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ABSTRACT 
     Transfer factors (TFs) of long lived radionuclide such as 137Cs and 90Sr 
from three different Egyptian soils type to wheat plant have been studied by 
radiotracer experiments. Most typical Egyptian soils (sandy, sandy loam and 
clayey) from three different locations (Al –Oboor, Abu- Zaabal and Shebeen 
cities) were selected for the experiments carried out under outdoor conditions. 
The plant selected was wheat because the high consumption of wheat in 
Egypt. In the present study radioactive strontium and caesium uptake from 
different types of soil was investigated .These radionuclide showed a 
considerable difference in their distribution within the plant .The results 
showed that soil type influences the transfer factors. Sandy soil resulted in the 
highest transfer factor for both (Cs & Sr) from soil to wheat. TFs for leafs 
were higher than those for roots in case of 90Sr (for all types of soil). However, 
TFs of (137Cs) for roots were higher than those for leafs for all soils. Grains of 
the wheat showed the lowest transfer factor for the Cs & Sr (for all types of 
soil). 
 
Key wards: 137Cs and 90Sr uptake, soil, plant, transfer factor (TF), wheat plant 
 

INTRODUCTION 
 

      Radionuclide of long half lives, such as 90Sr & 137Cs, are of special importance from the 
point of human health, since these nuclides can enter the human body via the food chain and 
increase the radiation burden for many years. The understanding of mechanisms that affect 
the radionuclide uptake by plant species which growth under field conditions, become a 
subject of increasing interest. 
 
      The transfer factor (TF) is a value used in evaluation studies on the impact of routine or 
accidental releases of radionuclide into the environment. For large areas in Russia, Ukraine, 
central and western Europe and large parts of the USA, the TF for most important agricultural 
products is known. For other areas and especially the developing countries TFs are less well 
known. The soil-to-plant transfer factor (TF) is regarded as one of the most important 
parameters in environmental safety assessment needed for nuclear facilities(1) .This parameter 
is necessary for environmental transfer models which are useful in prediction of the 
radionuclide concentrations in agricultural crops for estimating dose intake by man. 
 
     A simple laboratory method has been applied for the determination of the (plant uptake) 
after contamination .The uptake of radionuclide by plants from soils is described by either a 
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concentration-ratio (CR) or a soil-to-plant transfer factor (TF) (2), where: 
CR is defined as the ratio between the activity concentrations in the plant (by wet weight) and 
the activity concentrations in soil (By dry weight) respectively. 
TF is defined as concentration of the radionuclide per unit weigh (dry or wet) of the plant 
organ at the time of harvest (Bq/g) divided by concentration of the radionuclide per unit 
weigh of dry soil (Bq/g) at the time of sowing. 
  
      The main factors which determine the variability of TFs are the type of radionuclide, the 
type of crop, type of soil (soil characteristics) and stable element concentration. Minor factors 
are differences in crop varieties, differences in agricultural management (fertilization) and the 
weather(3) The term weather is used deliberately, because what is meant is not the overall 
climate but the day-to-day differences of the weather which are believed to be the main reason 
for the great spread of TFs. As the transfer factors can differ between areas due to different 
climates, soil types and vegetation, local transfer factors should be observed .Previously 
Uchida and Okabayashi(4) surveyed (TF) values for various crops collected in Japan and 
around the world. The reported (TF) data obtained under natural conditions were limited 
especially in Asian and South American countries. The International Atomic Energy Agency 
(IAEA) has compiled (TFs ) or( concentration-ratios) of some radionuclide (or elements ) 
from the soil to the edible part  of plants .These data were mainly derived from studies using 
European or North American soils.  
 
