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ABSTRACT 

 
The determination of the activity concentrations of natural decay series radionuclides (235U, 238U and 232Th) in 

environmental samples collected around installations containing uranium and thorium associated, or those that 
are part of the nuclear fuel cycle, are necessary to demonstrate that the limits established in the standards are not 

exceeded during operation. Soil, for instance, is a major route of environmental transfer and need to be 

monitored for specific radionuclides, in particular uranium. The uranium isotopes, 234U, 235U and 238U are 

emitting alpha particles and their peak energies are sufficiently different for suitable detection, allowing its 

quantification in the same spectrum. Before the measurement, the uranium is separated from the matrix and 

interfering elements by radiochemical separation techniques. This paper presents an radiometric methodology 

for the determination of uranium isotopes in soil samples collected in the environment surrounding the future 

installation of the Brazilian Multipurpose Reactor (RMB), located in the region of Iperó / SP. The methodology 

employed a process of uranium separation by chromatographic resin after complete solubilization of the samples 

for elimination of interfering radionuclides. The quantification of the isotopes by alpha spectrometry was 

performed after the electrodeposited on polished silver plates. In order to validate the methodology, a certified 

reference material of soil (IAEA -327) was analyzed, In addition to the confirmation of the results obtained by 
Alpha spectrometry, comparing them with the determination of total uranium by arsenazo III. The reference 

material studies showed acceptable precision and accuracy of the method whereas the tracer chemical yield was 

satisfactory. 

 

 

 

1. INTRODUCTION 

 

In compliance with the laws of the country, in the construction of a nuclear installation are 

required site studies and including an assessment of the levels of radioactivity in the 

environment called Radiological Environmental monitoring program Pre operational. 

 

Studies on the concentration of radionuclides in environmental matrices, around facilities that 

contains uranium and thorium are associated with or that are part of the nuclear fuel cycle are 

required not only as part of pre-operational monitoring program as well as to demonstrate that 
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the limits are not exceeded during operation. The soil is one of the environmental pathways 

and needs to be monitored as to specific radionuclides uranium in particular. 

 

The uranium found in nature, called natural uranium is composed of isotopes 
238

U, 
235

U and 
234

U, in proportion to 99.28%, 0.71% and 0.0054%, respectively. Uranium isotopes decay by 

emission of alpha particles, the knowledge of their activity in different media is necessary in 

order to estimate the radioactive dose received by the public, evaluate the effectiveness of 

techniques for the removal of radionuclides incorporated, identify the sources of 

radionuclides, the dose due to consumption of food produced close to nuclear facilities, 

monitoring compliance with the radiation protection regulations and establish the background 

radiation of the areas under study. (TADDEI, 2000) 

 

This work was subsequently performed by the quantification of uranium isotopes by means 

of radiochemical separation methods, in which we used the separation process using ion 

exchange resin for the removal of radionuclides and interfering chromatographic extraction 

for purification of uranium. Quantification of isotopes by Alpha spectrometry was performed 

after the platelet silver electroplating. 

 

For the validation of the results obtained, the values were compared with total 

uranium analysis via arsenazo III, as well as the use of certified reference material IAEA-327. 

 

 

2. METHODOLOGY 

 

 

Alpha spectrometry technique was used for the determination of uranium isotopes in the 

samples. Requires a chemical separation of high degree of complexity and getting thin and 

uniform sources to count. 

 

This method requires the total dissolution of the samples and the addition of tracers to 

determine the chemical recovery of isotopes of interest. After the separation process to isolate 

the radionuclide and other interfering array used the technique of electroplating silver 

platelets for the preparation of the sources to count in the alpha spectrometer. (ROSA, 2012) 

 

2.1. Radiochemical separation and determination of uranium isotopes by Alpha 

Spectrometry 

 

Sample was dissolved with the hot mineral acids and percolated for a anionic exchange 

column for retention of interfering elements as the Th, Pu, Np and others who form anionic 

complexes in HNO3 8 m. Uranium along with the elements that do not form complexes in 

this medium are not retained. The following was performed with a chromatographic 

extraction UTEVA resin, which is a polymeric support impregnated with CMPO/TBP, 

selective for uranium (Eichrom Technologies USES). Uranium seized was eluted with 0, 01 

m HCl, electroplated in silver plate and quantified by Alpha spectrometry (Horwitz, 1993). 

