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Current Legal Matrix Pertaining to Management of Tailings

• Section 24 of the Constitution of the Republic of South Africa, Act 108 of 1996

• Mineral and Petroleum Resources Development Act, 28 of 2002 (Mining 

Right/Permit, Closure, Social and Labour Plan)

• Section 28 of National Environmental Management Act, 107 of 1998

Duty of care and remediation of environmental damage

(1)  “Every person who causes, has caused or may cause significant pollution or   

degradation of the environment must take reasonable measures to prevent 

such pollution or degradation from occurring, continuing or recurring…”

Who is responsible/liable?

• Section 34 of NEMA makes provision for:

– both ‘firms’ (including companies and partnerships) and their ‘directors’ (including

board members, executive committees or other managing bodies or companies or

members of close corporations or of partnerships) to be held liable, in their personal

capacities, for environmental crimes.

– This personal liability also applies to managers, agents or employees who have done or

omitted to do an allocated task, while acting on behalf of their employer



Current Legal Matrix Pertaining to Management of Tailings

• The duty to take reasonable measures to prevent significant pollution or degradation 

of the environment from occurring, continuing or recurring (“the duty of care”) also 

applies to pollution that occurred before NEMA commenced; to pollution that might 

arise at a different time from the actual activity that caused the contamination and to 

pollution that may arise following an action that changes pre-existing contamination.

• It is therefore no defence to say that the pollution is historic, indirect or underlying –

the responsibility to take reasonable steps remains.

• Unless it can be shown that all reasonable steps necessary to prevent the crime were 

taken, even an unintentional (but negligent) unlawful act or omission which causes 

significant pollution or degradation of the environment, can make a ‘director’ 

personally liable”. 



National Environmental Management Waste Act, 59 of 2008

Section 16

• Residue stockpiles and residue deposits fall within the ambit of NEM:WA and its

various regulations.

• A holder of waste, must within the holder’s power take all reasonable measures to:

– Ensure that the waste is treated and disposed of in an environmentally sound manner.

– Manage the waste in such a manner that it does not endanger health or the environment.

• GN 921 of 29 November 2013 provides that the waste management activities listed in

Category A and B may not commence without a Waste Management Licence.

Extraction activities in residue stockpiles

• “Mine”, used as a verb in the MPRDA does not include extraction activities in residue

stockpiles.

• Extraction of minerals from residue stockpiles constitutes processing that does not require a

separate mining permit or mining right.

• The MPRDA is silent regarding the ability of holders of mining rights and mining permits to

transfer the ability to process stockpiles to others.

• However, nothing in the MPRDA indicates that holders of mining rights and mining permits

are not permitted to dispose of, and allow another to process stockpiles, while their rights

exist.



De Beers Consolidated Mines Ltd and Ataqua Mining (Pty) Ltd 

Judgement

• The judgement in the De Beers Consolidated Mines Ltd and Ataqua Mining (Pty) Ltd and

others matter in the High Court of South Africa (Orange Free State Provincial Division - Case

No. : 3215/06 ), established that reprocessing of tailings are not subject to the control of

the MPRDA and does not require a mining right/permit.

• Whilst Listing Notices 1, 2 and 3, of the EIA Regulations, include residue deposits and

residue stockpiles, the intention of the MPRDA was to exclude tailings dumps according to

the above judgment.

• The Court found that there are several reasons why tailings dumps, are not subject to control

by the MPRDA namely:

– The tailings dumps are movable, and the minerals/metals s occurring in them do not occur

“naturally in or on the earth”.

– Tailings dumps do not occur naturally. They are formed by the placement of processed and partly

processed materials, to be reworked in future years when technology improves

– The MPRDA did not want to regulate tailings dumps. “Mining” of a tailings dump is in fact

“processing”. “It is the winning of the mineral”.

– The MPRDA targets mining rights in unsevered minerals in the ground, not in tailings which have

been mined.

– “Tailings are different: … It is not part of the heritage to which section 3(1) of the MPRDA refers.”



National Nuclear Regulator Act, 47 of 1998

• 22. (1) Any person wishing to engage in any action described in section 2(1)(c)(any

action which is capable of causing nuclear damage) may apply in the prescribed format to

the chief executive for a certificate of registration or a certificate of exemption.

• “nuclear damage” means

(a) any injury to or the death or any sickness or disease of a person;

(b) other damage. including any damage to or any loss of use of property or damage to the

environment which is attributable to ionizing radiation.



National Water Act, 36 of 1998

Section 21

Who is responsible/liable?

19 (1) An owner of land, a person in control of land or a person who occupies or uses the land on which-

(a) Any activity or process is or was performed or undertaken; or

(b) Any other situation exists, which causes, has cause or is likely to cause pollution*of a water resource,

must take all reasonable measures to prevent any such pollution from occurring, continuing or

recurring.

*Pollution means the direct or indirect alteration of the physical, chemical or biological properties of a

water resource so as to make it less fit for any beneficial purpose for which it may reasonably be

expected to be used; or harmful or potentially harmful to the welfare, heath or safety of human beings,

aquatic or nonaquatic organisms, resource quality or property.

Regulations on Use of Water for Mining and Related Activities Aimed at the protection 

of Water Resources GN.R 704 of 4 June 1999

• Restrictions on locality

• Restrictions on use of material

• Capacity requirements of clean and dirty water systems

• Protection of water resources

• Security - any impoundment or dam containing poisonous, toxic or injurious substance to be

effectively fenced off to restrict access, erect warning boards to warn persons.