      Wheat was selected as a crop grown over large areas of Egypt, and representing a major 
portion of human diet .There is a considerable range of soil types on which wheat is grown in 
Egypt. It was decided that the effect of soil type be investigated as a major variable 
influencing radionuclide uptake into the crops. The uptake of 137Cs and 90Sr by six varieties of 
spring wheat (Triticum aestivum) was compared in field trials on land contaminated by the 
Chernobyl accident (5). They noticed that under identical conditions of nutrition, the 
productivity of the varieties varied significantly by a factor of 1.3. The extent of 137Cs and 
90Sr accumulation by wheat grain, quantified as the concentration ratio, differed between the 
varieties by a factor of 1.6, for both radionuclides. There was a significant linear positive 
correlation between the 90Sr activity concentration in grain and straw, and the calcium 
concentration. On contrast the correlation between 137Cs and potassium was not significant. 
Their results suggested that certain varieties of spring wheat used in normal agricultural 
practice accumulate less 137Cs and 90Sr into grain than others. Some spring wheat varieties 
accumulated relatively less 137Cs, but did not accumulate less 90Sr. One variety, Quattro, had a 
significantly lower uptake of both 90Sr (for grain) and 137Cs (for both grain and straw) than 
that of the other varieties tested. The reduction efficiency achieved by the use of these 
varieties, however, is not as high as that achieved by soil amelioration techniques in the past. 
Nevertheless, since there are no additional costs or production losses associated with these 
varieties, their use in the contaminated areas is worth considering as a simple, practical, and 
effective contribution to reducing the uptake of both 90Sr and 137Cs and allowing farmers to 
produce food-grade grain. 
 
      The aim of the present work is to study the uptake of 137Cs and 90Sr by wheat plant from 
soil to different wheat organs (root, stems and grains) through root systems and their 
distribution in different plant parts. Transfer factors of the two radionuclide from the most 
typical Egyptian soils (sandy, sandy loam and clayey) were determined. Both roots and stems 
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can be used in the experiments to obtain information on the differences of TFs to root and leaf 
vegetables. From the previous study(6), the concentration of stable Cs and Sr in both of the 
wheat plant and its corresponding soils (from the same regions under this study) were 
determined by inductively coupled plasma- mass spectrometry (ICP-MS). TFs of the two 
stable elements (Cs and Sr) were calculated and compared with the (TFs) of 137Cs and 90Sr 
which obtained from this study. 
 

Materials and Methods 
 

1. Soil Selection and Characteristics: 
 
         Three different soil types representative of the most important agricultural soil in Egypt, 
were selected .The soil samples were taken from the surface soil (upper 20 cm) on each 
sampling site. Table (1) shows the physical characteristics of soils which were determined 
according to standard methods (7). The dried, homogenized and sieved soils were artificially 
contaminated with both of 90Sr and 137Cs (in nitrate and chloride form consequently), using 
two different carrier concentrations (10-3 and 10-4) M from each of stable SrCl2 and CsCl. 
 

Table 1: Physical and Chemical Characteristics of Soils 
 Soil type Sandy Soil Sandy loam Soil Clay Soil 

location Al-Oboor Abu-Zaabal Shebeen 
Sand % 
Silt % 
Clay % 
Bulk density(g/cm3) 
Field capacity: 
(cm3water cm-3soil) 
pH 
Cations % : 
Na+

K+

Ca++

Mg++

CaCo3 % 
O. M  % 
Cs (ppm) 
Sr (ppm) 

 

94.0 
4.5 
2.0 
1.85 

 
0.1 
8.0 

 
0.31 
0.93 
2.39 
1.2 
3.57 
0.07 
29.6 
25.6 

74.0 
14.8 

 
07.6  42.8 

 11.2 49.6 
1.56 1.57 

   

 0.18 0.55 
7.6 7.5 

   
0.26 0.3  1.31 1.59 

 3.7 3.81 
1.14 1.28  1.78 5.35 

 1.79 1.13 
21.0 33.3  19.2 

  
27.0 

 
 
2. Plant uptake and transfer factor: 
 
    In outdoor pot experiments the plant uptake and transfer factors were investigated. Separate 
pots (all with the same size) for each radiotracer (137Cs and 90Sr) were used. The pots were 
filled with different types of soil (1600 g from sandy soil, 1300 g from sandy loam soil and 
1200 g from clayey soil). From each type of soil, 2 pots (for each radiotracer) were irrigated 
with water containing a radiotracer only without a carrier of CsCl or SrCl2, 2 pots were 
irrigated with (10-4 M solution of CsCl or SrCl2 together with a radiotracer) and the last 2 
pots were irrigated with (10-3 M solution of CsCl or SrCl2 together with a radiotracer).The 
amounts of radiotracers added to each pot were (137CsCl : 863 Bq /pot and 90SrCl2 : 
4110Bq/pot).A quantity of mixed chemical fertilizer 2 gm /pot (N: P: K=14:10:13) was added 
to each pot at the beginning of the experiment. Wheat was planted and soil moisture was 
maintained at 80 % of its field capacity. The plants were sampled at the end of the vegetation 
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time (after 3 months).After sampling, the plants separated into (roots, stems and grains). The 
activity concentration of 137Cs and 90Sr in each plant part was measured in all pots of the 
experiment. 
 
