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Internationalising research

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 financial 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 first NILU research
department outside Norway is established
in Abu Dhabi, housed at Abu Dhabi
University. Read more about it in this
annual report.

Benefit 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-financed 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 significance 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-Alesund
and at Birkenes.

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

Kari Nygaard,
Managing Director

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.

sseeN Jesu| :0joyd
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Bioethanol -

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 Lépez-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.

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

- solution or dead end?

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 pg/m? of acetal-
dehyde, there is an increased chance of
developing cancer of one-in-a-hundred
thousand. Acetaldehyde concentrations

Susana Lépez-Aparicio. Photo: Ingunn Trones, NILU.

estimated in our study were above 50
pg/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.
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Greenhouse gas levels - no sign of

CO,-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.

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
CO.,, 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 industrial times.
According to the UN Meteorological
Organization, WMO, CO, levels in the
atmosphere have increased from 280
ppm in the pre industrialised era to 390
ppm in 2011

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

a stabilisation and reduction in CO,
emissions by the end of that period.
Despite this, NILU's figures show an
increase 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 CO, 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
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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
CO, uptake, for instance by sea or

f improvement

vegetation, the 400 ppm annual limit
will be reached sometime around year
2016. CO, levels in the northern hemis-
phere are highest in spring, because the
environment does not absorb CO, 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.”

NILU's observatory on Zeppelin Mountain is continuously measuring 23 climate gases in the air.

Photo: Ove Hermansen, NILU.

In March 2012, the CO, level at NILU's observa-
tory by Ny-Alesund 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 CO,
emissions”, says Senior Scientist Cathrine Lund
Myhre. Photo: Ingar Neess.
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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.

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 CO,, 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
2001to 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 Tromsg and the Center for
International Climate and Environmental
Research in Oslo. Lund Myhre will head
the research team.

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-Alesund, Svalbard. Photo: Kjetil Tarseth, NILU.

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, Kilif,
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".

NILU - Norwegian Institute for Air Research



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.

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-

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

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 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.

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.
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Agreement on U
protocol - NILU

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

| 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. |
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

N mercury
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.

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

10
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lead to mental problems, lower 1Q 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-benefit 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 quantifiable
than those from CO, 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 benefits 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
effort 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 find 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 financial help, as well
as education and research into finding
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 five years,
depending on how quickly it is ratified.
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. “l hope we will be involved in
the implementation of the agreement.
As | 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 Naess.



Non-target screening

The complete inventory

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

“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.
Photo: Ingunn Trones.

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
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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

The big picture

Pawel Rostkowski came to NILU from Poland, via Japan

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

spectrometry.

"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 Umea. 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

Pawel Rostkowski.
Photo: Ingunn Trones, NILU.

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.

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.

“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”.

»
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Using the fish from Grenland as an
example, Schlabach explains how it is
first 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-Alesund 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 defined 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.

X0G4N0|07) :030yd
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Chemicals from your deodorant
fly 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 first 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 confirms 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 confidence 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 1nanogram per cubic meter of air
(1nanogram = 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 effects 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 effectively 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-Alesund at Svalbard. The
settlement is so small that it is not expected to
have had any influence on the measurements.
The ability to be transported over long
distances is one of the criteria which need
to be fulfilled in order to classify a chemi-
cal as a persistent organic pollutant.

The concentrations of siloxanes in

Ingjerd Sunde Krogseth. Photo: Ingunn Trones, NILU.

Arctic air are higher in winter than in
the summer. In summer, the siloxanes
are degraded by atmospheric 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
anew method that was developed at Stock-
holm University over the last couple of years.
The study was financed by Miljg2015 (The
Research Council of Norway), and the results
from the study were recently published in the
renowned journal Environmental Science &
Technology.

NILU - Norwegian Institute for Air Research
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Into the small unknown

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 Fjellsbg, 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.

After four years as the administrative manager
of the NanoTEST project, Lise Marie Fjellsbg 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
replaced. Photo: Finn Bjarklid, NILU.
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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 modification, or were not
suitable at all, were also identified.

The results show that with proper
refinement 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 Effects Laboratory (HEL) at NILU
participated in the NanoTEST project, and
compiled toxicological profiles of the six
ENMs used in medical diagnostics. Their
work involved investigating the potential
toxic effects 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 fluorescent

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 different 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 finished
in March 2012, and has given rise to

Nanoparticles are ultrafine 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

more than 20 peer reviewed articles

so far. Later in 2013, the scientific
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.

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 different sizes of fluorescent silica and
PLGA-PEO.

X0GJNno|07) :030Ud
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AVOID ash detector mounted on the
AIRBUS 340-300 test plane.
Photo: Fred Prata, NILU.

Ash detection no longer
in the clouds

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 easylet, lan 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 easylJet 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”,
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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 Eyjafjallajokull in
Iceland closed European airspace for
over a week, the head of engineering
at easylJet, lan Davies, contacted Prata.
A partnership was formed, and was
subsequently 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-

Aviator of the Year: Fred Prata from NILU and Nicarnica Aviation and easyJet's head of engineering

lan 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: Bard Amundsen

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-

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 easylJet 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.

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.

“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.

NILU - Norwegian Institute for Air Research
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Forging stronger links
with Abu Dhabi

University

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
undergraduates 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-

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

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
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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

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
buildings

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.”

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 - Norwegian Institute for Air Research
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B SHORT NEWS

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 (T@I),
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).

