
ENVIRONMENTAL  HEALTH  IMPACTS  
OF  MINING  IN  AFRICA

By T.C. Davies
Visiting Professor of Environmental 

Geology, University of Nigeria

Department  of  Geology,  University  of  Nigeria,  Nsukka
theo.clavellpr3@gmail.com

SCIENCE BUSINESS SOCIETY 
DIALOGUE CONFERENCE



PRESENTATION OUTLINE

 Introduction

 Africa’s  mineral endowment potential

 The uniqueness of Africa’s surface environment

 Most common mining methods

 Why are the environmental health impacts so severe for Africa?

 Environmental health impacts of mining in Africa

 How can environmental health impacts be minimised/obviated?

 Conclusions and Recommendations

 References



If as the United States Environmental Protection Agency 

(USEPA) noted in 1987 that –

“… problems related to mining waste may be rated as 

second only to global warming and stratospheric ozone 

depletion in terms of ecological risk. The release to the 

environment of mining waste can result in profound, 

generally irreversible destruction of ecosystems”.

Then, surely we are in very serious trouble.

INTRODUCTION



Africa ranks first or 
second in quantity of 
world reserves of 
bauxite, cobalt, 
industrial diamond, 
phosphate rock, 
platinum-group metals 
(PGM), vermiculite, and 
zirconium. Gold mining 
is Africa's main mining 
resource

AFRICA’S MINERAL ENDOWMENT POTENTIAL
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MOST COMMON MINING METHODS

SURFACE                                             SUBSURFACE
● disturbs large areas                                   ● disturbs much smaller surface                
● produces large amounts of spoil            ● spoil often left in mine
● relatively safe                                              ● dangerous
● cheaper                                                         ● expensive
● more efficient                                              ● less efficient 



Some characteristics of Africa’s surface environment

THE UNIQUENESS OF AFRICA’S SURFACE ENVIRONMENT



• A unique climatic regime - Role of climate extremely    
important in geoecology

• Very intimate human interaction with nature  
• Extraordinary diversity of species, and so on

Region 
Urban 

Population 2015
Rural Population 

2015
% Rural 

2015

World 3,957,285,013 3,367,497,212 46.0 %

Africa 471,602,315 694,636,991 59.6 %

A Field Laboratory for Geoecological Studies

A peculiar set of geoecological characteristics make 
Africa a natural field laboratory for such studies; 
e.g., studies of Medical Geology



Africa’s surface geochemistry is unique and extremely complex:

• INTENSE TROPICAL WEATHERING

• EROSION

• LEACHING

• LATERITISATION

• SECONDARY MINERALISATION

• ELUVIATION

• PODZOLISATION

• GLEYING

• URBAN AND INDUSTRIAL  ACTIVITIES  ….

The sheer scale and intensity of operation of these 
processes account for marked heterogeneity of the 
surface area (compared to other regions of the world); 
the massive influence this has on the diversity of soil 
types and aqueous geochemistry underlines the need 
for great care in designing sampling and analytical 
protocols.

For the same reason, the definition and establishment 
of regional background values becomes an almost 
intractable problem; re-echoing the need to revisit or 
modify greatly the laid down sampling and analytical 
protocols.

Soils of Africa: distribution of soil groups as 
classified by the Food and Agriculture 

Organization (FAO)

THE UNIQUENESS OF AFRICA’S SURFACE ENVIRONMENT



Environmental health impacts of active and abandoned mines in Sub-Saharan Africa
-FOCUS-

● How the mining activities and particularly abandoned mines negatively 
affect the ecosystem and the health of the neighbouring communities?

● What are the most appropriate rehabilitation technologies and remedial 
actions for contaminated sites?

● How do you promote a peaceful mining atmosphere through education 
and outreach?

The project was funded by the Swedish International Development 
Cooperation Agency (SIDA) as the main sponsor. The core participants of this 
project were drawn from the UNESCO-IUGS International Geoscience
Correlation Programme (IGCP), namely IGCP-594 and IGCP-606, but the 
network continues to grow.

