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Abstract: In Africa, the legacy of mining has not only contributed to economic growth,
employment, and prosperity but also brought risks to pollution exposure associated with
detrimental health effects, ecological degradation, and social upheaval, such as the rapid
Zama-Zamas. Due to this, illegal mining on the African continent has numerous envi-
ronmental implications. While illegal mining operations have an adverse impact on the
environment, government and academic research into the Zama-Zamas in South Africa has
focused mainly on the socio-economic aspects of the illegal mining aspect, so environmental
factors have been overlooked. Most government reports and academic literature on illegal
mining activities in the country typically emphasize the socio-economic impact with little
or no environmental consideration. Zama-Zamas have a major socioeconomic impact; how-
ever, their adverse impact on the environment cannot be ignored as well. This is especially
true with Zama-Zamas’ illegal activities, which result in environmental pollution that may
affect the entire ecosystem as a result. Based on this background, the purpose of this paper
is to explore the significant environmental implications of Zama-Zama’s illegal mining in
the South African context. The current study has discovered that there is little documenta-
tion regarding the environmental implications of illegal mining within communities where
it occurs within South Africa’s mining sector, despite its infiltration by Zama-Zamas illegal
mining activities. This is a cause for concern, especially within countries like South Africa
where illegal mining has become a national crisis, yet the environmental impacts of illegal
mining from the literature point of view are not well documented. The limited literature on
this issue highlights the need for urgent attention to the environmental damage caused by
illegal mining. Thus, this appraisal advocates for the inclusion of environmental impact
studies alongside the socio-economic impacts widely reported on illegal mining. For a
country striving to achieve sustainable development, understanding the holistic potential
risks of illegal mining activities by Zama-Zama is essential.

Keywords: illegal mining activities; environmental degradation; Zama-Zamas; environmental
impact; mining governance; mining policy

1. Introduction

African mining has been responsible for substantial economic growth and develop-
ment through millions of dollars of foreign investments [1], deeming it an indispensable
economic cornerstone for the African member states that have access to abundant miner-
als [2]. The mining sector involves the extraction and processing of minerals, in addition
to precious metals from under the earth [3]. The extraction of minerals and precious
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stones under the earth has played a crucial role in the social and economic development
of numerous African member states [4]. For instance, the process of mining minerals has
provided significant socioeconomic development as well as employment opportunities
across African nations such as Ghana, Tanzania, Zimbabwe, Niger, Madagascar, and Mali,
just to mention a few [5]. Similarly, South Africa has always seen mining as the backbone
of its economy [6]. This dates back to the 1886 Witwatersrand Gold Rush, which began
with the discovery of gold resources near Pilgrim’s Rest and Barberton. Historic archives
indicate that this was South Africa’s largest gold discovery [7]. Since the late 19th century,
mining has directly contributed to the foundation of the Johannesburg Stock Exchange
and contributed immensely to the gross domestic product of South Africa. Thus, mining
has had a positive effect or impact in shaping South Africa politically, culturally, and
economically. Economically, the mining industry is accountable for employing more South
Africans than any other industry after agriculture [8]. To this extent, Davenport [9] argues
that mining has become a social fabric for South Africa, especially since the country is
enriched with a plethora of minerals that could be mined. Thus, it has received an iconic
status of being recognized as the global leader in the mining industry [10].

To date, mining is still fundamental to South Africa’s economy. This accentuates
the importance of the mining industry across the country. For example, previously the
industry provided 500,000 direct and 800,000 indirect jobs and contributed 16% to the
country’s gross domestic product [11]. Similarly, recently in the year 2021, the industry was
reported to contribute millions of US dollars to the country’s GDP, employing a workforce
of 458,954 people in the process [12]. This excludes the whopping USD 816 million worth of
gold profit reported to be annually generated by Zama-Zamas [13]. Against this background
information, it is evident that the mining sector brings about inherent economic benefits
in the country. However, since it is associated with the economic aspect of sustainable
development, its impact is not devoid of challenges in the other two dimensions of the
sustainable development pillars, namely social and environmental [14]. Furthermore, illicit
mining has the potential to undermine the efforts and strides that the country has made
toward achieving sustainable development. For instance, numerous challenges associated
with illicit mining have been detailed in the local communities where there are mineable
minerals [15]. As Durand [16] posits, the legacy of mining has not only contributed to
economic growth, employment, and prosperity, but also to pollution, detrimental health
effects, ecological degradation, and social upheaval such as the rapid rise of Zama-Zamas.

Zama-Zamas in isiZulu simply refers to the hustlers who take their chances by engag-
ing in illegal mining activities [17]. Therefore, the word Zama-Zama is a colloquial term
used within the South African mining industry to describe illegal miners working with
gold or other precious metals [18]. Ledwaba and Nhlengetwa [10] profile Zama-Zamas
as “miners that operate outside the regulatory framework, and usually target old, unused
gold shafts in the Witwatersrand and Welkom areas”. It is important to note that at the time
when Ledwaba and Nhlengetwa [10] made their submissions, the issue of Zama-Zamas
was predominantly limited within the two mentioned geographical areas, which are mainly
urban areas due to their economic developments.

However, in recent times, driven by unemployment and poverty, the scourge of Zama-
Zamas has been reported even in the deep rural areas of the country [19]. This transpires
amidst a stagnant economy exacerbated by COVID-19, thus, the increase in illegal mining
activities in recent times. Mkodzongi and Spiegel [20] accentuate that amid the economic
crisis, illegal mining in rural areas becomes a source of revenue. This observation is in
line with that of Munakamwe [11] and eNCA [21] that within the South African context, a
decline in job opportunities has a direct bearing on the increase in illegal mining activities.
Similarly, even in countries outside South Africa, it has been corroborated that at the
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root of illegal mining is the decline of economic conditions embodied by poverty and
unemployment [22].

The Rapid Rise of Zama-Zama lllegal Activities Presents Growing Environmental and Social
Threat Challenges in South Africa

In recent times, amid the rise of illegal mining operations in the West and East Rand of
Gauteng, South Africa, most of the media outlets in the country have reported on the social
and economic impacts of the Zama-Zamas that compromise the safety of the citizens as
well as the mining industry. However, it is surprising, and a major cause for concern that
there is not much coverage and reporting on the impact of the Zama-Zamas’ activities on
the natural environment and the resources associated with it. As a matter of fact, in South
Africa, illegal mining research and the risks associated with it are very limited [8,23]. The
activities of the Zama-Zamas have a significant impact on the environment engendering
environmental pollution, which has the potential to alter the entire ecosystem, especially
given the prominent environmental impact of mining activities associated with the acid
mine drainage, uranium contamination, and discharge of air pollutants from mine dumps
that negatively impact plant growth.

