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S ICHE RO SR F AT AL F I ORI DS AT REIR T T U R ¥ D R E S Z S
PICTHIEEZHBELT, 1 um FBREOMUNRY 7 Ri-% W CHIE S 2 it
LTG5 TR - DT <= AR MV Z FEIEE TS T A EN ATREIC /2o 70, SBIT,
i Lz — = "U—Z T, 1~3 pm @ U;05 & UO, DT T UKDk
BEZIELFRIETE, Y EOFERN O, BT~ o EE R WAZEIZED 1 um
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FREDORESERFOH—T T R OALFIEOHIBIN A EE Th D LN ERES T,

AEHFICE END R ZRIE T D2 E0E, i< 700 OFREFRTALELE O
B THD, T, 2 S—=T 4 VNGB T, PR E R RO E DAL
& 2 R TEIUE., ZhRA7R T EINN RTREE 72D, A4 FE DO LR B HE B BR BE sk oy
FrZERWT, SRSOE Tl | A~V ESREE DD B TR H Sl &
ke B s T2 LM NRIRFICEIRESNDZEN LD o1, ZROERIRE D
EITLRIZEEND, ZOLORMEO LR RIS T 5720  BRAEMIZL oM &
A ERCL . KORE S E A FTREE LTE,

REED -0 DBREE YL T VD SHTITHONWTIL, SRR, 324 T 2FLR 0L,
INTIEAT 72 o7,



2. IAEA DARFRIZEE D PRIEHS & BRET o AT

2.1. B A

IAEA ED 3 HTRFNTIL-DE | IAEA OIKFEIC LA IRFEH & BRI O 5 217 -
TS, KDDL EIE, HHUDREIO ID F B LR, BRI 50H11E (O8
NI HT GEBEHERT AT BB HEARAT AT Ry MRAVEEL) | =T 1 7 Vo3 it
(SIMS &, FT-TIMS 1£) ZEDRI) | AT OBESENARL , A7V —=27 (i aellE)
ENELNTD, INBIFHRED ST, BREICEFHARD L, T ANDINEIINEIRIE
L. IAEA [ZI@FILTWD, ZIF ANATREDB B 1T, % B % ICEH M 22 S lmikic &
DEUEF DT LS AL, CLEAR TRUT ANE T TS, 72k, L W72p 8 OB #T
AVTHERTEME L LTI - B8 72 8 O FRe E DM EER TN YERT A7 | e O/ TR b
BB O IZIE, FEMOEFIZIVEESIL, NUCEF TIF AL TS, 3k
2T AN, ID B B OMERE% . IABA 22T AN B BEE1TI,

2.2. BT ISt SO AN E

CLEAR T AN=il T, BB 1D FERR DO BR, il S A2 — A A—H

TUHERMRE L NI 7T R CHLI LT MR T D, ATV —=0 T F—NE, Zibd
MELOEH - EH DB EALEY | ID ZET — 2T 5, TORDOIEETIAZ,

X-2.11279, v BEEOBIZIE, K-2. 20 E &2 H 35, 7oF oAl
TETIX, 7SV R BT DI E LR/ S —T 4 7 VAT TR T 28908 D 53 Aii
ZRET D, Tz EWEELL TEBBLR—REHZY 1 Bq AHOREHIOWNT
1T, SR SHTIF AR D7) — 2 L — T, 1 Bq 2B -3 EHZ W T,
NUCEF Co#rd572L O3 2179, 728, Ay ML EHZ DWW TEAI ) — =
7 DRBENIRNTZ6D | RBHEOIREET NUCEF ~E#L . BXHER DD 2 W 24T,

2.3. 7NLI T

IAEA DB AT RIS IS SV 7 3 BTl B EIBEM 22 B Wik | Z L DM A— v
L TR AIREZe BB sUR &L L AR 8 OF ST ANV TR S EE & LTl
AN BE)72E DFLGED LI Ry LB 2 TABA 12X THRIENTEY, =
OFEFAEIC TAEA DO TREENTFEONDS, i i Iz omfEED vy
ABHI G TEA I BEEE R 113 CLEAR TLARALER - [RIN AR LTI E 2TV,
ARy VBB X NUCEF TR LR A T o7 1% RN I E IS Bl 7w 7
FEICAH R UT21% . CLEAR IZH AL THMT 217> CWD, [RINAREERIEE I E BB
[CP-MS(ELEMENT2)%Z FHW TR CHIE St THtr L Tnd, [EREEEH & TRy M
IWVEREH BIZEAERT AT HENTHY | SR EOEW T, LosL, sEHIFEL T
WA T NIEREEE T3t ng ETHHDIZH L CTIARy MVakEH Tlid mg &
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& 10° UL ELBRE A HH IR0, AT TR E | BRI AT ZEE A DA R D
BEORREWDT, ZNENOREHI SSHLWMEZAL B EZ W T T &7 L E
=0 LDOGEEEAT S TND, ST TR O T AN DT 7L S ETOM
A X-2.3127F, £72, CLEAR & NUCEF ZH I TITo CODILFAALE T ko
Al X -2.4L[X-2. 517K, P28 IS LTo L7 S iradb B3 2 85kt
(CLEAR: 113AFt+ 772 7 AV AT 47K FE NUCEF : HURTEAD A7 5508 + Ay
BB T T I AT AT 0BT T IRy ML 1B ThoT,

2.4, N—=T 47 VT EI (SIMS 1)

PRFE R E BB O T I WD ND =T 4 7V 3Tk EL T, SIMS B3 X
W FT-TIMS {£D _FifAD 5, IAEA DO HHKIES D S—T 1 7 )V HT BT
EBLHDIFETHREE AT T DM DN TE, W AMEFES LD BERE C TAEA (25
THRESND, SIMS IEDSH FIEZK-2.6 17777, T3, IAEA 2>5iEH 252 1T Hi-
7% DGR ETARDTI=DIZAI) == T REEATY, T D%, Ty AR
L CWBRLFZHIE o a3k BichlR L, &K 8H 8 X o Cileh
IZEENDV T BOREEAT, D%, 2OV a kG2 E FBEMEITE AL
T UIRFERRL SNl 2 U ki fa~A/r~v=tal —XZLbh
AT ARIRFETAEHE LA~k T D, TOHTRRREREHEE SIMS &8 A%,
2 DT Z R DRNAR L ERIE L, 7 —Z T, REZER D% IAEA ITHER
BTG T D, VARSI Lo S —T o 2V BBk X, 2558 Ch o7,

2.5. =T 7o BTt (FT-TIMS £)

FT-TIMS £ TIE, BT E ELDME 2 DT TR AT DN T, e AERIIZ TIMS
B A AW CRNAR L ZRE T 5, EORECLERRTLEE LT, X-2. 7127
FTINTRE DO E REZ T RDT O DAY — = THIE . 2 h AR B LTk
DT g — E~OEYL, 7B OB, 1 O RS, 71
ar kI IBE T4 T AN EADOT TR IR E O TR DD, RN IR LR
TERIL, T —Z RN A EVERR O IAEA (THE BA s 45, AL, BT
DR ZLEEET 503, R 284 FE LR T SN O A 2 IR LT
72728 FT-TIMS AT Bt O T ANB L OV I L7220~ T,



3. PREEHEE BR BT /0T HANT O HERF « 7] BB/ hi R « B 55
DHERFE B

3.1. MR AT (CLEAR) OH#ERFE B

i BEBRBE A AT FFEAR (CLEAR) 13, BZJECBHE | BB E K OV 47 O B
(2B DI I S KRR - T T . B P TRINE 70 38 S5 1 0B it i i
DI B3 DIEAIC IS B SHE RN e 3B 6 b i T D, 1E5 L OFTNELE
s IR AR SE T B R L A MR SR R LRI L I IR A Ze i et
PRI E PRIRAR ., A DR AP BN SR R R 5 1) IS E i U B A
1ToTe, R 284 FENZAT o TR DR EN . S M R T 58 O 7E i Bl 2
HEICED DI H ERAE TR T RO o7,

3.2. mEBRELIITIIIEER (CLEAR) O i B B

R EBREE T IFFEB(CLEAR) D 7 ) — 2 /b— AE 1SO A 146441 |CHERLL 7= %
HEAT->TRY, ZOIEEEIT A )7 (R Lt) | B U7 (&0 kO C =)
7T GREHRE ) D H720 A U7 OIFHEIL SO 7T A5(Z7FZ 100) tH4 B =U7
(3 1SO 7726 (774 1,000) #1244, C =T ISO 7F A 7(7F%10,000) fH TH 2,

CLEAR DIF#EZAHERTT 270010, NHFEFH TR Z2E0 B FNACESE
LT OEBIEREDERE ELZ T D, 7V —2 b — L TOVEEZEST - FHEAE X > TV
%o

- TH A PR

- JU—Lb— M N IR S A
- JYV—r 7 —RNER O EEE
- WSRO R EE

- IR PR B
- IERHCEE T O EEE

CLEAR 2%, BEOIGHEE Y FZ BV TWD, OB L, (EEE I L
L FIAZNEF ST D2 LTIk DTG AR 3228 TGV BRIC B
15V EEIE =2 H 8 72 8 Cdhh, CLEAR TIZLL F2ERIFIZ SMIER L TED.,
ZNEFHHEIFC FE L TVD,

- J)— T —RRGE (1[8]/4)
- FFU X & (11A]/24)

© JU—=r T —RRIRAEHERS (1[=l/£8)
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« V=T —RTI4NHE—)—7 (1[a]/4%)
- FFU 7402 —)—7 (1[9]/24)
- IHVRE R 1E R (1[a]/4F)

i H Tl CTOD 7 — 2 b — LDIEE EEE OfE K& -3 1R, A =T D
T L, B BRI 0L R E T B AR Q0D FERIZ, B =70
HEHES BRIFCThole, L EDOZ LI | @ERE SO 7Y — 2 L — LD
FREE X BIFICR TN CWNDZER DD, 2V =0T —R XU FOIE I ERE THIG
IS 72 A7 BRI O I 1ISO 7T 2 4(ZFA 10) FH S 27 R LT
WD, FEHERGRIZ IR IZ T DI IERL 23R DO BE N O LnT= CFA HE X R T E B % O
TH Y R R I R PR VR AR BE L e U CREAR A 372K BIAFRREZAERFL TS,

fiKkZ AN B awZ ) — 2 b — AN OWRD BV L EIC—EFFHEL , 22k
B9 2k ZHHEL T ICP-MS THML T, Zhaxm) 77707 Cnd, 7D
TVT T IUEIE, V= — DB B W T v AT T 7 L L TR
B ThoT,

AR 284 FE I Z S it L7 18V S i BRI B T A E ¥ A2 £ -3.112, £7= CLEAR ®
B 72 R 2 TH T2 DI FE R LT AH 2 O O il i 64 & -3.217 7, 2h
OSBRI E TR TH-oT,

3.3. RERER I OMERE

(1) BERRISE OMERE B

N IEE U CREGAEE ERE S T I A E B S AR E MBI, o
FRARTIRIE LS E | S REE v ARHIE 2 & JoR O AHIELEE, SR HEE X
FROHTIEE | WA —IRAA VBB ITEE, B e —7 X~ Aour 744
—. VAT ALy Z—RIRE BT BT iEE R SR E SN TEY, BRI
BT IR L CD, YN HERFE B AT THOZ 8280, FTil oM RE A HERF L 7=,

(2) R ZIRAAVE B MR (LG-SIMS) D Ffjii
O Ha

CRAFT B EINTENL, =T 4 2SR DO —2>THDH SIMS HEICRBWT
FERLIRDHEE Th D, Lol BIEME L TOAEEE XA 1 2 D& ANMBREIC
164ELL B3Rt L CEFME N EA TR, SFROBEDEINL TWDHZERERI
BRI DOFHEEN N EEI T/ > TETWNDIEREND MEONEIZL > TEFE
DMV ZATICE R L EE K- BN nbb, — ., IAEA FHEFEHL TW1D
SG-SIMS (Small Geometry—Secondary lon Mass Spectrometer) J0$ R & OVE =47
TERE DB T KA IR A A B BT EF (LG-SIMS, Large Geometry—Secondary lon
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Mass Spectrometer) 2Dy NI — 27 M T8 AT 2I081 5L TH0, /5%
BRIE AT DT 2 TWd, D7 RFEEIZBWTERIEH W TS SG-
SIMS EL[RZEDHERE TR, LG-SIMS 28 A 352 L7, 728, 20 LG-SIMS 1%
KRICTHEMERIEE CThHY | ALRRORRF, A TR, EEOEE HahaHE, N T,
FEPPERERRER | kB L ORI ICE D E TR MM AE T 5720, SERL 28 FJE
DT HE OB TR 29 58 s Haft - A2 TSHH2 e,

EE DA TSN T AR EF OFEMZR G AR E IR D ZIRA A EH &
IR OBEZE OO B IR, TR EKEE R, (MRER IO T 2B ARG
IS OB, ENTO B FAFLIRD B EE LB SFER 22 RhEL
7o ZD% | BRKFEREDORIEZAT > TR FhiE D | —KBEA AL T, T
AT PRSI A FIEMEREHKifE LT, 22T ABEORFHT Y 7o > T,
Xy b =2 AT U CRRIE SIVTW S BUIR D/ —T 1 7V 43 D H AT RE J1 % PR FF
TAHIDITERMERRTHHZE MO R NT =T 3T RA L TND IR A A
BHEOITHOHELREHDVNTZNLL EOMRER H 528, 5% D/ —T 471
ST OB BN M Z B2 | EAUTH XIS TEDIO R THLZ L, 0L %
L7z,

@ FpfAE

ARIEE L, — RS AFLOFE R, 7 AT v 7RSI A FHEE R IMS 1300~
HR® brpotz, ERIEE ORI, —RAA L ERESEDL—IRAF IR, —IRAA
PERSEDL - RAT L NFTR, —IRAT 2PN IR I 20BN E ., 23
B AT HBHE AES, sB LR A LTz IRA A B B BT E
BLOZRAFT TR ZIRAF L HR T D ZIRAF R S, 2 E R AT mE
ZERHDTD DREEYER R BLOEEE 2 EREHIEL CF — &2 U5 7 5% & il -
T —HEE T D, L TICEE bR E R LT,

(—AATR)

PERIVEREDBWEJEIE T T RA~ A A JREEEHL TRBY, Z0MEREL T,
it 2 DT RLAINEELD ZIRAT L (T T AF2) RN SR T 52
EINTEDTD LV ERE R s F cE 5,

(FRBHE A 3B L OV EHR)

BIE, SG-SIMS THWTWAERR 26mm, JEX 3mm D H T AR & FEFAEHE % [AFE
[y U, HIE T DIEN A RETHD, 7o, W OOWHRFEE S 5 FEHENL THD
72 WIE A OERERE 1 3B AE T 6 [HOREE%2 — B ICUEHE A ERICE
ATED (BERIT 2 HET), 2T, EIO AN X [ 5 Z WS Lm &, B
225 | X\ DR AT D2 ENTED,

(EEOSIHBLIO RAT U HETR)
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BESMREELEL T, M,/ AM OfEA 40,000 LA ETHD, HilziE. 7T (M=238) D
B4, 0.006 OEEEOENEXBTLHIENTED, £z, SG-SIMS L, L0 %<0
AU DRI RZE TE DI ZRAF VIR OB BN ESI TV A,
(CZRAF R HER)

B EN BESBESNZTT0 D kA4 (U, 20U, 20U, 25U L)
DA FZ AR 3272, 5 fE O H# (CRE FHEEE) 28 L TW5, SG-
SIMS Tl&. BiHHE T DO Th o712 . THEINWVE BD R DA A DRI
HIECET | EFRICE &2 (LS TRIAETTo TV e, UL, 2O AT, REfH
EEBITE FIRE N EALT DRI DTN T, KB 2R RN B A s (R e
725, — )7 BE ORI TENETNWE BO BRI DA A4 Z R 958551203,
SR E OB AL O BB T T D LN TE | B R FINLIR L 3 S AT RE & 72
Do
CRE & 480 - 7 — &7 LEE L)

— X7 MY 7 v = 7SN 2. B Bk 157 8T (APM, Automated Particle
Measurement) DY 7 7 =7 DFLAIAFIL TS, ZO5HTTliE, RS T-—RAA
VB — A EERE L TESNS 500 X 500 1 m DIREF DK T U RINARD — kA A 14 %
A EORIZIE 15X 15mm OFPHIZIES>THEICTREL., 0 _IRAZ AL
{8 % OFiF-% B B THBIL TEDONEE I KO I E0 R RN R UG HoA TS
T&ED,

@ EEORE

HEE O, AR 29 4F 11 A 27 BIZSERL (X-3.2) . CLEAR B-04 =8 (1 f) (2
B LT, AIEE OB &N O BERIKMATEIL 3.6t/m” Tholohd, FXE%E
TEL T35 E (CLEAR B-04 2) 3R E 2.0t/m® Th-o7o728 BRZ
7L T\ oTz, 2O BEHATE 28 O I e B E B Z LTI IRITH
O EE S, IR % 2.0t/m* LR ELTz, EEOZ—T VT 4L T B
2RI EH O —2) =R T NI AEPR (200V 226 230V ITHE) | imAEIKEERLE
&, BRI —ar 7Ly E, 7V b — ADTEEE DO ELRIEE R
bz 5l &R T A REMENH D LMD, T XTI = b — MO —E A=Y 7T
REL, R AR, BLE 75281080, FEE AR LT (K-3.3), D%, %
BEOBFEFEEZRAL CEBELEZLD B, MERERERE F L 7=,

@ FBRAEH

FT. ~RAA DO RE— L2 EIREE T L, TORE, OD—RAF L Di
KE—LEFRIT 1.350 u A L7020 SG-SIMS DA F0E EWVER & ERATEN RS
T,
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WIZ, K-3. 4123 Vas w2l U &0 Re 2 I E LT RAa R LT, ZOREE.
M/AM 1E 41,641 £729 40,000 L EOE & RREL R LT, 7038, KT Doz 5
T H%E . CETEWEENREEE AWM TEDAA L O EBDRD D
T 5720, RNLARLERIE DKL 72D, SIMS 23 #7112 b\ff\%ML/@Eﬂ,iF&LTFEJ
E‘Ekieé/f»—xm SOTHD DPUAl & U DO — 24 T A0 E, B RS iR

E 2,500 F2E TH4r ThD, 728, $EKD SIMS CTIRIAL AR LI E Jﬂb\%ﬁ’bf%é’%@
IIFRBEITRY 300 FEETHY, “PPbPAl & *PU OV —J &3 B CEXINWZENRERD
SIMS DR Z7eE R TH -7z, X-3.512 SG-SIMS & LG-SIMS THLALE EAN
IRV DOENO &K Z R LTz, SG-SIMS D XIE B FRREN AR08 4.
Y8PphHTAL & U DB — IR E T E R > T Lib\ ?1&]:@ A 235U/238U FIVEEN R
focofbiiﬁi LG-SIMS O I T VB B fRGEEH T 555121 *Pb*' Al D &7
DEEAHERRL C. IERE: *°U/*5U Huﬁxtt%ﬁ%;kzs%%é

