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IdentIty Is In tHe

eye of tHe
beHolder
“dare to be different, but at the same time,
stay true to yourself.” GuGuletHu Mabuza-Hocquet
these are very appropriate words indeed from the woman
who has committed her research to identity protection.
the way Gugu sees it, your identity is all you really have –
and the answer to protecting it, lies in iris biometrics.
she is exploring the unique iris properties of the south
african population that may just hold the key to a uniquely
south african security encryption system.
“your iris does not only hold information such as your age,
gender and race, it also says you are part of a demographic
mix that is not found elsewhere in the world. now imagine
a future where those unique features in your eyes will
protect the most valuble thing you have – your identity.”
Gugu describes the way she ended up in science as a
“beautiful accident”. It’s certainly one to be
thankful for.

brIGHt younG scIentIsts beHInd
ideas that work.
www.csirideasthatwork.co.za
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world around you. People involved in areas such as bioprocess engineering work with
people across disciplines to foster a cross-disciplinary approach to research. As our world
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Cracking chemistry’s
toughest bonds

Bronwyn White explains how alkane activation is essential to the plastics
(and many other products) in our lives.

The unbreakable bond

W

hat do Tupperware, rain coats, and plastic shopping
bags have in common? Well, none of them would be
possible without fossil fuels. In fact, it’s hard to find
a modern product that doesn’t contain at least a small amount of
petrochemicals.
Turning fossil fuels into petrochemicals isn’t easy, because fossil
fuels have a high alkane content. Alkanes are molecules made up of
carbon and hydrogen atoms connected exclusively by single bonds,
making them highly stable and unreactive. About the only thing you
can easily do with an alkane, is to set it on fire!
In order to produce petrochemicals, the alkanes must first be
converted to more reactive alkenes through a process known as
chemical cracking.

Chemical cracking

Petrochemical is the common word for any chemical
made using crude oil, coal or natural gas as a raw
ingredient.

A petrochemical plant. Wikimedia Commons

This involves mixing alkanes with oxygen at extreme temperatures
and pressures. When the transformation does take place, it’s very
difficult to control. Because the products are less stable than the
starting materials, the high temperatures make these products react
too, producing a mixture of hydrocarbons that have to be tediously
separated. Finding a safer, cheaper, more precise method to upgrade
fossil fuels would be a chemist’s dream come true.

The bugs that eat petrol – upgrading fossil
fuels
Mother Nature, who has to get by without industrial-strength
pressure vessels, might just have an answer for us. Although fossil
fuels are tough nuts to crack, they’re very energy-rich. This means
that an organism that can metabolise alkanes can carve out a comfy
niche for itself.
Hydrocarbonoclastic bacteria have evolved to live quite happily
amidst concentrations of alkanes that would deter or even poison
most other organisms. Using an enzyme called alkane hydroxylase,
hydrocarbonoclastic bacteria are able to pull oxygen from the air and
insert one of its two atoms into the hydrocarbon ‘backbone’, turning
the alkane into an alcohol. This process is typically referred to as
activation, because it ‘activates’ the alkane by creating a chemical
structure (also known as a functional group) that is more likely to
participate in reactions. The enzyme acts as a catalyst, grabbing
a single alkane molecule in a specially-shaped pocket called a
binding site, and twisting it so that a specific carbon-hydrogen
bond is exposed and stressed. After the reaction has taken place, the
enzyme releases the product and is ready to start again. The alcohol
continues through a chain of different enzymes, until it eventually
becomes a fatty acid, which cells can easily digest.

Chemical structure of
methane, the simplest
alkane. Wikimedia Commons

A species of bacteria that
degrades alkanes. Wikimedia
Commons

It takes teamwork to activate an alkane In steps 1 and 2,
helper proteins, in this case ferredoxin (Fdx) and ferredoxin
reductase (FdR), harvest electrons from cellular chemicals
called NAD(P)H and transfer them to the alkane hydroxylase
(AH). In step 3, the alkane hydroxylase uses the energy from
the electons to grab an alkane and stretch one of the bonds
between a carbon and a hydrogen atom, making it possible
for the bond to react with an oxygen molecule. Bronwyn White
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Greedy cells In naturally-occurring bacteria, the alkane hydroxylase (AH) is accomanied by other enzymes, such as alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase (AlDH), which continue modifying the alkane until it is turned into a fatty
acid which the cell can digest. To save the products before they are eaten by the cell, scientists remove the genes responsible for
making AH and insert them into a different species of bacteria that lacks ADH or AlDH. Alternatively, the genetic code of the ‘wild
type’ bacteria can be modified so it no longer produces ADH and AlDH. Browyn White

There are as many different alkane hydroxylase enzymes as there are
hydrocarbonoclastic bacteria. They vary in terms of their structure,
mode of operation and location within the cell. However, all of them
contain one or two molecules of iron or copper, which are vital to
their interactions with alkanes. All of them need energy in the form
of electrons, which the cell provides via the chemical nicotinamide
dinucleotide (NAD(P)H). Most of them rely on at least one other
enzyme to ferry electrons from NAD(P)H to the enzyme’s binding site.

The activation obstacle course
Enzyme catalysts, such as alkane dehydrongenase, are highly precise
and can be over 95% specific for a single product. In addition
to their specificity, enzymes can be used under mild conditions
compared to chemical catalysts. Despite these advantages, there are
currently no industrial processes to enzymatically activate alkanes.
Alkane hydroxylase systems are not yet fast or robust enough to be
economical. Numerous obstacles stand in the way of an effective
process.

Greedy cells
Activating alkanes is only useful if the resulting petrochemicals
can be harvested. ‘Wild-type’ cells (the organisms in which the
enzymes are naturally found) will completely metabolise alkanes,
producing carbon dioxide instead of useful petrochemicals. To
prevent this, microbiologists must either edit the cell’s genome
to remove the entire alkane metabolic pathway except the alkane
hydroxylase, or cut the alkane hydroxylase out of the genome and
place it in a non-hydrocarbonoclastic microorganism such as E.
coli, which then becomes a ‘heterologous host’ which is unable to
break down the products coming from the alkane hydroxylase.

Unpalatable chemicals
Cells like water. They evolved in aqueous environments.
Alkanes are the opposite of aqueous – like cooking oil, they
are hydrophobic, meaning that when they are mixed with
water they form emulsions instead of dissolving. This makes it
difficult for cells to access them. Furthermore, both alkanes and
alcohols can accumulate inside the cell membrane, disrupting its
structure and interfering with some membrane-based proteins.
This is a particular problem for heterologous hosts (unlike
hydrocarbonoclastic bacteria which have evolved certain coping
mechanisms). To compensate for the toxicity of substrates and
products, process engineers must find ways to feed the cells
with alkanes at just the right rate. Too fast, and the cells will
be damaged. Too slow, and the reaction will be inefficient. The
engineers must also prevent the product (alcohol) from reaching
intolerable levels, without decreasing how much alcohol is
formed overall. The current best practice is to throw another, less
toxic, hydrophobic chemical into the mix. Alkanes and alcohols
prefer this chemical to water, so their concentration in the
aqueous phase (the ‘water’ phase containing the cells) stays low,
even if their concentration in the overall system is very high.

Stubborn membranes Alkanes struggle to get though the
cell membrane, because liquid cells evolved to live in water,
which alkanes aren’t miscible with. This creates a bottleneck

6

Unpalatable chemicals Alkanes are imiscible (do not mix) with

in the reaction process, forcing the alkane hydroxylase

water and are eventually toxic to most kinds of cells. Adding a

(AH) to work below its full capacity. The membrane can

non-toxic, water-imiscible liquid can control the rate at which cells

be bypassed by getting the cell to produce a transporter

are exposed to alkane, allowing cells to work better for longer.

protein (T) which sits in the membrane and forms a channel

Browyn White

for alkanes to move through. Browyn White
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Stubborn membranes
The hydrophobic nature of alkanes presents other challenges
besides toxicity. If alkane molecules get stuck outside the cell or
within the membrane which surrounds the cell, then the rate at
which they reach the alkane hydroxylase enzymes will be greatly
reduced. Certain chemicals or mechanical processes can poke
holes in the membrane to allow the alkanes through more easily.
However, this can cause as much damage to the membrane as the
accumulation of alkanes does. Once again, a better alternative
might be to learn from nature. Hydrocarbonoclastic cells make
proteins which create channels through the cell membrane,
simultaneously improving the supply of alkanes and preventing
them from damaging the membrane. The genes needed to
make these proteins can also be transferred to the heterologous
host, causing the host cells to produce the transporter proteins
alongside the alkane hydroxylase enzymes.

Sluggish electron supply
No matter how much alkane is available, the enzyme can’t
activate it without access to electrons. This means that the other
enzymes in the reaction chain have to be in top form. This might
mean changing the ratios in which the helper enzymes are
produced, or designing artificial proteins which fuse the alkane
hydroxylase and electron transporter(s). But the helper enzymes
can’t pull electrons out of thin air – they have to be harvested
from the chemical NAD(P)H, by splitting it into NAD(P)+ and
hydrogen ions. Cells can reverse this reaction using enzymes
known as dehydrogenases, which harvest energy from core
metabolic processes in order to turn NAD(P)+ back into NAD(P)
H. If the cell struggles to produce enough NAD(P)H to feed
the alkane hydroxylase, its genetic make-up can be modified
to produce extra dehydrogenases, which boosts the NAD(P)+
reconversion process.
Getting alkane hydroxylases to perform at their best means
finding ways to implement all of these improvements, and
more, in a simultaneous yet balanced fashion, in order to avoid

Sluggish electron supply The alkane hydroxylase’s ‘helper
proteins’ (in this case, FdR and Fdx) have to function
optimally in order to supply the energy needed for alkane
activation. Getting the cell to over-produce proteins known
as dehydrogenases (DH) can boost the regeneration rates
of the NAD(P)H chemicals from which FdR harvests electrons.
Meanwhile, increasing the quantity of Fdx enzymes means
electrons reach the alkane hydroxylase faster. Browyn White

overwhelming the cell. There is still a long way to go before
alkane activation is ready to move from the laboratory to the
factory. But when it does, it will revolutionise the way we create
our petrochemicals. Petrochemicals are central to modern life,
and finding more efficient ways to produce them is certainly a
problem worth cracking.

Recommended reading
Enzymes are not the only potential answer to the alkane
challenge. If you are interested in chemical approaches to alkane
activation, check out Robert Bergman’s article on C-H activation
in Nature vol. 446 (22 March 2007).
Bronwyn White is a PhD student at the Centre for Bioprocess
Engineering Research at the University of Cape Town. Her PhD is
focused on the alkane hydroxylase CYP153A6, and on overcoming
some of the bottlenecks mentioned in this article. Her research is
part of the National Centre of Excellence in Catalysis (c*change), a
collaboration between chemists, engineers and biologists at ten South
African universities.
Before getting into bioprocesses, Bronwyn studied Chemical
Engineering at UCT. Aside from bacteria, her interests include hiking,
teaching and fencing.

Curriculum corner
Physical Science grade 12
■■
■■

Organic molecular structure
Plastics and polymers

Life Sciences
■■

Organic compounds

Language summary
Petrochemicals, obizwa nangokuthi petroleum distillates,
kukhona imikhiqizo yamakhemikhali lisuselwa petroleum.
Ezinye zamakhemikhali ezenziwe ongahluziwe nazo
etholakala abavela kwamanye zokubasa ezimbiwa phansi,
ezifana amalahle noma igesi yemvelo, noma imithombo
evuselelekayo efana corn noma umoba.
Laba bobabili ezivame kakhulu amakilasi olefins
(kuhlanganise ethylene kanye propylene) kanye (kufaka
benzene , toluene kanye xylene isomers ). Amafutha
zokuwuhluza ukukhiqiza olefins futhi uketshezi kwemifantu
okhanda amanye amathuba izingxenyana zaso. Izitshalo
Ukukhiqiza umusi kwemifantu igesi yemvelo uketshezi
kanye. Akhiqizwa okhanda amanye amathuba ukuguqula.
Olefins and aromatics are the building-blocks for a wide range
of materials such as Futhi kukhona isakhiwo-amabhlogo
anhlobonhlobo izinto ezifana uketshezi, izihlanzi, futhi
anamathelayo.
Asisekelo polymers kanye elisetshenziswa zepulasitiki,
inhlaka, zesivikelo sesifuba, uthambise, futhi si Global
ethylene and propylene production are about 115 million
tonnes and 70 million tonnes per annum, respectively. kanye
ukukhiqizwa zisukela ezigidini 115 wamathani million 70
amathani ngonyaka, ngokulandelana. Ukukhiqizwa cishe
bayizigidi ezingu-70 tonnes.
12|3 2016
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Making electricity from
waste water
Jennifer Couperthwaite explains microbial fuel cells or how microorganisms can
produce electricity from waste water

What is a microbial fuel cell?
Microbial fuel cells (MFCs) are new
and exciting devices in the field
of biotechnology. An MFC is an
electrochemical device which, just like a
battery, can convert chemical energy into
electrical energy. The difference is that in
a MFC, microorganisms (usually bacteria)
act as the catalyst for the electricity
producing reaction. MFCs are currently in
the early stages of development but show
promise for the production of clean green
energy.

Oxidation reaction
Just like in a battery, there is an oxidation
reaction which takes place at the anode
and a reduction reaction which takes
place at the cathode. Bacteria need to
consume food to gain energy for growth
and reproduction just like all other living
things. The food that bacteria need is in
the form of dissolved organic compounds.
Energy is stored in the chemical bonds in
organic carbon chains. As bacteria break
these bonds and form smaller organic
compounds they gain energy. When
chemical bonds are broken, electrons
(negatively charged) are transferred. Some
bacteria have the ability to transfer the
electrons to an insoluble electron acceptor
like an anode.This is what makes up the
oxidation reaction at the anode of a MFC.
From the anode, the electrons travel
through an external circuit to the cathode
electrode where they are consumed in a
reduction reaction. This is very often a
reduction reaction with oxygen.
The first MFCs usually had two
chambers: the anodic chamber where
the bacteria are living, and the cathodic
chamber. The cathode is often submerged
in water and air is bubbled through the
compartment. The two compartments are
separated by a proton exchange membrane
(PEM). The PEM allows the protons
(positively charged) produced in the
oxidation reaction at the anode, to diffuse
through and be used in the reduction
reaction at the cathode. This completes
8
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the electrical circuit and electricity is
produced.
It is important for the anodic
compartment to be kept anaerobic, i.e.
no oxygen should be present. If oxygen is
present near the anode, the bacteria could
simply use the electrons they got from
the organics to reduce the oxygen before
the electrons are transferred to the anode.
This means that electrons do not travel
through the external circuit and therefore
electricity is not produced. The PEM also
helps to physically block the transfer of
oxygen from the cathode chamber into
the anode chamber. The set-up of a typical
two-chamber fuel cell is shown in Figure 1.

means the bacterial cell can be floating
in solution some distance away from the
anode. Figure 2 shows a bacteria called
Shewanella oneidensis MR-1 growing on
a carbon anode. Nanowires can be seen
growing from the bacteria towards the
carbon anode.

Why are MFCs useful?
Electricity production

Although most of the research which has
been conducted on MFCs so far has been
done on a small scale in laboratories, there
are potential real-world applications for
them. MFCs are capable of generating

How do the bacteria
do it?
In early research conducted on MFCs,
chemical compounds called mediators
were added to the MFC to help the
microorganisms transfer their electrons.
These compounds would bond with the
electrons from the microorganisms, and
discharge them at the anode.
Some microorganisms have the ability
to transfer electrons to the anode electrode
by themselves. Microorganisms which can
do this are called exoelectrogens because
they can transfer electrons from inside
their cell walls to the anode, which they
may not even be touching. They have
also been called electrochemically active
bacteria, anodophiles, anode respiring
bacteria and electricigens. So how do they
do it?
Different bacteria do it differently.
Some bacteria can only transfer electrons
when the outer membrane of the cells is
in direct contact with the anode. Some
other bacteria produce nanowires. These
are conductive extensions of the cell
membrane. The nanowires can extend to
touch the anode and surrounding cells,
so electrons can be transferred even if
the bacteria are not in direct contact with
the anode. Some bacteria excrete their
own electron shuttles (mediators). This

Figure 1: Schematic diagram of a typical
two-chamber MFC Adapted from Du et al., 2007

Figure 2: SEM pictures of S. oneidensis
MR-1 producing nanowires on the
carbon anode electrode of a MFC.
Jennifer Couperthwaite

enough electricity for use as small
scale batteries and local area electricity
generation. Although very little electricity
is generated, it could be stored in
rechargeable devices to be used elsewhere
later once enough charge has been stored.

