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DAY 1: RARE ELEMENTS FOR NEW TECHNOLOGIES 
 
Opening and welcome (Ms Jansie Niehaus, Executive Director, National Science and 
Technology Forum) 
 
The National Science and Technology Forum (NSTF) is a stakeholder body for organisations working 
in science, engineering and technology. It strives to represent the science community to government. 
The discussion forums organised by the NSTF provide a collaborative platform for the discussion of 
science and technology, covering topics of cross-cutting interest. Four or five forums are held each 
year.  
 
The focus in the National Development Plan 2030 (NDP) on the challenges outlined in the diagnostic 
report of the National Planning Commission provides the context for this discussion. The challenges 
include the fact that too few people work, that the quality of school education for black people is poor 
and that infrastructure is often badly located and poorly maintained. Furthermore, the spatial effects of 
apartheid will have to be reversed, and the economy will need to move away from being resource 
intensive and focus more on beneficiation. The public health system will need to be upgraded in order 
to meet demand and sustain quality. Corruption levels will have to be managed. A summary of the NDP 
is available on the NSTF website. Each chapter has been unpacked and the collated summaries are 
easily accessible.  
 
The NDP addresses opportunities in Africa. It highlights that even though minerals underpin the 
economic strength of many African countries, these resources have not been used to reduce poverty. 
The need for connectivity will provide many opportunities to harness technology. Renewable energy 
sources are becoming increasingly important, and sub-Saharan Africa is well positioned to develop 
solar power and hydroenergy and to produce bio-fuels. The challenges of the technological revolution 
have to be managed to avoid worsening inequality through early and extensive access to technology 
by the rich. 
 
The NSTF discussion forums are not academic conferences but are aimed at getting closer to what is 
relevant to society. The NSTF strives to involve government officials in the discussion forums to ensure 
that policy issues are taken forward. The involvement of scientists and decision-makers is also critical. 
Public engagement is fostered through the use of social media, the website, newsletters and 
advertisements, and issues are followed up with the appropriate authorities.  
 
The topics for the discussion forums are selected in order to address topical issues in society and align 
with national and international themes, inputs from science councils and proSET (NSTF committee of 
Professionals in Science, Engineering and Technology), and suggestions from members at NSTF 
annual general meetings. The present discussion forum is linked to the United Nations (UN) 
proclamation of 2019 as the Year of the Periodic Table, which focuses on awareness of the role of 
chemistry in providing solutions to global challenges in energy, agriculture, health and other critical 
sectors. 
 
Challenges in mining for the fourth industrial revolution (Mr Sietse van der Woude, Senior 
Executive: Modernisation and Safety, Minerals Council South Africa) 
 
The first robot (named Sofia) to have received citizenship of a country has already been developed, 
which indicates that we are already living in the fourth industrial revolution (4IR). The Department of 
Science and Technology (DST) White Paper on Science, Technology and Innovation, launched in 
November 2018, describes this revolution as blurring the lines between the physical, digital and 
biological spheres, which challenges us to think about who we are as human beings.  
 
The periodic table is 150 years old, but the elements remain pertinent to the 4IR. Even as we look 
towards a low-carbon future, carbon will continue to be an essential element and mining will remain 
important. Of all the metals and elements contained in smartphones, 30 are mined. Twenty-five 
elements have been identified as necessary for the green technologies of the future, including about 17 
rare earths, and many of these are mined.  
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The World Bank has reported that specific elements that will be essential for the 4IR include platinum, 
manganese, bauxite and chromium, which mostly come from southern Africa and Guinea. A report 
published in the Kenyan EastAfrican weekly newspaper listed the essential minerals needed for the 
production of cell phones as copper, gold, silver, tantalum, arsenic and tungsten, all of which are 
available in Africa. South Africa could play an important part in the 4IR through its abundant mineral 
resources, and is ranked in the top ten countries in the world in terms of reserves of these essential 
minerals. 
 
South Africa has extensive reserves of the platinum group metals, which are sought after for their 
resistance to wear and tear and chemical attack, their excellent high-temperature characteristics and 
stable electrical properties. Rare earths offer exciting potential, and Steenkampskraal mine in the 
Western Cape claims to have the highest grade rare earths mine in the world. Products using the rare 
earths from mining include batteries, fuel cells, hybrid and electric cars, air conditioners, catalysts and 
glass. Vedanta Zinc’s recently opened Gamsberg mine in the Northern Cape is expected to become 
one of the world’s top five zinc mines. Future uses of zinc include its importance in fertilisers, particularly 
in countries such as China and India where 60% of the soil is depleted of zinc. 
 
There is a need for the mining cluster in conjunction with the manufacturing sector to find and mine new 
deposits of exotics such as rare earths in a globally competitive manner whilst exploiting the opportunity 
to find new markets for traditionally mined minerals. This could provide new jobs, new businesses and 
new markets.  
 
Change will continue to provide challenges in many domains. In the area of human and social change, 
growing inequality and individualism will drive increasingly fraught social relations. Business and 
organisational change will include the increasing drive for more-inclusive performance outcomes. The 
operating context with regard to politics, economics and the environment will become increasingly 
volatile and unpredictable. Artificial intelligent technology will become invisible and augment human 
action. The inputs of many different disciplines will be required to develop solutions. 
 
There has been much work on the future of mining. The anticipated advancements include the use of 
autonomous equipment, integrated remote options, drones and a mobile connected workforce. The 
current direction is towards a digital mine nerve centre from which all activities are controlled in safe 
and healthy conditions, including remote integrated operations. 
 
The new frontiers of mining include the circular economy of recovery, recycling and re-use. The current 
challenge is to recover elements from the ground, but the challenge of the future will be to recover 7 mg 
of gold from a throwaway mobile phone. The global consumption of rare earths is expected to increase 
by 5% per annum. Deep impact subsea mining is becoming increasingly possible, and the first deep-
sea mining lease was granted in Canada in 2011. Extraterrestrial riches could be the way of the future, 
and supplies from asteroids could meet the Earth’s needs for the next 400 million years. 
 
Many organisations are working together to find solutions to current mining challenges. Research, 
development and innovation (RDI) form part of the Minerals Council SA’s Strategic Plan. The DST’s 
2018 White Paper on Science, Technology and Innovation emphasises the importance of mining and 
modernising existing industries such as agriculture and mining. The Mining Charter (2018) and the 
recently signed Leadership Compact on Competitiveness and Growth (February 2019) include 
commitment to R&D. The Council for Scientific and Industrial Research (CSIR), the University of 
Pretoria and the University of the Witwatersrand are recreating their roles in mining modernisation. 

 
Minerals Council SA’s modernisation policy is people-centred and is intended to provide an opportunity 
to align the objectives of mining with the NDP. The mining industry wants to achieve a zero harm for 
people and the environment and believes that job retention will advance development and the 
modernisation agenda aligned with national objectives.  
 
Without R&D, it will not be possible able to take the industry forward or play the correct role in the 4IR. 
It is also essential for the manufacturing sector to be involved and for government to provide legislative 
certainty for mining in the long term. The streams of activity of the Minerals Council include leadership, 
acceleration of the mining cluster, and modernisation of processes and tools. The council is proud to 
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participate in the Mandela Mining Precinct public–private partnership. The South African Mining 
Extraction Research, Development and Innovation (SAMERDI) initiative is conducting research on 
increasing the life of current mining, accessing ore bodies, cross-cutting initiatives and benefits. South 
Africa has the deepest mines in the world and would like to mine even deeper if health and safety issues 
could be addressed. 
 
It is not possible to be part of the 4IR without mining, which is intrinsically linked to all everyday activities. 
It is important to endorse the need for mining modernisation.  
 
Discussion 
 
Questions/Comments: 
The challenge of radioactive products is to avoid risk to humans and to educate people that radiation is 
not dangerous but can be safely used to provide solutions.  
 
How long can South Africa continue to rely on mining? 
 
Since mining inevitably has negative environmental impacts, the focus might need to shift to urban 
mining and retrieval, re-use and recycling. There are severe consequences and costs associated with 
the mining of rare earths. China, a leading country in the distribution of rare earths, is reducing its 
exports because of environmental issues. 
 
Response: 
Convincing the public of the safety of nuclear energy is certainly challenging. In modernising mining, 
the issue is to remove people from high-risk areas in relation not only to radiation but also dust and 
noise. 
 
Many factors determine how long South Africa will be able to rely on mining, but it will definitely be for 
many decades to come. Whether the country will be able to extract minerals in a competitive manner is 
a different issue.  
 
We cannot rely on a situation that depends either on mining or on recycling. There is clear recognition 
that recycling is important for the future, and that current mining needs to look at safety and 
environmentally friendly ways of working. If we decided today to focus only on recycling, we would not 
be able to meet demand and would face similar challenges to those that coal mining is facing in the 
transition to the low-carbon economy. We need to look at a transition that is just, whatever approach is 
taken to mining in the future.  
 
Comment: 
Zinc was mentioned as an element essential for plant growth, but nitrogen, phosphorous and potassium 
are equally important. 
 
Mining benefits to the economy versus harm to communities and the environment (Mr 
Sahlulele Luzipo, Chairperson: Portfolio Committee on Mineral Resources) 
 
The Portfolio Committee on Mineral Resources is a law enforcement agency for the industry and can 
thus only report on the extent of efforts to control mining. Mining is a complex industry, and the 
beneficiation and nationalisation lobby is strong.  
 
There are conflicting views on the future of mining, ranging from a ban on all mining to the need for 
regulation, as well as a call for less regulation in order not to scare investors away. Even those that are 
most affected cannot survive without the employer, and sometimes the future of the county is linked to 
unjust practice that we are fighting against.  
 