Senior Adviser The Nguyen Thanh, NILU.
Photo: Ingar Naess.
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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 Tromsg, 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
| 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 | am interested in”, says
Katsogiannis when asked why he wanted
to move to Tromsg. 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

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 | 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.

Senior Scientist Athanasios Katsogiannis has done
the same as the POPs he is analysing: he has moved

slowly northwards. Photo: Mikael Harju, NILU.

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 Tromsg and Svalbard,
they will try to establish how these chemi-
cals behave in the Arctic region and how
they move between air and soil.

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.

NILU - Norwegian Institute for Air Research
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B SHORT NEWS

Nina lren Kristiansen

Nina Iren Kristiansen
gained her PhD at the
Department of Geosciences
at the University of Oslo

in September 2012. Her
doctoral thesis mainly con-
cerned gases and particles
released from volcanic

eruptions like Eyjafjallajokull

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 - SO,

- 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 SO,
emissions from the Kasatochi eruption in
Alaska in 2008. One year into her docto-
rate studies, the Eyjafjallajokull volcano in
Iceland erupted, sending large amounts of
volcanic ash towards Europe, paralysing
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 Grimvotn

Nina Iren Kristiansen, NILU. Photo: Ingar Naess.

eruption a year later, Nina was part of the
national volcanic ash evaluation group
(EVA), along with the Meteorological
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.
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Kyrre Sundseth

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

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

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

SHORT NEWS

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
SO,) in these developing countries are
also greater than if the same type of
investment were done in the EU.

NILU - Norwegian Institute for Air Research
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Research for a cleaner atmosphere

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.

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-
|utants 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,
NO, 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'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 Backlund, NILU

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
spectrometers, 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.
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Key figures

Extract from the Annual statements: All figures in MNOK

INCOME STATEMENT (MNOK) 2012 20M NUMBER OF MAN-YEARS 2012 201
Project revenue 1851 169,8 Total 180 185
Basic grant 23,8 22,8 - whereof research man-years 93 98
Other operating income 09 04 - whereof man-years of other personnel 87 87
Operating revenue 209,8 193,0 Turnover per research man-year (MNOK) 2,2 2,0
Wages and social expenses -133,8 -125,7 NUMBER OF EMPLOYEES 2012 201
Direct project expenses -34,5 -26,8 Total 200 197
Other expenses -37.8 -38,0 - whereof women 89 83
Operating profit 37 25 whereof men 1 114
Net financial items -2 1.5 Number of employees holding a doctorate 61 58
Tax 1,6 0
Profit for the year 3,2 wA' S PROJECT PORTFOLIO - PERCENT 2012 20Mm

National projects 57% 54%
BALANCE SHEET (MNOK) 311212 SRR | ternational projects 9%  34%
Fixed assets 14,4 99,3 Basic grant 1% 12%
Management funds 39,0 1,2 Total 100% 100%
Current assets 72,4 80,1
Total assets 225,8 L: VBN PROJECT PORTFOLIO - NUMBERS 2012 2011

’ 0-100 000 87 106

Total equity 1053 1098 101000 - 500 000 13 19
Long-term liabilities 20,0 13,0 501000 - 2 000 000 56 54
Management funds 39,0 1,2 2001000 and over 20 1
Short-term liabilities 61,5 56,6 Total 276 300
Total equity and liabilities 225,8 180,6

NILU's PUBLICATIONS 2012 2011

Scientific P 151 16
PROJECT PORTFOLIO - PERCENTAGE 2012 clentie Fapers

Scientific Reports 43 73

Technical Reports 1 4

EMEP/CCC reports 4 7

Lectures 109 o1

Posters 21 18

Bl National projects
B International projects NILU scientists contributed to the publishing of:
Basi N External reports 16 16
asic gran
9 Chapters/articles in books/reports 71 74
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NILU har drevet feltmalinger av
luftkvalitet i Bangladesh.

NILUs forskning

har som formal a gke forstaelsen for prosesser og effekter knyttet til
klimaendringer, atmosfaerens sammensetning, luftkvalitet og miljggifter.

Pa bakgrunn av forskningen leverer NILU integrerte tjenester og produk-
ter innenfor analyse, overvakning og radgivning.

NILU er opptatt av a opplyse og gi rad til samfunnet om klimaendringer og
forurensning og konsekvensene av dette.

NILU har 200 ansatte; blant annet forskere, ingenigrer og teknikere som
utfgrer prosjekter for forskningsradet, for industri bade i Norge og off-
shore, og for lokale og statlige myndigheter i inn- og utland. NILU tar ogsa
aktivt del i EUs forskningsprogrammer. NILU er blant de ledende fagmil-
joer i verden innenfor deler av sitt fagfelt.

NILUs arbeidsomrader

Atmosfaerens sammensetning

Drivhusgasser og klimaendringer
¢ Ozonlaget og UV-straling

e langtransportert luftforurensning
¢ Industri- og byforurensning

e Aerosoler og partikler

e Miljggifter

e Studier av helseeffekter

¢ (Pkologi og pkonomi



Arsberetning 2012

Virksomhetens art og

hvor den drives

NILU — Stiftelsen Norsk institutt for luftfors-
kning utfgrer forskning innenfor hoved-
omradene luftkvalitet, klima, miljggifter
og gkologisk gkonomi. NILU har ogsa en
sentral rolle i overvakning og miljgtekno-
logisk utvikling, og har stor aktivitet knyt-
tet til overvakning av klimadrivere bade
nasjonalt og internasjonalt. Instituttet er
miljgradgiver for norske og internasjonale
myndigheter, og legger vekt pa at forsknin-
gen skal publiseres i internasjonalt velre-
nommerte tidsskrifter. Vi er ogsa opptatt
av at forskningen gjgres kjent i samfunnet
generelt.