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Children play on toxic soil at Tudor Shaft in Krugersdorp        
Radioactivity = 15 MilliSieverts per annum 

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Heavy metal precipitation – during and after mining

• Dissolution and transport of heavy metals by run-off and ground 
water into agricultural soils and streams may occur during heavy  
rainfall events that cause over-bank flooding. 

• Elevated concentrations of heavy metals in the soils and 
streams, accompanied with acidic pH, are likely to enhance 
uptake of heavy metals  (e.g., Pb, Pt, Zn, etc.) by plants  and 
man 

• High health risk to the people who consume the contaminated 
agricultural products

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Trace Metal Poisoning

In Zamfara, Nigeria, a 
worker mines for gold. 
In 2010 hundreds of 
children in this area 
died from severe lead 
poisoning associated
with gold ore processing

(Photo courtesy of TerraGraphics Environmental Engineering.) 

ENVIRONMENTAL HEALTH IMPACTS OF MINING

More than 2,000 children 
have been treated with 
chelation therapy, and 
thousands more have been 
— and continue to be —
severely poisoned by 
exposure to pervasive lead 
dust 



AMD Formation

• The chemistry of oxidation of pyrites, the production of ferrous 
ions and subsequently ferric ions, is very complex, and this 
complexity has considerably inhibited the design of effective 
treatment options.

• Although a host of chemical processes contribute to acid mine 
drainage, pyrite oxidation is by far the greatest contributor. 

• A general equation for this process is:
2FeS2(s) + 7O2(g) + 2H2O(l) = 2Fe2+(aq) + 4SO4

2−(aq) + 4H+(aq)

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Acid mine drainage-: arguably the world’s most significant 
mining environmental challenge

• The problem of AMD is particularly intractable in South Africa, where, in the 
Bushveld Complex alone, such a wide variety of metal sulphide mining takes 
place - lots of clamour by environmental activists

• Streams draining the tailings dumps are typically acidic and have high 
sulphate and heavy metal concentrations - (Pb, Hg, Zn, Pt, etc.). Arsenic, a 
chalcophilic metalloid is also abundant 

• Extreme examples with drainage acidities below pH 1.0 are relatively rare

• AMD with pH of 0.52 was encountered at Iron Duke mine near Mazowe, 
Zimbabwe in 1994

• Arsenic values of up to 72 mgl-1 were recorded (Williams and Smith, 2000) -
the highest As content recorded for natural waters anywhere on Earth

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Post-closure 
coal mine AMD 
treatment on 
the East Rand, 
South Africa

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Arsenic

• Large tracts of the African Precambrian (especially the Greenstone
belts) contain metal sulphide mineralisation, and have released
considerable quantities of As into aquifers and the surficial
environment through mining and processing of metal sulphide ores,
but also through weathering, erosion and transportation, e.g.: Burkina
Faso, Ghana, Zimbabwe, South Africa

• Also, As is released through coal mining, as in South Africa

• These processes have released large amounts of As into waterways
largely through acid mine drainage (AMD) formation

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Arsenic in African waters

• The review of studies on arsenic in African waters shows that arsenic can be found in high 
concentrations in both surface water and groundwater. 

• Arsenic concentrations in African groundwater range between 0.02 and 1760 μg L−1, whilst 
the level of arsenic in surface water is ranged up to 10,000 μg L−1. 

• This high level of arsenic in surface water is related to mining operations, agricultural 
drains, local sediments, disposal, and incineration of municipal and industrial wastes. 

• However, mining activities remain the main source of surface water pollution. 

• They have thereby a strong impact on the concentration of arsenic in the environment. As 
for groundwater, high levels of arsenic occur in natural conditions.

• Most of the studies carried out on arsenic issues in Africa are dedicated to the 
characteriSation and the quantification of the pollution, but studies on the risk to human 
health and treatment systems are limited.  Ahoulé et al., 2015. 

In Africa, As occurs in sulphide-rich mineralised ores particularly metal- and coal-mining 
areas (occurring in basement aquifers, in e.g., parts of Ghana, South Africa and Zimbabwe).