The global demand for rare earths provides opportunities in mining that have been described as a 
‘sunrise factor’ for South Africa. The mineral resources of the country must be developed for the benefit 
of all South Africans. To that end, it is essential to maximise and build upon the technical competencies 
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and experience of South Africa’s geologists, technologists and scientists, who have been responsible 
for innovation in the mining industry. 
 
Mining is a cornerstone of the economy and provides opportunities for jobs, service provision and 
manufacturing even in remote rural areas. Mineral beneficiation is a challenge with the potential to 
divide the nation. Beneficiation must be a national effort rather than being concentrated only in the 
provinces where mining takes place. There are high risks of regional differences creating difficulties.  
 
The mining industry is the flywheel of the economy that will keep on turning without being pushed. The 
financial contribution of mining to the economy is acknowledged, but it is also essential to consider the 
harm that it causes to communities and the environment. There is no clear strategy on the early closure 
of mines, which could have negative consequences. 
 
The only South African mineral commodity that is globally controlled is diamonds. Other commodities 
can be freely exported or imported, which increases the risk of illegal mining. Illegal miners are mining 
the pillars that were left to support the mine, which exacerbates the risk of major collapses. The 
Department of Mineral Resources was asked to do a risk assessment, including the cost of effective 
mine closure. This difficult area is further complicated by the fact that mine ownership might have 
changed hands, sometimes up to 13 times in the recent past, and some mines have been liquidated.  
 
The Portfolio Committee on Mineral Resources has a duty to conduct oversight, but this is limited by 
the working of Parliament. The Portfolio Committee has four support staff serving 11 committee 
members. The committee meets once a week for approximately three hours, making a total of 12 hours 
a month. It is essential to build the capacity of the legislature. Investment in social benefits results in a 
lack of investment in areas that could generate income. Spending on education should be prioritised to 
provide the specialist skills needed in key areas.  
 
Limited resources should be effectively managed in order to pursue the required outcomes, but 
collaboration is lacking in the acquisition of expensive R&D equipment and the establishment of centres 
of expertise to serve the industry. 
 
During the current parliamentary session, two independent reports on social and environmental 
conditions in mining were tabled and they present a bleak outlook. The Portfolio Committee visited 
former mining sites where the environment has been severely damaged by irresponsible mining. Mining 
is an extractive process. Unlike agricultural where there is ongoing yield from crops, mining sites cannot 
be restored to their original state and have to be adapted to what will grow in the altered environment. 
South Africa has some examples of successful remediation in the country, but not enough. The 
commitment to do what is right without the need for constant monitoring is essential.  
 
The system of mining licences and permits is another limitation. In South Africa these are issued on a 
first-come first-served basis, whereas in many other African countries awards are made based on 
perceived benefits as motivated by applicants.  
 
Social and labour plans focus on what needs to be done for the community. Mine health and safety are 
challenging as mining is a high risk environment. There is a need for increased awareness of potential 
accidents and planning to address them if they happen. There is also a need to ensure that the skills 
required for monitoring and evaluation are available in the right areas. Legacy problems have led to 
illegal mining, which not only affects communities but leads to accidents. There is also a criminal 
element that threatens mine security personnel and their families. 
 
More needs to be done to protect communities and the environment, but there are numerous challenges 
and many vested interests. There are energy challenges, as well as economic challenges related to 
commodity prices, but communities expect to benefit more from mining. Not only should communities 
benefit from mining activities, but they should also give consent for activities and it is essential for 
consent to be obtained in a cooperative way. There is a mandate to grow the economy, but also to 
protect the environment. There is a need to attract investment, but at the same time it is essential to 
provide a stable environment. 
 



 

NSTF Discussion Forum 18–19 March 2019 

5 

 

It is essential for government departments to work together. Mining legislation must be consistent with 
laws regarding the role of the community. 
 
Discussion 
 
Questions: 
What measures are in place to prevent illegal mining? What has government done to address the 
responsibility of mine owners for remediation? 
 
Is government ready to prevent mining-related threats to communities, and is legislation in place to 
protect communities? 
 
Are there opportunities to incentivise beneficiation, or is this only possible if certain minerals are 
declared strategic resources? 
 
Does government assist people who die while engaged in illegal mining? 
 
Is there insurance in place when a mining licence is granted to protect against the risk of bankruptcy 
and the consequent lack of remediation.  
 
Would government consider nationalising key strategic minerals in order to control them? 
 
Response: 
The state is the custodian of mineral wealth on behalf of the people of South Africa but does not own 
the minerals. It would be necessary to define nationalisation and then decide who would benefit. There 
are political responsibilities associated with nationalisation, and capacity is required to manage the 
process. 
 
The issue of illegal mining is complex and previous solutions have proved problematic. Illegal miners 
are well informed and know how to access closed mines. Even when shafts are sealed, the illegal 
miners make new entrances. The problems with illegal miners extend beyond the mandate of the 
Department of Mineral Resources. Illegal mining is big business and a complex problem. Illegal miners 
are heavily armed and there is a huge community estimated at 10,000 working underground. It is 
impossible for the Department of Mineral Resources to help illegal miners’ families. They are often 
foreign nationals. The deaths of illegal miners are a matter for the police to deal with, and the corpses 
can often not be identified. 
 
It is not always necessary to amend legislation in order to achieve compliance. What is needed is a 
commitment to do the right thing. It has been suggested that strategic minerals should be identified and 
permission obtained to exploit them.  
 
Concurrent rehabilitation has been included in new mining licences in terms of new legislation. This 
means that rehabilitation takes place as the mining is done. A rehabilitation fund is established when 
the application for a licence or permit is submitted. The Department of Mineral Resources needs to find 
a mechanism to cope with the early closure of mines. The challenges of the mining industry cannot be 
avoided. 
 
Rare metals in new technologies (Dr Annelize Botes, Principal Researcher: Materials Science 
and Manufacturing, CSIR) 
 
Rare metals are defined according to the relative abundance of their chemical elements in the Earth’s 
upper continental crust, or in relation to the difficulty of manufacture as with titanium. Of the 89 existing 
elements in the natural world, over half of them are classified as rare metals. These include gold and 
silver, which are classed as precious metals. 
 
South Africa does not have a titanium industry. The Titanium Centre of Competence at the CSIR is a 
consortium working in many areas of beneficiation. This initiative is sponsored by the Department of 
Science and Technology with a view to developing techno-entrepreneurship, accessing the R4.5 billion 
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powder industry and establishing a sustainable and competitive titanium industry. The establishment of 
manufacturing capability and increased artisanal skills would contribute economic growth and job 
creation. Titanium products would contribute to improving quality of life, and continued innovation would 
build confidence in South Africa and enhance socioeconomic benefits.  
 
In the titanium value chain, South Africa has been fairly successful in the development of downstream 
technologies but less successful with the primary technologies. However, titanium powder samples 
have now been produced which can be applied in many important areas such as the automotive 
industry, the aerospace sector, and the medical and chemical domains.  
 
Lithium and titanium are rare metals, described as elements whose total annual production could fit into 
just a few railway cars. The products that we use today are more tied to the ground than ever, and 
emerging green products rely heavily on the ground. As the need for green technologies rises, so the 
need for rare metals will also increase.  
 
The current rarest metals include rhodium, palladium tellurium, rhenium, osmium, iridium, platinum and 
gold. The price performance of several of these metals has been good, although prices are not a 
measure of the long-term physical or economic availability of a metal.  
 
Rare metals are complex modern materials. Unlike normal materials that are generally classified 
according to their chemical bonding, advanced materials are often classified according to their function 
or scientific classification. These classifications include multi-functional materials, multi-structural 
materials, metamaterials and artificially structured functional materials. Nano-enabled materials, bio 
and bio-based materials, materials with target surface properties, metals (including amorphous metals), 
ceramics (including cement, glass and reinforced composites), polymers and soft materials are also 
classified as advanced materials. The complexity is further complicated by the fact that the various 
materials may interact with one another. 
 
Key markets for advanced materials by 2030 include energy, the environment, healthcare, ICT and 
transport. Advanced materials are expected to contribute US$557 billion per annum to the global 
materials sector by 2022 at a growth rate of 13%, compared to 3% for conventional materials. 
 
In 2017 raw materials contributed approximately R48.1 billion to South Africa’s GDP, while value-added 
materials contributed approximately R143.0 billion. The industry employs more than 500,000 people 
and significantly beneficiates local resources. South Africa has the second-largest palladium reserves 
in the world; 7% of world gold production; 75% of platinum production; 90% of platinum group metal 
reserves; and 82% of the world supply of rhodium. 
 
Rare metals are mainly the by-product of more common minerals. If they were mined separately, the 
price would be prohibitively high. The demand for rare metals could therefore remain static as it is 
dependent on the demand for base metals. The production of rare metals is complex, with each step of 
the process being a separate discipline.  
 
The current technologies that use rare metals include grid storage batteries, fuel cells, nuclear power, 
vehicle lightweighting, gas turbines, catalytic converters, photovoltaic cells and thermoelectrics. Rare 
metals are used in products such as alarm clocks, television sets and desktop personal computers. 
Some electric toothbrushes contain 35 different metals, and iPhones and other cell phones contain half 
the elements found on Earth. The variety of metals used in everyday appliances tends to be 
underestimated. The expensive rare metals that South Africa produces include platinum, palladium and 
rhodium. The uses of these rare metals include catalytic converters, computer parts, automotive parts, 
jewellery, glass-making, turbine engines, oil refining and medical applications.  
 
