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Abstract

In summary, the study on sustainable development in the late 20th century aimed to balance
economic, social, and environmental factors in open-pit mining. The study found that while mining
has negative ecological impacts, it also has positive economic and social benefits. The study
analyzed 77 articles and found a growing trend in scientific interest in sustainable development
research from 1985 to 2022. This suggests that there has been a growing trend in using qualitative
research methods in studies related to sustainable development in the mining industry in the past
ten years. This is likely due to a shift in focus toward finding ways to improve the positive impacts
and mitigate the negative impacts of this development in light of technology advancements and
changes in environmental and social regulations. This highlights the importance of using a
comprehensive approach that considers all aspects of sustainable development in studying small-
scale mining. Given the significance of small-scale mining to the economies of many mining
communities, it is crucial to develop clear regulations and guidelines that align with the principles
of sustainable development. This will help ensure that the industry operates responsibly and
sustainably. This statement emphasizes the importance of updating research methods to reflect the
latest technological advancements and the interdisciplinary nature of sustainable development. As
technology and other fields of study continue to advance and intersect with the issue of sustainable
development in the mining industry, it is essential to incorporate these new advancements and
perspectives into future studies. This will help ensure that research in this area remains relevant
and comprehensive.
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1- Introduction

The concept of sustainable development and mine planning and design, especially for open-pit
mining, are presented as a comprehensive mining plan. Due to population growth and increased
demand for and consumption of minerals and metals, mineral production has been boosted, and
mines are located near urban and rural areas. Based on the definition of sustainable development,
determining ultimate pit limits irrespective of the sustainable development indicators (i.e.,
environmental, economic, and social factors (Figure 1)) is not an effective scientific way of
production planning and design (Pouresmaieli and Osanloo 2019b).
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Figure 1. Indicators of sustainable development (Pouresmaieli et al. 2022; Pouresmaieli, Ataei,
and Taran 2022)

Nowadays, the most significant goal of mine design is to maximize the current net worth by
considering issues related to sustainable development (Pouresmaieli and Osanloo 2019a). The
major objective of short-term and medium-term plans is to achieve the predetermined goals in the
long-term plans as much as possible. Strategic and long-term mine design is currently carried out
for two primary purposes (Ekrami et al. 2022):

e Paying attention to the payback period: Attempting to shorten this period (between 6 and
8 years).

e Designing following sustainable development: Trying to align mine design with the
Sustainable Development Goals (SDGs).

At the Rio Conference in 1992, this critical issue (sustainable development) was defined as
convergence between the three dimensions of economy, society, and the environment. A set of
SDGs was developed in 2015. They obliged countries around the world to comply with these
SDGs. The Sustainable Development Goals (SDGs) or Global Goals are a set of 17 interconnected
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global goals designed to create a shared plan for peace and prosperity for people and the planet,
now and in the future (Pouresmaieli et al. 2022; Pouresmaieli, Ataei, and Taran 2022). The
Sustainable Development Goals were set by the United Nations General Assembly (UN-GA) in
2015 and are set to be achieved by 2030. In the subsequent years, King introduced sustainable
mining and drew attention to rehabilitation costs (Drebenstedt 2014).

By reviewing the previous (especially the latest) articles, the current study aims to analyze all the
methods used to evaluate sustainable development in open mines and compare the benefits,
drawbacks, and applications of the most frequently used ones. The current undesirable mining
conditions in the world, the decreased grade of geological resources and the remaining extractable
reserves, and an increase in mining depth and tailings volumes confirm a substantial boost in
damaged lands due to mining activities. Based on studies in Canada, the excavation of 0.5 million
tons of ore through open-pit methods has adversely affected 100 hectares of land, which indicates
the importance of attending to sustainable development in this industry (Laurence 2011). Thus,
constructing and developing new mines should be accomplished by optimally using mineral
resources and lessening negative environmental impacts (Ebrahimabadi et al. 2018).

In 1987, the World Commission on Environment and Development, the Brundtland Commission
(WCED), defined sustainable development in a report entitled “Our Common Future.” Based on
this definition, sustainable development is “meeting the needs of the present without
compromising the ability of future generations to meet their own needs” (Environment,
Development, and Brundtland 1987). The concept of sustainable development is often considered
an indicator of the development of modern society. The term was first used in 1713 by Hans Karl
von Carlowitz, a Saxon mining inspector. At that time, the demand for wood was on the rise since
it was largely used to manufacture construction equipment and maintain underground mines. As a
result, deforestation largely increased in the world. Carlowitz proposed strategies to decrease
(wood) consumption, elevate afforestation and enhance sustainability (Drebenstedt 2014; King
1998). Generally, the approaches to sustainable development in mines are implemented at the
beginning of a mine’s life cycle, during extraction operations, or mine closure (Amirshenava and
Osanloo 2018).

According to the data obtained from the Scopus website, from the beginning to August 19, 2022,
998 articles were published on sustainable development (Figure 2). Some points will be mentioned
about this data in the discussion section. In this review article, the articles that have been published
on the main topic of sustainable development in open pit mines will be examined. Based on the
historical trend from 1990 to 2022, 250 articles undertaken on sustainable development in mining
are reviewed and compared in terms of their methods, benefits, weaknesses, and common features.
Among these 250 articles, 77 articles were published. Among these 250 articles, 77 articles that
were valid in the journals of interest to the authors were selected for study in this article.
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Figure 2. Articles published on the Scopus site on the topic of sustainable development in mines
(Date assessed: August 19, 2022)

This article aims to improve understanding and promote sustainability in the mining industry by
analyzing existing research on sustainable development. The article is structured into five main
sections:

Introduction

Examination of sustainable development concepts and their application in mining
Methodology for selecting and summarizing articles

Results, findings, and analysis of studied articles on sustainable development in mining
Conclusions.

ok

This article is important for those interested in promoting sustainability in the mining industry and
understanding the progress and challenges in this field. Compared to previous works, one of the
unique aspects of this article is its focus on studying innovation and technology through an
analytical framework in the context of sustainable development. The results of this study can help
identify gaps in previous research and provide a roadmap for future research and sustainable
development efforts in the mining industry based on trends and developments from the beginning
to 2022.

