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ABSTRACT 

     Six different locations :Inshas, Shebeen, Abu-Zaabal, Al-Oboor in addition 
to two sites in the Nuclear Research Centre (NRC), (Old reactor and 
Protection department sites), in Egypt at Inshas region and the area nearby 
(about 30 Km radius) were selected for collection of plant samples , together 
with their corresponding soils. Natural radionuclides concentration in 
different environmental samples of plants especially grasses ,(leaves of old 
trees) and soils, were determined using  high resolution gamma- spectroscopy 
(Hyper Pure Germanium detector).Natural uranium-238 and thorium -232 
together with their decay products were determined as well as K-40. Also, Cs-
137 radiation level was determined as an indication of the contamination from 
the fallout. It is noticed that the obtained results for all plants and grasses in 
the present study are higher than those obtained for their corresponding soils 
(except for Shebeen), which has nearly the same average concentration value 
of K-40 in plants and their corresponding soils. 

  
Key words: Natural radionuclides, U-238 and Th-232 series, K-40, radioactivity 

measurements. 
 

 
INTRODUCTION 

  
Radiation Sources in the Environment: 
 
   Since the bombing of Hiroshima and Nagasaki (1945) and the Chernoby1 Catastrophe (1986), 
atomic energy became a symbol of power and evil. Radiation also, became a part of our 
physical world fact of every day life. The natural sources of radiation in environment are 
responsible for some background radiation (1). The major sources of external gamma radiation 
are K-40, uranium-238, thorium-232 and their decays products. The artificial radionuclides are 
those which are produced as a result of nuclear weapon tests and as by products from nuclear 
fuel cycle and other from mining, milling, fuel enrichment, fuel preparation for reactor use, and 
plant operation disposal (2). 

 
Radioactive Contamination of Soils: 
 
     It is a well-known fact that a number of natural radioactive elements such as uranium, 
thorium, radium and potassium occurs in the soil. Thus the soils and also the crops harvested 
are somehow radioactive. A general review of the amounts of fallout which have reached the 
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surface of the earth is given by Alexander (1960).As a consequence, the radioactivity of the 
earth has increased and nowadays these artificial radioactive elements can be found in the soil, 
water and   food items of man and animal. The increase in radioactivity of the soil is small 
compared to the radioactivity from naturally occurring radioactive nuclides, where the 
quantities of radioactive nuclides which have entered the soil are so small that no cases of 
solubility product of any compound reached. 
 
Radioactive contamination of plant: 
1 . Direct contamination of plant: 

 
     When the so-called fallout or waste reaches the surface of the earth, it will pass the crop 
before it reaches the soil. i.e., direct contamination can take place where by radioactive material 
"sticks" to the surface of the crops.  
 
2. Indirect contamination of the plants:- 
     With regard to the contamination of the crop via absorption of radioactive nuclides through 
the roots, three major factors may be distinguished besides the root pattern, as follows: 
 
a- The availability for the plant of the nuclide after its reaction with the soil materials, this 
availability will be low for Cs-137, because of the strong fixation by the soil, it will be rather, 
higher for Sr-90, being only moderately strongly absorbed by the soil. 

 
      b- The capacity of the roots to take particular elements. This capacity is high for Sr-90 and Cs-

137 .Both have similar characteristics as calcium, and potassium respectively which are taken 
up by the plants in considerable quantities. 

 
c- The possibility of transport of these elements from roots to the aboveground parts and to the 
tuber. The transport possibilities of strontium and cesium are large as the transport of calcium 
and potassium is also large (3). 

 
Factors affect on the behavior of radionuclides in soil: 
 
     The concentration of naturally occurring radio nuclides in soil depends on the rock type 
from which the soil is formed (4). The soil can be contaminated by radio nuclides deposition 
either from what originally discharged into the atmosphere, or from direct discharge of waste to 
land or water ways. The amount of radio nuclides in the soil depends on its organic matter 
content, soil to water ratio, site characteristics, rate and amount of rainfall and soil 
drainage(5).Moreover, the behavior of radio nuclides in soil is affected by different biochemical 
processes (6, 7). 