There are currently four main trends in emerging technologies: 

• Autonomous things which include robots, drones and autonomous vehicles, all of which use 
artificial intelligence technology 

• Empowered edge which uses endpoint devices such as smartphones as well as devices 
embedded around us.  
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• Smart spaces which are defined as an ‘environment in which humans and technology-enabled 
systems interact in increasingly open, connected, coordinated and intelligent ecosystems’. 

• Quantum computing which is a type of non-classical computing that operates in the quantum state 
of subatomic particles (for example, electrons and ions), representing information as elements 
denoted as quantum bits (qubits). 

 
New manufacturing technologies include additive manufacturing, which could help reduce energy costs, 
limit waste and boost production; collaborative robots, which the Robotics Industries Association 
defines as robots specifically designed to work side-by-side with humans; and smart manufacturing, 
which uses computer numerical control machines to improve productivity and efficiency. The challenges 
associated with the new technologies include cybersecurity, breaches of which can cause extensive 
damage especially to small emerging manufacturers. The change from repetitive work to increased 
demand for more complex skills that require problem-solving presents challenge for workforce 
development.  
 
A study commissioned by the German Mineral Resources Agency at the Federal Institute for 
Geosciences and Natural Resources in Berlin was aimed at establishing a sound and up-to-date 
knowledge base of possible demand developments in mineral raw materials in order to better estimate 
possible long-term price and supply crises. The study placed particular focus on key and emerging 
resource-intensive or resource-sensitive technologies that could trigger strong demand impulses and 
have a significant influence on commodity markets. The study identified 16 metals, and a demand and 
production exercise was undertaken linked to emerging technologies. Global production of the selected 
metals and the compounded annual growth rate and growth factors from 1993 to 2013 were assessed. 
Through technology analyses, resource-demand predictions, market status and recycling potential, the 
expectations with respect to these essential metals have been identified for the next few years. The 
report discussed expansion and improved efficiency of ore mining and metal extraction, substitution of 
materials and technologies, resource efficiency in production and use, and efficient recycling 
technologies, and highlighted that the existing and future supply options for the raw materials should 
be taken into account in planning related to the new technologies. 
 
South Africa has many national initiatives and has developed roadmaps in areas such as solar energy, 
advanced manufacturing, titanium metal, water resources, bio-energy and aluminium, but it is not 
always clear whether there is much communication between the initiatives. 
 
The challenges facing South African industry include import-driven products in the assembled goods 
and equipment sector, global sourcing by original equipment manufacturers, and the lack of large 
product or equipment programmes to drive the development of advanced materials and metals. The 
length of the supply chain and the cost of doing business, the conservative nature of local industry, and 
infrastructure inefficiencies contribute to the challenges facing industry. A skilled workforce is essential 
to a productive industry sector, and labour matters need to be addressed. Other significant factors are 
economic competitiveness and increased regulation of materials and metals for environmental 
compatibility. Industry relies on imports to move up the value chain and is limited by the lack of adequate 
skills and design capability, and the implementation of the Industry 4.0 paradigm. 
 
South Africa has the largest value-added metals market in Africa and the largest manufacturing and 
materials industry on the continent, and is fortunate to have significant natural resources. These factors 
contribute to the country’s strength in rare metals. Weaknesses in this domain include the protection of 
local value-added materials providers and the lack of large programmes to drive materials research, 
development, innovation and collaboration across the National System of Innovation, the conservative 
local industry leading to low local demand, and the qualification and testing capabilities available in the 
country. 
 
Perceived opportunities in the field of rare metals include addressing water scarcity (based on the drive 
for technology solutions), environmental and waste concerns, the increasing cost of energy, an 
attractive export base, existing but limited expertise and capabilities, and the regional market. The 
threats include global competition; the long export supply chain; significant international research, 
development and innovation funding in the advanced materials sector; the uptake of new manufacturing 
technologies and paradigms through 4IR; and international environmental controls. 



 

NSTF Discussion Forum 18–19 March 2019 

8 

 

 
Discussion 
 
Comments: 
Environmental impacts could be mitigated through the recovery of materials used for commercial 
purposes. New technologies create the possibility of beneficiation and the ability to market products 
and create jobs. Skills are important, but it is important to define which skills are required.  
 
Engineers and scientists should share knowledge to create understanding of what is required to move 
from laboratory-scale procedures to the engineering domain. Mintek’s mandate is to provide South 
Africa with skilled people, but the development of engineers cannot be accelerated beyond the time it 
takes for a professional engineer to mature. They need exposure in order to build experience and 
competence. The retention of people in the science system needs to be managed.  
 
University graduates are not necessarily well informed about the business and economic opportunities 
in their discipline, or in applying laboratory outcomes in industry.  
 
Jobs are not always available to graduates in their field of study despite years of study. South Africa 
needs to consider how to create work in fields in which the country has graduates. 
 
Beneficiation of precious and rare earth metals (Dr Leon Kruger, Manager: Hydrometallurgy 
Division, Mintek) 
 
South Africa has enormous mineral wealth. Capital investment has never been an issue as the mineral 
deposits are large and rich, but the situation is different for rare earths. 
 
Sir William Crookes, the noted British physicist and chemist, said of rare earths: “The rare earth 
elements perplex us in our researches, baffle us in our speculations, and haunt us in our very dreams. 
They stretch like an unknown sea before us mocking, mystifying and murmuring strange revelations 
and possibilities.” 
 
The 15 rare earths in the periodic table have some interesting applications and are important for South 
Africa. Rare earths are available across the globe. Being defined as rare is not due to their availability 
but rather the difficulty of isolating these elements. 
 
China has 40% of global rare earth deposits, but produces more than 80% of these elements. In 2010 
the Chinese government placed restrictions on the export of rare earth elements which drove prices up, 
but in 2013 quotas were relaxed causing prices to drop. Rare earths and the products for which they 
are used are very strategic. There is thus a global need to move away from the dominance of China as 
a producer and to find alternative sources of supply. Two new world-class refineries have been built, 
namely the Lynas Advanced Material Plant in Malaysia and Molycorp in the USA. Non-Chinese 
production is seen as a strategic rather than cheaper alternative to secure the availability of rare earths.  
 
Outside of China there are two other world-class deposits, namely Mountain Pass in the USA and Mount 
Weld in Australia. South Africa has deposits of rare earths, but they are not world-class in extent and 
do not compare in quantity with the country’s other mineral deposits. There are phosphogypsum dumps 
in Richards Bay and Phalaborwa, which are a huge resource but very difficult to recover. There is also 
a significant monazite resource in the Namaqua Sands, which is a waste material from the zircon-
recovery process but problematic as it is radioactive. Steenkampskraal has the most concentrated rare 
earth deposit in the world with up to 26% rare earth oxide, but it is a small deposit. Carbonatite is 
available at Zandkopsdrift in the Western Cape and pegmatite in the Mookgophong (Naboomspruit) 
area of Limpopo, but this occurs in small pockets of lower grade. The rare earths found in South Africa 
that are most significant for recovery are bastnäsite, monazite and xenotime. Minerals of major 
economic significance include parisite, synchysite, allanite, apatite and britholite. 
 
Rare earth elements are not particularly rare but are extremely difficult to extract in a conventional 
process as they have complex mineralogy or low rare earth grade. Rare earths have grown into the 
matrices, which also makes them difficult to separate. The value of rare earths lies in separating them 
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so that they can be used in specialist applications. The general process for separation is solvent 
extraction, and pH is the key to managing the separation process. The established process for 
separation around the world entails cracking the matrix, leaching, separating the solid from the liquid, 
followed by purification. Rare earths are difficult to process, because their chemistry is determined by 
their ionic radius and valance state, and the small differences between the different elements makes 
separation extremely complex. Nature provides some assistance through the non-naturally occurring 
element promethium that separates some of the rare earth elements.  
 
There are three main challenges to establishing rare earth production in South Africa. Firstly, rare earth 
element processing plants and refineries are complex and capital intensive. In order to be globally 
competitive, an economy of scale of about 20,000 tonnes per annum of rare earth oxides is required. 
In order to attract investment, the deposit would need to have an estimated lifespan of at least 20 years. 
Secondly, the South African deposits are not large enough to warrant investing in a processing plant. 
Thirdly, the availability of suitable technology is a challenge. 
 
It would be possible to address the first two problems through the creation of a centralised facility, the 
benefits of which include economies of scale, savings on the cost of reagents and processing, a 
developed infrastructure, sophisticated operational support and trained staff. The critical issues that 
would need to be addressed are the planning of the feed supply and secure off-take agreements, as 
rare earth market is complex and prices are volatile. Other important factors include project 
development and execution, with equity financed by the key partners or through a strategic national 
investment. Transport issues would need to be resolved as well as the disposal and storage of 
radioactive waste. An additional step is required between mining and delivery of feedstock to the 
refinery to ensure consistency. There are zones in the country with the appropriate infrastructure and 
harbour facilities where this type of industry could be established.  
 
With regard to problems related to the availability of technology, Mintek has worked on separation 
technology since the 1960s. A pilot-scale plant has been built and the technology that has been 
developed is ready for commercialisation.  
 
South Africa may not have world-class rare earth element resources, but there is probably space for 
one more world-class refinery. Why not build this in South Africa? 
 
Discussion 
 
Question: 
Does South Africa produce or export rare earth elements? Would it make sense to mine rare earths as 
a by-product? 
 
Response: 
South Africa does not currently produce or export rare earths. Rare earths occur in deposits that are 
not part of an established industry. It is necessary to mine all of them and then separate them to realise 
the value. This is not viable at current market prices, but countries may be willing to pay more for 
strategic reasons to avoid being dependent on China. 
 
