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Abstract-In this study, long –term technique for alpha guard have been used to count radium content and radon exhalation 

rate in archaeological specimens.Specimens collected from Elkebash street, west bank, Luxor and Elkarnak temples. The 

values of radium contents were ranged from 181.12 to 236.04 with average value 207.919,from 89.41 to 151.84 with average 

value 122.42, from 121.68 to 217.856 with average value 167.89and from 66.46 to 106.75 with average value82.26 for Elkebash, 

luxor temple,west bank and ELkarnak temple respectively.In the other hand the Mass Exhalation Rate (EM)were from 0.99 to  

1.78 with average value 1.5 ,from 0.67 to 1.14 with average 0.92 from 0.91 to 1.64 with average value 1.27 and from 0.50 to 0.80 

with average value 0.62 for Elkebash, Luxor temple ,west bank and ELkarnak temple archaeological specimens while the Area 

Exhalation Rate (EX)for Elkebash, Luxor temple ,west bank and ELkarnak temple  were from  8.39 to 15.04 with average 

value 12.65 ,from 8.39 to 14.04 with average 11.77 , from 7.4 to 13.3 with average value 10.23 and from 5.48 to 6.9 with average 

value 6.2 respectively. 
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I.INTRODUCTION 
 

Uranium (U-238) is the main source for Rn-222 which is 
existing in all kinds of rocks and soil in part per million. 

Radium has considered one member from Uranium (u-

238) radioactive series, which have found in everywhere 

in the crust of earth, and because of radon is the daughter 

of radium it is also have found in everywhere [1] in 

natural environment, Radon has three radioactive 

isotopes: 

 

1-Rn-219 (t1/2=3.96S) in U-235 series 

2-Rn-220(t1/2=55.6S) in Th-232 series 

3-Rn-222(t1/2=3.82d) in U-238 series 
 

Rn-220 and Rn-219 have short half-live so they are 

neglected but Rn-222 is most important isotopes because 

of it is long half-live [2-6]. Radon have found in outdoor 

and indoor air so its amount in soil may vary over wide 

range depending on weather conditions and soil kinds [7]. 

There is a process called emanation, which express for 

escape Rn-222 atom from soil to air or water filled pore 

space [8-9]. Radon atoms transport within the soil, until 

they undergo radioactive decay or have been released into 

the atmosphere this have been called exhalation process 

and radon exhalation rate can be known as the amount of 
activity of releasing radon per unit surface area per 

second. Radon can enter into a dwelling from soil to gas 

influenced by some parameters [10] such as: 

 Focus of radon in soil 

 Moisture of soil 

 Soil permeability [11] 
The level of indoor radon has depended on the intrinsic 

activity concentration of radium of the materials in 

question and their bulk permeability to radon gas [12], 

with the most significant parameters being the effective 

diffusion range, the effective surface area emission and 

the superficial structure [13].  

 

II. EXPERIMENTAL METHOD 
 

41 archaeological specimens have been taken from 

Elkebash Street, west bank, Luxor and Elkarnak temples. 

They are archaeological areas in Upper Egypt. In the 

present investigations, „„accumulation chamber‟‟ 

technique has been used to study the radium content and 

radon exhalation rates, the specimens have been taken 

from different regions of archaeological areas in Luxor 

governorate. Figure (1) shows the experimental 

arrangement. The specimen has been placed at the bottom 
of cylindrical sealed can 10Cm height and 7Cm diameter. 

The LR-115 type -11 plastic track detectors at the top 

inner surface has been used to cover and fitted the mouth 

of the cylindrical can [14-16]. The tracks of α-particles 

have been emitted by radon gas produced through α-

particles decay of radium content of the specimens have 

been recorded by the detector. 
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Fig.1 Experiential setup for measuring radium content and 

radon exhalation rate in archeological specimens 

 

Exhalation rates in terms of area and mass were occurred 
from the following equations [1,2] [17-18]: 

𝐸𝑥 =
𝜆𝑉𝐶

𝐴[𝑡+𝜆−1 exp  −𝜆𝑡  −1 ]
   (1) 

𝐸𝑚 =
𝜆𝑉𝐶

𝑀[𝑡+𝜆−1 exp  −𝜆𝑡  −1 ]
 (2) 

𝐶𝑅𝑎𝑑𝑖𝑢𝑚 =
𝜌ℎ𝐴

𝑘𝑇𝑒𝑀
  (3) 

 

The radium concentration in soil was calculated using the 

relation (3) [18-20]: 

 

Where: CRadium is radium content of soil specimen 

(Bq.kg–1), C is radon concentration measured by CR-39 

(Bq.m-3h-1), t is the exposure time (hours), V is the 

hollow holder volume (m3), λ is the radon decay constant 
(h-1), A is the surface area from which radon is exhaled 

(m2) and M is the mass of the specimen (kg), h is the 

distance between the detector and the top of the soil 

specimen. 