ZIK%I%“C lX. HE—H# 25 (mono—collection) F7= 13 5k H &% (multi—collection) T
[FINC AR LRI E R T DI ENFRETH D, BT, HEHKD SIMS TH—ORKHERL)
72 BE OB & E AWZEIX R ATEE Th o7z, F-3.3LFK-3.41%, U7 EHE
i+ (NBL CRM U010) [Z2U\C, B—f HaR Fo i3 5 s CHIE L7256 DfE
RAERLUT, WS REGRIEEE B U A2 /R U0, BRI CoHE
DA OREREEE 0.90% 23 L EER R TOREDLZEIT 0.19%THY, Kb
K72 W N AT RE CTHDHZ EN RENT=,

PLED X, ARIEE TIE, BV —IRAF L —LHREE | EVVE B Rk B
R HER TOMIENFTREL 72D, TEK D SG-SIMS & |/ BN B A AL T
ZEDFEATE I, A% N—T A7V 5 *ﬁ%@cl:@%ﬁjjfi%ﬁx IRAHZ NS
Do
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4. T 7 R OFF I IR E R OB 58

PRBE B BR B R AT I B/ —T 4 2L T Tl AVA T 3B O 2
EWE & AR DR R Z R E T A2 8280, FOFREEZ W TR iEEh o
NEDRZBITHOILTND, FIE T, V707 V=0 MO RT3 B 12
BRLEBER T O EREINTNDTZD | B ORI OHEE IR EHE &
FIRHRIC2 D LS TE TN D, FEBRIT, IAEA OFREHE RSB 4 ICB
THEMEAITBW T, BEWE G AR T ORI EIZ OV TE LS, 26D
BEEICLEEOLNTWD, 2D B2 X2 OHATEAZIZE FL., P20 %
DR 245 FE D TR FE RS E BRBE TR A | IRV T i — T L =0 AR L OY
MOX KiA-H DT V=07 AORE R AT E RO FEARE I 2 e T LTe, ARRRETCIL,
AT AT AN B/ SNDIRME Y 7 R ORI A TR E T 285 OB 21T,
ZOFIETIE, PU P25 TFEO P T “Th ITBEETHZEEZHAL, V7200
NI A BES VTR B BUTE ECORE A IE T D ThDH, ZOHIETIE, V7
DMUMD R TCE DD o Bl KR E T I TR SN TR A T R DT EN T RETH Y,
207 RAETR B DM T I R 12 5 B CE D ATREME N B DT O PRI HE i E 3
RIFRBFEOND, R8I, mIRMEY 7R xR EL T, U T R R
WREVEDFZIT T,

4.1. PU ERERAAAEEHE (CRM 111 —A) V% 0 o0 S F-E 5 e O e 3R

AKBAFERBRICB T L0 7 ORF R EL, BB o 21U L2077 VT 7 R
(&S TAERT 22 Th LO D LN BHEE L T, THDEERED JF 1 %%
DOPTENL, U MG FALARIENE (CRM 111 — A, NBL ) & O D[R AR #E 2
U OFFMEREL TERLE ®Th 2770 K ONY LD A A7 E L THW RN
KA FIEICLVITS, BARBICIE, BB E AR IR EM ARG LB D
“0Th/#Th He, #10/*U FR O #Th/*U JFUT- I8 AV, a1z R0aREHR O
ITh/*'U RS A2 152,

am_m e () (o) ey ey ) ke
234U - 229-|-h 231] 2311J - 229-|-h Meas 229Th 5 23(1J Moas 23({J 5 2311J o

ZDORUZL, Pointurier HIZEVHEINTNDT TR RIS E D= D DO HE A
WRLIEHDTHY, (*Th/* Th) yew 2L N (P'U/*U) peas [ZEBERE, (P°Th/*Th) g,
(P'U/#PU) 5 OV P Th/?U) 5 VX FNEAREEAE T O B AT O F- B E b TH D, 5
95 U BAEFINAREEE I XD T 02050 24U NE FL TR, 2> TEDIR
D *Th WFAET D, ZDT=8 . 3REHD *Th/*'U a2 IR AEYE R D
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U KO #Th OF 50 IETH2XERHY, FNAEEREFR O 2°Th/*Th kY
BU/ABU A RD T, K 4-1 O 3 HIORULZIOIZERED 2°Th/**Th & Y
UYL ELSIWTHETAOMNENRDS, £z, Xd-11ZHDIHIZ, FILLIREE
Y D 9 Th/*U R EEUERMEELSND, 595 U MG RN IRIEHED T 5
FHAUZIIPREHE D Y | 2P0 Y #'U AR IIBEA Th D, Fio, RN IAEAE IR
(X, DARTCF 2 DR -4. 1R T BEAT — A TR A% ROV EE S D | R R
HOFEFEIIBER TH D, 20720 FALAFIEREF O *Th/*Th kb, *'U/*PU L
Je OV #9Th/*8U S Im B iR &, X4- 10 H oI HEEZ v
HIENTED, LINLIZIVE T, E WL ORI AR HE AR O 2 I8 2 bk 2 5230
TENZ LS TR L2281\, ZO728) | AR U [RINLIRIE HEER IR DO AP FE R ~D
RIS D &R EEL 28R A& 7 7 A~ & HrEt ICP-MS) IZLHIEL .
HEELE BT BTN TOREREIT-T-,

-4 U FENCAREE IR O£ B L ORE M, FHEAE K& ONHIE fiE
DEFEAEND DR ZEZ T, W LD FEHEEL S R EIE O FH AR D O AR 22131
EMEOFEZE (IRSD) L/ PIEMEITFH REE B — B LR ThoTz,

L EOfE RS FINARFERES 0O 20Th/*Th kb, 2'U/%U e fe OV Th/*PU JF+-
EE T REE S BT DI L2 MR TET-, A%, Rd- 10 HOBICIXFHE L
Hwao,

4.2. FHEFEL T I A E B TR ERERE A O E

U7 R AT E R B R BB I E X G L7 BN AR, T = AN T A (107
P LUV B CH LI EN TRIND, ZD7, ICP-MS HIEIZH WL, &
JETHLIENEEND, [CP-MS OREEZ M ESEHFEEL TL, sUERE A~
DR IAEE DL Py b Z—T 2 —Z(LLF, [Py ha— | LRES) D3k
BHDDD MIRHLEE OJF X %2 X -4. 21277, REFO AV OIZHDHHRT TAY—T
B ZIRICL, ZRRFURIBIRBE CARGUBR CIXAHER) 2 INEA (R 58) i H) (TR
BERE AR AR §HZ LIV EERE, HIILHEEZ IR BT T AT ANV TRE
Zin L& E CER16FEREREESR) Tho, VoM F—T 2 —AD
FHEMZX-4.3ICR"T, y—F T4y —H AT 470748 [CP-MS
(ELEMENT2) OfF @i THY | Fik/eikE L7z X AF~—a—1b Jet 7=
—heDBy e/ NIDER JT R B ZER T BRD, ICP-MS OR—F CAKRLT=A4
EINOOHADELER T TAH L U X FRN~ERBIC B ZATe 2 TAA Y
DOF N FAE B CEEAE R &S 2%E CER2THREFIEREESR) Tho,
W NOEEES SR LS HIFFCED— 5T MEICEEL TUEFEHRRE (=N v A,
IRARM TCHLE) DR EEZITLT VEVI R ERHD, D7D, ZHOEEED
MAEREEZEX THEZITO, B EE (m/2) 229, 230, 233 LT 234 1286F Dk TR
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EZFEML , ARBAFEFERCTO ICP-MS JIE T H b L7 aUBHE AT O G O E
RERAIToT,

ABHE AT OMAEEIT, OY=vha—r7l, IAHEERLQOY =vha—r 6
0, WAL ERL QY =y ha— 7L MR IEEHY K V@OV =y ha—rHY | i
RSB DO OAFEE LTz, SR T, ERIK DO~ Ny 7 28725 0.81 M K2
R D H % 5B L 726 0% F Wz, A alBHEEHE A C ol offuR U
EEATV, TN NOE EHUNTIBIT HFHCE L O O R MR DR (R 22 GHICEIE
Yl 72) 245 7-, B FIRMEOF H 1T, 5aEOIE O H CThch REU G R %
{720 355 DA, ot H R K ONAE VAR B o -V T T o 72,

B ERE A B A EICB A2 ENENOE B O T IRMEAE £ -4.2127 7,
RITIFA AL AN AT ICB TN T LR O T ORISR U, 1 H
=S WAV QONVAZ NN AN I gVPLTRE S SIVZE S N S VR ON IR U8 S A BIARTN
RE LA HO) TR TV vy ha—r O LA TO) TIXK2f% ., Bt
DO AHERH GHAEOQ) T3, Yovha—r R OBIREEE S H lEE@) T
ITHIA~505 U EAL SN D LA MR CTE -, MM TIRIEIX, V7D m/z 233 kY
234 ([ZHOWTIE, EOMATICBWTHIRIERIUEZ RL, =y bha—2 M OB
EBOHY  RUITRIELR N ED S Do T2 — . NI LD m/z 229 &N 230 128
LT, s E 2L O AT O L VO) 12 THEAHY O HEHTO K&
U@) DI BHALNARNR Y FIRESSOIDZEN 3 oTe, Eio, Blia ik E
HYVDOREIZBW L, Yoyvba—r o HHVRL O H T IRMEICKE 728 T2
WZEN o Tz, EREIO S HTIZB WX, MY AT E CTHHIEN TS
N5 NI AORKH FIREIMEWZENEFEL, 2072 LRk EnDBA
AL EOE IR E THHEE 2 LND, — 7, Voyha— AL TE, EHICE
S TR T IREAME T 3219 EBALEITER O Do T, SHIT, Vv
R —=ANZIET N H o A DAL T D ORI Y (B 2 7 45 5 i A i 1 =&
SMR) TR DE B E R oIeHE (BT RARN T L 24Th) AR EL TREAL
T B lE DO — I DA GEZITHERND DD, ZNHDOTENE, Yoy ha—rOff
HITRET D2 ENETEEE 26D,

LL s RBFRERBRICH NS ICP-MS 3EHEARIZ@®Y =y ha— 7L
BEALEHDOMAE N HLEL TWDHEEZLNDTD, TOMAEEERHAT2EE
T2,

4.3, T RERIRHIRE IE F DR A A Ay
RBIRRBRIC BT BRI AT EDSEL. R-4. 4105 LI R R R A A 5

YR A T 5 L e LT, AU, Fha 8T E O o C& 72 0 50 BE R A 3

R LIRS — AT D, FREI D T R RIS 47 I, 3t U/Th
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I REWZEN TS ND, FHIERZ SR WEE O U/Th HiZREL, #ilx
(X, R DT 7 TN TOHE LR L TV EED U/*OTh Beidfue X 10°
26725, NITLET T DRENRAF 372356 NIU LT T3 a Ao T NRAL,
ICP-MS JHIERHZT T DY —27 DHED Th ORFERRE IR KT N1 HD,
T ARBIFRBR T AT 50 A — MBI DN T AT T I g ~DT T
DIRANEZBIZEL, MY LFEERIE ~DREIZOWTRHlL 72,

FUBFE LTI, 20U PR RN AR PRI D 90 B2 LT 2.6 ng BREL 7= 0% H
Nz R 7o VAR A 7RSS A TE L, 30% MR FATA IR CIRME LT DB I AR L[ LT,
ZOMAIRTTIFL AR REE W% 8.5 M HEFRIAIR CHNRIRML T LT-0b ., &
AT LB BEH T DA~FEHE LT, ZDDH BT b~ 8.5 M MR Z L ThIw
LETTUNBBELTZ, BULIZN Y A7 57 a FEIRIE, Z83EREE LD | 68%
THERTA IR 2 N 2 CRFFE 2O B [E S eI 0.81 M AR sUEHA R & L T ICP-MS
BIETHEL 72, ICP-MS JE I, SUERE NSRS S E A 285 L i T o7,

NIDLT7Z 7 a i@ U OFHBERENG, ZORAREHEEL TN Y LTT 73
YSDUT U DIRBNRBERRT, EOREFR, NIV LT Z 7 ar~EALTE U &IiX
0.27 pg THY, U7 DIRANRIIH 1 X107 (=IRAE 0.27 pg/fi H & 2.6 ng) TH-
720 ZORNANRNS KERE 10ERIB LT KRR 7o 2B LI A DO R D L
T a AIRANT DT wIE, PTh BOKI60MFEHEE SID, "o AHIE R
HIZIR AT AU T E&NFDORRE THAHBIE, ICP-MS JIEDBRCT T D — 74
M BOTh ~EAEE JIE T Al RErE T e N AR ERIE X AT RETH D,

ORI, ARFHEH T 0BEAF — 2B TUIN T AT T a0~
IBANTDUT7 %3 ZBR<ZENTE, N LB RIEITITE B LW 2 ST
Y/

4.4. BEIEMET 7 (NBS U-850) Ik e o 7 R IR HE E

AR LTI, miRfEY 70 ORISR E NBS U-850 (85% (=) © U;Og
W R 2 e M O A O TR L TSI L 72 0 & -z, ZOWIRND
U7l LT 270 ng BRELL | U JEME RN (A HEVRIR N HER I L 72 5.9 ng @ *PU &
RAELIELDELEREIE LT, EBI2Z0 1/10 &Y 1/100 EOREELL FOF
JIECRARLL 72, U-850 IRIEAHK 33 ng M O U i RN AAEE YD) 0.66 ng &
B TREL, ZORBEENS, 1/10 257 LT-, IRA LTt 0% 1/10
R (U-850U #::29 ng) \ IR AR O B T-8 % 1/100 &k (U-850U
#:2.9ng) LUz, BRI 5720, FREIEELREHITIS LT, IREG L2
FEHI ., BLETTUEEZ L7206 X-4. 4R LA — At TR A e O
T BT, T2 L ARG T 7 2R R % 0.05 mL (2 mm® | 16 mmH) &
L7z BN LN AR NI T 750 a0%, FRIEHELT-06 | 68%N AT AN
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2 CHEZFS LB S, &Il 0.81 M AR RENANR L C ICP-MS JIlE I L 7=,
ICP-MS JIE X, NI LFEHZ OW TR S EZ TS L T U7 EHZ DN T
IR IS E U CTITV, 2 Th/* Th B LY #'U/*PU a8, 2RO DRI
Eb M ONRIVEAREEE S i HP D *°Th/*Th kb, **U/*PU B Y #Th/*U JR-FE%
DOFHEEZ FAWT, R4-1200838 0 *Th/*U B8 A B L, 2D+
B LD Fd- 20T R U T BURE R & B A AR DR A — R O — i & VLT
HEERR A2 E L,

t=—— 1 o £1+ Z(:Th o f2su _’1230“) H4-2
}“234u — /230th u ﬂvz:mu

FK-4.3K ONK-4.512, U-850 7T Ok LI 45 br s AR, #2121,
POTh/*Th b Y #U/*PU0 BOBEES R LT, ARFTCHHT LTz U-850 7D
FEBLE PR B X Williams 5 (2011) Db 0% W=, R OHEER X, #EERE A O
RS (k=2) Z BT 5, 1/100 &30k (2.9 ng U) OHEERE R B 1 3HEE I o fd
P% 2 C Williams HOZMH & —E LW BEsny-, 2k, 1/100 &
Bt ICP-MS I EFREF D #°Th B3 2.8 fg £07e<, Bt 4.2 OF 4.2 T/RLT-
T BRAE (5.5 fg) LRICL~LTHY, K72 *'Th/*Th HHENSKEEE ChH o772
DIELEZLND, —J7, BB (270 ng U) OHEFERE L 1 I HEE HIRT o6 (+
1.8 a~4.1 4F) N TR TOED Williams HOHDEREL—EK LT, F72, 1/10 &
EF29 ng U122\ T, ZEAEHI AR L HEE M O#iBH (£4.2 4~6.3 F) M3
FE<722b00, #ERR A2 ToOREC Willilams H5OHDEREL—EL7-/E 1%
HAHZENTET,

UL EOFERD G, miMET 7 (U-850) DIATRFEHIBIL Tk, MR i 2 3k &
TEDIEZFEFEL T EINZ ML T DN TET,

RS PN

Pointurier F., Hubert A. and Roger G., J. Radioanal. Nucl. Chem. 296, 593-598 (2013).
Williams R.W. and Gaffney A.M., Proc. Radiochim. Acta 1, 31—35(2011).
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5. syt FiEEIGA AR OB FE A

5.1. 7253k (CLEAR)
5.1.1. EBRHEGEABRIZRD QC &UBH T

IAEA PREEHE EBRBE B O AT E D IEfMES O EEAHERF 37572 IAEA 1 XV 7
KT IWV=0 DO ERFNAR LS BEE OREEM B 2 AT A 7NN L7 QC 7B &7
WL TWD, Zhve TAEA Ry N —2 53 B IAEA-NWALIZ S Ri@a & 2@ O
REFEL TS EAZET, HBEDSHTEE /1A T L TWVD, k27412 CLEAR
725 TNT NUCEF T2 A7z IAEA B AU A 7B O thiczn 21 1 42 QC
B D AT AT NG TN, T x 1ZZ D% IAEA DBl S TUORN =D,
IAEA OEZE PRI T BREAY A 73R EHITIE T O AT FINEIZHE S THr B
HBIOREZITV., EO—HOKEEEI O 0T o £280 T IAEA ([T LT,
IAEA 1332 OFERHEZZ T T, ML QC BB 0T R LS MEZ & &1
(T B2 ETH A2 OOHTRE 1 Z 5 LT, 2 OFEAmRE RI1E, ERRK284EFEIZ IAEA
DL HBNLREEICELOONTH A ICEMSNTZ, ZOWMEEICIVA DD
QC REMIMTBRE N Z 0 1ET-, ZDEED CLEAR 725N NUCEF (28T 555 il
%, IAEA OZRENLOMRHRZE L TR-5.11R LTz, K O AR FED SIFHE AR
(1 0 ) TRLTd D, 2Dz EHEL ELEMENT2 2 AL T IAEA B2 B L 7=
BT OHFIETHUE L, ZOEXIPIREEE SOV 2y M H—T 2 — R ZX
HEREERE DB E 2 E21T o TR T=D T, A X THEYOSLETHIEL,
BOU/AU IR RIEIDHIRD TIIH-T2b D D | JEIEARIENSZZE LT 95% i
NEOBWPANTEIREE —F LT, TV = MO TIE, 5% RN S ClIIAE k3
ZEN 100% % 2 7oz O AR EL TS L7z 00, CLEAR THrBfELEE L7250k C
% #Pu BELO *Pu D&, FNAREEEH ISR EEN S RIS A R 2 30% AN CT—
LT, I 2RI Tl CLEAR 725 TN NUCEF &HI2ERIELVE 25%
EVMEEZ2ST203, 20 QC 3B T L7t NWAL O SEHIE(K-5.1 710> AFD)
ERL— LT, IAEA 2 BUEICIE, TAEA TORUEFI IR IZ 3175 pg OV T 48K
7R EIER T RFBRRENE FN WD EE b NS,

