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ABSTRACT 

Results from a survey of environmental gamma radiation levels 

in Finland after the Chernobyl accident 1986 are presented. 

The measurements were made in 1986-87 by means of sensitive 

Geiger-counters and a gamma-spectrometer placed in cars. The 

results show the level of external radiation caused by the 

cesium fallout on the first of October 1987. The fallout pattern 

of 137 Cs as well as of 95 Zr and 103 Ru are also presented. In 

the center of Southern Finland there are wide areas with 

exposure levels exceeding 0.03 //.Sv h"1 , areas exceeding 0.10 

,uSv h"1 being very rare. The surface area weighted mean dose rate 

for the 461 municipalities in Finland was 0.027 /̂ Sv h"1 (range 

0-0.19 £tSv h"1 ). The population weighted mean dose rate was 

0.037 .̂Sv h"1 . The corresponding estimated surface activity 

of 137 Cs was 10.7 kBq nr2 . 

The passage of the Chernobyl plume over Finland in 1986 led to 

various fallout patterns for different radionuclides. The depo

sition of the non-volatile nuclides, 95Zr and 141Ce, is closely 

related to the passage of the hot particle dust formed at the 

initial explosion in the reactor at 01.23 LT on 26 April. This 

cloud passed over Finland between the morning and the night of 

27 April. 

The deposition of volatile fission products such as 1 3 1I, 132Te, 
134 Cs and 13 7 Cs in Finland was caused by releases from the 

burning reactor after the initial explosion. The radioactive 

plume spread over Southern and Central Finland between Sunday 

27 April and Tuesday 29 April. On 30 April and finally on 1 

May a cold northerly airstream spread into the whole of Finland 

purifying the atmosphere. The volatile nuclides were mainly 

deposited by intermittent rain on 28-30 April. 

The deposition pattern of 103Ru is a combination of the fallout 

pa ;terns due to the initial explosion and the reactor burn, as 

well as the wet deposition occurring on 10-12 May caused by 

the releases from the burning reactor in early May. 
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1 INTRODUCTION 

The Finnish Centre for Radiation and Nuclear Safety (STUK, 

säteilyturvakeskus) initiated assessment of the environmental 

gamma radiation levels by means of sensitive Geiger-counters 

and a gamma-spectrometer placed in motor vehicles. The measure

ments were started on the 28th of April. The results from the 

first weeks following the accident were reported in May 1986 
1 •2. STUK carried out a nationwide survey of environmental 

gamma radiation in Southern Finland from August to December 1986. 

These results, dose rate and cesium fallout levels including the 

reports from the radiation monitoring stations and meteorolo

gical study, were reported earlier3-15 . In 1987 the spectrometric 

survey was continued in Lapland, which is to the north of the 

fallout area measured in 1986, as well as in Central Finland. 

This report includes dose rate and cesium fallout levels combined 

from the autumn 1986 measurements and the complementary 1987 

measurements. Detailed results from the short-lived nuclides 

observed in 1986 and the deposition patterns are also reported. 
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2 SURVEY OF ENVIRONMENTAL GAMMA RADIATION AND FALLOUT 

2.1 INSTRUMENTS AND METHODS 

The total exposure rate was measured using an efficient Geiger-

Miiller tube and a high pressure ionization chamber (HPIC). The 

GM-tube, provided with a digital counter, was located above 

the car at a height of 2.5 m from the road surface. The HPIC 

was inside the vehicle continuously recording the exposure rate 

with a strip chart recorder. 

A Ge-spectrometer and a multichannel analyzer connected to a 

tape recorder were inside the car, the detector being at a 

height of 1.5m above the road surface. The relative efficiency 

of the pure Ge-detector is 30 %, the resolution being 2.0 keV 

at 1.33 MeV. 

While driving the instruments were measuring at all times, the 

results thus representing average radiation levels of each 

section of the route. The results give a more representative 

survey on the radiation levels compared with single measure

ments made at various points on each route. 

