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Environmental Radiation Surveillance
The  Department is responsible for efficient environmental surveillance. 

It maintains expertise on radiation safety, carries out research and development supporting supervision and preparedness, and
offers expert and measurement services.
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Environmental Surveillance
The laboratory monitors environmental radioactivity at the national level and around domestic nuclear power plants.

The laboratory develops and maintains dispersion and dose calculations tools and decision support software, is responsible 
for Nuclear Test Ban Treaty Radionuclide Laboratory FIL07 and conducts R&D to support monitoring 

Environmental Monitoring
• Dose rate monitoring network
• Airborne radioactivity and fallout 
monitoring network
• Radioactivity in surface water, foodstuffs 
and in waste water
• Radioactivity in the Baltic Sea

Environmental Monitoring Around 
Domestic Nuclear Power Plants
• Radiactive substances in marine and 
terrestial environment around NPPs
• Radioecology 

Dispersion and Dose Calculations 
• Development and maintenance of tools 
and codes for emergency preparedness
• Cooperation with the Finnish 
Meteorological institute

Emergency Preparedness and Response
• Real time situational awareness  and tools for 
STUK’s emergency  organization

Public Communication
• Citizens, authorities,  private sector
• Monitoring results and their safety 
significance
• Influential actor in national and 
international forums

Research  and Development
• Innovative R&D project supporting 
monitoring activities 
• Cooperation with universities

• Society is resistant to 
disturbances

• High level of preparedness 
for abnormal radiation 
situations

• Support for decision making

The prevention of the harmful effects 
of radiation

Nuclear Test Ban Treaty Monitoring, 
Radionuclide Laboratory FIL07



What is radiation
• Radiation is a natural part of our living 

environment. There are two kinds of radiation –
ionising and non-ionising. On the other hand, 
radiation can be either electromagnetic wave 
motion or or particle radiation.

• Radiation that has enough energy to break 
chemical bonds and create ions is referred as 
“ionizing radiation”.

• Ionizing radiation can be in the form of particles, 
such as alpha particles or neutrons, or in the form 
of rays, such as gamma rays or X-rays.

• Non-ionizing radiation is composed of electric 
and magnetic fields, for instance microwaves and 
radio waves, as well as low-frequency fields 
generated by electrical appliances and power 
lines.



Alpha (α), beta (β) and gamma (γ)
• Alpha particles are helium-4 nuclei (two protons and two 

neutrons). They interact with matter strongly due to their 
charges and combined mass, and at their usual velocities only 
penetrate a few centimeters of air, or a few millimeters of low 
density material.

• Beta-minus (β−) radiation consists of an energetic electron. It is 
more penetrating than alpha radiation, but less than gamma. 
Beta radiation from radioactive decay can be stopped with a 
few centimeters of plastic or a few millimeters of metal.

• Gamma radiation, however, is composed of photons, which 
have neither mass nor electric charge and, as a result, 
penetrates much further through matter than either alpha or 
beta radiation.



Activity (Bq) and dose (Sv)

• Becuerel (Bq)
A unit of activity. One becquerel is defined as the activity of a quantity of radioactive material in which one 
nucleus decays per second.

• Sievert (Sv)
A unit of radiation dose indicating the health detriments caused by radiation.

• In order to be able to make statements about possible hazards to human health, the 
measured activities (per mass or volume) of the radioactive substances have to be 
converted into doses (organ dose or effective dose, unit Sv).

• The potential hazard to human health depends not only on the type of radionuclide and 
its activity, but also on whether the radionuclide acts upon the human body externally or 
whether it finds its way into it



Dose (Sv) examples
⮚ 0.1 µSv = 0.0001 mSv = one hour stay at work or eating one banana
⮚ 50 µSv = 0.05 mSv = flight from Helsinki to Shanghai
⮚ 0.1 mSv = lung x-ray
⮚ 3.2 mSv = average anuual dose of Finns
⮚ 20 mSv = CT (computed tomography) scan or maximum yearly dose permitted for 

radiation workers in Finland
⮚ 4000-5000 mSv = 4 to 5 Sv = dose required to kill a human with a 50% risk within 30 

days (LD50/30), if the dose is received over a very short duration

Illustrative radiation dose chart: https://xkcd.com/radiation/

https://xkcd.com/radiation/


Dose rate (Sv/h) examples
⮚ 0.1 µSv/h = 0.0001 mSv/h = Average natural background radiation in Finland (range 

