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ABSTRACT 

Actions to mitigate the effects of a nuclear accident arc linked to the intervention levels at which possible 
mitigation actions are initiated. This has an impact on health consequences and economy. 

The cost of alternative types of mitigating actions may be very different, and so may their efficiency. The 
most costly mitigating action is not necessarily the most efficient one. The relationships also depend upon 
the magnitude of the release and upon various environmental characteristics, particularly weather conditions. 

At no stage did the radiation situation in Finland require actual protective action, such as taking shelter indoors 
or in civil defence shelters. Civil defence plans for emergency situations include a warning level at 
200 uSv/h (population has to stay indoors) and an alarm level at 2000|iSv/h (populaiton has to seek shelter 
immediately). Both levels are "at the latest" levels, given as guidance in case regional or local authorities 
have to make the decision. The highest confirmed gamma radiation reading in Finland was 5 jiSv/h. 

During the first days of the Chernobyl fall-out it also became evident that no large scale restrictions for use 
of foodstuffs were needed in the Nordic countries. Various mitigating actions were adopted in the days and 
weeks following Chernobyl, but mostly in the form of recommendations. The situation in Finland can serve 
to explain the various types of mitigating actions considered, how they were adopted, and to some extent 
give information on how efficient and how expensive the mitigating actions were. 
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TIIVISTELMÄ 

Harkittaessa suojelutoimia ympäristössä ydinonnettomuuden jälkeen sovelletaan tiettyjä kynnysarvoja cli 
toimenpidetasoja. Nämä vaikuttavat onnettomuuden terveydellisiin ja taloudellisiin seurauksiin. 

Vaihtoehtoisten suojelutoimenpiteiden kustannukset voivat olla hyvin erilaiset samoin kuin niiden tehok
kuus. Kailein vastatoimenpide ei ole välttämättä tehokkain. Suhde riippui' myös päästön suuruudesta ja 
ympäristöolosuhteiden vaikutuksesta, ennen kaikkea säätilasta. 

Tilanne Suomessa ei missään vaiheessa edellyttänyt varsinaisia suojelutoimenpiteitä, kuten suojautumista 
sisätiloihin tai väestönsuojiin. Väestönsuojelun ohjeissa äkillisten säteilytilanteiden varalta määrätään 
väestön säleilyvaroitusrajaksi 200 |iSv/h (pysyttävä sisällä ja noudatettava ohjeita) ja sätcilyhälytysrajaksi 
2000 uSv/h (suojauduttava välittömästi). Tshernobylin jälkeen korkein varmennettu gammasäteilyn mit
taustulos oli 5 uSv/h. 

Tshernobylin laskeuman ensimmäisten päivien aikana tuli selväksi, ettei Pohjoismaissa tarvinnut ryhtyä 
laajamittaisiin elintarvikkeita koskeviin rajoituksiin. Kuitenkin eräisiin suojelutoimenpiteisiin ryhdyttiin 
Tshernobylin jälkeisinä päivinä ja viikkoina, joskin pääasiallisesti suositusten muodosssa. Suomen tilannetta 
tarkastellaan esimerkkinä siitä minkätyyppisiä toimenpiteitä harkittiin ja miten ne toteutettiin. Tarkastelu 
antaa myös jossain määrin tietoa toimenpiteiden tehokkuudesta ja niiden kustannuksista. 
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Introduction 

This report was prepared within the four-year Nordic cooperation 

program in the area of consequence assesment of nuclear accidents 

with large releases to the environment (the NKA project AKTU-200). 

It examines the various actions and recommendations to the public 

issued in Finland after Chernobyl, with emphasis on the short-

term mitigation actions. The idea of this subproject (AKTU-280) 

was that a through recording of the situation in Finland and a 

discussion of the efficiency andcosts of the mitigating actions 

would be useful in future emergency planning in all the Nordic 

countries. 

The report has earlier been summarized in the Final Report of the 

NKA project AKTU-200 (cf. reference 10). The summary has based on 

the draft version of this report. Since then, the chapter 3.4 on 

peneration of the recommendations has been added. It contains the 

result of a study performed in 1990. 

The preparation of this report has earlier been partly financed 

by the Nordic Council of Ministers through the NKA, the Nordic 

liaison committee for Atomic Energy. 

1. The Chernobyl fallout situation in Finland 

In Finland, the radioactive fallout from Chernobyl arrived at a 

time when the ground was still frozen. Northern Finland had a 

snowcover and even in the southernmost parts of the country there 

were patches of snow on the ground. The growing season had not 

started. Thus the short-lived isotopes, such as iodine 131, did 

not enter food chains effectively. From July 1986 onwards, the 

only significant radionuclides in foodstuffs were cesium-137 and 

cesium-134. 

