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Abstract: The disposal of gold mining waste is a major cause of land degradation and forest loss in
Zimbabwe. Although the mining sector is a key driver of the Zimbabwean economy, substantial volumes of
wastewater, waste rocks, tailings, and slag are produced. The research aimed to establish how the
Zimbabwean gold mining sector accounts for waste. Twelve in-depth interviews were conducted among
selected key gold mines in Zimbabwe. It was found that some gold mines adopted international
environmental accounting standards as strategies to minimise waste and move towards zero waste generation,
and that waste can be converted into economic value. However, most solutions were found to be sectoral. It is
recommended that holistic approaches are needed to address the challenges of waste management within the
gold mining sector of Zimbabwe. Raw materials should be utilised effectively, and waste reduced to facilitate
profit generation by the mining sector. Considering the potential conflicts of gold mining, we suggest a
comprehensive, integrated waste management strategy consistent with other land uses. Remedial action is
recommended to protect the environment. Future research may investigate ways to minimise waste through
environmental management accounting practices. Interdisciplinary research may also assist as the challenges
cut across several disciplines, such as accounting for the financial flows of waste and engineering for the
physical flows of waste.
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1. Introduction

The demand for gold has always been high in the jewellery, investment, electronic, and medical
industries due to its unique physical characteristics (Munagamage et al., 2021; Birich et al., 2023; Rao
et al., 2023). However, mining activity has generally been described as a threat to ecosystem integrity
(Kalamandeen et al., 2020; Timsina et al., 2022; Konig et al., 2023). It is the main cause of
environmental degradation through the use of toxic chemicals such as mercury and the removal of
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forest cover (Markham & Sangermano, 2018; Pisconte et al., 2024). This calls for managers to
monitor any change related to landscape use and thereby develop strategies to manage the
environment (Stoll et al., 2022; Quash, Kross & Jaeger, 2024).

Globally, legislation has been passed to protect, monitor, and manage the environment (Orimoloye &
Ololade, 2020; Nandiyanto et al., 2023) as a response to research indicating that human activities
primarily contribute to environmental degradation (Guerry et al., 2015). Furthermore, mining
operations, including mineral extraction, agricultural expansion, and urban development, are some of
the human activities that negatively impact the loss and degradation of biodiversity of the ecosystem
(Epule et al., 2014; Tegegne et al., 2016; Korhonen-Kurki et al., 2019). For example, gold mining
activity causes substantial damage to the ecosystem by contaminating water bodies, thereby destroying
natural habitats (Palacios-Torres, de la Rosa & Olivero-Verbel, 2020; Escobar-Segovia et al., 2021;
Cérdoba-Tovar et al., 2023). Therefore, environmental accountability is essential for the gold mining
sector to achieve its sustainability goals.

During gold mining processes, mercury and cyanide are regularly released into the environment
(Veiga et al., 2014; Ilyas & Lee, 2018; Manzila & Moyo, 2021). Environmental degradation is
believed to be caused mainly by mining processes and waste disposal practices (Spiegel et al., 2018;
Orimoloye et al., 2019). According to Orimoloye and Ololade (2020), mining tailings and waste are
the most toxic and can harm humans and animals if they are not contained. Due to the relative nature
of mine waste, the distance of the mining industry from the population, and occasionally apparent
success in mine waste management, it is less recognised by the mining industry than by municipal
councils and chemical and manufacturing industries (Mudd, 2007; Voncken & Buxton, 2019; Baker et
al., 2020).

Mineral production has increased substantially while ore grades have been declining, and this, coupled
with a shift from underground to open-cast mining, has increased the production of waste rock (Mudd,
2007). According to Mudd, the global increase in mineral demand will likely leave an ecological
footprint, which may pose challenges in meeting various law obligations, social expectations,
corporate standards, and environmental constraints.

Due to the effects of gold mining on the environment, climate change, and the socioeconomic position
of local communities, it remains controversial in developing nations (Orimoloye & Ololade, 2020).
Furthermore, the current utilisation of gold mine waste in developing countries is very low compared
to developed countries (Oluwasola et al., 2014). Therefore, it is essential to establish how the
Zimbabwean gold mining sector accounts for gold waste so that key stakeholders can devise strategies
to reduce its environmental footprint. This research aims to establish how waste is accounted for
within the Zimbabwean gold mining sector.