NILUs virksomhet drives fra eget for-
retningsbygg pa Kjeller i Skedsmo kommu-
ne og har distriktskontor i Framsenteret i
Tromsg, kontorer pa CIENS i Oslo og en av-
deling i det arabiske emiratet Abu Dhabi.
De nasjonale inntektene utgjgr 68 % og
de internasjonale 32 % av omsetningen i
2012. Basisbevilgningen fra Norges fors-
kningsrad utgjer ca 11 % av instituttets
omsetning. Av dette var ca 23 % gremer-
ket strategiske instituttsatsinger (SIS).
NILU mottar stgtte til nasjonale oppgaver
fra Miljgverndepartementet (MD) som
radgivende forskningsinstitutt for myndig-
hetene. NILU er sertifisert etter kvalitets-
standarden 1SO 9001:2008 og miljgstan-
darden 1SO 14001:2004 og akkreditert
etter 1ISO 17025:2005 for maling av luft-
forurensning, meteorologiske parametere
og avanserte kjemiske analyser.

Sentrale oppgaver i
2012

Det har veert stor innsats i 2012 knyttet
til arbeidet med NILUs nye strategi 2013-
2017. | forkant av strategiprosessen ble
det utarbeidet egne strategier for hvert av
NILUs sentrale FoU-omrader og for inno-
vasjon og kommunikasjon.

NILU er synlig i media bade knyttet til
miljggiftproblematikk, luftkvalitetsutfor-
dringer i vare byer, klimaforskning og inno-
vasjon.

Forskning knyttet til klimarelaterte
problemstillinger er sentral for NILU. Pa
Zeppelin-observatoriet ved Ny-Alesund
pa Svalbard malte vi i 2012 for f@grste gang
luftkonsentrasjon av CO, (karbondioksid)
over 400 ppm. Dette er en negativ milepael
som kan bety at tiden er i ferd med a renne

ut for a muligheten til a na togradersmalet.
Etter karbondioksid er metan den viktigste
bidragsyteren til menneskeskapt global
oppvarming. Malinger som NILU har gjort
ved Zeppelinobservatoriet har ogsa vist en
stadig gkning i luftkonsentrasjonen av me-
tan de siste arene.

Overvaking er en viktig plattform for
mye av NILUs arbeid og har statt i fokus
i enda stgrre grad enn vanlig dette aret,
spesielt med hensyn pa lange tidsserier
og utfordringer knyttet til finansiering og
utvikling av disse. Dette er arvesglvet vart
og viktig for NILUs fremtidige utvikling. Fra
2013 vil vi fa en direkte bevilgning over
post 70 i statsbudsjettet fra MD pa 3,9
MNOK til d ivareta noen av de lange tids-
seriene som nasjonale oppgaver. Samtidig
blir Klifs bevilgning til overvakning redu-
sert med et nesten tilsvarende belgp.

NILU har satset i nord i en arrekke og er
en viktig partner i Framsenteret i Tromsg.
Den norske politiske satsingen i nordom-
radene har medfgrt at NILU planlegger
utvidelse av denne aktiviteten. NILU leder
flaggskipet 'Miljggifter og klimaendringer’,
et av fem flaggskip i FRAM-senteret, og
dette er en viktig satsing for NILU. Vi har
ogsa bidratt mye til planleggingen av et
nytt bygg i Framsenteret, spesielt innen
planleggingen av laboratoriearealer. 1 2012
publiserte NIFU en rapport om Norsk po-
larforskning — forskning pa Svalbard. Rap-
porten viser at NILUs arktiske forskning
har hgy relevans og vekker stor internasjo-
nal interesse. Antall publikasjoner er bra i
forhold til var stgrrelse, men vi utmerker
oss med a vaere best i verden og langt over
snittet i antall siteringer av vare publikasjo-
ner.

Store luftkvalitetsutfordringer i flere
av vare stgrste byer er et vedvarende pro-
blem i vintersesongen. NILU har en sentral
rolle i overvakning, kvalitetssikring og til-
gjengeliggjgring av informasjon knyttet til
disse utfordringene. Byluftproblematikk er
et tema som opptar bade lokalpolitikere,
media og folk flest. | 2012 var det hgy tem-
peratur i diskusjonene i media knyttet til
bruk av dieselbiler og utslipp av nitrogen-
dioksid (NO,).

NILU spiller en sentral rolle i flere eu-
ropeiske initiativ knyttet til luftforurens-
ning, blant annet i EMEP (The European
Monitoring and Evaluation Programme)
og i temasenteret for luftkvalitet og tiltak
mot klimaendringer (ETC-ACM) under EEA
(EUs miljgbyrd). NILU har siden 1979 hatt
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oppgaven 3 vaere sekretariat og koordina-
tor for "The EMEP Chemical Coordinating
Centre” (EMEP-CCC). Hovedoppgaven er 3
koordinere maleprogrammet for EMEP, 3
gi anbefalinger om metodebruk, kvalitets-
sikring og oppleaering, i tillegg til data vali-
dering, rapportering og a veere datavert.
Hgsten 2012 kom EEA rapporten "Air Qua-
lity in Europa” som viser at ozon, PAH og
partikler er et vedvarende helseproblem
i Europa. Dette er en sentral EEA-rapport
som klart viser relevansen av et av NILUs
eldste kjerneomrader.

