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3. 4 OSEARBLAEE (SRR OMFSEEE

WEEFLRIRE = 2% OB LR TORRIRE = Z HIEROBMSR ], TOFRREE=4% > %
T LD O ODOT —<IZOWT, PR 31 (SFITEEE) 1XLL T O & FhE L
7

O HRIRE = & I ERR O BR %

UTOFEZELD | HIRRE =2 MEROFMETUET 2 & L HIT, v BIEERIES &
O - mRR RS TR A IEMEREREM 2 S2hE T 5,

R BRI E = Z RIEST OV TR, Ak 30 R IZ FE0E L7 HRIRIRE = & Il E#R
VEME DR PERRBR DS I HE S & Kb 2 X - - B b g Ef R 2 BUET 5 & L bic, #
HE L COEHEEEZMAT 272012, LaBra(Ce) v v F L —1 3 U fifh & LB HHEGE %
Ry r—I AL LTz iitiaR 2 E & OME SALBR RIS A 53 5, VEEE A RRIRE = 2 lE
FHTOWTIR, PRk 29 2L J ONFERR 30 AREEITHE A L 72 CdZnTe fHi#s 2 B3 ONT AL
30 FEEICHUE L7zt as R R A R 9~ %, S HIT, SRR 30 R ICBHE L 7o M HER o
R NART SOVEHTH Y 7 b =7 2 BT 5,

y BAEERLEIZIC I T, BE L7 FRIRE = X E SR T O mift B T2 1T 21
EMEREDRBR A T 5, BT TIE, SO —JF b ORSHI I 2 T, EEE
Hr 7 — 7 V& Ty SO AR T 10 2 FE L2 [alls S 87240 (ROT) TOME %%
s %,

QRRE=2 L AT LDBAZE
SRR B0 A EE I SNt L 7o B R G T & 2RI . O CRYET 2 i i Ee R A~ O 1T 23 A]
RETC. i iﬁﬁ%“ 7 7 o b b ERRHER OALE PAFR 2 [EE L CHIE S SUIARIE
RMEEIEE LT LTI LR R A lnz/n,\%:if’ﬁffé 7o, BmRERT TONEE
BELT, Ny 7770y FREBIC LD BOMIEZWEEL T 210Dy 7 7Ty
¥ FIEHRIE G R 28 UYET 2, S 610, BYE L2 EZ A OB EE 2 V- R IRE =
ZUAT DOFEECAR D~ =2 T Va2 T 5,

IR DN K OME U
EWROHIFE K VSN TAERIZOW T, B ARET B ST 2R HE s O
). 19th International Conference on Solid State Dosimetry: SSD-19 (2019 4E 9 H .,
Ji /) . 5th Asian Radiation Dosimetry Group annual meeting: ARADOS-5 (2019 4 11
AL FE) RO RARF %2 2020 FROFES (2020 4 3 A, @k (ICB8WTHET
e b, BN, 7T HIBICE T D BN E v REOREIR DB O LA ANFT D,
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4. FHEOMKR
4.1 RV b O SLITE

HURIRE =% S A7 ADOBRFEICHT= 0 | R KEFRARC R B Cxbia 3 2 B 5K
EBNFEESEFNFEE R EOFEMEOMALIERTHZ LM, KV EDNRE=H TR
TALLE L TCERESELEDICHATH D, 2T, kBN VT2 AW BMZR, S
BEFEE T 278 A M L—varaFE L, EMEERELE ECOZEREZWEZTE
. BT OIHFRBE=X AT AOYBICKMEELZ L L LT,

TEUANL—T 3 0, 2019 4F 10 A 21 HICESZAHFZERIRIE N &R B i 2e e
TN (EUTHAE) m X ERE ¥ — (TERTEMMEX ) TR I FIR
JRE 55 M ERHE KON 2020 4F 1 A 17 BIZJET-4tE 57 ) BRARSHE - e o 2 — (K
WIROT= B li+=F1T) ITBW TR & AR TR L7725 2 RIEEERAITRBW
THEE L7,

4. 1. 1 HRBESWEFECBTSTE A ML —vay
2019 4F 10 A 21 BICENZAFZEBARIEN & T BHEEA T 78 B A8 B C B S 7= HUR R
i S PNEMHEIZ I T, PRk 30 FEITHAE L7 FRIRE = X MIE SR OREH# A e 7 €
VAN L=y a U ETo T, SEHEZIE, R JIREER ST HIERE AT IR O H T BRI, LR
B, RFEnn, R SEEIRAEREO FUARIRI B = 0 38 O 5 1E 1T46% 2 BLE S E 20
U ERBM LT, TEVA L=y BT, AR EEEERO 2 FEO IR
IRE =2 PESREZRE L, SINEICEERICHE &SR EEZ KB L T ci2nWie, S
MOHLL N DR R Z W2z,
O BHICHBOMENTXTr0L70, WERMNEL 8D EE LD, BINOY
R—F2HE L THEICWEZ M IE D Z EBARTIIZR VD,
= Z OFEEFRRT D712, BEEY AR — FZ2/ERR LT, SEBICES LT E
EOMTEDLLIICHKBLE (4. 3. 2. 2IHZH),
@ BRHEBREREOERAE N KRE 722 L BHLEATORTEERMHERL SND,
S ER ARG OAE L Bk L. (4. 3. 2. 2HZBMH),
@ BHERORHESHIEBRBEORE TEbT 2 Z LT R0 o,
SRR OWEEE FHOSBHECON T, BEREAFME L (4. 2. 3. 5IH
2,

4. 1. 2 JFAHBEKRZE Mt X —IIBIF5TE AL —2 g
2020 4 1 H 17 BHIZ, RO R B ARS8 - et % — (NEAT) TR
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SENT-BHHERE L OF 2 RIEBEESAICBWT, FIREE =2 ESROFEEZ AV -TE
YA NL—varEER L, 2MEE. PO, PO fitk, 1 E & BRSO Z Rt F
FEPIRE DIz, WERSIERKRT:., SRR FOERBEGRE . NEAT OB SKEBIEFE .
JL 1 BAE O N T < BRERHIIC AR D IR 2 E ThoTe, ZMEBNOLUTOEREZ W
P LAY/

@ O OREDOEBETREFHORNENREERALITIZONTIEED L S I3 T 20 4T
W, R Z RO TR E D OGP EREOLE, O IRETORIEIZIRETH D
e, WEEEBZDERD D,
= Z OFfEE RS 5 7212, AMEMZIZ X 2 BEDS ATREMNIZ OV TIRFT L (4.
3. 2. 3&MH),

® RV R— FEEEHA LG E, FEMICROMENRE LR D7T0H, RRIERK
ERRAA
STV R— P BORERE SICOWVWTHF L (4. 3. 2. 28M]),

® HARBOMEIL, MAZERD D, T FHUCTTESH L0, EHLY bRE L FITTh
TNDHARHITIENE ZAIZTNTWDANRND, iz, AATHRRBOKE IR
RESEBRDLIGERH D,

IEEHRAEN O RE LS TN TV DHERE L & 2 F THREIT 5 0ENH DT
WTITHREI RSB CTH 5, A7 5 071k & LT, [a)B g AR o 24 o (E
THMOBAMA) ZIERFRIC LT, EAOBEGHROFEEEZFIAT 51, T /Ehk
KIFRO 7 VX X% SUS M4 B B2 E LT 80 keV y #ROWIN D EZFIHT 5 |
ZENRBZONDLN, EIEE NE=F OFFEFNHLELRD10, 5% OREE

5,
@ PEREERZ L COBGEBEFEIT SN S0y, 2, BEEHOMSTED X I
2o TWDD,

=SWEBEER L, — NSy 2 OBFEC/ NNy 7 U —FEICL D KRE R D503,
FFFH O NEC # LAVIE U — X (PC-GN227DADE) TiHU L7-fE%., A%RH Y
Z T BIZOWTIE 2.5 KR, W%%%/XTAuowfi35ﬁ%@ﬁm EER/ES
2L TCOBBARFRE TH - 7o, 1FHEIC £ 0 BIREHE 2 TE RUVREBR R IC DT
DA ITIE OMKGHINEECH D03, FEEMR & CTHktICEIRILA R ATRE Thh
@\/—bﬂﬂy:y%ﬁﬁfézé_iwﬂm%ﬁﬁbﬁfé_&iﬁ%f&éo
® 150 HOREREFITIEF IR EL 5,

=612 1E, FIRBOHIE S LREEIZET 5 150 R ORBAE)R 2 /Er L <. #
EFIZAAFE CE 2 X OIS THUTMRIRFTRE L B 2 T 5, BIE{ERIZ DWW TS RO
HETH D,
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4. 2 WRE=%OHERDORZE

4. 2. 1 =

—DOHDOMET —~Th s [(OFRIRE=FXRERORF) (2B TIE, FRIRE=2
TERRD FREZ BIE LTz, ARAFIRIRE =& JEEC OV TIE, Pk 30 FEIC %%Lk@
WIRE = & PERRIE O R OFE RIS & | k2R E ORI Z X - 7o i 2
WA ZBYE LT, £7o, Tl E L TOREMELZ MR T 572012, LaBra(Ce)v v FL—v
3 UG E BT GEE 2 Xy r— U Lo itas 2 R OME BB R a2 5 L7, 1
R FRIRE = X HIEIT OV T, Fhk 29 4R K OV 30 4EEE 128 L 7= CdZnTe
MR 2 EZ R T 5 & & BITTRL 30 4 EEICBE L 7= M e A Ef 1A 20 o L C ke 4 il
ELTz, S HIT, Fak 30 FEEICHHZE LI ZR ORI X O AT SRR Y 7 h o =7
rWR LT,

BUE L7 BRI = 2 E SR O |t B T2 T 2 HIEMERE OFklR 2. 137Cs XU
60Co MR 24 L 72 v BUEERCES ICH W T HEM LTz, BB W TR, im0 —Jim
2O ORI Z T, BENREET — 7 L2 W Ty B0 A 1A & R E L7 W RlEE S H 7
FF (ROT) TOMERAFEN Ui, £io, ST/ EITFSE % A BTN T8l
B ST bk 2 R EEREORE D D D v FRIC K 2 SR &SR T COREMEREIZOVWT, PHITS 3
ERHWEFREICEVIME L7z, S 612, BRRE = 2 JERR O H 3 2 B Has O R Rk
Ze Pl L 72,

4. 2. 2 HWRIFE=XAEsFZREORIE

IR FURIRE = 2 HEERIZ oW TIE, LaBrs(Ce)v > FL—a URiHE (24), &
FALEREIE & O SR R 2 BT 72 IS E LS & LT, AT D OB &N, 4.
2. 2. 1H~4. 2. 2. 3HICTE LD, FETHFRRE= &Mﬁﬁ_owf@\
FEFE ISR - BUE L 72 CdZnTe 2 (1 specl500 ¥ | 5 BALBLEIEE Gde) M O HH 25
MRz G T 2T CEMKE Lc, 7272 L, MHERTRIC OV T **IS%:jJDIL
4. 2. 2. 2HTHHAT D L RFOLFLMATMZ T, ARM - EEZHRRRE=47T
el 9 2 M AR - A7 MY 7 h o =71, 4. 2. 2.0 AHTHHTS
LR LT,

4. 2. 2. 1 2RHLaBrs(Ce)v v FlL—ya  Mmtbgntk B

NRNAE T 2B ERE, ISH YL LaBra(Ce) > o F L—3 = Uildh (14 TS0k
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FmEZ FEMT VI =0 57— RTIH) R ONER R b =27 28N E 05 E
(H11934-300) ORI D, RIFEEIL, v F Lb—a Ui &/ NVDRE T E &
MaIZFHEL, F7 ) AW THBTE S Lictk, BRI Z1T> T, 207k
D HEEIRRBIZ L > T 2 HDOMHERONIELRICKRE RERNE T | RN+ T
Hol= T HGEND ST, £ 2T, AEFIX, SRR A — I — 2 X D5 &OLE 10
BOESKIZ, 0.8mm ET VL~ A MET VI =T AIZK Ny r—U kL (M4 —2—
2—1—12M) , 2k v, BRI L OEEFHAH LoGEEENM BT 5L &bl
FRAEA~D A L— R BATRATRE & 72 o T2,

M4—-—2—-2-1-1 TAI=0syr—IfL7 LaBrs(Ce)v v FL—a
AL R OYEE T

4. 2. 2. 2 FRHZSHERE O FowE b & Oa g ME O

AFRIRE=21%, RIBZBOEEZ X > 7 AT A4 KO8 TR S 2 A T
FHirZ LI2E VD, N7 7700 N EERRT & L 2o T\ D, AR E T,
CdZnTe Hithgs 2T 2/E%E H & | LaBra(Ce) v > F L— o VR 23 5 A%
AT, RO HEAEREE M L, BRHESRHERSE WV CdZnTe MRHERICA DY
T, EMARY A XE5%G LT 2729, LaBra(Ce) v v F L— a UHHgs & 3 2 B
WERARNERIC R 2R 22N AT Tz, £ 2T, Rk 31 42#1%, LaBrs(Ce)v v F L —
g URBHBRO Y A RITE DT ERIREZ S ICER L. (M4 —2—2—2—18K), =
DOFER, ERAROREF M ORE SN 5em < 720 | F2kg BEITHZ LN TE T, Fiz,
HWERAR DM Y R & 2%, @SE-FEr—7A5HEHLHIT Lz, 2B, Yy k&
AT DERFRIT KT LA H I AN TEY . Ny 7 7T 0 NEEBAEI REZ@L T
BHSBRCEBEAR LANE 2ICTRLTWD,
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K4—2—2—2—1 ASFEEFHICEELZARM (LaBrs(Ce)v v 7
L—3 g URER) ORI ERER A
SHIZ, M4—2—2—2—1ITRLEXIIC, VA FDODRT L ARE — KL LT-FF
LEREEFITGEMULIZZ SIS L AR k& <M B Lz, 7B, AEERIEL - EEE
M (CdZnTe MH#EREH) OERAKIZHOWTH, FROFELFEBML (K4 —2—2—
2 — 25,

