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Abstract

Introduction: Environmental pollutants, including those from mining activities, have
become a significant global problem, contributing to millions of deaths and economic
losses worldwide, while posing challenges in occupational, environmental, and social
domains. This issue is also a public health concern that impacts food security and,

consequently, people’s health.

Objectives: This paper aims to analyze the economic impact of environmental pollution

from mining activities on food security in the Southern Africa region.

Methodology: Published articles available in electronic databases (PubMed, SciELO,
ScienceDirect, and Google Scholar) from 2013 to 2023 were reviewed. The selected
publications met the inclusion criteria, and the data were analyzed and synthesized into

themes of interest.

Findings: This region faces food insecurity despite its richness in natural resources.
Artisanal mining is the main economic activity in some areas. The review highlighted
mercury as the most used metal in artisanal mining, which has negative environmental
impacts that affect agriculture and contribute to food insecurity. Gold is the primary
commodity extracted in artisanal and small-scale gold mining (ASGM), significantly

influencing economic wealth.
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Conclusions and recommendations: Environmental pollution from artisanal mining has

adversely affected agriculture and food security in Southern African communities. It is
recommended to implement strategies to prevent environmental pollution in small

communities where mining activities have a significant impact

Keywords: artisanal mining, environmental pollutants, food security, economy, Southern

Africa

Introduction

Environmental pollutants have emerged as a global problem in the 21st century, with
estimates suggesting that their pathways and effects are contributing to millions of deaths
and economic losses worldwide (Entwistle et al., 2019). Among the relevant types of
environmental pollutants are chemicals derived from mining activities around the world,
which are causing health concerns in affected communities. These activities pose
challenges in occupational, environmental, and social domains (Awomeso et al., 2017,
Dietler et al., 2021). It is estimated that 150 million people depend on artisanal and small-
scale mining (ASM) across 80 countries in the global south, with the African continent
being the major contributor to this activity. In this region, global natural resources such
as minerals and metals are extracted from some of the poorest countries (Cossa et al.,

2022; Dietler et al., 2021; Minerals, 2018).

As artisanal and small-scale mining (ASM) activities continue to grow in many resource-
endowed countries in the African region, revenues serve as a precursor to socio-economic
growth, especially in mineral-rich rural communities. Despite bringing a wealth of socio-
economic benefits, ASM also has particularly destructive effects on the environment,
compromising its role as a key factor in sustainable livelihoods and contributing to

sustainable development (Hilson & McQuilken, 2014; Ofosu et al., 2020).

Anthropogenic activities lead to environmental pollution through mining discharge and
leachates into soils and aquatic environments, becoming a public health concern and
affecting food security and, consequently, people’s health and nutritional status (Cossa et
al., 2022; Jayakumar et al., 2021; Kortei et al., 2020). Heavy metals are the most studied
commodities resulting from mining discharges in water, soil, sediment, food, and air (de

Souza et al., 2017; Gbogbo et al., 2018; Magwedere et al., 2013; Mambrey et al., 2020;
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Mataba et al., 2016; Singo et al., 2022; Wang et al., 2017). However, there is still a lack
of understanding of the impacts they may pose on food safety (Cossa et al., 2022; Dietler
et al., 2021; Jayakumar et al., 2021).

Thus, it is relevant to understand how environmental pollutants are affecting food safety
and how ASM activities are contributing to overall food insecurity in Southern Africa.
This region is extremely rich in natural and metal resources (Azadi et al., 2022; Cossa et
al., 2022; Govender et al., 2021; Jayakumar et al., 2021; Marcantonio, 2018; Saulick et
al., 2017).

This paper aims to provide insights into environmental pollutants studied in economically
impacted countries of Southern Africa due to artisanal mining activities, which influence
food insecurity. The paper will review relevant topics studied in the region such as: (i)
the economy and artisanal mining sector; (ii) environmental pollutants over the past
decade; (iii) vulnerable groups exposed in mining settings; (iv) food insecurity and

artisanal mining; and (v) paths and solutions for sustainability.

Methodology

A peer-reviewed literature search (Levac et al., 2010) was conducted in duplicate to
identify all available articles from 2013 to 2023. Publications were selected from
databases (PubMed, ScienceDirect, SciELO, and Google Scholar) based on titles and
abstracts, according to the following inclusion criteria: 1) studies specifically on artisanal
mining in the Southern Africa region, 2) effects on agriculture and the environment, 3)
impacts on social and economic domains, and 4) effects on food security. A descriptive
and thematic approach was used to characterize and synthesize the content of the included

articles.

