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Well, hello and welcome back to a year 
full of new experiences and lovely science 
magazines! This September we are not 
only welcoming the new batch of freshers, 
but also a new committee - who will be 
there at every meeting! Ahmad Nassar will 
be joining the editorial heights this year 
together with a new Au Talks coordinator, 
Olga Jarosinska, and an all-brand new 
News Editor, Nicolas Scrutton. This new 
issue is all about demystifying the scientific 
topics that are commonly misunderstood. 
Non-specialist readers everywhere are 
fed opinions about whether they should 
vaccinate their children, eat gluten free or 
merely stop using their phones altogether 
– and most of the time it seems like the life 
choices of many are based on something 
‘read in a blog somewhere’. The intention 
behind this issue is to debunk these myths 
and show that science, as many of you 
know, is a ground where decisions are 
made on facts and data interpretation; 
rather than superstitions and gut feelings! 
Is not finishing your course of antibiotics 
as dramatic as people make it seem? Does 
it truly mean that you are contributing 
to a world of unbeatable bacteria? Does 
keeping your phone near your head too 
often really increase the likelihood of 
developing headaches and is it really 
harmful? All these hot topics of speculation 
(and many others) are covered in the 
inside of this issue. If you like what you’re 
looking at, remember we are always on 
the search for talent. Whether you’re 
the writing type with the power of using 
words as your most deadly weapon, or the 
left-brainer who can see text and graphics 
coming together in a piece of paper, we 
want you more than Uncle Sam. If you feel 
like you’re no expert or you’re too shy and 
perhaps reluctant to take your first step, 
just remember we will be holding writing, 
editing, blogging and design workshops 
all throughout the month; so stay in touch 
with our Twitter @AuScienceMag or give us 
a Like at “Au Science Magazine” to find out 
when they are happening!
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Until a recent discovery 
was made, we could only 
make educational guesses 
about what the world was 
like millions of years ago. 
However, recently geologists 
have discovered voids in 
rocks which act as hosts 
to “pockets” of gas. The 
startling fact is that this 
means we now have “snaps” 
of what the atmosphere was 

as we can now know 
exact composition of the 
Earth’s early atmosphere. 
This method is the key to 
a database which holds 
accurate information, giving 
us a better understanding 
than the models used 
previously, which could only 
obtain mere approximations. 

like when those pockets were 
formed. Halite, a form of rock 
was found to host gases as 
old as 815 million years old!
Geologists from the University 
of Aberdeen have contributed 
to the analysis of this gas, 
which concluded that the 
composition of this gas was 
enough for animals to survive.
The discovery of these gas 
“pockets” is very promising, 

A ‘SNAP’ OF THE ANCIENT ATMOSPHERE

Academics from institutions 
from the UK, Canada and the 
US, including the Universi-
ty of Aberdeen, have carried 
out a large case study look-
ing at the effects of taking 
antithrombotics, drugs re-
ducing blood clots formation, 
such as aspirin, on the post 
stroke health of patients. Up 
until now, there have been 
small contradicting studies 
on this topic, which present-
ed no clear conclusion, stat-
ing whether or not taking an-
tithrombotics prior to a stroke 

pital to go home, 15% more 
likely to be independent-
ly mobile when leaving the 
hospital and 13% less likely 
to be disabled. These results 
are of key importance, as 
strokes are the leading cause 
of disability globally, and the 
ability of taking preventative 
measures will be greatly ben-
eficial for the suffering pa-
tients and the global heath 
economy through the reduc-
tion of death and disability.

has a positive effect on the pa-
tients. Because of this, the ac-
ademic team examined data 
from more than half a million 
strokes recorded between 
October 2011 and March 
2014 by the American Stroke 
Association, and analysed the 
association between prior an-
tithrombotic use and clinical 
outcomes. The results indi-
cated that people who took 
the drug before were 18% 
less likely to die soon after 
the stroke, 18% more likely to 
be discharged from the hos-

ASPIRIN COULD BE CAUSING BETTER OUTCOME FOR STROKE PATIENTS

NEWS
COMPOSED BY 
OLGA JAROSINKSA, AHMED NASSAR, AND ELIZABETH CUMMINGS
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EVENTS

GENERAL RELATIVITY: 
TESTS AND APPLICA-
TIONS

Teodora Oniga discusses the experi-
mental tests of general relativity, 
and the role it plays in modern 
science. Part of the Science in the 
Quad Series.

03 October 2016, 19:00-20:30
Wood Foundation Centre for 
Science and Technology, Robert 
Gordon’s College, Schoolhill, 
Aberdeen

Illustration by Doriane Biot

dorianebiot.weebly.com

AURORA: IN SEARCH OF 
THE NORTHERN LIGHTS

Join Dr. Melanie Windridge in 
explaining the elusive Northern 
Lights. Part of the Science in the 
Quad Series.
07 September 2016, 19:00-20:30

Wood Foundation Centre 
for Science and Technology, 
Robert Gordon’s College, 

Schoolhill, Aberdeen

EXPLORATHON 2016

Come along and meet the experts 
for a night full of fun to celebrate 
European Researcher’s Night.

30 September 2016, 10:00-17:00 
(City Centre), 18:00-22:00 (Sci-
ence Centre)
St. Nicholas Shopping Plaza/
Bon Accord Centre, Aberdeen 
Science Centre

CAFE SCIENTIFIQUE- 
EYE MOVEMENTS AND 
MENTAL HEALTH

Come along and find out how 
eye movements could assist in 

recognising mental health issues.

17th August 2016, 19:00-20:30
Waterstones, Aberdeen

DIET MATTERS: RE-
SEARCH ON ACHIEV-
ING A HEALTHY BODY 
WEIGHT

Dr. Alexandra Johnstone of the 
Rowett Institute discusses her latest 
research on health and wellbeing.