ENVIRONMENTAL HEALTH IMPACTS OF MINING
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http://www.worstpolluted.org/projects_reports/display/87 (accessed 03.12.2017)

http://www.worstpolluted.org/projects_reports/display/87


Why is mercury a problem?
Any of the four stages of the small-scale gold production process, 
namely amalgamation, separation of amalgamation, removal of excess 
mercury, and burning of the remaining amalgam, release mercury into 
the environment. As a result and along. "11% of the human-generated 
sources of mercury comes from gold production. 

It is acknowledged to be second only (though quite far behind…) to 
coal combustion as a source of human-generated mercury emission in 
the atmosphere.

It is well known that mercury is highly toxic, causing damage to the 
nervous system at even relatively low levels of exposure. According to 
WHO: "Elemental and methylmercury are toxic to the central and 
peripheral nervous system. The inhalation of mercury vapor can 
produce harmful effects on the nervous, digestive and immune 
systems, lungs and kidneys, and may be fatal.
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Uranium

• Africa’s highest grade uranium ore comes from the twin mining towns of Arlit and 
Akokan on the border of the Sahara desert. Today, Akokan boasts the largest 
underground uranium mine in the world and Niger supplies around 7.5 % of world 
uranium. 

• By 2006, cumulative uranium output from Niger exceeded 100,000 tons – 56 % 
from underground and 44 % from open-pit mines.

• Nearly 35 million tons of radioactive tailings have accumulated over the years, 
lying uncovered near the mines, exposed to desert winds.

• The tailings dump is located close to the city’s vegetable fields. Children regularly 
play in the radioactive rubble. 

• The waste still retains, nearly 85 % of the original radioactivity, through substances 
like radium and thorium with half-lives of many thousands of years. 

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Children on a street in Akokan, a mining town near AREVA's uranium mines 

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Uranium (Contd.)

• Until the 1980s, miners were not provided with even the most basic protective 
gear. They mined in t-shirts and shorts, without masks, gloves or dosimeters. 

• According to local NGOs, doctors noticed rising rates of lung cancer, but did 
not raise an alarm. Countless miners have contracted lung cancer, but so far 
not a single case has been officially accepted as an occupational disease. 

• Through the continued exposure to radioactive dust from tailings and the 
radioactive contamination of groundwater, the inhabitants of the nearby 
towns are also affected.

• In 2010, about 200,000 liters of radioactive waste spilled near Arlit, 
contaminating large areas of land. 

• So far, no independent epidemiological research on the effects of radioactivity 
on public health has been performed in the region. 

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Uranium occurrences in South Africa

ENVIRONMENTAL HEALTH IMPACTS OF MINING



Uranium (Contd.)

• The majority of mine residue areas in South Africa are radioactive because 
the Witwatersrand gold-bearing ores contain almost ten times the amount of 
uranium than gold.

• In order to limit the risk of direct exposure to radioactive material, the South 
African Chamber of Mines has set the guideline that each tailings dump 
should have a 500m buffer zone surrounding it where no human settlement 
is allowed.

• But an estimated 1.6 million people live in informal and formal settlements 
on, or directly next to, tailings. In addition to accidental ingestion through 
the water or air, some of these communities are also directly exposed to 
radiation from the high levels of uranium and its byproducts (called daughter 
products) in the tailings.

• These communities are particularly vulnerable because of chronic 
malnutrition, a high prevalence of HIV/AIDS and substance abuse

ENVIRONMENTAL HEALTH IMPACTS OF MINING

https://en.wikipedia.org/wiki/Radiation


• Uranium is passed on to humans either through the inhalation of 
fine dust particles from these tailings and can be blown as far as 
20km on a windy day, or when mine water seepage enters rivers.

• There are well-documented health risks associated with high 
levels, including kidney damage and disease, neurological 
problems and cancer. Natural uranium levels are between 7 and 
60 Bq/kg. 

• It is also an endocrine disrupter that mimics the hormone, 
oestrogen, which is particularly harmful to pregnant women, 
causing birth defects and developmental delays in their babies.

ENVIRONMENTAL HEALTH IMPACTS OF MINING

Uranium (Contd.)



Radiological Toxicity 

• Several possible health effects are associated with human 
exposure to radiation from uranium. 