3- Radioactivity measurements 
 
   The activity concentration of both of 137Cs and 90Sr in each plant part was measured in all 
pots as follows: 
For 137Cs: The radioactivity measurements were performed by a high-resolution gamma 
spectroscopic system employing a high purity germanium crystal (HPGe) coupled with a 
multichannel analyzer (TENNELEC); it is a p-type co-axial detector. Sample preparation, 
energy and efficiency calibration and counting procedures were mentioned in other 
publications (8). For each pot, the data were calculated in Bq /kg of dry weight of each plant 
part (roots, stem and grains), separately.  
 
For 90Sr: all plant parts were dried at 1050C, and then Sr90 activity concentrations were 
measured in the roots, stem and grains separately. 90Sr activity measurements were performed 
by Phoswich Detector (Low Background Gross α, β and γ counting system).The soil -to-plant 
concentration factor (CF) characterizing the (uptake) is given by: 
                                             

                         CF = Cp /Cs                                                         (1) 
 
Where, Cp and Cs are the activity concentrations in the plant (on wet weight) and soil (on dry 
weight) respectively. The soil - to- plant transfer factor (TF) of a radionuclide is given by: 
 
TF = Activity concentrations in the plant (Bq/g) at time of harvest (on dry weight)     (2)                      
      Activity concentrations in the soil (Bq/g) at time of sowing (on dry weight) 
 
     The concentration of the radionuclide in soils at the time of harvest was calculated on the 
bases of the vegetable weighs and vegetable concentrations .As a result the decrease of 
concentrations of the radionuclide in soils between sowing and harvest was below 0.5% in 
137Cs experiments and < 1% 90Sr experiments. 
 

RESULRS, DISCUSSION and CONCLUSION 
 
1. Cs and Sr Uptake by wheat Plant: 137 90

 
     The activity concentrations of both of 137Cs and 90Sr in the total wheat plant, and hence 
their uptake percentage by the whole plant were calculated at different carrier concentrations 
of each of CsCl and SrCl2 for all different soil types under study. Cs and Sr concentrations in 
both of soil and plant were calculated on the basis of carrier concentration values in (µg /pot). 
 
Accumulation of 137Cs in the whole wheat plant: 
 
     The concentration of Cs (µg /g) in the plant plotted against its concentration in the soil 
(µg/g) is shown in Fig.1. The TF value is then estimated by the slope of the regression line. 
For 137Cs, the wheat plant in sandy soil provided the greatest uptake with an average TF of 
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2.445 and a relatively good linear relationship between concentrations of 137Cs in the soil and 
the plant (R2 = 0.9998). For sandy loam soil the TF was 0.81 with a linear correlation of R2 = 
0.9988. For clayey soil the TF value was 0.24 with a linear correlation of R2 = 0.9987. 
Fuhrmann et al. (2002) found also a relatively good linear relationship between 
concentrations of 137Cs in the soil and both of redroot pigweed and tepary been (9) .TF values 
obtained by linear regression are similar to those obtained in Table 2 by averaging the bulk 
estimates of 137Cs concentrations in the soil and plants.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1.Cesium-137 Concentrations in Wheat Plant Relative to its Concentrations in Soil. 
(The slope of the regression line is an estimation of transfer factor: TF). 

 
Table 2: Radioactivity Concentration and Transfer Factor of 137Cs in  

Wheat plant and quantity of 137Cs removed from soil by plant. 
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Cs-conc. in soil Cs-conc. in plant  Conc. 
of 

CsCl µg/pot µg/g soil µg/total 
plant 

µg/g 
plant 

Plant 
weight 
in g 

137Cs 
uptake%  

TF of 
 
 Cs-137 
 
 
 
 
 
 

Sandy Soil 
Without 
carrier 0.027 1.7E-5 5E-5 3.6E-5 1.38 0.186 2.16 
10-4M 1150 0.72 1.41 1.49 0.95 0.123 2.08 
10-3M 11500 7.19 23.58 17.46 1.35 0.205 2.43 
mean  1.23 0.174 2.22 

Sandy Loam Soil 
Without 
carrier 

 
 
 
 
 
 
 
 
 