Hydrogen fuel production
MFCs can also produce bio-hydrogen
for fuel (a renewable energy) in what are
called microbial electrolysis cells (MECs).
In the cathodic reaction, protons from the
anodic reaction combine with electrons to
form hydrogen. Direct electrolysis of water
is the most common method of hydrogen
production, but MECs are a potentially
greener procedure and require a lower
external potential.

Low energy waste water
treatment
Wastewater is produced in many different
forms from many different human
activities. Some waste water has very high
concentrations of organic compounds.
If waste water with a high concentration
of organics (also referred to as chemical
oxygen demand (COD)) is released into
the natural waterways, many different
microorganisms will flourish as they
begin to degrade them. The problem
is that when microorganisms oxidise
organics, they use up all the dissolved
oxygen present in the water. This
threatens the natural ecosystem as fish
and other aquatic animals need dissolved
oxygen to live. Therefore the organic
compounds must be removed before the
water can be released back into the natural
environment.
In many of the existing waste
water treatment methods, the natural
metabolism of microorganisms is
used in specifically-designed reactors
(treatment tanks containing waste water
and microorganisms) to remove organic
compounds. Although bacteria are doing
the real work, these methods sill require a
lot of electricity for aerating and pumping.
So what if some of the microorganisms
in the waste water treatment reactors
could also produce some electricity while
they treat the waste water? The electricity
produced could potentially offset the
energy demands of the treatment and the
process would be a lot greener. A lot of
different waste water treatment reactors
already exist. Would it be possible to
take the necessary parts of a MFC and
incorporate them into a reactor so that it
can generate electricity?

Improving the design of
MFCs for waste water
treatment
The design of MFCs has come a long
way since the first two-chambered
MFCs were developed. Many MFC
designs have been investigated to
make them better for use in realworld applications. For example, to
produce a lot of electricity and do
it continuously, MFCs should be
‘flow through’ systems that receive
organics continuously. Wastewater is
also produced on a continuous basis
and in very large amounts. MFCs
designed to treat waste water need
to accommodate this.
The issue with waste water is
that it’s waste and no ones wants
to spend a lot of money to fix
something they don’t want anyway.
MFC designs have also changed to
make them cheaper. For example,
oxygen is present in the air, and
if the cathode could be directly in
contact with the air (called an aircathode) instead of having to bubble
air through the cathodic chamber,
energy could be saved and oxygen
would be in direct contact with the
electrode to speed up the reduction
reaction.
The first MFCs had PEMs
(proton exchange membranes,
described above), but PEMs are
often very expensive and difficult
to use on a large scale with high
flow rates. A PEM also acts as a
barrier through which protons
need to be transferred, and this
slows down the rate of transfer.
Research has shown that the
amount of electricity produced can
be increased by removing the PEM.
This means that the most
important parts of a MFC are the
anode, cathode and the electricity
producing microorganisms. If so
many different configurations of
reactor are possible, it is very likely
that if electrodes were added to
waste water treatment reactors
in the right configuration and
exoectrogenic microorganisms
were present in the reactor, then
that reactor could be made into a
MFC.

Could MFCs be
incorporated into acid
rock drainage (ARD)
treatment?

In South Africa, mining activity and
processing of ore containing sulphidic
(sulphide) minerals has left large amounts
of rock exposed to the elements. When
these sulphidic minerals are exposed to
environmental oxygen and water, the
sulphide is oxidised to form sulphate. This
has resulted in large amounts of sulphaterich waste water being produced. This waste
water is called acid rock drainage (ARD)
and contaminates ground water, making it
acidic and poisoning it with heavy metals.
ARD poses a threat to the environment,
agriculture and human health especially in
water sparse countries like South Africa.
Many different treatment options are
being investigated for ARD. One attractive
option is to treat it biologically using
bacteria. Sulphate reducing bacteria (SRB)
have the ability to gain the energy they need
for growth and reproduction from reducing
sulphur compounds instead of oxygen.
The SRB carry out the following general
reaction:
Electron donor + SO42- = 2 HCO3- + H2S
This means that the bacteria oxidise
organic substrate (the electron donor) to
gain electrons and produced carbonate
ions in the oxidation reaction (HCO3-). The
electrons were then used to reduce sulphate
ions (SO42-) to hydrogen sulphide (H2S).
Using bacteria is inexpensive, efficient
and has a low energy input which makes it
a sustainable process. The Centre for Bioprocess Engineering Research (CeBER) at
the University of Cape Town is investigating
a bio-reactor to treat sulphate-rich waste
water. This is the linear flow channel reactor
(LFCR) and it works like this: A mixed
community of bacteria live in the LFCR.
This community consists of both sulphate
reducing bacteria (SRB) and sulphide
oxidising bacteria (SOB).
The reactor is a simple rectangular shape
with an open top (Figure 3). It has an inlet
at one end and an outlet at the other at the
same height. Sulphate-rich waste water
containing organic substrate is pumped
into the reactor and overflows through the
outlet. Sulphate reduction takes place in the
bulk liquid were the SRB convert sulphate
ions into hydrogen sulphide.
Sulphide-rich waste water is no better
than sulphate-rich waste water. Sulphide is
12|3 2016
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toxic to humans and animals, is corrosive
to metals and concrete and must also be
removed. This is where the other group of
bacteria in the LFCR come into play. The
SOB are aerobic bacteria and need to be in
the presence of oxygen to be able to carry
out their work. The most oxygen is present
at the surface of the liquid, and this is where
the SOB live and metabolise. The SOB
convert the hydrogen sulphide produced
by the SRB into sulphur through sulphide
oxidation. A thin layer of sulphur forms on
the top of the liquid in the reactor. This is
called the floating sulphur biofilm (FSB).
The FSB contains the SOB and sulphur
produced from sulphide oxidation and
helps to prevent oxygen from diffusing into
the bulk liquid in the reactor. The SRB are
anaerobic bacteria and sulphate reduction
takes place in the absence of oxygen.
Over time the FSB gets thick and heavy
from sulphur forming and needs to be
removed. South Africa has no natural
sulphur reserves, and elemental sulphur is
a potentially valuable by-product. Together
the SRB and SOB remove all the sulphur
compounds and organic substrate from the
water and at the same time generate a useful
product.
With all the oxidation and reduction
taking place, there seem to be a lot of
electrons being transferred. So is it possible
for the SRB and SOB to transfer electrons to
anode electrodes and produce a MFC that
can treat sulphate-rich waste water? Well
the researchers at CeBER were determined
to try!

than the MFC and had two air-cathodes
(one on either side of the reactor). A carbon
microfiber brush was constructed (Figure 4)
for easy connection to an electrical circuit.
It can be seen submerged in the bulk liquid
in Figure 5.

Did the LFCR-MFC
produce any electricity?
The LFCR-MFC was placed in an electrical
circuit with a 10 kΩ resistor. An incoming
liquid feed containing sulphate and a
carbon source for bacterial growth was fed
very slowly to the reactor. The potential
difference, or voltage, over the MFC reached
a maximum of 450 mV but decreased
gradually over the course of the experiment
(Figure 7). The power output of a MFC is
given per square unit of area of one of the
electrodes, or per cubic unit of volume of the
reactor. This is called the power density. The
highest power density that the LFCR-MFC
produced was 2.56 mW/m2 of cathode area.

This means that we would need 781 250
MFCs with 1 m2 of cathode area just to boil
one kettle! So yes, electricity was produced,
but in very small amounts.

Improvements
There are a number of changes that can be
made to this small-scale prototype MFC
which could improve electricity generation.
For example, the LFCR-MFC has a high
internal resistance of almost 1 kΩ. The
internal resistance reduces the current
produced because it makes it harder for
electrons to be transferred, and decreases
electricity production. Improving the
connections between the electrodes and
the external circuit could reduce internal
resistance. Mixing can improve diffusion
of protons and electrons through the liquid
and therefore decrease resistance. In the
LFCR-MFC the flow of liquid through the
reactor could mix the reactor better, but it
can also wash charged particles out of the
reactor before they reach the electrodes and

The combined LFCR
and MFC (LFCR-MFC)
Liquid is constantly flowing through the
LFCR and bacteria can get washed out
at high flow rates. To avoid this, carbon
microfibers are submerged in the bulk liquid
of the reactor. These provide a support
structure onto which the SRB can attach,
to increase the number of bacteria in the
reactor and prevent wash-out. Carbon
microfibers are also conductive and
researchers at CeBER thought that maybe
they could double as the anode in a MFC.
All that remained was to include a
cathode electrode. An air-cathode was
chosen because oxygen is non-toxic, readily
available and free in air (remember that 21%
of air is oxygen) and the reduction reaction
with oxygen for an air-cathode is relatively
fast compared to submerged cathodes. So a
combined LFCR and MFC was constructed
(Figure 5). The LFCR-MFC was shorter
10
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Figure 3: Photograph of linear flow channel reactor. Jennifer Couperthwaite

Figure 4: A carbon microfiber brush anode. Jennifer Couperthwaite

affect the waste water treatment.
The operating temperature could also be
raised. Lots of chemical reactions happen
faster at higher temperatures. This is also
true for reactions mediated by microbes,
but microbes generally live in ambient
temperature environments and die at higher
temperatures so the maximum temperatures
are limited.
In future, the LFCR-MFC may have to be
adapted for easy changing of the electrodes,
or harvesting the elemental sulphur. The
same is true for the FSB which will need to
be harvested at regular intervals in an easy
and efficient way. Many other waste water
treatment reactors converted to MFCs have
the same problem with platinum fouling
and internal resistance. Some research has
shown that bacteria growing on the cathode
(bio-cathode) can catalyse the reduction
reaction. Platinum is expensive and
perhaps if the bacteria do a good enough
job, platinum wouldn’t even be necessary.
Hopefully on-going research will yield
answers to these problems.

Figure 5: The constructed combined LFCR-MFC Jennifer Couperthwaite

Where to from here?
This LFCR-MFC was constructed to prove
that electricity generation in a reactor
treating ARD is possible. If the reactor is to
be used on a large scale, many changes need
to be made to its design and operation.
MFCs are a relatively new technology
and so far the electricity they produce could
not replace other electricity-producing
technologies. Some researchers have said
that MFCs used for treating waste water
could halve the energy demands of the
process. That is a substantial amount and
enough to encourage further research.
There are also many different types of
waste water produced with all kinds of
different contaminating compounds.
Some of these may be better suited for
treatment with MFCs than others. It’s also
possible that some of the most efficient
electricity producing bacteria haven’t even
been discovered yet. New developments
in science take place every day and the
answers to many of the world’s problems
are hidden in nature. Perhaps the answer to
the vast amounts of waste water produced
daily throughout the world, are tiny, hungry,
exoelectrogens.
Jennifer studied Chemical Engineering at the
University of Cape Town as an undergraduate
degree and graduated in 2010. She has always
been scientifically and mathematically minded
and knew engineering was for her very early
on. Jennifer has also always been very interested

Figure 6: The floating sulphur biofilm on the surface of the LFCR-MFC Jennifer Couperthwaite

in sustainability and green technology and
decided to do a masters in biological process
engineering in the hope that it would open
doors to a job in a ‘greener side’ of engineering.
Her masters project on waste water treatment
with microbial fuel cells did just that, and she
currently holds an internship position with a
sustainability company.
The demand for products and processes
that humans require in our daily lives will
grow as the human population continues
to grow. Jennifer hopes that young scientists
and engineers realise the importance of
sustainability in the future and continue to
search for greener ways of achieving these
engineering goals.
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Algae driving our
bioeconomy
Sarah Jones explains why algae are a resource for the South African bioeconomy.

G

entle waves undulate on a murky
green lake. To the right there
is another ‘lake’ and to the left,
several more. From a birds-eye view this
commercial algal production facility, with
its fields of dark green, is reminiscent of
agriculture. In Asia, America, Australia,
Europe and the Middle East algae is
‘farmed’ for its range of bioproducts
including health foods, omega-3 oils,
carotenoids, food colourants, animal feed
and biodiesel.
In Africa, algae are currently
underexploited but interest in this
valuable bioresource is growing. There
are numerous algal biotechnology
research groups in South Africa, several
pilot-scale trials have been run, and the
South African algal test bed is under
construction in Upington for further
large-scale trials. South Africa is one
of only five countries globally to have
implemented a bioeconomy strategy. The
great potential of algal bioproducts has
led to The Department of Science and
Technology (DST) expressing interest in
the establishment of an algal bioproducts
pipeline as a flagship project to drive the
South African bioeconomy.

Algae as a commercial
bioresource
The term ‘algae’ encompasses a wide
range of photosynthetic organisms,
including microalgae (microscopic, usually
single-celled organisms) and macroalgae
(seaweeds and kelp). Algae are cultivated
at commercial-scale facilities for their
nutritional value, health benefits, natural
pigments and high oil content (used
for biodiesel, health supplements and
cosmetics). Imminent global concerns,
including the depletion of natural resources,
global warming and food insecurity, drive
research in and commercialisation of algae
as a source of sustainable bioproducts.
Like plants, algae need carbon dioxide
to grow. They can therefore be used
for mitigation of this greenhouse gas
by reducing net emissions. Some algae
also take up toxic heavy metals and
are used for waste water treatment and
bioremediation (biological clean up) of
polluted waters. These environmental
benefits make algae an interesting
alternative source to many chemical and
fossil fuel-based products, especially as
microalgae grow more rapidly than plants,
do not require arable land (meaning the

Researchers at the Centre for Bioprocess
Engineering Research (CeBER), University
of Cape Town partnered with Biodelta
Nutraceuticals to investigate establishing
a commercial scale trial of Spirulina
production in Franschoek, South Africa.
Photo by Candice Mazzolini
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Microalgae are microscopic organisms
that are single-celled or form strands,
which can be seen under a microscope.
Microscope images by Sarah Jones.

soil, climate and terrain necessary for
crop production) and can be grown in
salt water or waste water. Also, some algal
species contain higher concentrations of
protein and oil compared to conventional
crops for food and biodiesel production,
for example. Another key feature of
algae is its versatility as a bioresource,
which means that multiple products
can be extracted from one algal harvest
thus improving the economics of the
bioproducts.

Potential for algal
production in South
Africa
South Africa has great potential as a
competitive producer of algal products due its
optimal climate conditions for algal growth,
including warm temperatures and plenty of
sunlight. South Africa also has large areas
of non-arable land which can be used for
algal production and the bioproducts created
from algae do not threaten food supplies as
some crop-based products do. For example,
using land and resources to grow maize
for bioethanol reduces availability of these
resources to grow maize for food. In fact, the
potential for nutritional products from algae
could improve food security. Water is a scarce
resource in South Africa and algae have lower
water requirements than crops do. Algae can
be cultivated in marine, brackish or waste
water, and water can be recycled in an algal
facility. Wastewater also provides essential
nutrients for the algae, thus reducing costs.
An important consideration in South
Africa is our reliance on coal-based energy.
The low cost of coal makes the move to
low-CO2 alternative energy sources difficult.
Algae offer a solution to this problem
through CO2 uptake and recycling. Algal
production facilities placed near coal burning
power stations can have the dual purpose
of taking up the CO2 emissions from
the power plant and producing valuable
secondary products.

The South African bioeconomy strategy
(2014) positions job and wealth creation
as key goals. Algal ‘farming’ will introduce
new employment opportunities to
South African society, and requires both
skilled and semi-skilled personnel. The
production of large-volume commodities
from algae will employ more people and
the high value products (such as pigments
and health supplements) may yield higher
profits, export potential and wealth
generation.

