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SYNOPSES OF INDIVIDUAL PAPERS 

This review is based on ten individual papers, which are summarized below. 
The papers will later be referred to by their Roman numerals. 

I Hove K, and Strand P: Predictions for the Duration of the Chernobyl 
Radiocaesium Problem in Non-Cultivated Areas Based on a 
Reassessment of the Behaviour of Fallout from Nuclear Weapons Tests. 
In: Flitton S, Katz EW (Eds): Environmental contamination following a 
major nuclear accident. IAEA-SM-306 1:215-223, Vienna 1990. 

Result from the 1960s, environmental studies on fallout from nuclear weapons tests 
indicated lengthy effective ecological half-lives for radiocaesium. Most Norwegian 
soils have a relatively low clay content and therefore the caesium remains available 
for plant uptake for many years. The effective ecological half-life for the soil-plant-
sheep system was estimated to be about 20 years. The transfer of radiocaesium from 
the two types of fallout to lamb, goat milk, white cheese and fungi were of a similar 
order. 

II Selnæs T. D and Strand P.: Comparison of the uptake of Radiocaesium 
From Soil to Grass After Nuclear Weapons Tests and the Chernobyl 
Accident. The Analyst . 117, 493-496, 1992. 

In two selected sampling sites, the uptake of radiocaesium both from the nuclear 
weapons tests and the Chernobyl accident was studied. Soil profiles and vegetation 
samples were measured. For L17Cs from Chernobyl, 85 % was found in the upper 5 
cm of soil while the l 1 7Cs from nuclear weapons t.sts was more evenly distributed 
down the profile, about 55 % being found between 3 and 12 cm. The transfer factor 
from soil to plant was found to be 0.41 _+. 0.07 nrkg'1 for the weapons " 7Cs, and 0.40 
±_ 0.22 nrkg'1 for Chernobyl L17Cs. There was no significant difference in the uptake 
of the two types of fallout. By comparison with samples taken on the same spot in 
the 1960s, it was shown that physical decay of ''"Cs and, to some extent the vertical 
transport of n 'Cs in the soil, were the major factors in decreasing the activity levels in 
grass. Using the data from the years after the nuclear weapons tests and adding to 
the data from 1989, an effective ecological half-life of about 13 years was calculated 
for the soil-plant system. 

III Strand P, Brynildsen L. I., Harbitz O and Tveten U. Measures 
Introduced in Norway after the Chernobyl Accident. A cost-benefit 
analysis. In: Flitton S, Katz EW (Eds): Environmental contamination 
following a major nuclear accident. IAEA-SM-306 2:191-202, Vienna 
1990. 
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Following the Chernobyl accident in l'W(>, radioactive fallout was deposited over large 
areas of Scandinavia and Central Europe. In Norway, the long term contamination 
was almost entirely due to radiocaesium and countermcasures were called for to limit 
the potential radiation dose to the population. 

The countermeasures employed were interdiction of certain foodstuffs, ploughing, and 
addition of chemicals to soils to reduce plant uptake, changing slaughter time, use of 
a caesium-binding chemical to reduce gut uptake by food animals, reducing activity 
levels in food animals by special feeding of the animal for a certain period of time 
depending on the activity level, and interdiction of food products. It were also aimed 
to reduce the intake of radioactivity to people by giving dietary advice. 

The cost of the countermeasures (including interdiction of food) was about NOK 185 
million. NOK 50 million and NOK 60 million, in 1986, 1987 and 1988 respectively. 
The cost-effectiveness varied considerably between the various countermeasures, with 
about NOK 400 per manSv saved by dietary advice, to NOK 340 000 for interdiction 
of reindeer meat. 

The cost and resources deployed have been justified in the light of the dose avoided 
but have probably also had a beneficial effect on mental and social health of many 
people. Because of the introduction of action levels, nationally and internationally, the 
countermeasures reduced the monetary cost to the agricultural sector. 

iV Hove K, Hansen H. S. and Strand P.: Experience with the use of 
Caesium Binders to Reduce Radiocaesium Contamination of Grazing 
Animals. In: F:litton S, Katz EW (Eds): Environmental contamination 
following a major nuclear accident. IAEA-SM-306 2:181-189, Vienna 
1990. 

An experimental study to determine the effectiveness of certain chemical binders to 
reduce the uptake of caesium by grazing animals was carried out. The caesium 
binder AFCF in a concentrate mixture (Ig/kg) reduced the radiocaesium levels in 
goal milk under field conditions by 80-95%. The animals received on average 300-
500 grammes per day. Salt licks containing AFCF (25g/kg) reduced the radiocaesium 
levels in sheep by 25-75 % at the end of the grazing period. A sustained-release 
bolus delivering AFCF to the ruminant gut reduced the radioactivity by about 50%. 
The biological half-lives of radiocaesium under field condition were on average 21 for 
lambs and 26.5 for adult sheep. 

V Strand T.. Strand P. and Baarli J.: Radioactivity in Foodstuffs and 
Doses to the Norwegian Population from the Chernobyl Fall-out. 
Radiation Protection Dosim 20: 211-220. 1987. 
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Radiation doses to the Norwegian population from Chernobyl fallout were estimated 
by tne help of a "food basket project" where cow milk, beef, mutton, lamb, pork, 
reindeer meat, goat cheese and potatoes were bought locally. The country was 
divided into 102 areas each with a population of about 40,000 persons. In each of 
these units a "food basket" was bought in local shops. These results were sup
plemented with data from approximately 30 000 measurements on food items. The 
total dose in the first year was estimated to be 0.15 +. 0.02 mSv at the 95 % 
confidence level. However, the study indicated that dietary habits would be of great 
importance for individual dose. People like the Lapps, with high consumption of 
reindeer meat, would receive much higher doses than the average person. It was 
estimated that Lapps could have received about 20 mSv in the first year if no change 
in diet had been made. However, knowledge about reindeermeat consumption among 
reindeer breeder-, was ol. only valid for north Lapps, and information on dietary 
changes were no; known. 

The average committed dose equivalent to the Norwegian population was difficult to 
estimate due to lack of knowledge of the effective rate of reduction in radiocaesium 
content of different food products. However, based on earlier knowledge and 
consumption, an average committed dose equivalent of between 0.4 and 0.8 mSv was 
assumed. For individual reindeer-breeding Lapps who ignored dietary guidelines, it 
was estimated that they could have received a committed dose equivalent of about 
100 mSv. 

VI Strand P, Bøe E, Berteig L, Berthelsen T, Strand T, Trygg K and 
Harbitz O. Whole body counting and dietary surveys in Norway during 
the first year after the Chernobyl accident. Radiat. Protect. Dosim. 27: 
163-1171, I ' m 

Whole body counting and dietary surveys were undertaken to obtain a better 
understanding of doses to the Norwegian population and to critical groups. Persons 
representing the average population were randomly selected from the municipality of 
Oslo (only in 19K7) and Sel. Critical groups were; 1) farmers and hunters in the most 
heavily contaminated areas (municipality of Øystre Slidre) and 2) Lapps from the 
middle and south of Norway. The average effective dose equivalent during the first 
year after the Chernobyl accident was estimated to be 0.12-0.25 mSv for the average 
person. For the critical groups (Lapps excluded) the effective dose equivalent was 
estimated to be about 1 mSv in the first year. Almost 90 % of the radiocaesium 
intakt was from consumption of reindeer meat (32%), freshwater fish (36%) and milk 
(l(i rc)- The effective dose equivalent for the Lapps was estimated to be 1-3 mSv in 
ihe first year, and 90 % of the intake of radiocaesium was due to consumption of 
reindeer meat. Without dietary changes the Lapps would probably have received 7-10 
times higher doses. 



8 

For the Lapps, ihe estimated committed close equivalent was in the range 10-15 mSv. 
Without countermeasures the dose would probably have been 5-10 times higher. The 
whole-hody counts and the dietary data showed good agreement but the estimated 
dose was about twice the corresponding dose estimated from the whole body counts. 

VII Strand P, Selnæs TD, Boe E and Andersson-Sørlie A. Internal Doses 
to Different parts of the Norwegian Population after the Chernobyl 
Accident and the Effect of Dietary Advice. Health Phys, 64(a):385-
392,1992. 

The variations in the intake of radiocaesium from food and the radioactivity in the 
whole body were followed in the first four years after the Chernobyl accident by the 
same methods and for the same groups as in paper VI. The randomly selected 
persons found to have the highest whole body measurement (3070 Bq) in the first 
year after the Chernobyl accident had their highest intake of radiocaesium in 1988 
(31 000 Bq). The critical group of farmers and hunters had its highest whole body 
measurements in 1989 (15330 Bq) and its highest radiocaesium intake in 1988 (116 
000). The critical group of Lapps had its highest whole body measurements (38 210 
Bq) and its highest intake of radiocaesium in 1988 (234 000 Bq). The importance of 
reindeer meat and freshwater fish as sources of radiocaesium for the critical groups 
remained high throughout the study period. 

VIII Strand P, Selnæs TD and Reitan JB. Area and Time Distribution of 
External and Internal Doses from Chernobyl Fallout: The Lack of 
Correlation in Norway. Health Phys. 62(6):512-518, 1992. 

The external and internal doses to the population were calculated for each month, for 
each municipality, for the three years following the Chernobyl accident. The internal 
doserates were estimated from measurements on food and a knowledge of the food 
distribution system and the countermeasures taken. The external doserates were 
based on the fallout deposition pattern and measurements from thermoluminescent 
dosimeters in dwellings in various parts of the country during the 3-4 months after the 
fallout in 1986. 

In the first months after the fallout occurred, the external doserates were higher than 
the internal dose rates. After this period, the internal doserate was higher than the 
external doserate for the three years after the accident. The correlation between the 
external doserate and the internal doserate showed a correlation coefficient of only 
0.5. This was because the fallout levels were inhomogeneous and that food may be 
produced in one part of the country but consumed in another part with different 
fallout levels. The use of countermeasures could also influence the correlation. 
From the results, an effective half-life of 4-5 years for the internal dose rate was 
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calculated: lliis took into account the effect of countermeasures. 

IX l i e KT, Irgens LM, Skjærven R, Reitan JB, Strand P and Strand T. 
Birth defects in Norway by levels of External and Internal Exposure in 
the Three Year after the Chernobyl Radioactive Fallout. Am J. Epide
miol. I3<>:3K9-W. 1W2. 

The externa! and internal doses for each month and for each municipality in the three 
years following the Chernobyl accident were used in an epidemiological study on birth 
defects. The doses for each of the 454 municipalities during 36 consecutive months 
after the Chernobyl fallout were compared with collected data on births in Norway's 
Medical Birth Registry. The aim was to assess possible dose-response relationships 
between dose and congenital malformations and some other conditions in the 
newborn. A positive relationship between total dose (external plus food-based) and 
incidence of hydrocephaly was found. For Down's syndrome, a negative association 
was observed. No association was found for conditions previously reported to be 
associated with radiation, i.e., small head, congenital cataracts, anencephaly, spina 
bifida and low birth-weight. 

X Irgens LM, Lie RT, Ulstein M, Skeie Jensen T, Skjærven R. Sivertsen 
F, Koltan JB, Strand P, Strand T and Skjeldestad Fe. Pregnancy 
outcome in Norway after Chernobyl. Biomed & Pharmacother 45, 233-
241. 1WI. 

Pregnancy outcome in terms of legal abortions, early spontaneous abortions and total 
number of pregnancies were studied. No increase in legal abortions was observed in 
the aftermath of the Chernobyl accident. 

Spontaneous abortions increased from 7.4% for all pregnancies in the 12 months 
prior to the Chernobyl accident to 8.4% in the 12 months following the accident. In 
the three years following the accident the proportion of spontaneous abortions was 
H.4% compared to 7.4% the three prior years. No difference between counties with 
different fallout levels were observed. 

The total number of pregnancies has increased during the last year. However the 
total number seems to have temporarily decreased throughout the 3rd and 4th 
quarters after the accident. 
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I. INTKOIH (HON 

In recent years there has been an increased concern about radiation from fallout 
caused hy testing of nuclear weapons, or nuclear accidents at nuclear power plants. 
Although the safely record of the nuclear industry is generally very good, there have 
nevertheless been at least three serious accidents involving nuclear reactors. The 
three best-known and probably most serious accidents occurred -it Windscale, UK in 
11>57, at Three Mile Island, USA in 1079 and at Chernobyl in the former USSR in 
IWh. 

The first nuclear weapon was detonated at the Nevada test site in 1945. Only two 
nuclear weapons have been used in anger: they were bombs detonated over 
Hiroshima ard Nagasaki in 1945. After this many tests have been conducted in the 
atmosphere (about 488) and underground (about 1254). A ban was imposed on tests 
in the atmosphere in 1%4. 

The accident in the nuclear power plant Chernobyl on April 28 1986 caused 
considerable fallout over areas both inside and outside the former USSR. The 
weather conditions were such that considerable quantities of the released radioactive 
nuiterial were brought by prevailing winds to Norway. This gave aieas in Norway with 
fallouts levels among the highest outsi;1" the near field. Concern about the 
consequences for the population was present, and it was appropriate to assess 
possible health consequences for the population. In this content it was essential to 
understand the behaviour of radioactive isotopes in the environment and the 
importance of the different pathways of radioactive exposure to man. 
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2. BACKGROUND 

I-arlv on a need for the protection of people working with radioactive materials was 
recognised, and in 1*)28 the International X-ray and Radiation Protection Committee 
(later named the International Commission on Radiological Protection or ICRP) was 
established. 

The ICRP set three basic requirements for radiation protection. The first was that 
radiation exposures must be justified by the benefits that result: in other words, that 
the benefits obtained must outweigh the risks. The second requirement assumes that 
all radiation doses carry some risk and therefore all exposure to them should be kept 
'as low as reasonably achievable' (ALARA principle). The third specifies upper limits 
to the dose that can be it-ceived by a radiation worker or a member of the public in 
one year. 

When information concerning the serious early and late health effects in Hiroshima 
and Nagasaki were made available internationally, a general fear of nuclear 
technologies and radiation developed, at least in western countries. At the same time, 
serious late effects of indiscriminate medical use of radiation in the 1930ies were 
reported. A general consensus on the need for nuclear security and radiation 
protection activities prompted the UN to form the IAEA in 1957. There is now an 
international consensus on the principles and standards of radiation protection and 
nuclear safety. In 1986 when the Chernobyl accident happened there was therefore no 
doubt that radiation protection measures should be taken. 

2.1 Radioactive Fallout 

Nuclear reactors and nuclear weapons are the main sources of man-made 
radioactivity: they are also the main potential sources of radioactive fallout through 
accidental releases at a reactor or through detonation of a nuclear weapon. The 
rauioactive materials released from these two sources may be grouped under three 
main headings: 

1) fission products 
2) transuranic elements 
3) activation products 

The relative amounts of the three different categories of materials will dictate the 
nature of the contamination scenario and govern the consequences for people 
affected by the release. 

The fission of "^U give; . ise to a wide range of different fission products (Murray 
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I'WS) with hall-live, ranging trum fractions of a second to millions of years. Short
lived isotopes Mich as "'I. "V.r. "" ' ""'Ru will dominate shortly after a release, but 
1 1 ( \ and ""Sr will be an important in the long term. Several nuclides including ' 5Zr 
and "'I can together with l 1 7( 's be important source of external radiation. l 3 7Cs 
together with other isotopes like n ' l and '"Sr, is important concerning internal 
radiation. The transuranic (e.x.Pu) can be important sources of internal radiation 
following inhalation from air (UNSCEAR 1982). Among the activating products, 1 4C 
is a major contributor to dose following nuclear weapons tests. 

Radioactive fallout does not recognise international borders and since the birth of the 
nuclear age many weapons tests have caused contamination in countries outside the 
country of origin. Only one release from a nuclear reactor has caused serious cross-
border contamination, and that was the accident at Chernobyl in 1986, which caused 
considerable contamination in several countries outside the former USSR, 

2.1.1 Nuclear Weapons Tests 

Radioactive materials released to the atmosphere in an explosion become distributed 
between the troposphere, the ground surface and the stratosphere. The local fallout 
usually includes the larger aerosol particles which are deposited within about one 
hundred kilometres under normal conditions. The fallout from the troposphere 
consists of some smaller particles, which may travel great distances depending on 
meteorological conditions (particularly wind speed and direction), during the weeks 
following the explosion. Worldwide fallout may later result from debris carried into 
the stratosphere. Rainfall is an important factor in governing where radioactive 
fallout will occur. The nuclear weapons tests produced worldwide fallout, the pattern 
of which depended on annual precipitation (UNSCEAR, 1982). Much of this 
deposition occurred in the Northern hemisphere and the amount deposited increased 
with increasing latitude. 

The release of some important radioisotopes from weapons tests is shown in Table 1. 
1. The tests gave rise to a total release of about 2 IO2' Bq. 
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Table I 
Releases of some important Radionuclides by Nuclear Weapons tests, Chernobyl- Windscale and 
Three Miles Island Accidents, Activity released is given in PBq (1PBq=10 '5Bq) 

Radionuclide 
Nuclear 
Weapons test 

Chernobyl Windscale Three Mile 
Island 

, 3 'Cs 900 4 0 - 8 0 0.04 

, : M Cs 4 0 - 5 0 0.001 

1 3 1 • 700 000 260 0.7 0.0005 

90g r 650 10 0.0001 

, JbZr 150 000 140 

, M ' , M R u 13 000 110 0.01 

141-'""Ce 300 000 100 

239/240pu 10 0.09 

2.1.2. The Chernobyl Accident 

The accident at Chernobyl, near Pripyat in Ukraine, was caused by an explosion in 
unit 4 of the nuclear power plant. Both the material released and its deposition 
distribution pattern were much less homogenous than anything released in 
weapons testing. The near field (up to a few kilometres from the reactor) was 
heavily contaminated, and much of this contamination was due to fuel particles. 
Extensive areas of Ukraine, Russia and Belarus were also considered to be heavily 
contaminated (IAEA 1991). Countries outside the former USSR, particular Norway 
and Sweden received considerable amounts of fallout from the release during the 
first days following the accident. Later central parts of Europe (Poland, 
Czechoslovakia, Germany, Austria, Italy and Switzerland) received fallout. In the last 
part of the release Southern parts of Europe received fallout (Rumania, Bulgaria, 
Greece and Yugoslavia) (UNSCEAR 1988). 

It was estimated that the total amount of radioactivity released at Chernobyl was 
about 2 10 1 B Bq excluding the noble gases xenon and krypton (IAEA 1991). The 
quantities of some individual isotopes released are shown in Table 1. The chemical 
and physical form of the materials released varied considerably. Particle sizes 
ranged from less than 1 micrometre to tens of micrometres. Generally, the larger 
particles were deposited close to the source, but some smaller particles travelled 
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well beyond the boundary of the former USSR (IAEA 1991), and have even been 
found in Norway (Salbu 1987). 

The releases from Windscale, Chernobyl, Three Mile Island and the nuclear 
weapons test are compared in Table 1 (UNSCEAR 1982, UNSCEAR 1988 and IAEA 
1991). 

Of the radioactive materials deposited on the ground soon after the Chernobyl 
accident, about 10% was deposited at the nuclear power plant complex and about 
50% within 20 km (IAEA, 1991). 

The fire in the plant carried some of the materials to a height of about 1.000-1.500 
metres where an air stream carried it first to the western part of the USSR, and 
then on to Sweden and Norway. Particularly the volatile elements, such as iodine 
and caesium, reached the higher levels of the atmosphere and were then 
transported over great distances (hundreds of kilometres). The more refractory 
elements, such as zirconium and strontium, were mostly deposited on or near the 
Chernobyl site. During the ten days following the accident, when radioactive debris 
was being released to the atmosphere, the meteorological conditions changed 
and central and southern parts of Europe also received fallout. Part of this later 
release was also transported from Central Europe to Southern Norway in May. The 
fallout in parts of Norway and Sweden was some of the highest outside the former 
Soviet Union and average levels of l 3 7 Cs of up to 200 kBq/m 2 were found on the 
ground surface. Parts of Austria had activity levels of 40-60 Bq/m 2. In Switzerland 
the region of Tessins showed levels of about 40 Bq/m 2. The same levels were 
reported in Bavaria in Germany. Northern Greece, Northern Italy. Parts of Bulgaria 
and former Yugoslavia were other areas with high fallout levels. The highest 
contamination occurred where rain fell during the passage of the radioactive cloud. 

The big difference between fallout from nuclear weapons and fallout from 
Chernobyl was that the weapons fallout was deposited more or less continuously 
over a period of years while the Chernobyl fallout was largely deposited over a 
period of just a few hours, or at most over a few days. 

There were important differences in the isotopic composition of the weapons fallout 
and the Chernobyl fallout. In weapons fallout, there was almost no ""Cs. The 
fission process in nuclear weapons detonations is so short that almost nothing of 
the activating product , 3 4 Cs is produced. However in a reactor the amount of , 3 4 Cs 
is dependent on the time of operation of the reactor, in the Chernobyl fallout the 
ratio ' " C s ^ ' C s was about 1:2 (April 1986). The ratio ' " C s ^ S r is also different in 
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the two types of fallout, and , 4C was only of importance in fallout from weapons 
tests. It was also believed that there could be differences in the physico-chemical 
form between the global fallout from the nuclear weapons tests and the Chernobyl 
fallout (CEC 1991). 

2.2 Movement of Radioisotopes in the Environment 

After deposition, radioisotopes may be taken up by living organisms in 
ecosystems, redistributed by physico-chemical and biological processes, and 
transferred to man in a variety of different pathways. 

2.2.1 Radioisotopes Behaviour in Soil and Contamination of Plants 

Radionuclides deposited on soil will be influenced by the chemical, physical and 
biological properties of the soil. They may be irreversibly adsorbed on soil particles, 
they may become loosely attached to the soil through simple ion exchange, they 
may be precipitated from a complex with an organic or inorganic chemical species 
or simply in solution as an ion (Schulz, 1965). It is clearly often a complex series of 
reactions which governs the mobility and availability of a radioelement. 

Radioactive fallout deposited on agricultural land may cause contamination directly 
by becomirig attached to the aerial parts of the plant, or indirectly by deposition on 
soil followed by uptake through the roots (Russel 1965 and 1966, Ng 1982, NCRP 
1984, Nielsen and Strandberg 1988). Following deposition on aerial parts of the 
plant there is also the possibility of foliar intake leading to internal contamination 
(Russel and Bruce 1969). 

The degree of contamination of crops may depend on the state of maturity of the 
plant, which in turn depends on the time of year (i.e. the season): this is known as 
"seasonality" (Aarkrog 1992). Deposition on a standing crop immediately before 
harvesting will generally result in a more contaminated product than if 
contamination occurs when the crop is very young. Normally, semi-natural 
ecosystems is It-ss affected by seasonality than agricultural ecosystems. 

In semi-natural ecosystems, soils often have a low mineral content and very little 
clay, and this usually means elevated soil-to-plant transfer factors for radiocaesium. 
Even before the Chernobyl accident occurred, it was known that the root uptake of 
radiocaesium in semi-natural ecosystem was higher than average in agricultural 
ecosystems (Aarkrog 1979). Undisturbed soils generally have a top layer rich in 
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organic matter and any caesium in this layer is more mobile and generally available 
for root uptake. However, in tilled agricultural soils, the radiocaesium tends to come 
into contact with clay particles, which have the ability to adsorb the caesium and 
greatly reduce its availability for root uptake. Undisturbed soils tend to support 
plant species which show a relatively high uptake of radiocaesium. 

Transfer factors after the Chernobyl accident in different ecosystems can be 
calculated by taking soil and plant samples. Possible differences between the 
fallouts from the nuclear weapons tests and the Chernobyl accident can be 
addressed one way by comparing transfer factors for root uptake calculated during 
nuclear weapons test fallout and after the Chernobyl accident. However to minimize 
the problem with variation of 1) transfer between different soil characteristics and 2) 
fallout pattern, sampling of soil and plants with presence of , 3 7 Cs origin from both 
the fallouts would be preferred. 

2.2.2 Uptake by Animals 

Animal products will mostly be contaminated through the animal's consumption of 
contaminated feedstuffs. Ingestion of contaminated soil, and to a much lesser 
extent inhalation of radioisotopes, can also contribute to the degree of 
contamination of the animal. The radioisotopes of most concern in animal 
metabolism are caesium and strontium (ICRP 30, 1979). Iodine is important with 
respect to contamination of milk, and caesium can appear in both milk and meat. 
Direct external contamination of animals is of little or no consequence. After the 
nuclear weapons tests fallout it was shown in studies in Denmark and the Faroe 
Islands that intensive farming, on soil with high mineral (clay) content gave 
considerably less transfer of radiocaesium from fallout to animals as in extensive 
farming on soil with low mineral and high organic matter content. The 
radiosensitivity between these two systems could differ with more that 10 times for 
radiocaesium (Aarkrog, 1979). 

The physio-chemical form of radiocaesium can influence absorption in the animal 
gut. For example, caesium in ionic form will be more readily adsorbed than 
caesium strongly bound on/in solid particles. This was observed after the 
Chernobyl accident when transfer of radiocaesium to goat milk increased one year 
after the accident. This was explained by the caesium in fodder being in/on 
radioactive fuel particles deposited on the ground soon after the Chernobyl 
accident and remaining in a more or less non-reactive form (Beresford et al. 1992, 
Hansen and Hove 1991, Salbu et al. 1992). 
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Fallout from nuclear weapons tests demonstrated the importance to man of the 
lichen-reindeer-man branch of the food chain (Nevstrueva et al., 1967, Eckert et al., 
1968, Miettinen et al 1969, Swedjemark and Hagberg, 1974, Westerlund et al., 
1987). The ability of lichens to intercept fallout was an important factor here. The 
contamination level of reindeer meat was 10 to 100 times that for most other foods 
(Aarkrog, 1979). However, there were few studies on the behaviour of radiocaesium 
in natural pasture grazed by sheep and cattle. 

2.2.3 Long Term Behaviour of Radiocaesium in Semi-Natural Ecosystems 

Earlier studies on fallout from nuclear tests had yielded data on the migration and 
uptake of important radioisotopes under the conditions of almost continuous fallout. 
Most of these studies concentrated on agricultural systems with little study being 
devoted to food production in semi-natural ecosystems except for the lichen-
reindeer part of the food chain, which is very important in Norway. Nevertheless, 
valuable data on root uptake and long-term behaviour of radiocaesium were 
obtained. Using this data, it may be possible to reassess the results obtained in 
studies of nuclear weapons tests, and to make realistic prognoses about the 
transfer of radiocaesium and its long-term behaviour after the Chernobyl accident 
for animals. 

A proper understanding of the behaviour of radiocaesium in semi-natural 
ecosystems, particularly with respect to edible products, will lead to a better 
assessment of their importance to man. The semi-natural ecosystem can then be 
compared with the cultivated agricultural ecosystem. 

2.3 Countermeasures 

In order to minimise the harmful effects of radiation arising from fallout it may be 
beneficial to implement countermeasures, and thus reduce the dose to man. It is 
clearly essential to administer such countermeasures so as to derive the maximum 
benefit. This means evaluating the effectiveness of the countermeasures in terms of 
practicability, monetary cost, social cost etc. etc. Other important considerations 
are when to apply the countermeasures and for what length of time will 
countermeasures be called tor. To do this it is essential to understand and predict 
the long-term behaviour of the more important radioisotopes. 

There is generally good agreement on the basic radiological protection philosophy 
regarding the introduction of countermeasures following an accident (ICRP 60 
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1991). It is agreed that countermeasures should be justified and optimised and 
should result in a net benefit to man, i.e. they must do more good than harm. 

Studies of agricultural countermeasures were first conducted some 40 years ago 
largely as a safeguard against possible contamination of land through fallout from 
nuclear weapons. The studies were aimed mainly at combating contamination of 
crops, fodder and animals by Sr, Cs and I. 

Generally, the implementation and effectiveness of countermeasures will depend on 
many different factors. Some of the most important are time of year when fallout 
occurred (seasonality), site-specific factors, type of agriculture products, the 
physico-chemical form of the fallout, but just as important are economic, 
psychological and social consequences. 

2.3.1 Countermeasures for Reducing External Radiation 

Fallout on the ground and urban constructions such as buildings and roads can be 
an important source of external radiation to man. A considerable reduction in 
potential dose can be achieved through carefully planned decontamination 
procedures or, in the extreme, by evacuation. Such countermeasures were not 
used in Norway following the Chernobyl accident but they were used in the former 
USSR. Countermeasures for external radiation will not be discussed further in this 
document but some appropriate studies on this subject have been reported (Røed 
et al 1990, Jacob et al 1987) 

2.3.2 Countermeasures for Reducing Doses following Inhalation 

In the event of a nuclear release, countermeasures against inhalation of radioactive 
materials may be called for. Such countermeasures would of necessity by short 
term. Appropriate countermeasures would be remaining indoors, wearing gas 
mask, and taking of potassium iodate tablets to reduce uptake of radioiodine by 
the thyrcid gland. In Norway, after the Chernobyl accident, no countermeasures 
were used to reduce the dose from inhalation. 

2.3.3 Countermeasures Applied to the Food Chain 

A variety of techniques are available for minimising mans' intake of radioactivity 
from contaminated food. Any proposed countermeasure should take into account 
factors such as effectiveness, practicability, cost, and social consequences. Many 
normal agricultural practices are effective in minimising uptake for newly 
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contaminated land. Agricultural countermeasures have been discussed by Sandalls 
(1990), and generally these are: 

1) Reducing uptake from soil to plants by use of fertilisers, ploughing or 
changing the land use. 

2) Reducing the transfer from plant to animal by the use of food additives. 
3) Increasing the rate of excretion from the animal. 
4) Processing of contaminated crops to yield a less contaminated product. 

Limiting consumption of contaminated food, abandoning land and moving people 
from contaminated areas are obvious methods of reducing potential radiation dose. 
Ploughing and the addition of fertilisers are normal agricultural practices which can 
also be methods of reducing dose. Where meat producing animals are 
contaminated through grazing contaminated pastures, contamination in meat can 
be greatly reduced by using clean pastures of forage for just a few weeks before 
slaughtering (special feeding). 

Clearly it would be of great value to have contingency plans in place for prompt 
and effective action iii the event of a nuclear accident leading to contamination of 
the environment. 

The implementation of countermeasures will have implications in terms of cost to 
society. This cost has to be compared with the corresponding reduction in health 
risk. The Chernobyl accident presented an opportunity to evaluate the cost-benefit 
of various countermeasures. The effect of different countermeasures may be 
estimated from experiments and experience after implementation in Norway fol
lowing the Chernobyl accident. The cost of the countermeasures can be estimated 
from available accounts and budgets in connection with implementation and 
compensations regulations. Information about the scale of the use and effect of the 
countermeas,.ires taken will make it possible to estimate the averted dose. The 
findings compiled will be the basis for performing a simple cost benefit analyzes. 

2.4 Estimations of Radiation Dose 

Radiation penetrating human tissue is wholly or partially absorbed and in sodoing 
releases energy which may result in cell damage. The energy absorbed per unit 
mass is called the absorbed dose and the unit is the gray (Gy). 

The biological effect of radiation is considered to be dependent on the magnitude 
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of the absorbed dose. Factors influencing the effects of absorbed dose include 
type and energy of radiation. The various types of radiation are given a weighting 
factor (Wp) which is related to the effectiveness of the radiation, the absorbed dose, 
weighted by the WR, is termed the equivalent tose for a tissue or organ. The unit of 
equivalent dose is the sievert (Sv). 

The effect of radiation for a given equivalent dose will depend on the lissue or 
organ irradiated. In order to establish a measure of the total risk due to any 
combination of types or radiation and body tissue or organ irradiated the effective 
dose is determined by taking into account the weighted sum of all the equivalent 
doses to all the tissues and organs of the human body. The unit of effective dose 
is again the sievert (Sv). The collective effective dose (manSv) is the quantity which 
take account of the number of people exposed to a source by multiplying the 
average dose to the exposed group from tha source by the number of individuals 
in the group. 

After a fallout it is shown that for external exposure the Y-emitting nud'des are the 
most important. In calculations of external dose, attenuation of radiations through 
absorption in air and various shielding materials such as walls must be taken into 
account. The potential for internal irradiation through inhalation lies mainly with 2 3 9 Pu 
and l 0 6 Ru (UNSCEAR 1982, 1S88). Inhaled radioisotopes can also cause irradiation 
of tissues and organs other than the lung. 

The main potential source of internal irradiation after fallout arises from the 
consumption of contaminated foodstuffs. In Norway, after Chernobyl, it was the 
contaminated foodstuffs which represented potentially the most important source 
of irradiation, especially for certain critical groups of the population, internal 
irradiation from foodstuffs may occur during the relatively short period that food 
takes to pass through the gastrointestinal tract but this is trivial compared to the 
long-term exposure from radioisotopes absorbed from the gut. 1 3 1 l is readily 
metabolised and concentrates in the thyroid gland, and M S r and " 7 Cs behave like 
calcium and potassium respectively in human metabolism. 

In estimation of dose .rom radioisotopes in the human body, factors such as the 
location of the radioisotope and the retention time in the body must be known. 
Generally this information is readily available in literature, at least for the more 
common isotopes. What is not so wellknown is the more detailed distribution with 
respect to location in cells and molecules. In order to estimate potential internal 
dose after deposition of fallout, models are used which call for input data on fallout 
levels and patterns, transfer factors from soils to plants and plants to animals, food 
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consumption etc. 

Fallout from the Chernobyl accident has provided an opportunity to look at the 
correlation between fallout patterns an internal dose based on radioactivity levels in 
food. External radiation can be calculated from the fallout pattern. Measurements of 
fooa samples, information of use of countermeasures and their effects, change of 
dietary habits, and transport of food products will make ft possible to estimate the 
internal doses. Dose received during the first 50 years after the Chernobyl accident 
may be assessed by the cnange in external dose rate over time and knowledge of 
ecological half life for food products. 

Information on transfer and long term behaviour of radiocaesiur.i will be important 
for the estimation of the internal dose. 

2.5 Health Effects 

Studies on the biological effects of radiation have shown that the most important 
damage is to the DNA molecule. 

When a cell is irradiated, two types of damage may result. The cell may simply die, 
or it may survive but in an altered form called a transformation, which can result in 
a cancer or in genetic darr. >.ge to subsequent generations. 

Sufficient damaged DNA molecules may lead to death of the cell when attempting 
to divide (the so-called reproductive death). To some extent, DNA molecules have 
a self-repair mechanism but tt-.s can result in unwanted changes which can still 
lead to reproductive death of the cell or genetic changes in a surviving cell. The 
effects of cell death are usually Rcsn soon after irradiation. These are the early 
effects of radiation. 

For small doses of radiation, evidence is accumulating that the initiation of cancer is 
associated with the induction of lesions in genomic DNA, which results in specific 
gene loss and/or changes in the structure of genes. This leads to modifications of 
the cell which may then have a potential for unlimited cellular division. Currently, 
our present knowledge is insufficient to explain steD-by-step how radiation can 
induce malignant tumours. The effects of ct'i transformations, however, may take 
years to appear and are therefore called delayed or late effects of radiation. 

Radiation-induced changes in germinal cells may have serious hereditary 
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consequences for future generations. However, it is beyond the scope of this 
document to discuss this subject in greater detail. 

The present knowledge on the clinical level of radiation effects in humans has been 
obtained from studies on survivors from the atomic bomb explosions in Japan in 
1945, patients irradiated both in therapy and diagnostics, accidents with radiation 
sources in medicine and the nuclear industry, and from epidemiological surveys of 
other exposed groups (NAS 1990, ICRP 60,1991 and UNSCEAR, 1988). 

There is a connection between damage and radiation energy absorbed. Very high 
doses can cause failure of certain essential organs and ultimately death. In Norway, 
doses from weapons testing and Chernobyl fallout were well below the levels 
where such effects might be expected to occur. However, radiation damage on 
human embryos and teratogenic effects can occur from doses as low as about 50-
100 mSv (Otake and Schull, 1989). From eight to fifteen weeks it is believed that 
the risk of mental retardation is about 0.4 per sieved and 0.1 per sievert for 
embryos aged 6-25 weeks (ICRP 49, Schull et al., 1989). 

Radiation damage to DNA molecules is of great importance since the late effects 
may well be cancer and genetic damage. 

Normally the radiation affects may be classified into to categories stochastic and 
non-stochastic. Non-stochastic effects are characterized by a threshold value, and 
that the magnitude of the effects increase with the size of the dose. Stochastic 
effects is those effects that occur by chance. Exposure to radiation will increase the 
probability of occurrence of the effect. 

The risk from low doses of radiation are difficult to assess but it is generally 
assumed that there is a linear relationship between dose and effect (Upton 1991). 
However, there is some evidence to suggest that below a certain threshold, 
radiation will cause no negative effects on health and damaged cells are restored 
by a self-healing mechanism, although this defence mechanism is not totally 
effective (ICRP 60 1991). The survey on survivors from the atomic bombs in 1945 
showed only an excess of malignancies statistically significant at the 95 % levels for 
doses in excess of 0.2 Sv. At a lower level of statistical significance, there were 
indications c' excess of malignancies from doses in the region of 0.005 Sv. The 
human epidemiological data is not sufficient to confirm or deny a threshold limit. 
One of the problems in relating dose and effect is the contribution from 
background radiation. The post-Chernobyl studies will be important in increasing 
our knowledge of the effects of radiation. 
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2.5.1 Cancer 

Various types of cancer, known to be induced by radiation include leukaemia and 
cancer of the thyroid, stomach, gut, and lung. Risk coefficients have been 
determined which give a quantitativa relationship between radiation dose and 
increased incidence of cancer in various organs. At present, there is no way of 
knowing whether a cancer was caused by radiation or some other source. It is 
believed thai children are more sensitive than adults to radiation (Shimizu et al., 
1988). The time between exposure to radiation and the appearance of a cancer 
(i.e. the latent period) varies for different types of cancer. The shortest latent time, 
3-4 years, is probably that for leukaemia and possibly childrens' thyroid cancer 
(Kazakov et al 1992)). Solid malign tumours have a latent time of 20-30 years and 
this means that epidemiologicdl surveys must follow the exposed person for a 
considerable length of time. Table 2 shows some estimates of risk but there is 
much uncertainty associated with such data. The most recent assessment was 
reported in 1991 (ICRP 60 1991). 