NILU driver en rekke malestasjoner,
men noen er spesielt strategisk plassert
og har omfattende maleprogram og fors-
kningsaktiviteter. Disse malestasjonene
kalles observatorier og omfatter Zeppe-
linobservatoriet ved Ny-Alesund pa Sval-
bard, Trollobservatoriet i Antarktis og
Birkenesobservatoriet i Aust-Agder. Ob-
servatoriene er strategisk sveert viktige for
NILU og det har vaert arbeidet mye for a
sikre videreutvikling av infrastrukturen.
Det fokuseres ogsa kontinuerlig pa a skaffe
forskningsprosjekter som utnytter obser-
vatorienes potensial.

NILU har stort fokus pa maling og over-
vakning av atmosfaerens sammensetning
ved Trollobservatoriet i Antarktis. Pa grunn
av gkende aktivitet og kontaminerings-
problemer lokalt er det behov for a flytte
observatoriet pa Troll til Trollhaugen like
ovenfor forskningsstasjonen.

NILU har gjennom mange ar hatt stor
suksess med EU prosjekter. | 2012 hadde
NILU 27 aktive EU-prosjekter hvorav 6 ble
startet i Igpet av aret. Disse prosjektene er
innenfor vare kjerneomrader; atmosfae-
riske prosesser, klima- og miljgpavirkning,
nanosikkerhet og jordobservasjoner.

Styrets leder

Ky Holmén
tyremedlem

=7 <gmolb/

Thor Ofstad
Styremedlem

NILUs aktivitet i Abu Dhabi (AD) har
hatt mye fokus i 2012 da 5-arskontrakten
med EAD (Environmental Agency — Abu
Dhabi) gikk ut i desember. Vi har bygget
opp et godt fagteam i AD og det er viktig
for oss a fa til en god utvikling fremover.
NILU er na i anbudsfasen om videre over-
vakning i AD. En Memorandum of Under-
standing om forskningssamarbeid med
Abu Dhabi University (ADU) er pa plass og
vi har flyttet var avdeling til ADU.

NILU har veert aktive i CIENS i 2012. Et
nybygget toppsenter for tverrfaglig fors-
kning er i ferd med a ta form, miljgprg-
vebanken for miljggiftprgver ble dpnet i
november 2012 og det har veert mange
interessante arrangementer. NILU har del-
tatt i en rekke aktiviteter og leder bade
Kommunikasjonsforum og CIENS Innova-
sjonsforum.

NILU satser pa innovasjon, bade gjen-
nom datterselskapet Innovation NILU (IN)
og gjennom en egen avdeling som jobber
spesielt med & utvikle de gode ideene.
NILU har flere gode innovasjoner i utvik-
ling og flere av selskapene under IN viser
en interessant og positiv utvikling. Et godt
eksempel er samarbeidet med Airbus om
testing av askekameraet AVOID.

Fortsatt drift

Forutsetningen om fortsatt drift er til ste-
de og arsregnskapet for 2012 er satt opp
pa dette grunnlaget.

Styret mener at arsberetningen og
-regnskap gir et rettvisende bilde av sel-
skapets eiendeler og gjeld, finansielle stil-
ling og resultat.

Utsiktene til videre drift anses ftil-
fredsstillende basert pa en betydelig
kontrakts-reserve ved arets utgang i ftil-

Kjellet, 29. april 2013

I styret for Norsk institutt for luftforskning

Styremedlem

hristina
Styremedlem

erreiro

legg til den direkte stgtten gjennom basis-
bevilgningen og en rimelig forventning om
nye kontrakter i 2013.

Likestilling

NILU legger vekt pa en balansert kjgnns-
messig sammensetning av ansatte og i sty-
ret. Virksomhetens retningslinjer, Ignns-
system osv. er kjgnnsngytrale. Av 200
ansatte er 89 kvinner og 111 menn; av de
200 er 71 med utenlandsk bakgrunn fra
22 nasjoner. Ledelsen bestar av 7 kvinner
og 8 menn. Styret bestar av 3 kvinner og
4 menn.

Arbeidsmiljg

Instituttet har prosedyrer for HMS-arbei-
det, og det er gjennomfgrt revisjoner av
systemet i trad med ”Forskrift om intern-
kontroll — helse, miljg og sikkerhet”. NILU
er IA-bedrift.

Det har ikke veert arbeidsuhell i 2012
som har medfgrt fraveer.

Det totale sykefraveeret var 4,75 % i
2012. Fraveeret er jevnt fordelt pa korttids-
og langtidssykefraveer.

Ytre miljg

Virksomheten forurenser i ubetydelig grad
det ytre miljg. NILU har strenge regler for
kontroll av avfall, og det praktiseres kilde-
sortering for ordinaert avfall og farlig avfall
som i sin helhet leveres til godkjente mot-
tak.