• Temporary or permanent cessation of mine or activity



2014 EIA Regulations

CLOSURE

A closure plan must contain the information set out in Appendix 5 to these Regulations

Content of closure plan

1. (1) A closure plan must include-

(b) closure objectives;

(c) proposed mechanisms for monitoring compliance with and performance assessment against 

the closure plan and reporting thereon;

(d) measures to rehabilitate the environment affected by the undertaking of any listed 

activity or specified activity and associated closure to its natural or predetermined state or 

to a land use which conforms to the generally accepted principle of sustainable 

development, including a handover report, where applicable;

(e) information on any proposed avoidance, management and mitigation measures that will be 

taken to address the environmental impacts resulting from the undertaking of the closure activity.



MPRD Regulations

• The closure of a mining operation incorporates a process which must start at the

commencement of the operation and continue throughout the life of the mine.

• Risks must be quantified and managed proactively.

• The land is to be rehabilitated to its natural state or to a predetermined and agreed standard or

land use which conforms with the concept of sustainable development.

• Since they are the ultimate recipients of potential, ongoing and historical pollution and the

potential future land users, the MPRD Regulations require that IAPs must be involved in the

agreements regarding future land use of affected areas and thus in the decisions regarding the

establishment of objectives for such future land use, as well as in discussing the alternatives

for engineering interventions, where decisions regarding such options will affect the future

land use.

• A holder of a mining right must apply for a closure certificate upon lapsing or abandonment

of his right, cessation of mining operations or relinquishment of any portion of land to which

the right relates.

• Within 180 days complete and submit a prescribed closing plan including an environmental

risk report to DMRE Regional Manager.

– Immediate harm to human health and safety must be eliminated

– Groundwater must be fit for current and future domestic and other uses consistent with agreed current and future

land use

– Surface water must be fit for current and future basic human needs and aquatic ecosystems requirements

– Risks of harm to non-aquatic organisms (vegetation) must be eliminated

– Soil (property) must be fit for use consistent with current and future land use.



National Environmental Management Act (107/1998): Regulations pertaining to the 

Financial Provision for Prospecting, Exploration, Mining or Production Operations

Scope of financial provision

5. An applicant or holder of right or permit must make financial provision for—

(c) remediation and management of latent or residual environmental impacts which may

become known in future, including the pumping and treatment of polluted or extraneous

water.

8. (1) An applicant or holder of a right or permit must make financial provision by one or a

combination of a—

(a) financial guarantee from a bank registered in terms of the Banks Act, 1990 (Act No. 94of

1990) or from a financial institution registered by the Financial Services Board as an insurer or

underwriter;

(b) deposit into an account administered by the Minister responsible for mineral resources; or

(c) contribution to a trust fund established in terms of applicable legislation (conditions)



DFFE

Proposed Regulations Pertaining to Financial Provisioning for the Rehabilitation and 

Remediation of Environmental Damage caused by Reconnaissance, Prospecting, Exploration, 

Mining or Production Operations

Government Gazette, 2021

• 5(2) The financial provision liability may not be deferred against assets at mine closure or mine

infrastructure salvage value.

• 5(3) The Chief Executive Officer of the applicant, holder or person appointed in a similar position, or

where liquidation or business rescue proceedings have been initiated, the liquidator or business rescue

practitioner of the company, is responsible for implementing the environmental impacts, including

ongoing pumping and treatment of polluted or extraneous water.

• Financial Vehicles: Closure Rehabilitation Company

• Concurrent rehabilitation - operational budget and not a draw down from the rehabilitation funds.



WITWATERSRAND MINING 

BASIN*
• The Witwatersrand has been mined for more than a century.  

• It is the world’s largest gold and uranium mining basin with 

the  extraction, from more than 120 mines, 

• of 43 500 tons of gold in one century and 

• 73 000 tons of uranium between 1953 and 1995, which 

led to a legacy of some 400 km2 of mine tailings dams and 

• 6 billion tons of pyrite tailings containing 600 000 tons of 

uranium.
* The Witwatersrand Mining Basin includes the Far East Basin, Central Rand Basin, Western Basin, Far 

Western Basin, KOSH and the Free State gold mines.

Reference: Chevrel, S, Croukamp, L, Bourguignon, A & Cottard, F 2008, A Remote Sensing and GIS Based Integrated Approach for Risk Based

Prioritization of Gold Tailings Facilities — Witwatersrand, South Africa, in A Fourie, M Tibbett, I Weiersbye & P Dye (eds),

Proceedings of the Third International Seminar on Mine Closure, Australian Centre for Geomechanics, Perth, pp. 639–650.



Heavy Metal Contamination

•“The mean values for the Wonderfonteinspruit samples were found to

exceed not only natural background concentrations, but also levels of

regulatory concern for cobalt, zinc, arsenic, cadmium and uranium, with

uranium and cadmium exhibiting the highest risk coefficients.”

•“The most important lesson learnt from the studies in the

Wonderfonteinspruit is that no short-cuts exist which would allow certain

pathways to be ignored in a study of radioactive contamination within

these mining areas.”.

• “As a consequence of the uraniferous nature of the ore, Witwatersrand tailings and

other mining residues often contain significantly elevated concentrations of uranium

and its daughter radionuclides, with the decay series of U238 being dominant”.

Reference: Coetzee, H 2008, Radiometric Surveying in the Vicinity of Witwatersrand Gold Mines, in A Fourie, M Tibbett, I

Weiersbye & P Dye (eds), Proceedings of the Third International Seminar on Mine Closure, Australian Centre for

Geomechanics, Perth, pp.617–630.