Question: 
Given the small available quantities of rare earth elements, how much would be needed to start this 
process? 
 
Response: 
South Africa has sufficiently large deposits to initiate such a process, and could serve as a centre that 
takes feedstock from other countries. There are deposits of rare earth elements in Namibia, Malawi and 
other African countries. 
 
Question: 
What happens to the toxic elements from the process, and what raw materials are used in the process? 
Does the process make economic sense? 
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Response: 
Apatite and some other earths available in South Africa are used in the process. The ion exchange 
process removes radioactive materials. The controlled process that Mintek has developed reduces the 
number of stages required for extraction, so the process is cost effective. 
 
Question: 
If there is a space for another refinery and are other countries looking at this space? Is South Africa in 
an international race to a build world-class rare earth refinery? 
 
Response: 
South Africa would possibly be competing against India or Russia. Canada has established a rare earth 
organisation and is considering a centralised facility for the country. There is no movement towards 
establishing another refinery at present because prices are low, but the situation could change within a 
decade. South Africa should proceed with establishing a rare earth refinery if it intends to do so, as it 
takes time to get a facility up and running. 
 
Question: 
Could the BRICS countries (Brazil, Russia, India, China and South Africa) possibly collaborate to build 
a facility that is independent of China? 
 
Response:  
The BRICS countries could possibly do so, but China would probably resist such an initiative. 
 
Question: 
Would acceptance criteria be developed for the composition of the feedstock delivered to the processing 
facility? 
 
Response: 
It would be preferable to maintain control at a centralised point.  
 
The transition metals (manganese and titanium) for energy storage applications (Dr Mesfin 
Kebede, Principal Researcher: Energy Centre, CSIR) 
 
The CSIR has in the past played an important role in battery research and innovation. The research 
was dormant for a while, but has started up again in the CSIR Energy Centre.  
 
The fact that about 80% of the known world manganese resources occur in South Africa serves as a 
motivation for the country to place emphasis on research on energy storage. Other important 
manganese deposits occur in the Ukraine, Australia, India, China, Gabon and Brazil. Titanium is the 
ninth most abundant element in the Earth's crust. The most important minerals for mining titanium are 
rutile and ilmenite. The top-producing countries of these ores are Australia, South Africa and Canada. 
 
In the automotive industry the drivers for battery technology development vary from growth of the 
electric vehicle market (estimated to increase 14-fold from US$10 billion in 2014 to US$140 billion by 
2020) to improvement of the battery range. Other important considerations are to reduce air pollution 
and to continue expanding fast-charging infrastructure.  
 
An interesting breakthrough in the automotive domain is the Tesla Gigafactory, which was opened in 
Reno, Nevada in 2017 and employs 6,500 people. The factory builds lithium-ion batteries and will assist 
Tesla to move closer to mass producing US$35 000 cars with a 200-mile range. Everything is produced 
in-house, which makes it economically possible to reduce car prices.  
 
Battery technology drivers in the utilities sector include the growth in battery storage market from 
US$0.5 billion in 2015 to US$14 billion by 2020 due to increased investment in renewables, the 
residential ‘batteries plus solar’ usage and the realisation of power generation and micro-grids instead 
of the centralised distribution model. Energy storage prices are falling rapidly, allowing new 
combinations of solar, wind and energy storage to ‘outcompete’ the costs of coal and natural gas plants. 
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Lithium-ion batteries were expected to cross the US$100/kWh boundary in 2018, making residential 
solar plus electric batteries cost-competitive with grid electricity by 2020. 
 
South Africa has enormous opportunities to develop energy storage applications for the African market. 
There are considerable opportunities to deploy energy storage technologies in sub-Saharan Africa, 
where less than 25% of people currently have access to electricity.  
 
The CSIR aims to produce high-performance manganese-rich electrode materials for lithium-ion 
batteries, and to assist South African industries towards value-added mineral beneficiation (notably, 
electrolytic manganese dioxide and manganese salts) and job creation. South Africa’s competitive 
advantages include access to key raw materials, access to African markets, and unique intellectual 
property that reduces costs. The expected time to market for the electrode materials is 2025. 
 
The CSIR is positioned as a semi-manufacturer in the lithium-ion value chain, which will allow for the 
supply of products to firms engaged in cell assembly, battery module and pack integration, and end-
user vehicle manufacture. The CSIR works in partnership with academic institutions and industry. The 
University of the Western Cape, Nelson Mandela University, University of the Witwatersrand and 
University of Pretoria are involved in materials characterisation and student training in this field. 
Universities in Singapore and Belgium will also be involved in characterising the materials.  
 
The Technology Innovation Agency is funding the process optimisation and scale-up to 1 kg batches of 
the CSIR’s patent-filed synthesis of lithium manganese nickel oxide. Bushveld Manganese (Pty) Ltd 
supplies aqueous manganese nitrate for this scale-up. The CSIR is in a position to build a pilot plant.  
 
The CSIR’s work on electrochemical energy technologies focuses on lithium and sodium batteries and 
electrochemical capacitors for both electric vehicles, and stationary and utility applications. The 
activities include doping, nanosizing, surface coating and microwave irradiation. The activities of the 
CSIR Energy Centre include technology development pathways, cell assembly, lithium-ion batteries 
and the development of three types of cathode material. Research is also being performed on the lithium 
manganese oxide (LMO) structure, challenges and strategies; LMO nanorods; cyclic performance; 
electrolytic manganese dioxide; and in-house synthesised titanium oxide nanotubes.  
 
Manganese and titanium transition metals are valuable for electrochemical energy storage applications, 
and their availability in South Africa is of great benefit. The CSIR uses both these elements for cathode 
and anode materials for lithium-ion batteries. The trend towards industrial-scale manufacturing is 
important. 
 
DAY 2: MANAGING ELEMENTS FOR NUTRITION AND SAFETY 
 
The nexus of soil minerals, plant and human health (Mr Klaas Mampholo, Deputy Director: 
Land Use and Soil Management, Department of Agriculture, Forestry and Fisheries) 
 
The Department of Agriculture, Forestry and Fisheries (DAFF) has a mandate through the Conservation 
of Agricultural Resources Act (No. 43 of 1983) to provide for the conservation of the natural agricultural 
resources of South Africa through maintenance of the production potential of the land. This mandate is 
supported by various regulations, permits, inspections, incentives, programmes, compliance monitoring 
and enforcement. The Agricultural Research Council was requested to gather data on behalf of DAFF 
on national assets including soil patterns. This information was mapped and stored for all parts of the 
country and included information on water resources used for agricultural purposes.  
 
The DAFF LandCare programme is a community-based and community-led initiative with the goal of 
optimising productivity and the sustainable use of natural resources, and improving soil management. 
It is a conditional grant programme that enhances the sustainable conservation of natural resources 
through a community-based participatory approach. Job creation opportunities are highlighted through 
the model of the Expanded Public Works Programme, which focuses on the improvement of food 
security and the well-being of society and includes the care of the soil, water, veld and conservation 
agriculture. 
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South Africa is part of the Global Soil Partnership of the Food and Agricultural Organisation, which is 
gaining momentum. South African legislation seeks to maintain the potential of the land, and DAFF is 
developing a policy on conservation agriculture to improve the physical, chemical and biological status 
of the soil. Soil forms the foundation of nutrition. Human activities that can improve or detrimentally 
affect soil health are well known, but the ways in which soil can beneficially or adversely affect human 
health are less well understood. The minerals in the soil affect food production, food quality, nutritional 
value and the safety of the food consumed. It is important to share information on what is necessary for 
human health. 
 
Ninety-nine per cent of the human body is made up of the elements carbon, hydrogen, oxygen and 
nitrogen, which are derived mostly from the air. Other minor elements such as sodium, potassium, 
calcium, phosphorus, sulphur, chlorine and trace elements are also key elements in the body. These 
elements form the background of agriculture and drive most of what the human body needs to assimilate 
through the soil. Soils that are abundant in these essential elements yield plants that nourish both 
humans and animals, but many soils around the world, including parts of South Africa, are deficient. 
According to the soil fertility capability classification system, soil deficiencies in sub-Saharan Africa are 
high. There is a need for programmes to address soil deficiencies in the interests of the survival of 
humankind. The loss rates for various classes of nutrients impact negatively on crop yields and need 
to be addressed. 
 
Low dietary intake of mineral elements is the main reason for the widespread prevalence of 
micronutrient deficiencies. Fifty per cent of world soils are deficient in zinc, resulting in 28 million deaths 
annually. Zinc and iron deficiencies contribute to impaired brain function, reduced immunity to infectious 
disease, alterations in physical development and high risk of anaemia. Awareness needs to be 
increased of the relationship between soil, human health and agriculture. This involves several 
disciplines and socioeconomic areas. 
 
Zinc deficiency is detrimental to prostate and testicular health in males and is linked to female 
reproductive cancer. Children born with iron deficiency have lower education potential and impaired 
ability to advance in society. Toxins and contaminants derived from fertilisers or heavy metal pollution 
could cause the accumulation of toxins in the body and displace the nutrients essential for normal 
functioning. Increased awareness of both the negative and positive aspects of soil is important. 
Agricultural fertilisers and pesticides may be toxic and harmful to health. They may contaminate the soil 
when they break down, thus accumulating in the food chain. 
 