Economy and artisanal mining sector
Artisanal and small-scale mining and economic development

Worldwide, around 150 million people across 80 countries in the global south depend on
ASM activities, of which 40 million are workers. In the African continent alone, 54

million people depend on this activity, with an estimated 9 million ASM operators.
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Southern African countries have vast potential for mineral resources that drive
socioeconomic  development and contribute to Gross Domestic Product
(GDP)(Mozambique, 2023; Wilson et al., 2015). This sector has shown positive
performance due to increased capabilities and the liberalization of mining companies in
these countries. Among the minerals explored, gold has demonstrated an increase in
annual production and revenues, contributing significantly to the countries' GDP. For
example, in Mozambique, gold production recorded a growth of 65.3% in 2022 compared

to 2021(Mozambique, 2023).

Seccatore et al. (2014) state that in 2013, The Global Mercury Assessment (UNEP)
estimated that ASM of gold released approximately 727 metric tonnes of mercury (Hg)
into the environment per year, representing 37% of the global 1960 tonnes of Hg released

annually by anthropogenic sources into the environment.

At the microeconomic level, Artisanal and Small-Scale Gold Mining (ASGM) brings
benefits to individuals, both miners and their families, driven by the need to generate cash
for daily life needs such as food, children’s education, healthcare, clothing, and shelter,
all important components of the Millennium Development Goals (MDGs). In Southern
Africa, this activity is seen as an alternative source of income, especially given high levels
of unemployment and poverty, making ASGM a primary means of survival for many

participants (Wilson et al., 2015).

Although Wilson et al. (2015) present ASM as the backbone of some local economies
facilitating the development of complementary, sustainable, revenue-generating
activities, and serving as a source of finance for local investors to run their small
businesses, it remains challenging to formalize and establish more extensive registration
programs for ASGM, or for governments to encourage alternative, sustainable, and

realistic livelihood options that could be easily accepted by miners.

Thus, it is relevant across the region for policies and strategies to emphasize the
importance of managing and exploiting resources in a sustainable and transparent manner

to raise living standards for African populations and future generations.
Challenges posed

Apart from the previously presented benefits of ASGM, in many African settings, this

activity may lead to a decline in income. This is because people tend to invest time and
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money in purchasing equipment without obtaining sufficient gold profits. This represents
not only a risky business but also a context-dependent one, as gold-bearing rock is not
evenly spread among men and women in the community. Consequently, there is no
guarantee that poverty could be reduced (Wilson et al., 2015). Malone et al. (2023) point
out that in ASGM settings, one important challenge is to reduce mercury use, taking into
consideration the Minamata Convention. However, this requires negotiations with miners
to ensure that realistic solutions align with their capabilities and strengths, prioritizing the
miners’ fundamental economic interests. This could be achieved by properly supporting
and following up with them, rather than using an enforcement-driven approach that could

push the sector further into shadow economies.

In South Africa, another documented challenge highlighted in Mhlongo et al. (2019) is
the issue of abandoned mines, such as in the Sutherland goldfield. This forces people to
engage in ASGM activities, leading to socio-economic issues within the communities
around the abandoned mines, particularly in reversing efforts to clean up environmental
hazards like abandoned mine shafts. At the individual level, the use of child labor implies
reduced school attendance, which is likely to limit opportunities for future economic

improvement in that community (Wilson et al., 2015).

In general, addressing the diverse economic impacts of ASGM is challenging as it
involves deciding which various metrics to use, at what societal level they occur and
function, and how to measure and evaluate the direct and indirect pathways of influence

(Wilson et al., 2015).
Opportunities raised

According to Wilson et al. (2015), ASGM creates significant economic opportunities and
benefits. For instance, women engage in this activity to raise capital for starting
businesses. This allows them to transition away from gold mining work, which they
perceive as endangering their health, and move back to urban centers. They are directly
involved in generating income for themselves and their families. Across Africa, ASGM
shares crucial economic drivers that transcend cultural, ecological, geographical, and

political differences, despite potential variations among subcultures and environments.

