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Introduction 

Doses from internal and external exposure due to the Chernobyl accident to the Czech 
population were estimated early in 1986. Later on, with more experimental results, doses from 
internal exposure were calculated more precisely. The initial predictions were rather 
conservative leading thus to higher doses than it appeared one year later. Monitoring of the 
environment, food chain and monitoring of internal contamination has been performed on the 
whole territory of the country since 1986 up to present time and has thus enabled re-
evaluation of the original estimates and also prediction of doses in future.   

This paper is focused mainly on evaluation of in vivo measurements of people. Use of 
the sophisticate software IMBA Professional Plus led to new estimation of committed 
effective doses and calculated inhalation intakes of radionuclides lead to estimation of content 
of radionuclides in the air. Ingestion intakes were also evaluated and compared with estimates 
from the results of measurements of food chain. Generally, the doses from the Chernobyl 
accident to the Czech population were low; however, as a few radionuclides have been 
measurable in environment, food chain and human body (137Cs up to present), it is a unique 
chance for studying behaviour of radionuclides in the biosphere.  Experience and conclusions 
which follow from the monitoring of the Chernobyl accident are unique for running and 
development of monitoring networks. 
 
Material and methods 

Whole body counter (WBC) with semiconductor HPGe detector with relative 
efficiency 20%, (Centre for Radiation Hygiene, Institute of Hygiene and Epidemiology, 
Prague) was used for measurements of a sample of population. Minimum detectable activity 
(MDA) for the time of measurement 1200 s was for radionuclide of interest between 50 and 
100 Bq. Most of people, volunteering for in vivo measurement, were employees of the 
Institute and their relatives. People coming from the different parts of the country, mostly 
employees of Regional Hygienic Services were measured too. 

Systems for measurement of iodine radiosotopes in the thyroid with NaI (Tl) 
(scintillation detector and lead collimator) were used in the laboratories of personal 
dosimetry,  Nuclear Power Plant, Dukovany, Trebic district of the  Czech Republic and 
Nuclear Power Plant, Jaslovske Bohunice,  Trnava district, Slovakia. In Dukovany MDA was 
40 Bq, in Jaslovske Bohunice 70 Bq. The people measured in NPP´s laboratories were 
employees coming for regular monitoring and living on the territory of respective districts. As 
no iodine occurred in effluents from either of these NPPs, measurements of the employees 
were also used for the evaluation of intakes by population. 

Since 1987, the nation-wide research of internal contamination by 137Cs has been 
performed through measurement of urine of people, including people from villages and 
people with different nutritional habits, covering thus the whole territory. Samples of urine 
were measured by gamma spectrometry - during the first years after the accident in native 
state, later on, samples were prepared by radiochemical concentration. 



 2 

Environmental samples and samples of food chain were measured by semiconductor 
gamma spectrometry with HPGe detector in massive lead or steal shielding in laboratories, 
belonging to the Radiation Monitoring Network of the Czechoslovakia. 
 
Results 
In vivo measurements. 

Results of measurements from all laboratories were collected by the Radiation 
Monitoring Network and published in [1]. Generally, by whole body counting, activities of 
131I, 137Cs, 134Cs, 103Ru and 132Te + 132I were detected. Calibrations with different phantoms of 
human body were used for the evaluation of activity of radionuclides in the body.  
Radioisotopes of Cs were evaluated under assumption of homogeneous distribution in the 
body, 103Ru and 132Te + 132I were evaluated with the calibration for the lungs. 131I was 
originally evaluated using calibration obtained with phantom with homogeneously distributed 
radionuclide in the body; however, even in the case when the supply of iodine is continuous, 
the activity is concentrated mainly in thyroid. Therefore, calibration for the source in the neck 
of the phantom was supposed to be more suitable for the evaluation.  Ratio of the efficiency 
for the measurement of a point source placed in the neck of the phantom to the efficiency for 
the phantom with homogeneously distributed radionuclide in the body is about 1.5.  
Therefore, values, published in [1, 2] as the activity of 131I in the body, were divided by factor 
1.5 and used as the activity in thyroid. 

The overall error of the measurements of Cs radioisotopes in vivo was thoroughly 
studied and was estimated by a factor 2 [3]. This factor includes uncertainty given by different 
body builds and also reproducibility of measurements. For other radionuclides, the overall 
uncertainty is greater, whereas for activity of 131I, measured by thyroid monitors, it could be 
smaller.  
 
