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Abstract

A methed for measwring waniwm isotopes in water samples by selective
aredl quantitative extraction b URAEX' ™ and alpha counting b PERALS®
spectrometer has been studied The extraction efficiency of the svstemn was
evaluated under warving chemical condition=s including pH, and sample—cochtail
volune ratio, [sotogic  information from the PERALS® spectrun of natural
uraniwmn was obtained using a curve fitting routine, Comparisons of the resul
with that obtained from alpha spectrometry methods using ion implanted silicon

detector showed good agresment
1. Introduction

Letermination of uranium  concentration and mU.kaHU activity ratios in
environmmental water sarmples iz important in the field of radiation =afety and
mmonitoring [1], Several technigues including radiochernical methods, fluorormetrsy,
mAass spectrameter ete, are usually used for the determination of low activities o

uranium in the envirorrnental samples,



Hecentls, FERALS® spectrometry (acronym for photon—electron rejecting
alpha liguid scintillation) was developed b the Oak Hidge Detector Laboratory
(ORDELA, Inc.) The PERALS® spectrameter was specifically designed for the
detection of alpha particles in the presence of beta/samma becksround [Z] In
itz current configuration,  the technigque wuses a nearly total rejection  of
beta/garnma  erission  (99984%) by incorporating  of  electronic  pulse—shape
discrimination (PSD), Additionally, liguid-liquid extraction approach is cornbined
with the messuretnent of alpha  particles and  eliminate  many  quenching,
problemns by extracting the muaclide of interest into the organic phase of a

non—mixable cochtail [3].

The purpose of thiz study iz to elaborate a reapid and simple method fo
wraniuwm Jdetermination in the agqueous samples using URAEX'™ extraction from
water  samples  followed by counting  the alpha  particles b PERALS®
spectrommeter, The extraction efficiency by URAEX' ™ was evaluated in the
presence of potential chermicsal interference, chloride ion and nitrate ion and
experitnent on the optitmun pH and sample—cocktaill wolwne ratio were carried
ot Additional studies have been conducted to determine the optimum conditions
for guantitative waniwmn extraction while extracting a rminimum amount of sorme

cther alpha—emitters such as radium and therinm,

2. Experimental

2-1, Chemical reagent

As an uraniuwm extractive scintillator, URHEAY ™ purchased from ETHAC
(East Tennessee Hadiometric Chemicals) laboratories, Ine iz used in these
studies, The extractive scintillator contains tertiary amine (MG > 300 as the
extractant, and 2 -kiphenylyl—S—phenvl-tenzoxazole  (PEEO)  as  the
seintillator in toluene, The stock scolution of waniuwm was prepared by dissolvin
accurately weighed UNCOg: 6H=O (99984, Aldrich, Co) in deuble deicnized

water, The waniwn concentration in the stock solution was cheched b



ICP-AES (JWSP, Jovin Ywon) prior to use, Tracer solutions of zkﬁl:la, “UTh and
YT were obtained from [sotope Products Laboratories, All other reagents were
of analvtical grade and purchased from Aldrich and Merk

2-2 Apparatus

An OADELA modsl 8100 AB PERALS® spectrometer was used in the
measurernent, The instrumment is capable of rejecting more than 939 %6 of beta-
and gamma—events and has alpha—counting efficiency of 99 2% when pulse—shape
discriminator (P30) is properly adiusted, pH measurerment was made using a
glass electrode (Metrohm, Twpe 602021000 coupled to a digital pH meter
(Metrohin, Tvpe 632) For complernentary  messurernent and for cormparizons,
alpha spectrometer (Model 676A, EGS&G OHTEC) with ion implanted swface
bearrier detector of 450 mm® active area was used, The detailed description of
experitnental procedure and condition have been well described in our previous

paper [4],

2-3, Preparation of test solutions and uranium extraction using URAEX™

For studies of the extraction dependence on warious parameters, test
solutions (100 ml except in the case of agueous volurne dependence studies)
were prepared in double deionized distilled wwater with desired amounts of acid
radionuclides, sodium sulfate and test andons. The pH was adiusted to the
desired walue with either 60 M NaOH solution or 60 M NHAOH solution The
prepared solution (100 ml) was transferred to a 250 ml glass separator funnel
ared add 10 g of sodiumn sulfate to convert the sample solution to a sulfate
svstern The 1.9 mlL of extractive scintillator (UH&EP{IJ% was then added to
the funnel for uranium extraction After shaking the mixed solution on a
mechanical shaker (Model V3-84805H, Vision scientific, Co) for 5 min, the
funnel was allowed to stand undisturbed for 30 minutes so that the phase could