The article’s layout is as follows: Section 1.1 justifies the research, and Section 1.2 defines the
research questions (RQs). Section 2 presents the literature review, whereas Section 3 provides the
research methodology that underpins this research. The findings are discussed in Section 4. Section 5
provides the conclusion and future work. The article concludes with a list of references.

1.1.Problem Statement

The main driving force for this research is exploring how Zimbabwe’s gold mining sector accounts for
waste. This aligns well with the early views that waste management is essential for the mining sector
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to optimise profits (Munagamage et al., 2021). For example, a trucker was paid to haul the waste
away, but discovered that the waste was a valuable fertiliser that became an additional source of
revenue for the entire industry (Kalamandeen et al., 2020). The research has also been motivated by
the growing scarcity of valuable resources and the continued depletion of metal ores. Oluwasola et al.
(2014) provide that the use of mine waste in developing countries is below expectations compared to
advanced countries, and rapid global population growth and expansion of the mining sector have
caused significant mining waste production.

1.2. Research Question

The following question was raised to investigate waste generation in the Zimbabwean gold mining
sector:

How does the gold mining sector account for waste?

The researchers aimed to answer this question to provide useful information on how the Zimbabwean
gold mining sector accounts for waste, which would promote greener gold mining in Zimbabwe.

The work reported in this article stems from a Doctoral thesis of the lead author.

2. Literature Review

Sustainability has been defined as addressing the requirements of the present without sacrificing the
capacity of future generations to address their own needs (Mensah, 2019; Purvis et al., 2019; Hariram
et al., 2023). Hence, mineral deposits are considered unsustainable since it is a limited or non-
renewable resource (Mudd, 2007). However, the gold mining sector has expanded considerably due to
liberalisation, with more foreign mining organisations and artisanal miners investing in the sector,
particularly open pit mining (Amoako et al., 2018). Amoako et al. (2018) further add that expanding
gold production has raised numerous environmental concerns and challenges due to the activities used
in gold processing. Therefore, this calls for the mining sector to be accountable for environmental
issues and reduce its footprint so future generations can also benefit.

Mining is one of the sectors that significantly contributes to the aggregate mining countries’ per capita
gross domestic product (GDP) (Ericsson & Lof, 2019; Gochero & Boopen, 2020; Mufandaedza, 2021;
Benita & Gaytan-Alfaro, 2024). In Zimbabwe, the sector contributes at least 8% of the country’s GDP
(Manyuchi, Mbohwa & Muzenda, 2019). Though the mining sector positively contributes to a
country’s economic development, the detrimental legacy left by gold tailings and slag harms the
environment (Mashifana & Sithole, 2021). Mashifana and Sithole indicated that the gold mining sector
is related to contaminated subsurface works, sinkholes, and tailing dams. Fourteen billion tons of
tailings are anticipated to be produced annually on a global scale (Maruthupandian, Chaliasou &
Kanellopoulos, 2021; Araya, Kraslawski & Cisternas, 2020; Baker et al., 2020; Cacciuttolo &
Atencio, 2022; Sarker et al., 2022).

Research conducted by Rembuluwani, Dacosta and Gumbo (2014) on environmental risk and

management related to gold tailings has revealed that the tailings were acidic and heavy metal-laden,

with a pH of between 3 and 6. Furthermore, acid mine drainage (AMD), which results from mining

chemicals being exposed underground, is a prominent signal of the environmental problem that gold

mining activities are causing (Uchenna, 2017; Candeias et al., 2019; Mensah, 2021; Cacciuttolo &
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Atencio, 2022; Ata et al.,, 2024). A global issue is the mining industry’s consequences on the
environment, the economy, and the government (Ros-Tonen et al., 2021). Consequently, the gold
mining sector may need to account for waste, which poses environmental risks to animals and humans.