Challenges facing algal
production
Despite the great potential of algal
bioproducts, there are a number of
practical challenges that can limit success
on a commercial scale. Careful planning
and continued developments in algal
cultivation technologies are required to
overcome these challenges.
Algal cultivation requires water,
nutrients, light, carbon dioxide and energy.
These all represent financial costs, and
some have additional environmental and
social considerations.
Wastewater can be used to reduce
freshwater and nutrient requirements for
algal cultivation. However, most types
of waste water cannot be used if the
product of interest is intended for human
consumption. Marine algae species can also
be used to reduce freshwater requirements,
but this requires a coastal location for
the algae farm, and may limit the type of
bioproducts that can be harvested. The
ability to recycle water within an algal
production facility poses a vital advantage,
and reduces overall water use relative to
conventional agriculture.
Nutrient supply is also a serious
consideration for algal cultivation. Nitrates
and phosphates are essential nutrients for
algae. Use of fertilisers incurs large costs,
environmental burdens and competes with
fertilisers required for agriculture. Nitrate
fertilisers are costly and energy-intensive
to produce and phosphate is a scarce and
non-renewable resource. Wastewaters can
provide some nutrients, but are usually
below the requirements for commercial
algal production. Recycling nutrients
where possible is essential, and use of
nitrogen-fixing algae are being considered,
but may also limit the types of bioproducts
that can be harvested. Nitrogen-fixing
algae are able to obtain nitrogen from the
atmosphere and convert it to a nutrient

form, such as nitrate.
Carbon, usually in the form of carbon
dioxide (CO2), is also vital for algal growth.
Atmospheric levels of CO2 are insufficient
for growing high concentrations of algae.
The use of flue gas (the gas emitted from
factories and powers stations), which
can contain up 20% CO2, has great
potential but restricts the location of algal
facilities to the vicinity of CO2 emitters.
Some commercial algae producers use
bicarbonate as an additional carbon source,
but the resulting pH limits the algae
species that can survive on this carbon
source. Another alternative is growing
the algae in the dark using sugars or other
carbohydrates as the carbon source, similar
to how yeast is grown for beer making.
Sufficient provision of nutrients, CO2
and sunlight relies on a well-mixed algal
growth system. Paddlewheels, impellers,
turbines, spargers (for bubbling gas) and
pistons are used for mixing the large
quantities of liquid in which the algae
grow. This mixing has a considerable
energy requirement at a large scale,
increasing both cost and environmental
impact. Downstream processing of algae,
particularly harvesting and drying, also
has high energy costs. There is on-going
research into improving the efficiency of
algal cultivation systems and processing
technologies to reduce this energy burden.
Seasonal and daily temperature variations
also effect the growth of algae. Choice of
location can significantly improve yields
depending on the local climate. Sustainable
technologies for heating and cooling can be
incorporated for maximising outputs.
Although the above represent significant
challenges, they do not make algal farming
unfeasible. Innovative solutions emerging
from research and commercial spaces
show promise towards cost-effective,
sustainable algal farming.

Current global markets
for algal products
Algal bioproducts currently have small
global markets and algae are produced in
far lower quantities compared to crops, for
example. Global wheat production is 700
million tonnes per year, whereas the total
production of seaweeds and other algae was
20 million tonnes in 2011, with microalgae
production at only 9 000 tonnes per year.
However, algal biotechnology is in its
infancy relative to conventional agriculture

Algae are a valuable bioresource used
for a large variety of bioproducts from
health supplements, food colouring and
components of cosmetics to fish feed,
industrial oils and biofuels.
Photos by Candice Mazzolini

and the global market for algal products has
been characterised by rapid growth. Also,
Microalgae are the main component of the
global marine biotechnology market which
was estimated at 3 billion US$ in 2011 with
an expected yearly growth of 10%. (These
statistics are from UN Comtrade database.
The latest complete data set is from the year
2011).

Edible seaweeds
Edible seaweeds, produced and consumed
predominantly in Asia, currently have the
largest global markets of the algal products.
Seaweeds are traditionally eaten in the Far
East and have high nutrient value. Nori,
used in sushi, is a well-known example
which is gaining popularity worldwide.

Fish feed
In aquaculture (fish farming), seaweeds and
microalgae are used to feed fish, molluscs
and crustaceans. Also, β-carotene, a pigment
extracted from microalgae, is used as a
natural feed additive to enhance the colour
of farmed salmon to improve consumer
desirability. The aquaculture industry is
growing compared to wild capture fishing,
and so the need for sustainable sources of
fish feed will continue to increase.

Thickening agents
Seaweeds contain useful compounds called
‘hydrocolloids’ which include alginates,
12|3 2016
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algal products. Over 75% of the production
volume of microalgae is used in the food
market and for health supplements.
Spirulina and Chlorella are microalgae sold
as powder or tablets, or added to health
foods and drinks. These products are classed
as ‘superfoods’ due to their high quantities
of vitamins, minerals and health-associated
compounds in addition to their basic
nutrient value (protein, carbohydrate, oil).

Pigments

Microalgae are grown in large open
ponds or in tanks (called bioreactors),
bubbled with air and carbon dioxide.
The microalgae slush, or paste, can be
harvested from the liquid broth using
filtration or other methods.
Photos by Candice Mazzolini

agars and agarose. They are extracted and
used as gelling and thickening agents,
for water retention, and as stabilizers.
They are used in food, paper, cosmetic
pharmaceutical and biomedical industries.

Omega-3 oils
Omega-3 oils are a popular health
supplement associated with brain
development and function, cardiovascular
health and the prevention of stroke, asthma
and rheumatoid arthritis. Omega-3 oils
produced from algae have a market value
of US$300 million. However, this is only
2% of the total market for these valuable
omega-3 oils, with the remaining sourced
from salmon and other fish. The negative
ecological implications of using fish to
produce omega-3 oils means that algal oils
are a more sustainable alternative. Algae
produce the oils quicker and at higher
concentrations per unit area compared
to fish. Importantly, fish-derived oils are
increasing in price as supply becomes
limited with the estimated demand for
fish oils at 145% of the global production
capacity in 2015. This means that algal
oils are an essential alternative and a vital
route towards a more sustainable supply of
omega-3s. The trend towards algal omega-3s
is expected to increase, and already algaederived oil is found in 99% of baby food
products in the USA.

Health foods
Health foods, also called ‘nutraceuticals’,
have the next largest global market of the
14
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Algae contain green, red/orange and blue
pigments, including chlorophyll, carotenoids
and phycocyanin, which are extracted
and used in food colouring, industrial
pigments and dyes. There is also interest
in these pigments for their potential health
benefits and they are sometimes sold as
nutraceuticals.

Potential future
products
Biofuels

A large portion of research in the field of
algal biotechnology focuses on biofuels.
Algae contain oil which can be converted to
biodiesel, and carbohydrate appropriate for
bioethanol production. Some researchers
have proposed an ‘algal biorefinery’, where
several energy products, and also secondary
products, are produced from a single algal
harvest. However, so far there are few
commercial producers of algal biofuels,
and none producing meaningful amounts
with respect to global liquid fuel demand.
Algae biofuels, when produced alongside
more valuable secondary products, such
as pigments and nutraceuticals, have more
commercial success. The future of algae
biodiesel may lie in a niche market such as
jet fuel production, which requires a certain
quality of oil that can be found in algae oil.

Fertiliser
The high nutrient value of algae means
that they can also be used as fertiliser.
This is a relatively unexplored application,
with little commercial output currently. In
South Africa, Kelpak extracts a particular
compound from kelp (a macroalgae) that
stimulates plant growth. This product is
being used successfully in agriculture.
Research is also being carried out into
using seaweeds and microalgae as a soil
conditioner to rehabilitate old mine sites.
The algae add essential nutrients and
minerals to the soil and increase soil particle
adherence and water binding capacity.

Pharmaceuticals
Algae are rich sources of ‘bioactive
compounds’. These compounds have
anticancer, antifungal, antibiotic and
antiviral, anti-inflammatory, neuroprotective
and hepatoprotective properties. Many of
these are still under investigation, and many
such compounds from algae remain largely
unexplored or undiscovered. With further
research and testing, there is potential for a
variety of products for the pharmaceutical,
nutraceutical and medical fields. Increase
in demand for natural health products,
as opposed to those that are chemically
synthesised, may drive the market towards
pharmaceuticals sourced from algae.

High protein algae for
food security
Since ancient times, seaweeds and
microalgae have been used as sources of
food. For example, Spirulina was eaten
by the Aztecs, seaweeds in the Far East,
and Dihé in Africa. Dihé is microalgae
harvested from Lake Chad and is an
important part of the local, traditional
diet. Diets that incorporate seaweeds and
algae are linked to reduced occurrence of
chronic and age-related illness. However,
algae are not a globally popular food source
at present, despite its nutritional value.
Most remarkably, algae are high in
protein. For example, Spirulina, a type
of microalgae, is between 20 and 40%
higher in protein content than soybean and
contains the full range of amino acids. This
has not yet been fully exploited and could
become an essential part of the global food
landscape.
TerraViaTM is a company in the USA
producing food products from algae. They
sell ‘Whole Algae Flour’ and ‘Whole Algae
Protein’ to fortify foods and baked goods
with vegan protein and consequently
reduce the use of butter and eggs in recipes.
TerraViaTM products are marketed for
first-world consumers, leaving a significant
gap for low-cost, high protein food for the
developing world. High protein algal food
is cheaper than meat and dairy products,
can be grown and harvested faster than
crop equivalents, and on non-arable land
with lower water requirements, as discussed
earlier. This has exciting implications for
improving food security in countries such as
South Africa. A challenge will be to ensure
the cost of algal food products is competitive
with high protein crops such as soybean. An
important advantage is that in addition to

protein and carbohydrates, algae are high in
vitamins, minerals, omega-3 oils and other
compounds that promote good health.

Algae for South Africa
The future of commercial algal cultivation
is a promising one, with a vast amount
of research churning out innovations for
improved cultivation technologies and
interesting algal products. The growth in
algal biotechnology is indicative of the
whole field of biotechnology as we learn
more about the benefits of bioproducts and
develop ways to mimic and harness the
brilliance of systems inherent in nature.
Key climatic advantages and availability
of non-arable land mean that South Africa
could be a competitive global producer
of algal bioproducts. Fish feed, omega-3
oils and biofertiliser from algae could
offer important sustainable alternatives to
current sources of these products. Many
commercial algal producers are particularly
interested in food and nutraceutical
products. In South Africa, high protein
food from algae could improve food
security, and valuable extracts could
stimulate wealth generation. Stimulated by
South Africa’s bioeconomy strategy, algal
products could soon become a source of
proudly South African products. Emerald
lakes expanding into arid South African
countryside, or bubbling glass tanks
bringing a colourful contrast to the grey
of factories and power stations would
certainly change the agricultural and
industrial landscape of the country.
Dr Sarah Jones graduated last year with
a PhD in Chemical Engineering at the
University of Cape Town. She did an
undergraduate and master’s in biochemistry
and microbiology at Rhodes University. Dr
Jones’ PhD research was conducted in the
Centre for Bioprocess Engineering Research
(CeBER) where she specialised in algal
biotechnology. Sarah is now a postdoctoral
research fellow at CeBER, and continues
research in algal biotechnology. Her focus is
on closed photobioreactors, which are vessels
used to grow microalgae for particular
products and functions. Dr Jones’ PhD
research involved improving the energy
efficiency of these vessels for the production
of biodiesel and other products. Her focus
now is on the nutrient and nutraceutical
potential of microalgae. She is passionate
about biotechnology, the bioeconomy and
providing sustainable environmentallyfriendly bioproducts.

Seaweeds for food in Asia are produced in far higher quantities than microalgae
(barely visible in the pie chart above). Data from UN Comtrade and Fisheries and
Aquaculture Statistics.

Seaweed products currently have the largest global markets, particularly the edible
seaweeds. Fish feed, health foods, omega-3s and pigments from microalgae have
smaller, but growing markets. Data from UN Comtrade.

The global production of microalgae has been categorised by rapid growth, with an
estimated 15 000 tonnes produced in 2016. Data from UN Comtrade.
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Dr Melinda Griffiths (left) and Professor Sue Harrison (right) harvesting algae at the
Centre for Bioprocess Engineering Research (CeBER) at the University of Cape Town.
CeBER has a dedicated team of researchers who specialise in algae biotechnology.
Candice Mazzolini
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Nangona intlobo ze microalgae xa
zizonke zingaphantsi kwe-1% ye iinkuni
zomhlaba, iyonke, microalgae yenziwa
ngakumbi iqondwe njengoko impompo
eziphilayo ukuba drives kuphela, esikalini
kwaye igcina eziphilayo zehlabathi kodwa
nekhono ezisetyenziswa ngokubanziisikali imveliso izinto ekrwada.
Microalgae unokuba elingahlaziyekiyo

Microalgae are used to make high
protein flour and health foods and
supplements containing a variety of
vitamins and minerals.
Images from http://algavia.com/.

imarike sele lulindele njengesibonelelo
olusebenzayo, oluzinzileyo, mda yaye
phantse bayimarike ngokupheleleyo
zeenkqubo bio-ofisini kunye neemveliso.
Uqapheleka njengomthombo
kwentsunguzi wamandla kunye zizityebi
izondlo, le mveliso zendalo kuhlala
ukulungele zisisibonelelo engapheliyo
ngenxa noxhaphazo phambili-ukucinga
imixokelelwane commerical ekhangela
oluphuculweyo uzinzo kwiimveliso
zabo.
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Finding galaxies
MeerKAT First Light image. Each white dot represents the intensity of radio waves recorded with 16 dishes of the MeerKAT
telescope in the Karoo (when completed, MeerKAT will consist of 64 dishes and associated systems). More than 1 300 individual
objects – galaxies in the distant universe – are seen in this image. SKA SA

The MeerKAT telescope First Light image reveals more than 1 000 never-beforeseen galaxies in a small patch of sky. Quest reports.

W

hen MeerKAT’s First Light
image of the sky was released on
16 July this year by Minister of
Science and Techology, Naledi Pandor, it was
apparent that MeerKAT is already the best
radio telescope of its kind in the southern
hemisphere. The images released came from
Array Release 1 (AR1), which are 16 of an
eventual 64 dishes integrated into a working
telescope array. This is the first significant
scientific milestone achieved by MeerKAT,
which will eventually be integrated into the
Square Kilometre Array (SKA).
In a small patch of sky covering less than
0.01% of the entire celestial sphere, the
MeerKAT First Light image shows more
than 1 300 galaxies in the distant Universe,
compared to the 70 that were known in this
location before. ‘Based on the results being
shown today, we are confident that after all
64 dishes are in place, MeerKAT will be the
world’s leading telescope of its kind until the
advent of SKA,’ says Professor Justin Jonas,
SKA South Africa Chief Technologist.
MeerKAT will consist of 64 receptors,
each made up of a 13.5-metre diametre
dish antenna, cryogenic coolers, receivers,
digitisers, and other electronics. The
commissioning of MeerKAT is done in
phases to allow for verification of the system,
early resolution of any technical issues, and
initial science exploitation. Early science
can be done with parts of the array as they
are commissioned, even as construction
continues. AR1 consists of 16 receptors, AR2
of 32 and AR3 of 64, expected to be in place

by late 2017.
Dr Rob Adam, Project Director of SKA
South Africa, says: ‘The launch of MeerKAT
AR1 and its first results is a significant
milestone for South Africa. Through
MeerKAT, South Africa is playing a key role
in the design and development of technology
for the SKA. The South African team of more
than 200 young scientists, engineers and
technicians, in collaboration with industry,
local and foreign universities and institutions,
has developed the technologies and systems
for MeerKAT. These include cutting edge
telescope antennas and receivers, signal
processing, timing, telescope management,
computing and data storage systems, and
algorithms for data processing.’
In May 2016, more than 150 researchers
and students, two-thirds from South Africa,
met in Stellenbosch to discuss and update
the MeerKAT science programme, which
will consist of already approved ‘large
survey projects’, plus ‘open time’ available
for new projects. An engineering test image,
produced with only four dishes, was made
available just before that meeting.
‘The scientists gathered at the May meeting
were impressed to see what 4 MeerKAT
dishes could do,’ says Dr Fernando Camilo,
SKA South Africa Chief Scientist. ‘They will
be astonished at the exceptionally beautiful
16-dish AR1 image, which demonstrate
that MeerKAT has joined the big leagues of
world radio astronomy’.