The Chernobyl accident occured on 26 April 1986. Preliminary infor

mation on the fallout situation in Finland was based on measure

ments at fixed monitoring stations of the Ministry of the Inte

rior and the Finnish Defence Forces /1,2,3/, the first slight 
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increase in environmental gamma radiation being observed in the 

evening of 27 April. The rainfall on 29 April and in the following 

days created an uneven fallout distribution, which affected the 

southern half of the country. The Finnish Centre for Radiation 

and Nuclear Safety (STUK) made measurements using a mobile "amma 

spectrometer and vehicle-mounted sensitive Geiger-counters. "he 

measurements in the first few weeks indicated that not only the 

intensity but also the composition of the fallout differed signifi

cantly in various parts of the country. Notably, the proportion 

of short-lived radionuclides such as 132Te/132 I was higher in 

areas of early, heavy rainfall. This presented a problem for the 

later evaluation of dose rate levels and accumulated doses. 

In the autumn of 1986, when the environmental dose rate was caused 

mainly by cesium-137 and cesium-134, STUK carried out a more detai

led survey of the area affected by the Chernobyl fallout. The 

survey was completed in 1987. A total of 19000 road kilometers 

was measured. Figure 1 /4/ presents the results of the survey in 

map form, giving the dose rate normalized to 1 October 1986. 

2. Early phase measures and recommendations 

2.1 External radiation 

At no stage did the radiation situation require actual protective 

action, such as taking shelter indoors or in civil defence shel

ters. Civil defence plans for emergency situations include a war

ning level at 200 /xSv h"1 (population to stay indoors) and an 

alarm level at 2000 ̂ tSv h"1 (population to seek shelter immediate

ly). Both levels are "at the latest" levels, given as guidance 

in case regional or local authorities have to make the decision. 

The highest confirmed gamma radiation reading in Finland following 

the Chernobyl accident was 5 /zSv h*1 . 

2.2 Recommendations involving intervention 

The following is a list of recommendations given by STUK and other 

competent authorities in the period 28 April to 20 May 1986/2/. 
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Travel abroad 

30 Apr Voluntary evacuation of Finnish citizens working or stu 

dying in the Kiev area was recommended. (A special Finnair 

flight to Kiev was scheduled for this purpose). 

30 Apr Unnecessary travel to the Ukraine and eastern parts of the 

East European countries was discouraged, awaiting 

further information about the situation. 

6 May The recommendations about travel abroad were reformulated. 

Travelling to an area within 50 kilometers from Chernobyl 

was discouraged altogether, whereas for travel to an area 

w'thin 500 kilometers from Chernobyl certain precautions 

were recommended, including taking a 200 mg single dose 

of potassium iodide. 

The travel restrictions were in force until 16 May. 

Rain water 

2 May Cows should not be watered with rain water. 

2 May Rain water should not generally be used as drinking water. 

This was specified on 3 May to apply also to cooking and 

e.g. use on the stones in the sauna. 

7 May Children's play in rain water puddles should be discoura

ged. This was specified on 9 May to include gutters 

and, in general, places where rainwater had accumulated. 

The restrictions on rain water use were cancelled on 15 May and 

the advice on children's play was withdrawn on 16 May. 
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Plants and mushrooms 

7 May Recommendation to postpone the sowing of lettuce, spinach 

and other fast-growing vegetables. 

7 May The consumption as such of plants (e.g. nettles) and 

mushrooms (morels) collected in the wild was discouraged. 

Use after boiling was approved but restricted to once or 

twice a week. 

These recommendations were in force until 15 May. 

Pasture 

7 May It was recommended not to let cows out on pasture for the 

time being. The scope of this recommendation was further 

specified on 12 May so as to be in force de facto until 

26 May. 

2.3 Non-action recommendations 

In the situation caused by the Chernobyl accident the demand for 

information on behalf of the public went beyond the official recom

mendations. Therefore, the following explicit reassurance was 

included in the recommendations given on 7 May: 

water from wells and public waterworks is safe to use 

no restrictions on staying outdoors are warranted 

pregnant women need not take any special precautions. 

Brest feeding is not restricted. 

2.4 Protection of special occupational groups 

Radiation monitoring in the early phase after the Chernobyl acci

dent indicated that some occupational group may receive higher-

than-average doses, mainly in situations involving dusty practices. 

In these cases recommendations were usually forwarded through 

employers associations, agricultural consultants, etc. 
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10 May Recommendation to farmers to use respiratory protection 

in dusty soil cultivation work. 

12 May Instructions concerning the replacement of filters in 

large air conditioning facilities. 

2.5 Radiation monitoring and radioactivity measurements 

In the early phase of the Chernobyl situation the following measu

res were taken: 

gamma dose rate measurements were increased at the 400 sta

tions in the network of the Ministry of the Interior and 

the Defence Forces 

the 50 local food inspection laboratories were instructed to 

activate their radioactivity surveillance measurements 

radiation monitoring for vehicles and goods coming from the 

Soviet Union and other affected areas was organized at customs 

stations 

surveillance of export goods, particularly vehicles and con

tainers in transit traffic, was organized. 

