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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.

ww Urban Evolution: Cities grew over

—rl

abandoned mine networks.

4 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.

#w Tailings Dams: Processing the yellow mine
dumps that dot the skyline.

¥ Residual Extraction: Using primitive methods to

catch fine gold particles.




| CHEMISTRY OF CONTAMINATION

CHEMICAL CHARACTERISTICS OF ACID MINE DRAINAGE (AMD)
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COMPLETE PROCESS FOR ACID MINE DRAINAGE ANALYSIS: FROM FIELD SAMPLING TO INTERPRETATION.
0 STEP 1:FELD SAMPLING AND COLLECTION (THE SOURCE) > @ STEP 2: CHEMICAL ANALYSIS IN THE CHEMISTRY LAB

,_ Locks Collect water samples and | |
. rocks (pyrite exposure) for context E

| /(€D LABANALYSIS: LIQUID SAMPLES

~

pH & Conductivity ~ Metal Analysis by
Measurement ICP-OES

@ LAB ANALYSIS: SOLID PRECIPITATES |

SEM
Elemental mapping
| of Feand S, EDS

Characterization of Iron Precipitate
(e.g., Fe(QH)3, Fe,0)
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9 STEP 3: DATA PROCESSING & GEOCHEMICAL MODELING o STEP 4: DATA |NTERPRETATION & ACTIONABLE INSIGHTS
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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
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Figure: Contour maps illustrating the ingress of

pollutants using the EF in the wetland

Chetty S, Pillay L, Humphries MS. Gold mining’s toxic legacy: Pollutant transport
and accumulation in the Kilip River catchment, Johannesburg. S Afr J Sci.
2021;117(7/8), Art. #8668. https.//doi.org/10.17159/ sajs.2021/8668
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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).

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
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|TOXIC ELEMENTS & IMPACTS

Element Source S0 O EL Health Risk
Impact
Mercury Amalgamation Water & soil Neurological
(Hg) process poisoning damage

Carcinogenic

Arsenic (As) |Pyrite association |Groundwater toxicity effects

Bioaccumulation in Developmental

Lead (Pb) |Mineral deposits .
plants Issues

Witwatersrand

Uranium (U) reefs

Radioactive tailings |Kidney damage

Chetty, Shaeen, Humphries, Marc S., Bllimlein, 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



https://doi.org/10.17159/0379-4350/2023/v77a15
https://doi.org/10.17159/0379-4350/2023/v77a15
https://doi.org/10.17159/0379-4350/2023/v77a15

| LEAD CONTAMINATION
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() TSF (This study)

@ Klip River (This study)
) Klipspruit (This study)
Wetland (This study)

Monna et al , 2006)

B SA Coal (Monna et al., 2006, Diaz-Somoano et al., 2009 )

@ Pyrite (Koppel & Saager, 1974)

A Central Rand tailing Dumps (Monna et al ., 2006)

€ Galena (Louw, 1954, Koppel & Saager, 1974)
[l SA Petrol (Coetzee et al., 2006, Diaz-Somoano et al_, 2009, /\ Gold deposits (Duane etal., 1991)

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

THE CASCADING EFFECTS OF MERCURY AMALGAMATION IN ILLEGAL GOLD MINING

- HIGH-ALTITUDE, DEGRADED
M RAINFOREST ECOSYSTEM VAPOR TOXICITY 1. VAPOR TOXICITY TO WORKERS

& NEARBY COMMUNITY:
oy High concentration of Hg vapor X \ /
g (Low pH/Acidity due to co-contaminants), s B - )

causing neurological and respiratory illness. SMALL FISH: LARGE FISH: BIRD OF PREY:
—— Biomagnification  Critical Concentration  Bioaccumulation
MACROINVERTEBRATE/ & Health Decline
BENTHIC LIFE:
Accumulates 2. BIOMAGNIFICATION & TOXICITY TO AQUATIC LIFE: |
yor Dissolved Hg Consumption leading to species mortality
: ‘ i e E—— T and ecosystem collapse.
ARMORED RIVERBED: — = - MERCURY(Hg)  GOLD-MERCURY ——~—_| —==|F— . e
BACTERIALMATS & — = == S USE AMALGAM -
MERCURY PRECIPITATES —=
et

27~ NEUROLOGICAL
IMPAIRMENT

Leaching into local aquifers, “Na 4 RN
impacting human water supplies. | DISSOLVED 7i X% DM:'SOS‘:,“;?"AL
4 ~TAl g » -

SOIL ACIDIFICATION : = XIC METALS
GROUNDWATER CONTAMINATION ' ALTH IMPACTS

& Hg RETENTION




IIMPACT ON COMMUNITY HEALTH

CONTROLLED
AREA

Dust & Air Quality Radiation Exposure Water Contamination

Fine silica dust from mine Uranium-rich waste creates Toxic AMD prevents safe access

dumps leads to Silicosis and TB. long-term radioactive hazards. to local water for communities.




~ ENVIRONMENTAL CONSEQUENCES OF ACGID MINE DRAINAGE (AMD).