Examining the role of 18 nutrients necessary for plant growth and human health shows that the soil is 
the foundation of nutrition and that soil degradation leads to the loss of micronutrients and 
macronutrients in agricultural produce, which impacts negatively on human health. Plant food is critical 
to maintaining human health, regardless of whether it is grown organically or conventionally. There is 
an urgent need for agricultural programmes to improve the micronutrient status of populations where 
deficiencies occur, and to increase public awareness. Agriculture is not the only discipline that needs 
to be involved in increasing awareness of the importance of nutrients for health. Health and social 
science professionals will also have to become involved in ensuring a sustainable environment. We 
need to move from ‘No Care’ to ‘LandCare’ in caring for our soil. 
 
Discussion 
 
Question: 
How can micronutrient levels in soil be increased on a mass scale? 
 
Response: 
The main loss of carbon is caused by turning the soil. Government has interventions involving small-
holder farmers and the acquisition of tools that move away from the plough. At household level, 
composting and mulching increase micronutrient levels. 
 
Question: 
What are the sources of zinc for human nutrition? Is zinc that occurs in water or food destroyed by 
boiling water or cooking food?  
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Response: 
Food preparation is an essential aspect of food security, and the manner of preparation has an effect 
on the availability of nutrients. The Department of Health needs to communicate how to manage food 
preparation to ensure food security.  
 
Question: 
Are the discussions regarding nutrients and health being held in conjunction with the Department of 
Health? 
 
Response: 
South Africa has an overarching food security body in which the Department of Health is included. This 
body falls under the Deputy President and addresses public health issues.  
 
Question: 
Mining impacts on agriculture and pollution levels. Is rehabilitation being dealt with? Should crops such 
as pulses be promoted to enhance land care? 
 
Response: 
Pulses are important crops in rehabilitating soils. The rehabilitation of mining areas depends on the type 
of mining; areas where heavy metals occur are not suitable for crops. There is a need to balance the 
economic activity of mining with agricultural use.  
 
Question: 
Which antibiotics occur in the soil? 
 
Response: 
Micro-organisms in the soil provide the base for antibiotics. There are at least 16 known antibiotics 
from this source, including penicillin. 
 
Question: 
There was ban on exporting citrus because of unacceptably high levels of cadmium. Were any other 
crops involved?  
 
Response: 
The citrus ban was on fruit from the Eastern Cape. This ban was temporary and has since been lifted.  
 
Comment: 
Good nutrition forms the basis for good health, and nutrition clearly begins with the soil. 
 
Comment: 
Organic farmers do not use fertilisers that contain zinc, so buying organic produce might not always be 
helpful. 
 
Response: 
Organic practices are good for soil that is depleted and over-utilised, but the underlying problems of 
previous use need to be addressed first. Much of the food that we consume is enhanced with missing 
minerals during processing.  
 
Heavy metal exposure in South Africa and related health risks (Prof Renée Street, Specialist 
Scientist: Environment and Health Research Unit, SA Medical Research Council) 
 
Lead, mercury, cadmium and arsenic are on the World Health Organisation’s (WHO) list of the top ten 
chemicals of public health concern. 
 
There are various sources of heavy metals. Natural resources include volcanoes, weathering of parent 
materials, and volatile metals that become attached to fine particles and can be widely transported on 
a very large scale. Other sources are anthropogenic, including industrial processes, mining, foundries 
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and smelters, and the combustion of fossil fuel and gasoline. The toxicity of heavy metals depends on 
several factors including the dose, route of exposure, chemical species as well as the age, gender, 
genetic make-up and nutritional status of exposed individuals. 
 
Among the heavy metals, lead is extremely useful but highly toxic to almost all organs of the human 
body, Lead is found in many products including batteries, petrol, paint, electronic equipment, traditional 
medicines, mobile phones, laptops, foodstuffs and cookware. Lead exposure can cause reduced 
learning ability in children and aggression in adults. The pathways to exposure are ingestion (hand to 
mouth), respiratory or dermal, and the younger the person, the greater the risk.  
 
Before the1980s, South Africa had amongst the highest levels of lead in petrol in the world. Tests 
showed that 90% of children had elevated blood lead levels, especially those living near roads, but 
these levels have been reduced by decreasing the lead in fuel. Toys and park furniture contain lead, 
and elevated lead levels were found in children living in homes with peeling paint. Many countries have 
banned the sale of lead paint, but it is still available in South Africa. In 2009 the Department of Health 
declared lead a group 1 hazardous substance.  
 
A study of lead and arsenic in garden soils was conducted on samples from four sites in Johannesburg. 
Some samples were above the 49 mg/kg South African reference level, and in some areas the lead 
content was 32% higher than reference levels. Short-term interventions in areas with high lead 
incidence include thorough washing of hands, keeping nails clean, washing of fruit and vegetables, and 
house cleaning methods such as double mopping.  
 
Another source of lead exposure is cottage industries established in backyards to earn extra income. 
An example of this was linked to the challenges facing the subsistence fishing communities. Lead was 
melted to make sinkers used in fishing, and children’s blood lead levels in these remote fishing 
communities was found to be very high. Public information material was developed to warn these 
communities of the dangers of melting lead. 
 
With regard to metals used in traditional medicine, the WHO recognises plant, animal and mineral-
based products in traditional medicine. The metals may be unintentionally introduced during 
preparation, but some are deliberately added, for example in the Ayurvedic practice of rasa shastra. 
The metals used include gold, silver, copper, iron, lead, tin and zinc. Twenty per cent of Ayurvedic 
preparations contain lead, and health alerts have been issued in many countries including the USA, 
UK, New Zealand, Australia and Spain. There are growing public health concerns, especially in light of 
direct internet sales. 
 
A lead-poisoning outbreak among adolescents in Durban in 2012 was associated with the consumption 
of Ayurvedic medicine to treat skin conditions. Everyone involved had been consuming the medication 
for up to 18 months, but the symptoms appeared with the introduction of a new batch of capsules. It 
was possible to obtain background information and do blood testing on eight of the affected 
adolescents, and the blood lead levels of these individuals have been reduced significantly. The range 
of signs and symptoms during the acute phase of lead overdose included difficulty in concentrating, 
irritability, exhaustion, vomiting, nausea, anaemia, headaches, shortness of breath and loss of appetite. 
The lead content of the implicated capsules was found to exceed the guidelines by a factor of 14,241. 
 
Metals are used in African traditional medicine. In a study of medicines containing potassium 
dichromate, which are called ‘ndonya’ medicines, 395 interviews were conducted with health 
practitioners and 328 ndonya-containing medicines were tested. The results of the study showed that 
72% of traditional health practitioners prescribe ndonya for healing purposes, and the primary route for 
administering this medicine is by enema.  
 
Powders collected from a traditional pharmacy were tested to identify the metal salts using scanning 
electron microscopy. Seven salts were identified, namely, ammonium chloride, calcium sulphate, 
sulphur, copper sulphate, potassium permanganate, iron chromite ore and potassium dichromate. 
During this testing it was found that there are two types of ndonya medication available: a strong version 
containing potassium dichromate and a weaker version containing table salt. The difference between 
the two is not possible to detect with the naked eye. Interviews were conducted with 201 healers 
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regarding the use of the seven metal salts, and the results highlighted the mercury and copper sulphate 
findings. Mercury for therapeutic purposes was prevalent until the 20th century when the detrimental 
effects of exposure became notorious. In efforts to eliminate mercury-related diseases, the WHO 
emphasised the need to identify traditional practices involving mercury, but mercury is still widespread 
in Chinese, Caribbean, Latin American and South African traditional healthcare systems. Mercury was 
used by 39% of the healers interviewed. The two main reasons were to induce labour during childbirth 
and for protection against guns. Mercury is generally orally administered, but sub-cutaneous 
implantation is also used. 
 
Copper sulphate is used by 72% of healers. The use of copper sulphate was strongly associated with 
gender in that the proportion of users was higher for females than males. Copper sulphate is apparently 
administered to individuals of all ages, including infants and children, and the main routes of 
administration are by enema. The reasons for using this substance were cited as skin rashes, aches, 
pains and swelling as well as sexually transmitted diseases. In the case of copper poisoning incidence 
data, exposure types may be misclassified as agrochemical exposures instead of being related 
specifically to copper sulphate in traditional medicine resulting in a possible underestimation of copper 
sulphate related complications from traditional medicines. 
 
The Medical Research Council (MRC) was investigating multi-metal exposure from artisanal cookware 
as a potential public health risk. In developing countries, the informal recycling of metal-containing 
products and e-waste is a widespread socioeconomic safety net, but this practice poses considerable 
risk to humans and the environment. Casting liquid aluminium into cooking pots from a collection of 
scrap metal is an example of recycling scrap metal. The study was initiated after findings on locally 
manufactured artisanal aluminium cookware in Cameroon revealed that the raw materials used 
included engine parts, waste aluminium and e-waste. The study revealed that this cookware was a 
source of potentially toxic metals including cadmium and lead. A second study was conducted in ten 
developing countries, namely Bangladesh, Guatemala, India, Indonesia, Ivory Coast, Kenya, Nepal, the 
Philippines, Tanzania and Vietnam. Aluminium, arsenic, cadmium and lead were found in some 
leachates at potentially harmful levels. 
 
Artisanal aluminium pots have been in circulation in South Africa for over two decades, but the locally 
available pots had not been investigated as a possible source of metal exposure. The pots mostly come 
from Mozambique and are widely distributed in South Africa, but there are also locally made pots on 
the market. A wide variety of available metals are used in the pot-making process, which involves 
making a mould from soil and casting the aluminium into the mould. This is hard physical work, and it 
can take from 45 minutes to several hours to make a single pot. The homemade furnaces comprise a 
cut-off drum. No protective clothing is worn to protect against the splashes of molten metal or the fumes 
from the melting pot.  
 