[2- The necessity of sustainable mining

Sustainable development is not realized just by addressing environmental issues. In addition to
eliminating environmental complications, sustainable development seeks to provide a better future
for all the inhabitants of the planet Earth. Therefore, sustainable development involves converging
the three pillars of economic viability, social equity, and environmental protection (Amiri et al.
2017).

In 2011, studying 1,000 mines that were inactive from 1980 to 2011, Laurence introduced mine
closure as an unsustainable issue. He underscored that any efforts to sustain mining operations
should be consistent with the environment, economy, society, and mine productivity. Laurence
presented five criteria for sustainable development; in other words, he added the criteria of safety
and resource efficiency to the three abovementioned pillars. The reason for the inclusion of safety



and resource efficiency, as he argues, is that the government owns some sectors of mines in many
parts of the world (Laurence 2011).

In general sustainability of mines can promote job opportunities, GDP, local people's employment,
and residents' satisfaction in mining areas, develop villages around mining sites, increase cultural
and language transfer (in case foreign companies are involved), and booms business in the
community.

Mining activities are closely related to sustainable development as they have constructive and
destructive effects on the three indicators of society, the environment, and the economy. Despite
many efforts at international, national, and local scales since 1990, sustainable development has
not been able to find its place in the mining industry. Land degradation, land subsidence, soil
pollution, air pollution, the depletion of natural resources, and a growing number of endangered
plant and animal species are the ramifications of neglecting sustainable development goals. These
negative impacts bring about uncontrollable physical, chemical, and biological alterations in the
ecosystem of this planet in the future (Hartman et al. 1992). Table 1 reports the destructive and
constructive effects of mining, and Table 2 presents the ecological effects of mining on water
resources, air quality, wildlife, soil quality, and climate change.

Table 1: Positive and negative effects of mining (Pouresmaieli and Osanloo 2019b)

Positive effects of mining Negative effects of mining
1. Advancement of technology

2. Job creation and employment opportunities

3. Production of essential raw materials and achievement
of self-sufficiency

4. Production of wealth through taxes, etc.

1. Pollution and damage to the environment
2. Climate change

3. Social turmoil

4. Visual pollution (changing the land view)

Table 2: Ecological impacts of mining (Pouresmaieli and Osanloo 2019b)

Acid mine drainage

Soil erosion and infiltration of mineral wastes into surface
waters

Waste dump, waste rock, leaching

Floating resources (particles, carbon monoxide, and
organic compounds)

Fixed resources (mercury, arsenic, sulfur dioxide, and other

Water resources

Air quality metals)
Volatile gases, partial emission of mercury
Noise and vibration
Wildlife Lgss of anlrr_lal habitat
Biodegradation
Soil quality Impacts on activities related to soil, such as agriculture
. Emission of carbon dioxide and toxic gases due to an
Climate change .
explosion




[3- Contents of Literature Review

Numerous studies have been conducted on sustainable development since 1985. Among them, 77
articles are reviewed in the current study. To select these 77 articles, First, about 250 articles were
studied. Among these 250 articles, 156 were classified with SJR Q1 or Q2. Then, the interest of
researchers in publishing articles in the field of sustainable development in mining in each journal
was measured. The articles in journals with an interest rate above 2.5% were reviewed in this

article (Table 3). According to the above limitations, the number of reviewed articles was 77.

Table 3: Interest of researchers to publish articles on sustainable development in mining in

different journals

The interest of researchers to publish

Journal of environmental radioactivity

Journal name SJR articles in the field of sustainable
development in mining (in percent)
Journal of cleaner production Q1 13.3%
Resources Policy Q1 5.4%
Science of the total environment Q1 4.1%
Mine water and environment Q2 3.5%
Environmental geochemistry and health ) .
- - The interest of researchers to publish in
Environmental pollution .
- - - Q1 each journal
Environmental impact assessment review -39,
Environmental science & policy T;)tal(;y
Environmental geology . . Q2 ~18%
Impact assessment and project appraisal
Minerals engineerin ) L
J - g Q1 The interest of researchers to publish in
Journal of environmental management :
- — each journal
Environmental monitoring and
assessment 22.5%
Applied geochemistr Q2 Totally
PP_ g Yy _ >12.5%
Environmental earth science
Journal of environmental quality
Chemosphere
Ecological indicators The interest of researchers to publish in
Environment development and | Q1 each journal
sustainability >1.5%
Geoderma Totally
Extractive industries and society >13.5%
Journal of geochemical exploration Q2




Bulletin of environmental contamination
and toxicology

Other journals <29%

Due to the large amount of content in the studied articles, the reviewed articles are summarized in
Table 4 (Only articles from 2017 to 2022 are written in text form in this article). According to the
studied articles, it was found that most of the articles in the early period (from 1985 to 2000) were
focused on the quantitative method. The second period (from 2000 to 2010) showed that
researchers have also used semi-quantitative methods due to increasing awareness of the science
of sustainable development in mining. Studies in this period have been mainly focused on
quantitative and semi-quantitative methods. In the third period (from 2010 to 2022), due to the
advancement of technology and the increase of findings in the field of sustainable development in
mining, the articles published in this period mostly included qualitative and quantitative methods.
All the reviewed articles in this section are summarized in Table 4.

In summary, the study by Ali et al. found that the river sediments in the Sydney Basin, Australia,
were contaminated by coal mining operations, particularly with arsenic, nickel, and zinc. The soil
near coal mining sites was also heavily polluted with manganese, zinc, cobalt, nickel, and barium.
The study highlights the need for proper permitting for tailings disposal to prevent further
pollution. (Ali et al. 2018). Bui et al. used a semi-quantitative framework based on the fuzzy
analytic hierarchy process (AHP) method to assess the influence of various economic,
environmental, and social indicators on coal mining operations. They found that the most
influential factors were energy consumption, capital needed for mine closure and rehabilitation,
and mining facilities. (Bui et al. 2017). Dialga proposed a semi-quantitative framework for
assessing sustainable development in countries with abundant mineral resources. The framework
comprises five indicators: economic, social, environmental, governmental, political, and impacting
institutional factors, each with its sub-indicators. The results of applying the framework in Burkina
Faso and Nigeria showed a strong connection between the economy and sustainable development
indicators. (Dialga 2018).