Evaluation of the intakes of radionuclides and doses with the use of IMBA Professional. 

The software IMBA is intended mostly for the evaluation of occupational exposure.   
Its use for the exposure of groups of population is, however, also possible. It needs firstly the 
assumption about the time and way of the intake(s) and assumptions about the overall 
uncertainty (scattering factor) of measured values. An assumption about distribution of errors 
of measured values is also necessary.  In all cases, the calculation was started with scattering 
factor 2 and in a case of a good agreement with a model, the scattering factor was stepwise 
decreased. In the IDEAS Guidelines [4], scattering factor of 1.3 is recommended for whole 
body counting; however, this factor is intended for the case when measurements of one 
person are evaluated.  As we used a group of different people, scattering factor includes not 
only biological variability in the kinetics and different body builds, affecting thus efficiency 
of measurement, but also differences in intakes among individuals, which were influenced by 
their different  behaviour and different places of stay, which could have different 
concentrations of radionuclides in the air.  The distribution of uncertainties was supposed to 
be logarithmic – normal in all cases. 
 
Assumptions about intakes. 

The assumptions about the time of intakes were derived from the time course of 
measured activity of radionuclides in the air and from the continuous measurement of total 
beta activity on air filters at nuclear facilities [5, 6].  The contaminated air masses crossed the 
territory of the Czech Republic for the first time on 29 April 1986, maximum concentration of 
radionuclides in the air was from 29th April to 1st May, the increases between 3rd  and 4th  May 
and around 7th May were less significant.   Ingestion of caesium and iodine radionuclides was 
supposed to be continuous. In all cases, trial and error method was used in which different 
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combination of intakes during time were used.  The cases with best fit were used as the 
resulting values. 
 
Evaluation of in vivo measurement of thyroids.  

Altogether 4 sets of data were used for evaluation – males and females from Trebic 
district and males and females from Trnava district, Slovakia. As the data about 
measurements of the iodine content in thyroid in the Czech Republic were rather sparse, we 
included into our data set also data from Slovakia [1]. Trnava district is about 100 km east 
from the border of the Czech Republic. Results are summarized in the table 1. Intake was 
calculated under the assumption that 25% of inhaled activity of 131I was in the form of 
aerosol, 75% in gaseous form. The best fit for both groups from Trnava district was obtained 
for the inhalation during one day, for Trebic district during 2 days.  Activity ingested was 
very low and it was negligible at both groups of females. Total inhaled activity was about 500 
Bq in Trnava region, about 1500 Bq in Trebic region. For illustration measured values and 
fitted curve for the group of males from Trnava district are presented in fig.1. 
 
Table 1. Inhalation and ingestion dose from 131I, calculated from in vivo measurement 

of thyroid (time in days after 29th April 1986). 

Group, location Trnava Trnava Trebic Trebic

Sex m f m f

Number of measurements 86 17 96 27

Time of inhalation [d] 1 1 2 2

Total activity inhaled [Bq]* 5000 5100 1300 1750

Hef inh [mSv] 0.084 0.09 0.02 0.03

Hekv inh [mSv] 1.67 1.71 0.47 0.58

Time of ingestion  [d] 3 to 20 none 10  to 25 none

Total activity ingested [Bq] 185 0 880 0

Hef ing [mSv] 0.004 0 0.02 0

Hekv ing [mSv] 0.08 0 0.38 0

Total Hef [mSv] 0.09 0.09 0.04 0.03

Total Hekv [mSv] 1.75 1.71 0.81 0.58

* Assuming 25% of inhaled activity in the form of aerosol, 75% of iodine in gaseous forms. 
 
Evaluation of whole body counting. 

