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Abstract - It was prepared a reference material from a soitadionuclides of interest aré€K, *?Pb, *%Pb, *“Bi and

with high thorium concentration from a region witligh
natural radioactivity. Performed

tests using gamma

ZZSAC.
The procedure used to prepare this soil is similar

spectrometry and statistical programs showed tihat tto reported by Llaurad6 [7] but some parametersewer

prepared material was homogeneous and enough Svalisée
used as an in-house reference material in interaosgn
exercises.
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1. INTRODUCTION

experimentally changed, like ground conditions amiging
time.

2. EXPERIMENTAL
2.1 sampling

The soil was collected in Morro do Ferro, Pocos de

Brazil has big uranium and thorium reserves [1], s€Caldas City, located in Minas Gerais State, Southea

that the influence of these elements and their \déaaily
on the environment can be significant in some mgio
Industrial activities can also contribute to in@eathe
background related to uranium and thorium cont8otthe
monitoring of radionuclides in these regions is poigory.
The monitoring of radionuclides in environmentaingdes
needs reference material to produce reliable analydata.
Through intercomparison exercises participants riiooies
can evaluate their analysis methods.

Intercomparison exercises  for
laboratories in Brazil are coordinated by Institucd
Radioprotection and Dosimetry (IRD) trough the Naél
Intercomparison Program (PNI) of radionuclides gssa
environmental samples [2,3,4]. This program serideet
times a year to users samples of radionuclideseirersl
matrices like water, sediments, soils, and aierfdt

The participating laboratories are mainly involvied
monitoring the control of radioactivity in nucleplants and
environmental control.

Usually Certified Reference Materials (CRMSs) areyve
expensive and the costs can increase quickly ifGRéMs
are routinely used to check the performance of oushin
analytical chemistry. One alternative is the use
Laboratory Reference Materials (LRMs) to reach tnisl
[5]. The production of (LRMs) is much cheaper thae

Brazil. Pogos de Caldas Plateau, one of the biggkatine
intrusions in the world is one of the Brazilian lhigatural
radioactivity areas due to the occurrence of umanand
thorium ore deposits [8].

2.2 Apparatus

An Ortec high-resolution spectrometer with HPGe
(ORTEC) with 20.0 % relative efficiency and 1.93Kef

radiochemicalresolution (FWHM) at 1.33 MeV was used to measure

gamma emitters.

A microwave system with eight digestion cavities,
DGT 100 PLUS, from Provecto Analitica LTDA, was dse
to digest soil samples.

A PerkinElmer Model Optima 4100 DV consisting
of a radio frequency source working at a power 500 W
and a frequency of 40 MHz and a diffraction grataid374
lines mm' was used in the determination of homogeneity
tests for the minor elements V and Zn.

A PerkinElmer SCIEX ELAN 6000 ICP-MS
equipped with spray chamber and cross flow nehulizeas
used in determination of homogeneity tests for mfiaor

otlements U and Th.

2.3 Preparation of Soil

CRMs. CRMs and LRMs have the same two basic tests

(homogeneity and stability) of production, howeitemust

be stressed that an in-house reference materiahato
replace CRMs, but merely enable CRMs to be usedl less
frequent basis [6].

The soil was slowly air-dried at room temperatuke.
nylon sieve of 2 mm was used to separate partluigger
than 2 mm that were discarded. Soil particles lothan 2
mm were ground in a Planetary Ball Mill (Type PMO46f

This paper describes the preparation of a soileto bRetsch Gmbh) during sixty minutes using 8 stedkbal

used as a reference material for radionuclide amsalBoils
samples were collected in a high natural radiodgtarea in
Southeast of Brazil. This soil has about 1 % of Thhe

After grinding the fraction that passed in 2fth
sieve was separated. The resulting material
homogenized in a steel mixer of 30 liters for 24 h.

was



The material used to check the bulkbetween-bottle homogeneity and 10 g to test thédimvit
homogenization was removed of five portions frommesal  bottle homogeneity. The bottles were the same ueed
parts of the mixer. After the test of bulk homoggn¢he  homogeneity studies. Five bottles were kept in\anat 40
prepared material was bottled in 250 ml polyethgleottle, + 2 °C and five bottles stored at room temperature & th
taking 200 g of soil. 10 bottles were selectedfte tinal  |aboratory (2@t 3 °C).
homogeneity. All y emitters were measured at room temperature,

The temperatures chosen for the stability studiegonsidering both temperatures of test and the iatigs
were 20°C and 40C [7,11] A high-resolution spectrometer times after bott]ing: zero, one and six months.

