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ABSTRACT

The spread of anthropogenic radioisotopes in the environment comes from nuclear tests and accidents that 
occurred in the past, which justifies constant monitoring, to guarantee the safety and control of the activities that 
involve these applications. Brazil, when exporting some food products, depending on the country of origin, a 
radiometric report is required, especially for sugar that has high world consumption and the possibility of 
contamination of the population, when radioisotope is present. Therefore, the investigation of the levels of Cs- 
134 and Cs-137 in sugar matrices is necessary to predict radioecological emergency situations. The National 
Nuclear Energy Commission, the agency that oversees nuclear applications in Brazil, With Resolution No. 102 
of December 22, 2010 approved regulatory positions, including levels of action for food control, recommended 
to restrict the marketing of food products in Brazil. General, whose specific activity is higher than the limit of 
1.0 kBq / kg for the said isotopes of cesium independently. Aiming for improvements in the analyzes that are 
already performed in the Laboratory of Radioecology and Environmental Control of the Department of Nuclear 
Energy of the Federal University of Pernambuco to assurance the quality of sugar marketed in Brazil, a standard 
procedure for the analysis of these radionuclides in this matrix was determined. High resolution gamma 
spectrometry with non-destructive analysis was used to perform the tests. Priority was given to parameters that 
directly influence the qualitative and quantitative analysis of these radioactive elements, such as calibration in 
energy and efficiency, resolution, influence of self-absorption, counting statistics directly associated with the 
time of analysis, influence of background radiation and geometry analysis.
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1. INTRODUCTION

Radioactivity is a spontaneous phenomenon, where unstable atoms, by emission of particles
and/or electromagnetic radiation seek stability. These emissions are characterized as ionizing
and may produce biological damage through interaction with tissues and/or organs of the
body and should be monitored to ensure their control and to avoid contamination of the
environment and exposure of the population [1].
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Some nuclear applications have provided in the past, dissemination of some anthropogenic 
radionuclides to the environment, mainly due to some accidents and isolated nuclear tests, 
promoting in these cases, the contamination of the environment and increased risk of external 
and internal exposures to living organisms. Thus, monitoring of environmental practices and 
exploitation of natural resources can ensure the control of this class of radioactive elements
[2].

Due to the fallout of radioactive materials in the ecosystem, besides there being a control of 
the activities that use nuclear applications, it is required the radiometric monitoring of some 
materials for exports, mainly food, highlighting the sugar, because it presents high world 
consumption and the possibility of contamination of the consuming population, when in the 
presence of radioisotopes [3].

Aiming to monitor the levels of 134Cs and 137Cs, as, contribute to observe the impacts 
resulting from the presence of these radionuclides at a global level, the National Nuclear 
Energy Commission (Comissao Nacional de Energia Nuclear, CNEN), the brazilian agency 
that oversees practices involving applications with radionuclides, established in Resolution 
102 of December 22, 2010, beyond other limits, the radioactive limits for food, divided into 
four categories. The isotopes of cesium, specifically 134Cs and 137Cs, are in category 1, which 
was assigned a limit of 1 kBq.kg-1 for each independent isotope [4].

To describe the signatures of radionuclides, radioanalytical methodologies should be used to 
enable speed and efficiency in obtaining results. In this aspect, a method widely used 
worldwide is the technique of high resolution gamma spectrometry [5][6], given that, mostly, 
the analyzes are carried out non-destructively, besides enabling multielement investigation, 
with speed and efficiency in measures, guaranteeing the quality control requirements 
established by CNEN in said resolution and by the international control bodies, like the 
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) and 
the International Atomic Energy Agency (IAEA), making possible the guarantee of the 
radiometric control in the sugar and the certainty of the exemption of these radionuclides in 
this type of food, preserving the environment and the health of the population.

2. MATERIAL AND METHODS

2.1 Exeperimental arrangement

The experimental arrangement consisted of a high-resolution gamma spectrometer with 
HPGe-Be type detector, brand: Canberra®, nominal efficiency of 25% and resolution of 1.8 
keV for energy of 1,332 keV of 60Co.

In order to minimize the interference of the background radiation, the detector was
surrounded by a lead shield about 6 cm thick, internally coated with Cd and Cu layers to
reduce the backscatter effect of gamma radiation. The detector was immersed indirectly in a
liquid nitrogen cooling system to guarantee conductivity banding.
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To discriminate the pulses, an Eagle Plus multichannel analyzer (MCA) with 4,096 channels 
was coupled and the pre-amplifier voltage set at 3 kV, according to the manufacturer's 
specification.

To perform manipulation and adjustment of the spectra was used the software Genie-2k® 
computer provided by Canberra®.

2.2 Reference matrix and preparation of radioactive standards

In the calculation of the energy efficiencies, three aliquots of 250 g of a matrix with density 
and granulometry similar to the sugar of VHP type were used, which is intended to be 
analyzed on an analytical scale. Each of these aliquots was initially doped separately with 
liquid radioactive standards of 241Am, 133Ba e 152Eu. Then they were oven dried at 65 ° C and 
homogenized. Subsequently, the secondary standards were packed in properly sealed 
polyethylene containers to ensure the integrity of the standards and to avoid contamination. 
The blank was based on an aliquot of the same matrix used to prepare the secondary pattern, 
with similar mass, which was also hermetically sealed.

