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ABSTRACT 

The detailed results of the surveillance of environmental radioactivity in 1987 are 
given in 10 supplementary reports to this 1987 annual report which summarizes only 
the data needed for radiation dose estimates. In 1987, two radionuclides, 137Cs 
and 134Cs originating in the fallout from the Chernobyl accident, were important in 
determining external and internal radiation doses. 

The population-weighted mean external dose rate in October 1987 was 0.037 uSv 
h"\ The decline in the dose rate was slower than predicted in 1986. The mean 
effective dose equivalent was 0.10 mSv in 1987, one third lower than in 1986. The 
predicted dose commitment from external radiation was estimated at 1.7 mSv. 

The internal radiation doses weie calculated in two different ways, via estimation 
of dietary intake and using whole-body counting results. The intake estimate was 
obtained from the nationwide survey of radiocesium concentrations in foodstuffs 
and consumption statistics. The mean annual intake of 1J7Cs was 14 000 and that 
of ,3*Cs 56u0 Bq in 1987. About half of the intake came from agricultural products, 
one third from fish and the rest from wild berries, mushrooms and game. The 
resulting committed effective dose equivalent, 0.3 mSv, provides an upper estimate 
for the mean internal dose in 1987. 

The population group whole-body counted was selected from the whole population 
in 1986 using stratified sampling. As in 1986, the 13TCs and 1J4Cs body burdens 
reflected the deposition activity in the region in which people lived. The mean 
committed effective dose equivalent for the whole population based on whole-
body counting was 0.13 mSv. About 0.08 mSv of this dose was delivered in 1987. 
The contribution of mCs was less than 40 per cent. 

The total committed effective radiation dose was estimated at 0.3 mSv in 1987. 
The reasons of the difference between the internal dose estimates from the intake 
evaluation and from whole-body counter studies are discussed briefly. 

3 



FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY STUK-A74 

CONTENTS Page 

ABSTRACT 3 

CONTENTS 4 

FOREWORD 5 

1 AIRBORNE AND DEPOSITED RADIOACTIVITY AND 
ENVIRONMENTAL GAMMA RADIATION 7 

2 DIETARY INTAKE OF RADIOCESIUM 8 

3 RADIOCESIUM IN THE POPULATION IN GENERAL 

AND IN SPECIAL DIETARY GROUPS 10 

4 DOSE ASSESSMENT 11 

4.1 External radiation dose 11 

4.2 Internal radiation dose based 
on consumption of foodstuffs 12 

4.3 Internal radiation dose based 
on the whole-body counter measurements 12 

4.4 Summary of radiation doses 13 

REFERENCES 16 

FIGURES 18 

ANNEX 20 

4 



STUK-A74 
FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

FOREWORD 

The environmental surveillance programmes implemented after the Chernobyl 
accident on April 26, 1986 were continued by the Surveillance Department of the 
Finnish Centre for Radiation and Nuclear Safety (STUK) in 1987. The results of 
these programmes are given in 10 reports, STUK-A75 - STUK-A84. They we 
supplements to this annual report, STUK-A74, which summarizes the data a*J 
factors needed for radiation dose calculations and gives the doses for 1987. All 
the supplementary reports are not referred to individually, but a complete list of 
supplements is given with the publication list at the end of this report. 

The results of the environmental surveillance conducted in 1986 were published in 
the annual report, STUK-A55, and its 13 supplements, STUK-A56 - STUK-
A68. Earlier annual reports published in SFL reports A2, A3, A4, A8, A12, A17, 
STL reports A21, A26, A32, A34, A38, A40, A47 and A48 and STUK report A54 
give the results of environmental radioactivity measurements made in 1960-1985, 
which document the radioactive fallout from nuclear bomb tests performed in the 
atmosphere. The results of survey programmes on natural radioactivity are published 
separately. 

The analysis and calibration methods used in the studies presented in the supplemen
tary reports are reviewed in the Annex to this report. The methods of calibration 
and spectrum analysis used in the gammaspectrometric measurements are pre
sented in some detail in the Annex because they are not described in the supplements 
or published elsewhere. The Annex also reports on participation in international or 
Nordic intercalibration programmes and their results. 

