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Introduction 

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

buildings, including workplaces. Inhalation of the short-lived radon decay products ( 218Po, 
214Pb, 214Bi/214Po) yields the greatest amount of the natural radiation exposure of the 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 annals report of the 

ICRP for protection against Radon for general public at home there is a recommended 

conversion coefficient the annual exposure to radon concentration and radon exposure to 

effective dose. Commission to provide a 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 effective dose 1,1 mSv for members 

of the public [3]. In the present investigation, we will be study the dose relevant factors from 

continual monitoring in real homes into account getting more accurate estimation of  222Rn the 

effective dose. The dose relevant parameters include the radon concentration, the equilibrium 

factor (f), the fraction (fp) of unattached radon decay products and real time occupancy people 

in home. 

 

Materials and Methods 
 
The ICRP recommends the assessment of risk from exposure to radon progeny is 

published in the introduction. It is accepted model for estimation effective dose since the 



commission had not used a dosimetric approach for radon, this conversion has been obtained 

by a direct comparison of the detriment associated with a unit effective doe and unit radon 

exposure. The aim of this study was the estimation the variation of effective doses from the 

different time occupancy people in room together with analysis continual measurement of the 

radon concentration, the equilibrium factor (f), the fraction (fp) of unattached radon decay 

products. 

We used the continual monitors RADIM 2C, VLM-30, FRITRA IV and integral 

monitor RM-1 for the establishment of the input parameters. The gamma dose rate monitor 

we used Eberline (FH 40F2). Continuous measurement with time interval 30 min of radon 

concentration were performed by radon monitor RADIM 2C. Radon progeny, equilibrium 

factor were measured continuously by WLM-30 with sampling time 30 min. The detectors are 

ruggedized custom designed silicon barrier diode detector mounted in the base of the filter-

detector assembly. For determination of the unattached fraction used Radon and Radon 

progeny Monitor FRITRA IV. Radon progeny collected on open millipore filter with diameter 

16 mm and on filter under mesh. The unattached fraction is calculated from result of the free 

filter and mesh measurement.  

  The result of the measurement are time courses of radon concentration, the 

equilibrium factor (f), the fraction (fp) of unattached radon decay products and integral value 

of radon concentration. The measurement were made one week four times per year in 

different seasons, with different ventilation and time occupancy people indoor home. The aim 

of this study was the assessment real time occupancy people in rooms from the measurement 

by registration sensors.  We estimated weekly effective dose from the daily doses by using 

quantification average concentration during the real time occupancy and calculated value for 

one year. The next result was the time course of the fraction (fp) of unattached radon decay 

products, which is defined as the ratio of the equilibrium equivalent radon concentration in 

the unattached state and the total equilibrium equivalent radon concentration. The quantitative 

significance for this estimation could be modified by physical factors not included in the 

definition such as unattached fraction set apart from dosimetric model where is the one 

important of the input parameters. We compared the variation of this values during individual 

measurement. 

 

Results and Discussion 

Our measurement was realized in real occupied ground floor house in Beroun, which 

consisted of three rooms – a kitchen, a living room and a sleeping room. The measurement 



 

 

 

 

 

 

that proceed approximately 

one week was taken four 

times, in May and in 

December 2002 and in 

March and August 2003. 

Radon and its daughter 

products depend on two 

parameters. These 

parameters are total volume 

entry rate from all sources and ventilation rate, which change during the day. The result of our 

measurement is the time course of radon concentration, average weekly radon concentration 

and weekly radon concentration during occupancy people measured in different rooms 

presented in Table 1.The average values differs in each room. The highest radon 

concentration was measured in the December and lowest value in August that is caused by 

temporary variation and dissimilar room ventilation. The lowest fluctuation of the average 

radon concentration and the average radon concentration during occupancy people was 

observed in winter, when the ventilation in rooms is minimal. We measured radon 

concentration two weeks in May and we compared the values in each week. We can see that 

they differ most in living room, where people spent the most of their time indoor during the 

day. The lowest variability is in the kitchen, where people spent on average only two hours 

per day set apart the living room, where they spent five hours and in the sleeping room eight 

hours mostly between 12 pm and 7 am. We estimated the real time occupancy people in 

individual rooms by 

registration sensors and 

we tried to estimated the 

year effective doses and 

compared with 

assessment from the 

integral measurement by 

electrets HE
(1)(mSv) 

adequate 7000 hours 

indoors and equilibrium factor of 0,4. We counted the year effective doses HE
(2) (mSv) from 

individual weekly estimations getting the real time occupancy that changes in rooms and 

measurements. The results of the estimation the year effective doses are presented in Table.2 

 
Table 1. Average weekly radon concentration   
              measured in different rooms 
 
                Radon concentration (Bq.m -3)    Radon concentration (Bq.m-3)  
                                                                                during occupancy people                    
Rooms 
                            May      Dec   Mar  Aug            May     Dec   Mar  Aug            
              

Kitchen              536   452   522   307   249        434   447   517   277  218 

Living room        746   535  1075  555   224       395   522  1066  536  331 

Sleeping room     532   553   899   635   353       279   682   922   617  208 

 
Table 2.Estimated year effective doses from inhalation of radon    
            and its daughter products 
  
                                       HE

(1)(mSv)                                             HE
(2) (mSv) 

Rooms 
                            May     Dec     Mar     Aug              May        Dec     Mar     Aug           
              
Kitchen                8,72    11,19    7,79   4,28          0,36   1,19   0,65    0,41    0,06 
Living room       10,97   18,79    9,34    4,94         0,88    3,3     2,57    2,65     0,23 
Sleeping room      9,51   15,46  10,69   5,56          1,96   5,24    4,15    5,44     0,4 
 
Average              9,73    15,15    9,27   4,93   Total      6,47      7,37      8,5     0,69 

Удалено:  



We compared the estimations by using the real time an average radon concentration during 

occupancy and by using integral average radon concentration from the integral measurement 

and we can see that values are lower than using 7000 hour years year. This value decreased 

down 14 % because of the fact that people occupied the house only three days and measuring 

lasted seven days in August. Difference in winter between values is 51 % during seven days 

occupancy regime that is similar in case May (8,3% ) and March (33,5 %).  

According methodology ICRP we used for this estimation  average value equilibrium 

factor of 0,4. The result of our measurement is the time course of  the equilibrium factor (f) 

and of the fraction (fp) of unattached 

radon decay products. The arithmetic 

mean (AM), standard deviation (SD), 

minimum and maximum of these 

parameters are presented in Table 3. The 

average values changed in different 

rooms and in time and show large 

variability. Parameter of  the equilibrium factor (f) is different in some cases than value 0,4 

that is recommended by ICRP. 

 

Conclusion 

The result of the measurement are the time courses of radon concentration that are based on 

estimation effective doses together with assessment of the real time occupancy people indoor.  

We found out by analysis that year effective dose is lower than effective dose estimated by 

ICRP recommendation from the integral measurement that included only average radon 

concentration. Our analysis of estimation effective doses using measurement of several 

physical parameters was made only in one case and for the better specification is important to 

measure in different real occupancy houses.  
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Table 3. Measured equilibrium factor f  
                and unattached fraction fp 

 
                                      f                                 fp 
Room              AM   SD   Min   Max    AM    SD      Min    Max     
March 
Kitchen            0,48  0,11  0,22  0,71   0,064  0,09  0,0087  0,47 
Living room     0,45  0,15  0,06  0,85 
Sleeping room  0,42  0,09  0,1    0,76 
December 
Kitchen            0,41  0,13  0,12  0,76   0,052  0,03  0,018     0,154 


