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Studies on treatment methods of the safeguards swipe samples 

for uranium isotope ratio measurement 
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In the environmental sampling and analyses for safeguards， precise and accurate isotope ratio determination of 
uranium at岡田 levelsis required for detection of undeclared nuclear 印刷ties.Currently， swipe (smear) samples are 
being taken by lAEA from the nuclear facilities. The amount of uranium collected on the cotton swipe is expected to be 
in the wide range including the order of nano圃gramor less. In order to measure the isotope ratios by ICP・MS，we have 
studied sample preparation procedures for the trace amount of uranium. Elements causing spec仕oscopicand 
non-spec仕oscopicinterferences in ICP-MS measurement were 卸値cientlyremoved by anion-exchange of hydroch1oric 
acid media.百leuranium contamination introduced也roughoutthe process of sample preparation was below 10 pg 
W姐 iumper sample. The applicability of the treatment process for uranium isotope measurement up to 100 pico-grams was 
proposed. 
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1. Introduction 

Environmental analysis method was introdu田dfor the 
s位'en併lenedsafeguar也 systembased on the Program 93+2 
of the IAEAl).百lewide range amount of uranium are 
collected on the swipe sample taken by lAEA from nuc1ear 
facilities. Since precise and accurate isotope ratio 
determination of uranium at trace levels is required for 
detection of undec1ared nuc1ear activities，由e叩alysis
methods of the swipe samples are being exaTIlined at JAERI 
c1ean facility (CLEAR). 
Inductivi勿CoupledPlasma mass spectrometer (ICP-MS) 
has伽olarge merits in the measurement of isotope ratio for 
these trace elements: It is possible to treat a large number of 
samples because of simple sample preparation and曲ort
measurement time. Compared with白ermalionization mass 
spectrometry (TIMS)， relatively sma11 amounts of sample 
are required for system tuning. Since these merits are based 
on the fact白atthe samples for ICPふ，fSare in solution fonn， 
establishment of the sample treatment method is important. 
On the other hand， in由巳 swipesample analysis by 
ICP-MS， it is necessary to remove the concomitant 
elements inducing two e島 cts as below. One is 
spec位oscopicinterference on uranium ions caused by 
polyatomic ion such as PtAr+. S血白血epolyatomic ion 
increases objective signal intensity， it is necessary to reduce 
these elements producing polyatomic ion. Another is也e
matrix e:lfect (non圃spectroscopic int!紅会rence)3グ百le
ma出x e宜ectinduced by concomitant elements， the 
mechanism of which is not yet c1ar也氏1，is to suppress the 
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objective signa1 intensity. 
τ'herefore， it is necessary to establish the treatment 
method of ICP-MS samples with sufficient removal of 
concomitant elements causing interferences. In the case of 
thetr問団entofu1凶・岡田町'aniumsamples， the estimation 
of uranium contamination during chemica1 purification 
process is a1so important. 
In this work， at first， the trea回 entmethod of血eswipe 
samples and measurement method for uranium isotope ratio 
by ICP-MS are exaTIlined using a few sampl回 withswiped 
ura11Ium and也e住acersuch as a few nano聞gramof natural 
uranium.5) Then， we have estimated the degree of uranium 
contamination企omoutside during the chemical purification 
process. 

II.E玄perimental
In order to dissolve the sample and remove the 
concomitant elements wi也 the lowest u:ranium 
contamination，的 ashing，acid digestion， and anion 
-exchange担 hyl世och1oricacid media were carried out， as 
shown in Fig.16，7). A sample together with blank sample 
was dry ashed using quartz beaker covered wi由watchglass
in muft1e reactor.τ'he ashing tempera旬rewas set on 5500C 
(10 ho町s)which did not produce the sparingly soluble 
plutonium oxide. 百lesample after dry ashing was 
transferred into Te畳onbeaker.τ'he su血cientlydissolution 
by the repetition of acid digestion for sample was carried 
out.τ'he solution鈎mpleafter acid digestion was puri:fied 
by anion-exchange in hydroch1oric acid media. In order to 



estimate白.edegree of sample dissolution and the removal 
of concomitant elements， the sample solution aft，巴rdry
ashing， acid digestion， and auion-exchange were divided 
into small portions for analysis. 
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Fig.1 Sample dissolution and uranium purification process6， 7) 

Each sample for measurement by .ICP・MS(百lermo
Finnigan， Element) was prepared to 2% ni出cacid solution. 
百lesesolution samples were measured by the standard 
addition method (SAM) using depleted urauium 
(XSTC・289(SPEX) 0.295% 235U).臼1the measurement of 
SAM， the fixed volume of solution sample was taken， and 
adjusted by 2%回出cacid at 5ml after adding uranium in a 
unit of 195pg・U.Since the ma出xeffect suppress血e
objective signal intensity by the presence of concomitant 
elements， the e民 ctwas direct1y estimated by血edi宜erence
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of inclination of calibration curve between signal intensity 
and uranium concerr仕組onmeasu臼dbySAM. 
百leuranium contamination from p町 ewateぇreagent，
vessel， and a阻lospherewere measured by ICPゐ1S.回gh
pur均racids但Cl，HN03， HF and HCI04;TAMAPURE™) 
were used世rroughout血eproced町e.Table 1 shows th巴
specification value of uranium concen回.tionsand treatment 
volume in the ream of process in each acid and p町'ewater. 