View showing 10% of the full MeerKAT
First Light radio image. More than 200
astronomical radio sources (white
dots) are visible in this image, where
prior to MeerKAT only five were known
(indicated by violet circles). This image
spans about the area of the Earth’s
moon. SKA SA

Higher-resolution version of lower-right
panel in the montage. This view, covering
about 1% of the full MeerKAT First Light
image, shows a “Fanaroff-Riley Class
2” (FR2) object: a massive black hole in
the distant universe (matter falling into it
produces the bright dot at the centre)
launching jets of powerful electrons
Montage of MeerKAT First Light radio image and four zoomed-in insets. The two
panels to the right show distant galaxies with massive black holes at their centres. At

moving at close to the speed of light
that emit radio waves detected with
MeerKAT’s sharp view of the radio sky (thin

lower left is a galaxy approximately 200 million light years away, where hydrogen gas

lines connecting the central dot to the

is being used up to form stars in large numbers. SKA SA

brighter lobes of radio emission). SKA SA
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Living with
mosquitoes: a
necessary evil?

Blood sucking Anopheles spp. James D Gathany
Malaria is a killer around the world.
Rajesh Sharma explains how we can control their populations.

M

osquitoes are true flies belonging to the order Diptera.
They occur almost everywhere from temperate to
tropical regions and even in the icy arctic. Tropical
rain forests are home to the largest numbers of these flying
insects. Their occurrence is widespread, from uninhabited areas
to densely populated areas. The secret behind the success of their
abundance is their capacity to adapt to the changing environment.
Evolutionarily they came into existence in the Mesozoic era, more
than 100 million years ago. Many mosquito species have evolved
since then, most famously in the genera Anopheles, Aedes, and
Culex. Adult mosquitoes (both male and female) generally feed
on nectars, but the females of some species primarily feed on
blood. They do this with the help of a special needle-like mouth
part called a proboscis. The blood is nourishment for the female
mosquitoes’ eggs. In return the blood-sucking mosquitoes infect
humans with various deadly diseases, thus acting as a disease
vector. The female of anopheles mosquitoes, which carry the
malarial parasite (Plasmodium), infects 247 million people
worldwide each year, killing around 1 million people.

Vectors of disease
Advances in technology and medicine may be leading to a better
quality of life. But, humanity still faces a host of challenges.
One such is the spread of infectious diseases. Recently, the Pan
American Health Organization (PAHO) reported an outbreak of
the Zika viral infection in Brazil. This disease was last recorded
50 years ago when it spread across Africa, South East Asia and
the Pacific islands. On 1 February 2016, the World Health
Organization (WHO) declared a global health emergency because
of the sporadic nature of Zika infection. Zika causes brain defects
such as microcephaly (congenital condition of an infant born with
a small head) and paralysis. The continuing spread of diseases
such as malaria, West Nile virus, Japanese encephalitis, yellow
fever, dengue, chikungunya and filariasis, have caused epidemics
in many parts of the world. These diseases cause millions of
deaths every year and all are caused by the very familiar, annoying
creature – mosquitoes.

(GM-mosquitoes) with poor chances of survival.
Insecticides and other harmful chemicals might eradicate the
mosquito’s population but they also affect other creatures, pollute
the environment and some may be linked to cancers in humans.
The insecticide DDT, although banned in many countries due
to its harmful effects on the environment and human health, is
still used in some poorer countries in cases of emergency, such as
disease outbreaks.
Genetically modified mosquitoes are used to control the
mosquito’s population by inter-breeding with wild mosquitoes
and transferring genes which would make offspring (GMwild union) non-viable. This means the offspring die before
reaching to adulthood, causing the population to crash. Another
method is to create sterile males and release them into the wild
population. This results in females laying eggs which don’t hatch.
Another strategy is to alter the genetics of the Y chromosome
of mosquitos so that they produce only males. Many ecologists
and scientists warn against exterminating all mosquitoes because
of our poor understanding of their role in ecosystem. There
are around 3 500 species of mosquitoes, each contributing to
biodiversity and with a part to play in the global ecosystem.

Mosquitoes’ role in the ecosystem
On 21 July 2010, Janet Fang published an article in Nature titled
Ecology: A world without mosquitoes. She interviewed many
ecologist, environmentalist and biologists to find out the role and
importance of mosquitoes in the present ecosystem and what will

Controlling mosquito populations
It is often said that prevention is better than cure. To prevent
the horrors of mosquito-borne diseases we need to control the
population of mosquitoes or completely eradicate them. This can be
done by using insecticides and larvacidal chemicals, preventing the
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mosquitoes from spawning in open water resources in and around

Diseases spread by different varieties of mosquitoes.

residential localities, or developing genetically modified mosquitoes

Rajesh Sharma
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Last but not least – one concern about the future of mosquitoes
is a question of ethics. Do we have the right to select which
organisms should be a part of our ecosystem and which should
be eliminated when we currently have a limited understanding
of the complexities of the ecosystem, and many species are
unknown and their function is yet to be discovered? The debate
about the status of the world without mosquitoes has already
begun.

Mosquito fish – Gambusia preparing to ingest a mosquito larva

happen if we eradicated them completely. The gist of the article
was that, although it is commonly thought that eliminating any
organism would have serious impacts on the food web and disturb
the ecosystem, people have a different opinion about the status of
mosquitoes’ role in the ecosystem. Some scientists are in favour
of eradicating them while others have serious concerns about the
ecological effects this would have.
The larvae of mosquitoes are food for the many arctic fishes
and other wild life. Mosquitoes also affect the migration
route of caribou herds as a result of the large numbers of
mosquitoes swarming in the arctic during the brief summer
period. Mosquitoes create a check and balance for the growing
population of the wild animals by infecting them with diseases
and so thinning populations. In the absence of the mosquitoes,
populations of certain animals would increase at alarming rates
and cause an imbalance in the food web. Also, pollination of
several hundred plants would be under threat if mosquitoes
became extinct in the arctic region alone. However, it is possible
that other insects or birds may fill this gap.
On the other side of the coin, some scientists think that
mosquitoes do not have a strong role in the ecosystem. Other
types of insects could have a similar role and may provide better
food for the migratory birds during their long flight in the arctic.
However, currently these opinions are speculative, as ecosystems
are very complex and species are inter-dependent on each other.

Living with mosquitoes
Our planet contains diverse flora and fauna. Many species are
already extinct and many of them are soon to be extinct if we do
not take timely measures to protect them. The debate is still open,
but one thing is certain –we have to live with mosquitoes for the
time being. The loss of human life with infection transmitted by
mosquitoes should be minimised by spreading awareness about
public health and personal protective methods, such as mosquito
nets, insect repellent and malarial preventative medications. The best
practice would be to prevent the mosquitoes spawning in populated
areas to reduce encounters between mosquitoes and humans. Public
awareness could play a crucial role in putting a check in the spread
of mosquitoes thus reducing the disease burden. Lowering mosquito
borne infection will reduce expenditure on the healthcare system
and enhance the gross domestic product (GDP) of a country, putting
many developing countries on the path of development.

Rajesh Sharma is from Punjab, India. He graduated with a Masters
in Microbial and Food Technology (Biotechnology) from the
Punjabi University of Patiala, India in 2003. Thereafter he worked
for 10 years in the biopharmaceutical industry in India (Panacea
Biotec Limited, and Avesthagen Limited). He worked on upstream
process development of various products including vaccines and
recombinant proteins produced by mammalian cells. In 2014 he
moved to South Africa to start doctoral studies at the Centre for
Bioprocess Engineering Research (CeBER) in the Department of
Chemical Engineering in the University of Cape Town. Rajesh’s
research interests lie around finding novel approaches to the
production of biopharmaceuticals. His current studies are centred
on designing a bioreactor system for the growth of animal cells and
exploring other systems which will lower the hydrodynamic shear
to the shear-sensitive cells. The research is supervised by Dr Siew L
Tai and Prof. STL Harrison, both from CeBER and is financed by
the Department of Chemical Engineering, UCT and the National
Research Foundation (NRF) of South Africa.
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Geography – application
■■

Climate regions (senior phase)
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Africa’s weather and climate
Subtropical weather

Language summaries
1.

Feela menoang e motšehali loma. Ka bobeli e motona le
e motšehali fepa haholo-holo ka litholoana le semela lero,
empa e tšehali boetse hloka protheine maling ho thusa
mahe hae hlahisa. Ka lekhetlo le leng o ile a lintho li ne
kholoe ho ea hae ea mali, o ile a tla phomola bakeng sa
matsatsi a ‘maloa pele rala mahe a hae.

2.

Ho na le tse fetang 3 500 mefuta e meng ea menoang.
About 175 ba bona ba fumanoa United States, le
Anopheles quadrimaculatus, Culex pipiens, Aedes aegypti
le Aedes albopictus (Asia nkoe monoang) har’a atileng ka
ho fetisisa. The Anopheles e le microcyteme malaria, ‘me
ba bang ba bararo ba tsejoa ho hasa mefuta e sa tšoaneng
ea ho ruruha ha boko.

3.

West Virginia o na le mefuta e fewest ba menoang. Ho na
le 26 mmuso lithaba, ha Texas na le ka ho fetisisa nang
le 85. Florida ke la bobeli e haufi le mefuta e ka bang 80
khetholloa.

4.

Mosquito e Sepanishe for ‘fofa monyenyane’. Lentsoe
tlalehoa hore e simolohile athoasong a lilemo tsa bo16
la lilemo. Afrika, New Zealand le Australia, menoang ba
atisa ho bitsoa ‘Mozzies’.
12|3 2016
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It’s not enough to
test for HIV and treat
it – social factors
matter too
Giving HIV-positive people access to antiretrovirals as soon as they become
infected is an important step in controlling the infection. The challenge lies in
making sure people who know they are infected actually take the drugs.

By Deenan Pillay

T

aking antiretrovirals results in viral suppression by
lowering the amount of virus in the bodily fluid
of those infected with HIV. This makes them less
infectious to other people. It is key to reducing HIV infection
rates.
The World Health Organisation’s new recommendation is
that a person who tests HIV positive should start treatment
immediately. But in South Africa, at the moment, only patients
with a CD4 count of 500 receive antiretrovirals. This policy is due
to change in September 2016, when all those diagnosed with HIV
will be eligible for treatment. As a result it is hoped that many
more people will move onto treatment, directed towards the
estimated six million people in the country living with HIV.
We undertook a clinical trial in KwaZulu-Natal province
to find out whether the rate of new infections in a certain
geographical area where everyone was tested and treated with
antiretrovirals would be lower than in those areas where only
people with CD4 counts of 500 were treated.
The trial was one of four treatment-as-prevention studies
around the world. The KwaZulu-Natal study is the first to report
its findings. The others are in Botswana, Kenya, Uganda and
Zambia.
It was hypothesised that the KwaZulu-Natal study would
demonstrate a 34% drop in new infections.
But our study found that there was no difference in the rate of
new infections between people who have access to antiretrovirals
from the get-go, and those who only have access at a certain stage
of immunological decline.
Instead, we found that only 50% of the people who were tested
and found to be positive visited a clinic within a year of being
diagnosed HIV positive. And this tells us that even when people
have access to treatment, the challenge lies in making sure they
collect the medicine as soon as they are aware of their status.
While the biological approach is important, it is insufficient on
its own. Our study highlighted many social and infrastructural
20
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barriers to getting people onto treatment. A series of social and
behavioural factors needs to be considered in the context of
preventing HIV.
The findings are important because they come months before
South Africa begins implementing the new treatment policy.

How we did it
The trial took place in an area around the Africa Centre for
Population Health. The centre is based in the Mtubatuba, a town
in northern KwaZulu-Natal. The area around the centre has one
of the highest prevalence of HIV in the world: about 30%.
We identified 22 geographical clusters of 1 000 people per
cluster. Everyone in that population of the cluster was recruited
and tested for HIV in their homes.
The clusters then fell into one of two groups. Depending on
the cluster, people were either offered treatment according to the
South African National Department of Health’s current national
guidelines. This is based on their immune status. Or they
received treatment for HIV regardless of immune status.
The care and mobile clinics were located near people’s homes.
But there were two significant factors at play. First, even
after people were tested in their homes, found to be infected
and provided with local clinics to access treatment, we found it
difficult to get them to attend the clinics. Only 50% of those who
tested positive got to clinics within a year of being diagnosed
HIV positive. As a result they didn’t benefit from early treatment
and reduction of infection.
Second, a large number – even up to about 50% – described
that their most recent sexual partner was outside the study area.

Reduction in viral loads
The trial participants who were tested and who got into care
and were treated showed significant reduction in their viral loads.
This means that they could be considered non-infectious.
The big challenge we encountered was that the number of

❚❚❚❙❙❙❘❘❘ HIV and AIDS

A patient receiving antiretroviral therapy. www.un.org

people who got into care was lower than we wanted. This may be
the explanation for the fact that the rate of new HIV infections
was not affected in ways we had anticipated.
A number of factors contributed to this. One of our findings
is that it was more difficult to test men for HIV and, second, it
was more difficult for those men to get into care. When they
got into care, they did just as well as women.
There remains a significant stigma around HIV in this
population. Not wanting to be seen in a clinic may have been
a contributing factor.

be done to reduce the HIV infection rate in South Africa, which
remains the highest in the world. This, as the country prepares
for one of the biggest changes in policy since antiretrovirals were
first introduced.
Deenan Pillay is Director of the Africa Centre for Population
Health and Professor of Virology, University of KwaZulu-Natal.
This article was first published on The Conversation.

What’s missing
With the national guidelines in South Africa changing, the
trial highlights how to best treat everyone to maximise the
effect. It shows that unless this policy is associated with
increased effort to provide care and treatment and encourage
people to come for treatment, then the benefit of treating
everyone won’t materialise.
What this means is that we need to look at whether
treatment can be given in people’s homes – or if there are
other things that will encourage people to come to clinics,
such as mobile phone technology that reminds them to do so.
Even incentives to come to clinics may be an option.
Those clinics also need to be more friendly and efficient.
They must be run in a way that ensures that waiting periods
are minimal so that people aren’t required to take time off
from work. And the stigma issue needs to be addressed to
ensure that people aren’t uncomfortable and worried about
coming to the clinic.

Positive lessons
There were also positive things that came out of the trial. These
included:
■■ Research teams having no challenges accessing the homes
and households of all 22 000 people in the 22 clusters. This
means the approach to gathering information at this level is
feasible
■■ People accepting our approach
■■ Participants being happy that clinics were near their homes
so they did not have to spend a large amount of money on
transport to get to clinics. Transport costs were previously
identified as a barrier in access to care.
The research has provided valuable insights into what needs to
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How Africa is helping
expand the global
antimalarial drug pipeline
Scientists at the University of Cape Town’s drug discovery and development
centre, H3D, have taken a critical step in developing new drugs for malaria,
discovering a second new compound that could eventually be developed into an
antimalarial medicine. The centre’s founder and director, Professor Kelly Chibale,
explains the significance of their discovery.

G

lobally more than three billion people are at risk of
contracting malaria. In 2015 alone, an estimated 214
million new cases were recorded. Of these 88% occurred
in Africa, which shoulders the heaviest malaria burden. And of
the 438 000 malaria deaths worldwide in the same year, 90% were
in Africa. One of the most difficult challenges in malaria control
is antimalarial drug resistance. It also has substantial implications
for global public health. To tackle drug resistance, the only solution
is for new drugs to be developed that are able to resist and/or
circumvent antimalarial drug resistance.