0.027 2.1E-5 4.6E-5 1.2E-5 3.82 0.169 0.58 
10-4M 1980 1.52 2.61 0.77 3.41 0.132 0.50 
10-3M 19800 15.23 37.22 12.13 3.07 0.188 0.80 
mean  3.43 0.163 0.63 

Clayey Soil 
Without 
carrier 0.027 2.3E-5 2.6E-5 0.4E-5 6.86 0.095 0.17 
10-4M 5500 4.58 6.27 0.67 9.36 0.114 0.15 
10-3M 55000 45.83 96.8 10.93 8.86 0.176 0.24 
mean  8.36 0.128 0.18 
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     From these data it could be observed that the highest uptake % of 137Cs by the whole wheat 
plant was in sandy soil, followed by sandy loam soil and clayey soil (0.174, 0.163 and 0.128 
% respectively) at all different carrier concentrations. On the other hand, it is noticed that the 
wheat plant from clayey soil had the highest concentration of 137Cs (at different carrier 
concentrations) because of its relative high concentrations in clayey soil and greater biomass 
production (8.36g). The wheat plant in sandy loam had the medium concentration of 137Cs  
because it provided lower biomass production than that of the clayey soil (3.43g) .The wheat 
plant in sandy soil had the lowest concentration of 137Cs  because of its lower concentrations 
in sandy soil and very low biomass production (1.23 g). 
 
Accumulation of 90Sr in the whole wheat plant: 
                                                                                                                                         
      Accumulation of 90Sr, in the whole wheat plant in different soil types is shown in Fig.2. 
There is an apparent linear relationship between the concentration of 90Sr in the wheat plant 

and its associated soil (µg /g). The TF value is then estimated by the slope of the regression 
line. This indicate that 90Sr uptake by wheat plant has the same trend of 137Cs uptake. These 
results for 90Sr differ from those obtained by Fuhrmann et al (2002), who found that there is 
no apparent relationship between the concentrations of 90Sr in the soil and both of redroot 
pigweed and tepary been (9). 
 
      For 90Sr in sandy soil, the wheat plant provided the greatest uptake with an average TF of 
11.22 and a relatively good linear relationship between concentrations of 90Sr in the soil and 
the plant (R2 = 0.9996). For sandy loam soil the TF was 1.11 with a linear correlation of R2 = 
0.9992. For clayey soil the TF value was 0.46 with a linear correlation of R2 = 0.9981. TF 
values obtained by linear regression are similar to those obtained in Table 3 by averaging the 
bulk estimates of 90Sr concentrations in the soil and plants. 
 

 
 

Fig. 2: Strontium-90 concentrations in wheat plant relative to its concentrations in Soil. 
(The slope of the regression line is an estimation of transfer factor (TF). 
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Table 3: Radioactivity Concentration and Transfer Factor of 90Sr 
 in wheat plant and quantity of 90Sr removed from soil by plant. 

 
Sr-conc. in soil Sr-conc. in plant  

SrCl2 
conc. µg/pot µg /g 

soil 
µg/total 
plant 

µg/g 
plant 

Plant 
weight 
in gm 

Sr-90 
Uptake 
%  

 TF of 
Sr-90  

 Sandy Soil 
Without 
carrier  0.00081 5.1E-07 6.55E-06 3.41E-06 1.92 0.809 6.7 
10-4M 760 0.48 6.16  4.11 1.5 0.811 8.7 
10-3M 7600 4.75 64.9  52.77 1.23 0.854 11.17 
mean  1.55 0.82 8.86  Sandy Loam Soil 
Without 
carrier 

 
0.00081 6.2E-07 1.54E-06 3.13E-07 4.92 0.19 0.51 

10-4M 1300 1 2.99  0.77 3.86 0.23 0.78 
10-3M 13000 10 45.5  10.94 4.16 0.35 1.10 
mean  4.31 0.26  0.80 

Clayey Soil 
Without 
carrier 

 
 0.00081 6.8E-07 1.64E-06 1.27E-07 12.87 0.202 0.19 

10-4M 3680 3.07 5.74 0.73 7.86 0.156 0.24  
 

10-3M 36800 30.67 76.91 13.76 5.59 0.209 0.45 
mean  8.77 0.19 0.29 

Note: 
The difference in Cs concentrations in each soil type (in µg/pot) is related to 
the difference in the field capacity of each soil type, i.e. the volume of water 
suitable for irrigation (cm3 water/ cm3 soil). These volumes were calculated 
for each soil type as:  54 ml water /kg sand, 115 ml water /kg sandy loam 
and 350 ml water /kg clay soil). Then, the carrier concentrations (M/L) were 
converted into µg/L. 