22 August 2016, 18:00-19:00
Aberdeen Central Library, Aber-
deen

CRUICKSHANK BOTANIC 
GARDEN TOUR

Take a tour of the beautiful Cruick-
shank Botanic Gardens, led by 
curator Mark Paterson. (Tickets 
£4/£3 concession, Book tickets by 
phone The Aberdeen Box Office 
ticketline is (01224) 641122 and 
is open 9.30am - 6.00pm Monday 
to Saturday. In person tickets can 
be booked at the city centre box 
offices at His Majesty’s Theatre 
or The Lemon Tree and are open 
from 9.30am - 6.00pm Monday to 
Saturday).

06 September 2016, 18:00-19:30
Cruickshank Botanic Garden, 
Aberdeen

COMMUNICATING 
SCIENCE - SCIENCE 
JOURNALISM SOCIETY

A short video with an exciting 
topic will be played at the start. All 
attendees will have 7 minutes to 
write an opening paragarph about 
that topic and the bes writer gets a 
prize!

9 September at 14:00 - check our 
facebook page for the location!
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Zoe Mckellar highlights the prospects of mining on asteroids

SPACE MINING – NOT JUST FOR THE 
SCI-FI CHANNEL

While it’s not quite as dra-
matic as Hollywood would 
have us imagine (think 

Bruce Wills and Ben Affleck saving the 
world), asteroid mining is no longer 
just the work of science fiction and is 
quickly becoming a reality. Asteroids, 
minor planets and other near-Earth 
objects could play host to a number 
of raw materials that could be mined 
before use in space, such as for fuel or 
construction materials, or transported 
back to Earth. Minerals and volatiles 
include a number of metals such as 
gold, silver and platinum that could be 
taken back to Earth as well as others 
like iron, nickel and aluminium that 
could be used in-situ for construction 
or repairs. Further in-situ use ma-
terials include water and oxygen to 
sustain astronauts, and volatiles that 
can be used as rocket propellants such 
as ammonia and hydrogen.

It’s well accepted that Earth’s natural 
resources are finite, but estimates 
place exhaustion of some of these 
terrestrial reserves within the next 50-
60 years. These include lead, tin, zinc, 
copper, silver and gold, all of which 
are used abundantly in everyday life. 
However, sustaining life on Earth isn’t 
the sole target of asteroid mining. 
NASA estimates that the asteroid 
belt that exists between the orbits 
of Mars and Jupiter holds minerals 
reserves to the value of around 100 
billion dollars for every person on 
Earth today. That’s not only a lot of 
money, but a lot of resources which is 
really what space mining is all about. 
Unsurprisingly, it takes an extravagant 
amount of fuel (and therefore, money) 
to get materials to and from Earth 
from space. Were we able to source 
these raw materials in space itself we 
could theoretically develop a host of 
structures, such as space stations, and 
even generate rocket fuel in space, 
therefore making space travel and 

exploration more economically viable. 

So, why aren’t we out mining a whole 
host of asteroids as we speak? Well, 
one of the obvious hurdles is, of 
course, getting to the asteroids. Part 
of the selection process of a viable 
asteroid would be orbital economics, 
particularly the change in velocity and 
the travel time to and from the target. 
The higher the change in velocity 
the more fuel that is expended as 
propellant. If we consider the asteroid 
belt between Mars and Jupiter, where 
a huge number of asteroids can be 
found, we’re looking at a distance of 
about 330 million kilometres – as a 
means of comparison, the Moon is 
384,000 kilometres away. One possible 

way round this would be to utilise 
the near-Earth asteroids, 14,000 of 
which have now been discovered, 
and would be much easier to travel to 
and from. Their low velocity change 
makes them suitable for use in 
obtaining construction materials for 
near-Earth space-based initiatives, 
which greatly reduces the cost of 
transporting supplies into orbit. An 
example of a potential target would 
be 4660 Nereus, which is believed to 
be mostly enstatite, and has a very 
low change in velocity in comparison 
to lifting materials from the Moon’s 

surface. However, the round trip to the 
asteroid would be much longer than 
that to the Moon.

Asteroid type must also be considered 
when selecting a target. Three main 
types are currently identified: C-type, 
S-type and M-type. C-type have a high 
abundance of water; S-types have 
less water but contain a considerable 
metallic content, including nickel, 
cobalt and precious minerals, with 
small asteroids potentially containing 
up to 50kg of rare metals like platinum 
and gold; M-types are the rarest of 
the three and contain up to ten times 
as much metal as S-types. Various 
types of extraction techniques may be 
applies depending on the target’s raw 
materials but include surface mining, 
shaft mining and heating.

The required technology is in the 
not-too-distant future. Ultimately, the 
technology for asteroid prospecting 
already exists for testing on Earth. 
Planetary Resources, an American 
company that specialises in the 
development of asteroid mining 
technologies, is launching Ceres, 
a series of Arkyd 100 satellites that 
will carry out advanced imaging of 
Earth. Sensors on the satellites will 
deliver data on the raw materials at 
any spot on the planet, with a view 
to carrying out the same task during 
asteroid prospecting. By 2019, the 
company plans to have a total of ten 
of the satellites in low-Earth orbit, 
equipped with mid-wave infrared and 
hyperspectral sensors that can gather 
data on water content, oil and gas 
leaks, crop growth and forest fires.

It seems that the era of space mining 
could soon be upon us, and with it 
new potential steps towards a truly 
viable space industry – and we won’t 
need Hollywood stars to save us.

HOWEVER, THE ROUND 
TRIP TO THE ASTEROID 

WOULD BE MUCH 
LONGER THAN THAT TO 

THE MOON

Illustration by Doriane Biot

dorianebiot.weebly.com

ZOE MCKELLAR IS A PHD STUDENT IN GEOLOGY
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IS IT A BIRD? IS IT A PLANE?  
NO, IT’S SUPERBACTERIA!