What effect have large drug breakthroughs had
on trends in malaria infection and death rates?
Drug breakthroughs provide hope for the future and contribute
to the global malaria drug pipeline, given the constant threat of
antimalarial drug resistance. When a drug breakthrough successfully
makes it all the way to the market for patients to take, a reduction in
both malaria infections and death rates can be expected.
But the challenge is that only some drug breakthroughs lead to the
successful development and launch of a medicine onto the market
for patients to take.

A scientist at the University of Cape Town’s H3D drug discovery centre. H3D, University of Cape Town
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Drugs kill a disease-causing organism like the malaria parasite
by, for example, inhibiting a biological target such as a certain key
enzyme or biochemical process that is important for the parasite to
survive. The drug works because of specific interactions with the
biological target. Among other factors, drug resistance emerges when
changes or mutations occur in the biological target in such a way that
the drug molecule cannot interact in a specific way with the target.
In some cases resistance has emerged within one year; with other
drugs it can take longer. How soon resistance emerges depends
on various factors, including the type of biological target, patient
compliance and improper use.
Resistance means that we cannot use the drug at the same safe
dose as was determined during clinical trials. When a drug target
has undergone a mutation, the drug is no longer effective at killing
the parasite at the safe dose. To increase the dose might lead to
toxicity and side-effects.

formulate. This means that the active pharmaceutical ingredient has
good chemical properties to formulate it into a capsule or tablet.
Third, UCT943 strengthens the inhibitor programme of the
biological target parasite enzyme phosphoinositide 4-kinase. This
enzyme is important for the parasite to survive. What this means is
when UCT943 gets into the parasite, it blocks this enzyme’s natural
function, resulting in parasite death.
And finally, the candidate was discovered by an international team
led by H3D, the first integrated drug discovery and development
centre in Africa. Being the first of its kind on the continent, this centre
and this discovery have put South Africa on the drug discovery
map internationally. It is a unique opportunity for South Africa and
Africa to provide a portal of collaboration to major global companies.
Internationally, pharmaceutical companies are lining up to partner
with top-level universities in science and medicine. Through H3D this
is already happening at the University of Cape Town.

What impact has drug resistance had on malaria infection and deaths?

What happens next?

Even when resistance is confined in a certain area, if that drug-resistant
strain gets transmitted to another area, it will spread drug resistance.
Drug resistance has rendered some drugs useless and malaria
impossible to treat (using such drugs) in certain parts of the world.
There are different drug-resistant strains in different parts of the world.
Resistance to antimalarial medicines has significantly increased
the global cost of controlling malaria over time. This is due to
the fact that new drugs must continually be developed to replace
medicines that have become ineffective. Patients for whom the
treatment is not working require repeated consultations at health
facilities. This often results in lost work days, absences from school
and increased costs to the health system.
Malaria infections and deaths will easily increase if transmission
of the infectious parasite strains go unabated. Untreated malaria
leads to death.

Pre-clinical development [is needed] before phase one human
trials may commence. Pre-clinical development will include
extensive long-term safety and/or toxicology testing, and large-scale
manufacture of UCT943 to manufacture enough material for clinical
trials. The pre-clinical development is expected to take 18 months.
Prof. Kelly Chibale is Professor of Organic Chemistry, University of
Cape Town.
This article was originally published in The Conversation.

A new candidate for a drug (MMV048) was
found in 2012. What has happened since?
MMV048 is still in clinical development undergoing human trials.
Human clinical trials are extremely expensive and take a long time.
They involve at least three phases.
Assuming funding is readily available it can take at least a
minimum of six to eight years and even longer if a drug has to be
tested in combination with other drugs during human clinical trials.
This would require a phase four study. If funding is not available for
each phase, the process can be significantly delayed.
Then there is an average of two years to seek regulatory approval
and five to 10 years for post marketing-surveillance.
The are other factors, such as delays in recruiting patients for the
trials or not having enough human subjects for the trials.
MMV048 has finished its first phase of human trials. One of
the major obstacles to taking MMV048 forward to the next phase,
phase two human trials, is a lack of funding. Until and unless we are
successful with fundraising, the phase two trials will be delayed.

You have found a new candidate – UCT943.
What is the significance of this?
This candidate is significant on several levels. First, we have a
promising molecule that has been added to the global antimalarial
drug pipeline with the potential to contribute to malaria prevention,
control and eradication.
Second, our data so far show that UCT943 has promise to be
more potent against the parasite. It also promises to be easier to
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How tiny black spots shed
light on part of the
Homo naledi mystery

Many questions have been thrown up by the discovery in South Africa of a
previously unidentified human relative, Homo naledi. Perhaps the one that’s
grabbed people’s attention the most is how Homo naledi’s bones ended up in
the Dinaledi Chamber in the Rising Star cave complex in the Cradle of Humankind
near Johannesburg.
By Francis Thackeray

T

he team which found and classified the remains has
suggested that the Homo naledi group deliberately deposited
carcasses in complete darkness at the very back of the cave
system. According to this claim, Homo naledi adopted a relatively
‘modern’ or ritualistic form of behaviour even though the species
had smaller brains than today’s humans.
To date, no opening has been found within the Dinaledi
Chamber apart from the existing entrance. But might there
have been an additional entrance at some time in the past? New
research I have conducted and published in the South African
Journal of Science centred on mysterious black spots found on
Homo naledi bones from the cave. My findings suggest that the
answer to this question may have been yes – there very well may
have been an entrance.
I strongly believe that there was possibly a temporary entrance
into the chamber, in addition to the one used by explorers today.
This temporary entrance may been covered up by a rock fall that also
trapped the individuals whose bones were found some time later.

Why do I believe that in fact there was this additional opening
to the cave? Because those mysterious black spots are manganese
dioxide and were probably deposited on the bones by lichen. And
lichen need light to grow – so there must have been some light
penetrating into the Dinaledi chamber. My scenario is that the
Homo naledi family group was trapped in the Dinaledi Chamber
after a rockfall – but that there was still, for a time, enough light
to penetrate the chamber. This allowed lichen to grow on many of
the bones of Homo naledi.
Then, with subsequent rockfalls in a phreatic maze, the
Dinaledi Chamber was sealed except for the difficult route
whereby explorers can enter the cave at the present time.

Evidence from elsewhere
The team which discovered the remains noted that ‘some
bones and teeth are dotted with black iron-manganese oxyhydroxide deposits and coatings’.
I examined the remains in question and found that the spots
were analogous to the kind of associated with modern lichen
which are ‘symbionts’, including fungi – that disperse in spots –
[

A reconstructed skull of H. naledi. Wits University
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The entrance to the Rising Star cave system. Wits University
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and algae, which require at least some light to grow.
My colleagues and I have previously examined instances
of lichen in the Cradle of Humankind area. Lichen can grow
on certain substrates, including bone or rock, with a dotted
or spotted distribution. The spotted distribution of lichen is
sometimes associated with dotted distributions of manganese
oxy-hydroxide on the same surfaces.
The source of the manganese in the Cradle of Humankind
region would include dolomite and chert. These are rock
materials that date back two billion years ago, related to a shallow
saline sea that existed at that time.
In the Cradle of Humankind lichen has proved to grow not
only on chert, but also on dolomite. It can also grow on bone
surfaces.
Hominid cranial specimens from the nearby Sterkfontein caves
have small dots or spots of manganese oxyhydroxide on surfaces
of bone, even within the inner cranial wall of these skulls. It
seems likely that these dots or spots of manganese oxyhydroxide
may have been areas where lichens were able to grow – in a
partially sunlit micro-environment – for a relatively short period
of time. Then sand would have covered the crania, blocking out
the light and halting the lichen’s ability to keep growing.
So what does such evidence in the Cradle of Humankind tell
us about Homo naledi’s mysterious black spots?

Secrets of the caves
The circumstances in the Wonder Cave – which is within 10 km of
the Rising Star cave complex – offer some important clues to what
might have happened to create spots on the Homo naledi remains.
When one walks from the entrance of the cavern into the
darkness of the dolomitic solution cavity, the following becomes
obvious. Where there is intense light and heat on dry exposed
surfaces outside the cave, there is little or no lichen growth at all.
But, in the moister and slightly darker regions of the cave, there
is an area where light and moisture appear to be optimal for the
present lichen colonists.
Then, in the darkness at the back of the cave where very little
light penetrates, there’s a decrease in the mean size of lichens,
until there is no lichen growth at all – although there may be
some moisture because of water dripping through the phreatic
maze of the dolomitic cave system.
All of this suggests that, for the Homo naledi bones in the
Rising Star cave to have become spotted with manganese dioxide,
they had to have some exposure to light. That could only have
happened if light got into the cave. And this was only possible if
there was some sort of entrance that has, in the distant past, been
covered over. If correct, this would contradict the original team’s
proposal that, in prehistory, the Dinaledi Chamber could only
be accessed by means of very narrow and circuitous passages, in
complete darkness.

Time to reassess?
Based on my findings I believe that there was, at some time, a second
entrance to the Dinaledi Chamber. This allowed at least some light
to penetrate into the cave and to facilitate the growth of lichen and
the subsequent deposition of manganese oxyhydroxide on the Homo
naledi bones.
I’d further hypothesise that such an entrance, if it existed at
all, was temporary. A rockfall in the maze cave system may have
subsequently sealed the entrance at some stage in the dolomitic

The black markings on these H. naledi bones are manganese
dioxide. Wits University

solution cavity. The darkness that settled over the cave would
have terminated any lichen growth.
If there was more than one entrance into the Dinaledi
Chamber, as suggested by my work and research conducted by
Dr Aurore Val, the ‘intentional depositional model’ will need to
be reassessed. It would seem unlikely that the Homo naledi group
deliberately deposited or buried its dead.
Author’s note: I would like to acknowledge the support of the
National Research Foundation, the Andrew Mellon Foundation, and
the Centre of Excellence for the Palaeosciences.
Prof. Francis Thackeray holds the Philip Tobia Chair in Palaeoanthropology,
Evolutionary Studies Institute, University of the Witwatersrand.
This article was originally published on The Conversation.
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The NRF Awards

‘Recognising excellence in research, human capacity development and the
building of a knowledge-based society, that is the mission of the NRF Awards.’

D

r Beverley Damonse, NRF
Group Executive: Science
Engagement and Corporate
Relations.
Despite a research and development
spend of 0.8% of GDP, more than 17 000
ISI publications involving South African
authors in 2015, and an investment
of more than R3,5 billion in research
and researchers in the last three years
by the National Research Foundation
(NRF) alone, South Africa’s efforts at
promoting a knowledge-based society
through research excellence and human
capacity development have gone largely
unnoticed, at least by most of its own
citizens.
This is understandable, however, when
we consider the factors that contribute to
this: too few learners pursuing science,
engineering and technology (SET)
subjects at school-level and higher, a
historical imbalance in living standards
and education, a media that hardly
publish stories about science and perhaps
the idea that scientists just aren’t as
exciting as the Kardashians.
The NRF Awards play a key role in
recognising and honouring research
excellence in South Africa. This
recognition comes in the form of various
awards that are described below.

A quick profile of the
categories
■■

■■

■■

26

The Lifetime Achievement Award –
This award recognises a researcher
considered to have made an
extraordinary contribution to the
development of science in and for
South Africa. The individual’s work
must be of international standard
and impact.
Transformation of the Science
Cohort Award – This recognises
individuals who have played an
outstanding role in addressing the
challenges of getting more women
and black scientists to advance to
world research performance.
Hamilton Naki Award – This award
recognises individuals for their
outstanding efforts in advancing
their careers in science and for
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■■

■■

■■

■■

achieving world-class research
performance despite considerable
equity challenges. This award is
named after Mr Hamilton Naki, a
self-taught surgeon who developed
his career against all odds.
Awards for A- and P-rated
researchers – A-rated researchers
are those who have considerable
international standing in their
fields among their peers. P-rated
researchers are under 35 years of
age, have had their doctorate for
five years or less and who show
exceptional talent and are considered
likely to become future leaders in
their field.
Excellence in Science Engagement
Award – This award recognises
an individual(s) in the research
community at a South African
higher education institution and/
or science council who has made an
outstanding contribution to public
engagement with and understanding
of various areas of science over a
sustained period.
NRF Excelleration Award for South
African Research Institutions –
Derived from the words ‘excellence’
and ‘acceleration’, this award
acknowledges South African research
institutions for achieving the most
improved research performance
over recent years, measured against a
selection of critical indicators.
The Research Excellence Award for
Next Generation Researchers – This
is awarded to full-time, final year
NRF-funded doctoral students who
have achieved outstanding academic
performance and demonstrated the
potential for contributing significantly
to the National System of Innovation.

Behind the Awards:
The scientists and
their work
What is important to understand is
that the NRF Awards are not about the
NRF, or even the awards themselves.
It is about research excellence and
communicating that excellence to the
rest of the world.
The A- and P-rated researchers

are selected through the NRF Rating
System’s peer review process. This
ensures that the work of the rated
researchers is judged by experts in their
respective fields equipped with the
expertise and experience to recognise
research excellence. The winners in the
other award categories are nominated by
the country’s various higher education
institutions (HEIs) and the nominations
are processed by a peer reviewer panel.
The recommendations of the panel
are considered by the NRF corporate
executive and the winners chosen
accordingly.
To gain an idea of the level of research
excellence that exists in South Africa, we
need only take a look at past winners.
For example, Lifetime Achievement
Award winners have included world
renowned paleoanthropologist, the
late Professor Philip Tobias; HIV/
AIDS researcher and anti-apartheid
activist, Professor Hoosen Coovadia;
and botanist, the late Professor Patricia
Berjak.
Two award winners, HIV/AIDS
researcher Professor Quarraisha Abdool
Karim, and cancer researcher Professor
Tebello Nyokong, went on to win the
prestigious L’Oreal-UNESCO Women in
Science Award.
The awards have also recognised the
efforts of research teams whose work put
South Africa on the science map – The
SKA Project Team who secured the right
to host the Square Kilometre Array;
and Professor Lee Berger’s Rising Star
Expedition Team whose excavations
uncovered the fossil remains of
Homo naledi.
The NRF Awards have also recognised
the work of those scientists who have
transformed the research landscape in South
Africa either through the development of
research capacity at HEIs or by bringing
more previously disadvantaged researchers
into the mainstream. These have included
Deputy Vice-Chancellor at the University of
Johannesburg, Professor Tshilidzi Marwala,
and cardiologist and Dean of Medicine at
the University of Cape Town, Professor
Bongani Mayosi.
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More on some of the
winners
Professor Valerie Mizrahi

Professor Valerie Mizrahi

The 2016 NRF Award
winners
This year’s winners are no exception to
scientific excellence.
Among the A-rated researchers are
Prof. Valerie Mizrahi of the Institute of
Infectious Disease & Molecular Medicine
at UCT and Prof. Xiaohua Xia of the
University of Pretoria’s Department of
Electrical, Electronic and Computer
Engineering. P-rated winners include Dr
Katye Altieri who specialises in Earth
and Marine Sciences at UCT’s Energy
Research Centre and Dr Shazrene
Mohammed, a Research Fellow and
astronomer at the South African
Astronomical Observatory (SAAO), an
NRF National Research Facility.
The Hamilton Naki Award went to
astrophysicist, Prof. Lerothodi Leeuw of
UNISA’s Department of Interdisciplinary
Research and Graduate Studies, while
Prof. Jose Frantz, Dean of the Community
Health Sciences Faculty at UWC was
named Champion of Research Capacity
Development and Transformation at
Higher Education Institutions.
Prof. Lee Berger, Research Professor
in Human Evolution and the Public
Understanding of Science at Wits received
the Excellence in Science Engagement
Award.
The Lifetime Achievement Award was
bestowed on Prof. Chabani Manganyi
who has made significant contributions
to the discipline and the profession of
psychology and the transformation of the
South African Education system.

