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The accidents in Chernobyl and Fukushima as well
as several minor incidents at nuclear waste treatment plants and with nuclear submarines have
shown that nuclear operations have their risks. In
the case of Chernobyl and Fukushima, these accidents have shown that the radioactive substances
may be transported long distances through the
atmosphere, oceans and across national borders. A
functional collaboration network between relevant
radiation protection and monitoring organisations
in neighbouring countries is vital in responding to
any accident that results in wide-spread radioactive contamination. The organisations also need to
maintain a comprehensive picture of the current
environmental state during normal radiological
situations. Emergency preparations should include
regional risk assessments and ensuring that the
general public, national and regional authorities
and other stakeholders are provided with accurate
and necessary information with regard to environmental radioactivity, radiation risks and responses
during accidents.

CEEPRA – Collaboration Network on EuroArctic Environmental Radiation Protection and
Research – is a network of national research institutions and authorities working with radioactivityrelated issues in the arctic and sub-arctic areas of
Finland, Norway and north-western Russia. The
institutions and authorities acting in the CEEPRA
Network are:
•• The Radiation and Nuclear Safety Authority
in Finland (STUK) / Regional Laboratory of
Northern Finland, Rovaniemi, Finland
•• Murmansk Marine Biological Institute of the
Kola Science Centre of the Russian Academy
of Sciences (MMBI KSC RAS), Murmansk,
Russia
•• Norwegian Radiation Protection Authority
(NRPA) / Section High North, Tromsø and
Svanhovd, Norway
•• Finnish Meteorological Institute / Arctic Research Centre (FMI-ARC), Sodankylä, Finland
•• Pöyry Finland Oy, Oulu and Rovaniemi,
Finland

The CEEPRA project area.
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CEEPRA network was formed during a 3-year
project, also called as CEEPRA. The project was
targeted to monitor the current status of radioactivity in northern environments, to improve emergency preparedness capabilities in the region and
to increase public knowledge with respect to radioactivity-related issues in the arctic and sub-arctic
areas of Finland, Russia and Norway. During the
implementation period from March 2011 to March
2014, the project fulfilled these targets. The project
partners established the CEEPRA network that
will remain functional also in the future, when
project partners continue the exchange of information and sharing knowledge. New cooperation projects based on the work done and connections formed
during CEEPRA are under planning, and it is also
possible that new partners from Nordic countries
and Russia will be invited to join the CEEPRA.

Objectives and implementation
of the CEEPRA project
The project had three main objectives:
1. Establishing a collaboration network in the
EuroArctic region.
2. Improving the cross-border cooperation between
organisations and stakeholders in the project area.
3. Increasing public awareness and knowledge
with respect to nuclear safety, emergency
preparedness and environmental radioactivity.
Specific objectives included:
1. Improving cross-border exchange of knowledge
and skills.
2. Improving the techniques and problem-solving
skills related to radiation protection and
research.
3. Improving emergency preparedness.
4. Improving risk assessments of potential nuclear
accidents with regard to arctic regions.
5. Gaining more information about the radionuclide concentrations, their behaviour and occurrence in the northern environment.
6. Increasing the awareness of the general public and
stakeholders across the region of radiation protection, emergency preparedness, environmental
radioactivity and associated risks and challenges.

2

The project activities were divided into five interrelated Work Packages (WP). All the involved
organisations had a role in each WP, but the lead
of each WP was given to a different organisation.
STUK was the project leader and coordinated the
activities in all Work Packages.
The Work Packages were:
•• WP 1: Terrestrial environment
•• WP 2: Marine environment
•• WP 3: Atmosphere
•• WP 4: Social impacts
•• WP 5: Public awareness

Funding
CEEPRA project was funded by EU and acted
under the Kolarctic ENPI CBC programme
(European Neighbourhood Partnership Instrument
/ Cross-Border Cooperation). The ENPI programme
was implemented on the external borders of the
EU and provided funding for projects in the arctic
regions of Finland, Sweden and Norway as well
as in Murmansk and Arkhangelsk in Russia. The
overall aim of the programme was to encourage
the countries within the programme area to
develop their cross-border economic, social and
environmental potential and reduce problems
related to the peripheral location of the regions.
The programme period of Kolarctic ENPI CBC
was 2007 – 2013. In Norway the Kolarctic ENPI
CBC program support and funding was done by
the Kolarctic Norge.
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The network has also two associates:
•• Norwegian Meteorological Institute (MET),
Oslo, Norway
•• Southern Scientific Centre of Russian Academy
of Sciences (SSC RAS), Rostov-on-Don, Russia
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Radioactivity in northern
environments
The radioactive substances commonly found in
arctic or sub-arctic natural environments can be
of natural origin or anthropogenic, i.e. originating
from man-made sources. Naturally-occurring radionuclides can also be found as elevated concentrations because of human activities like mining and
oil or gas drilling.

Natural radioactivity
Radioactive substances of natural origin are found
everywhere in our environment. So called primordial radionuclides have been present on the Earth
since it was formed. The most abundant of them
are uranium isotope 238U and thorium isotope
232
Th with their decay products, though there are
remarkable variations in their activity concentrations from place to place, depending on the
prevailing rock type in the area. (AMAP 2009)
Radon isotope 222Rn, one of the main contributors to the natural radioactive exposure of population, belongs to the decay series of 238U. Although
it’s half-life is quite short (3.8 days), it may be
present in elevated concentrations in dwellings on
regions where the uranium content of the bedrock
is high. Globally, the highest indoor radon concentrations have been measured in Finland, where
both cold climate, properties of buildings and
prevailing earth type are favouring the accumulation of indoor radon. Radon does not cause any
immediate health effects, but working or living in
buildings with elevated concentrations of indoor
radon increases the risk of getting lung cancer.
(AMAP 2009; Pöllänen 2003)
In the areas where bedrock contains uranium,
both the parent nuclide 238U and its daughters like
radon isotopes 222Rn and 226Rn are commonly found
in groundwater. Similarly as with indoor radon, in
Finland the concentrations of 222Rn in water are
relatively high when compared to other European
countries. If radionuclide-containing groundwater
is used as a water source for communal waterworks, the radionuclides are mostly removed
during the water treatment processes and their
concentrations in water used by households only
rarely exceed the limit values. In privately used
wells where the water is taken for household use
as untreated, especially 222Rn can be a problem.

(Mäkeläinen et al. 2001; Pöllänen 2003; Salonen
1994; Vesterbacka et al. 2005)
222
Rn in drinking water does not cause any
acute or direct health risks, but it is connected
with increased risk of stomach cancer. There is
no direct evidence that increased concentrations
of other radionuclides in drinking water would
cause cancer, but they may be affecting in the
background of some cancer types. Uranium is also
chemically toxic and may be harmful on kidneys,
but no clear limit levels or direct health troubles
have been proven. (Kurttio et al. 2005; Kurttio et
al. 2006; Pöllänen 2003)
The relatively long-living isotopes of polonium
210
Po and lead 210Pb are also daughters of 238U.
They can be found in some edible natural products like berries and mushrooms, but normally
their concentrations are low and not causing
radiation risks to population. Also some other
natural radionuclides like potassium isotope 40K
are enriched in foodstuffs, causing a part of the
normal annual radiation exposure that can not be
avoided. (AMAP 2009; Pöllänen 2003; Turtiainen
et al. 2013; Vaaramaa et al. 2009; Vaaramaa et
al. 2010)
Cosmogenic radiation produces continually the
radioactive isotopes of e.g. beryllium (7Be and 10Be),
hydrogen (3H), carbon (14C) and sodium (22Na) in
the atmosphere. They behave chemically just like
the non-radioactive elements and participate in the
natural cycles with them. The most abundant of
these is 14C that exists mainly as carbon dioxide,
and through the intake of plants it is transferred
to food webs and spread practically in all living
tissues, also in humans. 7Be activity concentrations in lower atmosphere have clear seasonal and
geographical variations, and are dependent on
solar activity and local climate conditions as well.
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The cosmogenic radionuclides are causing only a
minor part of the annual natural radiation exposure of humans. (Leppänen et al. 2010; Leppänen
& Paatero 2013; Pöllänen 2003)

Anthropogenic radionuclides
One of the main contributors to the anthropogenic
radionuclides in nature were nuclear weapons tests
conducted in the atmosphere in 1945 – 1980. Each
of the more than 500 tests caused an unrestrained
release of remarkable quantities of radionuclides
that at first were dispersed in the atmosphere
and then deposited on the Earth’s surface. 91 of
the tests were made by the former Soviet Union at
Novaya Zemlya, causing remarkable depositions of
caesium isotope 137Cs and strontium isotope 90Sr
on the Nordic countries and north-western parts
of Russia. It is estimated that the mean fallouts in
the regions of Troms, Finnmark, Northern Finland
and Murmansk Oblast were 1.6 – 2.5 kBq /m2 for
137
Cs and 1.0 – 1.6 kBq /m2 for 90Sr. The doses caused
by these nuclear weapons tests were greatest in
1960s, and since then, they have been decreasing.
137
Cs with a half-life of 30 years and 90Sr with
a half-life of 29 years are nowadays the main
contributors of the nuclear weapons test derived
exposure. (Gwynn et al. 2013; UNSCEAR 2000)
The Chernobyl accident in 1986 caused the
highest exposures in the vicinity of the reactor,
but depositions were observed through Europe
and all the way to the Arctic areas. Because of
the weather conditions in the time of the accident,
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the fallout plume travelled at first towards north
across Europe, and then turned east to Russia.
Southern and central parts of Finland and central
parts of Norway and Sweden received remarkable
amounts of deposition. Finnish Lapland received
less radioactive contamination than other parts
of the country, but increased levels of 137Cs were
found e.g. in lichens and reindeer meat in the reindeer herding areas of Fennoscandia. (Arvela et
al. 1990; Lehto et al. 2008; Leppänen et al. 2011;
Rissanen & Rahola 1989; Rissanen & Rahola 1990;
Skuterud et al. 2005; Skuterud et al. 2009; Åhman
& Åhman 1994; Åhman et al. 2001).
Also the reactor damage in Fukushima Dai-ichi
Nuclear Power Plant after the great earthquake
and tsunami in Japan in March 2011 caused trace
emissions in Europe, although it did not endanger
the radiation safety of the area (Masson et al. 2011).
In the EuroArctic area there exist several
potential sources of anthropogenic radionuclides.
Nuclear power plants are sources of minor atmospheric releases also during their normal operation
cycles. Nuclear reprocessing facilities in England
(Sellafield) and in France (La Hague) have had
planned discharges that have been transported via
sea currents into the Arctic marine environments.
They are also susceptible for accidental releases as
well as nuclear waste and radionuclide storages
e.g. in Kola Peninsula. Several dumped nuclear
waste containers and sunken nuclear submarines
in the Barents Sea may leak and contaminate
marine environments. (AMAP 2009) In Finland
a new nuclear reactor is currently under building
in Olkiluoto Nuclear Power Plant (NPP), and
there are plans for two new NPPs in the coast of
Northern Ostrobothnia.
Spent nuclear fuel is transported for reprocessing and storage along the Norwegian coastline.
It is possible that in the future there will be new
transport routes along the northern Russian coastline, and accidents can happen where their cargo is
leaked into the sea. Actually, all traffic on the arctic
seas increases risks of nuclear accidents: during
winters all ships need the help of icebreakers, and
several of these are nuclear-powered. In Russia,
there are plans for building floating nuclear power
plants (FNPPs) that would be located in the arctic
sea areas to provide electricity for oil and gas
drilling platforms or for coastal cities in remote
areas. FNPPs would increase both the number
of nuclear reactors and the transport of nuclear
materials on the arctic sea areas. (AMAP 2009)
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Technically enhanced naturally
occurring radioactive materials
Naturally occurring radioactive materials
(NORMs) are radioactive substances normally
found in nature. When their concentrations are
increased from their natural levels because of
human activities, they can be called as technologically enhanced naturally occurring radioactive materials (TENORMs). TENORMs are
caused by e.g. mining, refinement processes of
ores, energy production and oil and gas drilling.
TENORM-producing industries commonly need
large amounts of raw materials and, as a consequence, produce large amounts of TENORMcontaining wastes. TENORMs can be an important local source of radiation exposure. In the
EuroArctic area the existing TENORM sources
include e.g. oil and gas fields in the Norwegian
Sea, several mines in Northern Finland
and Russia, and coal mining in Greenland.
(AMAP 2009) Possible future sources would
be new mines that now are in planning stage
in Finland, and oil and gas production in the
Barents and Arctic Seas.