2.3 Standardization of measurement parameters of standards

In the analysis of the reference standards in the studied matrix, standard acquisition time was 
assigned in 86,400 seconds. The samples were packed in polyethylene containers with 
210cm3, positioned on the sensitive volume of the HPGe-Be detector, without barriers 
between the detection system and the sample.

The dead time was corrected automatically by the system and the resolutions were 
established as a criterion for the study of the accuracy of the system in terms of the 
characterization of radionuclides.

3. RESULTS AND DISCUSSION

3.1 Calibration in energy

The energy calibration was performed by correlating the MCA channels with the known 
gamma transitions from sealed point sources of 241Am, 133Ba, 137Cs, 22Na e 60Co, belonging to 
the Laboratory of Metrology of Ionizing Radiations (Laboratorio de Metrologia de Radiaqoes 
Ionizantes - LMRI), Positioned directly on the detector without interposing barriers and 
analyzed individually over a period of 3,600 seconds which allowed the construction of the 
calibration line shown in Figure 1.
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Figure 1: Calibration line

The result was quite satisfactory, with coefficient of linear correlation of excellence. Equation 
1 allows the mapping of the energy referring to the photopics of the gamma transitions in the 
selected channel range for mapping this radionuclide./(%): E = 0,4456. C - 1,553 (1)

In the equation quoted above, E represents the photon gamma energy and C is the position of 
the central channel in the region of interest selected for qualification of the radionuclide.

3.2. Resolution

To calculate the resolution in energies used in the qualification of the isotopes 134Cs and 
137Cs, was built the response curve for the emissions and the width of the photopeak range at 
half height (FWHM), indirectly, using in the elaboration of Figure 2, the standard source 
prepared in matrix with density close to the VHP sugar sample. In this case only 152Eu source 
was used. Based on empirical parameters, it was possible to establish Equation 2 which 
provided the resolution for the photons emitted by the isotopes of cesium according to the 
established model for correction of the parameters presented in said figure, being, E the 
gamma energy of the photopeak for which it is desired to obtain the resolution in energy.
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Figure 2: Calibration curve in FWHM.

R = [(1,16531 + 0,00319 *E - 1,18592 * 10-6 * F2) * 102]/F (2)

Through this equation it was possible to obtain the resolutions for the gamma emissions of 
greater probability of the 134Cs and the emission of 661,66 keV from 137Cs. These resolutions 
are set forth in Table 1.

Table 1: Absolute resolutions for 134Cs and 137Cs emissions.

Source Energy (keV) Resolution (%)

134Cs

475,364 0,5077
563,240 0,4591
569,328 0,4562
604,720 0,4399
795,859 0,3710
801,948 0,3692
1038,610 0,3078
1167,968 0,2802
1365,185 0,2424

137Cs 661,66 0,4166
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3.3. Energy Efficiency

To calculate the energy efficiency of the 134Cs and 137Cs a curve was constructed making use 
of matrices with analogous characteristics of the samples of sugar doped with soucers of 
241Am, 133Ba e 152Eu. The specific use of these soucers allowed the determination of the 
function presented in Figure 3, which can include all the energies related to the emissions that 
characterize the radioactive isotopes of cesium.

Figure 3: Efficiency curve to model activity results.

The calculation of the energy efficiencies of the cesium isotopes, were performed using 
Equation 3, following the parameters mentioned in the text box of Figure 3.

£ = yo + 24/ff * w/(4(x — xc)2 + w2) (3)

Where x represents the energy for which it is desired to calculate the efficiency e.

INAC 2017, Belo Horizonte, MG, Brazil.



3.4. Minimum Detection Limit

Starting from Equation 4, reformulated from International Atomic Energy Agency (IAEA, 
1989), it was possible to determine the minimum detection limit (MDL) by adding the 
parameters previously observed in the calibration of the detector. This limit is important from 
an analytical point of view, because it allows to quantify the radionuclides with the necessary 
statistical confidence.

MDL = 4,66a (4)

In this equation, the a corresponds to the standard deviation for the measurements performed 
in a simulated environment for low 134Cs e 137Cs. The results obtained for cesium isotopes are 
presented in Table 2, where for the 134Cs the reference value was established by the average 
of the MDLs established in each of the photopic.

Table 2: MDL for isotopes of cesium.

Source MDL (Bq/kg)
134Cs 0,29
137Cs 0,38

3.5 Expectations for future work

In future works it is intended to further improve the previously defined method by using the 
VHP sugar itself, as matrix, in the calibration phase of the detector, in order to simulate the 
effect of high absorption of the radiation in the matrix to be analyzed. Thus, there is a need to 
formulate a sugar doping method with liquid radioactive standards without losing the 
physical and chemical properties of this matrix. In addition, it is proposed the use of 
containers of the Marinelli type, with capacity for 1kg which have better geometry for these 
types of analysis.

4. CONCLUSIONS

The experimental arrangement and the models applied in the qualitative and quantitative 
analyzes of 134Cs and 137Cs allowed to obtain efficient results and minimum activities 
detected well below the values recommended in foods, making possible greater safety in the 
radiometric results of these isotopes in the sugar commercialized inside and outside Brazil.
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