The extra costs of radiological surveillance, laboratory analyses 

and situation management are evaluated in section 5.1 of this 

report. 

3. Measures and recommendations regarding foodstuffs 

3.1 Derived intervention levels applied in Finland 

During the first days of the Chernobyl fallout it became evident 

that no large scale restrictions for use of foodstuffs were needed. 

During these first months after the accident no internationally 

agreed intervention levels for foods were available. Dose levels 

presented by the ICRP /5/ were used to determine the derived inter

vention levels. In the publication ICRP 40 the projected dose 

equivalent in the first year was set for control of foodstuffs as 
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1. whole body, upper level 50 mSv and lower level 5 mSv and 2. 

individual organ, upper level 500 mSv and lower level 50 mSv. 

Taking 50 mSv as a reference level for thyroide and taking one 

tenth of that for infant an intervention level for iodine 131 in 

mil!? and drinking water was set to 2000 Bq/litre. The total intake 

of cesium 137 in a year was set to 200 000 Bq. This took also 

int., account other radionuclides, especially cesium 134 to keep 

the *->se below 5 mSv in the first year. From this potential total 

inteV. peak values for cesium 137 in milk and in beef and pork 

were calculated as 1000 Bq/litre and 1000 Bq/kilograra respectively. 

3.2 Impact on the food production 

As the growing season had not yet commenced at the time of the 

accident, no direct contamination of unprotected leafy vegetables 

did take place. However, the demand for fresh domestic lettuce 

went down sharply as a consequence of TV- and newspaper reports 

on condemnation of great lots of lettuce in Central Europe. The 

consumers obviously were not aware of the fact that fresh domestic 

early-season lettuce is grown in greenhouses, where the products 

are not exposed to the fall-out. Due to this drawback the strongly 

reduced price of domestic lettuce never returned to the usual 

level, thus causing economic losses to the producers. It is estima

ted -that some 50-100 producers were affected by this recoil. Howe

ver, mid-June 1986, as the free grown lettuce entered the market, 

the price was on the normal level. 

More generally it seemed that later during summer 1986 the produc

tion and price level of fresh vegetables and fruits were not affec

ted by the radioactivity. However, the consumers were intensively 

interested in the possible contamination of their home produced 

products, resulting in many requests for radioactivity measurements 

and other advice. 

The radioactive iodine was detected in milk on the third day after 

the accident. In fact, milk was the first food affected by the 

negative publicity consequent to the elevated radioactivity. Becau-
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se the release of cows to the pastures was postponed until May 

26, the farmers had to feed the animals with feed from previous 

year. Some farmers obviously suffered from shortage of feed. They 

therefore had to buy feeds from feed mills or other sources, which 

in turn increased the production costs. 

3.3 Advice on consumption of foodstuffs 

The contamination of agricultural products in the whole country 

was low. The radioactivity concentrations were well below the 

intervention levels. In most cases cesium 137 levels were less 

than one tenth of the intervention levels. 

Some non-agricultural products like game meat, reindeers, inlake 

fishes and mushrooms were occasionally contaminated to a higher 

degree. The problem with the reindeers will be discussed in chap

ter 5.2. 

Game meet, especially elk was relatively highly contaminated in 

May-June 1986. Values over 1000 Bq/kg were found. However, during 

the hunting season cesium 137 values were already approximately 

300 Bq/kg. Also in 1988 some higher values were found, due to a 

good mushroom year. Anyhow, no special advice were needed for elk. 

Mushrooms have shown very variable cesium 137 concentrations. 

During the past three years some advice has been given. The most 

important kind of mushroom is Lactarius and it has shown the high

est cesium 137 levels. These mushrooms are always parboiled before 

eating. It was recommended that these mushrooms should be boiled 

in two waters. The cesium content will decrease with this treatment 

to about 5 percent from the original. For people using very much 

mushrooms it was recommended to restrict the consumption of mush

rooms to one kilogram per week. 

The greatest concern for high cesium 137 concentrations was and 

still partly is in lake fish. Some of the smaller lakes having a 

large runoff area were collecting water from large areas and, if 



they additionally were nutrient poor, fishes in those lakes con

tained up to thousands of becquerels of cesium 137. 

In the first two years the recommendation was that fish taken 

from lakes in the highest fallout areas should not be eaten as a 

main dish more than two to three times a week. In 1988 this recom

mendation was modified to concern only predatory fishes. This 

recommendation was based on the fact that people eating every 

day inlake fish with the highest contamination could accumulate 

cesium 137 sc much that the doses would rise above the dose level 

of 5 mSv. 