To this end, Awotwi et al. [24] have discovered that Zama-Zama'’s illegal activities
and environmental pollution in other places significantly alter the hydrological regime,
thus constituting a threat to the natural ecosystems. Therefore, to minimize the gap of
limited research within the South African context of illegal mining and its environmental
implications, the present study focuses on the prospective impact associated with the illegal
activities of the Zama-Zamas on the fundamental pillar of the sustainable element, which
is the environment. While it is indispensable to document the role of illegal miners in
society, the adverse impact on the environment should not be ignored. Given that illegal
mining has adverse impacts on the environment, it might compromise the ability of the
natural environment to continue to provide humanity with endless opportunities. Thus,
the current study aims to review the existing literature on the impact of illegal mining
(Zama-Zamas) activities on the degradation of the environment in South Africa.

2. Literature Methods
2.1. Search Strategy

The current study carried out an exploratory literature review aiming at holistically
summarizing themes of illegal mining operations’ implications on the environment. Sub-
sequently, papers were selected to inform the review by extensively searching the range
of multiple reputable scientific databases. In these databases, thematic search terms such
as illegal mining, Zama-Zamas mining activities, environmental impact of illegal mining
operations, and causes of illegal mining activities were used to narrow down the search
within the relevant scope of illegal mining context. This systematic search was designed to
capture a broad range of academic papers and any other reports thereof within the illegal
mining sector, thus avoiding comprehensively capturing all studies that may not be directly
related to illegal mining activities. As such the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) reporting was fundamental to achieving this system-
atic search. Moreover, a Supplementary Material has been added which includes relevant
information on the screening and eligibility process depicted in the PRISMA diagram.Thus,
in the current study, PRISMA, as depicted in Figure 1, facilitated the identification and
inclusion of pertinent literature and reports. In this study, a comprehensive analysis was
conducted on a total of 327 review papers.
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Figure 1. The preferred reporting items for systematic reviews and meta-analyses (PRISMA) guide-
lines for degradation of the environment caused by illegal mining.

By utilizing the global databases, the authors successfully identified records that could
potentially be relevant. As demonstrated in Figure 1, a dataset was identified, and the
database search produced 327 records. The authors opted to employ four distinct reputable
databases, namely Sematic Scholar (42), Scopus (32), Google Scholar (84), PubMed (22),
Base (9), and Web of Science (138). Subsequently, the data were stratified and examined
using the reference manager program EndNote 21 throughout data processing as sug-
gested by Madonsela et al. [25]. EndNote 21 facilitated the elimination of duplicate papers,
the categorization of articles through labeling, and the organization of papers into sub-
groups. During the removal of duplicates process, twenty-six duplicates were excluded
before screening, as shown in Figure 1. Furthermore, post this bureaucratic process in-
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tended to maintain the objectivity, transparency, and reliability of research, the Grangxabe
et al. [26] and Madonsela [27] methodology framework of reading, analyzing, evaluating,
and summarising scholarly materials related to the review was undertaken. To this end,
an explanatory research approach was used to explain the implications of Zama-Zamas,
illegal miners within the South African context.

2.2. Data Extraction and Selection of Studies

Authors of this review performed relevance checking in the records screening pro-
cess, which consisted of title and abstract reading for relevance, and out of 301 records,
150 records were excluded, leading to 151 reports that were sought for retrieval in the
screening process. Two reviewers performed the data extraction from the included studies
which consists of the full-text reading stage; 82 studies were finally included in the review
due to 49 being excluded because full papers could not be retrieved and 20 reports excluded
from the 102 studies retrieved and assessed for eligibility reports as they did not meet the
eligibility criteria for a variety of reasons such as lack of clarity and no data of interest.

Moreover, given the limited number of scholarly materials associated with the en-
vironmental impact of “illegal mining” as the keyword; this research study went a step
further to illustrate the lack of research within the context of “illegal mining environ-
mental impact” and searched the Web of Science database for “mining environmental
impact”. The search indicated that the environmental impacts of mining activities it is well
documented globally.

That is, through the extensive literature search, over 7000 publications associated with
“mining environmental impacts” were retrieved, in contrast to a meagre 138 articles linked
to the environmental impacts of illegal mining. It is important to note that in the global
context, 138 publications are a minimal number. This is a cause for concern, especially
within countries like South Africa, where illegal mining has become a national crisis, yet
the environmental impacts of illegal mining are not documented and well-known. As such,
this research aims at bridging the gap. The overall analysis associated with illegal mining
environmental impacts published articles was performed using the specialized software
VOSViewer 1.6.20. Subsequently, an enhanced visual representation of environmental
impacts associated with mining activities was produced, as shown in Figure 2.
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2.3. Factors Contributing to Illegal Mining Activities in South Africa

Illegal mining is characterized as a problem in gold-stricken nations [28]. These nations
comprise Zimbabwe, Ghana, and Niger, just to mention a few [5]. Driven by the world’s
demand for gold, numerous authors indicate that illegal mining is on the rise and across
the globe [29,30]. To this effect, the situation is no different in Southern Africa, where
illegal mining continues to turn into a major problem across the South African provinces.
For example, the illicit mining activities in the old, defunct mines, have in recent times
become a major challenge for the Department of Mineral Resources, mining companies,
and local authorities [8]. As a result, in South Africa, currently, illegal mining activities
have become more prevalent such that they pose multiple challenges associated with the
environmental, economic, and societal contests beyond the mining sector that require
urgent attention. Stewart et al. [17] corroborate that illegal mining activities take place
within the declining mining infrastructures. Subsequently, pervasive evidence of illegal
mining activities associated with the Zama-Zamas has been discovered in the infrastructure
of some old gold mines [5].

