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Internationalising research

Kari Nygaard, 
Managing Director

Photo: Ingar N
æ
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The importance of international collaboration in research is increasingly recognised 

nationally, and is fundamental to the development of our society. International collaboration 

takes time to establish. It requires that the parties have something substantial to contribute 

with and networking is essential. The individual researchers’ contribution to the networks is 

not only of a professional nature, it is also based on individual characteristics. Hence, insight 

and a long term strategy are the essence.

Over many years, NILU has gained 
experience in coordinating international 
research projects. Internationalisation 
is in itself reinforcing; the likelihood of 
funding increases with the quality of 
research and network building. NILU’s 
international projects, funded in 
international currencies, contribute to 
more than 30% of our annual budget. In 
addition most of our national projects 
have an international link which gives an 
added value nationally. 

So, is the way to international success 
plain sailing? Not quite: In Norway, costs 
are a challenge and the fi nancial situa-
tion in Europe is likely to exacerbate this. 
The consequence may be fewer oppor-
tunities to coordinate projects and lesser 
possibilities for Norwegian scientists to 
participate in EU research.

International research departments
A new concept for NILU is the 
 development of international  research 
departments. The fi rst NILU  research 
 department outside Norway is  established 
in Abu Dhabi, housed at Abu Dhabi 
University. Read more about it in this 
annual report.

Benefi t for the society
Is there a key to international success? 
In addition to high professional 
standards and recruiting expertise 
internationally, it is necessary to demon-
strate that the research is useful to the 
society. Co-fi nanced with the Climate 
and Pollution Agency and the Ministry 
of the Environment, NILU has generated 
long time series from its surveillance 
programmes for air quality and climate. 
The results are reported as a part of 
Norway’s international commitment. 
Through decades NILU has developed 
databases, adding value by making these 
time series accessible for research and 
international collaboration. One example 
of the signifi cance of long time series in 
climate research is the incorporation of 
Norwegian time series into the internati-
onal time series from our observatories, 
the so called super sites in Ny-Ålesund 
and at Birkenes.

For many years, NILU has been an im-
portant contributor to conventions and 

environmental agreements, by providing 
data and knowledge generated through 
research and surveillance. In this annual 
report, you can read that research works: 
The depletion of the ozone layer is slo-
wing down and a binding agreement to 
reduce the use and emissions of mercury 
has been agreed by the UN countries.
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Bioethanol has become 

increasingly popular as a 

sustainable fuel alternative 

to reduce greenhouse gas 

emissions. But how clean is 

bioethanol? Will it reduce 

air pollution or only make 

it worse? NILU has taken a 

closer look. 

Susana López-Aparicio
Senior Scientist

American novelist Jennifer Egan wrote 
“Vinegar; that’s what fear smells like”. 
We cannot rely on odour to define 
potential hazardous exposure, but it was 
the smell of vinegar which triggered this 
project. Everything started in some Oslo 
streets, where a strong pungent smell of 
acetic acid was noticed at regular inter-
vals. It became apparent that the smell 
was associated with buses, in particular, 
with the exhaust from the bioethanol 
buses. 

Bioethanol is a liquid biofuel pro-
duced by fermenting plants containing 
starch, sugar or cellulose. When used 
as engine fuel, bioethanol is commonly 
blended with petrol in different propor-
tions (e.g. E95; 95% ethanol and 5% pe-
trol). Bioethanol has become popular as 
it is thought to be a sustainable source 
of energy which can help to reduce our 
emissions of greenhouse gases. 

Bioethanol – solution or dead end?

Measuring acetaldehyde in Oslo. 
Photo: Susana López-Aparicio, NILU.

One of Oslo’s bioethanol 
buses. Photo: Susana 
López-Aparicio, NILU.

4 NILU - Norwegian Institute for Air Research



Bioethanol and air quality
Combustion of bioethanol may have 
consequences for air quality. One of the 
main issues associated with alcohol fu-
els is that they oxidize to aldehydes, and 
thereby the ethanol molecules oxidize 
to acetaldehyde. The exhaust from bio-
ethanol fuelled vehicles is expected to 
contain unburned ethanol, acetaldehyde 
and acetic acid as oxidation products. 
Some studies even report a 500% 
increase of acetaldehyde emissions for 
fuel blends with more than 70% ethanol, 
when compared with pure petrol. 

Acetaldehyde is suspected of 
harming human health as it might be 
carcinogenic, a respiratory toxin and an 
irritant. In addition, acetaldehyde contri-
butes to the formation of peroxyacetyl 
nitrate (PAN), a secondary pollutant 
present in photochemical smog, an 
oxidant and a mutagen considered ha-
zardous. Acetic acid, on the other hand, 
is a source of odour complaints and thus 
affects human comfort. Moreover, acetic 
acid is known to be corrosive to different 
types of metals and carbonaceous 
materials, speeding up degradation and 
increasing maintenance cost.

En route to science 
In order to shed light on and contribute 
to the understanding of emissions from 
bioethanol combustion, an innovative 
study was designed in order to look at 
individual compounds associated with 
the emissions from bioethanol buses. 
The plan was to determine differences 
in ambient concentration between 
locations exposed and not exposed to 
the circulation of bioethanol buses. From 
a methodological point of view, it was 

challenging and sometimes even impos-
sible to determine the subtle differences.
Ambient acetaldehyde measurements 
were taken at locations both exposed to 
and not exposed to bioethanol buses. 
The lowest concentrations were obser-
ved at the locations that were not expo-
sed to bioethanol buses. To compensate 
for the rather low number of sampling 
locations – there were six in all – we 
performed additional measurements 
of the exhaust under on-road driving 
conditions. 

Exceptionally high concentrations of 
acetaldehyde
The online monitoring of Volatile Orga-
nic Compounds (VOC’s) with a PTR-TOF 
showed that ethanol, acetaldehyde 
and acetic acid are the compounds 
with the highest concentrations in the 
exhaust of bioethanol buses, especially 
during idling conditions and when the 
catalyst cools down. The acetaldehyde 
concentration measured in the exhaust 
of the bioethanol buses is exceptionally 
high (100-250 ppm: idling conditions), 
indicating that acetaldehyde concen-
tration may be a health concern. Acetic 
acid concentrations in the exhaust of the 
bioethanol buses were above irritating 
odour threshold values for all situations 
of on-road driving conditions. 

Both acetaldehyde and acetic acid 
in the dispersion plume and at close 
distance from the bioethanol bus were 
estimated. The US Environmental Pro-
tection Agency established that when 
breathing air contains 5 μg/m3 of acetal-
dehyde, there is an increased chance of 
developing cancer of one-in-a-hundred 
thousand. Acetaldehyde concentrations 

estimated in our study were above 50 
μg/m3, indicating an increased chance 
of developing cancer of one-in-ten thou-
sand for an individual who continuously 
breathes the air around the bioethanol 
bus during his entire life. Acetic acid 
estimated in the dispersion plume is 
above odour threshold levels, explaining 
the odour noticed and associated with 
the passage of bioethanol buses.

Co-benefit analyses needed when 
combating GHG emissions
This study is an example of how climate 
change policies, like shifting from fossil 
fuels to biofuels, need to be carefully 
assessed. There may be unintended 
disadvantages, as in this case, where the 
change was shown to have a negative 
impact on local air quality. Our results 
support previous studies which show 
higher emissions of acetaldehyde 
associated with bioethanol fuelled 
vehicles. The results were obtained from 
on-road driving conditions of a specific 
bioethanol bus and from a few ambient 
measurements in Oslo, where only one 
bus line running on bioethanol is in 
operation; therefore the results may be 
especially relevant in cities with a bigger 
fleet of bioethanol vehicles, e.g. in USA, 
Brazil or Sweden.

Bioethanol – solution or dead end?

Susana López-Aparicio. Photo: Ingunn Trones, NILU.
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Hilde Syversen
Journalist

“Concentrations of all the main climate 
gasses are increasing”, says Senior 
Scientist Cathrine Lund Myhre at NILU. 
She is responsible for measuring green-
house gases at the Zeppelin station at 
Svalbard, and has analysed material 
from this research station and the NILU 
observatory at Birkenes on the south 
coast of Norway. The work was carried 
out on behalf of the Norwegian Climate 
and Pollution Agency, Klif, and published 
in the report “Monitoring of greenhouse 
gases and aerosols at Svalbard and Bir-
kenes: Annual report 2011”, which was 
published in spring 2013. 

Most significant greenhouse gas
The most significant greenhouse gas is 
CO2. It has the highest emission rates 
and a very long life span. It is also the 
greenhouse gas which has had the 
largest impact on the global temperature 
change, and highest so called radiative 
forcing since pre in dustrial times. 
According to the UN Meteorological 
Organization, WMO, CO2 levels in the 
atmosphere have increased from 280 
ppm in the pre industrialised era to 390 
ppm in 2011. 

The Kyoto agreement to reduce CO2 
emissions is divided into two periods. 
The first period, 2008 to 2012, stipulates 

a stabilisation and reduction in CO2 
emissions by the end of that period. 
Despite this, NILU’s figures show an 
in crease of 2.2 ppm (parts per million) 
from 2010-2011. This is an increase 
of roughly the same magnitude as for 
previous years. The Zeppelin average for 
the last ten years is an annual increase 
of 2.2 ppm. 

“The CO2 level is increasing, and 
the rate of increase does not seem to 
be falling either. We have not finished 
analysing the figures from 2012 yet, but 
the measurements are clearly up on the 
previous year”, says Lund Myhre. She is 
not surprised that the Zeppelin reading 
for March 2012 was yet another all-time 
high. Still, this record is particularly 
significant.