3.4 Penetration of the recommendations 

Within this project the effectiveness of the recommendations on 

foodstuffs consumption was also studied. A private marketing re

search company interviewed a sample of 981 persons in the age group 

15 - 69 years. The sampling was stratified according to age, sex, 

social status, geographical region and size of community, using 

the nationwide distribution within that population group. The 

interviews were performed in homes in June 1990. 

The question asked (as part of an omnibus survey) was: "The Cherno

byl nuclear accident occurred four years ago. Do you believe that 

foodstuffs such as wild berries, mushrooms and lake fish can now 

be consumed without concern?" 

The multiple choice answers offered and the percentage distribution 

is shown in figure 2. 

The distribution is shown separately according to the respondent's 

sex in table 1. There is a significant difference in the answers, 

men being less concerned and women more cautious (In the most 

cautious group the difference is not significant, presumably due 

to the small total number.) The distributions for age group, so-

cialstatus and size of community are not reproduced here. They 

show some isolated significant differences but no clear pattern. 
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To study regional differences, we have divided the country into 

five regions, regrouping the geo-political administrative regions 

(provinces) on the basic of similar affectedness by the Chernobyl 

fallout. The following regional division is used here: 

1) Central Finland, provinces of Häme and Keski-Suomi 

2) Western Finland, provinces of Turku/Pori and Vaasa 

3) Southeastern/Eastern Finland, provinces of Kymi, Mikkeli and 

Kuopio 

4) Northern Finland, provinces of Oulu, Lappi and Pohjois-Karjala 

5) Uusimaa province 

The first four regions were chosen on the basis of decreasing 

fallout intensity (cf. figure 1). The fifth, Uusimaa province, is 

characterized by a large urban population. Some smaller areas, 

of Uusimaa province received fallout amounts comparable to regions 

2 and 3. However, the response is dominated by the urban Greater 

Helsinki area, where the fallout was roughly comparable t "> region 

4. 

The significance of the regional differences is indicated in detail 

in table 2. The pattern is somewhat complicated, but can be summa

rized for each category as follows: 

- no cause for concern. The percentage is significantly small in 

the high fallout region 1 and significantly large in the low 

fallout region 4. 

- no great cause for concern. No significant regional differences 

in this category. 

- does not know what attitude to take. The significantly small 

percentage in region 1 is consistent with the high fallout, the 

equally small percentage in the urban region 5 could be explained 
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by better-than-överage knowledge. The significantly high percen

tage in region 3 remains unexplained. 

- personally somewhat cautious. The significantly high percentage 

in region 1 is consistent with the high fallout, the almost 

equally high percentage in the urban region 5 could indicate 

that well educated people display more concern. The lowest per

centage is found in region 3 (eastern Finland), v/heras the per

centage for region 4 is not significantly low, as could be expec

ted since the region comprises the three least affected province. 

- still very cautious in some respects. Again, the significally 

high percentage in region 1 is consistent. Significantly low per

centages are found in regions 2 and 3. As noted before, the total 

number of answers in this category was small. 

The results of the study of regional differences is shown in figure 

3. Here, the multiple choice answers were regrouped in the follo

wing way: 

- not concerned means either the 1st or 2nd answer in table 2. 

- cautious or has changed food habits means either the 4th or 5th 
answer. 

4 Recommendations on use of peat, peat ash and sludge 

4.1 Horticultural peat 

In the growing season of 1986, it could safely be said that green

house vegetables were free from radioactivity. However, the horti

cultural peat produced during the summer of 1986 could be expected 

to contain widely varying amounts of cesium 137 and cesium 134 

from the Chernobyl fallout. Thus, STUK decided in December 1986 

to undertake a survey of the radioactivity content of peat intended 

for growing-bed medium use in the 1987 season /!/. The survey cove

red commercial producers of horticultural peat as well as peat 

storages of greenhouse growers. A simp]s transfer model was used 
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to relste the radiocesium concentration in peat to the resulting 

activity in fresh tomatoes, cacumbers and lettuce. Some growing 

experiments in pots were quickly undertaken in order to estimate 

applicable transfer factors. 

Recommendations were decided upon jointly by STUK and the State 

Institute of Agricultural Chemistry. The recommendations were dist

ributed together with the results of the horticultural peat radio

activity survey, and went into effect in January 1987. The results 

were graded into three categories based on the cesium 137 content, 

as follows: 

A Less than 1500 Bq/kg 

The peat is suitable for vegetable growing without any further 

measures. 

B 1500-3000 Bq/kg 

The peat is suitable for vegetable growing, but measures to 

reduce the radioactivity of the peat are recommended when 

possible at reasonable cost. 

C More than 3000 Bq/kg 

Measures to reduce the radioactivity should be undertaken 

The recommendations identified measures to reduce the radioactivi

ty content, such as replacing or diluting the peat with non-conta

minated material or, conditionally, watering the peat thoroughly 

with clean water. 