Radiation protection and monitoring
on the EuroArctic areas
The EuroArctic area extends over five states:
Finland, Sweden, Norway, Greenland (Denmark)
and Russia. They all have their national legislations in what comes to radiation and environmental protection, and with the exception of some
international norms, there are no common rules
that would bind all countries. (AMAP 2009)
The organisations involved in the CEEPRA
project have a long history in radiation monitoring
in their own areas, and experience in international
and bilateral cooperation.

Finland
Radiation levels of Finnish nature have been
monitored since 1958, when the predecessor of
the Radiation and Nuclear Safety Authority in
Finland (STUK) was established. Lapland became
a study target in 1960s, when it was noticed that
the fallout from nuclear weapons testings caused
remarkable radionuclide activity concentrations in
lichens and further in reindeer meat and in reindeer herders. The research station in Rovaniemi,
nowadays known as the Regional Laboratory

of Northern Finland, began its work in 1970.
(Rissanen 1989)
Nowadays, the Regional Laboratory of Northern
Finland monitors annually the activity concentrations of edible natural products like berries, mushrooms, fish, reindeer and game in Lapland, and
conducts radioactivity measurements of natural
waters and vegetation. It participates in several
national and international projects and environmental assessments by collecting and measuring
environmental samples within the scope of these
projects. Radionuclides in lower atmosphere and in
deposition in Lapland are monitored by collecting
aerosol and deposition samples from Rovaniemi,
Sodankylä and Ivalo. (AMAP 2009; STUK)
Besides of compiling weather forecasts, The
Finnish Meteorological Institute is active in
numerical modelling of atmospheric processes.
These models can be used also to forecast how the
spreading of radioactive plumes depends on weather
conditions and seasonal changes. The Arctic
Research Center is focused on the environmental
effects of human activities in Arctic areas. (FMI)
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Pöyry Finland Oy is a consulting and engineering
company that was established in the end of 1950s,
and since then, has grown to be an international
actor in the energy and industrial sectors. It has
offices in several cities in Finland, the two northernmost of them in Oulu and in Rovaniemi. The
Rovaniemi office is focused on mining industry,
tourism and regional development. The Oulu office
has several areas of interest, e.g. environmental
research and consulting services. Environmental
impact assessments of many mining areas under
planning in Northern Finland are made by Pöyry
offices. (Pöyry)

Russia
The Murmansk Marine Biological Institute in Kola
Scientific Centre of Russian Academy of Sciences
(MMBI KSC RAS) has been researching the radiation levels of sea water and marine biota in the
Barents and Arctic Seas as well as on coastal areas
of Kola Peninsula and Novaya Zemlya for decades.
It has also conducted some environmental sampling
(e.g. berries) in Murmansk Oblast. (CEEPRA)

Norway
The Norwegian Radiation Protection Authority
(NRPA) was created in 1993 from the former
Nuclear Energy Safety Authority. It has been
monitoring the radioactive contamination of
foodstuffs and edible natural products since the
Chernobyl accident. Norwegian fish have been
monitored since 1993, and sea water, sediments
and marine biota since 1999. A terrestrial monitoring programme was started in 2001. Section
High North of NRPA has offices in Troms and
in Svanhovd (Finnmark). Ten of the atmospheric
monitoring stations and three of the aerosol
samplers of NRPA are located north from the Polar
Circle. (AMAP 2009; NRPA)
In Norway, the Norwegian Meteorological
Institute (MET) together with climatological
observations develops models that could be used
for prognosis of atmospheric dispersion processes
in the case of accidents involving radioactivity in
the region.

Co-operation between CEEPRA
nations on radiation protection
Co-operation between Finland and Norway as well
as between other Nordic countries was started in
1960s and 1970s, when Nordiska Sällskapet för
Strålskydd (NSFS, Nordic Society for Radiation
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Protection), Radioactivity in Scandinavia (RIS)
and Nordisk Kärnsäkerhetsforskning (NKS,
Nordic Nuclear Safety Research) were established.
NKS is still an important actor and e.g. a funder of
radiation-related research projects in Nordic countries. Nations in northern parts of Europe have
been participating in the globally acting Arctic
Monitoring and Assessment Programme (AMAP)
since 1990s. (Hoffman 2008)
Finland and Russia have a long common border,
and several Russian nuclear power plants as
well as sites of storage and treatment of nuclear
waste are in the vicinity of Finland. Co-operation
between Finland and former Soviet Union (SU)
was started when the reactor for Loviisa NPP was
ordered from SU. Another natural field of collaboration was found from the monitoring and research
of the state of the Baltic Sea. The Chernobyl accident in 1986 proved the importance of functional
co-operation between the Western and EastEuropean countries and strengthened it. (Hoffman
2008)
STUK has been participating in both bilateral
and international projects aiming to enhance the
security of Russian nuclear power plants and to
clear out the security risks of old Russian nuclear
vessels and nuclear waste storage sites in the Kola
Peninsula. In the beginning of 1990s and in 2000s,
the Regional Laboratory of Northern Finland has
been participating in international expeditions
on the arctic sea areas of Russia, during which
samples were collected from the marine environments, from Kola Peninsula and from the islands
of Northern Russia. MMBI has been hosting these
expeditions. (Hoffman 2008)
The Russian-Norwegian cooperation in the
sphere of environmental protection was established
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in the 1990’s. To ensure nuclear safety and radiation protection in the north, a joint NorwegianRussian Expert Group was established in 1992
under the Joint Norwegian-Russian Commission
on Environmental Protection (Hønneland & Rowe,
2008; Rus.-Nor. Coop., 2007). To strengthen the
co-operation between Norway and Russia in the
nuclear safety field, the Norwegian government’s
Nuclear Action Plan was initiated in 1995 and
revised in 2013. For its execution the NRPA serves
as the directorate for the Ministry of Foreign
Affairs. The Nuclear Action Plan contributes to
reduce the risk of accidents and pollution from
nuclear installations in Northwest Russia and
prevent radioactive and fissile material from going
astray. (Action plan, 2009). NRPA has several
bilateral collaboration with a number of Russian
governmental agencies, supervisory authorities,
research institutions (incl. MMBI) in the area of

nuclear safety, radiation protection, preparedness
and environmental monitoring (Rus.-Nor. Coop.,
2007).
Because of the agreements between Nordic
countries, the borders between Finland and
Norway are easy to cross, and the customs formalities are light. Border-crossing between Russia
and its neighbours normally takes more time,
and documentation is required for transportation of research equipment and collected samples.
Generally, tripartite cooperation between Finland,
Russia and Norway has been scarce even though
Lapland, Finnmark and Murmansk Oblast have
common borders and combined wilderness areas.
The northern parts of Finland and Norway and the
Kola area in Russia have resembling climate and
natural conditions, and also some shared environmental and socio-economical challenges as remote
and sparsely populated regions.
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Terrestrial environment
The leader of the Terrestrial Environment Work
Package (WP 1) was the Norwegian Radiation
Protection Authority, NRPA. The WP focused on
terrestrial radioactivity, arctic freshwater ecosystems and food chain studies in Finland, Norway
and Russia.
The participating Finnish, Russian and
Norwegian laboratories have been monitoring the
radioactivity in the arctic environment for decades.
In the CEEPRA project particular attention was
paid to the radioactivity in wild edible berries,
mushrooms and freshwater fish. From the radiation
protection standpoint, the most important artificial
radioactive substances in the terrestrial environment are the caesium isotope 137Cs and the strontium isotope 90Sr. In the northern natural environ-

ment special attention is paid on the levels of 137Cs
as it easily concentrates up the food chain (such as
lichen-reindeer-man). At the moment, the levels of
both caesium and other radioactive substances in
the northern natural environment are low.
The limits for radioactivity in commercial foodstuffs are nationally regulated. The table below
gives the activity concentration limits of 137Cs for
domestic and foreign commercial foodstuffs in
Finland, Russia and Norway. There are different
(higher) limits for the emergency cases. Eating
foodstuff with activity concentrations over the
given limits does not cause any immediate health
risks, but the risk of getting cancer increases
together with the level of radiation exposure (Evira
2013; Pöllänen 2003).

National activity limits for 137Cs in commercial edible products and drinking water.
Finland

Russia

Norway

Berries (wild)

600 Bq / kg f.w.1

160 Bq / kg f.w.3

600 Bq / kg 5

Mushrooms

600 Bq / kg f.w.1

500 Bq / kg f.w.3

600 Bq / kg 5

Reindeer, game and wild animals

600 Bq / kg f.w.1

300 Bq / kg f.w.3

3000 Bq / kg 5

Livestock (pork, beef, mutton)

600 Bq / kg f.w.1

200 Bq / kg f.w.3

600 Bq / kg 5

Poultry and wild birds

600 Bq / kg f.w.1

No specific limit3

600 Bq / kg 5

Freshwater fish

600 Bq / kg f.w.1

130 Bq / kg f.w.3

3000 Bq / kg 5

Marine fish

600 Bq / kg f.w.1

130 Bq / kg f.w.3

600 Bq / kg 5

Milk

370 Bq / kg1

100 Bq / kg f.w.3

370 Bq / kg 5,6

Drinking water

No specific limit 2

Fruits

600 Bq / kg f.w.1

Vegetables

600 Bq / kg f.w.1

11 Bq / kg 4
No specific limit 3
80 Bq / kg f.w.3

No specific limit 7
600 Bq / kg 5
600 Bq / kg 5

1

The Finnish limit of 600 Bq / kg fresh weight (f. w.) for edible products is based on the Regulations 733 / 2008 and 1048 / 2009 of
the Council of the European Union, and the recommendation 2003 / 274 / Euratom of the Council of the European Union.

