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ABSTRACT 

 
The activity concentrations of radon and thoron decay products beside the gamma 

dose rate of the naturally occurring radionuclides were measured and calculated in 
two underground manganese mines, M1 and M2 at Wadi Naseib area in Sinai. Radon 
daughters and thoron daughters working levels were calculated using Rolle method 
after measuring the alpha activity. The measurements were taken at different stations 
inside the two mines. The radiation levels were calculated at seven stations inside the 
first mine and at ten stations inside the second mine. It was found that, the radon 
daughter products have major effect while the thoron daughter products and γ-dose 
have the minor effect in U/G mines .These measurements will be considered in 
perspective with the ventilation required to lower the radon decay products inside the 
mine in order to establish adequate working level that conform with proper radiation 
safety requirements for workers inside these mines 
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INTRODUCTION 
 

All underground mining operations should be measured for radiation.(1). In most mines, the presence 
of radioactive materials such as uranium (U) or thorium (Th) in the surrounding rocks may lead to an 
increased concentration of radon and their decay products in the mine atmosphere. The radon emanation 
is mostly associated with the presence of radium and its precursor uranium.  

 
These elements occur in virtually all types of rocks and soil with different concentrations . However, 

the radiological health hazards in the U/G U-mines are generally related to inhalation of radon and 
thoron gases and its daughters as U-dust present in the mines atmosphere. Concentrations of radon in 
such mines are governed by the total amount of Rn from the wall rocks. (2).  

 
On the other hand, Rn-220 (thoron) can constitute a health hazard under certain conditions and 

sometimes occurs in such concentration that it must be taken into account in measuring Rn-222. 
However, the external radiation risk in uranium mines is due to gamma radiation emitted from the 
radionuclides in the ore. 

 
The unit for measurement of radon decay products ( the working level, WL) is based on the alpha 

energy concentration present in a certain air volume. It is defined as any combination of short lived 
daughters of Rn-222 which in a cubic meter of air will result in the ultimate emission of 1.3 x 105 Mev 
of alpha energy. 

 
The present study is mainly concerned with measurement of radon and thoron decay products 

besides gamma dose in two old manganese mines, M1 (Abu Zarab mine) and M2 (Alluga mine ) at 
Wadi Naseib area, Sinai, Egypt.  

 
These measurements will be considered in perspective with the ventilation required to lower the 

radon decay products inside the mine in order to establish adequate working level that conform with 
proper radiation safety requirements for workers inside these mines 



VII Radiation Physics & Protection Conference, 27-30 November 2004,Ismailia-Egypt 

 796

 
 

GEOLOGICAL OUTLINE 
 

The study area is located about 40 km due East of Abu Zenima town on the east coast of Gulf of 
Suez (Fig.1). This area is covered by Precambrian basement rocks non-comformably overlain by 
Paleozoic sedimentary sequences ranging from 200-375 m in thickness (3) and ranging from Cambro-
Ordivician to Carboniferous in age (4). Siltstone, carbonaceous claystone, calcareous shales and 
sandstone represents the common lithological rock types in the area. The sketch diagrams of the two 
mines (M1& M2) under study are represented in fig.(2.a,b) respectively. 

 
Among the sedimentary sequences of the area, Um Bogma formation (Lower Carboniferous) is the 

most important one since it hosts Fe and Mn oxides as well as Cu and U mineralization . U-
mineralization are mainly associated with carbonaceouss siltstone and ferruginated litholigies. They are 
mainly represented by Fe uranyl phosphate zeunerate, zipperite and uranophane(5)      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2.a) M1 (Abu-Zarab mine)                                         (2.b):M2 (Alluga mine) 
 

Fig.(2) Sketch diagrams of M1 and M2 mines at Wadi Naseib area, Sinai. 

Fig (1): Geological and location map of Wadi Naseib area, south west Sinai, Egypt. 



VII Radiation Physics & Protection Conference, 27-30 November 2004,Ismailia-Egypt 

 797

 EXPERIMENTAL AND FIELD MEASUREMENTS 
 

Active technique was used in measuring and calculation of WL for Rn-222 and Rn-220. This 
technique include, alpha counter EDA 200, manufactured by EDA instrument INC, Toronto, Canada 
and air sampler pump of the type L5 – 10 RB manufactured by Rothero and Metchell LTD, UK. Air 
pump used for sampling radon and radon daughters should be capable of drawing not less than 2 liter of 
air per minute through the membrane filter. The  filter holder selected for radon daughters sampling is 
2.5 cm diameter and 0.8  µm thickness. These filters are supplied by Millipore Corporation, Canada 
while a 2.5 cm nylon open face filter holder is supplied by GERMAN instrument  company. The 
calibration procedures for the used apparatus were found to be 0.34 for EDA and 0.5 for LB-1200. 
Also, chi-square test was calculated and it was found in the suitable range The instrument is accepted 
for values of χ2 between 3.325 and 16.919 (i.e.3.325 ≤ χ 2 ≤ 16.919)(6). The background and self – 
absorption of the used filter were also determined.    

