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Introduction 

 
The naturally radioactive gas radon (222Rn) is present in the air outdoors and in all 

buildings, including workplaces. UNSCEAR reported that the effective doses due to inhalation 
of radon 222Rn and its daughter nuclei account on average for about half of all natural sources of 
radiation [1]. Inhalation of the short-lived radon decay products (218Po, 214Pb, 214Bi/214Po) is the 
source of the greatest amount of natural radiation exposure of human. The International 
Commission on Radiological Protection (ICRP) recommends that assessment of risk from 
exposure to radon progeny should be based on epidemiological studies relating excess lung 
cancer in miners to radon exposure [2].  

In the annual report of the ICRP 65 for protection against Radon by the general public at 
home, there is a recommended conversion coefficient for the annual exposure to radon 
concentration and radon exposure to effective dose. The quantitative significance for this 
purpose may be modified by physical factors, which are not included in the definition - such as 
an unattached fraction. It is adequate to use an equilibrium factor 0,4 and an occupancy of 7000 
hours per year indoor home in the relationship between the annual exposure and the radon 
concentrations. On this basis, a continued exposure to radon concentration of 1 Bq.m-3 results in 
an annual exposure 1,56.10-2 mJhm-3 at home. The Commission that provides the conversion 
from radon exposure to effective dose has not used a dosimetric approach. This conversion has 
been obtained by a direct comparison of the detriment associated with unit effective dose and 
unit radon exposure. The detriment on exposure to radon progeny of 1 mJhm-3 is equivalent to an 
effective dose of 1,1 mSv for members of the public [3]. In the present investigation, we will 
study the dose relevant factors including radon concentration and an equilibrium factor (f) from 
continual monitoring in real homes in order to get a more accurate estimation of  222Rn the 
effective dose. 

 

Materials and Methods 

 
The ICRP recommendation for the assessment of risk from exposure to radon progeny is 

published in the introduction. It is the accepted model for estimation of the effective dose. Since 
the commission did not use a dosimetric approach for radon, this conversion has been obtained 
by a direct comparison of the detriment associated with a unit effective dose and unit radon 
exposure. The aim of this study was to estimate the variation of effective doses as a result of the 



length of occupancy in bedroom together with the analysis continual measurement of the radon 
concentration.  

Continuous measurement of radon concentration that lasted 30 min time interval were 
performed by a RADIM 3, semiconductor – detector based with 218Po collecting and evaluating; 
radon volume activity measurement with time intervals from 0,5 up to 24 h; response 0,8 pulses 
h-1 per 1 Bq.m-3, minimum detectable activity 30 Bq.m-3 for one-hour measurement, the 
independence on humidity in the interval 15 – 60 %, simultaneous temperature, air pressure and 
relative humidity measurement. Radon progeny and the equilibrium factor were measured 
continuously by WLM-30 with 30 min sampling time. The detectors are ruggedized custom 
designed silicon barrier diode detector mounted in the base of the filter-detector assembly. For 
integral measurement was used a monitor RM-1 and a gamma dose rate monitor Eberline (FH 
40F2). 

  The results of the measurement are time courses of radon concentration in a week period, 
the equilibrium factor (f) and the integral measurement radon concentration. We estimated the 
weekly effective doses from the daily doses by using quantification of averaged concentration 
during real time occupancy in a bedroom and calculated the value for one year or for one week. 
The estimation of the year effective dose should be based on integral measurement radon 
concentration per one week and is adequate to an equilibrium factor 0,4 and occupancy of 7000 
hours per year indoor home. Approximately 42 % from the whole yearly effective dose indoor 
take a person before sleeping (around 8 hours per day), when occured intensivitely in bedroom. 
We compared the variation of values radon concentration during individual measurement with 
analysis of continual measurement of the radon concentration in a bedroom and estimated the 
effective dose during sleeping. 
             

Result and Discussion 

 
The results of our measurements are 12 continual behavior of radon concentration and 4 

integral measurements in different seasons for realistically occupied rooms, more particularly 
bedrooms. Two cases include 2 weeks long measurements in one room. The figure 1 shows the 
continual development of radon concentrations in the time frame of one week. Such a 
development is typical for majority of cases. On the picture, we can see the increasing curves, 
with the decrease after  6:00 a.m. and then the successive increase of concentration. According to 
our estimation, the adults in most of the cases spend their time in bedroom from 22:00 pm to 
6:00 am we have established the weekly, daily and at special  determined time interval, the 
averaged value, standard deviation and the minimal and maximal values of radon concentration. 
The estimation of the effective dose according to the report of ICRP 65 is based on the 
conventional conversion of the concentration to the exposition and the exposition to the yearly 
effective dose under assumption of T 7000 hours and factor of an equilibrium factor of 0,4.  