2

The total dose limit is 0.1 mSv / year, incl Cs. The limits for radon, tritium and
98 / 83 / EC and the Decree 461 / 2000 of the Ministry of Social affairs and Health.

3

Sanitary regulations and standards 2.3.2.1078-01.

4

Standards of radiation safety 99 / 2009.

5

Limits are applied both for fresh and dried products.

6

Includes also baby food.

7

The total dose limit is 0.1 mSv/year for all radionuclides, incl. Cs.

8

40

K are regulated separately. Council Directive
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Berry and soil sampling and comparison of sampling methodologies in Sortbryttstjern. Images: STUK and NRPA.
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Results of 137Cs analyses of Svanhovd soil and bilberry samples. Graphs: NRPA (Unpublished data).

Comparing field and laboratory
methods and monitoring the
quality of measurements
One of the main objectives of WP 1 was to compare
the sampling procedures and laboratory methodologies of the participating countries, share experiences and establish practices for comparing the
data and results obtained by the different countries.
In 2011–2013, the laboratories of STUK (Rova
niemi), MMBI (Murmansk) and NRPA (Tromsø
and Svanhovd) collected environmental samples
(berries, mushrooms, lichen, soil and fresh-water
fish) in their respective areas and compiled a
report describing terrestrial sampling and laboratory procedures used in each country.
In 2012, researchers from the four partner
laboratories attended a joint sampling trip in the
Sortbryttstjern area in the Finnmark region of

Norway. The participants had an opportunity to
compare their respective sampling procedures,
instruments and field analysis methodologies.
Each laboratory took their berry, mushroom and
soil samples back home for analysis, and when the
radiological measurements were done, the results
of each were compared. Overall, the measured data
showed a good correspondence between partner
laboratories. On the results of the joint field work
an assessment report was produced where strategies for future collaboration were also discussed.
In 2011, all the participating laboratories
attended an international Environmental Radio
activity Proficiency Test Exercise organized by the
National Physical Laboratory in the UK with the
objective of assessing the quality and proficiency
of radiological measurements of environmental
samples. Each laboratory showed a good performance and successfully passed the test.
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Radioactivity in the terrestrial
environment in the Euro-Arctic region
To assess current environmental radioactivity
levels across Finnish Lapland, Murmansk Oblast
and Troms and Finnmark, environmental samples
collected in each country in 2011 – 2012 were analysed and results compared. The results showed
that the levels of artificial radioactive substances
in the terrestrial environment are generally low,
but there are marked differences in the radioactivity between the species and the sampling
areas, even within one sampling site. However,
the activity concentrations of 137Cs in all berry
and mushroom samples from Lapland, Kola
Peninsula and northern Norway remained below
the national limit values for food. The levels of
137
Cs in freshwater fish from Finland and Norway
are well below the national limits set in these
countries.

Cs contents of mushrooms and berries were
measured from dried samples, and for practical
reasons, the results are given as Bq/  kg dry weight.
Dry matter contents of mushrooms and berries are
varied and dependent on various factors, e.g. the
exact species, the features of their growing sites and
weather conditions during the growing period and
before picking. Normally their dry matter contents
are 6 – 14%, and a rough estimate for average dry
matter content for both berries and mushrooms
is 10%. Based on the average dry matter content
of 10%, the approximated 137Cs activity concentrations presented in the graphs would vary in
fresh mushrooms from less than 10 Bq/ kg f.w.
for orange birch bolete of Northwest Russia to
around 140 Bq/ kg f.w. for red-banded webcap of
Northern Norway. Similarly, the 137Cs activity
concentrations in berries would be from 2 Bq/ kg
f.w. for bilberry of Northwest Russia to a little over
20 Bq/ kg f.w. for cloudberry of Northern Finland.
137
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Cs in mushroom and berry samples from Northern Norway, Northwest Russia and Northern Finland. Graphs: NRPA (Unpublished data).

137

Mushrooms sampled by STUK.
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Berries sampled by NRPA. Images: A. Nalbandyan.

The national limits for 137Cs in commercial foodstuffs in Finland and Russia are given for fresh
weight. When they are applied for dried products,
the activity concentrations of products have to
be converted from dry to fresh weight. With the
approximation of 10% dry matter content, all the
mushroom and berry samples would stay below
the limits. In Norway, the same limit is applied
both for dried and fresh products. It is also good
to keep in mind that the consumption of dried
products, like berries, mushrooms or meat, is
much less than their consumption as fresh, and
the actual dose caused by eating dried products
can be assumed to be about the same as if they
would be eaten as fresh. In Finland it is estimated
that only one percent of the annual dose of radioac-

tive exposure is caused by foodstuffs. In any case,
in the radiation safety point of view, the edible
natural products in the EuroArctic area are safe
to use and not causing health risks (Säteilyturvakeskus 2009).
An additional aspect of WP 1 was to compare
long-term radioactivity level developments in the
terrestrial environments of the countries involved.
For this comparison the researchers exchanged
monitoring data from long-term studies of natural
products such as berries, mushrooms, fish, game
and reindeer meat. The results of time series of
137
Cs levels in reindeer meat from the north of
Finland and Norway are presented on the graphs.
The report was in progress in the beginning of
2014, when this brochure was published.
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Time series of 137Cs concentration in reindeer meat from four reindeer herding co-operatives in Finland Paistunturi, KeminSompio, Ivalo and Lohijärvi from 1986 until 2012 (AMAP, 2010).
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Mean 137Cs (Bq/kg f.w.) in reindeer meat from Troms (Kauto
keino) from 1967 to 2005 (Thørring & Skuterud, 2012).

Overall, the levels of anthropogenic radionuclides
in all compartments of the terrestrial environment
in the Euro-Arctic region have shown decreasing
trends; the current levels are low and will have
no environmental impacts as well as present no
human health issues.

Monitoring of radioactivity after
the Fukushima Daiichi NPP accident
On the 11th of March 2011, Japan was struck by
a powerful earthquake, which was followed by
a tsunami. The impact of these events on the
nuclear power station at Fukushima Daiichi led
to releases of radioactive substances to the air,
land and ocean. Traces of the atmospheric radionuclide release from Fukushima NPP accident
were observed both in the deposition samples and
in environmental samples (berries, mushrooms,
lichens, reindeer and red fox) collected from the
arctic areas of Finland, Russia and Norway in
2011 – 2013 (Leppänen et al. 2013; Matishov et al.
2012; NRPA, 2013; Unpublished data of STUK,
MMBI and NRPA).
The observed atmospheric concentrations of
radioactivities from Fukushima were at the level
of some hundreds of micro Bq /m3 upto few milli
Bq / m3. The level of Fukushima derived Cs isotopes
in the deposition was approximately 1 Bq / m2.
In Finland the relatively short-living isotope
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caesium 134Cs (half-life 2.06 y) was not observed in
the lichen samples since 1990s, but the detected
activity concentration of 134Cs in lichens collected
in 2011 – 2012 was on average 0.2 – 0.6 Bq /m2. Also
the Fukushima-derived 137Cs concentration in
these samples was 0.2 – 0.6 Bq /m2. (Leppänen et al.
2013; Unpublished data of STUK)
The traces of emissions from the Fukushima
Daiichi NPP in atmospheric aerosols of the Kola
Peninsula near the Barents Sea coast were
detected in the end of March 2011. From the end
of March 2011 until 20th April 2011, 131I, 134Cs,
132
Te, 137Cs radioisotopes were observed in the
atmospheric air. Possible dry and humid precipitation of radionuclides within the water catchment
area and in the marine basin did not influence on
radioecological state in both coastal and off-shore
parts of the Barents Sea. Short-lived isotopes as
131
I, 134Cs, and 132Te, which might confidently indicate traces from the Fukushima Daiichi NPP, did
not been recorded in the samples of water, bottom
sediments and marine organisms. The set of artificial radioisotopes and their radioactivity levels
in elements of the Barents Sea ecosystem did not
change after the accident. (Matishov et al. 2012)
In Norway, the first observations of radioactive substances in air were recorded on the 20th
of March, 9 days after the accident, through a
network of air monitoring stations. Later, small
amounts of radioactive Cs originated from the
Fukushima accident have been detected in environmental samples collected from Finnmark,
Northern Norway in 2012 and 2013. The radioactive substance 134Cs has been transferred through
food chains and has been detected in small
amounts in red foxes and reindeer. This radioactive substance has also been detected in several
species of mushroom and lichen. The amounts that
have been detected were very low (< 1 Bq/  kg fresh
weight) and are a fraction of 137Cs that can still
be detected today from the Chernobyl accident.
(NRPA, 2013)
Thus, the amount of radioactive substances
detected in the environmental samples in the EuroArctic region after the accident at the Fukushima
Daiichi will have no consequences for human
health or for the environment. (NRPA, 2013)
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Marine environment
The Work Package 2 Marine Environment focused
on the assessment of radioactivity in marine
ecosystems in the EuroArctic region. It was led
by the Russian Murmansk Marine Biological
Institute (MMBI) which has been studying the
arctic sea environment for decades.
Man-made radioactive substances have been
circulating in the marine ecosystems for over 60
years. They originate from nuclear weapons tests,
nuclear power plant accidents, discharges from
nuclear waste treatment facilities and, locally, accidents in nuclear submarines and nuclear waste
and reactors dumped in the sea. The most widely
researched radioactive substances in marine ecosystems include the radioactive isotopes 137Cs and 90Sr
of caesium and strontium as well as technetium 99Tc.

Radionuclide sources
and drifting routes
in arctic seas
The MMBI has analysed the levels and distributions of artificial radioactive substances
in arctic seas and has developed a classification system in which the sources of radioactive contamination are divided into three
levels. The classification system takes into
consideration both the different radioecological
scales (global, regional and local) and postdischarge drifting and interaction between
primary (direct) and secondary (indirect)
sources . The classification system is depicted
below.

