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(Z) EIFEBE RS &R

B FE A% fE st 222 &9 (The International Committee for Radionuclide
Metrology, ICRM ) Bs— {5 S A% i -8 B Bl == AV RS T & » LR = 5 Bt
RS T BB T > DU M M S A A ERREYBT A B FTHR -
B RU AEE  EEA
and its Applications ) &ERJFERF—2 > B2 H 0y Fy 2 I 3 210k BB P& B AR
TAEHI T Y BT e RAHBEE IR > 00 25 HRVRIEESEER DU T (e e
PRREIRIESOR G TEH EAR - pl— e PR e T B e ek fy 2019 7Y
PEPEABEAL =R (Salamanca, Spain) » Hy ICRM Bl SR E2AY AR B b

JfE F &% ( International Conference on Radionuclide Metrology

%8 ( Laboratorio de Radiaciones lonizantes — Datacién from Universidad de Salamanca )
T - 12K COVID-19 15 (% A 2023 A 2RHER 23 Ji > B ittt
EEREHE -

AR BRI o A% R B F % - Fy ICRM BALZE 6 fE i L ardf & H g 5¢
YIEHE T TAZHTFCEL S8R5 (Horia Hulubei National Institute of R&D in
Physics and Nuclear Engineering, IFIN-HH ) -3 » & B R4S B i E #—
AANIEHTES - EREAfE Ry 3 A 26 HZE 31 H » 55— K sk i E] R AR Ehires
P FAgES AR > B A BB S T REEENUR 25 IFIN-
HH > & — R M ATERY - NEg@RoRis=UET » BEeE I HE T
IR Sl E s - SRR EHR TS0 (HR SR ERR RO © &
B EERAEET 31 ERR S - BUGEIE AN 132 A > 4 EERSH 8 21
A Hp DL R —# SR 2 A% (21 fir) ~ IR FER (17 fir) ~ B
(12 fir)~ =B (11 {iz) ~ FEHESF (8 fir) MIHA (81ir) Mipgeg (8 1) 55
IV RS AR EERSM R (CAEN AH%E) 28 -

AREHRTIHETE 95 RamsCiR > HESER39R - HRET 56 F 0 @
TREILSY B BISET EM - B (RS ELRE e - AR U AR T
filit ~ PRI B AR F-RERS ~ UL TEST BRI - MUBS4RAERY - SHIFRENMS
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BIAF A ER AT
1. BFEEFEME (Aspects of International Metrology )

(1) EF%fE &% /& (Bureau international des poids et mesures, BIPM ) H 1976 4
BT RO MR R A 2 B B A4 2247 (International Reference System,
SIR ) » b b2 DURFBEIE (AR o8 R BL0R - IRRNEPRRE v S50 2 i
(EETicY bt SR 2 A I v N R U 2 2 P e o 7 P b
TTE(LELE - BIPM REILIRA LRI MGRZ 25 - DOET40 p 4855 - &
TR - RILE 2018 R 1 AE i RUEAE 214

( Extended International Reference System, ESIR ) o ESIR 12 D pe s
% (Liquid Scintillation, LS ) A AR 45 & =B ¥ “E & LA (Tripleto
Double Coincidence Ratio, TDCR ) $¢flq~ & » Bt 1 ] LRI B 28 5#%

TS > EEE RN — Lo TR o SR -

Protocol of the pilot study (2)

2 CCRI (II) -P1.Co-60 WHZeife
TR X2 2 (Consultative Committee for Ionizing Radiation,
CCRI) 2z CCRI(I)-P1.Co-60 i5EZLL$E-60 (Co-60) HymfiliZfd - DL
{7 SIR B ESIR 7 [L¥EREE - 15EHE Co-60 BRI HZEEIBIE T B &Ly

SIERRIM A S B - £EREILA 13 [EFRES BT -

%8 H



BFESEREET - 2T ATA 2 BB R = AR £ W (1 4 T & ] Co-60 - /i
() Z e B2 - B0 PR FR EEfloe B FI R HMARAE 7 7R T
Ttk - BURZERAJREAE R ESE SIR 28 OB (A tass SLLEBIE T8
s ) SRR AV RAE B R TEREE - RIS IE B F Y BRI bT 5E e
( Physikalisch-Technische Bundesanstalt, PTB ) iV 45747 » %8S 2 A 5E Ay
ELBIET s M FURE AT R AR (H-3) - B TEREEAYRAEE ESIR
A —TARHI AR MR EEEEER  ESIR B SIR ZAMEERE/INR
0.5% > ESIR #58  HA e HHIRE TS BIPM(D)-KS EE¥HESEh 2 0T -
H %8 g SRy 502 B8 (CCRI) #— 555 ESIR sREAVRET

S B AR B ESIR 1% 7 S5 R Tt -

Consistent results between the SIR and the ESIR

| Waighing | 0.0

+ Compatible results between the
SIR and the ESIR
Whil Ing precise results
with relative standard

certainty below 5

3¢ SIR B2 ESIR EESHER

() FENERSEZEREER > g fREE AN TR EEE R e M
R BEREEEEZFERRKE R RKZE KA (Space Weather ) 52
FrplE R EE P E R 7322 - I EE R A ERIR R - 24
i > HBEN—LE R DI - FEE NG R EIE B R RV FE
SRR E SR o bR TORE ~ SRFREATLSN - IR A

%9 H



Rl ~ ARAEHYZ R T - RESRERE 5 A B AR 2 E
B o B REE - ERes M E T ITH: - ZKE LAY Stefaan
Pommé FELIRSEERE 2 ST MER SRR - dEER s s
S B R TR S B B 50 km FEIN FRENEER - 41 JEE R
[~ BRSTEEITIR S o R R bR 12 TR - HE 121 245
BEE RN EPIRERR > MAEGHTER - SHRENLHER - A
L RE B HL U R R B AT SR SR b H P BRI R S R B
MR - FEEIERE 281 - fREEERE R A EE R AR E

0.0003% - # Stefaan Pommé 51 » {FECHBERED R AR IE R & AN e

TEMEASET - RS S TR U G ISR, -

4: ﬁaﬁ%&ﬁ*@ffﬁ”“ﬁﬁi/ﬂm’ﬁ'ﬁé e E RIS ~ JRERITERE b
SR (SRS BT FelE NIST Z 845 )

() #£-65 (Zn-65) ZEEEMAIET - sy BILIE THRETEE 2£5F-65 (Cu-65) B
REFTREL 1115 keV HY v F] Cu-65 ZERE - M PIEET-11E ~ IE B =& F] Cu-
65 BRE - MMEBKXIE TREZEGZMNAMELEFTEERE

( Radioisotope Metrology Laboratory-National Atomic Energy Commission,

% 10 H



LMR-CNEA) ffj#it s CCRI(ID)-K2.Zn-65 HYEL¥TETE - (H/H =fE@E A
LIHETT Zn-65 75 IRAYEIEEESS » J77E ARy © dn-y BR7T 24 ~ KX-gamma
TTEZH ~ JONIAEIETT7E (Sum-peak method ) - 4n-y f57T 24t & — Nal