• Because all uranium isotopes mainly emit alpha particles 
that have little penetrating ability, the main radiation hazard 
from uranium occurs when uranium compounds are 
ingested or inhaled. 

• Despite massive environmental contamination from 
uranium mining in Witwatersrand, no epidemiological 
studies have been undertaken so far. 

ENVIRONMENTAL HEALTH IMPACTS OF MINING
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Epidemiological data related to persons living 
around the gold mine tailings in South Afric are 
unavailable (Winde, 2013).

Chronic effects such as mutagenicity, 
tetratogenicity and estrogenicity have not 
been assessed (Slabbert, 2007). 

ENVIRONMENTAL HEALTH IMPACTS OF MINING



But where is all the radwaste going?

• Vaalputs is the only South African radioactive waste-disposal facility, 
called the Vaalputs Radioactive Waste Disposal Facility, operated by 
NECSA.

• The facility, located about 100 km south-east of Springbok, in the 
Northern Cape. It covers an area of approximately 10,000 hectare, 
measuring 16,5 km from east to west and 6,5 km from north to south 
at its narrowest point.

• Approximately 1,000 hectare is occupied by sites developed for low 
and intermediate-level waste, an interim spent nuclear fuel storage 
facility, housing, roads, power lines and an airstrip. Vaalputs lies 
smothered between the Namaqualand in the west and the 
Bushmanland in the east. 

ENVIRONMENTAL HEALTH IMPACTS OF MINING
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HEALTH AND FRACKING – SOME FACTS 

• USE OF NATURAL GAS MAY REDUCE CARBON EMISSIONS RELATIVE TO USE OF COAL

• HUGH ECONOMIC BENEFITS FOR SOUTH AFRICA

• OBTAINED FROM HIGH-VOLUME HYDRAULIC FRACTURING (Fracking)

• HEALTH AND ENVIRONMENTAL IMPACTS?

• USES HUNDREDS OF CHEMICALS AS WELL AS SILICA SAND

• LITTLE EVIDENCE AVAILABLE ON HEALTH IMPACTS 

• POLICY  MAKING??

ENVIRONMENTAL HEALTH IMPACTS OF MINING
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Dearth of information

• The methods and chemicals used to frack are location-
dependent. South Africa has about 119-trillion cubic 
metres in technically recoverable, but not proven, reserves 
of natural gas in the Karoo Basin.

• There is a dearth of information about the possible effects 
and risks of fracking in South Africa, and whether there are 
even reserves that can be exploited.

ENVIRONMENTAL HEALTH IMPACTS OF MINING



IMPACT OF DUST EMISSION

• Mine dusts are products of mining 
activities which are formed when rocks 
are broken by impact, crushing or 
grinding 

• The composition of these dusts is 
determined by the source region, and 
closely reflects the composition of the 
soil cover 

• Residents fear the wind most. When it 
blows, fine particles from these man-
made dumps are carried up into the air 
and deposited on to residents’ homes. It 
is no ordinary dust, either: the residue 
of decades of mining

• Can contain traces of Cu, Pb, As, U, HCN-

Johannesburg’s townships paying for mining past

ENVIRONMENTAL HEALTH IMPACTS OF MINING

Johannesburg’s townships paying for 
mining past



WORLD’S DIRTIES AIR





High  resolution  
images  of  advanced  
coal  worker’s  
pneumoconiosis  with  
parenchymal  nodules,  
calcifications,  and  
progressive  and  
massive  fibrosis.  
Advanced-stage  
silicosis  is 
indistinguishable  from  
this  condition.

www.emedicine.medscape.com/article/361778-overview

Source:  Jedynak  et  al.  (2009) 

WORLD’S DIRTIES AIR

Coal Worker’s Pneumoconiosis

http://www.emedicine.medscape.com/article/361778-overview
http://www.emedicine.medscape.com/article/361778-overview
http://www.emedicine.medscape.com/article/361778-overview
http://www.emedicine.medscape.com/article/361778-overview


ADDRESSING THE ISSUES

“A transparent and inclusive mining sector that is 
environmentally and socially responsible…which provides 
lasting benefits to the community and pursues an integrated 
view of the rights of various stakeholders…is essential to 
addressing the adverse impacts of the mining sector and to 
avoid conflicts induced by mineral exploitation. Public 
participation in assessing the environmental and social 
impacts and the enforcement of impact assessment 
requirements is important in tackling these challenges”

—The Africa Mining Vision

HOW CAN ENVIRONMENTAL HEALTH IMPACTS 
BE MINIMISED/OBVIATED?