 
      The average uptake % of 90Sr by the whole wheat plant was (0.82, 0.26 and 0.19%) for 
sandy soil, sandy loam soil and clayey soil, respectively. 90Sr showed the highest uptake % in 
sandy soil and the lowest uptake % in clay soil. It is known from literature that strontium 
uptake is influenced by organic matter content of the soil (10) i.e., the largest strontium uptake 
is found in the soil with the smallest organic matter content. In this study this correlation is 
clear in case of sandy soil, but this correlation was not clear in case of sandy loam and clayey 
soils. This may be attributed to the fact that variable organic contents in all agricultural soils 
are actually due to the addition of artificial fertilizers. 

 
      On the other hand, the uptake of strontium is found to depend on soil calcium content(11) 
i.e., the largest strontium uptake by plants is found in the soils with the smallest calcium 
content. It is noticed that, the wheat plant from clayey soil had the highest concentration of 
90Sr (at different carrier concentrations) in spite of its lowest uptake %.This is related to the 
relative high concentration of strontium in clayey soil and the greater biomass production 
(8.77g).Also from these data, it could be observed that strontium concentration in wheat plant 
increased by increasing the carrier concentration for all different soil types.  
 

Of the fission products, strontium is the most accessible to plants via uptake from the soil 
(from the literature). Its uptake is roughly 10 times greater than that of cesium. In this study it 
was found that, the fractional uptake of 90Sr by the wheat plant in the three soil types is 4.5 
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times greater than that of 137Cs in sandy soil and 1.5 times greater in both sandy loam and 
clayey soils as would be expected. Moreover, it appears that the concentrations of 137Cs and 
90Sr in wheat plant have very similar relationship to their respective concentrations in the soil. 
 
2. Soil-to- wheat transfer factors (TF):  
      Soil-to-plant transfer factor is one of the important parameters used to estimate the 
concentrations of radionuclide in plants according to a transfer model. The transfer factors 
vary significantly according to plant properties and soil type. 
137Cs Transfer factors: 
      Transfer factors of 137Cs were calculated from the activity concentration measured in the 
soil and in the plant. The results obtained from plant uptake experiments carried out on 
contaminated soils are shown (Table 2) .It is obvious that the TF of 137Cs is nearly the same 
for each soil type at different rates of soil contamination. On the other hand the activity 
concentration of 137Cs in Bq/g of the plant increased as the carrier concentration increased. 
 
      The average TF values of 137Cs were 2.22, 0.63 and 0.18 for sandy soil, sandy loam soil 
and clayey soil, respectively. These values showed that the sandy soil has the highest transfer 
factor followed by sandy loam, while the clayey soil has the lowest TF value, i.e.: the TF of 
137Cs for the whole wheat plant in different soil types followed the order: 
                                                 Sand > Sandy Loam > Clayey soils. 
      This order is inversely proportional to K+ content of each soil type, which satisfies the 
evidence that : at low K concentrations, Cs+ is absorbed by the K+ uptake system of root (12) . 
This evidence is derived from the observations that K+ strongly suppresses Cs+ uptake. 
Bergeijk et al, (1992) reported that the transfer factor of 137Cs increased as the concentration 
of organic materials increased in soils (13). However, in this study, no clear correlation was 
found between the transfer factor of 137Cs and the content of organic materials in soils. This 
may be attributed to the fact that variable organic contents in all agricultural soils are actually 
due to the addition of artificial fertilizers and the recycling of crop residues depending on each 
field. Two factors are believed to be dominating for the TF behaviour: The first is caesium 
concentration, and the second is its analogue behaviour to potassium (14). 
  