 
EXPERIMENTAL METHODS 

 
1. Sampling: 
 
     Six different locations (Inshas, Shebeen, Abu-Zaabal, Al-Oboor in addition to two sites at 
the Nuclear Research Centre (NRC)) in Egypt at Inshas region and the area nearby (about 30 
km radius) were selected for collection soil and plant samples. 40 soil samples and 52 plant 
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samples (grasses and leaves of old trees) were collected at different times from each year of this 
study ( two years ) . The location sites and the code number of these samples are shown in 
Tables (1 and 2) for soils and plants respectively. 
 
2. Sample preparation: 
 
     Soil samples were taken from the upper 10 cm of the surface of the above mentioned sites. 
The soils were air dried, and passed through a 2mm sieve and used for radio cesium counting. 
Soil samples were put in plastic jars (300 ml volume), each jar was perfectly sealed and left for 
more than one month to allow radioactivity equilibrium to be reached .This step was necessary 
to ensure that radon gas is confined within the volume and that the daughter elements will also 
remain in the sample. 
 
     Vegetables samples were collected also from these regions every three month two years ago, 
and then the samples were oven dried. The accurately weighed samples were put into the 
counting plastic jars and bidistilled water was added to replace any gaps between the sample 
particles to assume the same geometry for measurement of standard solution, and then placed 
inside a shield appropriate for low – level counting measurements. 
 
3. Counting procedures: 
 
     The radioactivity measurements were performed by a high-resolution gamma spectroscopic 
system employing a high purity germanium crystal (HPGe) coupled with Multichannel analyzer 
(TENNELEC); it is a p-type co-axial detector. 
 
     Radioactivity concentration of each sample was measured for about 5-20 hours. The 
background activity was measured by counting the same type of the plastic jar containing 
bidistilled water for solutions and vegetables samples. For soil samples, the pure silica was used 
instead of bidistilled water in the same plastic jar, and counted for the same time as that of the 
sample. Since the detection system gives only the count rate that is proportional to the amount 
of radioactivity in the samples, the radioactivity concentration in the environmental samples 
was obtained as follow: 
 

A     =C/S (net) / (I × Eff. × mass) Bq/kg. 
Where: 
 
A              =  activity concentration in Bq/kg. 
C/S (net)  =  count/sec= C/S (sample) – C/S (background). 
I                      =  intensity of the gamma line in a radionuclide. 
Eff.      = measured efficiency for each gamma line observed for the same number of        

channels   either for the sample or the background and 
Mass       =  mass of sample in kilogram. 
 
     Sample preparation and both of energy and efficiency calibration were mentioned in other 
publications (8). Natural uranium and thorium -series, as well as K-40 and Cs-137 concentration 
levels have been determined. Since equilibrium is attained among the members of each natural 
radioactive chain, an isotope which emits clear peak of high intensity has been selected from 
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each chain. The activity of Bi-214 at (609 kev) was assumed to represent the U-238 series. 
While the activity of Ac-228 at (911 kev) was assumed to represent Th-232 series. Both of       
K-40 and Cs-137 has only one clear peak at (1460 & 662 kev) respectively. 
 
 

Table (1) 
Code numbers and locations of soil samples subjected to 

radioactivity   measurements. 
 

Location N0. Sample Time(month/Year) 
S1 Soil below olive trees 8-2001
S2 Soil below sesame plant 8-2001 
S3 Soil below olive trees 10-2001 
S4 Soil below sesame plant 1-2002 
S5 Soil below wheat plant 4-2002 

Inshas 

S6 Soil below wheat plant 6-2002 
S7 Soil below sesame plant 8-2001
S8 Soil below Zea-maize plant 8-2001 
S9 Soil below mango trees 8-2001 
S10 Soil below Prickly Pear trees 10-2001 
S11 Soil below  mango trees 1-2002 
S12 Soil below wheat plant 4-2002 

Abu-Zaabal 

S13 Soil below wheat plant 6-2002 
S14 Soil below grasses 8-2001
S15 Soil below old trees 10-2001 
S16 Soil below grasses 1-2002 
S17 Soil below old trees 4-2002 

Al- Oboor 

S18 Soil below grasses 6-2002 
S19 Soil below grasses 8-2001
S20 Soil below old tress 10-2001 
S21 Soil below grasses 1-2002 
S22 Soil below old trees 4-2002 