Whole body counting was performed in Prague, therefore, most people came from 
Prague, but also people from the whole country were included, though in much smaller 
numbers.  For evaluation, three separate groups were used – males, females and children. 
Children in the age of 6 to 14 years came solely from Prague.   For the evaluation of 
inhalation intake of all radionuclides and for all groups, the best fit was obtained when 
inhalation during 2 days after 29.4.1986 was assumed.  For iodine, the assumption that 25% 
of inhaled activity of 131I was in the form of aerosol, 75% in gaseous form was used again. 
Inhalation intake of 131I was about 7000 Bq  for all three groups, ingestion intake about 450 
Bq for adults and nearly 1000 Bq for children.   Ingestion intake was assumed to be chronic, 
time intervals were varied until good fits of the experimental data with fitted functions were 



 4 

obtained. Results obtained from measurements of 131I are presented in the table 2. In the fig. 2 
results of measurements of a group of children together with fitted curve are presented. 
Ruthenium 103 and caesium 137 were evaluated in two groups of adults as there were not 
enough data for children. For 103Ru only inhalation intake was assumed, which was about 800 
Bq.  It was not possible to use IMBA Professional Plus software for 132Te + 132I, as this 
software does not include biokinetic data for Te. Therefore, for the evaluation of in vivo data 
value from [1, 2] 16 µSv was used. It was assumed that 132Te was in equilibrium with 132I; 
data on males and females were evaluated together and calibration with phantom for the 
radionuclide in lungs was used. 
 
Table 2.   Inhalation and ingestion dose from 131I , calculated from  whole body 

counting (time in days after 29 th April 1986). 

Group, Prague, Prague, children**,

location whole country whole country Prague

Sex m f m+f

Number of measurements 102 77 19

Time of inhalation [d] 2 2 2

Total activity inhaled [Bq]* 8 560 6 890 6 630

Hef inh [mSv] 0.16 0.18 0.22

Hekv inh [mSv] 3.00 2.8 4.4

Time of ingestion  [d] 2 to 52 10 to 50 10 to 30

Total activity ingested [Bq] 430 450 980

Hef ing [mSv] 0.01 0.01 0.036

Hekv ing [mSv] 0.18 0.2 0.84

Total Hef [mSv] 0.16 0.14 3.2

Total Hekv [mSv] 1.6 3 5.2

* Assuming 25% of inhaled activity in the form of aerosol, 75% of iodine in gaseous forms. 
** Children from 6 to 14 years were measured 
 

Inhalation intake of 137Cs was about 400 Bq. We have not separately evaluated 134Cs 
with IMBA software, it follows from their ratio [7] that inhalation intake of 134Cs was about 
200 Bq. As it is necessary in IMBA software to choose interval for continuous intake, the 
intervals for ingestion were divided into 2 – first one from 10 to 60 days and second one from 
61 to 240 days. Daily ingested activity of 137Cs was 7.8 Bq for males and 4.9 Bq for females 
in the first interval, in  the second interval 15.4 Bq for males and 6.2 Bq for females.  The 
total ingested activity of 137Cs during year 1986 was about 3100 Bq for males and 1400 for 
females. For 134Cs it amounts half of this activity. Results obtained from measurements of 
103Ru and 137Cs are presented in the tables 3 and 4. In the fig. 3, results from whole body 
counting of a group of males together with the fitted curve is presented. 
 
Evaluation of the data from food chain. 

Data from food chain together with the data about food basket  and its changes during 
last 20 years were used  for the estimation of intake  of  caesium radionuclides. As there was a 
lot of values below MDA, assumption that the values are logarithmic – normally distributed 
and method of maximum likelihood was used for the calculation of median, arithmetic means 
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and standard deviations. In the figure 4. data of daily intakes calculated from food chain with 
and  without components from natural environment (mushrooms, wild berries) are presented. 
These data were compared with intakes calculated from retention of 137Cs in people, 
calculated from excreted amount of 137Cs by 24 hours sample of urine  under the assumption, 
that in the given time period intake of 137Cs was constant and that 90% of activity is excreted 
by urine. Effective half-time of 137Cs in human body 110 days was assumed.  

Each set of values in fig. 4. was fitted by two-exponential function.  The function were 
fitted by minimizing  sum of the squares of relative deviations.  As the scatter of the 
individual values is quite big, also parameters of the three fitted functions  differ.  Because  
the data calculated from  137Cs retention in people do not include  uncertainty of the food 
basket, this data  were  used for the dose evaluation. The half – life of the long lived 
component   calculated from theses data  is 12.4 years. 
 

Table 3. Inhalation dose from 103Ru, calculated from whole body counting (time in 
days after 29th April 1986). 

Group, location Prague, whole country Prague, whole country

Sex m f

Number of measurements 99 52

Time of inhalation [d] 2 2

Total activity inhaled [Bq] 830 982

 Hef [µµµµSv] 0.6 0.7
 

 
Table 4. Inhalation and ingestion dose from intake of 137Cs during year 1986, calculated 

from WBC (time in days after 29th April 1986). 

