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ABSTRACT 

The study of natural gamma radioactivity was made to determine the 
concentrations of natural radionuclides in soil. Fifty four surface soil samples 
collected from three different locations Wadi Daeeb, Wadi Sarara and Wadi Hodein 
were analyzed by NaI(Tl) detector to determine the activity concentrations of 
226Ra,232Th and 40K. The mean activity concentration of  226Ra,232Th and 40K are 20.9 
± 1.6, 13.5 ± 1.1 and 477 ± 24 Bq kg-1, respectively for Wadi Daeeb soils. The 
corresponding values for Wadi Sarara and Wadi Hodein soils are 27.8 ± 2.6, 17.8 ± 
1.4 and 735.3 ± 29.8 Bq kg-1 and 20.3 ± 1.5, 12 ± 1 and 664.2 ± 20 Bq kg-1, 
respectively. To evaluate the radiological hazard of the natural radioactivity, the 
radium equivalent activity (Raeq) and outdoor external absorbed dose rate in air are 
calculated and compared with the internationally approved values. The average 
annual effective doses in outdoor air received by adults are estimated to be 0.046,  
0.066 and, 0.054 mSv for Daeeb, Sarara and Hodein soils, respectively. Also the 
annual gonadal dose equivalent was calculated and found to be within safe limit. 
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INTRODUCTION 

The word “soil” has a variety of different meanings depending upon its relevance to the society. 
Farmers consider it as the part of the earth’s surface containing decayed and organic material in 
sufficient quantity to grow plants and crops. Geologists take it as the residual (left over) material from 
underlying parent rock that supports root growth. To the engineer, soils include all earth materials 
overlying the rock crust and contain particles of minerals, gasses, and liquids. According to the Soil 
Science Society of America (SSSA), soil is a living system that represents a finite resource vital to life 
on earth. It forms the thin skin of unconsolidated mineral and organic matter on the earth’s surface. It 
develops slowly from various parent materials and is modified by time, climate, macro- and 
microorganisms, vegetation, and topography. 

 
Soils not only consists of organic and inorganic compounds but also radionuclides. The naturally 

occurring radionuclides present in soil include 40K, 226Ra and 232Th (1). Gamma radiation emitted from 
those naturally occurring radioisotopes, called terrestrial background radiation, represents the main 
source of irradiation of the human body and contribute to the total absorbed dose via ingestion, 
inhalation and external irradiation (2). Calculations by Beck (3) suggested that 50 - 80 % of the total 
gamma flux at the earth’s surface arises from 40K, 238U and 232Th series in topsoil. 

  
Natural environmental radioactivity and the associated external exposure due to gamma radiation 

depend primarily on the geological and geographical conditions, and appear at different levels in the 
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soils of each region in the world (4). Since these radionuclides are not uniformly distributed, the 
knowledge of their distribution in soils play an important role in radiation protection and 
measurement (5). Also, the radioactivity of soils is essential for understanding changes in the 
natural background (6, 7). 

The aims of this article is to identify and determine the activity level and resulting human 
impact due to natural occurring radionuclides, 226Ra,232Th and 40K, in soil. For this purpose 54 
surface soil samples were collected from three different locations (Wadi Daeeb, Wadi Sarara 
and Wadi Hodein) in Elba protective area. The obtained results will serve as base line data for 
radioactivity level in this environment. 

 

EXPERIMENTAL PROCEDURE 

Soil samples were collected at 54 different sites with the only constraint that no 
sampling site should be taken close to a field boundary, a road, a tree or other obstruction. For 
each soil sample collected, an area of about 0.5 × 0.5 m2 was marked and carefully cleared of 
debris. Surface soils were then taken from different places randomly within the marked and 
cleared area from the  ground surface up to 5 cm, and mixed together thoroughly in order to 
obtain a representative sample of that area. The areas are two km apart from each other and 
taken from either side of studied Wadi. Each sample was crushed and pulverised, dried in an 
oven at 105 oC and sieved through a 200 mesh, which is the optimum size enriched in heavy 
mineral (8). The prepared samples were transferred to radon-impermeable plastic containers of 
almost uniform size (5.5 cm diameter × 7.5 cm height), weighed and sealed for four weeks to 
reach secular equilibrium between 226Ra and 232Th and their daughter products.  

