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MANAGEMENT PERSPECTIVE 

The common procedures for the determination of uranium 
isotopes in environment ' 

< require the additien 0f=an 
artificially-produced uranium isotcpe.Three such radioisotopes 
are commercially available.Besides being expensive,the addition 
of such isotopes is not desired in cases where the influence of 
nuclear activities is under investigation.In order to circumvent 
this prob1em,a technique has been developed whereby uranium 
isotopic concentrations are determined by a combination of 
gamma-ray and alpha-particle spectrometric assays.The technique 
has been evaluated for solid samples and is found to give 
reliable results for samples of widely different composition. 

PERSPECTIVE GESTION 

Les méthodes classiques d'analyse des isotopes d'uranium 

dans l'environnement requierent l'addition d'un isotope d'uranium’ 
artificiel. Trois de ces isotopes artificiels sont vendus dans 1e 

commerce. Cependant, ces isotopes sont cofiteui et, de plus, 1'addition 
d'un isotope artificial ne convient pas lorsqu'on étudie l'effet 
d'activités nucléaires. Afin de résoudre ce probleme, on a mis au point 
une technique permettant de déterminer les concentrations des isotopes 
d'uranium par une cadfinaimmu d‘ana1yses spectrométriques des rayons 

gamma et des particules alpha. La technique a été évaluée avec des 
échantillons solides et a donné des résultats fiables pour des 
échantillons de compositions tres différentes.
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A method is described for the determination of uranium isotopes 

in solid samples without the use of radiochemical yield monitors. The 

analytical procedure iemploys direct determination of 2330 via the 

63.3-keV gamma-emission of its first daughter, 23“Th. The measurement 

of this emission requires that corrections must be made for the 

gama—ray attenuation and for contribution due to the 63.9—keV 232Th 

photo-emission for samples rich in natural thorium. Isotopic ratios 

are determined by alpha—particle spectrometric assay of the uranium 

fraction purified by a anion-exchange technique. The method provides 

reliable analytical measurements for samples containing widely 

different amounts of natural uranium and thorium. _ 

4 ‘On décrit une méthode d'ana1yse des isotopes d'uranium dans 

des échantillons solides sans moniteurs de rendement radiochimique. 
. ~; . . . 233 

Dans cette methode, on determine directement la concentration en U 

a partir de l'émission de rayons gamma de 63,3 keV par le premier 
‘ a I q 0 n Q 

produit de filiation, le 23 Th. La mesure de cette emission doit etre 

corrigée en fonction de 1'atténuation des rayons gamma et de la 

contribution de la photo-émission de 63,9 keV par le 232Th dans des 

échantillons riches en thorium naturel. Les rapports isotopiques sont 

déterminés par spectrométrie alpha de la fraction d'uranium purifiée 

par une technique d'échange dfanions. La méthode fournit des résultats 

fiables pour des échantillons contenant des quantités trés différentes 
d'uranium et de thorium naturels.
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1. Introduction
p 

Measurements on the isotopic composition of uranium in soils or 

sediments are required for studying the behaviour of the element in 

the weathering cycle [1], for deriving ages of the marine sediment 

core sections [2], or for investigating the influence of nuclear fuel 

reprocessing operations on the environment [3]. The common radio- 

analytical methods used in such measurements require addition of an 

artificially—produced alpha-emitting uranium isotope as a 

radiochemical yield monitor. Four such uranium isotopes are 

available. However, as the alpha decay data given in Table l shows, 

233U and 236D have limited utility as their alpha emissions are very 

similar 'to those for the naturally-occurring 23“U and 2350, 

respectively. The third, 2300 [4], is potentially the most suitable 

of all four but requires easy access to a production facility since 

the short—lived radioisotope is, as yet, commercially not available. 

The most commonly used yield monitor, 232U, requires that the alpha 

spectrum be accumulated immediately' following source preparation to 

minimize interference due to the daughter 228Th which grows back into 

232U at a rate of about 0.11 of the equilibrium activity per day [5]. 