M4—2—2—-2—-2 HELMEEEM (CdZnTe FiiER) Ok HEERA

4. 2. 2. 3 LaBri(Ce) v F L —3 a L faHEHE BRI O o B

LaBrs(Ce) v F L — a URHERAE SRR 1L, 2 RFomEER, MR,
BT ER s DI S, LaBrs(Ce) MitHE N HHASNIZE B EZMLEL L, =R /LF—Z A~
7 MVETGT 272D T 5, A, BUE L5 5 0ELE (CP model 80404) 1,
= ANOEAEREORLE Z Kb 52 LIk, BIFEEOET LV ELRTHE T A
AL TEY . FHRERR EL TS, £z, BFEEDE T /LTI, 5 5 AHEE K O 2
DIEHT A v Lk 7T vy RSl TRWZDIC, RIEBNSOT Fr 7 EHC/
A ZANECHMER R OGN, 20 /A X%, LaBrs(Ce)y > F L— a U FiHisD = %)L
X — MR A IR T S LRI E 20 | FRIRE =% OF EMHRICEZEL RITL T\,
Z 2T, EEABREEEITH 721 GND S FEH O U v 7 Z23RIT . MR &
HEOT T RERND X HICKB Lz, ZHUc Ly, MIEREICE D TREL THH
WEFERGTE LI ICRoTz,
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usa 205

RUN # & LED Ch1 /I LED CH2

POWER W LD

SIGNAL INPUT
BIAS OUT

h2 SIGNAL INPUT
Cht

X4—2—2—3—1 LaBrs(Ce) > F L —3 a3 S AESOEERE (CP model
80404)

4. 2. 2. 4 FRHEHEE - 27 MVEEITRH Y 7 v =7 OB

AHFIRIEE =4 T, 2{80 LaBrs(Ce)> > F L—3 3 U Rihigs (A%H) £72 CdZnTe
tHes (TEEFER) 26l L, SonlmT — 2 208 - @i 357200V 7 MU = 7 ZHi
FERERUE LTz, AL, ATFEEOFMERBRIC L VOB LEE I, Y7 by =T O
T T T— NedTolo, EREERIILLTOMEY Th D,

@O CdZnTe gl RO Mithas — R U = 7 OBEKL ON— Ko = 7 Ji%5 (HNEE,
TUTTA ) BAT) TR LI R Y T MU =T 2RO TR IATH-TH,
V=2 T R NOEICERIETE D L0 IC LT,

@ WEEEICETTL2HAZ, V7 U =T HHAFICE > CTURERERICER LT,

@ RIF7 7 ANMIEETHITIHERELEIR L, BRANET —F 2T 28I, HER ORI
FRNT A= FHlGM, R LIy 7 ST RT7 7 ANV ED, BEREHRNS
LD LI LT, £, BEEEO 7 7 A VER—DT7 7 A V4 (Likf%kR<) T
FIRHZPRAFCTE D XD ICWB L, RABOWEZIT IO Y 7 MU = TR OAHRZ
I L 72,

@ BGT—4%%, 77 ANAEREL TRIFTEDLLIICL, EEDOBG 7 7 A /L& &R
LT cE s koL,

® WERERE QUESM. FHMbSM, B LA MV aET) ZREH D (FIR) &
LRE TR T T2,

® MHRFEOF R FEORRIC, 4. 2. 3. 2ETHEMATHELE2 BN,
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4. 2. 3 HURME =& AIE G RO Rk
4. 2. 3. 1 BRH&GO v BREBRIE — 7 JEVERE O R

FARIRE =42 2 A7 ATl BHESEN 5 BTz v SEOBRIN B — 27 OF 0 b HFUR IR
ICEHE S B OB REEZRET D, Z0H, 2N E—27 oLk (ROD 2556
I EBRETDHUHENS D, 22T, FRIRE=2ERFHE CTHEHAT 5 2%H LaBra(Ce)
rFL—a VB AR OEEE H CdZnTe MiHARIZ OV T, = R)/LF — 43 fiFEERC 1 U
72 ROT FEI DB HEEL D v #RZ W T y ORI E — 7 OREMERE DR 21T >
7=
(1) 2% H LaBrs(Ce)> > F L—1 a Ui

LaBrs(Ce)> v F L — a Ui# TR O 2 BRI E — 7 O @ A7 Fuik, M4 —
2—3—1—1 (13Ba; 276, 3083, 356,383 keV), [X|4 —2 —3—1— 2 (137Cs; 662 keV
22Na; 511 keV) (TR T L D12, BLFITRT AT ARMIC L W RITE 5,

A ox < (x — xp)2>
\/;0 p 202
KEE—I RV ABRBMTT 4 v T 4 7 L THRELNEE =7 F v 3L xp ROKEHERZ o
DfixF4 —2—3—1-11ZR Lz, =X —0fEe (FWHM) %, 137Cs (662 keV)
2% LT 4.2%, 133Ba (356 keV)IZHKF LT 5.1% 13 EH N7, ZNOOMEIX, 77 = i—
MR SN 7z = RV X — 3 fREE 3.0% (137Cs; 662 keV) L 0 {00 Ml & 72> T D,
AU, ARRRIRE =4 TERA Lio/MDEE M5 E  (H11934-300) DA EGEIL (2.3 cm
X2.3cm) M. FEWREFEEOY A X (2.54emX2.54cm) LV bbIniahsl, oI L
— 2 a VHEDIERICT A AT KRV T—=URbol-btEZLND, STz, 4.2,
3. 3T THMCIE RS K 510, Sl Ic TAR S0 2 ot (1921, 131, 134Cs, 136Cs, 137Cs,
132Tg, 133Xe %) 1Z. 300~500 keV D= /L ¥ —FEBIC B R AW ©— 27 24 S R0 2
LD, BHNETFRLX —SREET 1811(364 keV)D ' — 7 &+ BT E B,

LaBrs(Ce) A7 MO E— 7 fRHTIZENTIE, xp= 3 0 (E—7mfED 99.7%% Nw)
OHEiPHZ ROTICRET HZ L L LT, HE—Z Ik L TRE SN S ROIB o ) DA % 4
—2—-3—1-1ICERTHLELEBIZK4—-2-3—-1-1KkUOK4—2—-3—-1-2I1ZX
R LT SRR ZLRA LT e B ZxE L CE, ERR CEONEENO E—7 = r ¥ —
CE— I F v RN DR (M4 —2—3—1-3) RO —/ TR LF—L R F—
SRRE o DR (K4 —2—3—1-4) #H50Z L, 1311(364 keV) B'— 7 |ZxF % ROI364
OFPHZRE LT, AREETIE, 3 0 ROL 2 AW 72 iFlis R 2 Gts L T 528 EEEOH
EBSC, IBEECEICLDTA ERIT= RN — O EEN TR I NG5,
ROI O#iA., 4 0 721350 IRETHEMLEZLOND,
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#£4—2—3—1-1 H—ID xp, 0 KLORET S ROI 0#%ifH (LaBrs(Ce)s v F
L—3 3 VIRHER)

TRILF— xplchl o [ch] 3 0 ROI [ch]
276 keV 275 6.70 255-295 (0.927x,-1.073xp)
303 keV 300 6.93 280-321 (0.931x,-1.069x)
356 keV 351 7.70 328-374 (0.934x,-1.066xp)
383 keV 377 7.22 356—399 (0.943x,-1.057x)
511 keV 501 9.95 471-531 (0.940x,-1.060x)
662 keV 648 11.8 613-684 (0.946x,-1.054x)
364 keV 360 7.83 337-384 (0.927x,-1.073xy)
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4—2—-3—1-5lTF L, =xAF—4fFaE (FWHM) 1%, 137Cs (662keV) 1Zxt LT
2.0%. 133Ba (356 keVIZxt LT 2.8% CTH Y, 77 =/ — kN E[RRREDERS LT
%, CdZnTe fitigs TH LD 2RI E — 7 1%, LaBrs(Ce)> > F L — a VHHERD X 9
PRI RIFRIe AT 7 A A Cld e AR R A F—MIZT A V&SI, 2T, K4 —2—3—
1= 5ITRT EoIC, =2 DM 0% T A 554 CRB L, 150N TR o Ik L
T ABNC+3 0 22 IZ-To OFIHZ ROLIZERET 5 Z &12 Lz, 133Ba(356 keV), 137Cs(662
keV)DOERILE— 7 123 L CTEFEIND ROIL &2, 4 —2—-3—1-21T5-F & EbiC,
4—2—3—1-4IZK/RL7, 1811(364keV) ' — 7 |[Z%}9 5 ROI I1Z, LaBrs(Ce)> v T
L—3 g URHEROEA L AR 133Ba(356 keV), 137Cs(662 keV) D ' — 7 i@t s 515 51
TR RZNIR L CIRE LT,
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IFv L] TMSECY b Ty FEDFLET,

A A3 =LA * v 2)IC)

[A4v A= ] %2272

B8 Microsoft Visual C++ 2010 x86 Redistributable Y7722

Microsoft Visual C++ 2010 %86 Redistributable X772
FUA-NEEETBIEE, ZDIVE 1T HoalET 5L ETEST. o0

FEOA T 2L AMEEIRL TS,

(D) 2T 1 =2 —HE Microzoft Wisual G+ 2010 =86 Redistributable ®EIFELETM

CIfdin =1 007 Moy b Py AR — R i s LET ()
SERBICOUNTIL. TR S R EE L TORE,

(@ BELET) 28R, TV, ~A 72 | Fzo 7 LT [ &
~]1 %70y

_24_



E% Microsoft Visual C++ 2010 x86 Redistributable AY7 72

1eENs T LELE

w Microsoft Visual G++ 2010 x86 Redistributable FHEEENZE LT,
Visual Studio

O = OO =T au(C 0T, ficras:
Web 1 FEHERL TSN

SET(E

(2T 1220 v7

i'&:' Thyroid

Thyroid vt FwF DaF—FALDTF .l

AR =513 Thyroid FA L2 — LTSI SEBEGFIFETLE T,

CDieel 3. B ETEICEE T DS LUERERE C A RS TV E T, o o
%?%g;gf?&%ﬁﬁ‘ﬁi@bfﬂx B TIERNIE IR § 0. SHRORTEEUZ IO

2F,
Y

RL TN
2

+etzll < EAE)

[R~1 22707
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ji& Thyroid

A VA=) THIL T —rEIR W

AL AR =5 LR T A = Thyroid FA 722 —IALE T,
DA A = AT A = IR A LR F 2 DU TR, 1 BT 22 LA — 12223,
F=ILF D103, FRLAEA DT LI (SR E LTI,

DS —(E:
IO:¥Program Files (864 Adfutec¥ Thyroid¥ SHBIR).

T A ORED)..

Thyroid %3R7£D7 —H - FEEFATO2 - A -ILLES:

OFATOHI—H—(E)
@ Z L —H —DAM)

Feltz)l < EAE)

TANZERELTC [k~ 22 ) v 7

K EFROBEHEA A—DIET 74NV DT A NVEThHD, ZD7 441X UAC (User Access
Control) 2LV 7 7 A WMERSL 2 B —, TRENFAIFICTE <Y, 2T Z 4141
Rk SN DU A Lo X)),
FeBl DB 23 72 R Y |
C:¥Program Files (x86)¥Adfutec¥Thyroid
%
C¥Adfutec¥Thyroid
WCEELTA VA R—NT 5,
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i'&: Thyroid

A AN — L O P

Thyroid 1222 b — L SHE R TEE L.
L ]EZV 9 DUTA A — L EREL TUEE .

£tz < BB

[ R~1 %2270y LET,

i-;‘tz" Thyroid

A A= IR TLEL, .l

Thyroid |FELCA A =L@ ELE.
AT 203, BRLSIFEA w2 TS,

Windows Update T. MET Framework (DEELGERPHLNS SFREL T2,

bl || <EAE
A VA= MIET, [ALD ] TAHUA =T 2K TEHED,

TAZ by T EOva—b 1y b= v L, K707 T LBRERICE
L0} RPN g T A
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4.

)

)

3 EERERKOEE. B

WS & A5 LB RN 2 RAEEHEOIRRE T, A == — IRRE — WM&/ MCA L~

2T 4] BFEITT D,
EEIS)
| mEBE/MALOEESONTFP).
CZT/uSPEC MEE(C)...
LaBr3/804040) 25 E(L)...

ROIER -BEFRIERER..
FuEEFEN)..

A EMOARED

CZTUSPED) | LaBratsnent)

1B ONGAS [LEPECT | NCA SN (%565 13
USPEC IF Apo. VF fcp LOEMAA~ o, (1096 12
e e |
THBI2ONCAS N WSPEC MCA SN |2565 2
USPEG UF Rpp. VE hop EORBIEA-Fha (1996 13
C¥AdhseckThyroiWGaCwnelae =)

[ 220 7r N CHRES I E— IS

[ MOA 1) Satup .

[ MOALY) Satup.

[ RO File.