0.04-0.30 µSv/h)
⮚ 5 µSv/h = 0.005 mSv/h = dose rate in an airplane at 12000 m altitude or the highest 

measured external dose rate in Finland after the Chernobyl accident 1986
⮚ 100 µSv/h = 0.1 mSv/h = necessary to take protective measures, e.g. to shelter indoors



Environmental monitoring - pathways



STUK monitors the radiation safety of the 
environment
• The surveillance of environmental radiation consists of:

– Continuous regulatory control programme
– Thematic investigations carried out every five to ten years
– Monitoring of environmental radiation around nuclear power plants
– Monitoring of environmental radiation around mines

• The purpose of the surveillance of environmental radiation is to assess the radiation safety of 
the Finnish environment

• The mean annual effective dose for Finnish people is 3.2 millisieverts
– About one half of this dose comes from indoor radon and one fourth from other natural radiation
– the average annual radiation dose received by Finns from artificial radioactive materials is less than 

1% (nuclear weapon tests performed in the atmosphere in 1950-60s, NPP (Nuclear Power Plants) 
and various other accidents, releases from NPPs and other uses of radiation)



Continuous regulatory control programme
• External radiation
• Radioactive materials in outdoor air
• Deposition
• Surface water
• Household water (drinking water)
• Milk
• Foodstuffs
• Wastewater sludge
• Radioactivity in the human body
• Radioactive substances in the Baltic Sea
• Indoor radon

– Workplace radon concentrations
– Radon in Finland



External radiation

https://www.stuk.fi/web/en/topics/environmental-radiation/radiation-today

⮚ 256 monitoring stations
⮚ Dose rate (µSv/h)
⮚ Results to STUK every 10 min
⮚ Alarm when dose rate rises over 

0.1 µSv/h above the stations 7 d 
background value



Radioactive materials in outdoor air
• STUK monitors the levels of 

radioactive substances outdoors at 
eight localities in Finland.

• Air particles are collected with pumps 
in samplers to a fibreglass filter, and 
the filters are analysed in a laboratory. 
The method can detect very small 
changes in radiation.

• The filters are analysed with a gamma-
ray spectrometer at STUK.
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Deposition (rain water and dry deposition)
• Eight samplers (same sites as air 

samplers)
• Continuous sampling, samples 

analysed monthly
• Gamma-activity, Sr-90 and H-3 

(tritium) from samplers in Helsinki 
and Rovaniemi



Surface water (rivers)
• Surface water samples are taken 

once a year at the mouth of four 
large rivers: Kymijoki, 
Kokemäenjoki, Oulujoki and 
Kemijoki. 

• The samples are taken every 
other year in May and every 
other year October.

• The samples are analyzed for 
Cs-137 and Sr-90.



Household (drinking) water
• Samples are taken from tap water in 

Helsinki, Oulu, Rovaniemi, Tampere and in 
Turku

• collected once a year
• Analysed for gamma, Sr-90 and tritium
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Milk
• Samples from five large 

dairies
• weekly samples from each 

sampling site
• The samples are then bulked 

together for gamma and Sr-90 
analyses in STUK and 
analysed four times/year 
(quarterly)

Cs-137 in milk (Bq/l) in Southern 
Finland since 1960



Foodstuffs

• One-week diet samples from 
three institutional kitchens in 
hospitals
– The samples consist of all the 

meals of a day, including drinks 
and bread. 

• Foodstuffs on the market
– acquired from grocery shops in 

the same cities as the daily diet 
samples.

– Wild game, wild berries, wild 
mushrooms and fish
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Radioactive substances in wastewater sludge
• Sludge from the Viikinmäki wastewater treatment plant in Helsinki twice a year
• Samples of undigested sludge and dewatered sludge
• Analysed for gamma-emitting radionuclides.
• Sludge from the Viikinmäki wastewater treatment plant has been found to contain 

radionuclides that originate, for instance, in the Chernobyl accident, medical use of 
radioisotopes and natural sources.

Gamma-emitting radionuclides in undigested sludge in the 
Viikinmäki wastewater treatment plant Bq/kg dry weight in 
2018.



Radioactivity in human body
• A reference group from Helsinki has 

been monitored since 1965.
• A group from Tampere since 1999 and 

a group from Rovaniemi since 2001
• These groups include volunteer 

children and teachers from local 
schools where different age groups 
are easily available.