The principle of a struggle 
between life and death 
impacts every living 

organism on the planet. The 
will to survive, to escape death, 
crosses generations. It becomes 
an evolutionary concept. As the 
predator evolves, its prey evolves, 
forcing further change over time. 
The cycle of adaptation becomes a 
transgenerational arms race.
While dramatic struggles, such as a 
lion and antelopes, are obvious, this 
concept applies just as much, if not 
more, to the smallest of organisms. 
Since the discovery of penicillin 
and the development of antibiotics, 
modern medicine has ushered an 
era of unprecedented health. Deadly 
bacteria, once the death sentence of 
millions, were suddenly being rapidly 
wiped out. Penicillin was discovered 
in 1928, by Alexander Fleming. He 
found the chemical to be effective at 
blocking the formation of cell walls, 
the bacteria’s protective shell, hence 
killing them. This is just one of the 
methods by which antibiotics work 
as some inhibit the production of 
proteins; some alter and disrupt the 
bacteria’s cell membrane. Under 
treatment, the bacteria die, leaving 
only a few resistant ones behind. It is 
in this small group of survivors where 
the danger lies.

The horrors of the pre-antibiotic era 
have been forgotten and antibiotics 
have become a commodity compared 
to the last-resort weapons they used 
to be. Drugs are prescribed freely, 
taken without a thought. Furthermore, 
antibiotics have been used to treat 
livestock kept in cramped, unhygienic 
conditions, demanded in order to 
keep them alive and their meat 
cheap. As humans eat the meat the 

antibiotics are passed along in the 
food chain, further exposing bacteria 
to the medications and speeding the 
development of resistant strains. 
As the bacteria are exposed to an 
increased level of antibiotics, only 
those that, by random chance, have 
mutated to resist the antibiotic, are 
left. These are usually dealt with a 
different set of antibiotics, specifically 
engineered to target other bacterial 
mechanisms. Usually, this method 
works. Whenever doctors find an 
antibiotic-resistant bacterium, we 
turn to specialised medications to 
combat it. Until recently, this has been 
enough.

The thing about bacteria is that 
they have a way of “sharing” genes 
with each other via a process called 
horizontal gene transfer. Thus, 
antibiotic-resistant bacteria have 
managed to spread their resistance 
to other non-resistant strains. 
Scientists have not found a new 
class of antibiotics since 1987, and 
now humans are losing the race, as 
bacteria evolve their resistance and 
become multiantibiotic-resistant. But 
what happens when all the antibiotics 
become useless?

In November of 2015, a team of 
scientists in China identified a gene, 
named mcr-1, in an E. coli strain 
found in pigs and humans. E. coli with 
mcr-1 were identified to be resistant to 
colistin, a toxic antibiotic considered 
the last line of defence against a 
number of multiantibiotic-resistant 
bacteria. The difference about mcr-
1 is that it is found on a bacterial 
plasmid, type of separate genetic 
material that allows for horizontal 
gene transfer. Mcr-1 has spread 
across the globe and is now reported 
in Germany, the UK, Denmark, and 
France. In May, it has also reached 
the US, as it was found in the bacteria 
infecting a woman in Pennsylvania. 
By July, it has been spotted again 
in a strain of E. coli in New York. A 
study in the Journal of Antimicrobial 
Chemotherapy reported mcr-1 in the 
droppings of the European herring 
gull, a migratory bird. This has led to 
increased concerns about the reach 
of mcr-1, and the implications that go 
along with it.

However, Harvard University 
infectious diseases epidemiologist 
William P. Hanage cautions “we 
won’t be flying back into the dark 
ages overnight”. He further states, “...
hospitals are improving their infection 
control, and public health experts are 
getting better at tracking new threats. 
But in a race against nature, the 
humans are losing ground…we are 
seeing more drug-resistant infections, 
and people will die.” Not all hope 
is lost, but if we are to avoid losing 
our edge in the fight against disease, 
nations around the world will have to 
find new ways to beat back the threat 
that is antibiotic-resistant bacteria.

... IN A RACE AGAINST 
NATURE, THE HUMANS 
ARE LOSING GROUND... 

NICOLAS SCRUTTON IS AN UNDERGRADUATE IN BIOLOGY

Nicolas Scrutton explores bacterial resistance

ILLUSTRATION BY MARIA VITTORIA SCARCIA

WWW.INSTAGRAM.COM/MA_VIS_ART
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WHY ARE ALLERGIES AND INTOLERANCES 
SO COMMON NOWADAYS?

Almost all of us either suffer 
from some kind of allergy or 
food intolerance, or know 

someone who does. Only since 1990, 
the hospital admissions for anaphy-
laxis (serious and life-threatening al-
lergic reactions) and food allergies in 
the UK have increased seven fold and 
fivefold, respectively. What could be 
the causes of such dramatic increases 
in allergy incidence?  

An allergy, or an allergic reaction, 
is the hypersensitivity of the human 
immune system to chemicals, called 
allergens, present in the environment, 
which usually do not cause a response 
in most people. As the allergen 
enters the body, immunoglobulin E 
antibodies (IgE), part of our immune 
system which are found in higher 
concentrations in allergic people, 
bind to the specific allergen. These 
then bind to mast cells or basophils, 
types of white blood cells, causing 
their degranulation and release of 
inflammatory chemicals such as 
histamine, which are responsible for 
the symptoms of itchiness and rashes. 
There are different types of allergens, 
for example pollen which causes hay 
fever is a relatively common one. 
Therefore, if allergies are due to 
hypersensitivity of the body, why are 
people becoming more susceptible to 
it? 

While the complex etiology of allergy 
is not fully elucidated, one of the 
notions to why allergies are on the 
rise is the ‘hygiene hypothesis’, first 
introduced by David Strachan in 1989. 
His findings suggest that declining 
family size, improvements in living 
conditions and higher standards 
of personal cleanness in Western 
countries; reduce the children’s 
exposure to microorganisms during 
their early childhood. The lack of 
contact with certain microbial species 
disrupts the healthy development of 
immunoregulatory mechanisms and 

causes the children to be more prone 
to allergies and autoimmune diseases 
later on in life. 

Additionally, with the increase of air 
pollution due to rapid urbanization 
and industrialization, people are 
becoming more susceptible to 
respiratory problems. There is an 
increase in epidemiological studies 
focusing on whether having more 
contact with allergens and air 
pollutants has a synergistic or additive 
effect on asthma and allergies already 
present.  