Cheng et al. conducted a study in 2018 to assess soil contamination by heavy metals from lead and
zinc mines in Yunnan, China. They collected 40 samples and found that arsenic, cadmium, lead,
and zinc levels exceeded the maximum permitted levels, indicating negative environmental
impacts from mining activities. These heavy metals' main sources were mining operations, the
dispersion of coal particles, seasonal weather, dust, greenhouse gas emissions, and tailings dams.
(Cheng et al. 2018). Farahani and Bayazidi conducted a qualitative study in 2018 to examine sand
mines' social, economic, and environmental impacts on local communities. They administered
questionnaires to 254 residents from 18 villages and found that the level of welfare and economy
had improved, but the environment had been negatively impacted (Farahani and Bayazidi 2018).
Gupta et al. proposed an optimal model combining hierarchical and multi-criteria analysis for
sustainable transportation in the mining industry. They aimed to promote sustainable
transportation to preserve the environment, increase delivery speed, reduce shipping costs, and
enhance safety. The model can reduce dependence on diesel fuels, lower greenhouse gas
emissions, and provide the optimal number of vehicles for moving minerals, contributing to
improved sustainability in the mining industry (Gupta et al. 2018). Hadzi et al. found that heavy
metal pollution of water in the gold mines in Ghana significantly impacted human health. They
concluded that the high levels of arsenic in the areas around the mines increased the risk of cancer,
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and the presence of heavy metals in surface water posed a threat to human health. Meanwhile,
Hresc et al. explored the relationship between the economic effects of mining and social health
using document analysis. They found that the two were closely related, but more research was
needed. (Hadzi, Essumang, and Ayoko 2018). In 2018, Kolotzek et al. proposed a model for
assessing the risks of raw material supply, environmental impacts, and social consequences, which
found that by substituting raw materials or using special technologies and diversifying the supply
of raw materials, the risks can be reduced. Rakotondrabe et al. studied the water quality around a
gold mine in Cameroon and found that the water was no longer suitable for human consumption
due to high levels of cadmium, lead, iron, cadmium, and chromium. Zvarivadza, in another study,
concluded that handicrafts and small-scale mining were major concerns in sustainable
development in small towns and developing countries and that the government should recognize
these activities as a way to promote sustainable livelihoods.

In a series of studies conducted in 2018 and 2019, various researchers have explored the impacts
of mining activities on sustainability. They investigated the impacts on human health, social health,
the environment, the economy, and sustainable development. Results showed that the areas with
high levels of heavy metals in water were contaminated, and the presence of heavy metals posed
a threat to human health. The areas with rich resources were in good condition, while the areas
with poor mineral resources were unsustainable and needed more support. The operations in sand,
coal and iron mining were found to have the greatest impact on deforestation in India. The
ecological approaches to mining in Finland showed a gap between regulations and actual practice
in fulfilling social and environmental obligations by mining companies. A model for evaluating
sustainability indicators revealed moderate levels of sustainability for two iron ore mines in Iran.
Studies showed that sustainable development in the mining industry was positively related to
reducing energy consumption, increasing the use of renewable resources, and achieving cleaner
production. The Paris Agreement, signed in 2015, aimed to reduce and prevent global warming
and greenhouse gas emissions until 2030. The study on implementing sustainable development
policies in 100 mining projects showed that properly implementing these policies could reduce
mineral waste and increase economic, social, and environmental benefits. The study on the role of
mining activities in sustainable development indicators showed that mining directly impacted
employment, poverty reduction, and hunger but also posed challenges in gender equality and
climate activities.

The role of sustainable development in gold mines has received much attention in the last decade.
Sustainable development in the mining sector has been a focus of several international programs
such as the ICMM and UNDP. The United Nations Sustainable Development Goals (SDGs) have
been widely accepted and politically legitimized since their announcement in 2015. Andrews and
Essah proposed a new framework to help increase the contribution of sustainable development in
the gold mining sector and found that it had several advantages, including improved assessment
of project impacts, increased government accountability, and a criterion for negotiating mining
agreements based on sustainable development principles. Hirons emphasized the importance of
modifying large-scale mining policies, formalizing small-scale mining, and expanding knowledge
to improve sustainable development prospects in the sector. Endl et al. found that mining
innovations had implications for each sustainable development goal, and more research was
needed on their overall impact. European Union countries, including Germany, Finland, Britain,
Portugal, and Greece, have altered their mining policies to follow the SDGs by emphasizing waste
and climate management.



Small-scale mining has significant environmental impacts in Tanzania, Guyana, Sierra Leone, and
China, including deforestation, water and soil pollution, noise and dust, and health problems. The
Tanzanian government has modified regulations in the past five years to align with sustainable
development goals, but enforcement is limited, and miners have low environmental awareness.
Small-scale mining has become a significant source of economic growth and poverty reduction in
Guyana but has also caused environmental degradation. In Sierra Leone, the decentralization of
mining permits has led to the growth of small-scale mining, but the resulting informal and
problematic changes have hindered sustainable development. The Life Cycle Assessment of coal
mining in China revealed environmental pollution, freshwater contamination, and health problems,
with steel and electricity consumption and mining ventilation among the factors affecting the
environment. Basic measures have been proposed to reduce the destructive effects of mining on
the environment and increase production efficiency. Biosensors and nano-materials have been
introduced for soil and water remediation.