Several radon daughters measurements techniques exist, such as Rolle, Kusnetz, Markov, Tsivoglou, 
Hill, James Strong and others (7-9). In mine and mill workers, the most simple method is one-count 
method, given by Rolle (8,10) .It is used in measuring and calculation of radon- 222 working level 
[WL(Rn)] according to the following relation, (10)  
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Where, CPM  is the count per minute, t is the sampling time (5 min.), v  is the corrected pump 

flow rate l/m, E is the instrument efficiency and F  is the conversion factor, F  = 213, and the waiting 
time is 7.5 minute after the end of sampling.  

 
In this technique sampling and delay periods may be varied over moderate ranges to suit in the 

attached graphic (Fig.3) of Rolle technique (8) . 
 
 
                         pump      waiting time      counting time  
                 To────── T1 ─────── T2 ───────── 
                        5 min.        7.5 min.                2 min 
 

Fig.(3):Graphic form of Rolle Technique 
 

 
      Although thoron daughters can be measured only, they are generally associated with the presence of 
radon daughters and therefore the WL contribution from each should be separated, otherwise the radon 
daughter WL is overestimated. Therefore, the equipment is the same that used for radon measurements; 
except that, after the radon daughter activity is counted (Rolle technique) the filter must be saved for  
thoron daughter activity count (5–17 h after sampling). However, the following formula is used for the 
determination of thoron products working level WL (6). 
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Where; )(TnCPM  = Thoron count per min., v   = corrected pump flow-rate l/m, t  = Sampling 

time, E  = Counter efficiency and  F  = Thoron WL factor. This Factor was estimated by using the 
time elapsed between the end of sampling and the beginning of counting the sample (2). 

 
The average of gamma dose was estimated by using the LB–1200 Survey Meter that was used for 

measuring the γ-dose and beta together with and without window. 
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RESULTS AND DISCUSSION 

 
The obtained results for radon daughter products (RnDPs) and thoron daughter products (TnDPs) 

was taken along the mine at equally spaced locations wherever it was possible. Five air born of radon 
and thoron daughter products of known volumes were collected and pumped through a membrane filter. 
In addition γ -dose was measured at each estimation. Also, the environmental parameters include 
temperature, relative humidity, wind velocity and atmospheric pressure have been recorded.Where the 
temperature ranging between 24 –29 at M1 and 24 –30 at M2, While the relative humidity at these 
mines ranging between 30 - 40 at M1 and between 30 –70 at M2. 

 
The results were calculated using equations (1,2) in unit of WL due to RnDPs and TnDPs and in 

µSv/h due to γ- levels. These results are listed in tables (1,2).These tables show that, the lowest 
concentration level recorded at positions with natural ventilation and the highest concentration levels 
are found at closed parts with almost no ventilation.  

 
At M1 all the stations recorded high WL levels ,except the station in the main entrance where the 

natural ventilation is efficient for radon diffusion. Also, at M2, all the stations have high concentration 
except station.No.2 & 7, which recorded low values of WL. This means that the natural ventilation 
causes an important role in Rn- gas concentration, where it cause removal of the accumulated Rn –gas 
in the main entrance faster than its emanation flux. 

 
 The significant visible U-mineralization observed at some stations inside the mines indicates higher 

U-contents and consequently higher Rn-gas flux in such stations. Therefore, the radon concentration 
depends partly on environmental factors (i.e mine air residence time, relative humidity ,temperature and 
parometric pressure), in addition other considerations such as rock fracture and cracks and other factors 
as plate-out in mine walls and other surfaces which affect the radon emanation.  

 
Also, from these tables we noticed that RnDPs have major hazards effect but γ-dose and TnDPs has 

the minor effect where γ  represent the external radiation while RnDPs and TnDPs the internal radiation 
hazard. So, in U/G mine radon and its daughter’s product are the main source of hazards to the 
mineworkers  

 
According to the dose limit specified by IAEA (4 WLM for radon progeny and 12 WLM for thoron 

progeny) (11) , it is noticed that both M1 and M2 record high values of WL  due to radon progeny except  
S.No.2 and 7 at M2 those it under dose limit.  

 
Also  the concentration of radon and thoron progeny at M1 was higher than M2.  This is due to the 

mine air residence time and natural ventilation , where the M2 mine has to entrances that cause the  
turbulence of air in the other stations. So, we can conclude that the main parameters that strongly 
influence on the Rn concentration are the natural ventilation. 
 