Food allergies, which mainly affect 
children, can also be the result of 
dysbiosis, the modification of the 
gut microbiota, caused by the lack 
of exposure to the ‘healthy’ bacteria 
during the crucial development time. 
This healthy development can be 
disrupted by the lack of interaction 
with the needed bacteria during 
caesarean delivery, lack of breast-
feeding and the intake of drugs and 
antibiotics which can greatly damage 
the vital gut microbiota. 

Another health issue which is being 
increasingly diagnosed are food 
intolerances.  They differ from food 
allergies in a way that they are not an 
immunological response to allergens 
but are usually based on carbohydrate 
malassimilation in gut, caused by the 

person’s genetics and the absence 
of an enzyme critical for the healthy 
absorption of the nutrients. One of 
the two well-known examples is 
lactose intolerance, where the lack 
of the enzyme lactase prevents the 
proper breakdown of carbohydrate 
lactose found in dairy products, and is 
often associated with gastrointestinal 
symptoms, such as abdominal pain 
and bloating. Another is coeliac 
disease, the autoimmune response of 
the body when gluten is consumed.  
The body produces autoantibodies 
which target own body cells, damage 
organs and in the small bowel can 
cause inflammation and shortening 
of the villi, which are essential for the 
correct absorption of nutrients into the 
blood. 

The rise of food intolerances cannot 
be as easily associated with outside 
stimuli or the ‘hygiene hypothesis’ 
that can apply to allergies, as they 
have largely a genetic background. 
The increase of the incidence of 
intolerance can be due to people’s 
greater awareness of these issues, 
better and easier diagnostics of these 
illnesses and the changing of our 
diets. 

Furthermore, recently it has become 
‘trendy’ to be eating gluten or lactose-
free foods, as some people claim 
that it helps to lose weight. However, 
there is no scientific proof that it 
actually does so; quite the opposite, it 
is said that it is unhealthy to leave out 
gluten if one is not gluten intolerant. 
Foods without gluten often come 
with the lack of fiber and nutrients, 
and are often made with substitutes 
such as more sugar or refined grain. 
Therefore, when going on a gluten-
free diet one must pay close attention 
to what they are eating. 
So in reality, it appears that our desire 
to live cleaner and healthier lives is 
not all so rosy. 

FOODS WITHOUT GLUTEN 
OFTEN COME WITH THE 

LACK OF FIBER AND 
NUTRIENTS

OLGA JAROSINSKA IS AN UNDERGRADUATE IN 

MOLECULAR BIOLOGY

Olga Jarosinska describes what may be behind the most common allergies of today

Illustration by natasha falconer

www.instagram.com/hakuna_natasha
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A GENERATION OF PHONE ADDICTS: 
DANGEROUS OR JUST PLAIN IRRITATING?

It seems as if everywhere we look 
these days, people are paying 
more attention to their mobile 

phones than they are to the world 
around them. From 1997 to 2007, 
over just 10 years, the number of 
connections rose from 8 million to 
27 million. Now in 2016, another 
9 years on, this is likely to be a far 
greater number! Considering the 
large chunk of the population owning 
and regularly using mobiles, it makes 
sense to consider any safety worries 
there may be for those ‘glued’ to 
their phones. The main worry with 
relying so heavily on mobile phones 
is a type of electromagnetic radiation 
called low frequency radiofrequency 
radiation that is emitted from mobile 
phones. This radiation is how we are 
able to send texts, make phone calls 
and use the internet. 

The logic is that when we phone 
someone, the antenna of the phone 
where this radiation is mainly emitted 
from is close to our head (and so 
also close to our brain). On the 
surface of our brain we have glial 
tissue, and mutations in the cells 
that make up this glial tissue can 
cause a type of brain cancer called a 
glioma. Therefore, there is a worry 
which hasn’t been entirely resolved 
that radiation emitted from mobile 
phones during use can increase our 
chances of brain cancer. A few studies 
have looked at this resulting in the 
International Agency for Research 
on Cancer (IARC), the branch of the 
World Health Organisation dedicated 
to cancer research,  concluding 
that mobile phones are a ‘possible 
carcinogenic’ to humans in 2011. 
Considering the survival rates of 
glioma being fairly poor, this potential 
safety claim is clearly a worry to the 
public. This was widely reported on 
at the time and seemed to have quite 

a substantial effect, with 72% of the 
public voting they believed mobile 
phones are unsafe in a Daily Mail poll. 
However, evidence was very limited 
from these studies and so it doesn’t 
seem as if mobile phone pose any 
immediate and obvious danger to all 
of us more addicted to these phones 
than what might be considered as 
healthy! One of the main reasons it 
was so difficult to obtain significant 
results lies in the difficulty of 
accurately measuring how often 
people use their phones. Participants 
with or without brain cancer were 
questioned on previous mobile phone 
use to determine if a link exists. 
However, relying on participant 
memory is far from ideal! Attempting 
to remember information like this is 
likely to involve a lot of guesswork.

We also need to consider the way we 
use our phones. Although this clearly 
differs between individuals, in the 
modern day the majority of people 
are unlikely to spend hours a day 
physically phoning people. In fact, 
from what I have observed myself, 
it seems as though most of us prefer 
to aimlessly scroll down a screen for 
hours on end with perhaps less time 
actually contacting friends and family! 

Social media and various applications 
are becoming increasingly popular 
including Facebook, Twitter, Tumblr, 
Snapchat, Instagram, WhatsApp 
and dating apps such as Tinder to 
name just a few. As these become 
more popular, it seems as though the 
public may actually be spending less 
time with their mobiles in any close 
proximity to brain tissue whatsoever. 

It may be a relief to the majority of us 
that such little evidence exists linking 
mobile phones to brain cancer. There 
has been some potential ways in 
which radiation from phones might 
increase the risk of brain cancer. 
The main hypothesis is that radiation 
increases the production of oxidative 
stress, with too many free radicals 
and not enough antioxidants to stop 
these free radicals from becoming 
harmful. Another suggestion, although 
even less evidence-based, suggests 
that alterations in calcium levels may 
increase the risk of brain cancer. In 
fact, from every study to date that has 
investigated the link between mobile 
phone use and brain cancer, only one 
has found a statistically significant 
positive link! Also, studies have not 
found any significant increase in 
brain tumour rates in the last 30 
years, where mobile phone use has 
increased so dramatically. 