In addition to the authors of the supplements, several persons helped to produce 
the results of environmental surveillance in 1987. Many organizations and individu
als were also engaged in collecting and delivering samples. They are mentioned by 
name in the supplements. 

The authors and the Finnish Centre for Radiation and Nuclear Safety wish to express 
their gratitude to all those who gave their assistance in different ways. 
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1 AIRBORNE AND DEPOSITED RADIOACTIVIfY AND ENVIRON
MENTAL GAMMA RADIATION 

A number of radionuclides originating from the Chernobyl accident were still readily 
detectable by air and deposition monitoring in 1987. The "7Cs concentration in 
surface air and precipitation samples had changed rather little from the end of 1986*, 
and was still roughly two decades higher than before April 1986. The reason for 
the occurrence of these radionuclides is resuspension. 

In March, 131I was detected in ground-level air samples. The source could not be 
traced. In August, 131I and some other fresh fission products were found, most 
probably originating from a leakage in a Soviet underground nuclear test at Novaya 
Zemlya. These occurrences are described in more detail in supplement 1,' but their 
contribution to radiation dose was negligible. 

The change in the external radiation situation caused by the Chernobyl fallout, can 
be assessed from the results of measurements made by monitoring vehicles and at 
fixed monitoring stations. Some stretches of road were measured in both 1986 and 
1987. It was estimated that the external dose rate decreased by about 30% from 
October 1986 to October 1987 (Fig. I).1 Observations made at fixed monitoring 
stations in unchanged surroundings showed a similar decrease. 
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2 DIETARY INTAKE OF RADIOCESIUM 

The intakes of dietary 7i*Cs and li7Cs in Finland in 1987 were estimated using the 
results of the nationwide foodstuff radioactivity surveys, published in Supplements 
to this Annual Report along with information on the production, consumption and 
processing of food. The influence of imported foodstuffs on intake was conside
red. 

Agricultural and garden produce7, terrestrial wild produce (berries, mushrooms and 
game meat), reindeer meat*, freshwater tish10 and Baltic fish411 are the main groups 
of foodstuffs under surveillance. Natural surface water basins are the source of man-
made radionuclides received via drinking water.10 

Nationwide mean concentrations of radionuclides were calculated for different groups 
of foodstuffs. Radionuclide concentrations in regional or local foodstuffs were 
weighted for production in 1987. The concentrations in freshwater fish were 
calculated from the 1986 catch. Imported and domestic foodstuffs differ in their 
radionuclide concentrations; these differences were taken into account in calculating 
the cesium intake from cereais, fruit and fish.7 

The reduction in radiocesium during processing and preparation of foodstuffs was 
taken into account with reference to the dairy processing of milk, milling of cereals, 
peeling of potatoes, root vegetables and fruit, and parboiling of mushrooms. These 
are reductions the consumer cannot usually avoid. 

Consumption of the previous year's crop was estimated to have lasted until May -
November, depending on the type of foodstuff. 

The average consumption rates of foodstuffs were based on Food Balance Sheets 
for 1987. The consumption of different vegetable groups was defined with additional 
information obtained from relevant household surveys. The figures were correct
ed to correspond to the form in which the food was actually consumed, especially 
where meat and fish was concerned. 

In 1987 the average dietary intake of "7Cs in Finland was 14 000 Bq per person 
(Table I). This is 15 per cent higher than the intake during the first twelve months 
period after the Chernobyl accident." The difference is attributed to the increased 
contribution of freshwater fish to the intake after 1986. A decrease was noted in 
,J7Cs received via agricultural and garden produce, whereas the contribution from 
wild terrestrial produce (game, berries, mushrooms) equalled that for 1986. The 
average intake of ,3*Cs was 5600 Bq per person in 1987. 
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Nuclear weapons test fallout accounts for only four per cent of the total intake of 
U7Cs. Agricultural products, wild terrestrial produce, fish and reindeer meat 
contribute one per cent each.12 

Dietary intake in 1987 was assessed using informal! in available on contamination 
of food, regional production and average consumption data. In 1987, psychological 
factors may have influenced people's consumption habits, especially regarding the 
use of wild produce. Such changes in intake are impossible to quantify, but they 
obviously mean that this assessment is an upper limit for the average radiocesium 
intake of the whole population in Finland. 