Building a cadre of professionals with the broad range of
skills required remains a challenge. As well as
conducting impact assessments and generally
monitoring compliance, they also need to deal with such
diverse issues as developing discharge and emission
standards, long term health impacts and post-closure
issues as well as assessing the adequacy of
compensation packages for local disruption to lives and
livelihoods.

HOW CAN ENVIRONMENTAL HEALTH IMPACTS 
BE MINIMISED/OBVIATED?



• Teamwork involving multiple disciplines is 
increasingly emphasised in health research, 
services, education and policy. 

• The terms multidisciplinary, interdisciplinary and 
transdisciplinary are increasingly used in the 
literature, but are ambiguously defined and 
interchangeably used. 

SOLUTION I – MULTIDISCIPLINARITY IN 
HEALTH RESEARCH



Multidisciplinarity draws on knowledge from different disciplines but stays 
within their boundaries.

Interdisciplinarity analyses, synthesises and harmonises links between 
disciplines into a coordinated and coherent whole.

Transdisciplinarity integrates the natural, social and health sciences in a 
humanities context, and transcends their traditional boundaries. 

The objectives of multiple disciplinary approaches are to resolve real world 
or complex problems, to provide different perspectives on problems, to 
create comprehensive research questions, to develop concensus clinical 
definitions and guidelines, and to provide comprehensive health services. 

Multiple disciplinary teamwork has both benefits and drawbacks. 

SOLUTION I – MULTIDISCIPLINARITY IN 
HEALTH RESEARCH



• But if the rewards are great, so too are the 
challenges. 

• Understanding the concepts underlying a 
discipline other than your own, finding a 
common language to communicate ideas.

• Trusting research you haven't the skills to 
assess yourself, and finding somewhere to 
publish are only a few of them.

SOLUTION I – MULTIDISCIPLINARITY IN 
HEALTH RESEARCH



A nexus approach to global change issues

An integrative approach in solving 
geoecological problems, involving 
professionals from relevant disciplines, 
who input scientific evidence adduced 
from all sectors and components of 
the Earth (eco-) system in order to 
reach cogent, sustainable solutions 
(Davies)

THE NEXUS APPROACH TO GEOEOLOGICAL PROBLEMS

NEXUS 

APPROACH                                     

MULTIDISCIPLINARY APPROACH

MULTICOMPARTMENTAL MODELS

MULTITEMPORAL DATABSES 



Collect pertinent geochemical data – How?

• Enhanced geochemical capacity,  

• Highly trained analytical geochemists, 

• Acquire requisite instrumentation, 

• Improve supporting infrastructure

AFRICA  GEOCHEMICAL DATABASE - see  e.g.,  element  
distribution  maps  generated  in  the  UK  Geochemical  
Baselines  Project  336  for  comparison.  

SOLUTION II



Country/Continent No. of entries, Keywords:     

“ICP-MS” and “ICP-OES” (06. 05. 16)

China 17,900,000

Ukraine 838,000

Russia 622,000

Australia 659,000

United States 157,000

Canada 140,000

United Kingdom 122,000

Australia 111,000

Africa (54  States) 84,300

South Africa 57,400

Sending our samples to commercial laboratories for analyses would 

not help, because they have a standard set of sample preparation 

and analytical procedures, geared more to mineral exploration; 

whereas IGCP procedures, though including mineral exploration, 

are more directed towards application to environmental problems.

We need a critical mass of well-trained, highly 

skilled analytical geochemists able to:

 operate;

 install;

 trouble-shoot, and

 maintain, modern instrumentation.

This is an important prerequisite for acquisition 

of today’s analytical outfits.