From what evidence there is so far, it 
doesn’t seem as if low frequency radio 
waves are something worth ditching 
our phones over. The growing, 
unhealthy addiction to mobile phones 
may not actually pose a danger to 
health, although may pose a danger to 
the sanity of those forever competing 
with a piece of technology for their 
friends attention!

THERE HAS BEEN SOME 
POTENTIAL WAYS IN 
WHICH RADIATION 

FROM PHONES MIGHT 
INCREASE THE RISK OF 

BRAIN CANCER

INEZ IMRAY IS A GRADUATE IN BIOLOGY

(CONGRATS INEZ!)
Illustration by Grace Russell  

gracerussell.co.uk | www.instagram.com/gracierussell25

Inez Imray outlines the risks of constant exposure to radiation from smart phones



VISIT AUSM .ORG .UK  TO CHECK OUT OUR SCIENCE BLOG!10

CHEMISTRY UNDER THE SEA

Why is an analytical Chemist 
interested in Whales?
Well, one reason might 

be that everybody loves whales and 
dolphins, and all the different kinds 
of marine mammals: porpoises, 
humpbacks and sperm whales, orcas 
and seals. These animals are iconic, 
and almost everybody loves them 
– these animals live in colonies or 
families, and are very intelligent and 
highly social animals. And, some claim 
that dolphins are even more intelligent 
than humans! 

Now, how does this all connect to 
analytical chemistry, and what is it that 
I’m doing?

My interest as an analytical and 
environmental chemist is mercury. Not 
the planet, but the element mercury 
carrying the number 80. Mercury 
fascinates me, and is frightening at the 
same time, and you will see why I’m 
hooked on mercury… 
Mercury is a toxic heavy metal that 
has been known since antiquity – 
alchemists tried for centuries to turn 
it into gold, and if they had succeeded, 
we would have one environmental 
problem less. Mercury is a shape-
shifter – it occurs in different forms 
that we call “species”. Each mercury 
species behaves differently.  Mercury 
in its metallic form can be very useful: 
thermometers, industrial use for 
switches and energy saving light bulbs, 
amalgamates for dental repairs… the 
list is very long. However, metallic 
mercury is also quite volatile, and if 
you have an amalgam filling you will 
breathe out (and in) some mercury 
with every breath!

Mercury in its “inorganic” state as 
a mineral is most often mercury 
sulphide (HgS) and is very difficult 
to dissolve. However other salts that 
could be very lethal and are easy to 
dissolve can be absorbed by the body. 

Now, the mercury species you should 
really worry about is yet another one, 
called methylmercury (MeHg). That 
is a metal which binds to carbon, this 
species is extremely toxic as it can 
easily reach the brain and destroys its 
functioning. MeHg intoxication of the 
population of Minamata, in Japan, was 
the first event where this was lethal to 
more than 150 people. This happened 
due to a company discharging 
MeHg from an industrial process 
into the Minamata bay, where fish 
bioaccumulated the MeHg. Fish loaded 
with lots of MeHg were consumed by 
the people in Minamata, leading to an 
especially daunting outcome in unborn 
babies and small children.

Why did no one realise the threat and 
prevent this catastrophe?

Well, MeHg is slowly transported to 
the brain, but builds up with time and 
continued consumption. Therefore, 
some of the people died after several 
months of suffering. This is indeed the 
frightening part of mercury.

How does this now connect with the 
whales and marine mammals? 

These animals spend their lives 
swimming in the water; their main 
source of food being smaller fish. A 
volatile form of mercury is found in 

the air as atoms. When oxidised (due 
to sunlight) it gives us a water soluble 
form of mercury. This dissolves in rain 
water and is washed into the oceans. 
This rainwater naturally reaches 
the bottom of the oceans, where it is 
“detoxified” by some microorganisms, 
giving MeHg. Recognise this? It is 
again the nasty, toxic form of Hg. 
From there, MeHg bioaccumulates up 
the food chain – small microbes are 
eaten by small fish, which are in turn 
consumed by bigger fish. Of course, 
we are part of this food chain so MeHg 
enters our systems too!

For most of us though, fish 
consumption will not harm us 
because we don’t eat that many fish 
(in comparison to whales) but how do 
whales and other marine mammals 
cope with MeHg?

This is where my research lies, since 
2012 (working with the Scottish 
Marine Stranding Scheme) we 
analysed more than 100 samples of 
whale organs, developed new methods 
to examine all tissues including the 
brain and produced a huge database 
which showed clearly that older 
whales have huge amounts of mercury 
in their organs, while young whales 
have far less mercury. The correlation 
between age and mercury is so exact 
fine that you can determine the age of 
a whale by measuring the Hg in their 
liver!

We have learned that Hg is detoxified 
in their bodies by binding to Selenium, 
an essential element, and we could 
see for the first time that another toxic 
element, Cadmium, is also transported 
into the brain.
We hope to unravel the mercury 
pathways in the body and understand 
how mercury load influences the 
behaviour of not only these whales, 
but the entire marine environment.

...YOU CAN DETERMINE 
THE AGE OF A WHALE 
BY MEASURING THE 

MERCURY IN THEIR LIVER!

Dr Eva Krupp helps us analyse the chemistry of marine life

DR EVA KRUPP IS A LECTURER IN ANALYTICAL 

CHEMISTRY
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ARSENIC: THE GOOD AND THE BAD 
AND THE UGLY

Arsenic is well known as an 
ultimate poison and was 
widely used in Victorian 

times. Today, arsenic is rarely 
used since we are able to identify 
this poison in the victims’ organs. 
However, a large number of scientists 
are still fascinated by this enigmatic 
element. The reason for this is that 
arsenic is not only a deadly poison, but 
also a class I carcinogen which occurs 
in our drinking water and food. 