1 B0 File_
OF Garcsl

N—=YFarta—xL 550K (80404)

COM R — F &~ %,

T L C 80404 NMEAT S

Window DT /A A~ F— ¥ —&EET 5, LI Windows 10 DA,

HAHX— " A==2— — Windows VAT ALY —J)L — I hE—LR)L — T4

A F—T ¥ —T, KT 5,
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7IME  BEA BER AVTE
= m Edm W

v A A
0 Blucconth
& DVDVCD-ROM F547
g IDF ATAVATARS J240-5-
= WD ST/ T~
» A-TUTFIAR
o §-R-F
JsE1-5~
§ 99UF £, BEUT-0 IVHO-5-
Be LAFLTAAR
| BWrLrivd liS e
- T2 F547
g F2T01 7575~
& 200-2 2975~
O VI~ 214R 7N
B >-1oz7
= 5
0 7oesy

v -1 (COM & LPT)
) USB Senial Port (COM7)
LS8 Senal Port (COME)

ARA-F (COMY)

IALENBPORI Y IITISAA
o Ess-
§ 3A-2h FUPA AZ IUMO-5-
= HEsa-
fa EleNH0-5-

© T34 A "F—KMCOM & LPT)" % /B L. LaBr3(80404)23:ME A3 2 COM % ffid 4
L(Z D725 COMT, COMS8 Th 503, FEEROF 51T AR OM D IEE O HEfe AR
%),

©@ TLaBr3(80404) # 7| #7 Vv s/ LCHmaY Vx5,

CZTLGPEC) LaBNI0NL) Dumey

EEENOMCAIREEA -~ COM7 v
] SESCHVAONYS ] UERSCIME L, AVEOFFIR
WHB2OMOARERS -+ COMS ~
[ 2201 7ed AT RS E— HIE
| | REFik..
| | BaFfM.
0K Cancel

@ MG EIS, MCABERAR— & LT, BIZT /A AR — v —THEE L7 COM %
fRET %,

T a1 OMC AR — b (COMT W

SO
GOt 2 |
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MBS — MIEHTE R0,
KEREE PR A — BT —T N2 S LTeFOBEB THEATE 2WnEEa, - BiE
EHAT" LFRRE D,

tEHEE 1 MMC AIERER — b |COMI - IRFE(ERTE]  «

@ (EEREEIREERFO HV © ON/OFF O8ELZRET 2,

®

HH

OEERiRFIC HV 2 ON 75 F = v 7 ()T 5 & RIS R EME C HV-ON 5%,
7o F v 7(0)T5HE HV-ON L, #ki%ICTH)
BETHV-ON T2 1LENH 5,
KOME =" > F = v 7 (O)IKEE -+ #EfeRE, HV-ON L7z
OYIWrEE IR EEIE . HV 2 OFF 2% :F = v 7 (A7 5 &, Ul HV-OFF L,
O CHE HIEIESE 5,

7 oF =y 7 ()T % E HV-OFF L7, MIETOBEE, HIEITMke S5,
KOWIE=7 > F = v 7 (O)IRRE -+ BIWTRE, HV-OFF L7z

XA 1 MR 2 0 HV (3@ T, EERES HV @ ON/OFF @R dmk s
EHEIZR D,

TAANRT MVT 7 A NVTEERSNE —ERE] OF =y 7Ry 7 ANONTHDLZ
L EMERT D, BHF v IRy 7 AN ON IThoTnene  RELERIET —#
(xCnt JERX) ITE BRI OFKRE, ROLFGHR. Xv 7 7o RTFr—20n3&aEn7
U,

LaBr3(80404) OfHigR 1. MiHes 2 IC oW CHicHpi st zi5E L6, [OK ] %
70 w7 UCHSE AR RT 5,

7RE. PG A B ER L2721 Tk LaBr3(80404) ~DO#EGIXITHOILIR Y, i & e
BT, TOEE CTHARMIZ IMCABRL OF = v 7 2 FTT 208 R’NH D,
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4.4 BRUEHRMEBSLIEBEFROIFFE
O 3. 1 HRBE=F¥IATLOUHTIA] %5217 L C LaBr3(80404) & ##i9 %,
© RA==2— IRE—LaBr3/80404 O E] #FEITL. & « s mEmH & EE§ 5,

EES)

BEE/MALOEETDIT(P)...
CZT/uSPEC MEEE(C)...

| LaBr3/B404DEE (..
ROIEE - BEFRHEEER)..
FyMEESEEN)... \

LaBr3/80404 HE

PORT 28t
Polarity |BIfRME ~ b1z I FOFF
PZ Adiust |0 s smA o7
Goarse Gain [x 1 ~| | i@/
Fine Gain |0.90050 | plElzE] o7
Moise Discri. [60 s | mm Status [RLER|
Rics Timelus) [20 [ | iR e |
Flat Timelus) 10 12] | A RTG) | omn
Convergion 1024
Zero Adjust [0 s | smA
Bias(V Nee. 790 [2] | A | [JNGFEIN
+HE0RA
#7758 [PHAT =5 +| [ DSO Read
FATIMCARRIELES)

O SEELATLERTD

RET Bias ZROCHRER 1, MHER 2 THN. L TRY , W& IX¥ 7Tz n T
x5, AN, HxoEBOAMCHS [ A ] X& 2270 735 LREHEY
S LERE K (BO40DICEET D, Fio, ZOEE TOl AF—KF [ A v F [ 7
V7 ] AT, AL T 4 RUTARY MLEE=X LIRNLIEEER Y 4 V4
MR DT A V72 EOFRENARETH D, ZORE, 7Yy MIfERRSND,

%) PORT D BRI TS PORT %5, ZOBEE TIIEE TS Uy,
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Polarity : A5 5 OMMETIEAZRIRT 5, BMIEICHRET D,

Polarity |BfEME

PZ Adjust : Paul Zero #i%¥7 %, AJJ#iH =-512 ~ +512
Coarse Gain : Coarse Gain # LA F/HiEIRI 5,

Fine Gain : Fine Gain Zii%4 5, AD#H = X05 ~ X1.5
Noise Discri. : AJMEFZD /) A XL T FNDOEREZFZRET D, AJ1#HIH
=8 ~ 512

Rise Time(us) : BREKEBEIEONS B /LT EAE o BHEAL
THET D, A& =0.5~60u
Flat Time(us) @ BFREEBEEE O LERME o BEA CHEET 5,
AT = 0.2~10u £
Zero Adjust @ A7 MO SEZRHETLH, AS#EE = -2048 ~
2048
Conversion :ADC Conversion GAIN, Z OfEIFZETE TE 20N,
Bias(Neg.) :HV OREMEHET D, AJJ#FH =0(=HV : OFF) F7-
IZ. 100~1000
MREMEIL T 7 AERENEROMITAM L 725,
W1 ~ 99 F TOHMEN AT SNIZHA TN 0=
HV : OFF) L7 5%,
80404 [IMMER 1 LMHAR 2 23D Bias Ll TH L7290,
K7 7T D0 OFRGE, IR 1123 L ToH
119 (B 2 13Hes 1 ERUREICR D),
FoRT—H L EOMEAOMC AFRIRED SOFRREY D #Z FF,

FTT -8 |PHAT -8 ~
D507 —

KFERT —HEZ"DSOERNILTWDHIRET LELORTE
 EH +5&. 1HEFT. DSOF—Z 3 AH0
DSOFRRETH T 5,
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[ 2R EOHM 1 BUEOREM A — I 5L (8040 DI EET 5.
[DSORead] : 1[I7ZiF, DSOT—#%#iA#H0 DSOFRRELHT 5,
[ TMCAIZEIELE) ] TCEIEHAOREIXE LT 5,
OREE VAT LTS Tz 7@ LT &K TMCA 1ZEIELED) ] @
7 Uy 7T, AMENREDORNERORET — X &
LTRSS 5,
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BEHE I O RO &S R A Ee EOBRERICIE, TELETRILO N E XS,
FR BRI SRR S N7 3 7 ROKEE O WEHINT X 0 W < B (FRRIR S flst
&) OFHIZIT O LERH D, K~v=a 7 /L Tik, YEEHNCERT2 22BN E LTF
% 31 - FE AU AR A ARG RO HEE S 2y (S BB RI 3810 2 NIRRT < MR Enbl s
EOBRFICE T 20H98) FETHRB LIZFRBE=4 AT LOMHFEZRY L0

77

_34_



185 A T—2 2774

Al AR RLIF7A4IL

1-2 17H XML 7 7 A VD~ K

7 N—=7 <Msrlnf> D HE T

JNV—7 <SpcNol> : RHER1I DIV hT—X
JNV—7 <SpcNo2> gk 2DOH Ty hT—X
7 V—=7 <URoiS> D HEEORO T FHROE R

JNn—7 <HwCp > *MCA 5., FXEREEH

LIFIE XML 7 7 A VA A=, ETHETI7 V=T TR R L TWD

<?xml| version="1.0"7>
<ThySpectrumxmlns:xsi="http://www. w3. org/2001/XMLSchema-instance” } ~ X
mlns:xsd="http://www.w3.0rg/2001/XMLSchema">
MsrInf> 7 I
<Detector>LaBr3 (80404) </Detector> MsrInf s HE G
<AcqDate>2019-01-26T16:01:51. 2926535+09:00</AcqDate> Detector : f&Higs/MCA
zkiVT;:g?ngso?goooooma/Live> L | AcqDate  : BIERRAGEE]
ea ea . . s A
<{PatinetID>T. Yamada</PatinetID> Live . 74724 1)
o — Real DT AH A L(s)
<Comment>IE 7 X k</Comment> i
</MSFII’1f> - PatientID : %&7*{9@\% 1D
<SpcNo1> h
<int>0</int> — =
<int>0</int> SpcNol : &R 1 DA U hTF—X
. . IR, g 1 oA 7> v 7 —#(1024ch)
. % 4byte ¥ L L TRFT D
<int>0</int>
<int>0</int>
</SpcNo1> -
Do/ int> SpeNo2 : fitids 207 7 b7 =4
<int>0</int> DI, Mg 2 O o > v 7 —#(1024ch)
. L % 4byte ¥ L L TRGFT D
<int>0</int>
<int>0</int> S ek ey . . . . .
</SpcNo2> ] / B RS 0 35 57 7%(0:Currie, 1:Cooper, 2: 3 o, 3:CAThyMARA)

<MdaMode>1</MdaMode> —
<BgSpcFi le>C:¥Adfutec¥Thyroid¥l aBr3¥BGYBLANK (LaBr3) . xCnt</BgSpcFi | e> € ——— BG 7 —#
<RoiFile>C:¥ Adfutec¥Thyroid¥LaBr3¥ROI¥Default LaBr3. CSV</RoiFile> 4— | ROI &5~ 7 A /L

LT, RR—=UA
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<URoi S>

<Roi Info>

<Nuc | ide>Ba-133</Nuc! ide> — ROI1 O¥%Fi

<RoiColor />

<RoiDet1> . . . -

< > !

(Start>70¢/Start> N ngetl n gﬁi H;:;Al hROI A
<Stop>100</Stop> tart + RO i ¢
<Factor1>1. 1</Factor1> Stop *ROI # 7T ch
CEFF0. 1</EFF> Factorl AR (Bq/cps)
<EffSgm>0. 01</ EffSgm > Eff, EffSgm : G+, 1= E(s-1/Bg)
<CpyFac2>1</CpyFac2> CpyFac2 s HAEREL 2
<TrVal>0. 064166666666666677</TrVal> C R e A AT
<TrSgm>0. 22085770305787394</TrSem> Zrn\éil) TeSgm : FLR RS2 5, A 7> S
<Grs>2712</Grs> . ok
<Bkg>1017. 8333333333334</Bkg> >~ | Grs * ROI U OB fE (count)
<SgmBkg>31. 903500330423515</SgmBkg> Bkg, SgmBkg : ~N—X[HfE & EDOARHEDS
<Pbc>169. 50608101851893</Phc> Pbc, SgmPbe : BG v'— 7 [fifk & % D AN
<SgmPbc>6. 1104594087289552</SgmPbc> Koo (¥)
Net>1524. 6605856481476</Net> Net. SemNet © % b E L 2 ORHeM S
<SgmNet>61. 3772844586583</SgmNet> Du\f tg i JIiHj/BEé ?;;i e
<DINet>76. 9297068955858</D | Net> € - ™ e R
CAct>9. 3124553386432627</Act> Act, SgmAct - %ﬁ* He & € @Tﬁﬁﬁ‘ &(Bg)
<SgmAct>0. 37488554876328584</SgmAct> DlAct D MRS  E(Ba)
<DIAct>0. 4698779954198849</D| Act> /

<{/RoiDet1>

<RoiDet2> } -
o RoiDet2  : <fifl{%% 2 >>ROI fi§

. KHEEMIZIX RoiDetl & EIU
<{/RoiDet2>
<Roi SumS>

MHEIEMIZIEX RoiDetl &R L7223, 712
Start = 0,
Qtan = N L X434 A

{Factor1>1<{/Factor1>

<DIAct>0. 62539626252144487</DIAct>

</RoiSumS>
<Fac2Name> 1 H</Fac2Name>

<Factor2>
<{DayFactor>
<Name> 1 B</Name>
{TransFactor>1</TransFactor>

DayFactor @ #R4R% 2 15
Name R B
TransFactor : a2

</DayFactor>

</Factor2>

{TransName>FEFEEZNFFE 3 (mSv) </TransName>
<TransVal>15.55171296681891</TransVal>
<{TransSgm>0. 47330543029427091</TransSgm>
<TransDL>0. 62539626252144487</TransDL>