Crossed the 400 ppm threshold
“It was the first time we had registered 
an annual monthly reading of over 400 

Greenhouse gas levels – no sign of improvement
CO2-levels at Svalbard reached 400 ppm for the first time 

in March 2012. A new report by NILU into the levels of other 

greenhouse gases gives little ground for optimism.

6 NILU - Norwegian Institute for Air Research



ppm. Also, this was happening at other 
research stations in North America 
and northern Canada. An global annual 
average of 400 ppm is also the interna-
tional target limit set for the two degree 
target”, Lund Myhre points out.

The so-called two degree target is the 
aim to keep the world average tempera-
ture from raising more than two degrees 
compared to the average temperature 
before industrialisation started in the 
18th century. These are average values, 
and for some parts of the earth the tem-
perature increase is greater, for example 
in the Arctic.  

According to Lund Myhre, the preli-
minary figures for 2012 look set to stay 
below 400 ppm, with an annual average 
of 392.5 ppm for Zeppelin and 390.9 
ppm globally. 

“If emissions carry on at the same 
rate, without significant changes in 
CO2 uptake, for instance by sea or 

vegetation, the 400 ppm annual limit 
will be reached sometime around year 
2016. CO2 levels in the northern hemis-
phere are highest in spring, because the 
environment does not absorb CO2 in the 
winter to the same degree as it does in 
the summer”, says Lund Myhre.

Calls for sharper focus
She continues: “We had hoped that this 
threshold would not be reached, but as 
it has been reached, it is important to 
draw attention to this. Perhaps this could 
prompt a new debate about climate 
change, not least so that we can put 
into place effective measures to curb 
emissions. As it stands now, new oil and 
gas finds are getting a lot of attention. 
This is a paradox that can be hard to 
understand.”

Greenhouse gas levels – no sign of improvement
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In March 2012, the CO2 level at NILU’s observa-
tory by Ny-Ålesund at Svalbard was measured 
at over 400 ppm for the first time. “It is signifi-
cant that such a high level has been measured 
in the Arctic, far from the main sources of CO2 
emissions”, says Senior Scientist Cathrine Lund 
Myhre. Photo: Ingar Næss.
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Hilde Syversen
Journalist

Methane levels stabilised in the first 
decade of this century, after a dismal 
record in 2003, but again seem to be 
increasing. Methane has a life span of 
around ten years in the atmosphere, and, 
after CO2, is the gas with the highest 
raditative forcing since 1750. According 
to the UN World Meteorological Organi-
zation, the concentration of methane has 
increased by 170% since the mid 18th 
century, from 770 ppb (parts per billion) 
to 1813 ppb in 2011.

“Our data from the Norwegian 
observatories show a small insignificant 
decrease for 2011, but when we look at 
the trend for the ten year period from 
2001 to 2011, there is a clear upward 
trend”, says Senior Scientist Cathrine 
Lund Myhre at NILU. She is the author 
of the report “Monitoring of greenhouse 
gases and aerosols at Svalbard and 
Birkenes: Annual Report 2011”, published 
by the Norwegian Climate and Pollution 
Agency, Klif, in spring 2013.

Lund Myhre is unable to give one 
definitive explanation for the rise in met-
hane levels; the possibilities are many. 
Methane is emitted both as a result of 
human activity – e.g. agriculture, rice 
fields, landfills and combustion – but is 
also released naturally from fires, wet-
lands, the ocean floor and from animals. 
The 2003 peak was explained by high 
rainfalls in the tropics, which increased 
the natural emissions from wetlands. 
The current increase is more difficult to 
explain, and the picture is complex.

“To find out why methane levels 
are increasing, we have to dig deeper”, 
says Lund Myhre. And that is exactly 
what she intends to do. In collaboration 
with three other research institutions in 
Norway, NILU has been allocated funds 
by the Research Council of Norway to 
start a large project studying methane 

emissions from Arctic sources.

Bubbling up
“We will measure methane emissions at 
ground level, in the air using aircraft, and 
at the sea bed”, explains Lund Myhre. 
“For example, we know methane is 
bubbling up to the surface of the sea, but 
we don’t know whether this methane 

reaches the atmosphere. Also, we know 
that the water in the Arctic has become 
warmer, but we don’t know if this affects 
the amount of methane released from 
the sea bed.

NILUs partners in this project is the 
University of Tromsø and the Center for 
International Climate and Environmental 
Research in Oslo. Lund Myhre will head 
the research team.

THE ONLY GOOD NEWS 
The only greenhouse gases showing signs 
of stabilising and even falling are the halo-
carbons.

The only encouraging reading in a new 
report about the level of greenhouse gases 
in  Norway, is the reported reductions in 
halocarbon levels. This is a group of gases 
which, when looked at together, is almost as 
significant as methane. These gases are found 
in, for example, solvents, refrigerators, air 
conditioning and insecticides. Amongst the 
halocarbons, the largest contributors to global 
warming is the chlorofluorcarbons (known 
as CFCs). The other halocarbons are the 
halofluorcarbons (HCFCs and HFCs).

CFCs and HCFCs deplete the ozone layer, and 
have been regulated by the Montreal Protocol 

since 1997. The report “Monitoring of green-
house gases and aerosols at Svalbard and Bir-
kenes: Annual Report 2011”, published by the 
Norwegian Climate and Pollution Agency, Klif, 
in Spring 2013, shows that these are the only 
greenhouse gases showing signs of stabilising 
and even falling. Other greenhouse gases 
are increasing, especially the new substitute 
gases, the HFCs.

“We can see that the Montreal Protocol is 
working. Even so, it is important to continue 
to monitor these substances to make sure 
the agreement is adhered to in all countries”, 
says Cathrine Lund Myhre, Senior Scientist at 
NILU, who has written the report for Klif. 

“At the moment, the concentration of these 
gases is slowly falling, and we are set to reach 
pre 1980 levels by 2050”.

Methane is emitted both by human activities - agriculture, rice fields, landfills and combustion - 
and also released naturally from fires, wetlands, the ocean floor and animals. The picture is taken at 
Ny-Ålesund, Svalbard. Photo: Kjetil Tørseth, NILU.

Methane on the rise again
2011 was a year of record high global methane concentra-
tions, and the trend is also upwards. Nobody knows why.
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Anne Nyeggen
Director of Communications

“Our monitoring data show that the 
depletion of the ozone layer has stopped. 
This means that international environ-
mental collaboration works”, says Senior 
Scientist Tove Svendby at NILU. She is 
responsible for a national ozone and 
UV monitoring programme, financed 
by the Norwegian Climate and Pollution 
Agency.

Through the Montreal Protocol, 
signed 25 years ago, 197 countries 
have agreed to reduce the use of ozone 
depleting substances (halogenated 
hydrocarbons).

Results from the national programme 
for monitoring of greenhouse gases 
show that the concentrations of the 
most significant ozone depleting 
substances in the atmosphere above 
Svalbard and Norway are declining.

Beneficial to the climate 
The ozone layer in the stratosphere pro-

tects all life on earth against damaging 
ultraviolet radiation from the sun. In the 
1980s it became clear that the extensive 
use of ozone depleting substances – 
 especially CFC’s from e.g. aerosol cans 
and refrigerants - was a threat to the 
ozone layer.

As well as damaging to the ozone 
layer, most of these substances are also 
powerful greenhouse gases. Hence, the 
phasing out of ozone depleting substan-
ces between 1990 and 2000 has had a 
beneficial effect on the climate. 

Time consuming
Despite the success in phasing out 
the ozone depleting substances, their 
long life span in the atmosphere means 
that it will still take several decades 
before the ozone layer is restored to 
its pre 1980  level. This is expected to 
happen between 2050 and 2075. Many 
factors influence the speed at which the 
ozone layer is recovering. One uncer-
tainty factor is the effect the emission 
of greenhouse gases has on the climate 

and the temperature in the stratosphere, 
and hence, indirectly on the restoration 
of the ozone layer.

Substantial annual variations
From 1979 to the mid 1990s there was 
a marked reduction of the ozone layer 
above Norway, nearly six percent per 
decade. Since the middle of the 1990s a 
further ozone decrease is not observed 
over Norway, but there are substantial 
variations from one year to another.

Ozone measurements from 2011 
show that the ozone layer over  Norway 
and Svalbard was the thinnest registered 
this century. The ozone layer depleted 
substantially in the winter of 2010/2011 
and remained low throughout the rest of 
the year.

From December 2010 to April 2011 
the temperatures in the Arctic strato-
sphere were very low. Combined with 
reduced transport of ozone from lower 
latitudes it is likely that the low tempe-
ratures were one of the reasons for the 
thin ozone layer that winter.

THIS IS THE OZONE LAYER 
The ozone layer is a region in the stratosphere 
containing relatively high levels of ozone, 
located from about 15 to 35 km above the 
ground. About 90 percent of all ozone in the 
atmosphere is found there. 

Ozone is formed and broken down in a continu-
ous natural process. Emissions of ozone deple-
ting substances have disturbed this balance. 

When the ozone layer becomes thinner, more 
ultraviolet radiation (UV-B) reaches the surface 
of the earth. 

Why is the ozone layer important? 
Increased UV radiation can damage plants 

and animals, which in turn leads to lower crop 
yields and food production. The ecosystem in 
the oceans may also be affected by increased 
UV. The reduction of sea ice in the Polar region 
increases the exposure of marine organisms 
to UV radiation, making the ozone layer even 
more important in the Arctic.

Increased UV radiation can weaken the 
immune system and increase the risk of skin 
cancer and infections. There is also a higher 
risk of damage to the eyes, especially of 
developing cataract.

Materials break down more quickly when 
exposed to UV radiation.

