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INTRODUCTION 
 

The Radiation Safety Norms-99 (RSN-99) [1] in force in Kazakhstan binds companies to take a 
dose generated by radon into consideration while determining the effective ionizing radiation dose. 
The RSN-99 controls values of average annual isotope radon PAEC. However, technique for 
transition from PAEC to internal exposure dose is required, since RSN-99 set the effective 
equivalent dose generated by external and internal exposure as a base dose limit. Moreover, the fact 
that both integral ionizing radiation detectors and express measurement devices are used to 
determine annual individual exposure dose has given rise to a need for a comprehensive approach 
by the means of qualitative comparison of both measurement methods. 
  Another option is to determine express-to-integral calculation transition coefficients of 
exposure doses generated by radon isotope decay products. The calculation of individual exposure 
doses, evoked by radon decay products and inhaled by the personnel of uranium-mining plants in 
Kazakhstan is presented.  After leaching, uranium is sorbed from a solution in facilities where the 
personnel are located. The state of three uranium mines over the period of June-December 2002 is 
analyzed. 

 
MEASUREMENT AND EXPOSURE DOSE CALCULATION 
         To determine average annual (average quarter) PAEC values in facilities under research, 
integral alpha track detectors with quarterly exposure period were installed. In line with 
recommendations and to ensure required measurement accuracy, the number of detectors for each 
working place was not below 2. Detectors were fixed at a height of 1.5-2 m above floor level. 
The results of integral measurements produced an average quarterly activity concentration of Rn_222   

-      A Rn radon.                     
For determination and transition from A Rn . value to normalizable PAEC value of Аequ  radon 
isotope, by results of express measurements by Ramon-01M, PAEC values of A Rn  equ. Radon and 
thoron A* Тn equ, and F* 

Rn  equilibrium coefficient  were defined.  Express measurements were done 
in same facilities and same period as exposure of integral detectors, with measurements performed 
as often as 12 times a quarter. 

    At the end of the exposure period (quarter) average PAEC values of A*
Rn equ radon, A* Тn equ 

thoron, and F* 
Rn equilibrium coefficient were defined in terms of the data of express measurements: 

                                                     1       n

A*
Rn equ  = ----- Σ  ARn equ i   ;

                   n    i=1 

                             1       n

A*
Tn equ  = ----- Σ  ATn equ i  ;

                   n    i=1 

                      1       n

F* 
Rn  = ----- Σ  F 

Rn .i  .
              n     i=1 

Then, radon average activity concentration was defined by results of express analysis: 
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              A*

Rn equ  
А* 

Rn  =   ---------   . 
                F* 

Rn  
 

Rn  and  Tn  activity ratio: 
                                                A*

Tn equ  

                                      ∧  =  --------      . 
                                                 А* 

Rn  
 
PAEC integral value of thoron defined by formula: 
                                           _                   _    
                                          ATn equ  = ∧ ⋅   А 

Rn  ,  
           _  
where АRn  is average value of radon activity concentration shown in the data of integral 

measurements. 
For transition from values of АRn (Rn222) radon activity concentration to PAEC radon value, 

average values of F* 
Rn radon equilibrium coefficient were used which had been obtained from the 

data of express measurements over exposure period of integral detectors: 
                                     _                       _                                                       

                                       ARn equ   = FRn  ⋅ A Rn .  
 
   Average integral PAEC value of radon isotopes over the observation period is defined as:                           
                                     _            _                     _       
                                    A equ  =   ARn equ   + 4,6 AТn equ     
 
Next step is the transition from data of express measurements of radon isotope PAEC average 

quarter and average annual values. 
        Presuming that process cycle of technological process and radon sources in given plant are 

unchangeable, the transition coefficient from one-time express measurements of PAEC radon 
isotopes to average quarter and average annual values may then be defined. 

When integral measurements of one quarter for a given facility are defined as: 
                                      _            _                      _ 
                                      A equ  =   ARn equ   +   4,6 A Тn equ ,     
                                          
and over same period in same facility  express measurements are defined as: 
 
                                     A ex

equ  =   Aex Rn equ   + 4,6 Aex Тn equ  ,     
                                               
then transition coefficient is defined as:    
                                                           _ 
                                                           Аequ 

                                                   Ω  = ------   . 
                                                           Аex 

equ 

The Ω coefficient for each of four quarters and each of facility under research is registered in a 
special log. Presuming that facility characteristics from point of air exchange and radon sources are 
unchangeable, the average readings of radon isotope PAEC express measurements over given 
quarter inferred the definition of average quarterly PAEC value of radon isotope in the air of the 
working area of the given facility:   _ 

                                                       Аequ  =  Аex 
equ  ⋅Ω. 