In the policy domain, developing regulations and policies can contribute to the long-term
impacts of ASGM, including poverty reduction at the community level. This presents

opportunities in the Southern Africa region to establish interactions across social,
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environmental, and economic domains. These interactions aid in defining and
implementing appropriate policies and actions at various spatial and temporal scales

(Wilson et al., 2015).
Environmental pollutants of the past decade

Over the past decade, studies in the Southern Africa region have focused on
environmental pollutants, addressing exposure to biological, chemical, and physical
contaminants (Bentley & Soebandrio, 2017; Gbogbo et al., 2018; Green et al., 2019; Male
etal., 2013; Mataba et al., 2016; Nyanza et al., 2014). These studies investigated a variety
of commodities in terms of environmental pollutants in water, soil, and food, as well as
in human samples such as blood, urine, and hair (Mambrey et al., 2020; Mataba et al.,

2016; Nyanza et al., 2014).

The impacts of ASM tend to increase environmental hazards due to the informal and
uncontrollable nature of the activity. This is exacerbated by the composition of the areas,
increasing the solubility of contaminants, and making them more available for plant
uptake, potentially entering the food chain with associated effects (Adesipo et al., 2020).
Furthermore, ASM regions, with associated gold waste deposited on the ground surface
and later used for cultivation after abandonment, lead to increased gold waste
contaminants such as heavy metals like Lead, Copper, Cadmium, Iron, Mercury, Arsenic,

and Zinc.

Studies conducted from 2013 to 2023 (Bisimwa et al., 2022; Kayembe-Kitenge et al.,
2020; Muimba-Kankolongo et al., 2022; Muimba-Kankolongo et al., 2021) addressed
food safety by investigating chemical pollutants (heavy metals) in environmental (water
and food) and human samples (blood and urine). In Botswana, the country with the lowest
registered ASM population in 2014, studies (Ditlhakanyane et al., 2022; Eze et al., 2020)
investigating chemical pollutants (heavy metals) in soil and plants, also related to food
safety. Physical pollutants were poorly assessed in the region, with a study conducted in
Mozambique (Carvalho et al., 2014) being related to radiation exposure of workers in

mining facilities.
Vulnerable groups exposed in mining settings

Occupational hazards in the mining sector have received significant attention and seen

advancements in risk reduction efforts in some areas over the past decade. However,
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effective health interventions for miners regarding occupational exposures in this sector
are still lacking (Tsang et al., 2019). Studies on mercury exposure have been a primary
focus among these investigations, along with other toxic substances such as lead and
arsenic. Additionally, concerns have been raised about hygiene and sanitation, the rise of

sex workers, and associated reproductive health problems in mining communities.

While there is a focus on workers in ASGM, other relevant subgroups that are not
occupationally involved in the activity, such as family members and residents in mining
areas, may also be affected by mercury exposure. Exposure occurs across all age groups
due to large quantities of semi-volatile elemental mercury released into the air in crowded
neighborhoods without emission controls, as well as gold shops regularly burning off

mercury into residential streets in towns and cities (Steckling et al., 2014).

Studies investigating health in female and child subjects within specific subgroups, such
as pregnant women, women near delivery, or children under 18 months old, do not assess
their nutritional needs. However, it is particularly relevant to focus specifically on
children due to the potential damage to their neurological systems from chronic exposure

to toxic mercury (Steckling et al., 2014).
Food insecurity and artisanal mining

ASM activities result in environmental degradation due to extensive excavation and waste
contamination, which can lead to human health problems not only for miners but also for
their families and communities (Tsang et al., 2019). This environmental impact from
mineral extraction damages productive sectors like agriculture by affecting water and land
resources, thus hindering human development through the degradation of natural

resources such as water and land (Galli et al., 2022).

One potential mechanism linking artisanal mining to food safety is that alluvial mines
need to be located near rivers, benefiting from fertile alluvial silt, which can impact
fisheries due to their proximity to river reaches. Additionally, metal leakages increase
turbidity, which can lower fish productivity, reduce stocks, and make catches more

difficult (Galli et al., 2022).

Barenblitt et al. (2021) demonstrated the causal relationship between artisanal mining and
low food production, with farmland being lost to mine conversion areas in mining

communities. In these areas, agriculture and poverty play key roles in the trend of
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decreasing small-scale agriculture, negatively impacting the economy. In Southern
Africa, the environmental richness, and the increased rate of artisanal mining in the past
decade have major implications for economic wealth and the future of agriculture and

food security (Barenblitt et al., 2021; Galli et al., 2022).
Path and solutions to sustainability

ASM activities are still growing in the continent and the region, prompting an urgent call
for solutions to minimize their impacts at various levels. This is crucial for ensuring the
sustainability of the activity and its contribution to the country’s overall economy. A path
to sustainable development has already been outlined by the Intergovernmental Forum on

Mining, Minerals, (2018), which involves:

(1) Capacity building and partnerships; (i) Organizing miners through cooperatives and
associations; (iii) Collaborating with large-scale mining companies to benefit from
capacity building; (iv) Improving miners’ access to efficient and cleaner technologies; (v)

Benefiting from capital to support their overall activities.