Global level
Global fallout of artificial radionuclides
as a result of nuclear tests
and the Chernobyl accident

Transoceanic transport

Regional level
Transport
of nuclear waste from
reprocessing factories
by Siberian rivers

Transport
of global fallout from
river watersheds

Transfer by glaciers,
icebergs of Arctic
archipelagoes, pack
and seasonal sea ice

Local sea currents

Local level
Releases
from factories
repairing
nuclear
reactors,
ships and
vessels

Releases
of liquid
radioactive
waste from
military /
industrial
nuclear bases

Dumbing of
radioactive
waste
containers

Primary sources

Releases to
groundwater
and
atmosphere
from
subterranean
nuclear
explosions

Secondary sources

Remobilization
from
organisms
accumulated
radionuclides
(birds, fish,
mollusks,
macrophytes)

Remobilization
from bottom
sediments

Potential sources

Sources of artificial radionuclides in northern seas.
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Marine surveys
In 2011 – 2013 several expeditions were made
to the Barents Sea and its coastal regions. One
of the expeditions was a joint expedition by all
project partners and the rest were by the MMBI
alone. The coastal expeditions targeted the shores
and bays in the Kola Peninsula (such as the
shores off Kola, Ura-Guba, Teriberka, Dolgoya
and Yarnishnaya). The deep-sea expeditions
were made onboard the R/V “Dalnie Zelentsy”,
following the Kola Transect (33°30’ E) which
runs across the Barents Sea from north to south.
In 2013 investigations were carried out near
Svalbard.
Water, sediment, aquatic plant and mussel
samples were taken in order to assess the current
radioecological condition of the Barents Sea.

Assessment of marine radioactivity
status in the Barents Sea
Measurements show that the current levels
of artificial radionuclides in marine environment and biota of the Barents Sea are very low.
Concentrations of radioactivity have been stable
in recent years and have remained at the level of
background concentrations caused by the global
circulation of radionuclides.
At the end of March 2011, a radiation
metering station of the Murmansk Division of
the Hydrometeorological Survey detected signs of
emissions from the nuclear power plant accident at
Fukushima, Japan on the Barents Sea coast. From
the end of March 2011 until 20th April 2011, 131I,
134
Cs, 132Te, 137Cs radioisotopes were observed in
atmospheric air.
The supply of radionuclides from accidental
emissions into the atmosphere of the Kola Penin
sula did not cause changes in gamma-radiation
dose rates. Laboratory tests on sea water, sediment and biota indicated that the accident had
no effect on the radioecological condition of the
Barents Sea. Short-lived isotopes 131I, 134Cs, and
132
Te, which might confidently indicate a trace
from the Fukushima Daiichi NPP, have not been
recorded in the samples. Only 137Cs and 90Sr were
detected in the marine environment components
and in aquatic organisms. The levels of caesium
and strontium activity after the accident did not
exceed the average values of recent years.
For illustration, comparison of 137Cs activity in
water, bottom sediments and algae within different
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Routes and sampling locations of expeditions partially funded
by the CEEPRA project in 2011 – 2013.

sampling places in 2005 and 2011 was made. 137Cs
isotope has a half-life about 30 years and is determined for decades after emission. It is also one
of the massive isotopes in air and water emissions of the Fukushima Daiichi NPP. The histograms (on page 16) show a regular trend of diminishing activity of artificial radionuclides hosted in
studied elements of the Barents Sea ecosystem in
the period from 2005 until 2011.
In 2011 – 2013 the spectrum of artificial radionuclides in the open sea sites of the Barents basin
was also mainly represented by 137Cs and 90Sr.
There were no changes related to the Fukushima
NPP emission. The concentration of artificial
radio
nuclides did not exceed the background
values. Volumetric activity of 137Cs in water of
the Atlantic origin near the western margin of
the Barents Sea and along the Kola Transect
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varied in the range of 0.7 – 2.5 Bq /m3. The uppermost water layer of the basin’s eastern part
contained 0.6 – 1.9 Bq /m3 of the studied radionuclide. Generally, spatial differences in the activity
of 137Cs are insignificant over the basin of the
Barents Sea.
In 2011 – 2013 the specific activity of 137Cs in
the bottom sediments of the Barents Sea’s open
part varied in the range of 0.8 – 3.0 Bq/  kg d.w.

The 90Sr isotope was distributed in the sediments
very unevenly, and its activity was not more than
0.7 Bq/  kg d.w. throughout the length of the Kola
Transect.
General regularities of radionuclides distribution in the Barents Sea may be followed at
the Kola Transect where MMBI carries out long
term monitoring. 137Cs volumetric activity over
the tops and on the slopes of Perseus Bank and

Sampling at sea and on the shore; researchers from STUK’s, MMBI’s and NRPA’s laboratories on a joint marine expedition in
autumn 2012. Images: MMBI.
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in the area of the Central Bank varies within
0.5 – 2.5 Bq /m3. To the south, in the areas of
Murmansk, Central, and Rybachya Banks, 137Cs
specific activity may reach 4 Bq /m3, being conditioned by the influence of Nordkap current and
river runoff.
Maximum contents of artificial radionuclides in
sediments were registered on the western slopes
of underwater uplands, washed by the Atlantic
waters, as well as in some inlets of the Kola and
Motovsky Bays. A leurite-pelitic-sandy sediments
in the area of Perseus and Central Banks and
Central Plateau contained from 0.2 to 2.9 Bq/  kg of
137
Cs, similar levels were typical of the Pechora Sea
sands. Fine aleurites and clay silts in the troughs
between the banks are always characterized by
slightly higher (up to 7 Bq/  kg) accumulation of
137
Cs.
Investigations of macrophyte algae showed
extremely low concentrations of artificial radionuclides. Specific activity of 137Cs in most samples
was at the level of trace concentrations, from 0.2 to
1.5 Bq/  kg d.w. Content of 90Sr in algae changed in
the range of 0.4 – 4.1 Bq/  kg d.w.

In soft tissues of bivalves Mytilus edulis collected
on littoral of bays, the specific activity of 137Cs did
not exceed the trace quantity as well.
Radioecological studies of the Barents Sea
commercial fish showed that all investigated
species (such as Atlantic cod, long rough dab,
spotted wolffish) contain less than 0.2 Bq/  kg f.w.
of 137Cs. This level is well below the 600 Bq/  kg
limit for commercially sold foodstuffs specified in
European Commission Directive 2003 / 120/  EC.
Thus, activity concentrations of anthropogenic
radionuclides in the Barents Sea marine environment and biota are very low. There is a stable
tendency of self-clarification of the basin from artificial radionuclides. Although the radioactivity of
the marine environment is generally decreasing,
it is important to carry out regular monitoring
especially in the regions where the potential risk
of radioactive pollution, like the Barents Sea, is
high. When conducting radioecological monitoring
of the northern seas at the current stage, special
attention should be paid to the study of modern
clay sediments of the shelf hollows and troughs,
and coastal bays.

Activity of 137Cs in water, bottom sediments, and algae within the coastal zone of the Kola Peninsula in 2005 and 2011.
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Volumetric activity concentrations of 137Cs in the Barents Sea surface waters during 2007 – 2013.

Spatial distribution of
2007 – 2013.

Cs activity concentrations in bottom sediments of the Barents Sea during

137
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Activity of 137Cs and 90Sr in water and bottom sediments along the Kola Transect (33°30’ E) in the Barents Sea.

Mathematical modeling
Changes of radioecological situation in the Barents
Sea after two hypothetical accidents were simulated using 60-compartment mathematical model
developed by MMBI and SSC RAS. Transport
of 137Cs isotope and its fluxes with atmospheric
precipitation from the accident sites were calculated by mathematical model SILAM within the
frame of WP 3 Atmosphere. The both hypothetical accidents were placed in the past, to make it
possible to use realistic, really prevailed weather
conditions as basis for the distribution calculations.

assessed by comparing the results from the
model with the radionuclide concentrations from
the period between the 1960s and March 2013.
Measurable differences in 137Cs activities were only
detected in the surface layer of the sea (0 – 25 m)
and only for the dissolved forms of the radionuclide. The accident would double the 137Cs concentrations in some areas (from 1.7 Bq /m3 in March
to 3.6 Bq /m3 in April). However, the concentrations
would drop back to the level of background concentrations by the autumn.

Hypothetical accident at a Floating Nuclear
Power Plant in the Barents Sea (Shtokmann
gas field, latitude 73 N, longitude 44 E)

Hypothetical accident at a planned
Finnish Nuclear Power Plant (Hanhikivi,
latitude 64°32’ N, longitude 24°15’ E)

The following parameters were used in the modelling of the hypothetical accident:
•• Start: On 3 April 2013, at 06:00:00 Coordinated
Universal Time (Greenwich Mean Time)
•• Duration of discharge: 2 hours
•• Discharge of 137Cs: 8.83  ∙ 1013 Bq or 1% of the
radionuclide inventory in the plant.
The spread of 137Cs released in the modelled accident and its impact on the Barents Sea were

The following parameters were used in the modelling of the hypothetical accident:
•• Start: On 03 July 2010, at 00:00:00 Coordinated
Universal Time (Greenwich Mean Time)
•• Duration of discharge: Instant release after
shutdown
•• Effective release height: 200 m above sea level
•• Discharge of 137Cs: 1.04  ∙ 1016 Bq or 2% of the
radionuclide inventory at the reactor.
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As a result of the accidental release the maximum
marine pollution by atmospheric fallout would
occur in the coastal waters of the Eastern Murman
(compartment 33) and in the White Sea (compartment 40). The highest density of radioactive fallout
(30 – 300 kBq /m2  × 5 days) would be registered in
the following geographical areas: Varanger Fjord,
Motovsky Bay, Murmansk Bank and White Sea
Gorlo (Throat).
In 2010 after the accident 137Cs activity in
the surface water layer along the entire coast of

the Kola Peninsula and in the White Sea would
increase up to 100 – 160 Bq /m3. Water pollution in
deeper layer of the Barents and White Seas would
be less significant – about 20 – 60 Bq /m3.
In 2011 Murman coastal waters would be
almost cleared of radionuclide. Surface water layer
of the White Sea would remain highly contaminated − about 160 Bq /m3, at the same time pollution of the bottom waters would be 3 – 4 times
lower. Self-cleaning of the White Sea water masses
to the level of 20 Bq /m3 would occur in 2014 – 2015.

Activity concentrations of 137Cs in the surface layers of the Barents and White Seas in March before the hypothetical accident at a
floating nuclear power plant and after the accident in April, July, and August.
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Activity concentrations of 137Cs in the surface layers of the Barents and White Seas in 2009 before the hypothetical accident at
Hanhikivi nuclear power plant and after the accident in 2010 – 2015.

Activity concentrations of 137Cs in bottom water layers (Panel A) and in bottom sediments (Panel B) of the Barents and White seas
after the hypothetical accident at Hanhikivi nuclear power plant in 2010.
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During the first year after the accident (2010)
weak contamination would also happen in bottom
sediments of the White Sea. In 2011 the area of
contaminated sediments on the Murman coast and
in the Pechora Sea would reach its peak and the
highest 137Cs activity (8 – 9 Bq/kg) would be localized in the White Sea. Slight contamination would
remain in bottom sediments of the Murman coast
and in the Pechora Sea. Sediments purification
would occur during the 2012 – 2014. Low levels of
accidental caesium would remain in bottom sediments of the White Sea Gorlo.