Similarly, Mhlongo and Amponsah-Dacosta [31] concur that it is the abandoned mines
that have become the nexus of Zama-Zama’s illegal mining activities. In South Africa,
abandoned mines are those for which a closure certificate has not been granted and for
which no party can be located to bear liability for their obligations [32]. Apparently, before
the Zama-Zamas could begin with the illegal mining activities, they first focused on the
steel infrastructure, which they stripped and sold as scrap metal. Any infrastructure still
in place is then typically randomly vandalized. Illegal mining operations may start there
after all of the valuable material has been taken [5]. Thus, the modus operandi of the Zama-
Zamas is often to mine and process minerals in abandoned or closed excavations. However,
in recent times, it has emerged that illegal mining is not only limited to abandoned mines.
According to MCSA [33], it equally occurs in both active and inactive mines, where illegal
miners frequently work in hazardous conditions. Thus, the scope of illegal mining in South
Africa has expanded to include the surface and underground at closed, abandoned, and
operating mines.

Despite the hazardous conditions and highly involved manual processes, Zama-Zamas
brave these conditions and continue to mine. The bravery and courage, according to Owusu
and Dwomoh [34], emanate from poverty. It is for this reason that Hilson [35] characterizes
illegal mining as the result of being trapped in poverty. Thus, across developing countries,
more than 13 million people are involved in illegal mining activities [36]. Citing the Minerals
Council South Africa, du Plessis [33] highlights the shrinkage of employment in the mining
sector. Between the years 2013 and 2019, the mining industry shed 56,366 jobs [33]. Thus,
there is a general perspective that the current socioeconomic conditions in many parts of
South Africa drive many people to engage in illegal mining activities [6], especially since
the activities of the Zama-Zamas have been recognized as an essential source of livelihood
that is prominent in developing countries [37]. Ref. [37] states that” there is no shortage
of men with mining experience to apply to be Zama-Zamas or to impart their knowledge
to younger generations. Secondly, because of the social crisis caused by the layoffs, when
unemployed men are offered work, legal or illegal, many are willing to take their chances”.

Furthermore, Field [13] contends that due to a loss of formal employment in the
mining industry and a lack of alternative employment opportunities, Zama-Zamas resort
to illegal mining as a permanent livelihood strategy, albeit fraught with risks. To this end,
Chuma [38] posits that the persistent economic decline, retrenchments, high unemployment,
and population growth have crippled livelihoods that have given birth to the proliferation
of illegal mining. Similarly, MSCA [33] argues that the retrenchment of thousands of miners
could only spell the proliferation of these unprecedented illegal mining practices. Moreover,
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there are technical aspects of mining that exacerbate the issue of Zama-Zamas. However,
CMSA [39] posits that whilst some illegal miners act out of economic desperation, it cannot
be overlooked that illegal mining activities are directly linked to lucrative illicit trade in
precious metals and diamonds. According to Jara [40], these include, amongst others, a lack
of access to mineral rights because South Africa has an onerous mineral licensing regime, a
lack of access to finance and funding mainly because financing agents such as banks are
unlikely to participate in mining ventures which provide limited security and financial
returns, and lack of appropriate structures to assist the small mining developments. This
speaks directly to the absence of assistance from the state or business.

Thus, Havey [41] asserts that SADC countries such as Lesotho, Swaziland, Malawi,
Zimbabwe, and Mozambique essentially contribute to the regional poverty that ultimately
accounts for the cumulative supply of illegal miners in South Africa. It is for this reason
that most of the Zama-Zamas’ activities in South Africa are associated with illegal immi-
grants from these preceding SADC countries. In addition to poverty and illegal migrants
contributing to the issue of Zama-Zamas, Havey [41] points out the demand for illegally
mined minerals. There seems to be a huge thriving financial market for illegally mined
minerals. This corroborates Field’s earlier submission that illegal mining in South Africa is
a profitable industry with estimated millions of US dollars” worth of gold per annum [13].
However, it is alarming that such a profitable industry does not absorb more employees to
crowd out opportunities for illegal mining [41].

2.4. Reactive Policy Implementation and Governance Directed Towards Mitigating the Impacts of
Illegal Mining

The South African government is cognizant that the upsurge of Zama-Zama'’s illegal
miners has implications for the country. Thus, the Minister in the office of Mineral Resources
and Energy posits that illegal mining is the criminal element that contravenes the laws
of the country and equally forms part of many other economic-related crimes that are
afflicting our society. In addition to the economic aspects affected by the Zama-Zamas, the
illegal activities have a negative impact on the environment which has become the bedrock
of the economic development which concerns the Minister. To this end, given that illegal
mining practices are associated with crime, the South African Police Service is always
incorporated to arrest the Zama-Zamas. However, this practice is yet to yield a positive
outcome considering that it follows a reactive approach. Moreover, it does not thwart the
environmental impact as by the time the police force is reactive the contamination of the
sensitive segment of the environment would have already transpired. For instance, the
SAPS is currently not mandated to monitor and investigate mining permit holders which is
the function of another department.

On the other hand, incorporating this function within the jurisdiction of SAPS, for
example, “would give law enforcement greater latitude and oversight to spot trends,
undertake proactive due diligence on permit applicants, and monitor the business activity
of criminally exposed entities” [42]. This, in the process, would minimize the potential
impact of illegal mining activities on the environment, as law enforcement would be
capacitated to be proactive and spot any irregularities, in contrast to being reactive. As
things stand currently, the police officers are only expected to react to the highly trained
illegal miners equipped with militant weapons who do not surrender to arrest like civilians.
This has on numerous occasions led to the shedding of blood. Consequently, in an attempt
to enhance the strategies that seek to mitigate the impact of illegal miners and to transition
towards the proactive approach, the office of the Minister of Mineral Resources and Energy
has in recent times lobbied for the establishment of a specialized cooperative unit.

This comes after the brutal gang rape of eight women near a disused mine in Gauteng
province. However, at this point and time, the functions and confines of the purported
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specialized cooperative unit are not clear. Nevertheless, the Minister did suggest that “the
unit is expected to be multi-disciplinary and will draw in skills from other departments”.
The multidisciplinary approach that integrates various departments might prove to be
a shrewd move which if well-coordinated might mitigate some of the enablers of illegal
mining activities [42]. It is important to note that in some instances, the adoption of
an integrated environmental management approach, which draws from the different
departments, has yielded positive outcomes, given that everyone gets involved to resolve a
specific challenge. However, in this case, it is not clear who will make up the specialized
cooperative unit.

