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ABSTRACT 
 
The objective of the present work is to determine the radiation levels found in bovine rations and in the 
dicalcium phosphate (DCP) feed supplement. Knowledge of the radiation levels in samples of rations and DCP 
for cattle is important, because they are directly and indirectly-part  of the human diet. In order to obtain this 
data, gamma-ray spectrometry technique was used, employing a HPGe detector of 66% of relative efficiency, 
with an energy resolution of 2.03 KeV for the  60Co 1332.46 KeV line. The radioactive activity of the 
radionuclides 40K, 137Cs, 238U, 232Th and its respective decay series was measured. The accommodation recipient 
of the samples was a Marinelli beaker of 1 L. The 238U series activities were calculated through 214Pb and 214Bi 
activities, and the 232Th series’ activity was calculated through the 228Ac, 212Pb, 212Bi and 208Tl values. The DCP 
samples and the rations measured in this work were produced  in Londrina city, Brazil, in the second semester of 
2007. Among the rations, the largest 40K and 228Ra  activities  were found in the ration sample for milk cattle, 
402 + 14 and 1.71 + 0.10 Bq/kg, respectively. The ration for beef cattle yielded the largest activity for 226Ra, 
1.51 + 0.93 Bq/kg. In the DCP sample, the activities for the 238U, 40K and 232Th were respectively 83 + 26; 46.6 + 
2.8 and 7.79 + 0.70 Bq/kg. The MDA values for 137Cs varied from 0.037 to 0.29 Bq/kg.  
 
 

1. INTRODUCTION 
 
 
The risks that radioactivity brings to human and other forms of life has been a constant 
concern and has been a key topic for much scientific research. Much of this research seeks to 
study radioactivity in food and other products that are linked to the human diet, given that 
their ingestion is one of the most common entry points of radionuclides into living organisms. 
 
 
It is important, therefore, to monitor the radiation levels in the food samples of animals that 
are directly or indirectly linked to the human diet.  Take cattle, for example:  part of the 
radioactivity to which these animals are exposed will eventually be absorbed by the people 
whose diet includes beef and cow’s milk.  
 
 
Typically, rations that are produced for animal feed are organic and are designed to make the 
animals’ diet are complete as possible in terms of nutritional composition.  Thus, it is 
common to find additives in these rations that may raise their radionucleotide level.
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One element that must be present in animal feed is the phosphorus.  Phosphorus is one of the 
most important minerals for all living organisms, including human beings.  This is due to the 
fact that its presence and activity is critical for various processes in animal bodies—processes 
such as the control of osmotic pressure and all metabolic reactions (Casacuberta 2007).  A   
common source of phosphorus for cattle feed is dicalcium phosphate, which is obtained from 
phosphate rocks that can contain high quantities of 238U and its series, depending on its 
origins. 
 

 
2  MATERIALS AND METHODS 

 
 

2.1 Sampling  
 
 
For this present work, two samples of bovine ration were measured: one for milk cattle and 
the other for beef cattle.  This rations are composed primarily of soy bran, wheat, corn, 
sodium chloride and a vitamin complex called Vitamin Mineral Premix.  Both are the ration 
samples were produced and commercialized in Londrina, Brazil.   A sample of dicalcium 
phosphate was also measured. These measurements were done in natura, however, before 
carrying them out, the samples were prepared, homogenized and treated in 1 L Marinelli 
bearkers, then sealed and kept for 40 days in order to reach the secular equilibrium between 
226Ra and the 222Rn. The mass of the ration samples were around 800 grams, whereas the mass 
of the dicalcium phosphate was around 1,100 grams.  The time of measurement used 
throughout was always the same: 86,400 seconds. 
 
 
2.2 Gamma-ray Spectrometry 
 
 
The present work utilized a data acquisition system with an Ortec HPGe detector with a ratio 
of 66% relative efficiency, along with a resolution in energy for the following lines, 
respectively:  1,17 MeV; 1,33 MeV of 60Co de 1,95; and 2,03 KeV.  The detector was 
connected to a multi-channel analysis board, that was connected to a computer equipped with 
Maestro 32 software.  In order to reduce the interference from background radiation, the 
detector included an Ortec HPLBS1 armour-plating. 

