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Introduction 
In certain workplaces the 222Rn activity-concentration exceeds ever so much higher than the 
recommended acting levels in the international regulations such a workplaces under the surface 
(mines, caves). 

On the grounds of the European Union [1] and Hungarian [2] regulations, bauxite mining and 
processing are concerned by two major fields radiological. 

 One of them is the bauxite mining (miners’ radiation exposure consists the radon and 
external gamma exposure). 

 The red-mud, which is produced in the course of workup. In this byproduct the natural 
origin radionuclides are concentrated. 

16/2000. Ministry of Health Regulation-based on recommendations [3][4].- says that the 222Rn 
activity concentration must be controlled in mines and caves. For these workplaces the acting 
level is 1000 Bq/m3 (yearly average). According to these recommendations the annual dose 
exposure from radon is 6.3 mSv (supposing Equilibrium Factor = 0.4, V = 1.2 m3/h). 

Materials and methods 
44 bauxite samples originated from three different mines and 60 red mud samples from two 
deposition sites were measured by gamma spectrometry. 

In the course of our work we carried out an extensive radiological-dosimetric survey for 1 
month. On the grounds of the different kind of working processes we put 11 track detectors in 
different places and continuous radon detector equipment were placed into 2 sites. Besides these 
measurements we determined the gamma dose rate, the equilibrium factor, the amount of the 
flying-dust and the long-lived alpha emitter isotopes 2 times in 7 different places.  

We gave personal radon dosimeter for 10 miners. It was worn only during the working time and 
after hours was stored in a well-controlled Rn concentration place. 

 

Determination of 226Ra and 232Th 

The dried samples were stored for 30 days in airtight aluminum Marinelli beakers with a volume 
of 600 cm3 to reach the radioactive equilibrium of 226Ra with its progeny. 

The concentrations of natural radionuclides were determined by high resolution gamma ray 
spectrometry, using an Eurisys EGNC 20-190-R n-type HPGe detector with an efficiency of 
20% and an energy resolution of 1.8 keV at 1333 keV 60Co peak. The gamma spectra were 
recorded by a Tennelec PCA-MR 8192-channel analyser. The date collection time was 60000-
80000 s. The system was calibrated using an etalon certified by the Hungarian National 
Authority of Measures.The 226Ra concentrations were determined by measuring the activities of 
its decay products 214Pb (295 and 352 keV) and 214Bi (609 and 1120 keV) that were in secular 
equilibrium with 226Ra following the 30-days storage. The activity of 40K was measured by the 
1461 keV gamma ray, the 232Th by the 911 keV gamma ray of 228Ac and the 2614 keV gamma 
ray of 208Tl [5]. 



Measurement of the equilibrium factor 

Radon and its progeny were measured two times at seven different places by Pylon WLx 
instrument in the bauxite mine to determine the equilibrium factor. 

 

Radon Measurements 

Integral radon measurements were carried out at 11 places in a mine for about a month using 
solid state CR-39 type TASTRACT nuclear etch detectors. This type of detectors was applied for 
10 miners in the case of personal dosimetry also [6]. Miners were wearing the TASTRACT 
detectors only during the working time, and the end of the shift these detectors were closed into 
an airtight place to avoid fake the radon exposure. 

Determination of the external gamma dose rate 

Gamma dose rate measurements were carried out two times at seven different places at 1 m 
height in the mine using an AutoMess 6150 ADB portable dosimeter 

 

Measurement of the flying dust 

The long life alpha radioactivity of the flying dust was measured two times at seven different 
places in the mine. Samples were taken by a CT-1000 BRL type instrument  

Five days later the alpha activity was measured by an FHT-1100 apparatus 

Results 
To examine the natural origin radioactivity of the bauxite samples we can establish that the 226Ra 
activity concentration exceeded (155-750 Bq/kg) the average values measured in the rocks (25-
40Bq/kg). 222Rn produced from the 226Ra could be concentrated in the mines. 

 
Fig.1.226Ra and 232Th activity concentration in bauxite samples Fig.2.226Ra and 232Th activity concentration in red mud,and rocks  

It can be clearly seen that the measured activities in our samples are several times (3-10 times) 
higher than the average 226Ra and 232Th activity concentration of the rocks. The measured 
minimum and maximum activities are signed beside the average values. As the radium activity is 
high in the raw bauxite considerable radon activity is expected. 

The change of the daily average radon concentration during the working days can be seen in Fig. 
3.  
The average radon activity concentration measured in different places in the mine changed 
between 204-3910 Bq/m3. We found very high radon levels some places especially in the 



drawings. The miners during this 1-month have taken part several mining processes, so lower 
values detected. To take into account the results, the miners’ estimated annual dose exposure is 
between the ranges of 2.17-20.56 mSv/y, which is not neglible, compared to the natural radiation 
background (2.5 mSv/y). 

 
Fig.3. Results of the continouos Radon measurement 

There are significant differences between the places in the results of the monthly average radon 
concentration (Fig. 4.) [7]. 
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Table 1. Summary of the m

  Minimum 

Alpha activity of the air 
(mBq/m3) 

18.4 

Gamma dose rate 
(nGy/h) 

22 

Radon concentration 
(Bq/m3) 

283 

Equilibrium factor 0.11 
Fig.5. Results of the personal dosimeter
measurements and calculated values into 

easured values 

Maximum Average 

47.1 32.4 

307 170 

3,019 1,164 

0.64 0.4 



Table 2. Annual effective dose (mSv/y) 

Estimated effective dose (mSv/y)  

Sources of radiation Minimum Maximum Average 

Alpha activity of the air 0.36 0.93 0.64 

Gamma dose rate  0.03 0.43 0.24 

Radon 1.78 19.2 7.33 

Effective dose  2.17 20.56 8.21 
 

CONCLUSIONS 
 

About 10 times higher 226Ra and 232Th activity concentrations were measured in these red-mud 
samples compared to the radionuclide concentration of rocks. The miners’ average committed 
effective doses are about 8 mSv/y. The main origin of the dose is radon. 
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