IAEA 7379 QC #BtefMIEEIC, KE=LF—H(DOE)ZE FD NWAL, m—L >
AV T ENAFFEFT(LLNL) EA— 27V PESLAFSEFT(ORNL) S, IAEA B0 E
22T CEBREGRBR (T Y M ae iR A I LT, o AralBH T LLNL 2538
0 ORESHT LR U T IAEA 255 NWAL ~ERE 2 T IC AT ST, Fox 1T
CLEAR & NUCEF O fitig% CaloBt O AT KA 521 T T DD T, [ fiti g TE BN
Bkl 2 20 B - AT L7, SRBRICS L7 NWAL O3k ik, Rk 284E 2
IAEA AHL RIS 7= MR FEHE O 7= D BREZ B D/ L 7 45T IS B4 B T 2
B TAREN., FEHENTICIESEH NWAL OS5 HTHERED Lk FE S 7=, CLEAR
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725 TN NUCEFR (281 25 0Hl% . LLNL (2 &> TG-S @n b oMt m 2L L
T¥-5.21Z7~ L7, CLEAR 725 TNE NUCEF O3 SRIZEN S IEfETHY , 306 1
ITIZEEN TR U OEREL LT,

ZORERIZI T NUCEF #BFCld s B E 134T 8 H s Il E L7z,
CLEAR A CIZF V=0 L3082 @ H HIE & AL & 70 &2 IO A1) 7o &
FERTE O 7 CHpT Lz, 8 E T fg (1077 g)b~Ld *'Pu K2 *¥Pu D IRINLHA
EBIOFRNAREB H TR T ERo7208, EEERE TS0z nba2 R
I 2ZENTET, SHICZOWE HEZ HNDHZET, BN OHIEEO RS
ZNSEBCEDLTEN TR TET, 33D 0.64 fg D *'Pu (TE R TEA3 B
@ 0.33 fg @ *'Pu X 0.20 fg D *Pu ZAaH TEXRo7=2800 . ZOEKERIE T
1% 0.5~0.6 fg NERE FIRTHHZEL D o7, ZORBRTIZF Vb= LE &Rk
(22 Pu RS %4 FTIEY O & 10 pg ZIRINULTZ23, B IE O BRI Beid ke i 2
NN E, ZOED *2Pu 23 7 | IV S S [ NS Y U7
otz ZOIINTT V=T AEBICE W TR EZT ETRENHDHI L
HHEBALT,

OYFHEDNHIRHEN D RESMNTLEIMB D NWAL RRZTHNDH, Fox Ofk
HIHEH 2L OTHY | IAEA DSOEER72a A MNE., 0.5 fe & FEIAABHS &7 L
=D LARRIR I T o7 ZELISMIT ) 72, A [E]| IAEA bhikffaiiz QC &
EHIX T V=T AZDOW TS ag (1077 9L~V DB E RN K, 712D
WL 2PU/#8U BERe #0280 BEAY 10°° LA T O XD [RINL AR TFAE BE A3 i | 238 [7]
PR E F Tz, 2O X720 B R BP I &S A A SR E 2 1 D DR HER T
JEITIEMEREMIC IR R 3D, ZD X573 BN IS 35121, & RN RIC 3 L T
(IS UTR 2 9 52 B O H SR A0[RI A be 2[RI Rpl E CT& % 2 B
wEE A G 7 T AV E BT ISE CTHE T 20BN DD,

5.1.2. IAEA BREEGUEI~D 7 L b= g i B 1 7 108 A 5l B

IAEA O T RIS R OBREEAD A 73 BHIATH L COD T V=0 MIZET
2ET0.1~1pg (10" DFFHIZHDHZEN LT, L., dTldZ g T albid
WA ED E JDIIFRFSIN D25 D, MV E LD kI (10" gL~ LD
7 V= DA HIE T4 FCIER TR AT, 284 B Tl IAEA BEsat
B V=0 ARG R EIZE AL 2 ORERERZ IAEA ([Z8HELT-, ZOH]
TEFEOAIEXE B REBRICRD QC BT OMERERFM S 2 D B D)
TIEDHLDY, ZNEEFBNTHOWDIITRER H- T, 5. 1. 1HI Tk ~_7=kolz, 7
N=0 ATE B D @ RE IR TR RINAR B AR BT O 7= D 1B~ TR AN 3% *#Pu
ZRA T PERDF(10 pg) TIEL T E 7o, DIREEEENIZFRAF LT **Pu 2L C
R 7T RIC T H720120%, B EREHE IR OB 200 T T3 D433
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otz G E X o T EAEE O MRS LR IT U b T PV =0 L
B OB RE R E LI TR 233007, 2T, Y2Pu A A7 RIS R 2 57
ICHRBLUEL GRINEZ 1 pg 2D T2EaE 272, AV BEEZBEL THLT L=
U LE BB TICIEMEICE R E R E CTEDDER DT | A7 RIS %
TR TT N =0 MERER IR 2 E LTS A7 L7z,

O EBHE

[FINLAR AR HT FH D 22Pu A4 7 JFHR(INBL. CRM130, 1.3 ng/)7>5 0.11 mL 4>
BUT, 4 M A 14 mL INZ CTHABRESHR(LL pg/) & Hri-lZiifd LTz, F7c, & &Rt
il HEUEFE L TV =0 ARG AREEER BRI (NBS SRM 949¢, 9.8 pg/g)ZdiiiL
Teo AT 7R — T —I2, ZORNRIEEREEZZNZ 1 0.2 mlL (V=04
& 2 pe) /B TIRINVE IR &% RFF (/e A 500 H D 0 0.01 mg) THIEL 724
Hpy 2R FRIEIR 2 0.1 mL (“Pu & 1 pe)sy B L CHIMAIR B a KFE
THIE LTz, ZOIRABVRIE A 240 IR L TR E S I254 . 2%R5R2 5 mL ORIE
RIRICHRBL 72, CORBEZY 2y My Z—T =2 — AL B L5 B 42 B0+ 7=
ELEMENT2 T /Vh=0 ADEEE R EZAT o7z, 7 /VE=0 AR, FRAR
SIHTTERDIE *Pu AR E S, BEEZR IS L DRI AR LA B 24 IEL 7= NBS @
“Pu [FINAFAEEEFRAEE (97.429%)70 53K D72,

@ FEREBE

T VR=D LD E BB RA X -5.310R8 T, WIIL72 7 Vb= MMEHERRIG DT
V=T LEINENTS T2 E &EOH S RZE® TRLUZ, FEREDOTT — N —X
ETDOARFENSEINEZ B LTAEHE X 95%D RS %2R~ 4ibBl o @ BiE D
PNIIRINELD 0.46%KW 03, ENENOE BEITTINEE RN SOFRPEANT—
BT, ZOWPERERDND, 2 pg DT /VE=T L% 0.02 pg D 95% NS TIEMEILE
B CEDLIENER CE, VR 2TFEE ML 7-7 7 Fab Vi BR ClI Ml a2k &
RLOBEHEBE CTERLEZZ V=T A(4.5 pg)®D 95% N ENSIT 0.15 pg Th-o7z, fg
N5 pg BEOMIRE T V=T AT, IINE%E 1/10 12851 THEERERE T8
(Z & THIERS EE DRI 715 B<Te o7z, BUBHRIERTZ O **Pu Ny 7 7 I0 R A8
FEIX. 2 cps 5 7.5 cps &Y 5 eps @R o7=d, HIERELD 2Py A4 SR D
0.06%(0.1 fIZHH Y T DFREETHY |, WAL E NIRRT 2 A0 70 *PPu ldE &
I WZEn g0 o7,

PRSIz 2PPu FHIRAA I HNTT T 7 AUA T B O T )V =7 L&
T PERE R, RO NSRRI Z2 e R D E B FIEL IR LT, £ ORE REFK-5.
RS, BHFRAUE TAEA D328 T SV Hric B3 A& TR L
TeRHR T IEIZHEN AL TR DO FEEO NMENS/E 2 TO RIS D EK
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o O TASFE X M 99%O (Il FR ) DL AR fED S E LT,

PRI AEE 22 B a3, *Pu A4 7% 10 pg BSINL T *Pu 2@ & LT-HA
R HIBR S X 48 £ (0.048 pg) THT=DITX LT, ANAZIRINEE L 2 TN @R
ETHERHERIL 4.2 fg ETTRD, ARSIV EE 1 pg I FIFHEEIZHY)—HTF
TR-T0.27 fg 1272 o7, TDOMDT Vb= ARINLARIZ OV T [RIREZ 7 27~ L
TR 1 fg BL R EAeodz, @l R E |2 LA 8 U O BN A H R S o [a)
TP T2 TR W R IR A 5/ v 7 7 T TR *PPu GHEEED IS
Nzl ZLCARL P INEEZBS T2 CRM AR IR HEtEl o 22Pu/*Pu L
MUESE BERER CEIIELMHBRBROUGEICTHF HEL TNDHEB X LND,

L 1% D IAEA BREEFREL DO 7 )V =0 A HT IR B E D AT HZ LT, JIEIS
BUILIEEOAHIRET V=0 LEEREE O _ ERHFF X5,

@ HIE R RO A LEE

TV E= DIRED IO B E R O E LI RIS HE R THHIEN S
<, ICP-MS JIERFZE Z 2 NFUEHA TR D IRITER 7V AR DB LS 72 8 3 ANE
FERORHENSICRE R EL 525, ZIVETICYH ICP-MS JIEIZRB W TR AL
HEMEOFXTRRZENIER IZRERFE R TONL G E DA Z T BT, IAEA 72 B0
QC BT OPEREFHMFE R T, DT T 7 AVATRENZB W T V=T A
B EAFENIDMIO NWAL OHHELDS @<, s is e JIE 3 &2 LD FaHi
N7, T THRIBENH -T2 AT A T EORIE T — X & HRE LI,

IAEA OIS NT=T T 7 ATA T DT V=0 ARINAR I E T — 2% % -5.2
(29, ICP-MS DOIE 41X, w#ifee L C 5[l & %Ak I U 7= [RIAL A e oD S84 fif &
FEAER 22 T ERE R WD IR EL TD, ZOFENCIX3[E] H oM E i A3t
DIEIZHEARTEF N TNDIEN 3D, ELEMENT2 D% AKFEFRE Neptune Plus
IRETI AR BORE Y 7 vy =T NRKELSNT-T — 2% BEICEATH0
T BEENSHERERIZE TN THDIEFR, —F, 20D ICP-MS T &« OH|
EEZ AR ELR2WDTET —ZDONYEED B INRRIND, ZDTD  JIEHE
TRRICEEZ IR T — 2 X FE) TRt A A, b L WHIEEZFEHIL CREE
ZRDOEINEENUIETEDD, HEx RIEHREFIEDNHLH, Fx TR HEY T
(MS-EXCEL)72 & T BLUIZZEH W D FEHEDEH 115 F71EE LT Chauvenet |l
R U=, O EITRER BN EH AR O F LB TWDE S WEE
BAICER T HIETHY, BRIZITA-5.1 TR,

1 +t _ZZ X—V )
F=N(1—— erz>;t=| | . 5-1
2 ) o

ZZTC NITHIEEOF S, x T FIWTIRIEME, VISFE, o IEEREZR T
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Eo, RO ORESMEI t OIEEIERFER T RNDROOND, ZOFHR TR
BIDHIBTHEYEN F 12 N BOREICHOT x OEAHBLIBERZERL,F 23 0.5
FOU/NSARDMEM x (T8 E ORE TIIHNRNEL T, ZOMEM x ZFA
B, HIWTEERE P 1XFRFHY 7 MMS-EXCELNCR-5.2 2R AT 5L TRHEATXS,

F=Nx(1—(NORM.S.DIST(ABS(x —V)/o,TRUE) —0.5) x 2) =52

ZORZENE>TF 25t R LIl 2-5.21F i) ORI, 3[EI B ORGEMEISH 25
FAEIL 0.4 THY, AT LEND 0.5 Z TEIS>TWDIEN 3D, ZOHWTIHES
T3[R H OREMEZ FEANL TR 2 BROE 9L, 200%% 8 XTI HE AR 2228
100%LANICIL E DT, ZDT T I ATAT DT Vb= L4 RIT 0.0610.36 pg 2°5
0.003+0.36 pg (2720 fllD NWAL 23 E & L7=7 V=0 AR RO S L AR RN S
OFEFHANT— L, COFTHHB T IEDN AN THHZ L2 MEB TS, F284F L
FKINHZE T AL TV ANV TRBI DT Z &7 V=0 A TOREHE R IH LT,
DIFETRESVIZREEZFRINL TOD,

5.2. N3N (NUCEF)

W28 T IAEANST AU T LD TE BRI DWW T DGR o7, L,
T AV LD HHREEITHID TTHY | REREREARZ G ZREL TT AU T A
DEBEDIEATOTZFREITIINET—E LW, B OT AV T AOWPEEILT
JVh= Bk A ORE BRI T E R A I TEDD, DEEHEIC O WIS TE ARV
D BRED T AV T K& STEET DT IEIC OV TR R LT,

NUCEF CrrEERE BR BB AT 12l i O TN D HE R — AR % D 43 BEAX —
L (-2.5) TiX, 7RV NI FEAT 2 AR IR G L2 W e O ) DBEHET
gar ~EHT 5, LInL, FDOTT73 a0 AET AV AOMIZ AT A TN 3
LCELTNAEIB TR T A /AR EDO Rt H#L — I HT 5, 2.
ICP-MS HIE T~ Ry 7 2 RAEACSHE, 7T AV LD KSR T2 1553 2R IA
L%, Fio, mUEEE E B LH7e L 7e EOBREONEE R E ST k
BV REHTI A A BREHE R OB 0 SE R D TE BNV E ENDHE NS, ZOW%
777 a Ui 'Cs R0 M Ce 72 E DR ML R AT T D ATREME EVY, 2
SO METLFEIZE ST ICP-MS HEENFYTHDOE[IET 5720128, ZORH~
T2 arkET AT LT OREREFEL TEEHA WD ZEIZSEZb LR, Z2h
5T AV DO BERE RNV CTHD, Box 1L, REFEREREITICE T2
LARTIZRE R B T SRCT AU T WD T aA TS TR 2 R0, 2728 | Rk 2
SHEIZ IAEA DOIKFHS =T AV ITE BT Tl SRR S F 3 IREN AT
DA BERAN (K-5.4) Z5@ i L CT7 AV 7 LKL ThbE 'O Lz, Fox 8
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WMELIZT AV DOHTRE R, DRy T — 7 TR T TSz R e R
W—ETHHEDOFEHN % TIAEA L0217z, TOEREITE ST, Fex DT AV T Lo3HT
AL IAEA ORI IS 2 6N~ IUCSH DI L2 fiEE TE-721 T IABA I2&
STT AV LGN TELEBD I NEEHR RN — I TR THHZ &R T HTE
MTET,

EIRIET AV IGE AT ORFESFE DNEIN T 52N PRSI, L LG,
A Bl Sy AT T3 A U7 F BB A BT 0D 43 BIE A — AU 45 BEAE 32 1S T R L
SININDEVORTEDR DD, ZODOAX — MIIRBEROWEZ H I F SN2 DO TH
D, TAV T LOMITEL T A FA VL T2V A BT LRE OB RA K TR
HAESBET D2 AF— L ThH D, RERERILRE O T AV 7 LT, oAl
DILFED GBI BT AV T AD R EFECE UL+ ThD, £ T, PRIEH
B BB RUBI D 7 A 27 IE B WIS LRI 2R 7 AU S 7 LAy Bl A — LoD
ST % H e LTz i b ek e FEha L7z,

5.2.1. §EE— A% ) — VRS BEAR — 2% - TlfaEt
PRBEHE E BR BT AR DT A 27 Dy I LT 73 A — ADRENLIZIENL D
R A A SR TT AV L WEDTEROW B Z MR L=

O RELBLOERE

[BfEEH B L O B EH

o MAmM ZA7(#7 2.3 ng)

TOAAT Y LELRTG U H ARG B BIT L T TEF VL XAV A v
VoA, 2yab g A HRV=U L, TAET L VAT BT A HRLITL, T
NET L VTN AT VET A NVTFUL G 14 588), AV T A By
LR AR T U LB iR AR (£ 10 ng)

- BRREE — I —NTIRAG LU TABLBELT-DOh, 68%HFEIAN C— BT,
PR, ZRRHLE L T2 O % 68%HEATA K 0.3 ml TIEMRL | A% /—/L 3 ml &Nz
TIHEH LD

(EE N YN

- PR AE =25k CAOBY., Cl—JiZ, ki 25 pm

« BTLYP AR 3mm$ X50 mm (BT LEE 350 pl.)