Shebeen 

S23 Soil below grasses 6-2002 
S24 Soil below grasses 7-2002
S25 Soil below old trees 10-2002 
S26 Soil below grasses 1-2003 
S27 Soil below old trees 4-2003 
S28 Soil below grasses 10-2003 
S29 Soil below old trees 1-2004 
S30 Soil below grasses 4-2004 

Old Reactor 

S31 Soil below  old trees 7-2004 
S32 Soil below Eucalyptus trees 8-2001
S33 Soil below grasses 8-2001 
S34 Soil below grasses 10-2001 
S35 Soil below Eucalyptus trees 10-2001 
S36 Soil below Eucalyptus trees 12-2001 
S37 Soil below grasses 12-2001 
S38 Soil below grasses 1-2002 
S39 Soil below Eucalyptus trees 4-2002 

Protection Dept. 
(NRC) 

S40 Soil below grasses 6-2002 
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Table (2) 
Code numbers and locations of vegetation samples subjected to 

radioactivity measurements. 
 

Location N0. Plant type Date of collection 
V1 Grasses 6-2001 
V2 Sesame leaves 6-2001 
V3 Olive tree  leaves 6-2001 
V4 Cabbage leaves 6-2001 
V5 Grasses 10-2001 
V6 Cabbage leaves 10-2001 
V7 Sesame leaves 10-2001 
V8 Wheat (stems) 1-2002 
V9 Olive trees  leaves 1-2002 
V10 Wheat (Stems) 4-0022 
V11  4-2002 
V12 Wheat (final product) 6-2002 

Inshas 

V13 Okra 6-2002 
V14 Grasses 6-2001 
V15 Prickly pear 6-2001 
V16 Zea Maize leaves 6-2001 
V17 Mango tree   leaves 6-2001 
V18 Sesame leaves 6-2001 
V19 Grasses 10-2001 
V20 Mango trees leaves 10-2001 
V21 Zea- Maize leaves 10-2001 
V22 Mango trees stems 10-2001 
V23 Prickly pear 10-2001 
V24 Wheat (stems) 1-2002 
V25 Prickly pear 1-2002 
V26 Prickly pear 4-2002 
V27 Wheat (stems) 4-2002 

Abu-Zaabal 

V28 Wheat (stems) 6-2002 
V29 Grasses 6-2001 
V30 Old tree leaves 6-2001 
V31 Grasses 10-2001 
V32 Old tree leaves 10-2001 
V33 Old tree  leaves 1-2002 
V34 Grasses 1-2002 
V35 Old tree  leaves 4-2002 

Al-Oboor 

V36 Grasses 4-2002 
V37 Grasses 6-2001 
V38 Grasses 10-2001 
V39 Old Tree leaves 10-2001 
V40 Old Tree leaves 1-2002 
V41 Wheat leaves 1-2002 
V42 Old Tree  leaves 4-2002 

Shebeen 

V43 Wheat leaves 6-2002 
Old reactor V44 Old Tree leaves 7-2002 

V45 Grasses 6-2001 
V46 Eucalyptus trees 6-2001 
V47 Grasses 10-2001 
V48 Eucalyptus trees 10-2001 
V49 Grasses 1-2002 
V50 Eucalyptus leaves 1-2002 
V51 Grasses 4-2002 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Prot. Dep. 
 
 

(NRC) 

V52 Eucalyptus leaves 4-2002  
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RESULTS, DISSCUSSION and CONCLUSION 
 
Environmental Measurement: 

 
     Radioactive concentrations in different environmental samples (soil and plants) collected 
from the six sites mentioned before (Inshas, Abu- Zaabal, AL- Oboor, Shebeen El-kanatter in 
addition to two sites at the Nuclear Research Centre: old reactor and protection department) 
were determined using the Gamma Spectroscopic system. Natural uranium-238 and thorium -
232 isotopes together with their decay products as well as K-40 and Cs-137 were determined. 
The concentrations of Bi-228 and Ac-228 were chosen to represent the concentration of U-238 
and Th-232, respectively, in addition to the single peaks of Cs-137 and K-40.The results of 
these measurements are given in Tables: (3, 4, 5, and 6) where, Tables (3and 4) show the 
radioactive isotopic concentrations (Bq/kg) in soil and plant samples from different sites, 
respectively and Tables (5 and 6) show the ranges and averages of radioactive isotopic 
concentrations (Bq/kg) in soil and plant samples from different sites, respectively. 
 