• “The gold ores of the Witwatersrand contain appreciable concentrations of uranium

and its radioactive progeny. Mining has resulted in the dispersal of radioactive

material into the environment via windblown dust, waterborne sediment and the

sorption and precipitation of radioactivity from water into sediment bodies.”

Reference:  Coetzee, H & van Tonder, D 2008, Draft Regional Mine Closure Strategy for the West Rand Goldfield, Council 

of Geosciences, report no. 2008‐0253, Pretoria.  

• “Analysis of recent monitoring campaign data has confirmed multiple occurrences

of quartz rich inhalable dust in residential settings at levels that exceed

occupational health standards.”

Reference: Kneen, MA, Ojelede, ME & Annegarn, HJ 2015, ‘Housing and population sprawl near tailings storage facilities in 

the Witwatersrand: 1952 to current’, South African Journal of Science, vol. 111.



Three main issues relating to MRAs located in Gauteng have been 

identified, namely: 

1) air-quality, with particular reference to dust pollution from MRAs 

(including radioactive dust); 

2) water-flux and water-quality, with special note of the current 

controversy around AMD and the; and 

3) geotechnical safety concerns related to the dangers of ground 

instability and collapse above abandoned mine workings and also 

around open, unsealed mine shafts that present a danger to nearby 

settlements. 

Reference: Department of Agriculture and Rural Development 2011, Feasibility Study on Reclamation of Mine Residue

Areas for Development Purposes: Phase II Strategy and Implementation Plan, Technical report no. 788/06/01/2011, Gauteng.



• Pollution related to Witwatersrand mines poses a number of hazards to 

surrounding communities.

• The major primary pathways by which contamination can enter the 

environment from a mine site are:

– the airborne pathway, where radon gas and windblown dust 

disperse outwards from mine sites, 

– the waterborne pathway, either via ground or surface water or due 

to direct access, where people are contaminated, 

– or externally irradiated after unauthorized entry to a mine site, 

– by living in settlements directly adjacent to mines or in some cases, 

living in settlements on the contaminated footprints of abandoned 

mines. 
Reference:Sutton, MW 2007, An environmental risk assessment of gold mine residue deposits (MRDs) and reclaimed footprints in the 

East Rand, South Africa – with recommendations for safe land use options, MSc thesis, University of the Witwatersrand, Johannesburg.



Heavy Metal Contamination

•“The mean values for the Wonderfonteinspruit samples were found to

exceed not only natural background concentrations, but also levels of

regulatory concern for cobalt, zinc, arsenic, cadmium and uranium, with

uranium and cadmium exhibiting the highest risk coefficients.”

•“The most important lesson learnt from the studies in the

Wonderfonteinspruit is that no short-cuts exist which would allow certain

pathways to be ignored in a study of radioactive contamination within

these mining areas.”.

Airborne Pathway



West Rand

.



Source:  Harold Annegarn, School of Geo and Spatial 

Sciences, North West University, Potchefstroom. 

Monitoring and measurement of mine dust 

emissions,with a focus on windborne dust from gold 

tailings. GCRF Mine Dust & Health Network: “Mine 

Dust and Gold Tailings” Thursday, 7 October 2021 

Virtual Seminar as part of the NACA 2021 Annual 

Conference.



The National Dust Regulations

• The air quality regulations, including national dust regulations do not include any 

penalties for exceedances. Penalties only apply to a failure to prepare, submit and 

implement an air quality management plan. 

• Monitoring is not a substitute for health risk assessments

• Monitoring does not directly reduce hazard, exposure or risk

• Hazards inherent on gold mine tailings:

– Particulate matter:

– PM10

– PM2.5

– Total Suspended Particulates

– Dustfall

– Silica quartz (80% 90%)

– Iron pyrite (2 5 %)

– Elements with concentrations higher than average crustal soil:

– Gold, arsenic, lead, uranium, mercury

– Cyanide

– Radon (radioactivity)

Reference: Harold Annegarn, School of Geo and Spatial Sciences,

North West University, Potchefstroom. Monitoring and

measurement of mine dust emissions,with a focus on windborne

dust from gold tailings. GCRF Mine Dust & Health Network:

“Mine Dust and Gold Tailings” Thursday, 7 October 2021 Virtual

Seminar as part of the NACA 2021 Annual Conference.



• The two major airborne risks will be due to airborne radon and windblown dust.

• There is currently little publicly available data on either of these contamination 

pathways for the Witwatersrand Gold Mines. However, it could be expected that the 

most hazardous areas will be those in close proximity to mine residue deposits or 

other large concentrations of radioactive material. 

• In any pollution scenario, it is important to understand the risk posed by the 

pollution to the local human population.

• Direct access to mine sites may also expose the public to risk due to direct external 

gamma radiation, inhalation and ingestion of radionuclides and chemotoxic metals, 

as well as the physical dangers inherent to mining sites.

• To limit the risk due to external gamma radiation, the Chamber of Mines uses a 

guideline that each tailings deposit should have a 500 m buffer zone surrounding it, 

where no human settlement is allowed. In many cases, however, this guideline has 

not always been adhered to in the development of new settlements. 
Reference: Coetzee, H 2008, Radiometric Surveying in the Vicinity of Witwatersrand Gold Mines, in A Fourie, M Tibbett,

Weiersbye & P Dye (eds), Proceedings of the Third International Seminar on Mine Closure, Australian Centre for

Geomechanics, Perth, pp.617–630.