(T HEHErmes  WASIH RS fERE 7 PENOLOPE B {A/[E[1E T E
PENCYL 515 v (MR © KX-gamma & 8t 2RI Nal (T1) {Hiw
g8 » AT (At es Z FTCE —sak WG DARCIE v SR EE U - FERIAE
i /7457 A e e aE B auEAY P sUE 4lisE (Hiwds (HPGe) » WM Zn-65

SFIRHIR(E 8 keV X JEREIE ~ 115 keV v Al ~ SEAIRENE -

2. SWBERIBHLAE 758 (Quality Assurance and Proficiency Tests )
(1) EINZTFRHL2H4%( Australian Nuclear Science and Technology Organisation,

ANSTO) 7E &7 P B MTE A T B R ST AR A Rl (4n(LS)y
FFEFHE - 4n(HPPO)- dny FE &) BLIEUA Y IR AR R i (4m(LS)-y 7
Gt 4n(PC)-y TR 2 Co-60 38 X a5 FT By A BLEL 2

Vabe

Validation of Primary standard techniques

Two established methods

Two new methods
P T = =N O
4m(LS)-y coincidence ( s '1(LS)-y anti-coincidence
R = - * ) 2

5+ ANSTO VUTAFEAER g AL

11 H



ANSTO JFSE(HEH] 2014 /Y Co-60 [FIRHEITHRRE - &ERAIEIR © B
SRR I A SR AT e e B R SR AT IS i Z T EH3R T 2% 2258 - FRR
HPGe FE T EEURIE AR Co-60 ARG HE TR v B4 2 - 7
EENERRKENHERENREEERT - IHENE N R s Eines
FIFERE B RS A EE UK - RGP T BN EE BT s Ak B
A AR RIS & BB ARG T 52 (Inductively coupled plasma mass spectrometry,
ICP-MS) 73ffr » BALLHHVHEEALR-14 (C-14) ~ $5-99 (Te-99) F - B T
HEE 3T 25 - ANSTO LUIH: OPAL JJfe i 2 A HTHY Co-60 MR * K4l
S B ASENE - (5 SRENES ISR rT 15 /Ny 55 (B1R
RIS IR HY BB sk K7 A R HLRA BE (HNO; ) ~ JREERE (HCD) - Hridfs
Y Co-60 /& REVU(E TS AL R » HASRAERREA S MRV EE RN
Fo— 3 - i RtE & BIPM - HFY BIPML.RI(ID)-K1.Co-60 Eb¥fE1

CCRI(ID)-P1.Co-60 #f5% ©

) o A
Produce *°C o solution of known radionuclidic purity
using ANSTO's OPAL research reactor

)\n,y) — Co

9.82 mg Cobalt metal (99.995% pure) placed into
Tranium inner can, which went into an Aluminium
outer can (both screw-top)

Irradiated for 15 hours at a thermal neutron flux of
1.6x10" cm?s' using pneumatic irradiation facility
LE3-2C

Produced ~11 MBq *°Co

6 : ANSTO %% OPAL [ZfENE . Co-60 jA R B AL

%12 H



Impurity identification

Used sources prepared for respective
pnmary standardisation campaigns
Compared LS spectra for one

1 ®9C 0 solution us TnCarb LSA

(2) BTSSR (Rn-222) RlGpl N BRI HT R AR » 2 S SRR

AR BRI E RS - RSB EE4E S 2013/59/EURATOM : BREERL
B RIS AR 1E R
BT S (RERYEE - ILHEA S B B S E SRR SRR S RiG
ZERAES - MEABON R RS R E480E TR fEF /MR
R/ D e e ST AERERTIE T - WOMETE A ELTZEs1#] (EMPIR)
H1HY 19ENVO1 traceRadon H H » Bt —T{EIH H BB HrHY Rn-222 115
TR ~ B SMEIERE Rn-222 BT (AU S E S #iE B 1Bg/m3® ~
100 Bq/m?® ) » LUK BAEEFREEAR A Rn-222 S0 IIERCEEIRE T - FE2M

FAo A E > IR E /48 7 {EE] PTB #Y The Atmospheric Radon MONitor

SEPHEESTEGE 7 2R RE]  (EU-BSS)

(ARMON) » F 3 AU Rn-222 B Rn-220 (YF#%$h-218 (Po-218) ~ §f
-216 (Po-216 ) FrEEEAVAFE » at Fy 20 ATHHY(EHEZC BN ANSTO Y
3 I SR T B R 4222 (EDHIEE ( Two-filter Dual-flow-loop Rn-222
detector ) » BURFHAHVEEIHFEAA-222 (HiRes < oL BAR - sat B E R EA]

LI#ETT 200 ATFEREEHTHUEE

% 13 H



The Atmospheric Radon MONitor (ARMON) {} EURAM_EB

Australian Nuclear Science and
Technology Organization (ANSTO)

9 : S ANSTO 2 Two-filter Dual-flow-loop Rn-222 detector
() HEFFRELSHYRB RIS & AL 2L - THIEGR (Rn-222) I
FEETR (Rn-220) RyegERER N —REERE - 2012 F& 2 REHRE—H
/INEHIHRE S 7210 Bg/m® HYS o FEEIEERMEHSEHE (Korea
Research Institute of Standards and Science, KRISS ) #7575 i 5 52 BT S

B A BB ECR S HVES & B — (SR EBIRE 248 - HAT -

%14 H



KRISS [FAEFH & & B HEE SR EMEEs | KRISS Rn-mini #1 KRISS Rn-trio »
Hi SR E (Etessivh Ot E e Gt R AR EE T AT#
Y a HLT) o [Himes B A IR KRISS B CHFHYERIRmEL R -
HBEGHH 7RIt EA (Finite element method ) Y S EMEAL - HAT

