African State
of the Metal
Industry
Since the dawn of civilisation, the development of the human
race has depended on the discovery, processing,
development and use of materials. So significant were certain
materials that stages in technological progress are marked by
the Stone, Bronze, and Iron Ages.
The exploitation of minerals sparked off the development of
an industrial society unequalled on the African continent and
attracted investment capital from abroad, stimulated
agriculture, industrial development, and extensive transport
and financial infrastructure. In recent years there have been
several large ventures based on minerals such as aluminium,
stainless steel, titanium projects steel production, besides a
huge number of small scale mining operations.

South Africa possesses huge reserves of chromium, iron, uranium,
platinum, vanadium, titanium, lead, zinc, manganese and many other
metals required by many countries as the basis for the production of
goods. Most of these reserves consist of ores that are complex in
character and research is necessary before effective processes for their
beneficiation can be put into operation.

Wastewater from the iron and steel industry can contain up to 5% of
grease and oil when recirculation of the wastewater takes place. The
following treatment methods are available: (1) addition of sodium
chloride for breaking up the emulsion, (2) addition of calcium
hydroxide for saponification of the grease and oil, and (3) addition of
aluminum sulfate as flocculation agent.
Heavy metals, i.e., metallic chemical elements with relatively high densities,
occur naturally in the environment in varying concentrations. Most heavy
metals exhibit toxicity even at lower concentrations, and their build-up in
body tissues over a period of time could be detrimental to human health.
Current practices for water and wastewater treatment in Africa are
insufficient to ensure safe water and basic sanitation. To address this
challenge, joint efforts are needed, including transforming to green
economy, innovating technologies, improving operation and
maintenance, harvesting energy, improving governance and
management, promoting public participation, and establishing water
quality standards.

32

750mil

of 48 Sub-Saharan African countries had no data available on wastewater
treatment and generation.
Nearly 750 million people (69% of the African population)—mostly in subSaharan countries—did not have access to improved sanitation services in 2017

115

people in Africa die every hour from diseases linked to poor sanitation, poor hygiene
and contaminated water

26%

Households in rural Africa spend an average of 26% of their time fetching water;
generally women are burdened with this task.

5 MAIN FORCES IN
THE METAL
INDUSTRY
there are five forces that determine the competitive intensity
and attractiveness of the metal market
SUPPLIER POWER
The main problem is that the conventional water purification
methods produce hydroxide sludges that bind the metals within.
Although the sludges are drained, they still contain huge amounts
of water and in general, due to the high heavy metal content, they
are environmentally hazardous. That is why the sludges are
commonly disposed of in costly landfills and the metals, which are
the most critical raw materials, disperse in the surroundings. In most
cases, the metals bearing waste are deposited in such a way that we
cannot recover it anymore.

BUYER POWER
South Africa is one of the world leaders in metal packaging recycling, with over 75%
of all metal packaging recovered. Food tins, tin foil packaging and aluminium
beverage cans are among the most common metal items sent for recycling. The
majority of recycled metals are sold locally.
Product is less differentiable and standardized; there is high bargaining power for
Bargaining power of buyers It is the pressure the buyers or customers can put on
businesses to get them to provide higher quality products, better customer service
and low prices. By experimenting with product designs using different materials so
that if the prices go up of one raw material then company can shift to another.

COMPETITIVE
RIVALRY
A major concern raised across the value adding segments is the
increased volume of products imported into South Africa which is
putting pressure on local prices and leading to the closing of
operations and ultimately the reduction of local manufacturing
capacity. The trend of increased imports is relevant across most of
the included value adding segments. Imports increased by 5.6% in
2013 compared to 2012 and according to the various industry
associations imports are expected to increase by between 5% and
10% on average in 2014.

POTENTIAL OF NEW ENTRANTS IN
THE MARKET
Restrictions on the free trade of scrap metal in South Africa have included an
export ban and currently involve a system described by a trade advisor as one
that “forces metal recyclers to first offer their scrap to domestic consumers at
a large discount before they can get a permit to export.”
The PPS is a policy that has saved the steel manufacturing industry, and has
created a situation where recyclers are forced to further invest in
infrastructure and beneficiation rather than the mass export of products
Adsorption is the most promising method widely investigated in removing
heavy metal ions from wastewater due to simple operation, strong
applicability, high removal rate, and low cost of reusability. However, this
preference depends mainly on selecting low-cost materials, high uptake, and
efficient regeneration processes. Comparing to adsorption, the membrane
method is technically more mature as it is practical; however, minimizing the
separation cost and membrane fouling is still challenging.