•“The assessments of effective doses of radioactivity to the public in the Wonderfonteinspruit

Catchment Area did not comprise the so-called ‘air-pathways’ by which significant radiation

exposure can occur in the surroundings of mining legacies, due to:

❑ Inhalation of Rn-222 daughter nuclides from radon emissions of desiccated water storage dams

(e.g. Tudor dam) and slimes dams.

❑ The inhalation of contaminated dust generated by wind erosion from these objects, and

❑ The contamination of agricultural crop (pasture, vegetables) by the deposition of radioactive

dust particles, which can cause considerable dose contributions via ingestion.

• “ …“during the sampling strong dust emissions from slimes dams during wind events were

observed.

• “Due to the small particle size of the slimes, particulate matter can be transported over

relatively long distances to agriculturally used land in this surroundings.

• “It has to be mentioned that the deposition of radioactively contaminated dust on leaves of

vegetable and forage plants can cause radiation exposures exceeding those from the

“inhalation of contaminated dust” substantially, being in the order of dose contribution of the

so-called ‘water pathways’”.

Reference: National Nuclear Regulator 2007, Radiological Impacts of the Mining Activities to the Public in the

Wonderfonteinspruit Catchment Area, report TR‐RRD‐07‐0006.



How dangerous is uranium to human health?

• Heaviest of so-called “heavy” metals

• 1000 times more abundant than gold

• Uranium is capable of spontaneously giving off energy and particles that can break chemical bonds and

damage living cells – this property is termed radio-toxicity

• Alpha emitters, once deposited inside the body can irreparably damage adjacent tissue and result in

mutagenic defects and other malign transformations

• The chemo-toxicity of U is of more concern than its radio-toxicity

• In the light of new findings: Apart from kidneys, U attacks the brain, acts as endocrine disruptive

compound by mimicking oestrogen (with possible consequences for the foetal development),

compromises the immune system and damages the DNA.

• Epidemiological data from the Wismut cohort further suggest that existing models on effects of internally

deposited alpha emitters underestimate the risk of contracting liver cancer by 20 to 70 times.
References:

• F Winde Uranium pollution of water – a global perspective on the situation in South Africa. 2013. Vaal Triangle Occasional Papers: Inaugural lecture 10/2013. Faculty

of Humanities at the Vaal Triangle Campus, North West University.

• Institute de Radioprotection et de surete nucleaire (2005). Envirhom: Bioaccumulation of radioncuclides in situations of chronic exposure of ecosystems and members

of the public. Progress report 2 covering the period June 2003 – September 2005. Report DRPH 2005-07 & DEI 2005-05. pp. 64

• Vahrenholz et al, 1997. DNA damage in blood lymphocytes of former uranium miners. European Journal of Cancer, 33, 8, 14 -14(1)

• Zaire et al, 1997. Unexpected rates of chromosomal instabilities and alterations of hormone levels in Namibian uranium miners. Radiation Research 147, 5, 579 - 584

• McDiarmid et al 2002. Health Effects of Depleted Uranium on Exposed Gulf War Veterans. Environm Research, 82,2, 168-180

• Raymond-wish et al 2007. Drinking water with uranium below the U.S.EPA water standard causes estrogen receptor-dependent responses in female mice. Environ

Health Persp. 115, 12, 1711-1716

• Henner 2008. Bioaccumulation of radionuclides and induced biological effects in situations of chronic exposure of ecosystems – an uranium case study

• Prof. Doug Brugge, Department of Public Health and Family Medicine, Tufts University School of Medicine,, Health effects of uranium: 

new research findings

• IPPNW.  Health effects of ionising radiation: Summary of expert meeting in Ulm, Germany, October 19th, 2013



Witwatersrand Goldfields
The health effects of uranium particles inhaled:

Small particles are carried by the inhaled air stream all the way into the alveoli. Here 

the particles can remain for periods from weeks up to years depending on their 

solubility. 

•Highly insoluble uranium compounds may remain in the alveoli, whereas soluble

uranium compounds may dissolve and pass across the alveolar membranes into the

bloodstream, where they may exert systemic toxic effects.

•In some cases, insoluble particles are absorbed into the body from the alveoli by

phagocytosis into the associated lymph nodes.

•“Insoluble” particles may reside in the lungs for years, causing chronic

radiotoxicity to be expressed in the alveoli.

Reference: Coetzee, H, Winde F & Wade, PW 2004, An Assessment of Sources, Pathways, Mechanisms and Risks of

Current and Potential Future Pollution of Eater and Dediments in Gold‐mining Areas of the Wonderfonteinspruit

Catchment, Water Research Commission Report No 1214/1/06, pp. 119-165



• Stormwater drainage systems, into which windblown dust from 

adjacent slimes dams is flushed by run-off from sealed surfaces are 

also likely to constitute a major source of potential water pollution.

• Based on (conservative) assumptions regarding the affected surface 

area and average deposition rates of dust from adjacent slimes dams, it 

was estimated that approx. 10 tons of (particle-bound) uranium per 

year are flushed by stormwater into receiving watercourses.

• Dust concentrations of up to 3 700 mg per m³ of air were reported 

from areas adjacent to slimes dams of the East Rand during a windy 

day.

Reference: Coetzee, H, Winde F & Wade, PW 2004, An Assessment of Sources, Pathways, Mechanisms and Risks of 

Current and Potential Future Pollution of Eater and Sediments in Gold‐mining Areas of the Wonderfonteinspruit 

Catchment, Water Research Commission Report No 1214/1/06.