Table 4: Summary of reviewed articles

development indicators

No | Year | First Author Main Subject Conclusion Method
The effects of Brazilian uranium mining on the environment | The presence of uranium in tomatoes, carrots, grapes, onions, fodder, and
1 | 1985 Amaral . .
and soil milk
2 | 1994 | Spurgeon | Assessment of the environmental effects of metal mines Accumulation of polluting elements in the area
. Environmental effects of mineral waste disposal in northern | The release of acid from copper tailings makes the soil resistant and the
3 | 1995 Castilla . . s
Chile growth of some plant species, algae, and invertebrates.
Investigating metal sediment pollution in a river downstream
4 | 1997 s
of Avoca mines in southeast Ireland
The effects of AMD produced by mining activity on the .
5 | 1998 Gray cealony produ y mining activity Possible methods to check, prevent and treat AMD
6 | 2008 Investigation of AMD in a river in Ireland, resulting from a
two-element sulfur-copper mine
7 | 2000 Javris Inv.es_tl.gatmg the _environmental outlook due to mining The latest techniques are still weaker than what is needed
activities
Evaluation of a framework for the integration of social and . . .
8 | 2001 Slootweg . . g A better understanding of the effects of human activities on the environment
environmental indicators
9 | 2001 | Steinemann Improving alternative ways to improve the effects of | Inappropriate alternatives can undermine the goals of evaluating
environmental indicators resulting from mining activities environmental indicators.
10 | 2002 Assessment of heavy metal contamination in Dakom gold- | Regular contact with the soil by the local population can be a potential health
Kim silver mine in South Korea hazard due to exposure to toxic elements such as arsenic.
Modeling and risk assessment of arsenic and other hea . . . . .
11 | 2005 . g . . vy Cancer risk with exposure to cadmium, zinc, and arsenic
metals in five abandoned metal mines
12 | 2002 DeNicola | Investigating AMD on communities in water streams The c_hemlcal enV|ror!ment resulting from AMD greatly impacts fiving
organisms and vegetation.
. Folchi model for 4 mines, Choghart, Sarchesmeh, Golgohar | Sarcheshmeh mine has the most unsustainability, and Mute mine has the
13 | 2008 Monjezi L
and Mute most sustainability.
14 | 2003 | Aslebekian Investigating the environmental effects of silver mining in Talllr!gs dams have caused soil pollution in the region with cadmium, lead,
Ireland and zinc elements.
. Designing a general framework for evaluating sustainable . . . . _—
15 | 2003 | Azapagic gning a g g Evaluation of 6 economic, ten socials, and ten environmental indicators.
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No | Year | First Author Main Subject Conclusion Method
. . Coal mining lakes can be used as recreational and tourism sites, wildlife
. Environmental risk assessment of constructed lakes from the . s . . .
16 | 2005 Doupé . . . protection, aquaculture, irrigation, drinking water, industrial water, and S
mined pit in South Western Australia . .
possibly aquariums.
cobalt, chromium, and mercury above water quality standards; Cobalt,
17 | 2005 Khan Assessment of heavy metal pollution in surface water around | chromium, and mercury can accumulate in soil and enter the food chain, Q
coal mines and industrial complex in India leading to serious health risks, local ecosystems, and long-term sustainable
threats.
. . Six samples have a high acid potential, and the rest of the samples have a
18 | 2006 Akabzaa Investigating AMD produced from 3 mines in Ghana P g P P Q
very low amount of carbonate and sulfur
primary prevention of the acid production process; Secondary control,
19 | 2006 Akecil Description of AMD and technical issues related to it which includes prevention of AMD migration outside the tailings dam, Qu
combined control or collection of AMD.
. Evaluation of sustainable development indicators and | The essential requirements for the implementation of sustainable
20 | 2006 Gibson . . . Qu
problems in it development should be given more attention
21 | 2006 Gibson Evaluation of sustainability in a nickel mine Cultu_re, governmfent p r forities, and other-official powers significantly Qu
contribute to sustainability.
. Environmental and Socio-Economic Impacts of Gita Local If the go_vernmen.t §upports. the local VYOI’kaI’CE, |.mproves regulatlons, and
22 | 2006 Kitula L . reduces illegal mining, social, economic, and environmental improvements Q
Mining in Tanzania .
will result.
. . . Gold mining has many drawbacks, but employment and currency exchange
23 | 2006 Kumah The impact of gold mining on sustainable development . ining y W . utemp y . . Y .X g S
can bring many benefits, especially to people in developing countries.
24 | 2006 Roychoudh | Distribution and mobility of metals in mine waters in gold and | The mobility of nickel is the highest, the mobility of zirconium is the lowest, Q
ury silver mines and pollution near tailings dams is high.
25 | 2006 Sheoran Investigating the mechanism of heavy metal removal, which | Producing free drinking water from contaminated water and creating social Qu
includes physical, chemical, and biological processes responsibility for the treatment of acidic mine water
Evaluation of underground water quality and problems | Toxic metals such as aluminum, manganese, and uranium in the food chain
26 | 2007 Neves . . . . . Q
related to pollution in an abandoned mine may pose a serious health risk to residents.
27 | 2008 Hacking A qualitative framework to illuminate sustainable | Evaluation approaches can be §ubst|tuted for each other and compared based Qu
development on substance rather than meaning
28 | 2008 Mudd Preliminary assessment of injection water used in mines for | The production of ore and the use of water used in the mine. In general, it is Q
sustainable mining a persistent problem for mining
29 | 2009 | Jha-Thakur | Survey and assessment of environmental impacts in India Design and follow-up in India according to international principles s the S

best way to follow up on the assessment of environmental indicators in India
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No | Year | First Author Main Subject Conclusion Method
Investigating the distribution of heavy metals and the . - . .
. . . . . Improper drainage of tailings dams and wind transport of dust as the main
30 | 2009 | Rodri‘guez | formation of chemicals in the soil around the lead and zinc prop _g . .g P Q
: effects of pollution dispersion
mine
31 | 2010 . . . _
. . . . The concentration of some metals (lead, nickel, copper, and iron) is higher Q
Singh Environmental geochemistry and water quality assessment
than standard levels.
32 | 2012 Q
Investicating  the numerical model for sustainabilit Human interests are subtracted from sustainable indicators, and if the
33 | 2012 Phillips calcula?ion g y relationship is positive, it is concluded that mining is in line with sustainable Q
development.
. . . . The amount of pollutants and AMD leaked in the region has increased, and
34 | 2011 Campos Evaluation of the environmental effects of uranium mining P . . 9 Q
the health of the waters in the region has been weakened.
35 | 2012 Giurco The prospect of mineral resources The important role of mineral processing and recycling is neglected Qu
36 | 2011 The sustainability of mines based on mine closure 44%, 34%, 11%, 6%, and 5% of the mines that were closed prematurely S
37 | 2006 Laurence | Presenting a model to predict the probability of premature | have weaknesses in economic, productivity, society, environment, and s
closure of mines safety indicators, respectively.
Presenting a new approach to investigating the environmental . .. .
38 | 2011 Moreno . . The impact of mining on the ecosystem was high Q
impacts of mining
. . . . Tested soil toxicity confirms the mortality rate, infections caused by these
Risk assessment of Sono Demingos mines in Portugal using . .
39 | 2012 | Alvarenga . . . . elements, plant growth, and soil contamination of the area caused by these Q
soil physicochemical characteristics
elements.
. . L .| Mining companies were obliged to move three villages around mines to
40 | 2012 Huertas Investigation of pollution caused by coal mining in Colombia . Q
areas away from pollution
Governance and sustainability theories for conceptualizin . .
41 | 2012 Prno . e . . _y P g More research is necessary to determine government measures Qu
social certification in the mining sector
Description, comparison, and critique of five sustainabilit . L .
42 | 2013 Fonseca p P g y There are more productive ways to enhance sustainability reporting Qu
methods and frameworks
The concentration of materials within tailings dams, dam reuse, waste
43 | 2013 Edraki Designing and replacing plants around tailings dams for better | disposal, recycling and reprocessing, and preventive management can help Qu
environmental, social, and economic results replace vegetation around tailings dams for better environmental, social, and
economic outcomes.
44 | 2014 Fonseca A qualitative model of sustainable development based on | The geographical dispersion of mining facilities creates important problems Qu