Disponering av

overskudd

Arets overskudd pa kr 3 225 553 overfgres
til annen egenkapital.
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Resultatregnskap

Note 2012 2011
DRIFTSINNTEKTER
Prosjektinntekter 185041 773 169 790 857
Basisbevilgning 1 23 828 000 22 765 000
Diverse inntekter 896 928 350 393
Driftsinntekter 209 766 701 192 906 250
DRIFTSKOSTNADER
Lgnn og sosiale kostnader 2 -133 759 871 -125 672 421
Direkte prosjektkostnader -34 526 244 -26 766 770
Endring prosjekter i arbeid 8 -23 472 -1230520
Avskrivninger 3 -9612 203 -8034 333
Husleie, lys, brensel o.l. -6 621 282 -6 766 430
Forbruksmateriell, drift og vedlikehold -13 962 880 -14 881 024
Andre innkj@ps-, salgs- og adminstrasjonskostnader -7 523 554 -7 052 899
Driftskostnader -206 029 506 -190 404 397
DRIFTSRESULTAT 3737195 2501 853
FINANSINNTEKTER OG FINANSKOSTNADER
Resultat av investeringer i datterselskapet 5 -605 711 788 574
Renteinntekter 614 278 716 520
Kursgevinst 1601 832 2161223
Rentekostnader 4 -560 143 -457 094
Kurstap -3162 716 -1662 580
Netto resultat finansposter -2112 461 1546 643
ORDINZRT RESULTAT F@R SKATTEKOSTNAD 1624734 4048 496
Skattekostnad pa ordinzer resultat 6 1600 819 -37 579
ARSOVERSKUDD 3225553 4010917
DISPONERING AV ARSRESULTATET
Til annen egenkapital 11 3225553 4010917




Balansen

EIENDELER Note 31.12.2012 31.12.2011
Anleggsmidler

Immatrielle eiendeler:

Patenter 3 1182038 420 405
Utsatt skattefordel 6 44 161 384 42 560 565
Sum immatrielle eiendeler 45 343 422 42 980 970
Varige driftsmidler:

Forretningsbygg, Kjeller 3 20773 647 20628 170
Byggteknisk anlegg 3 6 146 089 5000 758
Birkenes-observatoriet 3 1966 992 2360 706
Instrumenter 3 15 845 808 14 622774
IKT-utstyr, programvare etc. 3 3340276 1397 497
Inventar 3 1101489 1017370
Biler 3 37 427 56 140
Sum varige driftsmidler 49 211 728 45 083 415
Finansielle anleggsmidler:

Investeringer i datterselskap 5 1917 223 2522934
Lan til datterselskap 7 10 860 131 1820000
Investeringer i CIENS-bygget, Oslo 5 5174727 5175 409
Investeringer i aksjer 5 1651890 1651890
Depositum/div. andeler 247 950 75 450
Sum finansielle anleggsmidler 19 851 921 11 245 683
Sum anleggsmidler 114 407 071 99 310 068
Omlgpsmidler

Prosjekter i arbeid 8 14 936 755 14 981 325
Kundefordringer 22 005 960 15637 939
Fordring pa konsernselskap 3769245 4 887 468
Andre kortsiktige fordringer 5999432 3571399
Bankinnskudd og kassebeholdning 9,10 64 729 429 42 216 992
Sum omlgpsmidler 111 440 821 81295123
SUM EIENDELER 224 847 892 180 605 190
EGENKAPITAL OG GJELD

Innbetalt egenkapital:

Grunnkapital 10 000 000 10 000 000
Opptjent egenkapital:

Annen egenkapital 11 95 357 450 99 776 489
Sum egenkapital 105 357 450 109 776 489
Gjeld

Langsiktig gjeld

Avsetning for forpliktelser:

Pensjonsforpliktelser 12 9980924 2 040403
Annen langsiktig gjeld:

Gjeld til kredittinstitusjon 13 10015474 10987 500
Sum langsiktig gjeld 19 996 398 13 027 903
Kortsiktig gjeld

Leverandgrgjeld 11 884 292 7734279
Forskudd fra oppdragsgivere 26 563 026 26 161 407
Forvaltningsprosjekt 10 39027079 1210520
Betalbar skatt 6 0 0
Skyldige offentlige avgifter 11 150712 11071071
Palppt feriepenger/lgnn 10 633 858 10967 245
Annen kortsiktig gjeld 1235077 656 276
Sum kortsiktig gjeld 100 494 044 57 800 798
Sum gjeld 120 490 442 70 828 701
SUM EGENKAPITAL OG GJELD 225 847 892 180 605 190
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Kontantstromanalyse

2012 2011
KONTANTSTR@M FRA OPERASJONELLE AKTIVITETER
Ordinzert resultat fgr skattekostnad 1624734 4048 496
Periodens betalte skatt 0 0
Ordinare avskrivninger 9612203 8034 333
Resultat i datterselskap 605 711 -788 574
Endring i prosjektbeholdning 44 570 1230520
Endring i kundefordringer -6 368 021 1301372
Endring fordring pa konsernselskap 1118 223 -4 335 366
Endring i leverandgrgjeld 4150013 -1498 107
Endring forskudd i prosjekter 401 619 525014
Endring forvaltningsprosjekter 37 816 559 0
Endring i pensjonsforpliktelse 295929 691 893
Endring i andre tidsavgrensninger -2102 978 4149 240
Netto kontantstrgm fra operasjonelle aktiviteter A 47 198 562 13 358 821
KONTANTSTR@M FRA INVESTERINGSAKTIVITETER
Utbetaling ved patentrettigheter -761 633 -420 405
Innbetaling vedrgrende CIENS-investering 682 0
Utbetaling ved investering i varige driftsmidler -13 740517 -14 706 445
Netto kontantstrgm fra investeringsaktiviteter B -14 501 468 -15 126 850
KONTANTSTR@M FRA FINANSIERINGSAKTIVITETER
@kt pantelan 0 2500 000
Utbetaling ved nedbetaling av langsiktig gjeld -972 026 -485 000
Innbetalt fra datterselskap 0 170000
@kt 1an i datterselskap -9.040 131 0
@kt depositum/div.andeler 172 500 3000
Netto kontantstrgm fra finansieringsaktiviteter c -10 184 657 -688 000
Netto endring i kontanter og bankinnskudd gjennom aret A+B+C 22 512 437 1949970
Beholdning av kontanter og bankinnskudd 1.1 42 216 992 40 267 022
Beholdning av kontanter og bankinnskudd 31.12 64 729 429 42 216 992