2.5. Environmental Rehabilitation Challenges Amidst Illegal Mining Impact

The inclusion of the multidisciplinary approach and or integrated environmental
management might be fundamental in presenting strategic views associated with clearly
assigning responsibilities that seek to redress the inefficiency of the current rehabilitation
framework on the rehabilitation of derelict and ownerless mines, which contravenes the
National Environmental Management Act (Act 105 of 1998). It is important to note that
even though the principles for cooperative environmental governance are articulated in
the National Environmental Management Act (Act 105 of 1998), as emphasized in Table 1,
the enforcement of these regulations is always found wanting, especially in mitigating
the environmental degradation attributed to Zama Zamas. Illegal mining operations
continue owing to inadequate enforcement and insufficient cooperation among regulatory
agencies. This enforcement gap not only exacerbates environmental degradation but
also prevents attempts to build sustainable governance structures. Therefore, enhancing
supervision and ensuring the effective implementation of environmental regulations is
essential for mitigating the adverse effects of unlawful mining. For example, in as much as
the financial contributions are made by legitimate miners’, rehabilitation to date remains
an illusion. At the center of this is the issue of the potentially high cost associated with
rehabilitation [31]. However, given that illegal mining is a lucrative illegitimate business
model that yields millions of dollars annually [42], a willing government committed to
curbing illegal mining and protecting the segment of the environment could re-mine the
abandoned mine and channel the majority of the earnings towards rehabilitation programs
that seeks to restore the environment back to better states and to ample ecosystem. This
could spell a fundamental paradigm shift in circumventing further environmental pollution
due to illegal mining activities and reinstating the disturbed environment to its original and
ample ecological state. The lack of rehabilitation post-mining operation affects land use
and perpetuates long-term contamination of the environment. For it is the requirement of
section 24 of NEMA, that the holder of a prospecting right, mining right, or mining permit
must provide acceptable financial provision for the rehabilitation, closure, and ongoing
post-decommissioning management of negative environmental impacts. Whilst it may
not have been a matter of emergency to rehabilitate all debilitated mines previously as
highlighted by Cornelissen [43], now it has proved to be an emergency given that it has
become a gateway for Zama-Zamas that have no regard for the immediate environment.
For example, in the environment in which the Zama-Zamas operate, members of the
parliamentary portfolio committees conducted an oversight in the area, only to discover
that some of the people’s homes are on the verge of collapsing due to land degradation [44].
This discovery communicates the incidences interconnected with the environmental impact
because of illicit mining activities [45]. Regrettably, the environmental degradation effect
will have a far-reaching indirect bearing on the soil quality of the area as it will result in the
loss of fertile land, thus rendering the soil less productive within the agricultural space. This
has a lethal environmental impact on rural communities that mostly depend on subsistence
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farming. Given that soil contamination because of the released toxic elements such as
metals during mining proceedings is a serious environmental problem [46]. Especially
since these toxic elements have a lengthy residence duration or life span in the soil and
are not easily biodegradable [47,48]. Most of these toxic elements that contaminate the soil
such as mercury and cadmium are produced during the extraction phases of the precious
mineral resources argues Terrones-Saeta et al. [46]. However, it is important to note that in
most cases, some of these environmental impacts associated with illegal mining activities
are overlooked given that they occur on a smaller scale [49]—even though these mining
activities are a direct threat with the potential to deplete a water resource for instance [15].
Hence, environmental pollution of surface and groundwater is attributable to the processes
of illicit mining activities in spaces where there are abandoned mines as highlighted in
Table 1 [50], such that water is identified as the “mining’s most common victim” [51].
Thus, illegal mining is capable of polluting water sources nearby and depleting freshwater
supplies within the jurisdiction of the mine. Mensa and Darku [52] detailed how illicit
mining affected the ecosystem and the water resources in rural communities, by arguing
that the water resources instantly became unsuitable for human use the moment illegal
miners commenced their operations.

Table 1. South African legislations that govern the mining industry.

Country

Policy/Law Objective

Mineral and Petroleum Resources
South Africa  Development Act, Act No. 28 of 2002

Transferred mineral rights from private holders to
government as guardians of peoples of S.A. and
made provision to benefit Historically

(MPRDA) Disadvantaged South Africans (HDSAs).
Bill enhances provisions related to the regulation
Mineral and Petroleum Resources of the mining industry through the beneficiation of
South Africa  Development Amendment Act, Act No. 49 minerals and the promotion of national energy
Of 2008 security to streamline administrative processes

and align them with previous Acts.

South Africa  Mine Health and Safety Act, No 29 of 1996

Provide for the protection of the health and safety
of employees and other persons.

Section 24 protects everyone’s health and

South Africa  Constitution Act, Act No. 108 of 1996 well-being by preventing pollution and ecological

degradation.

Provide for co-operative environmental
governance by establishing principles for
decision-making on matters affecting the

South Africa National Environmental Management Act, Act environment, institutions that will promote

co-operative governance and procedures for
coordinating environmental functions by an organ
of the state.

South Africa Precious Metals Act, Act No. 37 of 2005

Provide for the development of precious metals in
the best interest of the people of South Africa.

South Africa

National Environmental Management: Waste
Amendment Act, Act No. 26 of 2014

Provide for the regulation of mine residue and
stockpiles under NEMA. DMRE is the competent
authority in terms of the National Environmental
Management Laws Amendment Act, Act No. 25 of
2014 (NEMLA).

South Africa National Water Act, Act No. 36 of 1998

Provide for fundamental reform of the law relating
to water resources.

Source: MCSA [33].
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2.6. Existing South African Legislative Framework That Safegquards the Mineable Environment

The change in the political landscape in 1994 ushered in a paradigm shift in the context
of mining South African minerals. Through the enactment of the policies to regulate the
mining of minerals in the country, including the complex system of mining rights, the
policies were enacted to give effect to the democratic constitution which recognizes the
rights of everyone to an environment that is not hazardous. Consequently, numerous
statutes, as stipulated in Table 1, regulate mining and any activities associated with it in the
Republic of South Africa. For instance, the Mineral and Petroleum Resources Development
Act (MPRDA) (Act 28 of 2002) provides the main legislative framework for the entire mining
activities in South Africa. This move is consistent with the International Council for Mining
and Metals which has urged countries to amend their laws to allow for small-scale mining
permits [53]. However, the challenges are that the licensing requirements for artisanal
miners are generally the same as those for industrial miners, including the daunting
process of submitting online applications and mining work programs that demonstrate the
applicant’s financial resources and the technical ability to conduct the proposed mining
operation optimally [54].