[/ HriiE]

.« T HEIYHA ICP-MS ELEMENT2

@ B IE DT ik
X-5. 4R AT — DTUWE- TENTND LA ZTEEL T, ARREHIRWNT
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X7 AV BOMIT, Ry M AVRBHHIC A M LR EL TEH NS ATEEED EV '
VUL AR TF UL —at T A TRV A BT A FF VLRI L
IZDONWTHE T T 7 v ar w3 T iR A BRI, I S B 28123 L7, [BIINL
T T T a TR E S DALELE LT D5 | A 0.32 M g EHA R L
T ICP-MS BB U7z, ¥ R ITHE R R ISR L 7= 2 IRIR D TR D
ICP-MS %3 % 100%: LT, TN ENDIEH T T 7 ar EDF R ENLR DT,
S BERBR O BN EA B9 572, 3[E] GUEF No.1~No.3) iBRL 7=,

1-5.51Z7 08} No. 1725 No.3a::ro‘Hé%ﬁ?%ya‘/«@%mﬁ@{eﬁjw&r#
T AV NIBEIES WO T AV T LT T 7 a0 (Aml, Am2IZIXIZIETE T,
Am3 777 arnbIRH LIRS | XAV LR T T3 (WE)I Z%—ﬁﬁiﬁﬂjﬁ‘zﬂtﬁ
MR ENTZ, HYDXF L LT T a (WIIT R A Y AONEIER BT 7 AV

T LERIELIRNZEND W8 75739 T TET AT LTT 7 a0 LU CEINL
7= M BWZER 53577, Aml, Am2, Am3 TN W8 777 a DT AV 7 AR
HERIT 86%7°5 93% THY, +7 B CETWDIEN R TE T, TRV=0 AF%Z
D—HNEVTLTZ77 2 WIDNEH LIS DO | ZDOMOITLFRITHOWTITEIA
L=7T7vav] :iﬁﬂjﬁ“é:&ﬁi‘ﬁ%éﬁaf‘%fco 3E[DFER GREF No.1 75 No.3) &1
K IR DOWHZEENTZE — L | AOHEAT —AX R WHBMEA R DT R T
=7,

UL EDFERING | e — A% ) — VR EEAT — LD BIT DT AV DEOE
R T, (R E BRI T O T A DT EIL TL, 7 AV 7LD
HERERCTENT 0 THY, B UL F2UT L RV LR E BT 208378
VW T AT LIV ETERIZIR SN A TR O S B LR B I L3 52 To R

LICERDEE Z BN,

5.2.2. PREEREEBREEHIHWDIEEE — AX ) — L R BEAT — LD RESNT

5.2 181 C et L7 HFE R8T FH D REEE — A% ) — )V R BEAR — A
(K-5.4, LLF @ AR — L) EFES) B HLIZ, T AV D A7 BEIC R B L TR A1
LU= 2F D oy AT — L TorBftERE 2 st L | REEFERER I P o7 AUy
LAERICIE LT 0 BEAT — LD E B LT,

O HEBIOERE
5.2. 1=
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© Bl PE STk

BT L BEAT — 2% [X-5.610R T, BREt AT — AT, @ AF — AT~
TR EDDVEALZKY, SOITHRFAT— L2220 TR, 0.5 M HNOy— A% /— /L
HERZ O DRPVIT T M HNOy— A% ) — /)L K T) 0.3 M HNOy— A% ) — /LIS Bk
DI ToH BRI, WHT T 73 2 OBRERIT IR RIS E J7 15135, 2. 1Hi &[]
CThD, FAF— 2O NHEABRIL1E > THD,

ENEND I BEAF — LB IT DI BEHR EITRT T 245 0RO R E2 X -5.712
Y, TR ENA LB 5720 | Gl AT — ADVEHFE R (X-5.50FE No.1 OfE
BV EEB LIz, Bt AT —LATiE, 1M HNO, — A% /) — )ViEHEZ 15.5 ml 75
0.9 ml LI U722 SN LDIRBERGIR B3N8 T AF — LDK) 0 L7e0 | Sy BRI O
a2 TET, AT AF — A TIERA) DB 2O L2 T, EOILHESIE T A
F— AT EIBFEHLTWD, LILT AT AT O Ie B E— IR 52 872<
HEECX | 07 B RE AR EF L QD ZENFER TEZ, BT AFT — 22Tl
A — AR TR F UL HRV=T L 2—a by A <UD AOEE HH
FENSHITEE T o7z, ZAVUTIEBEREL T 0.5 M HNO;— A% /— /L& W12 1M
HNO3— A% J— LB ERE 0.3 M HNO3 —AX ) — )L Tl Li=Z L2k, b
TR D EARE N AR TLU TR L 727208 E 2 0N5, B AT —LD T AV
VORI ay O T AV ARILER L 86%(25%) THo7=DITHRL T, MFTAF
— A1 K O ETAT — L 2D AT ERIT, 97%(F=4%) K Y 96%( = 4%) L EIE 2 B4 AT
HIENWTE, + TR OWSFER TH -T2, LRkl | i ¥Cs O Ce
%, Ay e AVBEHI G ELD ATREMED EIL, ICP-MS 2E{& D5 YLR; 1L OB R BTE
H RETLETHD, TR LT T ay ~DE T LAOEHRIT, BETAF—L4
1 TiX 0.05%, FREFAF—LA2TIL 0.05% THY, BHE AT —L0D 0.01%E[RIFEE I Z
HILTUW, Fo, TRV T LT 57390 ~OEIT AOEHRIZEBD T, 5 A%
— AT 6.5% THHT=DIZH L TG AT — 24 1 TIE 0.6%, Mgt A% —2L27Tik 1.5%
CRSIMZAZENTE T, TNHDZENLHE T ORFIAF —LLb BT AR OETY
LET AV T DS B CED LD MERR TET, — 5 AT — L2 TIET
AT LT T ar RIS (R 59%) D AR F 7 LSRN L Tz, BT
% 1 M HNO;— A%/ — /L35 0.3 M HNO;— A% ) — )L~ iR I FE & A2 2. C
SEELTZZL T ARaF LR T AV T LT 57 a NS L TCLEST=00 s LI
720, ZOARa L F T SO HFE) SR BEHRAL R E O BERIZ DWW T ISR E 2179
VBN, IRt AT— L1 TIET AT LT T a0 ~D AR F 7 AOIRIEDE
ZoTWRNDO T, BB S TG A — 21 2R EH ERERE RO T AU T L
IHTCHE AT HZENEELNEE ZBND,
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PLEDRERNG | A% REERFERBE B O T AU 2w A5 MR FEIS 5L T
MAF — D1 DO BEAF — L E D2 LT 5, T U TR E SEREI O M REIZIE
BT LNEY U LAFETOEET T a (WI~WI)Z /Ny 831 LTI
HEED, UKD, SERE284EEE I IABA FREHD T AU 7 A BT i H
A — (6 H W) 1T T2 B OB R LA 2 [ D 2 e T & K0l /o i
ROFEDPHIFFTED,

5.3. /=T 7T E (SIMS 1)

IN—=T U I IVGIHTD SIMS EDTZDIZZIETHW W= E T HMEE D ZFLD
728D R 2 TS BT O 1B S (Model: JEOL JSM-7800F) 23 AL7-, Z0
EE 21T “Particle Finder” EFEIXIVAOERE DS HLAIA IV TEY, fEkDIEE TIEAHA]
HE Cho T ISV HTHiFR IS TESD B BT EZ Z Lok O BEIERR DN ATRE Ch 5, €D
NEEL T, () BB OHL WL E I W T AEE OB E5 2R (#12.1X X 1000)
DA EAGE TG T D, 2) EDIHEFBROEEDAL NTFANTY TR A &%
DA DR+ KP4 5 (KB T&HIIcar AN T5) . KB GIL. E
THRE RN IR U7 BE S A S U728 035U R 1 TRk > TR SN A8 Th
D, B RTEST Z OREWILHR) 2 RO AP EVEEZ A T HE0) kR
b5, 3) a MANDLEVMELZRET 5, (4) TDOLEVMELL EOa M ARD
K28R TR F KL T X O ELIT, (5) XEROHT Of Rb2
DORLFIZEFNTNDILHEN r77/75>7c0>ﬂﬁ0>7nﬂa7b 2 E T D, (6) (DE(B)Z AW
HAPHIZIE > TRV, L RICED | BB O & DEEEEIZ T Z R DR T D0 %
HE) CANDZEN A REL 72D, ZIVETO =T 47V 55T (SIMS #5) Tl ZhbH0
BEET X CTRHRITIT>TRY, I M ANDENE B TREIL T\ zlzd, 2%
NS IHTIZIRE RIS B 28 T B DATMNRENWZEREVIE Tho7o, Ak
FCIE, 20 B PR FERR OMREE X —T A IV AT WA Z S LV O %h
bz 5Ze% HEL T, REOEZGR O 54T 28 C TRl oA S/ O e 217
oY

ARBHZI, FEBRD TABA |EGRENE Wz, 37, AUAT M LTk 12N
Fa— LA XIE—IRICXO T T RRRE AR B BIZEI LTz, 22T, hiFD[RY
BhR ) ESEAT-OICEEE R EIIZH O D A HIERIZ S A L, i1 [a]
1%, 150°CTOORREIFREI B 2 BT D Z LI IV AR A O &R E LT, £D
% . BB IZRUB A AL, SUBHE B0 10X 10 mm* OFLFHIZIE > THotha
1To72s IKEEFBOBIEERIL, X250, X500, X750, X 1,000, X 1,300, X
1,600 (Z5% & L CENENRIEZATV, RIERH, MHS DU 7R, RS
DT LA DRIEDEN 2 EIZ DWW TN,

X-5.8121%, FNZENDOBIEAE R THNT LI IR M S iaw 7 k1% fieih

28



2. FDEXDBEME RN > TT v L IZbDE R LT, SN T-U T kL
FHE, 146 K+ (X 500) . 203 i+ (X 750) . 263 k7 (X 1,000) I8 T 283 Ki+- (X
1,600) Tho7z, EDOFER ARG R TIIMHINDY TR F DI D7 2D
TR IR L TWDZ LRI, B RE LI T ERHSDT 7 L
THITHML TS O D ST RES Z AU THIML 72, S HTIFERTIE, 14.5 B
[H (X 500) ., 31.5 KR (X 750) | 55.1 HERE] (X 1,000) 3L OY 137.1 I (X 1,600) T
72, X 1,600 OBIZAERTRIHINIZT b 80E, X 1,000 OBIZMER T
SN T RIAEEF U E DR > T-b DD I ERFBIELA 2.5 228N <
W e, ZDT28 BRI T DT80 121E, X 1,000 OBIEEFRHE L TODIEDVR
STz,

X-5.9120%. FNENDERTHMN LIRSV = 0T R ORI R O
BamRm Uz, ZORES R 4 um LLEDOT TR 2OV TE, EDOBIEEERTHIA
BRI SN TWDHO D R 2 pum BLFOUZ RO X X 750 LT OB143
BRTIIORCH LW ENREN T, 2L EOBIEMFETIX R 1 um BEOY
FTRLAAZOD W THR D FRE Th o7z, B O LTI, Bt 1 um F2E DY
TR THEFNTNDT8, D7t X 1,000 DEIERERITMLETHDLIENRS
iz,

[X-5.101Z1%, A RO T ST e/ NIRRT 7 ki1 (a), 36 XN KobL
BOUZ7 RO DS E T BZRLUZ, SREIOERTIT, KFNEFHBOa TR
MZE- TR 72X BT 56856, 2 M ARMDLEWVEZEDIIIZHEL THY T
(Z=92) LIRIKRIZER (Z=82) o X v 7 AT (2=T4) 7o E DB L HR & & Tkl T-H S
NTLEIZEDR D)o T, o T K E RO N AND B TY T L% R E
THIEIIRFHETHY, ZD% ., % DRFESIIZRLFIZOWT X #RoHTICE DT
VI BUEAR TR THD, ZOTD, X T AT U a2 EHREIOS A X #i#
SIS DRI | ST IR 230035 283 oh T2,

B-5.111%, RElICXvmtsncy 7o b+ —fl — iz~ /e~v=tal—3
ANZEVBID T T AR R FEFREE EICBEL, IRAA - & TR I RN AHE
2 E LT8G B CTdh D, HIE DG . ZOFENCIE U R 255%E LT 0.8~6.4%D
DT T R D3 S, " Particle Finder " 8% W CTHE L7 T b1 1C
DUNT ZIRAZ LV E BT IS KO 72 RN AR 0T CE DT e RSz,

VL EOFEEL A alfEt LU 7= " Particle Finder“#&REZ VN -7 ki~ H BHERRIL.
REHSE DD D/ =T 4 IV KON T 5 EEL THERI THHIEN
RSV, TSR D Bl b ZAT STk R . K BB OBIEAF3EL TX 1000 5
FREE DN CHDHI LN RENT,
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5.4. N—=T 7 Vo HTEAN (FT-TIMS i£)

/\°~'7“4’7/l//\$ﬁ0) FT-TIMS {EOE)SVEERE LT, SERE284EE 1L TIMS 12k
U7 CRNAR ELNE 3N T BB R O ARSI JC R DIRE R 5- 2 DR BT DUV TR
PEIToT, EIJ@/\—TMJI/ME{;ET&;Z) SIMS {5 Tl R FENLAELL5 1
AF > DB T T DIRNLAR LR ERFIC AT VTR AL, B RO
LEIE NN EE S AR D8 B 03D, ZDT-8  SIMS VETILE - BEMEE T T T ki1
DOFHEWEANI HLU THIEL , Rl O EE R T HZE2T>TWD, —
FT-TIMS {EIZB W T 7o DRIGARIEHIEIZHWTOWSD TIMS JIEIZIBW TS, Hl

IZBWTCRIERDO AR MM TTIR DRBENE 2 HNDT20, A ENEZE OB OV TH
nj‘ffﬁ‘ofx—o

MBI, BEREIEL T UT7 0 20D ZL DI E % G T IARR (GL Science
#HH4 Plasma CAL) Z#SE -6 0& V-, 3B ICE Ens oL, BIVA, 7
TYA L, XAV A, ITA, 2O A ARV =LA TIILE DL VAT Ty
VL NIV, ZVETA IV A AT NAVET L VT FUL 7T AvRIT A
Thbd, £12, IAEA VA FLT- EEO R HIE HFREIE L TH w‘_o

FTEDIZ, Plasma CAL B DT O IEMEZR RN AR LA NS T-912, 3EHA
W OTZ LSO ITEFEE, UTEVA BHEZE W T BEL . T % {Tﬁi%ﬁ%f;o D7
TUHRIZDOWT ICP-MS (2R T RNEARELNE AT o7, £ DRGSR, *'U/*PU
=(4.82 £ 0.27) X 107°, %°U/®U = (6.44 + 0.22) X 10° DEZEHT-,

WA Plasma CAL #REHZDOUWT, SIMS BE O TIMS (ZXVo T [RNLAR EE DR E
N %h%héﬁi*ﬂr%i()‘ﬁ%ﬁﬂ IOV Tole, TDOREFREZFK-5.3BLUNFEK-5.41C
RUTz, £, SIMS (ZEAMEFE R TIT, 43I0 EL T, 20U/ = (1.06 +
0.15) X 107, %U/*U = (6.38 + 0.04) X 10° DfETH -7, *°U/*U [RINEREIZ
BAL Tid ICP-MS DO R EFEZAEDHIPH T — LTIV, N ILR OB TN L
DREGRES T, — 7. 2'U/*8U [RINVEAREEIZBAL TlE, ICP-MS DOfE R IVABNI &
VMEZRLTEY, SIMS JIERHIAMP) T RICEDART ML TSR LT DL
Z BTz, I, TIMS IZEB W TREHE R 2 [TV 2 I3 HA 4 AL S5 5 1L TobT
AT T RS R TIE, 5B E LT, #U/*U = (4.44 £ 0.08) X 107, *°U/**U =
(6.29+0.02) X 10°DETH-7=, TIMS RIEDHE . 2U/2PU, #°U/*8U RINIIEL
EHIT ICP-MS DFERLIFE—ELIFERDGONTIY, Al cFE e T D3 AF
AETDIREOENEF AT HIEI2LY, T BT T DB A T 3R D 5 8
FRETEELOLEEZ BN,

WIZ, FEREHR DT TR Z N ENSEIZ SV T, SIMS BEWY TIMS 128w Z
VIRNEREEIE 21T o 7o, EDORERNOA RNMARD 5955 E L, *°U 5%
(2% 21U R B E 7 ey NLEb O & X -5.1 212" LTz, 2PU JRFE%IE, EB5
ORERERBIZIZ R CEFIZ A L TBYRERENT RN -oT-, iE> T, *U
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[FALARIZEIL T, SIMS, TIMS JIlE LB IS LD B R UIZHIE TE TV DY
DEZZ BT, —H5, 20 [FNEARDOFE RITEIL TIEREAEW D b7, TIMS @
BERE R TIX, 20U FNARIZ T X CORLF TIRIEFRCEZRL TWDHDITR L,
SIMS D IE#E B TIE, 20U JR 2% 0.004~0.066 £ THE AL A5AT L TV, 2O
%‘é T RO EEZ T SIMS IERHIZ AR LT AED T, ERRE0L &V ME

NELITNDIEE/RIBLTND,

L EDOFERLY | FT-TIMS {EIZB W T 7 FENAR O EIZH W TNS TIMS
HE T, BREHIC AWM T BN FEIELTSE A TOAI MU T e L OB 11/
7o IEMEZRRNIAR L IE DS FTRE CHDHZ LDV RSNz, T OB ELTIL, TIMS I
TE Tl SIMS JEIZ AR TAA UACERRIZ A F 2 MRS IUILL, EDTZD AN
TIVFBWORBLZ NI ENRE 2 BN5, T2, TIMS JIETIX, 74F7A M L
[ZREIE I IRA IZT7 AT A NDIREZ BT 72 S EZ 2858 - A4 LS/ T
BEZLITY, ZD7=, AR TARE T DR MM TR X EITAF AL TLE,
J:lﬁicé’]‘%ﬁf“?ﬁ%‘ﬁ“é??wﬁwﬁ‘/{hbﬂﬁl IESNDHRFIZIX, N TR NEDA
FARFIERETECNDTZD , AT ML T OB N DN Z e —REEZ BN
Do

5.5. BEWVERLF OMR AT BT BE T oS ek

U7 IR 4 focﬂ:%ﬁ/%w Z DAL FIEREI L > T BRI K& R 72D, £
DT | A NHERR BT DU T OREHSCHR IR, IRV -7 TR T, 22
iz %Lfdl:%ﬁ;wﬁ/ﬁ BN TND, ZDOLH7 51D, J?%jjﬁm X CER
SN0 T AR DAL AR B2 AT T2 E N TENE, BHER BT DI+ 7
[HB)OFEMIZeHEE D AT BEIC 72 D EHIFF S L TUD,

PR 1 pm LU R WO T 22 5 R RE A R DB T ~ > 43 EiEA VT, i pm
FREE OPORL 78 2 DAL AR BEZ IR T D LWV OB N R EI TN D, SRR THFE
Fex 1% 2~10 pm FREED UOL U0 FIEAEFF DU T KL DB T ~ o A
IIVERAGTDZET UL DAL T ORI W RE T DA HKRELTZ, L
2L AL FIRBEDHBID AIREZR D T R A D RESITOWTUIH BT > TR
W, 2D ER28FEIL 1~3 pm FREDOUINRT T R VTS T~
53 JEHIE RF D SRR AT ARSI ORI DN /I RE/R Y T KL D RESZ IS
DT HIEEHIELT,

ABRICHWZDIE, 1~3 pm FEED U,0 DAILZEIB &R Uk 1 (NIST SRM
950a), BLW UO.DILFIEZFF DU T AL+ Thd, BT ~ > 70 SEHIERFIZ H W
HL—P— U= A UOIE UsOslZB SN DI ENHE I TS, 2D
72, FTUX UOL.DU T Ukl 1% AW CHIE SR ORGT 21T 572, U0, DL F B %
FEOT T R A% \F 2 — DAL R I 2— 2L T AR R 3B HAR B EI LTz, S
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BRI L 72 Bk -0 % T BB X AR I T R T A REL L ~ A7
Bv=tal—2&HOTHONT AR ERERICEE L2, BELOHTRRRFE
HERUCIES AT B o 4 — 2 IO TR 31X, S5 BT H72C 150 pm,
X2 150 pm BN IS TR A B, v A/~ =E 2L —Z (25D 3 um
FREE 05 R 7 AR5 LT % R 70O 7 8 4 1 20 7 BB - L0 Bl a2 LT
L BT~ S B I RO BE LI 6 Lo s M-5.131
T, B BT R T O TR A T TS L I xS
(s %Gzﬂj{@@*ﬁ%ﬁlﬁﬁbfib Vit SN iﬁﬁ?vy%%%%@%?iﬁ?ﬁfﬁ:iéﬁ
T DR N S\ AT RE T %, DMK BRI C X BB~ 5y KM E D
RALEIT ED ., /T 1 pum FREE 0D RS S o7 5 okl 12 %L C L s
LORFEMNAIHETH D,