Table 2 
Literature values for risk factors (NAS 1972, UNSCEAR 1977 and 1988, ICRP 30 1980, NAS 1990, 
ICRP 60 1991) 

Report Fatal Cancer Induced cancer 

BEIRI 1972 1.2- 10"2Sv' 

UNSCEAR 1977 2.5 • 10 2SV' 7 • 10 2 Sv' 

ICRP 30 1980 1.5 • 10 2 Sv' 2.5 • 10 2 Sv 1 

UNSCEAR 1988 4-5 • lO^Sv' 

BEIRV 1990 7.9 • 10 2 Sv' 

ICRP 60 1991 5 • 10 2 Sv 1 6 • 10 2 Sv' 

2.5.2 Genetical effects 

Genetic damage may result from changes in germ cells and such non-lethal 
damage may be passed on to the next generation. Dominant inheritance damage 
will be observed in the first generation, and recessive inheritance will appear in later 
generations. It is believed that risk from recessive damage is 7-8 times greater than 
dominant damage but it has less practical importance since it has to be spread 
among a population before it is observed. Spontaneous changes in the parental 
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yenome can lead to genetic damage in progeny, and it is believed that radiation 
exposure can increase the frequency of such damage in the next generation if one 
of the parents is exposed to radiation. Such effects have not been observed in 
man, not even in the atomic bomb survivors, but experimental studies with plants 
and animals suggest that such effects may occur. Tl le current risk factors are 
based on theoretical considerations and results of plant and animal experiments. 
(UNSCEAR 1988; NAS, 1990, ICRP 25 1977). Although much effort has gone into 
the study of this subject the picture is not clear and great uncertainty stills exist. 
Estimation of the genetic risk for the two first generations after exposure of one of 
the parents is believed to be 1.10'2SV' (ICRP 60 1991). 

2.5.3. Correlation between Dose and Effect 

Despite controversy regarding the absolute magnitude of risk per unit dose, most 
experts and scientific studies agree on a linear /no threshold relationship for 
radiation protection purposes. 

Doses estimated from fallout patterns and food measurements, where variations in 
time and place can be incorporated into epidemiological studies, should provide a 
valuable insight on dose and effect. Thus, dose distribution pattern should 
expectedly be parallelled by observed effect distribution pattern. By comparing 
dose assessment and health effects, e.g. recorded birth defects one may perhaps 
gain more information about the effects of radiation. On the other hand for 
prediction of the future consequences of the Chernobyl accident the possible 
increased incidents of cancer and genetical damage can at present only be 
estimated from dose assessment and established risk factors. 
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3. AIMS OF THE STUDY 

The basis tor evaluation of possible radiological, agricultural and health effects will, 
in a given situation, be based on past experience. Nuclear weapons fallout and the 
fallout from Chernobyl have enabled us to obtain a great deal of knowledge in our 
efforts to improve our preparedness for any possible future nuclear accident. This 
study will examine the issues and aims discussed in the introduction and 
background to this document. They are: 

1) Is it is possible to predict transfer and long term behaviour of radiocaesium 
from the Chernobyl accident based on the behaviour of radiocaesium from 
the fallout after the nuclear weapons tests? It is important to compare 
similarities and differences in the behaviour of the two types of fallout in 
semi-natural ecosystems and to determine if the believed differences in 
physico-chemical forms of radiocaesium are important for the transfer and 
long term behaviour. 

2) Is the fallout pattern, knowledge of transfer of radioactivity in the 
environment, and radioactive decay sufficient to assess the dose to the 
population over time after the fallout ? 

3) What is the contribution of food produced in semi-natural ecosystems to the 
internal dose of the population and for critical groups ? 

4} Do average estimated population dose rates, depending on time (months) 
and place (municipality) give satisfactory resolution to be used in 
epidemiological studies supplementing studies with individual measurements 
(case-control studies) ? 

5) Can we derive more information about effects of radiation by comparing 
dose assessment and recorded early health effects as e.g. birth defects ? 

6) To predict possible late heal'h consequences in Norway due to fallout from 
Chernobyl accident. 

7) Were the actions taken after the Chernobyl accident reasonable in view of 
the observed and expected health effects ? 
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4. MATERIALS AND METHODS 

The material and methods are described in each Individual paper. A short overview 
and some additional details of the methodology are reported here. 

The data available for this study has been obtained on a national basis, a regional 
(county or municipal) basis and partly from small areas/experimental fields. The 
data consist of measurements on environmental samples (including soil and 
plants), food, man, and epidemiological studies. 

4.1 Sampling 

The main reason for measuring fallout in soils was to ascertain and map the 
geographical distribution of fallout. The data set eventually used to construct the 
fallout pattern was based on four soil samples from each municipality in Norway 
(Backe et al 1987). In obtaining data on soil-to-plant transfer, soil and vegetation 
samples were taken from the same spot so that place-to-place variations of fallout 
levels in the soil would not be important. The effect of countermeasures on 
contamination levels in food was studied (III,IV). 

The sampling strategies for environmental samples and food were both random 
and systematic. Random sampling was mostly used in the estimation of average 
values over relatively large areas of land (national, county and municipal). This was 
applied when determining the spatial distribution of fallout in soil, plants and 
animals. Systematic sampling was used in smaller areas at experimental fields for 
studies of transfer processes through different ecosystems (l,ll,V,VIII). 

4.2 Measurements 

Gamma-ray spectrometry measurements of different samples were carried out with 
sodium iodide detectors, (Harshaw type) and high purity Ge detectors (Canberra 
and Ortec) connected to multi-channel analyzers as described in individual papers 
(l-VIII). Counting times varied from seconds to days depending on activity levels 
and the required accuracy. 
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4.2.1 Food and Environmental Samples 

Food and environmental samples were homogenised, or dried and homogenised, 
before analysis, r.'.aasurements on live animals were performed with a Nal detector 
connected to a mobile multi-channel analyzer. The system was calibrated by 
taking measurements on the live animals and comparing them with laboratory 
measurements of meat from the same animals after slaughtering. The mobile 
system was found to give measurements with an uncertainty of about 10% (Strand 
and Brynildsen 1990). Where it was necessary to differentiate between 137Cs from 
weapons fallout and '37Cs from Chernobyl the ' MCs was used as an index 
assuming the ratio 137Cs:134Cs was about 1:2 at time of fallout (l,ll,V). 

4.2.2 External Dose Measurements 

The computation of external radiation were based on data obtained from analysis 
of soil samples (Backe et al 1987) and measurements in dwellings (Strand and 
Stranden 1987). Thermoluminescent dosimeters were used to measure exposure 
rate. 

4.2.3 Transfer Factors 

Transfer factor is the term used to describe the transfer of radioactivity from soil-to-
plant and plant-to-animals. The transfer factor from soil-to-plant is defined as: 

TF(nvVkg) = activity in plant (Bo/kg) 
deposition (Bq/m2 > 

An aggregate transfer factor TFag was also used. This describes the ratio between 
the average deposition in an area and the average activity levels in food products. 
in the area. 

TF a g (mJ/kg) = activity in product (Bo/kol 
deposition (Bqj/rrr 

4.2.4 Effective Ecological Half-Life (T„) 

To describe the long term behaviour of radiocaesium in different ecosystem, an 
effective ecological half nfe which give the time for reducing the activity levels in the 
end product in an ecosystem to one half is defined. It consist of the 
physical half life (Tp) a~J the ecological half life (Tæo). 

i = l + i 
T. T p T e c o 
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4.2.5 Measurements on People 

Whole body measurements of '^Cs and "'Cs on people were made with a Nal 
detector coupled to a multi-channel analyzer was used. A so-called 'chair 
geometry' was used, i.e. a shielded chair with the detectors in fixed positions from 
the body. Measurement times were ten minutes and the margin of error was about 
5 - 10% depending on the level of radioactivity in the body (VI, VII). 

4.3 Dietary Survey 

A dietary survey was conducted in order to estimate the intake of radioactivity 
through consumption of food. Data are available for average consumption but, for 
sub-groups of the population which were part of this study, dietary surveys were 
carried out. Interviews and questionnaires were used to estimate the intake of 
foodstuffs. Emphasis was placed on how often foods were consumed, and in what 
amounts. Special attention was given to foods with high levels of radioactivity and 
food consumed in relatively large quantities (V!, VII). 

4.4. Dose Calculations 

The calculation of doses was carried out using established dose conversion factors 
(ICRP 30 1979, NCRP 1977). The external dose was calculated from measurements 
of radioactivity in soil and air (Strand et al. 1987, Strand and Stranden 1987, Strand 
et al. 1990). Established conversion factors were used to estimate dose in tissue 
from air measurements (Kramer and Drexler 1982). The internal dose was 
estimated from activity levels in food and quantities consumed. Established dose 
conversion factors were used to calculate dose from intake (ICRP 30 1979). The 
internal dose may also be calculated from whole body measurements. The effective 
dose equivalent was calculated for a time period. The change of the doserate with 
time was estimated for assessment of long-term dose (VIII). 

4.5 Epidemiological Studies 

The relationship between estimated dose, and effects such as birth defects were 
studied, both concerning the applicability of the dose data to epidemiology, and for 
substantiation of the predictions. For birth defects, information obtained from the 
Medical Birth Registry of Norway was used. The possible effects were statistically 
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tested by a test for trends in odds ratios (observed s expected) over the dose 
categories in a logistical model. External, internal and total dose were used in 
these statistical analyses (IX, X). 
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5. RESULTS 

The results are reported in detail in the individual papers. Some additional data 
and a description of the survey are reported in the following sub-sections. 

5.1 Transfer of Radioactivity from Fallout to Man 

Table 3 shows the transfer factors for root uptake from soil to vegetation/pasture 
from different sites in Norway in different agricultural systems. The table shows 
differences in transfer factor between cultivated and uncultivated soils and between 
mineral and organic soils. The sampling was carried out in 1987, i.e. one year after 
the Chernobyl accident. 

Table 3 
Transfer factors (TF) for soil to grass for Chernobyl fallout in 1987 

Soil TF m 2/kg Range 

Cultivated 0.08 0.001-0.5 

Non-cultivated 0.18 0.01 - 0.9 

Mineral 0.10 0.01 - 0.5 

Organic 0.27 0.01 - 0.9 

Activity levels of radiocaesium in milk from weapons fallout and from Chernobyl 
fallout are shown in Fig. 1. The data were normalised to a fallout level of 1 kBq/m 2 

of ground surface. The time period shown is from 1965 to 1976 for the nuclear 
weapons tests fallout and from 1986 to 1991 for the Chernobyl fallout. 
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Figure 1 
Radiocaesium concentrations in milk (Bq/I) following deposition of 1 kBq/m2. Data on Chernobyl 
fallout from measurements partly reported in VIII. Data on nuclear weapons tests from Hvinde, i 
(1977). 

5.1.1 Semi-Natural Ecosystem 

Aggregated transfer factors for different agricultural products for weapons fallout 
and Chernobyl fallout are shown in Table 4. Some of these agricultural products 
have a very short ecological half life and in those cases TF a , is only meaningful for 
a short time after deposition. 
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Tuhle 4 
Aggregated transfer factors (T ) for food products for weapons fallout and Chernobyl fallout. 
Data on Chernobyl fallout and nuclear weapons tests fallout from measurements partly 
reported in I. 

Species Nuclear Weapons 
(Bq/kg pr Bq/m2) 

Chernobyl range 
(Bq/kg pr Bq/m 2) 

Goat milk - 0 . 0 2 0.008 - 0.03 

Goat cheese 0.11 -0.2 0.04 -0 .2 

Lamb 0.04 - 0.1 0.06 -0.14 

Cattle meat beef 0.001 - 0.002 

Cattle milk cows milk 0.002- 0.003 0.001 - 0.002 

Fungi Rozites caperata - 0 . 3 ~ 0.3 

Reindeer 1 - 2 1 - 2 

5.1.2 Long Term Behaviour of Radiocaesium in Semi-Natural Ecosystems 

Figure 2 shows the activity levels of radiocaesium in reindeer meat for both 
weapons fallout and Chernobyl fallout. The results are normalised to a fallout of 1 
kBq/nr for both types of fallout. 
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Figure 2 
Chernobyl and Nuclear weapons radiocaesium fallout in reindeer meat in winter 
(The activity levels in meat (Bq/kg) are given per Bq/m2 deposited radiocaesium) 

Figure 3 shows the time dependence of levels of radiocaesium in sheep for the 
years following the Chernobyl accident. The measurements is done in areas where 
it was not necessary to implement countermeasures because of low activity levels 
in sheep. The half-life for Chernobyl radiocaesium in sheep was estimated to be 
about 13 years. 
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Figure 3 
Average Chernobyl radiocaesium levels in sheep meat (Bq/kg) for a part of the country where 
countermeasures were not employed because of low activity levels. 
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It is in Figure 4 shown the Chernobyl radiocaesium levels in goats' milk for the 
summer seasons of 1988-1991. 
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Figure 4 
Activity levels (Bq/I) of Chernobyl radiocaesium in goats' milk for one mountain pasture, during the 
summer seasons of 1988 -1991 

In table 5 is shown a summary of ecological half-lives for nuclear weapons fallout 
and Chernobyl fallout radiocaesium in food products. 

Table 5 
Ecological half-life (years) for weapons radiocaesium and Chernobyl radiocaesium in food 
products. The data base for estimation of ecological halt life is partly taken from paper I and II. 

Caesium origin Fungi 
(a) 

Goats' milk 
(a) 

Reindeer 
(a) 

Sheep 
(a) 

Weapons test > 20 20 3 - 4 20 

Chernobyl > 20 4 - 15 3 - 4 3 - 2 0 

5.2 Countermeasures and Cost-Benefit Analysis 

Six types of countermeasures were used in Norway to reduce radiation doses 
following the Chernobyl accident. They were interdiction of food, special feeding, 
fertilisation of natural pasture, caesium binders, changing diet and changing 
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slaughtering time of reindeer. Countermeasures considered, but not implemented, 
were the rrovement of animals to uncontaminated areas, and restriction on some 
agricultural production in contaminated areas. Table 6 shows the result of cost 
benefit analyses performed on countermeasures implemented in Norway after the 
Chernobyl accident. 

Table 6 
Cost (NOK) of countermeasures in terms of manSv saved. 

Countermeasure NOK/manSv 

Interdiction sheep 1000 000 
Interdiction reindeer 340 000 
Special feeding 250 000 
Change of slaughter time 94 000 
Prussian blue boli 4 000 
Prussian blue concentrate 1 000 
Dietary Advices 40 

5.3 Radiation Doses and Health Effects 

The doses received following the Chernobyl accident were from external exposure, 
inhalation, and consumption of food. 

The radioactivity in air was monitored through the fallout period and the highest 
levels were observed between 28 April and 11 May (Ugletveit and Bjerke 1986). 
The integrated air activity was 140 Bq/m3 per hour for 1 3 1 l , and 40 Bq/m2 per hour 
for 1J'Cs. The dose for the inhalation of " ' I to the thyroid was 10 /L/SV. The 
collective dose for the population was estimated to be 50 manSv. 

The external and internal doses with respect to time and place are shown in 
Figure 5. The external doserate was estimated from the fallout pattern ana the 
internal dose from actual measurements on food and food consumption. 
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Figure 5 

External and internal dose (mSv/year) during the first three years after the Chernobyl accident. 
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The relationship between radiation dose and induced effects was studied. For the 
non-stochastic effects, a relationship between dose and birth defects was sought. 
The dose used in these statistical tests was the total dose, i.e. the sum of internal 
and external irradiation. The only positive correlation observed was between dose 
and hydrocephaly. No correlation was found for other effects often cited as being 
radiation-related (e.g. small head, congenital cataract, anencephaly, spina bifida 
and low birth-weight). No correlation between internal dose only and defects or 
abnormalities were observed. There was an increase in the incidence of spont
aneous abortion compared with the 12 months before the Chernobyl accident. 

There was no increase in legal abortion. The incidence of future stochastic effects 
has been estimated using risk factors, but it is too early to observe effects of this 
type. 
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6. GENERAL DISCUSSION 

6.1 Behaviour of Radiocaesium in the Environment 

Despite the fact that the Chernobyl caesium deposited in Norway was found in a 
variety of physico-chemical forms, it has been shown that radiocaesium from 
Chernobyl and radiocaesium from weapons fallout behaved very similar with 
respect to distribution and migration in soil and uptake by plant and animals (l,ll). 
This is true at least after the first initial phase after the fallout. The long term 
behaviour of radiocaesium in * le environment is also very similarly for the two 
fallouts (l,ll). To estimate the effective ecological half lives it was necessary to 
reassess the result after the nuclear weapons tests since one had to take into 
consideration that the nuclear weapons test fallout took place over several years, 
and it was also necessary to address problem with domestic animals using semi-
natural ecosystems as pasture (I). 

Earlier studies had suggested that fallout from Chernobyl would behave differently 
from fallout from weapons tests since radioactive substance realised under very 
special conditions could be present in other physico-chemical forms than in those 
generally observed (global fallout and nuclear industry)(CEC 1991). A reduced soil-
plant transfer of Chernobyl fallout radiocaesium compared to nuclear weapons 
tests fallout was observed (CEC 1991). The weapons fallout was readily soluble in 
water, but the Chernobyl fallout was found in a variety of different physico-chemical 
forms. 

Close to the Chernobyl site, Loschilov (1991) had observed that physico-chemical 
form of radiocaesium played an important role in determining it's behaviour in the 
environment. However, in this study one compares the far field of the Chernobyl 
fallout with the global fallout after the nuclear weapons tests. 

The Chernobyl fallout radiocaesium deposited in Norway was found in fuel 
particles, in the forms of colloids and as simple cations (Salbu 1987, Salbu 1988) 

6.1.1 Radiocaesium Behaviour in Soil and Uptake to Plants. 

There is little or no difference in the root uptake of radiocaesium between the two 
fallouts (I,II, table 3). The difference can be explained by difference in time and 
duration of the deposition process, but physico-chemical forms had little influence 
on the behaviour in soil and uptake by plants. In this study, the movement of 
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radiocaesium through different food chains was examined for differences in the 
behaviour of the two types of fallout (1,11). It was expected that such a comparison 
would indicate the applicability of the behaviour of nuclear weapons fallout to 
prognoses for the transfer and long-term behaviour of the Chernobyl radiocaesium. 
Radiocaesium was one of the most important radionuclides for dose to man from 
both types of fallout, and consumption of contaminated food being a important 
source of dose (V,VI,VII,VHI, UNSCEAR 1982). It was possible to differentiate 
between the two types of fallout since nuclear weapons fallout did not contain 1MCs 
while the Chernobyl fallout included both '"Cs and 134Cs in a known fixed ratio 
(I.II.Backe et al 1987). 

In the year following the Chernobyl accident, some studies in Europe suggested that 
the radiocaesium from Chernobyl behaved differently from that in weapon fallout, in 
connection with transfer to foodstuffs in agricultural ecosystems the first year after the 
accident. However, this was explained by the fact that the weapons fallout was 
deposited more or less continuously while the Chernobyl fallout fell over a period of 
just a few days. It has been shown (Aarkrog 1992) that seasonality is an important 
factor in determining the levels of contamination in mature products. Fallout from the 
nuclear weapons tests was deposited more or less continuously on the ground, and on 
growing crops at all stages of maturity. Surface contamination of the aerial parts of 
crops was therefore an important consideration, and root uptake of lesser importance, 
at least in the early years. When fallout ceased to be deposited, root uptake became 
the dominant mechanism for uptake especially in the long-term. Root uptake was also 
more important in semi-natural systems. However, for Chernobyl fallout there where 
not any averaging over different stage of maturity of crops and plants. The important 
factor determining the magnitude of the transfer factor was the time of year when the 
fallo'.'t accord. Seasonality could therefore explain the difference between transfer 
factors in the first year after the Chernobyl accident compared to those obtained from 
weapons fallout (Aarkrog 1988). After the first year, seasonality w.*s of no importance 
for the Chernobyl fallout since root uptake becomes the only important intake route. 

Differences in the transfer of radiocaesium by root uptake between the two fallouts 
has been reported after the Chernobyl accident (CEC 1991). This is in contradiction 
to what found in this study (I,II.table 3). Result from experimental fields from West 
Norway showed no significant difference in the soil-to-plant transfer of the two types 
of fallout (II). In 1989 it was shown by Oughton (1989) that both types of fallout 
were in ei|uilihrium with the stable caesium in the soil and despite the fact that 
deposition of the fallout occurred 2(1 years apart the transfer factors were almost 
identical (II). These measurements were made on a highly organic soil containing 
sen, little clay. Furthermore, measurements in 1987 (table 3) in Norway showed soil 
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to plant transfer factors similar to those observed earlier by Russel (1966) and 
Aarkrog (1979) lor weapons fallout. This clearly shows similar behaviour of 
radiocuesium from the two types of fallouts. Reported difference (CEC 1991) 
between transfer factors for the two types of fallouts were only a factor of about 2, 
and taken into account the great geographical variation (even over small areas) in the 
Chernobyl fallout pattern (Oughten 1990), the natural variation in the soil-plant 
transfer depending e.g. on ecosystem and soil type this may perhaps not be a 
significant difference. 

The study has clearly shown the behaviour of radiocaesium from the two types of 
fallouts to be similar (1,11, table 3) and that possible differences in physico-chemical 
forms at least at present, had little influence on the behaviour of radiocaesium in soil 
and uptake to plants. The difference observed in the first year after the Chernobyl 
accident are explained by seasonality (Aarkrog 1988). 

6.1.2 Uptake of Radiocaesium by Animals 

Again, generally the transfer of radiocaesium to animals was the same for both 
weapons fallout and Chernobyl fallout (1,11, fig 1, table 4, fig 2). The measurements 
had to take into account the complex deposition pattern of the Chernobyl fallout bJt 
this problem was partly overcome by using aggregated transfer factors since most of 
the food product was from animals grazing over areas of considerable sizes. This 
meant averaging the intake and thereby give possibilities to use average deposition 
when estimating the Tag. 

The transfer of radiocaesium to animals also indicated similar behaviour by the 
radiocaesium from the two sources. An national study of uptake in milk was carried 
out for both types of fallout. The transfer of radiocaesium to milk from the two types 
of fallout was of the same order after taking into account the use of countermeasures 
after the Chernobyl accident (fig 1). A detailed study of semi-natural ecosystems 
which covered upland pastures, moorland, alpine meadows, coniferous forests, and 
tundra included a comparison of root uptake, transfer of radiocaesium to animals (I, 
table 4) and a study of the direct contamination of lichen and uptake to reindeer 
(table 4). In semi-natural ecosystem, important nutrition pathways are the lichen-
reindeer, soil-plant-domestic ruminants and water-freshwater fish (V,VI,VII,VIII). 
The transfer factor for radiocaesium from fallout to reindeer was measured in winter, 
and no significant difference was seen between the transfer factors for the two 
different fallouts. The aggregated transfer factor (T a g) (table 5) was similar to that 
estimated from Aarkrog's data for weapons fallout (0.007 - 0.030 nr/kg) (Aarkrog, 
1979). Estimating T for goat milk, lamb and beef showed little difference between 
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the two types of fallout (Ul.tahle 4). Uptake to sheep from different types of fallout 
was also similar to that reported in other countries (Howard 1989, Howard 1990). 
The result from studies on animal and animals products, like the result from the soil-
plant transfer studies, support the view that radiocaesium in both types of fallout 
behave similarly. 

6.1,3 Long Term Behaviour of Radiocaesium in Semi-Natural Ecosystems. 

The ecological half life is long, in average between 10 to 20 years for most of the 
plants and food stuffs produced in the semi-natural ecosystem (I.II.table 5). The 
ecological half life is also independent of the origin of the radiocaesium whether it be 
from the nuclear weapons test or the Chernobyl accident (1,11, table 5). 

The long ecological half life may be due to several factors. Assessments made in the 
wake of the Chernobyl accident showed that the ecological half-life of ruminants 
grazing semi-natural ecosystems had never been properly addressed before Hove and 
Strand (I). It was not generally known that ecological half-life should be of the same 
order as physical half-life (1,11). On sites in West Norway, where the transfer of 
weapons fallout and Chernobyl fallout was compared, it was observed that the depth 
of the rooting systems, together with migration rates and physical half-lives, govern 
the ecological half-life for the soil-plant system (II). Again there was very little 
difference between the two fallouts. For weapons fallout radiocaesium, an ecological 
half-life of about 13 years was determined (II). Country wide studies on sheep 
showed the radiocaesium from weapons fallout to have a half-life of about 10 -
20 years (I): this was similar to that found for Chernobyl radiocaesium (fig 3). 

However, results from surveys on the long-term behaviour of Chernobyl radiocaesium 
showed differences according to such factors as type of ecosystem and soil type 
(I,II.table 5). For ruminants such as goats, sheep, and cattle grazing on semi-natural 
pastures there were considerable differences in ecological half-life according to the 
site (I.II, fig 4). The ecological half-lives ranged from a few years to even longer that 
physical half life of radiocaesium. The presence of fungi in the pasture may be a 
factor affecting the long-term behaviour of radiocaesium: it was found that levels of 
radiocaesium in goats milk was much higher when fungi were present in great extent 
(fig 4). In the grazing period when fungi i.; absent, the ecological half-life for 
radiocaesium was found to be about 3 years on this particular site in central Norway 
(fig4). However, when fungi are present, specially in great extent, there may well be 
no diminution of radiocaesium levels in milk even after three years. The half-life of 
about three years for goats' milk at this particular site, when fungi were absent, 
contrasts with about 13 years for the ecological half-life for the soil-plant system on 
the site in West Norway (II). However, these observations were made at only two 
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sites. Generally, the surveys covering very large areas and several different types of 
ecosystem (such as the country-wide survey on sheep)(I,fig 3), showed ecological half-
lives of between 10 and 20 years for both types of fallout. 

There are little published data on ecological half-lives. Results from Sweden 
(Johansson et al 1991) showed continuous high levels of Chernobyl radiocaesium in 
moose for several years after the accident, and this means lengthy ecological half-
lives. However, measurements on weapons fallout in Faroe Islands showed 
considerably shorter ecological half-lives for milk and lamb than those observed in 
Norway (Aarkrog 1979). This might be explained by difference in soil types or 
climatic conditions. The annual precipitation in the Faroe Islands is very high and 
may influence the half life. Possibly the downward migration of caesium was rapid 
and it moved below the root zone. The virtual absence of fungi in the pasture may 
also be an explanation for the relatively short half-life in the Faroe Islands, since the 
fungi influence the ecological half life. A further contributory factor may be 
enrichment of the mineral content of the soil by sea water. 

In many areas, the ecoli gical half-life of caesium in ruminants grazing on semi-
natural ecosystems is 10 - 20 years, especially where fungi are present (I,II,table 5). 
For soils of low organic matter content and/or shallow root systems the ecological 
half-life will be shorter. However, it may be assumed that radiocaesium in the soil in 
semi-natural ecosystems will be available for plant uptake for many years to come. 

In semi-natural ecosystems, root uptake is the rate-determining step and therefore 
also governs the intake by grazing animals. The main exception to this is the lichen-
reindeer pathway where surface contamination of the lichens is largely responsible for 
the activity levels of radiocaesium in reindeer in winter when lichens are the 
reindeers' main source of food. In winter, the ecological half-life for weapons fallout 
and Chernobyl fallout in reindeer showed no significant difference: the half-life being 
3 - 4 years in both cases (table 5). This again demonstrate the similarity in behaviour 
of radiocaesium from nuclear weapons and from Chernobyl. It should be borne in 
mind that this contamination of lichen was not due to root uptake but from surface 
contamination. If there were differences between the physico-chemical form and/or 
behaviour of the different types of fallout, this may have well have shown up in 
transfer processes involving direct ingestion rather than indirect processes which 
involve say root uptake, but no differences were shown. 

Overall, the studies on the behaviour of rudiocaesium in ecosystems show that 
weapons fallout and Chernobyl fallout behaviour were very similarly with respect to 
soil-to-plant and to animal transfer (I.II.table 3,table 4). The same is also true for 



43 

contamination on lichens and the subsequent transfer of radiocaesium to reindeer 
meat (table 4). The ecological half life is about 10 to 20 years for most of the food 
products available from the semi-natural ecosystems (I,table 5). However, the ecologi
cal half-life for the transfer to reindeer meat in winter is about 3-4 years (Table 5). 

The overall conclusion is that no difference in behaviour of radiocaesium was 
observed, despite the possibility of differences in physico-chemical form in the two 
fallouts. Behaviour of other nuclides may, however be influenced. 

6.2 Cosl-Bcncfit Analyses of Counlcrmeasures 

From a radiation protection point of view it was correct to implement 
countermeasures in Norway after the Chernobyl accident. The countermeasures 
implemented reduce the doses, and therefore reduced the health risk (III, Strand et al 
1990). In retrospect, the countermeasures taken have been proved to be cost-effective. 
However, in optimizing countermeasures it is necessary to consider more than cost in 
monetary terms and averted dose. 

6.2.1 Justification of Implementing Countermeasures 

Almost all countermeasures used in Norway were justified. This mean that the cost of 
implementing were less than the possible cost inflicted on the society had the 
potential dose not been reduced (Hl.table 6,Strand et al 1990). 

One way of considering the value of countermeasures is to calculate the monetary 
cost of averting radiation dose (in units of manSv). It is assumed that the relationship 
between dose and effect are linear; the proportionality factor i.. The a-value is 
dependent on society's willingness to save a statistical life. This willingness is 
compared with other risks faced by society. Currently, in the Nordic countries, an a-
value of 100.000 $ per manSv is recommended (SSI, 1991). Countermeasures with a 
cost of averted dose below this value a>e justifiable, and this was the fact for almost 
every countermeasure used after the Chernobyl accident (III.Table 6). However, the 
result showed that effect and cost-effectiveness of the implemented countermeasures 
varied considerably (III, table 6). This together with social and economical 
consideration had to be used in the strategy for mitigating the consequences of the 
Chernobyl accident. 

The countermeasures applied in Norway were mainly in line with those described in 
literature (Sandalls 1990). but some new ones were also developed (IV). Crick (1992) 
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turned the importance of cost-benefit analysis in decision-making regarding the 
implementation of countermeasures in the contaminated agricultural environment. In 
the wake of the Chernobyl accident, cost-benefit analyses on the use of caesium-
binders in Norway came out favourably (more cost-effective) compared with some 
countermeasures taken in the former USSR (FAO/IAEA 1993). The estimated 
optimum level estimated for the use of caesium binders for dairy cattle was found to 
be 40 and X.000 Bq/kg in the former USSR (Crick 1992). This is in the same range in 
which the countermeasures were applied in Norway (III). 

6.2.2 Optimizing 

The cost effectiveness of different countermeasures varied considerably (III, table 6) 
but it was necessary to use countermeasures in combination even if some 
countermeasures were more cost-effective than other. In an optimizing process the 
aim is to use the most cost-effective of the justifiable countermeasures. This may 
indicate that one should focus on using the most cost-effective of the available 
countermeasures (e.g. the dietary advices), before the use of the less cost-effective 
once (e.g. special-feeding) (III). However, the cost per united averted dose for the 
different countermeasures does not show the total cost. The negative consequences of 
the Chernobyl accident and use of countermeasures must also take into consideration 
economical losses from reduced sales of agricultural products due to fear of radiation 
(III). Immediately after the accident the situation was not clear and there was 
insufficient knowledge of the fallout. In Norway, as in several other European 
countries, the Health Authorities introduced intervention levels for food contaminated 
with radiocaesium. There was little room for optimizing the situation. Later, there 
was some rationalisation and a clearer radiological protection philosophy was 
introduced. The numerous possible countermeasures can be compared in terms of 
practicability, effectiveness and cost-effectiveness (IH.table 6). Clearly some 
countermeasures will have advantages in being practicable and leading to the greatest 
reduction in dose at minimum cost. This would be the input for a simple cost-benefit 
analysis but social and psychological factors must also be included in an overall 
strategy (III, Strand et al 1990). Overall, the objective of a countermeasures 
programme is to reduce the dose to the population, while minimising economic and 
psycho-social consequences. 

Ideally, a countermeasures contingency programme would have been drawn up in 
preparation for an accident so that correct decisions could have been made promptly 
and correctly. In the event, the countermeasures applied were carefully monitored 
and a more or less optimal situation was achieved (III). In retrospect, it was shown 
that most of the countermeasures employed were justified (III). For people to be 
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confident that the food they are purchasing carries no or very small health risk is an 
important point when considering the social cost to society. To have basic food 
products below the intervention levels is, together with information about health risk, 
probably one of the major factor in establish trust among consumers. It is also 
important that basic foods bought in shops should not require the consumers to take 
any special precautions. Thus it is necessary to compare more than just cost and 
averted dose. 

A decrease in the sale of some agricultural products represented a potential economic 
loss considerable higher than the cost of implemented countermeasures (HI). Not all 
the countermeasures would have the desired effect of satisfying the consumer:'. The 
intervention levels were particularly important in this respect. This gave some limited 
use of dietary advices and the need for countermeasures working in the agricultural 
production system e.g special feeding and caesium binders was necessary. Dietary 
advices was given to critical groups (VI,VII,VIII), and permitted higher national 
intervention levels for certain foodstuffs. 

The use of dietary advices alone instead of also special feeding would perhaps have 
given the same averted dose at a lower cost. However, the special feeding programme 
led to activity levels in food below the invention levels (III) and no active involvement 
by the consumers was called for (111,1V). The combination of the different 
countermeasures took this into consideration, and probably gave maximum reduction 
of the total negative consequences. 

A decrease in consumption of some of the most affected foods (e.g. lamb) occurred. 
The decrease in consumption of lamb was about 5 to 10 % in the first years (III). 
This represented a loss of about NOK 50 to 100 mill. On the other hand, if no 
countermeasures except interdiction had been taken and the intervention was 
maintained, the cost would have been about 100 to 400 mill NOK each year (III). 
Without countermeasures, lost sales of lamb could have been considerable and 
probably amounting to several NOK 100 mill. 

From the discussion above one may conclude that measures taken to protect the 
population from health consequences of the Chernobyl accident where relative 
extensive and resource demanding (III,Strand et al 1990). Their main purpose were to 
reduce the physical health effects by reducing radiation dose. The dose was reduced 
and the relationship between cost and reduced dose was acceptable and below the 
value recommended (III). Their may also have been beneficial effect on the mental 
and social health of many people. The countermeasures implemented also had a 
beneficial effect on costs to the agricultural community since international derived 
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intervention level were implemented. Without the implementation of 
countermeasures the agricultural community would probably have suffered much 
greater losses through a fall in sales.of the more sensitive foods (e.g lamb and 
reindeer meat). 

6.3 Dose Assessment and Possible Health Consequences 

6.3.1 Dose Assessment 

Assessment of internal dose must take into consideration place of food production, 
transport of agricultural food products, food products from semi-natural ecosystems, 
effect of countermeasures, and change in food habits (VIII). This will contribute to 
make dose estimates useful for epidemiological studies of the population (IX). 

Food from semi-natural ecosystem must be considered when assessing dose to the 
population as a whole, and is of special importance for critical groups (V,VI,VII). 

In estimations of both the external dose and the internal dose the fallout levels are 
important(VHI). Calculating dose from external irradiation is easier, in theory than 
calculating dose from internal irradiation. Internal dose calculations are often based 
on fallout levels, empirical derived transfer factors and/or activity levels in foods 
combined with dosimetric calculation from intake of radioactivity transferred from 
fallout to man. Moreover, metabolic processes affecting the elimination of 
radionuclides from the body shows variations from persons to persons. 

Many assessments and models shows a strong relation between falli'ut levels with the 
following transfer of radioactivity in the environment and estimated internal doses. 
However, this study (VIII) has shown that other factors such as implementation of 
countermeasures, transport of food, and change of food habits all have an important 
impact on the internal dose and its correlation with the fallout levels and external 
doses. If these other factors where not important there would be a strong correlation 
between the external dose and the internal doses. The actual correlation coefficient 
was 0.5 (VIII) which implies that countermeasures, transport of food and, change of 
food habits are significant factors in internal dose assessments, and must be 
recognised as such. 

From the study (V,V1,VII,VHI) it may be estimated that the dose to the Norwegian 
population from Chernobyl fallout over the next 50 years is about 8,400 manSv. 
About 7()rr of the dose will be from external exposure and 30% from internal and, on 
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average, this will be about 2 mSv per person. There is probably greater uncertainty 
associated with estimates of external than internal dose. The geographical variation 
in fallout is an important contributor to the uncertainty, but when averaged over the 
municipality this is probably not the largest source of uncertainty. The uncertainty in 
the effective half live is probably the greatest source of uncertainty. Since we believe 
the effective half live after the first three years is almost identical with physical half 
life (VIII) and by estimating over 50 years the half life will dominate the uncertainty. 
This assumption may result in an over-estimation of dose rate if the half life is 
shorter than the rate of radioactive decay. It is clear that if an accurate estimate is to 
be made for Norway, then further study is called for. 

The estimation of dose may be useful in epidemiological studies since the variation of 
internal dose within the population of a single municipality is smaller than the 
difference between different municipalities (VIII). There will alwavs be critical groups 
within a population that will be exposed to elevated levels of radiation due to their 
particular diet: often due to consumption of food from semi-natural ecosystems 
(VI,VII). No special allowance was made for these groups in a survey at municipality 
level. Generally, elevated intake of radiocaesium result from the consumption of 
freshwater fish, reindeer meat and milk and meat from animals grazing on semi-
natural pastures viz. sheep, goats and cattle (VI,VII). Critical groups in Norway are 
represented by breeders of reindeer in the middle and the south of Norway and 
farmers\hunters eating home-produced meat, meat from hunted animals, and dairy 
products from animals grazing contaminated pastures (VI.VII). An assessment of the 
radiation dose to these critical groups can only be made in a dedicated case study 
(VI.VII) and would not be covered by a wide-ranging epidemiological study (VIII). 

It was shown that different foodstuffs make different contributions to the internal 
dose. For the population as a whole, 60% of the intake of radiocaesium the first year 
after the accident is from consumption of mil':, milk products, sheep, cattle and 
reindeer meat (V). Further, about 32% of the intake of radiocaesium is from food 
and food products from semi-natural ecosystems (V). In the first year the average 
internal dose in Norway estimated from consumption of food was 0.1 m Sv and for 
the first five years after Chernobyl, 0.5 mSv. The effective half-life for the internal 
dose, based on observations in the first 3 years is estimated to be 4 - 5 years (VIII). 

For farmers and hunters the intake of radiocaesium was dominated by the 
consumption of freshwater fish, reindeer meat and milk (VI.VII). For the Lapps, 
about 90% of the internal dose came from reindeer meat (VI.VII). From dietary 
surveys, it was estimated that the highest doses (2 - 3 mSv) for the Lapps were 
received in 1988 (VII). Doses in hunters and farmers were about half that received 
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by the l.apps. i.e. (1.7 - 1.2 mSv in 1989 (VII). The dietary survey indicated that over 
the first 50 years after the Chernobyl accident the Lapps will receive about 20 mSv 
and hunters in the most contaminated areas about 5 - 9 mSv, provided advice on 
countermeasures is followed (VII). However, doses estimated from wholebody 
measurements were lower compared to doses estimated from dietary survey (VII). 