TransName N R T
(mSv) -+ [EHE
TransVal, TransSgm : FUK S (f#g & & £ 0

<{Start>0</Start>
<Stop>0</Stop> RoiSumS T<WrHEE 1. 2 5B >>ROI E#

</Roilnfo>
<URoi S>

<HwCp> - —
<cpSetting> PortName : #ft4H— b

<PortName>COM7</PortName> Porarity : AJJfik

. PzAdjust : Pole Zero
> | CoarseGain: =2 — A 7 A
Vg
-36- FineGain : 77 A V57 A
Ve




<RoiFile>C:¥Adfutec¥Thyroid¥LaBr3¥R0OI¥Default_LaBr3. CSV</RoiFile>
<BgFile>C:¥ Adfutec¥Thyroid¥LaBr3¥BG¥BLANK (LaBr3). Xcnt</BgFi le>
<{/cpSetting>
</HwCp>
MO CICHBIFLEEELAEHRIIFII—TH D,
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A2 BIET—H2CSVI27AIL

A7 kb, TestMeasure.Xcnt
i Hi#%, CZT(uSPEC)
HE BRARRFZ), 2019/01/25 17:23:30
T4 7% A 2(s), 180.10
U7 E A 2(s), 181.00
Wk ID, M
A h, JWET AR
Ny 7 777 R, C¥Adfutec¥Thyroid¥CZT¥BG¥BackGround.xCnt
ROI 14, C:¥Adfutec¥Thyroid¥CZT¥ROI¥Default_CZT.CSV
RS EHE, Currie

— (&A1)
ROI1, Ba-133
% v b HifE(count), 2800.8,+,85.2
AN — 2 [Hff(count), 301.7,%,23.7
#1255 (Bg/eps), 1.000E+000
%% (s-1/Bq), 1.000E-001
1 e 7%(s-1/Bg), 5.000E-003
HEtaE(Bq), 15.5,%,0.5
R (Bq), 0.6
#aEARHE 2, 1.000E+000, (1 H)
IR IR A5 iR B (mSv), 15.6,+,0.5
<Detector No.1>
ROI A, 70,-,100
/"1 A fifd(count), 2712.0,+,52.1
~_— Z [fifE(count), 1017.8,+,31.9
N7 7F 7> R(count), 169.5,%+,6.1
% bififdE(count), 1524.7,+,61.4
FHFR A (count), 76.9
#aRAR % (Bq/cps), 1.100E+000
H¥#h%(s-1/Bq), 1.000E-001
1 YR 7£(s-1/Bg), 5.000E-003
HstaE(Bq), 9.3,£,0.4
RS (Bg), 0.5
FFLDR AR 25 (iR (mSv), 15.6,+,0.5
<Detector No.2>

— (A7)
ROI2, I-131
% v b HifE(count), 2800.8,+,85.2

— &)

KO CIZEFE-REBBLAERRIFI—THS,

RR—D(2Hi <
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BIR—Uh > DRk

ROI3, Cs-137
% v b EfE(count), 2800.8,+,85.2

MCA Setup - CZT(uSPEC)
<Detector No.1>

Bias Polarity, Auto
HighVol (V), Auto

ADC ConversionGain, 1024
LLD, 10

ULD, 1023

AMP Polarity, Positive
CoarseGain, 5
FineGain, 2.000

BLR, ----

FlatTop (us), 0.7
ShapingTime (us), 0.8
TriggerFilter, -1;0;2;05-1
PUR, ON

Pole Zero (mV), 1714
<Detector No.2>

A7 kb, <Detector No.1>, <Detector No.2>

(ch), (count), (count)
0,0,0

b

I~ IR BN U e
cooco0o0oo
coocococoo

b

1018,
1019,
1020,
1021,
1022,
1023,

’

0,0
0,0
0,0
0,0
0,0
0,0

b

— (A7)

— A7)

— @)

KICICEFEREBBLAERR. WOV T2 —-TH%,
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A.3 HRIA A=

LITIZENRIERME L =flERd.

EEENEHESR HIRIB 8 © 2019/12/04 11:03:49
HEEID ; Patiant
s o CZT Test
Tk ¢ CZTiuSPEC)
AT R . HWTasté. Kent
BT 190 B R DA019/11/26 1404044
BB () » LivaTime - 120,00 RaalTime : 120 06
ROLZ 7 4 Il ; Dafault GIT. GEV
B 7 I . BgSpectrum. Xcnt
Bt RN AE ; CAThyNARA
Eaai-0=F- 18
1 - OFT(USPIC) 45 - DTSRRI
= T T T T e T T T T
% e
" v
I I
£ - gL -
R ( L
e B
= Int |r = Int
4 I @M 300 400 501 E0 0 AXC W0 LMD G Lm0 M0 400 501 E00 S0 AXC SN LD
TR F AN
ROTT @ Xx100 H#H B3 HBHIEZ
ROTEEE (sh) T0- 100 T0- 100
Fu - EH (ops) 0.2+ 0,3 0.0+ 03 0.2+ 0,1
A — 2 EH (ops) 21+ 0,3 1.2+ 0.2 08+ 07
B & HE (Bq) 0+ 04 oo+ 03 02+ 07
S ES (Bg) 2.7 049 04
LB 3R (v 02+ 0,4 00+ 03 02+ 07
ROIZ © ¥y120 &X mEE HEigEe
ROIEEE (chy 0 ===mme——— 200- 250 200~ 250
o @ (ops) 04+ 0,2 04+ 01 0o+ 01
~— . mmH (cps) 04+ 02 01+ 01 03x 01
S8 E (Bg) 0.4+ 0.7 04+ 01 o= 07
4 141 R 7. (Ba) 2.0 (1] 0.
HH RS @S E nSv) 0.5+ 0.7 0.5= 0.1 01= 07
ROIZ : Zz130 &N i EiHEe
ROLEEE ehy 1 330- 400 330- 400
Fow - (cps) 0lx 02 00+ 01 0l= 01
S — A (cps) 0.3+ 0.2 0.2+ ol 0lx 01
B AT HE (Bg) 01+ 0.2 0.0+ 0.2 01+ 01
0 1 R 4 (Ba) 2.6 0.7 0.5
B S AR E (m5v) 0l 03 1= 02 0l 02
CIT{uSPEC) Setting w1 HHIR 2
Bias Polarity Auto Auto
HighVal V) huto huto
ADG  ConmversionGain 1024 1024
LLD 1mn 1n
LD 1023 1023
AMP Polarity Positive Pasitive
Coarselain
Finellain 2000 2000
FlatTop (us) a7 0.7
ShapingTime (us) 08 [}
TriggerFilLer =1 2= -1:0:2:0:-1
N 0N
Pole Zero (o) 1714 1790

KO CICEFEREBBLAERREITII—THS,
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A4 ROIBHRI7AIL

UTFIZHIZETT,

[Header]
4% ROI %, 3
%, CZT(uSPEC)

[ROI-1]
¥ifE, Xx100

REM Key, BHth, # 7T, #ER¥Bg/cps), 53R (s-1/Bq), HEHE(R%(s-1/Bg)
2 1 T

Mgt 1, 70, 100, 1.100E+000, 1.000E+000, 0.000E+000

% 2, 70, 100, 1.100E+000, 1.000E+000, 0.000E+000

A% 0,0, 1.000E+000, 1.000E+000, 0.000E+000

[ROI-2]

FiFE, Yy120

REM ---mmmmmmmmm oo oo

REM Key, Bith, # 7, #HEIREBq/cps), #1453 (s-1/Bg), E#ER#(s-1/Bg)
5 D

FEHI%E 1, 200, 250, 1.200E+000, 1.000E+000, 0.000E+000

Mg 2 200, 250, 1.200E+000, 1.000E+000, 0.000E+000

A%, 0,0, 1.000E+000, 1.000E+000, 0.000E+000

[ROI-3]
¥ifd, 72130

REM Key, BHfh, # 7T, #B4R%Bq/lcps), 5% (s-1/Bq), HEHERE(s-1/Bg)
REM -------rremmesssremmecnssmeneneesee e nnn e e s e e e e

e 1, 330, 400, 1.300E+000, 1.000E+000, 0.000E+000

e 2 330, 400, 1.300E+000, 1.000E+000, 0.000E+000

A% 0, 0, 1.000E+000, 1.000E+000, 0.000E+000

[DayFactor]
B g, FURBRSEM R = (mSv)

REM Key, ID, ROI1, ROI2, ROI3
REM ---sseeeasmemscscncasanass
ID-1, 1 H, 1.000E+000, 1.100E+000, 1.200E+000

ID-2, 2 H, 2.000E+000, 2.200E+000, 2.400E+000
-2 2 [ 200NF+NNN 2 NEHNNN 2 ANNK+NNN

K ZIZHEIF-REBIXFE—TH 5,
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A5 T—RI+ILEHEE

AIOTSLD I+ IV ETHEEETT,
¥ jL— |

— VA=V T FVE
¥jajp
¥Dummy
¥ROI
¥BG
¥LaBr3

¥ROI
¥BG

¥CZT
\: ¥ROI
¥BG

— Prime £ > A h—/L 7 /L&

T T AETIE.,

: Prime DT,

BIET 7 A NV

=0/ N IDRIIESY S % 4

TR TARAEI =T A
: X3 — ROI w74V 4
P HXI—H BG T—H T NH

: LaBr3(80404) k. ROI 1EH., B G A~ ML DG
: LaBr3(80404)/ ROI {57 /14

: LaBr3(80404)/ BG ¥ —# 7 4 /L&

: CZTWSPEQ)®#E. ROI [HH#. B G AT ML DAsk
: CZT(SPEC)H ROI #7414

: CZTWSPEQ)H BG F—% 7 4 /L4

WIET 7 A INVE
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18k B. BEHHK

FARIRE =% 2 AW CEE L7 BARIRN 1811 JERED D i o HR IR TE ALl &
RS D 70 OWFARE OB A 7T, BURAREIL, 185 NI < SRR = — FIDEC:
Internal Dose Easy Calculation code)# FIWTCEIE L7, FFEICE L., £/37 A —XZ (%
ICRP OIEHEE 2 L T 5, EEUEREIT B KK OWARMEHER AT L, HEEHIRIX
0% ETOHMETH D, FHnfrL LTiIE, RTRICHZICONTIE 3 7 A, /MRIZHONT
X5 e LTz,

B.1 HEFZHK

RN D IRE 181 B RE A © HUIR MRS ATHR B~ ORI O 2 & B—1~%K B— 3
R T, 2 OBERENT, B3 IR THEESRED & FURIRS MR B~ O ERE A B.2 1T
AT HRIEEE TR L THELNDETH D,

#B—1 I B F7AR) (ox4 2HE 81 EED 5
IR R SRR B~ D HA SRR B D 1)
EEHE DO HaRAR%L 38 D) HaRLREL EEE O HaF LRI
R H 2% (mSv/Bq) Pk H# (mSv/Bq) e SIEY=R~ (mSv/Bq)

0.1 6. 60E-02 18 1. 35E-01 85 1. 45E+02
0.2 3. 50E-02 20 1. 67E-01 90 1. 09E+03
0.5 1. 84E-02 22 2. 33E-01 100 3. 50E+03
0.7 1. 67E-02 24 3. 18E-01

1 1. 59E-02 26 3. 54E-01

2 1. 67E-02 28 4. 67E-01

3 1. 94E-02 30 6. 25E-01

4 2. 19E-02 35 1. 17E+00

5 2. 50E-02 40 2. 33E+00

6 2. 92E-02 45 4. 12E+00

1 3. 18E-02 50 7. 61E+00

8 3. 716E-02 95 1. 52E+01

9 4.27E-02 60 2. 92E+01

10 4. 713E-02 65 5. 38E+01

12 6. 14E-02 10 9. 72E+01

14 1. 18E-02 15 1. 75E+02

16 1. 00E-01 80 3. 50E+02
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£B—2 /MR (5mE) 13 2HE B HHREN 5
FEDR MR S5 A B~ D A TR EL D B

IR D HBEAREK FINE O RS IR DO R
e H (mSv/Baq) e H 2K (mSv/Ba) R H 2% (mSv/Baq)

0.1 3. 58E-02 18 5. 00E-02 85 6. 13E+01
0.2 1. 90E-02 20 5. 94E-02 90 1. 06E+02
0.5 1. 00E-02 22 1. 31E-02 100 3. 11E+02
0.7 9. 05E-03 24 9. 05E-02

1 8. 26E-03 26 1. 12E-01

2 8. 64E-03 28 1. 46E-01

3 1. 00E-02 30 1. 73E-01

4 1. 12E-02 35 2. 84E-01

) 1. 19E-02 40 9. 43E-01

6 1. 36E-02 45 8. 64E-01

1 1. 58E-02 50 1. 46E+00

8 1. 73E-02 95 2. 68E+00

9 1. 90E-02 60 4. 63E+00

10 2. 11E-02 65 6. 79E+00

12 2. 64E-02 10 1. T9E+01

14 3. 17E-02 15 2. 09E+01

16 3. 80E-02 80 3. 58E+01
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K B—3 AT DHE B EEED O

FEDR MR S5 A B~ D A TR EL D B

IO meER BIGO  BRR RGO RERK
OB mSv/B)  SBAK  (Sv/By)  EBHAK  (mSv/Ba)
0. 1 7. 36E-03 18 7. 65E-03 85 3. 55E-+00
0.2 3. 90E-03 20 8. 67E-03 90 6. 00E-+00
0.5 2. 05E-03 22 1. 08E-02 100 1. 34E+01

