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ABSTRACT 

The knowledge on radioactivity content of the various radionuclides in the 
soil and rocks play an important role in health physics. The main aim of this 
work is to estimate the concentrations of natural radionuclides 226Ra, 228Ra, 
228Th, 232Th and 40k in soil and phosphate samples and, impact of the El-
Sabaea phosphate factory on the human health. This can be investigated via 
gamma-ray spectroscopy by 2 × 2 inch NaI(Tl) scintillation detector. The 
range of 226Ra, 232Th and 40k were from 59.7±6.7 to 638.3±31.0, from 9.4±1.4 
to 40.6±6.3, from 213.1±9.5 to 798.9±30.6 in Bq/kg respectively.  

Key words: Phosphate/ Radionuclides/ Thorium/ Potassium/ NaI(Tl) scintillation 
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INTRODUCTION 

 Studies on radiation levels and radionuclide distribution in the environment provide vital 
radiological baseline information. Such information is essential in understanding human 
exposure from natural and man-made sources of radiation and necessary in establishing rules 
and regulations relating to radiation protection [1, 2].  

Phosphate rocks contain relatively high concentrations of naturally occurring radioactive 
materials from the uranium and thorium decay series (238U and 232Th). Phosphate rock is the 
starting raw material for all phosphate products. It can be of sedimentary, volcanic or 
biological origin. Concentrations of 232Th series and 40K in phosphate rocks of all types are 
similar to those observed normally in soil, whereas the concentration of 238U and its decay 
products tend to be elevated in phosphate deposits of sedimentary origin. A typical 
concentration of 238U in sedimentary phosphate deposits is 1500 Bq/kg [3, 4]. Uranium 
content of fertilizers can vary according to their phosphate content. Several studies have noted 
that the concentration of uranium follows the concentration of P2O5 in various fertilizers [5, 
6]. Rock phosphate contains high level of uranium-235 and radium-226. Up to 1974 the US-
phosphate industry has mined about 37% more U3O8 than the US-uranium mining industry 
[7]. Mining, milling, transporting of phosphate ores, manufacturing of phosphate fertilizers 
and using phosphate fertilizers containing uranium are ways in which the workers, public and 
the environment are exposed to enhanced doses of radiations. [3, 8, 9]. During handling, 
packing and transporting of fertilizers some workers can receive additional external gamma 
exposure at dose rates up to 0.8 µGy/h [10]. The primary potential environmental radiation 
problem associated with phosphate rock mining and processing is related to mining debris and 
processing waste products. While these materials do not present a direct radiation hazard, 
problems may be created by their use. Occupational exposures mainly occur during mining, 
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processing and transportation of phosphate rock, as well as during transportation and 
utilization of phosphate fertilizers [11].   Higher radiation levels are associated with igneous 
rocks, such as granite, and lower levels with sedimentary rocks. There are exceptions, 
however, as some shales and phosphate rocks have relatively high content of radionuclides 
[12]. Our work aims at the evaluation of the concentration of radionuclides of phosphate rock 
and soil samples from inside and outside El-Sabaea phosphate factory and also evaluation of 
the occupational radiation exposure inside and outside El-Sabaea phosphate factory and 
phosphate mine through radioactivity measurements and, assessment of environmental 
radiation dose rate.  

EXPERIMENTAL WORK 

Sample collection and preparation  

Phosphate Rock (PR) samples: phosphate samples obtained from the El-Sabaea phosphate 
factory (25o 11’ N, 32o 39’ E) with total phosphate rock (PR) samples with different grain size 
and different concentration [PR, PR (500µ), PR (5µ), High Concentration P.R. (HCPR-29), 
Low Concentration P.R. (LCPR-25) and P.R. Feed back (PR-Feed)] are 13 samples. 

Soil samples: Soil samples were collected from the area around the El-Sabaea phosphate 
factory (towards the factory 8 samples and Away from the factory and close to the mine 12 
samples), from phosphate mine (P-Layer) 2 samples and upper phosphate mine (UP-P) 2 
samples.   

Samples Preparation: All samples were collected in September 2007, after collection, 
samples were dried at about 100 oC to remove moisture and crushed to fine powder. And then 
the homogenized samples were packed in 7.5 × 8 cm bottle and sealed tightly with cap kept 
aside for about month to ensure the equilibrium has been reached between 226Ra and its decay 
products of short half-life and 228Ra and its decay products before being taken for gamma-
spectrometric analysis.  