ELEH 3D FIEI#ELH, KRISS Rn-mini A1 KRISS Rn-trio f&7Y -

3. Rl 2 % fEET &R (Radionuclide Metrology in Life Sciences )

(1) =EEEYE LR FEBRER IR ENIUN MEE - B4R IR
{2 R TE R S R - 5 8 I S i ik ~ B iE R - R EE M
B AR AT TE T U S HH U AR AR 2 R TEG R (1) » [ Henri
Becquerel 57 B % ( Laboratoire National Henri Becquerel, LNE-LNHB )
A% — T Y/ N TE R Es - H AR AR AT DAAE A g 2R s iy H
TS S - 3% TR E RS A E B | Z2RAVATRBAE - 70X
SAEAE DL A TDCR HIEHEE (TDCR H 3D FIEI#EL) - RTLUAIE
INEGTF (UL )~ & 2 HE— RIS IR 2 EE SIS - W 5 ] DUz a2
ORI EFEREZ A MERR o [LESHVERENIE Orsay BhiiErT ([H
10) > 57 5 s RIRLAEE (BR-11) C-11 ~ (F-18) F-18 HYHEIAIRK
FEFHASHEEE  HEEEAEEE RA 2%  AEE RN EEAR
BERIEIRBAEIALE ~ R/~ BOTHYARE] © [ERRE R AR DU AR
TDCR FEIETEES » &SRR ME A E IR A E R E NS 2
[ - ZERER e S A B SK H B B o 5 S Y2 B (BT R E M
RIVEIFEFTE A G TRV SUEE ) - NIRRT A R
EIEH R NI T4 RO S I [ 4 RE R B 258 Y52 2 - Hees H AiTRE
2 MBg/mL FVEGTEE - HATHIEEERENEZ s » (THEES
SMEAN RS 2R ~ B/ NAYEGHE - ENER IR £ GBg/mL ~ A]JEH]
REEEE T -
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The complete measurin
and transportable

g device is compact

ment

In-situ tests - Protocol

11 * 7AE] LNE-LNHB Jit Orsay S e 75 &M

(2) FEARBIIRMEELS JTAHIESE-89 (Zr-89 ) T AUlL By 2184 > BT
HenEELIET5oB (PET) tRAVBEME M - FeRIE R e il 1 ThREE
I - TR PH B Ey= (National Physical Laboratory, NPL ) 217 T

BUEEWME B ERAGR C BIARE - ELRFEE A Zr-89 £ NPL HIERIR %
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il ThERE > E AT PET {5 S 400VIE RS E e - /2 DL F-18 Ry E AT
A o BRPRAT (Pre-clinical ) Zx4e8ast 7 AUE 12 - S55REBUREEM Zr-89 B
io 0 B LB G L F-18 FrisEE s 4% » HEHIZA B S840 Zr-89
HUH BB REN R 582 (454 F-18 CA&UBHEFIRIE) - ZHIMEH
WHERG PR 2 ST TERRS > Z SOl (e P AR A0 13 5 R (IR e
R 20%M RS - HRERIR 4 SR M R SCRE . F-18 UMy RZ R
TERMNKG > NILFRZEY Z-89 BrgfE T TEIRCE » RiE BT gE 2
BUR AR - le 484 | BRPRRTFIER R 24 h A0 AE B R m B AT Bl )

& (E{F PR EA FRHUR B B B ANY A HEE M 7 ELBRER - fEBEbTT
NPL e Zr-89 IE TG A TG (down scatter ) ~ &R A%
AYIEF-73 bt ~ IR R AR REAORIE ( commissioning tests ) 5 RS AR
TAF

-

Pre-clinical PET Verification

* Three Zr-89 Syringes traceably filled
*~6 MBqg, 1 MBq, 0.5 MBq
* Measured over 23 days

* Single F-18 syringe measured
overnight

27 March 2073 - A Famaieh. N

12 © 55 NPL 2 PET BEIRAT Z 98056 /774

% 17 H



Clinical PET validation

NPL Mediso AnyScan:
« Cylindrical phantom filled with 89Zr

* NEMA Phantom filled with 23Zr

Cardiff GE Discovery 610:
« NEMA phantom filled with #Zr

13 © 4B NPL 2 PET WREPR 4 FT{sE F .2 Z-89 fRRAG Al

() #-177 (Lu-177) Z5H—(E#55E0 FDA HUAEFHHHEIRZ BG U i a7

HRZAE - A] AR e NN ZR e B S MBS AR E - Lu-177 &8 4 {[E 7y KAy -5
TRESE-177 (HE177) » FIHUERE & 6 REEEFE(E 71 keV~321
keV Z [EIHY y 54 - PH LA BE IR ER R B R g i 52 1.0 The Centre for Energy,
Environmental and Technological Research, CIEMA ) [\fif&E 4t HI& Lu-
177 521 F5— Ry 1IG11 HADpNE - ek EEigRE S (EE=0
HUTERERR R 5 55 Ry ELA BT UL BE 2 S0 Y 4 e o (B () oy o S 6 (A 2
( Extended-range Coaxial HPGe Detector ) > B] FFHAEC % 40~400 keV Fe &
IREREENE - W15 R HA fy 6.643+4 K > BHEE BB RY (L 512 ( Decay

Data Evaluation Project, DDEP ) FYEEFAE 6.647+4 KA -

4. Pal{kEd E ki FRERE (Alpha- and Beta-particle Spectrometry )

(1) Brahiam NEERERL > FieOB RIS S

BUMIE > 28010 H ATHISE R R a5 A B R B384 - HABART RS

% 18 H



(2)

H AR A S IEAE L — S S A U 7% - MR S8 —(E DR 7RSS
B PR AR R RO 2450 « IE R 4R W R 58 P 1Y - S S0
BRI A » A 2R Po-218 » Bi-212 AYRH§EEEL (ROL) -
TE B RIMZEAVIE I NS LE ROL AVETERE » B2 1RSIV TEEE
i A RIMZAEE D T atBeR 2 3 (et AR N TIEFAE -
FREITEAIF B A HIFE - JE1546h-214 (Po-214) B o FEEHECZ HIHY
IEARRHEER G RE - B TR AR Po-214 By o 518 - MREHAE
AEHIHE o FHEEER TIRR - LUBD RIMZIERY 28 SRR (54 3
{EfEAEE - AIBHEAR N T REFAE -
Y o SFEREZRIPRIRRE A R2K - HRTERA MR o 550
Mz BOMET E AT BT 5EET & (EMPIR) F16Y RemoteALPHA JHH -
EAEFOIREG T o (HinasiydiEL - AR B APREE T o K
THH T - f2E] PTB o &AH A S8 1Y R B ISR B B3Ot i i A4
(Radioluminescence Scanning ) » FEZ&EALIEELFEEM o K1~ - MZ(EH]
SAE o MEEEZES M EFRFTRUH AT BT R EEAER
HMRIZE: - INBLIE RSt & TR EEO L ERE BB R IMNR R G R > T
TERERERTE] 2 AR~ feflt e ml 2 2 20K ~ GEBHE 1 PRI
HIPRIE Ry 4 kBq - PEZE I E I TRMERR S ~ AR E BRI AT o
TR PR R A R 2 PR S

5. T &t (Radionuclide Metrology Techniques )

(1)

Bi-125 (1-125 ) 2B 100%8E 1 FHIE 80 S T ik » (I 1-125 4
R EENIZAE - 18] PTB E27ARE] LNHB #E1{T#E2 Lhanag DIME T 8 51y
125 FEIEAE ST  IRASPAIMER T (LSC) ATHERYS &L H] DU 1-125 #ET
AL - WIEEERE T AI(E A B CET3Y TDCR 5#Es (TDCR Ryl
AR ST LNHB $eBERIMHE] 1-125 Behn - @E BRI ~ 5HBCCRAVET
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BHAMEARNE - (HEI S SRR HER 8 BERIA
LNHB #77 dn-y 518 (4n-y BoJREARAE ) HUSER—2 - MIEER=S 5
HNAZ R AR TG (Blan—Seiidieie (i inas  PaE M LS ST ) #fT
BH > FrASERHERE S TDCR #YER - B2 —2 - BT 4UFEETs
JEAHIE AT DL B BRAT SR EL 2004 SEHY CCRI(IN-K2.1-125 EESTFE(FE Hi
& M BT RERE YR IR 1« AN A > 1-125 {575 B A R A -

nparison of TDCR uncertainty budgets
LNHB (PENNUC+Geant4-TDCR)

