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ABSTRACT

Interest in the development of analytical techniques
for the accurate determination of trace levels of uranium
in natural samples is due to the importance of this ele-
ment in many geochemical, geophysical and environmental
studies. Mass spectrometric isotope dilution and alpha
spectrometric isotope dilution techniques were developed
in our laboratory for the accurate determination of uranium
in rock and mineral samples. The experimental details in-
volved in the determination of uranium by these methods are
described and the results obtained for rock and mineral
samples, with a concentration of uranium in the range of
2 to 2000 ppm, are discussed in relation to their precision
and accuracy. The uranium concentration in some samples
were also measured, in other laboratories, by non-destruc-

tive techniques like X-ray fluorescence and neutron acti-

(*) Paper present at "V Encontro Nacional de Quimica Ana-
1itica" - Salvador - Brazil, Sept. 4-6, 1989.



\vation. A general comparison of the techniques is made ba-
sed on the factors like, precision, accuracy, limit of de-

tection, time and cost of analysis. Finally, problems ari-

sing from non-homogeneous distribution of uranium are dis-.

cussed and suggestions to overcome these problems are

offered.
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RESUMO

O interesse no desenvolvimento de técnicas analiticas
para a determinacao precisa de uranio, em nivel de ﬁracos,
em amostra naturai é devido a importancia deste elemento em
muitos estudos da geoquimica, geofisica e ambiental. Desen-
volveu-se, em nosso laboratdrio, as técnicas de diluicgao
isotopica por espectrometria de massa e por espectrometria
alfa para a determinacao precisa de uranio em amostras de
rocha e mineral. Os detalhes experimentais envolvidos na
determinagao de uranio por esses métodos sdao descritos e os
resultados obtidos.nas amostras de rocha e mineral, com con
centracao de uranio na faixa de 2 a 2000 ppm, sdo discuti-
dos em relagcao as suas precisdes e exatiddes. A concentra-

gao de uranio em algumas dessas amostras foram também medi-

(*) Trabalho apresentado no "V Encontro Nacional de Quimica

Analitica" - Salvador - Brasil, de 4 a 6 de setembro de
1989.
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idas, em outros laboratorios, por técnicas ndo destrutivas
como a fluorescéncia de raios-X e ativacao de neutrons.
Apresenta-se uma comparagao geral das técnicas, consideran
do fatores como precisao, exatiddo, limite de deteccao,
tempo e custo de analise. Finalmente, discute-se os pro-
blemas da distribuigao heterogenea de uranio nas amostras

apresentando sugestoes para contornar esse efeito.



' 1.  INTRODUCTION

The importance of the accurate determination of trace
amounts of chemical elements and their isotopes in physi-
cal, chemical and bioclogical systems has resulted in the
development of analytical methods capable of providing high
precision, accuracy, sensitivity, large range of detection,
and freedon from matrix effects. Mass spectrometric isoto-
pe dilution (IDMS) is one such technique and has an added
advantage of providing the values for isotope abundances.
The isotope dilution technique is based on the variation in
the isotopic composition of an element due to the addition
of a known concentration of a tracer solution and from this
variation the elemental concentration is calculated. The
isotopic composition of the tracer should be relatively
different from that of the sample. The principle of isoto-
pe dilution can also be extended to alpha spectrometry
(IDAS), excepting that in the IDMS, isotope ratios are mea
sured, whereas in the IDAS ratio of the activities of al-
pha particles are made use of (Ramaniah et al, 1980). The
present study describes the determination of uranium in
geological samples by these two techniques. A tracer enri-
ched in ?°%%U was employed for both MSID and ASID. A  new
form of MSID was developed with the addition of two tracers
in 2%%y and ?°%°U (Shihomatsu et al, 1988). This technique
provides two independent uranium values for a single dilu-
tion, which helps in distinguishing between sampling and
analytical errors. A general comparison with other techni-

ques, like XRF and neutron activation, is made.

2. EXPERIMENTAL PROCEDURE

The figure 1 shows schematically experimental steps

involved in the determination of uranium by MSID and ASID.