The exposure levels were recorded in units of /iR h"1 (microroent-

gens in an hour), the results being presented as dose rates 

in units of ^Sv h"1 (microsieverts in an hour). A conversion 

factor of 1 /iR h"1 = 0.01 //Sv h'1 was used. 

2.2 CALIBRATION 

2.2.1 GM-tube 

The following factors affecting the calibration were considered: 

- Point source calibration, using 1 3 7Cs, and calculated response 

to both natural and fallout radiation 4-5 

- Comparison between the GM-counter and the HPIC 

- Attenuation of the car 
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2.2.2 Ge-spectrometer and surface activity 

The source activity of the soil surface and the corresponding 

dose rate for the nuclides identified can be estimated using 

point source calibration and theoretical conversion factors 6. 

The accuracy of the estimate depends on the knowledge of the 

source depth distribution in soil. A reasonable approximation 

is to assume an exponential distribution according to the 

relation 

S = S<0) e~(a/^)p z 

where S is the activity concentration at depth z , a/p is the 

reciprocal of the relaxation length and p the density of soil. 

The prior estimate for the distribution parameter of cesium 

{a/p = 0.6 cm2 g_1 , open field geometry assumed for mobile 

survey measurements) was improved by making comparisons with 

soil samples obtained at a short distance from the road. At 

these calibration sites measurements were made in an immobile 

vehicle, the direct spectroscopic estimate on the surface 

activity (Bq nr2 ) being compared with the surface activity 

calculated from the soil sample measurement. The best estimate 

for surface activity was achieved using a depth distribution 

parameter of 0.4 cm2 g_1 . The median relaxation length of cesium 

was about 1 cif2 g"1 in autumn 1986 for calibration site soil 

samples. The differences can be explained by washout of fallout 

from the road area, as well as ground roughness which effective

ly decreases the relaxation length. 

On the first of October 1986 the final conversion factor between 

the 137Cs surface activity and the dose rate (due to both 
134Cs and 137 Cs) was 290 kBq nr2 /MSv h

1 corresponding to an 

effective source depth distribution of a/p= 0.4 cm2 g_1 on an 

open field. One year later the factor was 410 kBq nr2 /p.Sv h"1 . 
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2.2.3 Final dose rate calibration 

For measurements made solely w'th the GM-counter the dose rate 

caused by the Chernobyl fallout was calculated by subtracting 

the natural background radiation level from the dose rate mea

sured. The procedure was based on a nationwide study on natural 

background radiation during the years 1975-1980 10 . The measure

ments w?re performed with a high-pressure ionization chomber 

installed in a car, each measurement representing the mean 

value for a particular area. 

The final dose rates, for sections of routes measured, were 

calculated from the spectrometric measurements of 1 3 4Cs. The 

calibration factor for dose rate was based on linear correlation 

between the 134Cs deposition estimates and the dose rate 

increases calculated from the GM-counter results. Using 134Cs 

results, the influence of the previous cesium surface activity 

originating from nuclear tests is avoided. This disturbing 

influence is enhanced in areas with low Chernobyl fallout levels. 

The accuracy of the dose rate increments measured solely with 

the GM-tube is 0.03-0.05 ,uSv h"1 for levels of 0-0.3 ^Sv h"1 , 

respectively. The measurements with ooth the GM-counter and the 

spectrometer gave much more accurate results on the dose rate 

increments. The minimum detectable surface activity of 134Cs 

was lower than 100 Bq nr2 , the respective dose rate being 

only 0.0005 fxSv h"1 (both cesium nuclides). 

2.3 MAP PRODUCTION 

The results measured were first presented as mean levels for 

sections of routes. The coordinates of the centerpoints of the 

sections were used for the production of radiation maps. The 

SAS12 G3GRID procedure was used for interpolating values from 

an irregularly spaced set of points, generating a retangular 

grid of values, grid dimension being 8 x 8 km. TOPOS-software19 

was used for calculating the mean dose rate levels for the 

municipalities and for plotting the maps. 
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2.4 RESULTS AND DISCUSSION 

2.4.1 Dose rate levels 

A total of 19,000 kilometres were measured by vehicle. The 

results comprised 600 spectrometric measurements (400 and 200 

in 19J6 and 87, respectively) and 450 measurements with only 

the GM-tube (1986). The survey in 1986 was carried out in 

Southern Finland (60-65° N). The fallout level in Northern 

Finland can be detected only with sensitive spectrometric 

measurements. The survey in Lapland was carried out in 1987. 