Table I. Average annual intake of "7Cs in Finland in 1987. 

Foodstuff group Intake 
(Bq/person) 

Agricultural produce 

Garden produce 

Wild berries and 
mushrooms 

Fish 

- freshwater fish 
- other fish 

Game 

Reindeer meat 

Drinking water 

7000 

600 

800 

5 200 

4 200 
1000 

300 

300 

100 

Total intake 14 300 
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3 RADIOCESIUM IN THE POPULATION IN GENERAL AND IN SPECIAL 
DIETARY GROUPS 

The temporal variations in the li4Cs and wCs body burdens of the Finnish population 
were determined by whole-body counting of the Helsinki reference group from 
fallout region 1. The increase in body burdens after the Chernobyl accident stopped 
in summer 1987, and at the end of the year the mean IJ7Cs body burden, 1800 Bq, 
was only slightly higher than at the end of 1986, when it was 1500 Bq. The mean 
13TCs body burden of the whole population at the end of 1987 was about 10 per cent 
higher than that of the Helsinki reference group.6 

The population group for whole-body measurements was chosen from different parts 
of Finland in 1986 using stratified random sampling. The differcncics in the ra-
dioccsium body burdens of people living in different fallout regions were established 
by dividing the group into subgroups by fallout region. As in 1986, the cesium body 
contents reflected the amount of deported cesium activity in each region. Figure 
3 illustrates the distribution of mean cesium body burdens normalized to correspond 
to the situation at the end of 1987. 

The individual variations in li7Cs body burdens within the subgroups from different 
fallout regions were considerable- The maximum body burdens, however, were 
found in the groups with special diets, who were also whole-body counted in 1987. 
The highest body burdens in these groups, 14 000 Bq 114Cs and 41 000 Bq U7Cs, 
were recorded in a male reindeer herder from Inari. The mean 137Cs body burden 
for the Lapp group was 7 600 Bq in April, increasing to 8 800 Bq in September. 
Somewhat higher mean values were found in the Padasjoki group, 11 000 Bq, in 
August, and in the Viitasaari group, 9 600 Bq, in October. The mean body burden 
of men and women in the subgroups representing the two highest fallout regions 
were 3 200 and 4 300 Bq at the end of 1987. This confirms the assumption that 
people with a diet rich in natural products such as freshwater fish, reindeer meat, 
berries and mushrooms have higher body burdens of ,MCs and U7Cs than the rest 
of the population. 
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4 DOSE ASSESSMENT 

In 1987, the radiation dose to man from non-natural environmental sources was 
mainly caused by radionuclides deposited after the Chernobyl accident in 1986. 
The radiation doses from other such sources, including mCs and *Sr from old nuclear 
weapons test fallout, were also evaluated, but their contribution is insignificant 
compared with the radiation doses from radiocesium of the Chernobyl fallout and 
do not influence the result of the dose assessment for 1987. 

In the Chernobyl fallout, mC-» and WC& were the most important nuclides in terms 
of both external and internal dose. 

4.1 External radiation dose 

STUK's survey of environmental gamma radiation levels in 1987 indicated a 
population weighted mean dose rate of 0.037 pSv h'1 on October 1,1987 (cf. Chapter 
1). The decline on October 1986 was slower than predicted by the curve in the 
previous Annual Report." 

By integrating the environmental dose rate and multiplying by a shielding factor 
of 0.3, the mean effective dose in 1987 due to external radiation from Cherno
byl fallout was 0.10 mSv. 

The previous prediction curve was modified to enable the external dose to be re
assessed in future years. The new prediction curve in Figure 2 is of the same two-
component exponential type as the previous one, and uses the same effective decay 
constant parameters. However, the relative contribution of the fast and slow 
components has been adjusted to make the curve fit the 1986 and 1987 environmental 
dose rate data. 