Table 1 Contribution of uranium contamination企om
reagent 

Reagent Con智 m
HN03 (68%) <0.005 
HCl (30%) <0.1 
HF (38%) <0.005 
HCI04(70%) く0.005
P'urewater く0.005
* Specification value on catalogue 

、'olume
回
5 
30 
3 

16 

Total 
包盈
<0.025 
<3 
0.015 
<0.005 
<0.08 

τ'he contamination企omatmosphere was estimated by 
the measurement of uranium collected toge由erwith air dust 

TM under conditions of the Teflon HV< bottle (46 mm It) filled 
wi也 40ml2%ni回cacid exposed for one week inside and 
outside of the clean facility.τ'he obtained data were used 
for examination of uranium contamination 食omatmosphere 
during血etreatment process after the correction by the 
trea也lenttime and exposed surface area of sample 
preparation vessel. 
For the estimation of the urauium contamination from 
vessel surface， Teflon vessel filled with concerr回 tedacid 
was heated and耐edup.τ'hen， the vessel rinsed wi血 2%
nitric solution of measurement solution. 
The total urauium contamination from outside during 
chemical purification procedure was also estimated by血e
process blank tests. 

111. Results and discussion 
1. Sample dissolution 
百lecomparison of degree of sample dissolution after 
each stage of dry ashing， acid digestionヲ and
anion-exchange is shown in Fig. 2.百lesedata indicate the 
variation of signal intensity given by a short time of 50 ms 
repetitional measurement of ICP-MS.百lepecu1iar peaks of 
about five percent exist in the sample solution after dry 
ashing， as shown in Fig. 2(a). It is considered也atthese 
pec叫iarpeaks are attributed to insoluble components， 
because it indicates the inhomogeneities in concentration. 
Sinc怠 thepresence of this composition decreased the 
precision of analytical resu1ts， a series of acidic digestion 
for the sample was carried ou1. As a resu1t， the pecu1iar 
peak of solution sample a食eracid digestion was decreased 
less than 1%， as shown in Fig. 2(b). on the anion-exchange 
process， the pecu1iar peaks component was removed from 
uranium fraction by血e面stelution (9・9.5MHCL)ofmore 



Figure 3(a) shows the decontamination factor for the 

elements heavier白anpt after the anion-exchange process. 

These elements producing polyatomic ion were Sl直iciently
removed because of白elarge decontamination factor 

withoutHg. 
Figure 3(b) shows the comparison of signal intensity of 
the element heavier白anPt in uranium measurement sample. 

The total signal intensity (sample+ blank) of these elements 

including the signal of blank (2% HN03) were less th姐
lx105 cps. Since the contribution rate of Pt for uranium by 
producing polyatomic ion is to about lxlOて8)出eeffi巴ctsof 
these elements on the measurement of 1 cps (O.0005ppt) 

uranium are negligible smal1. 
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Fig. 4 Comparison of inclination of uranium 
concentration curve 

Figure 4 shows the comparison of inclination of uranium 

concentration calibration curve given by SAM for the 

sample solutions before and 胡eranion-exchange process. 

百leinclination of each calibration curve given as numbers 

in Fig. 4 indicates in tmit of cps/pg・U.The matrix effect 

was negligibly smal1 for the solution sample after 
anion圃exchange，as血einclination of sample calibration 

curve was almost consistent with 仕lat of standard 

calibration curve. on the other handラ出ematrix effect was 
detected in two solution samples before anion-exchange. 

Fig. 2 Comparison of peculiar peak intensity 

血組 10columns volume.百lereforeヲ thepeculiar peaks 

were undetected in U企action，as shown in Fig. 2(c). 
官lechemical yield of uranium after anion毛xchange

process estimated by也euranium quantity obtained by 

standard addition method was 57% to 88%. 

2. Effect of concomitant elements 
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3. Uranium contamination 
Since the uranium concen仕ationsin each acid were less 

than detection limitsヲ白econtribution企omacid in the ream 
of treatment process were calculated by the product of也e

concentration and treatrnent volume given in Table 1. 

Figure 5 shows the comparison of uranium content 

attributed by each component relating to the sample. The 

uranium contamination from vessel had the largest 

contribution in the ream of process in spite that the Teflon 

vessel with alkaline and hot acid washing was used， as 3 to 
7 pg/treatment of uranium contamination was detected. This 
contamination mainly occurs in acid heating process of the 

sample to合yup. On the treatment of pico・gramper sample 

for uranium，出eTeflon vessels should be further cleaned by 

other mean. 

The contaminations from reagent aiId atmosphere in the 
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Fig. 3 DF and signal intensity of elements in 
uranium sample 



clean facility were relatively low. The symbol of downward 
bow in Fig. 5 indicates 性le maximum value. The 
chloric珊acidused in the anion-exchange process is largest 
contribution among the reagents because of the relatively 
high impurity level and large preparation volume as about 
30m1. 
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Fig. 5 Uranium contamination during sample treatment 

百lecross contamination in dry ashing process as a frrst 
step of sample preparationヲ whichis血euranium content 
ratio between blank and uranium sample， was less than 
2xlO-6. It indicates白atsamples containing企ompico-gram 

to micro-gram uranium， that is screening limit by radiation 
measurement， can be treated at由巳 sametime wi血
negligible cross contamination. 

ry. Conclusions 
The uranium contaminations during sample treatment and 
the chemical住eaむnentmethod of swipe samples were 
estimated.τne cont3lllIllation was below 10 pg uranium per 
sample tre油田nt，and it is possible to treat the sample of 
pico-gram order of uranium by using clear facility and 
removing the contribution企omTe:flon vessels. The sample 
dissolution was achieved by dry ashing and repetition 
treatment of acid digestionラ andalso concomitant elements 
were su血cient1yremoved by anion-exchange process. On 
血eprecise uranium isotope ratio measur巴mentfor swipe 
sample， the removal method for non-sp巴ctroscopic祖 d
spectroscopic interference was clarified. We demonstrated 
出eapplicability of the treatment process for uranium 
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isotope measurem巴ntup to 100 pico・grams，
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