PTB (Micelle+asymmetry algorithm) LNHB (SASINUC+Penclope)

Uncertainty component  u(a)yain %
0 ,
F/L.J) ain o

Uncertainty component w(a)ain %
; Uncertainty component

ental comncidenc S
Combined uncertainty

Combined uncertainty

=
LNHB-PTB bilateral '**I comparison

14 : PTB g LNHB 3#:{T TDCR #5.7 FHEE HRFAG

————'

Comparison results

a in kBq/g

LNHB-PTB bilateral "*5I comparison

1S : PTB £ LNHB #3855 LLRE

% 20 H



(2) EEFE & EAFE GRS, (Inductively Coupled Plasma Mass Spectrometry,

ICP-MS ) > B—3 KT E T H » IR STOEZL 3R - 28
s NIE P H s i i & (sample throughput )  [fij #215 ( tandem ) Y ICP
Bk (A ICPMS/MS ) » B {E4 ICP-MS R[] Z R AR HE S Al
/12 FER% ( collision/reaction cell, CRC ) Bifli 4 fjii—PUf T~ ( Quadrupole Q1)
([& 16) > FTLASESFHAZH] CRC FAYRIE » MG Az AR RN 2 722
L21E T - ICP-MS/MS EAERH THEERREE ST - RIHLAESERT
e DU A R T B T 2 R R & - £ E NPL 1 ICP-MS/MS H
1A~ Si-32 ~ C1-36 ~ Zr-93 ~ U-238 ~ Pu-239 EZAEIT > BEZEEE —E
LB THEFREE R (540 - [FEEZE (Isobaric) ~ 22T~ (Polyatomic ) -
I {5 46 FE( Tailing ); H e U-238 {22 4%k S I B 4.524+163%10"
) GERBUREIBIE A AR AR —E ICPMS/MS SRR ] LA FIAE %
FUEER BT A LB T BB AL - 5540 » A BIOMN Gk B fp s IEHED)
Ty5ger B TR e B B AR SRR AT DUH B (R 5 5% - BX
B 27 518 4H 45%H5% 25 ( European Association of National Metrology Institutes,
EANMT ) MetroPOEM JHH » SRS &R MR E #7705 2 i1

& 5 ifj ICR-MS IF - MetroPOEM (14 B8 S5 1T o

%21 H



Improved lab collaboration:

Inductively Coupled Plasma Tandem Mass
Spectrometry (ICP-MS/MS)

NPLE

16 : FEEY NPL 2 ICP-MS/MS fi&[&]

Metro POEM

« 2022-2025, coordinated by PTB

Motra“pOEM  EuraeT) NPL El

« Establish link between radiometric

techniques and mass spectrometry

« Close the traceability gap for isotope r tic

measurements

= Report of different mass spectron eters

advantages and limitations

= Si-traceable reference materials

= Establish calibration chain for s

collector ICP-MS

= Harmonized methods for measurement of

polluting elements

= See poster for more information

17 : ¥EE NPL 22 MetroPOEM J& H fif ik

(3) #i-64 (Cu-64) A B (£ Zn-64)~ B~ EFHHE (£ Ni-64) =fETEER
18 DRI R E TR TRCH B ARG R » [FIRF > 22 RIS Cu-64 &
JEAEAEAL B ELpkHk - 78 B KRISS HETTHY Cu-64 JEEEREAE(L{EH] 4nB(LS )

-y FrEEt L TDCR HEUE - H9E8UR » (EH 4nB (LS)

%22 H
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(4)

(5)

TR LAS IRAE N HEE FE BN —20 > 1ff TDCR JHIEAS SRR 3% | - i
Rt 7 B AT RE R e 72 -

FHFH-225 (Ac-225) HY o FEEEGE-T- 0184 - HUE S E B EE DU (EanIeT
EraTEEATET - fEARAGPIE iy (41 TDCR ~ CIEMAT/NIST J57% -

&I CIEMAT SsPehE A REREREERHLAFT 0 (The Centre for Energy,
Environmental and Technological Research ) » NIST 235 [8] [B 52 £ 262 BEF4 fiiy
B4k (National Institute of Standards and Technology ) JHIE Ac-225 f% >
HY Po-213 {EHLRIZ Bi-213 /Y B ST4R kR Az AL A SRR e o 8

{5 Po-213 FY o SHEREMRCREZ AR - H AT BT 7] LUKE Ac-225
SR IAE R (ERE BB PR [ - 1E o> BRI T FEIRHFEERIEIL T - #H
HIBEOME R HAREEEE o R FERS% - T DAL 7 7AEE S Po-213 BEHHAY o &Y
AR -

IR T E R IT BARY 3 - RSV Bk-14 ~ BURNTHEREFNE
N~ BN Z A 200 ~ (R0R =B ae s S ORI S 1T R 40
FEEAE ~ NaNA fili5[#%51 (National Nuclear Gamma Array ) ~ [BfP&{H IR
2327 2,45 (International Reference System Transfer Instrument, SIRTT ) 5 o

NaNA i 5 b5 Fy < B S B B g% (NPL) » DALaBrs(Ce)dh i Ry ELbHE
EAA ISR & E AL FE( Coincidence Gamma-ray Spectrometer X [i&] 18 )

A] FE S A HE R 2PV E RERL PR EMIEE S 2 IS4 - NaNA fl1 S [
FIFEHRC CAEN V1751C HVEAIALERURER - B E K 2 B & (Hines
A RIS - R EA R B IRE R B R -

% 23 H



18 FLEHE S B B 2 NaNA IS
FoRE i — DI MR 2 hIRE ) - LR R Y ERENT
SRR FH 3D HIEN S 2R te R SRR N 77k » BEURTHETT 77 NaNA i f#51]
HYRERTETEE - BTHY NaNA SRS R S %2 AR icE Hines ([ 19 KZE
20) > THIGT R F S PR T H A Z 80 ] R AR T T

% 24 H



20 * LR S B B e 2 — (X NaNA 51

TERRAE EIRATER 73 » BN b — sy DA B i e 1 R AR [ 21 )
S A B PR B ey e T B S B IR P B > SRR
EIRE SR 2 E 24 - BATARTFRA AT B4R » IA = (EER A 56
SRR S A A I - SO TR S T AE HAY
HZ st B Rt 25k ( National Metrology Institute of Japan,
NMIJ ) - RSO BN L TR 4H 4% ( Australian Nuclear Science and
Technology Organisation, ANSTO ) % « F&fix A\TJHB & » ARAKHTE (il dek
SHA T —(E R PR R R 25 28 F /AR MR EHEHEL