1. Radioactivity Concentrations in Soil Samples: 
 

     As shown in Tables (3 and 5) that the average radioactive concentrations at Inshas site are, 
3.7, 4.4 and 70.3 Bq/kg for Th-232, U-238 and K-40, respectively, and 0.6 Bq/kg for Cs-137 in 
one sample only (S4). 
 
     Soil samples in Abu-Zaabal showed a considerable natural radioactivity concentrations, 
where the average activity in these samples are 10.1, 7.7, 91.8 and 1.5 Bq/kg for Th-232, U-
238 and K-40, respectively, as shown in the same tables. Cs -137 isotope was present in all 
samples of that site except (S13). 
 
     The soil samples from Al-Oboor site showed the following average of the radioactivity 
concentrations: 7.6, 7.8, 73.1and 1.1 Bq/kg for Th-232, U-238, K-40 and Cs-137(for three 
samples only), respectively. 
 
     The average radioactivity concentrations in the soil samples from the Protection 
Department site in NRC are found to be 10.8, 8.3, 99.5 and 2.3 Bq/kg for Th-232, U-238, K-
40 and Cs-137, respectively. 
 
However, Tables (3 and 5) showed that the average radioactivity concentrations in soil 
samples from Shebeen El-Kanatter site are 11.7 ,10.1,136.0 and  1.63 Bq/kg for Th-232 ,U-
238 ,K-40 and Cs-137, respectively.. 
 
     Also, as shown from Tables (3 and 5) the average of the radioactivity concentrations in the 
soil samples from the Old reactor site are 12.6, 8.1, 94.1 and 2.63Bq/kg for the above 
mentioned isotopes, respectively. 
 
     The world average radioactivity concentration ranges of U-238, Th-232 and K-40 in soils 
have been expressed as 35 (8-160) Bq/kg, 35(4-130) Bq/kg and 70(100-700) Bq/kg, 
respectively (9). It is clear that the radioactivity concentrations (for U-238, Th-232 and K-40 in 
soil samples from the different sites under study can be considered as normal, taking into 
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consideration the nature of the Egyptian soil. It was found that these results are in good 
agreement with those previously obtained (10) for the same sites of Egypt. 
     Table (7) shows the radioactivity concentrations for U-238, Th-232, K-40 and Cs-137 in 
soil samples from different areas in Egypt, namely, Toshka, Delta Nile and Upper Egypt (10,11,12). 
It is noticed that the results of the present work are lower than those previously obtained from 
other studies in different areas from Egypt. These results may be due to the differences in the 
soil constituents which are normally directly related to the parent rocks and the type of 
weathering processes. 

 
     Generally, in soil samples, the distribution of U-238, Th-232, K-40 activities do not show 
great variation, but those of Cs-137 concentration exhibit much greater one. This was expected 
as it is not necessary for fall out to be uniformly distributed on the ground. 

 
2. Radioactivity Concentrations in Vegetables Samples: 
 

     Table (4) presents the radioactive concentrations of the considered radioactive isotopes 
found in the vegetable samples collected from the sites under study. Also, Table (6) shows the 
ranges and the determined average values of these radioactive concentrations. 

 
     It can be noted that, the average concentrations of the same isotope differ from site to the 
other. However, the differences are not too large as normally expected due to the difference in 
the soil nature. 

 
     Comparing, on the other hand, for the different radioisotopes, the ranges of the 
concentrations, of Th and U- series are nearly similar, while Cs-137 exhibits the lowest values 
and K-40 shows the highest values. These findings may be attributed to the genetic differences, 
i.e. certain plant species have the ability to accumulate uniquely high concentrations of 
particular elements (13). 

 
     The ranges of radioactivity concentrations of U-238, Th-232 and K-40 in plants and grasses 
from different areas in Egypt were 203.8-1620.40Bq/kg for K-40, <DL -28.3 Bq/kg for U-238 
and <DL -11.9 Bq/kg for Th-232, while Cs-137 was lower than the detection level (DL) (11). It 
should then be noticed that for the different radioisotopes in the present work, the ranges of the 
concentrations of K-40 in plants and grasses are lower than those previously reported in the 
other places in Egypt and in the international (9), while both of Th -series and Cs-137 show 
higher values . On the other hand, U-series exhibit nearly the same ranges of the concentrations.  
 