HAR FIZE O 1 um FLEED U0, KL 74 VT BT~ o o el B oL —F
— T — DR E T2, K-5.14121%, L—F — U —D@EW LD, KT~
I IERTERFD UOKIF DT~ AT MDA AR LT, B-5.14@I0RT L3I,
0.1 mW DL —H—/ ST —ZHNEBIE, 1 A7 60 ORIEZ 10T Tl
B T AT I , ZOFE RS 0.1 mW DL —H— 3T —Z%
BT LT R P AR DT~ AR ML NVEL N TWALHERITX 5, — . bl I
DL —HF =T —ZH 6 K-5.140IR T LOTHERICT v AT ML
IRELSLAVLT, 1.0 mW DL —H— 80— & W 38A20E . 1R B ORIEIZB W
T IV ARTINUDRRELSBAL L TWBZLRN oD, FLENDOL —F— T —%
FRV N 05 1 O ORIk A RGBT 70 . A2 T B % L\ C L BT ~
AR, 0.1 mW IBET 1.0 mW DL—H S0 — U IE (D 7 i
K DI REBLIZAT 572, B-5.15101%, ZHEHOBIIZ B 577 Hk 7O
RS AR LT, L — T —0.1 mW OHIEZIZEB T, I ki3
BT~ A S BERT O TR E o TODZEN R TED, — 7, L—F— U —
1.0 mW & FI W= B ER 1L, B0k 70— A KIT TV Tz JIIE oL —+ — Hi
(LRI DM S =8B 2 Bd, LIZDS> T BT~ i el E DR DL —
P/ ST —ELTOL mW ZEL, 1525 3 um B D U0, B8RV U0 DA ~
SRR

Bk L72 0.1 mW O —F— T —Z ) 105 3 um FE O K& S&F U0,
RiF DB ~ 2 53 G E ZAT 72, BN WTZZ N E Ok 0O T 7 SRS
% %[X-5.1612, 60 CLOEER LT v AT MV A R-5. 171057 T, 1 2256
3 um FREE DY TR T DT~ AT, 445 e, 580 em ™, 1150 em! Dfif
BBV T, U0, DR IR DT~ B — s MBS, ZOREEND, 1 75
3 um FEDKEED U0, KL FOLF % E L FIE TE T, FEEC, 0.1 mW dL—
P T —Z IV, 1~3 um BREE DK ESEHS SRM 950a(UsO) K HERE 7 DT
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< IEEAT T2, B =0k D B BRI SR 1% 2 X -5.1812, 60T
10 L72T~ 0 A ML EK-5.19107 3, 1 735 3 um BREDTI KT DT
VU ATV 246 cm ™, 347 em™', 410 em', 476 cm ™', 739 cm', 807 cm ! DA
BEICT~ =N BENTZ, 20T~ B — 213 _TC, U,0 ORI sk
THEIFESIL, B 1~3 um BEOU T UAEUER - DL A U0y THHEELL
FIETDIENTE, TV ARINLDIEIRET B — &1L, UO, & UsOs TIE
SENERIRD, ZNHDFERMNS, /N T 1 umDU N7 RO % | B
T IEIZED IR AT RE THH I EMFERES LT,

Rk 284N T, BRI T ~ o 0 JEIEIC L AL KRB DB S R RE2 D T U Aok - D
RESEHAONICTHIEEZHIEL THGETEITo70, 1 um BREORUIN 2T Z b 1%
FWTHIE M2 fc b Lz F okbr - D7~V AT MV EFEREE CHlUSG 352
EMMTAIREIL 72T, SHIC, b L7 —H— U —Z T, 1~3 um @ U;O04 &
U0, D748k DAL F % IELL R E TX7z, UL EORERNG | BT~ 70
EEHAWDHZEIZED 1 um BREDORESEFF O —T T kL DL OB A3
A HE CHDHIEMFERIES T,

5.6. BT IZIENL O A MR E

PSIVTHTR/S—T 4 7 VT CIEE B HTEIC - TR E O RN ARK A TR
ELTND, ZO7D TR Gl B LRI E & L7250 T AT AT DIt
BNEENDEE, T O EERD, T2, RN L EICEETNDIHE. EWE
DAF AL EPMEIL T D728 B RIME T T 5, BB H | 30k
IZE END AR Z RN E T HZEE, Fel/ L7 o OFEHTLBNEDRFHIA T
b, Flo, X—=T 47 NVGHTITEBNTH | IRIEHEZE LOEWE O E AR T
ZHUX., ZhEB R 7RI Al REE 725,

PRI E RO ST CTIE, ELEBLOU IO E &I, &t X #HH
EVEZE A LT e R0 AR EEEEHE AL WD, EWEICKT 2 ETRIL. £
2 B D720 JuRSAMRIELEE TIX, ZouRERELZGEET LT X —5
W45 15 (Energy Dispersive X-ray Spectrometry)Z- i f L TV 5,

R 244 B LARE 872 8 DR E TR E <G HRUE | ARICEEURHR E O
TLBIDT ol o, 7SIV T BTl AR RFIZ  NAMEFRIELL TR0 W
B ERNE FNOREL B A SN, 2RO R EEIZLLREHREUT
[HLESNDT=60, BEOETHME L RRED i A 28N L, Aot X BHNE B
ROWFELIRDZENZ N, ER28FEIL, SRS O T Tl i~V k&b ID
ShOMEE TR SNt B H Sk EE b s T H L LR AR BN S D
W&ol FlELT, [A—aEHI R o8, FH | HEhDO TR MAA—TEEN
ZiL, K-5.20, [X-5.21, ¥-5.221Z7" 7, FER28FEIL, L RO E D EIT
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RITEFEND ZOIVRWED TR BT IS T D720 IREMIZI oM B E
TERLL . JOREEZREZ ATREL LT,

5.7. PREEHFEBRELELI T IR 2T A

E BRI TR BITAEA) F e D [ RFEHTE BR B sl DS L 7 34 2B 3 2 8l
A 1% IABA A T8 A30HBH9H 1 H £ TO3 H I, fREEHNE B 32
TEHFFERERS (R N7 —2T7R; NWAL) DAL R —"Tdh D K[E (ARFFEERE) . 77 A,
2T AR, NAF— A —ANZUT | GGE, 7T NOAMEREEND1, 24 8,
F TP ==L TN T — DB D14 . £ L TIAEA IO A g
DEFE | REBFIA04 DHIE L TITO Tz, KB AEll O~ B HE & R AT — B 250
EOBREICT x| IABA OREREZE S HTEIRE D NWAL 23855 L7041
FEROFMCONTIERBIE DA% DOHN HREIZONWTHEENRH -T2, RN THE
FINDLEINE D NWAL OBLRA3 B - o Hr iz >V THiE 2T, 26 Tl
HENTNERHEm e 512 2 FHOTEEN T # OB S EEL L TIAEA REVELDT-,

(1) R IO REFBIORENE

A I TIT o T DL BT OB AR T L, LR O BIZOWTHEL
72 OZ0 2 FERNCEM SNz IAEA 8O VRS FEER 21 NWAL 8 A ek
BRI 2T &2 OO HTE R, @3 REEFS EAE & 7 7 A~ B/ irdkiE (HR-ICP-
MS)DHEHr b= DHEE DO VERE, @IAEA EEE MDERFER & BR BB O TUZ VD
ATAT M EENDY T BB L ONFENAR L ORNERE KL BRERE ST IR TS
fE R DN T TH o7, ODIZHONWTE, FEhiSzEDRERIZIB N TE JAEA 25|
ELT-T T T NV h=r ADE BB RN AR L DIFE A8 R E AR AER £ D 2
LI ED IEfES ThHDHZEAARYLIZ | [FHED @O Tkt R a2 E L CTHRIE T
ELOHTAT CHDHZEE R LT, @IZDOWTIL, HR-ICP-MS (I A S (& 722 & % B
FFHZETT72 LN T L0070 DT V=0 AE IEREICE R T2 eaHm A LTz,
@IZHOWTIE, U7V DIEF LT E L OB REER B A RIS TV B A
ZDOUT 8D 1/10° FEE MU FAERZ 8 OAESE I OB~ BB Y3524,
ZL TCZOMBH T e & Tho THIRNLIR ORI E RS FACIH XV Rt E%
Lo EERR LT, ZORMBEOBLIEX R EL T, IABA REiL CWDU T O I
BERERREZ AN TEY 7 EREE BB L T LT 230 E LT, TON
IR B OIS FITRDIATIL, IAEA BREBHAT T IEO W BT 5520
T&EI,

KD NWAL ITRESINVTWDLZ ER HSRNHERE S 7 I XA~ E'moiriEEo
R R AR AR OB B L OB I BEIL CGRE L2, EEOITREO A 55D
BHIZIBWT, 7777 — Ay 7R OBEER IRV Thaeta 10" F
—A(Q)75 10 Q F2iF 107 Q@< T 22 THIIE R 10fF E/21X 1006512 |
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MY, EEEERIE T AZENFIREE 0D, ZOREELIZE ST, 72 LN T LK0H H
(AR & 7V b =0 DD [RINL AR BRI E 2 A L 72 E D D3N D720 NWAL 22 Hd
Sty BRI TP ==L L THEL CWE B EE oG ST E D
X, ZOE R A IR (CBO M THOERN /A RT3 IBS TR EL TRBY, 1F
JERWAENR TETCWDEDIAND -T2, A% IT S IRPUEIE S % % 72 2 Eig
SRANERE S 7T X< BT S E DR E o AT D Ei L7 b L b s,

(2) TAEA AT pr OBUIR A

DT IAEA-NWAL OV EEE DREND T TU4— 28O A
IN—=ARNVTRNZEHD TAEA Otz siffilic, 2232V — o v — L% i 2 723k
iRV — TR iEk (BSL)EEZE 5T 7 A (NML)AAHY | 3B I & A ME &
ISR TENS DR A BT TV, NML CIEEREWE &I k> TR BEA K
LoyL L ~UL | LD 3 BEEO XIIT CREL . FNEH Tl B
A& AT HIBR L CRUBHE O AL1H Y& B IR L QU e, £7-. ESL Tl B FAAH =~
RSN LN AESERNEEBIZ, —EIZAETEL AT R K24 LW IH#H]
EIED, ZENEESF T D52 TRUBHM OF BVG Y S5 LB IEL T, 2
DR BIORKIRZE NZFUTITHT B A ST BT E SR E ST,
[Fl—hEaX N T D PN TELINTHEHI N TNDHDO T, BRI BE DB H)
i/ NRIZEE O DTN TED, MEZED DRSO M DA A5 Y 1L SRS
TWAERC T,

PV BT EARIZBAL T, AT S o o AT LB 38 8 24F HINZ — 8T L7272 |
N B AR TRER LE LI2E DL Th o7, BUED S HT 3B AL 1 3 4th,
D NWAL KO IEFI2EL, EFEASN TWDLEDZETHT20, TV h=0 2DAL
LOBERIN RO T OEMET T 7 B SIS EDO RN D HED LT, NV
I BATE &AL B W DRI D oA A A BRI O B 2 E A D
(AL BEE A I B T 23 im L T MR HAZ ATV S BB A LRR G TOmHRRE
DB T, BRI Z DO IO 753 m T A A el T 22 TR E LT,
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6. MEEDT=D DEREEY T IV D5 HT

FIH— BAENTH L RS ORWE & QIR GBI R DEER T TABA 11D
MFENTZG G EOFRTREZT | NI NE SGET DTS B L7 DR EHE
EBR BT 7T & 9%, IRFERTEBRET /0T Tl BB 2RISR L 2o riEz . IRl
(DIECALAEDETIT,

SR, RS T OERDR, T TR 0T,
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7. #PVIZ

7.1, FRR28EE DK

R 28 LI, IAEA DIKIEIZIE D& 7 Tk 283k, /X—T 1 7 V537
IE(SIMS V525508, ARt 3B D BREL Y 7L D43 E S LTz,

i BEBR BE 0 AT AIF 7R T . BB E L BRI L ) OV R O FLRINZ B %1%
AN OV BRI OB IR IZ B 32358, TN EIC S UIcE #3544
HIZ, B EREBEOITIIIEE(CLEAR) DY — 2 b — ADIEE EZ2 . A U7 ({LFALE)
TIXISO 77 A5 (774 100) #HY, B =U7 (B25504T) TIX SO 7726 (774 1,000)
FESICR D LI, 7V — 07 —REZEm DG E % 1SO 77 A 4(77A 10) FH 4 1T
FEL7z, BRI OV TH NI HERFE B A TO LI LY, IO MEREZHERFL T2, 72
B IRAF EEIHTFHITIZOW T, KA (Large Geometry) DB &7 Hrat %
BT D _RAAVEEDNTREOBEANZHED TERY, VK28 LD T H AL T
RS 294 FE G IS HRAT - B 258 TS B AZEE LT, Rk 29 AEREIL, MEEAMRAL .
BoAR, Bl R ML -% . EE LD B CEAT =2 0BG 41T-o72,

IR 7 R O NG LR FITR EVE D BRFE I DWW TR, R R A E 35729
WELE IR D[N AREEETA IR DAL OIRTE | 586 7 T A~ &0 et o sk,
DEEREENED Rl b A 1T 572, ERMEY 72 (NBS U-850) ¥R a W =3Bk T, B
Wik Ra 157z,

M VR LR Tl 2L 202425 TAEA O GV & 31 T 3B AT it B
DRI ZAT -7z, £iz. DOE 28 IAEA MHDEGEE ST CTEIML I/ V7 58T DFR%
E RGBT o R e VBRI INL B A7kt a7, 7 Vb= LH]EDE
JRIEALT D726 AL E O | *°Pu ASA 7 OIRIIEO e b 2170,
FRAZS 1 fg LL N ZEERK LTz, IAEA 2357 AV LD E BT DV TCO KN HY
il BB et G LT i ATiE 2 S U T 24T o7z, S % ORI X 7 AU
U LD B RNE O B LA T o T, /X —T A7V AT O R DT80 | FilliE
ALT=E TS EE DR T B B R B e 2 e b L, 3B AT I s AT RE & LT,
FT-TIMS {EIZHB W T U RNAR LD EIZHV TS TIMS JIEIZIBWT, Al
MO B OWTEHI LT, BAIST ~ o eiE a2 W T B — O E & Ak 112
KT DACFARAE I HTIENZ DN T AL R AED IR AT GE/ 2 T Ak 1 D R E ST
DUWTHBMNZLT,

SRED T2 DEREE Y2 T IV D HICONWTUL, SHEEIT, U T5FR1L,
IINT AT D72 o7,

7.2. BARIZED IAEA (R FEHEE BT 342 (JASPAS)
PRIEH E B BB O T H B C, FRE3FED JASPAS X A7 N Efi i Th b,
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—REH D, UTRLA R ONT V=0 RO R R E VA B L T, TR
IR DD, 772 O T V=0 LRi-{- O RERLIRE ] O P E B il O ST ) (JC-
21, A1679) T, IAEA FfED [ {RFERE RGOSV 7 5T BT 2826 )
(555. 7= 5 M) T {EREHE BRI O S—F o 2 VT I BT A A A 12k
WTC, T FIEORE A AL CD, T2, IABA MOHT AN )V h=0 LR 15521
A, Fox DOGHTED/RT p—~ A%R LT, BUE, IABA OFHliFH THDH, M
B, [BREEY TV T DR—=T 4 7 )V o BT OFTLEREL I BAFE DT> D 4% | (JC-
24, A1845) T, /X—T 47 V3HT (SIMS 15) DR BIEBFIZEE T 64 27 Th 5,
—f1 B LERE, IAEA EEOHTE AT W T, K RIEDIE AT HZ L TUND,
={EHIX, TTAEA OBREEY 7 V@431 (CLEAR) | (JC-25, JPN X 02004) T, IAEA
& JAEA OB BICESE, RERE R FBIORE, o8, o0k ROWMEEIT-
TWD, —FEBXIIAESND, ST R OVS—T 4 7V HTIR D EAIT S AT
BWT, WSRO ME ., BRFEIC OV TLE a—SEima 7> T,

7.3. IAEA ~D#fli e ik

AZFETBASS L= HlTi% IAEA & NWAL THhiE S, ZDRe M EICEBRL T
W5, EDRZ T RIS,

IX—=T 47V (SIMS) Z3 BT D 7= DFREL T E L L CA L Ry 2 —IEE B LT,
ALY RTALER R 2 KHE (2 AEHRE L . SIMS 23 M B (S [ RE & 72 DR Hoks + D %R
72 OREEAR L LT, BIE, /X—T 427V (SIMS) M 217> T\ AT X TOTR
TEHIIL, Ry NI — 7 T OREER) F L L 7> TVD,

BB o7y IEZBF L, B EEMEE F COR—BMER ORI Tk
AlREE LTz, ZOEINIT IAEA ZIIUDHETHEBOTRITEASIL, SIMS o0 H
—HRLF DT N =0 MAEARGAE DEANBRF 22 E I H OB TND,

7.4. SBOPHE

IAEA X, V70 DEREZMBDTFHNVEL T, U7 R+ Z LIk LS -
B O BLAEAR) O EEB R ATRRLTWD, LnL, w7 DFERHIEIZ S L=
LIZHAREELL, T RA OFRGAETEBRFE DO E 13N> TR, LrL, milRiE
DT AZRIIE, FTREMERHDHLEEZ LN TS, 5% AUA T REINS E T T
VBRI BT FE R O T R OERBETERI S DN L B D e,
AT 7 B X G NTIE DB 2 Bl AE LT, @ 7 il B L3 B3, 2RI
DTV LENHD,
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Na FRUT L

NBL KEOEWEIZRET DEEMEMN R, =2 — 7 7 AU v 7 i 58T
NUCEF BB A 7 V222 T A ik
NWAL T NI — 7 55K AT

ORNL =2V ESLHFFERT
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9. Mk

TINT 7Ty 71k

TINT 7 Ty 7IER, TR TN =0 AR OBRFERT V7 7 T 5281280
e PSR 25 L . £ ORBFEBIE T 2LV F 25 E T 57 ETHD,
D% FFELTCRL 2 E ' TEHIE AL, RN R 3 21T, 74y a by
IELRRRIZIRFEEE DO m WD 7 ORI H N THLR, TV T 7 v T 7IEOSGEIT
R FAF 7 E O IRZ LB E L0,

AL g R —E

AT AT HEN R ORL 12/ N DR 7 THFI L, D EE I E TR E R
BtE EICR 7232 5 1ETHD, 1 IR TR S, BIFE, SIMS {EI12dD
IN—=T 4 T IV EAT > TNVDAT_TO NWAL T, BILERIZ WS TS,

