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ABSTRACT 

Natural radioactive materials under certain conditions can reach hazard 
radiological levels. So, it becomes necessary to study the natural radioactivity 
levels in soil to assess the dose for the population in order to know the health 
risks and to have a baseline for future changes in the environmental 
radioactivity due to human activities. Determine the radioactivity 
concentration of 226Ra, 232Th and 40K in surface and 20 cm soil samples 
collected beside Assiut fertilizer plant, Assiut government in south Upper 
Egypt, to assess their contribution to the external dose exposure. The 
contents of natural radionuclides 226Ra, 232Th and 40K were measured in 
investigated samples by using gamma spectrometry [NaI (Tl) 3"x 3"]. The 
total absorbed dose rate, annual effective dose rate, radium equivalent, 
excess lifetime cancer risk and the external hazard index, which resulted 
from the natural radionuclides in soil, were calculated. 
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INTRODUCTION 

Natural radioactivity is common in rocks, soil, beach sand, sediment and riverbed soil, in 
rivers and oceans, and even in our building materials and homes. Radioactive isotopes 
concentration in soil is an indicator of radioactive accumulation in the environment, which 
affects humans, plants and animals. Naturally occurring radioactive materials generally 
contain terrestrial origin radionuclides (primordial radionuclides), left over since the creation 
of the earth (1). The natural radioactivity in soil is derived mainly from the 238U and 232Th 
parent series and natural 40K. Natural environmental radioactivity and the associated external 
exposure due to gamma radiation depend primarily on the geological and geographical 
conditions. The sources of radioactivity in soils other than those of natural origin are mainly 
due to extensive use of fertilizers rich in phosphates for agricultural purposes (2). Study of 
soil radioactivity can provide reference data in observing possible future anthropomorphic 
impact and associated radiological risk to human health. The activity concentrations of 
radionuclides in the 238U and 232Th decay chains and from 40K were determined through 
gamma-rays spectrometry in a low background configuration (3). 
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MATERIALS AND METHODS 

Sampling and sample preparation 

Eighteen samples were collected from different places at the area surrounding the company 
for fertilizers in assiut. Ten samples were collected from the surface. Eight samples were 
collected from the depth 30 cm. Each sample was dried in an oven at about 110°C to ensure 
that moisture was completely removed. The samples were crushed, homogenized and sieved 
through a 200 μm, which is the optimum size enriched in heavy minerals. Weighed samples 
were placed in polyethylene beaker, of 197 cm3 volumes each. The beakers were completely 
sealed for 4 weeks to reach secular equilibrium where the rate of decay of the progeny 
becomes equal to that of the parent (radium and thorium). This step is necessary to ensure that 
radon gas confined within the volume and the Progeny will remain in the sample (4, 5). 

Instrumentation and calibration 

Activity measurements were performed by gamma ray spectrometer, employing a scintillation 
detector 3×3 inch. It is hermetically sealed assembly, which includes a NaI (Tl) crystal, 
coupled to PC-MCA Canberra Accuspes. To reduce gamma ray background, a cylindrical 
lead shield (100 mm thick) with a fixed bottom and movable cover shielded the detector. The 
lead shield contained an inner concentric cylinder of copper (0.3 mm thick) in order to absorb 
X rays generated in the lead. In order to determine the background distribution in the 
environment around the detector, an empty sealed beaker was counted in the same manner 
and in the same geometry as the samples. The measurement time of activity or background 
was 43 200 s. The background spectra were used to correct the net peak area of gamma rays 
of measured isotopes. A dedicated software program Genie 2000 from Canberra has carried 
out the online analysis of each measured gamma ray spectrum (6). 

RESULTS AND DISSECTION 

 

Radioactivity 
The results for the activity concentrations of natural radionuclides 226Ra, 232Thand 40K 
together with their average values and range in 10 surface soil samples and 8 soil samples 
taken at depth 30 cm were reported in Table1 and Table2 respectively. All values are reported 
as Bqkg-1 dry weight. As can be seen in table 1, the concentrations of 226Ra and 232Th and 
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Table 1: Activity concentration (Bqkg-1) of 226Ra, 232Th and 40K in surface soil samples. 

