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ABSTRACT 
 

   Radon, a well-established risk factor for human lung cancer, is present at low 
concentrations in most homes. Consequently, many countries have established 
national guidelines for residential radon concentrations. This survey provides 
additional information about indoor radon concentrations in Egypt. Indoor radon 
survey of a total of 15 randomly selected houses in Qena city, Upper Egypt was 
carried out. LR-115 detectors were exposed for one year, covering all the seasons. 
The estimated indoor radon levels varied from 19 to 59 Bq m-3 with an average of 40 
Bq m-3. Using the bare and filtered LR-115 detectors, the average equilibrium factor 
"F" was assessed as 0.30±0.09 indoors. An average annual effective dose of 0.56 mSv 
has been estimated and was found to be lower than the ICRP-65 action level (3 – 10 
mSv y-1).  
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INTRODUCTION 

 

     Radon (222Rn) is the most important source of natural radiation, being responsible for 
approximately half of the dose to man taking into consideration the totality of the natural sources (1). 
In the last two decades, there has been a great deal of awareness about the health risks from exposure 
to radon radioactive gas and its decay products. In fact, the Surgeon General of the United States has 
warned that radon is the second leading cause of lung cancer in the United States today, next only to 
smoking, which causes more lung cancer deaths (2). Radon can enter the indoor environment (house, 
mine, cave, tunnel, etc.) by diffusion from soil and by the emanation from building materials and 
ground water. In some cases, radon is released from natural gas (3). In recent years substantial 
attention has been paid to radon, particularly to the problems of exposure to radon and its progeny in 
dwellings because of its apparent health implications. There has been an increasing interest in indoor 
222Rn measurements if an average person spends more than 80% of time either in home or in the 
workplace (19). 
 
    In Egypt, many research workers are engaged in the measurement of indoor radon levels in 
Egyptian tombs and temples, the underground METRO stations of Cairo city and in dwellings for 
health risk assessments and its control (4-14). 
 
   222Rn gas decays in a series of radio nuclides of short half life that are radioactive isotopes of lead, 
polonium  and bismuth ( radon progeny ). This short period radio nuclides are highly reactive alpha  
emitters that can attach to dust particles of the environment thus remaining  in suspension. 222Rn gas  
and its progeny are inhaled with the subsequent emission of the alpha particles to the bronchial 
epithelium. Only a small fraction of 222Rn decays inside the respiratory system, the greater part of the 
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 dose is derived from the inhalation of the short lived progeny. 222Rn gas and its progeny 
concentration are related by equilibrium factor F (3) 
  
    It is necessary to remember that 222Rn gas concentration and its progeny changes rapidly with time. 
Therefore, to achieve a suitable determination of the equilibrium factor F it is indispensable to have a 
time integrated method. In general, to perform this type of time integrated determinations, sealed  
cup-technique with bare and diffusion LR-115 detectors are used (15, 16). LR-115 detectors have 
high sensitivity, low cost, easy to handle and retain a permanent record of the data. Also these 
detectors are incorporates the effects of seasonal and diurnal fluctuation of radon activity 
concentrations due to physical and geological factors as well as meteorological factors (3). 
 
   This survey provides additional information about indoor radon concentrations in Egypt. Indoor 
radon survey of a total of 15 randomly selected houses in Qena city, Upper Egypt was carried out. 
The measurements were based upon passive detection of radon using LR-115 etched track 
detectors in cup .These detectors were exposed from 1 April 2004 to 31 March 2005, covering all 
the seasons.  
                                                                                                                                                                                              

MATERIALS AND METHODS 

 

   The passive method of long-term integration of LR-115 nuclear detectors was used in the evaluation 
of radon levels ( C ), the equilibrium factor ( F ) and the effective doses ( E ) inside 15 randomly 
selected houses. The radon measuring device is a diffusion cup of aluminum 7 cm in diameter and 11 
cm long. The cup is equipped (filtered) at its bottom with LR-115 detector. The cup is closed by 50 
µm-thick PE membrane. An external (bare) LR-115 detector was also fixed outside the cup. This 
method was used for simultaneous estimation of the radon activity concentration and the equilibrium 
factor F (15,16). By this method the detector inside measures only the 222Rn exposure, and the detector 
outside measures the total alpha exposure (222Rn, 220Rn and their progeny)(17,18). From the track density 
ratio of the two detectors it is possible to get a reasonable estimation of the equilibrium factor F in a 
favorable case (17). The radon measuring devices were calibrated at the National Institute for 
Measurements and Standards (NIS), Cairo, Egypt (12). 
 
   Four measuring devices were deployed inside each house in ground floors.. Most of the houses in 
the surveyed area are concrete houses and normally ventilated. The concrete houses are built using 
cement, sand, bricks, marble and concrete as the construction materials. In every measuring location, 
the devices were hung about 2.5 m from the ground in bedrooms and living rooms( two cups in each). 
The period of the survey was 1 y from 1 April 2004 to 31 March 2005. The exposed LR-115 detectors 
were chemically etched in NaOH solution under standard conditions (2.5 M at 60°C for 2h) and the 
track density measurements were made using an optical microscope of magnification of 100x.  
 

The track density recorded on the internal detector ρi  is related to the radon activity concentration 
C (Bqm-3) by: 

 

                                                      tK
C i

η
ρ

=
     , 

where K is the attenuation coefficient of radon, t the exposure time and η is radon calibration factor  
in α-tracks cm-2 per Bq m-3 per day. 
 