Therefore, these bureaucratic processes might be a deterrent for small strides directed
at mitigating the illicit mining practices that present hazardous risks to the environment.
Thus, currently, in South Africa, this is viewed as some practical element that makes it
difficult to obtain mineral rights that could be argued as the enablers of Zama-Zamas
illicit mining that potentially contaminates the environment. The issue of mining rights
negatively contributes to some of the challenges that restrict the potential integration of
Zama-Zamas into the formal mining sector. The formal sector, in this instance, is recognized
as artisanal and small-scale mining as gazetted by the Minister. The incorporation of Zama-
Zamas into these entities has the potential to mitigate the environmental impacts emanating
from the illicit activities, as these entities are regulated, expected, and required to comply
with the environmental management acts guided by NEMA.

In addition to the policy bureaucratic processes of obtaining mining rights, most of
the workforce involved in illegal mining would not be eligible for the above technical
process which Jara [40] regards as cumbersome for obtaining mining rights, given that the
workforce of the Zama-Zamas is largely composed of undocumented illegal migrants. As
Steenkamp and Clark-Mostert [5], and Brits et al. [55] contend that Zama-Zamas are caused
by undocumented illegal migrants. Most of the workforce involved in illegal mining would
be not eligible for the above technical process which Jara [40] regards as cumbersome for
obtaining mining rights, given that the workforce of the Zama-Zamas is largely composed
of undocumented illegal migrants [56]. Steenkamp and Clark-Mostert [5] and Brits et al. [55]
are convinced that Zama-Zamas are caused by undocumented illegal migrants.

The MPRDA encompasses the control and mitigation of four broad categories of
mining that comprises surface mining, shallow underground mining, deep underground
mining, and offshore mining [6]. To this effect, section 3 of the MPRDA in its current
form affirms the state as the custodianship of mineral resources for the benefit of all South
Africans—that is, the state through the Department of Mineral Resources and Energy
(DMRE) may grant authorizations contemplated in MPRDA, including the prospecting
and mining rights, mining permits, and environmental authorizations. Furthermore, to
regulate all possible dealings with metals and ore, the legislation prohibits the holding or
trading of certain metals in an unwrought state without a permit. This is regulated by the
Precious Metals Act (Act 37 of 2005), as highlighted in Table 1.

The Act falls under the authority of the Minister of Mineral Resources and Energy;
however, the implementation of all the policies and procedures contemplated by the Act
is managed by the South African Diamond and Precious Metals Regulator established
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by the Diamonds Act (Act 56 of 1986) [57]. Informal mining activities operating outside
this legal framework constitute illegal mining. However, the enactors of the policies
could not foresee the uprising of the illegal mining activities currently experienced in the
country. It is the current rise of illegal mining activities throughout the country that has
recently prompted the Minister of Mineral Resources and Energy to gazette Artisanal and
Small Scale-Mining Policy 2022 for implementation in terms of the Mineral and Petroleum
Resources Development Act of 2002. Recently, the Minister of Minerals Resources and
Energy has made the pronouncement that illegal mining poses a “threat to national security,
government authority and socio-economic development” [58]. Again, the absence of
emphasis on the illegal mining impact on the third pillar of sustainability (environment)
was noticeable. The Mister of Minerals Resourced and Energy believes that illegal mining
is a criminal activity. “This criminal activity is in contravention of our laws” most notably
referring to the contravention of the Mineral and Petroleum Resources Development Act.

Thus, South African authorities view illegal miners primarily as criminals who must be
suppressed with the help of the law [54]. However, scholars argue that it is not clear what
legislation is available to criminalize Zama-Zamas [8,59], given that currently, illegal mining
is not defined as an offense in terms of South African legislation [60]. Therefore, those
apprehended cannot be charged with illegal mining operations. However, Wellsted [60]
acknowledges that common methods in illegal mining do include practices that are illegal
and prohibited by law. These, for example, comprise the following:

(a) Theft and possession of gold-bearing materials.

(b) Contravention of the Mine Health and Safety Act.

(¢c) Petroleum Products Amendment Act.

(d) Trespass Act.

(e) Mineral and Petroleum Resources Development Act.

As a result, when illegal miners are arrested, they are primarily charged with trespass-
ing and often escape prosecution for the criminal offenses they commit in South Africa [60].
To some extent, Thornton [59] criticizes the practice of persecuting Zama-Zamas under
the banner of trespassing. Thornton [59] argues that whilst illegal miners are viewed as
they are often trespassing on the mine-owned property, this same property is crisscrossed
with pathways that are used by everyone in the vicinity to get to work or to visit the shop,
friends, and relatives. And of course, South African laws that pertain to the surface do not
govern the underground resources.

Furthermore, Wellsted [60] posits that illegal miners cannot be held responsible for the
theft of gold materials theft unless they are discovered in possession of the stolen goods.
Discrediting, poking holes, and casting doubt on the South African mining legal framework;
Thornton [59] states that in as much as “it is illegal to own or trade in raw gold and other
‘precious metals’ but until the final process that results in refined metallic gold, the material
they deal in is just dust and dirt”. This argument buttresses the earlier argument that the
state does not have a watertight case that promotes persecuting the Zama-Zamas under
trespassing. Therefore, the current enforcement and policy responses, which criminalize
illegal miners might be misguided the author suggests. Hence, the arrests of illegal miners
might not be viewed as a sustainable exercise that could be deemed as strategic to curb
illegal mining, especially if the miners are not in the position of illegal explosives—as
in some instances, they use the rudimentary process to mine for gold-bearing materials.
However, Thornton’s [59] argument is baseless given that Zama-Zamas are mining without
the required statutory authorization as prescribed by the Mineral and Petroleum Resources
Development Act (Act 28 of 2002). Section 5A of the aforesaid act stipulates that
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“No person may prospect for or remove, mine, conduct technical co-operation, oper-
ations, reconnaissance operations, explore for and produce any mineral or petroleum or
commence with any work incidental thereto on any area without:

(a) an environmental authorisation.

