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The aim of this work was to measure Rn-222 in some houses in Qena City, Upper Egypt. 
We have measured radon indoor using CR-39 film detectors. Results of indoor radon 
concentration and the risk factors inside dwellings in selected houses in Qena City are 
presented. Comparison of obtained results with other results in various locations in the 
world showed our results are lower than those published in different countries. 
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1. INTRODUCTION 

 
Radon is a colorless and odorless monatomic gas. It is, under all conditions of interest here, 

chemically, it has no stable isotopic form; instead, all of its isotopes are radioactive. There are three 
naturally occurring isotopes of radon (Rn-222, Rn-220 and Rn-219), each associated with a different 
radioactive decay series that begin with the radionuclides 235U, 232Th, or 235U, respectively. Radon-
222, which has a 3.8 day half-life, is part of the uranium (238U) decay chain. This nuclide is the most 
important of the three radon isotopes because of its concentrations in indoor air and due to the health 
effects associated with exposures to its radioactive decay products [1]. 

Several investigations have been used to measure radon and is daughters concentration. Solid 
state nuclear track detectors, such as LR-115 and CR-39, have been widely used for the measurement 
of time integrated radon levels in dwellings under different conditions [2-7]. 

In Egypt, similar surveys were performed related to measurements of radon concentrations in 
indoor and water [8], using Solid state nuclear track detector (SSNTDs) CR-39. 

In general, under normal conditions, the intake of radon from indoor and ambient air far 
surpasses the intake of radon from drinking water via both the ingestion and inhalation routes. The 
global average dose from the inhalation of radon from all sources is approximately 1 mSv year−1 [9], 
which is slightly less than half the total natural radiation exposure of 2.4 mSv year−1 [10]. 

 
The aim of the present study is to determine the radon indoor concentration in different houses 

in Qena city (Figure 1) using CR-39 detectors. The principle of this passive technique is based on the 
production of track in the detector due to alpha-particles emitted from radon and its progeny. This 
work measured in Environmental Radioactivity Measurements Laboratory, in physics department, 
south valley university (ERML). 
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Figure 1 Map of study area (Qena city) 

 
 

2. EXPERIMENT AND METHOD 
 

2.1. Measurements 
 

(a) (b) 

 
Figure 2.  a) Holder design: NRPB/SSI design (UK/Sweden), consisting of antistatic material. Supplied by 
Stroja AB, Nineshamn in Sweden and (b) is the CR-39 films [11]. 
 

 
Figure 3.  The image analysis system comprising optical microscope, camera, personal computer, 
monitor and printer are in ERML. 
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The CR-39 (PADC) polyallyldiglycol carbonate nuclear track detectors are supplied by Track 

Analysis Systems Ltd (TASL) based in Bristol in UK. Cut and engraved and detector size = 361 
mm2 (19x19x1mm slides with edges cut at 90 degrees). For the measurement of indoor radon levels 
in different houses of CR-39 films (1.9 ×1.9) were used. Films were fixed in the container as shown 
in Figure 2 A. A closed radon detector is a track detector within a closed container, which allows 
radon-222 to diffuse into it. The closed detector excludes radon decay products which are present in 
the ambient atmosphere and records only those alpha particles generated by the radon entering the 
container and the decay products formed from it.. The detectors exposed at each location for a period 
of three months. After exposure, films were etched 20 % NaOH (3000g of distilled water and 750 g 
NaOH-pellets at a temperature of 90°C for 2 hours and 45 minutes as shown in Figure 2 b.  
 

The films were then washed with distilled water and dried in a dust-free chamber. The indoor 
222Rn activity concentrations (in units of Bq m2) were estimated by counting the tracks left by alpha 
particles on the films exposed to radon gas, which were visible under a optical  microscope (400 
magnification) [11]. The track counting system in this study is shown in Figure 3. 
 
 

2.2. Calculations 
 

2.2.1. Indoor Radon Concentration (CRn-222) 
 
The average radon concentration in the homes was measured by passive methods, calculated as 

[12,13] 
 

                                                               CRn(Bq. m-3) = ρ/kt                                                     (1)      
 

where ρ is the track density (track/cm2), k is the calibration factor = 2.93 tracks m-2d-1/Bqm-3 of 
radon, which is calibrated in the Norwegian Radiation Protection Authority  [14], and t is the 
exposure time (= 90 days). 
 

2.2.2. Radon Progeny Concentration (WL) 
 

The concentration of the four short-lived radon daughters are usually expressed in terms of 
Potential Alpha energy Concentration (PAEC) or Equilibrium Equivalent Radon Concentration 
(EERC). These two quantity combine the four concentrations in a single value, using weighting 
factors that take into account the relative importance along the health effects to the lung, which are 
due to the alpha particles emitted by the radon daughters along the decay chain down to lead [15]. 
Progeny concentration in WL is obtained by the following formula [16,17]: 
 

                                                             WL = F × CRn /3700                                                     (2) 
 
where F is the equilibrium factor between radon and its daughter and equal to (0.4), and CRn is the 
radon concentration measured (Bq.m-3). 
 