A
"/.Y;ﬁﬂ



Y ods

. ]:-'-';1 =

CALIBRATED
SAMP
BUELE TRACER (???0)

‘ DISSOLUTION

CHEMICAL AND ISOTOPE
EXCIIANGE

CHEMICAL SEPARATION

BY
ION LEXCIANGE

ELECTRODEPOSI'TION FILAMENT DEPOSTITION
MEASUREMENT OF ALPIIA MEASUREMENT  OF
ACTIVITY RATIO ISOTOPIC RATIO
CALCULATION oFr CALCULATION  OF
CONCENTRATION CONCENTRATION
FIG. 1 - SCHEMATIC DIAGRAM OF THE EXPERIMENTAL STEPS
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| 2.1 Preparation and Calibration of Tracers Solutions

The tracer solutions were prepared from the isotopic
standard enriched in ?°°U supplied by CEA Fontanay, France
and isotopic standard enriched in 2°°U supplied by Natio-
nal Bureau of Standards, USA. These solutions were cali-
brated by mass spectrometric isotope dilution technique
using the uranium isotopic standard (NBSU-950%) with iso-

topic abundance of natural uranium.

2.2 Dissolution

The procedure adopted is based on the work of Patchett
and Tatsumoto (1980). The mixture containing the sample
and the tracer was dissolved in a pressure vessel made up

of teflon becker and cap, which was kept inside astainless

steel outer cover. The acid digestion was carried out
using a mixture of 40% HF, conc. HNO3 and 72% HC£O4.
2.3 Chemical Separation

The uranium was separated by two stage ion exchange
method. In the first stage uranium was separated from
thorium (Krtil et al, 1975) using Dowex 1X-8 resin (200-

400 mesh) in chloride form and then separated from iron,
alkaline, earth metals and other elements on the same re-
sin after Fe(III) is reduced to Fe(II) with iodic acid
(Boase et al, 1961).

2.4 Mass Spectrometric Procedure

o

Varian MAT TH5 solid source thermoionic mass spectro-
meter, coupled to a microcomputer for data acquisition and
processing, was employed for the isotope abundance measu-
ment. The nitrate solutions were deposited on one of the
side filaments of a double filament assembly and the

233y/2%8%y and ?%°y/2%%y ratios were measured.



2.5 Alpha Spectrometer Procedure

An ORTEC model 576 surface barrier detector coupled
to a 4096 channel analyser was employed for the alpha spec
trometric measurements. The solutions in the form of ni-
trates were electrodeposited (Veselsky, 1974) on a
stainless steel disc (see table 1) and the activity ratio

of 233y + 23%y/238y was measured.

3 RESULTS

Uranium analyses in rock and mineral samples by IDMS
and IDAS are presented in Table 2 and 3. The values obtai-
ned are compared with the measurements carried out on the
same samples by other investigators using similar and
different techniques (X-ray fluorescence and neutron acti-
vation analysis). From the comparison following results

are obtained:

a) The precision of individual analysis is 0.5% for
IDMS and 2% for IDAS, whereas the total precision

obtained is 1% for IDMS and about 5% for IDAS.

b) The uranium values obtained by both the techniques
agree well for most of the samples and the discre-
pency for the samples S;, and GM 1 (50,11) is due

to the sampling problems. The uranium values mea-

sured also agree with those obtained by other
workers.
c) The two independent uranium values obtained for

two tracer IDMS (Table 3) agree well, demonstrating
the accuracy of chemical procedures and negligible

effect of mass discrimination.

d) The large spread in the values for zircon and
feldspar is due to the inhomogeneous distribution

of uranium in these samples.
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1 4, DISCUSSION AND CONCLUSION

The IDMS and IDAS are two techniques capable of satis-
fvying the need of accurate and precise methods for trace

element analysis. The two tracer IDMS has the added advan-
tage of providing two independent values, where analyti-
cal procedure can be monitored. These methods, applied here
for geological samples, can be adopted to any physical, che
mical or biological system.

A general comparison of the different analytical tech-
niques based on the measurement of uranium shows that IDMS
technique isone that offers high precision, accuracy and low
limit of detection. But the major disadvantages are long
time and high cost involved in the analysis. However, micro
wave dissolution techniques and fully automated mass spec-
trometers are able to reduce the time of analysis. Thus it
is recommended that IDMS technique is used as a standard
method to compare other routine method. The IDAS technique
is a relatively cheaper method, but the counting times are
higher for samples with low uranium.concéntration. This pro
blem may be overcome by processing largé amounts of sample
and using more efficient detectors. The IDAS technique may
be employed as a routine method. |

One of the major problem of the analysis of uranium in
geological samples is its heterogeneous distribution and the
present study has clearly shown that two tracer IDMS is ca-
pable of distinguishing errors resulting from this effect.
We are also developing multitracer IDAS to study this effect

and the preliminary results are encouraging.

o
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