 
The D value is internal exposure dose of the personnel working in a certain facility: 
                                                D = Аex 

equ  ⋅Ω ⋅∆ t ⋅ k, 
where  ∆ t is time of personnel operation over the past quarter, hour; 
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        k = 8 nSv/(Bq⋅h⋅m-3 )  is dose transition coefficient. 
        The results of measurements and calculations are drawn below. 
        The analysis of results of Ω transition coefficient calculation evinced an acute difference in 

measurement results obtained through express and integral measurements (variation range of 
transition coefficient lies within 0.076 – 4.08, where the most probable value, without strong time 
changes in conditions of air exchange and radon source in facilities, must approach 1). 

         The scatter of readings of express measurements is indicative of acute variations of 
conditions in explored facilities and radon source characteristics, accordingly, during the quarter. 

Table 1 
 

Average values of radon PAEC, thoron PAEC and radon activity concentration on integral 
measurements over exposure period of alpha-track detectors of express measurements 

 
Place of 

measurem
ents 

Exposure time Level mark 
(meter) 

Average 
radon PAEC 

value  
    АRn equ 

 
(Bq/m3 ) 

Average value of  
FRn equilibrium 

coefficient 

      А Тn equ 
thoron PAEC 
average value

 
(Bq/m3 ) 

Average value 
of А Rn  
radon Rn222  
activity 
concentration А 
Rn  on integral 
measurements 
 (Bq/m3 ) 

0 37,5 0,45 0 218 
3,5 31,04 0,4 0 142 
9,6 61,5 0,4 0 203 
9,6 

(electricians 
office) 

27,8 0,47 0 24,5 

7.06-
14.09.02 

14,4 86 0,47 0 131,6 
 

0 46 0,62 0 63,8 
9,6 56,9 0,58 0 165 

Plant 
No.1 

 
14.09-

12.12.02 14,4 68,7 0,47 0 79,7 
0 14,9 0,46 0 68,8 
8 43,4 0,56 0 67 

10.06-
20.08.02 

14,6 47,3 0,37 0 122,5 
0 21,6 0,56 4,1 156,6 
8 24 0,58 4,3 46,5 

Plant 
No.2 

19.09-
9.12.02 

14,6 48,9 0,5 9,6 68,3 
0 198,3 0,09 0 1137 

9,6 253 0,1 0,1 825,8 
6.26-

24.07.02 
12,8 287 0,14 0 667,4 

0 242 0,08 0 220 
9,6 294 0,08 0 191 

7.08-
18.10.02 

12,8 239 0,13 0 237,3 
0 458 0,3 0 393 

9,6 639,6 0,2 0,1 1168 

Plant 
No. 3 

28.10-
20.12.02 

12,8 1288 0,15 0,9 824,1 
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Table 2 

 
The values of express-to-integral measurement transition coefficient and the dose of personnel 

internal exposure 
 
 

Installation 
site 

Exposure 
period 

∆ t 
(hour) 

Level mark 
(meter) 

Transition coefficient 
from express to 

integral measurements 
Ω 

Effective 
dose 

(mSv) 

0,0 2,6 0,4 
3,5 1,9 0,3 
9,6 1,3 0,4 
9,6 

 (electricians 
office) 

0,4 0,05 

7-06.-
14.09.02 

544 

14,4 0,7 0,3 
0 0,86 0,2 

9,6 1,7 0,5 

Plant 
No.1 

14.09-
12.12.02 

712 

14,4 0,6 0,2 
0 2,1 0,14 
8 1,6 0,32 

10.06-
20.08.02 

568 

14,6 0,96 0,2 
0 4 0,9 
8 1,1 0,3 

Plant 
No.2 

19.09-
9.12.02 

672 

14 0,7 0,4 
0 0,5 0,4 

9,6 0,3 0.3 
6.06-4.07.02 464 

12,8 0,3 0,3 
0 0,08 0,07 

9,6 0,05 0,06 
7.08-

18.10.02 
504 

12,8 0,1 0,1 
0 0,2 0,4 

9,6 0,4 0,8 

Plant 
No. 3 

28.10-
20.12.02 

424 

12,8 0,1 0,4 
 

 
Fig.1. Temporary variations of radon activity concentration (AC) in plant No.1 facility are 
presented. AC radon value limits, obtained through express and integral measurements for 
 level of 0.0 m. 
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Fig.2. Temporary variations of F Rn equilibrium coefficient in plant No. 1 facility are shown. 

 
SUMMARY 
         The aspects drawn shall implicate the conclusion that detected individual radiation dose of the 
personnel shall lie within the range of < 1 mSv/year, irrespective of the need for more accurate 
measuring of personnel’s annual internal exposure dose, exposed by radon isotope decay products, 
by individual PAEC radon isotope exposure counter. 
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