  
 
Two efficiency calibration samples were prepared: one for the bovine rations, and the other 
for the dicalcium phosphate. These were prepared by adding material of a certified activity in 
matrixes of routine samples that had already been measured.  This guaranteed that the 
efficiency calibration samples have the same densities and matrixes as this routine samples.  
The materials from the certified activity were RGTh-1, RGU-1, and RGK-1, supplied by 
IAEA, 
 
 
The methodological validation samples were prepared in the same way as the efficiency 
calibration samples.  The comparison between the predicted activities and the measured 
activities in the samples was done through the international intercomparison method used by 
IAEA [7]. 
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In order to obtain the background spectrum for the rations, an empty beaker was measured. 
As dicalcium phospate possesses a greater density than the rations, for this type of sample, the 
background spectrum was obtained with a mensuration of a beaker containing deionized 
water. 
 
 
For the rations, the activity of 226Ra was measured from the activity of 214Pb and of 214Bi, as 
was the activity of 228Ra  from  212Pb, 212Bi, 228Ac and of 208Tl.  For DCP, we used the 
activities of 214Pb e 214BI to estimate the activity of 238U, and the activities of 212Pb, 212Bi, 
228Ac e do 208Tl to estimate a activity of  232Th. 
 
 

3 RESULTS AND DISCUSSION 
 
 
Figure 1 shows the calibration curves for the ration samples and for the dicalcium phosphate 
samples. 
 
 
 

 
Figure 1.  Efficiency Calibration Curves  

 
 
 

After obtaining the efficiency calibration curves, the methodological validation was done 
according the method previously cited, comparing the predicted activities, which are 
calculated from the amount of material reference used, and the measured values, which are 
obtained by our system using the efficiency curves.  Table 1 shows the results, having been 
validated. 
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Table 1. Validation of the Methodology 
 

Validation sample for  rations  40K 238U 232Th 
Predicted value* 611.1 + 3.9 218.8 + 1.3 142.1 + 2.6 
Measured value* 608.0 + 3.1 204.0 + 9.6 143.5 + 1.5 

A1 3 15 1 
A2 13 25 8 

Precision (%) 0.8 4.7 2.1 
LAP (%) 15 20 15 

Validation sample for  DCP  40K 238U 232Th 
Predicted value* 397.6 + 2.5 142.3 + 0.8 92.4 + 1.7 
Measured value* 401.9 + 2.8 123.9 + 8.3 95.83 + 0.46 

A1 4 18 3 
A2 10 22 5 

Precision (%) 0.9 6.7 1.9 
LAP (%) 15 20 15 

*Specific activity values in Bq/kg 
 
 
 
The parameter A1 and A2 are defined by reference 7. A1 means the difference’s module of 
predicted and measured value and A2 means the expanded deviations of predicted and 
measured value. 
 
 
The activity for each detected gamma line were determined by using Equation 1: 
 

A=
N L

mεp γ t                                                             (I) 

 
Being NL the net area from peak, m is the sample mass, t the measured time, pγ the probability 
that the radionuclide decay by gamma emission and ε is the detector efficiency. 
 
 
The activity for the parents of the series or sub-series were obtained by calculating the 
pondered average activity. 
 
 
Table 2 shows the results obtained from the activity of the measured samples in Bq/kg, 
beyond the deviation with 95% in according the Student distribution and the respective MDA. 
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Table 2. Activity in the ration and DCP samples  
 

 Bovine rations 
 Beef cattle Milk cattle 
 Activity MDA Activity MDA 

226Ra 1.51 + 0.93 0.41 1.31 + 0.35 0.27 
228Ra 1.58 + 0.11 0.78 1.71 + 0.10 0.73 

40K 346.8 + 8.5 2.4 402 + 14 2.8 
 Dicalcium Phosphate- DCP 
 Activity MDA 

238U 83 + 26 0.66 
232Th 7.79 +  0.70 1.25 

40K 46.6 + 2.8 1.7 
 
 
 
The activities are shown to be equivalent if we compare the two types of bovine rations. The 
values of the activities of these two radionuclides are also shown to be equivalent among 
themselves for the same type of ration.  One can make a visual comparison of the activities of 
the ration for beef and milk cattle with the graphic presented in Figure 2. 
 