“Our monitoring data show that the depletion 
of the ozone layer has stopped. This means 
that international environmental collaboration 
works”, says senior researcher Tove Svendby 
at NILU. She is responsible for NILU’s ozone 
and UV monitoring programme, financed by 
the Norwegian Climate and Pollution Agency. 
Photo: Ingunn Trones, NILU.

Ozone anniversary
On 16 September 2012 it was 25 years since the Montreal 
Protocol was signed, an international treaty designed to 
protect the ozone layer. There is good reason to celebrate. 
The ozone layer seems to recover and the agreement has 
saved the atmosphere from many billions of tonnes of 
greenhouse gases. 
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In January 2013, UN member 

states finally agreed on a 

protocol for reducing the use 

and emissions of mercury. 

Research at NILU played a 

pivotal role in securing that 

agreement.

Hilde Syversen
Journalist

“I never thought that an agreement 
would be reached so quickly”, says 
Professor Jozef Pacyna. He is the head 
of NILU’s Department for Environmental 
Impact and Economics (IMPEC), and has 
carried out research on sources, emis-
sions and the effects of mercury in the 
environment for three decades. “When 
I stood in front of the UN Environment 
Programme Governing Council’s meeting 
on mercury in 2008, as the only scien-
tist, the response was underwhelming. I 
remember thinking that this would take 
decades.” 

The year before, NILU had been asked 
by the UN to co-ordinate the research 
needed as a scientific justification for 
an international agreement, and it was 
this research Pacyna presented to the 
Council.

NILU had been assessing and map-
ping mercury emissions since the 1980s. 
The first overview of global emissions 
to air, water and soil of 16 polluting 
substances, including mercury, was 
published in the renowned Nature in 
1988. The authors were Pacyna and his 
colleague at the then National Institute 
for Water Research in Canada, Professor 
Jerome Nriagu. In years to come, this 
publication was quoted in more than 
2000 published research papers, which 
is a record for Norwegian environmental 

scientific publishing. This pioneering 
work was formally acknowledged by 
ICHMET – The International Conference 
on Heavy Metals in the Environment – in 
2012, when they awarded Pacyna and 
Nriagu the ICHMET Lifetime Achieve-
ment Award. 

Even if research advances had been 
made since the 1988 study, further 
research was needed if the UN were 
successfully to negotiate an agreement 
on mercury. 

“We knew mercury was poisonous, 
but we needed to know more about how 
much is released into the environment, 
where this happens, how this substance 
behaves in the environment and where 
it eventually ends up. For example, we 
now know that mercury changes in the 
atmosphere and becomes water soluble. 
In this form, it returns with precipitation 
to the soil and the sea. We also know 
now that mercury breaks down very 

slowly and can be transported around 
the whole world, so that, for example, at 
least 30% of mercury deposited in the 
United States originates in China.”

Minamata
It was only in the mid 1950s that it was 
discovered that mercury can find its 
way into the human food chain. People 
living in the Japanese city of Minamata 
became affected; many died. Eventually, 
the cause was found: mercury emissions 
from a local plant had poisoned the sea, 
and thereby also the people who ate 
local fish and shellfish.

Depending on how mercury is absor-
bed by the body, it can do severe and 
very different damage, including damage 
to the central nervous system. Children 
are particularly exposed to mercury 
poisoning. In Europe, every third child is 
born with mercury levels above the limit 
set by WHO. “High levels of mercury can 

Agreement on UN mercury 
protocol – NILU plays a key role

MUCH QUOTED TEAM: NILU-scientist Elisabeth Pacyna was the main author of the article Global 
emission of mercury to the atmosphere from anthropogenic sources in 2005 and projections 
to 2020, which was one of the 50 most quoted articles in 2010-11 in the renowned publication 
Athmospheric Environment. Elisabeth Pacyna wrote the article with her head of department, 
Jozef Pacyna and her NILU colleague Kyrre Sundseth, as well as five other researchers from 
Norway, Sweden, The Netherlands and Belgium. The article is based on research commissioned 
by the UN Environment Programme and several EU projects. It also formed the basis for Elisabeth 
Pacyna’s PhD in 2010. Photo: Ingunn Trones, NILU.

Photo: iStockphoto
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lead to mental problems, lower IQ and 
learning disabilities”, explains Pacyna.

Recently, a link was established 
between mercury levels in humans and 
cardiovascular diseases. 

Economically viable
Part of NILU’s UN brief was to look into 
how much mercury emissions cost the 
global society. 

“We carried out cost-benefi t analy-
ses, and it is easy to show that reducing 
mercury emissions also makes sense 
from an economic point of view. Cur-
rently, we humans let out about 2000 
tons of mercury every year. In addition, 
about the same amount again is emitted 
from other non-anthropogenic sources. 
If we in the next eight years reduce the 
anthropogenic emissions by 50-60%, 
we estimate that the annual saving by 
2020 will be between 1.8 and 2.2 billion 
US dollars.” (Expressed in 2005 dollars).

Since problems arising from mercury 
emissions are more easily quantifi able 
than those from CO2 emissions, Pacyna 
believes the Minamata agreement will 
be easier to implement than the Kyoto 
protocol: “Measures to reduce mercury 
emissions are less costly, and the econo-
mic benefi ts are obvious.” He also draws 
a comparison with the successful work 
on lead reductions, the only other metal 
which the world has made a systematic 
eff ort to eliminate.

Another reason for Pacyna’s opti-
mism is that he thinks the agreement 
will be easier to monitor than the Kyoto 
agreement. “We can relatively easily 
gather reliable data from the whole 
world. We have sampling stations 
not only on land, in the Arctic and the 
Antarctic, but also on aircraft – there 
is a collaboration with airlines – and on 
cruise ships”.

Reduce use, not just emissions
The agreement does not only concern 

the reduction in emissions, but also 
stipulates a reduction in the use of 
mercury. A list of products to be phased 
out has been drawn up. Mercury is 
currently used in the manufacture of 
screens, like those for mobile phones 
and computers. Many of the new energy 
saving light bulbs also contain mercury. 
The challenge now is to fi nd alternatives 
to mercury, just like it once became pos-
sible to produce lead-free petrol.

New sources
Around half of today’s anthropogenic 
emissions are from coal combustion, 
particularly from burning of coal in China 
and India. Other sources are cement 
production, smelting and cremation. 
There is, however, one recent source of 
mercury emissions which is increasing 
rapidly; artisanal gold mining. When 
a mining company no longer deems a 
mine economically viable, poor adventu-
rers move in.

These miners buy mercury on the 
black market and use it as a magnet for 
the gold to attach itself to. Back home 
from the mine, they heat up the mercury 
until it evaporates and the gold remains, 
if they are lucky. 

“We believe about 10 million people 
are involved in this operation, and have 
estimated the emissions at 400-500 
tons a year, in other words nearly a 
quarter of the emissions made by us 
humans”, says Pacyna. 

In the Minamata agreement, a cost 
of local and international measures 
has been drawn up to reduce artisanal 
mining, and there are also provisions 
for technical and fi nancial help, as well 
as education and research into fi nding 
alternatives to using mercury in this type 
of mining. 

October signing
The agreement is due to be signed in Mi-
namata in October 2013, and will come 

into force within three to fi ve years, 
depending on how quickly it is rati fi ed. 
Along with Japan and Switzerland, 
Norway has promised funds in the hope 
that other countries will follow.
NIILU’s role in the Minamata agreement 
will carry on. The institute can deliver 
the data necessary to follow up and 
monitor the agreement. 

“The basis for the agreement was in-
formation about emissions in 2005, and 
currently we are working to update this 
information with 2011 data”, explains 
Pacyna. “I hope we will be involved in 
the implementation of the agreement. 
As I see it, EU’s GMOS-project – Global 
Mercury Observation System – may be 
used as the foundation for the network 
which will be established to monitor air 
and water mercury concentrations in the 
future. Norway and NILU are amongst 
the main partners in this project.”

Pacyna, E.G., Pacyna, J.M., Sundseth, K., Mun-
the, J., Kindborn, K., Wilson, S., Steenhuisen, 
F., Maxson, P. (2010) Global emission of 
mercury to the atmosphere from anthropogenic 
sources in 2005 and projections to 2020. 
Atmos. Environ., 44, 2487-2499. doi:10.1016/j.
atmosenv.2009.06.009.

Prof. Jozef Pacyna, Research Director at NILU. 
Photo: Ingar Næss.

Photo: iStockphoto
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Non-target screening is a researcher’s utopian dream come true. But, behind the tantalising 

prospect of the all-seeing analysis, new problems lurk: This is big, in all sorts of ways. 

Hilde Syversen
Journalist

“This is the second of its kind in Norway. 
We got it just before Christmas”, says 
Senior Scientist Martin Schlabach of 
the large, grey, box shaped machine in 
NILU’s lab. It is the size of two household 
washing machines, with what looks like 
a chimney sticking up at the far end. 
The simple exterior hides an advanced 
tool for analysing samples; a mass 
spectrometer. Inside, ions are sent up 
into the chimney-like closed cylinder at 
the far end. The time it takes an ion to be 
sent up and fall down again, the so cal-
led ToF (Time of Flight), is measured for 
each and every ion of the sample. This is 
useful information, to those who know 
how to use it.

Finding the unlooked for
In the lab next door to the new mass 
spectrometer, we find the old techno-
logy: glass vials side by side, containing 
fish samples from the Grenland area, 
south west of Oslo. Each vial is used to 
look for a set number of substances. 