previous studies

in the field of calculation of sustainable development assessment level
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No | Year | First Author Main Subject Conclusion Method
Carcinogenic and non-carcinogenic risks from soil contamination by heavy
45 | 2014 Li Soil pollution by heavy metals in Chinese mines metals threaten the general public, especially children and those who live in Q
the vicinity of highly contaminated mining areas.
The environmental effects of mining due to the distribution of L . . . - L
46 | 2015 Pourret metals g The distribution of heavy metals is the biggest risk from mining activities Q
Investigating environmental effects in a mining area based on . . .
47 | 2016 Wang g 9 . g In areas where surface water interferes with faults, much more pollution S
geological conditions
. Risk assessment of toxic elements in edible plants and . . . .
48 | 2016 | Antoniadis P The soil around the mine is contaminated up to a radius of 35 km Q
vegetables
Environmental management systems, advanced pollution control
L . . technologies, environmental awareness training for employees, and the
. Minimizing the amount of environmental pollution from the . 9 : g ploy .
49 | 2016 Driussi .. . requirements of the company's stakeholders to increase responsiveness to Qu
mine in Australia . . L .
environmental impacts have led to the depreciation and improvement of
pollution in this area.
50 | 2016 Morrison Integrating mine closure planning in African and Australian | Implementation capacity is challenging for integrated mine closure Qu
jurisdictions with environmental impacts programs and environmental impact assessments.
. L .. Fear and anxiety about the negative environmental effects and the ability to
... | Investigating sustainability in mining communities based on | . . . L . .
51 | 2016 | Suopajérvi . . . live in the northern regions caused by mining is the main problem in the Qu
available evidence and documentation .
northern communities.
Assessment of river sediment quality using sediment quality
52 | 2017 Ali indicators for the Sydney Basin of Australia, affected by coal | Arsenic, nickel, and zinc as the main pollutants in sediments Q
mining
o . . . Capital closing and reclamation in the economic index, energy consumption
. Designing a semi-quantitative framework using the fuzzy | . . . . e .
53 | 2017 Bui AHP method in the environmental index, and mining facilities in the social index have the S
most importance.
54 | 2017 Dialaa A new semi-quantitative framework for assessing sustainable | Each indicator is converted into a measurable indicator and then weighted s
g development in mineral-rich countries and summed.
. . The concentration of arsenic, cadmium, lead, and zinc is higher than the
55 | 2018 Chen Assessment of soil pollution by heavy metals R L ’ "
g P y heavy permissible limit and negatively affects the environment. Q
. Evaluation of social and economic effects and environmental | The welfare and economic level of the region in the area around the mine
56 | 2018 Farahani . . Qu
effects of sand mines have grown significantly.
The optimal model of hierarchical analysis and multipurpose . . . .
. . . Reducing dependence on diesel fuels for transportation leads to a reduction
57 | 2018 Gupta data coverage analysis for sustainable transportation in the g dep P S

mining industry

in greenhouse gas emissions.
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No | Year | First Author Main Subject Conclusion Method
58 | 2018 Hadzi Environmental pollution assessment of heavy metals in | The level of arsenic in these areas is at such a level that it can cause an Q
waters around gold mines in Ghana increase in cancer for people in that area.
Substitution for raw materials or special technologies and a variety of raw
59 | 2018 Kolotzek | A model for raw material supply risk assessment material preparation, the risk of raw material supply can be reduced in these S
ways.
60 | 2018 Rakotondra | Minimizing the amount of environmental pollution for the | The waters around this mine have an acidic PH, and the suspended solid Q
be AngloGold mine in Australia particles in the water are high.
61 | 2018 | Zvarivadza Reusmg handicrafts and small-scale mining as a challenge in C_Bovsernments must recognize these activities as a way for a sustainable Qu
sustainable development. livelihood.
. Evaluating the sustainability of China's mining areas and their One of the reasons for the sztck of stablllty. in some areas is the lack of
62 | 2019 Cui ) . . abundant resources, and for this reason, there is not enough support for those S
effects using a hierarchical method
areas.
: . . - . . Sand, coal, and iron mining have had the most significant impact on
63 | 2019 | Ram Ranjan | Assessing the impacts of mining on deforestation in India . ! . ning hav 'gnii 1mp Q
deforestation in India.
. . L Accepting social and environmental obligations is important in
64 | 2019 | Ruokonen | Investigating environmental approaches in mining P g. . . s 9 P Qu
strengthening mining companies’ business.
To validate the model, it was evaluated in two iron ore mines, Golgohar and
Amirshenav . . L Sangan. The results showed that the Golgohar iron ore mine, with 38%
65 | 2019 Presenting a model for evaluating sustainability indicators L . . . - S
a g valuating sustainability indi sustainability, and the Sangan iron ore mine, with 46% stability, have
moderate sustainability.
: . . . . . . ... . | The priorities of the articles presented in sustainable development are
Aznar- Analysis and innovations aimed at improving sustainability in . . . .
66 | 2019 ) I L reducing energy consumption and increasing the use of renewable Q
Sanchez mining activities
resources.
67 | 2019 | Tajvidi Asr The relationship between mining activity and sustainable er_ung prOJects_can be economically profitable, environmentally clean, and Qu
development socially responsible.
68 | 2019 Marquez . . . . L . u
q .. . Mining directly impacts job creation indicators, reducing poverty and Q
The effect of strict implementation of orders related to . . S .
S refele BEva e i g Gy hunger, and has serious challenges in gender equality indicators and climate
69 | 2019 Monteiro P g activities. Qu
The presented framework helps the government to better assess the impacts
_— _ . of mining before starting a project. Second, it will establish the fiduciary
Providing a framework for examining the role of sustainable ; . .
70 | 2020 Andrews g g role of the government in the long-term development of society. Third, it Qu