Measurements were made using low-level gamma-ray spectrometer consists of 3 × 3 
inch NaI(Tl), S-1212-I model, with a 1024 microcomputer multichannel analyzer, 5510 
ORTEC Norland. The detector has a peak gamma-ray efficiency of 1.2 × 10-5 at 1332 keV, 
and energy resolution of 7.5 % at 662 keV. The sample was placed in face to face geometry 
over the detector for at least 15 h. Prior to sampling counting, background were normally 
taken every week under the same condition of sample measurement and then subtracted from 
the samples counted during that week. 

The activity of 226Ra was measured by 351.92 keV (35.1%) photopeak emitted from 
214Pb and 609.32 keV (44.6%) photopeak in turn from 214Bi. The activity of 232Th was 
extracted by 911.16 keV (26.6%) and 2614 keV (35.8 %) gamma rays emitted from 228Ac and 

208Tl, respectively. 40K was determined by measuring its single peak at 1460.8 keV (10.67%).  
 

RESLUTS AND DISCUSSION 

The activity concentrations of 226Ra,232Th and 40K were calculated using the following 
relation (9). 

A = NCPS/(EP × ε (E) × M)                                       (1) 
where A activity of radionuclide (Bq.kg-1); NCPS net counts per seconds in the energy 
window of interest; EP emission probability of the gamma line; ε (E) absolute peak efficiency 
at gamma energy E and M mass of the sample (kg). 

Values of 226Ra,232Th and 40K for soil samples under test in comparison with world 
and Egypt reported values are summarized in the following table.  
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Table 1: The range and average values of 226Ra, 232Th and 40K for soil samples under 
investigation in comparison with values reported for world and Egypt. 

Location 226Ra 232Th 40K 
Range Mean Range Mean Range Mean 

W. Daeeb 
(17) 

11.1 ±1.2  
–  

40.9 ±2.2 

20.9 ± 1.6 8.1 ± 1 
 –  

25 ± 1.8

13.5±1.1 242 ± 15.3  
–  

666.1±28.4 

477 ±24 

W. Sarara 
(16) 

7.6 ± 1.4 
 –  

44.4 ±3.3 

27.8 ± 2.6 6.3 ± 0.9  
–  

29.1 ±1.9 

17.8±1.4 221.3±16.4 
– 

1087.2 ±36 

735.3 ± 29.8 

W. Hodein 
(21) 

10.1 ±1.1 
-  

35.1 ±2.1 

20.3 ± 1.5 5.2 ± 0.8 
 -  

18.7 ±1.5 

12 ± 1 273.6±13.2  
– 

 1289.3±29 

664.2 ± 20 

World 
value (4) 

17 - 60 35 11 - 64 30 140 - 850 400 

Egypt (4) 5 - 64 17 2 - 96 18 29 - 650 320 
 The number given within parentheses is the number of samples from each area. 
From which we can observed that: 
● 40K exhibits the highest values of activity concentration compared to 226Ra and 232Th values 

and its values are an order of magnitude higher than those for 226Ra and 232Th. 
● Average values of 226Ra and 232Th are lower than the world figures ,35 and 30 Bq kg-, 

respectively.  
● The range and average values of 40K are higher than the world and Egypt figures, 400 and 

320 Bq kg-1, respectively. 
 
The activity concentrations of 226Ra,232Th and 40K in soil samples from studied areas 

were compared with those from similar investigations in other countries and a summary 
results were given in Table 2. It can be seen that, 226Ra values matches with those from other 
countries.232Th values obtained in this study fall within the lowest side of most reported 
values except in the case of Cyprus and Canada. In contrast values of 40K fall within the 
highest side except in the cases of Bangladesh, Japan and earlier study in Egypt for farm and 
Nile island’s soils. 
 

The decay of naturally occurring radionuclides in soil produces a gamma – beta 
radiation fields in soil that also crosses the soil-air interface to produce exposures to human 
(10). Therefore, the radium equivalent activity, Raeq, and outdoor absorbed dose rate in air, may 
be employed for estimating radiation exposure to population.  

 
Radium equivalent activity, Raeq  

Radium equivalent activity, Raeq is an index that has been introduced to represent the 
specific activities of 226Ra,232Th and 40K by a single quantity, which takes into account the 
radiation hazards associated with them. Raeq can be calculated according to Beretka and 
Mathew (11) from the following equation. 

                                   Raeq = ARa + 1.43 ATh + 0.077 AK                                          (2) 
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where ARa, ATh and AK are the specific activities of 226Ra,232Th and 40K in Bq kg-1. This 
equation is based on the assumption that 370 Bq kg-1 of 226Ra , 259 Bq kg-1 of 232Th and 
 
 
Table 2: Mean values of 226Ra,232Th and 40K for all soil samples under investigation beside other 
countries. 