     Comparing the average concentration values of U-238, Th-232, K-40 and Cs-137 in both of 
soil and vegetables samples under study, it should then be noted that the obtained results for all 
plants and grasses in the present study are higher than those obtained for their corresponding 
soils (except for Shebeen ,which has nearly the same average concentration value of K-40 in 
plants and their corresponding soils) .This Phenomenon can be explained on the basis that, 
there is a wide variability in the bioaccumulation of trace elements among plant species (14). 
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Table (3) 
Radioactive isotopic concentrations in soils samples from different sites 

 
Samples 
Location 

Sample 
No. 

Ac-228 
(Bq/kg) 

Bi-214 
(Bq/kg) 

Cs-137 
(Bq/kg) 

K-40 
(Bq/kg) 

S1 2.3±0.2 2.3±0.2 ---- 53.5±5.3 
S2 2.7±0.21 2.5±0.2 ---- 48.5±4.7 
S3 2.5±0.23 2.4±0.2 ---- 55.4±5.5 
S4 5.7±0.37 8.7±0.87 0.6±0.20 130.7±10.3 
S5 4.8±0.49 6.5±0.65 ---- 66.8±6.6 

Inshas 

S6 3.9±0.39 5.3±0.65 ---- 76.9±7.6 
S7 9.5±0.89 8.5±0.87 1.5±0.30 105.4±10.5 
S8 11.6±1.1 8.0±0.9 1.2±0.23 85.7±8.5 
S9 10.4±1.0 7.24±0.98 1.2±0.30 108.2±10.7 

S10 11.6±1.3 9.7±0.89 1.0±0.25 117.0±11.7 
S11 9.4±0.98 7.7±0.99 1.23±0.23 87.2±8.7 
S12 7.7±0.84 6.5±0.86 2.7±0.40 65.5±6.5 

Abu-Zaabal 

S13 10.0±1.5 5.0±0.75 ---- 70.6±7.1 
S14 10.2±1.6 9.7±0.74 1.9±0.32 74.0±7.4 
S15 7.8±0.84 7.0±0.74 ---- 63.0±6.3 
S16 5.6±0.75 6.5±0.67 ---- 76.0±7.6 
S17 5.5±0.65 6.4±0.74 0.6±0.21 67.0±6.5 

Al-Oboor 

S18 8.9±0.78 9.5±0.94 0.8±0.33 85.0±8.3 
S19 13.5±1.6 9.5±0.84 1.63±0.34 134.1±10.3 
S20 12.0±1.5 10.9±0.94 ---- 132.7±10.2 
S21 12.5±1.5 13.6±1.3 ---- 169.5±12.6 
S22 7.7±0.84 5.7±0.98 ---- 85.3±8.2 

Shebeen 
 

S23 12.8±1.7 10.8±1.0 ---- 158.5±10.2 
S24 10.2±1.2 6.3±0.74 3.5±0.45 77.3±7.7 
S25 19.5±1.9 8.1±0.84 2.80±0.56 112.0±10.1 
S26 8.1±0.84 7.0±0.94 2.0±0.36 77.3±7.7 
S27 11.5±1.70 9.3±0.89 3.1±0.43 98.9±9.8 
S28 11.2±1.56 8.9±0.84 2.7±0.42 110.0±10.1 
S29 12.0±1.80 7.9±0.88 2.1±0.46 88.5±8.7 
S30 10.5±1.30 8.2±0.82 3.0±0.36 97.5±9.5 

Old Reactor 

S31 13.5±1.30 9.5±0.95 3.88±0.46 103±10.1 
S32 10.5±1.10 7.8±0.80 1.4±0.24 96.0±9.7 
S33 9.3±1.30 8.0±0.78 1.4±0.24 88.6±8.7 
S34 11.6±1.60 8.2±0.87 1.0±0.20 98.1±9.8 
S35 9.3±0.98 8.3±0.84 1.3±0.25 100.0±10.2 
S36 10.4±1.30 7.8±0.79 1.4±0.33 92.5±9.7 
S37 11.8±1.40 10.0±0.10 1.5±0.34 135.6±14.2 
S38 12.5±1.70 7.5±0.76 2.0±0.32 90.0±10.0 
S39 11.9±1.60 8.9±0.88 1.5±0.31 98.5±11.2 

Prot. Dep. 