The MRC study was aimed at determining the effects of metal exposure posed by artisanal cookware 
available in South Africa, to screen for different metals and to study the leachate and determine 
deterioration of the pots over time. The pots are readily available in South Africa, and many have been 
collected from around the country and brought to the laboratory for testing. The project is funded by the 
National Research Foundation and is being conducted in conjunction with an Austrian collaborator who 
will assist with testing the metals.  
 
Aluminium and silica are present in high concentrations in the pots. The profile of metals in the pots 
depends on what is available, and there are often high levels of lead. The study will also investigate 
how the cookware will change with long usage, how traditional ways of cooking will influence the metal 
leaching, biomarker analysis of artisanal cookware users and occupational risks to pot-makers.  
 
The successes in dealing with health risks in South Africa include the phasing out of lead in petrol and 
regulations regarding the lead content of paint. Awareness of the risks has been heightened, but lead 
poisoning is a disease of the poor and the unfinished agenda of dealing with the informal sector is still 
a great challenge.  
 
Discussion 
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Question: 
Are data available on the effects on children of arsenic in the soil? 
 
Response:  
The presentation focused on lead, but arsenic is present in drinking water. The consequences are as 
harmful as lead in both children and adults. 
 
Question: 
Are there pathological patterns in children or adults who use aluminium cookware? 
 
Response:  
Research on the pots has just started. The next phase will be to test blood lead levels in adults and 
children. 
 
Question: 
Why are aluminium pots chosen rather than cast iron pots? What is the prevalence of lead in cosmetics?  
 
Question: 
Exposure to lead has severe health implications, and many countries have banned the use of lead in 
fuel. Why is South Africa still using lead? 
 
Response: 
Cost is an issue in choosing aluminium rather than cast iron pots. Aluminium pots are also lighter and 
need less fuel to heat than cast iron pots. Cosmetic products containing lead are widely available. Lead 
in petrol is still available in aviation fuel for smaller planes. 
 
Question: 
Were the pots from some areas less harmful than from other areas? 
 
Response: 
The composition of the pots depends on the metal available when they are made. It is not always 
possible to know where individual pots come from, as they are not bought direct from the makers but 
at markets and other distribution points. 
 
What is in our water and how to remove it? (Prof Leslie Petrik, Professor: Department of 
Chemistry, University of the Western Cape) 
 
Water has high associated risks, and high impact if such risks occur. Drinking water is highly 
contaminated in the industrialised and heavily populated parts of the world. Microbial pollution is a 
significant problem in South Africa, and microbes are a form of carbon.  
 
South Africa is reaching a critical position with respect to water availability due to the lack of planned 
water projects. Water use figures project that in many areas South Africa will require more water than 
is available, with negative consequences for economic growth. Water shortages are due to climate 
change and population growth. The population is doubling every 20−30 years, but infrastructure has 
not kept pace. Rainfall is variable, and the current drought cycle is thought to be the worst ever. There 
is a need to re-use water and to plan efficiently to avoid disaster. 
 
Microbes, viruses and parasites that cause disease occur in water. Dissolved solids are also found in 
water, including faeces and cleaning products. Water contains most of the inorganic elements from the 
periodic table, but carbon tends to be overlooked. Carbon is present in sewage, and South Africa has 
many non-functioning water purification plants. The planning of these plants has not provided for 
population growth. An enormous load of microbes, inorganic and organic elements enters the rivers 
and ocean. 
 
The groundwater in many parts of South Africa is heavily salt laden, and salt is difficult to remove from 
water. National planning includes the possibility of fracking, which would impact adversely on water 
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supplies. Low pH and sulphates in water in coal mining areas, and elemental radioactive contamination 
at gold mines are also issues of concern that can severely impact on human health. 
 
Mine water can be treated, but most of the possible treatments are too expensive. The only way to stop 
the production of sulphates after mine closure is to seal the holes left by mining so that there is no 
exposure to the air. The Petrik process developed at the University of the Western Cape uses flyash 
mixed with acid mine drainage, super saturation and redox mechanisms without the involvement of 
membrane technology The by-product from this process can be used to fill the mine void, thus providing 
a cradle-to-cradle solution for water treatment. The level of trace elements that remain in the water is 
very small. The research group at the University of the Western Cape has also developed a process to 
extract iron and make nano-iron, producing a waste product that can be used for water purification.  
 
Conventional treatments are used for removing inorganics and microbes. The process in wastewater 
treatment plants is to screen to remove debris, and then continue to a settlement pond and primary 
clarification. The sludge produced is digested by microbes, and the water is finally cleaned by 
chlorination. The sludge from the wastewater process is highly toxic and should not be used on 
agricultural soil. Filtration membranes are commercially available for small-scale water filtering and are 
often used for cleaning water quickly in disaster areas. Pots with clay as a filtering element are also 
available and are useful in rural areas without access to clean water.  
 
Sources of persistent organic pollutants are very widespread and include industry, pharmaceuticals, 
livestock, soil, aquaculture and hospitals. The use of chemicals has increased substantially; chemicals 
are designed to last a long time as there is no planned obsolescence in the chemical industry.  
 
The USA lists 112 priority pollutants, and the European Union lists 58 chemical compounds in its Water 
Framework Directive. Health-based substances selected for monitoring include caffeine, the female 
hormone estradiol, iopromide and sucralose. A study in seven South African cities found 
pharmaceuticals in the drinking water, including benzocaine, carbamazepine, fluconazole and 
ephedrine. 
 
The impacts of chemicals of emerging concern (CECs) include feminisation, lower semen quality, 
declining sex ratios, reproductive and developmental abnormalities and endocrine disruption. Antibiotic 
resistance is becoming persistent; structural deformities and gene alteration are possible; and there is 
increased risk of testicular, thyroid and prostate cancer. The level of risk depends on concentrations, 
exposure times, volume and metabolism.  
 
It is difficult and expensive to test for all these compounds and can only be done by specialised 
laboratories. No single laboratory can test for all the compounds. The South African National Standard 
241-1:2015 stipulates levels of carbon, chloroform, bromoform, dibromochloromethane, 
bromodichloromethane, trihalomethane and phenols, but does not specify any emerging chemicals. 
 
The removal of chemicals does not destroy them, and many compounds will simply change from an 
aqueous state to a solid state. It may not be possible to test for secondary by-products, and many 
compounds will break down and react with one another to form further reactions. Different chemicals 
require different treatment. Even the best wastewater treatment systems are not fully adequate, and 
reverse osmosis is not completely effective. Hormones were present in wastewater treated at 
wastewater plants for direct potable re-use, even with the most efficient processes possible. 
 
The ongoing drought in the Western Cape has given rise to proposals to produce drinking water through 
the desalination of seawater. Sewage is discharged into the sea and because of the lowered water 
usage as a result of the drought, the effluent is more concentrated leading to additional purification 
problems. In re-using water, the whole system has to be considered, including wastewater treatment, 
distribution mechanisms and minimisation of impacts. There is significant evidence of the impact of 
marine outfalls. When sewage is discharged into the sea only gross objects are removed; other objects 
float to the surface and often reach the coast. The original desalination plant was moved from an area 
of marine outfall to the highly polluted harbour and is currently closed due to algal bloom that has 
blocked the reverse osmosis process. Water samples from Hout Bay and Greenpoint were tested for 
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20 different compounds. Micro-organisms, pesticides and herbicides were found in all samples and in 
fish. 
 
The risks of emerging chemicals include the fact that pharmaceuticals are designed to respond at low 
physiological doses with multiple non-therapeutic receptors. There may be synergistic effects of multiple 
components. It is difficult to determine exposure rate limits in relation to the actual dose. The limits of 
acute toxicity as opposed to chronic toxicity are not known. There is moreover high bioaccumulation 
potential. 
 
It is important to consider which compounds should be monitored. It should be determined what levels 
of these contaminants are safe in drinking water; there are recommendations in this regard in the 
international guidelines for CECs. CECs are toxic, persistent and resistant to wastewater treatment. 
The ability to detect these compounds is limited, and removal is complicated. The potential risks from 
exposure and acceptable daily intake for humans are not known. 
 
The re-use of unconventional water sources should be approached with caution. It is advisable to 
include a tertiary treatment process following the primary and secondary treatments using combined 
advanced oxidation, since sludge from reverse osmosis and wastewater treatment is hazardous. 
Barriers, monitoring programmes and assessment programmes should be implemented to eliminate or 
minimise the risks. Drinking water should be tested for toxicity, which need not be costly.  
 
Important minerals in agriculture: beneficial and contaminants (Mr Harry Dube, Technical 
Adviser: Scientific Production, Agriculture Inputs Control, Department of Agriculture, Forestry 
and Fisheries) 
 
The Department of Agriculture, Forestry and Fisheries (DAFF) is responsible for the control of pesticides 
under the Agriculture Inputs Control Act (No. 36 of 1947). Inputs must be registered according to the 
Act. Bio-fertilisers are now also registered, and pest control companies are regulated. The current 
regulatory model focuses more on efficacy than on the risks associated with products, but the registrar 
needs to be informed of risks so that action can be taken where necessary.  
 
DAFF works with the Department of Health (DoH), the Department of Environmental Affairs (DEA), and 
the South African Police Service to administer the Act. There are many interested parties involved but 
these are the principal players. South Africa has ratified a number of international protocols, the most 
important of which are the Stockholm Convention on persistent organic pollutants, the Rotterdam 
Convention on hazardous chemicals and pesticides, the Basel Convention on the movement and 
disposal of hazardous waste, and the Montreal Protocol on substances that deplete the ozone.  
 
