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ABSTRACT 

 
This work describes a methodology to determine the soil short-term stability after the steps of production in 

laboratory. The short-term stability of the soil is an essential property to be determined in order to producing a 

reference material. The soil is a candidate of reference material for chemical analysis of thorium with 

metrological traceability to be used in environmental analysis, equipment calibration, validation methods, and 

quality control. A material is considered stable in a certain temperature if the property of interest does not 

change with time, considering the analytical random fluctuations. Due to this, the angular coefficient from the 

graphic of Th concentration versus elapsed time must be near to zero. The analytical determinations of thorium 

concentration were performed by Instrumental Neutron activation Analysis.The slopes and their uncertainties 

were obtained from the regression lines at temperatures of 20 
o
C and 60 

o
C, with control temperature of -20 

o
C. 

From the obtained data a t-test was applied. In both temperatures the calculated t-value was lower than the 

critical value, so we can conclude with 95% confidence level that no significant changes happened during the 

period studied concerning thorium concentration in soil at temperatures of 20 
o
C and 60 

o
C, showing stability at 

these temperatures.  

 

1. INTRODUCTION 

 

The National Laboratory for Ionizing Radiation Metrology (LNMRI) of Instituto de 

Radioproteção e Dosimetria (IRD) has a long tradition in conducting laboratory 

intercomparison studies and preparing matrix reference materials. In the last 20 years the IRD 

has begun to regularly conduct a proficiency test “National Program of Intercomparison” 

(PNI) [1]. The PNI is conducted to support laboratories in Brazil involved in radionuclide 

analysis of environmental samples, like radionuclides in water, in soil, in vegetation and in 

air filter.  The participant laboratories are involved in several fields of application and cover a 

wide range of objectives of regional and interregional projects. To cover the vast range of 

requirements and the increasing demand for PNI, the Reference Materials Group at the IRD’s 

laboratory, uses either natural matrix reference materials or matrix materials spiked [2] with 

calibrated standard solutions as reference material.  

Monazite is the main thorium ore in Brazil and its reserve is estimated in 50000 t distributed 

mainly in the states of  Rio de Janeiro, Espírito Santo and Bahia [3]. The treatment of 

monazite to obtain thorium and rare earth elements produces many wastes that can be 

released to the environment.  The environmental control of Th concentration in many 

matrices like soil, sediment, and water needs reliable determinations. The environmental 
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control of the radionuclides concentration in the vicinity of thorium occurrence  is another 

area which also requires reliable measurements and standards. Radio analytical 

determinations require standards not only for instruments calibration but also for evaluation 

of the analysis performance. Therefore the production of a thorium soil reference material is 

extremely important in the chemical analysis of this element. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Sample collection and preparation 

 

About 600 kg of wet material were collected to a depth of around 50 cm from the ground in 

Poços de Caldas, Minas Gerais, coordinates 21 "55 '47.9 S, 046' 35 '13.2 N. The collected soil 

was taken to IRD for Reference Materials Laboratory / LNMRI and was passed by several 

steps. The raw soil material was initially clean by hands with the removal of stones, roots, 

leaves and other macroscopic impurities. The material was dried in a laboratory oven with air 

flow at 50
0
C overnight. The material was sieved to discharge all the parts bigger than 3 mm. 

The presence of small pieces of vegetables mixed in the soil lead the procedure to the 

elimination of organic matter by calcination in a furnace at 450
0
C  during 24 hours. The soil 

free of organic matter was milled in a Ball Mill (PM400 Retsch Gmbh, Fig.1), passed through 

a 75-μm sieve, homogenized, submitted to automatic bottles (Fig. 2) filling and sterilized 

with 
60

Co gamma rays. The total material obtained after this process was 120 kg. 

 

 
 
Figure 1. Ball Mill                                                       Figure 2. The soil final package 
 

 

2.2 Thorium concentration analysis                          

 

The test performed in this study used neutron activation analysis for thorium  determination 

in soil samples. The vials containing soils were chosen randomly. For short-term stability the 

thorium concentration was measured periodically at temperatures of 20° C and 60°C and the 

reference temperature of -20°. The neutron activation analysis of the samples and reference 

standard materials were conducted in a nuclear research reactor IEA-R1 of IPEN / CNEN-SP 

by 8 hours of irradiation under a thermal neutron flux range in the order of 6.5-4.5 x 10
12

 n 

cm
-2

 s
-1

. The measures of induced gamma activity were made with POP TOP model hyper 

pure germanium detector of EG & G ORTEC, with a resolution of 1.90 keV for peak 1332.49 

keV 
60

Co, coupled to an associated electronics. The Th concentration was determined by the 
233

Pa peak at 312 keV with a detection limit of 1.3 µg/g. 
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3. RESULTS 

 

For short-term stability test, samples were randomly selected and their properties were 

evaluated over time at temperatures of 20 °C, 60 °C and -20 °C. Theoretically  there is  no 

degradation of the sample at  -20 °C, so the samples at  -20 ° C are considered control 

material. Thus, all results of other bottles contents should be compared with those obtained 

by the bottle control. The comparison is performed by dividing the analyte concentration 

obtained in the flask temperature “T” study with the analyte concentration obtained in the 

flask to control according to the equation 1 [5]. 

                                                      QT =                                                    (1) 

 

Three control samples were kept at -20°C and then analyzed. The average thorium 

concentration in control samples was 73,0 mg/kg with a standard deviation of 1.0 mg/kg. The 

samples to determine the short term stability were maintained in a constant temperature of 

20
0
C in a controlled weighting room with air conditioning system, and 60

0
C in a laboratory 

oven. The samples were measured in time intervals of 7, 14, 21, 28 and 60 days. Table 1 

shows the obtained values of thorium concentration (mg/kg). 

 
Table 1. Thorium concentration (mg/kg) at 20

0
C and 60

0
C 

Days Temperature (
o
C) 

 20 60 

7 68,3 ± 0.5     76,4± 1.0 

14 71.0 ± 0.9 67,1± 0.9 

21 76.0 ± 1,3 66,0± 0.7 

28 64.0 ± 0.7 - 

60 68.0 ± 0.7 - 

 

Graphs of Figures 3 and 4 show the ratio of Qt variation with time. 

 

 

 
Figure 3. Ratio Qt versus time at 60

o
C 
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Figure 4. Ratio Qt versus time at 60

o
C 

 

Samples at 60 °C in periods of 28 and 60 days were unusable due to problems in irradiation 

with neutrons.The table 2 shows the “t” values and the regression data at temperatures of 20 
o
C and 60

o
C. 

 
Table 2: “t” values and the regression data  

Parameter Temperature (
0
C) 

 20 60 

angular Coefficient -0.00073 -0.01017 

calculated t 0.44 2,20 

critical t 2.78 12,71 

 

 

3. CONCLUSION  

 

 

A t test [5] was applied using the slope and their uncertainties obtained from the regression 

data at temperatures of 20 
o
C and 60

o
C. At 20° C the followings data are obtained:  angular 

coefficient (-0.00073) , t value (0.44) , t critical (2.78). At the temperature of 60°C the 

followings data were obtained: angular coefficient ( -0.01017), t value ( 2,20),  t critical value 

(12,71). Since, in both cases, the angular coefficients are near to zero and the calculated 

values of t are lower than the critical value, we can conclude that with 95% confidence level 

no significant changes in concentrations of Th during the studied time in temperatures 20
o
C 

and 60
o
C, demonstrating stability in short term for thorium concentration. 

The next step for future work is determine the long-term stability. 
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