HLE o

% 25 H



lived RNsS

The SIR Transfer Instrument for comparing short-

Measurement based on
Ratio of total counting rates Ryl Bt

above a well-defined energy
threshold (Nb-93 x-ray peak)

EERRRERENS

Correctad Nd-34 count rate I8?

o
-«
o5

K4 started in 2009
RMOs [T No hNMis MNo.Tc9m No.F-18  No.Cu-64 No.C-11  No.l-123

2 1

BIN & -
"

g
]
:V'vl-v\u

2
2
6 1 1 2

21 DI EshiEtaes HATE 2 B EIRES 25 240

6. IES4REERE (Gamma-ray Spectrometry )

(1)

)

BIOMET 2 AH BT #] (EMPIR) FAVB R ST 7eE H T % T HHE
BRI BRI S HiREt B ) BRI ER R i L m] e
HIREIE DT 7% » DA FESEHU R R B ERST (i o H A B PR Eehy 1 2Rk

—Eh#icA = (HPGe) RERLEAVEE N ETME SR - sARERLHERE
H PRI R H AV O AL - T e SR UL ~ R B TR
& S NETHRBER RS - TRITEIERAVETHE - HPGe E4OEHUE R
TRATHEH > d AR S REA S R G T A L MERE - IR EAERIPRR
THEARE (TAEA) T A\ e BRSHR S (OB G 1R 28 ) Rl & st R

sTE T HESER YR R ETE & - Rt - #f - ¥ TABA B9
TOROTEMZ T IR TAE Rh 22 - 25 JE5E IFIN-HH HY ELI-NP A8 DA< ~

R OEH-3 (Pu-Be) ff R EMF 57 (Am-Be » Cf-252) #AT
" AT S CEESTRZSBATELN v HRERA T ES

% 26 H



©)

JRFTELE  HET TR -
T2 B DI BR (0 — THE FAE 7 2 (B B U M Y (Metallic
Radioactive Waste, MRW ) HYEH! » By T/ D ix4% iz 1Y MRW 88 - &
PREVE I RIE ~ 2505 ~ S BHEHE - 7y T PRI R (S LIZ B e B e
Yy S EBEEAIERIE v REREARN o TP se R ER Bl L
(FTMC) WF5e R E{A BRI N Co-60 ((RFEIE(E) Fl Cs-137 (X
FRMEGY) 2y REsl » A HPGe 288 (5 f% 25 F1CeBrs PR 25 -
ST v BEREAIAIR ~ S ~ BE S AR L E DR AIRAD SR - SSRUERE
I B EE R AR R T MCNP6 HYRHEEAE S LLHR - HPGe (%25 2521 MCNP6
FRREGS S E BAF— B » 225 3% » 1 CeBrs (HAR 21 MCNP6 Hij 7

SEE 15% > HENNZEN K CeBry (Hinai fE BIRF RS A MCNP6 %

o
B

o
=AEN

4

7. EHEAEEHZYPE (Measurements Standards and Reference Materials )

1)

K& (Radon-in-water ) &[S HIERES 758 ~ B ~ K2 H
#h-For B - HATA AR KR G4 FOHIE % (Emanometry )~
vy HESEE (GS) ~ BUEIMeEt S (LSC) ~ RPRahZ (track-etch) 7 » Al
BARAKPEREENRYRPAEAE - 75 LNHB IEAE 17 IEET? Ra-226
T K T SRR E B E 4% - LNHB it — S B ERS  nIEZEHI%
MRS EILAG A (Defined Solid Angle method, DSA ) SRR LRI
{8 > H 0 Z EHERALEUKORM » i Rn-222 fE/KH15 5] 70 > B
A Rn-222 JEREREAK PG © IEssEastE B A DL
HEATEEERT GS ~ LSC /KT &G - ML DSA AR EWHE - &
% DSA 757% ~ TDCR -~ LSC ~ HPGe S &5 EAERER ([8 23) 5 %
AS IR HEE S/ NI 1% » b3 s st K &I B R o B #EEEET » DL
KIERT 4B 7772 (W1 TDCR) #EFT/K i e LA ER iy % -

%27 H



Basic principle: Cryogenic transfer of *Rn to water s = |

The new system (v. 1)

AT <

The fixed solid angle ?22Rn standard

transfer

1L Picolo, NIM A 369 (1096), 452-457
B.Sabol. S, Pierre, P. Cassclle, AR 18 (2016) 1677

22 * 7AE] LNHB Z /Ko &b i Jr

@ 20 ¢
115 F
@2
o
m
>'~110 4
-§ @1 T 1%
’g TOCR (nanoTDCR) LSC k=1
105 (CAEN) (Cormn al
.,g Fued O - - - -
W
» 100
2 {PGe
(2 (@ Contact)
T 95F
g I
2 I
90 |
] % ¢ o N e —
1 2 3 4 5 ¢ f

Measurement type .

23 : j%[E LNHB {ff] DSA ~ TDCR ~ LSC ~ HPGe Ffi /3 JIf55E i
J& 7 EE#E

(2) TR DURRE(HT )~ /REE(HTO sk A 145 & 1Ym( Organically Bound Tritium,
OBT) XML AEAE - R ALY (Y ~ 8% - NBD & - g
TR R R B R AL Y B R SR - B AT B A AT AR - K
HERC > B RE N - AR DA IS AT 20 OBT - 4 & JEaEry

% 28 H



Cernavoda fZZEJ; » i OBT Z i A e Bzt - FEHHERET Y
RO RIS R R Y SFL IR R B2 - Cernavoda 1% B R AVER B B B s
42281 OBT ISR AR Candu Owners Group HYBEISELENES) » LA

SEUUEE OBT 73 70k -

8. BNERIFERG (Source Preparation Techniques )

SRS R MR TAL R AL SRR I RR SR B - 1 AR T (S R 5 A4 ek B
PUBE RIS - BSO8R S (Bg/em? ) #4T
FRIE « BRI LFFE 1S0-8769 K (GRIEVTHEAMEIS B AIEES
TR HSRELLY - REFERREIE 150 em? DI > FEARFRRE TIEPEE BT
HsZeeEEFRm - B L 1SO-8769 HHdu ARG IE A I 2 AR KA -
JEBITERFELE R AR R ~ (BT By - se39ER G e - BEm R EREESHE
VSRR MEAT BN o B HIF o BIAEAY R S ST S HH R IR A A g e i 3 »
JEBIRSE B R EZE (Substrate ) REETHE ~ EEATRI(LERSE - JRE1 > DL
FE'ERSEYE (Surface Functionalization ) j#4% 57 8 Bl S A% AE - H BT
ST E © — Ry BB IRA R & P351H (polymeric sources ) ~ 55
— JYRER 1SO-8769 LL¥AVERSE - FIH B R LAL AT o] AR A%
e M —imlYE HE e A ] DUERESSR o R Rsn B 1 B RE AL
2% ( bi-functional compounds) = : %{L$% (Manganese oxide ) ~ E 1184

