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140 YEARS OF CONFLICT

Gold was discovered in Johannesburg over a century ago, shaping the 

city's identity. However, as the urban landscape expanded, the legacy of 

mining became more complex.

Historical Discovery: 1886 

Witwatersrand Gold Rush.

Urban Evolution: Cities grew over 

abandoned mine networks.

Systemic Change: Transition from 

individual seekers to organized 

syndicates.



SOURCES OF GOLD

Artisanal miners in Johannesburg do not usually dig 

new mines. Instead, they exploit the residual gold left 

in "waste" materials from industrial operations.

Abandoned Shafts: Re-entering deep 

underground tunnels.

Tailings Dams: Processing the yellow mine 

dumps that dot the skyline.

Residual Extraction: Using primitive methods to 

catch fine gold particles.



CHEMISTRY OF CONTAMINATION







Figure: A) Comparison between average metal concentrations measured in water from the Klip
River, Klipspruit, Klip River wetland (this study) and the Central Basin mine void (DWA, 2013) ,
and B) average metal enrichment factors (EF) measured in material collected from TSFs, Klip
River, Klipspruit and wetland.

Chetty S, Pillay L, Humphries MS. Gold mining’s toxic legacy: 

Pollutant transport and accumulation in the Klip River 

catchment, Johannesburg. S Afr J Sci. 2021;117(7/8), Art. 

#8668. https://doi.org/10.17159/ sajs.2021/8668



Figure: Contour maps illustrating the ingress of

pollutants using the EF in the wetland
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Figure: Conceptual hydrogeological model showing the main transport pathways of metal contaminants 
to the Klip River wetland (diagram not to scale).
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TOXIC ELEMENTS & IMPACTS

Element Source
Environmental 

Impact
Health Risk

Mercury 
(Hg)

Amalgamation 
process

Water & soil 
poisoning

Neurological 
damage

Arsenic (As) Pyrite association Groundwater toxicity
Carcinogenic 
effects

Lead (Pb) Mineral deposits
Bioaccumulation in 
plants

Developmental 
issues

Uranium (U)
Witwatersrand 
reefs

Radioactive tailings Kidney damage

Chetty, Shaeen, Humphries, Marc S., Blümlein, Katharina, & Pillay, Letitia. (2023). An investigation into 

arsenic speciation in a wetland impacted by acid mine drainage. South African Journal of Chemistry, 77, 

126-132. https://doi.org/10.17159/0379-4350/2023/v77a15
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LEAD CONTAMINATION

Understanding the Speciation and Migration of Metal Pollutants in the Mining-Impacted Klip River Wetland, Johannesburg

Chetty, Shaeen. University of the Witwatersrand, Johannesburg (South Africa) ProQuest Dissertations & Theses,  2021. 31800548.

https://www.proquest.com/dissertations-theses/understanding-speciation-migration-metal/docview/3161869914/se-2?accountid=15083

https://www.proquest.com/docview/3161869914?pq-origsite=gscholar&fromopenview=true&sourcetype=Dissertations%20&%20Theses
https://www.proquest.com/docview/3161869914?pq-origsite=gscholar&fromopenview=true&sourcetype=Dissertations%20&%20Theses


MERCURY AMALGAMATION



IMPACT ON COMMUNITY HEALTH

Dust & Air Quality

Fine silica dust from mine 

dumps leads to Silicosis and TB.

Radiation Exposure

Uranium-rich waste creates 

long-term radioactive hazards.

Water Contamination

Toxic AMD prevents safe access 

to local water for communities.





RESEARCH AT WITS CHEMISTRY

Environmental Speciation

The Wits team analyzes how 

metals like Lead and Arsenic 

change form (speciation) in 

the soil, which determines 

how toxic they are to humans 

and plants.

Remediation Strategies

Researching 

"Phytoremediation"—using 

specific plants to absorb 

heavy metals from 

contaminated mining soil as 

a green solution.

https://www.wits.ac.za/chemistry/research/





Pre-Mining



Pre-Mining





Questions?
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