The new prediction curve gives a somewhat higher mean individual dose commit
ment from external radiation than that given in the 1986 report. The new estimate 
is 1.7 mSv, of which 0.25 mSv had been delivered by the end of 1987. 
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42 Internal radiation dose based on consumption of foodstuffs 

The committed effective dose was calculated using the estimate of annual intake 
data obtained from the nationwide survey of cesium activity concentrations in 
foodstuffs and from consumption statistics. In 1987 the internal dose was mainly 
caused by the intake of the radioactive isotopes 134Cs and I37Cs via foodstuffs. The 
intake of cesium 134 was approximately 39 per cent of that of cesium 137. The 
contribution of Chernobyl fallout to the concr utrations of "Sr in foodstuffs was very 
small."*0 

The dose factors used to calculate the committed effective oose were 2.0 x 10~* 
Sv Bq1 for ^d and 1.4 x KT* Sv Bq*1 for wCs (ICRP-30).5 The intake estimate 
for U7Cs given in Chapter 2 was 14 000 Bq a'1 in 1987. The corresponding intake 
of ,S4Cs was approximately Z 600 Bq. Thus the committed effective dose was 0.1 
mSv for mCs and 0.2 mSv for l37Cs. 

In 1987 the total committed effective dose based on surveillance of radioactivity 
in foodstuffs and consumption statistics was 0.3 mSv. As discussed in Chapter 2, 
the value gives the upper limit for the average internal radiation dose received by 
the whole population in Finland. 

4.3 Internal radiation dose based on whole-body counter measurements 

The internal radiation dose caused by gamma-emitting radionuclides was also 
calculated from the results of whole-body counter measurements. The results of 
whole-body counter measurements performed in 1987, together with dose estima
tes, are presented in supplement 7.' 

The committed effective dose for l37Cs was estimated using the conversion factor 
of 2.5 x 10* Sv per Bq a kg"1 as given by UNSCEAR;,5 that for ,MCs was calculated 
with a conversion factor obtained by multiplying the dose factor for "7Cs by the 
ratio of the ingestion dose factors for '"Cs and niCs given in the ICRP 30.5 

The mean committed effective dose for the whole population was 0.13 mSv, of which 
0.09 mSv was delivered in 1987. The contribution of 134Cs to this dose was about 
40 per cent. As shown in supplement 7, the weighted mean radiation doses delivered 
in 1987 ranged from 0.04 mSv in region 1, representing the lowest fallout, to 0.15 
mSv in region 5, representing the highest fallout. 
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The radiation doses to special dietary groups from Viitasaari and Padasjoki, i.e. high 
fallout regions 4 and 5, are approximately twice the radiation dose to the population 
group from region 5. The diet of these special groups included local freshwater fish 
and natural products as well as locally produced agricultural products. The radi-
auon doses of these groups can be assumed to give an estimate of the radiation doses 
of special diet groups in high fallout areas. The consumption of reindeer meat 
increased the radiation dose in the Inari group to the same level as that received 
by the Viitasaari and Padasjoki groups. In 1987, the maximum indiv'iual dose 
calculated from the whole-body counter measurements was 2.2 mSv. The man who 
received it wrs a male reindeer herder from Inari. 

It is difficult to predict the internal exposure in subsequent years from the results 
of the whole-body counter studies conducted in 1986 and 1987. However, based 
on findings from the long-term internal dose caused by nuclear weapons test fallout, 
and the results from 1986 and 1987 the mean total internal dose can be expected 
to remain below 0.5 mSv. 

4.4 Summary of radiation doses 

The population weighted mean of the external radiation dose was estimated at 0.15 
mSv in 7986 and at 0.10 mSv in 1987. The decrease was approximately 30 per 
cent. Figure 1 present the variation in external dose rates in different fallout regions 
in October 1987. 

The mean internal radiation dose estimated from the nationwide dietary survey of 
cesium intake is about twice the dose calculated from the whole-body counter 
measurements of the population group. Similar results have been reported in Sweden 
and other countries.2 There are several possible reasons for the difference. 