Exactly what to look for has to be 
decided at the outset. The fish from 
Grenland is tested for dioxins and other 
known pollutants emitted from a now 
closed down magnesium factory in the 
area. By using the traditional testing 
method, samples are typically tested for 
20 to 30 compounds, sometimes up to 
a hundred.

Often, the researchers have an idea 
of what a sample might contain, an 
inkling of what they are looking for. They 
might know that certain substances are 
present in the environment where the 
sample is collected, as in the case of 
the Grenland fish, or there may be other 
indicators of what to test for. But ultima-
tely, the traditional testing method relies 
on coincidences and hunches rather 
than a systematic, scientific approach. 
That which isn’t tested for, will not be 
found. Non-target screening is designed 
to deal with this problem.

Table of contents
The grey magic box can register all 
the substances in a sample. Instead 
of checking to see if it finds a number 
of predefined chemicals, it produces a 
complete overview.

“Crucially, this new way of testing 
enables us to pick out substances that 
we previously didn’t see at all, because 
we did not know that they existed or 
there was no reason to believe that they 
were present”, explains Schlabach.

Before the sample is fed in to the 
mass spectrometer it is passed through 
a chromatograph in order to separate 

out substances with differing polarity 
by pressing the liquid sample through 
a very thin column. As the substances 
come out of the chromatograph and into 
the mass spectrometer, they go for an ai-
ring in the cylinder to measure the time 
of flight, which again is a measurement 
of each substance’s mass. 

The researcher ends up with infor-
mation about the polarity and mass 
of all the substances in the sample. A 
sample might contain over a thousand 
substances, sometimes up to 50,000, 
giving large data files of up to several 
gigabytes. The challenge is to identify 
which substances have been found. 
Sometimes, this can be achieved by 
comparing the results with information 
about different substances’ polarity and 
mass held in international data bases. 
This will identify those substances that 
are already catalogued. 

“But new substances are appearing 
all the time”, explains Schlabach. “In 
the past, we knew more about which 
substances were used in manufacturing 
industries. Now, many manufacturers 
are more reticent. The rapidly growing 
manufacturing industries in India and 
China are difficult to keep track of, and 
many imported products don’t have pro-
per, detailed declarations of what they 
contain. All this means that for some 
substances which the mass spectro-
meter identifies, it takes pure detective 
work to find out what they actually are.” 

Schlabach explains that one way of 
doing this is to separate the samples 
by using different criteria, and then test 
them in other ways to be able to elimi-
nate data that is of little interest. But this 
is a time consuming process.

Processing Power
Non-target screening is not new, but 
has been developed over the last ten 

Non-target screening

The complete inventory 

“Crucially, this new way of testing, en ables 
us to pick out substances that we previously 
didn’t see at all, because we did not know that 
they existed or there was no reason to believe 
that they were present”, explains Schlabach. 
Photo: Ingunn Trones.
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years. However, it is only recently that 
new software and more powerful data 
processors have made it possible for 
researchers to make better use of the in-
formation that comes out of the process. 
Now, researchers can go back to raw 
data files from old samples and look for 
things they didn’t look for the first time 
around.

“A good example is when we were 
asked if we knew if a sweetener called 
sucralose was present in waste water. 

By looking at old raw data from samples 
of waste water, we could establish that 
sucralose was present, even if it had not 
been tested for at the time the samples 
were gathered”, says Schlabach.

“These samples had originally been 
analysed to see to what degree pharma-
ceuticals were present in sewage before 
it was treated. At that time, no-one 
talked about sucralose, which is a new 
artificial sweetener.” 

By storing all the information from 

non-target screening, databases can be 
built for future retrospective analysis. 
This is more cost-effective than storing 
physical samples, and also, the informa-
tion is more accessible. 

But despite the obvious advantages 
of storing data files instead of physical 
samples, there is still a need to store 
physical samples for future analysis. 

Physical samples not passé 
A national bank of environmental 
samples was opened in November 2012 
under the auspices of CIENS – Oslo Cen-
tre for Interdisciplinary Environmental 
and Social Research. Together with the 
Norwegian institutes for nature and wa-
ter research (NINA and NIVA) and the 
University of Oslo, NILU is responsible 
for the day-to-day running of the sample 
bank. In a controlled environment, the 
bank will store samples from Norway 
and the Arctic, submitted by research 
institutes from all over the country. In 
the future, these samples might provide 
information that may not be available in 
the data files of non-target screening.

“In order to analyse the samples, 
we first have to make an extract of the 
sample. This is the same both for the 
traditional way of testing and the new 
non-targeted testing”, says Schlabach. 

“By using mass spectrometry, we can 
find things we wouldn’t think to look 
for”, explains the research chemist who 
joined NILU in August 2012. “We are just 
finishing a mass spectrometry project 
for the Norwegian Climate and  Pollution 
Agency (Klif) with the  University 
in Umeå. The project has looked at 
the possibilities for using non-target 
screening to identify new toxins in the 

environment.”
The Klif project 

looked at many 
different samples 
collected from all 

over Norway; air, water, sludge, waste 
water from sewage treatment plants, 
fish and birds’ eggs.

“In many samples, we found benzo-
thiazoles and benzotriazoles, which are 
not a subject of the regular monitoring 
in Norway at present, although they 
have been found in some earlier studies. 
Benzothiazole is used in, amongst other 
things, car tires and textiles. Benzotria-
zole is used for dishwasher detergents 
and in de-icing fluids for aeroplanes. 
We do not know for certain where they 
originate. In order to find the source, we 
will have to make further investigations”, 
explains Rostkowski. 

He also found benzothiazole deriva-
tives in prawns and birds’ eggs.

“We do not know much about the 
toxicity of benzotriazole, but there are 
some indications that it is carcino-
genic. Neither know we much how 
about the fate of this substance in the 
environment; whether it changes or to 
where it eventually makes it way. In the 
samples, we found benzotriazole not 
only in the influent (water going into the 
waste treatment plants) but also in the 
effluent (water after treatment). In other 
words, it is not removed in the treatment 
process. Our finding is in agreement with 
recently published studies reporting that 
not all wastewater treatment processes 
are able to remove benzotriazole effici-
ently”, says Rostkowski.

“The Klif project has shown that 
non-target screening is a useful tool. 
Both for detecting new, unknown 
substances and for finding chemicals 
we know, but hadn’t thought to look for. 
Another exciting aspect of this method 
is the opportunity to make retrospective 
analysis. By looking at old data files, we 
can check to see if the chemicals we are 
looking for were present in the past”.

Pawel Rostkowski.  
Photo: Ingunn Trones, NILU.

NILU’s mass spectrometer is the second of 
its kind in Norway. Instead of searching for 
 selected substances, one receives information 
about polarity and the masses of all substances 
in the sample. Photo: Ingunn Trones, NILU.

The big picture
Pawel Rostkowski came to NILU from Poland, via Japan 

and Britain. The appeal was NILU’s research into mass 

spectrometry.
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Using the fi sh from Grenland as an 
example, Schlabach explains how it is 
fi rst pulped and then treated in order 
to make a liquid extract. This is how 
the sample is prepared, regardless of 
whether it is due to be analysed in the 
traditional way or be sent through the 
mass spectrometer. It is possible that 
something is lost or changed through the 
extraction process, and in all likelihood, 
there will be further progress in testing 
methods. By storing physical samples, 
we can make sure that future resear-
chers can perform retrospective analysis 
on physical samples, and not rely solely 
on raw data from non-target screening.

Looking back - moving forward
All this is in the future. At present, 
Schlabach and his colleagues have 
their hands full dealing with the huge 
amounts of data gathered through 
non-target screening. He is particularly 
interested in exploring the opportunities 
for retrospective analysis.

“We have research stations both in 
the Antarctic, at Troll, and in the Arctic, 
at Ny-Ålesund at Svalbard. By looking 
at samples from these stations, we can 
detect substances transported over long 
distances in the atmosphere, substances 
we had never even guessed could be 
found so far from where they are emit-
ted”, explains Schlabach. This kind of 
documentation is necessary in order to 
establish the existence of long-lived or-
ganic pollutants, with a view to submit-
ting these substances for consideration 
under the Stockholm Convention.

The Stockholm Convention 
The Stockholm Convention is an 
international agreement to reduce and 
eliminate the use of so-called persistent 
organic pollutants, often abbreviated to 
POPs. For a substance to be defi ned as a 
POP, it must be shown that it is slow to 
break down and disappear.

“Being able to document such long 
distance transport of substances is a 
crucial input to the international col-
laboration on environmental problems”, 
Schlabach points out.

Photo: Colourbox

FACTS:
Siloxanes have previously been found in fi sh 
in Mjøsa, the largest lake in Norway, where 
The Norwegian Institute for Water Research 
(NIVA) determined that the concentrations 
increased higher up in the food chain 
(http://www.forskning.no/artikler/2012/
mai/321036).

Siloxanes are chemicals that consist of a 
skeleton (rings or chains) of oxygen and 
silicon, with organic side groups attached. 
The most controversial siloxanes are D4 
(octamethylcyclotetrasiloxane), D5 (deca-
methylcyclopentasiloxane), and D6 (dodeca-
methylcyclohexasiloxane).

Siloxanes are used in the production of sili-
cone polymers, in personal care products, and 
in various technical products. In the European 
Union the consumption of D4, D5, and D6 has 
been estimated to be about 9500, 19,000, and 
2000 tons per year respectively (numbers 
for 2004 include personal care products and 
polymer production only). Siloxanes have 
many uses in the manufacture of personal 
care products, amongst others to give a soft, 
silky feeling to the products and as fragrance 
carriers.