In Mozambique, some solutions outlined in the Extractive Industry Statistics Report
(Mozambique, 2023) include optimizing mineral production, adding value to mineral
resources, promoting the participation of the national cooperative and associative private
sectors, granting preference to nationals in identifying economically valuable mineralized

bodies, promoting gender equity, and ensuring institutional development.

For the success of these solutions, Southern African countries should enhance their
multisectoral collaboration in this domain. This includes the social, environmental,
health, and economic sectors working together to jointly implement activities that could
ultimately benefit the sustainability of future generations. This collaborative effort aims

to minimize the risks and hazards associated with ASM activities at all levels.

Conclusions

Environmental pollution from mining activities in Southern Africa leads to reduced food
production due to water and land contamination. This decline in agricultural productivity
has significant implications for food security, with serious concerns for the economy and

human health.
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While the rise in mining activities provides an important source of income and economic
subsistence for local and rural communities where poverty and unemployment are
prevalent, the resulting environmental pollution is causing unprecedented harm to
agriculture and fisheries, negatively impacting food security and the overall health of the

region’s population.

Recommendations

There is a crucial need for investment in science and research across all countries in the
region to address environmental and health challenges in mining settings. This includes
the implementation of cleaner mining technologies, environmental monitoring programs,
sustainable agricultural practices, and policies. Swift and effective measures should be
taken to mitigate the impacts of artisanal and small-scale mining (ASM) activities and

other environmental hazards on food security and human health.

Future research should focus on the diverse environmental hazards to which ASM
communities are exposed, emphasizing pathways of human exposure to pollutants,
particularly among the most vulnerable groups. The worsening food insecurity in Africa,
exacerbated by factors such as ASM and environmental hazards, poses a significant

challenge to achieving global sustainable development goals

References

Adesipo, A. A., Akinbiola, S., Awotoye, O. O., Salami, A. T., & Freese, D. (2020). Impact of
mining on the floristic association of gold mined sites in Southwest Nigeria. BMC

Ecology, 20(1), 9. https://doi.org/10.1186/s12898-020-00276-9

Awomeso, J. A., Taiwo, A. M., Dada, E. O., & Ayantobo, O. O. (2017). Human health and
environmental assessments of small-scale and artisanal mining activities in the Gold City
of [jeshaland, Southwestern Nigeria. Environmental Systems Research, 6(1).

https://doi.org/10.1186/s40068-017-0095-4

Azadi, H., Taheri, F., Ghazali, S., Movahhed Moghaddam, S., Siamian, N., Goli, I.,
Choobchian, S., Pour, M., Ozgﬁven, A. 1., Janeckova, K., Sklenicka, P., & Witlox, F.
(2022). Genetically modified crops in developing countries: Savior or traitor? Journal of

Cleaner Production, 371, 133296.



EDG-2024
22 Conferéncia - Economia, Desenvolvimento e Globalizagdo 2024
Tema - Investigacdo & Desenvolvimento
2nd Conference — Economy, Development and Globalization 2024
Subject — Research & Development

https://doi.org/https://doi.org/10.1016/j.jclepro.2022.133296

Barenblitt, A., Payton, A., Lagomasino, D., Fatoyinbo, L., Asare, K., Aidoo, K., Pigott, H.,
Som, C. K., Smeets, L., Seidu, O., & Wood, D. (2021). The large footprint of small-scale
artisanal gold mining in Ghana. The Science of the Total Environment, 781, 146644.
https://doi.org/10.1016/j.scitotenv.2021.146644

Bentley, K., & Soebandrio, A. (2017). Arsenic and mercury concentrations in marine fish
sourced from local fishermen and fish markets in mine-impacted communities in
Ratatotok Sub-district, North Sulawesi, Indonesia. Marine Pollution Bulletin, 120(1-2),
75-81. https://doi.org/10.1016/j.marpolbul.2017.04.058