Dose rates on routes measured in 1986 and 1987 were compared. 

The effect of washout of fallout on the road area and the 

deepening of the cesium depth distribution during one year was 

14 %. Including the radioactive decay of cesium nuclides, the 

total decrease in dose rate was 30 % (1.10.1986 - 1.10.1987). 

This factor was used when combining the results from 1987 Lo 

the 1986 results. 

The results present the level of external radiation caused by 

the Chernobyl fallout on the first of October 1987 (Figure 1). 

The increase of dose rate (route sections, 1987 level) ranges 

from 0.002 to 0.35 /uSv hr1 , with wide areas having exposure 

levels exceeding 0.03 /̂ Sv h'1 , areas exceeding 0.10 /J.SV h"1 

being very rare. The surface area weighted mean value for the 

461 municipalities in Finland was 0.027 /u,Sv h"1 (range 0-0.19 

yuSv h_1 ). The population weighted mean value was 0.037 /xSv h*1 . 

The level for the northern parts of Finland was earlier estimated 

at 0.005 /«Sv h_1 (1.10.1986), based on the northernmost measure

ments from the 1986 study3 . The measurements in 1987 gave a 

mean value of 0.0045 ^Sv h"1 (1.10.1987). In Central Finland 

the complementary 1987 measurements only slightly modified the 

earlier falloyt pattern, 

The dose rate due to natural environmental gamma radiation in 

Finland varies from 0.05 to 0.18 ^Sv h'1 , the average value 
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being 0.0810 MSV h"1 . The increase caused by the Chernobyl 

xallout is thus comparable to the variations in the natural 

background. 

The average distance between the mid-points of routa sections 

in areas exceeding 0.03 /LiSv h_1 was 20-30 km. In the northern 

and eastern areas below 0.03 /J.SV h"1 the distance was up to 50 

km. These areas are the least populated. The non-measured areas 

may contain small local extremes and average radiation levels 

differing slightly from the levels presented on the map. The 

map, however, presents the main features of the distribution 

of the Chernobyl fallout in Southern Finland. 

2.4.2 Cesium and volatile nuclides 

The deposition of volatile fission products, 1 3 1 I , 132Te, 134Cs 

and 1 3 7Cs, in Finland was caused by releases on 26 April from 

the burning reactor after the initial explosion. The radioacti\-

plume spread over Southern and Central Finland between Sundc 

27 and Tuesday 29 April. On 30 April and finally on 1 May a 

cold northerly airstream spread into the whole of Finland 

purifying the atmosphere. The main deposition of volatile 

nuclides was caused by intermittent rain on 28-30 April3. 

The estimated x 3 7 Cs surface activity is shown in Figure 1. On 

the first of October 1987 the mean deposition for the 461 munici

palities was 10.7 'fBq nr2 . The activity of 134Cs was 32 percent 

of the 137 Cs activity. Based on measurements made in May 1986, 

the activity ratio of volatile nuclides to cesium was calculated, 

Table 1 showing the results. The correlation between the volatile 

nuclides 1 3 1 I , 132Te, 1 3 4Cs, 140Ba and 137Cs is strong. 

Therefore, the pattern of 137Cs fallout also represents the 

distribution of the other volatile nuclides in rinland. The 

co .version coefficients are in Table 1. 
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2.4.3 Non-volaLile nuclides 

The fallout pattern of 95Zr is shown in Figure 2. The map is 

based on 400 spectrometric measurements to the south of 65° N. 

The level given is based on both 95Zr and 95 Nb observations. 