The content of siloxanes in cosmetics is usu-
ally only a few per cent, but certain products 
can contain more than 50 per cent siloxanes, 

and in extreme cases close to 100 per cent. 
The uptake of siloxanes through the skin is 
minimal, and most of it volatilizes or is washed 
off . In the list of ingredients on personal care 
products, siloxane substances have names 
that end with –siloxane or –methicone.

D4 has been classifi ed as harmful to repro-
duction and to aquatic organisms, but there 
is still uncertainty as to whether or not D5 
and D6 have any harmful eff ects. The reason 
for concern about siloxanes is primarily their 
harmful environmental eff ects, especially on 
aquatic organisms, and not their eff ects on 
human health.

Reference to the scientifi c paper: 
Krogseth, I.S., Kierkegaard, A., Mclachlan, 
M.S., Breivik, K., Hansen, K.M., Schlabach, M. 
(2013) Occurrence and seasonality of cyclic 
volatile methyl siloxanes in Arctic air. Environ. 
Sci. Technol., 47, 502-509. doi:10.1021/
es3040208.

Additional information:

http://gronnhverdag.no/nor/Bakgrunn/Helse-
og-miljoebelastende-stoff er-i-hudpleie-og-
kosmetikk/Fakta-om-siloksaner/(language)/
nor-NO

http://www.miljostatus.no/no/Tema/Kjemi-
kalier/Noen-farlige-kjemikalier/Siloksaner/
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Chemicals from your deodorant 
fl y to the Arctic 
Do you ever think about what actually happens to all of the 

deodorants, skin lotions and makeup you put on every day? 

Do they just disappear? Or perhaps not? New research has 

for the fi rst time found siloxanes in air samples from the 

Arctic. These siloxanes come from areas much further south, 

which gives reason for concern. 

Ingjerd Sunde Krogseth
PhD candidate, NILU

Lately, there is increased focus on substances 
found in personal care products and how 
these may be harmful to human health and 
the environment. Siloxanes are chemicals that 
are used in large volumes in personal care 
products, such as in deodorants, skin lotions 
and shampoos. They are emitted to the envi-
ronment mainly through volatilization to the 
atmosphere and through the wastewater.

Higher levels than PCB
In cooperation with Stockholm University and 
Aarhus University, NILU has carried out an 
extensive study that confi rms the presence 
of siloxanes in Arctic air. A previous study had 
detected the same substances in a few single 
samples, but not with enough certainty to say 
with confi dence that they are present, or at 
which levels. The new results show that the 
siloxanes D5 and D6 are present in the Arctic 
atmosphere. The concentrations might seem 
low - about 1 nanogram per cubic meter of air 
(1 nanogram = 0.000 000 001 gram) - but 
this is still about 100 to 1000 times higher 
than typical concentrations of the classical 
pollutants PCBs at the same site.

There are currently no regulations on 
the uses of siloxanes, but two siloxanes 
– D4 and D5 – are on the Norwegian 
government’s list of chemicals that 

should be phased out by 2020, due to 
their threat to human health and the 
environment. The knowledge about any 
potential eff ects of these chemicals on 
human health and the environment is 
still very limited. They are very volatile, 
and hence it is not expected that they 
can be deposited from the Arctic at-
mosphere to the terrestrial and aquatic 
environment as eff ectively as other 
pollutants. However, this new study by 
NILU proves that they have the ability 
to be transported over great distances 
in the atmosphere, which is in itself a 
reason for concern.

Long-range transport likely
With support from computer models, we can 
conclude with a high degree of certainty that 
the measured siloxanes have been transpor-
ted with atmospheric currents from regions 
further south, like Scandinavia and Europe. 
The measurements have been performed at 
the Zeppelin observatory, which is located 
on a 400 meter high mountain next to the 
settlement of Ny-Ålesund at Svalbard. The 
settlement is so small that it is not expected to 
have had any infl uence on the measurements. 
The ability to be transported over long 
distances is one of the criteria which need 
to be fulfi lled in order to classify a chemi-
cal as a persistent organic pollutant.

The concentrations of siloxanes in 

Arctic air are higher in winter than in 
the summer. In summer, the siloxanes 
are degraded by atmos pheric radicals 
produced in the presence of sunlight. 
In the Arctic winter, when the sun is 
completely gone for several months, the 
siloxanes are not degraded to the same 
extent, and the concentration in the 
atmosphere increases.

Difficult to measure
Siloxanes in air are very challenging to mea-
sure. Firstly, the chemicals are very volatile, 
which means that the traditional air sampling 
methods are not necessarily suitable. Secon-
dly, siloxanes are ubiquitous in our surround-
ings, both in laboratory equipment, indoor 
air, and also on the researchers themselves 
(e.g. hand creams). Hence, extreme caution is 
necessary to avoid any contamination of the 
samples. The new observations were carried 
out from August until December 2011, using 
a new method that was developed at Stock-
holm University over the last couple of years. 
The study was fi nanced by Miljø2015 (The 
Research Council of Norway), and the results 
from the study were recently published in the 
renowned journal Environmental Science & 
Technology.

Ingjerd Sunde Krogseth. Photo: Ingunn Trones, NILU.
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Nanomedicine has great potential, but is still in its infancy. The NanoTEST project evaluated 

and improved test methods used to establish how safe this new technology is.

Sonja Grossberndt, Scientist 
Lise Marie Fjellsbø, Scientist

From cancer treatments to diagnostics, 
the use of engineered nanomaterials 
(ENM) – like minute particles of gold, 
iron oxide or silica – is showing great 
potential. But it remains unclear how 
exactly these nanoparticles interact with 
the human body. Concerns raised by 
scientists, politicians and the public about 
potential health hazards associated with 
the use of ENM in medical therapies, 
need to be answered.

The NanoTEST project, coordinated 
by NILU, sought to answer some of 
these questions. It was set up as a 
collaborative research project funded 
under the EU Seventh Framework 
Programme in 2008, bringing together a 
team of leading European scientists. The 
overall aim of the project was to develop 
alternative strategies and more effective 
test methods to test nanoparticles for 
toxicity. In turn, this would improve the 
risk assessment of nanoparticles used in 
medical diagnostics, paving the way for 
safe use of medical ENM.

The NanoTEST findings are also an 
important contribution to setting new 
guidelines and recommendations for 
future risk assessment of ENM used in 
clinical practice.

Testing the tests
Initially, cell cultures from different 
organs were exposed to six different engi-
neered nanomaterials to establish their 
toxicological properties and effects on 
the human body. The researchers wanted 
to see if nanoparticles were absorbed by 
the cells, if they could cross biological 
barriers, if they induced oxidative stress 
or if they damaged the cell nucleus. The 
researchers also looked for inflammations 
and damage to the immune system. 

NanoTEST wanted to use alternative 
testing methods, with a view to develo-
ping a testing strategy less reliant on 
using animals in research. However, in 
order to validate the results from the 
in vitro test methods, they inevitably 
needed to be compared to the results 
from animal studies. The findings sho-
wed that the project’s testing strategies 
were reliable in finding the toxic effects 
of ENM on the immune system.

Into the small unknown

After four years as the administrative manager 
of the NanoTEST project, Lise Marie Fjellsbø is 
pleased that they have found several methods 
that are suitable for testing nanoparticles 
 without using animals. She emphasises that 
there is still a long way to go before the use 
of animals in research can be completely 
 re placed. Photo: Finn Bjørklid, NILU.
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NANOPARTICLES 
Nanoparticles are ultrafi ne particles measur-
ing between 1-100 nanometres. A human hair 
is about 60,000 nanometres thick, while a 
DNA molecule is between two and twelve 
nanometres wide. Nanoparticles can be used 
in a range of products, from cosmetics to 
TV, in batteries or even to give antibacterial 
properties to clothes and detergents. They 
can also be used to develop new very light 
and strong materials for the auto and aviation 
industries.

The term nanomedicine describes the 
medical application of nanotechnology. This 
includes the application of nanomaterials in 

diagnostic and therapeutic drugs as well as 
use of nanoelectronic biosensors. Examples 
of such materials are carbon nanotubes, gold, 
silver, quantum dots (QD), silicon dioxide 
(also known as silica), metal oxides and 
nanopolymers. 

The NanoTEST project used the following 
nanoparticles: titanium dioxide (as a refe-
rence), iron oxide (with and without coating), 
two diff erent sizes of fl uorescent silica and 
PLGA-PEO. 

The NanoTEST project revealed that 
the toxicity of each nanoparticle group is 
dependent on their chemical and physi-
cal properties, as well as the test and cell 
type that had been used. Test methods 
which needed modifi cation, or were not 
suitable at all, were also identifi ed. 

The results show that with proper 
refi nement of computational models and 
methodologies, the testing strategies 
used in NanoTEST may serve as an 
alternative testing strategy, replacing 
experiments that are expensive and time 
consuming. 

Testing for DNA damage
Health Eff ects Laboratory (HEL) at NILU 
participated in the NanoTEST project, and 
compiled toxicological profi les of the six 
ENMs used in medical diagnostics. Their 
work involved investigating the potential 
toxic eff ects on cells and DNA in human 
and mammalian blood and kidney cells. 

An important part of the project 
was looking at ways to optimise and 
standardise the methods used to assess 
how potentially damaging these ENMs 
were to the cells and the DNA. For 
these analyses the HEL group used the 
so called comet assay testing method. 
This method detects damage in DNA 
by visualizing them using a fl uorescent 

microscope. Thus, the extent of DNA 
breaks can be measured at a single cell 
level.

The comet assay testing method 
was found to be suitable for testing 
nanoparticles’ potential to damage 
DNA, and could be used in further in 
vitro testing activities. The results also 
show that toxicity of ENM depends on 
their dispersion in diff erent media, size, 
coating and surface properties. NILU is 
recommending the comet assay method 
for further validation, with a view to 
using it for regulatory purposes.