It is important not only to consider agricultural production but also food products 
produced in semi-natural ecosystems. In Norway, in the first year after the Chernobyl 
accident, between 30% to almost 100%, depending on if it is whole population or 
critical groups, of the intake of radiocaesium was from food from semi-natural-
ecosystems. Even if food production in semi-natural ecosystems is small compared to 
production in the agricultural system as a whole the contribution to the dose may be 
considerable (V,VI,VII,VIII). The same importance of the semi-natural ecosystem has 
been reported in Sweden (Bergman et al 1991). 

From the discussion above one may conclude that in the fifty years following the 
Chernobyl accident, the Norwegian population will receive a total dose of about 8400 
manSv from external and internal radiation combined if countermeasures are 
continued. This dose will be in the same order as the dose received during the 50 
year after the nuclear weapons tests (NBRP 1967). Tiie fallouts levels, 
countermeasures dietary changes, and transport of food were important factors for 
the assessment after the Chernobyl fallout. The critical groups of the population are 
mainly so because of their diet. The semi-natural ecosystems is important since food 
products from these systems are major contributors to internal doses to critical groups 
and also contribute significantly (30% after Chernobyl accident) to the internal dose 
of the population as a whole. 

6.3.2 Possible Consequences for Health 

The health consequences after the Chernobyl accident in terms of an increased 
incidence in cancer, or genetic damage, can only be estimated from dose calculations 
and established risk factors. Based on ICRP 60 (1991) and dose estimations, it can be 
shown that radiation from the Chernobyl fallout over the 50 years following the 
accident will lead to the development of cancer in about 500 persons in Norway, i.e. 
the incidence of cancer will increase by about 0.02%. This change is so small as to 
be undetectable in the normal incidence of cancer. It has been estimated that 
between (SO and 90 cases of severe genetic damage will probably occur in Norway as a 
result of Chernobyl fallout. The normal incidence of this sort of damage is about 
10% so an increase to 10.01% would not be detectable. It is clear that the Chernobyl 
accident will have a very small effect on the health of the population of Norway as a 
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whole, hut there are sub-groups within Norway that are exposed to much higher levels 
of radiation than the general population as a result of high consumption of foodstuffs 
contaminated with radiocaesium (VI.VII). One of these sub-groups consisted of 
about 1,000 reindeer breeders in Southern Norway, and those people whose diet 
include high consumption of reindeer meat, dairy products, produced in semi-natural 
ecosystem, game and freshwater fish. The size of the latter group is unknown. The 
dose received by this small fraction of the population will contribute very little to the 
health statistics of the population as a whole (Strand et al 1990). However, if the 
countermeasures employed after the Chernobyl accident are continued, then the 
probability of reindeer breeders developing cancer caused by radiation will be about 
0.19?. If the countermeasures were not to be continued the probability would rise to 
about \c/<. which is clearly a significant increase in risk. 

In estimating health effects, the dose assessments have been based almost entirely on 
radiocaesium (VIII). However, it may be that since dose and risk evaluations are 
normally based on homogenous dose to the various organs errors will arise if intra
cellular effects are important. These effects may be even more important for iodine 
and strontium. In the present study, as a first approach, the internal dose and any 
possible correlation with birth defects were investigated and compared with birth 
defects from external dose. No correlation between internal dose and birth defects 
was observed but such a study is complicated by non-homogenous distribution of 
other isotopes. However, the dose received from the radiocaesium in the fallout 
dominated the internal dose to the population ^UNSCEAR 1988). In Norway the 
contribution from ingestion of L"I were found to be less than 3% (V) of the internal 
dose and the contribution from '"Sr or other isotopes were even smaller 
(V.UNSCEAR 1988). It is therefore unlikely that other isotopes with varying ratio 
with the fallout pattern of radiocaesium could give significant doses to foetus. 

There may be other effects as a consequence of the Chernobyl accident. The study 
addressed the development of certain effects known to result from relatively low 
doses compared to other stochastic effect. The development of a foetus can be 
affected by radiation and this effect may be different according to the stage of 
gestation (UNSCEAR 1988) and may give rise to birth defects and abortions. The 
Norwegian Register of Births does not include data on a foetus less than 16 weeks 
from the date of conception. No correlation between dose and birth defects has been 
observed in Norway in the wake of the Chernobyl accident (IX). In the Norwegian 
study, the incidence of legal abortions did not change whereas that of spontaneous 
abortions increased (X). Because abortions in Norway are more or less free, there is 
no reason to believe that these spontaneous abortions were in fact illegally induced 
abortions (X). The decrease in the total number of pregnancies in the third and 
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fourth quarter of 1986 might indicate a concomitant increase in unrecorded abortions 
indicating an untoward radiation effect in early pregnancy (X). However, there are 
no data on "missed" abortions and the increase in spontaneous abortions may 
perhaps be explained by mental stress. There may also have been a reluctance to 
conceive for fear of birth defects resulting from radiation (X). 

Social and psychological stress through fear of the radiation may also be detrimental 
to health. For many people, the Chernobyl accident will represent a turning point in 
their knowledge and experience of radiation and its global character. Since radiation 
cannot be detected by any of man's senses it was felt that the individual could do very 
little to protect himself or mitigate the effects through countermeasures. In a random 
survey in Norway, it was found that many people did change their dietary habits to 
avoid radiation (Weisæth 1989). In the municipality of Sel a survey showed a marked 
decease in the consumption of lamb even though official sources did not specify this 
in their advise (VII). Some studies have concluded that about 1% of the population 
of Norway developed serious depression due to concern over the Chernobyl accident 
(Weisaeth, 1989). The fact that there was no increase in the number of legal 
abortions indicated that the threat of birth defects from radiation was not of sufficient 
concern for pregnant mothers to resort to abortion (X). This finding was not in line 
with surveys conducted elsewhere in Europe with comparable fallout levels, 
(Trichopoulos et al 1987) where an increase in induced abortions was observed. This 
was explained by the fear of giving birth to a defective child. 

From the discussion above it is clear that the health effects observed to date and 
theoretical studies indicate that the Chernobyl accident will not have a significant 
adverse health effect on the people of Norway as a whole. Over the fifty years 
starting in April 1986, the yearly increase in the incidence in Norway of cancer caused 
by radiation will probably only in average increase about 0.02%. However, for some 
critical groups, specially if no countermeasures had been implemented, the increase 
could he up to 1% which would have been clearly a significant increase in risk. 
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7. CONCLUSIONS 

The conclusions according to the aims of the study is reported consecutively in the 
same order as the aims: 

1) The study shows that weapons fallout and fallout from the Chernobyl 
accident, although differing with respect to source, showed many 
similarities in their behaviour in the environment. While the weapons 
fallout was deposited more or less continuously over a period of many 
years the Chernobyl fallout was deposited on the earth over a period of 
anything from a few minutes to a few days. It was found that the 
transfer of radiocaesium and it's long term behaviour in semi-natural 
ecosystems was similar for the two types of fallouts. No differences were 
observed which could be attributed to different physico-chemical forms. 
The transfer and long term behaviour of radiocaesium from the 
Chernobyl fallout may be predicted from the knowledge gained after 
the nuclear weapons tests. Even the direct contamination of lichens 
leading to the contamination of reindeer meat was predictable. In 
comparing with other studies they show that the only real difference was 
in the direct contamination of growing crops but this was exp'pined by 
seasonality. 

2) In this study it is shown that assessment of radiation dose based only on the 
fallout pattern and use of transfer factor models will be unreliable. It was 
found that important factors such as distribution of food, the effect of 
countermeasures and dietary habits of critical groups must all be considered. 

3) The study shows that food from semi-natural ecosystems was responsible for 
about 30% of the radiocaesium ingested by the population as a whole, while it 
dominated the intake of radiocaesium for critical groups. 

4) It was found that estimation of dose to the population taking into account 
place and time is useful in epidemiological studies. However, for critical 
groups they are not adequate. Specifically, the Lapps would have received 7 -
10 times higher doses in the absence of countermeasures. Variations within a 
critical group can be large. 

5) No correlation between dose and birth defects was observed in this study. 
However it was observed an unexplainable increase in spontaneous abortion 
after the Chernobvl accident. 
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()) Using the ICRP 60 risk estimates together with dose estimations, it has been 
calculated that from radiation received over 50 years from the Chernobyl 
fallout, about 500 people may develop cancers and about 400 may die as a 
result. This is under the assumption that the ICRP risk estimates may be used 
in this situation. This increase will not be discernible in the normal cancer 
statistics for Norway. For the population as a whole the Chernobyl accident is 
not an important health factor. However, within some critical groups the 
increase may be significant if countermeasures were not implemented. In total, 
about 10 cases of genetic damage may occur as a result of the Chernobyl 
accident. 

7) fhe study shows that countermeasures taken in Norway in the wake of the 
Chernobyl accident were fully justified, and a reduction in potential radiation 
dose was achieved. They probably also had positive effects on the social well 
being and physical health. 
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Abstract 

PREDICTIONS FOR THE DURATION OF THE CHERNOBYL RADIOCAESIUM 
PROBLEM IN NON-CULTIVATED AREAS BASED ON A REASSESSMENT OF THE 
BEHAVIOUR OF FALLOUT FROM NUCLEAR WEAPONS TESTS. 

The presence of two radiocaesium isotopes in fallout from the Chernobyl accident 
allowed estimation of pre-Chernobyl radiocaesium contamination of animals and animal 
products in areas where (he fallout from Chernobyl was small. Average concentrations of 
l , 7Cs of weapons tests origin in lambs slaughtered in the month of September in the years 
1986 to 1988 were 70-100 Bq/kg. Values during 1966-1972 ranged from 40 to 280 Bq/kg. 
The effective half-life for the 1965-1988 period was about 20 years. The level observed in 
lamb meat per kBq/m: of weapons tests "'Cs in both the 1966-1972 and the 1986-1988 
periods was 13-100 Bq/kg, indicating that the bioavailability was high after more than 20 
years. A similar ratio between Chernobyl radiocaesium in lamb meal and in soil was observed 
in 1986-1988 in areas with Chernobyl fallout in the 20-200 kBq/m1 range. Whey cheese 
from goat milk in the county of Troms contained 5-800 Bq/kg "'Cs in the period 1963-1966 
and 170-300 Bq/kg of pre-Chernobyl radiocaesium in 1988, giving an effective half-life of 
between 15 and 25 years. In conclusion, the binding of weapons tests caesium deposited in 
natural ecosystems in Norway has had little significance in making the radiocaesium unavaila
ble. Similar ratios between radiocaesium originating from Chernobyl and that from the 
weapons tests indicate that radiocaesium from Chernobyl will be of major concern to agricul
ture for several decades. 
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1. INTRODUCTION 

Norway has had fallout of radioactive material from nuclear weapons tests and 
from the Chernobyl accident. In both cases, radioactive caesium was a major pollu
tant, giving radiation doses to man through external radiation, inhalation and food 
intake. Important pathways of contamination through food are from products from 
cultivated areas, but natural and seminatural ecosystems contribute significantly to 
man's total dose through meat (lamb, venison) and dairy products [I]. In Norway, 
radiocacsium levels from the nuclear weapons tests were easily detected in man by 
whole body counting until 1985 [2], By comparison, levels of radiocaesium in Danes 
were very low after 1972 and undetectable after 1978 [3]. A major difference 
between agricultural practices in Norway and those in Denmark is the comparatively 
larger production of food from natural (uncultivated) lands in Norway. 

The soil contamination of radiocaesium was typically 3-5 kBq/m* after the 
nuclear weapons tests. Following the Chernobyl accident, radiocaesium ( l 3 4Cs and 
l , 7Cs) soil contamination levels in areas which received significant fallout were 
generally from 20 to over 200 kBq/m2. A large fraction of the sheep production in 
Norway occurs in these polluted areas. About 30% of the sheep (0.3 million) were 
above the action limit of 600 Bq/kg in September of 1986 and of 1988, and in prepa
ration Tor slaughter had to be fed uncontaminated feeds for a period of 2 to 12 weeks. 
These facts show how important it is to be able to predict the long term consequences 
of the Chernobyl fallout on our natural or seminatural ecosystems. 

In Norway the measurement of radiocaesium from nuclear weapons tests has 
been extended to the years following the Chernobyl accident (1986-present) in an 
attempt to obtain information on transfer and availability which may be useful in 
predicting the longevity of the Chernobyl problem. 

2. METHODS 

The Norwegian Defence Research Establishment's surveillance programme 
for fallout from the nuclear weapons tests included measurements of soil, milk and 
meat. The programme ended in 1972 with the exception of reindeer meat measure
ments. A new surveillance programme for radiocaesium in food was started after the 
Cherrobyl accident. A ratio of , 3 4Cs to , 3 7Cs of 0.6 in the fallout from the Cher
nobyl accident «as estimated from measurements of air [4, 5] and 400 samples of 
lamb meat with radiocaesium concentrations of 2-10 kBq/kg. The presence of only 
one radiocaesium isotope in the fallout from nuclear tests makes it possible to calcu
late nuclear tests fallout in food which also contains contamination from the Cher
nobyl accident. We have observed the decline of nuclear tests fallout over a period 
of 25 years by combining the results of the monitoring of Iamb meat and goat milk 
from 1986 to 1988 with those of the Norwegian Defence Research Establishment's 
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surveillance programme. The number of samples available for our study was res
tricted by the extensive use of caesium binders and the feeding of uncontaminaied 
feeds in preparation for slaughter. Samples from 1986 to 1988 were analysed partly 
by the National Institute of Radiation Hygiene and partly by the local food authority 
laboratories. Goat milk was analysed by the National Control Laboratory for dairy 
products. 

Local laboratories used Nal (2 and 3 in)1 scintillation counters (Harshawe 
type) with lead shielding. The counter was connected with a multichannel analyser 
(Canberra type 10); the integration time was 0.1-24 hours. The limit of detection 
of " 4Cs in lamb meat was 8 Bq/kg. The standard deviation in measurements of 
nuclear tests , , 7 Cs can be estimated from counting statistics. Since the decay of 
I M Cs was considerable during the period of study, the error in estimating nuclear 
tests " 7Cs was dependent not only on activity levels but also on the decay of 1 3 4Cs. 
For example, with an activity level of 100 Bq/kg of l 3 7Cs and 10 Bq/kg of l 3 4Cs in 
a meat sample, the uncertainty in the estimation of radiocaesium of nuclear origin 
is 8-12%, 10-15% and 12-18% for the years 1986, 1987 and 1988, respectively. 
The coefficient of variation was normally < 10% in the range of activities studied 
and exceeded 25% only in cases with very low levels of activity. 

The bioavailability of soil radiocaesium may be estimated by calculating the 
gross transfer factors, i.e. the ratios between radiocaesium activities of soil and those 
of milk and meat. Such transfer factors represent average values for the area grazed 
by the animals. We have used radiocaesium levels in the soil after the Chernobyl 
accident |6] to calculate average levels for two counties and for Norway as a whole. 
By comparing transfer factors in a county with low Chernobyl fallout (Rogaland), 
where nuclear tests fallout could be measured, with one county with high Chernobyl 
fallout (Oppland), the bioavailability of the radiocaesium from the two different 
sources could be compared. 

3. RESULTS 

The radiocaesium activity of atmospheric air reached a peak in 1963 and 
declined to very low levels throughout the 1970s [5, 7], On the basis of air activity 
as an indicator of the rate of fallout, it was found that about 85% of the fallout 
occurred in 1950-1965 (Fig. 1). This amount is probably an underestimate because 
of resuspension. Radiocaesium concentrations in lamb meat during the first series of 
measurements between 1958 and 1971 reached a maximum of 280 Bq/kg in 1966 
and declined rapidly (Fig. I). The values were particularly low in 1971 when meas
urements ceased (Fig. 1). During the years 1986-1988, average radiocaesium con
centrations from the weapons tests were 70-100 Bq/kg. When data on nuclear 

I in = 2.54 cm. 
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FIG. 1. Radiocaesium activity levels derived from the nuclear weapons tests in lamb meat 
in 1959-1971 and 1986-1988. Values for radiocaesium in atmospheric air (in fBq/m1) 
were multiplied by 6 to fit the scale of the meat. 

weapons tests radiocaesium from the 1958-1971 and 1986-1988 periods were com
bined, an effective half-life of 22 years was calculated for the 1963-1988 period and 
a half-life of 27 years for the 1966-1988 period. 

Table I compares the estimated transfer factors for radiocaesium from the 
nuclear weapons tests with those for fallout from the Chernobyl accident. Levels in 
lamb meat of 13-100 Bq/kg of weapons tests l 3 7 Cs were observed per kBq/m 2 in 
both the 1966-1972 and 1986-1988 periods. Transfer factors from Chernobyl radio
caesium were of similar magnitude (24-136 Bq/kg per kBq/m 2) in 1986-1988 
shortly after the Chernobyl accident. 

Radiocaesium is accumulated by fungi and may be present in high concentra
tions in fruiting bodies of many species. Experience from the 1988 grazing season 
showed that fungal radiocaesium could have a great impact on radiocaesium activi
ties in food derived from domestic animals using natural ecosystems [8]. In 1988, 
there was a high density of fruiting bodies of Roziies caperata in the mountain birch 
forests and above the tree line in the whole of Norway. Transfer factors between soil 
and fungal fruiting bodies for radiocaesium from nuclear weapons tests and from the 
Chernobyl accident are very similar (Table II). 

• AIR ACTIVITY 
o LAMB MEAT 



IAEA-SM-306/40 219 

TABLE I. COMPARISON OF RADIOCAESIUM IN LAMB MEAT, GROUND 
DEPOSITS AND ESTIMATED TRANSFER FACTORS FOR THE NUCLEAR 
WEAPONS TESTS AND CHERNOBYL FALLOUT 
(Tfie county of Rogaland (.southwest Norway) received two levels of fallout from the 
Chernobyl accident) 

Caesium 
origin Area Year Samples 

per year 

Lamb 
meat activity' 

(Bq/kg) 

Soil 
activity 

(kBq/m:) 

Transfer 
factorb 

(Bq/kg per kflq/m:) 

Nuclear Norway 1966-1972 30 40-280 3 13-93 

u capons Rogaland 1966-1972 6 104-250 5 21-50 

tests Norway 1986-1988 100 70-100 1 70-100 

Rogaland 1986 44 80 1 80 

Chernobyl Norway 1986 7000 800 11 72 

Norway 1987 30 000 700 11 63 
Norway 1988 30 000 1 300 11 136 

Oppland 1986 1 000 1 300 42 31 
Oppland 1987 3000 1 000 42 24 

Oppland 1988 3000 2 800 42 68 

Range of yearly averages. 
Calculated from measurements of lambs slaughtered at the end of the summer grazing 
period. 

Remaining radioactivity from the nuclear tests as measured in the county of 
Troms in northern Norway was of the same magnitude as the fallout from the Cher
nobyl accident, i.e. 1-2 kBq/m2. This provided a good basis for the comparison of 
radiocaesium transfer from the two fallout sources to goat milk (Fig. 2). Radio-
caesium levels were low during the indoor feeding season but increased ten- to 
thirtyfold during the summer, when the goats mostly find their feed in birch forests 
and other uncultivated areas. The radiocaesium levels were especially high in August 
1988, when fungi were present in quantity in the pastures. Whey cheese from goat 
milk contained 5-800 Bq/kg 1 3 7 Cs in 1963-1966, while cheese produced in late 
summer 1988 had 170-300 Bq/kg m C s after the nuclear weapons tests. An effec
tive half-life in the range of 15-25 years may thus be calculated for l 3 7 Cs in this 
area as well. 
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TABLE II. GROSS TRANSFER FACTORS FOR RADIOCAESIUM FROM 
SOIL TO FUNGI AFTER THE NUCLEAR WEAPONS TESTS AND THE 
CHERNOBYL ACCIDENT 

Caesium 
origin 

Fungal 
species 

Year 
Fungal 
activ;ty 
(Bq/kg) 

(fresh weight) 

Soil 
activity 

(kBq/m2) 

Transfer 
factor 

(Bq/kg per kBq/'m:) 

Nuclear Mixed* 1987 65 1 65 

weapons Mixed3 1988 220 1 220 

tests Rozites 
caperata 1988 260 1 260 

Chernobyl MixedJ 1987 500 13 38 

MixedJ 1988 900 15 60 

Rozites 
caperata 1988 

15 000-
25 000 100 150-250 

Averages of results from 15 samples in 1987 and 61 samples in 1988 of fungi of the genera 
Leccinum. Boletus. Cantharellus. Russula. Lactarius and Hydnum. The contents of fallout 
from nuclear weapons tests and Chernobyl were measured in the same samples, except in 
Rozites caperata where nuclear tests radiocaesium was measured in specimens from an area 
uilh low levels of Chernobyl fallout, while the transfer factor for Chernobyl radiocaesium 
was calculated for an area with high fallout. 

Ground deposits of l 3 7 Cs after the nuclear weapons tests were about 
3.5 kBq/m 2 in 1965-1966 and 1.1 kBq/m 2 in 1988 [6). The gross transfer factors 
from soil to whey cheese were 140-228 Bq/kg of radiocaesium in cheese per 
kBq/m 2 of soil in 1963-1966 and 150-270 Bq/kg per kBq/m 2 in 1988. 

DISCUSSION 

The similarity in transfer factors for lamb meat, goat milk, whey cheese and 
fungi from the 1960s until the end of the 1980s indicates that the bioavailability of 
radiocaesium in natural terrestrial ecosystems in Norway was maintained at a consis
tently high level during the period studied. It would therefore appear that immobili
zation of radiocaesium by natural binding agents such as clay minerals is of minor 
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FIG. 2. Radiocaesium from the nuclear weapons tests and from the Chernobyl accident 
measured in goat milk during the period June 1986 to October 1988. The milk was collected 
from a dairy in the county of Troms where the fallout levels from the nuclear tests and Cher
nobyl accident were of the same magnitude. 

importance in most natural Norwegian soils. On the basis of the radiocaesium con
centrations in lamb meat, we calculated the half-lives to be between 22 and 27 years. 
Since the air concentrations indicate that about 15% of the fallout appeared after 
1966, true half-lives are probably shorter. Thus, it appears reasonable to use a half-
life of about 20 years for natural ecosystems producing both lamb meat and goat milk 
in Norway. This long half-life contrasts with the short half-lives (1-3 years) for the 
radiocaesium of the nuclear weapons tesis reported in traditional agricultural produc
tion systems with crop rotation and frequent ploughing [9, 10]. Considerable uncer
tainty is involved in comparing the behaviour of radiocaesium accumu'ating over a 
series of years with an acute deposit following an accident such as in the Chernobyl 
reactor. Accurate assessment of the effective half-life of radiocaesium from the 
Chernobyl accident in natural ecosystems cannot be made for many years afterwards. 

The level of radiocaesium in green vegetation in the Norwegian mountain 
pastures showed very little change during the years 1987-1989 [10, 11]. The major 
cause of variability in radiocaesium levels in goat milk and lamb meat during these 

• CHERNOBYL 
o NUCLEAR WEAPONS TESTS 
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years was the differences in the amounts of fungal fruiting bodies present during the 
last half of the grazing season (8J. Part of the variation in lamb meat activity levels 
after the nuclear weapons tests fallout (Fig. 1) may probably be explained by varia
tion in fungal abundance. • 

Transfer factors estimated for radiocaesium from Chernobyl from soil to lamb 
meat, goat milk or cheese and fungi during the years 1986-1988 were of similar 
magnitude to the corresponding transfer factors for fallout from the nuclear weapons 
tests (Tables I and II, Fig. 2). This strongly suggests that radiocaesium from the 
Chernobyl accident will be bioavailable for a considerable period of time and an 
effective half-life of about 20 years may also be expected for this fallout. 

With an effective half-life of this magnitude, the physical decay will in fact be 
the major process serving to reduce activity levels in food from animals using non-
cultivated land areas. With the present level of contamination and a reinforcement 
of the general action limit of 600 Bq/kg for food, it will lake 20-50 years before 
animal products from Norwegian mountain pastures can be marketed independently 
of countermeasures taken against radiocaesium contamination. 
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Comparison of the Uptake of Radiocaesium From Soil to Grass After 
Nuclear Weapons Tests and the Chernobyl Accident* 

T o n e D. Sein æ s and Per S t r a n d t 
National Institute of Radiation Hygiene, N-1345 Østerås, Norway 

In order to compare the transfer factors of , 3 7 C s deposited after the fal lout f rom the Chernobyl accident wi th 
' " C s f rom nuciear weapons test ing, soil and vegetation samples have been collected f rom a semi-natural 
ecosystem in western Norway. For the 1 3 7 C s f rom Chernobyl, 85% is found in the upper 5 cm of soil, whereas 
most of the nuclear weapons test 1 3 7 C s is found between 3 and 12 cm in the soil prof i le. The transfer factors 
from soil to vegetat ion are calculated to be 0.41 ± 0.07 m 2 k g - 1 for the nuclear weapons test 1 3 7 Cs and 0.40 ± 
0.22 m? kg- ' for Chernobyl 1 3 7 C s . Hence, the results show no signif icant difference between the two fallouts. 
The effective ecological half-life of 1 3 7 C s for this ecosystem is est imated to be between 10 and 20 years. 
Wash-out and binding effects seem to be of minor importance for the uptake. 

Keywords : Chernobyl fallout; ecosystem; transfer factor; soil and grass; caesium 

After (he Chernobyl ;iccidenl Norway received fallout that 
was inhomogeneously distributed over large areas.1 In the 
affected areas the fallout varied between 20 and 2(X) kBq m - - , 
iind in some places up to 600 kBq m -\ Liirge parts of these 
areas were semi-natural ecosystems used for agricultural 
production, particularly for grazing areas for cattle, sheep and 
reindeer, bui also for hunting and fishing. The fallout resulted 
in severe problems for the agricultural production of meat and 
milk. In order to keep the activity levels below the implemen
ted action limits, the use of different counlcrmeasures was 
necessary. About 30% of ihc sheep had activity levels above 
the action limits before the use of countermeasures.2 Activity 
levels i-rf up lo 40000 Bq kg-» for sheep. 7000 Bq k g " 1 for 
cattle and 150000 Bq k g - ' for reindeer have been reported. 

In order to ob'.'tn a better knowledge of the uptake of 
radiocaesium from soil to grass and how this can change with 
time. Hctivity levels in soil, grass, mutton and goats' milk have 
been compared. A semi-natural ecosystem was chosen and Ihc 
transfer factors for two fallouts received in Norway, after the 
nuclear weapons tests and the Chernobyl accident, were 
calculated. The fallout from the nuclear weapons tests was 
homogeneously distributed, and was as an average for the 
country about 5-8 kBq m~ 2.-' Norway received in 1986 after 
the Chernobyl accident an average fallout of 11 kBq m~2. This 
fallout was more inhomogeneously distributed, and in some 
parts of Norway the levels from the two fallouts were about 
equal with respect to radiocaesium. 

The nuclear weapons tests had only one caesium isotope 
(' l "C\ ) in the fallout whereas the Chernobyl accident had both 
1 '"Cs and ' u C s in a given ratio. This made it possible later to 
calculate both "old" and "new* radiocacsium in different 
samples Together with earlier data on soil and grass activities 
in this area, it was possible to cslimatc the ecological half-life 
of the transfer of radiocaesium from soil to grass. 

Experimental 

Two different sampling sites for soil and vegetation were 
chosen (Fig 1) At the first site in Samnanger, on the west 
coast of Norwa>. earlier surveillance had been carried out 
during a fallout period m the 19W>s.4Thc surveillance covered 
measurements of activity levels of '-"Cs in soil, vegetation, 
csitlc meat and milk. In WK9 iheTe were no cattle grazing in 
this area, but a herd of goats. The other site is located in 

* Presented dt the XXVII Colloquium Spectroscopic urn Intcr-
ruiiiiin.ilc i CS JI Pic-S>mposium on Measurements o( Radionuclides 
after ihe Chernobyl Accident. Bergen. Norway. Juno b-n. IW1 

* To «hom correspondence should be addressed 

Forsand, on the south west coast, where meat samples from 
sheep in 1986 showed a relatively large amount (up to 50%) of 
, 3 7 Cs originating from nuclear weapons test fallout. Nocari icr 
results from the 1960s were available for this site. Samnanger 
and Forsand arc areas with a high annua! precipitation; 
Samnanger receives about 2500 mm per year. Both areas 
represent a typical Norwegian semi-natural ecosystem, as they 
contain upland and mountainous pastures with an altitude 
varying from 230 to 450 m above sea-level. The soil at the sites 
is unmanaged and high in organic content. The grazing is 
extensive, and Ihe vegetation contains mainly alpine herbs and 
grasses. The fallout levels from Chernobyl were on average 
2 kBq m ~ : in Samnanger and 8 kBq m~ 3 in Forsand 

Altogether seven soil profiles were taken in May 1989. by 
using poly( vinyl chloride) cylinders with a diameter of 12.5 cm 
and a length of 22 cm. The soil profile was divided into seven 

Flu. I Map of western Norway, showing the two sampling sites 



i t i t f m n i I.IVLTN and dried .IIKI homogenized before analxses. 
(ir.iss s.imples vu'K' collected :il the same time, holh from 
right on (up ol i he cylinder and in Ihe surrounding area. In 
July. August and September the grass sampling was repealed, 
[he inc.iMirenunh of alf Ihe samples were performed with two 
high put it v t ie detectors. HpCie Canberra and Orlee, with 
cllicicncics nt 2? and 33"... respectively and a full width at 
halt maximum |1-\VHM) of less than 2.0 keV. Spectra were 
.iceuniulaied (or periods ranging from 12 h to 7 d. so that the 
relative statistical uncertainty did not exceed 5%. The 
uncerlainlx from Ihe ef f ic ient calibrations is estimated la he 
III".. 

In order to distitmuish Chernohvl fallout from earlier 
fallout, the ratio of " T s to " J C s of 2.(1 (July 1 l^Hfi) in the 
Chernobyl falloui was used.' The ratio was corrected for 
phxsic.il decay, and the ratio of '- , 7Cs: | ( 4 C s was between 4.9 
and 5.! at the lime of measuring. 

The total activity of ' l 7Cs and l , J C s in each layer was 
determined, and from this measurement the activity in B q m - ; 

could he cafculalcd. 
The transferor | l "Cs from soil to grass was calculated as (he 

ratio of ' '"Cs in grass | Bq kg - 1 ) : ' - ' "Cs in soil (Bq m~ : ) . It 
was assumed lhat the " X s d o w n to 22 cm (the whole profile) 
was available for root uptake. The transfer factor is defined by 

_ Activity in grass Bq k g - ' (dry matter) 
** Activity in soil Bq m : ( d r y malter) 

and the transfer factors from soil to grass from the two fallouts 
were compared. 
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greater variation in Chernobyl fallout levels compared with 
the nuclear weapons test fallout. 

The surveillance in Samnanger in the IWrfK gave Iransfcr 
factors of (I 2(1. 0.24 and 0.2(1 for July IWrf». July l4hK and 
August Is>6V. respectively.4 Sampling of soil and vegetation in 

Percentage distribution 

Fig. 3 Distribution of '-'"Cs in soil profiles (June I°8V). from both the 
nuclear weapons test fallout and Cncrnobyl fallout 

Results and Discussion 

Figs. 2 and 3 show the distribution of fallout, as it was found in 
June ll>Kn and June 1484. The resuhs from 148ft1 show that 
43 5% of the Chernobyl fallout was found in the upper 2 cm o f 
the soil profiles. In 1US4 the Chernobyl fallout had migrated 
down to a depth of 22 cm. but H5% of the initial Chernobyl 
fallout was still found in the upper 5 cm. The nuclear weapons 
ie*t fallout was more evenly distributed Ihroughout the 
profiles ami 55% was found in the 3—12 cm region. 

By comparing the results obtained in the present work with 
earlier measurements from (he same siic in Samnanger,3*4 an 
effective half-life of n " C s originating from the nuclear 
weapons tests was calculated to be between 10 and 20 years in 
soil (Fig 4). 

The transfer factor 7",j. for each soil profile is shown in Fig. 
5 The transfer of Chernobyl ' "Cs is compared with that of the 
nuclear weapons tesi '-"Cs, and Fig. 5 shows the variability 
heivveen the different soil profiles. The average transfer 
(actors were 0 41 ± 0.07 and 0.40 ± 0.22 m - k g - ' for nuclear 
weapons tests and Chernobyl, respectively. There was a 
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Fig. 4 Fallout values for the nuclear weapons tests from l%4lo]98<j 
and ihe estimation of the effective half.life of '"Cs in soil with and 
without Ihe effect of fallout after 1468. The crosses indicate the 
measured values of: A. estimate I: and B. estimale 2 

Transfer faciorfm* kg ' 
Fig. 5 Comparison of the avadabihl) of the two different fallouts b> 
using the Iransfcr factors from soil to grass 
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Soil Grass Goat's milk 

Fig. 6 Percentage of total activity found *tn soil, grass, mull on or 
guilts' milk originating frum either Chernobyl fallout or nuclear 
weapons test fallout. Samples from the test silc in (uj Forsand unit {/>) 
Samnanger 

ull of Norway in 1987 indicalcd transfer factors of 0.10 for 
mineral soil.'0.25 for mineral/mouldy soil and 0.27 for organic 
sotl. s (A l l figures expressed as m ; kg " 1 , ) 

Meal samples from shecy were collected in Forsand directly 
after the Chcrnobvl accident, and also in autumn 1989. The 
average total activity of l-"Cs in autumn 1989 was found to be 
2(H) Bq kg l , 40% of this activity originated from weapons lest 
fallout. Fig 6 shows the percentage of the different fallouts (of 
total ' "Os activity) found in soil, grass and animal products in 
Forsand and Samnanger, respectively. 

The sampling method may allow for contamination of , : u C s 
from surface layers to lower layers as the sample ts laken. This 
may account for some of the deeper finds of 'Chernobyl 
fallout'. However, in several profiles , w C s could not be 
detected in the lower layers, and this indicates that the 
contamination by the sampling method is minimal. 

The sites were chosen so as to be representative of the 
region, and even with the same type of soil there will still be 
local variations. The Chernobyl deposition varies within short 
distances,* whereas the nuclear weapons lest fallout is more 
evenly distributed. However, in using the same profile to 
estimate the transfer factors of '-"Cs from the two fallouts, the 
problem with variation of the fallout is eliminated. By 
comparing results from two different studies 20 years apart, 
the sampling methods. Ihc preparation and measuring 
methods may lead to systematic errors. This can explain some 
of the differences in the value of the transfer factors between 
(he different time periods. 

Other reports have usually shown tower transfer factors; 
however, a study carried out on the uptake of radionuclide by 
plants 7 has shown transfer factors for '-"Cs ranging from 0.005 
to 0.07 for wheat grain and from 0.01 to 0.2 for timothy. 
Uptake o f ' ' T s was highest in soil with a high ocganiccontent. 
This study was carried out with partly managed soil lo which 
fertilizers had been added. 

For grass. ' " C s d o w n to depths of 10 cm has normally been 
defined as available for root uptake and down to a depth of 20 
cm for other vegetation. By using the whole profile (22 cm) a 
smaller than normal transfer could be expected, but as (he 
major parts of both fallouts lie in the region where i l is stilt 
available for root uptake (the upper 12 cm), this has only a 
minor influence on the results. The nuclear weapons lest 
fallout is distributed throughout the whole profile, and it 
would have been useful to collect even deeper soil profiles. 
Unfortunately, the soil was very shallow, and solid rocks made 
deeper sampling difficult. 

•1M5 

There arc several factors influencing the transfer factors, 
such as time of year, type of soil, amount of rain and nutrition 
available in soil. Although grass samples were collected 
throughout the growing season, the transfer factors were 
reasonably constant during the period of investigation. There 
was little difference in soil type, as all the soil profiles were 
taken from soil with a high organic content and low nutrition 
content. 

The effective half-life for '-"Cs is estimated to be between 
10 and 20 years. Regression analysis of the data results in a 
half-life of 20 years. However, taking into account that the 
nuclear weapons test fallout was a continuous release, it is 
calculated that 87% of the fallout originated before 1968 and 
hence 13% between 1968 and 1989. Correcting the data for 
this, an estimate of a half-life of 13 years for l-"Cs in soil can be 
obtained. 

The similarity in the transfer factor from the nuclear 
weapons tests and the Chernobyl accident shows that the 
availability of ' " C s in soil is affected by time to only a small 
extent. Physical decay and vertical transport of radiocaesium 
in the soil are the main mechanisms causing decreased activity 
levels in grass. 

An earlier investigation" of the nuclear weapons tests 
fallout estimates an ecological half-life of about 20 years for 
the soil-grass-lamb ecosystem. This is in good agreement with 
the results from the present study. 

By comparing the ratio of the fallout from the Chernobyl 
accident to that from the nuclear weapons tests in soil, grass, 
mutton and goats' milk, it appears that there is a difference 
ratio of 'o ld ' and 'new' '-"Cs in soil and grass compared with 
the ratio in mutton or goats' milk. There is more '-"Cs from 
Chernobyl in mutton and goats' milk than expected from the 
average grass activity ratios. Part of the explanation may be 
that sheep and goats have a preference for some grass types 
which have a shallower root system, and which therefore have 
a different ratio of '-"Cs. Ingestion of soil is another source of 
radiocaesium which would also contribute to a relatively 
higher content of 1 3 7 Cs from Chernobyl. Changing the depth 
of the soil profile activity to 10 cm does not significantly 
change the transfer factors from soil to grass, nor docs the 
ratio in grass change. 

Conclusions 

The wash-out and immobilization of radiocacsium in soil is of 
minor importance in the reduction of the uptake of radio
caesium from soil to grass in a semi-natural ecosystem with 
organic soil. The physical decay of '-"Cs and to some extent 
the vertical transport o f ' - "Cs in the soil is the major factor for 
decreased activity levels in grass. The effective ecological 
half-life for the uptake of '-"Cs from soil to grass is between 10 
and 20 years in a semi-natural ecosystem. This finding 
indicates that Chernobyl fallout will still be a problem in 
future years in the contaminated parts of Norway. There is no 
difference between the bioavailability of Chernobyl fallout 
and nuclear weapons test fallout 3 years after the Chernobyl 
accident. The transfer factors arc estimated to be 0.4 m : k g - ' 
for both fallouts. 
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Abstract 

MKASURES INTRODUCED IN NORWAY AFTER THE CHERNOBYL ACCIDENT: 
A COST-BENEFIT ANALYSIS. 