The use of contaminated lots of horticultural peat was approved 

in flower-groving, soil improvement in the fields and in landsca

ping. 

The stated objective of the recommendations was to keep the cesium-

137 concentration below 100 Bq/kg in the major part of the green

house vegetables in 1987. This goal was achieved quite easily, 

indicating that the transfer factors used did not fully account 
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for all the factors that reduce the transfer of radiocesium to 

plants in commercial vegetable production. 

4.2 Fuel peat 

Combustion of fuel peat yields about 4% of the total primary energy 

consumption in Finland. In 1987, the total fuel peat burned amoun

ted to 13.5 x 106 m3 (4.3 x 106 tons). In the fallout region shown 

in Figure 1 (137 Cs > 6 kBq nr2 ), the total amount of fuel peat 

harvested in 1986 was about 2.2 x 106 metric tons dry weight (the 

water content of milled peat is about 50%). In a survey undertaken 

at six peat-fired power plants in different parts of Finland 

throughout the heating season 1986 -87, the radiocaesium-137 con

centrations in fuel peat varied between 30 and 3600 Bq kg-1 dry 

weight. There were great differences between the power plants in 

the radionuclide concentrations of fuel peat, and also the radio

nuclide composition varied regionally. For the production and 

handling of fuel peat, there was no need to give any special recom

mendations from a radiation protection point of view. In fact, 

the production and burning of fuel peat may have a net positive 

radiological benefit since the contaminated surface layer is remo

ved from the peat bogs, and in the subsequent combustion the acti

vity is concentrated into a small amount of peat ash. 

4.3 Fuel peat ash 

The mean ash content of dry milled peat is about 5%, so the total 

amount of ash from fuel peat produced in the fallout region (137 Cs 

> 6 kBq nr2 ) in 1986 was about 110 000 tons. The survey of concen

trations of fallout radionuclides in precipitator ash was started 

in September 1986 and continued until June 1989. During the first 

heating season, 1986 -87, the monthly averages of 137Cs concentra

tion, inside the fallout region, varied from 3 to 67 kBq kg-1 dry 

weight. Outside the fallout region, the 137 Cs concentrations were 

usually below 1 kBq kg*1 . 

Before the Chernobyl fallout, peat ash was used as a fertilizer 

in silviculture and in agriculture, as a land-fill material at 
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building sites, and as a filler in concrete industry. A short 

time after the Chernobyl fallout, the STUK as general guidance 

recommended that peat ash should be transported to dumps. In dumps, 

peat ash will be covered by other material and, in addition, public 

dumps will be under surveillance for as long as the peat ash will 

be contaminated by the fallout radionuclides. The dumping recommen

dation did not apply to the administrative districts of Karelia, 

Oulu and Lapland, where the fallout deposition was low. 

In a few cases the use of contaminated peat ash as a landfill mate

rial and as a filler in certain concrete products (not concrete 

for housing construction) was accepted after a case-by-case radio

logical consequence assessment had been made by the STUK and some 

precautionary measures prescribed. 

In the heating season 1988 -89, the activity levels in peat ash 

were considerably lo.?er than during the previous heating seasons. 

For that reason the STUK replaced the earlier general guidance 

based on the fallout region division with more detailed recommenda

tions on the utilization of peat ash. According to these recommen

dations, peat ash with a 137 Cs concentration greater than 10 kBq 

kg-1 was to be rejected and transported to dumps. Below this level, 

peat ash was accepted for use as a fertilizer in silviculture and 

in agriculture, in amounts smaller than 10 tons per hectare, and 

as landfill material. The use as landfill material reguires certain 

measures to minimize the radiation dose if the concentration ex

ceeds 1 kBq kg-1 . 

If peat ash is to be used as a filler in concrete, the radionuclide 

concentration must always be measured. The ash is not accepted as 

a filler in concrete for housing construction if the 137Cs concent

ration exceeds 1 kBq kg-1 . 

Before selecting the intervention levels, a cost-benefit analysis 

was made of the activity levels at which the rejection of peat 

ash use for various applications in justified and optimized. The 

analysis gave the following optimized values: 



Intended use Optimized Committed 
1 3 7 Cs concentration dose equivalent 

kBq kg-1 mSv 

agriculture 290 0.7 
(fertilization) 

silviculture 450 0.7 
(fertilization) 

landfill 200 110 

filler in concrete 1.4 

The optimized intervention levels were fairly high, except in the 

case of use as a filler in concrete. For simplicity, only two 

intervention levels were selected, one for the abandonment of 

peat ash use altogether, and another one for use as a filler in 

the concrete production industry. 

