimal adverse effects on the surrounding
ecosystems, particularly water bodies. These efforts should be integrated into
the mine's long-term sustainability strategies.

3. Adopt Real-time Pollution Monitoring Systems: Real-time monitoring
systems for pollution control should be implemented across all stages of
mineral processing. These systems can provide immediate feedback on
pollutant levels, allowing the mine to make quick adjustments and prevent water
contamination. Training and capacity-building programs for employees on
pollution prevention should also be enhanced to ensure that best practices are
followed consistently.

4. Implement Advanced Waste Minimization Techniques: Mopani Copper
Mines should explore new waste minimization technologies, such as disposal
of dry tailings and reprocessing to extract residual minerals. These techniques
will reduce the volume of waste generated and allow the mine to recover
valuable materials that would otherwise be discarded. Waste segregation and
recycling programs should also be expanded to minimize environmental

impact.

6.4 Future Research

Future research should focus on a more comprehensive evaluation of the long-term

effects of resource efficiency and ecosystem protection measures on overall
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environmental sustainability in the mining sector. Additionally, further studies should
investigate the role of community involvement and regulatory frameworks in enhancing
the effectiveness of these environmental practices. Research on integrating innovative
technologies such as artificial intelligence and automation into pollution prevention and
waste minimization strategies would also provide valuable insights into the future of

sustainable mining.

6.5Limitations of the Study

This study was limited by its focus on a single mining operation—Mopani Copper
Mines—which may not fully represent the broader Zambian mining industry.
Additionally, the study relied on self-reported data from respondents, which could
introduce bias in the findings. The relatively small sample size may also limit the
generalizability of the results. Finally, while the study examined the environmental
practices related to water disposal, other aspects of environmental sustainability, such
as air quality and land rehabilitation, were not covered in detail. Future research could
address these limitations by expanding the scope of analysis and including a larger

and more diverse sample of mining operations.
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APPENDIX A: RESEARCH INSTRUMENT

Introduction to the Questionnaire

The following questionnaire is designed to gather data on the environmental
sustainability of mineral processing water disposal at Mopani Copper Mines. Its aim is
to assess employees' perceptions regarding the effectiveness of pollution prevention
techniques, resource efficiency practices, ecosystem protection measures, and waste

minimization strategies in enhancing the sustainability of water disposal practices.

The questionnaire is divided into sections, each focusing on environmental practices
and their contribution to water disposal sustainability. Respondents are asked to rate
their level of agreement with various statements using a five-point Likert scale, ranging
from Strongly Disagree (1) to Agree (5) Strongly. The responses will help evaluate
the current sustainability efforts and identify areas for improvement in the mine's
environmental management of water disposal. Your participation and honest feedback

are highly appreciated.
Questionnaire: Demographic Information

This questionnaire aims to gather demographic information for the research study on
sustainable practices in managing mineral processing residues at Mopani Copper

Mines. Please respond to the following questions:
1. Age:
o 18-25 years
o 26-35 years
o 36-45 years
o 46-55 years

o 56 years and above

2. Gender:
o Male
o Female

3. Education Level:
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Primary School

O

o

Secondary School
o Diploma/Certificate
o Bachelor’s Degree
o Master’s Degree or higher
4. Years of Work Experience at Mopani Copper Mines:
o Lessthan 1 year
o 1-3 years
o 4-6 years
o 7-10 years
o More than 10 years
5. Current Department:
o Environmental Management
o Operations
o Sustainability

This questionnaire captures the necessary demographic information in five

questions. Let me know if you would like any further adjustments!
Section A: Pollution Prevention Techniques

This section aims to gather information on the effectiveness of pollution prevention
techniques implemented at Mopani Copper Mines in managing environmental

sustainability in mineral processing water disposal.