In the paper, the measures introduced in Norway to alleviate the adverse effects of the 
Chernobyl accident, and their economic consequences, are discussed. During the three years 
after the accident almost 20-3096 of the sheep and 30-40% of the reindeer each year had 
activity levels above the action limits. Activity levels above the action limits were also found 
in goats, cattle and wild freshwater fish. Three main approaches were used in Norway in order 
to reduce the potential health risk after the Chernobyl accident: decreasing uptake from soil 
to vegetation and from rodder to animals, lowering unacceptable activity levels in animals by 
special feeding programmes, and reducing human intake by food condemnation and dietary 
advice. The total value of mutton, lamb and goat meat saved as a result of such measures in 
1987 amounted to approximately 230 million Norwegian kroner (NOK) (US S33 million). The 
cost of the measures was approximately NOK 40 million (SS.7 million). In 1987, the total 
reduction in the radiation dose level to which the population was exposed was 450 manSv. 
In 1988, mutton, lamb and goat meat valued at approximately NOK 290 million ($41 million) 
was saved from condemnation by similar measures, which cost approximately NOK 60 million 
($8 5 million). The resulting dose level reduction was approximately 200 man-Sv. The degree 
to which resources were used during 1987 and 1988 would appear to be justified in light of 
the reduction in radiation dose achieved. 

191 
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1. INTRODUCTION 

After the Chernobyl accident on 26 April 1986. air masses containing large 
amounts of radioactive materials passed over Norwegian territory. During the first 
few critical days, rainfall caused deposition of significant amounts of radioactivity 
in several parts of the country. The first measurements revealed that radioactivity 
levels showed a marked geographical variation; the level was particularly high in 
certain mountain areas [1]. 

The World Health Organization (WHO) utilizes a very broad definition of 
health, which covers not only physical health, but also mental health and social well-
being. Deposited radioactive materials may lead to adverse effects on the physical 
health of the population, partly due to direct radiation from the deposited materials, 
and partly to intake through air (rcsuspension/inhalation), drinking water and 
food |2], The Chernobyl fallout undoubtedly had consequences relevant to all three 
aspects of the definition used by WHO. The mental health consequences arose from 
concern about the possible detriment to physical health after the fallout. This concern 
was considerable [3]. The social health consequences are closely related to the men
tal consequences, though the social functioning of the individual may also be 
influenced adversely if a situation like the Chernobyl accident leads to social 
changes. The fallout had a particular impact on the situation for reindeer owners in 
central and southern Norway, and also considerably affected sheep farmers, fresh
water fishermen and members of some other professions. 

Three main actions have been taken in Norway to limit potential health risks 
by reducing: 

(a) Uptake by vegetation from soil through ploughing and the use of fertilizer, 
etc.; 

(b) Uptake by animals from fodder by using caesium binders and changing slaugh
tering time, or reducing unacceptable radioactivity levels in animals by special 
feeding programmes; 

(c) Intake by humans through dietary restrictions and advice. 

In June 1986, the Norwegian Directorate of Health imposed action levels for 
the nuclides " 7 C s and I M C s . The action levels were 370 Bq/kg for milk and baby 
food, and 600 Bq/kg for all other types of food. In November 1986. the action level 
for reindeer meat was increased to 6000 Bq/kg, and in July 1987 the level for wild 
freshwater fish and game was also increased to 6000 Bq/kg. 

Countcrmeasures were introduced primarily to reduce the radiation dose and, 
in turn, the physical health consequences. Because the authorities have earned out 
extensi'- monitoring to check the efficacy of the actions taken, the public has felt 
assi ' Norwegian foodstuffs are indeed safe; unnecessary concern and other 
men i consequences may, therefore, have been reduced. On the other hand. 
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the implementation of these countcrmcasurcs has, as has already been mentioned, 
had a large impact on social health in the form of disturbances to normal practices 
and ways of life. For certain branches of agriculture, the problems were greater in 
1988 than in 1986 and 1987. Nevertheless the actions taken have resulted in a con
siderable reduction in the radiation dose to which the population has been exposed. 
A cost-benefit analysis has been carried out in order to relate the incurred costs to 
the health benefits obtained. 

2. REDUCTION OF RADIOCAESIUM LEVELS IN FOOD 

To reduce the radiocaesium levels in food in Norway different measures were 
used. In this paper the following countermeasures are described: food condemnation, 
a special feeding programme including caesium binders, and change of slaughtering 
time. 

2 .1 . Sheep and goats 

In most of Norway, sheep and goats are put out to graze in early June on com
mon mountain pastures where they range free until September. After the Chernobyl 
accident the authorities decided not to put restrictions on the use of grazing areas for 
sheep. Towards late September 1986 the content of radioactivity in mutton was found 
to exceed the action level (600 Bq/kg) in a number of areas in central Norway. It 
was not possible to slaughter the sheep at the ordinary time for slaughtering. The 
animals had to be given special feed for a given period of time to decrease the radio
activity levels before slaughtering. Norway was divided into 'free zones' (below 
600 Bq/kg), 'special measure zones' and 'ban zones' (only in 1986) for sheep and 
goats. The delineation of zones for sheep and goats in 1986 was based upon levels 
found in meat samples. From 1987 a method for live animal measurements was 
available by which a selection of animals from a specific herd are measured and the 
median value determined. After completion of the feeding programme, the averag 
activity levels in each zone proved to be well below the action limit. 

In 1986, roughly 70% of the sheep <• in free zones, while approximately 
3% were in ban zones (average level above .tuJO Bq/kg). In the latter zones, slaugh
tering proceeded as usual, but the meat was judged unfit for human consumption. 
Initial plans to bury the condemned meat were later changed so that the meat could 
be used to feed fur animals. 

The remaining areas, containing approximately 320 000 sheep (27% of the 
national flock), were referred to as special measure zones. Here the caesium content 
was reduced to below the action level by the use of caesium free or low level fodder 
for periods of four to eight weeks. In addition, concentrates containing bentonite (a 
clay mineral proven to be a caesium binder) were also given to the animals. A half-
life of 21 days was assumed for bentonite. 
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The problem areas in 1987 were the same as those in 1986. though somewhat 
smaller in size. No areas were classified as ban zones in 1987; however, roughly 
77*? of the sheep were in free zones, and 23% in the special measure zones. The 
special feeding programme, involving a total of about 280 000 sheep, proved very 
successful. 

In 1988. levels of radioactive caesium in sheep were observed to jump to three 
to four times those found in the previous year in many parts of the country. This was 
attributed to increased intake through mushrooms, since 1988 was an exceptionally 
good year for mushrooms. However, there were very high levels of radiocaesium 
in the mushrooms. Roughly 30% of the sheep were in special measure zones in 1988, 
and 70% in free zones. The special feeding programme involved a total of approxi
mately 360 000 sheep. Those with levels as high as 40 000 Bq/kg before the com
mencement of special feeding were included successfully in the programme. 

Conditions in 1987 and 1988, however, were especially favourable for the 
implementation of the special feeding programme, as the autumn in both years was 
unusually mild, the first snowfall arriving unusually late. 

The value of the meat salvaged from condemnation was 260 million Norwegian 
kroner (NOK) (US $37 million)1, NOK 230 million ($33 million), and NOK 290 
million ($41 million) in 1986, 1987 and 1988, respectively. In addition there were 
costs of control and surveillance (including analytical equipment) and administration 
of the programme, estimated at NOK 13 million in all. The total cost of the special 
feeding programme is estimated to have been NOK 30-35 million in 1986, NOK 40 
million in 1987, and NOK 60 million in 1988. The farmers received compensation 
of NOK 4 per day per animal to carry out the special feeding programme. If there 
were additional difficulties due to snow, low temperature, lack of indoor housing or 
too high a caesium content in the local feed, transfer of the animals to other farms 
or areas was approved by the authorities. Financial support was also possible for 
expanding indoor animal housing at the homesteads. Farmers were also encouraged, 
as an additional countermeasure, to prevent additional increases in the caesium levels 
by bringing animals down from the mountain pastures earlier than customary. 

The programme of surveillance, countermeasures and economic compensation 
was initiated by the Ministry of Agriculture in co-operation with regional agricultural 
and regional veterinary officers. Material about the programme was distributed by 
the Ministry of Agriculture to about 30 000 farmers each year after the accident. 

From the results of the surveillance programme and from random sampling 
after the use of the special feeding programme, it was possible to calculate the 
amount of radiocaesium material removed. In 1987, the total amount of l 3 7 Cs and 
l 3 4 Cs removed was 7.3 x IO9 Bq. the corresponding figure for 1988 being 
1.6 x 10'°Bq. 

US SI = 7 NOK. 
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In the areas with the highest fallout levels, the use of Prussian blue in saltlicks 
for sheep and goats was approved by the authorities for the grazing season of 1989. 
For sheep a type of rumen bolus, or bowel tablet, containing Prussian blue was tested 
on free land from June to August 1989. 

2.2. Cattle and horses 

The Chernobyl accident happened in April, when cattle were still being fed 
indoors in Norway. This minimized the problem of iodine contamination in milk. 
Later, when cattle were put out to graze on contaminated mountain pastures, the 
radiocaesium levels in meat and milk increased, and in the most affected areas the 
levels exceeded the action limit. The milk from these areas was condemned. In 1987, 
levels were somewhat similar for milk. Special feeding (of feed with caesium free 
or caesium low fodder and concentrate with 5 % bentonite added) was used and after 
this no cow milk had to be condemned. 

Radioactivity levels in butter and cheese (apart from goat cheese, to which 
reference will be made later) have been consistently low. 

In the most affected areas it was decided that only animals that had been graz
ing on cultivated grass for a period of at least four weeks, or that had been fed 
indoors for at least four weeks, would be approved for slaughtering. In addition to 
the caesium free fodder, cattle in the affected areas were fed concentrates containing 
bentonite. 

From 1987 the approach taken was somewhat different. As noted above, some 
areas were classified as precautionary measure zones or special measure zones, 
while most parts of the country were not subject to restrictions. 

In the precautionary measure zones the cattle were given special feedings for 
a given period of time, depending on the activity levels. Compensation to farmers 
was not granted in these areas. The same countermeasures were employed in the spe
cial measure zones, though in this case compensation of NOK 8 per day per animal 
was given. An additional sum, equivalent to the slaughter value of the animal, was 
paid if the special feeding programme proved unsuccessful and the animal had to be 
condemned. Levels of radioactive caesium up to 3000 Bq/kg were measured in cattle 
in 1987. 

From the number of animals participating in the special feeding programme in 
Oppland County, an estimate of about 45 000 cattle was made for the whole country 
of Norway for 1987. 

The problems in 1988 were of the same character as in 1987. The amount of 
mushrooms in this year gave considerably higher radioactivity levels in some areas 
before special feeding was practised. 

Levels in cattle of up to 6000 Bq/kg were measured. Again, the number of 
animals taking part in the feeding programme in 1988 is not exactly known, but it 
is assumed to be of the same order of magnitude as in 1987. The cost of the action 
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laken lo reduce radioactivity levels in beef to bele w the action level was roughly 
NOK 5 million in 1986. the cost in 1987 being insignificant. 

The total amount of radioactive caesium removed as a result of the special feed
ing programme in 1987 was about 1.9 x IO 1 0 Bq. 

2.3. Reindeer 

As 1986 and 1987 progressed, levels of up to 150 000 Bq/kg wei- found in 
reindeer from mountain areas in southern Norway (from October of i986 to April 
of 1987). This increase was attributed to the fact that the reindeer were then feeding 
mostly on lichens. On 31 July 1986, the Government decided to initiate a programme 
of economic compensation. In November 1986, it seemed likely that 85% of the 
production for 1986 would have to be condemned owing to high radioactivity. 
Because of the severe impact this would have had on the Lapp people, a minority 
population group, and bearing in mind that reindeer meat does not form an important 
part of the diet of the average Norwegian, the Directorate of Health decided on 20 
November 1986 to raise the action level for reindeer meat by a factor of ten. This 
allowed much of the reindeer meat produced in 1986 to be saved from destruction. 
Nevertheless, about 25% of the total production (560 t) of reindeer meat was con
demned, converted into meat and bone flour and buried. 

The value of the reindeer meat condemned in the framework of the programme 
in 1986 was roughly NOK 20 million, while the cost of the whole programme related 
to control and surveillance ot reindeer, etc., roughly comprised an additional NOK 
8 million. 

In 1987, various countermeasures were implemented to avoid condemnation 
of meat, including individual measurement to sort out animals before slaughter, early 
slaughtering, use of less contaminated areas for grazing, use of saltlicks with Prus
sian blue, and special feeding. Almost 14% (312 t) of the production of reindeer meat 
was salvaged by the slaughtering in the summer programme. Though neither the 
number of animals with access to saltlicks with Prussian blue nor the number of 
animals grazing areas with lower fallout levels is known, the figure in both cases was 
undoubtedly high. On the other hand, only relatively few animals participated in the 
special feeding programme. Notwithstanding the countermeasures, 10% (216 t) still 
had to be condemned. The value of condemned reindeer meat (216 t) in 1987 was 
roughly NOK 8.5 million, the additional costs of the reindeer control and surveil
lance programme being approximately NOK 10 million. It is estimated that in 1987, 
1.3 x 109 Bq were removed by summer slaughtering and 2.0 x IO9 Bq by 
condemnation. 

In 1988. 126 t (6%) of reindeer meat was judged as being unfit for human con
sumption and was used as fur animal feed. 

A special rumen bolus containing the caesium binder Prussian blue for use with 
reindeer is presently under development at the Norwegian Agricultural University. 
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A large scale test was successfully carried out during the winter of 1988-1989. and 
boh will mibably be used routinely from 1990. 

2.4. Goat milk and goat cheese 

Goat milk is utilized mainly in the production of a special and very popular 
type of brown whey cheese. Any radioactive substances in the milk will be concen
trated in the brown whey cheese, which will therefore tend to have much higher 
levels than the milk. It was therefore decided to use goat milk from certain contami
nated areas as animal feed rather than in cheese production. The production of goat 
whey cheese was affected in a similar manner in 1987 and 1988, but to a somewhat 
lesser extent than in 1986 because of the special countermeasures taken (saltlicks 
with a caesium binder, concentrates with bentonite). 

Goat cheese production losses represented a value of NOK 10 million in 1986 
(the value of the condemned goat milk is included), and NOK 7 million in 1987, after 
taking into consideration the savings arising from the use of goat milk as animal feed. 

2.5. Other foodstuffs 

Levels of radioactivity in fruit, berries, vegetables and grain have been below, 
mostly far below, the action levels. In one area (Trøndelag) lettuce ard parsley were 
growing outdoors at the time of the accident. The sale of these products was banned 
and the affected crops ploughed under. High levels were also found in cloudberries 
and mushrooms in some areas. 

Economic losses were limited to the lettuce and parsley mentioned above. The 
value was reported to have been roughly NOK 300 000. 

Pigs and poultry are primarily fed on grain based feeds, levels of radioactive 
caesium in these species of livestock therefore being very low. 

The radioactivity levels observed in game were normally below the action 
levels (6000 Bq/kg). The levels in saltwater fish were very low, almost not detecta
ble. Those in wild freshwater fish were in some cases quite high, and levels up to 
60 000 Bq/kg were reported. In June and July of 1986, the Directorate of Health 
banned the sale of freshwater fish from 37 municipalities. No compensation was 
offered to freshwater fishermen or game hunters. 

2.6. Random sampling of agricultural products 

Testing of radioactivity levels in meat from sheep, goats and cattle from free 
zones was carried out, and tests were carried out on foodstuffs purchased in grocery 
stores. The results of these tests indicate that the countermeasures taken, such as the 
establishment of zones, have proved to be effective. 
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.V PLOUGHING AND FERTILIZING 

In 1987. the Division of Agriculture of the Ministry of Agriculture described 
how the radioactivity levels in vegetation could be reduced by simple expedients such 
as additional ploughing and application of fertilizers. These practices were probably 
effective in reducing activity levels in animal feed produced on the home farm, lead
ing to a corresponding reduction in activity levels in milk and beef. Though the avail
able information on these aspects is, however, much too sparse to allow any firm 
conclusions to be drawn concerning the resulting activity reduction achieved, there 
is reason to believe that the decrease is considerable, and that it will continue to be 
so for a number of years to come. 

4. DIETARY ADVICE 

In addition to remedial actions aimed at reducing the levels of radioactive 
materials in various foodstuffs, there are other countermeasures which function by 
promoting a reduction in the intake of specific foodstuffs. One such measure is 
dietary advice which was given to population groups with a particularly large intake 
of reindeer meat and/or wild freshwater fish. Recommendations were made as to 
how frequently one could consume foodstuffs with activity levels above the action 
levels. In 1987, a survey of changes in diet consequent to the Chernobyl accident 
was carried out in the municipality of Sel in central Norway. The survey covered 
two population groups, one consisting of specially selected persons who consumed 
large quantities of freshwater fish and reindeer meat, and one chosen at random [4], 
This municipality is located in one of the areas of Norway where the fallout level 
was high. The results of this survey can serve as a guide for other areas with 
similar fallout patterns and with similar levels of radioactivity in wild freshwater fish 
and reindeer. It is estimated that about 200 000 persons live in such areas in Norway. 
In the Sel municipality the dietary advice resulted in an average reduction in intake 
of radioactive caesium of 30 000 Bq per person the first year after the Chernobyl 
accident, compared with the 'normal' diet. For the country as a whole, this cor
responds to a reduction in intake of approximately 6 x IO5 Bq. 

5. DISCUSSION 

The actions taken in Norway to counteract the effects of Chernobyl were 
introduced primarily to alleviate physical health risks. As a result, the average dose 
to which the population of Norway was exposed from the Chernobyl fallout was 
reduced to about 0.3 mSv. This corresponds to about one half of the natural external 
gamma radiation, or somewhat less than one tenth of the dose from radon in houses; 
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TABLE I. VARIOUS COUNTERMEASURES LISTED ACCORDING TO THE 
REDUCTION IN RADIOACTIVITY (Bq) AND RADIATION DOSE 
ACHIEVED, AS WELL AS THE REDUCTION COSTS 

Aciiviiy 
removed 

(Bq) 

Radiation 
dose 

(man-Sv) 

Cost per man-sieven Aciiviiy 
removed 

(Bq) 

Radiation 
dose 

(man-Sv) (NOK) (US $) 

1987 
Shecp/caltle 

Reindeer: 
(1) Changed slaugh

tering time 
(2) Condemnation 

of meat 

Dietary advice 

2.6 X 10'° 

1.3 x 10' 

2.0 x 10' 

6.0 x 109 

338 

16 

25 

75 

118 000 

94 000 

340 000 

400 

17000 

13 000 

49 000 

57 

Total, 1987 3.5 x 10'° 454 110 000 16 000 

1988 
Sheep 1.6 x 101 0 200 290 000 41 000 

the physical health risk to the individual is considered to be very small [5-7], 
However, with regard to the population as a whole, the collective radiation dose to 
the population is expressed in man-sievens (dose multiplied by the number of per
sons), and 1 man Sv corresponds to a certain detriment to health regardless of the 
distribution of the overall dose within the population. 

In the case of accidents, there is an upper limit to the acceptable dose to 
individuals. The limit is set at a higher level than in a normal situation, because it 
is meant only to be applied in abnormal or accident situations. If the dose to the 
individual exceeds this limit, actions must be taken to reduce the dose, regardless 
of the cost. Since the Chernobyl accident, the aim in Norway has been to avoid 
individuals' receiving radiation dnses in excess of 5 mSv and 1 mSv in the first and 
the subsequent years, respectively. This is in accordance with the dose limits recom
mended by the International Commission on Radiological Protection. 

For that part of the population which receives doses below the aforementioned 
limits, the optimization principle is used. This main principle in radiation protection 
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states that all exposure shall he kept as low as reasonably achievable, economic and 
social factors taken into account. This means that actions that will reduce the dose 
shall be carried out if the radiation protection benefit exceeds the costs involved. This 
tvpe of cost -benefit evaluation can only be carried out if the health consequences are 
expressed in monetary units. In industrialized countries a cost factor of 
S10 00O-S25 000 per man-sievert |8 . 9] is used. 

In Table 1. the various countermeasurcs which were taken are listed according 
to the reduction in the amount of radioactivity and radiation dose achieved as well 
as according to the costs involved. The cost per man-sicverl varied from NOK 400 
to NOK 340 000. The condemnation of reindeer meat proved to be the most costly 
measure, as measured in NOK per man-sievert saved. The dietary advice published 
and distributed by the authorities clearly represents the cheapest countcrmeasure in 
both absolute and relative (cost effective) terms. In a number of cases, it has proved 
impossible to give figures for the cost-benefit of such measures as changes in 
agricultural practices (additional ploughing and use of fertilizer), the use of alterna
tive grazing areas with lower radioactivity levels in the grass, and the use of saltlicks 
containing a caesium binder. 

Though it has proven difficult to assess cost-benefit with regard to the special 
feeding of cattle in 1988. the introduction of improved procedures, in the light of 
experience gained in this regard during 1987, means that the cost per man-sievert 
in 1988 was lower than in 1987. 

It appears that the relationship between the resources utilized and the reduc
tions in radiation dose obtained in 1987 and 1988 was acceptable. In 1986, almost 
NOK 185 million [10, II] were spent to obtain a dose reduction of 540 man • Sv, cor
responding to about NOK 340 000 per man-sicvert [6], However, it must be remem
bered that in 1986, there was not only widespread scepticism regarding the 
authorities' handling of the situation; there was also insufficient time available for 
extensive evaluations. Moreover, knowledge of alternative remedial action strategies 
was meagre | ' 2 , 13]. Shortly after the fallout situation had occurred. 71% of the 
population expressed concern about potential contamination of food and drinking 
water, while only 69c had changed their dietary habits on their own initiative |3]. 

People still seem to rely on the ability of the authorities to take care of health 
ha/ards associated with food. There was a slight reduction in the consumption of 
mutton. T7i in 1986, 3% in 1987 and 14% in 1988. However, this reduction cannot 
be attributed unconditionally to the Chernobyl accident. Little is known about the 
long term impact of the psychologically reactions of the average person to Chernobyl 
since relevant investigations have not been carried out. For the food producers, 
however, it is extremely important that the population feel that products are safe. 

Shortly after Chernobyl, fears that the accident might result in extinction of the 
Lapp culture and depopulation of the mountain valleys were widespread, and were 
given much media attention. Also the possibility that meat products would have to 
be destroyed was felt to be ethically and psychologically unacceptable by many. 
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Because of the countermeasures taken, however, the anticipated problems material
ized only to a very limited degree. The dietary recommendations have been very suc
cessful in reducing population doses. The other countermeasurcs have also proven 
effective as well as acceptable with regard to costs of implementation. There is 
always the possibility that had the situation been handled differently, there might 
have been a serious reduction in the consumption of food products originating from 
sheep, reindeer and cattle. This would have been considerably more costly to society 
than the cost of the countermeasures carried out. For example, a reduction of 10% 
in the consumption of mutton alone would represent an economic loss to the agricul
tural sector of about NOK 100 million. 

6. CONCLUSIONS 

The actions taken to protect human health from the consequences of the Cher
nobyl fallout have been relatively extensive and resource demanding. Their main 
purpose has been to prevent adverse physical health effects by reducing radiation 
doses, and they have undoubtedly been successful in this regard. However, they have 
probably also been of significance in connection with the other two main criteria 
included in the WHO definition of health, i.e. mental health and social well-being, 
and their effects on these may have been both negative and positive. In conclusion, 
it seems fair to say that the cost and amount of resources deployed have remained 
at an acceptable level, when viewed in relation to the radiation dose reduction 
obtained, and have not only protected physical health, but probably also had a benefi
cial effect on the mental and social health of many people. 
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Abstract 

EXPERIENCE WITH THE USE OF CAESIUM BINDERS TO REDUCE RADIO
CAESIUM CONTAMINATION OF GRAZING ANIMALS. 

Bentonite and ammonium iron-hexacyanoferratefll) (AFCF) were used as caesium 
binders in domestic animals in Norway after the Chernobyl accident. Experiments carried out 
to test the efficiency of AFCF under field conditions are reported in the paper. Radiocaesium 
activity of goat milk was reduced by 80-95% after inclusion of AFCF (1 g/kg) in dairy con
centrate mixtures. For sheep, salt licks containing 25 g AFCF/kg were distributed in three 
experimental areas. Reductions in whole body radioactivity of 25-75% were observed at the 
end of the grazing period, compared to those reductions observed in non-treated sheep in 
neighbouring areas. A sustained release bolus (bowel tablet) delivering AFCF to the n.nen 
has been developed. Treatment of lambs grazing contaminated pasture resulted in h 51% 
reduction in whole body radioactivity. The reduction developed in three weeks and lasted for 
a further six weeks. In goats an 80-90% reduction in radiocaesium transfer from feed to milk 
was obtained over a period of 45 d. Biological half-lives of radiocaesium under farm condi
tions were on average 21 d for lambs and 26.5 d for adult sheep. 

I. INTRODUCTION 

In Norway, the fallout from the Chernobyl accident was deposited mainly in 
mountain areas which are heavily used by grazing animals. Herbivores accumulate 
large quantities of radiocaesium while grazing on contaminated natural mountain 
pastures. Feeds harvested on cultivated pastures, however, are usually low in radio
caesium and may be used freely as feed for farm animals. In 1988, about 30% of 
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the sheep (0.35 million) |1) contained too high a level of radiocaesium to be mar
keted directly. Uncontaminated feed had to be given for periods of 4-12 weeks 
before slaughter in order to reduce radiocaesium activity to below the permitted limit 
of 600 Bq/kg of l , , 4Cs and l 3 7Cs. Products from goats and reindeer also exceeded 
acceptable limits in many contaminated areas. A total of NOK 340 million (US $49 
million) was used to reduce the radiocaesium content of animal products during the 
years 1986-1988 (1). 

The ecological half-life of radiocaesium from atmospheric nuclear weapons 
tests was estimated recently to be 20 years for the production of lamb meat on moun
tain pastures in Norway [2]. Continued research to develop efficient strategies for 
the reduction of radiocaesium in grazing animals is, therefore, of importance. 

1.1. Strategies 

Radiocaesium in animals or animal products may be affected by procedures 
which alter the handling of caesium in the organism. Reduction in radiocaesium con
tent may be achieved through uncontaminated feeds, by procedures which increase 
excretion, or by procedures which reduce absorption. Net gastrointestinal absorption 
of caesium is 50-80% [3-6). The most efficient way to control radiocaesium 
accumulation appears to be by means of caesium binders which reduce absorption. 
The best effect of caesium binders is obtained when the binders are vailable continu
ously in the gut. Caesium binders used for ruminants include bentonites, zeolites and 
various complexes of hexacyanoferrate (HCF). Binders in the gastrointestinal tract 
make radiocaesium less available for absorption. 

1.2. Bentonite 

Bentonite has been widely used as a caesium binder in ruminants. The mineral 
is fed as a powder or mixed with concentrates. Absorption of radiocaesium was 
reduced by 90% in feeding experiments with a 10% inclusion of bentonite in concen
trate (50 g/d) [5, 6]. In Norway, a reduction of about 75% was obtained by feeding 
50 g/d of bentonite in a 10% concentrate mixture [7]. The doses of bentonite 
required to reduce absorption of radiocaesium are considerable and may interfere 
with the digestion of nutrients and other minerals. The results published are so far 
inconclusive [7,8]. 

1.3. Zeolites 

Zeolites appear to have a higher binding capacity for caesium but are still 
required to be fed in gram quant'lies to sheep and goats lo achieve significant reduc
tion in body burdens of radiocaesium (9-I2J. 
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1.4. Hexacyanoferrates (HCFs) 

Many HCF(II) complexes will bind caesium by ion exchange. Complexes with 
Fe. Cu. Co or Ni have been studied and recent in vitro experiments ranked KCuHCF 
and KZnHCF as ihe most efficient caesium binders [13]. The most studied binder 
is the ammonium iron-hexacyanoferrate(II) (AFCF). The ammonium ion is 
exchanged for alkali ions with relative affinities for Na, K, Rb and Cs of 
1:10:1000:10 000 in in vitro experiments [14]. The compound is stable in the 
gastrointestinal tract and binds caesium at low concentrations [15-19]. In both 
laboratory and field experiments with lactating goats, AFCF was 500-1000 times 
more active than bentonite on a weight basis [7]. The small quantities required make 
AFCF an attractive alternative to bentonite in concentrate rations and provide new 
opportunities for the administration of caesium binders. In our studies we have used 
AFCF containing 36% ammonium chloride. 

2. RESULTS AND DISCUSSION 

2.1. Caesium binders for lactating animals 

It is feasible to administer caesium binders in the concentrates fed to dairy 
animals. A dairy standard concentrate with 5% bentonite added has been available 
since the summer season (June-September) of 1986 in Norway. The reduction in 
milk radiocaesium of about 50-60% has not been satisfactory in all districts. In 1989, 
bentonite was replaced by AFCF (1 g/kg concentrate). This change in the use of the 
caesium binder brought about a reduction of up to 90-95% of the radiocaesium 
content of the goat milk (Fig. 1) in herds fed 0.5 kg concentrate per day. 

2.2. Caesium binders for grazing animals 

Animals used for meat production are usually sent to mountain pastures in May 
or June and not treated until September. Much could be gained, however, by con
trolling the accumulation of radiocaesium during the grazing season. In Norway, salt 
licks with AFCF were developed in 1986 and were used generally during the grazing 
season of 1989. In addition, a slow release bolus (bowel tablet) with AFCF has also 
been developed. 

2.2./. Saltlicks 

From June to September of 1988, experiments to test the effect of 10 kg 
sodium chloride blocks containing 2.5% AFCF were carried out. The body burdens 
of radiocaesium in sheep were measured monthly in 10-30 animals with a portable 
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FIG. I. Levels of radiocaesium in milk from goats grazing highly contaminated mountain 
pastures in Valdres. Norway. Pooled samples of milk from 80 goats fed ammonium 
iron-hexacyanoferrate (AFCF) (0.5 gld) and from 80 goats not fed a caesium binder (control). 

3 in Nal(TI) detector linked to a multichannel analyser (Canberra series 10). The 
experiment was carried out in three districts contaminated by fallout from the 
Chernobyl accident. Sheep from a neighbouring area where ordinary sodium chlo
ride salt licks were used served as a reference group. A significant reduction in the 
accumulation of radiocaesium was observed in the groups which had access to the 
AFCF salt licks. The results from the most contaminated areas (Flyvann, Valdres) 
are shown in Fig. 2. In both groups the increase from July to August was probably 
caused by a large growth of fungal fruit bodies in natural pasture. The radiocaesium 
levels were up to 100 times higher than the levels in green vegetation in several 
species of fungi selected by grazing animals (201. Sheep which had access to the 
AFCF licks contained only 25% of the radiocaesium levels observed in the reference 
group at the end of the grazing period. However, care must be used in the interpreta
tion of the quantitative difference between the control and the AFCF treated groups 
since the sheep grazed in different pastures. 
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The results from the 1988 grazing season indicate that salt licks with AFCF 
may be a simple and cost effective method to reduce the accumulation of radio-
caesium. In 1989 AFCF salt licks replaced ordinary licks in the most contaminated 
mountain areas. In 1989 the total costs of decontamination were reduced by 50% 
from the year 1987, whereas the radiocaesium load from fungi was similar to 1989. 
A great part of this reduction can be attributed to the use of AFCF salt licks, since 
radiocaesium levels in the vegetation were close to the same level. 

2.2.2. Sustained release bolus 

A sustained release bolus placed in the rumen of a grazing animal provides a 
means of continuous delivery of the caesium binder, AFCF, during a period of weeks 
or months after treatment. Boli of varying compositions have been given to goats, 
sheep and reindeer. 

• CONTROL 
o AFCF 

Oct. 

FIG. 2. Radiocaesium concentration (mean ± SD. n = IO-30) in sheep which had access to 
salt licks with 2.5% AFCF and in sheep in a neighbouring area, which were offered ordinary 
salt licks. 
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FIG. 3. Milk radiocaesium concentration from goats given 2000 Bq/d ,i4CsCl. Control: 
mean ± SD of 10 animals provided no caesium binder. Bolus: individual milk concentration 
in r*-o animals treated at Jay 0 with an AFCF containing bolus. 

The effect of AFCF boli on the transfer of daily doses of 2000 Bq l 3 4CsCl to 
goat milk is shown in Fig. 3. In control goats, 10% of the daily ingested dose of 
radiocaesium was secreted per litre of milk, while transfer in treated goats remained 
at 1.5-2% for a period of 45 days. 

In an experiment with lambs, five sets of twins reached meat radioactivity 
levels of 1400 Bq/kg after a grazing period of 4 weeks on pasture with 3000 Bq/kg 
dry matter. One twin of each pair was untreated, whereas the other received two 
boli, each containing 5 g AFCF. The ewes were left untreated. In treated lambs, 
radiocaesium concentration decreased during the three first weeks to about 
700 Bq/kg (50% reduction). No further decline was obtained, but the difference in 
meat radioactivity was maintained throughout the experiment (Fig. 4). Similar 
degrees of reduction were obtained during the 1989 grazing season in field trials 
involving several hundred sheep. The reduction was equivalent to what can be 
achieved by feeding sheep uncontaminated feed for three weeks. 
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2.3. Biological half-lives 

Knowledge of biological half-lives is required lo estimate the time required to 
feed uncontaminated forage in order to reduce radiocaesium levels below the limit 
permitted for slaughter. Considerable differences may be expected in the estimates 
of half-lives determined in metabolism cages and those estimates made under practi
cal conditions on the farm. The half-life appeared to be independent of the use of 
either bentonite [7] or AFCF salt licks when uncontaminated feeds were offered. 

Forty lambs were measured weekly for eight weeks by a whole body monitor. 
The excretion curves could best be explained by a two compartment model where 
75% was excreted with a half-life of 12 d and 25% with a half-life of 35 d. These 
results are comparable to an initial biological half-life of 10 d estimated in the United 
Kingdom for lambs moved from contaminated to uncontaminated pasture [21]. For 
practical purposes, however, one half-life is simpler to use. Data from three herds 
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FIG. 4. Radiocaesium activity in five sets of twin lambs grazing contaminated pasture for 
13 weeks (mean ± SD). One twin of each pair was treated afier 4 weeks with boli releasing 
AFCF, while the other was kept as control. 
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with different levels of contamination obtained during 4-8 weeks of feeding uncon-
taminatcd feeds resulted in half-lives of 21 d for lambs and 26.5 d for adult sheep. 
In Norway a biological half-life of 21 d has been adopted by the Government for 
determining the time period required before slaughter of contaminated lambs. 
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Abstract — The doses to the Norwegian population from foodstuffs after the fall-out from the Chernobyl accident are 
here discussed. Based on the results of a 'food basket' project and supplementary data from the approx. 30,000 
measurements on food samples during the first year after the accident, the total annual effective dose equivalent from 
foodstuffs to an average Norwegian consumer during the first year after the accident was estimated to be 0.15 ± 0.02 mSv 
at the 95% confidence level. The contribution from m l was estimated to be less than 3% of the total effective dose 
equivalent in the first year. The individual doses, however, depend very much on dietary habits. The southern Lapps are 
probably the population receiving the highest doses. Individual reindeer-breeding Lapps, neglecting some of the dietary 
guidelines from the health authorities, may have received an effective dose equivalent of 20 - 30 mSv in the first year after 
the accident. 

INTRODUCTION 

The Chernobyl accident took place on Saturday 
26 April 1986. For about ten days, rather large 
quantities of radioactive material were released into 
the atmosphere'", and due to the meteorological 
conditions, dispersed to areas rather distant from 
the Chernobyl power plant. The first radioactive 
clouds reached Norway about two days later. An 
extensive survey programme was started 
immediately after the detection of a considerable 
enhancement above the natural background in the 
external y radiation level. In the first period, 
measurement programmes of external y radiation, 
air fillers, rain/snow samples, grass/soil samples etc. 
were started' : _ B ). About a week after the accident, 
the first measurements on foodstuffs were 
performed. 

Significant activity concentrations of I 5 l I in milk 
were detected in the first days of May. Later 
measurements on vegetables, in some of the most 
important production areas of the country, showed 
high concentrations of l "Cs and , M Cs . In the 
following weeks and months, an extensive 
measurement programme on foodstuffs was 
established. In order to limit the possible health 
effects in the population, action levels for the most 
important radionuclides were introduced by the 
authorities, and restriction zones according to 

* Research fellow of the Norwegian Cancer Society -
l.andsforcningcn mot kreft. 

production/trading of the most vulnerable food
stuffs were defined. In June 1986, the Directorate of 
Health established action levels for I M Cs and '"Cs 
of 370 Bq per kg for milk and infant food, and 600 
Bq per kg for all other foods. In November 1986, the 
action levels for reindeer meat and game were raised 
to 6000 Bq per kg. In addition, dietary guidelines 
were issued for all population groups who normally 
have a high intake of reindeer meat or of mutton/ 
lamb meat produced on their own farms and of 
freshwater fish. 

Even though extensive measurements have been 
carried out on foodstuffs during the first year after 
the accident, these data are quite difficult to use in 
order to estimate average doses to the Norwegian 
population. This is due to difficulties introduced by 
the restriction zones, meat kept off the market, 
weaknesses in the sampling procedure, variation in 
measurement quality, etc. In order to enable more 
reliable estimates to be made of doses from 
foodstuffs to the Norwegian population during the 
first year after the accident, a so-called 'food basket' 
project was carried out by the authors during March/ 
April 1987. Activity concentrations were measured 
in seven of the most important foodstuffs with 
respect to the fall-out. In this project the country 
was divided into 102 units, each of about 40,000 
people. In each of these units one 'food basket* was 
sampled at random. By this sampling strategy, the 
arithmetic average became equal to the population 
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country was found in he utmost negligible. total 
caesium surface activities ahove KKI Miq m : were 
found in certain ureas in the control part of southern 
Norway. However, only about 611.0(H) people (less 
than 1.5% of the population) live in parts of the 
couniry where the total surface activity of caesium in 
the early period after the accident, was found to he 
ahove 50 kllq.m \ 

The inhomogeneity in the deposition pattern is 
also reflected in the measurements on foodstuffs. 
The local consequences vary considerably even 
between areas of almost equal fall-out level, due to 
local differences in radioecological sensitivity, 
production volume, etc. The highest activity 
concentrations reported, were found in reindeer 
meat. This was expected from the measurements 
after the atmospheric testing of nuclear weapons in 
the late fifties and early sixties'91. During the winter 
season reindeer arc fed mainly on lichens, which 
have been shown to have a strong ability to 
accumulate particular fall-out caesium nuclides. 
However, most of the reindeer breeding in Norway 
takes place in the county of Finnmark, in the most 
northern part of the country. This part of the 
country received an almost negligible contribution 
from the Chernobyl fall-out. 