Bisimwa, A. M., Kisuya, B., Kazadi, Z. M., Muhaya, B. B., & Kankonda, A. B. (2022).
Monitoring faecal contamination and relationship of physicochemical variables with faecal
indicator bacteria numbers in Bukavu surface waters, tributaries of Lake Kivu in
Democratic Republic of Congo. Hygiene and Environmental Health Advances, 3, 100012.
https://doi.org/https://doi.org/10.1016/j.heha.2022.100012

Cossa, H., Dietler, D., Macete, E., Munguambe, K., Winkler, M. S., & Fink, G. (2022).
Correction: Assessing the effects of mining projects on child health in sub-Saharan Africa:
a multi-country analysis (Globalization and Health, (2022), 18, 1, (7), 10.1186/s12992-
022-00797-6). Globalization and Health, 18(1), 1-16. https://doi.org/10.1186/s12992-022-
00816-6

de Souza, E. S., Texeira, R. A., da Costa, H. S. C., Oliveira, F. J., Melo, L. C. A., do Carmo
Freitas Faial, K., & Fernandes, A. R. (2017). Assessment of risk to human health from
simultaneous exposure to multiple contaminants in an artisanal gold mine in Serra Pelada,
Para, Brazil. The Science of the Total Environment, 576, 683—695.
https://doi.org/10.1016/j.scitotenv.2016.10.133

Dietler, D., Farnham, A., Loss, G., Fink, G., & Winkler, M. S. (2021). Impact of mining
projects on water and sanitation infrastructures and associated child health outcomes: a
multi-country analysis of Demographic and Health Surveys (DHS) in sub-Saharan Africa.
Globalization and Health, 17(1), 1-16. https://doi.org/10.1186/s12992-021-00723-2

Ditlhakanyane, B. C., Ultra Jr, V. U., & Mokgosi, M. S. (2022). Microplastic load in the surface
water and Tilapia sparrmanii (Smith, 1840) of the river systems of Okavango Delta,

Botswana. Environmental Monitoring and Assessment, 194(8), 572.

Entwistle, J. A., Hursthouse, A. S., Marinho Reis, P. A., & Stewart, A. G. (2019). Metalliferous

Mine Dust: Human Health Impacts and the Potential Determinants of Disease in Mining

50



PROCEEDINGS BOOK

Communities. Current Pollution Reports, 5(3), 67-83. https://doi.org/10.1007/s40726-
019-00108-5

Eze, S., Dougill, A. J., Banwart, S. A., Hermans, T. D. G., Ligowe, 1. S., & Thierfelder, C.
(2020). Impacts of conservation agriculture on soil structure and hydraulic properties of
Malawian agricultural systems. Soil & Tillage Research, 201, 104639.
https://doi.org/10.1016/.stil1.2020.104639

Galli, N., Chiarelli, D. D., D’Angelo, M., & Rulli, M. C. (2022). Socio-environmental impacts
of diamond mining areas in the Democratic Republic of Congo. Science of The Total

Environment, 8§10, 152037.

Gbogbo, F., Arthur-Yartel, A., Bondzie, J. A., Dorleku, W.-P., Dadzie, S., Kwansa-Bentum, B.,
Ewool, J., Billah, M. K., & Lamptey, A. M. (2018). Risk of heavy metal ingestion from
the consumption of two commercially valuable species of fish from the fresh and coastal
waters of Ghana. PloS One, 13(3), €0194682.
https://doi.org/10.1371/journal.pone.0194682

Govender, L., Pillay, K., Siwela, M., Modi, A. T., & Mabhaudhi, T. (2021). Assessment of the
Nutritional Status of Four Selected Rural Communities in KwaZulu-Natal, South Africa.

Nutrients, 13(9). https://doi.org/10.3390/nu13092920

Green, C. S., Lewis, P. J., Wozniak, J. R., Drevnick, P. E., & Thies, M. L. (2019). A
comparison of factors affecting the small-scale distribution of mercury from artisanal
small-scale gold mining in a Zimbabwean stream system. The Science of the Total

Environment, 647, 400—410. https://doi.org/10.1016/j.scitotenv.2018.07.418

Hilson, G., & McQuilken, J. (2014). Four decades of support for artisanal and small-scale
mining in sub-Saharan Africa: A critical review. The Extractive Industries and Society,

1(1), 104-118. https://doi.org/https://doi.org/10.1016/.exis.2014.01.002

Jayakumar, M., Surendran, U., Raja, P., Kumar, A., & Senapathi, V. (2021). A review of heavy
metals accumulation pathways, sources and management in soils. Arabian Journal of