(b) areconnaissance permission, prospecting right, permission to remove, mining right,
mining permit, retention permit, technical co-operation permit, reconnaissance permit,
exploration right or production right, as the case may be and

(c) giving the landowner or lawful occupier of the land in question at least 21 days
written notice”.

Therefore, by virtue, illegal mining operations are a criminal activity as stipulated
in section 5A of the act. Moreover, Kabai [53], contends that Zama-Zamas have a history
of using very irresponsible and non-environmentally friendly purification processes and
materials, which might result in irreversible environmental harm. As a result, because
any breach of environmental legislation constitutes an environmental crime, Zama-Zama'’s
activities are clearly within the scope of environmental crime as defined by the National
Environmental Management Act (NEMA), 1998 (Act No. 107 of 1998).

2.7. Characterizing the Illegal Miners” Mining Apparatus with the Potential to Contaminate
the Environment

In the context of South African mining, explosives are currently synonymous with
illegal mining activities. More often than not, whenever Zama-Zamas are apprehended
in the illicit act, they are always busted with explosives. For instance, recently, a total
number of 40 blasting cartridges were confiscated by the members of the South African
Police Service (SAPS) from illegal miners [61]. To this end, SAPS [62] posits that substances
such as the detonation cord, blasting cartridges, explo gel, detonators, and blasting caps are
commonly found with illegal miners. Characterizing the explosives, SAPS [62] suggests that
“the energy from a single blast has the potential to create significant damage to the ground
or surrounding infrastructure, which could collapse”. These are smuggled explosives that
are believed to sustain illegal mining activities [63]. Moreover, the SAPS [62] indicates that
the modus operandi for illegal miners is characterized by refiners, as well as smelters [62].
Moreover, according to Puglisi [64], illegal miners concede to chemical exposure during
the mining and processing of minerals. They expose themselves and their communities to
mercury and other poisonous gases in their amalgamation and extraction of gold. Mercury
is a ubiquitous contaminant that poses a risk to the environment as it circulates through
the air, water, sediment, soil, and living organisms [65].

On the other hand, because of human activity, cyanide is a chemical that is extensively
disseminated across the environment. This chemical is used in the majority of industrial
processes to manufacture products like electroplating or gold extraction [66]. This is not
alarming as the application of chemicals such as cyanide and mercury is largely recorded
across illegal mining. Techniques like amalgamation and cyanidation are used to refine
gold. Around the globe, numerous illicit individuals mine for gold using the amalgamation
method. This method creates an amalgam by combining rocks with mercury in water
media using tiny gold trommel/spindles [67]. According to United Nations [68], illegal
miners are accountable for “the largest global use of mercury, and the largest source of
mercury releases”. Utembe et al. [2] state that the application of cyanide and mercury
chemicals during the extraction of gold is very popular in South Africa. These chemicals
are used to extract gold from the host rock. This is a cause for concern given that South
Africa ranks high in the number of countries that use mercury [69,70]. Therefore, the use
of smuggled mercury across the sector of illegal mining in South Africa is not helping the
cause, it is a hazardous practice that must be discouraged [6]. It is for this reason that
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chemicals used in mining and processing minerals have been widely documented to have
a negative influence on the environment, especially when released into the soil, water, and
air [71].

2.8. Implications of lllegal Mining Operations on the Environment

The environment and its natural resources are fundamental for human survival. How-
ever, illegal mining operations across countries with pervasive mining activities (Ghana
and South Africa) pose significant risks to the very same environment [72]. Despite the
impact of the legal mining sector on the environment, Zama-Zamas generally aggravate
substantial changes in the environment [29]. While some could argue that all mining has
risky side effects, illicit mining footprint has more significant effects on the environment.
Given that illegal mining practices do not adhere to the same rules that legitimate mining
practices do. The risks of the Zama-Zamas on the environmental aspect are consistent
with the use of potentially toxic purifying processes and the use of substances to extract
the gold from the host ore during the mining phases. The disregard and inconsideration
for regulations such as the National Environmental Management Act (Act 107 of 1998)
associated with regulating mining activities further exacerbate the illicit mining’s impact
on the environment. Ali [50] states that illicit miners without any legal permits have no
regard for the environment, and it is for this reason that environmental damages occur to a
high degree.

Numerous scholars reckon that this is aggravated by the lack of advanced technol-
ogy that prompts illegal miners to resort to the exploitation techniques of mineral de-
posits using rudimentary tools and primitive mining processing that contaminate the
environment [30,34,73-76]. However, others contend that it is the lack of educational back-
ground that is to blame for the absence of consideration for the consequences of their
actions on the environment [77,78]. To this effect, at the current rate of illegal mining
unprecedented incidences, South Africa is at risk of the ripple effect of water pollution, air
pollution, as well as the loss of biodiversity and other numerous forms of pollution [79]. In
light of the above, the subsequent paragraphs present the several sectors of the environment
that are at risk of environmental pollution in South Africa if illegal mining is not abated.

Through direct and indirect mining activities, illegal mining may have an impact on
the environment which could possibly cause soil erosion locally, water pollution regionally
as well as climate change internationally. The consequences may include soil erosion,
sinkholes, biodiversity loss, and pollution of surface, ground, and freshwater resources by
chemicals released during mining operations [36]. Mining is a naturally invasive operation
that can alter the landscape over a much larger area [80,81]. Moreover, Suresh and Jain [81]
corroborate that land degradation, soil erosion as well as dust pollution are byproducts
of illicit mining activities. For instance, the activities of illicit mining are responsible for
leaving open pits within the jurisdiction of the illegal mining activities [15]. At the enter
of this is the illegal mining modus of operandi that starts with the excavation of the gold-
bearing sediments. This operation makes use of rudimentary machinery tools in the form
of peaks and shovels [82]. As such, one of the most frequent characteristic types of illegal
mining remnants is an open pit, which involves material being removed from an open
mining pit. This transpires when Zama-Zamas dig up sediments that are believed to
contain gold.
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To this end, Mhlongo [32] corroborates that the digging of gold-bearing sediments
leaves behind extensively degraded land with dangerous shallow pits. This type of mining
is particularly damaging to the environment because strategic minerals are often only
available in small concentrations, which increases the number of open pits needed to
be mined to extract the minerals. Hence, abandoned open pit scars are characterized
as the by-product of the illegal mining operation [82]. Furthermore, the indiscriminate
excavations as a result of illegal mining activities not only cause deterioration of the land,
but also equally play a significant role that leads to deforestation and the disturbance of
the soil structure [32]. For example, in recent times in a village in the Limpopo province
(Northern part of South Africa), illegal miners began excavating a residential area leaving
unrehabilitated hazardous trenches behind [44]. This transpires as the issue of Zama-Zamas
in mining moves towards the South African rural communities.