Mining operations result in large amounts of waste containing toxic chemicals that may pollute the
environment (Kaniki & Tumba, 2019). Kaniki and Tumba argued that the mining sector has long been
considered a waste driver, creating a significant risk to the environment, animals, and inhabitants near
the mine. In Zimbabwe, one of the sources of solid waste is the gold mining industry (Mutsvanga,
Mapira & Ngaza, 2018). Recent studies have indicated that waste tailings from mining operations
contain metallic trace elements, which are difficult to degrade and threaten the well-being of people
(Banza et al., 2009; Mwaanga et al., 2019).

Much waste is generated during the mining process, depending on the mining method and technology
being applied, as well as the geology of the mining site (Manyuchi et al., 2019). Therefore, a good
waste management strategy is needed to prevent environmental damage (Mapira, 2017; Hove, Rathaha
& Mugiya, 2020; Mubonderi, 2023). There should be coordination between waste management and a
country’s legislation, and in the case of Zimbabwe, it is the Environmental Management Act. Waste
should be stored, collected, transported, and disposed of on time to curb the spread of disease, forest
fires, and water body contamination, and keep the ecosystem close to its natural state.

An extensive volume of water is used and discharged during mining (Northey et al., 2016;
Thomashausen, Maennling & Mebratu-Tsegaye, 2018; Turunen et al., 2020; Wolkersdorfer &
Mugova, 2022). National and international communities are calling for the understanding and effective
utilisation of natural resources as the driver for sustainable resource use and management
(Thomashausen, Maennling & Mebratu-Tsegaye, 2018; Wolkersdorfer & Mugova, 2022). More
attention has recently been placed on economic development by the mining sector, which has been at
the expense of sustainable development (Mutsvanga et al., 2018). The unregulated flow of mining
waste into rivers and on land represents a significant environmental challenge related to waste disposal
(Wozniak & Pactwa, 2018). Therefore, owing to humanity’s increased demands on the ecosystem
(Palacios-Torres, de la Rosa & Olivero-Verbel, 2020), it is essential to estimate the environmental
footprint of the resources being used (Ilyas & Lee, 2018). In this regard, an understanding of the
management of water, being a scarce resource, appears to be limited (Cosgrove & Loucks, 1969; Liu
et al., 2017; Molden, 2020; Ricart et al., 2021), making it hard to determine what degree of water use
and discharge by a mining organisation is appropriate (Northey et al., 2019).

Gold-mining waste includes occupied land during stockpiling, dumping, and disposal, which
endangers the ecosystem, including the air, water, and soil (Mutsvanga et al., 2018). Calls for an
integrated and interdisciplinary approach to waste management have been made to generate new
economic value, move toward zero waste generation, and leave little or no trace of one’s existence on
the environment (Tayebi-Khorami et al., 2019). Backfilling has been suggested as a remedy for the
environmental degradation caused by gold tailings and slag (Mashifana & Sithole, 2021) and many
nations have begun investigating paste backfill technology as a novel and innovative method to deal
with mine waste (Cheng et al., 2019). Since this research is generally concerned with waste
management and not backfill technology, further discussion of the latter is beyond the scope of this
work. From a risk management perspective, waste accounting is an essential governance matter in the
gold-mining process, emphasising control of the process throughout the gold-mining process value
chain (Ghorbani & Nwaila, 2020). Therefore, proper waste management may create new economic
value for the gold-mining sector, greatly increasing its profitability.
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Most mining tailings are disposed of in tailing dams, of which filled dams have caused significant
spillage issues (Oluwasola et al., 2014). According to Oluwasola et al. prominent examples are the
breakdown of the Merriespruit tailing dam in South Africa in 1994, which resulted in fatalities and
extensive damage to residential structures, and the evacuation of 250 residents in the Philippines in
2002 due to the tailing spilling into the Mapanuepe Lake. The modern view of the mining sector is
towards sustainable mining, which represents a shift away from a narrow view of a particular mine
and towards an overall perspective of the sector and its role in the development of society (Mudd,
2007). Mudd adds that reclamation of disused mining areas has been lacking, which calls for the
modern mining industry to move towards improved sustainability performance and reporting. Hence,
an integrated waste management approach would go a long way in mitigating some of these problems.