From the analysis of the estimation we 
have found out, that if the time of 

1400 1400
Fig 1.  Duirnal variation of radon concertration 
stay/exposition is changed to 80 % from level 
assumed in the estimation, the factor of an 
equilibrium factor will decreased by 20 %, 
which influences the dose to be - 35,6 % less. 
80 % represents roughly 5600 hours, which is 
108 hours per week indoors. Under the higher 
time of presence of 120 % (162 hours/week) 
and smaller f equal to 80 % the dose is going to 
influenced only by -4,5 %.  0 24 48 72 96 120 144 168
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The next uncertainty that 
enters into the estimation is the 
concentration of radon. In the 
summer season is lower than in 
the winter season. In the table 1. 
shows the weekly averaged 
values of concentration in the 
bedroom measured 4 times 
through different year seasons 
inside the real household by 
integral monitors. We have also 

established the yearly effective dose HE
(1) according to recommendation of ICRP 65.  The 

averaged value of effective dose is 10,25 ± 3,49 mSv. From the comparison of determined values 
in different seasons with this averaged value we can see, that the dose is higher almost by 50 % 
in the winter season (December) and lower by - 46 % in summer season (August). In March, the 
factor of an equilibrium factor was measured to be 0,42 ± 0,09. Using this value of f and 
averaged value of concentration in March we calculated the yearly                   
effective dose 11,17 ± 2,59 mSv. Such a determined value is higher by 5 % than the value of 
yearly effective dose under the assumption of f = 0,4 and on the whole higher by 9 % than 
averaged value HE

(1). 

In the table 2. we show the averaged value, standard deviation, min, max concentrations 
as has been measured in bedroom on weekly basis. There is also shown the weekly effective 
dose during sleeping (T=2912 hours), which is approximately 42 % from total time spent indoors 
in accordance with ICRP (T=7000 hours). By determining the averaged daily value of 
concentration in the time interval 22:00 - 6:00 and T=8 hours, we have calculated the weekly 
value of effective dose HE

(2). 

We have also analyzed the continual 
behavior of concentration in 12 different 
weekly measurements. The histogram in the 
figure 2 shows the counts for ratios of daily 
CRn(d), weekly CRn(w) and averaged value 
of concentration during sleeping CRn(s). 
From the fraction of CRn(d)/CRn(w) we can 
see, that approximately 30 % of values of 
daily concentration is within interval from 
80 % to 100 % and approximately 27 % of 
values is within interval from 100 % to 120 
%. Globally, 51 % values of CRn(d) is lower 
than it's value of averaged weekly 
concentration. From the fraction of 
CRn(s)/CRn(w) we can see, that approximately 23 % of values of CRn(s) is within interval from 80 
% to 100 % and approximately 31 % of values is within interval from 100 % to 120 %. Globally, 
62 % values of CRn(s) is higher than its value of averaged weekly concentration. From the 
fraction of CRn(s)/CRn(d) we can see, that approximately only 19 % of values of CRn(s) is within 
interval from 80 % to 100 % and approximately 50 % of values is within interval of 100 % to 
120 %. Globally, 74 % values of CRn(s) is higher than its value of averaged daily concentration. 
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Fig 2. The histogram of the counts for ratios of CRn(d),
CRn(w), CRn(s) averaged values of radon concentration

Tab 1.  Estimated early effective doses during  measurement 
           in different year seasons 

We used CRn(s) for the establishment of weekly effective dose HE
(2) and CRn(w) for the 

estimation of the weekly effective dose  HE
(1). From the comparison of HE

(1) with HE
(2) we can 

see, that the value of HE
(2) is in 10 cases higher. Its maximum value is in the case of 

measurement 11, when this difference makes 25 % and minimum is in the case of measurement 
3, when it's 6 % lower.  



 
Tab 2. Average weekly radon concentration, standard  deviation,  
           min, max and weekly effective doses  The next important

factor, which can influence
the dose is the sleeping
ventilation rate. The report
lists the standard breathing
rate as v = 1,2 m3h-1.
During the sleeping,
according to values listed
in BEIR VI is this value
equal to 0,45 for males,
0,32 for female, which is
even 37,5 % and 26,7 %
less. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Conclusion 
 

The dose absorbed in lungs tissue cannot be measured directly, but can be estimated. In 
the European countries and in the legislation of Czech Republic, for the estimation of effective 
dose the  recommendation of ICRP 65 is used, which comes from epidemiological studies at 
Uranium mines. In our study, we have tried to establish, based on the analysis of 12 weekly 
continual measurements and 4 integral measurements in different seasons, which uncertainties 
enter into this estimation. We have decided to use the values from a bedroom, in average, the 
humans spend approximately 2920 hours, which accounts for 42 % of total time of stay 
established in recommendation. We have found, that the values of parameter of time of stay, 
concentration and an equilibrium factor might extensively influence the establishing of the 
estimation of overall early effective dose. For the more accurate estimate it is not sufficient to 
know only the weekly averaged value of concentration measured in one term, but  also it is 
important to know the value of f and to estimate the real individual time of stay, when we do 
accept this approach for the dose estimation.          
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