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APRESENTACAO

A obra “Resultados das Pesquisas e Inovacdes na Area das
Engenharias” contempla dezoito capitulos em que os autores abordam as mais
recentes pesquisas e inovacgdes aplicadas nas mais diversas areas da engenharia.

A constante transformacao que a sociedade vem sofrendo é produto de um
trabalho de desenvolvimento de pesquisas e tecnologia que aplicadas se tornam
inovacao.

O estudo sobre materiais e seu comportamento auxiliam na compreensao sobre
seu uso em estruturas e eventualmente podem determinar o aparecimento ou nao
de patologias.

As pesquisas sobre a utilizagdo de ferramentas computacionais permitem o
aprimoramento da gestao de diversas atividades e processos de producgao.

Séao abordadas também nessa obra as pesquisas sobre a forma de ensinar,
utilizando as tecnologias em favor do processo de ensino e aprendizagem.

Diante disso, esperamos que esta obra instigue o leitor a desenvolver ainda
mais pesquisas, auxiliando na constante transformacao tecnolégica que o mundo
vem sofrendo, visando a melhoria da qualidade de vida na sociedade. Boa leitura!

Franciele Braga Machado Tullio
Lucio Mauro Braga Machado
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CAPITULO 8
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RESUMO: O tério € um elemento radioativo
natural que é amplamente encontrado na
crosta terrestre. E um elemento muito comum
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TORIO

em formacdes minerais nas regides de altos
portanto,
a determinacdo do mesmo em amostras

niveis de radioatividade natural,
ambientais é de extrema importancia. Os
isotopos de tério (?28Th, 2*°Th e 232Th) foram
determinados em um material de referéncia,
amostra IAEA Soil-327, para a validagdo dos
dois métodos, esses isGtopos também foram
analisados em dois grupos de amostras de
alimentos, empregando as diferentes resinas.
A preparacdo inicial aplicando uma dissolucéo
acida foi a mesma para ambos, no primeiro foi
utilizada a resina de troca ibnica (DOWEX 1x2)
e a eletrodeposicado em plaquetas de prata. No
segundo método, foi utilizada microprecipitagao
com fluoreto de cério e a resina cromatografica
especifica (TEVA). No final, ambas as analises
quantificadas  por
alfa. Nos dois métodos os resultados foram

foram espectrometria
satisfatérios para o material de referéncia, com
um erro relativo inferior a 4% para 22Th, 23°Th
e 2%2Th. A analise de variancia para amostras
de alimentos analisados mostrou nao haver
diferenca significativa entre os métodos
utilizados para a determinacdo dos is6topos
de torio. As principais diferengcas encontradas
entre os métodos foram resolug¢ao de espectro,
tempo e custo da analise.

PALAVRAS-CHAVE: Isétopos de

eletrodeposicao, microprecipitacao.

torio,

Capitulo 8




A COMPARATIVE STUDY USING DIFFERENT RESINS TO DETERMINE THORIUM
ISOTOPES

ABSTRACT: Thorium is a naturally occurring radioactive element that is widely
distributed in the crust of the Earth. This element is very common in mineral formations
in regions with high levels of natural radioactivity, therefore, its determination in
environmental samples is important. Thorium isotopes (?%Th, #°Th, and 22Th) were
determined in a reference material, the IAEA Soil 327 sample, to validate the two
methods, these isotopes were also analyzed in two groups of food samples, employing
these different resins. The initial preparation with acid dissolution is the same to both,
in the first is used anion exchange resin (DOWEX 1x2) and electrodeposition in silver
planchets. And in the second method is used a specific chromatographic resin (TEVA)
and cerium fluoride microprecipitation. At the end both analyses are quantified by alpha
spectrometry. The two methods the results obtained were satisfactory for the reference
material used, with relative error of less than 4% for 226Th, 250Th, and 2*2Th. The analysis
of variance for samples foods analyzed seen to be no significant difference between
the methods used for thorium isotopes determination. The main differences found be-
tween methods were spectrums resolutions, time and cost of analysis.

KEYWORDS: Thorium isotopes, electrodeposition, microprecipitation.

11 INTRODUCTION

Thorium is a radioactive element that occurs naturally in low concentrations in
the Earth’s crust. It is pure form is a silvery-white heavy metal that is about as dense
as lead. In nature, almost all thorium is thorium-232, although several additional
isotopes can be present in small amounts. Of the 26 known isotopes of thorium,
only 12 have half-lives greater than one second, and of these only 3 have half-lives
sufficiently long to warrant a concern (MASSARI & RUBERTI, 2013).

The most important thorium isotopes are 232Th and 226Th of the natural thorium
series and 2**Th and #°Th which are decay products of natural uranium series (LAURIA
et al, 2012).

Thorium is generally a health hazard only if it is taken into the body. External
gamma exposure is not a major concern because thorium emits only a small amount
of gamma radiation (MASSARI & RUBERTI, 2013).