A calculated 95Zr/95Nb fit based on observed nuclide ratios 

from May to October 1986 has been used, in order to calculate 

the 95Zr activity from the 95Nb observations. 95Nb was more 

easily and accurately detectable, 95Zr being detected only in 

the areas of high fallout. 

Figure 3 shows the occurence of precipitation over Southern 

and Central Finland on April 27, 1986, amounts in mm over a 

24 hour period from 08.00 LT. Generally the deposition was 

highest in the precipitation area. However, the area of highest 

precipitation is north of the area of highest deposition. Compa

rison of precipitation timing and intensities16 and the deposi

tion levels supports the opinion that the deposition pattern 

is closely related to the trajectory of the cloud. 

Precipitation strongly affected the deposition in the eastern 

and northern central parts of the fallout pattern, with precipi

tation occurring in the afternoon and evening being most impor

tant. This is in agreement with the dose rate observation on 

the southwestern coast at Olkiluoto nuclear power station (61.2° 

N, 21.4° L) which showed a steady rise beginning at about 12 

LT on 27 April20 . The high 95Zr levels in the eastern Finland 

were connected with precipitation occurring in the evening and 

in the night. On this basis the cloud from the initial explosion 

seems to have passed Finland between the morning and the night 

of 27 April. There is no correlation between precipitation 

occurring on 28 April and the deposition of nonvolatile nuclides. 

This shows that the cloud moved beyond Finland to the east. 

Figure 4 shows TRADOS9 trajectories from Chernobyl started at 

26 April. The trajectory started at 00 UTC, representing the 

initial explosion, is in good agreement with the 95Zr deposition 

pattern of this study. 



14 

On basis of the weak correlation between precipitation intensi

ties and the deposition levels the role of dry deposition has 

been most important in the southwesternmost parts of the fallout 

area. 

A similar general distribution of non-volatile nuclides was 

observed in studies of activity in peat8 and lichen17 . The 

number of samples in these studies was small and henca the 

distribution patterns reported are not detailed. In this study 

some surface activity results8 from peat production areas were 

utilized, particularly in Central Finland where the distance 

between spectroscopic measurements was large. 

2.4.4 Ruthenium 

The continuous releases lasting for seven to ten days after 

the accident resulted in the escape of a significant fraction 

of oxidized, volatile ruthenium. During this releast, after 

the first day of accident, the direction of the wind was towards 

Finland only on 7-8 May15 . These releases reached Finland on 

10-12 May. The deposition pattern of 103Ru in Figure 5 is a 

combination of the fallout patterns due to the initial explosion 

and the reactor burn, as well as the wet deposition occurring 

on 10-12 May caused by the releases from the burning reactor 

in early May. 

2.4.5 Hot particles 

The dust from the initial explosion contained core fragments 

of the reactor fuel. In Finland hot particles could be readily 

found in the environment. Air dust and other environmental 

samples analyzed in STUK and other laboratories often contained 

hot particles. Hot particle characteristics and health effect 

implication have been reported in references 11, 13, 14 and 

18. A comparison be ween the activity ratio measurements of 

separated hot particles in Finland and the results from this 

study is given in Table 1. This comparison was made using results 

from Eastern Finland where the deposition of volatile nuclides 
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was low and the deposition of nonvolatile nuclides was high. 

The agreement between the results in the present study and 

reference 11 is good. Thus the deposition pattern of nonvolatile 

nuclides also presents the distribution of hot particles in 

Finland. 

3 MEASUREMENTS AT DOSE RATE MONITORING STATIONS 

At present the network for monitoring external dose rate in 

Finland includes 351 stations operated by the Ministry of the 

Interior and 94 stations operated by the Defence Forces and 

Frontier Guard Authorities. In 1957, 20 of these stations were 

using auxiliary pulse counting units, designed by the Finnish 

Centre for Radiation and Nuclear Safety. In October 1987 the 

pulse counting units were replaced by new equipment and the 

number of continuously measuring stations was increased. 