0.7 1. 86E-03 24 1. 34E-02

1 1. 70E-03 26 1. 50E-02

2 1. 77E-03 28 1. 86E-02

3 1. 95E-03 30 2. 44E-02

4 2. 05E-03 35 3. 55E-02

5 2. 29E-03 40 5. 27E-02

6 2. 44E-03 45 9. 51E-02

7 2. 79E-03 50 1. 30E-01

8 3. 00E-03 55 2. 17E-01

9 3. 25E-03 60 3. 90E-01

10 3. 55E-03 65 5. 57E-01

12 4. 38E-03 70 8. 67E-01

14 5. 42E-03 75 1. 34E+00

16 6. 39E-03 80 2. 05E-+00
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0.1 E/‘ 'b-‘ o 3
3 Seog —A— BA
i e ]
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1
EREoZBBEHK
B—1 HURRIRFRE =R DA

B.3 EEUKSTREN O RIRIRFMRE~ DIMEHRE
FHURESEED b FUARBRE MR B~ DTSR E (3] ZKK) 2 &£ B— 41277,

# B—4  BEHEHRED & FUR IR &~ O HEARE O
IR 37 AK) N (5 mIR) [HUN
3.5X103 mSv/Bq 1.9X103mSv/IBq 3.9X104 mSv/Bq
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1. [FL&HIC

Hig e EOBRARHTIX, TSGR OEBIIB W TTEAEFRILO AZ R, BEDOR
WEHANC X0 | NI < BERHG AT 5 MERH D, RS, PRI E WSS U #E
DOWFEHIE < MR EFEM T, B RO ORI S BREOFHIINBE L 125, £ 2T,
ENZAFZERRFEIE N A AR DA FEBa skt (LUT TR0 Lo ,) 1E, R85
JFIR B3 FE LT AL 31 4R EE U 22 i e B FOHEE 26y (FF R TIRFIZ 1T 5 N
BT < AR PUEFHIE O BRFEIC BT 20198) FHEITIR VT, AREEET, FREPTEICRE TE
2D y BEA T MASHITRIRRRE =2 > 27 5 (LU THIRIRE=2 AT A &
Wo,) BHFEE LI,

K~ =27 ME, FEEFTEICRE U CTEER ONEIT S BRERDEICHWV 2 FURIRE =
AT A (EEER) OME, REHFIEKOMERFEZELDbOTHD, ZNIZLY .,
JF ) R R O BREE T G 2 O BB ST & EIT ZHEOIFEEE T OV T, EIl
L7 B 3 O B RE DI D E RS EE 22 IE - FHili A FTREE T2 2 L A B E T 5,

2. FEERPRKBRBSFAEIDRE=FRATLOBME

Ve H ORI E S v e =2 2 2T A%, M2 — 11RT X 512, CdZnTe 34
Rithigs (AR, TCZT Mithigs] L o,) 2, MrtHas s oA, i ds bR, il
RN =Y v arEa—% (V7 b7 EET), ERE, JERSER L
— F, Y R—FETHE IS, SHI2, RESRODFRRIEMZHH Y 7 > 4 (Ba-133
SRR A ETe) &7 7 v M AIREN, BREERRE T COEHFIHWD Ry s 7T 0w
RHEREEERLEL 2D,

B2—1 EEEHRREESEI ORE=F AT LADFHE



2. 1 CZTHHH

CZT Btigmid, K2 — 212R 7 XL 912, L.5emd3 OFBKREZF D, BAGOERNIZIL
W bz CdZnTe fifidh & BEAOEERNICID Sz @EREg, 7V 77 7o 7 kO
L HEIE S T AR E O BALHRIK )N B 72 5, ERIZIE, mini USB AN— F 3RV 17 6T
B, X=VIFrarva—&—nb USB 7—7 %5 L TREK IR REETH 5,

2. 2 RBRUFARDERKRK

X 2 — 3 \Th s AR A e OV tH e SRR O BB 27, EEfdRIT, @
EX T AT EE RO OBERE THER S TR Y | mlE, AL EEIZAT v LA
OB R— FBED TSR TS, b EWO IR RS ER S0 25 W 2D O iR
(LSRR A2 ETe) IZOWTIE, REEY VT AT A4 (B 17.74 glem?) %A
L. ZTNLS ORIz O TIE, EHDRITE T 523, ZMfiCEREZMZ 5586 (B
B 11.34 glems) & L7-, WAIOSERAIZIZ, MHEERO 7 —7 V@3 72 DN T 5
NTCW5, EEIIAEFH 18kg TH Y | AAMMNZEY T b/ AT v L AROTRF %2 H
WCESICBEISEDLZ LN TE D,

X2 —3 mMHaELEREO TR

2. 3 #IE - BFAA—YFILaVEL—2EFHBAY I O T

FRIRE = & O - JIE K OSSR OFENT 24T 5 7O, S Y 7 h o =734 X
k=L SR - AT S— Y T a v B e — A RMETH D, AT 53—V F Lo
YE2—ZOBEHILTO LB THD,

0s : Windows 7(SP1 LA _F)/Windows 8.1/Windows 10
PC . AT A#a%

T4 AT LA o XGA(1024 X 768) LA _F 0> fif 4 J& - 44

USB : USB3.0 LA LR — K 2280 E



Z DA . Microsoft .Net framework 4.0 VL & O*, [F] Language Pack 4.0 UL |

TAZ Ly 7HPC, /— MUPCOELLLFIAARETH 24, AHEIEFERFCHE)
TELHT DA R EDOHBENG, /— MU PC OFH &2 HLET 5, X2 — 4 ICHIEMH Y 7 b
U =7 OB ORI E R, ARORF T 2 O AR A RIRHIE L CHIEORIE, #
T T X R EBRARETH S, EiE TR TIE, 2 HORNEBRENENOWE AT hL
ZFFCHER T D 2 LN TE S, T, 11131 O B — 7 EICELEE (ROD) 2R EL. #
RO M3 U BHEDN S HGEEDRE~OWMBERER R EOT— 21y &
NCRE L TR ZEICE 0, E— 72 BBIRICATV, BIE AR O X 512/ 6 73H
D TREFEFSIME A~ DO FEAER NP ERIND,

- Wl 1 CIT{USPEC) ORI R pavte, ST NI

......

uelw L nyerE
LR Ee SnouEane
T B

O30« Tomes

2—4 HHHMY 7 FU =T OH)

2. 4 AEBER

FURIRE = 2 & AT D FIO T HURIRSEA#R B 25 & SHET 2 7201203, #iis o
FRPR IR & B HH 25 AR AR PSS FL i S VT2 R s OB PR 2 IEREICIRET D 2 & N E
ThD, T T, M2 — 5157 &9 RUEBRZRHSMERAO LICRE L, oM
VB R — MR E OHE A EET 5 Z LIS K D, HiE o FRR I & 8 &R O E BI LR
NIEFEIZIRE TE 5, MR B OFANZIT EEBIERUA 2 S AATE OENRE L TH Y |
B B D e A7 5 0] OALE AN IEFEIZRRE S AL TV 2RV EJETRE R (1T b eu s &
o TND, TRHDTRICEY | i o FIRER & g OMLEBIR D IEREICIRE TE D,



OMEAR =

X 2—5 HEHEE

2. 5 BIERE

FRIRE =213, M2 — 37T X 910, EHFORITE I U5 ook H 28 & 08k
Koz CZT Hithes 2 2R ET 2ETH D, K2 — 6 1nT L 2 IREFTNOT —7
V7R CITERE L, BRRARASEH D ER 0 _EEICALE S5 X O ISHHRE O MR & P A i (A
B BICESE S, I RN OOy BEBRMEGS TR 22 212k 0 | FRAR
ICERE SN e v R E2WET D,

BREIAYENE 5 (SIG)
. -
- . T
< . i A N «—
HEA/—~PC
TN
' K559 DB LS (BG)

M2—6 fHlfEHAY 7 b7 OB

ERMERERE CHET 2%E., BUNGDONNy 7 7T 0 NI X 5 F51INE
ENTLED, ., Cs-137 HEND D 662 keV y SE1%, HIEMNLETH S 1-131 @ 364
keVy #ED b= R F—REW D, TR Z FE L3 <, K2 — 7 OFRER TR &
I, PRI IENLDEBFICLD yME—2 DTNy 7 7570 R4y & LCEIA
A, EMEREIZIZZ DNy 7 75T v R ORPEREE L 725, BUtEa v RoER
i, MPOFOHEL TR LY =255 (Fy MNEE) [CEENDFHE W5, BAER
(Z1E. Z OFEAEIC Ba-133 #iIF & AV -G IE TIRE L2 S OF BN R TR 5 Z &1



F O AR ERE SIS = O ROBSRENERTE 5,

B D & 551 (ROI)

SEN T ELE 1))
{EE(SIG)

=3y EiE (G5
LIS

ETEREE [s7]

NG SHURDNLDIES
B (BG)
IHRILF—[keV]
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. BIEDFIE

1 FRBE-F CRTLOEHBFIE

FIRIRE=4 VA7 A CHAT AEMZHERT —7 0V (SFEMA e L WELFT CiliE
T&57—7N) OLECHRTL (U3 —1—13MK),

FIRRE=F AT LG Y 7 b= T B, VA M=V EINT/R—YFLa s Ba
— X & D,

MERZEHA 7 L— MOEMREZX 3 -1 —20 L BYVHET D, 20K, 71— E
D FFE T OFE O DS HERTARTHNAR D K 5 ISR ET D,

CZT fuihies 2 i, EiBERUAA R 172 (K3 —1— 35,

Rt 2R A JER RIS CZT Rt as 2 8 (Eliiiift) #X3 —1—3 D &LB0HY
T %, Wi S B0 LD ISR L Ty — 7 v Z iR DIMI T,

T

I l
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. EREA R UL 3%
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HIE - fRAT =Y P a s v a— X BT 5,
M3—1—5LEDTA a7 Nr )y LTHIRBIENY 7 h U =7 % i#)
T 5,

R Y 7 DF =y 7Ry 7 A&h L THIEROERE AIREL T 5,
WERaRRYy 7 2% 27 U v 27 LT [CZTWSPEC)) (fEEFEH) %33R L, MCA #
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AR ICEENEIINE 15 (HV:ON 23R < 54T
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@ HRIREGER Y 7 Y = T EEAMO MCA #li#o 22—+ REZ %2270 v L
T, 7T 7HE DAY bV (BHERE 5 OB & 00A0) (BN AEL D 2 L 2R
5 (M3—1—62M), ZNIZLY ., RSB EFITEIELTWD Z LT 2,
@ WEAEMO (A7) XE % 7Y 7 LTHIEEZEETS (M3 —1—65H),
@ WEEmEMO (707 RE %27V 7 LT I77%MHETDH (M3 —1—-62H),

LLETHARIRE =% & A7 LAOHERNFE T35,

urars
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3. 2 HFRBREZS4ATLOKREFIE

AHEITIE, BRAE AW IE R OB~ OBELR DR EFIZOW TR 2, WIEIX
WIER 7 7 bk 183Ba ffiE AWTIT Y, RIEIX, Ny 27 7T 7 RO 5
NEGRCTELRE N CHEMT O &,

W

3. 2. 1 REDEREXE

@O 1BBa SRR ARER7 7> Fal (K3 —2— 1) ORIRNEIZZER T2,
BRI LD 7 7> FARENS OESIE, 24em ((RELSNME) THDH, £, mShH
FHZDWTIE, RN T 7 & P ADYSOE ST D L HI2T 5, MIAEZR - THHE S
HRWE S, ZOBRNZITHREET L Z &,

@ KIEMABE (W3—2—2) 24T 5,

® KMEMBEDOFHICHHHE (M3 —2—3) 104895 X9 MO OMEHEA . -E0mE
et 2 e A B D L CIREE L, mﬂ%ﬁh%% ZIZERETSH (K3 —2—4),

@ WIEAAEIC 13Ba RPN E FHANICRD X217 7 PAERETDH (M3 —2 —
5),

@ "Ba miHRIE

K3—2—1 WEMH77>bFA (13ecm® X12cm)

X3—2—2 KEMBE

U ARABRADKIE 7 7 > b A & Rl — Ak
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2. 2 RET—2EUSEX

X 3—2—64 LD ROIEHRD 2 L RAR v 7 2H 5 ROIIEHRABRIRT 5,
(Vv b REEZIZ V7L, aVBRRY I AT [TATHA L) ZIERL,
AT ZIZHERH ) ZAN LT OK) AF %27 Vv 735,

I Ay MR IEQTZOORETH D Z L% AT D (f: Cal_worker),
TITMMI VT INTWDLILEEMR LT [RAZ—N| RE &7 v 7T 5,
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3. 2. 3 EHHEROEH

@ 133Ba @ ROI FRAFTIZ v #f (356 keV) B —27 HLR3dH V| 356 keV D B — 7 2K
W ROIWIZH D Z L & HER T D, (T4 T 5613 ROI & 254 %5, ROL L, 356
keV OB —27F ¥ % p & LT, 0.903p~1.041p £ 725 X HIZROI R ET D
kv, (KM3—2-7)

@ wDOXE AN THERE K1 (Bgleps). KOG ¢ (cps/Bg) Z7tHE T 5,

t T]133Ba

Kl = A13zy, X
B
a MNET T]1311

1
€ =7, Ns3g, = 0.6205, N1y = 0.817
K,

A133Ba T]133Ba
T]131I
Avssy, 193Ba SRR O itiE (Ba), ¢ HIERR (T4 721 1) (seo),

Iwmiuwmﬂ:*yhﬁ%(@ﬁ&l&@ﬁ%2®éﬁ)k%@ﬁ%#é
(M3—2-—28)

u(e) = u(Mygr) X

X3 —2—7 ROI O & HmH

M3—2—8 =xv hEfEEAEIH
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(77 A0 - TARFIZAT T ROL R ERAF (S)) 227V v 27 LT, ROIL IE#%