 
Country 

Activity concentration 
(Bq kg-1) 

 
Reference 

226Ra 232Th 40K 
Canada 

(Saskatchewan) 
19 8 480 (12) 

Japan  54 794 (13) 
Spain 39 41 578 (14) 

Brazil (Rio Grande 
do Norte) 

29.2 47.8 704 (15) 

Turkey (Istanbul) 21 37 342 (16) 

Denmark 17 19 460 (4) 
Syrian 20 20 270 (4) 

South India 35 29.8 117.5 (17) 
Jordan (Amman 
Aqaba Highway) 

22-104 21-103 138-601 (18) 

Mexico (Zacatecas 
and Guandalupe) 

23 19 530 (19) 

Cyprus 7.1 5 104.6 (20) 
Nigeria 16.2 24.4 34.8 (21) 

Bangladesh 
(Southern districts) 

42 81 833 (22) 

Pakistan (Lahore) 25.8 49.2 561.6 (23) 
Vietnam (South- 

east) 
19.6 31 34.6 (24) 

Egypt (Farm soil) 
Nile island’s soil 

13.7 
11.9 

12.3 
10.5 

1233 
1636 

(25) 

Egypt (W.Daeeb) 
(W. Sarara) 
(W. Hodein) 

20.9 
27.8 
20.3 

13.5 
17.8 
12±1 

477 
735.3 
664.2 

Present work 

 
4810 Bq kg-1 of 40K produce the same gamma ray dose. The calculated values of Raeq for all 
soils under test are given in table 3.  

Figure 1 shows the relative contributions to Raeq owing to 226Ra,232Th and 40K for all soil 
samples. Its evident that the contribution to Raeq owing to 226Ra ranged from 19 % to 35 %, from 
19 % to 30 % and from 13 % to 34 % for examined soils from Wadi Daeeb, Wadi Sarara and 
Wadi Hodein, respectively. The corresponding contribution owing to 232Th were ranged from 17 
% to 30 %, from 15 % to 38 % and from 10 % to 39 %, respectively. 40K contributions to Raeq 
ranged from 37 % to 58% , from 36 % to 63 % and from 36 % to 74 % for soils from Wadi 
Daeeb Wadi Sarara and Wadi Hodein, respectively. These results indicate higher contributions 
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of 40K to Raeq in all samples under investigation and we can concluded that 226Ra and 232Th 
contribute similar to radium exposure, whereas 40K plays a predominant role.  
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Figure 1: The relative contribution to Raeq owing to 226Ra, 232Th and 40K in soils from (a) 

Wadi Daeeb, (b) Wadi Sarara and (c) Wadi Hodein. 
Outdoor external absorbed dose rate in air, D 

The external absorbed dose rates D, in outdoor air at 1 m above the ground level, to 
the population can be calculated from activities of terrestrial radionuclides according to the 
following formula (26): 

                                 D= AEi ×  CF                                                        (4) 
where AEi is the activity concentration (Bq kg-1), and CF is the dose conversion factor 
(absorbed dose rate in air per unit activity per unit mass, in units of nGy h-1 per Bq kg-1). Dose 
conversion factors have been extensively calculated during the last 40 years by many 
researchers. In the present work, the considered dose rate conversion factors for 226Ra,232Th 
and 40K  are those determined by Quindos et al., (2004) (27) where CRa= 0.4551, CTh= 0.5835 
and CK= 0.0429. The calculation outcome of outdoor external absorbed dose rates D for 
granites under investigation are presented in table 3. 
Table 3: Summery range and mean values for radiological parameters of soil samples under test in 
comparison with reference values. 

Location Wadi Daeeb Wadi Sarara Wadi Hodein
Raeq range (Bq kg-1) 44.3 – 121.2 33.7 – 155.5 52.5 – 134.7 
Raeq mean (Bq kg-1) 76.9 109.9 88.7 

Raeq acceptable value  (Bq kg-1) 370 370 370 
Outdoor dose rate range (nGy h-1) 21.5 – 58 16.6 – 75.9 26.6 – 70.8 
Outdoor dose rate mean (nGy h-1) 37.9 54.6 44.8 

Outdoor dose rate world range (nGy h-1) 18 - 93 18 - 93 18 - 93 
Outdoor dose rate world average 

(nGy h-1) 
59 59 59 

 

From table 3, the following observation can be recorded: 
● Highest values of radiation hazard indices (Raeq, and D) were found for soil samples 

collected from Wadi Sarara. Whereas the lowest values of these hazard indices were 
recorded for soil samples from Wadi Daeeb. 