(1) 
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   The equilibrium factor F between radon and its short lived daughters was calculated using the 
following empirical formula (15,18) 

                             F = a R – b     ,                                              (2) 

where a and b are fitting parameters, 3R2.1,KR
i

e ≤<
ρ
ρ

=  and ρe is the track density recorded on 

the external (bare) detector. Recently the values of the above mentioned fitting parameters were found 
to be a = 0.5 and b = 0.53 as given by Planinić et al., 1997 (15). 
 
   The effective dose of inhaled radon and its progeny can be estimated if the radon activity 
concentration in the air is known as well as their equilibrium factor using equations (1)and (2) and 
dose conversion factors. 
 
   The effective dose (E) was calculated using conventions published in ICRP - 65 (1993) and 
UNSCEAR (1993) (19,20) .According to the former reference the calculation is based on the exposure to 
radon and its progeny and using exposure-dose conversion factors. The exposure (Pr) to radon free 
progeny in Bq m-3 h is given by: 
 
  Pr = C T,                  (3) 

and the cumulative potential alpha energy exposure (Pd) in Working Level Months (WLM) to the 
short-lived radon-222 decay products in air follows from the relationship: 
 
  Pd = K T F C,                                                                               (4) 

where K = 1.6 × 10-6 WLM per Bq h m-3 and T is the occupancy time in hours .Therefore, from 
Eqs. (3) and (4), the effective dose of the radon and its progeny could be given by: 
 
                          E = Pr εr + Pd εd , 

E = CT (εr + εd K F) ,                (5a) 

where εr = 0.74 × 10-7 mSv h-1 per Bqm-3 and εd = 5 mSv per WLM for work are the conversion 
factors for radon free progeny and radon daughters, respectively. 

   On the other hand the effective dose could also be calculated by using the formula given in 
UNSCEAR-1993(19): 
  E = CT (εr + εd F)  ,                                                                (5b) 

where εr = 0.17 nSv h-1 per Bq m-3 and εd = 9 nSv h-1 per Bq m-3. 
 
 

RESULTS AND DISCUSSION 

 

   The calibration coefficient η for LR-115 detector obtained from the calibration experiment was 0.036 
± 0.006 α-tracks cm-2 d-1 per Bq m-3 of radon (12).This value was used to estimate the radon activity 
concentration C with the help of equation(1). From the measured track densities ρi  and  ρe   and using 
equation (2) the equilibrium factor F was calculated. Using Esq.  ( 5a and 5b ) the effective dose values 
to inhabitances were calculated based on the yearly mean value of both radon activity  concentration  
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and equilibrium factor inside the houses. In this study it was assumed that the occupancy factor was 
0.6. 
  
   The results for the annual  indoor radon concentration C , the annual  equilibrium factor F and  the  
annual effective dose E are presents in Table 1. The annual radon activity concentration C inside the 
studied houses varied from 9 to 59 Bqm-3 with  an average of 40 Bqm -3 . It is clear that the annual  
radon activity concentration is low due to good ventilation because the windows are kept open  most   
time due to hot climate. There was no natural gas supply in houses during measurements and water  
was supplied from Nile River; therefore, the source of radon was probably underlying ground and 
building materials. The annual equilibrium factor F varied from 0.17 to 0.50 with an average of 0.30± 
0.08. An average of annual effective doses of 0.56 mSv has been  estimated. The  International 
Commission on  Radiological Protection (ICRP 1993)(20)  recommends that remedial action   against   
radon is always justified above a continued effective dose of 10 mSv, while an annual action    level 
within the range of 3–10 mSv has been proposed. It is evident from the results of the effective doses 
summarized in Table 1 that there is no significant difference between the effective doses evaluated by  
ICRP 65 and UNSCEAR (1993) recommendations (19,20).  
 

TABLE 1: Annual radon activity concentration(C), annual equilibrium factor (F) and annual 
effective dose inside 15 houses in Qena City, Egypt 

 
House No. C( Bq m-3) F E ( mSv) 

ICRP-65 UNSCEAR(1993)
1 24 0.21 0.22 0.26 
2 23 0.27 0.27 0.31 
3 19 0.50 0.41 0.47 
4 51 0.20 0.48 0.53 
5 49 0.32 0.68 0.79 
6 59 0.35 0.90 1.03 
7 49 0.29 0.62 0.72 
8 26 0.17 0.20 0.23 
9 25 0.42 0.45 0.52 
10 38 0.27 0.45 0.52 
11 50 0.37 0.80 0.92 
12 56 0.30 0.73 0.85 
13 48 0.32 0.66 0.77 
14 56 0.22 0.63 0.74 
15 28 0.19 0.23 0.28 

Average 40 0.30±0.09 0.56 
 

 
CONCLUSION 

  
      Radon  contents in  indoor air  in  Egypt  may increase in the future due to the use of new building 

materials, energy conserving measures and the change of living conditions. Thus, measurements of 
indoor radon are important for the evaluation of its impact on public health and to build a country wide 
map of radon levels. 
 
    The investigation of the radon concentrations in the dwellings in Qena city, Egypt, was carried out 
using LR-115 nuclear track detectors from 1 April 2004 to 31 March 2005, covering all the seasons.  
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   The estimated  indoor radon  levels  (C)  varied  from 19  to  59 Bq m-3y-1  with  an  average  of  40 Bq 
m-3y-1 .This study shows that domestic radon concentrations are low in Qena City, but more 
measurements should be performed in a large number of houses of targeted area, with special regards to 
seasonal variation of radon. The average annual equilibrium factor (F) was assessed as 0.30±0.09 
indoors. 
   
    An average annual effective dose (E) of 0.56 mSv has been estimated and was found to be lower  
than the ICRP-65 action level (3 – 10 mSv y-1).  
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