Soil (Property)



•With the curtailing of gold mining on the Witwatersrand mining land is being

redeveloped.

•However, inappropriate developments, such as houses or farms, on Mine Residue

Deposit (MRD) footprints and other contaminated sites could result in liabilities for the

public and the closing mines.

• Avoiding built developments altogether and vegetating MRDs and footprints with

unsuitable plants species, such as those for pastures and playing fields, can also increase

risk through the creation of ‘attractive nuisances.” These encourage use by potentially

vulnerable receptors such as grazing livestock and children.

Reference:  Sutton, MW 2007, An environmental risk assessment of gold mine residue deposits (MRDs) and reclaimed 

footprints in the East Rand, South Africa – with recommendations for safe land use options, MSc thesis, University of the 

Witwatersrand, Johannesburg.



Mine Health and Safety Regulations

• Regulations 17(6) to 17(10) of the Mine Health and Safety Act Regulations, under the

heading “Safety Precautions” prescribe a distance of 100m measured horizontally.

• Due to previous complaints, DMRE put a rule to extend the prescribed 100m to 2000m.

• Not a blanket rule, a case based rule - inferior to the regulations.

• Encroachment of housing onto land close to TSFs, i.e. areas rendered marginal because of

the dust hazard and risk of structural failure, intensifies human exposure to windblown

mineral dust.

• Recent research indicates that the finer milling used for modern gold extraction results in

aeolian dust emanating from the TSFs which contributes to a higher proportion of

inhalable particles in the source material.

• Air quality dispersion modelling, validated by ambient aerosol monitoring campaigns,

indicates that episodic dust events generate particulate matter (PM10) and, specifically,

quartz dust concentrations that are unhealthy at distances of up to 2 km downwind

from TSFs.

• The combined households within the TSF buffer zones has increased from 43 381 in 1952 to

163 250 in 2004.

• Analysis of recent monitoring campaign data has confirmed multiple occurrences of

quartzrich inhalable dust in residential settings at levels that exceed occupational health

standards.
Reference: Melanie A. Kneen, Matthew E. Ojelede & Harold J. Annegarn “Housing and population sprawl near tailings storage facilities in the

Witwatersrand: 1952 to current.” 25 April 2015.



Tudor Shaft Informal Settlement

“It is estimated that 25 percent of the population in Johannesburg and Ekurhuleni live in informal settlements

and approximately one quarter of them 400,000 people, are in the mining belt. The settlements range from

100 to 40,000 people, with the largest communities in Ekurhuleni.”

Reference: Tang, D & Watkins, A 2011, ‘Ecologies of Gold: The Past and Future Mining Landscapes of Johannesburg’, Place 

Journal,https://placesjournal.org/article/ecologies‐of‐gold‐mining‐landscapes‐of‐johannesburg/?cn‐reloaded=1#0

, 



Source:  Natasha Griffiths



REPORT ON HUMAN HEALTH RISK ASSESSMENT OF

EXPOSURE TO PARTICULATE MATTER AND METALS IN SOIL AT

TUDOR SHAFT INFORMAL SETTLEMENT, MOGALE CITY

Produced by: CSIR

9 September 2015

PM2.5 & PM10

• The WHO has reviewed many studies since 2005 to update information on health effects on PM (WHO, 2013).

• Studies have once again confirmed that PM (not only PM10 but fine and ultra-fine PM as well), has short and long-term

(both immediate and delayed) detrimental health effects such as cardiovascular effects, but new associations with

diseases such as atherosclerosis (thickening of artery walls), birth defects and respiratory illness in children have also

been found (WHO, 2013).

• In addition, some studies have suggested a possible link between PM and diabetes and effects on the central nervous

system (WHO, 2013).

• The 0.4% to 1% increase in daily mortality from exposure to PM10 was also confirmed in several studies since 2005

(WHO, 2013).

• From the recent studies (2005 to 2011) it also became clear that health effects observed from chronic exposure to PM

may be as a result of exacerbation of existing symptoms but may also be from progression of underlying diseases

(WHO, 2013).

• Epidemiology studies on short-term exposure found associations between PM10 exposure and hospital admissions for

cardiovascular and respiratory conditions (even for symptoms in asthmatics) as well as an association with mortality

(WHO, 2013).

• Clinical studies on humans have shown detrimental health effects after exposure to concentrations as low as 90 μg/m3

for a period as short as two hours (WHO, 2013).



The health effects of metals

• The potential for detrimental health effects from exposure to the maximum concentrations

modelled for metals in the air (Airshed Report, 2015) was determined.

• The metals that showed a potential for detrimental health effects through inhalation, were

arsenic, cadmium, chromium (if considered to be chromium three, cobalt, lead, manganese,

nickel, uranium (soluble salt) and uranium (insoluble compounds) and vanadium.

• Aluminium: The main target organ for aluminium is the nervous system and the main health effects

from exposure to aluminium are neurological in both children and adults. These effects include an

impairment of the sensory, intellectual and motor (movement) functions.

• Arsenic: Inhalation of arsenic may cause respiratory irritation and even lung cancer. Ingestion of

arsenic may cause gastro-intestinal symptoms such as nausea, vomiting and diarrhoea, cardiovascular

effects and brain disorders. Chronic ingestion exposure may cause effects to the skin such as darkening

of the skin (hyperpigmentation), thickening of the skin (hyperkeratosis) skin corns (type of callus) and

warts (growth of the skin) and peripheral nervous disorders such as a feeling of “pins and needles” in the

hands.