( Chromiun oxide ) ~ fi#{E ( Sulfonation Treatment ) - £{% {3 Fi$4-152 ( Eu-152)
TS MR IESS & R =(H Eu 2 = (B % (141 Am-241) fHEFH (LA
1) - TR A PO BB 5 2 BTG (Autoradiography ) o] DU &5 I
TSR S -

% 29 H



Functions on the surface

j"‘\ >

24 ¢ iR R E RV B RE A L)

9. JFHBIAREE IR T (Liquid Scintillation Counting Techniques )

(1) Ac-225 2 o SRS BREH R BUZAE - 2 HHY POLATOM U EEMIL £
UL FEEE AN Kossert (2014) F A Z 85T ~ /] TDCR 552 M Ac-
225 SBT3 A frsfeet sFAR B4 Kossert 2 7735 1 25)
SHELH: Ac-225 TEEEBARINUH AT + (TSRS SO BECR KT
BB - P BERST LS ROECRIE 6 h S BB 51 - B AR
FITVARED BetaShape 12REHEL - 6 T B D 15408 B ovees s
&1, total(M) ~ €p, otal(M)H1 MICELLE2 1 MetroActivityLSC f2{E 8 « Ac-225
BRHTFROEE R MR LGSR (750804210 kBq AHEEE 0.28% ) #iikE
BIPM 1y SIR #E{TEE®S (BIPM.RI(I)-K1.Ac-225) » &I hfEE i B ]
PTB % 2019 e 2 &5 (745204200 kBq @ AHEERE 0.27% ) —H - 55
4h > POLATOM f[] TDCRG if#es (BCE 7 #IMIEFHimesry TDCR
sf#es ) ¥ Ultima Gold POMERS THY— Ac-225 SRS T-FEIINIE » &

R4ER B 9.9150+£63 K 0 B Pommé (2012) ZE A : 9.920+3 K ~ Kossert

% 30 H



(2020) A : 9.9179+3 K LEHAH{. -

of 225Ac in radioactive equilibrium with

Counting efficiency
its progeny
(Kossert 2 274-281) X [

rt et al, AR, 2014, 87, 2/

o) PkalA)

x — radionuclide index in the radioactive series

p - probability of a-or B-decay per one 257¢ decay

relative
Ac counting
efficiency

of individual

radionuclide

k — equilibrium coefficient in relations to

£,(A) = counting efficiency of a-decay; £(A)=1 for E;>5 MeV

£5(A) = counting efficiency of B-decay

T-channel &y(2
D-channel

i - free parameter

25 1 DL Kossert & A7/ AFTRRETEIVRTA 28

[%09
Pb !4 L Po p 1 '
l A‘t X k (1) Pkip(A) ZszU(J)
A
| bi | 7 0.9791 1.00354 0.0246 0.0242 1.0000
X | 1.0003
3.709 us Ty /2(213po) K Ty = 90 s 1'((\"“1’1)‘(/ ) [1 ~“S "”I(U(/ )I A
2 P 0.0210
a-particles from #13p
p n o can be iy eff 0.0209
recorded if no ?*3Bi decay effects g efficiency of logical
are recorded in any of the PMTs sum of counts in individual PMTs it
‘ 0.9539
Increase in final £, y..((4) by 0.49% >—> 0.0242

& roalld) =  4.0391

26 * 515 Ac-225 TEEH 1 — /1 ST HUEHBOSCERE ]

(2) hEEKEIZFZERE( National Research Council Canada, NRC ) {5 fiE TDCR
ZERHET Ac-225 ZREAEAL o SRR Kossert (2020) %5 AT © &

= AN I S22 e
R o TEEI TRy 100% 0 p A MICELLE2 Seih-REEFH

%31 H



(3)

s TERERET Ry 50096 - JEEREAVHEATEE M £ 0.25% » B IR
vy BESHIE - 2R ZRISEIERAY Vinten JFEBERESAE R —27 - B340 o (iR
FURRECIHERANT ST Ac-225 HYFEZ NI E  NRC S MI45 R £ 9.909+6 K ;
FHATER] PTB #8374 9.918 K~ WO & 1 5% H0a( Joint Research
Centre, JRC ) #3252 A% 9.92 K > DDEP 7 P2 HAEER(E I f 10.0+1
K » NRC 3% F DDEP ZiHgaZ 1T Ac-225 7 B

IRASPA N SR N — TR BV EEfE » R 2082 FHE1E CIEMAT / NIST %%
RiBEE ( CIEMAT/NIST efficiency tracing ) k. = & ¥ — BT &L (TDCR )
MR Beffr s I - HAT@OMZE# SPARTE & (Scintillating Porous
Architectures for RadioacTivE gas Detection Project ) » {58 F3 2 7L =UP 4 (E %
BE R ZEE T ETGERINE AR FROEER SRS RS (£
ST Bt 2 O A - B0 H-3 ~ Ke-85 25 ) #8520 - SPARTE
sTE FTERM S ERIIELIEHS (inorganic scintillator ) #ET{EAR - B
P& R B A 2@ A 1251 (metal organic framework, MOF ) 5 fiEf%
SRAEIEIERE (inorganic aerogel scintillator, IAS ) ZFEFifd » HAF i /E#A
GHRWRPHIRASAYERE - b SEateses (E 27) /yEaEtes - 1]
BN R G ~ BURRERIENE ~ HARE - DUERTFT ARy fIteE & & A AR
% ZOREREY UNIMIB Je B SRSHY CEA - 2R AT DU M SR AeaIl
A ZIRERS B E AR B RN - &GN & R &
MHEAFER L - BRI TR it mARRE PG (B 28) - (EHI LA YAG:Ce BB
BB IRAE Ry B RINPANERS - RIE R RO M SR BG HI T

%32 H



27 - BEAE AR

28 ¢ AR SRR PO e
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10. ZTFEERIE (Nuclear Decay Data)

(1) AE{-LNHB #Y Sylvain Leblond 54 Cs-137 ZEEMHICHYFTA B » I
{ii DDEP  sH{EifR 7 - # Cs-137 Ry 2 B - ELieAn
ARk BRGNS (B 29) #ETT Cs-137 2252y
T+ S E R (E fy 30.018+0.022 4F « SSAMILERHY T4 SRR
HBIEETHY P BEE L - 662 keV 1Y v BRIBHER o FTE BRI
2006 4y DDEP ~ 2007 fFHY5FAf % BB {4 (Evaluate Nuclear
Data Structure File, ENSDF ) 7 bbig4S S401E] 30 - fRIBLE#AS R Sylvain

o by T B AR NI B AR METT Cs-137 A EEE RISy I EL 53T -

29 : JAE{ LNHB Z Cs-137 -2 Sk 2 tH A S8k
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Conclusions & outlooks