The result of the cost-benefit analysis was used as general guidan

ce only. The committed dose from continuous use as landfill mate

rial (110 mSv) is too high to be acceptable. In view of ICRP indi

vidual dose limit recommendations, 5 mSv per year was considered 

acceptable, and the intervention level was scaled down accordingly: 

110SmSv x 2 0° k B q k9"1 = 1 0 k B q kg_1 

Thus, 10 kBq kg-1 of 137Cs was selected in the STUK recommendation 

as the intervention level for rejection altogether, and 1 kBq 

kg-1 (by rounding off 1.4 kBq kg-1 ) for the use as a filler in 

concrete. 

4.4 Sewage sludge 
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In Finland, a recommendation dating from 1977 given by the Medical 

Board stipulates that sludge may be used as a soil improvement 

agent on corn fields, the maximum amount recommended being 20 

tons of dry material per hectare at intervals of at least five 

years. Sludge is not recommended for use in the growing of vegeta

bles or on grazing grounds. 

If sludge accumulated in 1986 were spread on fields in the maximum 

amount allowed, the increase in the amount of 137Cs activity might 

be about 24 kBq nr2 . Cultivation experiments in 1987-88 indicated 

that the addition of sludge equal to 10 kBq/m2 of x 3 7 Cs would 

result in 2-3 Bq/kg in spring wheat and barley /8/. Thus it would 

seem that the use of sewage sludge within the recommended quantity 

limits could not cause significant contamination of corn. Even if 

the concentration in the sludge was very high, the overall signi

ficance of this route may not be so great, compared to direct 

transfer from deposition. 

After the Chernobyl accident the Finnish Centre for Radiation and 

Nuclear Safety recommended that sludge from May 1986, containing 

the highest amounts of radioactive material, should not be used 

as a soil improvement agent on fields. According to this recommen

dation, sludge could still be used for landscaping. No specific 

activity limits were applied to use of sludge in Finland. The 

treatment plants with the highest concentrations of *3 7 Cs-activity 

in sludge voluntarily avoided its transportation to the fields 

during spring and summer of 1986. Studies are under way to evaluate 

the transfer factors from sludge to grain. These factors are needed 

when calculating doses and giving recommendations regarding the 

utilization of sludge. 

5. Economic Impact 

5.1 Costs of intensified surveillance 

Decisions to intensify surveillance are not protective actions as 

such, and do not lend themselves to be scrutinized by cost-benefit 

analysis. If the fallout situation is not known, the full use of 
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relevant measurement capacity must be regarded as cost-effective 

by definition. All the same, decisions about surveillance programs 

can have considerable economic consequences. 

STUK used a special code for Chernobyl-related costs in its book

keeping. The direct costs of radiation monitoring and laboratory 

analyses during the first year after the accident was close to 1 

million FIM, including travels, laboratory and other materials 

and services purchased. The indirect costs, including salaries 

for normal work and overtime added 7,5 million FIM. 

5.2 Agriculture and food production 

Due to the well-developed monitoring of radioactivity in the envi

ronment and in domestic foodstuffs the authorities had enough 

data for reasonable decision making. The selective and non-rigo

rous policy in fixing derived intervention levels contributed to 

a cool public reaction, which never developed to the stage of 

strong concern. As was mentioned earlier the producers of fresh 

lettuce suffered from the negative publicity in May 1986. It has 

been estimated by the ministry for agriculture and forestry that 

the total losses incurred by thes° producers amounted to 2,5 - 3 

million FIM. However, the producers never made any claim for an 

economic compensation for their losses. 

Thp. recommendations to restrict the consumption of inland lake 

fish in the areas of highest fallout also had economic consegnenus. 

These recommendation are still applied, in somewhat modified form, 

in the fifth year following the accident. The number of people 

who normally would exceed the recommended level of two or three 

such fish meals per week is likely to be very small. However, 

negative publicity certainly caused losses to commercial fishing 

on inland lakes. 

It has been estimated by the Centre for Radiation arA Nuclear 

Safety that the consumption of inland lake fish dropped by 20% 

and is recovering only slowly. Even if a large part of inland 

lake fishing is non-commercial, indirect economic costs are incur-
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red because it is to be assumed that the fish meals are replaced 

by meat products. This is estimated to have caused an extra cost 

of about 75 million FIM. 

Generally it can be stated that there were very few cases of rejec

tion of domestic agricultural products. In fact the Finnish govern

ment paid economic compensation only for reindeer meat, which was 

withdrawn due to high concentration of radioactive cesium in meat. 

The reindeer breeding areas are situated in the northern part of 

Finland, which was not seriously affected by the Chernobyl fall

out- However, the experience from the fall-out from the nuclear 

tests in 1960s suggested that the radioactivity of reindeer meat 

would become a problem in the fall of 1986. Due to contamination 

of lichen pastures in some places, the cesium levels in reindeer 

meat began to go up, as soon as the reindeer began to feed on li

chen, i.e. in mid September 1986. There were considerable varia

tions in the cesium concentration, which necessitated an extensive 

monitoring of reindeer meat activity. The strongly intensified 

monitoring was the only measure deemed necessary in the existing 

situation. By the time the reindeer slaughter season started, 

i.e. mid October 1986, however, it became evident that a limited 

area in the southeast corner of the reindeer breeding area was 

heavily contaminated. Carcasses from that area were monitored 

individually, whereas elsewhere representative samples were taken. 