THREATS OF
SUBSTITUTE PRODUCT
The chemical-based methods, especially chemical precipitation, are technically
mature and practical. They are also considered cost-effective methods. They
depend on the chemical consumed, unlike the electrochemical method that
relies on additional factors, including electrodes, electrical energy, and other
fixed costs. However, they produce large volume sludge and need
sedimentation separation.
Elevated concentrations of heavy metals in drinking water resources and
industrial or urban wastewater pose a serious threat to human health and the
equilibrium of ecosystems. During the last few decades, the tendency to set
more strict regulations on acceptable limits by the authorities, has presented
the challenge of improving conventional treatment technologies or adopting
innovative processes. However, meeting the technology-based treatment
standards, complying with local legislation, and keeping the designed system
economically viable are not always easy tasks to fulfil

Key Opportunities

Nano Filtration
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Evaporation
Ion-exchange
Reverse Osmosis

Chemical Treatment

Innovative processes for treating industrial wastewater containing heavy metals often
involve technologies for reduction of toxicity in order to meet technology-based treatment
standards.
However, in the near future, the most promising methods to treat such complex systems
will be the photocatalytic ones which consume cheap photons from the UV-near visible
region. They induce both degradation of organic pollutants and recovery of metals in onepot systems. On the other hand, from the conventional processes, lime precipitation has
been found as one of the most effective means to treat inorganic effluent with a metal
concentration of >1000 mg/L. It is important to note that the overall treatment cost of
metal-contaminated water varies, depending on the process employed and the local
conditions. In general, the technical applicability, plant simplicity and cost-effectiveness are
the key factors in selecting the most suitable treatment for inorganic effluent
Industrial wastewater streams containing heavy metals are produced from different
industries. Electroplating and metal surface treatment processes generate significant
quantities of wastewaters containing heavy metals (such as cadmium, zinc, lead,
chromium, nickel, copper, vanadium, platinum, silver, and titanium) from a variety of
applications. These include electroplating, electroless depositions, conversion-coating,
anodizing-cleaning, milling, and etching. Another significant source of heavy metals wastes
result from printed circuit board (PCB) manufacturing.

Risks of Heavy Metal to Health
Technologies
The heavy metals cadmium, lead and mercury are common air pollutants, being
emitted mainly as a result of various industrial activities. Although the
atmospheric levels
are low,
they contribute to the deposition and build-up in soils.
Biological
processes
Heavy metals are persistent in the environment and are subject to
bioaccumulation in food-chains.
Cadmium exposures
are membrane
associated with
kidney and
bone damage. Cadmium has
(RO) and
separation
technologies
also been identified as a potential human carcinogen, causing lung cancer. Lead
exposures have developmental and neurobehavioural effects on fetuses, infants
and children, and
elevate blood pressure in adults.
Filtration
Mercury is also toxic in the elemental and inorganic forms, but the main concern
is associated with the organic compounds, especially methylmercury, that
accumulate in the foodchain, i.e. in predatory
fish in lakes and seas, as these are
er
the main routes of human exposure.
Long-range transboundary air pollution is only one source of exposure to these
metals but, because of their persistence and potential for global atmospheric
transfer, atmospheric emissions affect even the most remote regions.
Even with a reduction in the metal concentrations in river water from South Africa
to Mozambique, the potential to cause adverse human health impacts from direct
use of polluted river water is evident in both countries.
Water pollution by heavy metals is of increasing concern due to its devastating
effects on the environment and on human health. For the removal of heavy metals
from water sources, natural materials, such as spent-coffee-grains or
orange/banana/chestnut peels, appear to offer a potential cheap alternative to
more sophisticated and costly technologies currently in use. However, in order to
employ them effectively, it is necessary to gain a deeper understanding – at the
molecular level – of the heavy metals-bioorganic-water system and exploit the
power of computer simulations. As a step in this direction, we investigate via
atomistic simulations the capture of lead ions from water by hemicellulose – the
latter being representative of the polysaccharides that are common components
of vegetables and fruit peels − as well as the reverse process.