Detection technique: Gamma spectrometer with a scintillation detector 2 × 2 inch NaI(Tl) 
from EG&G Ortec. We can determine the activity concentration of 238U-series, Th-series as 
well as 40K. The detector was calibrated using standard source QCY48 from Physikalisch 
Technische Bundesanstalt PTB, Germany; which has ten radionuclides with twelve γ-ray 
emitters ranged from 59.54 to 1836 keV, which it has been done calculation the efficiency 
calibration (Fig 1). The detector is surrounding by a lead shield to reduce the background of 
the system. 

RESULTS AND DISCUSSION 

Activity concentrations 

Calculations of count rates for each detected photo-peak and radiological concentrations 
(activity per mass unit or specific activity) of detected radionuclides depend on the 
establishment of secular equilibrium in the samples. Since secular equilibrium was reached 
between 232Th and 238U and their decay products, the 232Th concentration was determined 
from the average concentrations of 212Pb, 228Ac and 208Tl in the samples,  and that of 238U 
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(226Ra) was determined from the average concentrations of the 214Pb and 214Bi decay products 
[13, 14]. Thus, an accurate radionuclide concentration of 232Th and 238U was determined, 
whereas a true measurement of 40K (1460 keV) concentration was made. Determination 228Ra 
and 228Th by measuring the concentrations of the 228Ac (911 keV) and 208Tl (2614.53 keV) 
respectively (Fig 2).  

 
Fig 1: Full energy peak efficiency as a function of gamma ray energy for a typical NaI (Tl) 

detector  

 
Fig 2: The energy spectrum recorded for phosphate rock sample by scintillation detector 

NaI(Tl) 
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The specific activity concentrations of 238U-series (226Ra),232Th series (228Ra, 228Th and 
232Th), as well as 40K, expressed in Bq/kg for samples obtained from the El-Sabaea phosphate 
factory 13 samples and 4 samples from phosphate mine are present in Table 1. From obtained 
results the range of 226Ra values was from 59.7±6.7 to 638.3±31.0 Bq/kg and ranged from 
9.4±1.4 to 38.3±4.0 for Th-series while it was ranged from 308.9±13.2 to 699.3±29.4 Bq/kg 
for 40K.  

The mean activity concentrations values of 238U-series (226Ra), Th-series (228Ra, 228Th and 
232Th) and 40K activity concentrations in Bq/kg for soil samples from the Area around El- 
Sabaea phosphate factory were ranged from 65.5±7.1 to 528.4±25.1, 19.2±3.2 to 40.6±6.3 and 
213.1±9.5 to 213.1±9.5 Bq/kg. 

Table 1: The mean activity concentrations in Bq/kg of 226Ra, 228Ra, 228Th, 232Th and 40K for 
samples from El-Sabaea phosphate factory, phosphate mine and soil samples outside the factory

Code sample Ra-226  Ra-228  Th-228  Th-232 K-40  
(zone I) - the factory samples 

PR 560.6±27.8  25.6±4.3 26.1±2.6 25.8±3.5 442.2±20.0
PR (500µ) 628.3±30.0 22.3±4.1 22.5±2.4 22.4±3.2 528.9±22.6

PR (5µ) 588.6±27.0 22.6±2.5 19.8±1.9 21.2±2.2 504.0±21.3
HCPR-29 555.9±27.2 22.3±3.7 20.0±2.5 21.2±3.1 617.6±26.4
LCPR-25 492.4±23.9 19.3±3.5 17.20±2.0 18.3±2.8 525.3±22.3
PR-Feed 447.5±21.7 15.1±3.0 17.18±1.6 16.1±2.3 358.9±15.1

(zone II) - the phosphate mine samples
P-Layer 468.5±24.3 14.3±3.1 14.5±1.8 14.4±2.5 522.5±22.9

UP-P 61.6±6.8 35.0±4.0 32.1±2.3 33.6±3.1 598.7±21.9
(zone III) - Towards the factory 

S1-1.5 km 356.1±18.8 27.7±3.7 27.4±2.1 27.6±2.9 764.5±29.2
S2-1 km 110.6±11.2 31.2±4.6 29.7±2.5 30.4±3.5 406.0±15.8

S3-0.5 km 69.0±8.1 33.5±4.8 34.1±2.7 33.8±3.7 622.8±23.2
S4-0.25 km 100.6±10.7 33.1±5.0 32.5±2.7 32.8±3.8 721.2±27.0