It was recommended in 1986 that high consumption of freshwater fish should be 
limited in the regions of high fallout. The same recommendation was given also 
in 1987. At least some people changed their dietary habits even more drastically 
than the recommendation had intended. Consumption of the freshwater fish and 
other natural products obviously declined in the whole fallout region. In 1987, 
consumption of these accounted for about 50 per cent of the calculated total cesium 
intake. The decreasing effect of this and other dietary change* of corresponding type 
and uncertainties in food consumption statistics could not be taken into account in 
the intake estimate based on mean consumption statistics of foodstuffs given in 
Chapter 2. 
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Studies conducted in Finland3,14 suggest that the biological half-life of cesium is 
considerably shorter than the value given in ICRP 30. This leads to lower body 
contents and to a lower activity time integral and thus also to a lower radiation dose 
than that calculated from the intake, assuming the metabolic behaviour of cesium 
ingested given in ICRP 30. These uncertainties do not affect the activity time integral 
based on the results of whole-body counter measurements of the population group. 
The size of the measured group, however, limits the representativeness. Taking into 
account the factors discussed above it can be estimated that the internal radiation 
dose estimate calculated from the intake given in Chapter 4.2 is consistent with 
that from the whole-body counter measurements given in Chapter 4.3. The rea
sons for the difference in the dose estimates wiil be studied in more detail. 

The total mean committed effective dose is estimated at 0.3 mSv in 1987 (Table 
II). The prediction of the effective dose equivalent commitment from internal and 
external radiation is still difficult. However, based on the experience from the nuclear 
weapons test fallout the mean total external and internal dose commitment can be 
estimated to be between two and three mSv. 
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Table II. A summary of estimates of the mean committed effective dose caused 
by the Chernobyl accident in Finland in 1987. 

Dose (mSv) 
in 1987 

External radiation 0.10 

Internal radiation 

a) based on whole body 
measurements 0.13 

b) based on dietary 0.30 
intake 

Total 0.3 
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Fig 1. The distribution of caesium 137 (kBq m'2) deposition in Finland on 
October 1, 1987. 
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ANNEX 

METHODS OF ANALYSIS AND MEASUREMENT USED IN THE SUPPLE
MENTARY REPORTS IN 1987 

This annex is attached to the summary part of the 1987 annual report to give 
information on the analysis and measurement methods used in the supplementary 
reports and on the results of and participation in different intercalibration prog
ram. The instrumentation and methods used for the measurements, together with 
the calibration procedures of the gammaspectrometric measurements, are presented 
in some detail because they are not fully described in the supplements. 

The radiochemical methods are described or referred to in the supplements and are 
not reproduced here. The calibration and measuring methods used in the whole-
body counting are given in the Report STL-A45." The methods used in external 
dose rate measurements are reported elsewhere.24 

GAMMASPECTROMETRIC ANALYSES 

Detectors 

The measurements were performed using germanium detectors with relative efficien
cies between 15% and 40% (energy resolution at 1.33 MeV is < 2.0 keV). Mul
tichannel analysers with either 4096 channels (energy calibration 0.5 keV/cha-
nnel, analysed energy interval 30 - 2000 keV) or 8192 channels (energy calibrati
on 0.33 keV/channel, analysed energy interval 30 - 2700 keV) were used. The 
counting energy interval for N-type detectors is from 10 keV to 2000 keV, and the 
energy calibration is 0.5 keV/channel. 

The detectors are placed in cylindrical shields with lead walls 12 - 15 cm thick. 
The shields are lined with cadmium (1 mm) and copper (0.5 mm) to mitigate the 
effect of the X-rays. 

Counting geometries 

Three different counting geometries have been used to analyse the environmental 
samples. Two are simple cylindrical beakers placed on top of the detector (maximum 
volumes 35 millilitre and 1 litre) and the third is a Marinelli beaker (0.5 litre). The 
sample height in the simple cylindrical beakers is flexible, but in the Marinelli it 
is fixed. The dimensions of the beakers are shown in Fig. 1. The distance between 
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the housing of the detectors and the beakers is kept to a minimum to obtain 
maximum counting efficiency. 