• Based on the results of these 
measurements, the internal radiation 
dose for the people from artificial 
radioactive substances can be 
estimated.
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Radioactive substances in the Baltic Sea (1/2)
• All Baltic Sea countries have ratified the Helsinki Convention, the Convention on the 

Protection of the Marine Environment of the Baltic Sea Area.
• The Helsinki Commission (HELCOM) co-ordinates international co-operation focusing 

on the implementation of the Convention.
• HELCOM-MORS EG (Monitoring of Radioactive Substances Expert Group)
• STUK is responsible for the Finnish part of the programme.
• The Finnish contribution consists of about 100 annual samples from seawater, bottom 

sediments, fish and other biota
• Gamma analysis for all the samples, H-3 and Sr-90 for some samples



Radioactive substances in the Baltic Sea (2/2)

Cs-137 in surface sea water 
[Bq/m3]

Cs-137 in herring [Bq/kg 
fresh weight]



Indoor radon



Thematic investigations
• The annual environmental radiation surveillance programme gives an overall picture of 

the levels of radiation in Finland. However, it cannot be used for comprehensive 
assessment of the safety of the environment: it does not give enough information on the 
exposure of special groups of people or the variation of radioactive substance levels 
and, consequently, variation of the exposure. The results of the surveillance programme 
are supplemented with thematic investigations. They produce more detailed, up-to-date 
information on the most important radiation exposure sources for Finns.

• Examples
– Radon concentration in schools
– Radioactivity of ash generated in the production of bioenergy
– Radioactivity of meat and eggs produced in Finland
– Natural radioactive substances in the Finnish environment



Environmental monitoring in the vicinities of Finnish 
NPPs

Hanhikivi, Pyhäjoki



Environmental monitoring in the vicinities of Finnish 
NPPs

• Nuclear Energy Act (990/1987) 7c §:
– The Radiation and Nuclear Safety Authority shall, to the extent necessary, monitor and 

oversee the environment of a nuclear facility to verify the reliability of measurements of 
radioactive releases and to ascertain the environmental impact of the facility.

• Regulatory Guide YVL C.7
– The licensee shall draw up an environmental radiological monitoring programme for the 

radiological control of the environment of a nuclear facility.
– The accuracy of the measurements shall be such that can indicate radiation exposure that 

is considerably lower than the annual limit value of 0.1 mSv specified in section 22 b of the 
Nuclear Energy Decree.

– STUK will perform independent regulatory monitoring in the environment of the nuclear 
facility during the operation of the nuclear facility by taking and analysing samples from 
the environment of the nuclear facility to a necessary extent.



Minimum requirements for a nuclear power plant’s 
programme of environmental radiation surveillance, 
implemented by the licensee



Monitoring programme of the authority (STUK)
Target Gamma Sr-90 Sr-89 C-14 H-3 Pu-238,

Pu-239,240
Soil x x

Reindeer-lichen x

Moss x x x

Neulaset x x

Ferns x

Mushrooms x

Berries x

Milk x x

Grazing grass x x

Viljat x x x

Root vegetables x

Game meat x

Household water x x x

Groundwater x

Sewage sludge x

Sea water x x x x

Perifyton x

Bladderwrack (Fucus
vesiculosus)

x x x x

Waterplants x



Findings in 2019

quarter Ag-110m Co-60 Co-58 Mn-54 Sb-124 I-131

1/2019

2/2019 7 1
3/2019 6 3 3 3 3 2

4/2019 6 6
All 

together 19 10 3 3 3 2

quarter Cr-51 Mn-54 Co-58 Co-60 I-131 Cs-134 Ce-141

1/2019 3

2/2019 2 7

3/2019 1 1 7 1 2 1

4/2019 2 1 9 2
All 

together 1 5 1 26 3 2 1

Loviisa Olkiluoto

Sinking matter sediment Fucus
tähkä-
ärviä perifyton Sea water hapsivita all

Cr-51 1 1
Mn-54 2 3 5
Co-58 1 1
Co-60 5 3 3 3 10 1 1 26
I-131 2 1 3

Cs-134 1 1 2
Ce-141 1 1

Sinking matter sediment Fucus tähkä-ärviä perifyton sludge kilkki all
Ag-110m 7 3 2 1 5 1 19

Co-60 3 3 1 3 10
Co-58 1 2 3
Mn-54 1 2 3
Sb-124 1 2 3
I-131 1 1 2



Cs-137 in sea water (Loviisa)



Discharges/releases

Radioactive releases into the air and sea remained clearly below the 
set limits. The calculated radiation dose of the most exposed individual 
in the vicinity of the plant was less than 1% of the limit of 100 
microsieverts set in the Nuclear Energy Decree (161/1988).
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