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ABSTRACT

Usng TBP extraction and anion exchange ep, a precise and quantitative technique of uranium
isotopes determination was developed. For overcoming the demerits of  the conventiond TBP
extraction method, sample materids was decomposited with HNOs; and HF and uranium isotopes
were purified by TBP extraction and ion exchange dep. Usng the maodified method step, the
concentrationsof uranium isotopes in the |AEA-Reference sample were so conggtent with reference
vaues reported by IAEA. The concentrations and activity ratios of uranium isotopes & the different
sample were amilar to thosein the naturd conditions:

1. Introduction

Natura redionudide exiding in the environment is an important in the generd sudy of radionudide
migration, and the resulits of behavior of radionudides may be used as a reference datain the case of
an acddent in a radioactive wadte repostory or in a nudear fud plant. Among the naturd
radionudides occurrence in the environment, uranium isotopes are good tracers to sudy the behavior



of these radionudides, because naturd uranium can be eesly detected in nearly dl maerids from the
environment.

There are many radiochemicad procedures for uranium isotopes anadysq1-6]. However, only a
few of them ae suitable as wdl for environmenta samples as for wade samples. One of these
methods the radiochemicd assay of uranium with TBP has been usad largdy for environmentd
sampleq 7]. However, though the conventiond TBP extraction method is more Smple and rapid then
other methods, sometimes, this method can not completely separate from plutonium isotopes in high
contaminated soil samples

In this sudy, to overcome the disadvantages of the conventiond TBP extraction method, usng
TBP extraction and anion exchange 9ep, a precise and quantitative technique of uranium isotopes
determination was developed. The optimized andytica method of uranium isotopes was vaidated by
goplication to | AEA-Reference salls aswdl as environmenta samples

2. Description of radiochemical procedures

A flow sheet of the conventiond andyticad methods of uranium with TBPisgivenin Hg. 1. In the
falowing section the main geps of the radiochemica procedure developed in this Sudy are
described in detail and individud steps are discussad. A flow sheet of the developed radiochemical
assay of uranium is presented in Hg. 2.

Decomposition of the ashed sample material
As tracer for determingtion of the yidd, known amourts of 2**U adtivity are added into the
sample maerid ashed a 550 °C. 40 ml concentrated HNO; and 10 ml HF (48 %) are and

evgporated to dryness. 2 ml concentrated HCIO, and 1 ml H O, are added 2 This
procedure is repeated once more. After the resdue is dissolved with 50 m 1), the
sampleis heated for 30 minutes. After coaling the solution isfiltered and there




Separ ation of uranium isotopes

The sample solution is trandared into a 250 ml sgparatory funnd. As a sting agent, 15 ml
NaNOs (50 W %) and 5 ml AI(NO3); (50 WV %) done uranium blank test are added into the
sample solution. 15 ml TBP-CCl, (1 + 9) is dropped into the sample solution and shaken for 15
minutes. After phase separdion, the TBP-CCl, phase is trandered into a 250 ml ssparatory funnd.
The agueous phase is haken once more for 15 minutes with 15 ml TBP-CCl, (1 + 9). The organic
phese is added to the phase obtained in the firgt extraction gep in the 250 ml ssparatory funnd and
the aqueous phase is discarded. In this step, the matrix dements such as Na', K¥, Md™, Mg,
Ca*, AI**, and Fe** , are remained in the agueous phase and the uranium fraction is extracted  into
the TBP-CCl, phase. The organic phase containing uranium fraction is purified by sheken for 5
minutes with 20 ml NalNO; (50 W/V %) and the agueous phase is discarded. For removing thorium
isotopes, the organic phase is shaken for 15 minutes with 30 ml HCI (1 + 1) and the aqueous phase
is discarded. The organic phase is sheken for 15 minutes with 15 ml HNO; (1 + 11). This procedure
is repeated once more. Uranium is backextracted to the agueous phase and the organic phese is
discarded.

Radiochemical purification of the uranium fraction

The agueous solution is trandferred into a 50 ml besker. 1 ml HO; is added and the solution is
evgporated to dryness Theresdueisdissolved in 10 ml 9 M HC, then the sampleis passed through
a conditioned anion exchanger column & arate of 1 ml/minute The column is 15 am long, its inner
diameter is 8 mm, and it contained 2 g Dowex 1x2, 50-100 mesh, which had been filled into the
column together with 10 ml 7.2 M HNO; and then wash with 50 ml 9 M HCI. The washing solution
is discarded. For dution of uranium 50 ml 1 M HNGO; are usaed. The dute solution is evaporated to
drynessinaayddlizing dish.