YT T

7V — b — ADOIEEHEREED— DT RENOLE DL ILENE DBV
B BHTIR AT 20 2 B I E L T E AT 2715 ThH D, BB ITIX
PRV D R NI —Z 3T TIT > COBETLHY . ks RO WEEH O — B &
LTiT> T %, JAEA Tid. 100 ml OF 7 KEIiEE KA AL, FTE DM EN
B RE L, ZDO%EEEE INZ ICP-MS THIEZIT-> T\, HIEHiEIL, &
F NI =7 W T TR TRY, E— &= 5B,

I —> JL— NDIEVEFE

KEEMBE TIX, 2V = —2DEEEE 7)— )V —L50 | NLFT74—h
(89 30 cm ) ZERHFIZHD 0.5 um LA EDOKRESOR FHTHLDOT, 21X, 100
fELL T O&5A CLASS 100 ERBLT D, D%, 1SO B HIESILTERIUL SO (2
STz, KEREF AL CLASS 100 (X ISO 77 A5, CLASS 1000 1% ISO 77 A
BITFIY L, B EN 2T/ D e 1SO 77 AT 45, FHATRE — XD
BREEIL ISO 772905 10 IZFY T HESbiv, — B8 ERELE TG0 ) — L —
LT ISO 75 A3~5Th%,

o T 4va= T

ISV G RTRRBL DAL AT T N LA B S ST o T T o D i 1 3E
Thb, BARHNILBERTCA A 23 T M B O RS IRCHEEE . 2 L CRAK
22 BAAM AL L TR 95, ZOMDIR LT EEIZL > T, A4 2SR
T LNBEIZIRZE L QOB B DT T o E LB SRS T Iv 7l DT
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B AT T BAARSINADZENTED,

AINAT

REFFOTT RO NNy AO B, R L DO RINLAR LSRR D 43 Hralkb oo
T o YR IR A2 RN — E BN CTRNAR LA E T 22 LI L0 EfEIT R D
HIEWTED, ZOIINTERT D HEZ FNARA IR HTIELFE)Y, ZAUTHWDEE
UERRIR DT LA R/ SA T LIFESS,

IN—=T ANV

ABHHZE ENDE 2 DR A DWW TRINAR B 3 M 24T 515, £ E ki1
[ZOWTDRIPAR A AT O DT | i EO R TITEE O IR A FEIZ I ~5
ZEMWHRETHD, /=T 47V HrEELTUL, EELT SIMS k& FT-TIMS 3£ H
WDHITWND,

2SIV T

BRI Z IR I IV AL BE R E A AT o e R ITE B L AR 4T &
1T TETHD, RN HIZBIL TXREH IR O EEELMES R D ARl E D
EWEDHTITA D THD,

757

(AL BR A T B4 HT Tl BRI WA IR DO R LA 2 DR I X
S TS ED T TERPRA LTS A2, WEEICIEOMEELET D, £z, N
NI GHTETIZIATA TREV IR BRI L CTHofr 350 T, MIEIZIZATVA 7RI
TR EENTWDET T BERIREN TV, RO AT A F 23 E e L (T HLE -
I T HZEICE ST HEMSTCBRERABI OV T BEMIET HIENTED, ZORK
EHDOARIAT % T Z 0 JATAT LN, 22 EENDT TR T NN BET T
JERES, FT-. ZEDORBOIREE CIRBEIC T LI B H AW ERE D5
R T RN, RSB O F 72 ST W5,

~ AT A IEAR S

BEONTFHIBWTELZ T 5% 6 K RMAEOR T RITENENRD, £
o HEEHE SR OBENDIZE > TR R RIT R 2> T D, A EL TRk
7R RINIAR LT AR DT D121E, SO U RINAR BRI O Y E 2 EL , £ D
PRHELEEOHEEEDTNE RBELDVLE N HDH, ZOT NaEMIET 572D DfF
B~ AT A IELRETHY | RO FERME I Z ORI AT D2 LT KD K fife 72
[FNAREE MBS,
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B AT 7k

BT GBS T CHA=— RV E Il 2 DR AE 0757
T, BRI H IR T-OH 2 RO HIL THBTAATH 2 LR CEBI0, SO
ORI L E PR TXD, T, HIERBIERL 1B 0T, B IR T- &Y
HLCHARL . WIS 27200 O R T,

SIMS %
SIMS 1%, kA A& &57#7 (Secondary ion mass spectrometry) D, & & DH;
—IRAF > (W) L, M%Z‘) BIHHEND “IRAF L (U778 kR
ﬁ—éjﬂffﬁ)é CRAF o EEEICEVEEL TR 2812, RN AR E
INFIRELT2 D, TR JTTATHY, f"”fi"f‘/fU‘/ﬁ“ﬁ:DKFH NHEATND,

FT-TIMS 4

T X, 74w ar b7 7 (Fission track) O, TIMS 1%, 2% i & &5 T
(Thermal ionization mass spectrometry) OW%, FT 1%, V7 72 %G dohi 4 i+
PR U7= BROORE 7y SR FE DO BRI DRI 2 R E T D 1k, D%, FrE LTkl 1
R T ATAN ETCIEVT 5 & JID??—S%?%\ AF ALSHE, iEho 4 (U7
PIRE) T D, AA U EAEEICEIDEEL TR T 2281280 IR EL | E A3
AREL2 D, SEHMEIRTTIET 13%7% SIMS {ELD B EE 7R 3 BT TS,
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st T FATEHEO SR EIC
=
BRiER BREENVI| VA BESE,
i A= HEBTF RO — o,
P et BGL~ LT & 2w HEEE,
30%HPGe, LOAX M7 H)ILFEIC AN, AFE
(2 ByigiE vidhiZEDEE T8
= € L E e P PILOBIRICE T A ETED T8
TEAEE EHEE SR IO MBS
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(e 554~ |
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DHL express £ — JL{# BEREICL 518 E
4 hY4
v 4
[RZT—=o78 il [ &% | e
A v s
En R B
e F_l o XA
+ (==U; 2<P0) <+ (233U, 242Py)
SIRLR LT 7 -
=Ty T 582
v v
ICP-MS(ELEMENT2) [E{i1 {+ tLBITE | afRANT FOAFY—
ER, FEfifL v
PR 28py/2Py I,
e AN - A
 J v

ADEFSR OB, THENZTE DETHE,

IEERS EIU(MS-EXCEL D 7 1 IL)ND X

l BT A-NWIIATLTHRS

IAEA

*1 AT BE A E DTN -2.4 2 1]
*2 AL BEFEDFEIIX-2. 55 I]

X-2.3 : NATHIEEOZT ANDNS ST TTE, A ETOME
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SEEREE OM HCI - 0.2M HNO3 (2 miL)
I HCI - 0. 1M HNO3 (ERERE: 1 mL + 1 mL)
9.5M HCI (10 mL)

OMHCI - 0. 1M HI (5 mL)
(—IRE )
9 HCI - 0.1 HI (5 mL)

ﬂ 0.5M HCI (5 L)
VNV N '4}

FE-1 A 2T S L
f&lhE MCI-GEL CAOSP CIBY (#ufF: 70— 150 um)
FIE 4 mm, & 70mm @BIsEE: 0.84 mL)

-

PuiSEk LR

150 HNO;, HEDE, Hcmﬁ;tlnifiﬁ%ﬁiﬁ L7oiZ
BE. HNO,ZNZ T2 % HNOGER(T mL)(ZSART 2,
N EICP-MSHESR#A T 2,

X-2.4 : BREGRIO(EZETEEAS— L
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SERLEE 10M HCI - 0.1M HNOs (0.25 mL)

10M HCI - 0. 1M HNO;3 (EBERE: 0.1 mL+ 0.1 mL)

| 10M HCI =0.1M HNO3 (0.1 mL+ 0.1 mL + 0.2 mL)
0.8M HNO3 — 90%CH;0H (0.025 rriL)

8M HNOs (0.05 mL + 0.1 mL + 0.05 mL)

ghd HMO5 (045 mL)
8h HMNO5 (4.0 mL)

M HCI {0.05 mlL + 0.5 mL + 0.5 mL)
AAARRS Vv

fEA 7 2 S L
#ifs MCI-GEL CADSY CIE! (12 235 um)
FIE: 2mm, &2 16 mm (@EIEEE: 50 L)

UiEEk PUiEEE S E

151 Hwof&ﬂni TR E L ToiE,
BE. HNO,ZAIZA T2 % HNOLSER(T mL) (CE3RT 2.
CNZEICP-MSBIES#E E T 4,

X-2.5 : Ay EEOLFEEAT— A
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SiRE

f

SG-SIMS LG-SIMS

(B E7fi#8E: 300) (EE=5f#8E:3000)
10 . T T T 10 T T T T
238U
8 - 8F .
6235 4 28pp27p| 1 8 % & 1
o Pb Al
4
- - 1 - -]
4 o 4 \ 235U
2 - 2+ / .
0 ' ' 0 | |
234 235 236 237 238 239 234 235 236 237
BHEH BEEH

4-3.5 : SG-SIMS & LG-SIMS TIFHAE EANT ML OEN ORI
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Sample solution @

10M HCI — 0.1M HNO4 2.9 ml

10M HCI — 0.1M HNO4 5.5 ml

10M HCI 7 ml

10M HCI - 0.1M HI 7.2 ml

(Stand for one night)

10M HCI - 0.1M HI 7 ml

0.1M HNO, 8 ml

A 4 A A 4

Column; DIAION SA#100, 1.25 ml (3.5mm¢, 130mmbh)

|

A\ 4

U

Wastel
(Th, Pu, etc.)

B-4.1 : *PURMFROMAELE (CRM 111 —A) BR O - 53 BEAF — L

99




SNEAER
(FREER)

MENER
_ (KB EB)
AN
(RTSAH—)
—)

ICP-MS™
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Sample solution

8.5M HCI 0.5 ml

8.5M HC| 0.5 ml

0.2M HCI 0.5 ml

A 4 A 4

Column; CA08Y, 0.085 ml (2.5mm¢, 17mmbh)

l v
Th U

X-4.4 : U7 AERERIREEICHODY T TR B OGRSy HEA — A
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O O O O O O O O O O O O O O O
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I | | | |
270 ng 29 ng 2.9 ng
U-850 kit
[X|-4.5 : NBS U-850 772 D RIREH /5 47k S
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68% HNO; 0.3 ml + CH;OH 3ml
— 1M HNO; — 90%CH;OH 2ml
1M HNO; — 90%CH;OH 13.5ml

0.5M HNOj; —80%CH;OH 1.3ml
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(ug7)
(g 9)

0.5M HNO; —80%CH;0OH 1.5ml
0.5M HNO; —80%CH;0OH 2.2ml
0.3M HNO; —80%CH;OH 3ml

(o)
(uison)
(uisz'1)

0.3M HNO; — 80%CH;OH 9ml

(T 0)
(Jug7)

(Juug-g)

0.2M HNO; 2ml

MCI GEL CA06Y. 3 mm® X 50 mmh (CV:350 uL)
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BRERF—L1

68% HNO; 0.3 ml + CH;OH 3ml
- 1M HNO; — 90%CH;OH 0.2ml
1M HNO; — 90%CH;0H 0.7ml

0.5M HNO; — 80%CH;0H 5ml
sl S| g 5 3| 5| & 0.3M HNO; — 80%CH;0H 3.7ml
S| 3| S| 8| S 0.2M HNO; 11ml
E|lEEEE Lo oo
al 2 F| @

MCI GEL CA06Y. 3 mm® X 50 mmh (CV:350 uL)
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BRERF—L2
68% HNO; 0.3 ml + CH;0H 3ml
— 1M HNO; — 90%CH;O0H 0.2ml
1M HNO; - 90%CH;0H 0.7ml

0.3M HNO; — 80%CH;0H 3.5ml

ol &) 3| 2| 5 0.3M HNO; — 80%CH;OH 3.5ml
3| 2] 3] B B 0.2M HNO; 11ml
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MCI GEL CA06Y. 3 mm® X 50 mmh (CV:350 uL)
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tirme
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#-3.3 . H—RuHEE AV = LG-SIMS (2 XA T A UKD [N AR EI s 5

R U/AU 72 (%) PU/AU itz (%) 2U/U 72 (%)
[HVALN=" [E/VALN=9 [ElivAZN=d
1 5.73E-05 0.45 1.0047E-02 0.83 8.07E-05 4.90
2 5.73E-05 2.96 1.0406E-02 0.44 8.22E-05 2.45
3 5.92E-05 9.25 1.0218E-02 2.28 8.10E-05 10.07
4 5.66E-05 3.37 1.0353E-02 0.50 7.78E-05 2.83
5 5.91E-05 3.64 1.0387E-02 0.54 8.52E-05 2.99
6 5.62E-05 2.86 1.0316E-02 0.42 8.40E-05 2.30
7 5.53E-05 3.41 1.0338E-02 0.50 7.95E-05 3.46
8 5.55E-05 2.64 1.0269E-02 0.39 8.57E-05 4.53
9 4.60E-05 8.35 1.0348E-02 1.09 7.96E-05 5.66
10 5.49E-05 6.95 9.9750E-03 1.01 9.40E-05 6.19
11 5.09E-05 7.69 1.0267E-02 1.14 7.17E-05 7.41
12 6.30E-05 7.14 1.0183E-02 1.18 8.32E-05 6.68
13 5.86E-05 8.48 9.9580E-03 1.37 8.35E-05 8.82
14 4.98E-05 5.20 1.0038E-02 0.76 7.23E-05 5.91
15 5.89E-05 6.13 1.0076E-02 1.03 1.01E-04 5.39
NS5 5.99E-05 2.57 1.0212E-02 0.90 8.28E-05 5.31
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#£-3.4 . EHERHEE AV LG-SIMS (21577 L AEAER -0 [N AA IR E S -

R U/AU 72 (%) PU/AU itz (%) 2U/U 72 (%)
[HVALN=" [E/VALN=9 [ElivAZN=d
1 5.92E-05 0.45 1.0040E-02 0.18 7.23E-05 2.06
2 5.92E-05 2.96 1.0007E-02 0.17 7.82E-05 2.27
3 5.01E-05 9.25 1.0049E-02 0.18 7.59E-05 1.96
4 5.17E-05 3.37 9.9260E-03 0.55 8.28E-05 5.05
) 5.26E-05 3.64 1.0065E-02 0.20 7.73E-05 2.19
6 5.41E-05 2.86 9.9920E-03 0.15 7.68E-05 1.66
7 5.15E-05 3.41 9.9940E-03 0.17 7.42E-05 1.95
8 5.48E-05 2.64 9.9960E-03 0.13 7.55E-05 1.61
9 5.34E-05 8.35 9.9930E-03 0.19 7.15E-05 2.99
10 5.25E-05 6.95 1.0011E-02 0.16 7.48E-05 1.77
11 5.41E-05 7.69 1.0020E-02 0.12 7.66E-05 1.30
12 5.01E-05 7.14 9.9860E-03 0.16 7.64E-05 1.77
13 5.36E-05 8.48 9.9910E-03 0.20 7.52E-05 2.01
14 5.48E-05 5.20 1.0019E-02 0.16 7.38E-05 1.83
15 5.44E-05 6.13 9.9890E-03 0.17 7.66E-05 1.86
NS5 5.39E-05 5.97 1.0005E-02 0.19 7.59E-05 2.16
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F-4.1 : PUBKERNAEAE(CRM 11— A) IR O IR T-EE O/ HTHE 5

229Th/233U 234U/233U 230Th/229‘|'h
Ratio 1RSD Ratio 1RSD Ratio 1RSD
B EE 4.63E-05 12.9% 0.00191 4.3% 0.00123 5.3%
HEBE 4.75E-05 0.00186 0.00120
AEEOHE | . .
BHDDFEE 2.6% 2.7% 2.3%
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4.2 . AARERE TR AR EE 229, 230, 233 KON 234 O H T RRAE K O HY
o R TR B (fg-7mlBIE A &R &) 1R H B (cps/ppt)
HAFBEARD

HEete m/z m/z m/z m/z H U
229 230 233 234

Tryba—27iL,

) pammmnL | 103 | 110 | 41 5.3 3059.4 3583.6
Cryka—rHY.

@ A AL 9.3 6.6 4.9 3.3 5405.4 7672.6
Pryba—riL,

® SRy 2.8 5.5 4.4 3.7 9124.9 9137.9
Cryka—rHY.