Furthermore, the recoil contamination [6] over prolonged use can 

decrease both sensitivity and reliability of the detector.
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Clearly, there_ is a need’ for a method for measuring uranium 

isotopes in sediments and soils without the use of radiochemical yield 

monitors. It is the purpose of the present communication to show that 

precise uranium isotopic concentrations in such samples can be 

measured by the combined use of alpha—particle and low—energy 

gamma-ray spectrometric techniques. The measurement of the 63.3—keV 

gama—emission of 23“Th, the firsts decay product of 2380, by 

high—resolution gamma-ray spectrometry provides the basis for a 

reliable determination of 238i]. Isotopic ratios are determined by 

alpha—particle spectrometric assay of the uranium fraction purified by 

an anion-exchange technique. The method, in use in our laboratories 

since 1983, has been employed in measuring isotopic uraniums in nearly 

120 segments of sediment cores from Lake Ontario. A similar method 

has recently been described for determining natural thoriums in 

sediments [7].
‘ 

2.. Experiment al 

2.1 Nuclear spectrometry 

Gamma—ray intensities were measured with an~ Aptec hyperpure 

germanium detector in planar configuration. The active area and depth 

of the detector were 1500 mmz and 10 mm, respectivelyy while the 

resolution for l22'keV was 720 eV. The detector was shielded by l0 cm
I
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of pre-World War II lead on all sides. Amplified and shaped pulses 

from the detector were analyzed by a Nuclear Data 6620 nuclear 

spectrometer. The efficiency of the detector was determined at four 

different thicknesses using Lake Ontario sediment samples individually 

spiked with 21°Pb (46.5 keV), 2“1Am (59.6 keV), 570° (122 keV), mm 
(239.6 keV), and 2'25Ra (186 and 352 keV). The sediment spiking 

procedure has been described earlier A homemade standard 

consisting of a U308/NaHCO3 mixture of known 2-380 content was also 

used to validate efficiency measurements for the 63.3 keV photopeak. 

An EG&G Ortec silicon surface barrier detector (R-series)_Vwas 

used for alpha-particle spectrometry with a window of 450 ma, a 

sensitive t-hiclcness of 100 um, and a re's'o,1ution of l_8.5 keV for an 

infinitely thin 5.486 MeV 2“1Am source. The detector was moujnted in a 

vacuum chamber coupled to a Nuclear Data 66 pulse-Pheight analyzer. 

Direct communication between Nuclear Data 66 and 6620 units' permitted 

an efficient handling and storage of alpha—particle spectrometry data. 

2.2 Analytical procedure 

The dried, powdered and weighed (30 - 40 g) sample was stored for 

over six months to enure equilibrium between 23"'l'h and 2380 and then 

the gamma—spectr-um was accumulated for up to 250,000 s by placing the 

counting vial directly on the planar detector. -The events in the 

63.3-keV 23“'l'h photopeak were summed and Compton background

- 1
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subtracted. The -net sample count rate was obtained by subtracting 

background count rate, measured with an empty-vial, from the sample 

count rate.» Since several of the standard reference 
materials (SRl(s) 

used for evaluation of the procedure were of composition and density 

significant-ly different from that for the Lake Ontario 
sediment used 

for deriving the 
efficiency curve, a normalization 

technique was used 

to take into account the low—energy gamma-ray self--absorption 

effects. The technique, based on the- findings of Cutshall and 

co-workers [8], relates the net count rate for the SRM(S) to that 

expected for material identical to that used for efficiency 

calibration (C) in similar geometry by 
the expression 

».n<%':> 

<1 = S'--e--1-'. 1-§-'
G 

where C‘ and Sn‘ are photon emission 
rates of a 2“1Am (59.6 keV) 

disc 

source through the unspiked calibrating material and SRM, 

respectively. The 2381] concentration was then calculated from the 

corrected net sample count rate and 
the detector efficiency 

data. 

The sample was then prepared for anion—exchange 
purification as 

described earlier Following removal of major matrixelements, 

radium isotopes, 21°Pb, “obi, thoriums [7] and plutoniums [9],
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uraniums were eluted using 3 column volumes of 1M H61, The eluate was 

reduced to near dryness and organic matter destroyed by dropwise 

addition of SOZ H202 to warm solution. The sample source for alpha- 

spectrometric assay of uranium isotopes was prepared by lanthanum 

fluoride coprecipitation. technique as described earlier [-10]. The 

spectrum was accumulated until reasonable counting statistics were 

obtained. The “I'll and 2350 concentrations were computed using the 

ratios of alpha peaks of these isotopes (corrected for emission 

. . . . . 
A 

238 23a Y . 

lnt ens it 1es as appl 1c able ) to that of U and U concent-rat ion 

obtained by gamma-ray spectrometry. 

