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ABSTRACT 

The distribution of naturally occurring Ra-226, Th-232 and K-40 in different 
part of alfalfa plant from two different soils of Qena (South Valley University 
and Qena governorate farms) was studied under natural field conditions. 
Sixty two samples (alfalfa plant and its soil) were taken from nine sites inside 
farms. The samples were analyzed for their Ra-226, Th-232 and K-40 activity 
concentrations using gamma ray spectrometer consists of 3″ × 3″ NaI (Tl). 
The daily intakes of these radioisotopes by calves, milking cattle and sheep 
were calculated by multiplying concentrations in alfalfa and the daily 
consumption rates of these plants. 
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INTRODUCTION 
 
      The release of radionuclides to the environment from nuclear facilities, during either 
normal operation or an unplanned situation, can potentially lead to radiation exposure of the 
nearby biota and human population. Radioactivity that is released and dispersed into the 
atmosphere enters the terrestrial environment due to dry and wet deposition on soil and 
vegetation, causing exposure to either for human beings or biota so the study of radionuclides 
in agricultural areas is of general concern (1).  
 
      Plants uptake of radionuclides will be dependent on Interactions between radionuclides 
and soil and will also depend on the metabolic and physiological characteristics of the species 
(2). Elements absorbed by plants through the root system (indirect contamination) or through 
the aerial organs (direct contamination) may be redistributed within plants (3). There are 
considerable differences in the uptake and translocation of long-lived radionuclides among 
different plant species (4).  
 
      They are transported to specific tissues based on the function of the element in plant 
metabolism and it gets reflected in its higher concentration in a particular part compared to 
others. Radionuclides can also be picked up along with nutrients and may have similar 
chemical behavior as the essential nutrient. In order to study the translocation and preferred 
site of accumulation of a radionuclide, the total content of a radionuclide in whole plant has 
been normalized for dry weight fraction of each plant part (5). 
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      There are two main routes of pollutant entry in animals: by inhalation of gaseous 
compounds, aerosols, and particles, and by ingestion of drinking water, food, and soil 
particles associated with the vegetation grazed by the animal. Ingestion of contaminated feed, 
and water to a lesser extent, represents the most important pathway of contamination in 
animals. GI absorption of radiopollutants depends on their chemical properties and chemical 
form, as well as on the animal species and on particular physiological characteristics of the 
animal (6). The absorbed Radionuclides are transported by blood and distributed into the 
various organs and animal products. The distribution varies according to the physiological 
status of the animal as well as the nature and chemical form of the pollutant (3). 

The purpose of this study was to determine the Ra-226, Th-232 and K-40 activity 
concentrations and their distributions in different part of alfalfa and calculate the daily intake 
by animals farms. 

MATERIALS AND METHODS 
      The alfalfa and soil sampling sites were randomly selected in the cultivated land from 
South Valley University (S.V.U.) and Qena Governorate (Q.G.) farms on Qena-Safaga road 
in Qena governorate. Alfalfa plants have been cut down including its roots. The soil samples 
were collected around the root of plant and cleaned of coarse roots and pebbles. The plants 
have been washed deeply until removing all dust and soil and segregated, into root, stem and 
grain. Alfalfa and soil samples were dried at 105 C0 to obtain a constant dry weight. The 
samples were crushed in the laboratory and then transferred into cylindrical plastic containers. 
These samples were weighed and sealed for four weeks to reach secular equilibrium between 
Ra-226 and Th-232 and their daughter products. Specific activity of each radionuclide was 
calculated using the following equation (7): 

As = Cn / (ε Pγ Ms)                                             (1) 
where, As is the specific activity of each radionuclide in sample (Bq/kg), Cn is count per 
second, ε is the detector efficiency, Pγ is the emission probability, and Ms is sample weight 
(kg).  
Each sample was measured with a NaI (Tl) detector, although the NaI (Tl) gamma-ray 
spectrometer has poor energy resolution but its high efficiency allows fast and precise 
determinations of Ra-226, Th-232 and K-40 concentrations in samples. The results depend on 
the accuracy of the energy calibration procedure that takes into account the possible 
interference of each nuclide in each peak region. 
Every sample was counted for 10 to 24 h depending on the level of concentrations of the 
radionuclides. The Ra-226 concentration was determined from the gamma lines of 352 keV 
and 609 keV from Pb-214 and Bi-214. The Th-232 concentration was determined from the 
gamma lines of 238 keV, 911 keV from Pb-212 and Ac-228, respectively and K-40 was 
determined from its gamma lines of 1460 keV.  

RESULTS AND DISCUSSION 

1. Distribution of radionuclides in Alfalfa. 

The distribution of the radionuclides Ra-226, Th-232 and K-40 in various parts of the alfalfa 
plant are presented in table 1. 
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Table 1: Ra-226, Th-232 and K-40 activity concentrations (Bq/kg) for different 
part of Alfalfa samples from Qena farms. 