development in gold mines

provides a benchmark or leverage for negotiating mineral agreements based
on sustainable development principles.
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No | Year | First Author Main Subject Conclusion Method
. . The small-scale mining sector is linked to the United Nations' Sustainable
. The role of small-scale mining on sustainable development ; . .
71 | 2020 Hirons indicators Development Goals in ways that both support and undermine their Qu
achievement.
72 | 2021 Endl Access to raw materials according to sustainable development | Almost all innovation concepts had impacts on sustainable development Q
goals goals separately.
. . . . The regulations established in this country with small-scale mining were
Investigating the interaction between the formalization of g . . y . g
. .. . . . .| many contradictions because the implementation of the laws was
73 | 2021 | Kinyondo | small-scale mining and negative environmental impacts in . . . Qu
Tanzania concentrated only in certain parts of the country, and the environmental
awareness among the miners was low.
Small-scale mining has acted as a vital driver in reducing poverty and
74 | 2001 Lain Creating a model to assess the environmental and social | helping the country progress on the Sustainable Development Goals related s
g impacts of small-scale mining to poverty and economic growth. However, it has caused water pollution
and deforestation, which is against sustainable development goals.
.. . . . Sierra  Leone's legislative, policy, and regulato reforms, and
.| Investigating changes in sustainable development indicators . g . P _y . g Y
75 | 2021 | Maconachie | . .. L decentralization of the mining licensing process, have helped the Qu
in mining activity in Sierra Leone L
development of small-scale mining in the country.
76 | 2021 Ekrami Detection of heavy metals in soil using nanotechnology Providing a set of nano-based materials to find heavy metals in the soil. Qu
. . . . The results showed environmental pollution, freshwater pollution, climate
77 | 2022 Tao Evaluating the impact of coal production on the environment P P Qu

change, and human contamination due to coal mining in China.

Q: Quantitative method

Qu: Qualitative method

S: Semi-quantitative method
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l4- Discussion

This leads to significant environmental impacts, including deforestation, soil degradation, and
water pollution. These environmental impacts can negatively affect local communities, including
the loss of agricultural land and a decline in air and water quality. Additionally, tailings dams have
the potential to fail and cause catastrophic environmental disasters, such as the recent failures in
Brazil and Canada. To mitigate the environmental impacts of open-pit mining, companies, and
governments need to implement best practices for tailings management, such as using dry stacking
instead of damming and ensuring that proper closure and rehabilitation plans are in place for
mining sites. It is also important to consider alternative mining methods with lower environmental
impacts, such as underground mining. Indeed, open-pit mining negatively impacts the
environment due to the creation of large waste material and the need for land for tailings, dump
sites, and dams. These impacts can cause significant damage to the ecosystem, wildlife, and water
sources. It is important to implement sustainable mining practices that reduce environmental
impacts and promote post-operational land use to mitigate these impacts. This includes proper
waste management, reforestation, rehabilitation of damaged areas, and restoration of water
sources. Additionally, incorporating sustainable development goals into mining operations can
help to balance economic, environmental, and social objectives and ensure that all stakeholders
share the benefits of mining.

4.1- Analysis of sustainable development literature review from the beginning

Based on Figure 2, the cooperation of researchers from different countries to publish articles in the
field of sustainable development in mine is shown in Figure 3. The connection of articles in direct
references to each other with a limit of at least ten citations for Each article is shown in Figure 4.
Figure 5 shows the most important keywords used by researchers with a limit of at least 25 times
using the desired word. Figure 6 shows the relationship of keywords used in articles published in
the field of sustainable development in mining with a limit of at least 25 repetitions.
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Figure 3: cooperation of researchers from different countries to publish articles in the field of
sustainable development in mine (The size of the circles indicates the number of articles published
on sustainable development in mining activities. The size of the links indicates the number of
collaborations between countries' researchers.)
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According to Figure 5, it was observed that some new parameters should be added to sustainable
assessment models due to the increase in sustainable development knowledge and technological
progress. For example, we can mention the Internet of Things, renewable energy,
phytoremediation, and robotics in mining. Today, these parameters are mentioned in sustainability
analysis, but these parameters are not mentioned in sustainable assessment models.
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Figure 6: relationship of keywords used in articles published in the field of sustainable
development in mining (The size of the circles indicates the repetition of words. The size of the
links indicates the number of times words are used together.)

4.2- Analysis of the present study

In the present study, 77 articles on sustainable development were reviewed. In terms of the focus
of the reviewed articles, it was found that most of the articles focused on improving the
environmental aspect of sustainable development in mining operations. The main topics of
discussion were the use of appropriate technology, waste management strategies, and regulations
to minimize the negative impacts of mining on the environment. The need for collaboration
between stakeholders such as governments, mining companies, and local communities was also
emphasized to achieve a balance between economic benefits and environmental protection. In
addition, the articles highlighted the importance of considering the social and economic aspects of
sustainable development in mining, as these two indicators directly impact the well-being of the
local community and the economy of the country. The creation of jobs, poverty reduction and
support for local communities through social programs were among the topics discussed. Overall,
the results of the reviewed articles suggest that a holistic approach is needed to achieve sustainable
development in the mining sector. This approach should consider all three aspects of sustainable
development — the environment, economy, and society — and strive to balance economic benefits,
environmental protection, and social well-being.