Industry
Strengths

The WHO recommended safe limits of Hg in wastewater and soils for agriculture are 0.0019
and 0.05 ppm respectively10
Removal of heavy metal ions from wastewater is of prime importance for a clean
environment and human health. Different reported methods were devoted to heavy metal
ions removal from various wastewater sources. These methods could be classified into
adsorption-, membrane-, chemical-, electric-, and photocatalytic-based treatments.
The adsorption mechanism is defined by the physicochemical properties of adsorbent and
heavy metalsEvaporation
and operating conditions -his method was reported to have low operating
costs, high removal capacity, easy implementation, and simple treatment by regenerating
the adsorbed heavy metal ions. Different types were developed for wastewater
remediation, as discussed in the following sections.

Ion-exchange

Weaknesses
The major obstacles of the adsorption methods are the ability to remove different ion types
concurrently, high retention time, and cycling stability of adsorbents. Even though the
chemical and membrane methods are practical, the large-volume sludge formation and
post-treatment requirements are vital issues that need to be solved for chemical
techniques. Fouling and scaling inhibition could lead to further improvement in membrane
separation.
However, pre-treatment and periodic cleaning of membranes incur additional costs.
Electrical-based methods were also reported to be efficient; however, industrial-scale
separation is needed in addition to tackling the issue of large-volume sludge formation.
Electric- and photocatalytic-based methods are still less mature.

Threats

Human activities like industrial waste, transportation, and agriculture emit a large
concentration of heavy metal elements on the soil surface and groundwater [9]. Heavy
metals such as Cd, Ni, and Pb are not required to grow plants. These metals mainly
accumulate in plants in hazardous forms, which can cause dangerous diseases in humans
and wildlife.
The heavy metal contaminated wastewater finds its way into the environment, threatening
human health and the ecosystem. The heavy metals are non-biodegradable1 and could be
carcinogenic thus, the presence of these metals in water by improper amounts could result
in critical health issues to living organisms

Major Market Opportunities
Continued population growth, increased per capital water consumption and
increased water requirements for industry and irrigation result in
considerable decrease of usable water resources. Therefore, treated
wastewater recycling into the hydrological cycle is of significant importance
and has many benefits.
South Africa generates 108 million tons of waste annually, 90% of which still
goes to the country's landfills. The country's slow progress in recycling is
evidenced by the Polokwane Declaration on Waste Management's target of
reaching zero waste to landfill by 2022 being revised to a target of 50% of
waste to landfill by 2025. To drastically change South Africa's wasteful
habits and encourage a circular economy, where materials are re-used,
government gazetted the National Waste Management Strategy 2020.
Regulations for a mandatory extended producer responsibility scheme
place responsibility on manufacturers for their products and packaging to
the end of their life cycle
Urbanisation (and accompanying increases in wastewater generation)
further exacerbates pollution, particularly in areas with inadequate
sanitation and hygiene facilities. While the proportion of the global
population accessing at least a basic sanitation service has increased to 68
per cent (2015), some 2.3 billion people still lack even the most minimal of
facilities. Of these, the majority live in rural areas, and include some 892
million people who still must practice open defecation. Discharge of
untreated effluent endangers human health and also contributes to
greenhouse gas emissions, with methane emissions from raw sewage
estimated to be three times higher than from conventional wastewater
treatments.

Key Drivers of Wastewater
The increasing scourge of cancer epidemiology is a global concern. With WHO emphasizing that
40% of all cancer cases are preventable, exposure to known and suspected carcinogens must be
discouraged. The battle with communicable diseases and other third world challenges has greatly
de-emphasized anti-cancer campaigns in sub-Saharan Africa. The abundant deposit of mineral
resources in sub-Saharan Africa has attracted high mining activity with its negative environmental
aftermath. Poor regulatory mechanisms have led to environmental contamination by products of
mining including heavy metals. I