Farm Samples 
code 

Root 
 

Stem 
 

Leaves 
 

Shoot(stem 
and leaves) 

Ra-226 (Bq/kg) 
Alf1 6.79 ± 0.24 3.62 ± 0.13 0.84 ± 0.03 2.51 ±  0.08 
Alf2 7.64 ± 0.27 3.19 ± 0.14 1.14 ± 0.05 3.08 ±  0.12 
Alf3 5.64 ± 0.21 2.78 ± 0.11 1.85 ± 0.09 2.98 ±  0.10 
Alf4 7.17 ± 0.26 3.17 ± 0.14 0.23 ± 0.01 2.19 ± 0.10 So

ut
h 

V
al

le
y 

U
ni

ve
rs

ity

Alf5 7.35 ± 0.26 2.21 ± 0.09 2.00 ± 0.10 1.09 ±  0.08 
Alf6 5.47 ± 0.14 2.87 ± 0.17 1.39 ± 0.07 2.40 ±  0.04 
Alf7 9.00 ± 0.33 3.23 ± 0.15 2.20 ± 0.08 3.20 ±  0.16 
Alf8 7.95 ± 0.30 2.62 ± 0.10 1.73 ± 0.08 3.53 ± 0.25 Q

en
a 

go
ve

rn
or

at
e

Alf9 7.55 ± 0.28 5.76 ± 0.22 1.59 ± 0.13 4.50 ± 0.14 
 Th-232 (Bq/kg) 

Alf1 4.17 ± 0.15 3.42 ± 0.14 0.94 ± 0.02 1.88 ±  0.11 
Alf2 2.61 ± 0.10 1.27 ± 0.10 0.52 ± 0.04 1.98 ±  0.12 
Alf3 4.15 ± 0.16 2.16 ± 0.15 1.40 ± 0.12 1.78 ±  0.11 
Alf4 4.73 ± 0.18 2.31 ± 0.12 0.20 ± 0.01 1.76 ± 0.10 So

ut
h 

V
al

le
y 

U
ni

ve
rs

ity

Alf5 4.04 ± 0.20 1.52 ± 0.06 1.27 ± 0.08 0.84 ±  0.03 
Alf6 3.79 ± 0.16 2.28 ± 0.19 2.15 ± 0.12 2.23 ±  0.05 
Alf7 4.84 ± 0.19 2.06 ± 0.08 2.00 ± 0.10 3.00 ±  0.15 
Alf8 4.22 ± 0.17 1.58 ± 0.14 0.75 ± 0.12 2.27 ± 0.10 Q

en
a 

go
ve

rn
or

at
e

Alf9 5.53 ± 0.23 3.60 ± 0.26 1.45 ± 0.10 1.97 ± 0.14 
K-40 (Bq/kg) 

Alf1 83.63 ± 2.85 166.41 ± 5.74 126.85 ± 4.38 118.31 ± 4.09 
Alf2 72.16 ± 2.47 128.25 ± 4.12 104.28 ± 3.68 110.87 ± 3.95 
Alf3 93.53 ± 3.21 233.00 ± 8.23 195.28 ±7.23 213.16 ± 7.78  
Alf4 41.34 ± 1.42 134.25 ± 4.92 52.14 ± 1.90 107.16 ±  3.78 

So
ut

h 
V

al
le

y 
U

ni
ve

rs
ity

 

Alf5 95.70 ± 3.28 153.58 ± 5.19 139.50 ± 4.86 186.68 ±  7.03 
Alf6 70.13 ± 2.37 233.58 ± 8.52 220.67 ± 8.08 230.34±  8.15 
Alf7 108.59± 3.75 292.72 ± 10.00 242.30 ± 8.28 242.81 ±  8.37 
Alf8 109.47± 3.73 218.34 ± 7.53 171.14 ± 5.91 212.39 ±  7.25 Q

en
a 

go
ve

rn
or

at
e 

Alf9 79.20 ± 2.71 272.89 ± 9.22 248.20 ± 8.48 217.58 ± 7.44 
 
Table 1 shows that Ra-226 activity concentrations values were ranged from 5.47 ± 0.14 to 
9.00 ± 0.33, 2.21±0.09 to 5.76 ± 0.22, 0.23±0.01 to 2.20 ± 0.08 and 1.09±0.08 to 4.50 ± 0.14 
Bq/kg for root, stem, leaves and shoot, respectively. The corresponding values of Th-232 
were ranged from 2.61±0.10 to 5.53 ± 0.23, 1.27±0.10 to 3.60 ± 0.26, 0.20±0.01 to 2.15 ± 
0.12 and 0.84±0.03 to 3.00 ± 0.15 Bq/kg, respectively. The K-40 values ranged from 
41.34±1.42 to 109.47 ± 3.73, 128.25±4.12 to 292.72 ± 10.00, 52.14±1.90 to 248.20 ± 8.48 
and 107.16±3.78 to 242.81 ± 8.37 Bq/kg, respectively. 
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From figure 1  
• The distribution of Ra-226 and Th-232 in different parts of Alfalfa plant showed 

decreasing trend as root>stem>leaves. Ra-226 is preferably retained in roots which 
are known to retain more quantity of heavy metals as compared to any part of plant 
(8,9) 