An interim intervention level of 2000 Bq/kg of cesium 137 was 

agreed upon. Altogether 354 carcasses were condemned, and a compen

sation of 164.000 FIM was paid to the company which had purchased 

the carcasses from the reindeer breeders. In fact, this amount of 

164.000 FIM is the only direct compensation paid to the producers 

due to condemned food in 1986. 

In 1987 the monitoring of reindeer meat was continued. However, 

the interim intervention level for reindeer meat was raised to 

4000 Bq/kg, taking into account that the dose contribution from 

other sources had gone down. The application of this level resulted 

in the condemnation of 127 carcasses, causing a total compensation 

of 110.000 FIM to the reindeer producers. In 1988 the number of 



condemned carcasses was 54, resulting in an economic compensation 

of 41.000 FIM. Thus the cunulative compensation paid by the Finnish 

government has been about 315.000 FIM. 

Since there is no legislation in Finland on such compensation, 

the relevant regulations of the law on the prevention of the spread 

of communicable animal diseases were applied. According to this 

law the owner of an animal may be granted economic compensation 

due to communicable diseases. The concept of communicable animal 

disease was interpreted to include radioactive contamination. If 

any food of vegetable origin had to be condemned, this law would 

not be applicable, but an ad hoc decision had to be made. The 

radioactivity to some extent affected the demand of reindeer meat 

thus causing marketing problems to the producers and meat proces

sors. 

5.3 Restrictions on use of peat and peat ash 

The summer 1986, because of favourable weather conditions, was an 

exeptional good summer for peat production. It caused that the 

fuel peat harvested in 1986 was burned even in the heating season 

1988 -89. When estimating the economic impact of the recommenda

tions given for the peat ash utilization, only approximate figures 

can be derived. In this estimation we can assume that about half 

of the total ash amount produced in Finland, during the time period 

from September 1986 to March 1989, was removed to dumps because 

of the recommendations. The remainder of the ash was either produ

ced outside the fallout region or it was piled up elsewhere accor

ding the directions of the STUK. This time period corresponds to 

about two and half years consumption of fuel peat, i.e. 2.7 x 10s 

tons of peat ash. Half of that is estimated to have been removed 

to dumps, i.e. 1.4 x 10s tons. 

The cost of the removing the ash to dumps consist of the dump 

charges (29 FIM per ton of ash) and of the cost of soil-improving 

lime when peat ash in silviculture and in agriculture has to be 

compensated by the lime (30 FIM per ton of ash). If all the ash 

would have been used in silviculture or in agriculture, the econo-
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mic impact of the interruption of the use, during these years, 

can be estimated to about 8 x 106 FIM. If, on the other hand, all 

the ash would heve been used as a landfill material, the cost of 

the interruption would consist of the dump charges (29 FIM per 

ton of ash), of the cost of the soil material compensated by the 

ash (5 FIM per ton of soil) and of the transport charges of that 

soil material (7 FIM per ton of soil). In this case the economic 

impact could be estimated to about 10 x 106 FIM. 

The use of peat ash in concrete industry in Finland before the 

Chernobyl fallout was quite small. Only one factory used peat ash 

in its concrete products, and its ash consumption was about 16000 

tons per year. The cost of the interruption of peat ash use consist 

of the dump charges (29 FIM per ton of ash), of the transport 

charges of ash to dumps (48 FIM per ton of ash, there was no trans

port cost when ash was used in the concrete factory because the 

transmission set of pipes for peat ash has earlier been built 

directly from the power plant to the factory), of the loss of 

sales income of ash (13 FIM per ton of ash, normally the power 

plant sales the peat ash to the factory) and of the cost of fine 

grained filler sand compensated by the peat ash (47 FIM per ton 

of filler sand). With these figures we can estimate the upper 

limit for the economic impact of interruption of peat ash utiliza

tion in the concrete factory, being about 10 x 106 FIM, during 

these three years. In reality, the cost have been smaller because 

the use of peat ash was not interrupted wholly. 

5.4 Tourism and transportation 

The State Board of Tourism estimated that the cancellation of 

trips to Finland during the summer 1986 season caused the tourism 

industry a loss of about 100 million FIM. The actual loss is smal

ler since there are costs involved in offering the tourism servi

ces. For the national economy another loss-reducing factor might 

have been increased domestic tourism as Finns cancelled vacations 

abroad to some destinations. 



The national airlines, Finnair, calculated a Chernobyl-related 

loss of revenue of about 40 million FIN. 