More than 100 million people 
especially in South-East Asia are 
exposed to high levels of arsenic in 
their drinking water and suffer from 
lung, skin and bladder cancer. It is 
a multi-disciplinary task to identify 
how the arsenic is getting into the 
water in the first place and how to 
provide people with low arsenic 
water. Analysis of the water on-site 
is crucial, hence our involvement as 
environmental analytical chemists. 
However, we from TESLA (Trace 
Element Speciation Laboratory) 
started to focus not only on the water 
but also studied main food groups 
such as rice. Growing rice in paddy 
fields needs a large amount of water. 
We studied how rice irrigated with 
arsenic-containing water affects the 
arsenic concentration in the rice 
grain, and that is when everything 
started more than a decade ago here 
in Aberdeen. 

Since we are interested in describing 
processes in the environment, we 
started to study how arsenic is taken 
up into seaweed from the seawater 
and rice from the soil. In order to 
determine what happens to the good 
and the bad arsenic we developed new 
analytical systems able to determine 
traces of arsenic molecules among 

thousands of other compounds in 
biological samples and determine 
the kind of arsenic molecules they 
are. We started to build a world-wide 
unique facility more than 15 years ago 
here in Aberdeen which combined 
chromatography with two parallel 
detectors: ICP-MS and ESI-MS. The 
argon plasma of the ICP-MS, as hot 
as the surface of the sun (8000oC), is 
able to break down every molecule 
into atoms and hence determine 
arsenic specifically with the mass 
spectrometer. The ESI-MS is softer 
and is able to determine all molecules 
at once by their molecular mass and 
mass fragments, used to deduce the 
molecular form of the arsenic species. 
This facility enabled us to identify 
how the different arsenic species are 
transformed in the environment by 

conducting microcosm experiments 
in the greenhouse and in water tanks 
and consequently how much of the 
inorganic (the bad) arsenic is ending 
up in our food products. Due to this 
work, a maximum level of inorganic 
(the bad) arsenic was established by 
the WHO and implemented by the EU 
in January 2016. Therefore, the EU 
now needs to control the level of the 
inorganic arsenic in home-grown and 

imported rice. Since our methodology 
of HPLC-ICP-MS has been accepted 
as a standard method, commercial 
labs or food standard agencies have 
not strived to possess this analytical 
equipment. Hence, inducing the 
drive towards cheaper and faster 
methods, we have developed (years 
ago!) cheaper ways to determine 
only the inorganic arsenic in rice 
by using chemistry from the 19th 
century (sometimes it is good to read 
old books!). This method is currently 
tested in a proficiency test in the USA 
and we hope that this would open 
the door for a better monitoring of 
the levels of the bad arsenic in rice. 
However, we went even further and 
developed a field kit, which allowed 
us to do an assessment of only the 
bad arsenic within 1 hour in the field 
without electricity, again with some 
magical chemistry. Hence, also rice 
producing countries which have no 
state of the art analytical facilities are 
able to monitor their bad arsenic in 
rice for less than £2 per sample. 

However, our story of arsenic doesn’t 
end here. We are currently one of 
a handful labs becoming interested 
in a group of organoarsenicals, the 
arsenolipids which were tested to be 
as toxic as the inorganic arsenic can 
be found in every market fish and in 
particular fish and krill oils. We call 
this the ugly arsenic. It seems that this 
ugly arsenic is accumulating in organs 
including the brain of mammals such 
as pilot whales. Not a good sign or do 
you want to have toxic arsenic in your 
brain? What that all means, we do not 
know — we are only at the beginning 
of a new arsenic story which might 
unfold over the next decade. 

IT SEEMS THAT THIS 
UGLY ARSENIC IS 

ACCUMULATING IN 
ORGANS

PROFESSOR JOERG FELDMANN IS A PROFESSOR IN 

ANALYTICAL CHEMISTRY

Professor Joerg Feldmann highlights the uses and dangers of Arsenic
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TURING MACHINES, LAPTOPS, 
SMART WATCHES... WHAT NEXT?

Next Christmas is likely to 
be the first in which you 
don’t receive the newer, 

slimmer and faster smart phone from 
your loved one. The good news is it’s 
not because they have stopped loving 
you. In fact, it is because it’s time to 
say goodbye to the luxury of smaller 
and faster gadgets... that is unless we 
start to search for a post-silicon era of 
computers!

The reason today’s computers have 
reached their limits is due to the way 
they operate silicon chips to load 
information. Today’s computers use 
billions of transistors to carry binary 
information (used to apply complex 
algorithms)  by detecting information 
as 0’s and 1’s and taking relevant 
action according to vwhat is detected 
. This “relevant action” is usually the 
manipulation of other 0’s and 1’s until 
no more information is being fed. The 
fully manipulated information is the 
binary string expressing the useful 
information. This principle was used 
by the Turing machine in 1936 and 
it is still the same theory which lies 
behind your smart gadgets today! 
Therefore, the main way computers 
are improved and miniaturised is by 
squeezing more transistors onto every 
square inch of silicon-chip. As long 
as the IT giants manage to continue 
shrinking the size of transistors, we 
will continue to get faster computers. 
However, the smallest transistors 
manufactured today are 5000 times 
smaller than the width of a human 
hair and as you can imagine, it is 
tough to go smaller than that...
In fact, Moore’s law – used to 
predict how the size and number of 
transistors on a silicon-chip varies 
with time – tells us that that by 
continuing the same trend, transistors 
will have to be the size of an atom 
within a few years time, yet this is not 
physically possible. So it’s clear that 

this problem has been on the horizon 
for some time and the fact that our 
computational powers are plateauing 
is not a sudden realisation. 
Before discussing what science has 
been preparing for the post-silicon 
area, you could be wondering why 
this is an existing issue, as today’s 
computers are undeniably fast and 
serve the purpose for immensely 
complex calculations. Despite the 
strength of today’s computers, the way 
they filter information is done linearly. 
This means that for complex problems 
which involve running through many 
paths and finally choosing the optimal 
one, it would have to run through 

each path individually... even the 
strongest computer today would need 
thousands of years to complete such 
a feat! 
Therefore, to solve some of today’s 
biggest problems we need an 
alternative...