Noter til regnskapet 2012

Det er ikke utarbeidet konsernregnskap fordi aktiviteten i datterselskapet Innovation NILU AS er av mindre omfang. Aksjebesittelsen hos morselska-

pet er vurdert etter egenkapitalmetoden.

Arsregnskapet er satt opp etter regnskapsloven og god regnskapsskikk. Regnskapet er basert pa de grunnleggende prinsipper som historisk kost,
sammenlignbarhet, fortsatt drift og forsiktighet. Transaksjonene regnskapsfgres til verdien av vederlaget pa transaksjonstidspunktet. Inntekt inn-

tektsfgres nar den er opptjent.

Kundefordringer og andre fordringer oppfgres til palydende etter fradrag for avsetning til mulige tap. Avsetning til tap gjgres pa grunnlag av en
individuell vurdering av de enkelte fordringene. | tillegg gjgres en uspesifisert avsetning av kundefordringer for a dekke antatt tap. Den generelle

tapsavsetningen er pa 0,4 MNOK per 31.12.12.

NOTE 1 BASISBEVILGNING

2012 2011 2010 2009 2008
Grunnbevilgning 18 337 000 17 644 000 15 556 000 14 741 000 10543 000
Instituttprogrammer 5491 000 5121 000 5185 000 3 850 000 4797 000
Sum 23 828 000 22 765 000 20 741 000 18 591 000 15 340 000
NOTE 2 ANSATTE, GODTGJ@RELSE M.M.
2012 2011
Lgnn 105 826 180 100 238 291
Arbeidsgiveravgift 14 848 298 14 041919
Statens Pensjonskasse (SPK) 11 850 806 8 886 846
Andre personalkostnader 1234587 2 505 365
Sum lgnn og sosiale kostnader 133 759 871 125672 421
2012
Daglig leder mottok en samlet godtgjgrelse pa: 1100320
Det er utbetalt en samlet godtgjgrelse til styret pa: 269 200
Gjennomsnittlig antall ansatte: 180
Revisorhonorar gjelder kun revisjon (inkl avd. i Abu Dhabi): 154 951
NOTE 3 VARIGE DRIFTSMIDLER
Anskaffelses- Tilgang Avgang  Anskaffelses- Akkumulerte Arets ordin. Tilbakef. Akkumulerte Bokfgrt
kostnad i aret i aret kostnad avskrivn. avskrivn.  ved avgang. avskrivn. verdi,
01.01.2012 31.12.2012 01.01.2012 31.12.2012 31.12.2012
Forretningsbygg, Kjeller 76 796 987 145 477 0 76 942 464 56 168 817 0 0 56 168 817 20773 647
Byggteknisk anlegg 6623175 2029452 0 8652627 1622418 884 120 0 2506 538 6 146 089
Birkenes-observatoriet 3937137 0 0 3937137 1576431 393714 0 1970 145 1966 992
Instrumenter 93 804 167 7767 715 0 101571 883 79 181 394 6 544 681 0 85726 075 15 845 808
IKT, programvare etc 18 564 562 3477 887 0 22 042 449 17 167 065 1535108 0 18702 173 3340276
Inventar 6 705 704 319986 0 7 025 690 5688 333 235 867 0 5924200 1101 490
Biler i UAE 138 016 0 0 138 016 81876 18713 0 100 589 37427
Sum 206 569 748 13 740 517 0 220 310 265 161 486 334 9612 203 0 171 098 537 49 211728

Fra og med 01.01.09 avskrives ikke forretningsbygget pa Kjeller da markedsverdi er langt hgyere enn bokfgrt verdi. @vrige bygg avskrives arlig og
lineaert med 10 %, instrumenter med 20 %, IKT-utstyr med 25 %, programvare med 20 %, inventar med 12,5 % og biler med 25 %.

1 2012 er det investert i patentrettigheter med kr 761 633 mot kr 420 405 i 2011. Patentrettighetene vil bli kostnadsfgrt over 5 ar nar investerin-

gene er ferdigstilt.

NOTE 4 RENTEKOSTNAD

Rentekostnadene gjelder hovedsakelig panteldn.



NOTE 5 AKSJER

Innovation NILU AS er heleid av NILU med kr 750 000 i aksjekapital. Egenkapital i Innovation NILU AS var 31.12.2012 kr 1 917 223 mot kr 2 522 933
pr. 31.12.2011. Arsunderskuddet pa kr 605 711 er kostnadsfgrt i morselskapet.