Electrodeposition
Electroplating solution was prepared as followg8]: 43 g anmonium oxdae, 8 g anmonium
alfate, 18 g hydroxylanmonium sulfale and 2 g dighyl triamino pentaecdtic add (DTPA) ae



dissolved in ore liter of H,O and then the pH is adjusted to exectly 1.8 with H,SO,. The
ayddlizng dih containing uranium isotopes waas rinssd with 3 ml dectroplating solution and
transferred the rindng solution into an dectrodeposition cdl. The ayddlizing dish was washed three
times with 3 ml dectroplaing solution and trandared it to the cdl. The distance between the two
electrodes was adjusted to about 5 nm Darkening of the cathode occurred at a gpacing of 2 mm,
and excessve voltage was required a a spacing of about 8 mm, resuiting in bailing and dectrolyte
loss. The dectrodepostion of the uranium isotopes on a dainless ged disc was paformed & a
current of 950 mA for 2 hours.

Alpha spectrometry system

The dpha spectrometer (EG&G ORTEC, Modd 676A) was composed of an ionHimplanted
glicon detector (ORTEC, sze : 450 mme; dpha resolution : 25 ke FWHM a 5486 MeV of
241Am) in a vacuum chamber (Edwards Modd E2M8), a detector bias supplier, a preamplifier, a
lineer amplifier and amultichannd pulse-height andyzer. During the measurement indde the chamber

avaccum bdow 10-2 Torr was mantained with avacuum pump.

3. Results and discussion

Validation of radiochemical procedure

Using the conventiond TBP method, uranium isotopes spectra in the IAEA-367 SEDIMENT
sample were presanted in Hg. 3. The IAEA-367 SEDIMENT sample was highly the radionudides
leved contaminated by nudear wegpon tests by U.S. from 1948 to 1958, callecting a the Enewetak
Atadl in the Marshdl Idands (Centrd Padific Ocean). The reference activity vaues were reported as
102 Bq kg™ for *°Sr , 195 Bq kg* for **'Cs, 26.4 Bq kg™ for ***Am, 38 Bq kg for #*%2*°py,
0.08 Bq kg™ for 2®Pu, respectively. As presented in Fg. 3, with the conventiond TBP method,
pesk of 2%2*°Pywas shown disinctly in the spectrum of uranium isotopes. Also, in the region of
2321, the weesk pesks of 2**Am and #*®Th were overlgpped with the pesk of 2*U. This meens thet
the conventiona TBP method can not completdy  separate from the actinide such as the plutonium,



americium and thorium isotopes. However, as shown in FHg. 4, the dpha pesks of uranium isotopes
gpectra in the IAEA-367 SEDIMENT sample were wdl resolved (FWHM; 27 keV) and the
Spectrum was free from contributions due to various plutonium, ameridum and thorium isotopes,
usng the developed andytica method of uranium isotopes

In Table 1, the chemicd yidds obtained for IAEA-Reference samples were compared between
the conventiond TBP method and the modiified method. The chemicd yidds of the developed
method in this gudy was a little lower than those of the conventiond TBP method. As described
above, the pesk of **2U asayidd tracer was overlgpped with the pesks of 2**Am and ?®Th. Inthe
gpectrum andysis of uranium isotopes; the pesk of **2U can not be distinguished from the peeks of
4LAm and **°Th that the pesk of ***U was overesimated. Therefore, the chemicd yidd cdculating

the peek of 2*2U sometimesisincreased in the conventional TBP method.
The modified method for the determingtion of uranium in environmental samples wias veidated by

its goplication to severd |AEA-Reference soils As shown in Table 1, the concentrations of uranium
isotopes usang the modified method step are so condgtent with reference vaues reported by 1AEA
thet this method can be gpplied to different soils with rdiable results However, the concentrations of
uranium isotopes with the conventiond TBP method was somewhat lower than reference vaues,
though the chemicd yidds were a little higher than thase with modified method. The reeson for the
lower adtivity vaues of uranium isotopes with the conventiond TBP method may be incomplete
decompasition of sample materid. In the conventiond TBP method, only HNO; was used for
decompaostion of sample maerid thet uranium isotopes in the inner il were seldom leeched into
HNO; solution. Therefore, the concentrations of uranium isotopes with the conventiond TBP method
was alittle lower than reference vaues reported by IAEA. However, in the modified method, HF
was used to completdy destroy of soil metrix that mogt of uranium in the sample materid was leached
into HNO; solution. Alsp, in the spectrum andysswith the conventiond TBP method, overestimated
2321 pesk due to incomplete separation from the actinide affects on lower concentration values of

uranium isotopes.