SOLUTION II – ANALYTICAL COMPETENCE



Applications of baseline geochemical datasets include:

• providing a marker of the current state of the environment for the 
measurement and monitoring of future change

• identifying anomalous values resulting from, for example, mineralisation
and industrial contamination

• assessing the condition and health of soils and sediments for agricultural 
and ecosystem functions 

• identifying and quantifying human impact on the environment, 
indicating elevated concentrations of potentially harmful elements

• identifying new opportunities for mineral exploration

• support and information for local councils, developers and the general 
public on environmental or health hazards 

SOLUTION II



This is a simplified data model, based on the 
current BGS geochemistry database, which holds 
the results of the chemical analysis samples from 

the land area of Great Britain and Northern Ireland 
(excluding groundwater

SOLUTION II



GRN Cells in 

Africa

HOW CAN ENVIRONMENTAL HEALTH IMPACTS 
BE MINIMISED/OBVIATED?



• Radioactivity maps of rocks, soils and groundwater are urgently needed for South
Africa, to be used as a basis for informing the development of policy
recommendations regarding groundwater development and housing construction
in areas where elevated U concentrations are predicted. In its U mining policy,
South Africa is facing a potential human crisis, as well as an environmental
one, because nuclear energy is seen as “clean energy”.

• It is essential that miners wear protective clothing at all times and are
afforded monthly health checks; adequate medical aid cover and regular checks
of their DNA. It is necessary to urge government to take steps in ensuring that
pertinent EIA processes be conducted around the power station sites.

• Despite  the  many  possible  sources  of  Rn  within  the  country,  and  potential  
health  hazards,  there  is  a  problem  of  data  availability  and  hence  the  need  for  
direct  quantification  of  Rn concentrations  and  exposure. 

• Tudor Shaft is a typical example. The 1,800 of residents of this informal settlement 
directly next to mine tailings in Mogale City in Johannesburg’s West Rand are 
exposed daily to levels of radiation similar to communities affected by the 
Chernobyl disaster.

URANIUM - URGENCY? 



• In order to comply with regulations and ensure that the quality of water leaving 
mine sites is not adversely affecting water users downstream, mining companies 
should develop water management plans to minimise the potential for water 
contamination, and to prevent the release of polluted water into the environment. 

• Surrounding surface and groundwater quality should be monitored, and a number 
of treatment processes used to ensure mine water meets regulatory standards 
prior to being discharged. 

• Awareness of environmental impacts and concern for the environment has 
increased in recent decades, resulting in more stringent environmental regulations 
worldwide and a corresponding response from the international mining industry. 

• Environmentally responsible practices, especially relating to water, have become 
central to the viability and acceptance of a modern mining operation. 

SOLUTION III – IMPROVE MINE WASTEWATER
TREATMENT TECHNIQUES

http://www.miningfacts.org/Environment/What-are-the-water-quality-concerns-at-mines-/
http://www.miningfacts.org/Environment/How-are-the-effects-of-mining-on-water-quality-monitored-/


Water is carefully managed to prevent the release of contaminated water into the 
environment. Various control techniques can be used to reduce the potential for water 
contamination and minimise the volume of water requiring treatment. These techniques 
include: 

• Intercepting and diverting surface water (rain and snowmelt runoff, streams, and 
creeks) from entering the mine site by building upstream dams to reduce the potential 
for water contamination from exposed ore and waste rock

• Recycling water used for processing ore in order to reduce the volume of water 
requiring treatment

• Capturing drainage water from precipitation at the mine site through the use of liners 
and pipes and directing the water to tailings dams in order to prevent potentially 
contaminated water from entering groundwater or flowing off site

• Allowing the water to evaporate in ponds to reduce the volume of contaminated 
water; in dry regions, enough water may be evaporated that no water needs to be 
discharged, resulting in the containment of contaminates at the mine site

• Installing liners and covers on waste rock and ore piles to reduce the potential for 
contact with precipitation and contamination of groundwater

MINE WASTEWATER CONTROL TECHNIQUES



• Cost effective disposal of toxic industrial wastewater

• Neutralisation of acid mine water in the most economical manner

• Potable water from Acid Mine Drainage (AMD)

• Acid pond in-situ neutralisation

• Chemical desalination of neutralised mine water.