90Sr Transfer factors: 
      For 90Sr, the results obtained from plant uptake experiments carried out on contaminated 
soils (Table3) showed that the TF of 90Sr for wheat plant in sandy soil strongly increased by 
increasing the carrier concentration. While TF of 90Sr in sandy loam and clayey soils showed 
a slight increase on increasing the carrier concentrations. The average TF values of 90Sr were 
8.86, 0.80 and 0.29 for sandy soil, sandy loam soil and clayey soil, respectively. These values 
showed that the sandy soil has the highest transfer factor followed by sandy loam, while the 
clayey soil has the lowest TF value. This means that, TF of 90Sr for the whole wheat plant in 
different soil types at different carrier concentrations followed the same order of that of 137Cs:  
                                                Sand > Sandy Loam > Clay.  
     This order is inversely proportional to Ca++ content of each soil type, where sandy soil has 
the smallest calcium content and the clayey one has the highest calcium content. Roca and 
Vallejo (1995) reported that the largest strontium TF from soil to plants is found in soils with 
smallest calcium content (15), which is in good agreement with the present results. Two factors 
are believed to be dominating strontium TF behavior: The first is strontium concentration, 
and the second is its analogue behavior to calcium. 
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3. Distribution of 137Cs within wheat plant: 
 
      Cs is known to have a high mobility within the plants .Similar to K, Cs can be distributed 
to leaves, flowers, and fruits. The Cs-distribution within the plant does not, however exactly 
reflect that of K .The distribution pattern of the absorbed 137Cs by the different wheat plant 
parts (roots, stems and grains) from different soil types at different rates of soil contamination 
are given in table 4. It is obvious that, the transfer factors of roots at different carrier 
concentrations ranged from (2.1 to 4.3), (0.99 to 1.75) and (0.55 to 0.85) in sandy, sandy loam 
and clayey soils, respectively. On the other hand, transfer factors of stem ranged from (0.99 to 
2.2), (0.11 to 0.44) and (0.08 to 0.17) in sandy, sandy loam and clayey soils respectively. 
Also, transfer factors of grains ranged from (0.17 to 0.374), (0.019 to 0.075) and (0.014 to 
0.029) in sandy, sandy loam and clayey soils respectively. 
 

Table 4: Transfer factor of 137Cs in wheat plant after soil contamination 
(3 months after application) through (roots, stem and grains) 

 
Transfer factor (Bq/g wet plant /Bq/g dry soil) 

Labeled soil without Conc. 10-4M Carrier (CsCl ) 10-3M Carrier (CsCl) 

Soil type roots stem grains roots stem grains roots stem grains 
sandy 4.3 0.99 0.17 2.1 2.1 0.357 2.93 2.2 0.374 

1.08 0.24 0.041 0.99 0.11 sandy loam 0.019 1.75 0.44 0.075 

clayey 0.55 0.08 0.014 0.62 0.08 0.014 0.85 0.17 0.029 

 
      Both roots, stems and grains portions of the wheat plant showed the largest transfer 
factors in the sandy soil at all rates of contamination. This may be related to the lowest 
contents of both of K+ and clay mineral as well as organic matter content in sandy soil 
(Table1).The lowest TFs of roots , stem and grains were found in the clayey soil, which may 
be related to the highest content of K+ and clay mineral where K+ can compete with Cs+ thus 
lowering the uptake of Cs+ by plants(16) .Also Cs, should be closely associated with clay 
minerals, which might result in a lower transfer of Cs from soil to plant. 
 
      However in sandy loam soil roots, stem and grains showed the intermediate values of 
transfer factor, this may be due to the high organic matter content. Since the sorption of Cs by 
soil organic matter is not so high, it is expected that plants take up the nuclides easily from 
soil organic mater (17) .Generally it's noticed that the transfer factor of 137Cs is always higher in 
roots than in stems and grains for all types of soil and at all rates of contamination. This is in a 
good agreement with that stated by Smolders and Show (1995) (18).

 
4. Distribution of 90Sr within wheat plant: 
 
      The distribution pattern of the absorbed 90Sr by different wheat plant parts (roots, stems 
and grains) from different soil types at different rates of soil contamination are given in 
table5. The transfer factors are calculated from the activity concentrations measured in soil 
and in plant. It is obvious from the table that the transfer factors of roots at different carrier 
concentrations ranged from (7.7 to 12.2), (1.0 to 2.16) and (0.61 to 0.71) in sandy, sandy loam 
and clayey soils, respectively. On the other hand, transfer factors of stem at different carrier 
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concentrations ranged from (6.3 to 10.5), (0.41 to 0.62) and (0.14 to 0.36) in sandy, sandy 
loam and clayey soils, respectively. Also, transfer factors of grains ranged from (0.057 to 
0.095), (0.004 to 0.006) and (0.001 to 0.003) in sandy, sandy loam and clayey soils 
respectively. 

