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To be covered

ÅRadiation emergency preparedness pre April 1986

ÅMonday 28th April and the following days
ïThe radioactive cloud and deposition in Sweden

ÅSome actions and consequences 
ïDose limits for food products

ÅCommunication of decisions and radiation risks

ÅExperiences, lessons learned, questions

Focus on Sweden and the first weeks and year

Not updated to a give a full picture of preparedness today
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Radiation emergency preparedness 1986

ÅSwedish reactors
Å5 Counties

Åprotection of the public 

ÅSSI and SKI
Åanalyze and advice

ÅAccidents abroad not 
included

SSI: National Swedish radiation protection institute
SKI: Nuclear power inspectorate
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28 April 1986 in the morning 
Forsmark nuclear power plant
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Evacuated employees28 April 1986

Norrskedika

(A Markgren, in Strålskyddsnytt Nr 1, 2006)
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(A Markgren,  in Strålskyddsnytt Nr 1, 2006)
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But - Forsmarkwas not the source



Detected radionuclides
Sr-90
Zr-95
Nb-95
Mo-99
Ru-103
Ru-106
Rh-105
Sb-127
Te-129m
Te-131m
Te-132B
I-131
I-133

Cs-134
Cs-136
Cs-137
Ba-140
La-140
Ce-141
Ce-143
Pu-238
Pu-239+240
Pu-241
Am-241
Cm-242
ΧΧΧΦ
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IAEA 1998/Jordbruksverket 8

Which reactor?
How much radioactive 
substances in the air and 
on the ground?
Measurements needed!

Staying indoors?
Evacuation?
Iodine prophylaxis?



FOA filter stations
SSI gamma stations
1986

FOA:National Defence Research Institute
Today FOI:  Swedish DefenceResearch Agency
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ParticulateI-131 in air 
First measurement at 12.45, origin a nuclear reactor in 
south-east based on SMHI trajectories (13.05) 

I-131

SMHI:Swedish Meteorological and Hydrological Institute 10



Air sampling from a jet fighter aircraft (Lansen) started in the 
afternoon 28 April and was made daily for 2 weeks

CƛǊǎǘ ǊŜǎǳƭǘǎ ŀǊƻǳƴŘ мл ƻΩŎƭƻŎƪ ǇƳΥ 
About 40 times higher activity over Norrtäljethan over Gotland. 

Flying height 
300 m (max 12 
000 m)
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28 April 1986 in the evening

An accident has occurred at the Chernobyl nuclear 
power plant, one of the reactors is damaged. Actions 
are taken to handle the consequences of the 
accident. Injured people are treated. A governmental 
commission has been appointed. (TASS)
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Chernobyl ςa catastrophe
01.23 local time, 26 April 1986
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The radioactive cloud of Cs-137 (Bq/m3)

14



SSI gamma stations
FOA filter stations
1986

29 April: 
ÅAll stations in northern 
and eastern Sweden 
showed increased 
radiation levels
ÅStations at SSI and 
Gotland not in operation
ÅNot automatic, no alarm

Öland

Umeå
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Gamma levels for station Öland
n

S
v/h

27 April 28 April

(PE Kjelle, in The Chernobylfallout in Sweden, ed L Moberg)16



Gamma levels for station Umeå

28 April 29 April

n
S

v/h

(PE Kjelle, in The Chernobylfallout in Sweden, ed L Moberg)17



Lesson learned: the gamma 
stations ought to be automatic 
and have an alarm function i.e. 
A need to upgrade the gamma 
stations into an early warning 
system
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Two new IAEA conventions:

ÅConvention on early notification of a nuclear 
accident
ÅConvention of assistance in case of a nuclear 
accident or radiological emergency

ÅBilateral agreements



Situation 29 April

From the combined information from all 
measurements SSI concluded:

ÅNo need for staying indoors or evacuate
ÅNo need to take iodine pills, which was 
also confirmed by SoSon 30 April

SoS: Board of Health and Welfare 
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1 May ςSGAB started measurements 
of ground deposition

SGAB - Swedish Geological Company
Today SGU ςGeological Survey of Sweden 20



DǊƻǳƴŘ ŘŜǇƻǎƛǘƛƻƴ ŦǊƻƳ {D!.Ωǎ ŀƛǊ ǎǳǊǾŜȅǎ
May ςOct 1986

Flying height 
150 m

May 9
µR/h
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Deposition of Cs-137 in Sweden

Á 4.25 PBqor about 5% of 
the Cs-137 released from 
Chernobyl deposited in 
Sweden

Á About 5 % of the released 
Cs-137 also deposited in 
the Baltic sea. 
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Lesson learned: Radiation emergency 
preparedness must include consequences of 
accidents abroad independent of whether 
Sweden has nuclear reactors or not - and 
include all of Sweden.