This work
30.018 (22)
94.65 (30)
5.35 (30)
85.09 (29)

30 : JAE{ LNHB Z 5t H %1 DDEP « ENSDF Z LL#k

(2) HRBEEEIREE-68 (Ga-68 ) HFZIIIFEHIR S E RS EE 0.29 % » Ry
i Ga-68 PR IHYAEMEMERTIEHENE - LB NPL AEF TRy -FEEIE - DL
A {18 — SRR e (A s A S AU FE S I B RERL BN R Ga-68 Bl
15 {E-FEE > B fe-FE Ry 67.801+43 733 - 81 NPL ££ 1971 5Fre

67.80+8 53§ LK H AITEYEFAL -F 2 67.83+420 Jrg# e —% -

11 P8 B B 1 VG FE B IR T ( Low Level Radioactivity Measurement

Techniques )
(1) HEWESZK - BEEFETRESEE (IAEA) RS PR TR =

( Marine Environment Laboratories, MEL ) » D\ = KR R B A IS A%
T2 follRE ] ~ B ERAVEARADANERE (MDA) R EE - stE5EE—
EfE R ES - PUBEETEEE(T (counting geometric ) » T{F Fy TAEA K
B AE A B B = KR St T (HARes - 2016 4F » MEL BTH FIEE

NE S fEZE S HUERZS (Senya JL-900 Snow-White high-volume air sampler )

i

<43

pil

jmm
\
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(2)

FAGHETT - T RIEA A TIETH HUSE - WL & R b U B SR B R S
AETTERES - ZZ REBE SR N A B B4 )@ ( Glass microfiber filter
Whatman GF/A ) » B RIFEHEETT ~ miR ~ FIOREEEARERL « 225
BEEss A ERER B CEENE S B 6 FAREMHRIAZIE Be-7

Na-22 ~ Pb-210 » A TA%f# Cs-137 » {BEHIE ] Ru-106 ~ I-131 » KoKzt
444 L) Senya Snow-White HUEE » B¢ Be-7 B Na-22 EL{E DATE Ry R SRI B
Bl o 5551 » TAEA HYEREERUR N E 51T ER= (Analytical Laboratories
for the Measurement of Environmental Radioactivity, ALMERA ) 2017~2022
VA SRR [E] T RERYARE 5 0 2023 RS A

(P TR 14V P SRR Al T — PR ERA 38 f » R BEF E A E LR (Mass
Spectrometry ) FAETEEE FHIER o KB AIEFE HUR 1S SR FERR R
il > AT RAEEIE Z W5E 5 - fEE RN B2V ER U7 » BIFERE
Bf/s (BIPM) ZFHEERS#Z B8 (CCRI) sectionIl » 2 2015 £
pRta#T B 5158 (Single-atom Counting ) HYFHEHRREAET 7505w - FHFR
ISR E N BT EERE T S EEA — =2 R
Tt TR TR DUS SRR SR AR & - & —
s o (F 32t » PRS2 B Y section 11 BIGEIY B8R R
( Consultative Committee for Amount of Substance: Metrology in Chemistry
and Biology, CCQM ) &1F » & RHE BT imE - ofam( LB R4 H
(S FHEYE S G AH R - FE R A SO AR 8 e R oy
Ik (Branching ratio ) fy& M E R DUEARAVERR » IETHm a0 R E R
BEAVERIVEEEN - ISR ERE S ([E 31) - 8
R ENEA SHEEE - BRI R RS SR S HEEE H
HakEMS e en » BINTRA B A HRSE RN F2E N B v AT
(S
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How We Got Here (Long-Lived Isotopes)

Every atom counted

Each decay counted

o

* Applications in environmental measurements, nuclear forensics, site
decommissioning, decay data, reference materials, etc., especially for
long-lived isotopes

* Single-atom counting for radionuclide metrology presented at CCRI(II)
meeting in 2015 (part of the CCRI strategy as medium-term action)

* Joint interest CCRI (Section Il) and CCQM (Inorganic Analysis WG);
“reintroduced” in CCRI(Il) meeting 2021

31 * CCRIsection Il BB HZE B & ZMHE &1F

B —OH R 550 Z B section 11 BV E ¥ E AR B g HE
SERE 0 L2023 52 H 14 HE 16 HE8H - s s a8 & HAl S B
SRR ~ R IO XA T B 2RV ~ e ml e F <

(&l 32) - MHRH R R iras s/ o SAE B E B Rl ia s e % B

485§ ( CCRI Webinar “Use of Mass Spec in Radionuclide Metrology” )<

Workshop Scope

Three Days
= Current activities (presentations
from 6 institutions*)

= Enabling mass spec for radionuclide
metrology and future

= Stakeholder needs and gaps
Dynamic Discussions

= QObvious interest, stakeholder
driven

 Specificity, selectivity, speed

* High need for reference materials,
but which?

——— e

Tutorials with background information to support discussions are found at
vewrw. bipm ong/fr/committees/co/corfwr/cart-ceqm-ws /2023-02-14 )
Neither NPL nor NISTQ

T ——
32 : CCRI section Il Bi¥ &k B G SR s Tin A
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IEAEREST A B section ITHYRLE T » HATEAE L FEHEEEH
REJWVEETE SR T ETFEAT (Czech metrology institute, CMI) ~ ZEf5/ERH
Horia Hulubei B PE B T THEWTFTha 805t (IFIN-HH) ~ #EE(HE
HERLET S5 (KRISS )~ JAE] Henri Becquerel 25 #7572 (LNE-LNHB )
2 B A R G W 2efE (NIST ) ~ fE R F YR i %E e (PTB) »
HEER Y E R (NPL) » KRR E 1-AE (CNEA)
FbTTEstR o AN BEOMAIZ T RS, (ANSTO ) ~ I KIStk

(NRC ) ~ 25 TAER ST LR T4 2 1% ( Radiation & Nuclear Safety

Authority, STUK ) FIH& 4 /5 a0 JozefStefan fifF 72T (Institut "Jozef Stefan",

ISD) FHRE - B FRRS 8 SR ([E 33) -

CCRI(I) Members and Observers with MS Activities pyST

Additional labs with potential interest

Potentially Interested in

Laboratory With M$S ‘
Capabllity for RM | MS for RM Capability NMIS/DIS

ANSTO X

oM y STUK (Finland)

IFIN-HH X JSI (Slovenia)

KRISS X .

THE.LNHB . Other institutions

NIST X BAM (Germany)

PTB X TUBITAK (Turkiye)

NPL X

CNEA X LGC (UK)

NRC X Dok labs (USA)
Others?