R"FET5 M3—2—-11),
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B (7)) 2AHNLT TOK] RE %2270 v r45,

aIRA MY 7T RIETHD Z Ex2FEAT S (5] : BG_worker),
TIZITWITIVTENTNDEZLEMHRLT [RY—F] REE7 Vv I T 5,

AT A ZAN TAEFR ) 235 HERF ) IZED YV RIESK T LD, [77 A1) — T3
ET —H#% BGT—4% & LTCARIEMT TR 220 v 0325,

I\ TS0 FRERA

PMMATF 2L 7k Ls
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EERER A A A BN T Z &I BETEOWHEIC EMERREITE D L 91T
e OM OEREZ T2 (X3 —4— 128, BHE EEITGGIER > — F 2 3RE
T 5,

3—4—2omELAMOREREFHRE LT, B oRA L a A b (e 1D,
ZAE SR EDER) AT 5,

Eifif5 =0 ROLEHRD =2 AR » 7 2035 ROVG@MA VO BG 7 — % 28RS 5, 21
(ZX Y FARIRE MR ES OB RRTRE L Ny 7 T T T RT=Z R BRIREN D,
H AT T ORI B D 2 ARy 7 27 BEEHEE A 2> HIIE A £ TORE Az
R 5,
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X3 —4—1 HIRIBEMREORIEIZHWDH]
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® K3—4—30X2C, HHREICHRIRE=XIZBEVDLSESS>THE LY, BV FR— |
B ERE N Lo B, WEEE %@%@ﬁ%%ﬁé(l3—4—1ﬁ
BE), HIEHEHT, B2 TE5RYHIE BESE, REXLE;HNRNVLEHICER

$ﬁﬁ% BINDWREDRETE i 7E B

3 —4—3 HIEROPRE OIRET 1L
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@

M3 —4—6DEELAACHD 7ty M REEZML, BIERRZ 150 #ict
v 85, VY FE—FROIURRY T AN, TATHA LIRS TNHI L%
BT 5,

BEHFROT T 7207 VT INTWD I EEMER LT, BEAMD [ R4 — K] R
B h IV I h, WEANT MABRERSNTWDEEIE 7V T ) RAE &0
v 7T 5,

AT A B AN TAETR] 285 MER ] ICEDYVRERK T Lb, [F—25EFE R
GZroul )yl T 5h, 7 AL LT, #HREOID RZAIEZRLE, @A TE 54
A& 59 %,

B £ A A 0D B R MR ST R B DKl 2 fieRB 5 2

WOHREDREMHZ T, (7 V7 REEI7 VI LTI 7% 7 V735

LLET, HRBRE MR EORED 7T 5,
5l & & OPRE ORE Zikfid 2551, ON5@DFINAZ Y &,

3 —4—6  FLHRASE {8 0 7 i oD 1 i 1]
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® O w

5 BIERTEROFIE
M3—5—10KFEOKIEZD Yy 7 DOF = v 7Ry 7 2%,

MCA #fitF = > 7Ry 7 ADF = v 7 &4, MILECTHINIS TV 5 S ELE B
WZHEHLDHEHITmo TV D,

[Z7 A0 — T (FRIFELEDOXREY) 2270 v 7 LTHRIRRIER Y 7 b
VT EETT D,

HAIRIRE =% v AT K& T 5,

(1) —> sivmeay W= L - CETAPIS) __
L) - o

X3 —5—1 Htigslsh Laio LB mim
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4. BRIRAERY 2 b0z 7DA4 X F—ILFIR

4. 1 HAIER
K70 7T AOERICIE, ROT 0T T MEFERNIA VA M—LTHLENRD D,
O 7 R72—7 v 7 {8 ERET T 7T A Prime
@ GBS 4 WinSPEC
@ Microsoft #1:#4 [ Net Framework 4.0 client profile], [f] .Net Framework 4.0
Language Pack |
@ Microsoft #L# [Visual C++ F % A 57 A 77 U (x86)]

QEIATB 7T LDA AP —/LCDIZFEIBENTNDRD T 7 A Va2 EBHHEHERT
FTTHILICRVERT a0 Ea—XIIA v A M—LT 5,
¥Adfutec_Prime¥mPrime Standard¥Install¥setup.exe
@1Z RITECH ## uSPEC gD A > A b —CD, £7213AKT 0T LDA A b
—/VCDIZFRMEN TN D7 7 A Vv HWTHHT S 2 Ea =210/ VX h—1T 5,
KT T T LDA A=AV CDEHMTL25E1E, ROT 7 A )Lz EHEEHEIR TELT
THZEIWZEVA A M= T D,
¥GBS_WinSPEC¥ B winspec_for_inspectors_2.05.0002¥setup.exe

QEDEFIATe T T LA A= NTIHEICHEBNIZA A F—LEN D,
BEICA VA =L ENTWAERITIAT y 7ENL, "EBE" L WoTl- A v —I RN
ENDHDT, FNHDA v E—IITHs>TA v A M= EZHEGT 5,

4. 2 BRIRAEARYIEDIT70DA VR M—ILIEE
O £ A= CD%KI7A4 72y bLT Windows =27 A7 a0 —7T7 4 )L4&
¥Thyroid #BH<,

R RSB CADevop¥ W IOV AT A_locn el K TN Thymoed

T -h T - (7]
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@ 7'mr 7 A setupexe FEBEMHIRTEITT D (Z7r A4 BTy R EBEISEH
7V I TCERENDR Y TT v T A=a—0 VEHEHRTET) 28I,

@ [ZORBARBITICNOEDT TYNRT AL RNIEREEMZAD Z L EFAILETI? ]
HOHERPHLOT, I I | 27V v rF5%,

UF, AVAF—=TDA Y=V,
Bmeavin? x|

ROA =R E =R = CA A F=LENTT:

Veud C++ Wi 584 1 54551 086)

chopasti=r s b EA A R=ILLETH?

IFv L] TMSECY b Ty FEDFLET,

A A3 =LA * v 2)IC)

[ 2= ] 220w

B8 Microsoft Visual C++ 2010 x86 Redistributable Y7722

Microsoft Visual C++ 2010 %86 Redistributable X772
FUA-NEEETBIEE, ZDIVE 1T HoalET 5L ETEST. o0

FEOA T 2L AMEEIRL TS,

(D) 2T 1 =2 —HE Microzoft Wisual G+ 2010 =86 Redistributable ®EIFELETM

CIfdin =1 007 Moy b Py AR — R i s LET ()
SERBICOUNTIL. TR S R EE L TORE,

(@ BELET) 2R, (OFW, ~f 278 ] 2T 7 LARNT [ K
~]1 %227V v7
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E% Microsoft Visual C++ 2010 x86 Redistributable AY7 72

1eENs T LELE

w Microsoft Visual G++ 2010 x86 Redistributable FHEEENZE LT,
Visual Studio

O = OO =T au(C 0T, ficras:
Web 1 FEHERL TSN

SET(E

[T 1 %220 y7

i'&:' Thyroid

Thyroid vt FwF DaF—FALDTF .l

AR =513 Thyroid FA L2 — LTSI SEBEGFIFETLE T,

CDieel 3. B ETEICEE T DS LUERERE C A RS TV E T, o o
%?%g;gf?&%ﬁﬁ‘ﬁi@bfﬂx B TIERNIE IR § 0. SHRORTEEUZ IO

2F,
Y

RL TN
2

+etzll < EAE)

[ k~1 %22 U 7
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ji& Thyroid

A VA=) THIL T —rEIR W

AL AR =5 LR T A = Thyroid FA 722 —IALE T,
DA A = AT A = IR A LR F 2 DU TR, 1 BT 22 LA — 12223,
F=ILF D103, FRLAEA DT LI (SR E LTI,

DS —(E:
IO:¥Program Files (864 Adfutec¥ Thyroid¥ (R

T A ORED)..

Thyroid %3R7£D7 —H - FEEFATO2 - A -ILLES:

OFATOHI—H—(E)
@ Z L —H —DAM)

Feltz)l < EAE)

TANTERELT [ R~ 22U v

X EFOBEA A—VIEXT 7AN DT A NVETHD, T D7 441X UAC (User Access
Control) IZ& 0 7 7 A AR 2 ' — fRENFAIIZ TE <R &THZ #4121
RSN D) Z A LT H),
FERIOER 2372 R D |
C:¥Program Files (x86)¥Adfutec¥Thyroid
%
C:¥Adfutec¥Thyroid
ICEELTA VA M=%,
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Thyroid 1222 b — L SHE R TEE L.
L ]EZV 9 DUTA A — L EREL TUEE .

£tz < BB

[ k~1 220 v 7 LET,

i-;‘tz" Thyroid

A A= IR TLEL, .l

Thyroid |FELCA A =L@ ELE.
AT 203, BRLSIFEA w2 TS,

Windows Update T. MET Framework (DEELGERPHLNS SFREL T2,

bl || <EAE
AVAM=MIFET, [HLD ] TR =%/ TIE5,

TAZ by T bhOva— oy x—ar Yy L, K777 LRERICE
952 Lzt 5,
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11 ZEITT D,
BES
| BEE/MALDEETDFAP)..
CZT/uSPEC MEFE(C)...
LaBr3/B04040E E(L)...

ROIER -BEFRIERER..

Ty EEZEN).. BAE/MARERDES
CITUSPED) | LaBra(Baend)
1S T ONCAS [BPECT | NCASN (565 I3
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HBI2ONCAZAN WSPECD | NCA SN (2565 2
USPEG UF Rpp. VE fgp BORBIER-FHa (1996 13-
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222774 A CHRESNE—BNE
[ MOA 1) Satup.
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( B0 File
OF Garosl
@ 47 [CZTWSPEC)] #7V v 7 LCHEHEZYVEZ D,
TR AR
- MCA 7~V LEAZEET 2 EEAR )
+ MCA SN :uSPEC TEH SN TW5 [MCA527] @ SIN Z48E

#uSPEC @ S/N Tix7Ze< . OEM #f: &7z MCA527 @ S/N Z45iE
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ET D,
USPEC I/F App. UF App LONBEAR—No. 4095 3

ll/

MR- Woas -9
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AL S ave L 2 10 TR

AA =N LT NVZI12H5,. [GbsCurnel,EXE] #48ET 52 &,
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% Z OFIX, ¥Program Files (x86)¥Adfutec¥lodine (Z1 > A h—/L L

%A ER LTV D,
CHEAR— B PRI R TG NEA U E—T oA AT BT T ABOBEEAR— N
ZIRET D,
HIHME I,

e 1 : 4095
g2 : 4096
Lo T B,

LUFORET, Mg MCA &%E, ROLE#HR, BG 7T —#ETH D, ZOHBEFIEL
TRD 25T, F=v IRy 7 ATYVHZ D ENRTE D,
OANRT b7 7 A VTR 2 — € -+ F=v 7R >y 7 X OFF
* MCA %€ : Prime TERK L7z, Feithgs 1, MR 2BO MCA &Y T v 77
7 A W(HAF) 457
- ROL1E#H : K70 7T APMERL LTATE O ROL1EH 7 7 A (.CSV)
*BGT—% : A7 a7 ATHRE L BGT—4 7 7 A /L(xCnt)

TNENEETSRIETE,
¥ HAF 7 7 A LV OERLFNEIL Prime OEHRGAELZSROZ &,
MART M7 7 A VTSR 2 —f5feE - T=vZHh vy 27 AO0ON

K777 AORET —#(xCnt FBOI1ZIE MCA #&%E. ROILE#H, BG 7 —# 1
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A= a— [RE-CZT/USPEC O E-MCA-#D AMP Fij# | 528 T L, %IE - i
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THE METm 7T MdR/IMbEShD,

FT
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WA ITANPERS

8 TR TR I
o EMREN

BTART an
o O wore Fie TLE TR
e
Frm O 11l Shapme T
IARE Pl Ty 1 b~ rem)
T

#/EHEE [ START] C E B AR
[ STOP ] D E S I
[ERASE] :7—=4%2U7
[ 8 ] D ORRE i
[ FRsEfe T 1 R I A
REHEE : Coarse Gain Z LA R HIEINT 5,

Fine Gain
D ANJI#FH = 0.5 ~ 6.5

Flat Top (us)
: AJI#EH = 0.0 ~ 15.0

.27.



