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INTRODUCTION
A new series of measurements was performed to determine the current NORM radionuclide content in cultivated soils and selected foodstuff. An HPGe detector (EG& G Ortec) system with a 20% efficiency (relative to 3"x3" NaI(Tl) at 1332 keV) was used for gamma ray spectrometry. Due to the low amount of radioactivity in natural materials, 1 liter of soil samples were measured in Marinelli beakers as well as the foodstuff samples which were concentrated and homogenized. Calculation of the radioactivity transfer factors from the cultivated soils to foodstuff was performed on the basis of dry weight data, as described elsewhere in the literature [1,2]. In order to ensure the equilibrium of 222Rn and it daughters in the 226Ra chain, the measurements were performed after a waiting time of at least 21 days. 
MATERIALS AND METHODS 

The foodstuff and soil samples were collected from several locations in Israel: Ein Carmel (North), Nehalim, Beerot Ytzhak and Bne Atarot (Center) and Arad (South). The samples of cultivated soils were taken from the top 5 cm of the soil, were dried at 105º C, homogenized and transferred into Marinelli Beakers of 1 liter [3]. Two types of foodstuff samples were prepared from each sampling place and were transferred to Marinelli beakers for counting:      
1) Samples in natural form (raw materials) grinded and homogenized.
2) Samples dried and blended to fine powder. The average drying temperature was 150º C, which differs from a previous technique that was used in the past [4]. The drying process took about 16 hours and required continuous blending. 
γ spectrometry was performed for all samples, after calibration for the Marinelli beaker geometry. In order to get acceptable counting statistics the measurements lasted between 8 and 80 hours, depending on the radioactivity content in the samples. The appropriate background was subtracted from each spectrum and density corrections were applied. 
RESULTS AND DISCUSSION

Fig. 1 presents the ratio of the dry foodstuff weight to the natural weight, defined as the dryness fraction. The sort of foodstuffs and their collection location are noted in the figure.  The dryness fraction obviously depends on the kind of foodstuff. It varies in the range from 4.5% to 22.1% with an average value of about 12%.

The specific activity of the dried soil samples from the various locations is given in Fig. 2. The average activity of 226Ra is 12.72 Bq/kg, of 232Th is 23.10 Bq/kg and of 40K is 245 Bq/kg. The contribution of 137Cs, which became significant after the Chernobyl accident, can also be seen with an average activity of 3.77 Bq/kg.
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Figure 1: Dryness fractions of various foodstuffs.
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Figure 2: The specific activity of the soil samples from different locations.
Due to the great variation in dryness fraction between the different foodstuff sorts, it is important to notice the differences between the specific activities normalized to the natural weight (as consumed) and normalized to the dry weight (the actual plant specific activity). Both specific NORM activities for the selected foodstuffs can be seen in Fig. 3. No measurable 137Cs amounts were detected.
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Figure 3: Specific activities of NORM radio-nuclides in natural and dried foodstuff samples. 
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Figure 4: Transfer fraction of NORM radio-nuclides from soil to natural and dried foodstuff samples. 

The transfer fraction of NORM radio-nuclides was calculated for the natural and dried foodstuff samples and is given in figure no 4. For 226Ra in natural samples the average transfer fraction is 0.35% and for dried samples 5.09%. For 232Th the average transfer fraction is 1.63% for natural samples and 5.23% for dried samples. For 40K the results are very different compared to 226Ra and from 232Th. An average transfer fraction of 51.09% was obtained for the natural samples and 511.58% for dried samples. Although also the soil contains a much higher 40K activity relative to 226Ra and 232Th (about one order of magnitude – see Fig 2), the 40K activity in foodstuff is enhanced further to a factor of about 100 relative to 226Ra and 232Th. The reason for this seems to be that in the growing process fertilizers containing significant portions of potassium are added to the soil. Part of the potassium excess is absorbed by the plants (increasing its 40K activity), but most of it is washed away from the soil by irrigation or rain and the 40K content in the soil is reduced,  leading to an excess in the 40K ratio between plants and soil.    
CONCLUSIONS

Gamma-ray spectrometry was used to determine the NORM radionuclide content in foodstuff samples and in cultivated soils in Israel during the year 2013. The transfer fractions from soil to foodstuff were determined as well, and excess values were found for 40K, most probably due to added fertilizers which contain significant amounts of potassium. The activity measured in the checked foodstuff is very low and is in the general frame of values published in the literature [4,6,7].  
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