• Cadmium: The target organs of cadmium are kidneys and bone from ingestion and kidneys and lungs

from inhalation. Cadmium may cause kidney damage (by damaging the enzymes responsible for

reabsorption of protein in the and bone demineralisation, lung damage and lung cancer (in people

occupationally exposed). Cadmium is therefore considered a human carcinogen through inhalation by the

IARC.



The health effects of metals

• Copper: High levels can cause harmful effects such as upper respiratory irritation (irritation

of the eyes, nose and throat) from inhalation and nausea and vomiting, diarrhea and stomach

cramps from ingestion. Very high concentration may cause damage to the liver which may

result in death.

• Cobalt: When too much cobalt is taken into your body harmful health effects may occur.

Respiratory effects such as asthma, pneumonia, and wheezing, were found in workers

exposed to 5 μg/m3.

• Lead: Lead has several adverse health effects including effects on the kidneys, on the blood,

it may increase blood pressure, cause colic in children, neurological effects

(neuropsychological in adults and affecting the intellect of children), may reduce the

metabolism of Vit D in children and may reduce fertility.

• Manganese: The inhalation of a large quantity of dust or fumes containing manganese may

cause inflammation in the lungs and reduce lung function. High levels of ingestion may affect

the nervous system. Manganese in the brain may cause manganism, a neurologic disease that

cannot be reversed, the symptoms of which includes tremors, a mask-like face and spasms of

the facial muscles, speech disturbance and a difficulty in walking.

• Nickel: When nickel is inhaled, it may cause inflammation of the lung and degeneration of

the epithelium in the nose. The soluble nickel compounds are the most toxic. Nickel

compounds are confirmed human carcinogens according to the IARC, causing lung cancer

and cancer of the nasal cavities.



The majority of MRAs are radioactive (See Figure 1-2, red polygons) because the Witwatersrand 

gold-bearing ores contain almost ten times the amount of uranium than gold. 

Radioactive (red),  MRAs in Gauteng, on sun-shaded SRTM topography. The concentration of 

radioactive MRAs in the Witwatersrand headwater areas of the Vaal catchment is evident, with 

some overlap into the Limpopo (Crocodile West) headwaters near Krugersdorp. 

Reference:  Department of Agriculture and Rural Development 2011, Feasibility Study on Reclamation of 

Mine Residue Areas for Development Purposes: Phase II Strategy and Implementation Plan, Technical report 

no. 788/06/01/2011, Gauteng.



Photo:  Francois van Vuuren



• There has been a historical migration of generally elevated radioactive levels to the urban areas

of Johannesburg central business district (CBD) indicating the use of dump and waste material

for building purposes as well as downstream plumes in wetlands areas.

Reference: Esterhuyse, S, van Tonder, DM, Coetzee, H & Mafanya, T, 2008, Draft Regional Mine Closure Strategy for the

East Rand Goldfield, Council of Geoscience, report no. 2008‐0176, Pretoria.



Waterborne pathway



Acid Mine Drainage (AMD)

• AMD – established phenomenon in Witwatersrand since 1903.

• The potential volume of AMD for the Witwatersrand Goldfield alone amounts to an estimated 350ML/day (1ML = 

1000m3). 

• This represents 10% of the potable water supplied daily by Rand Water to municipal authorities for urban distribution in 

Gauteng province and surrounding areas, at a cost of R3000/ML. 

• The gold mining industry in South Africa (principally the Witwatersrand Goldfield) is in decline, but the post-closure 

decant of AMD is an enormous threat, and this could become worse if remedial activities are delayed or not 

implemented.

Reference: R Scott.  WRC Report No 486/1/95; CSIR.  Briefing Note August 2009.  Acid Mine Drainage in South Africa.  

Dr. Pat Manders.  Director, Natural Resources and the Environment.



MINE WATER POLLUTION - ACID MINE DECANT, EFFLUENT AND

TREATMENT: A CONSIDERATION OF KEY EMERGING ISSUES THAT

MAY IMPACT THE STATE OF THE ENVIRONMENT

Prepared by Dr Susan Oelofse

CSIR, Natural Resources and the Environment

Paper prepared for:

Department of Environmental Affairs and Tourism (DEAT)

Directorate: Information Management

Health Risks of Acid Mine Drainage (AMD)

• AMD is characterized by low pH (high acidity), high salinity levels, elevated concentrations of sulphate,

iron, aluminium and manganese, raised levels of toxic heavy metals such as cadmium, cobalt, copper,

molybdenum and zinc, and possibly even radionuclides.

• A high confidence study of the fate and pathway of heavy metals and radionuclides associated with mine

decant and AMD should be undertaken. This study will reveal where the pollution is traveling and if

there is human risk involved, and therefore where management intervention is required.

• In addition a high confidence epidemiological study of off-mine populations impacted by mining

activities is required. To date there are no reliable data on human-related impacts associated with mining

activities.

• AMD is not only associated with surface and groundwater pollution, but is also responsible for the

degradation of soil quality, aquatic habitats and for allowing heavy metals to seep into the environment

• Long-term exposure to AMD polluted drinking water may lead to increased rates of cancer, decreased

cognitive function and appearance of skin lesions. Heavy metals in drinking water could compromise the

neural development of the fetus which can result in mental retardation.



“A holistic view on the impact of gold and uranium mining on 

the Wonderfonteinspruit”

David Hamman 2012

•The comparison between cattle tissue samples from the experimental

and control group revealed that nickel, zinc, selenium, lead and uranium

concentrations all reveal a practically significant difference.