Since mining produces a lot of waste per ore of mineral that is extracted, concentrated in the form of
spent heap leach pads, tailings, storage facilities, or waste rock dumps, reclamation and post-
reclamation are crucial factors in the valuation of mining assets (Espinoza & Morris, 2017). The size
of current mining operations and the volume of waste they produce dwarf all other industrial waste
management efforts, and these may be the largest obstacle to sustainability (Schneider, 2017;
Ogunseitan, 2023; Wilson, 2023). The issue is worsened because the waste produced by the chemical
methods used to extract minerals from ore (for instance, gold employs cyanide-rich solutions as a
leaching agent) can be highly hazardous (Espinoza & Morris, 2017). According to Espinoza and
Morris, these leaching processes occur via industrial procedures that dump fine ground tailings in
storage facilities earmarked for tailings. Therefore, the remaining sulphide minerals in tailing storage
are vulnerable to oxidation, leading to AMD, which is detrimental to the environment and human
health (Nieva, Borgnino & Garcia, 2018; Masindi et al., 2022; Si et al., 2023). By its very nature,
mining is a transient industry that produces income for a brief time. However, it may also result in
obligations that may remain forever (Masindi et al., 2022; Ogunseitan, 2023; Si et al., 2023).
Therefore, the country’s culture should develop mechanisms to prevent wasting the important
resources being mined and prepare for a day when those resources will not be available anymore
(Espinoza & Morris, 2017). The following section presents materials and methods underpinning this
research.

3. Materials and Methods

This research aimed to establish how the Zimbabwean gold-mining sector accounts for waste. The
researchers adopted the research onion of Saunders, Lewis, and Thornhill (2019) to develop the
research methodology. The researchers conducted 12 in-depth interviews with personnel from five
chosen gold mines in Zimbabwe. A qualitative multimethod research choice aligned with the
interpretivist philosophy was chosen for this research, with a research strategy that involved
qualitative surveys. The researchers made generalisations using deductive reasoning. The data
collection technique and analysis were conducted through in-depth interviews. Personnel from the
identified gold mines in Kadoma, Bindura, and Gwanda in Zimbabwe were contacted for in-depth
interviews. A participant information sheet explaining the goals of the research and the interview
subjects’ rights was given to each participant. Interviewees signed an informed consent before taking
part in the study.

Additionally, the interviewees were assured that their answers would remain anonymous. Annexure 1
presents the interview questions. The next section presents the findings.
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4. Findings and Discussion

Data were gathered during the interviews. Twelve interviews were conducted and transcribed by a
transcriber who signed a confidentiality agreement. The section that follows presents the questions
asked and responses from the interviewees. Interviewees were asked how the Zimbabwean gold
mining sector was accounting for waste. This was essential to establish how waste was being
accounted for, since waste can affect the environment. The findings of the interviews on how the
Zimbabwean gold mining sector accounts for waste are discussed below.

The first question was, “How does the gold mining sector account for waste? Is waste identified
separately or assigned to overheads? Explain.”

A synthesis of responses from the interviewees pointed to the following themes:
e Accounting for waste

Large quantities of waste are produced annually, which calls for accounting for it and its
environmental impact. For example, the land occupied by waste rock during dumping and
tailing dams should be accounted for.

¢ Recording of waste

Waste should not be assigned to overheads as it is moved at a cost, and the volume of waste
within a rift or ore determines the profits to be generated. When an acceptable percentage of
waste exists within the rift, an organisation can profit. To emphasise the importance of waste
management and accounting, P1 stated:

“To us, it’s necessary because waste is moved at a cost. And at the end of the day, it also

’

makes us know the ratio between our rift and the waste.’
e Waste governance

Waste accounting is a governance matter with the environmental regulators (Environmental
Management Agency and the Ministry of Mines) in Zimbabwe.

¢ Responsible gold mining waste disposal

Waste disposal was identified as a threat to the environment (harmful to animals and humans)
if not properly accounted for. Effluent water from plants is pumped, recirculated, and used in
the plant to avoid flowing downstream and contaminating water bodies; however, there are
instances when it overflows from tailing dams into the environment. Furthermore, mining
organisations are working on minimising their footprint on the environment by adopting
internationally accepted environmental standards on waste management. Effective utilisation
of waste by converting it into other economic value addition was viewed as sustainable
development.

e Association between waste accounting and organisational culture, mission, and operating
environment

Several participants indicated that waste accounting aligns with the organisation’s culture,
mission, and operating environment. Participants stated that employees would take waste
management seriously if it were an organisational culture and stated within its mission
statement. P5 stated:
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“...all about culture, it is all about efficiency of technology of what the industry has begun, the
legislation also comes into play, competence also comes into play, consumer pressure also
comes into play, community demand, and management awareness come into play. We are
looking at the growth perception of your interested or affected parties on how the operations

’

in terms of influence to go green.’