While the measured activity concentrations in 
salt-water fish generally have been found to be quite 
low, values up to 55.000 Bq per kg have been 
reported in freshwater fish from certain regions in 
the southern part of the country. This was expected 
because of the high transfer factors of caesium from 
freshwater, with low concentrations of potassium, to 
freshwater fish" 0 1 1 1 . 

. Approximate total number of measurements on foodstuffs in Norway during the first year after Ihe Chernobyl 
accident. 

weighted average The measurements were 
performed In the local Radioactivity Control 
Network. (l.o'KAKON), established a few months 
after the accident. 

I or the most important of those foodstuffs not 
included in the 'food basket', and for those with a 
considerable time dependence in the activity 
concentrations, supplementary data from other 
measurements performed after the accident were 
used. 

MATI.RIAL AND METHODS 

In Table 1, a summary of the = .10.000 
measurements on food samples in Norway, during 
ihe first year after the Chernobyl accident, are 
presented. Approximate values of the total number 
of samples analysed and maximum activity 
concentrations found, for the different foodstuff 
categories, are given in this table. However, due to 
the introduction of action limits of activity 
concentration in foodstuffs by the authorities, and 
the definition of restriction zones, most of the 
samples analysed have been collected from the most 
heavily contaminated areas of the country. The 
arithmetic averages for the most vulnerable 
foodstuffs are therefore expected to be somewhat 
higher lhan the country averages and thereby not 
quite representative for an average Norwegian 
consumer. 

As illustrated in a recent paper on soil 
measurements from each municipality of the 
country in the early period after the accident"", the 
deposition pattern is quite inhomogeneous. While 
the falJ-nut level in the most northern parts of the 

Table 

C.itlle meat 
Mutton and lamb meat 
Pork meat 
Reindeer meat and venison 
Cows' milk 
Cows' milk products 
Goals' milk 
Goals' milk products 
Frchwaier fish 
Salt-water fish 
Grain 
Fruits and vegetables 
Others 

Number o f Highest measurements' of 
measurements total caesium activity 

(Bq.kg' l 

351X1 :ooo 
7<XXI 15.000 

200 150 
900(1 KXJ.MXI 
150*1 -151) 
151X1 1600 
KHKI I5IH) 
X(K> .1200 

4000 55.000 
200 60 
KKI :o 

1100 55IX) 
«HI :ooo 

Tola! 

On the aicrugc the measurement uncertainty in these values is ahout 10% at ihe 95% confidence level. 
I Assumed average activity ratio l u C s / | , 7 C s of 0.5.) 
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Most of i he measurement', nn foodstuffs weic 
pcrloimed b\ ihe Local RadioacliwlN Contiol 
Network (I O R A K O N ) , connected in sonic of the 
1 nui l l-'ood Control Authorities, and distributed 
throughout the emintry us shown in FiguiC 1. I-ach 
l.tlxxaiorv i- equipped with (he same type of 
apparatus, a Canberra series 10 multichannel 
an.dwT in combination with a 2" or 3" Nal(TI) 
scintillation detector placed inside a lead shield. The 
apparatus is shown in Figure I . The calibrations 
were performed by the National Institute of 
Radiation Hygiene""' 1. 

Detailed knowledge about the dietary habits of 
ihe Norwegian population are not available. 
However, from the annual production/availability 
data published by the National Nutrit ion Council" ' 
and consumer investigations performed by the 
Central Bureau of Statistics" 4 1, it is possible to 
estimate the average annual consumption of the 
most important categories of foodstuffs. These were 
used for dose estimates in this paper. 

Due to Ihe limited resources available, it was 
necessary to limit the 'food basket' project to a few 
of the most important food products. The following 
seven were included: (1) cattle meat. (2) mutton/ 
lamb meat. {?>) pork meat. (4) reindeer meal. (5) 
cows' milk. <» goats' cheese, (7) potatoes. 

Cattle meat, pork meat, cows' milk and potatoes 
were included because those products are consumed 
in large quantities. From the measurements shown 
in Table 1. reindeer meat, mutton/lamb meat and 
goats' cheese were included because of their high 
levels of contamination. 

The eountr> was divided inio 102 units each of 
4(1.000 people. One 'food basket' was sampled in 
each of these units. With this sampling procedure, 
the population weighted average activity 
concentration for each food product is equal to the 
arithmetic mean. 

In order to estimate the average intake of 
radioactivity in the first year it was necessary to use 
supplementary data for the most important food-

1'able 2. 4»eraj;e ac l i t i t t «mcvntrat'mns. uitl i 95% cfwtfidcnre intervals, for the foodstuffs in Ihe 'food basket' project. 

stuffs not represented in the food banket' 
Representative averages were tound h\ weighting 
according to production data on the cotiniv level 
Because of ;i quite complicated time dependence ot 
the activity concentration in cows' milk, it was 
necessary ).» use supplementary ilata. even though 
this product was represented in the "food basket'. 

RFSUITS A N D DISCISSION 

In Table 2. the main results of the food basket 
project are presented in summarised form. Average 
activity concentrations and percentiles are presented 
for both ] 1 1 Cs and n T C s . The averages are believei' 
to be representative for the traded part of those 
foodstuffs included. 

As illustrated, the highest activity concentrations 
were found in reindeer meat. However, the ratios 
between " J Cs and " 7 Cs for reindeer meat were 
generally found to be considerably lower than that 
corresponding to the average of 0.53 for the fall-out 
in the early period after the accident1*1. This is due 
to the contribution from earlier fall-out from the 
atmospheric testing of nuclear weapons in the late 
fifties and early sixties. More than S0% of (he total 
production of reindeer meat takes place in the most 
northern districts of the country. A considerable 
part of the activity concentration in reindeer lichen 
in this pan of ihe country has been identified to be 
from earlier fall-out' 1". The average ratio between 
1 , 4 Cs and ' v C s for those foodstuffs not influenced b> 
earlier fall-out. like cattle meat, cows' milk. etc.. 
was found to be 0.46. The contribution of 1 , 7 Csf rom 
the Chernobyl fall-out can therefore be estimated by 
dividing the activity concentration of , u C s bv 0.4o. 
It was thereby found that about 40% of the activity 
of , v ? Cs in traded reindeer meat is from curlier fall
out. 

By the same method, and from the results in 
Table 2. it was found that about 15"» of the aclivit\ 
of , V T Cs in traded mutton/lamb meat and goals" 
cheese arc due to earlier fall-out. This is in 

Activ i ty concentrations (Bq .kg" 1 

C.itile meat 
M in im i l.uiih n i f 
Purk nie.il 
R u i u k v r meal 
Ci iw." milk 
<i.. . [ |s\frc'-se 
IVtaiues 

f.o in 

Percentiles Avcrup 
50% 95%, 

1? 41) 49 
: s ISII 151) 
h IS 16 

ml KIHI 4711 
4 7 9.7 

Percentiles 
)l)% .WV y.V, 

41) i:n 
95 5(H) 
1.1 42 
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.iccordance with measurements of ' ' *C\ on mutton/ 
lamb meal I rom bo I ore the Chernobyl accident"* 1 

1'he measurements in Table 2 were performed 
durtng Mari.t i /Apii l 1487. For some of those food
stuffs, however, the time dependence is quite 
ounplK-.nai To be jbJe to evaluate representative 
averages for the whole year, data from other 
measurements were investigated for possible time 
dependence ("or cows' milk it was found necessary 
ro increase the total caesium activity concentration 
from 14 to N Bq per kg. For the other foodstuffs it 
was not found necessary to perform any corrections, 
even though the time dependence could be quite 
considerable. The annual slaughtering of mutton/ 
lamb is limited to about one month in the early 
autumn, and therefore the time dependence can he 
neglected. For cattle meat on the other hand, the 
slaughtering is continuous throughout the year. 

Some of the most important good lakes for fish 
are located in the most heavily contaminated areas 
of the country. From the 40(H) or so measurements 
available on freshwater fish and fishery data a 
representative average of 500 Bq per kg was 
estimated. 

F.ven though the average anna... consumption of 
salt-water fish is high, about 25 kg net weight, there 
are only measurements of about 200 samples 
available. Most of these measurements arc on 
farmed fish The measurements on farmed fish have 
generally been found to be below 5 Bq per kg, while 
the measurements on brisling and herring have been 
found to be in the range 20-60 Bq per kg. Of the 
total consumption of salt-water fish, more than 50% 
is cod antl eoalfish. for which there are almost no 
data available. However, the measurements 
available show values below 10 Bq per kg. Based on 
production/availability data for the different 
categories of salt-water fish from the National 
Nutr i t ion Council and the measurements available, 
a representative average for salt-water fish could be 
estimated to be 10 Bq per kg. 

Shrimps, crayfish, common mussels etc. have 
shown values in the range 0 - 80 Bq per kg. The 
highest concentrations have been found in common 
mussels. However, the consumption is so low that it 
can be neglected in this discussion. 

Based on hunting data and the results of about 
3(KK) measurements on venison meat, a 
representative value for the average activity 
coneentraiion in (his kind ot meat in the first year 
was estimated to be 400 Bq per kg. Some of the 
largest districts for hunting elk and wild reindeer are 
located in those regions of the country most heavily 
eontaminatou. For an average Norwegian 
consumer, about 85% of the venison meat is from 
elk and v ; ld reindeer. A considerable number of the 
measurements on venison meat were found above 
the general authority action level of hi 10 Bq per kg. 

From production dula, inc average annual 
consumption of soft fruits is estimated to be ahout 
10 kg per capita, of which about 2.5 kg is wild grown 
soft fruits. !n the autumn of |98h measurements 
showed values up to 2000 Bq per kg in cloudberries. 
These arc the highest values reported for soft fruits. 
A representative average value for the total caesium 
activity concentration in soft fruits was estimated to 
be 20 B'T per kg. In hard fruits, on the other hand, 
the overall concentrations have heen found to be 
very low. Based on the few measurements available, 
a representative annual average of 3 Bq per kg was 
adopted. 

In the very complex category called vegetables, 
carrots, cabbages, tomatoes, yellow turnips, onions, 
cauliflowers, mushrooms, etc. are included. The 
measured activity concentration varies considerably 
between the different kinds of vegetables. The 
highest values have been found in mushrooms. In 
the early autumn of 1986 concentrations above 5000 
Bq per kg were reported in mushrooms. About 20% 
of the vegetables are imported. The concentrations 
in these have been found to be almost undetectable. 
Based on availability data from the National 
Nutrition Council for the different types of 
vegetables and the results of about 500 
measurements on this category during the first year, 
the average of total caesium activity for an average 
consumer was estimated to be about 10 Bq per kg in 
the first year. 

Due to the climatic conditions, the import of grain 
is very high, almost 85%. According to the 
measurements performed by Bjerke '"" the total 
caesium activity concentration was found to be 
about 50% higher for imported grain than grain 
produced in Norway. The average value of grain was 
found to be 3.5 Bq per kg. 

The very few results available on poultry meat 
and eggs show rather low values. A representative 
average value for both of these was found to be 5 Bq 
per kg. 

From the measurements available- the average 
activity concentration in household water could be 
estimated to I Bq. l " 1 in the first year. Assuming an 
annual average consumption of about 400 1 of water, 
this corresponds to an intake of about 400 Bq in the 
first year. 

The activity concentrations of m S r and w l Sr in 
foodstuffs have been found to be less than ] - 2 % " 7 1 S l 

of the total caesium concentration, and may thus be 
neglected in the dosimetric discussion. 

The activity concentration of 1 3 1 I in cows' milk was 
generally found to be low (95% below 30 Bq.T 1 ) . 
This is probably due to the fact that most 
cows were kept indoors in the first weeks after the 
accident because of the late spring. The average 
activity concentration of l 1 ' l in cows' milk during the 
first month is estimated to be between 5 and 10 Bq.l" 1. 
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Because ol the short half-life of I U 1 . the contribution 
after the lirsi month can be neglected. Assuming 
that the average consumption of cows' milk, in the 
first month, is 14 I for adults and 20 I for children, 
the total intake of " ' I is estimated to be 70- 140 Bq 
for adults and 1IH) - 200 Bq for children. The activity 
concentration of l M l in vegetables is of less 
importance than in cows' milk, due to the late 
harvest. 

In Tahle 3, the total caesium activity intake via 
foodstuffs by an average Norwegian consumer, 
during the first year after the Chernobyl accident, is 
estimated. The seven foodstuffs included in the 
'food basket' represents about 75% of the total 
intake of caesium activity. The most important food 
product is cows' milk, which represents 36% of the 
total. This is about the same quantity of intake as 
the contribution from all the meat products. 

As shown in Table 3 the contribution from 
reindeer and venison meat is low. This is because of 
low average annual consumption. However, certain 
groups of the population. like the reindeer-breeding 
Lapps in Southern Norway, may have had an 
activity intake orders of magnitude higher due to 
their high consumption of reindeer meat. 

The calculation of the effective dose equivalent 
from activity intake has been exlensivcK discussed 
in the l i t e ra tu re m -'*'. The figures, however, diverge 
due to differences in physiological data and 
retention times used. The dependence on age can be 
neglected for the caesium nuclides 1 1" Kor " ' I . on 
the other hand, there is a pronounced age 
dependence with considerably higher conversion 
factors for infants and children than for adults. The 
conversion factors from activity intake to effective 
dose equivalent of Kendall et uP:x> were adopted in 
this discussion. The factors for the caesium isotopes 
arc about 10% lower than those of ICRP"" ' . which 
is mainly due to an increase from 10 to 20% in the 
short-term proportion of the retention function 
compared to that used by ICRP. The following 
conversion factors from activity intake to effective 
dose equivalent have been applied: 

' Y s : 1.7 x 10"*Sv/Bq 
n 7 C s : 1.2 x 10^Sv/Bq 
n i l : (adult) 1.3 x 10 H S v / B q 

( c h i l d ) 3.6 x H » K S v / B q 
( i n f a n t ) 1.1 x 10" 7 S v / B q 

Table 3. Estimated intake or caesium Tor an average Norwegian consumer. 

Annua lav erage Average total Total activity 
Foodstuff of individual caesium activity intake in 

eonsumpt ion concentrat ion first vear 
Ikg.y' I iBq.kg ' ) ( » „ ) ' 

Cattle niL-jt IS 72 12 
Mu l ton and lamb meat 6 210 12 
Pork meat 20 24 4.6 
Reindeer meat 0.6 600 3.4 
Cows' mi lk ' 1" 200 19"" 36 
Croats' eheese" 1 2.5 130 3.1 
Potatoes 55 7 3.7 

Venison" 1 , 1.1 400 4.2 
Freshwater fish 1.5 500 R 
Sal twater fish 25 10 2.4 
Soft t r ims ' " III 20 1.9 
Hard f ru i ts ' " 55 3 1.6 
Vegetables" ' .17 1(1 3.5 
d r a i n " " 65 .1.5 -i i 
Poullrv meat 4 5 0.2 
F.ggs ' 11 5 0.5 

Total intake 10.500 Bq 1<K)% 

' M i lk and mi lk products. 
' Fstim.ited based on the about 3000 supplementary measurements on mi lk . 

Cheese totally or partly based on goals' milk included. 
' About N5".. big game meat, wi ld reindeer meat included. 
' About 2.5 kg growing wi ld . 

About 6 0 ° o imporU'U. 
' About 20".. imported. 
' About S5".. imported. 
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I he ,u t i \ i l \ r.i'to between '"( '«. and ' ' Cs was found 
to he in the range ol 0 4D to 1155 for those food 
products not influenced h> earlier homh lall-oul. 
Hue to the shorter hall life ol | U ( \ than " V s . this 
ratio will decrease with time However , the ratio is 
noi critical for the calculations of effective dose 
equivalent because the cotnersion factors are fairly 
equal I or a ratio ot II 4(1 and 11.55 the average 
conversion f.ietors from total caesium aeti\ily to 
effective dose equivalent becomes 1.3-1 x 10 * and 
1.3X * 10" Sv/Bq respectively. For those food 
products not influenced by earlier bomb fall-out. an 
average value of 0.46 was found from the 
measurements in the 'food basket* project. In this 
paper a representative average value for the first 
\e.ir of 0 sil was adopted as the ratio between the 
activitv ut , u ( ' s and n " C \ . The corresponding 
conversion factor from total caesium activity to 
effective dose equivalent is then found to be 1.4 x 
1 0 " Sv/Bq. 

The total effective dose equivalent from ingestion 
of | l | l is estimated to be 4 - 7 uSv for children and 1 -
2 uSv for adults. For an average Norwegian, the 
total acmitv intake of caesium the first year after 
the Chernohvl accident is estimated to be 11,(XI0 ± 
1000 Bq at the 9 5 % confidence level. This 
corresponds m an effective dose equivalent of 0.15 
t 0.02 mSv. The con t r iha thn from ingestion of ' 3 1 1 
is tound to be less than 3 % of the total effective dose 
equivalent and may thus be neglected in the 
dosimetric discussion. 

The highest doses are probably received by the 
reindeer-breeding Lapps in Southern Norway. 
According to consumer investigations, some Lapps 
mav have an annual consumption of reindeer meat 
of 150 - 200 kg1 2"1 1. Assuming an average activity 
concentration of 10.000 Bq per kg. this would then 
imply an annual dose of 20-30 mSv the first year. 
However, because of authority guidelines, most of 
the Lapps have probably changed their dietary 
habits. According to unpublished data from whole-
body counting, it appears as if the guide' ines have 
been quite effectively followed and tha. very few 
have received doses exceeding 10 mSv during the 
first vear 1 2* 1. 

In the northern and western part of the country 
the consumption of salt-water fish is higher than the 
Norwegian average. An elevated consumption of 
salt-water fish implies lower consumption of meat. It 
is therefore expected that those of t h . population 
having a high annual consumption of salt-water fish 
(40-60 :-.y net weight) prohably receives doses 20-
30",. less than the Norwegian average. 

According to unpublished data from whole-body 
counting in the most contaminated areas of the 
country, it seems that those with normal dietary 
habits living in the most contaminated areas of the 
countrv have received doses prohahlv about 50"n 

largei than the Norwegian aveiagc' "M . Due lo lower 
intake of foodstuffs and physiological differences 
according in muscular tissue between women and 
men. it is expected that the average female doses art 
lower than the general average This was abosho-wi 
in the whole-body measurements ' '* 1 The same is 
probably true for children. 

At the present time, it is \ e r \ difficult to estimate 
the average committed dose equivalent to the 
Norwegian population. This is mainly due to lack of 
knowledge of the effective decay with respect to the 
different food products. However, based on earlier 
data from the atmospheric testing of nuclear 
weapons in the late fifties and early sixties, it is 
expected that the effective half-life is far less than 5 
years for the most important foodstuffs On ihe 
assumption of an effective half-lime of between 1 
and 3 years for all of the loodstuffs. except reindeer 
and venison meat , and between 4 and 6 years for 
reindeer and venison r.ieat, the average committed 
dose equivalent w<is estimated to be between (1.4 
and 0.8 mSv. 

For individual reindeer-breeding Lapps, 
neglecting some of the dietary guidelines from the 
authorities, the committed dose equivalent may 
prohably he of the order of 100 mSv. 

C O N C L U S I O N S 

From lh* results and discussion in this paper, the 
following conclusions may be drawn: 

(i) The average effective dose equivalent due to 
the Chernobyl fall-out from foodstuffs in the 
first year is estimated to be 0.15 ± 0.02 mSv at 
the 9 5 % confidence level. The corresponding 
collective do*e jquivalenl from foodstuffs in 
the first year is thus about 600 manSv. The 
committed dose equivalent was estimated to be 
between 0.4 and 0.8 mSv. 

(ii) The total effective dose equivalent from 
ingestion of l 3 l l is estimated to be less than 3 % 
of that from the caesium isotopes. 

(iii) According to the total intake of radioactivity in 
the first year, meat and cows' n^lk are the most 
important food products. On the average, 
about 3/4 of the total dose arc due to these food 
categories. 

(iv) Due to their high consumption cf reindeer 
meat, the Lapps in southern Norway have 
probably received the hiehest individual doses. 
Reindeer-breeding Lapps, neglecting some of 
the dietary guidelines given by the authorities, 
may have received effective dose equivalents of 
20 - 30 mSv in the first year. The corresponding 
committed dose equivalent mav therefore be 
100 - 200 mSv. 

(v) Those of the population with a high 
consumption of salt-water fish and a low 
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o'lisimipti'Mi ol mc.it. h \mg in the m n i h e m For icindccr-hrccding l a p p s , the lotal 
.tiul western part ol I he country, hau* probably commit ted dose equivalent will he dominated 
rct-ciud the hmeM doses, hv intake of rad ioac th iu front looiKiufis. 
I he -tvei.iiit: e l f c m e dose equivalent from 
cv.teiti.il fall out ladialion during the first \ea: 
has heen estimated lot) USmSv 1'". The ei"fccti\e 
ilose ei | in\alenl from foodstuffs in the first year 
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Abstract — Doses to the Norwegian population from radiocaesium in food are estimated from whole-body counting and 
dietary surveys. The average effective dose equivalent during the first year after the Chernobyl accident is estimated to be 
between 0.12-0.25 mSv. One quarter of the dose is due to consumption of milk. For those of the population specially 
vulnerable (Lapps excluded) the dose is estimated to be about 1 mSv in the first year. Almost 90% of the duse is due to 
consumption of reindeer meat, freshwater fish and milk. The corresponding effective dose equivalent for Lapps was 
estimated to be between 1 - 3 mSv in the first year. More than 90% of the dose is due to consumption of reindeer meal. 
Without dietary changes the Lapps would probably have received doses 7-10 times higher. 

INTRODUCTION MATERIALS AND METHODS 

The Chernobyl accident took place on 26 April 
1986. In the course of ten days large amounts of 
radioactive substances were released and discharged 
into the atmosphere1". During this period, weather 
conditions were such that the prevailing winds 
carried part of the discharges to Norway. The fall
out over Norway varied considerably from region to 
region. A research programme which was initiated 
to draw up a picture of the fall-out pattern, revealed 
considerable differences in activity level in both 
soil121 and food items'". This indicated that the fall
out would affect different groups of the population 
to various degrees. Therefore, groups presumed to 
have received doses higher than average were 
selected for a more detailed study. These groups 
were composed of people who were presumed to 
have a large consumption of food items with a high 
radioactive content. Populations groups assumed to 
have received doses closer to the average for the 
Norwegian population were also selected. The 
objective of the study was to calculate doses to 
different groups of the population and to find the 
contribution of the radioactivity intake from 
different food items. Two procedures were used to 
estimate the doses received. The total intake of 
radioactivity through food was calculated on the 
basis of dietary surveys, and the radioactive content 
of the body measured directly by whole-body 
counting. 

Table 1 provides an overview of the selected 
population groups that took part in the project. 

Representative population groups from areas with 
high and low fall-out levels were procured by 
contacting about 200 randomly selected individuals 
from both Sel (high fall-out levels) and Oslo (low 
fall-out levels). Those over 14 years of age were 
asked to participate. Between 22 and 28 April 1987, 
105 persons in Sel were examined. In Oslo only 38 
persons turned up for an examination between 18 
and 27 May. 

Table 1. The selected populations for the study. 

Number of persons 
Municipality — 

Males Females 

Oslo 16 22 Randomly selected' 
Sel 52 5* RandomlyscJecled* 
Scl 15 Specially selected 
Ø.Slidre 17 Specially selected 
Snåsa" 

Adults 45 29 
Children 12 17 

* The selection is carried out by Central Bureau of 
Statistics. 

** Reindeer-breeding Lapps from central and southern 
Norway. 

163 



/' W/MN/J / HOI I Hl KU It» I HIKIIUI\I\ I W K l \ / > K IH\t,t, ,in,i tt IIXHHII/ 

Mk i IIK- Lill out, high IcvcNol u d i o a c t m n u i k ' 
loinul in icmdccr meat. Ircshu.iiei h*>h. mutton. 
I.imlv .md sume \c imon. One calegon ot pcisons 
likclv lo have .1 high consumption ol these loods was 
speet.ilk selected. Based nn such criteria. 17 persons 
were selected ut Ø\stre Slidre in V;ildrcs h\ ihe 
munKip.il doctor. The municipality had one of the 
highest fall-out levels in the country 1-'. The 
collection of dala look place between 24 and 26 
March 1487. However, this group may not be 
representative of the population of Øystre Slidre. 
Another group of specially selected persons were 
selected from the municipality of Sel which also had 
high fall-out levels'"'1. It became apparent that a 
major part of those who did show up from Sel could 
not he described as being exposed to enhanced 
levels of radiation, since they neither hunted nor 
fished to any great extent. Reindeer meat from 
areas of central and southern Norway showed high 
levels of activity after the Chernobyl accident. 
Measurements after the testing of nuclear weapons 
in the 1950s and 60s showed that reindeer meat is 
especially vulnerable 1 4 1. Consequently, a group of 
lapp rcindeccr breeders from three counties: 
Southern Trøndelag (111 households). Northern 
Tronuclag (23 households) and Nordland (18 
households) were selected for the study. The 
persons were from 16 different municipalities and 14 
different reindeer grazing areas. Altogether. 79 
people were examined. 74 adults and 5 children. 
The households comprised a total number of 150 
persons. As a supplement to the study the staff at 
two Lapp hoarding schools in Snåsa and Hattfjelldal 
were interviewed about the school diet. Whole-body 
counting was carried out on 24 randomly selected 
children from these two schools. The measurements 
of all the Lapps and the dietary interviews of 
household levels were carried out in Snåsa in the 
period between 3 and 1(1 March 1987. The time 
available made it impossible to interview every 
person in the household. 

In the autumn of 19X6 the Norwegian Health 
Authorities formulated special dietary guidelines for 
reindeer breeders and persons with a high 
consumption of freshwater fish and/or mutton from 
their own farms1'""'. On the basis of measurements 
carried out. limits on the number of meals composed 
of such food ilems were recommended. Information 
was also distributed on how to lower the radioactive 
content in these items by using special methods or 
preparation. Producers of reindeer meat were given 
the option of either buying meat with a lower 
caesium content or exchanging their self-produced 
meat for meat with a low caesium content. Specific 
questions, connected to the consumption of reindeer 
meat and freshwater fish, were included in the 
dietary study to gel information about the extent to 
which Authorities" advice had been followed. 

I l ie purpose of the diciutj» slud> was to c.ilcul.itc 
the toial intake ol r.idiocacsmm (sum ol \ \ and 
' ' ( M from the diet and to estimate the total dose 
from food during the first vear alter the C'hernolnl 
accident. A further aim was io eslimale the 
proportion of total intake derived from the \anous 
food items. 

Priority in the stud> has been given lo food items 
with a strong influence on the total intake of 
radioactivity, i.e. foods with a high radioactive 
content (reindeer meat and freshwater fish), and 
foods which have a lower radioactive content but 
which are used in larger quantities. The 
consumption of different food items during the first 
year after the Chernobyl accident was evaluated by 
questionnaires. The questionnaires"" stressed the 
importance of frequency and quantities of consumed 
food' 7 ' , and the data were collected from interviews. 
The consumption data for Lapp reindeer brcedeis 
were collected on a household basis because of time 
available. The consumption has been estimated as 
an average per capita for the household. In all other 
instances individual estimates have been made. 

Based on about 30.000 measurements'*' on foods 
in the first year, after the accident an attempt has 
been made to estimate the average content of 
radioactivity in the various food items. For food 
items for which several results were available during 
the year, an average was taken for each month 
before the annual average was calculated. 

For foods which have shown considerable 
regional variation in activity content, the local 
measurements of caesium content have been used. 
This applies to reindeer meat, venison, freshwater 
fish, milk and cloudberries. For other foods, 
average values of the radioeaesium content have 
been used for all areas. 

The instrument used for the whole-body 
measurements was a 3 inch Nal(T!) scintillation 
counter (Harshaw type) with a multichannel 
analyser (Canberra type S35). A so-called "chair 
geometry" was used. The 'chair geometry' comprises 
a lead-lined chair with the scintillation crystal in a 
fixed position at an average distance of 30 cm from 
the body (shoulders to knees). The crystal itself is 
placed in a lead shielding with an aperture for 
"looking" at the body lo be counted. The shielding of 
the crystal lowered the background reading by 
almost a quarter in the set-up. 

The background correction from the self shielding 
of the person being measured was fitted to the 
formula: 

B = B „ d - ^ [ l - c x p ( - ^ ) p x | > 

where 
B = corrected background 
B„ = background with empty chair 
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A = effective shielding area of the person 
r = the average distance from person to the 

cr>stal 
x = average shielding thickness of the person 
u c n = the mass energ> absorption coefficient, an 
, ~ average value of 0.1)35 cnr.g ' for the actual 

energy region chosen. 

As correction factors for effective weight and 
height. 0.55 and 0.85 respectively were chosen from 
measurements and medical literature, the raiio of 
depth to broadness of the bod v was likewise set as 2 
to 3. 

Correction according to the formula was 
compared with measurements of nine different 
persons in a well shielded room and in an unshielded 
room during the same day. thus the body activity of 
radiocaesium was found for each person. The 
relation measured background reduction to 
calculated background reduction' had an average of 
9H% with a standard deviation of 3% and a 
maximum deviation of 5%. 

The measurements were carried out indoors, and 
background measurements were repeatedly taken 
during the day and for long periods overnight. Small 
changes were observed in the background readings. 
From counting statistics the standard deviation at 12 
Bq.kg ' was found to be 18%, at 110 Bq.kg ' 5% 
and at 1100 Bq.kg"1 less than 1%. The total 
uncertainty will be somewhat higher at low readings 
because of the uncertainty in the background 
correction. At higher readings this uncertainty has a 
much less influence. 

Calibration of the chair geometry was carried out 
by phantom measurements with a bodyformed 
plastic phantom filled with calibrated | 1 4 Cs and n 'Cs 
solution, and by cross comparison with several 
persons measured in the Institute's whole-body 

counter and in chair geomeir> under low 
background conditions during the same da>. The 
relation body activity measured in the v\holc-bod> 
counter to body activity measured in the chair 
geometry' was well within the uncertainty of the 
counting statistics. 

RESULTS 

In Table 2 the estimated intake of radioactive 
caesium for the different groups, during the first 
year after the Chernobyl accident, is shown. The 
result is based on the dietary survey only. Table 3 
shows the consumption rates of the food items. The 
group from Oslo has the lowest intake of caesium. 
The randomly selected group from Sel has been 
subjected to a dose approximately twice as large. In 
both municipalities the intakes for men are about 
twice those for women. 

The estimated intake for the specially selected 
men in Scl was slightly higher than that of the 
randomly selected. In Øysirc Slidre the estimated 
intake of radioactive caesium was considerably 
higher than for the specially selected in Scl. 

The Lapp reindeer breeders had by far the highest 
intake of radioactive caesium. As previously 
mentioned, the values were calculated on a 
household basis. It may he assumed from the dielary 
data that men were, in general, subjected to a 
considerably higher intake than women and 
children. For the pupils in the Lapp boarding 
schools in Snåsa and Hattfjelldal it can be assumed, 
given the information from the staff, that the activity 
content in the school diet was low. From the data it 
is found that very few food items with high levels of 
activity were consumed. A person eating the 
boarding school food throughout a whole year 
would have an activity intake of approximately 15 

Table 2. Total intake of radioactive caesium during the first year after the accident estimated from the dietary survey. 

Group Average 

Total intake of radiocacsium (kBq) 

Lowest 
value 

Highest 
value 

50°/, 

Randoml) selected 
Oslo -nalcs 
Oslo, tcmales 
Scl. males 
Scl. females 

SpecialU selected 
Sel. males 
0 Slidre, males 
Reindeer-breeding 
Lapps* 

14 8 28 9 12 17 
8 4 23 6 7 9 
34 9 150 18 24 43 
17 5 69 11 14 18 

39 15 140 21 34 46 
74 30 231! 37 50 9(1 

Average per person in household. 
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In I able 4. the contribution I".. I (rum the various 
lood items arc shown. Milk wa> found lo be the 
main Miurtc of radioactive caesium in Ihe randomly 
selected groups from Oslo and Sol. In Sel milk 
accounted lur .ilmosl hall the intake or Ciiesium for 
women l o r the men from Sel and for the men and 
women from Oslo, milk was found tu account lor 
about one third of the total intake. In Oslo, food 
bom the various' group, i.e. food with low content 
ol radioactivity, and cattle meiit contributed about 
20",, each. Goat's cheese accounted for about W% 
of the intake. In Sol. freshwater fish accounted for 
about 2D"., of the intake for women and 3D"., lor 
men. Correspondingly, reindeer meat was found lo 
account for about 111%. For the specially selected 
group from Øystre Slidre, freshwater fish was found 
to contribute about one third of the total intake of 
caesium. On the average the contribution from milk 
was found to be about 16%. For Lapp reindeer 
bleeders the contribution from reindeer meat was 
found to be about 90% of the total intake. 

The results indicate that a significant part of the 
participants in the study have taken certain 

pte»..union-. I,I uduee then consumption ol terrain 
food items. I his may have been due to amthing 
hunt a sague fear of eating 'radioactive loud' lo a 
deliberate following of the recommendations ol the 
Norwegian Health Authorities. While lew 
precautions were laken in Oslo, the data indicate 
that considerable changes in the consumption of 
certain adversely affected food items were made in 
Øystre Slidre and Sel. The results show that the 
Chernobyl accident had the greatest impact on the 
diet for the Lapps. Data from the study shows that 
the consumption of reindeer meal among the Lapps 
was «bout 70% of a normal year. It was found thz* 
about 80% of the households used less reindeer 
meat than in a normal year and that 34% had no 
consumption of meat from animals slaughtered after 
the accident. About 40% of those who have used 
reindeer meat have changed their methods of 
preparation to reduce the level of activity in the 
meat. The reindeer-breeding Lapps have also 
considerably reduced their consumption of 
freshwater fish. Consumption was found to be about 
16% of an average year. The consumption of 
freshwater fish among the specially selected group 
from Øystre Slidre were found to about 57% of a 

Fable 3. Average intake of different food items given in kg (net weight) for one person in one year. 

Randomly 

Intake 

selected 

of different food items (kg) 

I'nodstuff Randomly 

Intake 

selected 

of different food 

Specially selected Lapps 

Oslo Sel Scl 

M 

0 . Slidre 

M M 1 M 1-

Scl 

M 

0 . Slidre 

M 

Freshuulcr fish 1 1 •» 1 4 S •> 

Saltwater I'lsh1" : 4 In 16 12 13 11 12 
Reindeer m o t 
localls slaughtered'"' - - - - - 2 17 
urn measured' 1 ' - - - - 1 12 
slaughtered before 

I'JNh - - I 1 2 IX 
Sheep. £nals and game 

slaughtered M u r e 
IWSh - - - - .! 4 

( iame - - i - 3 7 s 
Sheep 2 1 2 1 3 3 1 
Cattle :K 13 :s Ih 15 15 .1 

Pork 5 4 i ' h 12 I I (1 

Wild hernes" ' i 1 2 1 s h -> Mills :»4 151 27h IK4 2S3 2So 
Gnats' cheese ' ' 7 4 7 5 - -Various 243 17K 243 I7R 247 247 Vi7 

M - nuk's 
F - ferrules 
' ' Farmed fish also included 
'"' Meat f rom areas wi th high level of fall-out 
' ' ' Meat with l o * levels of activity from Finmark or f rom other areas wi th a lo 
* Cloudberries, bilberries and red cranberries 

Sweet, brown cheese made partly or fully of goals milk 

level ot I.ill out 

Ifrf i 
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n o r m . i l u a r Nc .u l v " i * " . . n l i h c m « e r e l o i u n l t o b c l o r e i l u I.ill ou t A v u n i i i i ; : i h . i i a M K I I I M I \* . . i i 
l u x e .. I n u c i c o n s u m p t i o n »»t f i c s t tw . i t e r l ish d u r i n g d ie* r e m a i n e d d u r m g the (nv i u . u ,m,) j h .d .dl IJK-
ihc h i s t u . n In Sel it was M u n d l l i . i t Sl".> o l the re indeer I I U M I c o n s u m e d has been sku i iM i ie i cd 
n u n and 4"*"-. n l the w o m e n ha i l r educed the i r l o c a l h . i lit.- i n take lo r the L a p p l e i n d e c r h i e e d c i s 
c o n s u m p t i o n i*l c e r t a i n JooJs a l l e r i h e ( ' h c i n o h v ] w o u l d p m h ; i h l \ h a u - been . i h o u l I J u i l k H i | i n the 
.KCidc i i t ( l i e e o n c s p o n d i n g l i n n e s to r O s l o vvete l i rst \ c . i r . L r o n i ihe s t u d \ it was l o i m d to be . iho in 
l o i i m l t u K - \l>'\ t o r m e n a n d 17".. to r w o m e n . l 3 H k B i | . 

A i c u i . d e i n h u m a t i o n o n d ie ta r y changes is no t ) i w. is I t u i n d h o r n the study t l i . i t the a u - i u i \ 
ava i lab le I I T . i l l househo lds a n d i n d i v i d u a l s . Voi c o w i m p t i o n o f f r eshwa te r f ish Ihe l i rst vear w a* 
some o | i he g roups i h e r e is l i t t l e i n l o r m a t i o n o n abou t 4 kg f u r the spec ia l ly se lec ted g i o u p t r o m Sel . 
J i e i a i ) hab i ts b e f o r e the ( h e r n o b v i aee iden l . It is Th i s is e s t i m a t e d t o he 41)% ot the c o n s u m p t i o n 
h o w e \ e r poss ib le , o n basis ot ava i lab le m a t e r i a l , t o d u r i n g a n o r m a l year . A \ e r a g e i n t ake l o r m e n in Sel 
m a k e e e i i a i n es t imates o | the i n t a k e o f r a d i o a c t i v i t y w o u l d p r o b a b l y increase f r o m abou t 34 U t u , t o h7 
w i t h o u t a m d i e l a r \ changes . k U q d u r i n » the f i rs t \ e a r a l te r the aeeidenl w i l h a 

l : o r L a p p re indee r b reede rs the es t ima les can be n o r m a l d ie t , 
m a d e I n us ing the f igures l o r c o n s u m p t i o n o f C o n s u m p t i o n o f f r eshwa te r f ish in vVhstri: S l id re 
r e i n d e e r mea l and f r e s h w a t e r f i sh . T h e es t imates was e s t i m a t e d l o be 5 kg d u r i n g the t irst year a l i e i 
have been m a d e per cap i ta i n the average the acc iden t . Th i s is a p p r o x i m a t e l y f-7'\, of the 
h o u s e h o l d T h e average c o n s u m p t i o n d u r i n g the c o n s u m p t i o n in a n o r m a l year . V i i t h a n o r m a l 
t i i s t \ e a i was l o u n d to be 47 kg fo r re i ndee r meat c o n s u m p t i o n o f f r eshwa te r f ish the i n t ake w o u l d 
a n d \S kg lo r l i e s h w a t e r f i sh . I t was e s t i m a t e d that increase f r o m 74 to 47 k B q pe r cap i ta the first year 
the c o n s u m p t i o n o f r e i n d e e r mea t and f reshwa te r fo r th is g r o u p , 
f ish w .is . i N m t 20 kg a n d 11 k g h i g h e r , r e s p e c t i v e ! ) . T h e ac tua l increase in the i n t ake w i t h n o r m a l 

l i ibk- 4. Suppls of radioactive caesium Trum various fuod items, percentages. 