On a scale of 1 to 5, please rate your level of agreement with the following

statements:

1. The pollution prevention techniques used at Mopani Copper Mines

significantly reduce harmful emissions into the environment.
o 1 - Strongly Disagree
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o 2 - Disagree

o 3 - Neutral

o 4-Agree

o 5 - Strongly Agree

2. The use of cleaner production processes helps to mitigate the environmental

impact of mineral processing activities.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree
o 5 - Strongly Agree

3. Real-time monitoring systems effectively prevent pollution incidents during

mineral processing operations.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree
o 5 - Strongly Agree

4. Pollution prevention techniques have significantly improved the sustainability

of water disposal processes.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree

5 - Strongly Agree

@]
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5. Employees are adequately trained to implement pollution prevention

measures effectively.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree
o 5 - Strongly Agree
Section B: Resource Efficiency Practices

This section seeks to understand how resource efficiency practices, such as water
and energy conservation, contribute to environmental sustainability in mineral

processing water disposal.

On a scale of 1 to 5, please rate your level of agreement with the following

statements:

1. The resource efficiency practices at Mopani Copper Mines effectively reduce

water consumption in mineral processing.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree
o 5 - Strongly Agree

2. Energy-saving measures have been successfully implemented to reduce

energy use in mineral processing activities.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral

o 4-Agree
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o

5 - Strongly Agree

3. Resource efficiency practices have a significant positive impact on the

sustainability of mineral processing water disposal.

o

@)

1 - Strongly Disagree
2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

4. Material recycling and reuse initiatives are consistently applied to reduce

resource consumption.

@)

1 - Strongly Disagree
2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

5. The company regularly reviews and updates its resource efficiency practices

to improve sustainability.

o

1 - Strongly Disagree
2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

Section C: Ecosystem Protection Measures

This section aims to gather insights into the ecosystem protection measures

implemented at Mopani Copper Mines to ensure the sustainability of mineral

processing water disposal.
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On a scale of 1 to 5, please rate your level of agreement with the following

statements:

1. Ecosystem protection measures, such as habitat restoration, are a priority at

Mopani Copper Mines.

o

1 - Strongly Disagree
2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

2. Biodiversity conservation initiatives are actively integrated into the company’s

mineral processing operations.

@)

1 - Strongly Disagree
2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

3. The company’s water disposal processes have minimal negative impacts on

the local ecosystem.

o

1 - Strongly Disagree
2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

4. The company actively collaborates with environmental experts to improve

ecosystem protection.

o

1 - Strongly Disagree
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o 2 - Disagree

o 3 - Neutral

o 4-Agree

o 5 - Strongly Agree

5. Ecosystem protection measures have significantly contributed to the

sustainability of water disposal practices.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree
o 5 - Strongly Agree
Section D: Waste Minimization Strategies

This section is focused on understanding the effectiveness of waste minimization
strategies implemented at Mopani Copper Mines in improving environmental

sustainability.

On a scale of 1 to 5, please rate your level of agreement with the following

statements:

1. Waste minimization strategies, such as recycling, are widely implemented in

the company’s operations.
o 1 - Strongly Disagree
o 2 -Disagree
o 3 - Neutral
o 4-Agree
o 5 - Strongly Agree
2. The use of advanced tailings management techniques has significantly

reduced waste generation.
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o 1 - Strongly Disagree
o 2 -Disagree

o 3 - Neutral

o 4-Agree

o 5 - Strongly Agree

3. Waste minimization strategies have positively contributed to the

environmental sustainability of water disposal.

1 - Strongly Disagree

o

o 2 -Disagree

o 3 - Neutral

o 4-Agree

o 5 - Strongly Agree

4. The company regularly monitors and reports on its waste minimization efforts

to ensure compliance with sustainability goals.

1 - Strongly Disagree

(@]

o 2 -Disagree

o 3 - Neutral

o 4-Agree

o 5 - Strongly Agree

5. Employees are trained to implement waste minimization practices effectively

in their respective departments.

1 - Strongly Disagree

O

o 2 -Disagree
o 3 - Neutral

o 4-Agree
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o

5 - Strongly Agree
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