•The uranium concentration in the cattle samples from the experimental

group was 126.75 times higher in the liver, 4350 times higher in the

kidney, 47.75 times higher in the spleen, 31.6 times higher in the muscle

tissue, 60 times higher in the bone and 129 times higher in the hair than

that of the cattle samples from the control group.



Uranium

Nickel

Arsenic

Copper

Wetlands

Contamination of wetlands by Witwatersrand gold mines – processes and the economic potential 

of gold in wetlands.  Council for Geoscience Report No. 2005-0106

Quotients in this range will 

represent an environmental risk



Wetlands

“The heron that laid the golden egg: metals and metalloids in ibis, darter, cormorant, heron, and 

egret eggs from the Vaal River catchment, South Africa” (V. van der Schyff & R. Pieters & H. 

Bouwman)

• Elements of concern are Al, Cr, Cu, Bi, Sr, Sb, Au, Hg, Pb, and U.

• The rivers draining Gauteng and the gold mining areas remain an area of concern.

• Found high concentrations of gold (Au), uranium (U), thallium (Tl), and platinum (Pt) and

mercury (Hg) in eggs.

• Based on these high concentrations, human health might be at risk as humans share similar

food and are therefore exposed to the same contaminants.

Ref. ORASECOM Report: ORASECOM/004/2015. 



Source:  Sunday Times



Witwatersrand Goldfields

• In terms of Section 5 of the NNRA, 47 0f 1999: ‘The objects of the Regulator are to—provide for

the protection of persons, property and the environment against nuclear damage through the

establishment of safety standards and regulatory practices”.

• Question 4. In terms of the NNR’s Report, dated 2007, titled “Radiological Impacts of the

MiningActivities to the Public in the Wonderfonteinsruit Catchment Area”, Report TR-RRD-07-

0006, what actions have been taken by the NNR to address these risks to the public?

• Question 9.1. In terms of the WRC Report No 1214/1/06, dated 2006 titled “An assessment of

sources, pathways, mechanisms and risks of current and potential future pollution of water and

sediments in gold mining areas of the Wonderfonteinspruit Catchment”, what actions have been

taken by the NNR to address these risks to the public?

• NNR Response: “The NNR has developed two working draft documents…. The draft documents

are titled: “A Collaborative Framework for Remediation” and a “Proposed Funding Mechanism”

respectively. The documents have not been finalised due to delays in the stakeholder consultation

process brought about by the COVID-19 pandemic” and “Plans without funds are not

implementable”.

Reference: NNR’s Response, dated 28 September 2021 pursuant to the FSE’s request for information in terms of the

provisions of the PAIA.



Health Impacts

• Tailings particles from all the TSFs have the ability to enter the deeper regions of the lungs

once inhaled according to the Multiple Path Particle Dosimetry (MPPD) Model.

• The health effects of heavy metals and the hazards of gold tailings dust fallout are well

documented in academic studies of health risk assessments e.g.

Reference: Andraos, Mary Gulumian,

Toxicology and Biochemistry Section,

NIOH. Hazard Identification and

Exposure Assessment of Dust Emissions

from South African Gold Mine Tailings

Sites



A health risk assessment is difficult for the following reasons:

1. It is difficult to trace sources of toxins (generally)

2. Spatial and temporal patterns?

3. Pathways of exposure?

4. Biological sampling blood, urine, hair, nails, teeth, bone (cultural / technical issues)

5. Individual exposure assessments required (rather than modelling)

6. Buy in from community members

7. Collaborative research communities, government, research organisations (familiarity with community)

Determination of long term health effects is difficult for the following reasons:

1. Cancer epidemiology studies case control or cohort study design?

2. Challenges underestimation of cases under diagnosis:

a) late stage presentation

b) poor prognosis

c) identification of controls

d) community mobility (loss to follow up)

3. Effect modifiers, e.g. HIV, smoking 7. Incomplete disease registers

4. Confounders age, sex, etc. 8. Quality control and oversight

5. Information bias (subjective measures) 9. Cost

6. Incomplete population registers

Reference:  Prof Gill Nelson, Occupational Health 

Division, School of Public Health, University of the 

Witwatersrand – “Assessing health risks associated with 

environmental emissions: challenges and approaches – A 

research perspective” . GCRF Mine Dust & Health 

Network: “Mine Dust and Gold Tailings” Thursday, 7 

October 2021 Virtual Seminar as part of the NACA 2021 

Annual Conference.



To be considered too are:

• All exposures in an individual’s lifetime (incl. in utero) and how they relate to health

• Environmental and occupational exposures

• Occupational histories

• Residential histories

• Interaction of genetic and environmental factors may initiate pathogenesis

• On the molecular level the:

– genomics , 

– epigenomics , 

– proteomics, 

– cytomics ,

– metabolomics, 

– interactomics , 

– bioinformatics, 

– multi omics

Reference:  Prof Gill Nelson, Occupational Health Division, School of Public Health, University of the Witwatersrand –

“Assessing health risks associated with environmental emissions: challenges and approaches – A research perspective” . 

GCRF Mine Dust & Health Network: “Mine Dust and Gold Tailings” Thursday, 7 October 2021 Virtual Seminar as part of 

the NACA 2021 Annual Conference.





Case Studies



Reclamation of Tailings Storage Facilities and Integration of Waste into 

Regional Tailings Storage Facilities (RTSF)

Benefits:

• Enhancement of the currently impacted sensitive dolomitic aquifers and water resources

through:

– The removal and remediation of the underlying footprint of the historical TSFs, currently

located on the sensitive dolomitic aquifers.