Inl ; ikc nf radioactive caesium ("<> 1 

Randomly selected Specially selected Lapps 

(Mo Sel Sel 

t ' lcshw.iter tish 7 7 .'It 211 » 
S.diwaierfish* 2 2 1 1 1 
Reindeer meal 
locallv sl.myhtcied •' S - |(l 1 -
noi n ie .wi rcd " 2 1 i -
sl.tuglitcied before 

|y.S(, - I _ I 
Sheep, iin.it'- and i;.ime 

slauchleicd heitne 
P>Sh _ - _ . - _ 

Came I ! 2 I 
Sheep s s 2 2 : 
Cattle PJ 16 S 1U s 
Pork i i i i : 
Wild heme-" 1 1 1 2 5 
Milk .-.' 31 -s 4S "I 
(io.iis'ehecse" I It II 5 " 
Various P 24 h '' V* 

M -- m a k -
} * iim.ih* 

r . i nncJ l i shabn included 
* Me.i l t io 'n a r c . i . u i i h h"ph level o! I.ill-.mt 

*' Meal will) loss levels ot L Ri iv i t \ tmn i I iniiKirk or h o m oilier ateas wuh ,i low level of l.il 
" Cloudberr ies. bi lberries and red cr . i ' ih . m e -
"' Svveel. b lown cheese nude p.irilv or mi l v o: t -".ns milk 

1 x " B lown cheese included 
'*' Mi lk .tra.i hr<n\n cheese included 

If iT 
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consumption would probably be somewhat higher 
hcs.nise ihe estimates are only based on the 
icduetion ol the consumption of freshwater fish the 
lust year alter the Chernobyl accident. In a normal 
yen the consumption of reindeer meal and venison 
would probably also have been somewhat higher the 
Inst ie.ir after the accident. 

The dala from the randomly selected groups in Sel 
and Øystre Slidre are probably insufficient lo 
evaluate the effect of dietary changes. The changes 
in intake have probably been small for the group 
from Oslo whereas they may have been somewhat 
higher for the group from Scl. For those with, 
usuallv. a high consumption of reindeer meal, 
venison and freshwater fish, the intake of 
radioactivity would probably have been 
considerably higher than it was found to be after the 
first year. 

The results of the whole-body counting in the 
study are given in Table 5. The whole-body content 
ol radioactivity is given in total radiocaesium activity 
per tolal body weight for the different groups. The 
results for men and women are given separately. For 
Lapp reindeer breeders whole-body counting on 
children is also available. The reindeer-breeding 
lapps had the highest values and the distribution of 
the values was very broad. The result from Oslo 
showed the lowest values with very little distribution 
among the persons in the selection. 

DISCISSION 

For the dietary survey, the ideal procedure would 
have been to use a double-portion technique. This 

would have enabled us to analyse an equivalent 
amount of the food that the person had actually 
consumed. This would, however, have been a more 
time-consuming and expensive method than the 
available resources permitted. Given these 
limitations; it was decided to devise special 
questionnaires for the purpose of the project, and 
conduct interviews. Such a procedure, based on 
memory and subject to inaccurate estimates of 
consumption, can lead to some inaccuracies in 
estimating the individual consumption. This is 
especially so with regard to foods with a high level of 
radioactivity. 

As previously mentioned, the radioactive content 
of the foods varied with the locality and the lime of 
the analyses. Unfortunately there is very little 
information on how the activity in food varied with 
time in the year after the Chernobyl accident. In this 
project the average activity measurements for the 
food items have been used, not the actual activity of 
the food consumed. The measurements for reindeer 
meat were found to be quite different from summer 
to winter. We have attempted to take this into 
account by using summer and winter values in the 
dietary estimates. Sometimes lack of information on 
the source of the meat, and local differences in 
activity levels and slaughtering dates may cause 
some uncertainty in the estimates. Methods of 
preparation that could lower the radioactive content 
in the food have not been taken into consideration. 
The Health Authorities have advised on how to 
lower caesium content by as much as 50%. the 
information collected during this project shows that 
many have followed this advice; especially when 

Table 5. The activity levels given in Bq.kg'' for IJ*Cs and ''"Cs measured by whole-body counting for the different groups. 

Activity concentration (Bq.kg"'] 1 

Group Average Lowest 

value 

Highest 

value 

Percentiles Average Lowest 

value 

Highest 

value 25% 50% 75% 

Ranilnmlv selected 
Oslo, milles 24 16 37 18 22 27 
Oslo, females 20 9 34 16 18 22 

Sei. milles 71) 2(1 230 55 60 80 
Sel. females .18 13 7(1 27 35 48 

Specially selected 
Sel. males Ml 29 110 45 57 70 
0 Slidre milles ISO 48 460 62 83 170 

Reindeer-breeding 
Lapps 

males 510 78 2700 160 280 660 
females 200 48 1300 87 140 230 
hoys 210 45 470 65 210 240 
girls 150 35 830 52 79 140 
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preparing reindeer meat Traditional methods of 
preparation such as boiling fermenting fish also 
lends hi reduce the .icimly content. When all this is 
laken into account. M can be seen thai estimates of 
intake of radioactivity could be somewhat too high, 

[he whole-body measurements were carried out 
during the period March to May 1987. The results 
presented give the level of activity at the date the 
measurements was made. The biological half-time 
of caesium in humans is between 90 and 120 days1"". 
In this project a half-time of 100days has been used. 
At a constant rate of intake of radioactive caesium 
the level of aclivity in the body will have reached a 
saturation level of 5H"« during UK) days. The period 
during which these measurements were carried out 
suggests that the level of activity had reached 90% 
of the saturation level. A previous investigation 
from Kautokeino in 197(1 to 1971'" looked at the 
connection between seasonal variations in the 
activity content of reindeer meat and the variations 
in the whole-body activity content of Lapps. These 
investigations concluded that the measurements 
from whole-body counting curried out in March and 
April approximately equals the annual average. The 
fall-out from nuclear weapon tests was a chronic 
release of radioactive caesium with maximum 
release in l*?f>3. In 1970 to 1971 the annual average 
depends a little on the yearly release but more on 
the difference between seasonal fluctuation. 

The results given in Tables 2 and 5 from the 
dietarv surveys and the whole-body counting 
demonstrate that the Lapps have both the highest 
average of caesium and the highest average level of 
activitv in the body. The dietary studies are carried 
out at the household level. The whole-body tests 
indicate that the level of activity in men is almost 
twice as high as for women and children. The high 
activity levels in the Lapps were primarily due to 
their large consumption of reindeer meat with high 
levels of radioactivity. A study carried out on Lapps 
from Finnmark in 1963"' revealed that among the 
Lapps the men consumed 71% and the women 29% 
of the reindeer meat. Using these results, it is also 
possible to calculate the difference in intake of 
caesium between men and women from the dietary 
study. In accordance with this, women would have 
had an average intake of 80 kBq and men an average 
intake of ISO kBq. This estimated relation between 
the amount of radioactivity intake for men and 
women is about the same as the relation calculated 
on the basis of the whole-body counting. 

The results from the whole-body counting and the 
dietary surveys both show that the group from 
Øystre Slidre have the second highest level of 
activity, with an intake of caesium about half the 
level of the Lapps. The data from the dietary survey 
shows that freshwater fish and reindeer meat 
dominates (70%) the total intake of radiocaesium. 

The results from the dietary survey and the whole-
body counting shows that the total intake ol 
radioactivity is low for the two randomly selected 
groups in Oslo and Sel. Despite the low turnout in 
Oslo, the values found seem plausible The 
difference between average activity levels for men 
and women are of the same order us among the 
Lapps, with a factor of 2.0 in Oslo and 17 in Sel. 
The Sel group has an estimated intake and a level of 
activity in the body uimost twice the size of the Oslo 
values. The Sel area received a relatively high 
proportion of the fall-out after the Chernobyl 
accident, whereas Oslo is situated in a part of the 
country which has received a relatively small 
proportion of the fall-out. It can be assumed that the 
level in the general population of Norway will be 
somewhere between the Sel and Oslo group. The 
main contributions to the radioactive caesium intake 
for these groups were from milk and cattle. Besides 
this, in Sel freshwater fish, and in Oslo foods from 
the 'various' group, were major contributors to the 
radioactive intake. 

For the Lapps the intake would have been 
considerably higher if no precautions hud been 
taken. If we were io assume that the consumption of 
reindeer meat during the first year after the accident 
had remained at its normal level, and use an 
estimated value for the radioactive content of the 
reindeer that were slaughtered locally, wc would 
arrive at an average intake of 1200 kBq for a person 
in the average household, as against the 130 kBq 
estimated on the basis of the information collected 
in the dietary survey. 

It is possible to estimate the effective dose 
equivalent during the first year after the Chernobyl 
accident both from the whole-body measurements 
and the dietary surveys. The method used to 
estimate the effective dose equivalent from the 
activity levels of food and for the whole-body 
measurements were taken from the relevant 
literature"""1. 

Table 6 gives the average doses estimated from 
the whole-body measurements and the dietary 
surveys. The maximum and minimum values arc-
shown, as well as the correlation between the doses. 
The relation between average doses calculated on 
the basis of the dietary studies and the whole-body 
counting varies from 1.6 for Lapps to 2.2 for the 
group in Sel. The correlation between the estimated 
doses from the dietary survey and the whole-body 
counting of Lapps is 0.67. for all other persons 
considered is one group it is 0.80. In Øystre Slidre 
the correlation was 0.84. For the other groups, 
where the values and fluctuation were lower in the 
data, the correlation was less exact. 

Altered methods of preparation have not been 
taken into account. This can partly explain why 
dosi-s estimated from dietary data are almost twice 
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tur.iL'i'. Ir.inee) 
IniSi) 

l -f lcit iu- IIOM-
equivalent trum 

wlnile-kid> countings 
. i tcraeiMranp.') 

(mSv) 

C'nrri'lalinn 

K.ni.l.'ii K v U i i i - J 
< >-l... m.iit. 
« M n . k n u l i * 

I I2I IHU1-0.3 1 ) ) 
11 11(1)116-1) .12) 

0.08(0.05-0.12) 
0.07(0 03-0.11) 

0.28 
0.46 

Vl . l l l . ik-» 
Vl . l i -m. ikA 

II4KII) 13-2.10) 
II 24(11 (17-0.M7) 

0.22(0.1)6-0.73) 
0.12(0.04-0.22) 

0.76 
0.34 

S|-IL-«. I.lit*. . . . k i l l J 
I ) SI.Ju-.ni.ik-. 
Si-I 

1 04(11 42-3.201 
ll.50[ll, 21-2.02) 

0.49(0 15-1.50) 
0.20(0.13-0.36) 

0.84 
- 0 . 2 6 

1 ..pp. 

I l . iu . i -hnkl leul 1 XIHtl.21-7.WI) 1 I 0 ( ! - . 3 -0 .58 ) 0.67 

I.*'..1 i . w p t IIK-
l...pp.i O..VI((l.l)6-.V2(l) 0.19(0.03-1.50) 0.80 

as Inch as doses calculated from whole-body 
measurements. The level of activity in seme food 
liL'ins can be reduced to half because of preparation 
nf ihc food. There is also a delaying effect in the 
consumption of foods. Food produced before the 
C'hernolnl accident may have been consumed for a 
long tm.e aller ihe accident. We have attempted to 
take this into account for some of the food iiems, 
such as reindeer meat. game, freshwater fish, sheep, 
goats and wild berries. Nevertheless the estimated 
dose from the dietary survey might be sumevmat too 
high due to this effect. 

The dietary studies showed large alterations in the 
consumption of foods with high levels of 
radioactivity. If these dietary changes had not been 
earned nut. one should expect doses in the various 
groups during ihe first year after the accident in 
accordance with ihc calculation in Table 7. The only 
available information about dietary changes 
concerns reindeer meat and freshwater fish. With 
regard m individuals from Sel and Øystre Slidre, the 
only intnnnation on dietary changes concerns the 
consumption of freshwater fish. The real increase in 
doses with a normal consumption would be higher 
than this. There are insufficient data on the dietary 
alterations ot the individuals in Sel and Oslo to 
ewiluaie the- dose without the dietary changes. 

The total dose after the Chernobyl accident 
dt-pends on the effective half-time for the two 
caesium iMMopes in food. There is some uncertainty 
connected with the determination of the half-time. 
The following assumptions were made: most foods 
were assumed to have an effective half-time of 1-3 

Tabic 7. Effective dose equivalent during the First year after 
the accident and expected doses without dietary changes. 

Specially selected groups. 

Effective dose equivalent (mSv) 

Lspmuted doses Expected doses 
first year without dietar. 

changes 

Scl 11.5 0.9 ' 
0 . Slidre 1.0 1.4-
Lapps 1.8 13-18" 

' Evaluated on the basis -if normal consumption of 
freshwater fish. 

" Evaluated on the basis of normal consumption of 
freshwater fish and reindeer meal. 

years. The effective half-time for reindeer meat was 
assumed to be 4-6 years. The estimated total dose 
equivalent over a period of 50 years with and 
without the dietary alterations is shown in Table 8. 

CONCLUSIONS 

The following conclusions can be drawn from the 
results of this research. 
(1) The average effective dose equivalent for the 

Norwegian population from food during the first 
year after the O ?rnobyl accident is estimated to 
lie in the range between the average doses in the 
population in Oslo and Sel, between 0.12 and 
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CHERNOBYL FALLOUT: INTERNAL DOSES TO THE 
NORWEGIAN POPULATION AND THE EFFECT OF 

DIETARY ADVICE 

P. Strand, T. D. Selnæs, E. Bøe, O. Harbitz, and A. Andersson-Sørlie* 

Abstract— Dietary studies and whole-body measurements 
were used to estimate the intake of radiocesium and the 
radiation dose received by different groups of people in Nor
way after the Chernobyl accident. Freshwater fish, milk, and 
reindeer meat were the major sources for radiocesium intake. 
Dietary advice, together with agricultural decontamination 
measures, resulted in a considerable reduction ir. the exposure 
level of the population. A majority (40-80%) of the specially 
selected groups (farmers-hunters and Sami reindeer herds
man) changed its diet significantly after the accident. Without 
dietary changes, specifically a reduction in the consumption 
of freshwater fish and reindeer meat, the Sami group would 
have had a 400-700% higher radfocesium intake, and the 
farmers-hunters' intake would have been up to 50% higher 
than what they actually had experienced. 
Health Phys. 63<4):385-392; 1992 

Key words: dose, internal; contamination, environmental; food 
chain; ingestion 

INTRODUCTION 

Tm: CHERNOBYL accident took place in April 1986 in 
the Ukraine In the course of 10 d, large amounts of 
radioactive substances were released and discharged 
into the atmosphere. During this time period, prevailing 
winds carried part of the discharges to Norway. The 
fallout over Norway varied considerably among regions 
(Backe et al. 1986), and various food items. This vari
ability indicated that the fallout had diverse affects on 
different population groups. 

The most severely contaminated foods were pro
duced in seminatural ecosystems. These included meat 
from sheep, reindeer, game, and cattle (to some extent), 
and milk from goats and cattle. Radioactivity levels 
measured up to 150,000 Bq kg - 1 in reindeer meat and 
40.000 Bq kg"1 in sheep. Freshwater fish also showed 
high radioactivity levels (up to 35,000 Bq k g ' ) . 

Countermeasures were developed to reduce the 
health effects after the accident. In June 1986, the 

• Nauonal Institute of Radiation Hygiene. P.O. Box 55. N-1345 
Østerås. Norway. 
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Norwegian Di.eclorate of Health imposed action levels 
(i.e., permissiblt radioactivity levels) for the nuclides 
l ) 7 Cs and I J 4 Cs. The action levels were 370 Bq kg"1 for 
milk and baby food, and 600 Bq kg"' for all other types 
of food. Countermeasures were developed to reduce 
radioactivity levels in milk and meat from sheep and 
cattle grazing in seminatural ecosystems (Hove et al. 
1990). However, the nutritional pathway lichen was 
especially exposed to fallout, and it was difficult to 
impose countermeasures on "wild" animals. 

To maintain reindeer breeding in Norway and to 
reduce the social effects for a minority group (e.g., the 
Sami reindeer breeders), it was necessary to consider a 
higher action level for reindeer meat. In November 
1986, the action level for reindeer was increased to 
6,000 Bq kg"1, and in July 1987, the level for wild 
freshwater fish and game was also increased to 6,000 
Bq kg"1. 

Dietary advise was given to parts of the population 
that consumed high levels of reindeer meat or fresh
water fish. This advice was published by the health 
authorities, as a brochure, in 1986. The brochure gave 
advice about how often people could eat the most-
affected foods, depending on their activity levels. The 
information was given in kilograms of meat or fish per 
year and as meals per week. The brochure included 
some examples on how to prepare food to reduce the 
radiocesium content. The main goal of the dietary 
advice was that, even with action limits of 6,000 Bq 
kg"1 on some food items, nobody should have an intake 
of radiocesium exceeding 400,000 Bq the first yeai after 
the Chernobyl accident and exceeding 80,000 Bq y"' 
during the following years. 

Following the Chernobyl accident in the spring of 
1987, a study was started to estimate the internal dose 
received by the Norwegian population, in genera], and 
that received by specially exposed population groups. 
Estimates were done using two different methods—one 
with whole-body countings and the other by studying 
the intake of different foodstuffs—and from the known 
radiocesium content in the food. In addition, the rela
tive contribution of various foodstuffs to radiocesium 
intake was determined. 

The study showed that considerable attention had 
been paid to dietary advice and other countermeasures 
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aimed M ruhking the ndiOkCMum intake via food. It 
u.is iheiclorc. quite possible that thi' radiation dose 
would rise in subsequent sears should dietary advice 
no longer be heeded or if radioaclivitv levels in food 
would rise i Strand el al. IWJ). The study was. therefore, 
lolkmi-d up in I9SK. |9N9, and 1490 with whole-body 
measurements and dietan. intake studies. 

M U K R l A l . S A M ) MKTIIODS 

1 he four population groups included in the study 
were: a) Sami reindeer herdsmen (herdsmen refers to 
both men and women) from southern and central Nor-
wa> who consumed a largi amount of reindeer meat: 
b) specially selected people (farmers, hunters, and oth
ers) from 0>sire Slidre, a district in central-eastern 
Norway where people eat a lot of freshwater fish and 
li\estock products from animals grazing in mountain 
pastures with high levels of radiocesium; c) randomly 
sek 'ted individuals from Sel. a district considerably 
affected b> fallout from Chernobyl; and d) randomly 
selected individuals from Oslo, the capital city that was 
negligibly affected by fallout. (Oslo was only included 
in the 1987 study and the farmers-hi'nters group was 
omitted in the 1990 study.) 

Dietan studies 
Questionnaires were used to gather information for 

estimating the intake of foodstuffs of significance for 
radiocesium intake, in the questionnaires, emphasis 
was placed on how often the different foods were con
sumed (frequency) and in what amounts (consump
tion!. The forms were adapted to the different partici
pating groups. 

In Sel. the main emphasis was placed on frequency, 
with the responders themselves completing the ques
tionnaire. Frequency was also important regarding the 
specialK selected farmers-hunters in Øystre Slidre and 
the Sami reindeer herdsmen who were interviewed. In 
addition to frequency, great emphasis was placed on 
stated overall consumption of foodstuffs {e.g.. freshwa
ter fish, reindeer meat, and game) during the time 
period in question. Intake was estimated on an individ
ual basis for all but the Sami group, where information 
was gathe'ed per household and intake was expressed 
as the average per person in the household. 

People were asked whether they had taken any 
special precautions because of the Chernobyl accident 
and. if so. what kind. Information was also obtained 
regarding any precautionary measures taken to reduce 
the concentration of radiocesium during the prepara
tion of meat, whether or not consideration was given 
to the grazing area (degree of contamination) when 
selecting reindeer for food, and whether or not food 
animals were obtained from reindeer herds from other 
areas less contaminated by radioactive fallout. 

In the second, third, and fourth years, certain 
modifications were made in the design of the dietary 
study compared with the first year. More detailed in-

tKlnkr lw<*;. \,ilumeM Sumlvi 4 

formation was gathered on the reindeer meal consumed 
by the Sami herdsmen: slaughter date, whether or run 
the reindeer were kept on clean pasture and given 
uncontaminaled food for a time period prior to slaugh
ter to reduce carcass radioactivity levels thereafter 
termed special feeding), and whether ,>r not radioces
ium levels in the animals were known. 

During the last 3 y of ihe study, data on radioac
tivity levels in reindeer improved both in quanlity and 
quality since measurements on live animals were also 
being carried out (Strand and Brynildsen 1990). In this 
regard, each animal was measured befor.- slaughter 
since intervention levels were a prerequisite for slaugh
ter approval. Data concerning the reindeer meat con
sumed have, thus, become more detailed and accurate. 

By exploiting information obtained in the previous 
years, it proved possible to simplify the dietary studies 
In 1990 in Sel. only information on the consumption 
of freshwater fish, reindeer meat. game, and milk were 
gathered, as these foodstuffs had been found to contrib
ute 70-90% of the total intake of radioccsium in the 
preceding yeaTS. The intakes previously estimated for 
each person were applied to the foods for which partic
ular information was not obtained in 1990. 

In 1990, only information on the consumption of 
reindeer meat was gathered from the Sami group. In
quiries were made concerning any changes in the con
sumption of reindeer meat and freshwater fish and. i f 
so. the reason for the changes. Reindeer meat had 
contributed 86-90?c of the overall /adiocesium intake 
in the Sami group in the previous 3 y of the study, 
Again, for the foodstuffs not specifically included in 
1990, average consumption values for the group in 
previous years were applied. 

A 7.5-cm Nal(Tl) scintillation counter (Harshaw 
Type) with a multichannel analyzer' was used to mea
sure radioactivity in foods. Foodstuffs which showed 
marked variation in radioactivity content or were sig
nificant sources of radiocesium, either because of large 
consumption or high levels of radioactivity, were given 
values. These values were specified as to the county or 
local government district as well as the reindeer grazing 
are** National average levels w-ere calculated for other 
foodstuffs. 

Whole-body countings 
A 7.5-cm Nal crystal with a multichannel analy/cr 

was also used to measure radioactivity levels in people. 
The person to be measured was placed on a lead-
shielded chair, and the Nal crystal was held in a given 
position in relation to the chair. The measuring time 
was 1G min and the counts in two different energy 
ranges were noted. The margin of error w-as about 5-
10% depending on the level cf radioactivity in the 
person being measured. The activity levels of l l 4 Cs and 
1 3 7Cs were determined and. from these, the specific 
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bodv activity (Bq kg ') was calculated (Strand et al. 
WKMI. 

Palmer geometry was employed for some of the 
1990 whole-bod> measurements in the Sami group. 
When this technique was used, the person sat on an 
ordinary chair and the detector was placed on his or 
her lap aimed inwards towards the stomach. The person 
was asked to bend over the detector. The measuring 
lime was 400 s. No form of shielding was used; this 
caused greater uncertainly than could have been pro
vided with chair geometry. 

The effective dose equivalent was calculated for 
the various \ears after the Chernobyl accident from 
both the whole-body measurements and the dietary 
intake studies. The method used to calculate the doses 
was laken from the literature (NCRP 1977: Kendall et 
al. 1987). In the calculations, a constant whole-body 
content throughout the year was assumed for the groups 
in Sel. Oslo, and the farmers-hunters. Regarding the 
Sami group, seasonal variation in whole-body content 
was taken into account by measurements being per
formed at a time of year when body levels were close 
to the average value (Westerlund et al. 1987). 

RESULTS 

Dietary studies 
The calculated intake of radiocesium for the four 

groups arc shown in Fig. 1. Calculated intake based on 
dietary' data show marked differences between the 
groups. Trends over time were, however, similar in the 
four groups. In all areas, the intake was highest during 
the second year following the accident and then fell 
during the third year. A further reduction of radioces
ium intake was observed in the two groups investigated 
in 1990 (the Sel group and the Sami group). 

In 1987. the Oslo group had the lowest estimated 
intake (11.000 Bq). The Sel group had the next lowest 
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Fig. 1. Total radiocesium intake and contributions of various 
foodstuffs for four population groups during the first 4 y 
following the Chernobyl accident. 

intake (25.000 Bq). The intake in the farmers-hunters 
group was three to four times greater than that in the 
Sel group; this difference increased during the two 
subsequent years. The Sami group showed by far the 
highest intake in all years, five to eight times that in 
Scl. The investigation further showed that intakes in 
men were two to three times greater than in women. 

Fig. I also shows the relative contribution to the 
overall intake of radiocesium made by the various foous 
according to group and year. For the study as a whole, 
the largest proportion of radiocesium was due io rein
deer meat and freshwater fish. The largest contribution 
to radiocesium intake in the Oslo group was due to the 
consumption of milk and beef, since consumption of 
reindeer meat and freshwater fish was low in this group. 
In Sel, the consumption of milk, freshwater fish, and 
reindeer meat contributed most to the radiocesium 
intake, with 35% (for men) and 48% (for women) of 
the radiocesium intake during the first year due to milk. 
In the following year, the relative contribution from 
milk fell while that from freshwater fish and reindeer 
meat rose, and together these two foods were responsi
ble for the vast portion of radiocesium intake. Gener
ally, women ate less reindeer meat, thus it contributed 
less radiocesium intake for women than men. On the 
average for the 4 y, 9% and 33% of the intake in women 
and men, respectively, was derived from reindeer meat. 
The corresponding figures for milk were 32% for 
women and 19% for men. 

The largest proportion of ingested radiocesium in 
the farmers-hunters group was derived from freshwater 
fish and reindeer meat. Together, these two foods were 
responsible for approximately 75% of the total intake, 
while milk contribution for different years ranged from 
10 to 20% in men and 20 to 50% in women. 

Regarding the Sami reindeer herdsmen, reindeer 
meat contributed by far the greatest proportion of the 
radiocesium intake (86 to 90% during the four years). 
Freshwater fish contributed from 2 to 10% and other 
foods contributed only slight amounts. 

The study showed that considerable changes in 
dietary habits had been made as a consequence of the 
Chernobyl accident. Fig. 2 gives an overview of the 
dietary changes made by the randomly selected group 
in Sel. The most marked changes concerned the con
sumption of freshwater fish, reindeer meat, and mutton. 
During the first year after the accident, 25% of the 
group reduced its consumption of freshwater fish, while 
in the fourth year, somewhat over 18% were eating less 
freshwater fish. For all years, results showed that, of 
those who had reduced freshwater fish consumption, 
about one-half had completely ceased to eat such fish. 
In the third year following the accident, between 14 
and 17% of those people questioned had reduced their 
consumption of reindeer meat and of these, most had 
completely given up eating reindeer meat. In the fourth 
year, about 6% had reduced reindeer meat consump
tion. Many of those included in the study had also cut 
down on mutton by 6% in 1987, 7% in 1988. 20% in 
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1989, and 15% in 1990. Again, somewhat over one-
half of this group had completely stopped eating sheep 
meat after the accident. From 3 to 10% had reduced 
their consumption of game meat during the time period 
in question, with the highest proportion in the third 
>ear. A few people had also consumed less milk, wild 
edible fungi, berries, fruit, and vegeubles as a result of 
the Chernobyl accident. 

A difference was revealed between men and 
women with regard to dietary changes; 25 to 32% of 
the men and 30 to 46% of the women made changes. 
Even 4 y after the accident, about one-third of the 
group was still taking the Chernobyl accident into ac
count in their food choices. 

From 70%. in 1987. to 80%, in 1989, of those 
included in the farmers-hunteis group ate less fresh
water fish than usual after the Chernobyl accident. 
Consumption was estimated to comprise about 56%, 
44%, and 67% of the normal amount, respectively, in 
the 3 y following the accident. Among the group, there 
were only a few people who usually ?te substantial 
amounts of reindeer meat, and it was primarily these 
people who cut down on this food. 

The Sami reindeer herdsmen were those who made 
the most marked changes in dietary habits, both in 
regard to the proportion of the group making such 
changes and the level of reduction. During the first year 
after the accident, 62% of the Sami households had 
reduced their freshwater fish intake and 55% were still 
eating less than normal in the fourth year. Freshwater 
fish consumption was estimated at 15%, 46%, 31%, 
and 31% of the normal level from 1987-1990, respec
tively. The consumption pattern for reindeer meat 
changed considerably. During the first year after the 
accident, 61 % of the Sami households consumed less 
reindeer meat than usual, this percentage falling to 57%, 
54%. and 40%, respectively, in the following three 
years. Average intake per pereon fell from the normal 
level of 67 kg y~' to 47 kg during the first year after the 
accident. This amount increased to 52 kg the following 
year, but fell again to 41 kg in the third year and 42 kg 
in the fourth year. 

In addition to decreasing the actual amounts of 
meat consumed, several countermeasures were intro
duced in the Sami group to obtain meat with lower 
levels of radioactive cesium. During the 4 y after the 
accident. 31 % to 54% (depending on the year after the 
accident) of the group obtained reindeer meat with 
lower radioactivity levels from other areas of the coun
try. Efforts were increased to reduce levels in their own 
reindeer destined for personal consumption, i.e., 
through special feeding. Though this was not done at 
all in the first year, every fourth household was carrying 
out this measure in the second year, and every other 
household in the third and fourth years. Furthermore, 
many households (35-40%) deliberately prepared the 
meat in such a way as to reduce the radiocesium content 
in the ready-to-eat food. Different preparation methods 
were used to reduce the activity levels in meat. Cooking, 
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salting, and marinading reduced the activity levels from 
25 to 90%. 

Changes were also made regarding the time when 
the reindeer were slaughtered. Normally. 90% of the 
reindeer are slaughtered in the winter and only 10% in 
the summer. In the second year after the accident, the 
slaughtering season was pushed forward to the summer. 
Of all meal consumed, about 60% was derived from 
summer-slaughtered reindeer in the second year, about 
40% in the third year, and about 34% in the fourth 
year. Slaughtering at the end of the summer means that 
the reindeer are slaughtered after grazing summer pas
tures, the constituent plants of which are less contami
nated than winter forage plants (e.g., lichen). 

An estimate of the theoretical intake of radioces
ium by the Sami group, had not dietary advice been 
implemented, was made based on information on nor
mal food consumption and data on levels of radioces
ium in the foods concerned (Table 1). The estimated 
dietary intakes of radiocesium were of an order of 
magnitude 3-7 times greater than the calculated actual 
intakes with dietary changes. 

To some extent, grazing reindeer were offered salt 
licks containing Prussian Blue, though this was not 
considered to constitute special feeding. Many Sumi 
reindeer herdsmen selected grazing areas according to 

Percentage of lite group with reduced consumption 

19B7 -988 -9E9 "990 

Fig. 2. Changes in dietary habits in Sel from 1987-1990. 
Percentage of those questioned who had reduced their con
sumption of reindeer meat, freshwater fish, or mutton com
pared to measurements taken before the accident. 

Table 1. Estimated annual intake per average Sami household, 
had not dietary measures been implemented, during the first 
3 y after the Chernobyl accident. 

Dietary intake 
Year <Bq> 
1987 900,000 
1988 650,000 
1989 700,000 
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the degree of contamination. The extent to which these 
countermeasures were implemented and their effect is 
uncertain, however, and they have, therefore, not been 
taken into account in the estimates given in Table I. 
Nevertheless, a rough estimate would be that radioces-
lum levels in reindeer would have been about 40% 
higher had these measures not been taken. The esti
mated intake by the Sami group would, therefore, also 
have been higher—in the range of 700,000-900.000 Bq 
y 1 in 1988 and 800,000-1,000,000 Bq y"' in 1989. 
Estimates were not made for the fourth year after the 
accident. 

The reduction in the intake of radiocesium for the 
farmers-hunters group can only be estimated in relation 
to the consumption of freshwater fish. If changes had 
not taken place in the consumption of fish, the radi
ocesium intake would have been 31%. 28%, and 22% 
greater in the first 3 y, respectively, after the accident. 

Whole-body countings 
An overview of the specific whole-body activities 

for the groups included in the study is given in Table 
2. On the basis of the measured whole-tody activities, 
it is possible to calculate the radiation dose for the 
people participating in the study (NCRP 1977). Fig. 3 
shows average dose according to year and population 
group. It can be seen from the figure that the average 
whole-body dose in the specially selected group of farm
ers-hunters increased every year following the accident, 
in contradiction to the dietary survey which shows that 
the dietary intake fell during the third year. In contrast, 

the Sami reindeer herdsmen received their largest dose 
in the second year after the accident with values de
creasing in the third and fourth years. Regarding the 
randomly selected group from Sel. only slight variations 
were observed during the 4 y in question. The distri
bution and spread of dose levels within the different 
groups varied considerably, most markedly within the 
Sami group. The average annual dietary intake and 
whole-body doses for all groups are shown in Table 3. 

It is also possible to estimate the dose from the 
results of the dietary study (Kendall et al. 1987). When 
doses estimated on the basis of whole-body measure
ments are compared with those derived from the dietary 
study, the dietary study doses are greater than the 
whole-body derived doses by a factor of 2 to 4. Fig. 4 
shows the relationship between dose estimated on the 
basis of whole-body measurements as well as dietary 
studies for the Sami group for the first 3 y. For the 
entire study, the correlation coefficient varied from 0.5 
to 0.98, depending on which group and year the corre-

Table 2. Activity of radiocesium based on whole-body 
counting. Average values for the groups, expressed as total 
activity (Bq). 

Number of Whole-body 
0 ..- "."*- . - -Group persons activity (Bq) •987 1987 88 

Oslo Si 
89 90 •987 s e 8 9 • 9 8 ' 88 89 90 

Sar,. r,.r.c*e- f-erdsr-i 

Sel. women 
1987 53 1.900 Fig. 3 . Whole-body measurements, average values (95% con-
1988 34 1.550 fidence interval). 
1989 27 1,230 
1990 14 690 

Sel, men 
52 
31 

4,240 
3,700 

1987 
1988 

52 
31 

4,240 
3,700 Table 3 . Results from dietary studies and whole-body 

1989 24 3.720 measurements. All figures are average values. 
1990 

Farmers-Hunters, men 
1987 

19 

17 

2,790 

9,560 Group Year 
Dietary 

intake (Bq) 
Whole-body 

counting (mSv) 

1988 13 13.160 Oslo 1987 11.000 0.07 ± 0.01 
1989 9 17,870 Sel 1987 25.000 0.15 i 0.01 

Farmers-Hunlers, women 1988 31.000 0.11 ±0.01 
1987 2 4.590 1989 25,000 0.10 ±0.01 
1988 2 7,030 1990 14,000 0.06 ± 0.03 
1989 2 3,890 Farmers and 1987 69.000 0.37 ± 0.07 

Sami reindeer heidsmen hunters 1988 116.000 0.57 ±0.15 
(woman and men 1989 107,000 0.67 ± 0.24 

1987 85 21,250 Sami teindeer 1987 127.000 0.9 ±0.12 
1988 55 38.210 herdsmen 1988 234.000 1.7 ±0.31 
1989 43 25,830 1989 190.000 1.1 ±0.15 
1990 52 19,290 1990 90.000 0.89 ± 0.20 
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Fig. 4. Correlation between whole-body measurements and 
dietary intake. Data from the first 3 y after the accident for 
the Sami group. The dietary intake was estimated at the 
household level. 

lation occurred. For all the results, the correlation was 
0.7. 

In 1990, it was necessary to simplify measuring 
procedures because part of the measuring equipment 
was lost in transit between measuring sites. Results of 
'.he whole-body measurements and results from the 
dietary studies are, therefore, not directly comparable. 

DISCUSSION 

Due to the great variation in radioactive fallout, as 
well as other factors, levels of radiocesium in foods vary 
considerably. Place and time of sampling play a role. 
Ideally, the exact same food that the experimental 
persons had eaten should have been measured. In the 
study, attempts were made to approach this situation 
by applying locally obtained data for the types of food 
in which radiocesium levels show wide variation. Sea
sonal variations in activity levels were taken into ac
count, partic.'arly for reindeer meat. 

The data show that the number of people partici
pating in the study fell during the course of the trial 
period. It is possible that those continuing to participate 
were especially concerned about radioactive contami
nation and, therefore, were not really representative of 
the group. They might well have taken several precau
tions with regard to radioactivity in food so that the 
dose they received was lower. The group of farmers-
hunters was small and became further reduced in num
bers as the study proceeded, so the results became more 
uncertain ar.;! the group less representative. The use of 
annual data collection and a questionnaire made the 
data dependent on each respondent's memory and 
overview of his or her diet. 

Whole-body measurements were performed an
nually during the March-May time period. Previous 
studies (Westertund et al. 1987) have shown, in people 

October 1<W. Volume 63. Number 4 

with a high intake of reindeer meat, that whole-body 
measurements carried out at this time arc representative 
of the yearly average levels of radiocesium in the body. 
Foodstuffs other than reindeer meat did not show as 
dramatic fluctuations in activity levels over time. 

The results, both from whole-body measurements 
and the dietary studies, showed that the Sami reindeer 
herdsmen were subjected to the heaviest exposure each 
year following the Chernobyl accident. The highest 
radiocesium levels in this group were measured in 1988. 
This was due to high levels in the reindeer meat and 
pre-Chernobyl meat no longer available. The reduction 
of ingested radiocesium from 1988-1990 was due to 
significant changes in dietary habits and measures to 
reduce radioactivity levels in the reindeer meat. This 
was supplemented by a natural reduction of radioces
ium levels in forage vegetation. 

Results both from whole-body measurements and 
studies of dietary intake showed that the specially se
lected farmers-hunters comprised the group that was 
subjected to the next highest radiocesium burden. It 
was mainly reindeer meat and freshwater fish that 
contributed to radiocesium intake in this group. Re
garding the farmers-hunters group, it is worth noting 
that most were men. Measured values and a dietary 
intake were thus found to be higher than if men and 
women had been equally represented in the group. The 
results obtained by the two different methods are not 
completely in accordance regarding trends over time. 
Whole-body measurements indicated that peak values 
in the farmers-huiu&rs group have not yet been reached, 
while dietary studies indicated a reduction in radioces
ium intake from 1988-1989. The farmers-hunters 
group was, as previouslv mentioned, not investigated 
in 1990. 