Trigger Filer Z LA T2 HEIRL £,

Shaping Time (us)
D ANJI#EPH = 0.1 ~ 25.5

Pole Zero (mV)
D NJIEIPH =0 ~ 2499

8% OFEE B ONEIZHOWTIE uSPEC OB E LSO Z &
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5. EHYIC
WEHE T U O & 5 i J1Ei e EORARFICIL, BERHEERICIEF T H1EES

(2% LT RURBMCE R SN S U R ORBEOmOGEHINC L0 . RERHE <fRE (R
IR E) ORI ZAT O BERDH D, A~v==27 /LT, B%atlicERT 22 L2 H
By & U TRk 31 R EE U A i TR O HEE 36 %y (B R BIFIC B 1 2 NEHIE <
PR E ARG A OB BT 2 0158) FETHIE LIZTRIRE =2 2 27 LOEM L%

By FELoi,
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HxA. T—R2 774

Al AR MILITF7ANL

1-2 17H XML 7 7 A D~y H

7' N—"7" <MsrInf> B E TS

JN—7 <SpcNol> g1 OB vy hF—X
7 N—7" <SpcNo2> CRHER 2O T —H
27 —=7 <URoiS> D HEEORO T HFHROE R

7 n—=7 <HwCp > s MCA w5, &€ B F

IR XML 7 7 A VA A=, ETCETFEIN—T 2T ERLTND

<?xml version="1.0"7>
<ThySpectrumxmlns:xsi="http://www. w3. org/2001/XMLSchema-instance” } ~w A
mlns:xsd="http://www.w3.0rg/2001/XMLSchema">
<Msr Inf> 7 .
<Detector>LaBr3 (80404) </Detector> MsrInf  : AEF#H
<AcqDate>2019-01-26T16:01:51. 2926535+09 : 00<{/AcqDate> Detector : #HZR/MCA
<Live>180. 09500000000045</Live> L AcqDate  : JHIEBHAAIZ]
<Rea!>181</ReaI> . Live S S AT EA L)
{PatinetID>T. Yamada</PatinetID> .
e Real D UTIVE A L)
<Comment>BIE T R +</Comment> . )
</Mernf> - PatientID : %EZ*@% ID
<{SpcNo1> 7
<int>0</int> N .
<int>0</ int> SpcNol : g1 DA v b T —H
. i DIRE, Mg 1 oB v v b7 —4#(1024ch)
. % 4byte BE L L TRFT D
<int>0</int>
<int>0</int>
</SpcNol> -
G?k%mm> SpeNo2: B2 DH &L hF—x
<int>0</ int> VIR, #iHiEs 2 DA v > b5 —#(1024ch)
. L % dbyte L L TRIFT D
<int>0</int>
<int>0</int> S A e . . . .
</Spcho2> ] / B IR AR o #t5 J571%:(0:Currie, 1:Cooper, 2: 3 o, 3:CAThyMARA)

<MdaMode>1</MdaMode> —
<BgSpcFile>C:¥Adfutec¥Thyroid¥LaBr3¥BGYBLANK (LaBr3) . xCnt</BgSpcFiled —— BG 7 —#
<RoiFile>C:¥ Adfutec¥Thyroid¥LaBr3¥ROI¥Default LaBr3. CSV</RoiFile> 4— | ROI & 7 7 A /L

BT, RR—UA
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<URoi S>

<Factor1>1</Factor1>

<DIAct>0.62539626252144487</D|Act>
</RoiSumS>
<Fac2Name> 1 B</Fac2Name>

<RoiInfo>

<Nuc | ide>Ba-133</Nuc! ide> — ROI1 OF%Ff

<RoiColor />

<RoiDet1> .  a o -

< > e

(Start>70</Start> R ngetl R g?“?:;l hROI R
¢Stop>100</Stop> tart RO PR ¢
<Factor 1>1. 1</Factor 1> Stop *ROI # 1 ch
KEFFX0. 1</EFF> Factorl s MR 2 (Ba/eps)
<EffSgm>0. 01</ EffSgm > Eff, EffSgm © FHEh=R. ¥R £ (s-1/Bg)
<{CpyFac2>1</CpyFac2> CpyFac2 D ARG 2
<TrVal>0. 064166666666666677</TrVal> B IR
<TrSgm>0. 22085770305787394</Tr Sgm> &\gg) TrSgm © HURBRS iR i, A e S
<Grs>2712</Grs> . e
<Bkg>1017. 8333333333334< /Bke> > | Grs * ROI D755 ff count)
<SgmBkg>31. 903500330423515</SgmBkg> Bkg, SgmBkg : N—AMEFE & EDOARHENS
<Pbc>169. 50608101851893</Pbc> Pbc, SgmPbe : BG B'— 7 [fifk & % DA
<SgmPbc>6. 1104594087289552</SgmPbc> Koo (¥)
Net>1524. 6605856481476</Net> Net, SgmNet : X IR & 2 0 R S
<SgmNet>61. 3772844586583</SgmNet> DINet P
<DINet>76. 9297068955858</D INet> ) e =
CAct>9. 3124553386432627</Act> Act, SgmAct * MHHHE & T OAHED S (Ba)
<SgmAct>0. 37488554876328584</SgmAct> DlAct BRI  BE(Ba)
<DIAct>0. 4698779954198849</DIAct> /

</RoiDet1>

RoiDet2> : .

< RoiDet2  : <22 2>>ROI 54

) KHEERIZIX RoiDetl &R U

</RoiDet2>

<Roi SumS>
<{Start>0</Start>
<Stop>0</Stop> RoiSumS  :<ffti#s 1. 2 5 H>>ROI f5#

KAEERIZIE RoiDetl LR U7Z08. 12
Start =0,
Stop=0 EX&&kT 5

<Factor2>
<DayFactor> DayFactor : #a5ifREL 2 1
<Name> 1 H</Name> Name Rk B

{TransFactor>1</TransFactor>
</DayFactor>

{/Factor2>

TransFactor : #AF (2%

<TransName>FEFEE$hHR = (mSv) </TransName> TransName FA R R 25 A R =
{TransVal>15. 55171296681891</TransVal> (mSv) --- FEE

{TransSgm>0. 47330543029427091</TransSgm>

<TransDL>0. 62539626252144487</TransDL>

TransVal,TransSgm @ FRIRZEAfARE & Z D

</Roilnfo>
<URoi $>
<Hggg§etting> ) PortName : BfiA— k
<PortName>COM7</PortName> Porarity : AJjfi:
. PzAdjust : Pole Zero
> | CoarseGain: == — R 7 A
Vg
-31- FineGain : 77 A 7 A
D Vg




<RoiFile>C:¥Adfutec¥Thyroid¥LaBr3¥ROI¥Default_LaBr3. CSV</RoiFile>
<{BgFile>C:¥ Adfutec¥Thyroid¥LaBr3¥BGYBLANK (LaBr3). Xcnt</BgFile>
<{/cpSetting>
</HwCp>
M CICBFREECAERKRETI—Th b,



A2 BIETF—H2CSVI7AI

A7 b, TestMeasure.Xcnt
g, CZTSPECQ)
I BRARER, 2019/01/25 17:23:30
T4 74 A 2(s), 180.10
U7 %A 2(s), 181.00
ek 1D, M
AN, JET AR
Ny 7 7Z R, C¥Adfutec¥Thyroid¥CZT¥BG¥BackGround.xCnt
ROI 154, C:¥Adfutec¥Thyroid¥CZT¥ROI¥Default_CZT.CSV
RHBRAFHE, Currie

— (&I7)
ROI1, Ba-133
% v b HifE(count), 2800.8,+,85.2
AN — A [Hiff(count), 301.7,+,23.7
#5155 (Bqg/cps), 1.000E+000
H4%h#:(s-1/Bq), 1.000E-001
1 YR 74 (s-1/Bg), 5.000E-003
I BE(Bg), 15.5,+,0.5
R (Bqg), 0.6
PR % 2, 1.000E+000, (1 H)
FIR IR A5 AR B (mSv), 15.6,+,0.5
<Detector No.1>
ROI #if#, 70,-,100
7't A [fifé(count), 2712.0,+,52.1
~— 2 [ fEi(count), 1017.8,+,31.9
X7 7Z 7 R(count), 169.5,+,6.1
% v bfifgE(count), 1524.7, +,61.4
1 HHBR A (count), 76.9
%55 (Bg/cps), 1.100E+000
450 #(s-1/Bg), 1.000E-001
1 {7 (s-1/Bg), 5.000E-003
T BEBy), 9.3,£,0.4
FHBR A (Bqg), 0.5
DR IR A AR 2 (mSv), 15.6,+,0.5
<Detector No.2>

— (&17)
ROI2, I-131
% v b ififE(count), 2800.8,+,85.2

— @)

XK ZITHEFEREECAERREIFII—THD.

;x/\o_:)':l\;:_l',<
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BIR—Uh b Dk

ROI3, Cs-137
v b ififE(count), 2800.8,+,85.2

MCA Setup - CZT(uSPEC)
<Detector No.1>

Bias Polarity, Auto
HighVol (V), Auto

ADC ConversionGain, 1024
LLD, 10

ULD, 1023

AMP Polarity, Positive
CoarseGain, 5
FineGain, 2.000

BLR, ----

FlatTop (us), 0.7
ShapingTime (us), 0.8
TriggerFilter, -1;0;2;0;-1
PUR, ON

Pole Zero (mV), 1714
<Detector No.2>

A7 kb, <Detector No.1>, <Detector No.2>
(ch), (count), (count)
0,0,0

SO U W N
cCo00o00oo
coocococoo

— (&f7)

— (A7)

— (@)

KO ZITHEFEREECHERER. WYV T 2353 —THb,
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A.3 HEIRIA A=

LITFICER ZRME L =61 2= Y,

EEENEHESR HIRIB 8 © 2019/12/04 11:03:49
HEEID ; Patiant
Ak o CZT Test
Tk ¢ CZTiuSPEC)
AT R . HWTasté. Kent
BT 190 B R DA019/11/26 1404044
BB () » LivaTime - 120,00 RaalTime : 120 06
ROLZ 7 4 Il ; Dafault GIT. GEV
B 7 I . BgSpectrum. Xcnt
Bt RN AE ; CAThyNARA
Eaai-0=F- 18
1 - OFT(USPIC) 45 - DTSRRI
= T T T T e T T T T
. % . In%
" v
I I
gkt e oo E
< <
g B
= Int |r = Int
4 I @M 300 400 501 E0 0 AXC W0 LMD G Lm0 M0 400 501 E00 S0 AXC SN LD
TR F AN
ROTT @ Xx100 H#H B3 HBHIEZ
ROTEEE (sh) T0- 100 T0- 100
Fu - EH (ops) 0.2+ 0,3 0.0+ 03 0.2+ 0,1
A — 2 EH (ops) 21+ 0,3 1.2+ 0.2 08+ 07
B & HE (Bq) 0+ 04 oo+ 03 02+ 07
S ES (Bg) 2.7 049 04
LB 3R (v 02+ 0,4 00+ 03 02+ 07
ROIZ © ¥y120 &X mEE HEigEe
ROIEEE (chy 0 ===mme——— 200- 250 200~ 250
o @ (ops) 04+ 0,2 04+ 01 0o+ 01
~— . mmH (cps) 04+ 02 01+ 01 03x 01
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Prototype Test of Potable Thyroid Dose Monitoring System using
Gamma-ray Spectrometers

Sho Nishino!, Yoshihiko Tanimura!, Hiroshi Yoshitomi', and Masa Takahashi'
!Department of Radiation Protection, Nuclear Science Research Institute,
Japan Atomic Energy Agency, 2-4 Shirakata, Tokai, Ibaraki 319-1195, Japan

Highlights The portable thyroid dose monitoring system available in a situation of a
severe nuclear accident is in development. In this presentation, the detailed design of the thyroid

dose monitor and experimental results using prototype model will be described.
Key words Thyroid dose monitor; Thyroid equivalent dose; Internal exposure;

Background and Objectives In a situation of a severe nuclear accident, a large amount of
radionuclides could be released into the environment. Intake of radionuclides by inhalation or
ingestion causes internal exposure of people living or working in radiologically affected area.
In order to estimate thyroid equivalent dose, individual monitoring based on a radioiodine
measurement in thyroid gland should be started immediately after accident because half-lives
of radioiodines are short (~8 days for !*'I). Therefore, a thyroid monitoring system which is
easily installed into evacuation centers and incident command posts should be prepared.

Thyroid Dose Monitor The proposed thyroid dose monitor consists of two gamma-ray
spectrometers embedded into a well-type radiation shield as shown in Figure 1 (left). The
subject puts their throat on the thyroid monitor from upside, as shown in Figure 1(right). The
radioactivity in thyroid is determined from counting rate of 1*'I 365 keV photo-absorption peak

appeared in the energy spectrum, using a pre-determined calibration factor.

detectors (LaBrs)

thyroid dose monitor

radiation shield

Fig 1. The appearance of the thyroid dose monitor (left) and the attitude of radioiodine

measurement using thyroid dose monitor (right).



CdZnTe semiconductor detectors (1.5 cm?), which have high energy resolution, are adopted
for the monitor for radiation-workers who are expected to be measured at areas highly
contaminated by various kinds of radionuclides. On the other hand, LaBr;3 scintillation detectors
(16 cm?), which have higher counting efficiency, are adopted for the monitor for a member of
public who are expected to be measured in a relatively lower dose rate condition. The electric
power for the signal processing unit consisting of amplifiers, an analogue-digital converter and
a multi-channel analyzer, is supplied from a laptop computer via USB cable. Tungsten (W)
heavy alloy and Lead (Pb) are used for radiation shields. W heavy alloy, which has higher
shielding efficiency than Pb, is adopted to the shield close to detectors to downsize the monitor.
Prototype Test and Results Performance test using prototype model of the thyroid
monitor was performed in the photon reference field established at the Facility of Radiation
Standards (FRS) of the Japan Atomic Energy Agency. The monitor showed good shielding
performance in high dose rate background condition simulated by '*’Cs 662 keV. The minimum
assessable thyroid equivalent dose was experimentally evaluated following the technical
guideline?. As a result, it was confirmed that the monitor can assess thyroid equivalent dose

less than 10 mSv even in a high dose rate condition around several 10 pSv h.

thyroid dose monitor

\
\

Gamma-ray irradiator

Figure 2  Performance test of prototype thyroid monitor in the photon reference field.
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=Thyroid Dose Monitor

In the situation of a severe nuclear accident, radioiodine monitoring in thyroid should be performed for a large
number of people. The portable thyroid dose monitoring system which can be used in the high dose rate condition
is in development. The results of performance test of the prototype model
will be described.