 

III. RESULTS AND DISCUSSION 
 
In the present study, radium content and radon exhalation 

rates have been calculated for 41 specimens have been 

taken from four regions are shown in figs. (2-5). Table I 

shows (EX)and (EM)for all region The obtained results 

from the study the radon exhalation rate was found as 

follows: 

 

In archaeological specimens, the highest radium content, 

(EM) and (EX) have been found to be 236.04 (Bq.kg-1), 

1.7 (Bq.kg-1.h-1) and 15 (Bq.m-2.h-1), respectively. 

While, the lowest value of the radium content, (EM) and 
(EX) have been found to be 82.26 (Bq.kg-1), 0.62 (Bq.kg-

1.h-1) and 6.2 (Bq.m-2.h-1), respectively. The average 

value for radium content, (EM) and (EX) for all regions 

have been 207 (Bq.kg-1), 12.65 (Bq.m-2.h-1) and1.53 

(Bq.kg-1.h-1) respectively. 

 

 

 

 

Table 1 Radium Content and Radon Exhalation Rate in 

Different Region of Archaeological Specimen Using 
Alpha GUARD. 

 

 
 

Figs. (2-5) show radium content (Bq.kg-1), (EM)(Bq.kg-

1.h-1) and (EX)(Bq.m-2.h-1) for archaeological 

specimens collected Elkebash street, west bank, Luxor 

and Elkarnak temples. 
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(c) 

 

Fig.2. (a) radium content (Bq.kg-1), (b) (EM)(Bq.kg-1.h-

1)) and (c) (EX)(Bq.m-2.h-1) for archaeological 

specimens collected from ELkebash region 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Fig.3 (a) radium content (Bq.kg-1), (b) (EM)(Bq.kg-1.h-

1)  and (c) (EX)(Bq.m-2.h-1) for archaeological 

specimens collected from West bank region 

 
(a) 
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(b) 

 

 
(c) 

 

Fig.4  (a) radium content (Bq.kg-1), (b) (EM)(Bq.kg-1.h-

1) and (c) (EX)(Bq.m-2.h-1) for archaeological specimens 

collected from Luxor temple region 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Fig.5 (a) radium content (Bq.kg-1), (b) (EM)(Bq.kg-1.h-
1) and (c) (EX)(Bq.m-2.h-1) for archaeological specimens 

collected from EL karnak temple region. A. Comparison 

Between Radium Content and Radon Exhalation Rate in 

Different Regions of Archaeological Specimens Table 2 

shows a comparison between Radium content and Radon 

exhalation in different archaeological regions. 

 

Table 2 Comparison between Radium Content and Radon 

Exhalation Rate in Different Region of Archaeological 

Specimen. 

Region 

Radium 

Content 
(Bq/Kg) 

Radon Exhalation Rate 

Mass 

Bq.kg-1.h-1 

Surface 

Area 
Bq.m-2h-1 

ELkebash 207.91 1.53 12.65 

Luxor Temple 122.42 0.925 11.77 

West Bank 167.89 1.27 10.23 

Elkarnak Temple 82.26 0.62 6.208 

 

From the table we can notice that Elkebash region have 

the highest value for Radium content (Bq.kg-1), (EM) and 

(EX), but the lowest value for Radium content (Bq.kg-1), 

Radon Exhalation (EM) and (EX)were observed at 

ELkarnak temple region. Fig.6 shows comparison 

between Radium contents and radon exhalation rate in 

different regions of archaeological specimens. 
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(b) 

 
(c) 

Fig.6 comparison between (a) radium contents and radon 

exhalation rate in different regions of archaeological 

specimens 

 

IV. CONCLUSION 
 

 The values of Radium content, (EM) and (EX) varied 
among specimens may be because of the large of 

radium and uranium content of some specimens or 

because of geological characteristics is different. 

 The mean radium content, the mean area and the mean 

mass radon exhalation rates counted in the specimens 

collected from Elkebash road were slightly higher than 

those counted in other specimens. 

 Average calculations on the effective radium content, 

area and mass radon exhalation rates, from specimens 

give normal distributions. 
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