The NanoTEST project was fi nished 
in March 2012, and has given rise to 

more than 20 peer reviewed articles 
so far. Later in 2013, the scientifi c 
journal Nanotoxicology is bringing out a 
special issue on the NanoTEST project, 
including 16 articles summarising all the 
main outcomes and the most important 
results.

FOOTNOTE:
In vitro means literally “in the glass”, and is used 
to describe a situation where experiments and 
tests take place outside the organism, for exam-
ple on a bit of tissue removed from a body. The 
most well known use of this term is probably 
IVF – in vitro fertilisation.

Photo: Colourbox
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This summer, the ash detection system AVOID will be put to new tests. In the meantime, 

AVOID inventor Fred Prata has been named Aviator of the Year, together with his partner 

from easyJet, Ian Davies.

Anne Nyeggen, Director of Communications
Hilde Syversen, Journalist

Successful test flights in Europe in 
July 2012 gave the go-ahead for phase 
two of the collaboration between the 
NILU company Nicarnica Aviation, the 
British airline easyJet and the European 
aircraft manufacturer Airbus. In phase 

two,  AVOID (Airborne Volcanic Object 
 Imaging Detector) will be tested on 
volcanic ash clouds at commercial 
aeroplanes’ regular cruising altitude. 
Test flights with the Airbus test aircraft 
A340-300 in July 2012 proved that at 
these altitudes, the system can detect 
different types of clouds and objects, like 
ice crystals. The system has previously 

been tested on ash clouds at lower 
altitudes.

“It is crucial to test the equipment 
at the regular cruising altitudes of com-
mercial jet aircrafts. This may be as high 
as 38,000 feet, where it is very cold, and 
temperatures falling below -55 degrees 
Celsius. We have also successfully 
tested the equipment at high speed”, 

AVOID ash detector mounted on the 
AIRBUS 340-300 test plane.  
Photo: Fred Prata, NILU.

Ash detection no longer  
in the clouds 
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says Fred Prata. It is 20 years since 
he came up with the idea for AVOID. 
Six years ago, he brought it to NILU to 
continue to develop it. When the 2010 
volcanic eruption of Eyjafjallajökull in 
Iceland closed European airspace for 
over a week, the head of engineering 
at easyJet, Ian Davies, contacted Prata. 
A partnership was formed, and was 
sub sequently joined by Airbus. At last, 
AVOID was ready to leave the lab. 

From research to commerce
“We are very pleased to have joined 
forces with both easyJet and Airbus. 
We need partners like this in order to 
test the system. This is also key when 
it  comes to turning AVOID into a 
 commercially viable product”, says Ove 
Bratsberg, head of Nicarnica Aviation. 
Nicarnica Aviation was established by 
NILU to commercialise the detection 
system. The company has its own premi-

ses at Kjeller, Norway, close to NILU. 
“The chances of a small Norwegian 

technology company supplying the 
international aviation industry are as 
good as non-existent. We depend on 
collaboration with the large players in 
this field. Airbus and easyJet are helping 
us through the tests and the certifica-
tion processes, which are both time 
consuming and costly. Normally, this 
process takes years, but there are plans 
to fast-track AVOID”, says Bratsberg. He 
points out that their business partners 
can also be of great help when it comes 
to developing a commercial product and 
bringing it to the market, when that time 
comes. 

100 kilometre warning
At the test flights over Toulouse in 
France in summer 2012, it was shown 
that AVOID was able to detect the 
clouds at 100 kilometres distance. 

“For the first time, we were able to 
demonstrate that the passive, infrared 
camera can give warning far enough 
ahead for the planes to change their 
course”, says Fred Prata.

Real ash clouds
AVOID has passed all its tests with 
flying colours. In the third quarter of 
2013, it will be put to its final test. The 
research plane will be flown close to 
an erupting volcano. It is assumed that 
there will be an eruption in Indonesia, 
Alaska, Japan, or indeed Iceland. AVOID 
has previously been tested over Etna and 
Stromboli on a test plane from easyJet 
(Flight Design CT) at lower altitudes, up 
to 12,000 feet. 

After the test period, AVOID will 
have to go through the certification 
process of the European Aviation Safety 
Agency, EASA, before it can be put into 
production. 

THIS IS AVOID 
The patented detection system AVOID con-
sists of two or more small, infrared cameras 
built into the body of the aircraft, feeding 
information to highly specialised software 
in the cockpit. It is designed to detect and 
warn of ash clouds at 100 kilometres, day or 
night. The infrared technology is calibrated 
to make the particles in the ash cloud visible 
to the camera, even at low concentrations. 
These silicate particles can be very damaging 
to the aeroplane. They are pulled into the 
warm engine, where they melt into a sticky 
mass, causing damage to the engine, and in 
some cases complete failure. Hence, to avoid 
damage, it is essential for the pilots to know 
in advance if ash clouds from erupting vol-

canos are in their flight path. AVOID is able 
to process the information from the infrared 
cameras and give the pilot information about 
the location and amount of particles in the 
air. With this information, the pilot is able to 
assess whether it is possible to fly through 
the cloud, or if it is necessary to change co-
urse. A distance of 100 kilometres gives the 
pilot between seven and ten minutes to act.

On the ground, the information from AVOID 
will be used to build accurate models 
showing where the ash clouds are at any one 
time. During an eruption, this would make it 
possible to open large parts of the air space 
which would otherwise be closed to traffic. 

Aviator of the Year: Fred Prata from NILU and Nicarnica Aviation and easyJet’s head of engineering 
Ian Davies, were awarded the prestigious Aviator of the Year prize by Flightglobal, an international 
information and news provider to the aviation industry. Amongst previous winners is Chesley  
Sullenberger, the pilot who successfully landed his failing plane on the Hudson River outside  
Manhattan in January 2009. Photo: Bård Amundsen
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NILU and Abu Dhabi University have signed a Memorandum 

of Understanding for increased strategic collaboration. NILU 

UAE now resides at the Abu Dhabi University campus.

Anne Nyeggen, Director of Communications
Hilde Syversen, Journalist

“We have already moved in to our new 
offices at the Abu Dhabi University, and 
are very pleased to be here”, says the 
new head of NILU’s UAE department, 
Alena Bartonova. When she took the 
helm in January 2013, the department 
had 16 employees as well as two 
under graduates from ADU on work pla-
cements. The placements are part of the 
collaboration with the University, whilst 

a committee is making plans for future 
strategic research collaboration.

Full steam ahead 
“We are gearing up our activities in Abu 
Dhabi”, says Kari Nygaard, Managing 
Director of NILU. “From having mainly 
provided technical and advisory services 
to the authorities, we are now looking to 
develop larger research projects in The 
United Arab Emirates.”

Alena Bartonova sees UAE’s sizeable 
academic sector and industries as poten-

tial growth areas. 
“The UAE has developed its own 

universities and institutions for higher 
education. In addition, many foreign uni-
versities have a presence here, including 
several larger universities, like Sorbonne 
and MIT. There are also the oil and the 
construction industries. Almost all new 
buildings here have air conditioning. 
These systems require monitoring for 
air quality, both with regard to moulds 

Forging stronger links 
with Abu Dhabi 
University

Research Director Alena Bartonova, NILU UAE. 
Photo: Ingar Næss.

Managing Director Kari Nygaard (NILU) and Chancellor 
Nabil Ibrahim (Abu Dhabi University) during the solemn 
opening ceremony of NILU’s office at the university cam-
pus. Norway’s ambassador to Abu Dhabi, Åse Elin Bjerke 
and H.E. Razan al Mubarak, secretary general at the 
Environmental Agency - Abu Dhabi (EAD) participated 
together with guests from more than 40 institutions and 
companies within the field of environmental manage-
ment, industry and research. Photo: Abu Dhabi University.
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and spores, as well as pollution from the 
activities within the building”, Bartonova 
continues.

Important partner
Nygaard believes the new agreement 
with the University is an important step 
in NILU’s work to develop its research 
and education activities. In particular, 
she feels NILU has a part to play in 
higher education and PhDs tied in to 
research projects.

“Our experience of combining 
surveillance with modelling and skills 
development is what particularly 
interested the University. An example is 
the Flexpart modelling used for tracking 
and identifying pollution incidents and 
emissions of climate gases. This model is 
developed by NILU and is used by many 
international research groups. It can also 
be used to forecast desert storms, which 
are a big air quality issue in Abu Dhabi”, 
says Kari Nygaard.

Well established
NILU’s Abu Dhabi department was 
established in 2007. In the last five 
years, the Institute has been a strategic 
partner to the UAE authorities, through 

their  Environment Agency - Abu Dhabi 
(EAD), and contributed to a well functio-
ning network for air quality monitoring.

“We now have 20 fixed monitoring 
stations in the UAE. These stations 
measure different components in real 

Local ambitions
NILU has established a well functioning surveillance 
system in Abu Dhabi, on behalf of the authorities.  
The next question will be how to reduce emissions and 
safeguard people’s health.

 
“Air pollution levels in Abu Dhabi are 
above those deemed acceptable by the 
authorities here, as set out in the legi-
slation”, says Alena Bartonova, head 
of the NILU department in Abu Dhabi. 
Initiatives to curb pollution are just 
starting up, but local environment aut-
horities are ambitious, and Bartonova is 
optimistic.

“In Europe, there is often one 
authority which monitors air quality 

whilst another handles the question 
of climate change. When there is this 
division, one depends on structures 
for co-operation between the different 
bodies in order to get people to talk to 
each other, and that can be rather cum-
bersome. Here, both these responsibi-
lities are allocated to one government 
agency. This means that the problems 
are looked at in an integrated way, and 
the work seems to be well under way.”