• K-40 is an essential mineral nutrient needed for growth of the plant and is 
transported together with water from the root to the grain through the stem (8) and 
it’s distribution follows the decreasing trend stem> leaves > root.  

In alfalfa, the activity concentrations of Ra-226 and Th-232 in different part of alfalfa from 
Qena Governorate farm were higher than the activity concentrations of those obtained from 
South Valley University while the activity concentrations of K-40 in stem and leaves of 
alfalfa from Qena Governorate farm were higher than that was determined in those alfalfa 
parts from South Valley University farm. That may be attributing to high concentration in soil 
and irrigation water from Qena Governorate farm. So soil and irrigation water samples were 
collected and analyzed from two farms to analyze to know the reason. 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

1-1. Activity concentrations of radionuclides in soil. 
Ra-226, Th-232 and K-40 activity concentration in soil from two farms is shown in figure 2.  
From figures 2 it can be noticed that: 

• Ra-226, Th-232 and K-40 values in Qena Governorate farm soil were higher than their 
values in South Valley University farm that may be reflected to using different 
quantity or species of fertilizers. So the activity concentrations of these radionuclides 
in alfalfa from Qena Governorate farm are the highest. 

• K-40 values higher compared with Ra-226 and Th-232. The soil samples are 
yellowish or muddy sand and contain a high percentage of calcium carbonate and a  

        high potassium level. This may be lead to a higher K-40 in the investigated samples (10). 

 activity concentrations 40- and K232-Th, 226-the variation of Ra: 1 Figure
(Bq/kg) in different parts of the Alfalfa plant samples from Qena farms. 
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2. The daily intakes of radioisotopes by milking and calves cattle and sheep. 

The daily intakes of these radioisotopes by calves, milking cattle and sheep were calculated 
by multiplying concentrations in alfalfa and the daily consumption rates of these plants (show 
in table 2).  

Table 2: The daily consumption rates of alfalfa (Kg/d) by animal in Qena farms. 
 

Daily consumption rates of alfalfa (Kg/d) 
Animal South Valley University farm Qena governorate farm 
calves 20 32.5 

milking cattle 15 30 
sheep 6 ---  

 Daily intakes shown in table 3 were as follows: Ra-226, 16.50, 12.37, 2.01; Th-232, 11.35, 
8.51, 1.55; and K-40, 842.53, 631.90, 577, 343.48 (Bq/d) for calves, milking cattle and sheep, 
respectively, in South Valley University farm.  

In Qena governorate farm, the animals daily intakes of Ra-226, Th-232 and K-40 were 33.96, 
23.60 and 22638.17 and 31.35, 21.78 and 2435.23 (Bq/d) that is ingestion by calves and 
milking cattle respectively. 

 

Figure 2: the variation of Ra-226, Th-232 and K-40 activity 
concentrations (Bq/kg) in soil from two farms in Qena 
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Table 3: The daily intakes of Ra-226, Th-232 and K-40 (Bq/d) by animals in Qena farms. 
  

The daily intakes (Bq/d) 
Farm Animal Ra-226 Th-232 K-40 

Calves 16.50 11.35 842.53 
Milking cattle 12.37 8.51 631.90  S. V.U. farm 

  Sheep 2.01 1.55 343.48 
Calves 33.96 23.60 2250.18 Q. G. farm 

 Milking cattle 31.35 21.78 2077.09 
 

The animals daily intakes of Ra-226, Th-232 and K-40 in Qena governorate farm are higher 
than that calculate in South Valley University farm that may be attributing to high 
concentration in alfalfa and high daily consumption rates of these plants in Qena Governorate. 

CONCLUSION 

Ra-226, Th-232 and K-40 concentration were determined in alfalfa plant as food for calves, 
milking cattle and sheep and then the daily intake of these radionuclides for these animals in 
two farms were calculated. 

The distribution of Ra-226 and Th-232 in different parts of alfalfa plant showed decreasing 
trend as root>stem>leaves, while K-40 follows the decreasing trend stem> leaves > root. The 
daily intakes of Ra-226, Th-232 and K-40 by animals in Qena governorate farm was higher 
than the daily intake calculated by animals in South Valley University farm. 
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