Professor Mizrahi is internationally
recognised for her research on the biology
of Mycobacterium tuberculosis, with a
view to contributing to the development
of new tools to control TB – a devastating
disease that claims 1.4 million lives a year
across the world and a leading cause of
death in South Africa. Her contributions
have been in both fundamental, as well
as applied areas of TB research. Her
research on mycobacterial physiology and
metabolism has significantly advanced
our understanding of the biology of M.
tuberculosis, with specific relevance to TB
drug resistance and TB drug discovery.
In 2007, she received the Order of
the Mapungubwe (Silver) from the SA
State President in recognition of her
contributions to biochemistry, molecular
biology and tuberculosis research. Her
other major awards include the 2000
Unesco-L’Oréal For Women in Science
Award (Africa and Middle East Region),
the 2013 Prix Christophe Mérieux from
the Fondation Rodolphe et Christophe
Mérieux and Institut de France, the
Department of Science and Technology
Distinguished Woman Scientist Award,
and the Gold and Silver Medals of the
South African Society for Biochemistry
and Molecular Biology.

South Africa.
Professor Xia is registered with the
Engineering Council of South Africa
as a professional engineer, and with
the American Association of Energy
Engineers as a certified Measurement
and Verification professional. He has
been an elected board member of the
Measurement and Verification Council of
South Africa since 2014.
To see more biographies of the
researchers who received awards visit
www.nrf.ac.za.

Science is alive and
well in South Africa
It is safe to say that scientific research
is currently thriving in the country.
Through the NRF’s world recognised
Rating System and the NRF Awards, we
continue to honour those researchers
whose work has made, and will continue
to make, a positive impact on society.
The next generation of scientists
in South Africa have a heavy
burden to bear in upholding the
standards of research set by their
predecessors. However, the future
looks promising as more learners look
to further their careers, particularly
in science, technology, engineering
and mathematics, supported by
organisations such as the NRF. The
next cohort of NRF rated researchers is
already on its way.

Professor Xiaohua Xia
Professor Xia’s research interests include
non-linear feedback control, observer
design, time-delay systems, hybrid
systems, modelling and control of HIV/
AIDS, control and handling of heavyhaul trains and energy modelling and
optimisation.
He is the Director of the Centre of
New Energy Systems at the University
of Pretoria and the National Hub for
the Postgraduate Programme in Energy
Efficiency and Demand Side Management,
and the incumbent of the Exxaro Chair
in Energy Efficiency. He obtained his
PhD degree at the Beijing University of
Aeronautics and Astronautics in 1989.
He has held a number of visiting
positions at universities in France and
China, is a fellow of the Institute of
Electrical and Electronics Engineers,
an Elected Fellow of the South African
Academy of Engineering, and an elected
member of the Academy of Science of

Xiaohua Xia
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Nelson Mandela Metropolitan University’s Tegan Carpenter-Kling carefully approaches a wandering albatross on Marion Island.
The postgraduate student spent just over a year on the island, collecting data on the foraging habits of 12 seabird and seal
species. John Dickens

Student’s year-long study on Marion
Island reveals new penguin behaviour
King penguins off the sub-Antarctic Marion Island make epic trips to find food for
their young, some swimming 2 000 km away from the island, crossing from the
Indian Ocean into the Atlantic, and lasting for as long as four weeks.

T

his was among the findings of a year’s research at
the sub-Antarctic Marion Island for Nelson Mandela
Metropolitan University zoology master’s graduate
Tegan Carpenter-Kling, who returned to South Africa last
month on board the country’s newest research vessel, the
Agulhas II.
The research conducted by Carpenter-Kling forms part of a
large-scale project under the South African National Antarctic
Programme (SANAP), of which NMMU’s Dr Pierre Pistorius
is the principle investigator. The data she collected, which
will form part of her upcoming doctoral studies, is unique
in that she studied the foraging behaviour of 12 of Marion
Island’s top-predator surface-breeding species (which includes
seabirds and seals), rather than just a single species, as most
researchers have done in the past.

‘I was trying to simultaneously track all 12 species to be able
to identify areas of ecological or biological importance,’ she
said.
Besides discovering the epic journey King penguins make,
which has not been documented before, Carpenter-Kling
also discovered new foraging behaviour for Gentoo penguins
– in that they alternate between short foraging trips, to feed
themselves, and much longer ones, to find food for their
young. She also recorded the deepest dive yet for a Gentoo
penguin, which was over 200 m.
The broader project, which is a collaboration between
NMMU, the Department of Environmental Affairs, and the
universities of Cape Town and Pretoria, involves mapping
areas of conservation importance around the island, while also
monitoring the impact of climate change and other factors on

MeerKAT joins the ranks of the world’s great
scientiﬁc instruments through its First Light image
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The MeerKAT First Light image of the sky shows unambiguously that MeerKAT is already the best radio
telescope of its kind in the Southern Hemisphere.
Array Release 1 (AR1) provides 16 of an eventual
64 dishes integrated into a working, fully functional
telescope array. It is the first significant scientific milestone achieved by MeerKAT, the radio
telescope under construction in the Karoo that will
eventually be integrated into the Square Kilometre
Array (SKA).
In a small patch of sky covering less than 0.01
percent
of the entire celestial sphere, the MeerKAT
12|3 2016
First Light image shows more than 1300 galaxies in

the distant Universe, compared to 70 known in this
location prior to MeerKAT.
MeerKAT will consist of 64 receptors, each
comprising a 13.5-metre diameter dish antenna,
cryogenic coolers, receivers, digitiser, and other
electronics. The commissioning of MeerKAT is done
in phases to allow for verification of the system,
early resolution of any technical issues, and initial
science exploitation. Early science can be done
with parts of the array as they are commissioned,
even as construction continues. AR1 consists of 16
receptors, AR2 of 32 and AR3 of 64, expected to be
in place by late 2017.

Montage of MeerKAT First Light
radio image and four zoomed-in
insets. The two panels to the right
show distant galaxies with massive
black holes at their centers. At lower
left is a galaxy approximately 200
million light years away, where
hydrogen gas is being used up
to form stars in large numbers.
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the various species, many of which are a conservation concern
due to their declining numbers.
Carpenter-Kling was part of the annual ‘over-wintering’
team: she spent 13 months on Marion Island with a team
of about 20 others, several of whom were responsible for
the logistical running of the sub-Antarctic research station,
while others were doing research under the different SANAP
projects.
To gather her data, she needed to fit GPS devices and
depth recorders onto the study animals, which included two
species of fur seals, four species of penguins, four species
of albatrosses and two species of giant petrels – a difficult
task considering that so many breeding colonies had to be
accessed, which required walking long distances.
‘Fortunately, the other researchers helped me with this,
particularly with the seals, as it is quite dangerous to do this
on your own.’
It was her second stay on the near-pristine island, which
forms part of the Prince Edward Islands – and she is hoping to
return again for more research in the near future.
‘We want to use the data Tegan has collected to make
recommendations on the expansion of the existing Marine
Protected Area (MPA) around the Prince Edward Islands,’
said Dr Pistorius, who journeyed to the island on the Agulhas
II’s recent annual five-week research trip, and is supervising
Carpenter-Kling’s PhD project.
He said the value of her studying so many different species
was that they could identify overlaps in the foraging range of
the various species, which would help them to identify areas
of importance.
Under the SANAP study, Pistorius said NMMU was also
compiling all the tracking data ever collected on Marion
Island, which started in the 1980s, to contribute towards an
international project called the Retrospective Analysis of
Antarctic Tracking Data (RAATD),which will involve a global
analysis of tracking data throughout the Antarctic and subAntarctic waters.
‘We are using all the information to look at habitat use and
the response of marine top predators to changing climatic
conditions.
‘We know climate change is a major influence in the
Southern Oceans. The Antarctic Polar Front is an important
foraging area. The Front is shifting southwards, moving away
from Marion Island – and often the animals have to work
harder to get food before returning to their offspring. The
impact of climate change is felt most strongly in the Polar
Regions.
‘Working together with oceanographers, we are using
marine top predators to better understand ecosystem changes
in the Southern Ocean.’
NMMU postgraduate Jess Berndt has replaced CarpenterKling to over-winter on Marion Island until the Agulhas II
returns in a year’s time.
Pistorius said researchers on the latest Agulhas II trip
included academics from NMMU, the universities of
Cape Town and Pretoria, as well as researchers from the
Department of Environmental Affairs.
‘A large project like this cannot be undertaken in isolation;
we are working in a multidisciplinary environment to address
questions of global relevance. Data collected by the ship-based
oceanographers is particularly important for us, as we need

Nelson Mandela Metropolitan University’s Tegan CarpenterKling. John Dickens

this information to better understand climate change impacts
across all trophic levels.’
Issued by Nelson Mandela Metropolitan University, Marketing and
Corporate Relations
Observing a wandering albatross chick on Marion Island are
Nelson Mandela Metropolitan University staff and student
researchers (from left) Jess Berndt, Tegan Carpenter-Kling,
Ralph van Streels and Dr Pierre Pistorius. Berndt is spending a
year on Marion Island, in Carpenter-Kling’s place. NMMU
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New book shows how
watching dragonflies
can help to monitor
South Africa’s water

The Red Groundling dragonfly.
John Simaika

Stellenbosch University dragonfly experts compile a new manual that shows how to
use dragonflies to assess state of dams, rivers

S

outh Africa’s 162 sun loving dragonfly species are not only
beautiful to watch, but are also helping conservationists,
water managers and farmers get to grips with the state of
local freshwater sources, such as rivers, streams and dams. To
show how this can be done, two Stellenbosch University (SU)
researchers have written a new book which sets out how these
insects can be used as freshwater monitors. The new 224-page
full colour Manual of Freshwater Assessment for South Africa:
Dragonfly Biotic Index is written and compiled by Prof. Michael
Samways, renowned insect conservationist of the SU Department
of Conservation Ecology and Entomology, and water ecologist
Dr John Simaika, a research fellow in the SU Department of Soil
Science.
‘Using dragonflies in freshwater assessments is so simple,
because they are relatively easy to identify,’ says Prof Samways.
‘All you need is a good guide, a pair of close-focus binoculars,
and a sunny day.’
The book synthesises the research they have been doing
together over the past decade to compile an easy-to-use biotic
index that is relevant for South African water systems. In the
process they have also been involved in finding new species or rediscovering ones that were thought to have become extinct.
The manual, which contains full-colour photographs and
line drawings, can also be used as a field guide to locate and
identify dragonfly species. Many of the photographs were taken
by the authors themselves during the course of their research
work on dragonflies, a broad term used for the true and familiar
dragonflies as well as the small and usually more slender and
delicate damselflies.
Dr Simaika describes the book as an easy read. ‘It is easily
accessible, as anyone can download it, print it or share it,
anywhere in the world,’ he notes.
The manual is available as a book or on CD, and will also
be made available to download for free in the near future. It is
published by the South African National Biodiversity Institute
(SANBI), as part of its Suricata series.
‘Books such as this one are a great starting point for getting
people to care about something. If only one in ten readers were
to think more deeply about freshwater conservation, then we
will have done a good job,’ adds Dr Simaika. ‘I hope it will
also encourage people already working in the water sector,
particularly in the water resource arena, to think differently about
freshwater biodiversity conservation, which all too often takes a
back seat to providing water for human uses.’
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Why use dragonflies to assess freshwater
systems?
Dragonflies are found in all parts of the world, except in the
Polar Regions. Some are highly sensitive to any human impact,
while others are real opportunists that are able to live in the most
artificial of habitats, such as cattle troughs and even bird baths.
‘This range of sensitivities makes dragonflies very useful as good
indicators of freshwater quality and conservation,’ says Prof.
Samways.
‘When a water system becomes degraded through, for instance,
pollution or damming there is always a change in the species
found in an area, with a shift from sensitive specialists towards
more generalists that are not that particular,’ he elaborates. ‘If you
know which species are present in and around a water source you

The cover page of the new Manual of Freshwater Assessment
for South Africa: Dragonfly Biotic Index, written by Prof. Michael
Samways and Dr John Simaika of Stellenbosch University.
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The Broad Scarlet dragonfly. Johm Simaika

The Yellow Presba dragonfly. John Simaika

are able to measure the extent to which a freshwater body is, for
instance, returning to its original condition after being polluted or
after the clearing of alien plants.’

‘In short, we can use dragonflies to determine whether we
should be worried about a system which is going downhill, or
how well we are doing to improve another,’ adds Dr Simaika.
The book is sold in most bookshops of the South African
National Biodiversity Institute (bookshop@sanbi.org.za), or can
be ordered from Prof Michael Samways at samways@sun.ac.za.
General information about the book:
Samways, MJ, Simaika, JP (2016). Manual of Freshwater
Assessment for South Africa: Dragonfly Biotic Index, Suricata 2.
South African National Biodiversity Institute, Pretoria. .

How does the scoring system highlighted in
the manual work?
Prof. Samways and Dr Simaika developed their dragonfly biotic
system over the course of the past decade.
‘One of the advantages of the dragonfly biotic index is that you
do not have to wade into water to collect samples when you want
to do an assessment, but can do so from the reasonable comfort
of a streambank or the edge of a dam,’ Prof. Samways adds on a
practical note.
The index takes three main features of each of the 162 South
African species into account. Scores are given to each species,
and these can be weighed up when weighing up the state of
different water sources.
The features used are:
The general distribution of a species (for instance if it is
commonly found over a wide area, or only in a few localities);
Its threat status (whether it is rated as threatened or near
extinct on the so-called ‘Red List’ of the International Union of
Conservation of Nature and Natural Resources); and
Its sensitivity towards changes by humans to the water sources
around which it is found.
When a system deteriorates there is a shift in the total scores
of all the species present, from high to low. When the system
improves again, there is a subsequent shift in the other direction.

Water ecologist Dr John Simaika of Stellenbosch University.
Stellenbosch University

It is available as a book or on CD, and will be free to download soon
from http://biodiversityadvisor.sanbi.org/literature/4327-2/suricata/
Released by: Engela Duvenage for the Faculty of AgriSciences,
Stellenbosch University engeladuvenage@gmail.com

Insect conservationist, Prof. Michael Samways of Stellenbosch
University. Engela Duvenage
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Sex life of earth’s
biggest bird

UCT palaeobiologist involved in international study to unravel the biology of giant 8
million-year-old extinct birds that are more like a goose than an ostrich.