Heavy Metal Impact on Health
Chemical carcinogens
are substances which under certain circumstances can induce cancer in humans after
Evaporation
excessive or prolonged period of exposure. They include natural and/or synthetic industrial, agricultural or
commercial substances which exert carcinogenic effects via various mechanisms including the distortion of
the conformation of DNA (and its functions) during replication and transcription; mutational activation of
protooncogenes and/or inactivation of tumor suppression genes; non mutational processes such as the clonal
Ion-exchange
expansion of pre-malignant
cells. Despite the bio-importance of some heavy metals as trace elements, their
general biotoxicity is of greater health concern.
Heavy metals often refer to metallic elements with relatively high density and known to be toxic to humans
even at low concentration. They include lead (Pb), cadmium (Cd), zinc (Zn), mercury (Hg), arsenic (As), silver
(Ag), chromium (Cr), copper (Cu), iron (Fe), and the platinum group elements.
A number of studies have established some heavy metals as potential risk factors in the pathogenesis of
cancer. There are a number of authoritative international and local organizations that collect information,
scientific evidence and toxicological data which help to classify and regulate chemical carcinogens, complex
mixture, occupational exposures, physical agents and life style factors.

Removal of heavy metals from wastewater using agricultural
byproducts
The use of agricultural waste to remove heavy metals from wastewater has attracted much attention due to its
economic advantages and high removal efficiency which is attributed to different functional groups. The
sorption mechanism of biomass can consist of several steps including chemisorption, complexation,
adsorption on surface, diffusion through pores, and ion exchange.
Heavy metals were removed in different rates depending on the adsorbent and metal itself. For instance,
coconut waste showed adsorption capacities of 263 and 285 mg/g in removing lead and cadmium ions,
respectively. Also, black oak bark has adsorbed mercury in an adsorption capacity of 400 mg/g, while wheat
brans adsorption capacity for chromium was 310 mg/g. Here, we highlight the increasing use of these
materials due to their low cost, regeneration ability, high adsorption efficiency, and small chemical or
biological sludge with a possibility of metal recovery.

Key Insights
One of the most critical problems of developing and developed countries is improper management of vast
amount of wastes generated by various anthropogenic activities. Though, very pronounced in the developing
countries due to availability of potable water sources. More challenging is the unsafe disposal of these wastes
into the ambient environment. Water bodies especially freshwater reservoirs are the most affected. This has
often rendered these natural resources unsuitable for both primary and/or secondary usage [1]. Water shortage
is an important concern in arid areas such as Africa.
Metal organic frameworks
(MOFs) represent
one of the largest classes of porous crystalline materials. MOFs
Biological
processes
have been increasingly applied as functionalizing agents for membranes because of their porosity, high surface
area, small particle size, aspect ratio control, tuneability, compatibility with a polymeric network, and
exuberance of diverse functional
groups.
(RO) and
membrane separation technologies
Nowadays, the recovery processes of precious metals (PMs) from industrial wastewater streams have found
significant attractions among various investigators worldwide. PMs are known as rare/noble chemical elements
that their fundamental characteristics such as ductility, electrical conductivity, and resistance against corrosion
Filtration
have made them promising for application in industrial-based activities such as jewelry, petrochemistry, and
catalysis.
The conventional processes for removing heavy metals from wastewater include many processes such as
er and electrochemical deposition. Chemical
chemical precipitation, flotation, adsorption, ion exchange,
precipitation is the most widely used for heavy metal removal from inorganic effluent.

Technologies

Agriculture is a water intensive industry requiring a constant, pollutant-free water
supply to ensure maximum yields and healthy livestock. South Africa is a dry country
and a consistent source of rain water cannot be counted upon. WaterIcon works with
farmers to ensure a year round, efficient and pure water supply.
Agricultural wastewater treatment is essential to minimise soil pollution and
degradation of farmlands. Wastewater treatment can also be used to capture the soil’s
nitrogen rich runoff and re-use it as fertiliser and manure.
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Two Advanced Types of Water
Filtration Systems available in
South Africa
WaterIcon manufactures several types of water filtration systems in South Africa, two
of which are briefly introduced below. First, however, a look at what filtration entails.
Filtration is a stage in water treatment and follows after clarification of the water.
Through the use of special filtration equipment and techniques, remaining suspended
particles as well as micro pollutants in addition to heavy metals can be removed. The
clarification process already helps to remove the above, but through filtration any
remaining particles can be removed.

Contact
Contact an Metals Water Treatment Expert Today
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Modderfontein
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