– The deposition of reprocessed tailings onto a single RTSF, constructed on low permeable

bedrock, away from sensitive dolomitic areas.

– Reduction of health risks to surrounding communities by addressing persistent dust

fallout through the removal of the historical TSFs.

– The use of currently impacted mine water for remining and recycling.

– Sustainable closure solution that will not be become a future tax payer’s liability.

– Development of a unique data free information dissemination and engagement on line

platform.





According to DRDGOLD’s Fact Sheet

• DRDGOLD’s business model is premised on the removal of old, defunct mine dumps.

• Groundwater seepage could reduce by as much as 3.7 million m3 per year -a significant

reduction in groundwater contamination.

• Sulphate salt loading of underground aquifers could reduce by up to 7 400 tonnes per year.

• Containing water and not allowing it to flow into the natural environment by means of return

water dams, series of surface drains and scavenger bore-holes.

• Cladding TSFs with a layer of top-soil and rock, and then establishing natural indigenous

vegetation - minimises run-off and prevents dust, assists with metal leaching.

• Footprint - application for clearance is submitted to the National Nuclear Regulator (NNR).

• The site is sculpted, profiled and grid paddocks established to promote the settling in of

natural vegetation and to manage surface water and dust.



Strict access control, warning signs and fences; implements best practice for wetland

pipeline crossings; pipelines protected from external corrosion by a suitable coating -

mechanically and structurally sound pipeline system; concurrent revegetation of side

slopes; awareness creation of impacts and social programmes for host communities.

Gold Fields’ South Deep Mine: Doornpoort 

TSF



Lined Return Water Dam



Mintails

• Australian listed company

• Three mining rights (132MR, 133MR, 206MR)

• In liquidation

• Unfunded environmental liability of R460 367 811.07

• “The DMR allowed Mintails to operate between 2012 and 2018,

despite the fact that the Department had never approved the

environmental management plans of the mine and had never issued

the company with a mining right under the law”.

(Ref. Parliament: Announcements, Tablings and Committee Reports. 22 November

2018)



Source: Mark Olalde



Courtesy: WGFilm



Open Pits

Emerald/Monarch Cluster



West Wits Pit



Following Mintails’ liquidation:  

Illegal removal of 14 km pipeline and dismantling of R3b gold treatment plants





Parliamentary Portfolio Committee on Mineral Resources

Findings

• It is clear that some mining companies are still operating without adequate financial provision for

repairing damage caused to the environment by mining activities, if they suddenly close.

• Neither Shiva Uranium (Pty) Ltd and Mintails Mining SA (Pty) Ltd has saved all the money they were

supposed to set aside under the law to pay for environmental rehabilitation. The shortfalls are R36.6-

million for Shiva and R460-million for Mintails.

• The state will inherit these liabilities if the mines are finally liquidated.

• The DMR has failed to implement effectively and carry out the intentions of Parliament to ensure that all

mines rehabilitate the damage they cause.

• Changes to the mining law were made by Parliament after 2002 to ensure that in mining, as elsewhere,

the polluter must pay.

Ref. 22 November 2018: ANNOUNCEMENTS, TABLINGS AND COMMITTEE REPORTS NO

174─2018. No 174—2018, FIFTH SESSION, PARLIAMENT. Pages 39 – 52.



Parliamentary Portfolio Committee on Mineral Resources

Findings (Continue)

• The new laws have not proven effective in avoiding this situation where the state and the taxpayer still

ends up paying for the environmental harm caused by mining.

• There is a lack of clarity on the rules for the Department of Mineral Resources when it comes to Business

Rescue Practitioners. It seems there is non-application of the law resulting in a free for all.

• The DMR allowed Mintails to operate between 2012 and 2018, despite the fact that the Department had

never approved the environmental management plans of the mine and had never issued the company with

a mining right under the law.

• There is a huge regulatory gap regarding the financial provision of environmental rehabilitation of a mine

during the process of business rescue.

• There is a lack of standardization by the DMR on how to relax environmental obligations of a mine

during the business rescue stage.

Ref. 22 November 2018: ANNOUNCEMENTS, TABLINGS AND COMMITTEE REPORTS NO

174─2018. No 174—2018, FIFTH SESSION, PARLIAMENT. Pages 39 – 52.



Parliamentary Portfolio Committee on Mineral Resources

Recommendations

• The DMR must identify clearly and specifically the gaps between mining, insolvency and company law  

that have led to this ongoing situation, where the polluter does not pay, it is the state that ends up paying.

• DMR should get specific legal opinion on these complex issues.

• The DMR must report to the Committee in Parliament on what it will do [or needs to do] differently in 

future to ensure that this situation does not continue.

• DMR must report on what efforts they have made to hold directors and shareholders of Shiva and 

Mintails liable for the environmental debts of these failed ventures.

• The DMR must actively ensure that the licensing of mines goes with responsibility and accountability.

• The DMR should further explore the regulatory gaps resulting from the business rescue process and 

come up with regulations that will ensure full environmental compliance during the period when a mine s 

experiencing financial distress. 

• The DMR should design and implement standardized approaches when dealing with the relaxation of 

environmental financial provisions for mines that are undergoing business rescue process.

Ref. 22 November 2018: ANNOUNCEMENTS, TABLINGS AND COMMITTEE REPORTS NO 174─2018. No 174—2018, FIFTH SESSION,

PARLIAMENT. Pages 39 – 52.