Moreover, the pollution of the soil is not only limited to these incidences. Mulenga [83]
posits that “mining practices such as the open pit mining that leads to the creation of dumps
(or black mountains) or tailing dams also lead to the pollution of the soil”. This pollution is
mainly exacerbated by the fact that Zama-Zamas have no regard for specific environmental
management acts such as NEMA that seek to mitigate the pollution emanating from the
mining processes including soil pollution. To this extent, the creation of mine dumps
is primarily responsible for air pollution. Mine dumps are formed when the material
extracted from abandoned mine sites is processed in the vicinity of the mines. It is for
this reason that it has been reported that communities within the vicinity of illegal mining
activities complain about the increased level of dust [84]. This is a cause for concern,
especially since dust from the mines has been reported to contain elevated levels of metal
concentrations. In addition, the processes of illegal mining also affect the atmosphere
from the emissions of carbon which influence the quality of the biodiversity [36]. In some
instances, the illicit mining practices ignite fires that consistently burn, releasing fly ash
and smoke laden with greenhouse gasses and toxic chemicals [85]. Likewise, Asamoah
et al. [86] submit that during the processing of gold material within illegal mining practices,
mercury is added to gold particles in concentrates to create an ‘amalgam’. The amalgam
consists of rather large balls of the mixture. The amalgam is subsequently subjected to
heat or combustion to vaporize and release both the mercury and any other contaminants,
resulting in the extraction of a comparatively pure gold product. This process exacerbates
environmental air pollution which anguishes vulnerable neighboring poor communities
which tend to be historically marginalized. A similar incident has been reported in the
Mpumalanga province in the Emalahleni area just outside Duvha Park, infested by illegal
mining activities [87].

Furthermore, the veracity of the illegal miner’s impact on scarce water resources
cannot be overlooked. This has since coerced some communities in Mpumalanga within
the jurisdiction of the illegal miners to search for alternative water resources given the
degree of water pollution in the rivers, streams, and lakes. Kuffour et al. [76] argue
that the contamination of water sources is because of the chemicals utilized by illegal
miners. The chemicals utilized by illegal miners comprise mercury and cyanide [88]. Uppal
et al. [89] suggest that illegal miners utilize mercury and cyanide which are heavy metals
and potentially hazardous substances, in their mining operations. According to Gongalves
et al. [90] and Tomiyasu et al. [91] mercury which is used in the processes of illegal mining
prominently impacts the environment in numerous ways.

To this end, Aristide and Ernest [92] highlight that the contamination of the environ-
ment by cyanide and mercury chemicals presents risks for the water bodies as well as the
living organisms within the water resource. To this extent, the literature indicates that
numerous studies qualify the environmental impact of cyanide and mercury trace metals on
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the environment and the living species associated with them [93-96]. Moreover, according
to Marshall et al. [30] in addition to pollution of aquatic systems, these chemicals further
contribute to siltation in streams and rivers. According to Mhlongo and Akintola [97], the
material extracted from abandoned mine sites is often treated on-site or in neighboring
rivers using the sluicing process, depending on the water availability; thus, the construction
of sluicing sites along the riverbank is associated with siltation.

This has a cumulative impact on the sedimentation that tends to be deposited in
streambeds and can potentially choke off streams, destroying the habitat [81]. Likewise,
sedimentation and spill erosion due to illegal mining are some of the ways that characterize
illegal mining activities that affect surface and groundwater [98]. To an extent, elevated
levels of toxic metals as a result of sluicing sites associated with illegal mining activities
have been reported to exceed prescribed limits in river sediments. In addition, the impact
of illegal mining activities leads to the alteration of the river morphology [97,98]. Without a
say, these harm the natural environment and put in jeopardy the achievement of sustainable
development to ensure that current and future generations have access to resources; by
compromising the already scarce water resources and subjecting South African water
systems to severe stress.

South African literature indicates that there are few environmental damages reported
across the country regarding illegal mining. Sadly, the present study notes that across the
country the implications of illegal miners on the environment are generally under-reported.
Table 1 below summarises the few incidences that reported the environmental impacts
associated with illegal mining across the South African provinces. Furthermore, the present
study notes the absence of this information within the peer-reviewed publication spaces.

2.9. Research Studies Exploring the Impacts of Illegal Mining (Zama-Zamas) Activities in
South Africa

Table 2 below details the research studies that to date have investigated and docu-
mented the impacts of illegal mining practices in South Africa. As such, Table 2 comprises
a total number of thirty research studies included in the current review. These research
studies provide the spatial scourge of illegal mining activities across the country. This Table
highlights information about the aim of the study, the country of origin, as well as the
objective of the study to assess and link environmental impact with illegal mining practices.

In contextualizing the findings of Table 2, it is evident that in as much as there is
extensive documentation of environmental impacts associated with legal mining activities;
the degradation of the environment associated with illegal mining practices is not priori-
tized by South African researchers. It is for this reason that in the current study, ~80% of
research studies never intended to ascertain the environmental impacts associated with
illegal mining practices (Table 2). Most of the research studies’ focal point was directed on
either on economic or social impacts of the illegal mining practices. This observation is
elucidated further in Figure 3.
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Figure 3. Overview aims of the South African research studies that have undertaken illegal mining
studies.

Across the country, five sets (n = 5) of objectives that characterize the main drive of
South African illegal mining research were scrutinized and visually illustrated as shown in
Figure 3. The visuals suggest that the objectives, as illustrated in Figure 3, are characterized
by a high degree of contrast. To this end, the illustration indicates that the majority of
South African scholars undertake Zama-Zamas’ related studies to investigate unregulated
gold mining activities and drivers of illegal mining (47%). Whilst, the studies that seek
to comprehend the environmental impacts of illegal mining are almost five-fold lower
than the investigations of unregulated gold-mining activities and drivers of illegal mining.
Below are the objectives that influence illegal mining-related investigations characterized
according to their proportion.