separate, The 10 mL of the orgarnic phase was pipetted and transferred into a



10 rmm > 75 mim borosilicate glass culture tube, and then sparged for 3 minutes

with toluene—saturated argon prior to counting in the PERALS® spectrometer,

2-4. Sample preparation for uranium extraction from a grounderater

For waniwn  analysis in envicomrnental  water  samples, the sample is
required to ke treated properly for uranium extraction, The proposed procedire
for water sample i= as follows! acidify 500 ml aliguot of water with Sl
concentrated HeSOy Heat the solution to boiling on a hot plate and ol gentls
for 510 mimaites to dive off radon (An) and to destroy any hicarbonate ion
(HCCs ) present, Heduce the heat and evaporate until the volume is around 100
ml., Cool to room temnperature and control to the proper sarmple conditions in pH
and sodiwm sulfate concentration, and extract waniwn in the agueous phase
using UH&E}{IJM. ey isotope was added to the original water samples prior to

price treatment to determine its chemical recovery wield,
3. Results and Discussion

31 PERALS® spectrurn of uraniurm isotopes

Fiz, 1 shows a pulse shape spectrumn of PERALS® from the extraction of
the sample solution containing depleted wanium at 8 concentration of 24 pom,
Two peaks, alpha (right) pesk and beta/garnma (left) peak, keing completely
zeparated are appeared on the spectrumn, It shows that the unwvanted signal of
beta/gamma—events can effectively be rejected by adiusting the PSD level
properly between the two pesks, Fig 2 illustrates a pulse height spectrumn of
T and U in the satnple solution, which was oktained at PSD set point of
23 The spectrumn has a sufficient resclution for the szKz i activity ratio to ke
analyzed, The resulting spectrum were fit using commercially available non—linea
least squares fitting program (Peak Fit 40 frindad) and  give the walue of
iy gty activity ratio, 035065 The reduce of the higher energy peak for ey



e . . . . . TS
indicates that the waniwn =sample 1= depleted in the lighter isotopes 4 [0}
The concentration of each waniwm isotope can then ke easily caloulated writh

the count rate messured for overall pealts of the spectrum,

3-2 Study of the extraction of uranium by URAEX ™

Effect o pH on exfraction Solutions (100 ml) containing  depleted
wraniuwm were prepared at the pH range from 04 to 60 and extracted using 1.5
ml, UBAEX' ™ to determine the percenitage of recovery asz a function of pH.
The result is presented in Fig. 3 The waniwm recovery obtained at pH ransge
fron 15 to 25 iz guantitative within experitnental uncertainty as near 10084,
Lratnatic decrease in the recovery vield between pH walue of 04 and 15 are
okserved (Fig, 1) The result is probably due to the formning of stronger complesx
of hisulfate with amine than dose the sulfate [5], which result in decreasing of
uraniumn partition coefficient betwesn URAEX ™ containing tertiary armine as a
extractant and agueous solution,

Agueous phase voluwme © In order to determine optimuwn volurme of aqueous
phase for the direct extraction with UH!—‘LE}{IJM, the percentage of wanium
extracted into the extractive scintillator was measwed sz a function of agueous
phase wolumne, For this, organic phase wvolune is fxed at 15 ml and agueous
phasze wolume was varied from 10 ml to 1000 ml, In each case the agueous
phase pH was 17 * 01 The waniwn recovery obtained at less than 100 ml
of agueous wolurne was gquantitative within experitnental uncertainty and its
average value is 982 £ 45 %, but there is observed a significant decrease at
greater than 100 ml,

Interference of NOF and (3 on extruction @ The effects of nitrate and
chloride anions on uraniumn extraction by the use of URAEXN '™ are tested for
potential interferences on the extraction svstern, The anlons are cormmonly used
to acidify environmental water samples to avold adsorption of actinides on the

walls of the container used for sampling, They are also known to e mos



ubicuitrusly present in the ground water [5],

For this, solutions (100 ml) containing deplsted uranium and  different
arnounts of NaCll and NaNs added were separately prepared at pH 17 * 01
and extracted using 1.5 ml UHHEXIJM. The experitnental results are shown in
Fig. 4 Extraction efficiency decreased as concentration of chloride or nitrate
anicns in the sample solution was increased, With NaCll in the swstem, the
extraction efficiency decresses by almost 4755 between 200 and 3000 pprn, For
MalQs, more significant decrease is seen at levels higher than 50 ppm
indicating that the preserce of nitrate provides more pronounced  detrirmental
effects on the extraction systern Such a dramatic decrease of the extraction
efficiency b the use of URAEX ™ in the presence of nitrate anion is prokbably
dus to the formation of nitrate complexes with (VD which are weakly
ab=orbed b the tertiary arnines, which effect on the extractive distribution
ceefficient of the extraction [7], For the guantitative extraction of urarium
under the higher anion concentrations { > 1000 ppra for Cl, and > 200 ppm fo
NCOs ), therefore, it should be recommended that converting the systermn to
sulfate media,