NILU’s PRESENCE IN ABU DHABI
Since its establishment in Abu Dhabi in 
2007, NILU has worked closely with the 
country’s environmental authorities. On 
behalf of the Environment Agency - Abu 
Dhabi (EAD), NILU has:

• established a monitoring network

• worked to ensure consistent quality in 
data collection

• trained EAD staff

• built a web site where authorities 
and the public alike can see local and 
regional pollution levels

Further NILU co-operates with, amongst 
others, Abu Dhabi Municipality and 
private stakeholders on:

• monitoring air pollution

• systematically calculating air pollution 
and climate gas emissions

• assessing indoor air quality in a 
number of institutions and public 
buildingsOn Wednesday, 21 November 2012, Abu Dhabi University and NILU celebrated the signing of a 

Memorandum of Understanding and the opening of the new NILU office at the University campus. The 
picture shows the employees of NILU UAE. In the front row, from left to right: Regional Manager Naser 
Tibi, Research Director Alena Bartonova and Trond Bøhler, the former director of NILU UAE. Photo: Abu 
Dhabi University.

time, and also measure particles in two 
different sizes, which is quite unusual for 
a surveillance network”, says Bartonova. 
“This is coming in Europe, but is not fully 
implemented there yet.”
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The CIENS building at Oslo Science Park. 
Photo: Bjørn Faafeng, NIVA (Norwegian 
Institute for Water Research).

Senior Adviser The Nguyen Thanh, NILU.  
Photo: Ingar Næss.

Innovation and research – like hand in glove
The research collaboration CIENS has established its 
own research forum, the CIENS Innovation Forum. 
 “Together, we have a great, as yet unutilised potential 
for innovation”, says the newly elected leader of the 
forum, The Nguyen Thanh from NILU.

Anne Nyeggen
Director of Communications

The Research Council and the EU both 
emphasise that the knowledge triangle 
– education, research and innovation – 
must be closer knit together in order to 
meet challenges in society and business. 
This spans from the traditional form of 
technological innovation to applied rese-
arch; from development of commercially 
viable products and services to new 
knowledge about how society, the civil 
service and the corporate sector can be 
organised in order to meet the complex 
challenges of the future, drawing on both 
natural and social sciences . 

“All together, the CIENS institutes 
have a great, as yet unutilised, potential 
for research-based innovation, both 
through the opportunities the individual 
institutes have of learning from each 
other through exchange of knowledge, 
and particularly in developing new ideas 
through better and deeper collaboration. 

We are talking about both new com-
mercial products and services, and about 
gaining new knowledge and solutions 
which are of use to society”, says Thanh.

The CIENS Innovation Forum has 
established an internal project in three 
phases. “Firstly, it is important that 
we have a common understanding of 
what innovation is”, says Thanh. “The 
next step is to make this known and 
embedded within the institutes. Last, 
but not least, we have to build on that 
common understanding in order to find 
out more about how innovation works in 
practice. In particular, we want to look at 
the potential benefits from collaboration 
between the institutes. We also have 
to consider the user context and com-
munication through the whole research 
process”, says Thanh, announcing a 
workshop in the CIENS centre for the 
autumn of 2013, where there will be a 
broad discussion of this issue.

CIENS, Centre for Interdisciplinary 
Environmental and Social Research, is 

a research collaboration between the 
University of Oslo, Norwegian Institute 
for Urban and Regional Research (NIBR), 
Institute of Transport Economics (TØI), 
Norwegian Institute for Water Research 
(NIVA), NILU – Norwegian Institute 
for Air Research, Norwegian Institute 
for Nature Research (NINA), CICERO 
Centre for International Climate and 
Environmental Research,  Norwegian 
 Meteorological Institute and  Norwegian 
Water Resources and Energy Directorate 
(NVE).
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Heading north for POPs
Senior Scientist  
Athanasios Katsogiannis 
has followed the route 
of the POPs he studies. 
He has moved slowly 
northwards.

Hilde Syversen, journalist

Athanasios Katsogiannis came from 
Greece to the arctic city of Tromsø, via 
Italy and Great Britain. When he applied 
for the job as a senior researcher at NILU’s 
Environmental Chemistry Department, he 
had never been to Norway.

“I knew NILU, though. You’re always 
bumping into papers from NILU, and when 
I worked in Lancaster, some colleagues of 
mine were collaborating with the Institute. 
NILU owns EBAS which is the largest “air 
pollutants concentrations database”. “It 
was the right place to come to continue 
the kind of studies I am interested in”, says 
Katsogiannis when asked why he wanted 
to move to Tromsø. He makes it sound like 
an irresistible temptation. 

Katsogiannis’ PhD is from the Aristotle 
University of Thessaloniki, Greece, where 
he studied persistent organic pollutants, 
so called POPs, at different stages of the 
wastewater treatment process. In the eight 
years that followed, his research changed 
focus from water to air pollution, both 
indoors and outdoors. 

“POPs are chemicals that degrade very 
slowly; including dioxins, industrial chemi-
cals (PCB), brominated flame retardants 
and insecticides like DDT. They have been 
widely used in the past, but have been 
 phased out from production. There are few 
new sources in the western world, but a lot 
of old products in circulation in developing 
countries means that these substances 
are still emitted into the air, usually in the 
warmer parts of the globe. Because it takes 
these chemicals so long to degrade, they 
tend to be transported slowly northwards, 
where they condensate and precipitate”, 
Katsogiannis explains.

In his research, Katsogiannis is trying to 
understand how these chemicals behave 
when they are let out into the environment: 
how they react, how, and at what speed, 
they are transported, and how they move 

between the air and the soil. It is the latter 
which particularly interests Katsogiannis 
at the moment. And this is also an area of 
research which has become more pertinent 
as global warming uncovers areas that 
were previously hidden under the snow. 

“When soil which has previously been 
covered by snow again sees the light of 
day, chemicals deposited in this soil a long 
time ago can be remobilised”, explains 
the researcher. Together with a colleague 
from IDAEA-CSIC in Spain, he is due to 
start a new project in this area of research. 
By measuring the air-soil exchange of key 
organic pollutants in Tromsø and Svalbard, 
they will try to establish how these chemi-
cals behave in the Arctic region and how 
they move between air and soil. 

Senior Scientist Athanasios Katsogiannis has done 
the same as the POPs he is analysing: he has moved 
slowly northwards. Photo: Mikael Harju, NILU.

Looking at soil 
from space 
Alexandra Griesfeller 
started her career high up 
in the atmosphere. The 
meteorologist’s new job at 
NILU is more grounded. She 
measures soil moisture.

Hilde Syversen, journalist

Soil moisture has a big impact on our 
weather, and measurements of soil 
moisture are used in models to forecast 
droughts, extreme rain and flooding.

“Both my master’s degree and my 
PhD focused on atmospheric measu-
rements, but here at NILU I work on 
evaluating measurements from three 
satellites which gauge soil moisture”, 
Griesfeller explains. She took up her job 
as a post doc at NILU’s Atmosphere and 
Climate Department in March 2012.

NILU uses the information from the 
satellites in its own research, but also 
share it with other institutes, like the 
Norwegian Meteorological Institute. 
NILU is responsible for monitoring the 
quality of the measurements. 

“It is particularly difficult to measure 
soil moisture in Norway from a satellite, 
because the ground is often covered 
by ice and snow, there is a lot of forest, 
many lakes and a long coastline relative 
to the land mass.”

Working with two colleagues, Gries-
feller has looked at measurements from 
the SMOS, ASCAT and AMSR-E satel-
lites for six different places in Norway, to 
see how they compare to measurements 
done in situ. 

The physical soil measurements are 
carried out by the Norwegian Water 
Resource and Energy Directorate. When 
Griesfeller and her colleagues compared 
the measurements, they found a high 
correlation, despite the difficulties.

“This opens up new possibilities when 
it comes to measuring soil moisture. 
 Instead of relying on point measure-
ments, we are now able to map large 
areas”, says a very pleased Griesfeller.

– Both my master’s degree and my PhD 
focused on atmospheric measurements, but 
here at NILU I work on evaluating measure-
ments from three satellites which gauge soil 
moisture, Griesfeller explains. Photo: Ingunn 
Trones.

23 NILU - Norwegian Institute for Air Research



Nina Iren Kristiansen 
 gained her PhD at the 
 Department of Geo sciences 
at the  University of Oslo 
in  September 2012. Her 
 doctoral thesis mainly con-
cerned gases and  particles 
released from volcanic 
eruptions like  Eyjafjallajökull 
in 2010 and from nuclear po-
wer stations, like Fukushima 
during the 2011 accident. 

Sonja Grossberndt
Scientist 

Powerful volcanic eruptions can send 
large quantities of sulphur dioxide – SO2 

– up into the stratosphere, and can affect 
the climate in the years that follow. By the 
use of satellite data and model simula-
tions, Kristiansen was able to reconstruct 
the strength and variations in the SO2 
emissions from the Kasatochi eruption in 
Alaska in 2008. One year into her docto-
rate studies, the Eyjafjallajökull volcano in 
Iceland erupted, sending large amounts of 
volcanic ash towards Europe, para lysing 
much of the air transport system.
During the eruption, Kristiansen, along 
with many others at NILU, observed and 
modelled the ash clouds. One  problem 
was that during the eruption the ash 
emissions were not well characterized 
and this unknown affected the accuracy 
of the model forecasts. Only afterwards 
the ash emission strengths and variations 
were reconstructed using all available 
observation data which lead to better 
model simulations. During the Grimvötn 

eruption a year later, Nina was part of the 
national volcanic ash evaluation group 
(EVA), along with the Meteoro logical 
Institute, NILU and the Norwegian aviation 
authorities. It was the work of this group, 
notably their analysis of satellite data, 
which enabled air traffic over Norway to 
operate as normal, one of few countries 
in Europe in which that was possible. 
Kristiansen is now working in a team that 
will develop an improved volcanic ash 
forecasts system where observation data 
are utilized and emissions are estimated 
more accurately during an eruption.