● All obtained values for radium equivalent activities are lower than the acceptable value 370 
Bq kg-1 reported by Beretka and Methew (11). The average Raeq value for Daeeb soil samples 
is 79 % lower than the limited value (370 Bq kg-1), whereas average values for Sarara and 
Hodein soil samples are 70.3 % and 76 % lower than the limited value, respectively. 

● Range of outdoor dose rates in all areas under test are fall within the world range reported 
in UNSCEAR (2000) (4). 

● The average value of outdoor dose rate in soil from Wadi sarara (54.6 nGy h-1) is close to 
the world value (59 nGy h-1). Whereas the average values are 35.8 % and 24.1 % lower than 
world average for soils from Wadi Daeeb and Wadi Hodein, respectively. 
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● The average value of outdoor dose rate in soil from Wadi sarara is 70.6 % higher than 
Egypt value (32 nGy h-1). The corresponding average values are 18.4 % and 40 % higher 
than Egypt value for soils from Wadi Daeeb and Wadi Hodein, respectively. 

Annual effective dose 
 To estimate annual effective dose, account must be taken of the conversion coefficient 
from absorbed dose in air to effective dose and the indoor occupancy factor. Therefore using 
the numerical values of those parameters as reported in UNSCEAR (2000) (4) and by the 
following equation, the calculation of annual effective doses for adults were achieved and the 
obtained results are given in table 4.   

       Outdoors: Dout nGy h-1 × 8760 h × 0.7 Sv Gy-1 × 0.2                   (5) 
                  
The resulting average value of annual effective dose in outdoor air for Sarara soil are close to 
the worldwide average value reported in UNSCEAR (2000) (4). For soil from Wadi Daeeb the 
average value of the annual effective dose are 34.3 % lower than the world average, whereas 
for Wadi Hodein  soils its 22.9 % lower than world average(4). 
Annual Gonadal Dose Equivalent (AGDE) 

The gonads, the active bone marrow and the bone surface cells are considered as the 
organs of interest by UNSCEAR (28). Therefore, the annual gonadal dose equivalent (AGDE) 
associated with the natural radionuclides 226Ra,232Th and 40K in soils under investigation have 
been estimated using the following formula (29, 30): 

        AGDE = (3.09 × ARa + 4.18 × ATh + 0.314 × AK) × 10-3           (7) 
where ARa, ATh and AK are the activity concentrations of 226Ra,232Th and 40K, receptively in 
Bq kg-1. The obtained values of AGDE for the studied soil samples are summarized in table 4. 
 
Table 4: Average annual effective dose for adults and annual gonadal dose equivalent in 
comparison with world average 

Location Annual outdoor effective 

dose  mSv 

AGDE 
mSv 

Wadi Daeeb 0.046 0.271 

Wadi Sarara 0.066 0.391 

Wadi Hodein 0.054 0.322 

World (4),(29) 0.07 0.30 

                  
From the results its evident that the highest annual gonadal dose equivalent was found for soil 
from Wadi Sarara and all obtained average values are in agreement with world average 
reported by Zaidi et al. (29). 

 

CONCLUSION 
 This paper presents the activity concentrations of 226Ra,232Th and 40K for 54 surface 
soil samples collected from three different regions (Wadi Daeeb, Wadi Sarara and Wadi 
Hodein) in Elba protective area, Southeastern of Egypt. The mean activity (Bq kg-1) of 
226Ra,232Th and 40K are 27.8, 17.8 and 735.3, respectively for Sarara soil samples. The 
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corresponding activities for Daeeb and Hodein soils are 20.9, 13.5, 477 and 20.3, 12 and 
664.2, respectively. 
 Radiological parameters radium equivalent activity, Raeq, and absorbed dose rate in 
outdoor air, D, were calculated and values of Raeq ranged from 44.3 to 121.2, 33.7 to 155.5 
and from 52.5 to 134.7 Bq kg-1 for Daeeb, Sarara and Hodein soil samples, respectively. The 
corresponding absorbed dose rate in outdoor air ranged from 21.5 to 58, 16.6 to 75.9 and from 
26.6 to 70.8 nGy h-1, respectively. Also, the annual effective dose and annual gonadal dose 
equivalent were computed and compared with international approved values and the obtained 
values were found below the acceptable levels. Therefore, soils under investigation don’t  
pose a significant sources of radiation hazard to environment. 
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