@ Ry 2.7 45 2.0 2.6 12475.1 17212.4
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#F-4.3 : NBS U—850 77  OFERIRFHA TS e

U-850 | &# | 2°Th/2*Th 234233y HEREE
#HHE | No. (1RSD) (1RSD) (¥ TEHARS ™)
No.l 1.018 0.296 1956/7/28
: (2.9%) (0.53%) (1953/2/1~1960/1/23)
No.o 1.014 0.300 1957/8/7
: (3.5%) (0.19%) (1953/6/24~1961/9/20)
0.989 0.296 1958/5/14
270ng | No.3 (3.0%) (0.60%) (1954/11/18~1961/11/8)
No4 0.991 0.293 1957/9/3
: (2.4%) (0.730%) (1954/9/11~1960/8/26)
No.& 0.993 0.297 1958/3/30
: (1.4%) (0.53%) (1956/6/20~1960/1/7)
No.1 1.042 0.318 1958/8/2
: (4.6%) (0.57%) (1953/3/14~1963/12/22)
No.o 1.012 0.318 1960/2/4
: (5.9%) (0.72%) (1953/10/3~1966/6/7)
sona | Nos 1.049 0.318 1958/2/3
g : (3.6%) (0.32%) (1953/11/28~1962/4/11)
No4 1.066 0.318 1957/3/22
: (3.9%) (0.39%) (1952/8/28~1961/10/14)
No& 1.086 0.319 1956/3/22
: (5.3%) (0.24%) (1949/11/20~1962/7/24)
No.1 0.789 0.317 1972/5/17
: (15%) (0.28%) (1959/9/13~1985/1/18)
No.o 0.816 0.318 1971/1/19
: (30%) (0.62%) (1943/10/20~1998/4/21)
song | No3 0.914 0.320 1965/11/4
g : (17%) (0.48%) (1949/5/14~1982/4/28)
No4 0.840 0.319 1969/10/14
: (10%) (0.76%) (1960/11/30~1978/8/29)
No& 0.852 0.318 1969/1/29
: (14%) (0.49%) (1955/10/8~1982/5/22)

Williamsi> (55 B (344 : U850 Nol)

1957/5/26

XIHETHM L, HERHBADFELNS (k=2)EEKT D
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#-5.1 : AAVPEINEIZL DT T 7 ATA T EDO T )L b=t I R R OE
BFHIE (4.6 keps/ppt) FERERIE (68 keps/ppt. 41 keps/ppt) *!
22py 10 pg HSHN 22py 10 pg ¥SHN 22py 1 pg ¥
I R PR A JUEf FRHHFRA TIEfE TR

Pu & (fg) 9+62 81 0.1*4.5 5.4 -2.9+1.1 1.3
29py £ (fg) 6+37 48 —0.5+3.2 4.2 -2.2640. 22 0.27
20py B (fg) 3+23 30 0.4+4.0 4.9 -0. 600. 90 1.2
21py £ (fg) -0.1%£1.7 3.9 0.4+3.6 4. 4 -0. 26=0. 61 0. 80
22py £ (fg) 4=+3.3 4.1 —0.24+2.3 2.8 0.18+0.92 1.2
200py /239py 0.60=0. 44 ~0.9%7.9 0.26740. 40
21py/29py -0. 010. 30 0.7+7.2 0.11+0. 27
242y /239py [ 0. 08=0. 44 0.4+4.6 -0. 080. 40

s1: Pu IR 68 k cps/ppt. 41 k cps/ppt 1E. FHZH *2Pu 10 pg FIIERERALERE, *?Pu 1 pg i
IR E RO EZ R LT,
%20 IEEDO NS, BERRERE R TOMENSENZEELT- 9% EFXFDOILRA S

LTz,

*3: MHFRFUT, IAEA MBS LIFHRETIEICE D E | R TO RN S D EER % 5 0 75 FH X [H]

9% AR ) DYLIRAHEN S TRLTZ,
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#-5.2

L T IIATAT RO T V= NEBIZRIT DR T — X DIEH]

240Pu /239pu 241PL1 /239Pu 242PU /239Pu
HIEfE FAE e FAE HIEfE FAE
1[alH 1. 8378 3.3 0. 7708 3.3 6383. 4 3.3
2 A H 1. 3077 3.3 0. 4517 3.3 4638. 0 3.4
3 H -126 0.4 -115. 3967 0.4 —489445. 7 0.4
4 A1 H 2. 8889 3.2 0. 2908 3.3 20248. 2 3.1
5[EH 1. 6582 3.3 0. 4681 3.3 6129. 3 3.3
) -23.66 *+ 57.21 (247%) -22.68 * 51.83 (242%) -90409 + 223157 (247%)
BT —H DI
Pu& :0.06 £ 0.36 (600% pg
1.923 =+ 0.680 (35%) 0.4954 =+ 0.2003 (40%) 9350 = 7306 (78%)
FEHWRTER D)
Pu48 :0.003 = 0.016 (500%) pg
#-5.3 : SIMS IZXVWHIELT~ Plasma CAL BT RN EL
234U /238U Iﬁ"fﬂiﬁgtt 235U /238U Iﬁ‘l,ﬁz{$ﬂ:

Rk 1 8.38 x 10° 6.43 x 10°

okl 2 1.17 x 10 6.39 x 10

el 3 1.15 x 10™ 6.34 x 10°

k4 1.08 x 10 6.37 x 10

MERA) (1.06 £ 0.15) x 10™ (6.38 = 0.04) x 10

=54 :

TIMS IZL0RIELT= Plasma CAL 3Bl F RIS AL

234U /238U Iﬁj’fiﬁg H: 235U /238U Iﬁ‘l’ﬁ[i{$ JZ[Z
v 4.51 x 107 6.29 x 107
B2 4.35 x 107 6.32 x 107
k3 4.41 x 107 6.26 x 107
el 4 4.39 x 107 6.28 x 107
k5 4.54 x 107 6.31 x 107
) (4.44 + 0.08) x 10° (6.29 + 0.02) x 10
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10. FERRIEE
[ENA R TR BT 5 CRATE LT ST BIL TR L . IR D B2 b sianT B = Lo 10 FIENT A J0TED | Ik
S ST, $7- . B Aok MR A A R R T A LD Tk OBROEEIE o E 5L BRI (R CNR
EA
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spectroscopy to chemical form - s RSC Tokyo International T e

identification of uranium particles with ZH E. TR X#. B EH Conference 2016 FR28FIA 2le
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i F IR = Al E =T - £ E —. = sore =g =A s

PRI ILF=r) AORBEBTREED [RER—E, BAKE, SR, BALY g o asen | @

DT ALY La BRAFEDRE [ TIRXE . RIRES
FAOFRE S L CERAHIZES
IIV—FNI=VLREMMTO |TRXE. RER—E. HAKE. MAEY |BAMLELBOFS | EH8E9A | ERX
2°Pu/ 2P PuEl i A L 3 4T (RRS—)
B Y RSB EURAA >
HENHICEHB— 9SO MMT O [EE E. TR X%, M7 E6 AASHEFREEFR | FRBHFA | EW
SARAE - AP L 34 GRR—)
IAEABR B EHBME TN =" ADE |[BEA 150, RE f—E6. #K K. LR X |18 B EERATRE IR
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Abstract : Secondary ion mass spectrometry (SIMS) is a promising tool to measure isotope ratios of individual uranium parti-
cles in environmental samples for nuclear safeguards. However, the analysis requires prior identification of a small number of
uranium particles that coexist with a large number of other particles without uranium. In the present study, this identification was
performed by scanning electron microscopy - energy dispersive X-ray analysis with automated particle search mode. The analyt-
ical results for an environmental sample taken at a nuclear facility indicated that the observation of backscattered electron images
with x 1000 magnification was appropriate to efficiently identify uranium particles. Lower magnification (less than x 500) made it
difficult to detect smaller particles of approximately 1 um diameter. After identification, each particle was manipulated and trans-
ferred for subsequent isotope ratio analysis by SIMS. Consequently, the isotope ratios of individual uranium particles were success-
fully determined without any molecular ion interference. It was demonstrated that the proposed technique provides a powerful tool
to measure individual particles not only for nuclear safeguards but also for environmental sciences.

Keywords : SEM-EDX, SIMS, Uranium particles, Nuclear safeguards, Backscattered electron

Introduction

Secondary ion mass spectrometry (SIMS) is a promising
technique to measure isotope ratios of individual uranium
particles in environmental samples taken at nuclear facilities,'”
similar to thermal ionization mass spectrometry.”® The
isotope ratios provide valuable information on the sources of
each particle, which are strongly related to nuclear
activities in a nuclear facility. The International Atomic
Energy Agency compares such isotope ratio data with
values for nuclear materials used and declared by a facility.
If there is an inconsistency between the obtained data and
declared information, undeclared nuclear activities are
suspected for the facility. This plays an important role in
nuclear non-proliferation.

A drawback in isotope ratio analysis by SIMS is the
occurrence of molecular ion interferences.”* During the

*Reprint requests to Fumitaka Esaka
E-mail: esaka.fumitaka@jaea.go.jp
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permit anyone to unrestrictedly use, distribute, and reproduce the content
in any medium as far as the original authors and source are cited. For any
reuse, redistribution, or reproduction of a work, users must clarify the
license terms under which the work was produced.
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analysis of a uranium particle, elements such as lead (Pb)
and tungsten (W) in neighboring particles may produce
molecular ions and cause spectral interferences on the
uranium mass region (e.g., **°Pb'*C'°0", **®Pb'*C'°0O" and
180W1%0;"), resulting in inaccurate isotope ratio results. The
use of a state-of-the-art SIMS instrument enables to
overcome this problem to a considerable extent owing to a
high mass-resolving power.®

As an alternative approach, the authors previously
developed a manipulation technique for a uranium particle
under a scanning electron microscope (SEM).” This
approach enabled individual uranium particles to be
transferred onto another planchet using a micro-
manipulator attached to SEM, thereby eliminating
molecular ion interferences by elements in neighboring
particles. In this technique, prior to the manipulation and
isotope ratio analysis by SIMS, a small number of uranium
particles that coexisted with a large number of other
particles containing no uranium must be identified using
SEM. The observation of backscattered electron (BSE)
images is useful for the identification of a uranium particle
because a particle containing an element with a relatively
higher atomic number yields an image with relatively
higher brightness.’ Therefore, uranium containing particles
can be easily distinguished from other particles containing
elements with relatively lower atomic numbers such as
carbon, aluminum, silicon, and iron. However, it is
considerably difficult to distinguish uranium containing
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particles from particles containing elements with relatively
higher atomic numbers such as Pb and W. Therefore, X-ray
analysis for identified particles is necessary to confirm the
presence of uranium in each particle. This analysis is
manually performed over the entire area for each planchet,
which requires enormous efforts and limits the throughput
of the analysis.

In the present study, an automated particle search
function known as “Particle Finder” (developed for SEM
instruments by JEOL Co. Ltd. Japan) was used to
efficiently identify uranium particles. Here, the observation
of BSE images and X-ray analysis with an energy
dispersive X-ray (EDX) detector were performed
automatically for particle identification. The performance
was evaluated through an analysis of a real environmental
sample. After the identification of uranium particles, each
particle was transferred onto another planchet, and isotope
ratio analysis was performed by SIMS.

Experimental

An environmental sample taken at a nuclear facility was
used in this study. Particles in the sample were recovered
onto a glassy carbon planchet (25 mm ¢, Hitachi Chemical
Co. Ltd., Japan) by a vacuum impaction technique.'” The
planchet was then introduced into the main chamber of
SEM. After the identification of individual uranium
particles with SEM-EDX, each uranium particle was
manipulated with a glass needle attached to a manipulator
and transferred onto another glassy carbon planchet. Glass
needles were fabricated from glass rods with a diameter of
1 mm using a micropipette puller (PC-10, Narishige Co.
Ltd., Japan) and thinly coated with gold using a coater
(SC-701AT, Sanyu Electron Co. Ltd., Japan).

A field emission scanning electron microscope (JSM-
7800F, JEOL Co. Ltd., Japan) equipped with EDX (JED-
2300, JEOL Co. Ltd., Japan) was used to identify uranium
particles. An electron beam with an accelerating voltage of
20 keV was used to observe BSE images of the particles.
The number of pixels of the BSE images was set at
512 x 384. The magnification of the BSE images was set at
x 250, x 500, x 750, x 1000, x 1300, or x 1600. Uranium
particles were searched over a range of 1 cm x 1 cm on the
planchet. The acquisition time in EDX analysis for each
identified particle was set at 10 s.

A secondary ion mass spectrometer (IMS-6f, Cameca,
France) was used for measuring isotope ratios in
individual uranium particles. In SIMS analysis, an O,"
focused beam of 15 keV with a current of 1-5 nA and
raster size of 30 or 40 um was used for sputtering
particles. Positive secondary ions emitted from a particle
were accelerated through 5 keV. Transfer optics of 150 um
and a field aperture of 1800 um were used. An energy slit
was adjusted for a band pass of 50eV. The mass
resolution was set at 300.
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Results and Discussion

Uranium particle identification

The relation among the magnification of BSE images,
analysis time, and number and size of identified uranium
particles was investigated to optimize analytical conditions
for SEM-EDX analysis. In this study, uranium particles in
the sample were identified by SEM-EDX with
magnifications of x250, x500, x750, x1000, x1300, and
x1600, and with increasing magnification, the analysis
times increased, i.e., 6.4, 14.5, 31.5, 55.1, 92.8, and 137.1
h, respectively. The analysis times were strongly dependent
on the number of uranium particles and other particles
containing elements with relatively higher atomic numbers.
The number of identified uranium particles increased with
increasing magnification until x1300 and slightly reduced
at x1600, as shown in Figure 1. At x1300 magnification,
298 uranium particles were identified, whereas at x250
magnification, only 62 uranium particles were detected. At
x1000 magnification, 263 uranium particles were
identified, which is 88% of the number of particles
identified at x1300 magnification. In this case, the analysis
time was reduced to 59% of that of the measurement at
x1300 magnification. By considering the analysis time and
the number of identified uranium particles, x1000
magnification appears to be appropriate for efficiently
identifying uranium particles.

At x1000 magnification, 263 uranium particles and 156
particles containing no uranium were identified by the BSE
images. The main elements in the particles containing no
uranium were Pb, W, and zinc (Zn). From the BSE images,
it was difficult to distinguish uranium particles from the
other particles containing these elements. Therefore, X-ray
analysis for each identified particle was essential to
confirm the presence of uranium.
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Figure 1. Number of uranium particles identified by SEM-EDX
as a function of the magnification of BSE images.
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Figure 2. Number of uranium particles identified by SEM-EDX as a function of the particle size. The magnifications of BSE images

were set at (a) x250, (b) x500, (c) x1000, and (d) x1300.

Figure 2 shows the number of identified uranium
particles as a function of the particle size. At x250
magnification, no uranium particle with a diameter of less
than 2 pm was identified. Conversely, at x1000 and x1300
magnification, a large number of uranium particles with
less than 2 pm diameter was identified. Environmental
samples taken at nuclear facilities usually contain uranium
particles with a diameter of approximately 1 um.
Therefore, x1000 magnification is necessary to identify
uranium particles for such samples.

Figure 3 shows the BSE images and EDX spectra of the
smallest and largest uranium particles identified in this
study. Uranium exhibits a U Mo X-ray peak at 3.16 keV
in the EDX spectra. This peak is easily distinguishable
from Pb Ma (2.34 keV), W Ma (1.77 keV) and Zn La
(1.01 keV) X-ray peaks. On the other hand, cadmium (Cd)
exhibits a Cd La X-ray peak at 3.13 keV, which overlaps
with the U Ma X-ray peak. It is difficult to distinguish a
U Ma X-ray peak from a Cd La X-ray peak because of
insufficient energy resolution in EDX analysis. In this case,
a U La X-ray peak at 13.6 keV should also be observed to
confirm the presence of uranium because Cd exhibits no
X-ray peak in such energy.

SIMS analysis

Each uranium particle identified at x1000 magnification
in SEM-EDX analysis was manipulated and transferred
onto another glassy carbon planchet for subsequent isotope
ratio analysis by SIMS. Figure 4 shows the **U and *°U
atomic ratios obtained for 12 individual uranium particles.
The U atomic ratios were 0.8-6.4%. There is a good
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0 L L L ] 1
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Energy (keV)

Figure 3. BSE images and EDX spectra of (a) the smallest and
(b) the largest uranium particles identified by SEM-EDX. The
acquisition time for each EDX spectrum was set at 200 s.
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Figure 4. **U and *°U atomic ratios of individual uranium
particles in an environmental sample taken at a nuclear facility
measured by SIMS.

correlation between the **U and U atomic ratios, which
indicates that there is no molecular ion interference owing
to particle manipulation. The correlation between the 2*U
and *°U atomic ratios also indicates that low enriched
uranium materials have been used at the facility from
where the sample was taken.'

Conclusions

In the present study, uranium particles were efficiently
identified by SEM-EDX with automated particle search
mode. The observation of the BSE images with x1000
magnification was appropriate to efficiently identify
particles with a diameter of approximately 1 um. After the
identification of uranium particles, the uranium atomic
ratios of individual particles were successfully determined
with SIMS without any molecular ion interference. The
proposed technique based on the observation of the BSE
images is especially useful for analyzing particles

44 Mass Spectrom. Lett. 2016 Vol. 7, No. 2, 41-44

containing elements with relatively higher atomic numbers.
Therefore, this technique would be a powerful tool for
analyzing not only uranium but also heavy metal elements
in environmental samples.
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Application of micro-Raman spectroscopy to chemical form
AXXX identification of uranium particles with micro-meter size

Takumi Yomogida®, Fumitaka Esaka’, Masaaki Magara®
! Nuclear Safety Research Center, Japan Atomic Energy Agency

1. Introduction

It is well known that isotope ratios and chemical forms of particles in environmental samples provide important information on the
origin of particles. In the specific case of uranium, we can deduce nuclear activities such as refining, conversion and enrichment processes
by the determination of the chemical form of uranium particles. In this study, we applied a micro-Raman spectroscopy technique to the
analysis of standard uranium particles with micro-meter size and demonstrated its effectiveness.
2. Experimental procedure

Two compounds were used in this study: (1) UsOg of a standard material (SRM 950a, NIST, USA), (1) UO, in a powder for UO,
pellet fabrication. Uranium particles swiped into cotton cloths were deposited on glassy carbon disks (GCD) by a vacuum impactor device
The particles were identified using a SEM-EDX instrument (JSM 7800F, JEOL Co. Ltd., Japan), which were transferred on the other
GCD by using a micromanipulation method [1]. The chemical analysis was performed with a micro-Raman spectrometer equipped with a
532 nm diode laser (MicroRAM-300/532A, Lambda Vision, Japan). T T T
3. Results & discussion

Figure 1 shows an example of the SEM micrograph and the Raman spectrum of a UO,
particle with a diameter of 1 pm. The characteristic Raman bands at 445 and 1160 cm™
assigned to UO, structures were observed. For U;Og particles, the bands at 248, 412 and 807
cm?, which derived from UzOg structures, were also observed. The particle shape was
preserved after the measurement with an optimized laser beam intensity. It is concluded that
the chemical forms of individual uranium particles with diameters more than 1 um can be
analyzed with the method mentioned above without sample degradation and that the isotope
ratio analysis is applicable to the particles after the Raman measurement.

Intensity / a.u.

200 400 600 800 1000 1200

H Raman shift / cm”’
[1] F. Esaka, K.T. Esaka, C.G. Lee, M. Magara, S. Sakurai, S. Usuda, K. Watanabe, Talanta, Figure 1. Raman spectrum obtained for a UQ,
. 71, 1011-1015 (2007). . . . particle with micrometer-size. (Inset: Scanning
This study was performed under the auspices of the Nuclear Regulation Authority, Japan. electron micrograph of the measured particle.)
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Isotope ratio analysis of individual uranium-plutonium (U-Pu) mixed oxide particles contained within
environmental samples taken from nuclear facilities is proving to be increasingly important in the field of
nuclear safeguards. However, isobaric interferences, such as 2*U with 2*®Pu and 2*!Am with 2*'Pu, make it
difficult to determine plutonium isotope ratios in mass spectrometric measurements. In the present study, the
isotope ratios of 2*Pu/?*?Pu, 24°Pu/2*Pu, 2*'Pu/?*°Pu, and 2**Pu/>*°Pu were measured for individual Pu and
U-Pu mixed oxide particles by a combination of alpha spectrometry and inductively coupled plasma mass
spectrometry (ICP-MS). As a consequence, we were able to determine the 2*°Pu/?*°Pu, 2*'Pu/?*°Pu, and
242pyy/239py isotope ratios with ICP-MS after particle dissolution and chemical separation of plutonium with
UTEVA resins. Furthermore, 2**Pu/?*°Pu isotope ratios were able to be calculated by using both the 2**pu/
(**Pu+2*"Pu) activity ratios that had been measured through alpha spectrometry and the 2*°Pu/?*°Pu isotope
ratios determined through ICP-MS. Therefore, the combined use of alpha spectrometry and ICP-MS is useful in

determining plutonium isotope ratios, including 2**Pu/?*°Pu, in individual U-Pu mixed oxide particles.