These articles have assessed sustainable development through three general approaches:
quantitative, semi-quantitative, and qualitative. The quantitative method has been used to measure
the environmental indicator rather than the other two indicators since it is suitable for conducting
experiments and analyzing samples collected from the environment. Among these methods, the
qualitative method is low reliability for assessing the level of sustainability as it mainly depends
on expert opinions; moreover, this method requires a lot of time and money (But the qualitative
method is one of the best methods to investigate the effects of a parameter on sustainable
development indicators). On the contrary, the semi-quantitative method relies on decision-making
that combines statistical analysis and expert opinions. The semi-quantitative method usually
provides reliable results and needs the least time and money compared to the other two methods.

In conclusion, sustainable development in the mining industry is a complex issue that requires a
multi-dimensional approach. The semi-quantitative method is the most commonly used method
for assessing sustainability in mining activities. However, due to advancements in technology,
changes in regulations, and growing awareness of health and safety concerns, it is necessary to
continuously revise the parameters and models used in assessing sustainability in the industry. A
robust and updated assessment model will help ensure that mining activities are carried out to
balance economic, social, and environmental goals while safeguarding the well-being of workers
and preserving natural resources for future generations.
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The present study's data revealed that the number of articles using the quantitative method was
much higher than the number of articles using the other two methods. To be exact, 44% of the
reviewed articles were undertaken quantitatively. It was found that 38% and 18% of articles were
performed qualitatively and semi-quantitatively, respectively. The results concerning the types of
methods used in the reviewed articles are presented in Table 5 (But among the 250 primary articles
studied, 42 percent (105 articles) were quantitative, 33 percent (83 article) and 25 percent (62
articles) were qualitative and semi-quantitative, respectively). Since the quantitative method was
often utilized to measure the environmental indicator, it can be concluded that the researchers have
been more inclined to study the environmental indicator than the social or economic indicators.

Table 5: Number of articles under study by the method of study

Studies type Number Percentage
Qualitative 29 38
Semi-quantitative 14 18
Quantitative 34 44
Total 77 100

The reviewed articles have primarily focused on the effects of mines with heavy metals on the
environment. The environmental impacts of copper, iron, zinc, lead, uranium, antimony, coal,
sulfur, gold, silver, cobalt, nickel, cadmium, lime, mercury, gypsum, and pyrite released by mining
have been examined. Based on the information obtained, the level of pollution induced by the
mines of these heavy metals was more than that induced by the mines of other minerals and
elements.

Among the sustainable development indicators, the only indicator that can be assessed
quantitatively and experimentally is the environmental indicator. It involves taking samples and
measuring the emission of pollutants and heavy elements into the environment in these samples.
The amounts of elements emitted in the air suspended solid particles in water, and the pH level of
water can also be quantified through experiments.

Among the reviewed articles, 5, 27, and 45 were published from 1985 to December 1999, 2000 to
December 2009, and 2010 to January 2022, respectively (Figure 7 and Table 6).
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Figure 7: Cumulative diagram of reviewed articles by year and method

Table 6: Number of articles on sustainable development by the year

Year Number
From 1985- December 1999 5
From 2000- December 2009 27
From 2010-January 2022 45
Total articles reviewed 77

In recent years, qualitative research has received more attention than quantitative and semi-
quantitative research. Researchers’ greater inclination toward the qualitative method can be
attributed to a low degree of innovation in sustainable development assessment through the
quantitative method and an assortment of articles and sustainable development models using the
semi-quantitative method. Hence, it is required to develop more effective quantitative and semi-
guantitative models. Additionally, owing to a growing awareness of the close relationship between
mining activities and sustainable development, mining communities are currently seeking
effective solutions to increase the positive effects of mining and lessen its negative impacts.
Finding such solutions seems more viable via qualitative research.

One of the most popular topics in recent years has been small-scale mining. As obvious, the
economy of countries and smaller communities (such as cities) highly relies on mining, including
small-scale mining. Nonetheless, there is a lack of strategic and effective regulations to advance
the sustainable development goals in small-scale mines. Therefore, investigating the effects of
small-scale mining on sustainable development indicators has received tremendous attention in
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improving this condition. More studies should be undertaken more seriously and efficiently in this
area.

In Figure 8, the growing importance of sustainable development for the global community is quite
evident. Figure 3 illustrates an increasing number of publications on sustainable development from
1985 to January 2022.
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Figure 8: Growing number of publications on sustainable development

The formal definition of sustainable development offered in 1992 can be one of the reasons for a
surge in articles on sustainable development. As the analysis of the articles indicates, all the
methods mentioned above have increasingly been used to assess sustainable development in recent
years. Numerous efforts have been made to achieve an all-inclusive method of sustainable
development due to providing in-depth analysis and assessing all parameters of an indicator or all
indicators. The guantitative method is the third most frequent (Figure 11). The qualitative method
also had a significant growth rate from 2010 to January 2022 (Figure 9). This method is the most
frequently employed since to achieve a comprehensive, general, and useful, sustainable
development plan; it is required to thoroughly analyze all parameters in all indicators. This method
is not expensive. The studies following this method are primarily case studies and have mainly
evaluated the social indicator. The semi-quantitative method is the second most frequent due to
being comprehensive and addressing all the sustainable development indicators (Figure 10). It
largely applies to the environmental indicator, and many studies have focused on it.
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Today, the growth of technology and the enhancement of knowledge about sustainable
development have introduced some factors that can be considered new parameters of sustainable
development indicators. Owing to the development of technology in mining activities, it may also
be necessary to propose new main indicators of sustainable development in mining. Newly
introduced indicators can be introduced as independent indicators, with two main impacting factors
(economic-social, economic-environmental, and socio-environmental indicators) or with three
main impacting factors (economic, social, and environmental dimensions). The drawbacks and
upsides of the three methods (quantitative, semi-quantitative, and qualitative) employed to
evaluate sustainable development are provided in Table 7.