HPGe with 20.0 % relative efficiency was used tcasuee After testing the bulk homogeneity, the bottling swa

gamma emitters, undertaking 100 and 10 g of sandile. yndertaken. The soil content of each 250 ml poyetie
soil was measured directly, after the radiochemicahottle was 200 g.

equilibrium was reached inside the measurementauwert

3.RESULTS
2.4 Gamma Spectrometry

o 3.1 Bulk homogeneity test

The method used foy determination was the same
utilized in the routine analysis of environmentalnmples
that have proved precision and accuracy in inteparaons
programs [2,3,4]. The energies utilized to perfagamma

spectrometry can be seen in the table 1. Othersgiese 4,94), which are in the same order of magnitudthase of
were also used to check the values obtainedyin e measurement technique that used the RM AIEA-327
spectrometry. The CV obtained for the ICP-AES analysis to the
elements V and Zn were respectively 5.4 and 4.6The
elements U and Th presented values of CV respégtd/é
and 2.0 % when analyzed by ICP-MS. The resultatdd

The coefficient of variance (CV) of the activityom
eachy emitters was obtained for single determinations of
five portions. All values of CV were under 10 % 98,

Table 1 Radionuclide energy used in gamma spectrometry

Rad;gglt,l)cllde Engg%yo(gKeV) that the bulk material was homogeneous, therefbee t
2%pp 351:92 bottling was processed.
2145
ZZSBI 609,32 3.2 Final homogeneity and stability test
AC 911,21
0,
2 1460,80 The final soil homogeneity was performed consiufgri

) o ) the CVs of radionuclides determinations from twougs:
The soil activity was measured directly, after thepetween-bottle and within-bottle.  Table 2 shows th
radiochemical equilibrium was reached inside theyrepared soil activity, the RM soil (AIEA 327) adty

measurement container. A standardized cocktaittisolof  (ysed as technique) and the between-and withineb®is.
gamma emitter radionuclides prepared by the Naltiona

Metrology Laboratory of Radiation lonizing of IRDa®  Table 2: Radionuclide Activity, between-bottle cv, within bottle cv,
used for the calibration of the efficiency of thePGle techniquecvand F test.
detector.

Radio Activity between within- Tec. F_,.
2.5 Bulk homogeneity test nuclide (Ba/Kg) -bottle  bottle cv
cv(%)  cv(%) (%)

The bulk homogeneity test was mainly performedyfor “K 4814 + 113 2.3 44 49 37
emitters. For some minor elements like U, Th, V @ncthe 4B 472 + 14 3.0 34 75 13
homogeneity was performed by ICP-M8d ICP-AES. The  Z*pp 434 +8 1.8 30 69 28
y emitters {°K, #*Pb, 2Pb, #“Bi and**®Ac) were analyzed  **Pb |52188+992 1.9 23 65 15
undertaking 100 g of sample. To perform the analg$ithe 280¢ |s0236 +249 05 10 7.2 40
minor elements V and Zn, 1000 mg from each soitipor
was digested®] by microwave oven and analyzed by ICP-

AES technique. An F-test was used to test the significant diffegen
_ _ N between between-bottle and within-bottle [12]. Rbe
2.6 Final homogeneity and stability test studied conditions F(9,9) the critical value is 250for

P=0.05. It means that if there is no significaiffedence
After the bottling process 10 bottles, from theataif  value between the data series, the obtained vahmsd be
50, were selected to the final homogeneity tes}.[10he  |ower than the critical value. From the Table 2¢dn be
Between-bottle homogeneity was determined in dafgic observed that there is no significant differenceween-
for each of 10 bottles [7]. To calculate the withiottle  pottle and within-bottle test.
homogeneity it was selected one bottle and 10 cafels The results of tests taking between- and withirtheot
were taken. It was used the mass of 100 g to test tstability are shown by Figs 1 and 2. The ratiosvieen the



activity at a given temperature (20 or 4D) and the initial (temperature, time and bottle) was analyzed udiegsum

activity measured at room temperaturg, Jtat 1 and 6 of squares method.

months for each radionuclide are shown by the graph The Fischer’s least significant difference (LSD}¥tte
We can consider that the activity concentratioralbf was applied and the results showed that all elesnent

radionuclides remained constant, once they predentatio  presented just one homogeneous group for eachr facto

close to 1, during the period of time studied. Amsal of

variance (ANOVA) from results also showed no sigaifit

differences when the contribution of each factor

Fig. 2 Activity ratio at a given temperature with respect to initial activity at different times for between-bottle stability studies.
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Fig. 3 Activity ratio at a given temperature with respect to initial activity at different times for within-bottle stability studies.
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4. CONCLUSIONS

The Reference Material prepared is stable at 20 and
40 °C related to the radionuclides activity measuredngu
the studied period.

No significant differences were observed in
between-bottle and within-bottle homogeneity tests,
showing that the material was homogeneous for the
radionuclides testeiK, #“Bi, %“Pb,%*%Pb, and*Ac.

We concluded that the prepared material can beinsed
intercomparisons programs. This soil can be alssd s
raw material to prepare spike sample to simulate
environmental specimen of low activities.
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