T

he mihirungs, of the family Dromornithidae, were giant
flightless birds unique to Australia. They originated more
than 25 million years ago and Genyornis, the last member
of this group, went extinct in the late Pleistocene about 50 000
years ago. Their fossils are rare and fragmentary, so the biology of
these birds is largely unknown.
The largest of all mihirungs, Dromornis stirtoni, roamed
Australia about 8 million years ago. They died in their dozens
around a shrinking waterhole in the Northern Territory along
with many marsupials, including sheep- to cow-sized herbivores
and their predators, distant relatives of the marsupial lion.
Today, the huge bones of this distant relative of ducks,
fragmented and fractured by the ravages of time, are aweinspiring to those who see them. Now, sleuthing by an
international team led by Australian palaeontologists have
revealed long hidden biology of Stirton’s mihirung in a recently
published article in the highly regarded Journal of Vertebrate
Paleontology.
Stirton’s mihirung was truly enormous. It stood 2 m high at
its back and with its neck and 0.5 m-long head, could reach well
over 3 m. ‘It was probably the largest bird ever to have lived. With
an average weight of 480 kg, it is more than ten times the weight
of an emu,’ said Warren of Flinders University of South Australia.
‘But it had a large size range, so the question arose, were there
one or two species?’ said Adam Yates, a co-author based at the
Museum of Central Australia in Alice Springs, and the custodian
An artist’s impression of the giant bird. Brian Choo

of the main collection of these fossils.
Detailed geometric morphometric analysis by Warren
Handley, as part of his honours research, showed that the fossils
fell into two distinct size groups of similar-shaped birds. To try
and figure out which were males and which were females, the
researchers decided to core the leg bones to look for medullary
bone, a specialist type of tissue found only in the hollow bones
of female birds before they lay eggs. ‘When we drilled some
of the bones, I was astounded to find that a few of them had
medullary cavities filled with bone. What were the odds that this
was medullary bone?’ said Warren Handley. Samples of the bones
were sent to South African palaeobiologist and specialist in bone
histology, Prof. Anusuya Chinsamy-Turan of the University
of Cape Town, who prepared thin sections of the bone for
microscopy. She says, ‘It was quite a surprise to find that four of
the birds in our sample had medullary bone. This finding was a
real scoop since we now could say with certainty that these were
ovulating female mihirungs’.
We found that our ‘females’ belonged to the group of smaller
D. stirtoni individuals, with an average mass of 451 kg (370 - 543 kg),
suggesting that the species was clearly sexually dimorphic. The
larger males had a mass averaging 528 kg, with some reaching
a massive 610 kg in weight, much larger than elephant birds,
Aepyornis maximus, of Madagascar, or the giant moa, Dinornis
robustus, of New Zealand.
The large terrestrial birds that survive today are all ratites, the
largest of which are the ostriches that weigh in at about 145 kg,
and the smaller 40 kg cassowary and emu. Among ostriches, the
males are larger than the females, while in most other ratites, the
females are the larger sex. The results for the Stirton’s mihirungs
show that the males were larger and equally abundant as females,
and so breeding behaviour more like geese can be inferred. Most
likely, they mated for life, the females brooded the eggs, and
both sexes aggressively defended nests and shared parental care.
With their huge size, they were capable of protecting the growing
chicks from predators, such as the dog-sized ancestral thylacines
and marsupial lions that were around at the time.
‘This study provides a spectacular example of how the
integration of multidisciplinary techniques and collaboration can
reveal details of the biology of long extinct animals from their
fragmented osseous remains,’ said Trevor Worthy, of Flinders
University.
Issued by UCT Communications and Marketing Department.
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Traditional knowledge systems
Traditional fishing methods of Africa. By Mike Bruton. (Cape Town, Cambridge University Press. 2016)

Tradit
ional fish
ing me
thods
of Africa
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important for this.
Mike Bruton provides a detailed description of the commonly
caught fish and other aquatic animals,
the importance of understanding fish
Tradit
behaviour and biology and full details
io
metho nal fishing
of a wide range of traditional fishing
ds of A
Mike Br
uton
frica
methods, which include sophisticated
methods such as nets and artificial
reefs and fish aggregation devices.
Traditional boat building
is included as are traditional
fish processing methods
and management. Harmful
modern fishing methods and
conservation problems are
highlighted, providing good material for
class discussion.
The book is lavishly illustrated with colour photographs and
drawings. There are definition and ‘Did you know’ boxes, along with
simple activities, making this a useful teaching resource.
Mike Bru
ton

Fishing and the exploitation of our oceans is topical, as we watch
fish stocks everywhere take a beating. This addition to Cambridge
University Press’s Library of Indigenous Knowledge takes an indepth look at African traditional fishing methods – and some of the
least exploitive fishing industries.
Fishing is probably the oldest form of human hunting. It can be
carried out using very simple gear – nets, traps, spears – to trap
small, generally harmless animals. There are three main types
of fishing: traditional, recreational and commercial. Indigenous
traditional fishing is usually a subsistence level occupation – to
feed local populations – and uses traditional handmade gear. That
said, traditional fishing is not a simple subject. Over thousands of
years, different African societies and cultures have developed an
astonishing variety of fishing gear to catch fish and other aquatic
animals in freshwaters, estuaries and the sea. Many of these
methods are illustrated in this book.
Although a relatively small book, it provides a wealth of
information, starting with traditional fishing rights and how these
were changed by successive colonialists, which included the
Arabs and Asians. Fish are largely a ‘relish’ in the African diet –
used to supplement a very high carbohydrate intake, but no less

Healing plants

N

ELSON Mandela Metropolitan University’s (NMMUs) Maryna
van de Venter is testing the medicinal properties of plants from
countries around the world, including Romania, Egypt and

Nigeria, screening mainly for anti-diabetic, anti-cancer and anti-HIV/
Aids activity – and yielding a number of positive results.
helping to take NMMU to the forefront of medicinal plant research in

Healing garden. NMMU’s Prof Maryna van de Venter (right has partnered
with NMMU horticulturalist Elana Storm to set up a medicinal garden for
traditional healers at the University’s Missionvale Campus. NMMU

South Africa, particularly in the complex field of anti-diabetic research.

facilitate the sharing of information between researchers and healers.

The Associate Professor in Biochemistry has spent the last 15 years

‘We have very good screening in vitro [in test tubes] for anti-diabetic

traditional healers won’t tell you what they use. They have a belief that if

system for 15 years. It’s a good system.’ All her research is conducted

they give their secrets away, they lose power.

in vitro, and uses laser-based instruments to monitor the ‘mechanism

‘We have done a lot of work on the African potato, including testing the

of action’ occurring in samples. She collaborates with a number of

different species, as this is most commonly used in traditional medicine.

different researchers and departments, including pharmacy, microbiol-

We have found that there are quite significant differences between the

ogy and chemistry.

different species. People use the plant to treat cancer, but one species

Lately, she has also been testing for neuro-protection activity in

actually stimulated cancer cell growth ... The African potato’s most well-

plants, which could potentially be used in the fight against Alzheimer’s,

known use is to boost the immune system – and it can definitely do the

Parkinson’s, ALS (Amyotrophic Lateral Sclerosis, or motor neuron dis-

job.’ She shares her results at the workshops with healers.

ease) and other diseases affecting the brain. She is pioneering South

‘We also try to explain our view of certain diseases, and the Western

African research into the medicinal qualities of mushrooms, which has

way of diagnosing and treating. Sometimes they will tell you how they

been widely investigated in Europe and Asia and some countries in

diagnose and treat. It’s a voluntary exchange of information.’

Africa, but not at all in South Africa.
Van de Venter also works closely with the country’s traditional

Regarding her work on the plants of other countries, Van de Venter
said: ‘We work a lot on Nigerian plants, in collaboration with the Uni-

healers and has been testing the medicinal properties of a number of

versity of Lagos ... We have been looking at anti-cancer and anti-in-

plants used in traditional medicine. Partnering with Elana Storm, the

flammation activities ... We have had quite a few plants that show good

horticulturalist responsible for NMMU’s gardens, she has been instru-

anti-cancer activity.’

mental in setting up a medicinal garden at NMMU’s Missionvale Cam-
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‘We work on plants that have been published in books already, as

activity. Diabetes is so complicated – but we’ve been optimising our

She has also tested a number of Romanian plants for anti-cancer

pus, where traditional healers can grow their own plants and participate

activity, while the plants from Egypt have been tested for anti-diabetic

in regular workshops run by Van de Venter and her postgraduate stu-

activities. The research on the Egyptian and Nigerian plants has been

dents (arranged via three national traditional healers’ associations), to

funded by the African Laser Centre.
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Water and enviro consultancy
wins top science award

T

wenty-five years of pioneering
scientific work, coupled with
successfully growing a start-up

business into a highly respected consul-

of groundwater flow, and planning for

the 2008 Achiever Award for a Woman

operational monitoring of groundwater

Scientist in Industry and 2009 Cape

well-fields.
‘Our focus is on discovering to what

tancy, have been acknowledged with a

extent we can use science in real time to

prestigious award for Cape Town earth

solve problems, how we can adapt our

sciences company, Umvoto Africa.

behaviours to live more effectively on

entrepreneur winner in the ninth annual
Businesswomen’s Association Regional
Business Achievers awards.
Since 2005, Hay has been one of

this planet, and to what extent we can

four international judges of the United

and Technology Forum awards (NSTF-

use science as part of our adaptation

South32), held on 30 June in Gauteng,

Nations Sasakawa Award for DRR, held

tool,’ said Hay.

in Geneva. This $50 000 biannual award

At the 18th annual National Science

Umvoto won the category ‘Research

Umvoto was also a finalist in the 2009

leading to innovation through an SMME’.

NSTF awards, while three municipal

NSTF is a multi-stakeholder non-profit

groundwater projects (Stanford, Herma-

forum in South Africa that promotes

nus and Oudtshoorn) were selected for

science and technology through collaboration.
These national awards recognise, celebrate and reward excellence in science,
engineering, technology and innovation
in South Africa. The nominations process is open to everyone, including the
public. The adjudication is by a representative panel, ensuring that academia,
industry and other stakeholders are part
of the process.
Umvoto researches and develops sustainable geoscientific and technological
solutions to address resource, environ-

the Cape Town World Design Capital

recognizes excellence in innovation, outreach and collaboration to improve the
resilience of nations and communities to
disasters.

2014 programme of socially transforma-

Details of the finalists, including the

tive projects. In 2012 Umvoto was se-

winners’ work, are available online at

lected as the best company in Southern
Africa for young water industry professionals to develop their skills.
Hay was also a recipient of a Water
Research Council Knowledge Tree

http://www.nstf.org.za/whos-who/.
Also see www.umvoto.com. Additional
information sourced from Mail &
Guardian NSTF Special Report 2016.

award last year for empowerment of

Issued by: Judy Bryant Communications,

communities. She was a runner-up in

on behalf of Umvoto Africa

Founder and MD of Umvoto Africa Rowena Hay, with Minister of Science and
Technology Naledi Pandor (left) and Agnes Peter (right) Group Executive, Agency
and National Advertising, Independent Newspapers. Umvoto Africa

mental, social and economic concerns.
It consults in integrated water resource
management, contamination and remediation studies, education and training,
process facilitation and ecological risk
management studies.
The awards were presented by Minister of Science and Technology, Naledi
Pandor, who is also the event patron.
The winners received state-of-the-art
trophies, incorporating titanium and
made using industrial 3D laser printing.
In the research and development
arena, Umvoto’s processes rely on inventive application of aerial and satellite
remote-sensing, geographic information
systems and space-geodesy for hydrogeological exploration and mapping.
In addition, Umvoto works with commercial drilling contractors in the design
and construction of groundwater monitoring and production wells. Other facets
include the design and implementation
of flow and test pumping trials, the application of computer-based software for
three-dimensional numerical modelling
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The MeerKAT Radio Telescope under construction 90 km outside Carnarvon, Northern Cape Province. SKA

Science for
sustainable development
National Science Week 2016 was celebrated throughout South Africa from
8 - 13 August. This year’s theme, science for sustainable development and
improved quality of life, links with the vision and mission of the sponsoring
Department of Science and Technology.
By Jan Smit, Vincentia Mbaba and Lorenzo Raynard

T

he challenge is ‘How can the youth
and public contribute through
science to sustainable development
and thus to improve the quality of life of
all South Africans?’
Until a few centuries ago, humankind
lived close to nature. The Sun was the
clock and to survive, humans applied
crude hard-earned knowledge of nature.
Then the Industrial Revolution arrived.
Steam engines drove generators to supply
houses and factories with electricity.
Electricity was used to produce light, to
drive refrigerators and many other utilities
to make human life easier. Unwanted
by-products were studied and people tried
to minimise or eliminate their unwanted
effects. Science was heavily involved in all
the processes.
That brings us to the present. The
previous decade or two brought rapid
developments based on science. Examples
are cellphones, computers with e-mail
and Internet, satellite communication,
space travel, applications of lasers,
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new medicines, nanotechnology, food
preservation and many more.

From nuclear energy to
radio-astronomy
Let’s look at examples of the pace of
developments based on science.
First the development of the use of
nuclear energy: the inside structure and
the working of the atom was unknown
in the late 18th century. Then in 1897 JJ
Thomson discovered the first sub-atomic
particle – the electron. The picture of the
atom that developed was that of a plum
pudding. Electrons were viewed as tiny
plums all around in the pudding.
Then driven by human curiosity and
the need for a superior weapon, isotopes,
new nuclei and new elements were
discovered. Methods for the separation
of isotopes were developed. The end
products were awkward atomic bombs
and nuclear reactors to produce electricity.
Albert Einstein’s famous formula,
E = mc2, was key to these developments.

Some scientists were against the atomic
bomb, others supported it for political
reasons.
Nuclear reactors that generate electric
energy were viewed differently. These
brought advantages to an energyconsuming world. It is remarkable that
since JJ Thomson discovered the electron
in 1897, it was a mere 50 years until
nuclear energy was utilised in nuclear
bombs and reactors generating electricity.
The second development we would like
to illustrate is that of the laser. Einstein
predicted and worked out the basic theory
of the laser in 1917. In 1960 Theodore
Maiman built the first laser, a large clumsy
thing. Technological advances through
the decades that followed made lasers
not only smaller and cheaper but also
increased their uses. Today you finds laser
toys, laser printers, medical applications,
accurate laser distance meters and
many applications of the laser Einstein
conceptualised in 1917.
An interesting and easy to understand

❚❚❚❙❙❙❘❘❘ Science Week

application of the laser was to measure
the distance between the Earth and Moon
accurately. How was it done?
Three large mirrors perpendicular to
each other as shown in the picture. This
arrangement of mirrors has the peculiarity
that it reflects light back in the direction
from where it comes. An array of mutual
perpendicular mirrors placed on the moon
reflected the laser beams back to Earth.
A similar array of tiny mirrors is used in
rear and front reflectors of cars, trucks
and bicycles. Examine a reflector and
you would find that it consists of a lot of
such tiny reflectors. The outside of such a
reflector is covered by a smooth glass. It is
to prevent dust, mud and other things like
lint sticking to the reflector and destroying
its working.
If such an arrangement of three mirrors
were placed on the Moon it would reflect
laser light back in the direction it comes
from. If a laser ray is shone on it from
Earth, the beam is reflected back to where
it comes from. The device actually used is
an array of mirrors similar to the reflectors
used widely in vehicles. This array of
three mirrors was the basis of an array of
reflectors placed on the Moon to determine
the Earth-Moon distance. Knowing the
speed of laser light (3 × 108 m/s) and the
time measured for the laser beam to travel
from the Earth to the Moon and back
after reflection, the Earth-Moon distance
could be calculated at about 38 400 km. It
is interesting to know is that it takes a laser
beam from the Earth to the Moon and back
after reflection about 2.5 seconds. Think

Three mutually perpendicular mirrors. Note the image of the photographer. The
photo indicates light is reflected in the direction it comes from. The three red
reflectors are those commonly found on vehicles. Jan Smit

about why a flat mirror was not used.
The previous century was remarkable
for scientific and technological advances
never experienced before.
But what of the future? South Africa
is full of opportunities. There are many
great inventions already credited to
South Africans: the Creepy Crawly to
clear swimming pools, Pratley Putty to
glue things together, Dolosse to protect
harbours from sea waves, indigenous
medicines, the electric motor car by Elon

Musk, and many more. (Read Indigenous
knowledge. Great South African Inventions
by Mike Bruton).
The Square Kilometre Array (SKA)
Africa is currently constructing the
MeerKAT Radio Telescope 90 km outside
Carnarvon, Northern Cape Province,
which will consist of 64 radio telescope
dishes to be integrated into SKA Phase 1.
On 16 July 2016, Minister of Science and
Technology, Mrs Naledi Pandor, released
the MeerKAT First Light image of the sky,
produced by 16 of the eventual 64 dishes.
The whole world will benefit from this
development in astronomy.
Science can contribute to the
sustainable development of all in South
Africa and improve the quality of life
of every citizen. There is confidence in
our youth. They will identify and grasp
opportunities to contribute to South
African inventions and innovations.
References
http://www.ska.ac.za/media/visuals/2016
Mike Bruton: Indigenous knowledge. Great
South African Inventions. 2010.