 

Sample No. 226Ra 232Th 40K 
1 44±2.2 1±0.02 327±16.4 
2 77±3.9 63±3.2 290±14.5 
3 44±2.2 47±2.3 214±10.7 
4 60±3.0 40±2.0 195±9.8 
5 7±0.6 10±0.5 118±5.9 
6 11±0.5 9±0.4 108±5.4 
7 122±6.1 154±7.7 346±17.3 
8 37±2.1 51±2.5 202±10.1 
9 30±1.5 14±0.7 183±9.1 
10 12±0.8 5±0.3 126±6.3 

Range 7 - 122 1 - 154 108 - 346 
Average 40.4±2.3 39.5±2 211±10.6 

 

Table 2: Activity concentration (Bqkg-1) of 226Ra, 232Th and 40K in soil samples at depth 
30 cm. 

 
40K 232Th 226Ra Sample No. 

261±13.1 119±5.9 118±5.9 1 

259±12.9 37±1.8 107±5.4 2 

315±15.8 133±6.6 53±2.6 3 

229±11.4 58±2.9 61±3.1 4 

368±18.4 165±8.3 145±7.2 5 

424±21.2 170±8.5 153±7.6 6 

464±23.2 187±9.4 194±9.7 7 

111±5.5 37±1.8 39±2.0 8 

111 -464 37 - 187 39 - 194 Range 

304±15 113.3±5 108.8±5 Average 

40K for surface soil samples were ranged from 7±0.6 to 122±6.1 Bqkg-1, from 1±0.02 to 
154±7.7 Bqkg-1 and from 108±5.4 to 346±17.3 Bqkg-1, respectively. 

Table 2 shows that, the activity concentration of 226Ra and 232Th and 40K for soil samples at 
30 cm depth were ranged from 39±2 to 194±9.7 Bqkg-1, from 37±1.8 to 187±9.4 Bqkg-1 and 
from 111±5.5 to 464±23.2 Bqkg-1, respectively. The world average concentrations are 35, 30 
and 400 Bqkg-1 for 226Ra, 232Th and 40K respectively. The average activity concentrations of 
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226Ra and 232Th in surface and depth soil samples of investegated area were higher than the 
world figures reported in (2). 

Radium equivalent activity (Raeq) 

It was calculated through the following relation (7): 

Raeq = ARa  + 1.43ATh +  0.077AK                                               (1) 
where, ARa, ATh and AK are the activity concentrations of 226Ra, 232Th and 40K in Bqkg-

1,respectively. It has been assumed that 370 Bqkg-1 of 226Ra, 259 Bqkg-1 of 232Th and 4810 
Bqkg-1 of 40K produce the same gamma dose rate. The maximum value of Raeq in all soil 
samples is required to be less than the limit value of 370 Bqkg-1 recommended by the 
Organization for Economic Cooperation and Development for safe use, i.e., to keep the 
external dose below 1.5 mSvy-1. Table 3 and 4 show that, the values of Raeq in surface and at 
depth 30 cm are less than the 370 Bqkg-1. 

Absorbed dose rates (D) 
The external terrestrial γ-radiation absorbed dose rate in air at a height of about 1m above the 
ground was calculated by using the conversion factor of 0.0414 nGyh-1/Bqkg-1 for 40K, 0.461 
nGyh-1/Bqkg-1 for 226Ra and 0.623 nGyh-1//Bqkg-1 for 232Th (8)  

 

Table (3): Radium equivalent, the dose rate, hazard index, annual effective dose rate 
and excess lifetime cancer risk for surface soil samples. 

 
Sample 

No. 
Raeq 

Bqkg-1 
D 

nGyh1- 
Hex 

nGyh-1 
A. Eff.
µSvy-1 

ELCR 

1 70.6 34.6 0.2 42.0 1.5E-04 
2 189.4 85.7 0.5 104.0 3.6E-04 
3 127.7 57.6 0.3 70.0 2.4E-04 
4 132.2 60.0 0.4 72.8 2.5E-04 
5 30.4 14.2 0.1 17.2 6.0E-05 
6 32.2 15.0 0.1 18.2 6.4E-05 
7 368.9 163.8 1.0 198.8 7.0E-04 
8 125.5 56.3 0.3 68.4 2.4E-04 
9 64.1 29.9 0.2 36.3 1.3E-04 
10 28.9 13.8 0.1 16.8 5.9E-05 

Average 117 53.1 0.3 64.5 2.3E-04 

 

assuming that 137Cs, 90Sr and the 235U decay series can be neglected as they contribute very 
little to the total dose from environmental background (9). 