Assessment of consequences of
a hypothetical accident at the
Hanhikivi NPP – Norwegian model
To compare marine modeling results in Russia
and Norway and to assess consequences of a hypothetical accident at the Hanhikivi NPP, the NRPA
model for radioecological assessment was used by
the Norwegian experts. The used model implies
a modified approach for compartmental modeling
(Iosjpe et al., 2002; Iosjpe et al., 2009) and allows
simulation of radionuclide dispersion over time.
The structure of the surface compartments in the
NRPA model was developed on the basis of the 3D
hydrodynamic model NAOSIM. Calculations of

the 137Cs concentration corresponded to the noncontaminated marine regions.
The source term for the Hanhikivi NPP
scenario was provided by the FMI; the same source
term was used by the Russian and Norwegian
experts.
Results of modeling showed that after the
hypothetical accident at the Hanhikivi NPP the
highest concentrations of 137Cs will be identified in
the White Sea regions. Concentrations of 137Cs in
bottom waters will be less than concentrations in
the surface waters up to order of magnitude.
Concentrations of 137Cs in the surface waters
(40 – 190 m) are shown in the figure below.
Concentrations of 137Cs in fish, crustacean and
mollusks for selected regions are shown in the
figure on the next page. It is interesting to note
that the highest concentration of 137Cs in seafood
will be much less than international guideline
level of 1 000 Bq/  kg f.w. (CAC, 2006).
Comparison between Russian and Norwegian
models showed some differences in the results
for the first period after the accident. The difference could be related to the different used models
or technical parameters (for example application
of the quantity of deposited activity on different
compartments and related calculations). However,
in general the same trends and developments are
identified by both Russian and Norwegian experts.
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Concentration of 137Cs in the surface water compartments, Bq/m3. Graph: NRPA.
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Concentration of 137Cs in the seafood, Bq/kg f.w. Graph: NRPA.

Dose rates to population
Based on the modelling results, the Norwegian
experts calculated collective dose rates to man
following assumptions for edible fractions of
marine products in the human diet: 50% for fish,
35% for crustaceans and 15% for molluscs. Results
of calculations (see beside) showed that maximum
dose rates in the studied scenario, for the global
population, occur during the first and second years
after radioactivity is released. It is necessary to
stress that according to the present scenario, the
accident had happened in July – therefore, the first
year corresponds to six months after radioactivity
is released.
According to an investigation of consumption
patterns for different populations living on the
Norwegian coast and inland (Bergsten, 2003),
maximum seafood consumption is 200, 40 and
4 g / day for fish, crustaceans and mollusks, respectively. Based on this investigation, the hypothetical group of population with heavy consumption
of seafood from the most affected sea region (the
central part of the White Sea) was chosen for the
evaluation.
The proportions of the total calculated dose
attributable to the different types of seafood corresponded to maximal dose-rate (see beside). The
calculated maximal dose-rate equals 39 μSv/y,
which is much less than the annual individual
dose from natural sources.
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Atmosphere
New nuclear installations are planned in or close to
the project area. A construction of a nuclear power
plant in Hanhikivi in the north-west coast of Finland
is under preparation. Shtokmann gas production field
in the Barents sea may need a floating nuclear reactor
to provide electricity to the natural gas production
facility. These installations might be a source of accidental radioactive release into the environment even
if such accidents are extremely unlikely.
To study the effects of such hypothetical nuclear
accidents, atmospheric transport models were used
to model dispersion of radioactivity from such events.
The modelling work was done in the Atmosphere
Work Package (WP 3). The Work Package was lead
by Finnish Meteorological Institute (FMI), who
conducted the modelling of both the hypothetical accidents. Norwegian Meteorological Institute (MET)
modelled the same accident and the results were
compared with the FMI results. STUK participated by
modelling the hypothetical accident on the Arctic Sea.
In the beginning of 2014 when this report was
compiled, the comparison of FMI and MET models
was completed for the Arctic Sea case only. The results
of FMI, MET and STUK models are presented here.

Factors effecting the
dispersion of emissions
Prevailing weather conditions have a crucial effect on
the dispersion of the atmospheric emissions caused
by a nuclear power plant accident. The direction of
air flows settles the course of the emission plume. On
one hand, the wind speed determines how quickly
the emission plume is moving on. On the other hand,
the wind speed determines also the vertical and
horizontal dispersion of the plume, which affects the
concentrations of radioactive substances. In turn,
precipitation efficiently scavenges the radioactivity
from the atmosphere to the ground, affecting the
amount of the radioactive deposition.

Computational modelling
FMI has developed SILAM dispersion model, and
with it, investigated two different reactor accident
scenarios: the future Hanhikivi Nuclear Power Plant
(NPP) at the coast of North Ostrobothnia in Finland,
and the planned Floating Nuclear Power Plant
(FNPP) at Shtokmann gas field on the Barents Sea.

Concentration of radionuclides in the surface air and
amount of deposition have been calculated with the
SILAM model and compared with the levels in Finland
during the atmospheric nuclear weapons tests in 1950s
and -60s, and after the Chernobyl accident in 1986.
To compare the estimated activity concentrations in the breathing air with actual concentrations a set of archived air filters were analysed for
radionuclides. The filters were collected since the
1960s at the Rovaniemi airport. Following a hypothetical nuclear accident in western Finland, north
of the Arctic Circle in Finnish Lapland, the exposure to radionuclides within two days would be, on
average, about ten times higher than in the 1960s
due to the atmospheric nuclear tests. In eastern
part of Finnmark county, and in Kola peninsula
the average exposure would be similar to the exposure due to the atmospheric nuclear tests. But,
again, the actual exposure following an accident
would depend on the prevailing weather conditions
during and after the radioactive emissions.
Based on the FMI long-term simulation results,
the SNAP model at MET was used for simulating
two specific meteorological cases, one for hypothetical accident in Hanhikivi NPP and second for
hypothetical accident in FNPP on the Barents Sea.
In both cases radioactive plume from the accident
reached the Northern Scandinavia.

Emissions from the Finnish
Nuclear Power Plant
At first, the effects of the Hanhikivi NPP accident
scenario were modelled by calculating a dispersion
estimate for each day of one year with the SILAM
model. Average dispersion estimation was produced
from these 365 daily estimates. Following figure
presents the average 90Sr deposition two days after
the accidental release of radioactivity.
On average, the deposition decreases rapidly
as the distance from the release site is increasing.
However, individual cases differ a lot depending
solely on the prevailing weather conditions. In
following figures different cases of daily dispersion calculations are presented. In these cases the
heaviest deposition occurs, depending on the case,
in southern Sweden, North Atlantic Ocean or close
to Ural Mountains. The occurrence of precipitation
mainly causes these areas of heavy deposition.
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90
Sr deposition 2 days after a hypothetical reactor accident,
average of 365 transport cases.

90
Sr deposition 2 days after a hypothetical reactor accident,
case transport to North Atlantic Ocean.

90
Sr deposition 2 days after a hypothetical reactor accident,
case transport to Southern Sweden.

90
Sr deposition 2 days after a hypothetical reactor accident,
case transport to Northern Russia.

The following figures present two cases of iodine131 activity concentration in the ground-level air. In
the first case calm wind conditions keep the plume
close to the release site while in the other case winds
carry the plume northeastwards over long distances.

I activity concentration in the ground-level air after a
hypothetical reactor accident, case calm situation.

131
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I activity concentration in the ground-level air after a
hypothetical reactor accident, case strong winds.
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The social impacts estimation in WP 4 and one of
the mathematical modellings in WP 2 were based
on a case of weather conditions that would cause
the plume to spread northeastwards over Finnish
Lapland, Finnmark in Norway and Kola peninsula
in Russia. The following figure shows the modelled
137
Cs deposition in this situation. The transport of
a plume in this direction is not untypical because
westerly winds are dominating in Finland.

Emissions from the Floating Nuclear
Power Plant on the Arctic Sea
Russia has started drillings in the Shtokmann
natural gas field in order to exploit its huge
resources. The Shtokmann field is located in the
Barents Sea, 600 kilometers north of the Kola
Peninsula and is one of the world’s largest natural
gas fields. Since the beginning, the project has been
facing several problems, both financial and technical, e.g. the location far from the mainland, sea
ice due to arctic climate and the huge energy need
of the large industrial complex. The success of this
project depends mainly on availability of energy.
Energy transportation from the mainland or using
renewable energy sources like wind are not good solutions for this problem. Energy transportation would
cost too much decreasing the profits of the gas field,
and renewable sources are not efficient enough. Using
nuclear power was seen as the only functional option
for energy production on the site where the energy is
needed. Because of that, the plans for FNPPs on the
Arctic sea areas are now coming true.

A hypothetical accident in the FNPP

The distribution model for 137Cs used as a basis in mathematical
modelling of WP 2 and in the social impacts assessment of WP 4.

FMI, STUK and MET conducted atmospheric modellings of hypothetical accidents in the planned FNPP
and studied the radionuclide distributions that
could reach the EuroArctic area. The model runs
were performed separately in each institute, but
the source terms and other conditions were similar,
with sometimes different meteorological conditions.
MMBI based their radioecological marine modeling
in the case of a FNPP accident in WP 2 on the results
of atmospheric modelling performed by STUK.

Source terms for FNPP reactors

Location of the Shtokmann gas field.

The hypothetical floating nuclear power plant accident was supposed to take place in the Shtokmann
gas field, latitude 73 N, longitude 44 E.
The reactor was thought to be an icebreaker –
type reactor KLT-40 with an average burn-up of
78 mega-watt days (MWd), approximately 466 000
MWd /ton of heavy metal (t HM). The typical fuel
for KLT-40 type of reactor is 150 kg 235U with an
enrichment level of 90%, and the typical nuclide
inventory is given in the following table. (Reistad
2006) Duration of release after shutdown was
supposed to be two hours, amount of discharge 1%
of the radionuclides in the plant as presented in
the following table, and the effective release height
100 m above sea level.
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Supposed total nuclide inventory of the FNPP (adopted from
Reistad 2006) and the amount of discharge in the case of the
hypothetical accident.
Fission
product

Total inventory,
Bq

Amount of discharge,
Bq

Cs

8.83 * 1015

8.83 * 1013

I

4.54 * 1016

4.54 * 1014

Sr

8.68 * 1015

8.68 * 1012

3.20 * 1014

3.20 * 1011

137
131
90

241

Pu

Modelling in STUK
The computer model predicted the radioactive
iodine 131I concentration in outdoor air and the
concentration of 137Cs at the sea level. The results
were used to assess an employee’s total dose both
from external and internal exposure. The regional
impacts studied were the effects of the accident on
the marine environment and the nearest human
settlements on the mainland. Numerical weather
forecasts from the European Centre for MediumRange Weather Forecasts (ECMWF) were utilized
in the computation. The dispersion model used was
the SILAM and the dose calculations were based
on the Technical Research Centre of Finland’s
(VTT’s) dose calculation model (VALMA).