S40 9.9±1.30 7.9±0.79 1.8±0.30 95.5±11.4 
 

Prot. Dep. = Protection Department 
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Table (4) 
Radioactive isotopic concentrations in vegetation samples from different sites. 

 
Samples 
location No. Ac-228 

(Bq/kg) 
Bi-214 
(Bq/kg) 

Cs-137 
(Bq/kg) 

K-40 
(Bq/kg) 

V1 22.8±0.29 18.2±1.9 -Ve 231.3±20.3 
V2 14.3±1.4 7.8±0.78 -Ve 195.2±18.9 
V3 24.4±2.4 19.0±1.89 -Ve 77.0±7.5 
V4 9.4±0.94 11.0±1.1 -Ve 129.5±10.8 
V5 17.0±1.7 12.3±1.2 -Ve 174.6±10.6 
V6 15.3±1.5 9.7±0.98 -Ve 111.0±10.2 
V7 15.9±1.6 20.8±2.0 -Ve 154.0±15.6 
V8 8.3±0.85 6.5±0.67 -Ve 105.7±10.0 
V9 25.9±2.5 14.3±1.4 -Ve 85.3±8.5 
V10 12.7±1.3 7.7±0.78 -Ve 113.8±10.2 
V11 19.5±2.0 17.5±1.7 -Ve 118.9±10.7 
V12 9.2±0.94 8.8±0.89 -Ve 103.6±10.0 

Inshas 

V13 15.3±1.6 11.1±1.1 -Ve 129.4±12.8 

V14 29.0±2.9 26.6±2.6 -Ve 231.3±16.4 
V15 15.5±1.6 10.4±1.1 -Ve 105.7±9.7 
V16 14.8±1.5 14.8±1.5 -Ve 369.8±15.5 
V17 23.1±0.32 23.7±2.4 -Ve 221.9±17.3 
V18 7.4±0.78 6.0±0.67 -Ve 86.7±7.6 
V19 15.7±1.5 17.3±1.7 2.71± 174.6±15.3 
V20 25.8±2.5 23.8±2.3 1.63±0.2 499.2±20.7 

V21 34.7±3.4 25.2±2.4 -Ve 296.0±17.2 
V22 14.1±1.5 7.0±0.78 -Ve 102.7±8.9 
V23 19.5±1.8 18.3±1.8 -Ve 274.4±17.8 
V24 8.5±0.87 7.8±0.79 -Ve 59.4±7.8 
V25 10.2±1.1 7.2±0.73 -Ve 87.0±9.9 
V26 11.6±1.6 17.3±1.8 -Ve 166.4±13.5 
V27 6.6±0.66 7.5±0.78 -Ve 143.8±12.8 

Abu-Zaabal 

V28 19.1±1.9 16.2±1.6 -Ve 175.2±15.6 

V29 19.7±1.9 23.1±2.3 -Ve 170.0±11.2 
V30 16.1±1.6 13.6±1.3 -Ve 165.4±14.3 
V31 24.9±2.4 22.6±2.2 -Ve 156.5±13.5 
V32 26.4±2.7 19.0±1.9 3.31±  0.8 203.4±16.5 
V33 23.2±2.3 20.8± 2.0 -Ve 127.1±11.7 
V34 15.3±1.5 13.6±1.3 -Ve 158.5±12.7 
V35 16.5±1.6 17.3±1.7 -Ve 160.5±13.0 

Al-Oboor 

V36 11.6±1.1 16.2±1.6 1.1±  0.2 111±10.10 
V37 19.4±1.9 13.3±1.3 -Ve 143.8±10.3 
V38 12.4±1.2 10.3±1.0 -Ve 127.1±9.7 
V39 21.8±2.1 19.0±1.8 -Ve 132.1±11.2 
V40 18.5±1.9 12.0±1.3 -Ve 147.9±12.7 
V41 23.1±2.3 23.4±2.1 -Ve 142.2±10.9 
V42 15.9±1.4 16.3±1.8 -Ve 127.0±1.3 

Shebeen 
 
 

V43 12.5±1.1 13.2±1.4 -Ve 147.0±1.5 

Old reactor V44 21.6±1.8 14.2±1.5 -Ve 164.6±1.6 
V45 21.3±1.9 20.3±2.3 -Ve 291.0±2.8 
V46 23.2±2.1 18.9±1.8 2.17± 0.8 148.0±1.5 
V47 24.8±2.7 13.7±1.5 -Ve 138.7±1.4 
V48 19.2±2.1 18.7±1.9 -Ve 138.1±1.4 
V49 17.4±1.8 15.3±1.8 -Ve 132.1±1.2 
V50 21.0±1.9 11.4±1.6 -Ve 142.2±1.5 
V51 19.5±1.78 17.6±1.9 2.0±0.2 225.5±2.4 

Prot. Dep. 