33 © HERLERE MR ) 2 HEs 5 T s

Q) ZEATEFISR(ERZ @ - REAVENAETS - EHTEEREE

WNERIEE AEEMENERE - 280 > B AERE R LA DU R
FSRAZARHER] - TR ASRIEAR ~ SO SR AR S R R I =
A
7u

AiEE - BUNETEAIHrEbT5tat &) (EMPIR) HY traceRadon ZJTHYRE

ﬂﬂﬂ
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SR RS PR R I 45 & - HCVHE T H AR AT
r#% = AMEFE RS ERE SN 2 nDERIEE T ~ IRE BRI
AEEME ~ (5 FHEION U THE A RE T B B2 Bl R B S sy =UE I
e H Al 2 SR EREIUAENE - HREE( LTSRS € EhRE
FINEUREREEEE - {8 PTB f£ TIF/NH & T ERn T traceRadon
HATHIBTFERCER > B0« Ry SRR T A ~ Y= REE TS A
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Proficiency Test(PT) for Low and lntermedlate Level Radio-assay Laboratories in

Taiwan for one decade
Wan-Tzu Hung, Wei-Han Chu, Yu-Tien Tsai, Pei-Lin Chung, Ming-Chen Yuan
Health Physics Division, Institute of Nuclear Energy Research, 1000 Wenhua Rd.
Jiaan Village, Longtan District, Taoyuan City 32546, Taiwan (ROC)
Abstract:

Institute of Nuclear Encrgy Rescarch (INER) is recognized by the Taiwan Accreditation Foundation (TAF) as the
main organizer [or low and intermediate activity level PT. INER is requested to conduct this PT at least every 3 years,
therefore, this research reviewed the results of the summary reports from 2013 to 2021. We refer the TAL’ testing item
categories as this PT test items. These items include (mixed) gamma nuclides analysis, H-3 nuclide analysis, gross
beta nuclides analysis, Sr-90 nuclide analysis, mixed Sr-89/Sr-90 nuclides analysis and mixed Fe-55/Fe-59 nuclides
analysis. In 2021, in response to the difficult-to-measure nuclides that may be derived from the decommissioning of
nuclear power plants, INER went for the first implementation of the project for mixed nuclides analysis projects which
added the items of Ni-63, Tc-99 and Am-241. In accordance with TAF criteria (TAF-CNLA-T10(3)), each laboratory
should meet some requirements to pass the P'I. Last but not least, it was not only the year for the most numerous
radionuclides to be tested, but it also had the greatest number of testing items for this PT within a decade.

G
Submit the proficiency

testing(PT) application Equation:
for lab e ﬁ
,, a
O i
Source calibration and |
sample preparation p g _As‘
arrangement [ Accreditation | & score= %
I Juf +u?
v N
« Source dilute and sample make * Preliminary test report

+ Summary workshop
+_Final test report

Re-test (limited once) -»  Uniformity evaluation
4 «+ sample delivering

Carry out the PT ( Report
+ Data collecting and processing

2
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Figure 1. Proficiency testing procedure ] —————
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which is held by TNER in Taiwan {Testing categories all-pass?
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"
W
= &

Figure 2. Ratio of testing value(A,) and reference valuc(A,) Figure 3. &-score evaluation
Result: Conclusion:

Each participation lab shows the analyzed results below: INER is recognized to perform the TAI proficiency test
« theratio of 4, and 4, is 0.85 to 1.18, for radio-assay about low and intermediate level of
¢ 99% of the § — scores are less than 3, radioactivity laboratories. Through this PT, we examine the
+ the combined uncertainty(u,, k=1) for each testing item is technical level for each lab in Taiwan. According to the

within 10%. TAF-CNLA-T10(3) criteria, about 99% of the testing items

Based on TAF criteria (TAF-CNLA-T10(3)), we could have passed the PT.

determine whether the participants have done the test. Z‘

gﬁ%g BREXRBHEEFTRE

g‘;- National Radiation Standard Laboratory
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1) ] / Corresponding author : Wan-17u Hung
E-mail address : romanayaya@giner.gov.lw
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Inter-laboratory comparison of radionuclide in food in Taiwan
Wei-Han Chu, Wan-Tzu Hung, Yu-Tien Tsai, Pei-Lin Chung, Ming-Chen Yuan
Health Physics Division, Institute of Nuclear Energy Research, 1000 Wenhua Rd.

Jiaan Village, Longtan District, Taoyuan City 32546, Tuiwan (ROC)

Abstract:

“Food safety” has been a major issue in Taiwan. Since the event of the Fukushima Daiichi nuclear disaster
happening on March 11, 2011, the matter of man-made radioactive substances in food and food safety have soon
caught Taiwanesc attention. Undoubtedly, the correct detection for the content of radioactive substances in food has
become the primary aim for ensuring food radiation safety. At present, there are 8 food radiation testing laboratories in
Taiwan that comply with ISO-17025 (the domestic equivalent document is CNS-17025) and are certilied by the
Taiwan Accreditation Foundation (TAL?). According to the method of Announcement No. 1051900834
(MOHWO0015.00), the 8 laboratorics mainly perform the food detection for radionuclides like I-131(replace with Ba-
133), Cs-134 and Cs-137. This comparison-passing is in accordance with ISO 17043 criteria.

[ source calibration and sample

* Desired radionuclide: 1-131, Cs-138 and Cs-137
= Due to 1131 characteristic, Ba-133 is chosen

J Comparison finish

Report

ox
* Prefiminary test report

- os
- Final test report

Summary workshop

Re-test (limited once)

« Sa ent: 1% and 2 stage
-__Data collecting and processing

Testing categories all-pass?

Figurc 1. Food-dctection comparison proccdurc which is held by INER in
Taiwan

Cs-134

Ba-133
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Ligure 2. Ratio of testing value(A,) and reference value(A,) for Ba-133

Cs-137
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Figure 3. Ratio of testing value(A ) and reference value(A,) for Cs-134

Result:

The test results were as follows:

1. The 1 stage of measurement

— All samples with low specific activity(SA) could be
detected.

— For some minor SA samples, the measurement
system could not detect target nuclides in this stage,
but the existence of them could be judged by naked-
eye observation.

2. The 2" stage of measurement

— Among the total 228 measurement results, 99% of
them had the deviation within 20%, and 98% of (-
scores were less than 2.

— The average measurement uncertainty (k=1) is about
6.8%, and the average ratio to the reference value is
1.020+0.079 (k=1).

3. For the uncertainty and accuracy, the low SA’s

sample is prior to minor SA’s.

I'igure 4. Ralio of testing value(A,) and reference value(A,) for Cs-137

Conclusion:

TFDA(Taiwan Food and Drug Administration) used
this test results to review the suitability of the presently
announced methods, or as a reference for future revisions
of the test methods. In the meantime, the test results are
also shared with participating laboratories as a basis for
their technical improvement to have high accuracy and
consistency during the tests.

Through the comparison carricd out by this study,
there should have been a comprehensive understanding
of the applicability of the current testing methods.
Besides, the technical capabilitics of food radiation
testing of the joined laboratories and the consistency of
testing results will also play an important role in
ensuring food safety for Taiwanese people.

Equation:
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