The results of measurements at the 20 pulse counting stations 

in 1986-87 have been published7 . In the 1986 Annual Report3 , 

the results for 1986 from a selection of stations were analyzed 

further. In this report we have analyzed the 1987 results from 

only one station, Seinäjoki. It was judged to be representative 

of the stations where the detector surroundings have undergone 

no change since 1986. A graph of the dose-rate recordings at 

Seinäjoki is shown in Figure 6. The shaded area of the graph 

indicates the non-Chernobyl background dose rate, represented 

by the recordings from 1985. 

Table II illustrates the rate of decrease of the excess external 

dose rate at Seinäjoki following the Chernobyl accident. At the 

Seinäjoki station, the detector was suitably placed on the 

front lawn of the fire station. Later it has been moved to 

the roof of the station building. Generally speaking the detec

tors at these dose rate monitoring stations are placed with a 

view to detecting the advent of an acute radiological situation 

rather than following the long-term behaviour of the fallout. 

The measurements in this network are therefore not generally 
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applicable in estimating the decrease of the external dose 

rate from the Chernobyl fallout. 

4 SUMMARY 

The passage of the Chernobyl plume over Finland in 1986 led to 

various fallout patterns for different radionuclides. In 1987 

the dose rate from cesium was comparable with the level of 

natural background gamma radiation over wide areas in Finland, 

the population weighted average value being about one third of 

it. The pattern of nonvolatile nuclides is related to the 

distribution of hot particles from Chernobyl fallout. This may 

be important in epidemiological research of possible health 

implications. 

ACKNOWLEDGEMENTS 

We thank Mr. Hannu Tiilikainen and Mr. Ari Rosenberg for per

forming gammaspectroscopic measurements and for participating 

in the analysis and treatment of results measured. 



17 

REFERENCES 

1. Interim report on fallout situation in Finland from 

April 26 to May 4 1986. Helsinki: Finnish Centre for 

Radiation and Nuclear safety, 1986; STUK-B-VALO 44. 

2. Second interim report on fallout situation in Finland 

from 5 to 16 May 1986. Helsinki: Finnish Centre for 

Radiation and Nuclear safety, 1986; STUK-B-VALO 45. 

3. Arvela H, Blomqvist L, Lemmela H, Savolainen AL, 

Sarkkula S. Environmental gamma radiation measurements 

in Finland and the influence of meteorological condi

tions after the Chernobyl accident in 1986. Helsinki: 

Finnish Centre for Radiation and Nuclear Safety, 1987; 

STUK-A65. Supplement 10 to Annual Report STUK-A55. 

4. Arvela H. Evaluation of detector responses to natural 

environmental and fall-out gamma radiation. Radiation 

Protection Dosimetry 1988; 24: 343-345. 

5. Arvela H. A Nordic interconiparison and evaluation of 

the detector responses to natural environmental gamma 

radiation. Helsinki: Institute of Radiation Protection, 

1983; STL-A46. (Present name: Finnish Centre for 

Radiation and Nuclear Safety.) 

6. Beck HL, DeCampo J, Gogolak c in situ Ge(Li) and 

Nal(Tl) gamma-ray spectrometx-y. New Yourk: Health and 

Safety Laboratory, AEC, 1972; HASL-258. 

7. Blomqvist L. Results in 1986-87 of measurements at 

radiation monitoring stations equipped with pulse 

counters. Helsinki: Finnish Centre for Radiation and 

Nuclear Safety, 1988. STUK-B-VALO 52, 1988. 

(In Finnish). 



18 

8 Jantunen M, Reponen A, Vartiainen M, Kauranen P. Fallout 

of the Chernobyl Nuclear Accident in Finland. Kuopio: 

National Public Health Institute, 1987; KTL/NPHI 

A2/1987. 

9. Karppinen A, Nordlund G, Rossi J, Valkama 1, Vuori S. 

Description and application of a system for calculating 

radiation doses due to long range transport of radio

active releases. Helsinki: Finnish Meteorological 

Institute, 1986; report No. 1987:1. 