6. Summary and conclusions 

When the fallout situation was detected in Finland on 27-28 April, 

the bulk of the radioactive cloud was at a height of one to two 

kiloaeters. Before the onset of rain on 29 April in central and 

southern Finland, only slightly increased radiation levels were 

reported. Thus the authorities did not anticipate at first that 

there would be any need for countermeasures or recommendations 

affecting the general public. 

Howevei, after the rain showers had washed radioactive material 

from the cloud, resulting in comparatively high levels of iodine 

131, cesium 137 and cesium 134 deposited on the ground, it became 

clear that food chains were going to be affected, and advice by 

the competent authorities would be needed fairly quickly. 

The principles stated by the International Commission on Radiologi

cal Protection (ICRP) in its Publication 40 for planning interven

tion in the event of an accident are the following /5/: 

a) individual dose should be limited to levels below the thresholds 

for serious non-stochastic effects 

b) the risk from stochastic effects should be limited by introdu

cing countermeasures which achieve a positive net benefit to the 

individuals involved 

c) the overall incidence of stochastic effects should be limited, 

as far as reasonably practicable, by reducing the collective dose 

equivalent. 

As for conditions (b) and (c), the ICRP further states that the 

decision to introduce any countermeasure should be based on a 

balance of the risks and disadvantages to the individuals effected. 

It is realized that the implementation of any countermeasure to 
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reduce the exposure of the public carries with it some detriment 

to the people concerned, including social and economic disruption. 

It was evident that condition (a) was satisfied for both external 

and internal exposure in the situation prevalent in Finland. 

The principles of ICRP40 were meant to apply primarily to the so-

called "near field" and a number of problems occurred when applying 

them after the Chernobyl accident. In fact, the ICRP has undertaken 

to reformulate the basic principles for intervention and clarify 

the quidance for accident situations. 

The experience from handling the Chernobyl situation in Finland 

shows that in actual practice it is scarcely possible to carry out 

risk comparisons and cost-benefit analyses. The method of analysis 

used in the decision-making should be selected by the decision

makers, depending on the problem to be decided and the time factor 

and other circumstances of the accident. Because of limited expert 

resources and the time scales involved, the recommendations given 

by STUK and other authorities in many cases had to be decided 

upon with haste, based on the experts' impression of the c'tuation. 

The experts were frequently confronted with novel radiation ex

posure pathways for which transfer factors and other essential 

parameters were not available but had to be* crudely estimated. In 

spite of this, the decision making process may be characterized 

as having been rational, in the situation caused by the Chernobyl 

fallout in Finland. 

The way of applying the ICRP's basic protection principles in the 

event of an accident is also subject to discussion. At the Interna

tional Atomic Energy Agency (IAEA) Conference on Radiation Protec

tion, Sydney, Australia, in 1988, several experts /8,9/ expressed 

the opinion that in order to apply the linear non-threshold concept 

in practice, a lower bound value for individual dose is needed. 

The experience in Finland proved that a restrictive and absolutely 

consequent policy of mitigating actions is also not possible to 

carry out in actual practice. The demand for information on the 



part of the public was enormous. Many issues were raised in public 

that were allegedly neglected in the official recommendations. 

Such issues were reconsidered by STUK and other authorities and, 

where appropriate, taken into account in formulating subsequent 

recommendations. In some cases, where countermeasures with negati

ve net benefits were advocated, it was considered necessary to 

intervene in the spirit of the basic ICRP principles. Therefore, 

also explicit non-action advice was included among the recommenda

tions (cf. section 2.3). 
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Table 1. Chernobyl contamination of berries, mushrooms and lake 
fish. Attitudes of the public. 

Percentage 

All Female Male 

Sees no cause for concern 23 18* 28* 

Believes there is no 39 34* 43* 

great cause for concern 

Does not know what 14 19* 8* 

attitude to take 

Personally somewhat cautious 20 23* 16* 

in collecting and eating 

Has changed food habits 4 5 4 

and is still very cautious 

regarding some products 

No opinion 1 1 2 

* Significant difference compared to the residual group, using the 

t-test on 95 % confidence level. 



Table 2. Chernobyl contamination of berries, mushrooms and lake 
fish. Regional differences in attitudes. 

All 

Region 

Sees no cause for concern 23 13* 23 26 26* 24 

Believes there is no 

great cause for concern 

39 40 40 39 38 36 

Does not know what 

attitude to take 

14 11* 15 19* 13 11* 

Personally somewhat cautious 20 27* 19 12* 18 23* 

in collecting and eating 

Has changed food habits 

and is still very cautious 

regarding some products 

2* 2* 

No opinion 2* 0* 

Regions (of definitions in the text) 

1 - Central Finland 

2 - Western Finland 

3 - Souteastern/Eastern 

4 - Northern Finland 

5 - Uusimaa province 

* Significan, difference compared to the residual group, using the 

t-test on 95 % confidence level. 
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Figure 2 
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Figure 3 
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