Geosciences, 14(20). https://doi.org/10.1007/s12517-021-08543-9

Kayembe-Kitenge, T., Manyong’a Kadiamba, V., de Luca, C., Musa Obadia, P., Kasamba
Ilunga, E., Mbuyi-Musanzayi, S., Nawrot, T., Lubaba Nkulu, C. B., Nemery, B., &
Devriendt, K. (2020). Agnathia otocephaly: A case from the Katanga Copperbelt. Birth
Defects Research, 112(16), 1287-1291. https://doi.org/10.1002/bdr2.1758

Kortei, N. K., Heymann, M. E., Essuman, E. K., Kpodo, F. M., Akonor, P. T., Lokpo, S. Y.,
Boadi, N. O., Ayim-Akonor, M., & Tettey, C. (2020). Health risk assessment and levels of



EDG-2024
22 Conferéncia - Economia, Desenvolvimento e Globalizagdo 2024
Tema - Investigacdo & Desenvolvimento
2nd Conference — Economy, Development and Globalization 2024
Subject — Research & Development

toxic metals in fishes (Oreochromis noliticus and Clarias anguillaris) from Ankobrah and
Pra basins: Impact of illegal mining activities on food safety. Toxicology Reports, 7, 360—

3609. https://doi.org/10.1016/j.toxrep.2020.02.011

Levac, D., Colquhoun, H., & O’Brien, K. K. (2010). Scoping studies: advancing the
methodology. Implementation Science, 5(1), 69. https://doi.org/10.1186/1748-5908-5-69

Magwedere, K., Shimwino, J., Hemberger, Y., Hoffman, L. C., Midzi, E. M., & Dziva, F.
(2013). Lead and cadmium levels in liver, kidney and muscle of harvested wild springbok
(Antidorcus marsupialis) under extensive management in southern and southeastern
Namibia. African Journal of Wildlife Research, 43(1), 52—60.
https://doi.org/10.3957/056.043.0110

Male, Y. T., Reichelt-Brushett, A. J., Pocock, M., & Nanlohy, A. (2013). Recent mercury
contamination from artisanal gold mining on Buru Island, Indonesia--potential future risks
to environmental health and food safety. Marine Pollution Bulletin, 77(1-2), 428—433.
https://doi.org/10.1016/j.marpolbul.2013.09.011

Malone, A., Figueroa, L., Wang, W., Smith, N. M., Ranville, J. F., Vuono, D. C., Alejo Zapata,
F. D., Morales Paredes, L., Sharp, J. O., & Bellona, C. (2023). Transitional dynamics from
mercury to cyanide-based processing in artisanal and small-scale gold mining: Social,
economic, geochemical, and environmental considerations. The Science of the Total

Environment, 898, 165492 https://doi.org/10.1016/j.scitotenv.2023.165492

Mambrey, V., Rakete, S., Tobollik, M., Shoko, D., Moyo, D., Schutzmeier, P., Steckling-
Muschack, N., Muteti-Fana, S., & Bose-O’Reilly, S. (2020). Artisanal and small-scale
gold mining: A cross-sectional assessment of occupational mercury exposure and

exposure risk factors in Kadoma and Shurugwi, Zimbabwe. Environmental Research, 184,

109379. https://doi.org/10.1016/j.envres.2020.109379

Marcantonio, R. A. (2018). Water insecurity, illness and other factors of everyday life: A case
study from Choma District, Southern Province, Zambia. Water SA, 44(4), 653—663.
https://doi.org/10.4314/wsa.v44i4.14

Mataba, G. R., Verhaert, V., Blust, R., & Bervoets, L. (2016). Distribution of trace elements in
the aquatic ecosystem of the Thigithe river and the fish Labeo victorianus in Tanzania and
possible risks for human consumption. The Science of the Total Environment, 547, 48-59.

https://doi.org/10.1016/j.scitotenv.2015.12.123

Mhlongo, S. E., Amponsah-Dacosta, F., Muzerengi, C., Gitari, W. M., & Momoh, A. (2019).

The impact of artisanal mining on rehabilitation efforts of abandoned mine shafts in

52



PROCEEDINGS BOOK

Sutherland goldfield, South Africa. Jamba (Potchefstroom, South Africa), 11(2), 688.
https://doi.org/10.4102/jamba.v11i2.688

Mozambique, M. of M. R. and E. (2023). Extractive Industry Statistical Report 2021-2022.