10. Lemmelä H. A survey of the external background radiation 

in Finland. Helsinki: Finnish Centre For Radiation 

and Nuclear Safety, 1984; STUK-B-VALO-32 (In Finnish). 

11. Rytömaa T, Toivonen H, Servomaa K, Sinkko K, Kaituri 

M. Uranium Aerosols in Chernobyl Fallout. Submitted 

for publication (1986). 

12. SAS/GRAPH Users Guide. Gary, North Carolina: SAS 

Institute Inc., 1985. 

13. Servomaa K, Rytömaa T., Malignant transformation of 

mouse fibroblasts by uranium aerosols released from 

Chernobyl. In: Frontiers of Radiation , Ed. E. Riklis, 

(Balaban Publishers, 1989, in press). 

14. Servomaa K, Rytömaa T., Activation of Oncogenes by 

Uranium Aerosols: An In Vitro Study. Proc. Nordic Cancer 

Union Symp. 1987: Radiation and Cancer Risk (Hemisphere, 

Washington, in press). 

15. Savolainen A.L. et al. Dispersion of radioactive 

releases following the Chernobyl nuclear power plant 

accident. Helsinki: Finnish Meteorological Institute, 

1986; report No. 1986:2. 



19 

16. Savolainen A.L. Personal communication, Finnish 

Meteorological Institute, Helsinki. 

17. Soininen J. Fallout from Chernobyl nuclear accident 

in lichen and pine needles. Kuopio University, 1987; 

Pro-gradu study. (In Finnish). 

18. Toivonen H, Servomaa K, Rytömaa T. Aerosols from 

Chernobyl: Particle Characteristics and Health Impli

cations, Hot Particles from Chernobyl Fallout, ed. H. 

von Philipsborn and F. Steinhäusler, pp. 97-105, 1988. 

Schriftensreihe des Bergbau- und Industrimuseums 

Ostbayern, Theuern: Band 16. 

19. TOPOS MAPPING SYSTEM, Timo Pehkonen Inc., Helsinki, 

Finland. 

20. Vähämaa T. Personal communication. Industrial Power 

Company LTD. 



20 

Table I 

Nuclide ratios calculated from the results of the spectro-
metric survey of Chernobyl fallout in Finland and comparison 
with hot particles in reference 11. The reference date is 
the 26th April 1986. 

nuclide ratio 

Volatile nuclides 

1 3 4 C s / 137 C s 

1 3 1 1 / 1 " CS 
1 3 2 T e / 137 C s 

1 4 0 B a / 137 C s 

Nonvolatile nuclides 

13 7 Cs / n Zr 
1 3 4 Cs / 95 Zr 
i * * Ce / 95 Zr 
1 0 3 R u / 95 Z r 
1 0 6 Ru / 95 Zr 
1 0 6 Ru /103 Ru 

0 .59 
4 . 2 
5 . 9 
0 . 7 0 

t h i s s tudy 

0 .61 
0 .32 
0 .70 
1.27 
0 .29 
0 .23 

h o t 
p a r t i c l e s 1 1 

0 .61 
1.18 
0 .37 
0 . 2 0 

Table II 

The rate of decrease of the excess external dose rate at 
Seinäjoki following the Chernobyl accident. 

Date Excess Dose Rate 

AiSv h-i 

29 April 1986 0.70 
11 May 1986 0.25 
I August 1986 0.08 
II May 1987 0.06 
1 October 1987 0.04 
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Fig. 1. External dose rate (/LiSv/h, microsieverts in an hour) and 
estimated 137 Cs surface activity caused by the Chernobyl 
fallout in Finland, on October 1, 1987. 
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Fig. 2. In situ spectrometric measurements on 95Zr surface activity 
in Finland, decay corrected to April 26, 1986. 
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Fig. 3. Amount of precipitation (mm) in Southern and Central 
Finland over 24 hour period from 27 April 1986 08.00 LT. 
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Fig. 5. In situ spectrometric Measurements on 103 Ru surface 
activity in Finland, decay corrected to April 26, 1986. 
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