(a) Ascertain the environmental impacts of illegal mining 10%
(b) To examine the legislative framework to facilitate illegal mining 13%
(c) Other 13%
(d) Assessment of disasters linked to illegal mining 17%
(e) To investigate unregulated gold-mining activities and drivers of illegal mining 47%

It is startling that the investigations of environmental degradation only account for
10% given that there is extensive documentation of environmental degradation associated
with legal mining activities. These discoveries raise serious concerns for environmental sus-
tainability, given that illegal mining activities are often uncontrolled and executed without
environmental protection. Consequently, they exert significant impacts on ecosystems, in-
cluding depleting vegetation, water pollution, and degradation of habitats, thus impacting
flora and fauna. The absence of research suggests that this deterioration is likely to continue
without documentation risking biodiversity and ecological systems that are fragile. This is
a concern given that the meager of studies that have conducted the main drive of South
African illegal mining research associated with environmental degradation have discovered
that Zama-Zamas’ illegal mining practices by far contaminate the water resources (42%),
followed by the environmental degradation (25%), as highlighted in Figure 4.
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Figure 4. The environmental degradation impacts of Zama-Zamas.

3. Discussion and Implications

The environmental degradation risks as a result of Zama-Zamas' illegal mining activi-
ties are overshadowed by social and economic risk factors in South Africa. This transpires
despite that illegal mining practices are generally known to exert environmental degrada-
tion and deplete limited natural resources thus causing water pollution (42%) as indicated
in Figure 4. To this end, Emmanuel et al. [15] posit that Zama-Zamas’ mining activities are
a direct threat with the potential to deplete a water resource given the absence of water
pollution mitigation measures. It is for this reason that in some instances environmental
pollution of surface and groundwater has been attributed to the processes of illegal mining
activities in spaces where there are abandoned mines as highlighted in Table 2 [50]. Such
that water is identified as the “mining’s most common victim” [51]. This is concerning
given that although adverse environmental effects of illegal mining are evident, there has
been minimal research into how Zama-Zama activities contribute to a greater extent to the
environmental degradation as illustrated in Figure 4. This discovery contradicts the doc-
umented instances of extensive environmental degradation associated with legal mining
activities in South Africa [124,125]. This gap in South African academic and governmental
studies poses a significant challenge to understanding the full scope of illegal mining’s
impact. Moreover, this contrasts with the observation of the studies conducted in other
African countries that to date have conducted extensive research on this domain. For
instance, in other African countries such as Ghana, the destruction of surface and ground
water due to chemical contamination, pollution from mud and sediments, air and noise
pollution, and the loss of biodiversity, including native plants, animals, and aquatic species,
are some of the documented drawbacks of illegal mining [79]. While in the South African
context, the emphasis is skewed towards the socio-economic drawbacks. As Mhlongo and
Amponsah-Dacosta [31] suggest this observation calls for more intensive environmental
degradation research-based studies to understand the magnitude of the problem that conse-
quently causes social problems. Given that environmental pollution caused by these illegal
activities, especially in South Africa’s mining sector, could affect the entire ecosystems and
lead to long-term environmental risks that hinder sustainable development [126-128], the
current study advocates for a more comprehensive approach to studying illegal mining, one
that includes environmental impact assessments alongside socio-economic considerations.
For a country like South Africa, which is seeking sustainable development, it is essential to
understand the broader risks posed by illegal mining to both people and the environment.
It is for this reason that the present study emphasizes the need for holistic research and
policy frameworks that recognize the environmental harm caused by Zama-Zamas, thus
suggesting that future studies must address the environmental dimension to ensure the
country’s long-term sustainability goals are met.
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4. Conclusions

The current study has discovered that the legacy of mining has not only contributed
to economic growth, employment, and prosperity, but also to pollution, with detrimental
health risks and ecological degradation. Therefore, the current upsurge of illegal mining
activities in South Africa if not strategically abated is on course to undermine and reverse
the efforts as well as the strides that have been made towards achieving sustainable
development. The recent policy development of Artisanal and Small Scale-Mining Policy
2022 for implementation in terms of the Mineral and Petroleum Resources Development Act
(Act 22 of 2002) is acknowledged. However, it might not be enough to deter Zama-Zama's
illegal mining operations. Given the bureaucratic procedures and the fact that the majority
of the Zama-Zamas’ workforce consists of undocumented immigrants who are present in
the country illegally and ineligible to get mining rights. The current review has discovered
that the indiscriminate operations of illicit mining present environmental implications in
addition to the prioritized socio-economic issues. Therefore, the paucity of research on the
environmental effects of the mining industry in South Africa is alarming. To an extent that
even government reports and academic literature prioritize the socio-economic aspect to
the detriment of the environmental segment. Whilst a lot of literature associated with the
illegal miner’s impacts on the environment is pervasively accessible across other African
countries within the mining sector, there remains a notable literature gap for the South
African mining sector. To an extent, only 10% of studies across the country have attempted
to account for environmental impacts associated with the Zama-Zamas’ activities, while
a whopping 47% focused on unregulated gold-mining activities and drivers of illegal
mining. As a result, the current study advocates for the undertaking of environmental
impact-related studies associated with the operations of Zama-Zamas’ illegal miners within
the South African context.

Future Studies

e  Thereis a need for research studies to conduct comprehensive environmental impact
assessments associated with Zama-Zamas.

e  Government institutions must invest in strengthening environmental regulations
associated with rehabilitation post-mining.

e  Research on illegal mining’s hazardous consequences on the environment can en-
hance public consciousness and inform communities about the environmental severity
associated with these practices.

e  Collaborative research given that illegal mining and its environmental consequences
are not unique to South Africa. Collaborating with international environmental orga-
nizations can provide South Africa with access to technical expertise, funding, and
innovative solutions.

e Research on the environmental impacts of illegal mining can help raise public aware-
ness about the seriousness of the illegal mining impacts.

e Inaddition to comprehensive environmental impact assessment associated with Zama-
Zamas. Future research studies should expand the scope of studies to include a
thorough analysis of the commission of illegal mining activities as crimes.

Supplementary Materials: The following supporting information can be downloaded at:
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