The longer-lived naturally occurring isotopes of thorium are all alpha emitters,
so the alpha spectrometry technique can be used to quantify them directly (LIESER,
2001).

The electrodeposition is very used on the preparation of thorium samples.
Electrodeposition is one of more possibilities for application of electro-gravimetric
methods to determine of some trace amount radionuclides (MATEL & HOLY, 2006).

An alternative method of preparing actinide alpha counting sources was
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developed instead of electrodeposition. The method uses micro-precipitation with
cerium fluoride and provides a quicker, simpler way of preparing alpha counting
sources in routine, production-type laboratories that process many samples daily
(MAXWELL, 2008).

In this study thorium isotopes, 22Th, 23°Th, and 232Th, were determined in a
reference material, the IAEA Soil 327 sample, to validate the two methods. These
isotopes were also analyzed in two groups of food samples belonging to the diet
of the population of a city in southeastern Brazil, using electrodeposition in silver
planchets for one group and cerium fluoride microprecipitation for the other group.

2| MATERIALS AND METHODS

The Reference Material IAEA- Soil 327 (IAEA, 2001) was analyzed to compare
the methods using different resins to determine thorium radioisotopes. Approximately
2 g of sample were dissolved with three concentrate acids (nitric, perchloric, and
hydrofluoric) for both methods.

The samples of the two analyzed groups were dried at 75 °C and crushed.
Approximately 100 g of food sample was burnt to obtain ash at 450 °C for
24 hours in a muffle furnace. After that, the ash samples were dissolved with two
concentrate acids (nitric, and perchloric). The final solution was evaporated, and the
salts are dissolved with 8 M nitric acid and 3 M nitric acid, for groups one and two, in
order.

The 22°Th tracer was added in the sample solution containing thorium to
determine the chemistry recuperation. For the first method the final solution
was evaporated, and the salts dissolved with 8 M nitric acid for determination
using anion exchange resin (DOWEX 1x2) and electrodeposition. For the other
method, the salts were dissolved with 3 M nitic acid and the determination of Th
radioisotopes were done using the specific chromatographic resin (TEVA) and
microprecipitation.

Method 1: Anion exchange resin (DOWEX 1x2) and electrodeposition —
Radiochemistry Th separation was carried out using DOWEX 1x2 anion exchange
resin preconditioned with 8 M nitric acid. The sample in nitric media was percolated
through anion column DOWEX 1x2 resin. Thorium was retained and eluted with
concentrated hydrochloric acid.

The eluted solution was dried on a hot plate and the salts dissolved with the
electroplating solution at pH 2.3. The electroplating solution was prepared using
concentrated sulfuric acid, 0.3 M sodium sulfate and deionized water.

The radioisotopes were electrodeposited on polished silver planchets using an
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electrical current of 1.0 A for 90 minutes.

Method 2: Chromatographic resin (TEVA) and microprecipitation —
Radiochemistry Th separation was carried out using the TEVA, that is a specific
chromatographic resin, pre-conditioned with 3 M nitric acid. The sample in nitric
media was percolated through TEVA resin. Thorium was retained and eluted with 6
M HCI and 9 M HCI.

The eluted fraction was micro-precipitated with a solution of Cerium Fluoride.
The precipitate ob-tained was filtered using a polypropylene filter with 0.1 ym porosity

and 2.5 cm diameter and dried under a lamp.

Thorium isotopes quantification: The Th radioisotopes for both methods
were analyzed in an Alpha Analyst spectrometer with 12 PIPS (Passivated Implanted
Planar Silicon) detectors (counting efficiency 18%), and Genie 2000/Alpha Analyst
spectroscopy systems, from Canberra Industries for 200,000 seconds.

3 | RESULTS AND DISCUSSION

Validation of methods: The activity concentrations of 222Th, 23°Th, and 2*2Th
radioisotopes in the IAEA- Soil 327 obtained after radiochemistry separations are
presented in the Table 1.

. . Method 1 Method 2 Recommended 95% Confidence
Radionuclide

Ba/kg Ba/kg Value Bg/kg Interval
228Th 37.0+1.7 37.3+1.6 38.2 37.2-39.2
20Th 33.3+15 33.2zx1.6 34.1 32.4-35.8
22Th 376 +1.7 37.2+15 38.7 37.2-40.2

Table 1: Results for different methods — IAEA-Soil 327.

The relative error (RE) was used as a measure of precision. RE is expressed as
a percentage and has no units. The RE for analysis are present in the Table 2.

o RE (%) RE (%)
Radionuclide Method 1 Method 2
25T 314 236
20T 235 2.69
202Th 2.84 3.86

Table 2: The relative error.

By the results obtained these methodologies can be considered effective and
efficient, since they presented relative error less than or equal to 4 %.
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Foods samples analyzed: The activity concentrations of 22Th, 2°Th and

22Th radioisotopes in both groups of food samples obtained after radiochemistry

separations are presented in the Table 3.