How long do aerosols live?
The other part of Kristiansen’s doctorate 
concerned estimating the lifetime of 
 aerosols, based on measurements of 

radioactivity. The study analysed radio-
active substances which were released 
during the 2011 Fukushima accident in 
Japan. These radioactive substances 
attached to ambient aerosols (mainly 
sulphate) which were present in the 
surrounding air. Henceforth, the aerosols 
and the radioactivity were transported 
together across the whole Northern 
hemisphere and the radioactivity was de-
tected on measurement stations. When 
radioactivity was measured, aerosols 
were also measured. Observations from 
a dozen stations were analysed, and the 
lifetime of aerosols was estimated to be 
ten to twelve days. This estimate is longer 
than what is reported as the global life-
time for sulphate aerosols in most global 
air quality and climate models.

Nina Iren Kristiansen, NILU. Photo: Ingar Næss.

Nina Iren Kristiansen
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On 5 October 2012, Kyrre 
Sundseth defended his 
doctoral thesis on reducing 
mercury levels in Europe, 
at Gdansk University of 
Technology. The work is 
an important contribution 
to the debate on reducing 
mercury emissions. 

Sonja Grossberndt 
Scientist

Mercury is highly poisonous, long lived 
and can be transported over large 
distances, mainly via the atmosphere. 
As mercury can be deposited far from 
where it originates, it is seen as a global 
problem.

A tool for environmental policy 
making
As early as 2007, a team from NILU was 
asked to coordinate the research requi-
red as a basis for negotiations about 
a global agreement on mercury. The 
research contained an overview of mer-
cury emissions past and present, future 
emission scenarios, technological and 
non-technological measures to reduce 
emissions, and a cost benefit analysis of 
the implementation of these measures. 

Kyrre Sundseth’s thesis, “A novel 
combination of methods developed 
for decision support on abatement 
of mercury in Europe”, aimed to put 
together a political decision making 
tool for environmental policy making, in 
order to find the most efficient solutions 
for the reduction of mercury emissions 
locally, regionally and globally. The study 
demonstrated a comprehensive analysis 

of the global benefit of lower mercury 
emissions in the EU, and listed the most 
cost effective future measures.

The largest emission source is statio-
nary coal combustion, followed by metal 
production. Substantial financial savings 
can be achieved globally by reducing 
mercury emissions in the EU. The ana-
lysis demonstrated the importance of a 
comprehensive approach reducing emis-
sions, of implementing planned emission 
reductions, and of taking further steps 
to reduce emissions. The cost benefit 
analysis revealed that the costs of 
further technological reductions of 
mercury emissions in the energy sector 
(coal plants) in the EU, is likely to exceed 
the benefit. However, it also showed 
that it could be economical for the EU to 

invest in measures to reduce emissions 
in (and hence atmospheric transport 
from)  developing countries, where the 
marginal cost of reducing emissions 
reductions is lower. The local co- benefit 
of at the same time reducing other 
environmental toxins (like PM, NOx and 
SO2) in these developing countries are 
also greater than if the same type of 
investment were done in the EU. 

Kyrre Sundseth, NILU. Photo: Ingunn Trones, NILU.

Nina Iren Kristiansen Kyrre Sundseth
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Research for a cleaner atmosphere

National and international activities
NILU has extensive experience of 
coordinating national and international 
research projects, and undertakes a 
range of assignments both in Norway 
and abroad. More than 30 per cent of 
our revenues are from international 
research assignments. 

Our main clients are the EU, The 
Research Council of Norway, national 
and local authorities and industry. 

Major international NILU clients
• The European Commission
• European Environmental Agency
• Environment Agency Abu Dhabi
• World Bank 
• World Meteorological Organization 
• World Health Organisation 
• UN Environmental Programme 
• UN Economic Commission for 
Europe

The Institute takes an active part in EU’s 
Framework Programmes for research, 
and has a central role as a Chemical 
Coordinating Centre under EMEP (Pro-
gramme for Monitoring and Evaluation 
of the Long-Range Transmission of Air 
Pollutants in Europe).

NILU also provides support to other 
international organisations, like the 
World Meteorological Organization 
(WMO) and Global Atmosphere Watch 
(GAW). Within GAW, NILU operates the 
World Data Centre for Aerosols, and our 
researchers are represented in several 
of the programme’s scientific advisory 
groups. NILU’s Zeppelin Observatory is 
one of the most significant global GAW 
stations.

NILU has established a research 
department in the United Arab Emirates, 
located at Abu Dhabi University. The 
department runs research projects and 
supplies research-based services. The 

main activities are consultancy and 
services concerning air pollution, climate 
change, noise and indoor air quality.

NILU also part owns environmental 
research companies in Poland and South 
Africa.

Air quality
Research into local air pollution is one 
of our core activities. Traditional air pol-
lutants are decreasing in industrialised 
countries, but at the same time there 
is an increase in new substances and 
in known gases which are detrimental 
to human health, like nitrogen oxide, 
NO2 and ground level ozone. New 
measures in urban planning can cause 
new pollution problems, posing dangers 
to health and the environment, and in 
fast-growing economies rapid urbani-
sation and industrialisation can lead to 
increased air pollution. 

We offer research-based consultancy 
services, drawing on our considerable 
skills and experience in air research, 
combined with highly qualified resear-
chers and in-house developed software.

Climate research and surveillance
From observatories in Norway, the 
Arctic and the Antarctic, NILU monitors 
climate forcers, greenhouse gases, 
environmental pollutants, air quality and 
long-range transport of pollution. The 
data are available to researchers from all 
over the world. 

There is an increasing national and 
international geopolitical interest in the 
Arctic and the northernmost regions of 
the world. The Arctic can give crucial 
early warning of global processes, and 
our monitoring there gives us valuable 
knowledge. New, growing industries, like 
oil and gas exploration and shipping and 
mining in the north, brings to the fore new 
issues relating to the Arctic environment. 

NILU has a lot to contribute to 
Norway’s Arctic and Northern Areas 
Initiative.

Laboratories 
NILU’s accredited chemical laboratories 
are among the most advanced in Europe. 
We are at the forefront of research into, 
identification of, and impact analysis of 
new hazardous and other substances 
harmful to health and the environment. 
Using advanced analytical tools, 
including several high-resolution mass 
spectro meters, we carry out very ac-
curate readings of both organic and 
inorganic pollution. 

Innovation 
NILU seeks to contribute to the develop-
ment of the knowledge based society 
through innovation. We market our 
innovations through NILU Innovation 
AS. This wholly owned subsidiary is 
also a holding company for Nicarnica 
AS, Nicarnica Aviation AS and Comet 
Biotech AS.

NILU’s observatories in Norway, the Arctic 
and the Antarctic supply scientists around the 
world with important data about pollution, 
green house gases and climate forcers. Here: 
NILU’s Troll observatory in the Antarctic. Photo: 
Are Bäcklund, NILU

NILU – the Norwegian Institute for Air Research was established in 1969. The aim of our 

research is to increase the understanding of processes and consequences in our core areas: 

atmospheric composition, climate change, air quality and hazardous substances. We hold strong 

national and international positions in these areas. We also deliver services closely linked to our 

research. 
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Key figures
Extract from the Annual statements: All figures in MNOK

NUMBER OF MAN-YEARS 2012 2011
Total 180 185
- whereof research man-years 93 98
- whereof man-years of other personnel 87 87
Turnover per research man-year (MNOK) 2,2 2,0

NUMBER OF EMPLOYEES 2012 2011
Total 200 197
- whereof women 89 83
- whereof men 111 114
Number of employees holding a doctorate 61 58

PROJECT PORTFOLIO - PERCENT 2012 2011
National projects 57% 54%
International projects 32% 34%
Basic grant 11% 12%
Total 100% 100%

PROJECT PORTFOLIO - NUMBERS 2012 2011
0 - 100 000 87 106
101 000 - 500 000 113 119
501 000 - 2 000 000 56 54
2 001 000 and over 20 21
Total 276 300

NILU’s PUBLICATIONS 2012 2011
Scientific Papers 151 116
Scientific Reports 43 73
Technical Reports 1 4
EMEP/CCC reports 4 7
Lectures 109 91
Posters 21 18

NILU scientists contributed to the publishing of:
External reports 16 16
Chapters/articles in books/reports 71 74

INCOME STATEMENT (MNOK) 2012 2011
Project revenue 185,1 169,8
Basic grant 23,8 22,8
Other operating income 0,9 0,4
Operating revenue 209,8 193,0

Wages and social expenses -133,8 -125,7
Direct project expenses -34,5 -26,8
Other expenses -37,8 -38,0
Operating profit 3,7 2,5
Net financial items -2,1 1,5
Tax 1,6 0
Profit for the year 3,2 4,0

BALANCE SHEET (MNOK) 31.12.12 31.12.11
Fixed assets 114,4 99,3
Management funds 39,0 1,2
Current assets 72,4 80,1
Total assets 225,8 180,6

Total equity 105,3 109,8
Long-term liabilities 20,0 13,0
Management funds 39,0 1,2
Short-term liabilities 61,5 56,6
Total equity and liabilities 225,8 180,6

PROJECT PORTFOLIO - PERCENTAGE 2012
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