The preceding discussions support the idea that gold mining is expanding due to the growing
population. This results in environmental challenges due to large quantities of waste being produced.
Markham & Sangermano (2018) observed waste as the main cause of environmental disasters through
the release of toxic chemicals. Orimoloye and Ololade (2020) supported the above and argued that
mining tailings could be toxic to humans and animals if not well contained. Munagamage et al. (2021)
indicated that gold-mining chemicals were chief contaminators of the environment. This also aligns
well with the argument provided by Mudd (2007) that gold mining should move towards improved
sustainability performance and reporting to minimise environmental disasters resulting from gold
mining waste.

The second question that was posed was, “Do you think knowing the volume of waste generated by
the gold mining process is going to assist the industry in any way? Explain.”

Although the answers provided by the participants to the question differed, a summary of their
responses revealed the following themes:

¢ Knowing the volume of waste and strategies for reducing it

In large mines, waste is an asset that should be properly accounted for. Therefore, a tail’s
report should be provided, and the information should be readily available to management to
be utilised when needed.

Though other types of waste can be converted to other uses, knowing the volume of waste
assists in decision-making by developing strategies to reduce waste. Knowing the volume of
waste being produced would help to decide on the disposal site and the cost of moving the
waste, as well as assisting in deciding how the waste can be converted into other uses. For
example, when mining hard rock, a lot of waste rock is generated, which can be crushed into
quarry stones used for building purposes. This can be a strategy to manage waste by
converting it into building materials that generate other income for the mining organisation.
Knowing volume would assist in ascertaining its impact on the environment, which would
likely assist in developing mitigatory strategies.

e Asset versus waste

What might be considered waste in other mining organisations could be regarded as an asset
by others. What is regarded as waste is built up in tales that become assets to the mining
organisations as they await gold to be extracted.

To emphasise the importance of knowing the volume of waste produced by the gold-mining
process and how it was going to assist the industry, P2 stated:

“...the waste in gold is your tailings, and though gold could have been extracted within the
tales, gold is never exhausted. As you extract it, whatever waste you throw away, you dump it
somewhere. As new mining methods are discovered, you still revisit that waste, which now sits
as an asset, and retreat that dump to get more gold.”
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It was revealed that no technology is currently available in Zimbabwe that could extract all the
gold in the ore or the rift.

The themes above align with the belief that reliable waste data is critical for internal decision-making
(Strand & Syberfeldt, 2020; Esposito et al., 2024). In addition, Orimoloye and Ololade (2020) believe
that knowing the volume of waste is essential since it is related to profits. This also aligns with (Lin et
al., 2013; Abdel-Shafy & Mansour, 2018; Das et al., 2019), who revealed that depending on the
quality and volume of waste generated, it could be converted into other products that can provide the
organisation with additional revenue.

The third question posed was, “Is there any relationship or linkage between waste reduction and the
performance of a gold mining company in terms of the economy and the environment? Explain”

A synthesis of responses from the interviewees indicated a linkage between waste reduction and the
performance of a mining organisation in terms of economy and the environment. The interviewees’
responses pointed to the following themes:

e Waste reduction for increased profitability

A relationship between waste reduction and a goldmine’s performance is essential. Goldmines
should work towards reducing the volume of waste if they want to generate a profit. Waste
management should be taken seriously, and avenues for creating new economic value should
be pursued to move towards zero waste generation, which could drive profits upward. Hence,
waste reduction implies cost savings and increased profitability.

e The rift determines the amount of waste

It is not always easy to reduce waste since waste generation is due to the nature of the rift
being mined. If the rift being mined is wider, the volume of waste to be moved becomes
minimal; however, if it is narrow, more waste will be generated, thereby diluting gold
percentage returns.

e Improved production processes

Waste reduction can result in an improvement in gold production processes. P4 mentioned
that:

“In our efforts to reduce waste, we may end up optimising our processes. If we optimise our
processes, we are going to use less of inputs per gold output or the ore processed, which
means we improve our efficiencies, which improves our productivity, so the bottom line would
be increased. So, as we increase our bottom line, we also reduce our waste, thereby
optimising our processes. This is very key.”