Table (1): Variation of RnDPs and TnDPs working levels (WL) together gamma 
dose µSv/h with the station number (S.No) at M1(Abu-Zarab) mine. 

 
S.No. γ-dose rate (µSv/h) RnDPs  (WLh) TnDPs (WLh) 

1 0.52 ± 0.11 0.11 ± 0.01 0.07 ± 0.02 
2 0.40 ± 0.11 1.41 ± 0.16 0.07 ± 0.02 
3 0.38 ± 0.14 1.28 ± 0.08 0.08 ± 0.01 
4 0.50 ± 0.13 1.87 ± 0.11 0.10 ± 0.01 
5 0.50 ± 0.16 1.28 ± 0.64 0.07 ± 0.02 
6 0.50 ± 0.14 1.41 ± 0.08 0.11 ± 0.03 
7 0.34 ± 0.12 1.61 ± 0.11 0.07 ± 0.01 
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Table (2): Variation of RnDPs and TnDPs working levels (WL) together 
gamma   dose with the station number (S.No) at  M2 (El-Alluga) mine. 

 
S.No γ-dose rate (µSv/h) RnDPs  (WLh) TnDPs (WLh) 

1 1.09 ± 0.18 0.04 ± 0.01 0.04 ± 0.01 
2 0.91 ± 0.20 0.02 ± 0.02 0.02 ± 0.01 
3 0.88 ± 0.18 0.03 ± 0.01 0.03 ± 0.01 
4 0.88 ± 0.17 0.09 ± 0.12 0.04 ± 0.01 
5 0.74 ± 0.17 0.10 ± 0.06 0.05 ± 0.01 
6 0.86 ± 0.17 0.04 ± 0.01 0.04 ± 0.01 
7 0.79 ± 0.11 0.02 ± 0.02 0.04 ± 0.01 
8 0.92 ± 0.18 0.06 ± 0.05 0.04 ± 0.01 
9 0.82 ± 0.11 0.49 ± 0.31 0.05 ± 0.01 
10 0.84 ± 0.18 0.19 ± 0.07 0.04 ± 0.01 

 
 

Table (3): The working level mounth exposure for radon progeny and  
thoron progeny at M1(Abu-Zarab) mine. 

 
S.No. WLM(Rn) WLM(Tn) 

1 18.94 ± 0.96 11.10 ± 2.76 
2 239.70 ± 26.43 9.36 ± 4.22 
3 217.81 ± 13.11 11.04 ± 1.58 
4 316.41 ± 18.50 18.57 ± 1.18 
5 214.40 ± 107.98 12.59 ± 3.68 
6 239.98 ± 13.51 19.24 ± 5.34 
7 274.33 ± 18.16 11.45 ± 2.33 

 
 

Table (4): The working level mounth exposure for radon progeny and thoron 
progeny at M2 (El-Alluga) mine. 

 
S.No. WLM(Rn) WLM(Tn) 

1 6.63 ± 1.72 6.06 ± 1.76 
2 3.44 ± 3.97 3.85 ± 1.67 
3 5.06 ± 2.43 5.01 ± 0.46 
4 15.48 ± 20.18 7.51 ± 1.23 
5 17.60 ± 9.55 8.05 ± 1.61 
6 6.03 ± 1.62 6.16 ± 1.13 
7 3.41 ± 3.41 7.52 ± 2.22 
8 11.01 ± 8.66 6.44 ± 1.89 
9 82.57 ± 52.77 9.00 ± 2.17 
10 31.92 ± 11.74 6.81 ± 0.41 
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CONCLUSION AND RECOMENDATIONS 
 

Radiation exposure problem in underground (U/G) mines in general and uranium mines in particular 
is mainly due to the emanation of radioactive gases, that radon and thoron in the closed or confined 
spaces of the U/G tunnels causes a serious health problems. 

 
Major health problems may appear if the ventilation system of the U/G mining work is not efficient 

enough to avoid any radiation hazards. Efficient mechanical ventilation system is the main way to 
decrease the radon and thoron risk to the acceptable levels. However, natural ventilation may help in 
some cases.  

From the observation of the measurements in the two mines, it can be concluded that M1 mine has 
higher radon and thoron daughter products than M2.  This could be related to the age of air in each 
mine. Generally, the ore radioactivity, the environmental parameters and the geological factors as well 
as the local ventilation can limit radon and/or radon daughter’s products concentrations. Hence, it is 
possible to obtain different results in the same mine at different locations or in different mines within 
the same formation. 

 Therefore, it is strongly recommended that personal protective equipment should be 
available before beginning mining activity.(the most protective equipment used in U/G mine 
consists of respirators an protective clothing such as footwear, safety glasses and gloves. 
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