V52 38.0±2.4 24.0±2.1 1.9±0.5 226.0±2.3 
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Table (5) 
Ranges and average of radioactive isotopic concentrations 

(Bq/kg) in soil   samples in different sites. 
 

Site Th-232 U-238 Cs-137 K-40 
Inshas (2.3 -5.7)++

( 3.7)+
(2.3 - 8.7)++

(4.4) +
(0.6)+

S4 only
(48.5- 130.7)++

(70.3)+

Abu-Zaabal (7.7 -11.6)++

(10.1)+
(5.0 - 9.7)++

(7.7)+
(1.0 - 2.7)++

(1.5)+
(65.5-117.7)++

(91.8)+

Al-Oboor (5.5 -10.2)++

(7.6)+
(6.4 - 9. 7)++

(7.8 )+
(0.6-1.9)++

(1.1)+
(63.0-85.0)++

(73.1)+

Shebeen (7.7 -13.5)++

(11.7)+ 
(5.7- 13.6)++

(10.1)+
(1.63) +

S19 only
(85.3- 169.5)++

(136.0)+

Old Reactor (8.1 - 19.5)++

(12.6)+
(6.3 - 9.5)++

(8.1)+
(2.1- 3.88)++

(2.63)+
(77.3- 112)++

(94.1)+

N.R.C. 
(Prot.Dept.) 

(9.3 -12.5)++

(10.8)+
(7.4 - 10.0)++

(8.3)+
(1.4 - 4.0)++

(2.3)+
(88.6- 135.6)++

(99.4)+

 
Table (6) 

Ranges and averages of radioactive isotopic concentrations 
(Bq/kg) in vegetables samples in different sites. 

 
Site Th-232 U-238 Cs-137 K-40 

Inshas 
(8.3- 25.9)++ 

(16.2)+
(6.5 -20.8)++

(10.5)+ -Ve (77.0 -231.3)++ 

(134.1)+

Abu-Zaabal 
(6.6- 34.7)++

(17.0)+
(3.5 - 26.6)++

(15.7)+
(1.63-2.71)++

(2.17)+
(59.4 -499.2) ++

(201.8)+

Al-Oboor 
(11.6 -26.4)++

(20.6)+
(13.6-23.1)++

(16.9)+
(1.1-3.31)++

(2.2)+
(111-203.4)++

( 165.1)+

Shebeen 
(12.1-23.1)++

(20.5)+
(10.3-23.4)++

(15.3)+ -Ve (127.1-147.9)++

(138.2)+

Old 
Reactor(V44) (21.6)+ (14.2)+ -Ve (164.6)+

N.R.C. 
(Protec.Dep.) 

(17.4 -38)++

(23)+
(11.4 -24 )++ 

(17.5)+
(1.9 - 2.17)++

(1.63)+
(132.1 -291)++

(153.5)+

 
Table (7) 

Ranges and averages radioactive concentrations in soil 
samples from different places in Egypt. 

 
Isotope Toshka(11) Nile Delta(10) Upper Egypt(12) UNSCEAR(9) 

K40 (84.5-161.7) ++ 

(141)+
(176 - 407) ++ 

(331)+
(26 - 295)++

(90.4)+
(100 - 700)++

(370)+

Th232 (18 - 41.1)++

(32.5)+
(15.4 - 53.1)++

(24.7)+
(4.6 - 37.7)++

(14.0)+
(4  - 130 )++

( 35)+

U238 (12.9 - 32.3)++

(25.8)+
(13.7 - 27.9) ++

(18.7 )+
(4.9 - 26.6)++

( 23.5)+
(8  -  160)++

( 35)+

Cs137 <DL (<DL - 13.9) ++

(7.1)+
(<DL -12.6) ++

( 5.7)+ ---- 

(++): Minimum and maximum values. 
(+): Average value. 
(DL): detection limit. 
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