Waste management could not be separated from production processes; hence, improving the
production process would generate minimal waste.

e Driver for economic growth

We need to examine and understand how natural resources like water could be used
sustainably to drive economic growth.

These themes align with the argument that waste reduction supports eco-efficiency decisions and
increases an organisation’s economic and environmental performance (Comanita et al., 2018; Puertas
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et al., 2022; Daraio, Di Leo & Simar, 2024). In addition, Comanita et al. (2018) and Daraio, Di Leo
and Simar (2024) indicated that there had been calls by the communities of the mining sector to
understand and devise an effective utilisation of natural resources as a driver for economic
development and sustainable resource use, as well as management.

The fourth question posed was, “Do you have a waste reduction strategy? If not, why not? If yes, how
has this been implemented, and how has it been of help to you?”

The synthesis of the responses highlighted the following themes:
e Waste reduction strategy

Large gold-mining organisations have a waste-reduction strategy, while smaller gold mines
operate without a strategy. The strategy of managing waste was integrated into the business
model.

e Utilising waste

Though some large gold mines are converting waste rock into quarry stones, the utilisation of
gold mine waste was slow in the Zimbabwean gold mines.

e Environmental management plans

Though they submitted environmental management plans to the regulator, small gold mines
rarely followed them.

P6, in support of the above sentiment, responded as follows to the question that had been
raised:

“Here, we don’t have a documented management plan in place. Yes, we are legally required
to manage and protect the environment, but we cannot say we have an environmental
management plan in place.’

’

The findings of this research contradicted the belief that the waste storage area, its architecture, and
long-term plans for waste instability after mining closure should be included in the waste management
strategies to be implemented (Manyuchi, et al., 2019). However, a section of the findings agreed with
the views of Oluwasola et al. (2014), who provided that the utilisation of waste in developing
countries is rather slow and lagging.

The fifth question posed was, “Which accounting system is used within your organisation? Do you
think the current accounting system can capture the entire flow of waste within the gold processing?
Explain.”

The following themes were identified after a synthesis of responses from participants:
e Accounting system and eco-efficiency decisions

Interviewees (P8, P9, P10, and P11) argued that the accounting system does not support eco-
efficiency decisions. They attributed this to the nature of the reports required by the
environmental regulator, which did not support eco-efficiency decisions. P10 and P11 stated
that waste accounting supports eco-efficiency decisions since the waste dumping site should
be built in an environmentally friendly manner to avoid spillage into water bodies and the
environment. In the end, gold-mining organisations are complying with the regulation. To
emphasise the above, P11 stated:
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“We only subscribe to EMAg, which is the environmental regulator. They have what they call
quarterly reports, and they also raise invoices for specific environmental impacts and
assessments that have to do with mining activities.”

It was revealed by several interviewees (P8, P9, P10, and P11) that the accounting systems
being used by most organisations focused on financial accounting issues and not the
environment. P9 had to emphasise by saying:

“The accounting system in use handles accounting issues only. It does not have other modules
even to use by HR or plant processing, and hence it is just for accounting purposes.”

Accounting system and measuring of environmental performance

P10 and P11 revealed that waste information was regarded as an investment, and even though
the accounting system had limitations, it assisted in measuring environmental performance,
keeping track, and comparing progress on projections.

The findings from this aspect of the research were found to be contrary to the views of various
researchers, who asserted that waste management was essential for the mining sector to optimise
profits and that the accounting system should provide waste information if the profit optimisation goal
is to be realised (Alves, Ferreira & Azurem, 2017; Iacovidou et al., 2017; Zvarivadza, 2018; Nwaila et
al., 2022).

The sixth question was, “Do you subscribe to any standard that prescribes to waste management? If
yes, how has the standard been of assistance to you? How has the standard assisted you in making

available waste information?”