Group, location Prague, whole country Prague, whole country

Sex m f

Number of measurements 200 145

Time of inhalation [d] 2 2

Total activity inhaled [Bq] 400 376

Hef inh [µµµµSv] 3 2

Time of ingestion I [d] 10 to 60 10 to 60

Time of ingestion II [d] 61 to 240 61 to 240

Total activity ingested [Bq] 3147 1355

Hef ing [µµµµSv] 25 2

Total Hef [µµµµSv] 28 22
 

 
 
Discussion. 

Ratio of inhaled activity of 131I to that of 137Cs, when taking average from all groups is 
12.5, whereas for ground level air this ratio was 13.5 and for deposition, measured in Trebic 
district it was 13.8. The same ratio for 103Ru is 2.3, for ground level air 2.1 and for deposition 
1.9. 
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Comparison of absolute measured values is rather difficult, as there are a lot of factors 
influencing inhalation – breathing rate, shielding factor caused by staying in-door etc.  When 
using constant breath rate and not using shielding /occupancy factors, estimated intakes of 131I 
in Trebic region from in vivo measurements were lower than the ones, estimated from 
measurements of air. On the other hand, in Prague, estimates from in vivo measurement of 
131I are higher than the ones estimated from air concentration of iodine. 

The reason could be that when whole body counting was used, also external 
contamination, especially of hair and beards (significant for iodine) contributed to the counts. 
Another reason for higher estimates could be that, in many cases, sampling started later than 
arrival of contaminated air masses from Chernobyl area.  Quite surprising are low estimates 
of ingestion of 131I, esp. at two groups of females from NPPs. The explanation could be 
self-imposed constraint on the consumption of milk and milk products; having in mind very 
limited information which public obtained at that time, such explanation is likely. Low 
consumption of milk can also be assumed at the group of people measured on WBC in 
Prague, most of them have consumed very little milk normally. There could also be some 
delay between production of milk and time when milk products were consumed. Generally, 
the difference in the estimated doses from intake of 131I between original estimates and 
estimates, performed now, is not large, though the original ones supposed that about one half 
of the dose came from the ingestion; this time we have estimated that only about 6% was 
caused by ingestion by adults and about 15% by children of age 6 to 14 years.  
Estimation of inhalation dose from 103Ru is  a little bit lower than the original estimation 2 µS 
in [1,2], the difference could be caused by the fact, that  at present time, all results of whole 
body counting were used even if  103Ru had not been reported; in such cases, MDA 
substituted absent measured value. Inhaled activity of 137Cs is slightly higher than original  
estimates, ingestion is lower as conservative predictions about its development were used. 
Data on doses from internal exposure from the year 1986 are summarized in the table 5. 

Intakes of 137Cs from ingestion were calculated from food chain and also from 
retention of 137Cs in people. It follows from fig. 4 that there is a reasonable agreement 
between these two approaches. From the radioecological half – life 12.4 years, prediction of 
dose from future intake of 137Cs was calculated and is presented in the table 6. 
 
Table 5. Committed effective doses from internal exposure in 1986 [µµµµSv]. 

inhal Ing total %
131I 94 2 96 63
132I  + 132Te 16 0 16 10.5
103Ru 0.7 0 0.7 0.1
137Cs 2.5 21 23.5 15.4
134Cs 1.8 14.5 16.3 11

total 115 37.5 152.5 100  

 

Table 6. Committed effective doses from internal exposure (years after the accident, 
µµµµSv). 

1 2 10 20 50*

160 196 230 254 260  
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Conclusions. 

Re – evaluation of internal doses to the Czech population from the Chernobyl 
accident, using alternative approach, gave generally smaller doses than original estimation; 
still, the difference was not significant.  It was shown that the doses from inhalation of 131I 
and 137Cs were greater than originally estimated, whereas doses from ingestion intake were 
lower than the originally estimated ones. 

 
 

 

 

Figure 1. Retention of 131I in thyroid (males, Trnava). Brown points are used for values 
below MDA. 
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Figure 2. Retention of 131I in thyroid (WBC, children). Brown points are used for values 
below MDA. 

 

 

Figure 3. Retention of 137Cs (WBC, males). Brown points are used for values below MDA. 
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Figure 4. Daily intake of 137Cs calculated from retention in people and from food 
consumption 
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