3. !§e_s_u_lts and dis_c_us_sion 

Direct gamma—ray spectrometric measurements of 2‘3aU were made by 

earlier workers [11, 12] using Nal (Tl) crystals. lhese researchers 

derived “BU concentrations in rocks by assuming secular equilibrium 

between 23811 and daughters 226Ra [ll] or 2uBi [12]. This assumption, 

however, cannot be ‘considered valid in many situations where disequil- 

ibrium between 238G and its daughters can exist due to difference in 

their geochemical behaviour. In absence of any directly measureable 

.. , Z38 - 23% . . 

gamma-ray from U it sel E , measurement of '1‘h gamma emis s ion 

constitutes a simple and non-destructive radiometric method for 

deriving “all concentrations. The relatively short ha1f—life of 

23“'l‘h», 24.1 d, ensures that the radioactive equilibrium with 23811 is 

attained in about 168 d. V

'
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Though several gamma emissions accompany the decay of 23“Th [13], 

only those at about 63.3 and 93 keV have been considered useful for 

analytical purposes [14-16]. The conventional Nal (T1) crystals are 

incapable of resolving any of these emissions from other g&mma- and 

X—ray peaks in this energy region. The 93~keV emission, which is 

actually a doublet comprising the 92.4- and 92.8-keV gamas, has also 

been evaluated using a Ge (Li) detector for the determination of 238U 

[14]. Several interfering gamma- and X-rays, however, preclude wide 

application of this photoemission for the determination of 23aU even 

when high—resolution measurements are made using an intrinsic 

germanium detector [15, 16].
V 

The low—energy gamma—ray spectrum’ (fig. 1) of a Lake Ontario 

sediment core sample, obtained at about 0.2 keV/channel, clearly shows 

that, unlike the 93—keV region, the 63.3 keV region is relatively free 

of major interferences. The spectrum also leads to the reckoning that 

the 59.6—keV (351) gamma—emission from fallout 2“1Am, if present in 

the sample, would not interfere with the 63.3-keV_photopeak. 

The 63.3—keV photoemission (3.92) actually includes contributions 

from the newly—discovered [17] 63.9—keV (0.255!) emission from 232Th, 

63.9*keV (0.023!) emission from 231Th, and the 62.9—keV (0.018!) 

emission from 23“Th. Of these, only 231Th and 232Th constitute 

potential interferences. The former will have significant 

contribution only for samples highly enriched in 235U. Even in such 

situations, corrections can easily be applied since 2350 has a clean
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photoemission at 143.8 keV [13]. Similarly, the magnitude of the 

232'l'h contribution can be estimated using the 2-38.6—keV 212% gamma- 

emission assuming secular equilbrium between 2'3’2'1‘h and its 

daughters. 

Two factors are critical to the successful application of the 

described method in measuring uranium isotopic concentrations. 

Firstly, the gamma counting statistics principally define the overall 

detection limit of the method and the accuracy of final values. The 

results of our measurements (corrected for the 'self—a‘bsorption effects 

and contribution of the 63.9-keV 23'2'l‘h gamma-emission) on several 

SRMs, given in table 2, show that low-energy gamma—ray spectrometry 

can give reliable 2380 measurements on samples of widely different 

thorium and uranium contents. It is worth noting, however, that for 

samples containing ambient amounts of uranium and thorium the counting 

error is significantly high. In our experience, most of this error 

arises from the internal background due to the sample constituents. 

Though this internal ‘background may not be completely eliminated, its 

influence on counting statistics can be considerably reduced by the 

proper choice of sample size. The data given in table 2 also shows 

that the gamma-ray self—absor‘ption correction is warranted in nearly 

all cases and is satisfactorily applied using the approach described
» 

by Cutshall and coworkers The data also shows that the 

contribution of the 63.9*keV 232'l‘h gamma-emission is not negligible 

for samples ‘rich in natural thorium. For samples containing 232Th in



equilibrium with its daughters, this contribution is readily accounted 

for by referring to the same spectrum for Halls, 238Ac or 2.12-Pb; in 

other cases an independent masurement for 232Th would be advisable. 

Secondly, the accurate measurement of uraniu isotopes by alpha- 

particle spectrometry requires that the uranium fraction be free from 

other alpha-emitters and major matrix elements. The described 

radiochemical procedure meets these requirements as is evidenced by 

the alpha-particle spectrum (fig. 2) of a Lake Ontario sediment core 

section which is known to contain fallout plutoniums as well. The 

data on the isotopic ratios of uraniums in SRHs, given in table 3, 

also shows. that the procedure affords uranium fractions of high 

radiochemical purity and that adequate spectral resolution is obtained 

using the simple, nonelectrolytic source preparation technique. 