A synthesis of responses from interviewees revealed the following themes:

Adherence to waste management standards

Most large gold-mining organisations subscribe to standards that prescribe waste
management, while others do not. Small gold mines were not subscribing to standards
prescribing waste management due to a lack of resources, and in the end, these mines only
subscribed to EMAg standards, which are the regulators.

Participants indicated that they subscribe to 1ISO4001, ISO 18001, and Orchards 45001.
ISO4001 prescribes how gold-mining organisations should manage the environment. To
emphasise the importance of subscribing to standards, P8 stated that:

“ISO18001 and Orchards 45001 are recent standards, so they are good in terms of
environmental management, and they are being checked every year. The guys come down
usually to do the resubscription process, and compliance with standards is key to being given
an operating license.”

Resource availability and best practice

Most respondents from large gold-mining organisations indicated that due to the availability
of resources, they had done a lot in terms of best practices, from employing international
standards to aiming to achieve excellence and living in excellence, unlike other small gold-
mining organisations that try to achieve legal compliance.

Minimising the environmental footprint
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Most respondents revealed that mining organisations are working on minimising their
footprint on the environment by adopting internationally accepted environmental standards.
To this end, interviewees indicated that it is within their mission statement that they work
towards reducing their footprint on the environment.

Interviewees from large gold-mining organisations indicated that to minimise their footprint
on the environment, they had adopted internationally accepted standards to which they are
certified by a German company, GDS. Respondents added that they work with a strategic
plan.

Strategic plan to reduce environmental impact

Each year, mining organisations try to determine their possible impacts on the environment
and develop programmes to reduce them. Respondents indicated that they work with targets,
such as no chemical spills into the environment, and that the organisation’s strategic vision is
zero harm to the environment.

The above discussion of adopting international standards to manage waste agrees with the position of
Mashifana and Sithole (2021) that the gold-mining sector is associated with tailing dams, sinkholes,
and contaminated underground workings, which require the adoption of international standards to

manage them and avoid leaving a detrimental legacy that may impact negatively on the environment.

The seventh question posed was, “Do you provide any waste-related information to management for
waste-reduction decision-making? If not, why? If yes, how has the information been rated?”

On the provision of waste-related information to management, a synthesis of responses from the
interviewees revealed the following themes:

Waste-related information

Several gold-mining organisations provided their management with waste-related information,
which was rated as good. Waste-related information was essential to management because it
assists in devising a more cost-effective way to extract gold in the future, as gold is never
exhausted.

P11 emphasised that:

“Yes, we provide management with waste information since the same information is required
by EMAg, the regulator. The information we provide to management helps us not to be caught
on the wrong side of the law.”

Regulator requirement

Waste-related information, a requirement of the Environmental Management Agency (EMA),
the regulator, had to be provided to management so that everyone knew and could not be
found wanting. The gold-mining process uses many chemicals like cyanide, and how this was
managed was essential for decision-making and to avoid punitive fines from the regulator.

Economy, society, and the environment

Attention has of late been directed to the gold-mining industry’s performance in terms of the
economy, society, and the environment, which has necessitated the need for waste accounting
data.
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The last question posed was, “Are there barriers in the provision of gold process waste information? If
yes, which strategies have been adopted to try and address them?”

A summary of the responses pointed to the following themes:
e Lack of resources to invest in new technology

The lack of resources to invest in current technologies was cited as the major barrier.
Participants pointed to the economic meltdown and sanctions as issues that have hindered the
importation of new technologies that could be used in providing waste-related information. On
strategies that have been adopted to try and address the barrier, it was stated that some gold-
mining organisations have tried to enter into partnership agreements with would-be investors
from countries with advanced technologies, with the hope that when they invest, they bring
them advanced technologies from their countries which could assist in making waste related
information available.

e Dust generation and pollution

It was revealed that much dust is generated during the crushing of rocks to extract gold, and
much water is used to suppress the dust to avoid pollution and contamination of employees.