Observation:  Even though the accident did 
not agree with the exercise scenarios, there 
existed an organization that could start 
immediately and was lucky to have access to 
a jet fighter aircraft for air sampling , an 
airplane for measurement of ground 
deposition, filter and gamma stations and 
also other instruments for measuring 
radiation as well as a number of 
laboratories. 
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External doses

ÁAverage dose from 
plume passage 0.01 
mSv.
Á May have been 

considerably higher in 
certain areas.

ÁAverage dose from 
ground deposition 0.6 
mSv during 50 years.

ÁHighest dose from 
ground deposition 4 
mSv first year and 33 
mSv during 50 years.  

(Finckin Strålskyddsnytt Nr 1,  2006)
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Lesson learned: Remediation, decontamination was 
not found necessary, but the possibility (strategy, 
knowledge, resources) must be included in the 
emergency preparedness.

- NESA  a national expert group on remediation 

- Remediation plans at each county after Chernobyl
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Photo: SLV

Foodstuffs 30 April:

National Food Agency (SLV) 
became more involved and 
decided a temporary import stop 
on vegetables, potatoes, meat and 
fish from Soviet and other east 
European countries.
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From: Beredskap efter Tjernobyl
Utvärderingsrapport oktober 1986

Food chain: grass ςcow ςmilk - man

Recommendation 2 May:

Á Cows not to graze outdoors 
until the area had been 
cleared based on grass 
measurements and later by 
measurements on milk (42 
diaries)

Á I-131: 2000 Bq/kg

(SF, N, WHO from 5 May)

Á Cs-137: 1000 Bq/kg

25 June

4 May
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Dairy milk activities in  
Uppsala and Gävle
May and June 1986

I-131

Cs-137

60 Bq/l

60 Bq/l

From: Beredskap efter Tjernobyl
Utvärderingsrapport oktober 1986 28



Reindeer herding 
districts 
(52 Saami communities)

B. Åhman and G. Åhman 1994

First meeting with Saami 
representatives and 
authorities 30 May
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Foodchain: lichen ςreindeer ςman 



Reindeerƛƴ мфслΩǎ

(Redrawnfrom Lidén and Gustafsson, 1967)

Cs-137 in lichens

Cs-137 in reindeermeat
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Reindeer 1986 - 2006 

(B Åhman, in Strålskyddsnytt Nr 1,  2006)
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Cs-137 (Bq/kg) in the body

(Falk, Rääf, Johansson et al)
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What is an acceptable radiation dose 
in an accident situation?

Nordic agreement:

ÁHighly justified to avoid long term doses (50 years) above 500 
mSv 

ÁNot justified to take measures with great social and 
economical impact for society or individuals to avoid long 
term doses less than 50 mSv 

ÁThe authority (SSI) chose the lower end of the interval, i.e. 50 
mSv in 50 years

ÁThe dose during the first year should be less than 5 mSv 
and in the following years less than 1 mSv/y in average 
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Food limits in Sweden

34

ÅMay 1986:300 Bq/kg of Cs-137 in all 
foodstuffs sold in shops

ÅJune 1987: the limit for reindeer 
meat, game meat, fish from lakes, 
wild berries, mushroom and nuts was 
increased to 1500 Bq/kg

ÅAn annual intake of 50000 Bq Cs-137 
corresponds to 1 mSv (75 000 Bq after Cs-
134 had decayed)
ÅFor people aware of the risk, 500 000 Bq 
per year could be acceptable
ÅNo intake of food containing more than 
10000 Bq/kg

Diet recommendations1987
(National Food Agency)



Changes in food consumption

ÅChanges in particular concerning moose, roe 
deer, wild berries, fungi and lake fish, i.e. 
foodstuffs normally not bought in the shops

ÅFebruary 1987
ï28 % (350 000 persons) in the 5 most contaminated 

counties

ï13 % of the whole Swedish population

ÅSeptember 1994
ï17 % (200 000 persons) in the 5 counties

ï7 % of the population
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Consequences for reindeer industry 

Å78% of reindeer meat was destroyed the first 
year (>300 Bq/kg) = great cost and adverse 
conditions for reindeer herders

ÅSecond year 29 % destroyed (>1500 Bq/kg); some 
years later less than 1% destroyed; a result of 
various countermeasures

ÅA control program for reindeer meat 
administered by SLV was initiated in the summer 
1986
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!ǇǊƛƭ нллнΥ έ²Ŝ ŎƻƴŘŜƳƴŜŘ ǘƻƴƴŜǎ ƻŦ ƳŜŀǘ unnecessarilyέ 
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