• Affordable disposal of brine streams

• Selective recovery of valuables from wastewater

• Wastewater regeneration and reuse

• Process chemical reuse to significantly reduce chemical costs

MINE WASTEWATER CONTROL TECHNIQUES



• mines flooding and decanting AMD into the environment

• contamination of groundwater resources

• geotechnical impact (rise of water in urban areas) and 
increased seismic activity

• impact on ecology, rivers and localised flooding.

The generic approach to the management of AMD is:

• Decanting prevention
• Ingress control
• Water quality management.

SOUTH AFRICA’S AMD Situation…Risks



Many technologies exist for the treatment of AMD 
from traditional high cost water treatment plants to 
simple in situ water treatment reagent dosing 
methods:

• Constructed wetlands
• Waste stabilsation ponds
• Activated sludge
• Metagenomic study
• Microbes and drug discovery

New legislation in South Africa makes it Compulsory
for mines to have a water-treatment plan after the
mine closes 

Companies are beginning to adopt Anglo American’s 
model for transforming wastewater from its mines 
into drinking water  - Reverse osmosis membranes
remove impurities from water at the eMalahleni
water reclamation plant in  Mpumalanga, South Africa.
Up to 20 million litres per day treatment capacity

BEST PRACTICE MINE WASTE TREATMENT TECHNOLOGIES

Anglo American invested R15 million in 

Chair of Occupational Hygiene at Wits 

University, Johannesburg in 2014

https://en.wikipedia.org/wiki/In_situ_water_treatment
https://www.google.com.ng/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi0x9uTv7HQAhXM0xoKHciGCS0QjRwIBw&url=http://cornerstonemag.net/turning-a-liability-into-an-asset/&bvm=bv.139250283,d.ZGg&psig=AFQjCNEcidyUbEqxcCRdnmOPbb3lXxlkzQ&ust=1479530494386122


• A developing risk-based phytoremediation concept involves
phytostabilisation.

• Phytostabilisation involves the reduction of the mobility of heavy 
metals in soil. 

• Immobilisation of metals can be accomplished by    
▪ decreasing wind-blown dust, 
▪ minimising soil erosion, and reducing contaminant, 
▪ solubility or bioavailability to the food chain.

• Phytostabilisation is particularly applicable for elemental contaminants 
in soils at waste sites.

SOLUTION IV – USING PLANTS TO STABILIZE 
METALS IN SOILS



Phytoremediation is a bioremediation process that 
uses various types of plants to remove, transfer, 
stabilize, and/or destroy contaminants in the soil 
and groundwater.

Phytoremediation takes advantage of the unique and selective 
uptake capabilities of plant root systems, together with the 
translocation, bioaccumulation, and contaminant 
storage/degradation abilities of the entire plant body. Plant-
based soil remediation systems can be viewed as biological 
treatment systems with an extensive, self-extending uptake 
network (i.e., the root system) that enhances the below-
ground ecosystem for subsequent productive use. 

SOLUTION IV – PHYTOREMEDIATION



The  nickel  hyperaccumulator Berkheya coddii native  to    
South  Africa.   Source:  Anderson  and  Meech,  2002.

HYPERACCUMULATORS

Rustenberg Metals Refiners - Cd, Ni, Zn and Pb

Industrial tailings, wastewater effluents at disposal 

sites



SOLUTION V - Tailings should be usefully 
applied
Mineral tailings produced by a number of South Africa’s mines are 
composed of silicates, oxides and sulphides. A number of researchers 
have applied engineering techniques to study the potential of these 
materials to be recycled into innovative schemes designed to reduce 
their footprint and to evaluate their suitability for mineral 
carbonation, e.g., Amponsah-Dacosta and Reid (2014), and for brick-
making, e.g., Malatse and Ndlovu (2015).

Mentjes (2014) has reviewed the benefits of dry tailings disposal as 
one of the most water-efficient waste management systems, and has 
advocated the consideration of their use for both existing and new 
mining projects. To achieve real cost benefits, it is necessary to 
integrate the design of process plant with that of tailings disposal 
while giving consideration to all design aspects, from site selection 
to closure of tailings impoundments. 