Effect of thoruwm and ridivem on wrenium exfractiont The influence of
thoriwmn arnd radiwn  concentrations on the uraniwm  extraction by the use of
URAEN' ™ was studied, because of the two ions are ubiquitously found in
rmatural water sarmples and it can be extracted b amine—tbesed extractant [8),
For these studies, each solutien (100 ml) containing ~Th and ““Ha, with
known activities, were separately prepared at pH 20 £ 01 and extracted using
15 mL UHAEXIJM. The percentage recovery of “*Th and “Ha extracted ke the
use of URBAEX' ™ from the sclution was measured inst as the percentage of
wraniun extracted has been measured The results show that the percentages of
the thorium and radium extracted were found to be about 03 * 02 %% and 07
+ (02 % respectively, while that of the waniwn was 232 = 41 245 The results

indicate that interference from thoriwm and radiwm is practically negligible for



the extraction conditions established in this worle for uranium analysis,

33, Evaluation of minimum detectable activity

Mirirnun detectable activity (MDA) of the proposed methed was evaluated
using Currie equation [9], Feor this, the blank sarple was prepared by only
mixing 100 mml double deionized distilled water containing 1.0 £ sodivn sulfate
at pH 17 and UREAX' ™ (15 ml), Hesulting MDA valus obtained with T =
20 min was 32 mBqg/L. Lower MDA wvalue can be obtained with incressing
the counting time: With counting tirne of 500 min, the valus was 11 mBPo/L,

34 Application of the PERALS® technique to environmmental vwwater
samples and comparison with alpha spectrometry

The analysiz procedures established in this study were applied to
groundiwater samples (100 ml) spiked with “°U as a vield tracer, pricr to
extraction, Three latch of groundwater samples from the same sowrce are
ohtained for this study, Detailed sample preparation procedure is described earlie
part in this paper. The sample solution pH was then adjusted to 17 £ 01 and
10 g of sodium sulfate was added, Pulse height spectrum of MU, “T and @MU
from the PERALS® spectrometer was obtained by counting for 200 min, and
then decomvoluted into three area of the isotopes using the cwve fitting program
az shown in Fig 5 Percentage recovery of each of the spiked samples was
calculated with the measured activities of U, and estimated to be 734 * 32
¥ The reduced recovery of wanium in the groundwater sample may result
from the interferences of the anions present in the groundwater, The me:ﬁuU
activity ratio (12070 of waniwmn in the sample was also measwed from the
fitted deconvolution cwves, and the concentrations of esach isotope can thus ke
determined,

The uraniun analysiz for the groundwater samples was also carried out ke
traditicnal alpha spectrometric method with ion implanted silicon detector, and
the result obtained iz comnpared with that of PEHALS spectrometry, The



radiochemical procedure used in the alpha spectrometric method, invelving the
steps  of coprecipitation, solvent extraction, lon—exchange separation and
electrodeposition, has been described in detail elsewhere [4] Hesults for the
samples using the two methods are given in Table 1. Two methods give
zimilar results, but PERALS® uses a lower sample volumne and shorter times of

samnple preparation and measurernent,

4 Conclusion

A rapid and easy method for the determination of total U activity and
mesz activity ratios in agueous sample by FERALS® spectrametry has been
established, This method combines chemical separation and sampling preparation
into a =single step with the use of an extractive scintillator, UH&EKWI. Uranium
of near 100 2% was selectively and quantitatively esxtracted from the agueous
solutions at pH 1.7 while below 1.0 %0 of thorium and radivum are extracted, The
method  provides results that are comparable to a  traditiens]l radicchernistry
technique, The PERALS® procedure required only B85 hows per ground water
zarnple, while the radiochernistry technique required approstimately 89 hours per
the ground water sample for cormplete separation and counting, The established
procedhiuore 1= thus  suitable for the low  level ursnium determinstion  in
ervviroranental samples and can be considered as an alternative tool to the
conventionsal alpha spectrornetry  methods, Howewver, it should e noted that
PERALS® method could not ascertain -~ U Isotooe information because of its

poor resolution lmitation commpare with that of the radiochernical method,
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Fig. 1. PERALS pulse shape spectrum of the depleted uranium sample,
which was obtained at 2.3 of PSD level
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Fig. 2. PERALS pulse height spectrum of the depleted uranium sample
showing 4.20 meV peak of 2*®U and the 4.76 meV peak of >**U
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Fig. 3. Variation of uranium extraction efficiency with pH of
the sample solution.
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Fig. 4. Variation of uranium extraction efficiency with the (a) chloride
and (b) nitrate anion concentration in the sample solution.
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