Comparison of Finnish and
Norwegian modelling results
In certain meteorological conditions, radionuclides
released from the hypothetical accident at FNPP
can reach the Northern Scandinavia. The results
of the FMI and MET dispersion models were
compared for similar meteorological conditions,
with accident start on 4 November 2010. The maps
of 137Cs concentrations, as calculated by SILAM
model from FMI and SNAP model from MET are
shown below.
The concentration pattern is very similar for
both models. This is also the case for other isotopes
and calculated deposition patterns. In general,
the results of both models are not very different
concerning the shape of the radioactive plume after
the accident. Small differences can be observed in
the magnituds of calculated concentrations and
depositions in some isolated locations.

The effects of the FNPP accident
The atmospheric distribution models of STUK,
FMI and MET show that the effects of the FNPP
accident would be local. The people working in the
FNPP would be affected, but the activity concentrations in the emission plume reaching the mainland would be very low, only a fraction of the
annual radiation exposure in the area.

The following output was available from VALMA
calculations:
1. Effective dose due to external exposure and
inhalation
2. Volume activity of 131I in air
3. Surface activity of 137Cs.

The average 137Cs concentration, 2 days after a hypothetical FNPP reactor accident at Barents Sea, on 4 November 2010. Results
of SILAM simulation (left) and SNAP simulation (right).
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Social impacts
The Social Impacts Work Package (WP 4) focused
on the assessment of the social impacts (SIA) of
the hypothetical accident modelled in WP 3. The
Work Package was led by Pöyry Finland Oy. STUK
participated in WP 4 by drafting recommendations for methods of protection from radioactive
fallout and assessing effects of a fallout on people’s
everyday lives.

Impacts of radioactive discharge
Only severe reactor damage in a nuclear power
plant could release a large amount of radioactive
substances into the environment. Such reactor
damage is improbable as the reactors are protected
by multiple shielding and security systems.
A severe accident at a nuclear power plant in
Finland or neighbouring areas could cause a radiation hazard requiring protective measures in large
areas. The radioactive fallout would also affect
farming, the food industry and foreign trade.
STUK has compiled recommendations for
protective measures both for early and late stages
of radiological emergencies (STUK VAL1; STUK
VAL2). The recommendations are available in
Finnish via STUK web site. Instructions of what
to do in cases of radiologically hazardous situations are given both on the Finnish and English
web sites of STUK (STUK Emergencies; STUK
Säteilyvaara). In the following section, the STUK
VAL1 recommendations for protective measures
for early stage are adapted for the case of the hypothetical nuclear power plant accident scenario
modelled in WP 3.

iodine tablets is sufficient in areas located over
20 – 30 km from the nuclear facility.
Based on modelled fallout maps and levels of
radioactive iodine in the atmosphere in the case
of the hypothetical accident, it was estimated that
evacuation in areas located over 5 km away from
the nuclear facility would not be required; even
in high-fallout areas, staying indoors would be a
sufficient precaution. People would be advised to
seek shelter indoors before the radioactive plume
arrives. This phase would last until the radioactive
plume moves away from the area and there exists
no significant threat of additional discharges.

Protective measures in a radiological emergency

Partial sheltering indoors / Travel restrictions

The most important protective measures to be taken
in a radiological emergency are: advising people to
stay indoors and take iodine tablets, ordering travel
restrictions and protecting agriculture.

Avoiding unnecessary staying outdoors is a less
restrictive precaution than sheltering indoors.
Children in particular should not stay outdoors
if not absolutely necessary. In the hypothetical
accident at a nuclear power plant, this less
restrictive precaution would be necessary in
the early and late stages of the radiological
emergency. The late stages refer to a situation
in which the radiation level in the living environment no longer rises and no new releases of
radioactive substances are expected. The area in
which the less restrictive precaution is applied
is larger in the early stages than in the late

Sheltering indoors
As a precautionary measure, the immediate
vicinity (< 5 km) of the nuclear power plant is
evacuated if there is a significant risk of radioactive substances escaping from the nuclear facility.
Downwind, the area to evacuate might be up to
20 km. Even in the most severe of nuclear power
plant accidents, sheltering indoors and taking

Iodine thyroid blocking
If the air is expected to contain a large amount
of radioactive iodine, people are advised to take
iodine tablets. This will prevent the accumulation
of radioactive iodine in the thyroid gland. In the
hypothetical accident, ingestion of iodine tablets
would be necessary in the areas where people
should stay indoors. Taking iodine tablets is a
complementary precaution to staying indoors.
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stages of the radiological emergency caused by
the hypothetical accident.
In the early stages of the hypothetical accident access to the contaminated area would be
restricted because of the iodine content in the air.
The restrictions would apply to the areas in which
people have been advised to avoid going outdoors.
Access to these areas would only be allowed to
people carrying out necessary emergency work. On
the basis of the modelling results, no unconditional
travel restrictions would be placed on any fallout
area in the late stages of the hypothetical accident.

Agriculture, foods and natural products
Agricultural protection measures are taken so as
to reduce people’s exposure to radiation from food.
If a radiological threat is detected, farmers are
advised to keep animals indoors and protect animal
fodder and drinking water against contamination if possible. This precaution is taken at a very
early stage since milk and meat absorb radioactive
substances very effectively. Precautionary measures to be considered before the arrival of the radioactive plume include, depending on the time of year,
harvesting new fodder and storing up potable water.
In case of radioactive fallout, farmers will be given
instructions for producing clean fodder and for
acquiring clean fodder from outside the fallout area.
The hypothetical accident was assumed to take
place in the middle of the growing season, which
means the growing crop might have to be harvested.
Reindeer husbandry requires special attention
in northern Finland. In case of fallout, reindeer
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herds could be moved, if possible, from the fallout
areas to clean pastures or rangelands or they could
be rounded up in corrals and given uncontaminated fodder to eat. Activity levels could be measured both from live reindeer and from the meat of
slaughtered animals.
To keep the radiation dose as low as possible in
a case of emergency, agricultural producers and
production facilities would be given advice on to
how to make sure the foods are clean. In addition,
homes and caterers would also be given advice on
to how to reduce radioactivity in various ingredients when preparing food. The activity levels of
natural products such as mushrooms, berries, wild
fish and game should be measured before they are
used for cooking. Restrictions would also be put
in place with regard to acquiring these products
(berry and mushroom picking, etc.). In the late
stages of the accident, limitations might be applied
to the consumption of certain foods.
The radioactive substances released into the
environment may take a very long time to disappear. However, the concentrations will drop significantly during the first year. In the recovery phase
of a radiological emergency, people’s lives and the
functioning of society will have to be adapted to
the radiation situation of the day. Measures to be
taken in the recovery phase include people’s own
activities carried out on the basis of local and
social circumstances and advice and recommendations issued by the authorities and experts. The
duration of the recovery phase may be anything
from one week to a few decades.
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Decontamination and waste management
When the radioactive plume has passed over an
area, the air in that area will no longer contain
radioactive substances. Instead, there will be
radioactive substances on the ground and on all
surfaces. Because of this, restrictions would be
placed on the use of man-made and natural recreational areas in the areas of worst contamination.
Decontamination measures would be taken in
man-made environments.
Decontamination measures or rejected products may give rise to waste containing radioactive
substances. Waste management should take into
consideration the quantity and quality of radioactive substances in the waste: separate instructions have been issued for this but not included in
this report.

Assessment of social impacts
The assessment of the social impacts of the hypothetical accident at a nuclear power plant was
carried out as a case study in which the main
phases were:
1. Gathering baseline information of the area
(tourism, everyday life).
2. Setting context and study methods for a hypothetical nuclear power plant accident.
3. Data collection via small group interviews and
personal thematic interviews of experts in the
field of tourism, tourism safety, agrifood, radiation and meteorology.
4. Assessment of impacts.
The small group interview sessions were held in
Murmansk (25 – 27 April 2012), Rostov (19 – 22
November 2012) and Rovaniemi (21 February 2013).
The network of small group experts comprised
the authorities, regional developers, universities,
research institutes and other experts in the project
research area as well as CEEPRA project partners.
Themed interviews were conducted after the workshops in March 2013. These interviews included
more depth-views of workshop participants
and gave valuable information to social impact
assessment.
The main objective of this study project was to
understand the social effects and impact mechanisms of contamination caused by radioactive
fallout. In this work a multiple-criteria decision
analysis (MCDA) was applied as a data collection
and analysis method.

Key facts of the region
Lapland
Lapland is the northernmost province of Finland
sharing the border with Sweden, Norway and
Russia. At the same time, it is a part of the North
Calotte and the Barents area. The Arctic Circle
runs in the southern part of Lapland. In 2012
population of Lapland was 182 856 inhabitants.
Lapland represents almost one third of Finland’s
area, but only 3 per cent of the total population.
Thus it is very sparsely populated with only 1.8
inhabitants per km2. (Statistics Finland 2013)
Rovaniemi is the biggest town in Northern
Finland and the capital of Lapland Province with
population of approx. 60 000 inhabitants. Other
larger towns are Tornio (22 489 inhabitants)
and Kemi (22 257) located by the Bothnian Bay.
Other notable municipalities and their population
in 2012: Sodankylä (8 834), Keminmaa (8 585),
Kemijärvi (8 093), Inari (6 732) and Kittilä (6 388).
(Regional Council of Lapland 2013a)
Lapland’s economy is based on tourism, steel and
metal industry, mining industry, reindeer husbandry
and forestry. Forestry and reindeer husbandry are
traditional resources and especially important for
Lapland’s vitality in the remote areas. The role of
mining sector has become more significant in the
last few years as new mines have been opened, new
ones are currently being planned and ore prospecting
has increased. Mining is especially extensive in the
Kemi region and in Kittilä, Sodankylä and Kolari.
(Regional Council of Lapland 2013a)
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Tourism is one of the most important industries
in Lapland and livelihood is mainly dependent on
tourism income. In 2012 Lapland had 2.4 million
registered overnights of which international
overnight stays are approximately 40%. Tourism
income is around 600 million € per year and
employment effect around 5 000 man-years per
year. The Lapland district is divided into tourist
regions. Tunturi-Lappi (Fell Lapland) comprises
the tourist regions of Enontekiö-Kilpisjärvi,
Pallas, Olos, Ylläs and Levi. The North Lapland
district includes the Saariselkä resort, and the
most significant tourist resorts in East Lapland
are Pyhä-Luosto, Suomu, Kemijärvi, Salla and
Posio. South Lapland has the Tornionjoki River
Valley and Meri-Lappi (Sea Lapland). Each of these
tourist regions has their own profiles and welldeveloped hospitality systems, activity offering
and tourism infrastructure. (Regional Council of
Lapland 2013b)
A key attractor in tourism is the varyingly
diverse nature of Lapland. The tourism is mainly
based on nature-based offering, but also traditional culture has its role: as a way of life and how
to make a living. Sámi culture, reindeer livelihood
and Santa Claus are utilised in the tourism brand
of Lapland. There are several reasons why people
travel to Lapland, but the most important of them
are connected to nature and its service offering,
four seasons, Santa Claus, northern lights, snow
and winter, and also wilderness areas, safety and
pure air. (Regional Council of Lapland 2013b)
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The eight national parks of Lapland are valuable
and conserved natural attractions where the richness of nature is emphasized. Besides the famous
Lake Inari and the longest river of Finland,
Kemijoki, also smaller rivers and lakes are valuable part of tourism. Nature is living and changing
according to the four seasons, which in turn
increase possibilities for recreation and activities.
(Regional Council of Lapland 2013b)