(zone IV) - Away from the factory and close to the mine
S5-0 km 70.2±8.1 25.1±4.3 28.3±2.4 26.7±3.4 539.0±20.9

S6-0.25 km 70.9±9.0 24.9±4.8 22.1±2.2 23.5±3.5 622.5±23.6
S7-0.5 km 325.8±18.7 29.7±4.5 26.7±2.3 28.2±3.4 608.6±23.8

S8-1 km 132.3±13.7 27.7±5.1 27.0±2.9 27.3±4.0 525.8±21.7
S9-1.5 km 464.8±23.8 21.1±4.0 19.1±2.0 20.1±3.0 379.2±17.0
S10-2 km 453.1±21.8 20.2±3.3 21.1±1.9 20.6±2.6 249.9±11.1

CONCLUSION 

The obtained results illustrate the following important observation: the radium content in 
phosphate rock samples is always higher than that of 232Th and 40K. The activity concentration 
of 226Ra in phosphate rock is much higher than that in soil samples.  

 

  236



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 

 

REFERENCES 

(1)  Quindos, L.S., Fernández, P.L., Ródenas, C., Gómez-Arozamena, J. and Arteche, J.; 
“Conversion factors for external gamma dose derived from natural radionuclides in 
soils”, Journal of Environmental Radioactivity, 71, 139- 145 (2004). 

(2) Ibrahim H.S., A. F. Hafez, N.H. Elanany, H.A. Motaweh, M.A. Naim; “Radiological 
Study on Soils, Foodstuff and Fertilizers in the Alexandria Region, Egypt”, Turkish J. 
Eng. Env. Sci. 30, 1–9 (2006). 

(3) UNSCEAR; “Sources and Effects of Ionizing Radiation”, United Nations, New York 
(1993). 

(4)   Ashraf E.M. Khatera, R.H. Higgya, M. Pimpl; “Radiological impacts of natural 
radioactivity in Abu-Tartor phosphate deposits, Egypt”, Journal of Environmental 
Radioactivity, 55, 255–267 (2001). 

(5) Bouwer, F.J., MeKlveen, J.W., McDowell, W.J.; “Uranium assay of phosphate 
fertilizers and other phosphatic materials”, Health Physics 34, 345-352 (1978). 

(6)  Ahmed, N.K., A.M El-Arabi; “Natural radioactivity in farm soil and phosphate 
fertilizer and its environmental implications in Qena governorate, Upper Egypt”, 
Journal of Environmental Radioactivity 84, 51-64 (2005). 

(7)     Guimond, R.J. and Windham, S.T.; “Radioactivity distribution in phosphate products 
by-products, effluents and wastes USA-EPA”, Office of Rad. Progr., Techn. Note 
ORP/CSD-75-3 (1975). 

(8)    IAEA (International Atomic Energy Agency); “Extent of environmental contamination 
by naturally occurring radioactive materials (NORM) and technological options for 
mitigation”, Technical Report No. 419. Vienna (2004). 

(9) Othman, I., M.S. Al-Masri; “Impact of phosphate industry on the environment: A case 
study” Applied Radiation and Isotopes 65, 131–141 (2007). 

(10) Steinhäusler, F.; “Natural Radiation Exposure: An overview of the problem and 
research perspectives”, 23rd Ital. Rad. Prot. Ass. Congress, Capri, Italy (1984). 

(11)   UNSCEAR (United Nations Scientific Committee on the Effects of Atomic 
Radiation); “Exposure from Natural Sources of Radiation”, Report to the General 
Assembly, U.N. (1988).  

(12) UNSCEAR; Report to general assembly. With scientific annexes. “Sources and Effects 
of Ionizing Radiation”, United Nations sales publications No. E.00.IX.3 Volume I: 
Sources and No. E.00.IX.4 (Volume II: Effects).  United Nations, New York, 1220 pp. 
(2000). 

(13)   Hamby, D.M., Tynybekov, A.K.; “Uranium, thorium and potassium in soils along the 
shore of lake Issyk-Kyol in the Kyrghyz Republic”, Environmental Monitoring and 
Assessment 73, 101–108 (2002). 

(14) Tzortzis, M., H. Tsertos, S. Christofides, G. hristodoulides; “Gamma radiation 
measurements and dose rates in commercially used natural tiling rocks (granites)”, 
Journal of Environmental Radioactivity 70, 223–235 (2003). 

 

  237