NILU har pr. 31.12.2012 aksjer i fglgende selskaper:

Aksjekapital Antall aksjer eid Palydende pr.aksje Bokfgrt
Kjeller Innovasjon AS 8 830 399 32 856 100 1585990
Miljgalliansen AS 150 000 30 1000 30000
Diverse mindre aksjeposter 35900
Sum 1651890

NILU har investert via CIENS Eiendom KS en eierandel pa 6,5 % i CIENS-bygget pa Blindern.

NOTE 6 SKATTER

NILU har siden stiftelsen ikke blitt betraktet som skattepliktig. Skattemyndighetene har i de siste arene begynt a skattlegge forskningsselskaper og
NILU har fatt vedtak om skatteplikt. NILU ble i 2007 palagt a levere selvangivelse for 2006 og har siden sendt inn selvangivelse.

Grunnlag for arets skatter er:

Resultat fgr skattekostnad 1624734
Inntektsfgrt SkatteFUNN for 2012 -121762
Resultatfgrt underskudd i datterselskap 605 711
Ikke fradragsberettiget kostnader 59 329
Endring i forskjell mellom regnskaps- og skattemessig verdier pa varige driftsmidler -6 218 180
Endring i pensjonsforpliktelse 295929
Redusert nedskrivning prosjekter i arbeid 124 589
Skattemessig underskudd i Ciens Eiendom KS -240 630
Arets skattegrunnlag = underskudd til fremfgring -3 870280
Ligningsmessig underskudd til fremfgring fra tidligere ar -34 434 219
Ligningsmessig underskudd for 2012 -3870280
Akkumulert ligningsmessig underskudd til fremfgring -38 304 499
Arets inntekstfgrte skatt bestar av:
Endring utsatt skattefordel 1600 819
Utsatt skattefordel framkommer som fglger:

01.01.2012 31.12.2012 Endring
Varige driftsmidler 110267 795 104 049 615 6218 180
Pensjonsforpliktelse 2 040 403 9980924 -7 940 521
Prosjektbeholdning 3359 600 3484189 -124 589
Kundefordringer 400 000 400 000 0
Ciens Eiendom KS 1500 000 1500 000 0
Underskudd til fremfgring 34434219 38304 499 -3870280
Grunnlag utsatt skattefordel 152 002 017 157 719 227 -5717 210
Utsatt skattefordel = 28 % 42 560 565 44 161 384 -1 600 819

NOTE 7 LAN TIL DATTERSELSKAP

Morselskapet hadde et |an pr. 01.01.12 pa kr 1 820 000 til Innovation NILU AS i forbindelse med aksjekjgp. Lanet er gkt pr. 31.12.12 til kr 10 860 131
for a finansiere datterselskapets deltagelse i emisjoner i underliggende selskap (Nicarnica AS) i 2012. Den gkte andelen av lanet renteberegnes og
renten er lagt til i balansesummen.




NOTE 8 PROSJEKTER | ARBEID

Verdien av prosjekter i arbeid bestar av utfgrt prosjektarbeid som ikke er fakturert ved arets slutt. Hvert enkelt prosjekt er vurdert med hensyn til
risiko for overskridelse og det er foretatt ngdvendig nedskrivning. | tillegg er det som i tidligere ar foretatt en generell nedskrivning.

2012 2011
Fakturerbar verdi 18 420944 18 340 925
Generell nedskrivning -3484 189 -3359 600
Sum prosjekter i arbeid 14 936 755 14 981 325
Generell nedskrivning i % 19% 18 %
NOTE 9 BUNDNE MIDLER
Av bankinnskudd er kr 4 551 383 bundet til skattetrekk og depositum.
NOTE 10 FORVALTNINGSMIDLER

2012 2011
Omlgpsmidler:
Bankinnskudd og kassebeholdning 64 729 429 42216 992
— herav forvaltningsmidler 39027079 1210520
Kortsiktig gjeld:
Forvaltningsprosjekt (kortsiktig gjeld) 39027 079 1210520
NOTE 11 ANNEN EGENKAPITAL

2012 2011
Annen egenkapital pr. 01.01. 99 776 489 98 542 534
Prinsippendring pensjonsmidler -7 644 592 -2776 962
Arets resultat 3225553 4010917
Annen egenkapital pr. 31.12. 95 357 450 99 776 489

NOTE 12 PENSJONSFORPLIKTELSE

Selskapets pensjonsforpliktelse dekkes via Statens Pensjonskasse (SPK) som alle ansatte i Norge er medlem i. De lokalt ansatte i NILUs avdeling i Abu
Dhabi har en lokal avtale hvor det avsettes et kombinert slutt-/pensjonsvederlag som utbetales ved arbeidsavtalens opphagr.

31.12.2012 31.12.2011
Brutto palgpte pensjonsforpliktelser -243 154 355 -248 494 716
Pensjonsmidler 177 534 868 164 070 576
Ikke resultatfgrte estimatendringer 65 619 486 84 337 489
Forsikret pensjonsforpliktelser i Norge -1 -86 651
Avsatt pensjonsforpliktelse i Abu Dhabi -2 249 681 -1953 752
Balansefgrte netto pensjonsmidler -2 249 682 -2 040 403

| forbindelse med innfgring av gjeldende regnskapslov har selskapet beregnet sin netto pensjonsforpliktelse etter ny norsk regnskapsstandard. Ak-
tuarberegningen er utfgrt av Statens Pensjonskasse og bygger pa forventet avkastning 5 %, diskonterings-rente pd 4 %, arlig Ignnsvekst 4 % og arlig
G-regulering pa 3 %.