Application to environmental samples

The reaults of concentrations and activity ratios of uranium isotopesin environmental ssamples were



represented in Table 2. The concentrations of uranium isotopes at the different sample were Smilar to
naturd vaue of uranium. The adiivity ratios of 2**U/*U  were found to be within the narrow range
of 1.06 - 1.12 with ameen vaue of 1.11. This means thet the adtivity of 2**U is nearly equd to thet
of 2*U in different samples; because of radioactive eqilibrium in neturd conditions. Also, the meen
adtivity ratio of 2*°U/**®U was close to 0.051, which was the same as thet for natura uranium.
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Table 1. Comparison of chemicd yidds between the modified and the conventiond TBP extraction
method

Chemicd yidd (%)

Sample maeid Modified method* Convertiond TB
IAEA-367 68.1+ 54" 784+
IAEA-300 702+59 7144
IAEA-375 67.4+6.1 7324
Surface Sail 72.2+6.8 73.24

* Number of diquots andyzed is4
“* Erroris1s

Teble 2. Comparison of concentrations of **U between the modified and the conventiond TBP
extraction method in

|AEA-Reference samples

Concentration of “*°U (Bg/kg)
Sample materid Recommended Vdue Moadified method
IAEA-367 20.3 199+ 2.1
IAEA-300 64.7 65.2+29
IAEA-375 24.4 240+ 23

* Number of diquots andyzed is4
“* Erroris1s



Table 3. Activity concentration of uranium isotopes together with activity retios in the environmental
samples

Concentration of uranium isotopes (Bg/kg)

Sample material =y “>U =y
Surface Sail (0-5 am) 233+13 1.39+ 0.29 248+ 54
Degp Soil (10-20 cm) 24.4+0.38 1.27+0.18 273+12

Sea Sadiment 201+21 0.86+0.21 21.2+24
Lake Sediment 251+19 1.18+0.21 274+21

** Error is1s



Ashed Sample Material
Add yield tracer z2y

Decomposited with HNO; and evaporated to dryness

Leaching with (3+11)HNG;
Add H,0,, filtrate
Dissolved Sample M aterial
Add 50% AI(NOs);Sol.
v  Add 50% NaNO; Sol.

Extraction with TBP/CCI,

Organic Phase;
Washing with 50% NaNO; Sol.

\ 4 Washing with (1+1) HCI Sol.

Back-Extraction with (1+11)HCI Sol.

AqueouiPhase:
discard

Aqueous Phase;

Evaporated to dryness
\ 4 Add HCIO, Sal.
Eletrodeposition

Alpha-Spectrometry

Organic Phase;

discard

Fig.1. Conventional analytical procedure for uranium isotopes with

TBP extraction



Ashed Sample Material
Add yield tracer z2y
Decomposited with HNO; , HF and HCLO,
Evaporated to dryness
Leaching with (3+11)HNO;
v Add H,0,, filtrate
Dissolved Sample M aterial
Add 50% Al(NOs); Sol.
V¥___ Add 50% NaNQO; Sol.
Extraction with TBP/CCI,
Organic Phase; Aqueous Phase;
Washing with 50% NaNO; Sol. discard
Washing with (1+1) HCI Sol.
Back-Extraction with (1+11)HCI Sol.

Aqgueous Phase; Orqani* Phase;

Evaporated to dryness discard
Add HCIO, Sol. and evaporated to dryness

Anion Exchange | Dowex 1x2, 50-100 mesh(ClI" form)

Washing with 9M HCI Sol.
: Elute with IM HNO;, Sol. and evaporated to dryness

Eletrodeposition

v

Alpha-Spectrometry

Fig.2. Modified analytical procedure for uranium isotopes with TBP extraction
and anion exchange column
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