The randomly selected groups in Sel and Oslo 
showed the lowest radioactivity values. Levels in Oslo 
were about one-half those in Sel. The Oslo group was 
included in the study only in 1987. Though only minor 
variations were found in the different years in the Sel 
group, levels did fall during the last 2 y (1989 and 
1990). 

In contrast to Sel. which was one of the districts 
most affected by fallout after the Chernobyl accident, 
Oslo was one of the least-affected districts. The average 
for the Norwegian population as a whole will, therefore, 
lie somewhere between the levels found in these two 
districts. It is, therefore, assumed that the average in
dividual intake of radiocesium by the Norwegian pop
ulation during the first year after the Chernobyl acci
dent was between 11,000 and 25,000 Bq. The results 
from Sel indicate that average intakes of radiocesium 
through food have not changed to any significant ex
tent. If a similar line of reasoning is applied, the average 
dose received by Norwegian people due to radioactive 
contamination of food, calculated on the basis of whole-
body measurements, would be in the range of 0.06 to 
0.15 mSv y~' during the 4 y after the Chernobyl acci
dent. 
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The authorities gave advice as to how simple meas
ures could be employed dunng the preparation of food 
to reduce its radioactivity levels by more than 50"t . In 
the 3 y after the accident. 35% "to 4 0 % o f the Sami 
group staled that they had used such methods. Many 
of the farmers-hunters consuming reindeer meal had 
also used these methods. Even normal methods o f food 
preparation will result in the disappearance o f radio
active substances, though the effect is variable and has 
not been corrected for the present study. This might 
well explain some o f the discrepancies found between 
the doses derived from whole-body measurements and 
the corresponding doses estimated from dietary studies. 
T h e dietary study showed that a considerable propor
tion of those interviewed had taken special precautions 
to reduce the intake of radiocesium. 

The dose commitment after 50 y. as a consequence 
o f Ihe Chernobyl accident, wil l depend to a large extent 
on the effective ecological half-life of radiocesium in 
food producing systems. However, not only is there a 
large degree of uncertainty associated with the deter
minat ion o f this half-life, but measures taken wil l also 
influence the half-life. Recent studies (Hove and Strand 
1990) indicate an effective ecological hai'-Kfe of 10-20 
y for products, such as milk and meat, from aiiimais 
grazing in scmi-natural ecosystems. T h e exception is 
reindeer meat with an effective half-life o f approxi
mately 4 y. Radiocesium, in other foods, will have a 
considerably shorter half-life, approaching 1 y. In the 
following estimations, a radiocesium half-life of 1-3 y 
was employed for all foods, with the exception of rein
deer meat. The estimated dose commitment after 50 y, 
with and without countermeasures including dietary 
precautions, is shown in Table 4. The differences be
tween dose commitment with and without counter-
measures are to a great extent based on the changes in 
dietary habits revealed by the dietary study. The dietary 
changes in the farmers-hunters group only concern the 
consumption o f freshwater fish. 

Dur ing the first year after the Chernobyl accident, 
the Food Control Authorities recommended that indi
vidual intakes o f radiocesium should not exceed 
400.000 Bq for the population in general and not more 
than 80,000 Bq for children and pregnant and breast
feeding women. I n the second and subsequent years, 
m a x i m u m dietary intakes of 80,000 Bq y"' in general, 
and 40,000 Bq y" 1 for children and pregnant and breast
feeding women, were recommended. Fig. 5 shows the 
percentage o f people in the various groups who had an 
intake exceeding 400.000 Bq and 80.000 Bq during the 
years in question. 

Five percent of the Sami households had an aver
age intake o f more than 400,000 Bq in the first year, 
13% in the second year, and 4 % in the third year. The 
group, as a whole, had relatively high intakes in relation 
to the recommended l imit set for the second and sub
sequent years. In the 4 y after the accident, 54%, 74%, 
8 1 % . and 4 0 % o f the households, respectively, had 
average intakes of radiocesium exceeding 80,000 Bq 

Table 4. Estimated dose commitment per person after SO > 
tin mSv). with and without counlcrmcasurcs. 

Anticipated dose Anticipated dine 
with withuul 

counlenneasunH .junlermcosuies 
Group ImSvl (mS*l 

—- _ . 
Fanmen-Hunlen 5-9 6-12 
Sami reindeer herdsmen 20 100-200 

* Dala not available. 

Pvtecnlaoa ol lh« group» 
1 0 0 - - - - • • 

• asfiilatlOD llg I ] raoi* -han SO iBq 

SO • ,— 

60 - ' i 

n -1 *. 

S«l Foririartrhunlait Sami raindiat h«taim»^ 

Fig. 5. Percentage of people in each group with an intake 
exceeding the limits of 400,000 and 80.000 Bq y"'. 

y~'. It can be assumed that radiocesium intake via food 
is, on the average, twofold greater in men compared 
with women due to differences in food consumption 
[confer results from the study of the Sami people in 
Kautokeino (Solvang and Øgrim 1967) and the data 
from the present study which support this assump
tion]. This implies that the vast majority of men in the 
Sami group had intakes of radiocesium exceeding the 
recommended maximum limits (80,000 Bq y - 1 ) for the 
second and third years after the accident. Special inves
tigations were not carried out to determine the intake 
of radiocesium by children or pregnant and breast
feeding women. 

The trend in all three groups—the Sel group, the 
farmers-hunters group, and the Sami group—was that 
the proportion of people with an intake exceeding 
80,000 Bq y - ' increased until 1989 and then decreased 
in the fourth year post-Chernobyl. 

CONCLUSIONS 

The radiation dose burden to which the Norwegian 
population is subjected shows great variation and is 
mainly dependent on the types of foods eaten. Average 
radiocesium intake from food after the Chernobyl ac
cident by the randomly selected group of people from 
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Oslo was 11.000 Bq lhe fim year, mainly through 
radioccsium in milk. The average intake for the ran
domly selected persons [rom Sel in each of the first 4 y 
post-Chernobyl was 25.000 Bq. 31.000 Bq. 25.000 Bq. 
and 14.000 Bq. respectively. Corresponding figures for 
radiation dose estimated on the basis of whole-body 
measurements in Sel were 0.15, 0.11. 0.10. and 0.06 
MS\ y '. Over one half of the radiocesium intake was 
due to the consumption of freshwater fish and milk. 
Based on the investigation of the two groups from Oslo 
and Sel. it is possible to assume that the average annual 
radiocesium intake by the Norwegian population was 
between 11,000 and 25.000 Bq ihe first year after the 
accident. 

Regarding the specially selected group of farmers-
hunters, the average radiocesium intakes in the first 3 
y after the accident were 69.000 Bq. 116.000 Bq, and 
107,000 Bq, respectively. Corresponding doses esti
mated from whole-body measurements were 0.4. 0.6, 
and 0.7 mSvy"'. Almost 909i of the intake was derived 
from freshwater fish, reindeer meat, and milk. 

Corresponding figures for the Sami reindeer herds
men were 127.000, 234,000. 190.000, and 90.000 Bq 
y~\ and 0.90, 1.7, 1.1. and 0.90 MSv y"1, respectively. 
Almost 90?o of r?diocesium intake was due to the 
consumption of reindeer meat. 

The participants in the study modified their dietary 
habits quite considerably. Between 40 and 62% of the 
Sami herdsmen reduced their intake of reindeer meat 
and freshwater fish, 70 to 79% of the specially selected 
farmers-hunters reduced their intake of freshwater fish. 
and 25 to 46% of the randomly selected Sel group took 
precautions regarding the consumption of foods such 
as freshwater fish, mutton, and reindeer meat. 

Diet modifications (due to dietary advice) after the 
Chernobyl accident resulted in a pronounced decrease 
in the dose received, particularly in the two selected 
groups. The Sami reindeer herdsmen received only 25 
to - \4% of the dose they would otherwise have ingested 
had dietary changes not been made. In the farmers-
hunters group, reduced consumption of freshwater fish 
resulted in the dose being about one-half of what it 
would have been without this dietary precaution. The 
dose commitment, after 50 y. for the Sami reindeer 
herdsmen is estimated to be between 100-200 mSv 
without any countermeasures and 20 MSv with coun-
termeasures. Corresponding results for the farmers-
hunters group are 6-12 mSv without countermeasures 
and 5-9 mSv with countermeasures (taking into ac
count changes in consumption of freshwater fish. only). 

The correlation between the doses estimated by 
the two investigational methods employed (whole-body 
measurements and dietary studies) was good. Overall, 
the correlation coefficient for the first 3 y was 0.71. 
Nevertheless, there was a two- to fourfold difference in 
the size of the doses determined by the two methods. 
Part of this difference is due to loss of radiocesium 
during food preparation, which is not included in the 
calculations of dietary intake. 
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The proportion of people with an intake exceeding 
the recommended maximum level of 80,000 Bq y : 

increased up to the year 1989 and then fell in 1990. If 
no precautionary measures had been implemented to 
limit the intake of radiocesium. many more people 
would have exceeded the limit: furthermore, the degree 
to which the limit was exceeded would have been much 
more dramatic. Without such measures, average Sami 
household radiocesium intakes may have reached 
700.000-1.000.000 B q y 1 . 
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AREA AND TIME DISTRIBUTION OF EXTERNAL AND 
INTERNAL DOSES FROM CHERNOBYL FALLOUT: THE 

LACK OF CORRELATION IN NORWAY 

P. Strand, T. D. Selnaes, and J. B. Reitan* 

Abstract—Population doses from external radiation and in
ternal food-based radioactivity were calculated each month 
for each municipally for 3 y immediately following the Cher
nobyl contamination in Norway. The main polluted regions 
are sparsely populated but comprise important food produc
tion areas. The external dose data base was calculated based 
on fallout deposition and measurements in dwellings, whereas 
the totally independent internal dose data base was calculated 
on a large number of food measurements and knowledge of 
both the food distribution system and the countermeasures 
taken. The internal dose in (he densely populated municipal
ities was comparably higher than expected from local depo
sition, despite the fact that countermeasures had some effect. 
Thus, the correlation between internal and external dose for 
individual municipalities is rather weak. This study shows 
that a traditional deposition/transfer factor approach may be 
inappropriate if used in countries with large variation in 
population density and agricultural ecosystems and in combi
nation with effective countermeasures. 
Health Phys. 62<6>:512-518; 1992 
Key words: Chernobyl; dose, internal; fallout; cesium 

INTRODUCTION 

HEAVY precipitation from the air masses during the 
critical days after the Chernobyl accident led to wet 
deposition of considerable amounts of radioactivity in 
Norway. It was estimated that 6% of the total released 
radioactivitv was deposited in Norway (Backe et al. 
1987). 

Due to special and highly unusual meteorological 
conditions, these deposits concentrated in some 
sparsely populated regions in south- and mid-Norway, 
while densely populated areas received less fallout. The 
mountainous areas and seminatural ecosystems with 
large amounts of fallout (in spots, up to 600 kBq m~ ! 

of radiocesium) are important production areas for 
certain foods for urban areas. Experience gained after 
the nuclear weapons tests in the 1960s indicated that 
the natural and seminatural ecosystem in such areas 
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had a high transfer of radiocesium in some of the food 
pathways to man, for example, the pathwayilichen to 
reindeer meat to man (Westerlund et al. 1987). 

Observations of the radioactive pollution and cor
responding activity levels in foodstuffs were of great 
concern. In radioecology, the connection between ra
dioactive fallout and the activity levels in foods is often 
described by transfer factors. Thus, most models and 
analyses of consequences use the amount of fallout to 
estimate both external and internal doses to the popu
lation (i.e., the transfer factor approach). 

In Norway, the fallout came in sparsely populated 
but important food-producing areas. Due to a well-
developed food distribution system, somewhat higher 
levels of radioactivity in food were expected in urban 
areas than what results showed based on deposition 
data only. 

The fallout situation prompted the health author
ities to put strict regulations on food radioactivity, and 
countermeasures were taken to reduce the contamina
tion. These countermeasures included interdiction, use 
of cesium binders, special feeding programs, and dietary 
advice. These measures were very effective and notice
ably influenced the collective doses (Strand et al. 
1990a). 

The Chernobyl accident presented a practical op
portunity to evaluate the transfer factor approach by 
taking into account countermeasures and food distri
bution systems. Two data bases were set up to calculate 
both internal and external doses. No transfer factors 
were used to estimate the internal dose, and the corre
lation between internal and external dose was calcu
lated. 

The countermeasure program necessitated an ex
tensive monitoring program. This, in addition to 
knowledge of local and regional systems of distribution 
and soil activity levels, enabled us to calculate the time 
development of the internal and external doses for each 
municipality in Norway. The calcularons of received 
doses cover 3 y following the Chernobyl accident. 

MATERIALS AND METHODS 

Interna' doses 
The dose from ingested nuclides are based only on 

radiocesium C"Cs + n 'Cs) . To calculate internal doses 

512 
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from radioccsium caused bv food intake, the data used 
were from measurements of milk. beef, and mutton. 
1 hese foodstuffs cover aboul 60r< of the total intake of 
radtocesium in an average Norwegian diet (Strand el 
al. 1987). as shown in Fig. 1. These three types of food 
are part of several different surveillance programs car
ried out in Norwav after the Chcrnobvl accident. 

Countcrmeasures taken to reduce food activity lev
els. Although a high number (several hundred thou
sand) of food measurements were made the first 3 y 
after the accident, not all of them could be used in 
internal dose calculations. This is primarily due to the 
implementation of different countermeasures devel
oped after the accident in order to reduce the activity 
levels in foods. 

The three main courses of action taken were 
(Strand et al. 1990b) countermeasures reducing the 
transfer: 

(1) From soil to vegetation (such as ploughing and 
fertilizing); 

(2) To livestock (e.g.. cesium binders and change 
ofslaughter time) or lo reduce the activity levels in the 
animals (e.g.. through special feeding programs); 

(3) To humans through information (e.g.. dietary 
advice) and interdiction. 

Many countermcasures were very efficient and 
some of them could reduce the activity levels by more 
than 90% (Hove et al. 1990a). However, this created 
problems in the dose estimation to the population since 
some measurements could show levels in some foods 
that would never reach the consumer or show levels 
that would be reduced later as a result of countermea
sures. 

The results that could be used generally had two 
points in common: I) they were either laken in areas 
where ct «untermeasures were not used, or 2) the meas
urements were done on foods ready for sale. The inter
nal dose was calculated by using these results together 

">r 7>C'-'~.: 

Fig. I. Average intake of radiocesium (in Bq) through food
stuffs in Norway ihe first year after the Chernobyl accident 
IStrandetal. 1987). 

with knowledge of distribution patterns for milk and 
meat. 

Internal doses from milk. A countrywide measur
ing program of consumers1 milk was carried out. Sam
ples were taken from 95 dairies throughout Norway. 
The frequency varied from dairy to dairy, and between 
11 and 13 dairies (dep nding on which year after t'ne 
accident) took monthly samples. For the rest of ihe 
dairies, the sampling frequency varied with a minimum 
of four per year. 

Based on the results from the group with monthly 
samples, the variation with time was interpolated for 
the other dairies. The data base containing these data 
from the dairies were linked with an overview of which 
municipalities were supplied by each dairy. 

Internal dose^. from meat. The results from three 
meat surveillance programs met the criteria for use in 
calculating internal doses in the population. In areas 
where no special countermeasures were taken, 0.03% 
of all beef was routinely checked and measured. For 
sheep, the corresponding number was 0.1 %. 

Also, every year after the Chernobyl accident a 
"food basket project" has been carried out. The food 
basket contained 5-7 of tfc? most important foods, 
including beef and mutton, in connection with the 
Chernobyl accident. For the country as a whole, one 
basket was analyzed per 40,000 inhabitants (Strand et 
al. 1987). For meat products, the areas supplied by each 
slaughterhouse were far larger than for a dairy. An 
average activity level for beef and mutton was, there
fore, calculated on a county level, as opposed to the 
activity levels in milk which were calculated on a mu
nicipal level. 

For densely populated areas in South Norway, 
more detailed calculations were performed concerning 
the distribution and activity levels in beef. Since sheep 
are slaughtered in autumn, the activity levels in this 
meat would, therefore, remain nearly the same until 
the next slaughtering season. Cattle are slaughtered 
several times during the year, and during the first year 
after the accident it was possible to determine the 
variation of activity levels with time for that first year. 
During the second and third years, not as many meas
urements were taken so a yearly average value was 
used. 

Calculating internal doses. The samples from the 
different programs were measured at different institu
tions in Norway. However, in all the measurements, a 
5- or 7.5-cm Nal(Tl) scintillation counter (Harshaw 
type) with a multichannel analyzer1 was used. Acqui
sition times and degree of shielding used for the meas
urements varied somewhat among institutions but the 
detection limit for food was generally about 10 Bq kg"1 

and for milk about 4 Bq kg - ' . The margin of error in 
the measurements was estimated based on counting 

' Canberra scries 10. Canberra Industries Inc.. Mcridcn. CT 
064S0. 
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Mativtics and «as usually found to be <I0'7; this was 
•.ume»hat higher for low-level milk samples. 

I he calculation of internal doses is based on an 
average Norwegian diet. For beef, mutton, and milk, 
ihe monthlv activities of radioccsium have been calcu
lated. The intake of radiocesium through the other 
foods for the country as a whole was calculated through 
the food basket project (Strand et al. 1987) which was 
repeated in 1988 and 1989. ICRP dose conversion 
factors were used (ICRP 1979) in dose calculations with 
an effective biological half-life of 100 d. 

When calculating the internal dose, we assumed 
that the intake of the monthly dose of radiocesium is a 
single intake in the middle of the month. Each lime, 
"last month's" intake of radiocesium was corrected for 
effective decay and cumulated in "this month's" dose. 
The intake can he expressed as: 

/ = /„ + /„-, exp((-ln 2/100) 30). (I) 
where /„ (Bq) is intake in month n. and /„-, is last 
month's intake. The monthly dose is thus given by: 

D„ = «„ - , + F/2 /„, (2) 
where D„ (mSv mo"') is internal dose in month n, and 
F (mSv Bq"' mo - 1) is the dose factor (F = 2.8 x 10"6 

mSv Bq"' mo"'). 

External dose 
The calculation of dose from external radiation is 

developed further from earlier estimations of external 
radiation (Strand and Stranden l987;Strandetal. 1987; 
Strand et al. 1990c) combined with measurements of 
soil activity levels (Backe et al. 1987). The calculations 
arc based on measurements of the average activity in 
four soil samples taken in each municipality. 

The external dose for month i (D,) after the acci
dent in a given municipality can be expressed by: 

D, = k /vip t (3) 
where A (kBq m" :) is the surface activity level for l 3 4Cs, 
and F, (Strand et al. 1990c) is the relationship between 
the dose levels for month / and the first month after 
the Chernobyl accident. In the calculation, the activity 
of 1 MCs was selected to avoid problems with earlier-
deposited , r Cs . 

The F factor includes such effects as vertical trans
portation of radiocesium in the soil as a result of water 
seepage, physical half-lives, and shielding. After the first 
6 mo. the dominating factor in the F factor change is 
physical half-lives of the two cesium isotopes. The 
constant, k. is used to calculate dose rate in air from 
the surface activity of " 4Cs, and was found to be k = 
10.1 nGy h"' kBq"' m J (Strand et al. 1987). p is the 
conversion factor from dose-in-air to dose-in-tissue (p 
= 0.75 Sv Gy"') (Kramer and Drexler 1982).; equals 
hours in a month. 

RESULTS 
Fig. 2 shows the calculated intake of radiocesium 

through food for Ihe first 3 y after the Chernobyl 
accident. Four food categories are shown: milk. beef. 
mutton, and other foods. The first year after the acci
dent, the national mean intake was 11.000 Bq and 
dropped to 6,300 Bq by the third year. 

Intake of radiocesium through milk. 
The intake of radiocesium through milk is signifi

cant for all 3 y, but there is a reduction in the intake 
from 3,800 Bq in the first year to 1,500 Bq in the third. 
The mean monthly activity levels in milk have varied 
through the years after the Chernobyl accident (Fig. 3) 
with the highest levels occurring during the summer of 
the first year. All years have shown increased radioces
ium levels in late summer. This is because in the 
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Fig. 2. Calculated national mean intake of radiocesium, di
vided into four food categories—milk, beef, mutton, and 
other foods—the first 36 mo following the Chernobyl acci
dent. 
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Fig. 3. Activity levels of radiocesium in milk every month 
(national mean). The activity levels show seasonable varia
tions, as levels rise late each summer. 
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summer, the herds usually graze on natural pasture 
where radiocesium-accumulating mushrooms arc avail
able (Hove et a>. lWfJb). In 1988. mushrooms grew 
well, which resulted in a small increase in activity levels 
in milk, despite the implementation of a new counter-
measure. 

Intake of radiocesium through food 
Monthly doses calculated from food consumption 

and exposure to fallout are shown in Fig. 4. The external 
dose is significantly larger than the internal dose the 
first month after the accident, partly due to short-lived 
nuclides such as ' " 1 . Further, there is a substantial 
\ariation in the monthly external and internal dose 
proportion in the course of the first year. Generally, 
there is a decrease in the external dose while the internal 
dose increases through the year. For the two following 
years, the levels are less variable with the internal dose 
being approximately twice that of the external dose. 

It is possible to estimate the half-life for the internal 
dose by starting in December 1986 at the maximum 
value for the monthly dose, as shown in Fig. 4. The 
half-life based on this is 4.5 y with an uncertainty of 
about 20ct. This calculation includes the effect of coun-
termeasun.'s. The half-life of the external dose after the 
first 7 mo is mainlv dominated by the combined phys
ical half-lives of , , 7 Cs and 1 1 4Cs. 

Correlation between internal and external dose 
The correlation between external and internal dose 

for the first 3 y after the Chernobyl accident was low, 
with a correlation coefficient of 0.5. Fig. 5 shows the 
correlation between external and internal doses for the 
first year. The large degree of food transport from the 
sparsely populated, food-producing areas to the densely 
populated areas resulted in a lack of correlation between 
fallout deposition and activity levels in food in geo
graphically limited areas. Countermeasures taken to 
reduce the activity levels in food also led to artificially 
low activity levels. 

Fig. 6 shows the yearly external and internal doses 
for each county during the first, second, and third year. 
The results indicate a fairly low degree of correlation 
between external and internal dose, both as a function 
of time and place. The first year, the ratio between 
internal and external dose varied from 0.6-7.6 for 
different counties. 

It is evident that the ratio among different external 
doses in counties is maintained throughout the whole 
period, while the relationship among different internal 
doses evens out. This is, to a large extent, caused by the 
increased use of countermeasures taken to reduce activ
ity levels in foods. It is particularly evident in areas 
where the activity levels in agricultural products are 
high and countermeasures have been applied. As a 
result, activity levels in foods have a smoother distri
bution. 
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Fig. 4. Monthly internal doses calculated from food con
sumption and monthly external doses due to exposure to 
fallout the first 3 y following the Chernobyl accident. 
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Fig. 5. Correlation between yearly externa] and internal doses 
for each municipality the first year after the Chernobyl acci
dent. 

Municipality differences 
Fig. 7 shows the monthly doses for two municipal

ities (A and B). In these two municipalities, the coun-
termeasures for milk-producing cattle have been taken 
in varying degrees. Municipality A has. to a large extent, 
used cesium binders. At first Bentonile was used, then 
in 1988. Prussian Blue was applied. In municipality B. 
the countermeasures have been taken in a more random 
and infrequent manner. This gives differences in the 
ratio quotient between intake of radiocesium from milk 
and meat. For municipality A, milk is less important 
for the internal dose than for municipality B. 

file:///ariation
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DISCISSION 

Challenges in calculating dose 
When calculating the dose from internal and ex

ternal radiation to the population, it is ideal to start off 
knowing each individual's diet, the activitv levels in the 
food eaten by each individual, the external radiation at 
different locations, and time of exposure. However, for 
a population of 4 million people, this is impossible. 
Nevertheless, on calculating the internal dose, an at
tempt to consider time and place has been made by 
using average activity levels in foods for each munici-
palitv monthly. On calculating the external radiation, 
the same attempt has been made to approximate the 
dow levels by using average externa) radiation for each 
municipality and to factor in the shielding from exter
nal radiation achieved by spending time indoors. 

Considering place of production and sale 
When estimating the average intake of radiocesium 

through food, the place of production and the corre
sponding point of sale has been considered. For milk, 
this has been very well documented with few deviations 
between the stated pla'.e of production and point of 
sale for the counties' dairies. For meat, the connection 
between place of production and point of sale is less 
certain. This has been taken into account and partially 
corrected by using a larger geographical unit (i.e.. 
county) for point of sale. Thus, there was a possibility 
of the variations in activity levels in meat overshadow
ing the variations in activities in milk. 

Calculations showed that the doser from milk con
sumption were from 1.5-5 times greater than doses 
from meat consumption. In other words, milk doses 
are usually the largest and will not, to any significant 
degree, be overshadowed by the activity levels in beef 
and mutton. In Norway, the fairly large milk consump
tion is. to some extent, directed towards children and 
adolescents, but no correction based on age distribution 
in the municipalities was attempted in this study. 

Effect of countermeasures 
The measurements were well-documented con

cerning use of countermeasures. It was not difficult to 
determine which results were from samples taken be
fore or after countermeasures were taken. However, 
starting in the autumn of 1987, countermeasures, such 
as special feeding program. <md use of cesium binders, 
were taken on a large scale. The use and effect of these 
countcrmeasures on milk have increased in the follow
ing years, and this makes the calculation of internal 
doses for the second and third year after the accident 
somewhat more uncertain. Since the countermeasures 
are aimed at high extreme values, this gives a reduction 
in variation and a levelling off of doses between coun
ties. 
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Fig. 6. The first, second, and third years' external and internal 
doses in Norway's 19 different counties. 

Effect of variations in diet 
An average diet has been used in calculating the 

intake of radiocesium. There will, in every given pop-
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Month 
HR. 7. Variations in the quotient between internal dose due 
to milk consumption and internal dose due to meat con
sumption, every month in two different municipalities (A and 
B). In municipality A. countermeasures were routinely taken, 
while in B. the countermeasures have been taken in a more 
random manner. 

ulation. be individual variations in diet, but earlier 
research (Wcsterlund et al. 1987) has shown that the 
variation in intake of radiocesium in a representative 
selection of people in a municipality is within reason
able range. 

A dietary survey of randomly selected members of 
the population in a municipality showed a 95% interval 
of confidence (±9%) for all 3 y (Strand et al. 1989) 
regarding intake of radiocesium. The difference among 
municipalities is significantly larger than the difference 
within one municipality, mainly because of the role 
played by milk consumption on the intake of radioces
ium. 

Internal dosi considerations 
The monthly internal dose has been calculated on 

the basis of radiocesium in milk, beef, and mutton only. 
After the Chernobyl accident, reindeer, game, and 
freshwater fish had the highest levels of radioactivity. 
By not taking these foods into account, a discrepancy 
in estimated intake of radiocesium might occur. How
ever, the consumption of these foods has been signifi
cantly reduced after the accident as a result of infor
mation given out by the Health Authorities or fear of 
radioactivity. 

An earlier study (Strand et al. 1989) was made of 
the dietary habits of randomly chosen persons concern
ing radiocesium in a municipalily that has relatively 
high levels of activity in freshwater fish. That study 
showed that 20-25% of the surveyed population re
duced its intake of freshwater fish. The study further 
showed that close to 25% of radiocesium intake was 
caused by consuming freshwater fish, while milk con
tributed about 42%. 

In this study, we assume that only 4% of the 
radiocesium intake in the municipality can be attrib
uted to consumption of freshwater fish, while milk 

contributes closer to 60^. Average dose for the popu
lation in the studied municipality during the first year 
after the accident, based on the study of dietary habits 
carried out in April 1987 (Strand et al. 1989), was 0.22 
± 0.02 mSv. The dose calculated from the study in this 
report is 0.23 mSv. These numbers show a good match 
with the dietary' study. 

Even if the intake of radiocesium through fresh
water fish is underestimated, milk is still une of the 
most important sources of radiocesium intake. Fresh
water fish is not as commonly consumed as milk, and 
there are much greater individual and geographical 
differences in the consumption of freshwater fish than 
milk. This is most true for the first year after the 
accident. As previously mentioned, efficient counter-
measures reduced the activity levels in milk signifi
cantly during the later years. Milk will, therefore, not 
carry as great a weight in contributing to the radioces
ium intake in the second and third year. 

Other isotopes of importance when calculating in
ternal doses are l ! ' I and "Sr. Since the fallout came in 
early spring, no cattle were grazing and very low activity 
levels of l 3 l I could be detected in milk. Other agricul
tural products were not contaminated by iodine. The 
activity levels of "Sr were 1-2% of the acti.ity levels 
of , 3 'Cs. Thus "Sr gives insignificant doses to man 
compared with radiocesium. 

As mentioned earlier, the ecological half-life for 
the internal dose was estimated to be 4.5 y. A previous 
study showed that the ecological half-life for sheep, 
cattle, and milk production in seminatural ecosystems 
was almost 20 y (Hove and Strand 1990). The difference 
between 4.5 y and 20 y exists because much of the food 
production is done on cultivated areas that have an 
ecological half-life of 1-2 y (Aarkrog 1979), but it also 
shows the great impact of countermeasures. 

External dose considerations 
The calculation of external doses has been based 

on the activity levels in the soil. Measurements showed 
that the amount of fallout varied significantly (Backe 
et al. 1987) even over short distances of <1 m (Oughton 
et al. 1991). The inhabitants will spend lime at several 
places in their municipality, so a certain averaging of 
dose will occur, but the estimate of external dose will 
contain a significant element of uncertainty. 

Analyzing a simple transfer factor approach 
By using a simple transfer factor approach, specif

ically by using gross transfer factors from soil deposition 
to activity levels in foods, a correlation coefficient of 1 
would result between external and internal doses. From 
our study, we find a correlation factor of 0.5. This 
indicates that agricultural methods, food distribution 
patterns, and countermeasures are important factors 
when calculating doses to the population. The simple 
transfer factor approach would not have been appro
priate in this case. 
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CONCLUSIONS 

(11 The results indicate that after the initial phase 
following the Chernobyl accident, the internal dose was 
larger than the external dose. 

12) There is a significant lime lag of almost 1 y 
from the time of fallout until the maximum internal 
dose is reached. 

(3) The correlation coefficient between independ
ent^ estimated external and internal doses in this study 
is only 0.5. This indicates that u simple transfer factor 
approach is not sufficient in calculating internal doses 
to the population after an accident such as Chernobyl. 

(4) The distribution pattern of food, together with 
diet, are crucial factors in calculating the internal dose. 
In Norway after the Chernobyl accident, the decisive 
factor for total dose was not place of habitation, but 
which consumer goods were eaten. 

Achun\li'dgt'mtwtsj—This work was supported by funds from the 
Norwegian Food Conirol Authority. 
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ulaiion concluded that the increased risk was 
probably very small. In Norway, this was 
stated by the authorities shortly after the 
accident (I). 

The radioactive fallout was unevenly dis
tributed, and initially, only external expo
sure to the radiation could be assessed. A 
program was undertaken to measure levels 
of radioactivity in food, and foods with ac
tivity levels above the implemented action 
limits were not used for human consump
tion. The effect of low-dose gamma-
radiation on the fetus was unclear at the 
time, and still is. Thus, an epidemiologic 
evaluation of the effects of the Chernobyl 
fallout on pregnancy outcome was essential. 

Many of the systems for epidemiologic 
surveillance of birth defects in European 
countries addressed the question through 
crude assessments. In some countries, mea
surements of external doses were at hand 
(2-4). However, external exposure alone 
may not be an adequate proxy variable for 
assessment of risk to the fetus. On the other 
hand, internal exposure, i.e., through food, 
may be of particular relevance, especially 
since food consumed in one geographic area 
may have been produced far away. Assess
ment of internal exposure would comprise 
representative sampling of a series of food 
items from various parts of an area over an 
extended period of observation. Such data 
on exposure, compared with data on preg
nancy outcome, could render possible an 
«valuation of the effects of the accident on 
the fetus. Such exposure data were collected 
in Norway, and the present study is based 
on estimates of average internal and external 
doses for each municipality in each consec
utive calendar month in the 3-year period 
after the accident 

MATERIALS AND METHODS 

TIM data 

Municipality was used as the unit of 
analysis, comprising in Norway populations 
ranging from below 1,000 to several hundred 
thousand. For the present study, informa
tion was collected monthly for each of 454 
municipalities on internal and external ex

posure to radiation and on possible effects 
on pregnancy outcome. 

The National Institute of Radiation Hy
giene estimated the radiation exposure of 
the population. Measurements in food items 
and soil samples were performed mainly 
with multichannel sodium iodide crystal 
equipment and partly with germanium-
lithium detectors. Details on measurements 
and dose estimations have been given by. 
Strand et al. (S). 

The external dose equivalents were esti
mated on the basis of indoor gamma-
radiation measurements in part* of the 
country (6) and measurements of cesium-
134 in soil samples collected shortly after 
the accident (7). Information on the corre
lation between the indoor and outdoor data, 
occupancy, penetration into the soil, runoff, 
and radioactive decay formed the basis for 
the estimation of external doses in a partic
ular month (8). The dose measured during 
the first few months also included the con
tribution from iodine-131. Most of the mu
nicipalities that experienced high external 
doses were located in peripheral rural dis
tricts. Thus, the population exposed to the 
highest levels of external radiation was lim
ited. 

The food-based dose equivalents were es
timated on the basis of measurements of 
radioactive cesium (cesium-134 and cesium-
137) in milk and meat supplies for each 
Norwegian municipality throughout the 
whole observation period. Only meat from 
sheep and cattle was included. These mea
surements were possible because the con
sumption of milk and meat is regulated by 
the national cooperative milk and meat dis
tribution agencies, even in the rural munic
ipalities. Iodine data were not used because 
the contribution from iodine-131 to the 
food-based doses was negligible, even from 
milk in the first month after the accident 
The activity levels of strontium-90 were as 
low as 1-2 percent of the cesium activity. 
Thus, dose equivalents were based on cu
mulative intake of radioactive cesium. Av
erage monthly doses were estimated for each 
municipality from May 1986 through April 
1989. Dose conversion factors used were 
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those recommended by the International 
Commission on Radiological Protection (9) 
and the US National Council on Radiation 
Protection and Measurement (10). 

The total radiation dose represents the 
sum of the estimated external and food-
based doses (i.e., in principle, the dose to the 
mother). Since the food-based dose was con
sidered particularly relevant, separate anal
yses were performed using only the food-
based dose. 

For practical reasons, fetal exposure was 
considered equal to the average doses re
corded in the mother's municipality of resi
dence during the calendar month subse
quent to the month of conception, covering 
May 1986 through May 1989 (i.e., an obser
vation period of 36 months). Teratogenic 
effects are most likely to occur in this early 
p"iase of pregnancy. However, when Down's 
syndrome, sex ratios, and the occurrence of 
multiple births were studied, the dose in tbe 
month of conception was used to test for a 
mutagenic effect of the radiation. These 
choices were made a priori. 

The mother's residential municipality was 
recorded at birth. Unfortunately, mobility 
of pregnant women during gestation could 
not be accounted for in the analysis. The 
total migrauon rate between municipalities 
in Norway was 4.4 percent per year in tbe 
study period, but tbe migration rate of preg
nant women was probably lower (11). 

Information on possible effects on preg
nancy outcome was derived from tbe Med
ical Birth Registry of Norway, which con
tains data on all births that took place in the 
country from 1967 onward with a gesta
tional age of at least 16 weeks. Thus, births 
are tabulated by the month of conception or 
the month subsequent to conception, but 
information on early pregnancy loss could 
not be included A total of about 160,000 
births occurring after the accident were in
cluded in the study, and about 130,000 
births from the period prior to the accident 
were used to produce expected numbers. 

The birth defects studied were anenceph-
aly, spina bifida, hydrocephaly, congenital 
cataract, microcephaly, and Down's syn
drome. Spina bifida was not counted when 

it was present with anrncephcly, and hydro
cephaly was not counted when it was present 
with spina bifida. In addition, perinatal mor
tality, sex ratios, and the occurrence of mul
tiple births were analyzed. Some other con
ditions subject to routine surveillance in 
Norway, i.e., renal agenesis, isolated cleft 
palate, total cleft lip, limb reduction deform
ities, and low birth weight «2,500 g), were 
also studied, but the data are not shown 
here. "Microcephaly" refers to the cases re
ported as microcephaly cases. In addition, 
birth weight-adjusted small head circumfer
ence as defined in table 1 was studied. Thus, 
for both total exposure and food-based ex
posure, a total of 15 conditions were studied. 

TtwdMlgn 

Categories were established according to 
four levels of exposure specified in millisie-
verts (mSv). We selected the cutpoints for 
the doses to obt ain a reasonable distribution 
of numbers in the groups for both total dose 
(tables 2 and 3) and food-based dose (table 
4). 

For each category, observed numbers of 
the various conditioas and proportions were 
calculated. The denominator of a category 
was all newborns who were conceived in 
municipalities with exposures within that 
category in that month (tables 3 and 4) or 
in tbe subsequent month (table 2). Since 
variation in the occurrence of a condition 
might exist independently of the radioactive 
fallout, due to the seasons, secular trends, 
and geographic differences, the analyses 
were based on comparisons of observed and 
expected values. 

TABLE 1. Mrtb VMQIitcpMMc ctMpoMs taf ffi# 

its)-itat 
OmpeM Rtvointtt 

1.000-1.4W <26 «4 
1.500-1.9» <sa 4.6 
2,000-2,4» <31 3.6 
2.S00-2.S!» <32 2.4 
3.000-3.49» <33 1.5 
3.SO0-3.999 <34 2.6 
£4,000 <35 4.0 
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Each municipality in each month was as
signed an exposure level as well as observed 
and expected numbers of cases and births. 
The expected numben were the oset and 
births with the corresponding month of con
ception 36 months prior to that of observa
tion. For example, the expected numben of 
cases and births in a particular municipality 
conceived in March 1987 were those con
ceived in the same municipality in March 
1984. Similarly, expected numben for 
March 1988 were based on those of March 
1985, and expected numben for March 
1989 were based on those of March 1986. 
We did this to accumulate a contingency 
table of observed and expected numben in 
which each birth was counted only once. 
The effects could then be tested in a logistic 
regression model. 