D = 0.427CRa + 0.662 CTh + 0.043 CK        nGyh-1,                     (2) 
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Where CRa, CTh and CK are the concentration in (BqKg-1) of radium, thorium and potassium, 
respectively. Table 3 and table 4 give the results for the absorbed dose rate in air for surface 
and depth soil samples. 

External radiation hazard (Hex) 
The external hazard index Hex can be calculated by the following equation (10): 

Hex = CRa/370 + CTh/259 + CK/4810                                         (3) 

 

Table (4): Radium equivalent, the dose rate, hazard index, annual effective dose rate 
and excess lifetime cancer risk for soil samples at depth 30 cm. 

 

Sample 
No. 

Raeq 
Bqkg-1 

D 
nGyh1- 

Hex 
nGyh-1 

A. Eff. 
µSvy-1 

ELCR 
×10-4 

1 308.3 137.3 0.8 166.6 5.8 

2 179.9 82.6 0.5 100.2 3.5 

3 267.4 118.0 0.7 143.2 5.0 

4 161.6 72.8 0.4 88.3 3.1 

5 409.3 182.0 1.1 220.9 7.7 

6 428.7 191.0 1.2 231.9 8.1 

7 497.1 221.9 1.3 269.4 9.4 

8 100.5 45.0 0.3 54.6 1.9 

Average 294.1 131.3 0.8 159.4 5.6 

where CRa, CTh and CK are the activity concentrations of 226Ra, 232Th and 40Kin Bqkg-1, 
respectively. The value of this index must be less than the unity in order to keep the radiation 
hazard to be insignificant. Table 3 and table 4 show the average values of Hex in soil sample 
are less than the unity. 

Annual effective dose (A. eff.) 

Annual estimated average effective dose equivalent received by a  member  was  calculated  
using a  conversion  factor of 0.7  SvGy-1, which was used to convert the absorbed rate to 
human effective dose equivalent with an outdoor occupancy of 20% and 80% for indoors (8). 
The annual effective dose was determined as follows: 

Annual effective dose rate = D x T x F                                     (4) 

Where D is the calculated dose rate (in nGyh-1), T is the outdoor occupancy time (0.2x24 h 
x365.25 d≈1753 hy-1), and F is the conversion factor (0.7x10-6 SvGy-1). The experimental 
results of annual effective dose rate are presented in table 3 and table 4. The International 
Commission on Radiological Protection (ICRP) has recommended the annual effective dose 
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equivalent limit of 1 mSvy-1 for the individual members of the public and 20 mSvy-1 for the 
radiation workers (11). 

Excess lifetime cancer risk (ELCR): 

Excess lifetime cancer risk (ELCR) was calculated using the following equation and 
presented in Table 3 and table 4. 

ELCR = AEDE × DL × RF                                                       (5) 

where AEDE, DL and RF is the annual effective dose equivalent, duration of life(70 years) 
and risk factor (Sv-1), fatal cancer risk per sievert. For stochastic effects, ICRP60 uses values 
of 0.05 for the public (12). 

CONCLUSION 

The specific radioactivity values of 226Ra, 232Thand 40K measured in soil samples determined 
by gamma-ray spectrometer. For each sample in this study, the specific activity, radium 
equivalent activity, annual radiation dose, external hazard and excess lifetime cancer risk have 
been determined to assess the radiological hazards from the soil samples. The calculated 
average radium equivalent activity (Raeq) values for all the soil samples examined are lower 
than the recommended maximum level of radium equivalent of 370 Bqkg-1. 

The average external (Hex) hazard index has been determined to be less than the 
recommended value. The values obtained in the study are with in the recommended safety 
limit, showing that the soil samples do not pose any significant radiation hazard. This study 
can be used as a reference for more extensive studies of the same subject in future. 
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