Food Method 1 (Bg/kg) Method 2 (Bg/kg)
Samples 228Th 230Th 232Th 228Th 230Th 232Th
Cereal 012001  <0,01 <0,01 0,19£0,01  <0,01 <0,01
Beans 035+002  <0,01 <0,01 059+002 <001  0,03+0,01
Vegetables  0,37:0,02  <0,01 <0,01  0,68+0,04 0,04+0,05 0,01z0,01
Fruits 014001 <001  0,01£0003 021+001 <001 0,01 0,01
Nuts and Seeds  4,05+0,15 0,03+0,01 003+0,01 0,87 +0,12 0,01+0,003  <0,01
':g:;fy';ii;aui't‘: 0,15+0,02 0,01 +0,004 0,01 +0,004 0,39+0,02 0,06+0,01  <0,01
C;:;ecsuﬁ';d 0,30+0,02 0,06+0,01 006001 029+044  <0,01 <0,01
Cattle Meat (beef) 0,10+0,01  <0,01 <0,01  0,40+0,06 0,07%0,01 0,02 0,01
Pork 004+001  <0,01 <0,01  0,36+0,04 0,04+001 0,01z0,01
Poultry 003+001  <0,01 <0,01  0,19£0,01 0,010,003 <0,01
Fish 0,12+0,01 0,030,005 0,03+0,004 0,30 £0,04  <0,01 0,02 + 0,01
I:n"ei‘:sat;':'gfigl 0,25+0,01  <0,01 <001 4374005 005+001 0,010,
Eggs 008+001  <0,01 <0,01  050%0,08  <0,01 <0,01
Dairy Products  0,05+001  <0,01 <0,01 087+0,17 004+001  <0,01
Sweets 007+001 002+001 <001 077002 005+001 0,10 0,01
Oils and Fats 0,31 +0,05  <0,01 <0,01  0,45+0,07 002%002 0,02 0,01
Beverages 003+001  <0,01 <0,01 003%001 <0,01 <0,01
'"itzg:ﬂized 0,07+0,01  <0,01 <0,01  057+0,02 0,03+0,003  <0,01
Salt 026+004  <0,01 <0,01 021£004 <0,01 <0,01
Water <0,01 <0,01 <0,01 <0,01 <0,01 <0,01

Table 3: Results for different methods — foods samples analyzed

The chemistry recovery analysis for method 1 (anion exchange resin and

electrodeposition) varied from 62 e 100 % and for method 2 (chromatographic resin

and microprecipitation) between 52 to 100 %.

The two methods employed in this study for thorium isotopes determination

in food samples belonging to the diet of the population of a city in southeastern

Brazil, were compared by applying analysis of variance ANOVA. This test presented,

a statistical probability of approximately 95 %, meaning that both methods fit model

well. The analysis of variance presents a p-value of 0.12036, greater than 0.05. Thus,

there seen to be no significant difference between the methods used for thorium

isotopes determination.

The main differences found between the method using exchange resin

(DOWEX 1x2) and electrodeposition, and the specific chromatographic resin (TEVA)

and microprecipitation are spectrum resolutions. The microprecipitation showed a
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spectrum with not good resolution.

However, the time and cost of analysis using the specific chromatographic
resin (TEVA) and microprecipitation is smaller and less expensive about the method
exchange resin (DOWEX 1x2) and electrodeposition.

Typically, the method using TEVA resin takes two to three days while the other
method takes up to six days. Besides the method using the ion exchange resin
spends larger amounts of acids due to the large volume of the resin and at the end
of the analysis still has the value of the silver planchets for electrodeposition which
makes it more expensive.

The method for the determination of actinides and strontium in samples has
been developed at the Savannah River Site Environmental Lab (Aiken, SC, USA) that
could be used in emergency response situations. The method utilizes a rapid acid
digestion method and a streamlined column separation process with stacked TEVA,
TRU and Sr resin cartridges. Alpha emitters were prepared using cerium fluoride
microprecipitation for counting by alpha spectrometry (MAXWELL et al, 2010).

Quantitative methods for the determination of actinides have been developed for
environmental samples. The procedures include aggressive dissolution, separation
by anion-exchange resin, separation and purification by extraction chromatography
(e.g., TRU, TEVA and UTEVA resins). Anion exchange has proved to be a strong tool
to treat large volume samples, and extraction chromatography shows an excellent
selectivity and reduction of the amounts of acids (LEE et al, 2005).

41 CONCLUSION

Although exchange resin (DOWEX 1x2) and electrodeposition technique
requires a refined chemistry process in relation to the chromatographic resin (TEVA)
and microprecipitation technique, that requires little treatment of the sample, both
methods presented high precision and good accuracy in the results. After the various
analyzes in this study, it was possible to conclude that both methods are suitable for

determination of thorium radioisotopes.
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