Table 7: Advantages and disadvantages of methods used to assess sustainable development

Method Advantages Disadvantages

High reliability, More accurate investigation | High cost, time-consuming, Not much
of indicators applicable to economic and social indicators
Use of expert opinion, Acceptable reliability, | Less reliable than the quantitative method,
Semi-quantitative | Possibility of comparing it with other | Ignorance or underestimation of some
decision-making methods parameters

Highly applicable to social indicators,
Considering all dimensions in each indicator,
Ability to check the expected parameter on
sustainable development indicators

Quantitative

Low reliability for assessing the level of
sustainability, having little application in
mines

Qualitative

A summary of all seven articles reviewed in this study is provided in Figure 12.
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5- Conclusion

The mining industry significantly impacts the environment and local communities, and sustainable
development practices aim to minimize these impacts while ensuring economic viability and social
well-being. This includes minimizing waste and pollution, protecting wildlife and ecosystems,
promoting local economic development, and improving the living standards of affected
communities. Implementing these practices also helps build a positive reputation for the mining
industry and increase public support for its operations review of 77 articles on sustainable
development indicators in mining is an important contribution to the field of sustainable mining.
The analysis of these articles provides valuable insights into the current state of knowledge and
practice regarding sustainable development in mining. The review results could be used to identify
gaps in the existing research and guide future research efforts. Additionally, the review's findings
could inform policy decisions and guide the development of sustainable mining practices. Overall,
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the review highlights the importance of continued efforts to promote sustainable development in
the mining industry.

Therefore, the semi-quantitative method, which combines the advantages of both the qualitative
and quantitative methods, is considered the most suitable for evaluating sustainable development
in mining. The semi-quantitative method provides a practical and cost-effective way to assess
sustainable mining development while still providing valuable insights into the various indicators
and their impacts. This method also allows for greater flexibility in the analysis, as it can be
adapted to different mining operations and regions, taking into account local conditions and
constraints. Overall, using the semi-quantitative method in evaluating sustainable development in
mining is crucial for promoting sustainability in this industry and ensuring a better future for the
environment and communities. On the contrary, The results of the review indicate that the semi-
quantitative method is becoming increasingly popular for evaluating sustainable development in
mining. The semi-quantitative method provides a good balance between the results' reliability and
the evaluation's time and cost. The large proportion of articles that use this method suggests that it
is well-regarded among researchers and practitioners in the field. On the other hand, using
quantitative methods is also significant, especially in assessing environmental indicators, where
taking samples and conducting experiments is important to measure the impact of mining on the
environment accurately. The use of qualitative methods is less common but still provides valuable
insights into the social and economic aspects of sustainable development in mining. Overall, the
use of a combination of methods, including semi-quantitative, quantitative, and qualitative, can
provide a comprehensive and robust evaluation of sustainable development in mining. The variety
of minerals studied in the 77 articles reviewed highlights the broad impact mining has on the
environment and the need for a comprehensive evaluation of sustainable development in this
industry. The study of 20 pollutants in the samples and the pH level of the water provides valuable
information about the potential impact of mining operations on the environment. These indicators
help to assess the impact of mining on water quality, which is an important aspect of sustainable
development, as it affects not only the environment but also human health and the well-being of
local communities. Including these environmental indicators in the evaluation of sustainable
development in mining helps ensure that the industry operates in an environmentally responsible
manner. The study results the show that mining has both positive and negative impacts on the
environment, society, and economy. On the one hand, mining has reduced unemployment and
improved welfare and life expectancy in the region. Foreign investment has also led to language
and technology transfer, which can positively impact the local community. Additionally, mining
has improved the living standards in the region and brought a business boom, job creation, and
increased regional liquidity. On the other hand, mining has also caused environmental pollution,
which has the potential to harm the health of living organisms and humans. Although, in some
cases, pollution has strengthened the soil and facilitated the growth of some plants, the long-term
impacts of environmental pollution can be significant and difficult to reverse. Therefore, it is
important to ensure that the positive impacts of mining are maximized, and the negative impacts
are minimized. This can be achieved through the adoption of sustainable development practices
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and the use of appropriate indicators to assess and track progress toward sustainability in the
mining industry. Research on the effects of mining on sustainable development is on the rise, and
special attention has been directed to this area of research. The increased attention on the impact
of small-scale mining on sustainable development indicators reflects the growing concern about
the environmental, social, and economic impacts. The rise in the use of qualitative methods in
recent years suggests a growing interest in exploring the subjective experiences of communities
and other stakeholders affected by small-scale mining. The semi-quantitative and quantitative
methods are also widely used, providing valuable information about the environmental, social, and
economic impacts of small-scale mining and the effectiveness of various sustainable development
interventions. Overall, the use of a combination of methods, including qualitative, semi-
quantitative, and quantitative, can provide a comprehensive and robust evaluation of the impact of
small-scale mining on sustainable development indicators. This is important for promoting
sustainability in this sector and ensuring a better future for the environment, communities, and the
economy. The possible reasons for a surge in the publication of qualitative and semi-quantitative
studies are as follows:

e Concerning the qualitative method, due to increased awareness of the complications of
mining activities on the sustainable development indicators and the existence of an
assortment of models for sustainable development assessment in mines, researchers have
recently attempted to detect practical and effective solutions via the qualitative method to
reduce the negative effects of mining and boost the positive effects of sustainable
development.

e Many models have been offered for evaluating sustainable development in mines.
However, there is a need to devise a comprehensive, general, accurate, and simple method
to achieve sustainability. Concerning the semi-quantitative method, since both researcher
and expert opinions are involved in the research process, in some cases, the importance of
some parameters may be neglected. This inclusive method should thoroughly evaluate all
the dimensions of sustainable development with minimum cost and time, have a high level
of reliability, and be based on modern technologies used in mines.

As technology and our understanding of sustainable development evolve, it is important to
continually review and update sustainable development models to ensure they are relevant and
useful. As a suggestion, the integration of new and innovative concepts, such as the Internet of
Things, phytoremediation, renewable energy, and environmental literacy, into sustainable
development assessments can help increase the accuracy and effectiveness of these evaluations.
Incorporating these new parameters into sustainable development assessment models may also
help reduce uncertainty in the evaluation process and provide a more comprehensive and accurate
picture of the mining industry's sustainability level. This is critical for ensuring that the industry
operates in an environmentally responsible manner and for promoting sustainable development in
the long term. Therefore, researchers should continue exploring new concepts and innovative
approaches to sustainable development assessments to continuously improve these evaluations'
accuracy and effectiveness.
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