 
Table 5: Transfer factor of 90Sr in wheat plant after soil contamination 

(3 months after application) through (roots, stem and grains) 
 

Transfer factor (Bq/g wet plant /Bq/g dry soil) 

Labeled soil without Conc. 10-4M Carrier ( SrCl2) 10-3M Carrier ( SrCl2) Soil type 

roots stem grains roots stem grains roots stem grains 

sandy 7.7 6.3 0.057 9.96 8.1 0.073 12.2 10.5 0.095 

1.0 0.41 0.004 1.4 0.62 0.006 2.16 0.61 0.005 sandy loam 

0.67 0.14 0.001 0.61 0.18 0.002 clayey 0.71 0.36 0.003 

 
     Both roots and stems portions of the wheat plant showed the largest transfer factors in the 
sandy soil at all rates of contamination. This may be related to the lowest contents of both of 
Ca++ and organic matter in sandy soil. The lowest TFs of roots, stem and grains were found in 
the clayey soil, which may be related to the highest content of Ca++. From the data presented, 
it appears that the transfer factor of 137Cs is always higher in roots than in stem and grains for 
all types of soil and at all rates of contamination. The results obtained confirm that there is a 
preferential uptake of strontium over cesium by the different wheat plant parts (roots, stems 
and grains) especially in the sandy soil. 
  
      Generally, the wheat grains showed the lowest transfer factor of strontium and cesium for 
all types of soil and at all rates of contamination. 
 
5. Comparison of soil-to-wheat transfer factors between 137Cs & 90Sr and the stable Cs 
and Sr: 
      The ranges of transfer factor of both 137Cs and 90Sr obtained in this study and their 
corresponding stable isotopes from the previous work are indicated in table 6 together with 
the reported values by IAEA (2001). The soil-to-wheat transfer factors of 137Cs and Cs 
obtained in this study (table2) and those calculated from the previous one (6) were (0.18, 0.63 
and 2.22) and (0.006, 0.09, and 0.81) for sandy, sandy loam and clayey soils without carrier 
conc., respectively. All the transfer factors of 137Cs obtained were higher than those of stable 
Cs. This implies that artificially added 137Cs is still more mobile in the soil and more easily 
absorbed by plants than soil Cs. Similar results on the transfer factors of 137Cs and soil Cs 
were previously reported in wild mushrooms (19). Also (Tsukada et aI) (20) reported that TF-
137Cs was approximately 3 times higher than TF-Cs. The soil-to-wheat transfer factors of 90Sr 
and Sr obtained in this study (table3) and in the previous one were (0.29, 0.80 and 8.86) and 
(0.21, 0.34, and 0.81), for sandy, sandy loam and clayey soils respectively. Also all the 
transfer factors of 90Sr obtained in this study are higher than those of Sr except  that in case of 
the clayey soil which has nearly the same value. 
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Table 6: Ranges of transfer factors for 137Cs and 90Sr together with 
 those of their corresponding stable Cs and Sr isotopes 

 
 

90Sr transfer factor 137Cs   transfer factor  
 
 
 
 
 
   
These findings may be explained on the following bases: 
 
      Fallout 137Cs and 90Sr were more mobile and more easily adsorbed by plants than stable 
Cs and Sr in the soil. Possibly, some of the stable Cs and Sr are found in soil structures where 

137Cs and 90Sr cannot easily enter, so these isotopes can not reach an equilibrium condition. 
However, because the TF values for radioactive and stable isotopes are almost the same, the 
TF-stable Cs and Sr could be used for long-term transfer of 137 Cs and 90Sr in the environment. 
 
     IAEA (2001) reported the range of TF values of both of 137Cs and 90Sr for green vegetables 
collected in a temperate climate (21). 137Cs– transfer factors were in the range of (1-5) for sand 
peat and other soils with pH > 4.8, and 90Sr– transfer factors were in the range of (0.35-15) for 
sandy, (0.7-12) for sandy loam, and (0.8-3) for clayey soils .The expected values were 
approximately 2.3 times higher than the TFs of 137Cs and 1.7 times higher than those of 90Sr 
obtained in Egypt. Probably, the difference could be attributed to the difference between 
experimental and environmental conditions (climates, soil types and vegetation). Although the 
present data are limited, further study is necessary to collect local TF values for precise 
radiological assessment.  
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