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In addition to the workers in uranium mines, the staff of other underground 

mines, such as workers to underground phosphate mines, can be exposed in 
222

Rn and its progeny, In this study the individual radon progeny 

concentrations were measured in three Egyptian underground phosphate 

mines to estimate the occupational exposure of the workers at those sites. A 

filter method was used to measure individual radon progeny concentrations 

(
218

Po, 
214

Pb, and 
214

Po). The reported mean values of radon progeny 

concentrations exceed the action levels which are recommended by ICRP 65 

(1993). Based on the measured individual radon progeny concentrations 

(
218

Po
, 214

Pb and 
214

Po) in these mines, the annual effective dose for the 

workers has been calculated using the lung dose model of ICRP 66 (1994). 

According to the obtained results, some concentrations were recommended 

in this study to minimize these exposure levels.                                                                    
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INTRODUCTION 
  

Epidemiological studies on health effects from exposures to radon progeny have been conducted in pyrite, 

phosphate, fluorspar and shale-clay mines. Although the concentrations of radon progeny in non-metal mines are 

usually lower than those in metal mines, radon progeny and the associated lung cancer risk should be considered 

when evaluating the health risks of any miner
(1)

. Such investigations on uranium and other underground miners 

provided extensive and consistent data on the quantitative risk of lung cancer associated with  their exposure
(2-6)

.                                                                                                  

                                      

        Occupational exposures were reviewed in the UNSCEAR (1982) report 
(7)

. In which also a number of 

recommendations were made with regard to data analyses to obtain much clearer indications of occupational 

exposure in all areas of work, not only to workers  in uranium and coal mines. In Egypt, radiation levels in some 

uranium mines have been investigated. In El-Missikat mine, during 1987, radon progeny concentrations ranged from 

444 to 5550 Bq.m
-3

, while in 1988 these measurement readings ranged from 5180 to 20,720 Bq.m
-3

. In the Erediya 

mine, the radon progeny concentrations were between 310 and 8880 Bq.m
-3

 in 1987: in 1988, these levels increased 

to 8362 to 23,014 Bq.m
-3

 . The increasing of radon progeny concentrations in both mines from 1987 to 1988, may be 

attributed to the reconstruction of these mines from time to time (more tunnels were opened). During the period 

1985-1990, measurements of radon and radon progeny concentrations have been performed for some galleries in the 

Eastern Desert of Egypt (9). At present, mines of Egyptian underground phosphate mines are not considered as 

radiation exposed workers. Therefore, the main goal of this study was to determine the occupational radiation 

exposures due to the individual radon progeny by measuring their concentrations in these mines and to estimate the 

total annual effective dose for these workers. 
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MATERIALS AND METHODS                   

 
          The main phosphate mines in Egypt are located in the Eastern Desert about 500 km south of Cairo. The three 

regions of Safaga, Hamraween and El-Quser are considered as the main producing regions. They are located within 

a distance of about 80 km and their depths range from 10 to 50m. The south mine, B mine and Youns C mine were 

selected to represent Safaga, Hamraween and El-Quser regions, respectively. In each mine about 25 representative 

sampling sites were selected along the main gallery of the mine and at locations where the ore is mined. In general, 

the tunnels were about 1.5m wide and about 2m high. At each sampling site five measurements were always made, 

two near the walls about 1 m above ground and three in the middle of the tunnel at three different positions. For 

measurements of 
218

Po, 
214

Pb and 
214

Po concentrations, in principle the Tsivoglou method (10) was used. Air 

samples were collected for 5 min at a flow rate between 5 and 10  l.min
-1

 on a high efficiency filter paper Millipore 

(Type SM with 2.5 cm in diameter), followed immediately by a sequence of these alpha counts in a 30 min interval. 