Exposure levels were assigned as either 
exposure in the month of conception or 
exposure in the following month. Exposures 
for the March 1987 conceptions would be 
based on March 1987 or April 1987 data, 
depending on the comparison being made. 
Finally, all observed and expected cases and 
other births were accumulated in contin
gency tables according to specific exposure 
categories, giving us the basis for tables 2-4. 
Thus, any expected number or proportion 
was based on the number of newborns con
ceived in the same calendar months (though 
during the baseline period) and in the same 
municipalities as the observed proportion. 
Analyses based on the observed/expected 
ratios obtained implied adjustment for var
iations related to season and to normal back
ground radiation as well as to other stable 
geographic variables. 

The possible effects were tested statisti
cally by a test for a trend in the odds ratios 
(observed vs. expected) over the dose cate
gories in a logistic model. The program PLR 
in BMDP was used for the analysis (12). The 
main effects of time (pre-accident vs. post-
accident) and dose (four levels) were entered 
into the model using indicator variables for 
each category. This was done because the 
expected odds should be allowed to vary 
freely over the dose categories. Such varia
tions could, for instance, be caused by geo

graphic differences in the occurrence of the 
conditions due to differences in risk or in 
completeness of reporting. An increase in 
observed odds relative to expected odds in 
all dose groups, i.e., a general secular trend, 
would not be a positive result. Only a differ
ent trend in the high-dose groups compared 
with low-dose groups would be a positive 
result 

Thus, the interaction was of particular 
interest in the model The interaction term 
was modeled as a trend in the ratio of ob
served odds to expected odds with an in
creasing dose level. A trend in the observed-
to-expected odds ratio, regardless of the dis
tribution of the expected odds over the dose 
levels, would be interpreted as a positive 
association. The p values for this test for 
trend in the odds ratios are given in the 
tables. No adjustments were made for mul
tiple comparisons, and the tests were two-
sided with a 5 percent significance level. 
Observed and expected numben in each 
dose group in the tables could be contrasted 
by considering them as independent Poisson 
variables. 

RESULTS 

The external doses of radiation were high 
only in a few remote areas of the country 
(figure I). In the municipality of Øystre 
Slidre, a peak dose rate of 0.23 mSv per 
month was calculated for May 1986. Some 
other areas in the counties of Oppland and 
Nord Trøndelag also had doses much higher 
than average. The distribution of the food-
based doses in November 1986, November 
1987, and November 1988 is shown in figure 
2. The basic dose from natural sources and 
bomb test fallout before Chernobyl was 
about 0.033 mSv per person per month, 
excluding the contribution from radon and 
cosmic radiation. In comparison, the food-
based and external doses from Chernobyl 
contributed an extra 30 percent each during 
the first year after the accident. The external 
dose rate decreased after May 1986, whereas 
the food-based doses increased throughout 
the first year of the observation period, and 
after 4 months, the contribution from the 
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EitomaldoM*. 
MaylSM 

rbod-bcMd doMSi 
April 1867 

FKMME1. **m»p •*&!*(**<& tomt In M^y^^ ml *xxi*m*lMmon<k»»%ki*pt19t7 for AS* 
muniô tWM In Norway. MttnaMd from rrauuramrm of OMrum-134andoMrum-137. 

food-based dose exceeded that of the exter
nal dose. 

A positive association was found for hy
drocephaly and total dose in the second 
month of gestation (table 2; p - 0.012). 
The association was a combination of a de
creased occurrence in the low-dose group 
and a slight increase in the high-dose groups. 
If the increase in the two high-dose groups 
is considered isolated, the increase from 11.9 
expected cases to 19 observed gives an excess 
of 7.1. A 95 percent confidence interval for 
the difference ranged from -3.8 to 18 based 
on a normal approximation of the distribu
tion of the difference between two Poisson 
variables. Thus, the increase in the high-dose 
groups was not statistically significant For 
perinatal death (p - 0.051) and isolated cleft 
palate (not shown; p • 0.054), indications 
of negative associations were seen. 

When total dose in the month of concep

tion was considered, a negative association 
was seen with Down's syndrome (table 3; 
p - 0.032). The association was caused 
mainly by an unexplained high expected 
occurrence in the highest dose group against 
a lower observed occurrence. 

No significant trends with food-based 
doses were found for any of the conditions 
studied in the second month of gestation. 
However, for small head circumference, the 
model with linear trend in the log odds ratio 
fitted the data poorly. There seems to have 
been an increase in small bead circumfer
ence in the lowest dote group (observed/ 
expected - 1.11) as well as in the highest 
dose group (observed/expected - 95/69.7 -
1.36). In the two medium-dose groups, a 
smaller increase was seen (observed/ex
pected - 1.06). 

When only the food-based dose in the 
month of conception was considered (table 
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Nov*flib*M«M Novtnibtr 1967 

Food-bawd dot* 

FIGURE 2. AvtregatoocMMMdracitllandotM In Novambar 1986, Novambar 1987. and Novamtoar1»Mtor4S4 
murtdpaltiaa m Norway, MtimM»dfromrntMur»iTWUo<c«iiunv134iixlc«tluT»137lnn*indm»^iupplw. 

4), no significant associations were found. 
However, an increased proportion of female 
births was seen for the higher dose groups 
(table 4; p - 0.070). For multiple births, an 
increase was also seen for the highest dose 
group, but the stronger increase in the lowest 
dose group caused the overall trend (p « 
0.097) to be negative. 

DISCUSSION 

In recent years, there has been increasing 
concern about the threat to human health 
posed by environmental pollution. This ar
ticle presents relevant data in a setting that 
is crucial to future preparedness for environ
mental threats. However, the study was lim
ited by a number of problems related to 
both the methods applied and the results 
obtained. 

Some congenital malformations are 
known to be caused by higher doses of ra

diation (13), and the question of whether 
the occurrence of birth defects would have 
increased after Chernobyl has been ad
dressed in a number of European countries. 
In Norway, the fallout affected mainly food-
producing rural areas. Thus, estimated doses 
of radiation from ingested food could be of 
particular relevance to this study. Although 
results were based on a high number of 
measurements made in meat and milk, it 
offered only one mean figure per munici
pality and per month. Changes in the con
sumption of certain foods were to be ex
pected due to widespread public anxiety. 
Based on whole-body measurements in 10S 
persons from one municipality (Sel) in 1987, 
a mean annual food-based dose of 0.15 mSv 
was estimated for 1987; the standard devia
tion for the sample was 0.05 mSv (14). This 
corresponded well to our estimated monthly 
food-based doses, which varied from 0.023 
mSv to 0.012 mSv for Sel throughout 1987, 
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TABLE& 0*aarvadandaipecladnurnbenala*ttid*lectaii* 
wnafraafi nuoaiaT aonaami ay ana* raaarawi d0M(Uay 1966-Aarl 1966) 

Ooaarvadf anptfittrjl 

CofvWon and dottt* (rn9v) Natt par Raa par Ota/Enpi 
NO. 1.000 

OaWrtoocn* 
NO. 1,000 

Ariavicaphay 
<0.010 25 028 31.0 0.36 0.61 
0.010-0.015 13 0.24 16.3 026 0.65 
0.016-4.023 7 0.37 6.7 0.46 ox» 
£0.024 2 024 5.3 0.63 0.38 
pfor tand 0.57 

SptntoMoa 
<0.010 36 0.44 44.2 0.49 0.88 
0.010-0.015 31 0.88 26.5 053 1.09 
0.016-0.023 15 0.80 7.6 0.41 1.97 
£0.024 4 0.48 42 0.51 0.96 
plor trend 025 

Hvdrocaprary 
O.010 23 028 43.1 0.48 0.53 
0.010-0.015 14 0.26 19.7 0.37 0.71 
0416-0X123 13 0.89 9.8 0.52 1.33 
£0.024 6 0.72 2.1 029 2.86 
pfdr trend 0.012 

ConganKal cataract 
<0.010 14 0.16 5.5 0.06 2.55 
0.010-0.015 3 0.06 5.5 0.10 0.55 
0.016-0.023 3 0.16 0.0 0.00 0.00 
20.024 1 0.12 1.1 0.13 0.91 
pior trend 0.66 

<0.010 5 0.06 6.6 0.07 0.76 
0.010-0.015 3 0.06 3.3 0.06 0.91 
0.016-0.023 2 0.11 1.1 0.08 1.82 
£0.024 1 0.12 0.0 0.00 0.00 
ptor trend 0.27 

Snairaaddreurnforone» 
<0.010 2,091 33.46 2.741.4 30.67 1.09 
0.010-0.015 1,841 34.27 1,635.5 30.45 1.13 
0.016-0.023 464 25.73 516.6 27.57 0.93 
£0.024 206 24.73 195.1 23.42 1.06 
ptor trend 021 

rannaiii oaatn 
O.010 1.037 11.60 1,052.7 11.78 0.99 
0.010-0.015 694 12.92 747.6 13.92 0.93 
0.016-0.023 264 14.04 320.1 17.02 0.82 
£0.024 105 12.80 124.4 14.93 0.64 
plor trend 0.051 

Total 
<0.010 69,363 60.832 
0.010-0.015 53,715 48.999 
0.016-0.023 16.806 17214 
£0.024 8,331 7.902 

• Avaraga mama) pka lood*aaad do» 
tBMKtonribHtoragUMrodlnl " 
l i e n . 

In Ins Noond month o( 
Maska) BJrti Ragaty in which »» 

ki t a mottara raaHannat rnuridpilty, 
tacond monti of gaMaton Ml m t a pariod Ma» 19B6-

Apm 
t Baaad on al Urta m wt*h t a aaoond monti of OMUOon M In tra parlod May 1 Se3-Apr11998. 
i 00». ooaarvaft Exp, axpactad. 
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TABLES. Obaanod and axpaclad numbara ol newborn» wtlh Oown'a ayndroma, nawboma of tomato***. 
«id muWpto bWu ki Norway attar Hia Chamobyl nuctaar accldant, by total radkrton doM (May 1866-Aprl 
IN» ) 

Obaarvadt Fnpr-Htt 
CondttJon end doaa* Rala par Rates* OM/EJcpt 

(mSv) No. TOM 1.000 
nmvboniÉ 

No. TOW 1.000 
nvwbonit 

Down's tyndromi 

«J .010 94 68,251 1.09 93.0 80.716 1.06 1.01 

0.010-0.015 47 53,259 048 58.4 49221 1.10 0.80 
0.016-0.023 21 18,550 1.13 24.8 17203 124 045 
e0.024 S 8,147 0.61 175 7.916 2.15 0.29 
pfortrand 0.032 

Famalaaax 
<0 .010 41,801 66,251 465.69 41,975.7 80,716 486.67 1.00 
0.010-0.015 25.825 53.259 464.89 25,694.1 49221 482.44 1.01 
0.016-0.023 9,095 18,560 490.30 9.017.6 17203 486.14 1.01 
£0.024 4,046 8,147 496.67 3,9762 7,915 488.06 1.02 
pfortrand 0.14 

MiMpla birth 

«0X10 1.011 65208 1147 6664 79477 10.19 1.16 
0.010-0.015 635 52,607 12.07 5782 48.680 10.9» 1.10 
0.016-0.023 206 18,339 11.18 1924 17,019 1042 1.06 
£0.024 109 8,036 13.56 862 7231 10.60 126 
pfor band 042 

t Oaaadon al Draw nyblaiaO 
doto In ttH) nwnVi of oonoapHon In aw rnotiai'a raddmail nwwsipally. 

In Ih i Madca) BMh Pjaotaay for vMch oonoapton oocuffad during tia pariod May 19tt-Aprl 

tBaaadonalbairafer 
tOba.obiarvad:E»p. 

wNeh oonoipllon occumd during « a pariod May 1M3-*prl 19M. 

and the variation within this municipality 
seemed to be low. Milk was estimated to 
contribute 36 percent to the internal d c a 
on the basis of whole-body measurements, 
whereas meat from sheep and cattle contrib
uted 12 percent each. The external doses 
probably varied more than the food-based 
doses within one municipality because of 
the variation in the fallout deposition pat
tern (5). 

We stress that die dose levels in this study 
refer to the dote to the mother. The dote to 
the conceptus from external sources would 
have been somewhat lower because of 
shielding by maternal tissues. The dote to 
the conceptus would be close to the mid-
plane dose, or around 80 percent of the doses 
specified here (IS). The food-based doses 
were calculated using conventional dose 
conversion factors. In most situations, radia
tion exposure of the tissues cannot be deter

mined exactly. No convincing detailed 
knowledge exists of cesium localization in 
the early developmental stages of the human 
conceptus (16). Large age- and organ-based 
differences have been identified for other 
isotopes, but mostly with lower values in the 
fetus (16). 

Disorders such as microcephaly and cat
aracts have been attributed to radiation, al
though at dotes far higher than tbote re
ported bere (17). However, t reassessment 
of data from Japan has suggested doses 
causing a specified effect to be considerably 
lower than originally estimated, implying a 
stronger effect of a given dote (It, 19). Un
fortunately, differences in methods of dose 
estimation preclude direct comparisons with 
this study. 

As to the assessment of possible efTects, 
the ascertainment of various birth defects in 
the Medical Birth Registry of Norway varies 
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TABLE 4. Observed »nd oipected numbers of newborn» 
and multiple Mrttw m Norway aller 8 » Cbemobyt nuclear 
Ittt-Apra 1»H) 

wnh Down • syndfomoi oowooroo of vomoJo f 
•ccktont, by food*bMOd nololion dOM (Moy 

ObMrvedt ElDKMdt 

Comluun md dowr 
(mSv) 

Rtwpv Rale per Cte/EKPl Comluun md dowr 
(mSv) No. TOW 1.000 No. Total 1.000 

naMftonw newborns 

Down's syndrome 
<0.010 78 65,064 0.92 64.4 80,674 0.99 092 
0010-0.015 66 51.534 1.26 66.1 46,924 1.32 0.97 
0.019-0.023 IS 25,673 0.70 37.9 23,882 1.46 0.47 
£0024 s 3,716 1.35 4.2 3.586 1.12 1.20 
pfor trend 0.23 

Female sex 
«0.010 41,406 66,064 466.65 41,481.5 80.674 487.18 1.00 
0.010-0.015 24,960 51.534 464.34 24.937.8 46.924 483.91 1.00 
0.018-0.023 12,628 25.873 488.06 12.506.7 2 3 3 8 2 463.47 1.01 
aO.024 1,665 3.716 501.88 1,764.7 3.663 4 7 4 4 9 1.06 
pfor trend 0.070 

Multiple birth 
<0.010 1,046 84.006 12.45 656.6 7 9 4 3 6 10.18 1.22 
0.010-0.015 563 50.967 11.05 540.0 46,424 10.60 1.04 
0.016-0.023 296 25.563 11.66 288.8 23,822 1140 1.03 
£0.024 53 3462 14.47 40.6 3 4 2 6 11.08 141 
pfor trend 0497 

In Vw Mtdtal Birth Rtgistfy tor wNch oonotfMon ootwred dwtnQ tfw 
* AvtraQ8> dOM nun frak 
te—don man» ••• 

1MB, 
tB*Mon*blfok**tt<xn*ttxatmi<)iiinQt*pm*xlM*flt«S-*#lim. 
|OW.otMned:E iv , 

pen» Msy 1SW-Aprt 

by both time and place. In the design of the 
analysis performed, an attempt was made to 
control for these potential sources of error, 
as well as sources of error related to general 
secular trends in the conditions under sur
veillance and geographic differences of en
vironmental (background radiation, diet, 
etc.) or genetic origin. However, one poten
tial bias—the possibility that reporting was 
better in the high-dose groups or worse in 
the low-dose groups—could not be con
trolled for. 

The significant p value for the positive 
trend in the odds ratios for hydrocephaly 
with total dote is partly attributable to the 
decreased occurrence of infants with hydro
cephaly in the low-dose group. During the 
observation period, an increased use of pre
natal diagnosis evolved, possibly more so 
for the areas that did not have higher doses. 
The practice of induced abortion following 

a prenatal diagnosis was unclear in Norway 
during this period, and the possibility that 
some cases of hydrocephaly were detected 
and aborted without notification, even after 
16 weeks of gestation, is not unlikely. The 
fact that the university hospitals in the larger 
cities (Oslo,. -Serpen, Trondheim, and 
Tromsø; see figure 1) were mainly covering 
low-dose areas underscores this possibility. 

For total dose, the expected proportion of 
perinatal deaths appears to have been lower 
in the tow-dote group than in the higher-
dose groups. Thus, the indicated negative 
association is probably caused by recent im
provements in perinatal care in some remote 
areas. A similar but significant trend was 
found for Down's syndrome. Here again, 
the occurrence seems to have dropped from 
a unusually high level in the high-dose group 
prior to the accident. The occurrence of 
Down's syndrome was high in Norway prior 



386 be el «I 

io the accident (20), and reasons not yet 
accounted for could be responsible for the 
peculiar pattern. The negative associations 
with both perinatal death and Down's syn
drome bring into focus some of the limita
tions of this type of study. It is not very 
likely that radiation exposure would lower 
the risk for either of these conditions. 

The increase in the proportion of infants 
with small head circumference in the low-
dose group was unexpected, and a biologic 
explanation does not seem plausible. A sys
tematic minor change in the measurement 
of head circumference prompted by the 
Chernobyl fallout, particularly in the uni
versity hospitals where there was greater 
concern about potential eiTects such as mi
crocephaly, is possible but not very likely. 

The sex ratio is considered sensitive to the 
mutation rate, because males will be more 
affected by X-Iinked lethal mutations than 
will females (21, 22). Thus, the nonsignifi
cant trend in the sex ratio (table 5) could be 
an indication of an increased mutation rate 
caused by higher levels of radiation in food. 

A secular trend in multiple births was 
expected because of the increasing use of in 
vitro fertilization. This new practice is prob
ably also unevenly distributed geographi
cally; thus, the increase in the low food-
based dose group could be a result of such a 
bias. However, there is also an apparent 
increase in the highest dose group. 

In the analysis of Down's syndrome, peri
natal death, birth weight, and small head 
circumference, no adjustments were per
formed for potentially confounding vari
ables like parity and maternal age, because 
only marginal changes in such demographic 
variables would be expected. 

Food-based doses were considered partic
ularly relevant to this study of pregnancy 
outcomes. The trends seen for total dotes 
were weaker when only food-based doses 
were considered, giving some confidence to 
the general conclusion that no dose-effect 
relation was demonstrated. 

Separate analyses were performed for the 
first 12 months after the accident, because 
the effects of countermeasures may have 

been stronger in the subsequent 2 years. The 
radioactivity in milk was reduced, and the 
uncertainty in the estimated food-based 
doses probably increased. The whole 3-year 
baseline period was also used for comparison 
in these analyses; however, no associations 
were seen between perinatal outcomes and 
radiation doses. 

Most of the studies on the occurrence of 
birth defects after Chernobyl have reported 
negative results. Still, in Denmark, an excess 
of spina bifida cases has been reported (23). 
Some communications from Turkey indi
cate an association between neural tube de
fects and the Chernobyl fallout (24-26) in 
areas with a very high occurrence of these 
defects. In the communities surrounding the 
Hanford site, a nuclear facility in southeast-
em Washington State, an elevated rate of 
neural tube defects has been observed (27). 
The doses involved seem to be in the same 
range as those measured in the present study. 
With fairly high numbers involved, no pos
itive associations appeared for neural tube 
defects in our study. 

A deviation from a generally falling trend 
in early neonatal mortality (and perinatal 
mortality) was seen in high-dose areas in 
Germany (4). The suggested association with 
radiation from the Chernobyl faiiout was 
not confirmed by the present study. 

In Finland, a possible effect in terms of 
an increased number of malformed infants 
with low gestational age was seen (3). This 
association was not confirmed in Norway 
(data not shown). There was a general in
crease in the occurrence of infants with con
genital malformations and low gestational 
age (<260 days). However, this trend was 
stronger in the kXMose group than in the 
higher-dose groups, and it might be related 
to the increased use of prenatal diagnosis 

For low birth weight (<2,S0O g), addi
tional separate analyses were carried out 
based on exposure in the fourth month of 
gestation, but oo effects were seen. Thus, the 
association seen in Hungary (28) was not 
confirmed. 

No adjustments were made for multiple 
comparisons, and none of the trends would 
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have been significant on a I percent level. 
Furthermore, geographically unequal trends 
in the recorded occurrence of the studied 
conditions caused by other factors could 
have produced false associations. On the 
other hand, associations would have been 
hard to detect in the present analysis if the 
variation in the individual doses had been 
great within each municipality compared 
with the variation between municipalities, 
resulting in serious misclassifjcation of dos
age levels. 

The general conclusion of the present 
study is that no increases were observed in 
rates of perinatal death, low birth weight, 
or selected congenital malformations that 
could be attributed to the Chernobyl acci
dent Admittedly, the interpretation of these 
findings leaves unanswered questions. How
ever, the study was designed to adjust for 
general secular trends, geographic varia
tions, and seasonal variation, and it presents 
a tool that will be relevant to the analysis of 
similar situations should they occur. 
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Summary - Pregnancy outcome has been studied in terms of legal abortions, early spontaneous abonions and total number 
of pregnancies (in an ad hoc study covering 6 counties) as well as various perinatal health problems (on the basis of 
routinely recorded data for epidemiological surveillance from the Medical Birth Registry of Norway). Apparently, no effects 
were observed in terms of an increased occurrence of legal abortions, while spontaneous abortions increased from #.4% 
of all pregnancies during the last 12 months before the accident to&3% after the accident. At the same time, the total 
number of pregnancies somewhat decreased. Based on monthly measurements in each municipality of externa) and internal 
(food-based) doses, dose-response associations were assessed for a number of perinatal health problems. No associations 
were observed. 

Pregnane* outcome / Chernobyl / Norway 

Resume - Evolution de la grossesse en Norvége a pres ('accident die Tchcrnobyl, Une enquete a été menée sur /'issue 
des grossesses en s'interessant aux avortements légaux et aux avortements précoces spontanés ainsi que sur le nombre 
total des grossesses. au moyen d'une élude ad hoc couvrant 6 comtés. De méme ont été étudiés divers problémes de santé 
périnataux sur la base des données enregistrées en routine pour la surveillance épidémiologique dans le Registre médical 
des naissimces de Norvége. Apparement. aucun effet n'a été observe sur {'incidence des avortements légaux alors que les 
avortements spontanés augmentaient de 2.4% pour V ensemble des grossesses des 12 mois precedent V accident, å 3% aprés. 
Dans un méme temps, le nombre total des grossesses diminuait quelque pen. Les relations doses-réponses om été évaluées 
pour de nombreux problémes de santé périnataux en se fondant sur des mesures mensuelies des doses recues internes et 
externes (liées å !'alimentation) dans chaque municipalité. Aucune relation n'a été observes, si ce n'est une correlation 
negative avec la mortalité périnatale, sans doule due å un biais. 

avortements / Tchernobyl / Norvége 

Introduction Legal and spontaneous abortions, total 
number of pregnancies 

Possible consequences of the Chernobyl radioac
tive fallout in Norway have been assessed, in part Information on possible effects 
in ad hoc studies [6, 7], in part through routine 
epidemiologic surveillance of perinatal health [2]. By compulsory notification, all legal abortions in 
The possible consequences comprise fertility in Norway are reported from the hospital to the 
terms of total number of pregnancies, legal abor- county medical officer. From each county, sum-
tion, spontaneous abortion and various types of mary information is forwarded to the Central 
perinatal health problems. Bureau of Statistics. In the present study, the Cen-
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Vif> 1. Counties in Nurway *hcre legal 
and •.ponianeous abortion* were reported before 
and a f ler the Chernobyl accident. 

'-"'"•'fSv.v: iWr-' 
\ , / W 

tral Bureau of Statistics provided the information 
on legal abortions. 

Early spontaneous abortions, ie before week 16 
of gestation, are not routinely notified in Norway. 
The present study was based on an ad hoc noti
fication of all cases of spontaneous abortions 
hospitalized in the counties of Aust-Agder, Hor
daland, Oppland, Troms and Trøndelag (fig 1). 

From 1967 onwards, all births in Norway with 
a gestational age of 16 weeks or more are regis
tered by the Medical Birth Registry of Norway 
on the basis of a system of compulsory notifica
tion by midwives. 

information on exposure 

The ad hoc study was based on comparisons of 
rates obtained during the 12 months before and 
after the accident respectively. In this study, no 
quantification of doses to the population after the 
accident was attempted. However, the counties 
represented in the study covered all the areas in 
which the highest external doses of radiation were 
measured shortly after the accident and also large 
areas exposed to smaller doses of radiation 
(fig 2). 
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Fig 2. Average external doses of radiation in the Norwegian municipalities. May 1986. 
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Legat abortions 

ln all 6 counties, the proportion among all pregnan
cies (ie the sum of births after 16 weeks of gesta
tion, spontaneous abortions and legal abonions) of 
legal abortions increased from 19.4% the year 
before to 19.5% (he year after the accident (table I). 
Through the subsequent year, the difference from 
the previous year varied between -0.4% in August-
October (2nd quarter) to +1.0% in February-April 
(4th quarter). During this first year, no differences 
were observed between the counties. 

Table I. Pregnancy outcome in 6 Norwegian counties the last 12 months prior to and the first 12 months subsequent to the 
Chernobyl accident by the time of delivery. 

In Haukeland Hospital, covering the Bergen 
area with - 5 000 births a year, the occurrence 
of legal abortion was studied for an extended 
period of lime (table II). Through the 3 years 
prior to the accident and the 3 subsequent years 
the proportion varied between 18.3% and 
19.2%. The highest proportions wore observed 
the last year before the accident (19.1%) and 
the first year after the accident (19.2%). The 
proportions of legal abortions 3 years prior to 
the accident and 3 years after were identical, 
viz 18.7%. 

Time of Prior to Subsequent to 
delivery lMayl986(Nol%) 1 May 1986 (Nol%) 

Total Births Legal abort Spont abort Total Births Legal abort 

1053 

Spont abort 

May 5310 3915 10K 376 5502 4036 

Legal abort 

1053 413 
-July 100 73.7 19.2 7.1 100 73.3 19.1 7.5 
Au£»sl 5009 3625 999 385 5272 3813 989 470 
- Oclober 100 72.4 19.2 .3-1 100 72.3 18.8 8.9 
November 4967 3602 970 395 4926 3463 1010 453 
-January 100 72.5 19.9 8.0 100 70.3 20.5 9.3 
February 5455 4037 1032 386 5192 3763 1031 398 
-April 100 74.0 18.9 7.1 100 72.4 19.» 7.7 

Total 20741 15 179 4020 1542 20892 15075 4083 1734 
100 73.2 19.4 7.4 100 72.2 193 8.3 

Table II. Pregnancy outcome in the Bergen area 3 years prior to and subsequent to the Chernobyl accident by time of delivery. 

Time span Total no B/rrAj Legal abortions Spontaneous 
May-April of pregnancies abortions 

n % n % n * n % 
1983 1984 
1984-1985 
1985-1986 

5271 
5292 
5699 

100 
100 
100 

3921 
3908 
4188 

74.4 
73.8 
73.5 

975 
980 
1090 

18.5 
18.5 
19.1 

375 
404 
421 

7.1 
7.6 
7.4 

Total. 1983-
1986 

16262 12017 73.9 3045 

1986-1987 
1987-1988 
1988-1989 

Total, 1986-
1989 

6031 
6358 
6612 

19 001 

100 
100 
100 

4357 
4655 
4851 

13863 

72.2 
73.2 
73.4 

1157 
1179 
1213 

3549 

19.2 
18.5 
18.3 

517 
524 
548 

1589 

8.6 
8.3 
8.2 



Pregnancy outcome in Norway after Chernobyl 237 

In conclusion, the Chernobyl accident does not 
seem to huve hud a considerable impact on the 
occurrence of legal abortion in Norway. If any, 
the effect was delayed, occurring in the 3rd and 
4ih quarters after the accident. 

Spontaneous abortions 

The difference between the proportions of spon
taneous abortions amounted to 0.9%, viz from 
7.4% observed the year prior to the accident to 
8.3% the year after the accident, a statistically 
significant difference (table I). The largest 
differences were observed during the 2nd 
(1.2%) and the 3rd (1.3%) quarters after the ac
cident. No differences were observed between 
the counties. 

!n the Bergen area, the secular trends could 
also be assessed by the month of conception 
(table 111). The largest difference (7.8-6.3% or 
1.5%) was observed for conceptions taking place 
during the 2nd quarter after the accident. How
ever, for all 3 years after the accident, increased 
proportions of spontaneous abortions were ob
served (table II). In total, the 3 prior years 
amounted to 7.4% against 8.4% observed during 
the 3 subsequent years. 

In conclusion, an increased proportion in Nor
way of spontaneous abortions after the Chernobyl 
accident over an extended period of time cannot 
be ruled out. 

Total number of pregnancies 

The ace'dent occurred during a period in which 
the total number of births in Norway increased. 
The annual increases rose continuously from 0.6% 
in 1983-1984 via 2.6% in 1985-1986 to 6.4% in 
1987-1988. 

In the 6 counties, from where data on legal 
abortions, spontaneous abortions and births were 
obtained, the total number of pregnancies in
creased the year subsequent to the accident from 
20 741 to 20 892 (0.7%) (table I). The increase 
rose from 3.6% in the 1st quarter to 5.3% in the 
2nd quarter. However, in the 3rd quarter, total 
number of pregnancies decreased by 0.8% and in 
the 4th quarter by 4.8%. No differences were ob
served between the counties. 

In conclusion, during a period of continuous 
increase, total number of pregnancies in Norway 
seemed to have temporarily decreased throughout 
the 3rd and 4th quarter after the accident. 

Perinatal health problems 

Information on possible effects 

Medical data on the newborn are reported for all 
births in the country to the Medical Birth Registry 
of Norway. On this basis, a system is established 

Table III. Pregnancy outcome in the Bergen area 12 months prior to and 12 months subsequent to the Chernobyl accident by 
the time of conception. 

Time of Prior to < accident (Not%) Subsequent i to accident (Noi%) 
conception May 1985-April 1986 May 1986-April 1987 

Total No Births Legal abort Spontabort Total No Births Legal abort Spont abort 

May 1331 1007 224 100 1451 1067 266 118 
-July 100 75.7 16.8 7.5 100 73.5 18.3 8.2 
August 1278 974 223 81 1474 1099 260 115 
- October 100 76.2 17.5 6.3 100 74.6 17.6 7.8 
November 1293 938 260 95 1385 1009 268 108 
- Januaiy 100 72.5 20.2 7.3 100 72.9 19.3 7.8 
February 1310 963 250 97 1338 992 246 100 
- April 100 73.3 19.0 7.4 100 74.1 18.4 7.5 

Tolal 5212 3882 957 373 5648 4167 1040 441 
100 74.5 18.3 7.2 100 73.8 18.4 7.8 
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for epidemiologic surveillance of congenital mal
formations and other perinatal health problems. 
The sysiem provides monthly, quarterly and an
nual monitoring, the 2 latter categories in co
operation with International Clearinghouse for 
Birth Defects Monitoring Systems by its Inter
national Centre for Birth Defects, Bergen, Nor
way. 

The results reported here refer to conditions for 
which an etiology related to radiation already has 
been discussed, viz cataracts and microcephaly, in 
addition to low birth weight and perinatal death. 

information on exposure 

In the study based on routinely recorded data, the 
National Institute of Radiation Hygiene provided 
information on exposure in terms of external and 
food-borne radiation whereby each of the 4*4 
municipalities of Norway was characterized 
monthly. 

The external dose equivalents were estimated 
on the basis of indoor gamma rate measurements 
in parts of the country [3] and measurement of 
Csl34 in soil samples collected shortly after the 
fallout [II. Information on the correlation be
tween the indoor and outdoor data, occupancy, 
penetration into the soil, run-off and radioactive 
decay formed the basis for the estimation of a 
municipality specific external dose per individual 
of a particular month [4]. Most of the municipali
ties that experienced high external doses were lo
cated in rural peripheral districts, and the 
population exposed to th* highest external doses 
was limited (fig 2). 

The food-based dose equivalents implied 
measurement of radiocesium (Csl34 and Csl37) 
in milk and meat supplies for each Norwegian 
municipality, enabling the computation of a 
municipality specific average dose per individual. 
The method involved interviews related to diet in
take and whole-body countings, both at random 
and in selected groups (5]. 

The results reported here relate to the total 
dose, viz the sum of the external and food-based 
doses, which represents in principle the dose to 
the mother. Data on exposure have been provided 
from May I9S6 all through April 1989. It ap
peared that the food-based doses remained at an 
elevated level for an extended period of time (figs 
3, 4) necessitating analyses of possible effects in 
all births occurring after the accident through 
1989. The results reported here relate to all in

fants whose second month of gestation occurred 
within 1 year subsequent to the accident. 

Analytical strategy 

Due to a lack of continuous .neasurements of ex
posure for each mother throughout the pregnancy, 
an ecological approach had to be applied. For the 
results reported her, the sum of the external and 
food-based doses measured in the mother's 
municipality of residence during the second 
month of gestation was considered as the expo
sure of an infant. The method allows comparisons 
of rates in groups according to level of exposure. 
However, to avoid a potential bias due to geo
graphical differences in occurrence caused by 
other factors, observed/expected ratios were used. 
The expected rates were derived by allocating all 
births 3 years prior to 1 May 1986 to the level 
of exposure determined by the level of the same 
month and municipality measured during the first 
year after 1 May 1986. In other words, any ex
pected rate was based on births occurring during 
the same months (though during the 3 previous 
years) and in the same municipalities as th* ob
served rate. Analyses based on these observea/ex-
pected ratios implied adjustment for variations 
related to season and to normal background radia
tion as well as other geographical factors. 

The observed/expected ratios were approxi
mated by odds ratios and effects were tested 
statistically as the trend in odds ratios in a logistic 
model. 

Cataracts 

The occurrence of cataracts increased in Norway 
the year after the accident with 8 observed against 
3.8 expected cases, however, the P-value for trend 
was not significant (P = 0.74). Furthermore, the 
possibility cannot be ruled out that the higher 
number of observed cases was caused by an in
creased awareness after the accident, giving an 
improved ascertainment of a condition known to 
be related to radiation. 

Microcephaly 

To a lesser extent, microcephaly showed the same 
pattern. A total of 6 cases was observed against 
3,5 expected with a non significant /"-value for 
trend {P = 0.58). 
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Fig 4. Average external and food based doses of radiation in 
Norway for the whole country by calendar month over a 1-yeir 
period after the Chernobyl accident. 

Birthweight below 2 500 g 

During the subsequent 12 months, a total of 2 726 
births weighed 2 500 g or less against 2 639.2 ex
pected (table V). The P-value for a dose-response 
association was not significant (P = 0.99). 

Perinatal mortality 

Total observed number rf perinatal deaths, 634, 
(based on all births reported irrespective of ge
stational age) did not differ significantly from the 
expected number of 718.8. and the P value for 
dose-response association was not significant (P 
= 0.99). 

Conclusions and implications 

Epidemiological studies in general and epidemio
logical surveillance in particular should prefera
bly be based on measurements of exposure related 
to the individual rather than to groups. In many 
instances, as in the present case, such a strategy 
is impossible due to a variety of reasons, and eco
logical strategies have to be applied. In the inter
pretation of the results, it is urgent to stress that 

Table IV. Observed and expected numbers and proportions per 1000 births in Norway the first 12 months after the Chernobyl 
accident of cases of cataracts, microcephaly, and perinatal death by sum of the average external and food-baseddoses of radiation 
in the mother's municipality of residence during the 2nd month of gestation. 

Condition External + food-based doses (mSv) 

< 0.010 0.010 0.016 i 0.024 P-
0.016 -0024 value 

Cataracts Expn 2.1 1.4 0 0.3 
Obsn 6 0 2 0 
Expp 0.07 0.09 0.00 0.10 
Obsp 0.21 0.00 0.28 0.00 
OÆ ratio 2.84 0.00 - 0.00 0.74 

Microcephaly Expn 
Obsn 

2.8 
4 

0.4 
1 

0.3 
1 

0 
0 

Expp 0.10 0.02 0.05 0.00 
Obsp 0.14 0.07 0.14 0.00 
O/E ratio 1.42 2.82 2.86 - 0.58 

Perinatal Expn 346.2 205.5 113.9 53.2 
death Obsn 312 183 95 44 

Expp 12.05 13.47 15.97 15.72 
Obsp 10.86 12.00 13.32 13.01 
O/E ratio 0.90 0.89 0.83 0.83 0.51 

Total no Baseline 81630 43052 20407 9 858 
of births observed 28723 15251 7133 3 382 
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Table V Observed and cxpccicd numbers and proportions per 1000 births in Norway the first 12 months after the Chernobyl 
accident of births weighing 2500 g or less by sum of the average cxicmal and food-based doscs of radiation in mother's 
municipality of residence during the second month of gestation. 

Condition External + food-based doses tm Svi 

< 0X1140 0.0140- 0.0160- 0.0IS- 0.0210- 0.0250- 0.0330- 0.0420* P-
0.0159 0.0179 0.0209 0.0249 0.0329 0.0419 value 

Birlhunghl Expti 1981.2 149.6 106.3 185.3 67.9 52.2 40.3 56.4 
<2500g Obsn 2050 171 106 187 80 51 35 46 

Expp 49.93 44.01 49.25 49.47 45.88 43.43 48.12 53.39 
Obsp SI.66 50.29 49.12 49.92 54.05 42.46 41.76 43.52 
O/E ratio 1.03 1.14 1.00 1.01 1.18 0.98 0.87 0.82 0.99 

inherent mcthodo'^gical weaknesses should be 
taken into consideration. 

Still, the strategy applied in the present study 
represents an epidemiological preparedness of in
creasing necessity and importance to the commu
nity. In the present context, it allowed the 
essential conclusion that no serious gross changes 
as to pregnancy outcome were observed in Nor
way after the Chernobyl accident. Furthermore, it 
offers the possibility to address and assess special 
questions and concerns that may arise in such sit
uations. 

In particular, the stable proportions of legal abor
tions are remarkable. Certainly, this does not rule 
out the existence of widespread public anxiety, a 
facior that may have caused the temporary fall in 
total number of pregnancies. An additional biologi
cally decreased fertility or increased occurrence of 
early unregistered abortions cannot be ruled out. 
The increased occurrence of early spontaneous 
abortions might be envisaged in the same perspec
tive. Whether this effect is true and, in that case, 
its causation cannot be further clarified on the basis 
of the present data. Even a possible biological 
mechanism n;ay not be directly related to radiation, 
but eg to changes in habits such as diets caused by 
anxiety. These speculations illustrate the complexity 
of the questions involved. 

Finally, it should be stressed that this complex
ity and the methodological problems involved 
hamper a further detailed discussion of the re
sults. However, the extended period of observa
tion in Norway, covering another 2 years, 

provides material that will be utilized for further 
clarification of the issues discussed in this paper. 
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