PYRITE (FeS,) IN /7
WASTE ROCK

Macroinvertebrate  Small Fish Large Fish Bird of Prey

BIOACCUMULATION OF HEAVY METALS (e.g., Cd, Pb, Zn)

S SPECIES
_ LOSS OF BENTHIC TOXICITY TO MORTALITY
ARMORED RIVERBED: ~ MACROINVERTEBRATES AQUATIC LIFE ECOSYSTEM
. BACTERIALMATS& . B COLLAPSE
METAL PRECIPITATES x i
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02+H20—>~1+—>~ o(OH),

SOIL ACIDIFICATION (Acidity)  Solid 0
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| RESEARCH AT WITS CHEMISTRY

Natural
Sources

Anthropogenic  /
activities 3




Acid Mine Drainage:

PN @WitsChemistry

An Unwante d Inheritanc e @ https://www.wits.ac.za/chemistry /

The Gold Rush!!! Why is AMD chemistry important?

South Africa is the primary producer of gold in the world since

1886, with the Witwatersrand producing 2/3 of the World’s gold.

Environmental
Science

Acid Mine Drainage (AMD) is a by-product of the mining

sector.

~ Chemistry

Geosciences

Research @ Wits

Geochemical analysis of polluted ecosystems.

Environmental remediation using membranes technology.

Application of novel synthesised nanocomposite and

biocatalytic materials for the remediation of various organic

pollutants and pesticides in water.




| LEXPLORING ENVIRONMENTAL GEOCHEMISTRY AT WITS UNIVERSITY z
o UNDERSTANDING THE EARTH’S CHEMISTRY & OUR IMPACT

WITS
WHAT IS INVESTIGATING TRACKING APPLYING
>
ENVIRONMENTAI_; @ THE ENVIRONMENT CONTAMINANTS @ KNOWLEDGE
GEOCHEMISTRY? WATER QUALITY HUMAN IMPACT & POLLUTION FINDING SOLUTIONS
@ v ,:& e bl 5 MINING IMPACTS fﬁlf—fl\; REMEDIATION STRATEGIES
° « Dissolved solids * Acid mine drainage ' + 4@ « Cleaning up polluted sites
* Tailings d ; s pel
Heaymetas 11 ( : 3% & o
Studying the chemical o2 SOIL HEALTH g 7 5 \\ INDUSTRIAL & URBAN WASTE —5  SUSTAINABLE PRACTICES
processes that shape the w : lﬁ?::trioots B N : kg::‘g:;lyl!semissions g - ey
Earth’s surface and the e . R « Waste management
impact of human activities QQ& . 32;’,':3;53?.""" o EZaN Uba ru"° = HEEE QC’ @@
. ATMOSPHERIC PROCESSES AGRICULTURAL RUNOFF / _ INFORMING POLICY
":\ « Emissions Vel e o » Fertilizers = o « Environmental regulations
%Dust particles -7 % ¥ @ - Pesticides @ v « Data-driven decisions
« Air sampling i < Q
: BRar| B it !
WHY IT MATTERS?
CLEAN WATER ‘ HEALTHY FUTURE
& SANITATION ECOSYSTEMS SUSTAINABILITY

LEARN MORE: WITS.AC.ZA/CHEMISTRY/RESEARCH/ENVIRONMENTAL-GEOCHEMISTRY/




N DeCe: . EXPLORING ENVIRONMENTAL & ANALYTICAL CHEMISTRY

HIGH SCHOOL STUDENTS UNDERSTANDING OUR PLANET, ONE CHEMICAL AT A TIME

CORE FOCUS AREAS

1. ANALYTICAL TECHNIQUES

AIR QUALITY Qo

ENVIRONMENTAL

%y’ SCIENTIST : : AV i SCIENTIST
' N i . T

(S ANALYTICAL : " e 5 3 : : 2 ANALYTICAL

%) CHEMIST * , . , =1l _ / % CHEMIST

3 ' ' . ‘E. EEA
‘) CONSULTANT , ' ' NSULTANT
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ENVIRONMENTAL ANALYTICAL CHEMISTRY RESEARCH AT WITS:
ADDRESSING ACID MINE DRAINAGE (AMD) IN JOHANNESBURG

SULFIDE-RICH
ROCKS

SULFIDE OXIDATIOYN
& ACID GENERATION

FIELDSAMPLINGE
ENVIRONMENTAL MONITORING :
QMMEMBRANE DISTILLATION | SMART POLYMERS FOR

UNIVERSITY OF THE %
WITWATERSRAND V

LABORATORY ANALYSIS
42 i Lol |

_,m><:

SPECIATION STUDIES | METAL FATE
(e.g., IRON FORMS) : TRANSPORT MODELINGJ

REMEDIATION TECHNOLOGIES
MEMBRANE DISTILLATION | SMART POLYMERS FOR

FOR WATER RECOVERY | SELECTIVE METAL REMOVAL
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FOR WATER RECOVERY ' SELECTIVE METAL REMOVAL)

GEOCHEMICAL MODELLING J







	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