The plum pudding model of the atom. Wikimedia Commons

Jan Smit is Manager of the Science Centre
North West University, Potchefstroom
campus. Vincentia Mbaba is a SAASTA
Volunteer assisting at the Science Centre.
Lorenzo Raynard is at SKA in Northern
Cape Province.
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Zoning the ocean:
a complicated task

T

he ocean is a busy place. Apart from the sea life inhabiting its countless ecosystems, it plays host to commercial
fisheries, ship traffic, gas exploration and seabed-mining
companies, fish farms, marine tourism, marine protected areas
and much more.
Dividing the ocean into zones for its various uses – which
are likely to increase with the government’s push to develop
the country’s blue economy through Operation Phakisa – is the
work of marine spatial planners. They are essentially the town
planners of the sea.
‘Trying to zone any human activity in the sea is very complicated,’ said Prof. Mandy Lombard, who holds a Research Chair
in Marine Spatial Planning at Nelson Mandela Metropolitan
University (NMMU).
Marine spatial planning is a highly specialised field, because
it has to take into account all the ecosystem activities that take
place in three-dimensional ocean space, from the bottom of the
ocean through the water column to the surface. In addition, different areas of the sea – from the high water mark on the shore
to the deep blue yonder – fall under the jurisdiction of different
legislation – national closer to the shore and international further
out – adding complicated legalities to the zoning process.
For this, Lombard, who has a C1 research rating through the
National Research Foundation, and a long background in marine
conservation planning, works closely with Prof. Patrick Vrancken, NMMU’s Chair in the Law of the Sea.
For Lombard and her team of nine postgraduate students,
healthy ecosystems are a key priority and underpin their research, which is used to inform policy makers and management,
particularly with regard to marine conservation strategies and
adaptive management approaches, for the proposed Marine
Spatial Planning Bill.
Lombard said marine spatial planning had two essential
flavours: one was economy-driven, and the other was ecosystem-driven.
‘The latter is the view I take, and that most scientists take.
One of my principle roles in this Chair is to demonstrate that
ecosystem security underpins everything we get from the ocean.
All our research is based on healthy, functioning ecosystems …
Let’s take care of ecosystems first, and then see if we can do all
the other things.’
Lombard said the management of South Africa’s coastline was
currently a divided field, with different specialists and stakeholders concentrating on their own respective areas of interest,
rather than how they fit into the bigger picture.
‘There is lots of disconnect. What we are pushing for is
integrated ocean management, where all the different stakeholders – from those involved in marine spatial planning to fisheries
management to policy makers – can sit around the same table
and talk about their different interests, to make the best decisions about managing South Africa’s ocean space.’
She said the different research and legislation could then feed
into an Integrated Oceans Act, similar in purpose to the existing
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Integrated Coastal Management Act.
For many years, Lombard and other researchers have been
working hard to design strategically-placed marine protected areas for South Africa. With the arrival of Operation Phakisa, many
of these protected areas have been gazetted for comment.
‘The good thing is that Phakisa has allowed us to take a lot of
steps forward. However, at the same time, government is pushing to unlock the ocean’s economy – the “blue” economy – and
we need proper legal instruments in place to guide this process,
and help us understand the trade-offs involved in allocating
ocean space to one activity versus another.’
Lombard, who has a PhD in animal physiology (specialising in
sea birds) from the University of Cape Town, has been working
on systematic conservation planning since 1991, initially focusing on land and shifting to marine in 2004.
She completed post-doctoral work in the United States and
Australia, and also worked for UCT’s Fitzpatrick Institute of
African Ornithology.
She has been an independent research consultant in conservation planning since moving from Cape Town to Sedgefield in
1998, and has published papers through NMMU. She took up
the Chair this year.
What drives her research is ‘a longstanding and deep love for
the ocean’.
Lombard has published 50 peer-reviewed articles in high
impact journals, two book chapters and countless consultancy
reports. In 2013, the Thompson ratings rated her as one of the
six most cited ecologists in Africa.

Prof. Mandy Lombard. NMMU
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Mathematics and science teaching in the CAPS curriculum
By Tsepo Majake

T

he introduction of Outcomes-Based Education in 1997 was a
means to centralise and remove curricular divisions of the past.
This resulted in the Revised National Curriculum Statement
(RNCS) and the National Curriculum Statement (NCS 2002).
In 2009 the RNCS was revised giving birth to Curriculum and
Assessment Policy Statement (CAPS).
The curriculum statement serves a purpose to equalise, equip,
provide access, provide transition and bolster skills and competencies of
learners nationally.
One of the principles informing the curriculum, which stands out for
the purpose of this article, is progression of content and context of each
grade from simple to complex.
The outcomes of the curriculum are to identify and solve problems
using critical and creative thinking. This is chosen to communicate the
focus of this article.
The CAPS policy document stipulates that instructional time for
senior phase (grades 7 - 9) is a maximum of 5 hours and a minimum of
2 hours for specific subjects. Instructional time for grade 10-12 decreases
to a maximum of 4.5hrs and a minimum of 2 hours per week.
Let’s unpack the instructional time using a 5-day and 7-day cycle in
time-tabling.
This means that schools that offer grades 10-12 need to decide if a
period lasts for 30, 45 or 50 minutes. The maximum allowed time of 4.5
hours a week translates to 270 minutes, so let’s see how that works out
for mathematics in grade 10-12 for example:

Example of period allocation in three different
schools

School
A

School
B

School
C

■■
■■
■■

30 minute period
9 mathematics periods in cycle
Double periods Monday to Thursday
and a single period on Friday

■■
■■
■■

45 minute period
6 mathematics periods in cycle
Double periods Monday only and then
single periods from Tuesday to Friday

■■
■■
■■

50 minute period
5 mathematics periods in cycle
Single period to Thursday and a 70
minute period on Friday

I invite you to explore time allocation in a single period:
So, this period requires at least 60 minutes and we have not even
looked at the number of learners in the classroom (question and answer
as well as marking of work in class). So, in a normal classroom learning/
teaching period requires approximately an hour to be successful.
The time allocation structure in the policy document suggest that
to have a 60 minute period means no double period in any of the day
cycles suggested before.
The instructional time below shows what time is left for other subjects
not discussed before, these could be electives based on the curriculum
architecture of the school.
40
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Introduction:
5 minutes

Recap of previous
lesson and linkage
to current topic:
10 minutes

Main lesson:
20 minutes

Summary:
5 minutes

Classwork:
20 minutes

Instructional time – grade 10 - 12
(source: CAPS policy document)

Home language
4.5 hours per
week
Mathematics
4.5 hours per
week
First
additional
language
4.5 hours
per week

Life
Orientation
2 hours per
week

A minimum of any three subjects selected by a school (physical sciences,
life sciences, geography, history, accounting and economics etc.) share
the remaining 12 hours per week which works out to 4 hours each
subject.
This means that for subjects like physical sciences, life sciences,
history, accounting etc. a maximum of 240 minutes per subject per week
is allocated. The 240 minutes only allow for four 60 minute periods in a
week, which means in a five day cycle these will not be allocated on the
fifth day.
Some of the subjects under discussion require laboratory work or
extensive calculations and debates, a 60 minute period in a day is hardly
enough to cover the basics. Can the South African community expect
mastery of content on a mass scale?
The argument I am making should be contextualised, particularly in
contexts where teachers deal with numbers bigger than the national set
standards. To be able to do a life science or physical sciences practical,
a teacher needs more than a double period for all learners to get
practical hands-on experience of experimentation and to allocate marks
confidently to competent learners.
A class of 30 learners, who are to spend a maximum of 10 minutes
each in a practical, require 300 minutes. Already we are talking of
5 hours, which is not allowed for in the weekly instructional time
suggested by policy. Think about a class of over 30 learners and less than
adequate infrastructure and resources.
The general aim of the specification of curriculum is to achieve
progression in terms of concepts and skills for each learning area. This
progression in some areas occurs over two or three grades and therefore
failure to cover certain areas in previous grades hampers the learners
understanding and mastery by implication in the next.
The onus is on policy-makers to develop policy that is sensitive to
contextual challenges while trying to address them.
I propose that contact time be extended to cater for subjects that need
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extra time. This, however, is not easily achievable from a labour point of
view due to consideration of employee rights.
Teachers also need to find creative ways of presenting content in
such a way that it is not compartmentalised without watering down the
content itself.

Here are some of the ideas I’d like to suggest:
■■

■■

Team teaching across subject specialisation – teachers identify
areas of convergence in their subjects and develop lessons together
for team teaching. For example, life sciences, agriculture and
geography deal with the concept of climate change. Teachers can
prepare a lesson and teach together over three periods allocated
to each subject in a particular day. This allows learners to see that
what they learned in one subject is applicable in others as well.
However, teachers will need to use other periods to emphasise
what is important for their specific areas.
Use of other resources other than textbooks to contextualise content.

■■

Media can be used to emphasise and assist learners in content
mastery. Quest is one such resource that can be used for learners to
see what they learn practically in their immediate surroundings.
Extension of contact time by one period per day for the whole
school. This will allow you to prioritise subjects that need a double
period in any particular day or an opportunity to bring a specialist
to speak to learners on topical issues on a given day.

Curriculum management is a difficult management function,
particularly for those in school management who have to deal with
resource utilisation strategies and timetabling. It is therefore important
that policy documents are developed from a contextual viewpoint as
opposed to an ideal one, in my opinion.
Mathematics and other subjects should be allocated more time if we
are aiming for mastery of content, and vertical conceptual progression
that is meaningful.
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Zapping Zika and other diseases
South America is fighting a battle against tiger mosquitoes that
transmit yellow fever, dengue fever and the Zika virus. Now a
team of researchers at the Fraunhofer Institute for Molecular
Biology and Applied Ecology IME in Gießen, Germany, is
developing new species-specific strategies that keep pests under
control without resorting to environmental toxins. One strategy
is the sterile insect technique.
Thousands of tiger mosquitoes (Aedes aegypti) are kept in net
cages in a climate chamber at a temperature of 27ºC. The females
(they are the ones that spread the Zika virus) are fed on a diet of cow
or pig blood, served at 37ºC. This helps them lay their eggs, which
are then put in bowls of water, where the larvae hatch and pupate.
The males are then sterilised using radioactivity before their release
back into the wild. Because these sterile males vastly outnumber
their wild brothers, the majority of females will mate with them and
thus produce no offspring. Result … a much-reduced mosquito
population, and a much-reduced threat of the Zika virus and other
viruses being spread to humans.
Source: Fraunhofer-Gesellschaft

diagnostic tool that recognises user states in real time and
communicates them to the machine. In one experiment, a
camera firmly focuses on a driver’s eyes. If they are closed for
more than one second, an alarm is triggered. This technique
prevents dangerous micro-sleep at the wheel. ‘But It is not always
as easy for a machine to detect what state the human is in, as it
is in this case’, says Jessica Schwarz from the Fraunhofer Institute
for Communication, Information Processing and Ergonomics
FKIE in Wachtberg, Bonn, Germany.
She examined how to determine user states very precisely,
what influence these may have on incorrect behaviour and
how automated systems can use this information. ‘For complex
applications it is not sufficient to focus on only one impact factor’,
says the scientist. So she gave test subjects the following task:
They had to assume the role of an air traffic controller and steer
simulated aircraft safely through a virtual airspace. As stress
factors, the number of aircraft was increased, the instructions of
the ‘controllers’ were ignored, and background noise was added
in some conditions.
‘A diagnosis interface was then created that detects in real
time when individual impact factors become critical and
communicates this to the machine. ‘Automated systems thus
receive very exact information regarding the current capabilities
of the user and can react accordingly’, says Schwarz.
Source: Fraunhofer-Gesellschaft

A female Aedes aegypti mosquito biting a human.
Public Domain, via Wikimedia Commons

Hey human, how are you doing?
Machines are taking over more and more tasks. Ideally,
they should also be able to support a human in case of poor
performance. So Fraunhofer scientists have developed a
12|3 2016
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The interaction of man and machine is particularly important
for air traffic controllers. Software from Fraunhofer FKIE
assesses user states and human performance and passes this
information on to the computer. Fraunhofer FKIE

The loneliest young star
An unusual celestial object called CX330 was first detected
as a source of X-ray light in 2009. But CX330 is not near any
star-forming region. As of the most recent observations, which
was August 2015, this object was outbursting, meaning it was
launching ‘jets’ of material that slam into the gas and dust
around it. Astronomers plan to continue studying the object,
including with future telescopes that could view CX330 in other
wavelengths of light.

3-D organic-inorganic crystals. The 2-D crystals previously studied
by the Northwestern team lost power when the organic cations hit
the sandwiched gap between the layers, knocking the cells down to
a 4.73% conversion efficiency due to the out-of-plane alignment of
the crystals. But applying the hot casting technique to create the more
streamlined, vertically aligned 2-D material seems to have eliminated
that gap. Currently the 2-D material has achieved 12% efficiency.
Source: Los Alamos

Source: NASA

Los Alamos crystals. Los Alamos National Laboratory

Scientists use poop to retrace famed invasion
against Rome

Celestial object CX330. NASA

Flipping crystals improves solar-cell
performance
In a step that could bring perovskite crystals closer to use in the solar
power industry, researchers from Los Alamos National Laboratory,
Northwestern University and Rice University have tweaked their
crystal production method and developed a new type of twodimensional layered perovskite with outstanding stability and more
than triple the material’s previous power conversion efficiency.
The breakthrough involves using the Los Alamos spin-casting
technique to create layered crystals whose electrons flow vertically
down the material without being blocked, midlayer, by organic
cations. (A cation is an ion with net positive charge.)
The new 2-D perovskite is both more efficient and more stable,
under constant lighting and in exposure to the air, than the existing

Scientists have used animal droppings to solve the mystery of the
route followed by one of history’s most famous military invasions.
Hannibal, a general from North Africa, crossed the Alps to invade
Italy during what is known as the Second Punic War with Rome,
from 218 to 201BC
Hannibal led his force – 30 000 men, 37 elephants and over
15 000 horses and mules – across the Alps mountains and now
microbiologist Chris Allen at Queen’s University Belfast in
Ireland and colleagues, led by Bill Mahaney of York University in
Toronto, have concluded that Hannibal’s forces probably crossed
the Alps at a place known as the Col de Traversette pass, which is
at an altitude of 3000 m.
Using a combination of techniques, the researchers concluded
that a ‘mass animal deposition’ – in other words, a whole lot
of pooping – dated to 218BC – occurred at the just right place
and time to back up biologist and polymath Sir Gavin de Beer,
who more than 50 years ago suggested that this was the crossing
point. His theory hasn’t won wide acceptance. Now that looks
like it may change.
Source: World Science, http://www.world-science.net

MIND-BOGGLING MATHS PUZZLE FOR Quest READERS
Q uest Maths Puzzle no. 38

The water lentil reproduces by dividing into two every day.
Thus on the first day we have 1, on the second day we have
2, on the third 4, on the fourth 8, and so on. If, starting with
one lentil, it takes 30 days to cover a certain area, how long
will it take to cover the same area if we start with 2 lentils?

Answer to Maths Puzzle no. 37:

The toys are priced at R7 per consonant, so a pinwheel
costs R35.
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Win a prize!

Send us your answer (fax, e-mail or snail-mail) together with your name
and contact details by 15:00 on Friday 7 October 2016. The first
correct entry that we open will be the lucky winner. We’ll send you a
cool Truly Scientific calculator! Mark your answer ‘Quest Maths Puzzle
no. 38 ’ and send it to: Quest Maths Puzzle, Living Maths, P.O. Box 195,
Bergvliet, 7864, Cape Town, South Africa . Fax: 0866 710 953.
Email: livmath@iafrica.com.
For more on Living Maths phone (083) 308 3883 and visit www.livingmaths.com.
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EXPOSURE TO PIONEERING ACADEMICS, WHOSE RESEARCH
IS INTERNATIONALLY KNOWN
SUPERB FACILITIES
HIGH GRADUATE EMPLOYMENT RATES
TOP-QUALITY STUDENT LIFE IN A SPECIAL LOCATION

www.uj.ac.za | 011 559 2459

UJ Faculty of Science

science@uj
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15702

MAKE

PROFESSIONAL
BANKING
HAPPEN
Get a banking experience
from Nedbank that works as
hard as you do and caters for
both you and your family.
Whether you are operating
as a specialist in your field, quickly
climbing the corporate ladder
or simply looking for a professional
banking experience that emphasises
convenience, quality and flexibility,
our Professional Banking package
is the answer. With dedicated
relationship bankers, tailored financing
options and 24/7 service, we care about
making banking more professional
for you and your family.
This offering enables your financial
aspirations, comes with the rewards
and lifestyle benefits you deserve and is
flexible to grow as your needs grow.
Contact us today on 0860 555 222
to arrange an appointment.
Alternatively email us at
professionals@nedbank.co.za.
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