Finnmark
Finnmark is situated in the extreme North East
of Norway. Of all the counties in Norway, it has
the largest area (48 618 km2) and the fewest
inhabitants. Population of the Finnmark in 2012
was 73 787 inhabitants (Statistics Norway 2013).
During the past years, the total population has
slightly increased. The indigenous people, the
Sami, constitute about 10% of the population and
have a special status with its institutions. The
Sami people constitute the majority in Finnmark’s
interior parts, while the fjord areas have been
ethnically mixed for a long time. The Finnic Kven
residents of Finnmark are largely descendants
of Finnish immigrants who arrived in the area
during the 19th century or earlier from Finland,
escaping famine and war. (Barents Euro-Arctic
Council 2013)
There are in total 19 municipalities in Finn
mark. The county’s capital and the administrative center is Vadsø. The most important towns of
Finnmark are Alta (population 15 000), Hammer
fest (9 200), Kirkenes (7 000), Vadsø (6 200),
Honningsvåg (3 420) and Vardø (2 400). (Barents
Euro-Arctic Council 2013)
Primary industries in Finnmark are fishing,
fish processing, sea farming, travel, reindeer
herding, mining, tourism and services. The cornerstone of the habitation and economy in Finnmark is
the fishing industry, which is traditionally important in the coast. As a result of economic growth
there is a lack of workers, especially in the building
industry. (Barents Euro-Arctic Council 2013)
Reindeer herding is intrinsic to Sami culture
and identity. In Finnmark more than 2 000 people
are somehow associated with reindeer husbandry,
a number that has been stable for a while, although
the number of units as well as the number of reindeer has decreased. Herds have had to be cut back
from 200 000 head in 1988/89 to 103 000 head in
2001 because of depleted pastures in many areas.
(Barents Euro-Arctic Council 2013)
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A major challenge in the future will be to exploit
petroleum and gas in the area. It is expected that
the development of the Snøhvit plant on Melkøya
outside Hammerfest will lead to economic development that will generate growth to other business
sectors as well and boost employment and population in the county. There have been also discussions on establishing a special industrial zone in
the Norwegian-Russian borderland with exclusive
regulations on customs, taxation, visa and business development. (Barents Euro-Arctic Council
2013)
The tourism attractiveness of Finnmark is
based on proximity to the Arctic Ocean. The five
national parks of Finnmark attract visitors and
hikers, but the most important tourist destinations in the area are Nordkapp, town of Alta and
Hammerfest. Annually approximately 200 000
tourists visit Nordkapp, where the northernmost
points of Europe, North Cape and Cape Nordkinn
(Kinnarodden), are located. Hammerfest, the
world’s northernmost town is a starting point
for tours heading towards north but also offers
several activities for the tourists, such as boating
and fishing, sports, hunting, scuba diving, hiking,
nature observation and skiing. Also Alta’s tourism
is based on unique nature and it provides similar
activities as Hammerfest for the tourists. (Barents
Euro-Arctic Council 2013).

Murmansk Oblast
The Murmansk region is one of the most highlydeveloped regions of the North-West Russia with
a beneficial geographical situation, a non-freezing
bay and the proximity to the European Union
border. The area of Murmanks region is approximately 145 000 km2. Population on 1.1.2010 was

836 374 which is 6.2% of the population of NorthWest of Russia and 0.6% of Russia. Approximately
92% of the population lives in the urban areas.
The most important municipalities / cities of the
Murmansk Oblast are Murmansk (307 257 inhabitants), Apatity (59 672), Se
vero
morsk (50 060),
Monchegorsk (45 361), Kandalaksha (35 654),
Kirovsk (28 625), Olene
gorsk (23 072), Kov
dor
(18 820), Polyarny (17 293), Polyarnye Zori (15 096),
Snezhnogorsk (12 683), Zaozyorsk (11 199), Gadzhi
yevo (11 068), Kola (10 437), Alakurtti (3 424) and
Ostrov
noy (2 171). (Barents Euro-Arctic Council
2013)
The economy of the Murmansk region is based
on the extraction and processing of mineral
resources, industrial production of copper, nickel,
cobalt, semi-precious metals, primary aluminum,
electricity and chemical products, fishing and fish
processing (Barents Euro-Arctic Council 2013).
On the shelf of Barents Sea there are oil and gas
resources, e.g. the unique Shtokmann AG which
is strategically significant both regionally and
nationally. (Socio-economic strategy of Murmansk
region till 2025)
Murmansk Sea Port has a direct access to
the ocean routes of the equipped marina in the
European part of Russia. The most important strategic objects include the base of the Northern Fleet
(Severomorsk) and the Kola Nuclear Power Station
(Polyarnie Zori). Norwern Sea route is a strategic
sea transport route and provides access to natural
resources of the Far North, Siberia and the Far
East as well as the development of transit from
the Atlantic to the Pacific Ocean. The Nuclear
Icebreaker Fleet is operating the route. (Socioeconomic strategy of Murmansk region till 2025)
Traditional types of farming of indigenous
peoples are reindeer herding, fishing and hunting,
but only reindeer herding has economical importance nowadays. Trade fishing on the territory is
not allowed. For Sami there is a free fishing quote
but only for personal use. (Socio-economic strategy
of Murmansk region till 2025)
Tourism in Murmansk regions is currently
quite low volume, but ranked as important industry
to develop in the future. In 2009 approximately
240 000 tourists visited the Murmansk region and
32 000 of them were foreigners. Ski tourism, ecotourism, fishing and water-based tourism (rafting
etc.), ethno-cultural tourism and cruise tourism
are key themes in the future. (Barents Euro-Arctic
Council 2013)
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Map of the areas of Finnish Lapland, Finnmark and Murmansk oblast. Map: Regional Council of Lapland 2010, modified Pöyry
Finland Oy.

The most interesting attractors in tourism are
based on natural, historical and cultural resources.
There is more than 111 000 lakes and 21 000
rivers, the Barents Sea and the White Sea. Fishing
is one of the most important water-based activities
for tourists and residents. To fishermen the most
popular fishes are salmon, Atlantic salmon, trout
and salmon trout. There are three main national
parks and about 10 other smaller national reserves
in the Murmansk region. Diversity of natural
zones is utilized in hiking, walking, mineralogical, ecological and nature tourism purposes. The
varied character of the landscape, great number
of different types of wild animals and birds create
a great possibility for hunting activity. (Socioeconomic strategy of Murmansk region till 2025)
The Khibiny Mountains, the highest mountains in Kola Peninsula, attract mountaineers
and rock-climbers. Kirovsk is the biggest downhill
skiing centre in the region, situated at the root of
the Khibiny Mountains. There are some downhill skiing centres also near Olenegorsk. (Barents
Euro-Arctic Council 2013)

32

CEEPRA

Impacts on everyday life and tourism
In this assessment, social impacts refer to effects
on individuals, community, society or population
group that cause changes in the well-being of
people, distribution of well-being among the population or in the subjective quality of life. Social
impacts are interrelated to the physical changes
occurring in the environment. These impacts
depend on the radiation levels of the radioactive
fallout, number of communities or people exposed
to the fallout and the sensitivity of the affected
environment and its importance to people’s
everyday lives.
In this study social impacts were categorized in
the following receptor groups:
1. A change in local communities, everyday life
and community services and economy / livelihoods.
2. A change in the accessibility / use or development of land-based, culture-based and waterbased resources and activities within the area.
3. A change in residential and holiday-visitor
perception of the character and appeal of the
area (sense of place).
4. A change in number and nature of tourism
facilities, services.
5. A change in the area’s attractiveness and the
awareness thereof in terms of the total marketable tourism product and living environment
(image).

Impacts on everyday life
Physical impacts of radiation on people may be
caused by the direct radiation from a radioactive plume or radioactive substances fallen on
the ground and surfaces, inhalation of radioactive substances originating from the plume or
consumption of contaminated food and water. In
the fallout scenario impacts would occur mainly
of health risks from foodstuff or nature amenities and also health risks of long-time exposure to
radiation in working environment and nature. In
the case of a moderate contamination level these
health risks can be mitigated quite effectively
through instructions and recommendations by the
civil defense authorities.
In this study, we mainly looked at impact mechanisms and factors related to people’s health, living
conditions and livelihoods. In the most severely
contaminated areas the living conditions and
perceived quality of life suffered significantly. We
may, however, estimate that these negative impacts

on living conditions will be slightly smaller in
urban environments than in rural living environments. The main reason for this is that in rural
environments people tend to move around more in
the wilderness, make use of natural products gathered from the forest and, in general, have a closer
relationship to nature. In addition, farming and
animal husbandry, both as livelihoods and a way of
life, are important to people in rural environments.
In the most severely contaminated areas, the
social character of an area and its perceived environment may change significantly: the attractiveness of the area as a living environment
suffers, the area is no longer considered safe and
healthy and also the utilization of important
natural resources may suffer. Even if the direct
physical health impacts remained small or could
be prevented or mitigated through instructions
and recommendations issued by the civil defense
authorities, we may estimate that people’s concern
for changes related to their perceived health and
safety would be significant. These impacts, such
as stress, anxiety, fear and concern, are perceived
subjectively and there may be big differences in
this respect between population groups and individuals.
From a socio-economic standpoint, the impacts
and changes in the most severely contaminated
areas are directed to livelihoods in the primary
sector of the economy. We may estimate that livelihoods that make direct use of natural resources
suffer the most. These include in particular
fishing, hunting, reindeer herding and exports of
natural products. The socio-economic importance
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image of the region would accentuate the gravity of
the impact on the livelihoods as demand for products coming from these areas would drop.