SPK fakturerer Igpende arets pensjonspremie som er kostnadsfgrt, jfr. note 2. Ved aktuarberegningen av pensjonsforpliktelsen ovenfor har bereg-
ningene fra SPK vist store variasjoner fra ar til ar. Siden det er knyttet usikkerhet til disse beregningen er arets endring i pensjonsforpliktelsen som i
2011 fgrt direkte mot annen egenkapital, jfr. note 11.

NOTE 13 PANTSTILLELSER - NEDBETALING AV LAN

Av selskapets gjeld er kr 10 015 474 sikret med pant i forretningsbygget pa Kjeller som pr. 31.12.2012 hadde en bokfgrt verdi pa kr 20 628 170. Et
eldre 1an er pr. 31.12.12 pa kr 8 003 411 og nedbetales med halvarlige avdrag frem til 30.06.2030. Selskapet tok opp et nytt 1an i 2011 som er pa kr 2
012 063 pr. 31.12.12. Lanet nedbetales med halvarlige fradrag frem til 30.11.2016.
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Revisors beretning

Uttalelse om arsregnskapet

Jeg har revidert arsregnskapet for Stiftelsen Norsk institutt for luftforskning, som bestar av balanse pr. 31. desember 2012, resul-
tatregnskap som viser overskudd pa kr 3.225.553,- og kontantstrgmoppstilling for regnskapsaret avsluttet pr. denne datoen, og en
beskrivelse av vesentlige anvendte regnskapsprinsipper og andre noteopplysninger.

Styret og daglig leders ansvar for drsregnskapet

Styret og daglig leder er ansvarlig for & utarbeide arsregnskapet og for at det gir et rettvisende bilde i samsvar med regnskapslovens
regler og god regnskapsskikk i Norge, og for slik intern kontroll som styret og daglig leder finner ngdvendig for @ muliggjgre utarbei-
delsen av et arsregnskap som ikke inneholder vesentlig feilinformasjon, verken som fglge av misligheter eller feil.

Revisors oppgaver og plikter

Min oppgave er a gi uttrykk for en mening om dette arsregnskapet pa bakgrunn av min revisjon. Jeg har gjennomfgrt revisjonen i
samsvar med lov, forskrift og god revisjonsskikk i Norge, herunder International Standards on Auditing. Revisjonsstandardene krever
at jeg etterlever etiske krav og planlegger og gjennomfgrer revisjonen for @ oppna betryggende sikkerhet for at arsregnskapet ikke
inneholder vesentlig feilinformasjon.

En revisjon innebaerer utfgrelse av handlinger for a innhente revisjonsbevis for belgpene og opplysningene i arsregnskapet. De valgte
handlingene avhenger av revisors skjgnn, herunder vurderingen av risikoene for at arsregnskapet inneholder vesentlig feilinforma-
sjon, enten det skyldes misligheter eller feil. Ved en slik risikovurdering tar revisor hensyn til den interne kontrollen som er relevant
for selskapets utarbeidelse av et arsregnskap som gir et rettvisende bilde. Formalet er a utforme revisjonshandlinger som er hensikts-
messige etter omstendighetene, men ikke for a gi uttrykk for en mening om effektiviteten av selskapets interne kontroll. En revisjon
omfatter ogsa en vurdering av om de anvendte regnskapsprinsippene er hensiktsmessige og om regnskapsestimatene utarbeidet av
ledelsen er rimelige, samt en vurdering av den samlede presentasjonen av arsregnskapet.

Etter min oppfatning er innhentet revisjonsbevis tilstrekkelig og hensiktsmessig som grunnlag for min konklusjon.

Konklusjon

Etter min mening er arsregnskapet avgitt i samsvar med lov og forskrifter og gir et rettvisende bilde av den finansielle stillingen til
Stiftelsen Norsk institutt for luftforskning pr. 31. desember 2012 og av resultater for regnskapsaret som ble avsluttet per denne datoen
i samsvar med regnskapslovens regler og god regnskapsskikk i Norge.

Uttalelse om gvrige forhold

Konklusjon om drsberetningen
Basert pa min revisjon av arsregnskapet som beskrevet ovenfor, mener jeg at opplysningene i arsberetningen om arsregnskapet, for-
utsetningen om fortsatt drift er konsistente med arsregnskapet og er i samsvar med lov og forskrifter.

Konklusjon om registrering og dokumentasjon

Basert pa min revisjon av arsregnskapet som beskrevet ovenfor, og kontrollhandlinger jeg har funnet ngdvendig i henhold til interna-
sjonal standard for attestasjonsoppdrag (ISAE) 3000 «Attestasjonsoppdrag som ikke er revisjon eller begrenset revisjon av historisk
finansiell informasjon», mener jeg at ledelsen har oppfylt sin plikt til & sgrge for ordentlig og oversiktlig registrering og dokumentasjon
av selskapets regnskapsopplysninger i samsvar med lov og god bokfgringsskikk i Norge.

Konklusjon om forvaltning
Basert pa min revisjon av arsregnskapet som beskrevet ovenfor, og kontrollhandlinger jeg har funnet ngdvendige i henhold til in-

ternasjonal standard for attestasjonsoppdrag (ISAE) 3000, mener jeg stiftelsen er forvaltet i samsvar med lov, stiftelsens formal og
vedtektene for gvrig.

Oslo, 29. april 2013

A

Helge Thorvik
Statsautorisert revisor
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