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Abstract 

 

The most important contributors to the committed effective dose 

received by population due to natural sources are the short-lived 

decay products of radon (
222
Rn). In natural voids, such as caves, 

most radon will enter the system from diffusion across the rock-air 

interface. It is well known that factors such as air pressure and 

temperature control the distribution of radon. The radon 

concentration measurements in the Wadi Sannur cave in Beni-Suef 

governorate in the period from 14
Th
 of July 2005 to 17

TH
 of October 

2005. The average radon concentrations in the right, left and whole 

first cave are 916.12 ± 179.09, 819.63 ± 54.72 and 873.90± 147.11 

Bq m
-3
 respectively.. The measurements were performed using track 

etch detector of type CR-39. After exposure, all detectors were 

etched chemically in 6.25 M NaOH solution at 70
0
C for 6h. The 

tracks were counted with an optical microscope magnifying 400 

times The average temperature inside the first cave during the 

period of measurements is 25-26 
o
C. 

 The annual effective doses for the workers and visitors in the 

cave have been calculated. The average radon concentration in the 

Wadi Sannur cave, was 873.90 ± 147.11 Bq m
-3
. The annual 

effective doses for worker and visitor in the cave were 1.33 ± 0.24 

and 0.041 ± 0.007 mSv respectively. The doses are within the 

international recommended dose of 1.15 mSv.   
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I. Introduction 

The most important contributors to the committed effective dose received by 

population due to natural sources are the short-lived decay products of radon (
222
Rn). 

In natural voids, such as caves, most radon will enter the system from diffusion across 

the rock-air interface.  It is well known that factors such as air pressure and 

temperature control the distribution of radon. Radon measurements in Wadi Sannur 

cave were made using CR-39 track detectors in the period from December 2004 to 

February, 2005 
(1)
.  



Wadi Sannur cave Protectorate area is in eastern Egypt. It is 70 km southeast of Beni 

Suef, Egypt. It consists of three known caves. Two caves are selected for this study. 

Cave I is at 50 m below ground surface. It has 275 m length and 1500 m
2
 floor area. 

The cave is divided into two main galleries: right and left parts. The right gallery 

enclosed decorated dripstones much more than the left gallery. The decorative 

dripstone features are called speleothems
(2)
 (popcorn, crusts, flowstone, helicities, 

stalactities and soda straws, dogteeth and stalagmites).   The average temperature 

inside the first cave during the period of measurements is 25-26 
o
C. 

In this work, the level of radon concentration measurements in the caves has been 

measured. Also, the annual dose received by the workers and visitors have been 

estimated in the caves in the measurement period. Measurements were done using 

passive nuclear track detector type CR-39.  

II. Experimental technique 

Radon measurements in the cave environment. 

A diffusion cup, for measuring radon concentration in cave environment had 7 

cm mouth diameter and 5.7 cm height. The mouth of the cup was covered by filtered 

paper. This filter was to protect the diffusion cup from counting of thoron. This 

configuration is a ‘radon Only' device
(3)
 with calibration factor (k) of 0.215±0.027 

track.cm
-2
/ (Bqm

-3
.d) 

(4)
. This cup was suspended on the tested region across the cave. 

The detectors were exposed in this configuration for a known period of time of 95 

days. The radon concentration (C (Bq.m
-3
)) can be determined as: 

kT

D
C =                                                         (1) 

Where, D is the net track density ( track. cm
-2
) and T is the exposure time (days). 

Fig. 1 and Fig. 2 show the geographical map of the caves and distribution of radon 

detectors across the first cave. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 

 

 

 

 

 

 

  

 

                                    Fig. 1. Location of the protectorate area wadi sannur cave. 
Fig. 1.Location of the Protectorate area Wadi Sannur cave 



 

 

After exposure, all detectors were etched chemically in 6.25 M NaOH solution at 

70
0
C for 6h. The tracks were counted with an optical microscope magnifying 400 

times. 

  

  

III. Results and discussion 

 

The radon concentration measurements were verified at different distances are 

indicated in the Fig. (3). The measurements were performed using track etch detector  

of type CR-39 in the period from 14
Th
 of July 2005 to 17

TH
 of October 2005. The 

average radon concentrations in the right, left and whole first cave are 916.12 ± 

179.09, 819.63 ± 54.72 and 873.90± 147.11 Bq m
-3
 respectively. While the average 

radon concentration in the period from December 2004 to February 2005 were  

219.10 ± 75.56, 269.85 ± 89.61 and 252.18± 63.79 Bq m
-3
  respectively 

(1)
. 

Fig. 2: Diagram for the Wadi Sannur cave. 



 In winter
(5)
 when the temperature in the cave is  greater than the external one. 

The warm internal air lifts up to the external cave. For the replacement of the left air, 

the cold low radon concentration atmospheric air flows into the cave through the 

entrance resulting winter minima.  

In hot period when the exceed external temperature than internal, the direction 

of the airflow changes to the opposite. The colder air in the cave is denser than the 

external air, thus the air flows out of the cave through the entrance resulting summer 

maxima.  

It is observed also that the entrance cave region has maximum radon 

concentration where in this region the replacement to the air from the cave.         



 

Fig. (3): The dependence of radon concentration on the distance from the cave  

                 entrance. 

 

 

 

 

 

 

 

 

 

 



Dose calculations 

 

The equilibrium factor was measured using plannic formula
(6)
 and was found 

0.53 for the present cave. This value is compatible with the value 0.5 which used by 

most cave searchers 
(7,8,9,10)

. 

The annual effective dose, HE, due to the inhalation of radon, in cave air, was 

calculated according to the UNSCEAR 2000B
(11)
: 

133 ).(9)( −−−
= mhBqnSvTFBqmCH aE                                                                 (2) 

where Ca is the average cave air radon concentration, F is the cave equilibrium 

factor between radon and its progeny (0.53). 

    Because of the cave doesn’t opening for public, the exposure time was taken as a 

320 h for workers.                       

For the cave worker and visitor who spend, total exposure times 320 h and 10 h per 

annum in the cave environment respectively. The expected dose in the cave for the 

hot and cold periods can be calculated as in Table 1. 

 

Table 1. The annual effective dose received by worker and visitor inside the cave for 

two time periods 

Period Concentration 

 (Bq m
-3
) 

Receiver  Dose (µSv) 

Worker 363.14±91.85 Dec.,  2004 to Feb., 2005 

(cold period) 

252.18 ±63.79  

Visitor 11.35±2.87 

Worker 1333.92±224.55 Jul. to October, 2005  

(hot period)  

873.90±147.11  

Visitor 41.68±7.02 

 

 

 



The dose calculations for the worker and visitor are indicated in Table 1.   It is 

observed that the value of the receiving dose for hot period is greater than that in the 

cold period. The receiving dose for workers in the hot period is within the statistical 

error equals to the permitted international  dose 1.15 mSv 
(11)
 .  
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Figure Caption 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3) The dependence of radon concentration on the distance from the cave 

             entrance. 

Fig. 1.  Location of the Protectorate area Wadi Sannur cave 

Fig. 2. Diagram for the Wadi Sannur cave. 



 