This aligns with the view that mining activities result in environmental damage and ecological
degradation, like air pollution, destruction of the landscape, loss of biodiversity, water acidification,
and loss of fertile soils (Gupta & Paul, 2015; Praveen, Ganguly & Wakchaure, 2017; Adla et al.,
2022). Some respondents revealed that they treat cyanide using chemicals, and some of it is destroyed
naturally by exposing it to the sun to acceptable levels before discharging effluent water into
downstream operations.

5. Conclusion and Future Research

The article aimed to establish how the gold-mining sector in Zimbabwe accounts for waste by
conducting in-depth interviews within the sector. It was found that the mining sector is a significant
generator of solid waste, including tailings and waste rock. Gold-mining waste was identified as an
environmental threat if not properly accounted for. The findings further indicate that some
Zimbabwean gold mines have strategically embarked on international environmental accounting
standards to address their waste challenges, aimed at zero-waste operations. One effective strategy is
to transform waste generation into value generation, which may be considered sustainable
development. Easy-accessible waste can be beneficial in creating value-added construction materials,
aiding in resolving environmental issues that the gold-mining industry is facing. The solutions
proposed in the literature were found to be sector-specific; consequently, based on their findings, the
researchers call for an integrated and holistic approach to address waste generation challenges in the
Zimbabwean gold-mining industry. Such approaches should be consistent with challenges around
other land uses. Conflicts may result, but arguably can only be fully resolved when the effects of gold-
mining waste are acknowledged, and all stakeholders are involved in devising measures to address
them.

Addressing the challenge of waste starts with effectively utilising raw materials. Doing so may
improve gold mining companies’ profit margins. Apart from preventative measures, investigations
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aimed at addressing already compromised environmental conditions, especially the challenge of waste
in the form of tailings resulting from mining activities, should be launched.

Future research may be conducted along several avenues. As indicated, ways to utilise environmental
management accounting practices to address waste resulting from tailings in the goldmine sector
should be investigated. A lucrative EMA practice is material flow cost accounting. Examining cutting-
edge technology that Zimbabwean gold mines can employ to reduce waste and boost waste processing
could yield vital new knowledge. Research could be conducted to assess the feasibility and potential
consequences of using technologies like hydrometallurgical processes or bioleaching. More
comprehensive waste management solutions may result from understanding how to collaborate with
mining firms, regulatory agencies, and local populations. Best practices and lessons learnt could be
found through comparative research with other gold mining regions, especially those that have
effectively adopted zero waste initiatives. This will provide a more comprehensive framework for
understanding Zimbabwe’s unique challenges and opportunities. Owing to the interdisciplinary nature
of waste management in gold mining, research is also needed regarding the physical flows of waste at
the intersection of gold mining, financial aspects, and engineering.

This study differs from others in that it focuses on the gold mining sector in Zimbabwe, providing
localised insights crucial for effective policy formulation and implementation. This contrasts with
many other studies that address gold mining waste in a broader sense. Additionally, in-depth
interviews with important stakeholders in the mining industry offer a nuanced understanding of waste
management challenges and procedures that quantitative studies may overlook. Unlike studies that
focus on technical or economic issues, this research advocates for a comprehensive, integrated
approach to waste management that considers social, economic, and environmental factors. In contrast
to most of the extant literature, the proposal for interdisciplinary approaches encourages collaboration
amongst fields such as engineering, economics, and environmental research.
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Annexure 1: Interview Protocol

1.

How does the gold mining sector account for waste? Is waste identified separately or assigned to
overheads? Explain.

Do you think knowing the volume of waste generated by the gold-mining process is going to
assist the industry in any way? Explain.

Is there any relationship or linkage between waste reduction and performance of a gold mining
organisation in terms of the economy and the environment? Explain.

Do you have a waste reduction strategy? If not, why not? If yes, how has this been implemented,
and how has it been of help to you?

Which accounting system is used within your organisation? Do you think the current accounting
system is able to capture the entire flow of waste within the gold processing? Explain.

Do you subscribe to any standard that prescribes to waste management? If yes, how has the
standard been of assistance to you? How has the standard assisted you in making available waste
information?

Do you provide any waste-related information to management for waste-reduction decision-
making? If not, why? If yes, how has the information been rated?

Are there barriers in the provision of gold process waste information? If yes, which strategies
have been adopted to try and address them?
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