Muimba-Kankolongo, A., Banza Lubaba Nkulu, C., Mwitwa, J., Kampemba, F. M., & Mulele
Nabuyanda, M. (2022). Impacts of Trace Metals Pollution of Water, Food Crops, and
Ambient Air on Population Health in Zambia and the DR Congo. Journal of
Environmental and Public Health, 2022. https://doi.org/10.1155/2022/4515115

Muimba-Kankolongo, Ambayeba, Nkulu, C. B. L., Mwitwa, J., Kampemba, F. M., Nabuyanda,
M. M., Haufroid, V., Smolders, E., & Nemery, B. (2021). Contamination of water and
food crops by trace elements in the African Copperbelt: A collaborative cross-border study

in Zambia and the Democratic Republic of Congo. Environmental Advances, 6, 100103.

Nyanza, E. C., Dewey, D., Thomas, D. S. K., Davey, M., & Ngallaba, S. E. (2014). Spatial
distribution of mercury and arsenic levels in water, soil and cassava plants in a
community with long history of gold mining in Tanzania. Bulletin of Environmental
Contamination and Toxicology, 93(6), 716—721. https://doi.org/10.1007/s00128-014-1315-
5

Ofosu, G., Dittmann, A., Sarpong, D., & Botchie, D. (2020). Socio-economic and
environmental implications of Artisanal and Small-scale Mining (ASM) on agriculture and
livelihoods. Environmental Science & Policy, 106, 210-220.
https://doi.org/https://doi.org/10.1016/j.envsci.2020.02.005

Saulick, B., Bhoyroo, V., Nazurally, N., & Lalljee, B. (2017). Heavy metal bioaccumulation in
commercial lethrinidae fish species in Mauritius. ltalian Journal of Food Safety, 6(4),

174—-178. https://doi.org/10.4081/ijfs.2017.6607

Seccatore, J., Veiga, M., Origliasso, C., Marin, T., & De Tomi, G. (2014). An estimation of the
artisanal small-scale production of gold in the world. The Science of the Total

Environment, 496, 662—667. https://doi.org/10.1016/j.scitotenv.2014.05.003

Singo, J., Isunju, J. B., Moyo, D., Steckling-Muschack, N., Bose-O’Reilly, S., & Mamuse, A.
(2022). Hazards and Control Measures among Artisanal and Small-Scale Gold Miners in
Zimbabwe. Annals of Global Health, 88(1), 21. https://doi.org/10.5334/a0gh.3621

Steckling, N., Bose-O’Reilly, S., Pinheiro, P., Plass, D., Shoko, D., Drasch, G., Bernaudat, L.,
Siebert, U., & Hornberg, C. (2014). The burden of chronic mercury intoxication in
artisanal small-scale gold mining in Zimbabwe: data availability and preliminary

estimates. Environmental Health : A Global Access Science Source, 13, 111.



EDG-2024
22 Conferéncia - Economia, Desenvolvimento e Globalizagdo 2024
Tema - Investigacdo & Desenvolvimento
2nd Conference — Economy, Development and Globalization 2024
Subject — Research & Development

https://doi.org/10.1186/1476-069X-13-111

Tsang, V. W. L., Lockhart, K., Spiegel, S. J., & Yassi, A. (2019). Occupational Health
Programs for Artisanal and Small-Scale Gold Mining: A Systematic Review for the WHO
Global Plan of Action for Workers’ Health. Annals of Global Health, 85(1), 128.
https://doi.org/10.5334/a0gh.2592

Wang, J., Xiao, R., Li, R.-H., Ning, X.-C,, Jiang, S.-C., Li, X.-L., Zhang, Z.-Q., & Shen, F.
(2017). [Application Potential and Assessment of Metallurgical Contaminated Soil After
Remediation in Tongguan of Shaanxi]. Huan jing ke xue= Huanjing kexue, 38(9), 3888—
3896. https://doi.org/10.13227/1.hjkx.201701122

Wilson, M. L., Renne, E., Roncoli, C., Agyei-Baffour, P., & Tenkorang, E. Y. (2015).
Integrated Assessment of Artisanal and Small-Scale Gold Mining in Ghana - Part 3:
Social Sciences and Economics. International Journal of Environmental Research and

Public Health, 12(7), 8133-8156. https://doi.org/10.3390/ijerph 120708133

54