2.2.3. Annual Effective Dose (mSv.y-1) 
 

Several methods have been reported to calculate the dose of radon concentration received by a 
person in an environment. Radiation doses due to radon products for the men in the house were 
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calculated according to UNSCEAR 2000 [18]. The following formula was used to calculate the 
annual effective dose (mSv.y-1) [19,20]: 
 

                                                           HE = CRn× F ×H×T ×D                                                     (3) 
 
where HE is the annual effective dose (mSv.y-1), CRn is the average radon concentration (Bq.m-3), F is 
an equilibrium factor (0.4), H is the occupancy factor (0.8) , T is in hours in a year (T = 8760 h y-1) 
and D is the dose conversion factors (K = 9.0×10-6 mSv.Bq.m-3h-1). 
 

3. RESULTS 
 

The results of the radon concentration in different houses in Qena were given in Table (1), and 
illustrated in Figure 4. It was observed that they varied from 21.60 Bq/m3 in in sample No 17 to 
41.61 Bq/m3 in sample No16, the result shows that the radon concentration in sample No. 16 
(highest) is a factor of 2.0 higher than that in sample No.17 (lowest), the average radon concentration 
in all samples was 33.69 Bq/m3. This illustrates that the for all houses in Qena,  in this study, it is 
acceptable because it lies within the radon levels recommended by the international commission on 
radiological protection (ICRP), and the average radon concentration for all houses in Qena  (within 
the acceptable radon levels (21.60 - 41.61) Bq/m3 recommended by the international commission on 
radiological protection (ICRP) [21].  
 
Table 1.  Results of  indoor radon concentration and the risk factors inside dwellings in selected 
houses in Qena City, Egypt 

Sample 
No. Film Code Room 

Density 
of 
tracks 

Bq/m3 WL HE 

1 Tk-880 bedroom 215 30.96 0.0033 0.7810 
2 Tk-860 living room 283 40.75 0.0044 1.0281 
3 Tk-914 underground 285 41.04 0.0044 1.0353 
4 Tk-912 living room 181 26.06 0.0028 0.6575 
5 Tk-977 living room 231 33.26 0.0036 0.8392 
6 Tk-954 bedroom 205 29.52 0.0032 0.7447 
7 Tk-913 living room 175 25.20 0.0027 0.6357 
8 Tk-844 bedroom 199 28.65 0.0031 0.7229 
9 Tk-940 livingroom 278 40.03 0.0043 1.0099 
10 Tk-935 bedroom 261 37.58 0.0041 0.9481 
11 Tk-948 livingroom 218 31.39 0.0034 0.7919 
1 Tk-938 bedroom 262 37.73 0.0041 0.9518 
13 Tk-979 bedroom 252 36.29 0.0039 0.9155 
14 Tk-892 livingroom 185 26.64 0.0029 0.6721 
15 Tk-976 livingroom 260 37.44 0.0040 0.9445 
16 Tk-749 bedroom 289 41.61 0.0045 1.0499 
17 Tk-969 bedroom 150 21.60 0.0023 0.5449 
18 Tk-861 kichen 283 40.75 0.0044 1.0281 
19 Tk-946 kichen 215 30.96 0.0023 0.5449 
 min  21.60 0.0045 1.0499 
 max  41.61 0.0036 0.8501 
 average 33.69 0.0007 0.1608 
 SD 6.37 0.002 0.48 
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The houses in Qena city under study were built using cement, sand, clay bricks, mud, iron 
structure, marble and concrete as the construction materials. In general, more than (95%) of the 
dwelling are covered with gypsum. 

 
 Figure 4.  Indoor radon concentrations inside rooms in selected houses in Qena City, Egypt. 
 

The range of radon effective dose rate from our study varied from 0.8501 to 1.0499 mSv/ year. 
The mean annual effective dose in houses was found to be 0.1608 mSv/year. 
 
Table 2. Comparison of results with other results in various locations in the world 
 

Country  CRn (Bq/m3)  Ref.  
Egypt 20.6-41.61 Present work 
Iraq  13.53 - 51.176  22  
Jordan  29.3 to 99.7  23  
Hong Kong  48±32  24 
Brazil  5 - 200  25 
India Punjab 84.93 - 128.53 26  
KSA 21.53 27 

The Sudan 26 -124 28 
USA 148 29 

 
The recorded values of indoor radon concentration in our study are far below than the radon 

action level (20.6- 41.61) Bq.m-3 as recommended by ICRP-1993 [21], lower than the new reference 
level (100 B/qm3) set by WHO [30], and below the action level (148 Bq.m-3) recommended by 
Environmental Protection Agency (EPA) [31]. Mean value is slightly lower than the world-wide, 
population weighted, average radon of 40 Bq.m-3 as reported by UNSCEAR [18] and well within 
values reported for various indoor in other countries worldwide (Table 2). 
 

4. CONCLUSION 
 

Radon concentration measurements were performed in 18 houses in Qena city of Egypt. The 
mean value of indoor radon concentration measured at houses in Qena city was below the action 
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level recommended by ICRP.  The ventilation rate in the residential areas and construction materials 
play a very important role in the controlling of indoor radon concentration. Furthermore, the 
calculated effective dose for all houses in Qena city is lower than the average value given by 
UNSCEAR and below the ICRP action level. 
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