Impacts on nature and culture based
assets, activities and services

of these livelihoods is different in different regions
and, therefore, the impacts are not the same everywhere. The impact on the fishing industry may
be greater in Norway and Russia than in Finland
where fishing has more to do with recreational
values, local cuisine and tourism. The impact in
Finland would therefore be greater on the tourism
industry than on the fishing industry as such.
Similarly, legislation and circumstances with
regard to reindeer husbandry are different in
the different countries and regions. In Finland,
Russia and Norway, reindeer husbandry is the
foundation of the traditional culture and way of
life of the indigenous communities. In Norway,
reindeer husbandry is the exclusive right of the
Sami people. Decreased profitability of reindeer
husbandry would have a significant impact on the
families and cultural heritage of reindeer herders.
We may estimate that the negative impact on the
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Nature and culture based assets are an important part of tourism system and the local way of
life in the entire area. The fallout would not limit
access to natural areas (national parks, wilderness
areas, water areas), but the use of natural amenities (berries, mushrooms, fish, game) would have
restrictions and therefore more significant negative impacts. Even if direct physical impacts would
be low, the impacts would be more significant from
social perspective. The significance of impacts is
dependent on how valuable socially, economically
and ecologically system’s resources, attractors and
activities are to local people, tourism business and
the entire tourism system. It should be noted that
local people and their way of life (culture) is also
an important part of tourism system resources
because visitors are interested in local culture
(way of life, cuisine, etc.).
From local people perspective the restrictions
and recommendations might cause annoyance and
decrease recreational values inside fallout areas
and also nature-oriented way of life (local culture
utilizing nature amenities) would most likely experience changes. In addition, the appeal of nature
would decrease because of restrictions and people’s
fear and concern of perceived health aspects.
From tourism business point of view the utilization of nature-based activities might cause changes
to service production for program service companies (re-zoning, product development) at local level
inside contaminated areas. At regional level the
nature-based product image could be affected and
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Impacts on sense of place
Sense of place refers to a lifestyle and nature (place
identity) of destination in time and place. The term
sense of place refers also to experiences or atmosphere of the environment.
Changes in residential or holiday-visitor perception of the character and appeal of the area may
vary between individuals and population groups.
As earlier noted even if physical impacts would
be small or moderate, the indirect (social impacts)
consequences can be significant. In this study
sense of place was sub-categorized into recreational use, living conditions and welfare, everyday
life, safety of environment, cleanliness of environment, healthiness of environment and appeal of
area for residents, visitors and secondary living.
The social character of contaminated area and
its perceived environment may change significantly because the appeal of the area as a living
environment would suffer and also the area would
no longer be considered safe and healthy. In addition, the utilization of important natural resources
may suffer. From local people´s everyday life
perspective this would mean changes in lifestyle

Image: Marko Junttila

might need re-profiling and adaptive measures.
The inbound foreign tourism would most likely
decrease in the fallout area and it would have
ripple effects to other areas and other branches
of business as well. There might be also risk of
internal competition in increase in regional variations and inequality between tourism destinations
and countries. Tourism business would have to
adapt to these changes in the long-term.
Tourism is very sensitive to cyclical fluctuation of the economy. Assessment of the impacts on
tourism is challenging because radioactivity has a
long-term negative effect which arouses in people’s
minds fears and concerns with regard to safety
in particular. Safety is one of the megatrends in
the tourism industry and has a direct impact on
people’s decisions. Generally, we may estimate that
attributes such as clean, healthy, safe and natural
are quite vulnerable to the impacts of radioactive
contamination.
Regionally, this could have far-reaching
economic repercussions both in the tourism industry
and associated sectors. The economic significance
of tourism varies from one area to another. The
greater the significance of tourism in an area’s
economy, the more severe the negative impacts will
be on the local economy and employment.

and nature of living environment. It can be estimated that people currently living inside contaminated area will adapt to changes, but inbound
migration might decrease.
The tourism in the Euro-Arctic region is based
strongly on arctic nature. From tourism point of
view natural resources in clean, healthy and safe
environment are key components of visitor experiences. As a result, we may estimate that this
would cause major impacts to visitor experiences
in the contaminated areas even though physical
impacts would remain low. Tourism businesses
would experience difficulties in delivering safe and
memorable experiences in nature such as luring
and motivating tourists to travel to a destination
and participating nature-based activities by their
own or guided.
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impact scale would vary from local to regional and
duration from several months up to several years.
Marketing communication and key messages
(promises to visitors) would need re-profiling and
recovery marketing actions.

Image: Marko Junttila

Conclusions

Impacts on image issues
Sense of place is also connected to image issues. In
this study these terms were analyzed separately,
because sense of place was connected to offering
point of view (image capital of destinations) and
image was connected to demand point of view
(image creation in markets). However, they cannot
be separated because of their interconnections.
Changes in the area’s attractiveness and the
awareness thereof in terms of the total marketable tourism product would be greatly negatively
affected. Vulnerability and reputation losses are
tied to the values and promises associated with
the perceived image of the area. The potential
vulnerabilities of tourism profile would in a case
of a radioactive contamination focus on attributes
such as safety, pure, nature values and naturebased culture. These attributes can be assessed as
key elements of travel motivations to Euro-Arctic
region. In other words tourism image is very
vulnerable to changes because nuclear power and
its threats cause fear and concern (negative label),
it is difficult to sense and understand, and furthermore it is difficult to gain trust for safety (pure,
healthy, untouched nature).
Tourism demand most likely would decrease
in both contaminated but also surrounding areas:
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Impacts on tourism in the affected area are not
limited to the direct effects of the physical fallout
but are rather more far-reaching from a social
point of view. The tourism industry is made up of
interconnected chains of values. From the point
of view of demand, these comprise the tourist’s
mental images and decision-making and from the
point of view of supply, the attractions and accessibility of the region as well as the supporting
resources, products and services that are available.
The most important impacts on tourism will
come from restrictions on the utilization of natural
resources, shrinking revenues in the tourism
sector, loss of perceived safety and negative development of the image and reputation of the area.
Even if direct impacts were quite moderate, the
indirect consequences will be significant. The most
important of these are the impacts on reputation
and the changes in the mental image that people
have of the environment.
How grave these impacts are, varies from
country to country and region to region. Important
factors in the utilization of resources for tourism
include the vulnerability of the resources and the
importance they have for the functioning of the
tourism industry.

Proposals and recommendations for
reducing risks, fears and anxieties
The social impact risks identified in the study
may have far-reaching consequences. One important aspect is that the social impacts of radioactive fallout spread wider than the geographical
area affected. In other words, an accident caused
by radioactive fallout may lead to other crises on
a local, regional or provincial level, such as those
related to a tarnished image and dropping demand
or those related to the supply chain; for example,
when services based on nature and natural
resources can no longer be utilized in the tourism
industry. In severely contaminated areas it may
be necessary to move some services elsewhere in
the hope that such measures will have a positive
impact on tourists’ decisions and help alleviate
their fears.
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Anticipation and dissemination of information
based on recognized risks and facts can help mitigate the social impacts of radiation and prevent
fears and anxieties caused by incorrect information both in people’s everyday lives and in the
tourism sector.
In addition to the methods for reducing exposure to radiation, increasing people’s awareness
and preparedness is an important means of minimizing the harmful health impacts that an accident will have. Furthermore, there will have to

be action plans in place, especially for the food
industry, farming and animal husbandry.
The most important ways of mitigating the
impacts on tourism or adapting to them include
the development of safety know-how and preparedness, good communication in a crisis and
marketing measures that speed up recovery and
adaptation. By doing the right things at the early
stages of a crisis or accident we can alleviate the
impacts of the accident and help people and society
in adapting to new circumstances.

Public awareness and
information in general

•• Easy-to-understand information of radiation safety and
how to deal with risks in the Euro-Arctic region.
•• Development of online information and channels
(mobile, internet).
•• Easy-to-understand case examples of threats and
potential risks.
•• Learning materials to schools.
•• Producing scientific articles from social perspectives
in universities.

Crisis communication

•• Development of crisis communication channels
(mobile warning and information systems: web, tv, radio,
mobile devices)
•• Dissemination of information based on recognised
risks and facts can help to mitigate the social impacts
of radiation and to prevent fears and anxieties caused
by incorrect information both in people’s everyday lives
and in the tourism sector  the speed and coverage of
social media!
•• Honest, accurate and timely messages to general public
and media.
•• Easy-to-understand recommendations and 24 h service
(online, mobile, website).

Safety preparedness of
tourism industry and other
nature-based livelihoods

•• The development of safety know-how and preparedness
in disaster or crisis situations (rehearsals & trainings,
scenario assessments).
•• Radiological hazards as a part of safety plans and
strategies  safety in tourism and nature-based livelihoods (agriculture, reindeer herding, natural amenities).
•• By doing the right things at the early stages of a crisis
or accident we can alleviate the impacts of the accident
and help people and society in adapting to new circumstances.
•• Marketing communications aimed to possible image
transformations.

Ways for reducing risks, fears and anxieties in the cases of radiation-related accidents and crisis.
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Public awareness
The purpose of the Public Awareness Work
Package (WP 5) was to inform the general public
and stakeholders on the status of radiological situation in the Euro-Arctic region as well as other
topical issues related to radioactivity. By disseminating correct and up-to-date information we can
increase people’s understanding of matters such
as radioactivity in the environment, risks and
preparedness, and also alleviate their radioactivity-related fears and anxieties. The leader of
the WP was the Norwegian Radiation Protection
Authority, NRPA.

Open seminars
The CEEPRA partners have held three seminars
open to the general public:
1. ‘Environmental Radiation in the EuroArctic region. Status and cooperation
between Russia, Finland and Norway’
17 October 2011, Murmansk Marine Biological
Institute (MMBI), Russia.
2. ‘Radioactivity in the EuroArctic region:
monitoring issues and preparedness’
18 April 2012, Fram Centre, Tromsø, Norway.
3. At an international symposium organised by
the Thule Institute and University of Oulu,
‘Environmental impact assessment of largescale industrial projects in Northern areas’
26 November 2013, Oulu, Finland.

38

Researchers from Finland, Norway and Russia
held presentations and discussed different issues
with seminar participants. Reports on the ongoing
cooperation, issues in the Arctic region and other
radioactivity-related topics were provided to the
public and stakeholders.
The big number of attendees from the three
countries (over 220) and the diversity in participating organizations (governmental, military,
research and educational, public NGOs) showed
a great interest from the public and mass media
towards radioactivity-related issues in the EuroArctic region and encouraged CEEPRA project’s
partners to continue joint cooperation and organization of informational seminars in the future.

Lectures and presentations to students
in Norway, Finland and Russia
Lectures and presentations on environmental radiation monitoring, cooperation in the Euro-Arctic
region, radiation protection and radiation-related
hazards have been given to students and pupils
of schools in the region, as well as other target
groups, in Rovaniemi, Pallas, Murmansk and
Tromsø in 2011 – 2013.

CEEPRA

Sharing knowledge and enhancing awareness
The results of the project have been presented
at several national and international conferences in 2011 – 2013. The cross-border collaboration and project activities have been extensively
presented on television, radio, newspapers and
Internet in Finland, Russia and Norway.
A brochure of the CEEPRA project directed at
the general public and interest groups was printed
in June 2012. A leaflet describing the activities and
objectives of the project was released in English
and Finnish in November 2013. A public-oriented
brochure with the final results of the cooperation
within the CEEPRA project will be released in
2014 in 5 languages.
The project’s website at www.ceepra.eu was
opened in the autumn of 2012 to spread information and news about the project’s past and present
activities and forthcoming events. The website also
contains links to presentations from public seminars, reports and publications on the CEEPRA
project activities.
The website is available in English, Finnish,
Russian, Norwegian and North Sami.

Images: NRPA, MMBI.
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