 
 

 
Figure 2. Activity of 226Ra and of  228Ra in the Bovine Rations 

 
 
 
From to the results obtained with DCP, one sees that the activity of 238U is almost 11 times 
greater than the activity of 232Th. Notice, as well, that the activities of these radionuclides in 
this sample are much greater than the activities of the parents of the respective sub-series, 
226Ra and 228Ra, in the rations. However, activities for the 40K are much greater in the samples 
of bovine rations than in DCP, reaching its highest value in the ration for milk cattle, 402 + 14 
Bq/kg. 
 
 
Table 3 shows a comparison of the obtained results in the DCP sample with the data found in 
the literature.  The article of Arruda-Neto (1997) measured six marks of DCP, which were 
designated A to F. Cascuberta (2007) measured 2 types of DCP, designating them A and B. 
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Table 3. Comparison of the DCP activities with the research literature 
 

  Activity in Bq/kg 
Reference Sample 40K 238U  232Th 

Present 
work DCP 46.6 83 7.79 

DCP A - 2444 - 

DCP B - 2154 - 

DCP C - 1633 - 

DCP D - 1043 - 
DCP E - 388 - 

Arruda-
Neto        

(1997) 

DCP F - 26 - 

DCP A <5.47* 1138 <157* Casacuberta 
(2007) DCP B 28 1046 <148* 
Saueia 
(2005) DCP 148 <2* 10 

*Values below the detection limit 
 
 
 

One sees that the activity of 238U in the DCP sample measured in the present work is much 
less that the majority of values to the DCP samples present by the cited references, with the 
exception of DCP F measured by Arruda-Neto (1997) and the DCP measured by Saueia 
(2005), in which the activity of the 238U did not surpass the MDA. 
 
 
The activity for the o 232Th measured by Saueia (2005) had a value quite close to the value 
obtained in the present work: 10 Bq/kg. 
 
 
For the 40K, one observes that the activity obtained is equivalent to result found in 
Casacuberta (2007) in the DCP  B samples; however, it is about three times less that the value 
presented by Saueia (2005).   

 
 

4 CONCLUSION 
 
 

The high concentration of radionuclides in the DCP sample can lead to the conclusion that a 
large part of the radioactivity measured in the bovine rations is due to the fact that these 
rations possess DCP as part of their composition. However, this contribution can not be 
determined, given that the rations manufacturers of rations had not supplied the quantity of 
DCP that had been added to the rations.  
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The 40K activity in DCP, besides being quite less than the activity of this radionuclides in the 
ration samples, was only around half of the value of the 238U activity in the same sample.  A 
similar pattern is observed in the work of Cascuberta (2007), where the 40K activity is quite 
less than that of the 238U.  
 
 
Regarding activity of 238U, it was verified that in the measured DCP this value is quite less 
that the majority of the dates found in the literature.  Perhaps this is explained by the fact that 
one of the processes carried out in order to obtain the DCP causes a separation between the 
uranium and the radium, in that only a small part of the latter will be in the DCP composition.  
This results in a imbalance in the uranium series.  If this is the case for the measured DCP in 
the present work, the obtained activities for  238U are underestimated, since they were 
obtained from the radionuclides that are localized after 226Ra in the uranium series.  However, 
it was not possible to obtain the information regarding which production process was utilized 
in the DCP that was measured.  
 
 
Thus, an interesting continuation of the present work would be to try to measure in DCP 
samples, children of 238U that were ? before 226Ra in the series, so that one might study the 
equilibrium or imbalance in the series in order to analyze the production process of the DCP. 
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