Mentjes (2014) also discusses the geotechnical properties of tailings 
and shows how water savings can be made and groundwater pollution 
reduced by changing the tailings from wet slurry into a dry product.



Tailings should be usefully applied 
(contd.)
Some mining companies are now exploring the advantages of re-processing of legacy 
tailings resources to extract minerals such as uranium and gold. The technique is 
becoming attractive, because of the potential to maintain margins and unlock profit. 
Tailings reprocessing is also viewed favourably from an environmental standpoint, in 

that it allows for additional production without increasing a mine’s footprint. It provides 

a platform for advancing research in re-processing technology and phytoremediation, 

and does not require additional land permits.

The problems associated with mine tailings disposal, both operational and legal, are 
not just specific to South Africa. Novel techniques are currently under development 
elsewhere on the use of such materials on an industrial and global scale to sequester 
ambient CO2, while research on the topic is constantly expanding. Ultramafic mining 
residues produced during mining operations around the world, such as in stockpiles, 
may offer a long-term solid storage buffer of atmospheric CO2 (IPCC, 2008). 
Assima et al. (2013) have made a comparative study of five Québec (Canada) 
ultramafic mining residues for use in direct ambient carbon dioxide mineral 
sequestration. A number of studies outside South Africa have also estimated other 
ultramafic mining residues that contain high enough amounts of magnesium (12 - 19 
wt. %) able to chemically bind to ambient CO2 via above-ground natural weathering 
mechanisms (e.g., Beaudoin et al., 2008). 



• A short document that presents the findings and 
recommendations of a research project to a non-
specialised audience

• A medium for exploring an issue and distilling 
lessons learnt from the research

• A vehicle for providing policy advice 

SOLUTION VI – POLICY BRIEFS



• Evidence-based policy briefs or “evidence briefs for
policy” bring together research evidence and systematic
reviews) to inform deliberations (policy dialogues) about
health policies and programmes.

• These policy briefs begin with a description of a policy
problem, then summarise the best available evidence to
clarify the size and nature of the problem, describe the
likely impacts of key options for addressing the problem,
and inform considerations about potential barriers to
implementing the options and strategies for addressing
these barriers.

EVIDENCE – BASED POLICY BRIEFS





• The environmental impacts of natural resource exploitation need to be re-assessed

and managed so that African countries and people benefit rather than suffer.

• The post-closure decant of AMD (particularly in the Witwatersrand Goldfield) is an

enormous threat, and this could become worse if remedial measures are delayed

further.

• The arsenic issue in Africa needs special attention in order to avoid the problems

experienced in some areas mainly in the sulphide mineralised- and coal producing

areas.

• The environmental and public health impact of uranium mining in Africa cannot be

properly assessed without large scale epidemiological studies. As at now, pertinent

data are simply unavailable.

• Models and comprehensive site characterization are important for estimating the

potential environmental effects associated with a specific uranium mine and

processing facility.

• Regular assessments of all monitoring data, including trend analyses are

important to test the accuracy of predictions, and, if necessary, to
modify the mitigation and remediation practices.

CONCLUSIONS/RECOMMENDATIONS I



• African countries need to develop comprehensive national plans for health 
information that address the full range of data sources. Medical registries should be 
strengthened in their capacity for data generation, analyses and dissemination.

• Community awareness of exposure risks of mine effluents, emissions and other forms 
of waste, is currently low. Innovative media strategies (policy briefs) are needed to 
enhance awareness of such risks and improve public capacity to combat these 
conditions. Health professionals, being knowledgeable and trusted, are in a strong 
position to communicate the risks posed by mining and ore processing.

• Addressing the issue of the shortfall in intensity of Applied Geochemistry campaigns in 
Africa would require a concerted effort by governments and pertinent geoscientific 
institutions to train an adequate number of highly skilled applied geochemists, and 
concomitant massive investment in analytical geochemical infrastructure. 

• There is an  urgent need for us to complete geochemical maps of Africa for all non-
gaseous elements and other chemical parameters in the surface environment, based 
on the agreed guidelines, with pertinent modifications that take cognisance of the 
Continent’s unique and complex surface geochemistry. 

CONCLUSIONS/RECOMMENDATIONS II
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