The filter papers were counted using counting system type EDA by placing the filter paper on a scintillation tray 

coated by silver-activated zinc sulphide. The Pylon RN-190 radon progeny standard source was used for calibration 

to determine the counting efficiency of the scintillation tray. It houses a dry 
226

Ra source, which emanates radon gas 

into a sealed chamber. The radon gas decays into its progeny which deposit on the inner surface of the chamber and 

on an enclosed filter paper. The RN-190 is designed such that the radon progeny are deposited uniformly over the 

filter and the chamber surface with an activity deposition of 73.16 Bq.cm-2 ± 4%. The alpha count rate was 

measured after 5, 15 and 30 min. The measurement of activity concentration is associated with a statistical 

uncertainty characterized here by standard deviation. The concentrations of 
218

Po, 
214

Pb and 
214

Po were calculated by 

the following equation 
(11)

:                                              

    

                    C1  =
37

vE
 0.5945A5 + 0.8509A30 – 1.347A15    

  

                    C2 =
37

vE
 0.3598A30 + 0.1485A15 – 0.0448A5    

 

                    C3 =
37

𝑣𝐸
 (0.3997A15 – 0.3246A30 – 0.0293A5)        

                        

Where: 

 

C1 =
218

Po concentration in Bq m
-3

  

C2 = 
214

Pb concentration in Bq.m
-3

                                                            

C3 = 
214

Po (= 
214

Bi) concentration in Bq.m
-3     

                                                            

 E = counting efficiency                                                                                

V = volumetric sampling rate in 1.min
-1

                                                     

AT =   total alpha activity at time T after the end of   sampling (in count.min
-1

)         

 

 

                                                                  

DOSE CALCULATIONS 

   

    Many investigations have been carried out on the exposure-dose equivalent relationship for radon and its 

progeny
(12-15)

. These investigations show that many factors affect the dose to the respiratory tract from radon 

progeny.                                                               

    It can be estimated the total effective dose through the human lung due to the present measurements in the mines 

of interest is as follows, based on the values of the activity median aerodynamic diameter 0.25 µm and standard 

deviation 2.5 which is recommended by ICRP66
(16).

 The total deposition has been carried out assuming that the tidal 

volume and respiratory frequency are given by 1920 ml and 26 min
-1

, respectively
(16)

  Consequently, the ventilation 

rate is taken 3 m
-3 

.h
-1

. Moreover, the fraction 0.5 breathed through the nose was used. The obtained values of total 

deposition and the present measurement of activity concentrations have been substituted into a LUDEP 1.0 personal 

computer program RPB-SR 264
(17)

 to calculate the annual effective dose through the human lung. It is assumed that 

the workers  spent 2000 hours per year at work.                                                                   
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RESULTS AND DISCUSSION 
                                                                                
       The distribution of individual radon progeny concentrations among the different sampling sites in south mine of 

Safaga region are plotted in Figure 1. Sampling site No 1 has the lowest 'radon progeny concentration' values while 

the higher levels were found at sampling site No 6. The values of C1, C2 and C3 in Bq.m-1 were in the ranges 3215 - 

5890,  2181- 4037 and 689 – 3313 with an average of 4340 ± 417, 3092 ± 259 and 1720 ± 430, respectively.                                                                   

The individual radon progeny concentrations values in B mine of Hamraween region are shown in Figure 2. The 

maximum values were found at sampling site No 4 (deepest point), while the minimum values were found at both 

sampling site No 1 and No 9 (near to the entrances). The values of the C1, C2 and C3 were in the ranges 1292 – 4503, 

879 – 3733 with an average 2743 ± 324, 2178 ± 284 and 1322 ± 268, respectively. Figure 3 shows the measured 

values of the C1, C2 and C3 in Youns C mine of El-Quser region. The maximum values were found at sampling point 

No 6 (deepest point) where the 'ore' is extracted, while the minimum values were found at sampling point      No  1, 

at the mine entrance. These values were within the following ranges 656 – 3448, 360 – 2297 and 221 – 1685 with 

arithmetic means of 1929 ± 506, 1354 ± 365 and 983 ± 277, respectively.                                                    

In general, the mean values of the radon progeny concentrations in all mines of interest significantly exceed the 

action level for working places which is recommended by ICRP 65
(18)

 . The measurement of radon progeny 

concentrations in three mines is listed in Table 1. In the south mine, the maximum values of these concentrations 

were higher than those of both B and Youns C mines, due to poorer ventilation in the first one. The annual effective 

dose due to the inhaled individual radon progeny (
218

Po, 
214

Pb and 
214

Po ) for the miners are shown in Table 2.  It can 

be seen that the dose from 218Po was higher than that from 214Pb and 214Po in all mines. In general, the present 

calculated dose exceeded the dose limit 20 mSv.y-1 (averaged over a period of 5 years with the proviso that the 

effective dose should not exceed 50 mSv in any single year) as recommended by ICRP 60
(19)

 .                              
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