Efficiency calibration of detectors 

All detectors have been calibrated with separate single-line nuclides to achieve both 
peak and totr' efficiencies. Total efficiency is needed in calculating the true coinci
dence summing correction. The following nuclides have been used: "Cr, MMn, ^Co, 
"Co, öZn, BSr, UY, IWCd, I3,Cs, IHCe, mHg and "'Am. Water has been used as mat
rix material, and the magnitude of the activities of the calibration samples has been 
of 1 kBq 

The calibration procedure has been performed several times, especially with older 
detectors. Normally, it has been repeated once every 2 or 3 years even though it 
is both time-consuming and laborious. Thus it has been possible to check the 
accuracy of the calibration samples as well as the efficiency of the detectors. The 
error of a single calibration is estimated to be 4%, the total error of calibration is 
less than that. 

Analyses of spectra 

Spectra have been analysed with the computer program GAMMA-83." The 
program searches for peaks, identifies and subtracts background, and calculates radio
activity concentrations in the units required. It also takes into account the effect of 
true coincidence summing and self-absorption of the sample material on the result.14 

Four parameters affect the peak search routine and peak area calculations: the 
stiffness of the background of the whole spectrum can be chosen, with a threshold 
parameter it is possible to choose the minimum size of the peaks accepted for 
analysis; and the integration area over the peak both in the peak search and in the 
final calculation can be chosen separately. The peak search routine and peak area 
calculations were tested using the International Atomic Energy Agency (IAEA) 
comparison spectra; agreemeent was good.14 It is also possible to add peaks to or 
remove false ones from the calculations. 

The library used in identification is composed of 92 nuclides and 486 gamma lines. 
When necessary, the contents of the library can easily be changed. The energy 
tolerance in identification is optional, 1 keV is usually used. The internal energy 
calibration performed by the program ensures that the energy calibration is accurate. 
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INTERLABORATORY COMPARISONS 

In order to control the quality of its analyses, the Finnish Centre for Radiation and 
Nuclear Safety has participated in international and Nordic intercalibration 
programmes. 

The International Atomic Energy Agency (IAEA) organizes intercalibration runs 
of different sample types and analyses. The Centre has participated in this programme 
regularly since the early 1970s, when appropriate sample types and analyses were 
included in the programme. 4,6~1UJ Thus the Centre is able to ensure the quality of 
its gammaspectrometuc measurements and different radiochemical analyses of 
environmental samples. The results of four exercises in 1982 - 1987 are given in 
Fig 2. Of these samples, three were aquatic and one terrestrial. As can be seen from 
this figure the results of the Centre have agreed well with the mean values obtained 
by participating laboratories. *"',n 

Besides international intercalibration runs, the Centre has participated in intercali-
brations between the Nordic countries, organized within the framework of Nordic 
co-operation. These have included intercomparisons of sampling (sediment) and 
of gammaspectrometric analyses of different sample types.516 

Whole-body counting intercomparisons were performed in the Nordic countries in 
1984-1985. The Finnish Centre for Radiation and Nuclear Safety contributed by 
preparing a phantom containing ÄCo and 137Cs homogeneously distributed in a liquid 
solution and by analysing the results of the participating laboratories.12 

Laboratory has also participated in Nordic intercomparison studies in the field of 
external dose rate measurements and in situ gammaspectrometry.ll5 The intercompa
rison study showed that the results were in good agreement with those of other 
Nordic laboratories. References 2 and 3 describe the methods used for calibra
ting the mobile survey of gamma dose rate levels in Finland. 
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Fig. 1. Counting geometries used in gammaspectrometric measurements of 
environmental samples. The dimensions are given in millimeters. 
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Fig. 2. Comparison of the results of different radionuclides in different samples 
analysed by STUK with those given by IAEA. 

M - median with confidence limits giyen in the report of IAEA 

ST = average value with variation range, analysed by STUK 
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