The DAFF registration process plays an important part in supporting innovation and expediting the time 
to market for safe and quality pesticides, animal medicine, fertiliser and animal feeds to further the well-
being of South Africa’s people, environment and economy. This support involves the registration of 
agricultural inputs and the allocation of unique registration numbers. The registration process ensures 
that any product used in the agricultural sector is fit for purpose, effective and safe for use by humans 
and animals, and that it does not harm the environment.  
 
Fertiliser is any substance intended for improving or maintaining the growth of plants or the productivity 
of the soil and includes natural or synthetic products applied to plant tissue or directly to the soil to 
benefit plants both directly and indirectly. This includes inorganic fertilisers, organic fertilisers, plant 
growth regulators, co-polymers, urease inhibitors, plant extracts, seaweed products, amino acids, and 
chelating and complexing agents. 
 
Essential plant nutrients can be divided into three groups. Structural plant nutrients are obtained from 
water and the atmosphere and include hydrogen, carbon and oxygen. Macronutrients are divided into 
two groups; the primary group comprises nitrogen, phosphorous and potassium, and the secondary 
group comprises calcium, magnesium and sulphur. Micronutrients include chlorine, boron, manganese, 
iron, copper, zinc, molybdenum, cobalt and nickel. Productive soils maintain a healthy balance of these 
nutrients together with soil biota and organic matter.  
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Other than nitrogen which is industrially produced, most of the rest of the minerals are from mining. 
Micronutrient availability is affected by the pH of the soil. Under normal circumstances in grasslands 
and bushveld most micronutrients are sustained, but farming depletes the minerals. Agricultural soils 
rarely have well-balanced plant nutrients, resulting in heavy losses in crop yields. Fertilisers are then 
essential to supplement nutrients. Deficiencies can lead to underdeveloped fruit or other abnormalities, 
resulting in loss of income for farmers. Some phytotoxic mineral elements are needed in small quantities 
but are toxic in excess, including boron, manganese, chlorine, zinc, iron and copper. 
 
Potentially harmful substances in the soil include cadmium, one of the most ecotoxic minerals that may 
not be visible in plants yet it is toxic to mammals; arsenic which is a non-essential metalloid classified 
as carcinogenic and known to accumulate in edible plant parts after crop uptake; chromium which has 
two stable forms, the most toxic of which is chromium (VI); mercury which is a non-essential mineral 
that occurs naturally in soils and is toxic to soil biota, fish and terrestrial animals; and copper, iron, 
selenium, nickel and molybdenum that are essential elements required by plants but become toxic in 
larger quantities. There is a need to protect South African consumers from contaminated produce to 
the same extent as for exported products. 
 
New developments in the agricultural sector include the use of water-retaining polyacrylates, controlled-
release fertilisers and polymer-coated nitrogen products. Nutrient recycling is important, as is the use 
of complexing and chelating metals for better crop uptake and soil adsorption.  
 
Fertilisers are an important part of food production and food security. Crop production activities mine 
important minerals out of the soil, resulting in the need for fertilisers. It is essential that finite mineral 
resources are better managed in South Africa and across the world. There is a need to protect the 
environment from the unintended consequences of fertiliser application and the risk of heavy metal 
accumulation in soils, and to better regulate nitrogen-based fertilisers to avoid leaching. 
 
From the discussions at this Discussion Forum, it has been noted that endocrine disruptors and 
microplastics should be included in DAFF guidelines and regulations. New technology is difficult to 
control because the developments take place very fast. The fertiliser and pesticide industry recognises 
the risk of using antibiotics, and DAFF regulates agricultural products that do not fall under the 
Medicines and Related Substances Control Act (No. 101 of 1965). 
 
Legislation and policies regarding human nutrition (Ms Penny Campbell, Senior Manager: 
Food Control, National Department of Health) 
 
The activities of the Department of Health (DoH) are regulated by the following legislation and policies: 

• South African Constitution, 1996 

• National Health Act (No. 61 of 2003)  

• Foodstuffs, Cosmetics and Disinfectants Act (No. 54 of 1972) 

• Fertilizers, Farm Feeds, Agricultural Remedies and Stock Remedies Act (No. 36 of 1947) 

• Medicines and Related Substances Control Act (No. 101 of 1965)  

• Agricultural Produce Standards Act (No. 119 of 1990) 

• Genetically Modified Organisms Act (No. 15 of1998) 

• Meat Safety Act (No. 40 of 2000) 

• Department of Trade and Industry related legislation  

• Statutory bodies such as the National Regulator for Compulsory Specifications, South African 
National Accreditation System, South African Bureau of Standards and National Consumer 
Commission. 

 
South Africa has also ratified international conventions, agreements, codes and regulations with 
international organisations including the World Health Organisation (WHO), World Trade Organisation 
and Food and Agriculture Organisation. DoH is included in white papers, strategies and implementation 
plans of other government departments and national entities. 
 
The WHO has described the global agenda in respect of health and encourages member countries to 
follow its lead. South Africa has ratified the Codex Alimentarius, a collection of internationally recognised 
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standards, codes of practice, guidelines, and other recommendations relating to foods, food production 
and food safety. 
 
The instruments that South Africa has adopted, ratified or included in policy and policy instruments 
include food safety, communicable diseases, nutrition and non-communicable diseases such as obesity 
and chronic lifestyle diseases. 
 
The WHO definition of nutrition is the intake of food in relation to the body’s dietary needs. Good nutrition 
is a cornerstone of good health, and poor nutrition leads to reduced immunity, increased susceptibility 
to disease, impaired mental and physical development, and reduced productivity. 
 
A situational analysis of nutrition in South Africa shows that under-nutrition contributes to stunting, 
micronutrient deficiencies and diarrhoea in children under the age of five years. Poor feeding practices 
are prevalent and there is a serious lack of nutritional information. South Africa has a severely immune-
compromised population and widespread poverty. Obesity is increasingly prevalent, with the associated 
threat of heart disease, hypertension and diabetes. Risk assessment is needed to determine the impact 
on health of hazards in soil, water and air. 
 
The WHO describes food control as ‘a mandatory regulatory activity of enforcement by national or local 
authorities to provide consumer protection and ensure that all foods during production, handling, 
storage, processing and distribution are safe, wholesome and fit for human consumption; conform to 
quality and safety requirements; and are honestly and accurately labelled as prescribed by law’. 
 
The food control system in South Africa involves the DoH, the Department of Agriculture Forestry and 
Fisheries (DAFF) and the Department of Trade and Industry, each with its own role to play as mandated 
by the Consumer Protection Act (No. 68 of 2008). 
 
The DoH is responsible for the import, manufacture, sale and export of processed products and 
nutritional labelling. The department serves as the contact point for the Codex Alimentarius 
Commission, the International Food Safety Authorities Network and the European Union Food and Feed 
Safety Alerts network. 
 
The WHO definition of food safety is the assurance that food will not cause harm to the consumer when 
it is prepared and/or eaten according to its intended use. The DoH administers the Foodstuffs, 
Cosmetics and Disinfectants Act (No. 54 of 1972), which is aimed at controlling the sale, manufacture, 
importation and exportation of foodstuffs, cosmetics and disinfectants. This is administered by the DoH 
Directorate: Food Control at national level. The control of imported foodstuffs is managed nationally in 
three regions, and the enforcement of manufacturing, sale and export of foodstuffs by 52 metros or 
district municipalities. There are approximately 50 sets of regulations. The DoH forbids the sale of food, 
cosmetics or disinfectants that may be detrimental or harmful to health. The department also 
endeavours to protect consumers from exploitation by false or misleading claims and to provide 
consumers with information to make informed health choices. Trademarks are monitored and possible 
false descriptions regarding the nature, origin or content of products are checked. The labelling format 
is controlled as are any exemptions to product listing and the listing of the unavoidable presence of 
foreign substances such as allergens or heavy metals). The DoH sets standards for composition, 
strength, purity and quality of foodstuffs, premises and persons. 
 
Legislation in support of nutrition includes biological safety regulations and infant food standards. 
Hygienic food preparation in relation to the premises where food is made is regulated, including hazard 
analysis and critical control points, irradiation and microbiological criteria. Chemical safety regulations 
cover heavy metals, packaged water, mycotoxins, radionuclides, additives, preservatives and 
colourants. The DoH conducts toxicological assessment of pesticides prior to registration under the 
Fertilizers, Farm Feeds, Agricultural Remedies and Stock Remedies Act (No. 36 of 1947). 
 
The DoH reviews genetically modified organisms before approval, and ensures that labelling is 
applicable and informative. In the domain of food safety risks to human health, the department has 
developed regulations for sodium reduction and transfats, and warning labels on substances such as 
alcohol and caffeine. For food composition that benefits human health, guidelines have been developed 
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for micronutrients, the fortification of staple foods, the iodation of salt, and foods for infants and children, 
for special medical purposes and for special dietary use. 
 
The 2010 food labelling regulations are being updated and will look at claims and nutrient profiling, the 
front of pack labelling and marketing to children. The presentation of nutritional information so that it is 
more easily understandable will be looked at.  
 
The National Health Act (No. 61 of 2003) addresses issues of nutrition that are not covered in the 
Foodstuffs, Cosmetics and Disinfectants Act (No. 54 of 1972). The possible establishment of milk banks 
has been considered. In terms of the WHO International Health Regulations of 2005, countries are 
obliged to report on food safety issues related to foods that are internationally traded. 
 