B 1 4' ' ‘ one nsion 

Low-energy gamma—ray spectrometry has been shown to be capable of 

providing reliable analytical measurements for 230 for samples 

containing widely different amounts of natural uranium and thorium. 

The uranium isotopic ratio is satisfactorily obtained by a simple 

anion—e3change and alpharparticle spectrometric technique. The 

combined use of the two spectrometric techniques constitutes a 

reliable method for unasuring isotopic uraniums without the use of 

expensive radiochemical yield monitors.’ The measurement of the
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63.3—keV 23qTh emission requires that-corrections must be made for the 

self-absorption effect and for contribution due to the 63.9-keV 232Th 

photoemission for samples rich in natural thorium. Though the 

technique has been evaluated only for solid samples, it can be adapted 

to other matrices. . 

I am thankful to S.P. Thompson for conducting the laboratory 

analyses and to I.L. Larsen (Oak Ridge National Laboratory,
' 

U.S.A.) and J.—C. Roy (flniversité Laval, Canada) for useful 

discussions. i 
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Table 1 
Alpha decay characteristics of natural uraniuma, radiochemical yield 
monitors, and their immediate a1pha—emitting daughters 

Uranium Major alpha emission 
Isotope Daughter(3) Ha1f—Life _...—e—e»—».—1 »-_—.. 

Energy, Nev Intensity, Z 

iir-——~4*—-———1~*—*—'————~"******' *"*‘*—‘**“l‘-1"'{" *‘*‘* "1 

_ 

U‘ 230 

232 

233 

23k 

235 

236 

238 

'———— ——;——4~—A'-~15 ——'*~‘4—**——-‘* '**'1 <.i)n""**r‘1 '44‘ 1- 

- 226Th 

222 R8 218Rn 
ZIHPO 

228Th 

22HRa 

220Rn 
216» Po 2123i 

229Th 

-230Th 

231Pa 

232Th 

234“ 

20.8 d 

30.9 m 

38.0 3 
0.035

3 1.6x10' s 
72 y 

-1.91 y 

3.62 d 

O\ 

U! 

OOUI 

III 
O\|-Ox 

uuo-4

B 
00 

1.5923105 y‘ 

. 3 7.34x1O y 

2.4451105 y 

1.1x1o“ y 

1.033110’ y 

3.216x10“ y 

2.342x107 y 

1.4051101” y 

4.463110’ y 

Listed above 

5.889 
5.818 
6.338 
6.234 

- 6.556 
1.133 
1.631 
5.320 
5.264 
5.423 
5.341 
5.636 
5.449 
6.233 
6.133 
6.051 
6.091 
4-824 
4.133 
4.129 
4.845 
4.901 
4.315 
4.961 
5.050 
4.331 
4.913 
4.116 
4.124 
4.633 
4.621 

_ 
4.396 

"4.364 
'4.310 
4.211 
4.593 
4.325 
4.556 
5.011 
4.950 
5.023 
5.051 
4.136 
44.933 
5.030 
4.494 
4.445 
‘4.010 
3.953 
4.196 
4.147 

67.4 
32.0 
75.5 
22.8 
96.9 
99.9 
99.9 
68.6 
31.2 
72.7 
26.7 
95.1 
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Table 3 
‘ ’ 

Results of activity ratio measurements on National Bureau of Standards 
soil and sediment standards

' 

*—~e;"~~——1 ~1 -1 —A 1' 8 _ ~ 

Standard NBS value 
_ 

Measured 
value 

—*' 4 -r~— —A" ~ -u-¢'** t"— ~~ ——~¢~~— ——r** 

Rockyflats Soil (4353) 2:0/gin 1.005 1.083 
u/ u 0.049 o.os1~ 

River Sediment (435013) Z220/go 1.018 1.069 
- u/ u 0.055 o.osa 

Peruvian Soil (asss) iggu/gin No 48¢; 1.103 
U/ U _ 

Nb data 0.053 

— 1——*¥ A-»———---~~~*~*-e~>——'—--~—‘——-—1A~A—~~—-~‘4-‘-—v~——4—.-‘—~%;‘—;~v—‘A€-;4__|@ 

‘Except for the Rocky Flats Soil 23“U/238U value, all values are 
computed from uncertified activities reported by NBS. -



Figutje Cagt iqns 

Fig. 1 Low-energy gamma—ray spectrum of a Lake Ontario sediment 

core section. Energies in keVs. 

Fig._ 2 Alpha-'-particle spectrum of the uranium fraction isolated 

from a Lake Ontario sediment core section.
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