Quantum computers
Although quantum computers replace 
transistors with single electrons, the 
idea of binary information remains 
the same. The major difference 
stems  from the ability of electrons to 
“superposition” themselves, meaning 
a single electron can exist in two 
different places, in two different 
states, at the same time. This breaks 

the limiting nature of linearity used 
by silicon computers. By placing 
electrons in magnetic fields, they 
adapt certain spins, namely up or 
down. An up spin codes for a ‘1’ in 
the world of digital information, and 
a down spin codes for a ‘0’. Since 
a single electron can exist in two 
different states, a single electron 
can eliminate twice as many options 
as a transistor can within the same 
time period. With more electrons 
being added, the speed of a quantum 
computer increases exponentially!

So, where are they?
The same way transistors have to 
operate in an organised and collective 
manner in silicon computers, 
electrons must be in sync with 
each other in order for a quantum 
computer to operate. This is the major 
factor which holds back the progress 
of quantum computers. So far, the 
number of electrons that could be 
kept in sync is very small that the 
resultant computations are dead 
simple. External interference, such as 
cosmic rays and minor vibrations from 
the Earth are very difficult to filter out, 
yet they are what disrupt the ordered 
electrons which would otherwise give 
rise to immense computational power.

Applications
It is unlikely that the next generation 
of kids will be attached to quantum 
computers as they are attached to 
their smart phones today. So far, 
scientists anticipate that the large 
computational powers of quantum 
computers will be exploited to model 
complex chemical reactions which 
take place in conditions we are unable 
to simulate, for example at extreme 
temperatures. These power houses 
will also be superb at data encryption 
and other highly iterative processes.

TO SOLVE SOME OF 
TODAY’S BIGGEST 

PROBLEMS WE NEED AN 
ALTERNATIVE...

Ahmed NasSar is an Undergraduate in Mechanical 

Engineering

Ahmed Nassar explains the ongoing progress being made to reach quantum computers
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STRUCTURE OF MUSIC

practice it is impossible to produce a 
perfectly rational ratio, they find every 
sound cacophonous. This result can 
also be generalised to propose that at 
this stage music preference is entirely 
subconscious.
 
Of course, for most people it isn’t 
enough that the combination of notes 
played at each part sounds pleasant 
to the ear - the way the chords relate 
and connect to one another and the 
rhythm they abide to also plays an 
important role. For instance in the 
combination of chords, Am, F, C, 
and G which is heard in a variety of 
pop songs in different progressions, 
between any of two successive chords 
there is at least one note that remains 
the same, yielding some sort of 
continuity in the arrangement.

Even though it is often a requirement 
for these components to satisfy the 
listener’s preference — for a song 
to sound good to them — there are 
many other factors that influence 
musical preferences, most of them 
being time dependent. When a small 
part of a song is played at an interval 
of time just long enough for us to 
be able to perceive frequencies, the 

While listening to music, 
whether we are 
aware of it or not, we 

are subconsciously searching for 
rhythmic patterns and filling in the 
missing spaces at every stage by 
approximating and putting together 
sounds which are close to those that 
sound good to us.
 
The frequency of each note is 
nothing but the rate at which the 
sound wave oscillates. In general, a 
combination of notes sounds pleasing 
if the ratio of their frequencies is 
close to a rational number with a low 
denominator in its reduced form. 
This basically means that we liken 
a pair of frequencies to a rhythm 
determined by the rate of filling in 
gaps existing between the oscillations. 
The subjectivity of our preferences 
dictates how low the denominator is 
and how close the ratio must be to a 
rational number in order for us to be 
able to approximate it. For instance 
when playing a fifth, the ratios of 
frequencies when played on a piano 
is very close to 3/2, however not equal 
to, meaning three oscillations of one 
note would almost fit inside two of 
the other, and hence it sounds good 
to most people. Although this seems 
to be a highly vague concept, we 
can prove the existence of an upper 
bound on the size of the denominator 
using a measured theoretic proof by 
considering all the rationals within 
an interval, say all ratios between 
one and two, and hence providing 
an upper limit to subjectivity on 
which pairs of notes sound good 
when played together. Results show 
that if a person finds pleasure in 
every rational ratio (between a pair 
of frequencies) then they are able to 
tell apart all irrational ratios from the 
rationals, and they lose the ability to 
approximate any irrational. Since in 

sound we hear is characterised by 
the frequencies it is composed of 
and the direction from which it is 
perceived. The continuous change 
of the frequency gives rise to the 
much more general term called 
timbre, which also encompasses 
our ability to detect the amount of 
synchronous sounds in the Attack 
and decay of each sound heard, as 
well as the amount of non-harmonic 
sounds in the attack parameter of 
each of them. This mainly means 
that in longer time intervals, we get 
a better description of how different 
frequencies interact with one another, 
allowing us to distinguish the sound 
of a piano from that of a violin, for 
instance. In addition to this, our brain 
also fills in frequencies at times when 
the overtones suggest that there is a 
missing fundamental.

On the other hand, extending the 
time interval on the direction of 
sound naturally gives rise to more 
general subsets of (possibly multiple) 
directions, which arises by the volume 
differences the sounds exhibit. These 
can be used to find out whether a 
sound we hear is a composite of 
multiple frequencies, for instance if 
they come from several directions.

All those parameters, and every 
combination of them, can be thought 
of as patterns that emerge over 
time, and the patterns we look for 
determine a major part of our musical 
preferences. Conversely, our musical 
tastes can be used to examine our 
analytical skills in observing the 
separate parameters as variables, 
as well as our imaginative skills 
in relating and associating those 
parameters and spotting patterns 
within them.