1. Introduction

Irradiated uranium fuels contain plutonium that has been produced
by neutron capture reactions of 238U, After reprocessing, the plutonium is
mixed with depleted or natural uranium and utilized in uranium-—
plutonium (U-Pu) mixed oxide fuels. Determination of plutonium isotope
ratios (>*®Pu/?**Pu, 2*°Pu/>**Pu, >*'Pu/***Pu, and >**Pu/*°Pu) in such
U-Pu mixed oxide samples is crucial for the characterization of nuclear
fuels used in nuclear reactors. Inductively coupled plasma mass spectro-
metry (ICP-MS) is widely used for determining these isotope ratios due to
its high sensitivity, good precision and accuracy [1,2], though a major
drawback of using this to analyze the mixed oxide samples is that it is
affected by isobaric interferences such as 2*4U with 2*®Pu and >*!Am with
241py [3], polyatomic ion interferences, abundance sensitivity and
ubiquitous presence of 228U, >*'Am is present along with uranium and
plutonium isotopes in the mixed oxide samples due to the decay of *'Pu,
which has a half-life of 14.3 years [4]. Since the mass resolution needed
for the separation of these peaks is beyond the specification of commer-
cially available ICP-MS instruments, a chemical separation technique,
such as ion exchange or solid phase extraction, needs to be carried out
prior to ICP-MS measurements being made.

* Corresponding author.
E-mail address: esaka.fumitaka@jaea.go.jp (F. Esaka).
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Environmental samples taken from nuclear facilities have an
isotope ratio analysis for plutonium run on them, as this is particularly
important for nuclear safeguards; evaluation of this data may reveal
whether undeclared nuclear activities are occurring at a facility [5,6].
In such an evaluation, single particle analysis provides detailed
information on nuclear activities carried out in both the past and the
present. A lot of effort has been expended on the technical development
of isotope ratio analysis for individual uranium particles, and this
analysis can use secondary ion mass spectrometry (SIMS) and thermal
ionization mass spectrometry (TIMS) [7—15]. Few investigations have,
however, been conducted on the analysis of individual U-Pu mixed
oxide particles, because of the isobaric interference mentioned above.

In a previous study [16], we developed a method that combined
chemical separation with ICP-MS measurements. Prior to the chemical
separation, each U-Pu mixed oxide particle is sampled with a micro-
manipulator attached to a scanning electron microscope (SEM) before
being dissolved with acid. Consequently, the developed technique
allows for the 2*°Pu/?*?Pu, 21Pu/?*°Pu, and 2**Pu/>*°Pu isotope ratios
in the individual mixed oxide particles to be determined. However, an
attempt was made to determine the 23®Pu/?*°Pu isotope ratios, but it
failed due to the high procedural blank values at m/z 238.
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In the present study, a combination of alpha spectrometry and ICP-
MS is used to determine plutonium isotope ratios, including
238pyy/23%Py, in individual U-Pu mixed oxide particles. We looked to
calculate the 2*®Pu/?*?Pu isotope ratios by using both the 2*Pu/(**°Pu
+240Py) activity ratios determined through alpha spectrometry and the
240pyy /23%Py isotope ratios measured with ICP-MS. Although previous
studies have already developed an approach that analyze ***Pu by
means of alpha spectrometry and ICP-MS [17,18], this study is the first
to apply the technique to the analysis of single particles.

2. Experimental procedure
2.1. Samples

Uranium—plutonium mixed oxide particles with U/Pu ratios of 1, 5,
and 10 were prepared from mixed solutions of plutonium (SRM947,
plutonium sulfate tetrahydrate, National Bureau of Standards (NBS),
USA) and uranium (U010, triuranium octoxide, New Brunswick
Laboratory (NBL), USA) reference materials. Here, the plutonium
solution was purified with an anion exchange method on July 14,
2008, to remove uranium and americium. The details of the plutonium
purification and particle production processes are described in an
earlier paper [19]. The amount of plutonium in a particle with U/Pu
ratio of 1 is roughly estimated to be 3 times larger than that with U/Pu
ratio of 5, and 5.5 times larger than that with U/Pu ratio of 10, if each
particle has the same diameter.

Fig. 1 shows secondary electron images and energy dispersive X-ray
spectra of the mixed oxide particles that had U/Pu ratios of 1 and 5 on
silicon disks with a diameter of 25 mm (Semitec Co. Ltd., Japan). The
relative intensity of the U Ma peak, at 3.18 keV, to the (Pu Ma+U Mp)
peak, at 3.36 keV, changed, according to the U/Pu ratio. Alongside the
mixed oxide particles, plutonium oxide particles were also prepared for
analysis, they were prepared from the same plutonium solution.

(a)
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2.2. Sample preparation

Single Pu or U-Pu mixed oxide particles on the silicon disk were
sampled with a micro-manipulator (Sanyu Electron Co. Ltd., Japan)
attached to a SEM instrument (JSM-7800F, JEOL Co. Ltd., Japan) [9]
before being placed onto the center of a Si plate with a dimension of
5x5 mm (Semitec Co. Ltd. Japan). Each Si plate containing a particle
was placed in a 7 mL perfluoroalkoxy (PFA) jar, and 1 mL of 68%
HNO; (TAMAPURE-AA-10, Tama Chemicals Co. Ltd., Japan) was
added. The jar was then placed into a closed polytetrafluoroethylene
(PTFE) vessel. The digestion was carried out for 7 h in an oven that was
180 °C. After the digestion, roughly 1 mL of Milli-Q water and 18 pL of
35% H,05 (TAMAPURE-AA-10, Tama Chemicals Co. Ltd., Japan) were
added to the sample.

The separation scheme used in this study is shown in Fig. 2; the
scheme used was a modified version of the method developed by
Morgenstern et al. [20] and almost the same as that used in a previous
study [16]. The sample solution was passed through a UTEVA resin
(100-150 pm, Eichrom technologies Inc., USA) packed into a poly-
ethylene column (4 mm o.d., 40 mm height, and column volume: ca.
0.5 mL). Americium, which passed through the column without reten-
tion, was removed completely with 5 mL of 8 mol L™' HNO3/0.3%
H,0,. Plutonium, meanwhile, was eluted with 5 mL of 2 mol L!
HNO3/0.02 mol L™! ascorbic acid/0.02 mol L™ hydroxylamine hydro-
chloride. The recovery efficiency of plutonium was estimated to be
more than 95%. The eluent was evaporated to dryness on a hot plate
that was 180 °C. After adding 0.5 mL of 68% HNOj3, 0.1 mL of 35%
H,0, was added, and the eluent was again evaporated to dryness. The
resulting residue was dissolved with 1 mL of 8 mol L™* HNO5 on the
hot plate at 100 °C. 0.5 mL of the solution was used for the isotope
ratio measurement through ICP-MS after 3.5 mL of Milli-Q water had
been added. The remaining solution (0.5 mL) was used for alpha
spectrometry, and the solution was pipetted onto a tantalum disk with
a diameter of 24 mm (Rare Metallic Co. Ltd., Japan) before being

(b)

Intensity (a.u.)

Energy (keV)

Fig. 1. Secondary electron images and energy dispersive X-ray spectra of U-Pu mixed oxide particles with U/Pu ratios of (a) 1 and (b) 5.
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hydrochloride
U
Alpha spectrometry ICP-MS

Fig. 2. A flow chart of the chemical separation of plutonium.

evaporated until dry. Finally the residue was heated by a burner before
measurements were made.

Six procedural blank samples were prepared by using the Si plates
containing no Pu or U-Pu mixed oxide particles. All sample prepara-
tion processes were applied to make the procedural blank samples.

2.3. Instruments

Isotope ratio measurements were made with a combination of an
Apex-Q desolvation sample introduction system (Elemental Scientific
Inc., USA) and a single collector ICP-MS instrument (ELEMENT-2,
Thermo Fisher Scientific Inc., USA). In order to detect a trace amount
of plutonium, a low mass resolution mode with an M/AM of 300 was
used for the measurements; the analytical condition is summarized in
Table 1. The mass bias factor was determined by a 5.14 pg mL™! NBS
SRM 947 standard solution with a matrix of 0.81 mol L™* HNO;. The
uncertainties were estimated by considering measurement variability,
mass bias correction, process blank value subtraction and the certified
value of the reference material, according to the principles described in
the Guide to the Expression of Uncertainty in Measurements (GUM)
[21].

Alpha spectrometry was carried out with an alpha spectrometer
(Octéte Plus, Ortec Co., USA) that had eight ion-implanted silicon
charged-particle detectors with active areas of 450 and 600 mm?. The
distance between the detector and the alpha source was 5 mm. Data
was saved at roughly 500,000, 1,000,000, 2,000,000, 2,850,000, and
3,500,000 s, respectively.
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Table 1
Analytical condition of the ICP-MS.

Parameter Setting
ICP-MS

RF power 1250 W
Cooling gas flow rate 17.0 Lmin™!
Auxiliary gas flow rate 0.88 L min~!
Sample gas flow rate 0.66—1.01 L min~!
Solution uptake rate 0.18 mL min~*
Sampling time per isotope 50 ms

Scan per replicate 200

Number of replicates 5

Resolution (M/AM) 300

Apex-Q desolvation system

Spray chamber temperature 100 °C
Condenser temperature 2°C

1.5 mL min*
0.13-0.42 L min~*

Nitrogen flow
Additional gas (Ar)

3. Results and discussion
3.1. 2%Pu/?3°pu, 21 Pu/23Pu, and ***Pu/?*’Pu isotope ratios

ICP-MS measurements were performed for individual Pu and U-Pu
mixed oxide particles that had U/Pu ratios of 1, 5, and 10. The obtained
240pyy /23%py, 241pu/23%Pu, and 2*2Pu/?*°Pu isotope ratios are presented
in Fig. 3, along with the sizes, in pm, of each particle. The sizes of the
particles with a U/Pu ratio of 10 were larger than those of the other
particles, since only larger particles were found in the sample. As
shown in Fig. 3, all of the isotope ratios were consistent with the
expected values that had been calculated by considering the certified
value of the NBS SRM947 reference material and the decays of each
plutonium isotope. Accurate determination of the 2*'Pu/?*°Pu isotope
ratios was also possible thanks to the prior removal of americium with
UTEVA resins. The count rates obtained for the procedural blank and
individual Pu oxide particles are given in Table 2, and they indicate that
the count rates at m/z 239, 240, 241, and 242 for the procedural blank
were low enough to determine the 2*°Pu/?*°Pu, 2*'Pu/?*°Pu, and
242py/239Py isotope ratios. In contrast, the count rates at m/z 238
for the procedural blank were comparable to those of the single Pu
oxide particles. Therefore, it is impossible to determine the 2*¥Pu/?3*Pu
isotope ratios with ICP-MS. The higher count rates at m/z 238 for the
procedural blank were presumably due to the uranium being con-
taminated by the UTEVA resins, reagents, labware, etc., as these rates
correspond to approximately 30 fg of 223U. The count rates at m/z 238
for the procedural blank were one order of magnitude lower than they
had been in a previous study [16], since the UTEVA resins were
thoroughly washed with HF and HNOj; before use [22]. However,
further reduction of the count rates at m/z 238 for the procedural blank
was difficult in this study. This implies that this approach was limited,
because it only used ICP-MS for the analysis of the 2*Pu/?*°Pu isotope
ratios in individual Pu and U-Pu mixed oxide particles.

3.2. 238py/23°py isotope ratios

In order to be able to determine the ***Pu/?*°Pu isotope ratio in
individual Pu and U-Pu mixed oxide particles, half of the plutonium
solution after chemical separation was measured by alpha spectro-
metry. Fig. 4 shows the changes in the relative standard deviation
(R.S.D.) of the 238Pu/(>**Pu+2%°Pu) activity ratios over the acquisition
time that was observed in the analysis of the individual mixed oxide
particles that had U/Pu ratios of 1 and 5. The R.S.D. decreased
significantly until roughly 2,850,000 s. After this, a moderate change
was observed between 2,850,000 and 3,500,000 s. As such, an acquisi-
tion time of around 2,850,000 s is considered to be appropriate for
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Fig. 3. The (a) 240py /239py, (b) 24'Pu/?*°Pu, and (c) 2*?Pu/***Pu isotope ratios of individual Pu and U-Pu mixed oxide particles with U/Pu ratios of 1, 5, and 10, as measured through
ICP-MS. The error bars represent expanded uncertainties with a coverage factor of k=2. The dotted lines represent the expected values that had been calculated by considering the
certified value of the NBS SRM947 reference material and the decays of each plutonium isotope. The values noted in the figure indicate the sizes, in um, of each particle.

Table 2

The count s~* values for the procedural blank and individual Pu oxide particles at m/z 238, 239, 240, 241, and 242, as measured through ICP-MS.

m/z 238 239 240 241 242
Sample
Procedural blank (n=6) 150.7 £ 91.1% 1.6+0.8 0.6+0.2 0.2+0.1 0.6+0.4
Pu particle 1 (2.1 um\') 121.6 +7.8° 8519.2 +347.1 2060.1 +99.5 62.2+6.4 129.3+7.4
Pu particle 2 (2.8 pm) 176.0+9.4 25587.5+378.1 6161.2 +93.0 181.5+4.0 401.9+11.8
Pu particle 3 (1.5 pm) 79.3 £11.6 5164.9 + 141.4 1248.7 £ 34.5 38.2x1.4 81.3+1.7
Pu particle 4 (2.7 pm) 155.2+129 36322.0 £ 456.7 8798.1 +114.5 255.8+8.9 565.3+6.7
@ The error represents one standard deviation of six procedural blank samples.
b Diameter of the particle.
¢ The error represents one standard deviation of the count rate.
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Fig. 4. The time dependence of the relative standard deviation (R.S.D.) of the 2*pu/
(®%°Pu+20Pu) activity ratios that were measured through alpha spectrometry for
individual U-Pu mixed oxide particles with U/Pu ratios of 1 and 5.

determining the 22®Pu/(***Pu+2*°Pu) activity ratios. Fig. 5 shows an
alpha spectrum of a U-Pu mixed oxide particle that had a U/Pu ratio of
5 that had been measured for approximately 2,850,000 s. Since the
peaks of 2%8Pu, at 5.50 MeV, and 2*°Pu+2*°Puy, at 5.16 MeV, were well
separated, the tail contribution of the 2**Pu peak to the *’Pu+2*°Pu
peak was almost negligible.

The measurements made with alpha spectrometry were performed
for individual Pu and U-Pu mixed oxide particles that had U/Pu ratios
of 1, 5, and 10. By using the Z*®pPu/(**°Pu+2*°Pu) isotope ratios
calculated from the measured 23Pu/(?*°Pu+24°Pu) activity ratios, we
can calculate the 2*®Pu/?*°Pu isotope ratio.
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Energy (MeV)

Fig. 5. The alpha spectrum of a U-Pu mixed oxide particle with a U/Pu ratio of 5. The
acquisition time was 2,850,000 s.
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In this equation, the 2*°Pu/?*°Pu isotope ratios obtained through
ICP-MS were also used for the calculation. Fig. 6 shows the calculated
238py/239Pu isotope ratios for individual Pu and U-Pu mixed oxide
particles with U/Pu ratios of 1, 5, and 10. The data measured with
alpha spectrometry for 500,000, 2,000,000, and 2,850,000 s was used
for the calculation of the 2*®Pu/?*°Pu isotope ratios. As indicated in
Fig. 6, the uncertainties for all particles were much better when the
acquisition time was increased to more than 2,000,000 s. In addition,
for most of the particles, the 238Pu/?*°Pu isotope ratios were in good
agreement with the expected values that had been calculated by
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Fig. 6. The 2**Pu/>*Pu isotope ratios of individual Pu and U-Pu mixed oxide particles with U/Pu ratios of 1, 5, and 10. These ratios were calculated by using the 2**Pu/(***Pu+2*°Pu)
activity ratios that had been measured through alpha spectrometry for (a) 500,000, (b) 2,000,000, and (c) 2,850,000 s, and the 2*°Pu/?*°Pu isotope ratios determined with ICP-MS. The
error bars represent expanded uncertainties with a coverage factor of k=2. The dotted lines represent the expected values, which were calculated by considering the certified value of the
NBS SRM947 reference material and the decays of each plutonium isotope. The values noted in the figure indicate the sizes, in pm, of each particle.

considering the certified value of the NBS SRM947 reference material
and the decays of each plutonium isotope. Although one particle with a
U/Pu ratio of 10 gave a slightly higher 2**Pu/>**Pu isotope ratio at
500,000 and 2,000,000 s, the ratio reached its expected value within
the uncertainty when the acquisition time was increased to
2,850,000 s.

In our previous studies [16,19], plutonium isotope ratios of
individual U-Pu mixed oxide particles were analyzed by TIMS without
particle dissolution or chemical separation. Although the TIMS mea-
surements allowed to determine the 2*°Pu/?*°Pu, 2*'Pu/?*°Pu, and
242pyy/23%py isotope ratios, it was also difficult to measure the
238pyy /23%Py isotope ratio because of the contribution of the 238U peak
tail to the 2*8pPu peak [19]. Here, the evaporation filament current was
continuously increased during measurements. In contrast, the method
proposed in this paper uses alpha spectrometry and ICP-MS to
determine the 2%%Pu/?*°Pu isotope ratios as well as those of
240pyy /23%py, 241py/239Py, and 2*?Pu/?*°Pu for individual U-Pu mixed
oxide particles.

4. Conclusions

In the present study, isotope ratios of 22®Pu/?*?Pu, 2*°Pu/>*°pu,
241py /23%Py, and 2*2Pu/?*°Pu were measured for individual Pu and U-
Pu mixed oxide particles with U/Pu ratios of 1, 5, and 10. As a
consequence, the 2*°Pu/???Pu, 21Pu/?*°Pu, and 2*?Pu/?*°Pu isotope
ratios could be determined through ICP-MS after plutonium was
chemically separated with UTEVA resins. However, in low level
plutonium samples 2*®Pu cannot be detected with ICP-MS with the
configuration used for this study. With this 22Pu/?3°Pu (0.00275) ratio
and intensities for 2*?Pu (in Table 2: 5,000-36,000 cps) intensity at m/
z 238 originating from 2*®Pu varies between 14 and 100 cps. This
means 2*8U in the procedural blank basically has to be at least lower
than 1 fg to be able to detect >*®Pu. To my best knowledge currently
this is unrealistic to achieve. In contrast, we were able to calculate the
238pyy /23%Py isotope ratios by using the 2*8Pu/(**°Pu+2*°Pu) activity
ratios measured by alpha spectrometry and the 2*°Pu/?*°Pu isotope
ratios that had been determined through ICP-MS. Therefore, we
conclude that a combination of alpha spectrometry and ICP-MS can
be a powerful tool for determining plutonium isotope ratios, including
238pyy /23%Py, in individual U-Pu mixed oxide particles with U/Pu ratio
up to 10. The use of alpha spectrometry has some drawbacks, however,
when compared to analyses carried out with only mass spectrometers;
these drawbacks are longer acquisition times and larger measurement
uncertainties, the availability of the data on the 2*®Pu/?*Pu isotope
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ratios in individual U-Pu mixed oxide particles should nevertheless be
able to contribute to various fields, such as nuclear safeguards and
environmental sciences.
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