 

The main advantages of Alpha spectrometry are: the relatively low price of the equipment, 

the high sensitivity due to low activity and high selectivity for alpha particles. 
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In this work, the alpha spectrometry technique was used for the determination of 

radionuclides 
235

U, 
238

U and 
234

U in soil samples. The determination of activity is carried out 

using the following equation: 
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Onde: 

An: activity of radionuclide (Bq.kg
-1

). 

Ca: total count of the sample (cps). 

t: counting time (s). 

ma: mass used to count (kg). 

Rq: chemical yield. 

: efficiency of the detector. 

 

 

In Figure 01 is presented the flowchart of ion-exchange separation of uranium isotopes and 

quantification by Alpha Spectrometry. 

 

 

 

 
Figure 01-Flowchart of separation and quantification of U isotopes 
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2.2. Determination of total Uranium by Arsenazo III 

 

The method used for determination of natural uranium by arsenaso III is based on the 

separation of uranium by extraction with tri-n-butyl phosphate (TBP) of a solution containing 

Al(NO3)3, EDTA and tartaric acid followed by a reextração of uranium with arsenazo III in 

solution pH buffer = 3, containing sodium fluoride. 

 

The reaction with arsenazo III forms a stable complex of red-violet color whose absorption is 

measured at 650nm in UV-VIS equipment GBC brand model 911A. 

 

 

3. RESULTS  

 

In tables 1 and 2, are presented the results of the analyses of natural isotopes of uranium and 

uranium total respectively. 

 

 

Table 1 – Alpha Spectrometry Analysis of uranium isotopes 

 

Samples 
Radioisotopes (Bq.kg

-1
) 

234
U 

235
U 

238
U 

1 13,25 ± 0,65 0,80 ± 0,09 16,11 ± 0,77 

2 5,04 ± 0,28 0,31 ± 0,05 5,40 ± 0,29 

3 32,39 ± 1,44 1,35 ± 0,12 33,07 ± 1,47 

4 42,19 ± 1,86 1,66 ± 0,14 43,17 ± 1,90 

5 14,09 ± 0,68 0,55 ± 0,07 14,25 ± 0,68 

6 9,8 ± 0,47 0,51 ± 0,06 12,14 ± 0,57 

 

 

When evaluating the results obtained can verify that the samples from the collection of the 

RMB have the uranium series radioactive secular equilibrium, the activities of its products 

are virtually equal to each other. It was possible to prove that in closed systems, not subject to 

weathering processes, the condition of radioactive secular equilibrium was established for the 
234

U, 
238

U. 

 

The results obtained in the analysis of reference material, show that the method applied to 

analysis of uranium isotopes offers accuracy with less than 17% relative error, as table 4. 

 

Figure 02 presents a spectrum of uranium isotopes obtained by Alpha spectrometry in a soil 

sample. 
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Figure 02-Spectrum Analysis of uranium isotopes 

 

 

In Figure 02 you can see through the areas obtained, that the isotopes 
238

U and 
234

U are in 

balance. The isotope of 
232

U that appears to the right was the tracer used for determination of 

chemical recovery of uranium. 

 

 

Table 2 – Uranium analysis by arsenazo (III) 

 

Samples Total Uranium (Bq.kg
-1

) 

1 28,56 

2 12,39 

3 69,12 

4 83,38 

5 30,93 

6 24,21 

 
 
In these we observe a correlation of the results, analyzing the values obtained, in addition to 

the existing balance of  
234

U and 
238

U isotopes demonstrated in table 1, the sum of the values 

of the uranium isotopes are equal the total uranium analysis results, colorimetric 

spectrophotometry method by using Arsenazo (III). 
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Table 3. Analysis results reference material IAEA certificate-Soil 327 

 

 

 

 

4. CONCLUSIONS  

 

The results of the analyses of radionuclides produced in the samples collected for the 

program PMAPO of RMB indicated typical values of soils in the State of São Paulo, 

according to the figures presented by (Peres, 2007), the results presented in this paper to 

Unat. in soil samples, are contained in the concentration range between 47 to 411 < (Bq.kg -

1) for soils of the State of São Paulo in Brazil. 

 

It is observed in the spectrum that the 
238

U is in equilibrium with the 
234

U, indicating that the 

soil of the region did not suffer anthropogenic change as for the uranium isotopes. Comparing 

the results of Unat. determined by UV-VIS and adding to the concentrations of 
238

U and 
234

U 

activity determined by Alpha spectrometry it was found good coincidence indicating that the 

methods were suitable for the determination of uranium, in addition to analyzing 

methodology validation certificate reference material IAEA-Soil-327. 
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