IN LONGER TIME 
INTERVALS, WE GET A 
BETTER DESCRIPTION 
OF HOW DIFFERENT 

FREQUENCIES INTERACT 
WITH ONE ANOTHER

GYAN SINGH IS AN UNDERGRADUATE IN MATHEMATICS

Gyan Singh explains the mathematical phenomenon behind the tunes of your music
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FROM UNDER THE RAIN COAT

It was Roger Miller who once said: 
“Some people feel the rain - 
others just get wet’. For the most 

part, people seem to love the sound of 
rain, the smell of it, even the wetness 
it leaves behind; but hardly anyone 
likes being caught in it. They just ‘get 
wet’.
The UK is famous for its rain, but is 
it architecturally prepared to deal 
with it, while providing people the 
protection they need from it?

This is a tricky question.

In architecture, the quote ‘form 
follows function’ is a sort of motto that 
everybody uses to explain why things 
are designed the way that they are. 
What isn’t always obvious is that the 
function (more often than not) is to try 
and make some form of statement, be 
it political or economic. Buildings and 
structures are mainly designed to grab 
attention.

Modern architecture seems to be 
lacking empathy towards the user. 
For example, many bus stop shelters 
in the UK today have the shelters 
facing the inner side of the pavement. 
While there are many reasons that 
justify why it is positioned that way, 
it can still be seen as impractical. If 
somebody were to sit on the bench 
provided, there is a chance that they 
might miss their bus while checking 
their phones and trying to find out 
the arrival time of their bus. Which 
brings me to my next point; the slow 
and gradual removal of the electronic 
bus time screens at the shelters. While 
we know that they are being replaced 
by kindle screens, it would be more 
helpful to keep the original ones there 
for the time being.

Instead of covering the glass panels 

with maps, let’s try having them empty 
and clear so people have a clearer 
vision. The maps could be portrayed 
using less space.

This lack of sympathy is becoming 
more visible in architecture all 
over the world. That is because 
the architect has less freedom in 
exploring their creativity. Creativity 
usually inspires empathy. It makes 
the designer consider how the user 
can feel more comfortable when 
interacting with the space, but since 
architects work with clients, the client 
mostly gets the last say on the final 
design.

It would be lovely if we had more 
outdoor areas in cafes and restaurants 
which could be covered by glass 
during the winter and rain, so that 
the temperature can be controlled 
and the customer wouldn’t have to 
worry about getting cold or wet. The 
more people get to experience nature 
without being inconvenienced, the 
more they will learn to like it and 
embrace it. A good example would 
be the Sky Garden at the top of the 
Walkie Talkie tower in London. It 
gives you the pleasure of experiencing 
some nature and a great, undisturbed 

view of the city from a height of 155 
meters, all while being indoors with 
controlled temperatures. However, in 
the case of cafes and restaurants at 
ground level, the glass panels could 
be designed so that the user is able 
to open them during the warmer 
days. In addition to that, seeing since 
glass panels may be out of the clients 
budget and could take up lots of space 
on the narrow pavements, umbrellas 
attached to the tables or overhangs 
attached to roofs are always a cheaper 
option, though it’s a solution that will 
only solve the rain problem.

Looking at the materials the UK 
uses, they seem to have tackled any 
major issues that can be caused 
by rain, like using slip resistant 
materials such granite and York stone 
for pavements. However, you may 
notice that limestone is a prominent 
material that is used in buildings like 
the infamous St. Paul’s Cathedral in 
London. Limestone has proven to be 
a permeable rock (easy for liquids to 
pass through). Over time, the acidic 
rain can slowly damage the walls by 
leaving gaps in the bricks which need 
to always be filled in. This needs a lot 
of regular maintenance. Concrete, 
however, is more cost effective and 
more resistant to weather changes. 
But since people seem to link 
concrete with prisons and brutalist 
architecture, it’s not considered the 
most ‘eye catching’ material around.

So let’s be clear; rain should not be 
seen as architectures enemy, but as an 
opportunity to help us push our limits 
further and explore our creativity 
more, which hopefully leads to being 
sympathetic towards the user and 
catering to their daily needs more.

MODERN ARCHITECTURE 
SEEMS TO BE LACKING 

EMPATHY TOWARDS THE 
USER

TALA NASSAR IS AN UNDERGRADUATE IN ARCHITECTURE 

AT UAL
Illustration by Maria Vittoria Scarcia  

instagram.com/ma_vis_art

Tala Nassar explores the compatibility of Britain’s buildings with its weather
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IX
1. What seismic events have an epicentre?

2. In 2012, who duetted with Emeli Sandé on “Beneath Your Beautiful”?

3. In Greek mythology, who killed the Minotaur?

4. Which German siblings murdered an elderly woman in her own oven?

5. What was the first feature film produced by Walt Disney Animation Studios?

6. Other than golf, what sport was added to the Olympic roster for the 2016 Games?

7. What theatrical objects are usually invisible for mime artists?

10. Who is known as the Queen of Soul and what Otis Redding cover became her signature song?

11. Who invented the lightening rod?

12. In 2016, which Lin-Manuel Miranda musical was nominated for a record-setting 16 Tony Awards?

13. What is the oldest continuously published daily newspaper in the United States?

14. Which American film studio’s distinctive searchlight logo is usually accompanied by a triumphant       
      fanfare?

15. Which football team were the champions of League One in 2009, the Championship in 2014, and the                          
      Premier League in 2016?

16. Which political pressure group advocates proportional representation in the United Kingdom?

17. By what name is writer and mathematician Charles Dodgson better known?

18. Which book’s first chapter is entitled “Down the Rabbit Hole”?

19. Which 1999 sci-fi film championed the use of wire-fu and “bullet-time” slow-mo?

20. In March 2016, what beat Lee Sedol by 4 games to 1?

21. Shares in Nintendo rose more than 50% in three days of trading following the launch of which app?

22. What Greek letter denotes the prefix “micro-“?

Payne’s Chain Reaction 
Puzzle by Nick PayneThis is a quiz with a difference; each answer 

links to the next forming a chain which can 
provide clues to any questions you get stuck on. 

The links range from as obvious as a shared 
word to more obscure facts and play-on-words. 

Finally, in the spirit of scientific research, 
collaboration is encouraged!

PhD student in Medical Physics

Send us your answers by 
visiting ausm.org.uk or email 

us at info@ausm.org.uk
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