Other regulatory and legislative measures include taxation and levies on foods to reduce consumption, 
for example on sweetened beverages and alcohol. A tax on saturated fats has been proposed, which 
would involve a tax on red meat. 
 
There are many national players in the domain of nutrition, including the Department of Basic Education 
for school feeding, the Department of Social Development working with poverty, DAFF engaged in food 
security and the DoH working on nutrition. 
 
Legislation provides the best value for money with respect to nutrition interventions and actions, but 
peoples’ behaviour is not regulated, and social determinants and choices affect food security and 
nutrition. Ongoing research, regulation and review are critical.  
 
Mineral content in drinking water and the health effects thereof (Ms Lelethu Bungu, Water 
Quality Specialist: Bulk Distribution, Rand Water 
 
The US Centers for Disease Control and Prevention lists South Africa as a country where the tap water 
is not safe for drinking, but this recommendation relates to South Africa as a whole and does not apply 
to the water provided by Rand Water or many other water authorities.  
 
There are many challenges in providing clean drinking water. Water quality is affected by algal blooms, 
chemicals, agricultural feeds, acid mine drainage and sewage. 
 
Many rural parts of South Africa have no running water and use underground water with a high mineral 
content. This poses health risks that are difficult to identify as the water has not been tested. 
Furthermore, sanitation standards are not high and wastewater works are not coping with demand. 
Industrial effluent discharge creates challenges, and smaller municipalities lack infrastructure and funds 
to ensure safe water supply. Larger metros have capacity or can afford bulk suppliers such as Rand 
Water.  
 
Water makes a significant contribution to good health, food and nutrition. Much attention is given to the 
role of water in disease formation, but water is also essential for good health. South Africa has water 
quality legislation, but implementation is sometimes lacking.  
 
Water might contain both desirable and undesirable constituents. The mineral content could vary widely 
from area to area, and depending on whether the source is groundwater or surface water. The drinking 
water quality guidelines and regulations stipulate acceptable maximum concentrations. 
 
The South African National Standard 241-1:2015 sets the microbiological, physical, aesthetic and 
chemical determinants of drinking water, and the WHO has also set minimum standards, but Rand 
Water and other South African water boards have set more stringent targets. 
 
Testing is expensive, but Rand Water monitors samples for E. coli once a month. Mineral content is 
also monitored to avoid both chronic and acute impact. Toxic minerals include fluoride (which can cause 
skeletal and dental problems when present in large concentrations) and arsenic (which is prevalent in 
the borehole water in Bangladesh and causes severe skin lesions). Other minerals that have detrimental 
effects on health are uranium, mercury, aluminium, fluoride, nickel and lead. 
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The Department of Water and Sanitation’s Blue Drop website lists water quality throughout the country. 
Rand Water is fortunate that the quality of the raw water received from Lesotho is not toxic and there is 
no need to remove metals from the water. Tests for contaminants and emerging contaminants are 
conducted even though these tests are very expensive, as it is essential to regularly monitor water 
content.  
 
Food is the major source of mineral nutrients, but drinking water also contributes to the total intake of 
these substances and must be safe for human health. It is important to meet drinking water standards 
and ensure that the water is contaminant free, aesthetically pleasing and good tasting.  
 
Discussion 
 
Question: 
What would cause a county’s water to be listed as unsafe to drink? Why does Rand Water not have to 
remove heavy metals? Who is policing both Rand Water and the Department of Health? 
 
Response: 
The US Centers for Disease Control and Prevention lists countries where the water is not safe to drink, 
but the assessment pertains to the whole country. Large urban areas tend to monitor and report on 
water quality, whereas in smaller places there is no monitoring and no data available.  
 
Rand Water monitors the presence of heavy metals, but the raw water from Lesotho is of very good 
quality and does not contain heavy metals. The Department of Water and Sanitation monitors water 
quality. Data are submitted monthly, inspections are undertaken, and Blue Drop audits used to be 
conducted. 
 
With regard to policing and the Department of Health, the legislation is reactive; the manufacturing 
sector must first check that it complies. Enforcement is done by 52 district and metropolitan 
municipalities through environmental health practitioners. The focus has been on policing premises, but 
the regulations are now more extensive and additional legislation will have to be considered. The 
National Consumer Commission, which is the primary regulator of consumer–business interaction in 
South Africa, is also able to respond to enforcement issues. 
 
Question: 
Some minerals are beneficial to human health, while others are toxic. What effect does a lack of 
minerals have on the human body? Should filtration systems be introduced to ensure clean water in 
rural areas? 
 
Response: 
Drinking water is supposed to contain certain minerals that the body requires. If they are missing from 
the water, supplementation will be necessary. 
 
It is generally not practical for households to filter water. Providing filters to households would not solve 
the problem as they need to be cleaned regularly to avoid the build-up of toxins and pathogens.  
 
Question: 
There have been reported instances of imported chicken causing disease. Who is responsible for 
stopping the import of chicken?  
 
Response: 
Raw chicken falls under the Meat Safety Act (No. 40 of 2000) administered by DAFF. Chicken may be 
affected by salmonella, but this is unlikely to affect human health since the chicken will be cooked before 
being consumed. In terms of the World Trade Organisation Agreement on the Application of Sanitary 
and Phytosanitary Measures, the same measures have to be applied to both producers within the 
country and to imports. 
 
Question: 
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Microbiological breakouts that impact on food safety require a quick response, but lifestyle diseases 
and growing hunger pose a bigger threat. Are large companies held accountable for food processing? 
 
Response: 
Food processing is a potential risk. Consumer behaviour cannot be regulated. Consumers are not 
always adequately informed in order to make healthy choices. There is a focus at the technical level on 
the reformulation of products rather than the ‘nanny’ approach, but some companies are not conforming. 
 
Question: 
In Limpopo the community drink water from the river. Will this cause disease? 
 
Response: 
There is a need to be careful and have the water tested. It also possible that people may build up 
immunity to whatever is in the water. 
 
Closure 
 
Ms Niehaus thanked everyone for their attendance, especially the speakers for sharing their time and 
knowledge.  
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APPENDIX 1: LIST OF DELEGATES 
 

Ms Masethabela Maphatsoe Black Women in Science 

Mr Johnson Munyorovi Brighten Lives Academy 

Dr Leon Krüger Council for Minerals Technology (Mintek) 

Dr Annelize Botes  Council for Scientific and Industrial Research (CSIR) 

Dr Mesfin Kebede CSIR  

Mr Harry Dube Department of Agriculture, Forestry and Fisheries (DAFF) 

Mr Kgomo Petje DAFF 

Mr Klaas Mampholo DAFF 

Mr Mathala Mokwele DAFF 

Mr Tshepiso Matswane DAFF 

Ms Cyndi Mante DAFF 

Ms Daphney Marabe DAFF 

Ms Hulisani Malinda DAFF 

Ms Makgomo Vivian Mosoma DAFF 

Ms Noria Matloha DAFF 

Ms Osenkeng Maboe DAFF 

Ms Penny Campbell Department of Health 

Mr Thapelo Kepadisa Department of Science and Technology (DST) 

Ms Lindiwe Gama DST 

Ms Wilna du Plessis DST 

Ms Zanele Xaba Dow Southern Africa 

Ms Kara Nolte Econocom Food 

Mr Moraka Morudu Forestry South Africa 

Mr Leon Faurie Gauteng Department of Education 

Prof Renée Street South African Medical Research Council 

Mpho Makhubele Minerals Council South Africa 

Mr Sietse van der Woude Minerals Council South Africa 

Shenke Lakmidas Minerals Council South Africa 

Prof Elvis Fosso-Kankeu North-West University 

Mr Sahlulele Luzipo Portfolio Committee on Mineral Resources 

Mr Boingotlo Tshabang  Rand Water 

Mr Khulekani Khumalo Rand Water 

Mr Sphamandla Mtambo Rand Water 

Ms Lelethu Bungu Rand Water 

Dr Nsaka Ntumba ROC Water Technologies 

Prof Jacobus Eloff South African Academy for Arts and Sciences 

Dr Gerda Botha South African Council for Natural Scientific Professions 

Dr Maretha Fourie South African Nuclear Energy Corporation (Necsa) 

Mr Theunis Hanekom Necsa 

Ms Jakkie Postma Necsa 
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Ms Priyangani Hewarathna Sri Lanka High Commission 

Dr Hein Moller TiziriTech 

Ms Malika Khodja TiziriTech 

Mr Legohu George Molepo UN Educational, Scientific and Cultural Organisation 

Dr Shatish Ramjee University of Pretoria (UP) 

Dr Sue Jean Taylor UP 

Prof Kuku Voyi UP 

Dr Emmanuel Egbueze University of South Africa (Unisa) 

Dr Emmanuel Mbuyi Unisa 

Ms Mpho Kotoane Unisa 

Ms Ntebaleng Lesawana Unisa 

Prof Leslie Petrik University of the Western Cape 
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APPENDIX 2: LIST OF ACRONYMS 
 

4IR Fourth industrial revolution 

BRICS Brazil, Russia, India, China and South Africa 

CEC Chemical of emerging concern 

CSIR Council for Scientific and Industrial Research 

DAFF Department of Agriculture, Forestry and Fisheries 

DoH Department of Health 

DST Department of Science and Technology 

GDP Gross domestic product 

ICT Information and communications technology 

LMO Lithium Manganese Oxide 

MRC Medical Research Council 

NDP National Development Plan 

NSTF National Science and Technology Forum 

R&D Research and Development 

UK United Kingdom 

UN United Nations 

USA United States of America 

UWC University of the Western Cape 

WHO World Health Organisation 

 