Prototype model CdZnTe for radiation workers at
yp an incident command post (high BG rate)

Attitude while measuring

high energy resolution
o AN

measurement in BG condition

including various kinds of radionuclides

‘ thyroid dose monitor ‘

LaBr; for members of public at
evacuation centers (Low BG rate)

Tungsten heavy alloy, Pb hlghguntmg efﬂCIency NeCk Support Ana/yS/S Software

short-time measurement for

131 activity in thyroid is determined
LaBr, PMT a large number of subject

based on spectral information given
with gamma-ray spectrometers.

=Experiments & Results

Performance tests of the prototype model in the high dose rate background (BG) condition
were performed in gamma-ray calibration fields constructed in the FRS/JAEA.

Signal processing unit for LaBr; detectors
(USB-powered)

Incident-angle dependence of BG counts (n,)

High dose rate BG condition (20 pSv/h, isotropic) Pulse height spectra given with
; 137 60 CdZnTe and LaBr, detectors
simulated by 137Cs or °Co 3 CdZnTe o Lar,
BG source: 137Cs
Thyroid monitor——— (S

‘ " ROl35¢

)

200 4_00 600 800 18 120 60 0 60 120 180 10 o o ) 1
Pulse height [keV] Insident angle [deg] Insident angle [deg]

rotation

Count rate [s/detector]
ok M W A GO O N ® ©

dmuh

Rl source
(137CS, 60CO)

Normalized BG count [cnts]

| S . &

o

Minimum Assessable thyroid equivalent dose; H,,, ., Henming1ven in high dose rate BG condition ¢\
It<'::i.]iiig::fg;/:ecz])fidence level BG members of pUb'IC (LaBr3) workers
k CFthy €.: counting efficiency [s2/Bq] source Baby Child Adult (CdZnTe)
chy min — T k+ 2\/ 2710 . (3-months) (5-years)
’ te, F ny: BG counts within ROI35,
o . BCs 9.3 7.4 2.2 3.7
wny* thyroid dose conversion factor [mSv/Bq]
F: retention fraction at the date of measurment GOCO 6.7 53 1.6 2.7
*assuming isotropic distribution of BG source
&, [s1/Bq]: obtained by calibration using 133Ba *measuring time: 150 sec (300 sec only for baby)
source embedded in a cylindrical phantom. *measurement 5 days after intake
... see P1-015 cylindrical phantom Measurement in background condition including 13|
... see P1-054

=Summary

- Prototype thyroid monitoring system can achieve the minimum assessable thyroid equivalent dose less than 10 mSy,
even in high dose rate condition around 20 pSv/h.
- The improved model would be made after some consideration (for operability of the monitor and software, neck support...)
This work is supported by Grant from Nuclear Regulation Authority, JAPAN



Uncertainties due to the body size for the radioiodine measurements
using a newly developed thyroid monitor

Hiroshi Yoshitomi'*, Sho Nishino', Yoshihiko Tanimura', Masa Takahashi!

1Japan Atomic Energy Agency, Ibaraki, Japan

Highlights The effect of the body size on the detection efficiency of a newly developed
thyroid monitor was estimated by Monte Carlo simulations using several voxel phantoms. The

discrepancy from the efficiency in calibration was found to be 30 % at the maximum.
Key words thyroid monitor, voxel phantom, spectrometer

Background and Objectives In case of a nuclear reactor accident, a large amount of
radioiodine, mostly '*!I, can be released in the environment, which causes internal exposure
both to the members of the public and to the emergency workers. We have proposed a
portable thyroid monitor using gamma-ray spectrometers with shielding" for assessing the
thyroid dose in such a situation. Although this monitor will be properly calibrated, any
differences between the phantoms used in calibration and the monitored subjects can affect
the accuracy of the measurement. This study aims to investigate the influence of the
anatomical features of the subjects on the detection efficiency.

Materials and Methods The proposed thyroid monitor including two LaBr3(Ce) detectors
was precisely modelled for the simulations (Figure 1). To mimic the wide variety of subjects,
eight different voxel phantoms (ICRP AM?, ICRP AF?, Otoko”, Onago®, JM-10399
JF-1039 CHILD? and BABYNEW?) were used. For more detailed investigation of the
difference among individuals, the JF-103, CHILD and BABYNEW phantoms were also
modified to vary thyroid volume and the thickness of the overlying tissue. All the simulations
were performed using the Monte Carlo code, PHITS 2.8.8. The detection efficiency was
obtained from the calculated 365 keV peak counts of two LaBr3(Ce) detectors, divided by the
activity of 13T uniformly distributed in thyroid gland

thyroid —__ shielding
LaBrs(Ce) detectors

\

Figure 1. Illustration of the proposed thyroid monitor (left) and the cross-sectional view of

the simulation model using JF-103 (right)



Results and Discussion  This monitor is calibrated based on the voxel phantoms (ICRP AM,
CHILD and BABAYNEW) using the representative point method with simplified physical
phantoms®. Any differences between the phantom used in calibration and the monitored
subject can cause uncertainty in the measurements. Thus, the influence on the results of the
measurement should be assessed. Although anatomical features, such as the thyroid shape and
the dimensions, between ICRP AM and another adult voxel phantom are different, the
differences in efficiency were found to be within 24 % (Table 1). For JF-103 with high
resolution and the smallest neck diameter, the thickness of overlying tissue (1.8-11.9 mm) or
thyroid volume (6.7-29.0 cm?) was varied, taking the normal range of their dimensions for the
Japanese adult into account. Efficiency decreased with the thickness of overlying tissue but
the difference in efficiency between ICRP AM and modified JF-103 was still within 30 %. In
contrast, no major difference was observed over the changes of the thyroid volume. Hence,
thickness of overlying tissue is considered to be a major impact factor as changing
source-to-detector distance. The effect of these factors on the measurement of the child or

baby will be also discussed in the presentation.

Table 1. Characteristics of various adult voxel phantoms and calculated efficiencies

Voxel phantom ICRPAM ICRPAF  Otoko Onago IM-103 JF-103
Thyroid volume (cm®) 19.2 16.3 9.5 5.5 19.1 16.0
Thickness of overlying tissue (mm) 8.5 10.6 15.9 8.0 12.0 1.8
Efficiency (X 10~ cps/Bq) 6.86 7.76 5.68 7.72 6.71 8.48
(Difference) - (+13%)  (-17%) (+12%) (-2 %) (+24 %)

Conclusion The detection efficiency depends on the body size such as the thickness of
overlying tissue, but the difference was found to be 30 % at most for the proposed
configuration and calibration of the thyroid monitor.

Acknowledgement This work is supported by Grant from Nuclear Regulation Authority,
JAPAN.
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Previous works

2 spectrometers

Shield to reduce background
photons

j> See Posters P1-045 and P1-054

= This system would be used to monitor a wide
variety of affected people in case of nuclear
emergency.

~Efficiency calibration based on standard voxel phantoms~
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Baby

Child

Adult

The point source at “the representative
position” reproduces the same distribution of
photon fluence for the voxel phantom over
detector regions.

H.Yoshitomi, et.al. AOCRP5 PP28 (2018)

monitored subjects make?

How much difference of the counting efficiency does the variation of

Wide variety of monitored subjects

p

Thyroid

Neck surface

Detectors:
1in3 LaBr,(Ce)

nsub

Thyroid sbape, volume

Neck-to-detector distance : 2.5 cm

Overlying tissue thickness

Thyroid shape, volume and
overlying tissue thickness
could be impact factors on
the counting efficiency

Uncertainties due to the body size
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Calculated counting efficiencies using six voxel phantoms

with different thyroid shape, volume and overlying tissue thickness
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Monte Carlo code; PHITS 2.8.2

¢/ Differences among these phantoms were found to be within %25 %.
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Overlying tissue thickness was changed using the JF-103 phantom
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Summary

The shape, volume and position of the t
64 cm’ -2 c,:\‘rrle:;orted r:ri:iffh?‘rl:id volu;lnglzg tﬁer?:panese e‘aldgul.t7 cm” rT eaSJ rements Of monltored SL OJeCtS T
Las | | | IL efficiency due to these factors needs to
= | component of the activity assessment in thyroid.
5% 121 e ©® o °® 0 -
£ 10 ¢ Uncertainty related to the body size of the monitored
Sfo0s - subject was estimated to be 25 %
% O.gfr | | | | j;
o =0 _wo om0 0 Acknowledgements

¢ An impact of thyroid volume on counting efficiency
was smaller than that of overlying tissue thickness

Thyroid volume (cm3)

nyroid are unknown for the
nerefore, variation of counting
ne evaluated as an uncertainty

This study was supported by Grant from the Nuclear Regulation Authority, Japan




Background Correction Method for Portable Thyroid Dose Monitor
Using Gamma-ray Spectrometer Developed at JAEA in High Dose
Rate Environment

Y. Tanimura'*, H. Yoshitomi', S. Nishino!, M. Takahashi'
1Japan Atomic Energy Agency, Ibaraki, Japan

Highlights A correction method for the background photons in high dose rate
environment was developed to apply to the thyroid dose monitoring using the portable thyroid

dose monitoring system developed at the Japan Atomic Energy Agency.
Key words thyroid dose, spectrometer, high dose rate, radio iodine, background photons

Introduction A portable thyroid dose monitoring system using gamma-ray spectrometers
has been developed at the Japan Atomic Energy Agency (JAEA) in order to assess the
equivalent dose to the thyroid for workers and members of the public in a high dose rate
environment at an early stage after a nuclear accident”. The system consists of a couple of
gamma-ray spectrometer and a detector shield made of tungsten heavy alloy and lead as shown
in Figure 1. The shield has enough thickness to block the background (B.G.) photons entering
to the spectrometers from side and bottom. However, the B.G. photons from up above cannot
be blocked by the shield and can affect the measurement because there are no shielding material
above the spectrometers. This makes it important to correct the B.G. photons for an accurate

thyroid dose monitoring in a high dose rate environment.

Upper shields

(W heavy alloy)

\Spectrometers
\ Thyroid monitor

\\
l\\\\\\\
\\ \\\\\\\\\\

l Pb shield ‘ [ W heavy alloy shield |

Figure 1. Schematic drawing (left figure) and measurement setup (right figure) of the

portable thyroid dose monitoring system.

If the B.G. correction was performed using the measurement data without anything above the
spectrometers, the B.G. photons from up above directly entered the spectrometers without any
attenuation. As a part of the B.G. photons are reduced by the human body of the subject in the

actual thyroid dose measurement, this makes subtraction of the B.G. photons too much and



results in under estimation of the thyroid dose. Therefore, an appropriate correction method for
the B.G. photons are required for the accurate monitoring.

In this work, a correction method for the B.G. photons was developed to apply to the portable
thyroid dose monitoring system developed at JAEA. In the correction method, cylindrical
PMMA phantoms, one of which was used to calibrate the system?, were employed and set up
above the spectrometers in order to mimic the human body.

Methods The system was precisely modelled and its count rates for the B.G. photons
were calculated using the PHITS 3.02 code. Three different voxel phantoms®® (ICRP AM,
CHILD and BABYNEW) were also included in the calculation models to mimic the human
bodies of subjects of different aged. In the calculation the system was irradiated with the
isotropic 364 keV gamma-rays from surrounding '3'I sources and its peak counts were
calculated under three conditions; with the voxel phantom, with a cylindrical PMMA phantom
and without the detector shield and any phantom. Then the ratios to the third condition were

evaluated for each age group; adult, child and baby.

8% 0.12 Baby
%é 0.1 Child

= S 0.08

§ £ 0.06 Adult

g = 0.04

22 002

o =

= 0

< £ (1) () (3) (4) (5) (6)

Figure 2. Ratio of the B.G. count rate to that without the detector shield. (1), (3), (5):
voxel phantom (adult, child, baby), (2): 20cm®x17cm PMMA (vertical), (4):
13cm®x12cm PMMA (vertical), and (6): 13cm®*12cm PMMA (transverse).

Results and Discussion Figure 2 shows the ratios of the B.G. count rate to those without the
detector shield. The ratios with the cylindrical PMMA phantoms are consistent with those with
the voxel phantoms. It means that the cylindrical PMMA can be substitute for the human body
of the subject in the B.G. photon correction.
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B Abstract N

A portaple tnyrola aose monitoring system has been developed at the
Japan Atomic Energy Agency (JAEA) to assess the thyroid equivalent dose
for workers and members of the public in a high dose rate environment.
The background (B.G.) photon correction is required for an accurate
measurement in a high dose rate environment at an early stage after a
nuclear accident. We developed the B.G. photon correction method
using cylindrical PMMA phantoms.

B Introduction

Upper shields (w heavy alloy)
Thyroid
monitor
Pb shield
Pb shield] LW heavy alloy shield
Schematic drawing of the monitor Measurement »
setup

Let’s visit the posters P1-015 and P1-045

B calculation

Monte Carlo code: PHITS 3.0.2 (EGS mode)
Voxel phantom:  ICRP-AM ( Adult male)

Cylindrical phantom

» B.G. photons entering from up above
cannot block by the shield of the monitor

» A part of the B.G. photons are attenuated
by the human body of a subject

B summary IR

The attenuation effects of voxel and cylindrical phantoms were
calculated by using the PHITS code and they became almost same.
This means the cylindrical phantoms can mimic the human body in
the high dose rate caused by 3| sources. The correction of the B.G.
photons can be appropriately made by subtracting B.G. counts
measured with the cylindrical phantoms made of PMMA.

Underestimate the thyroid dose when
the photon correction was performed
using the B.G. photon counts with
nothing above the monitor

An appropriate correction method for the B.G. photons
is required for the accurate monitoring.

Cylindrical phantom
A B.G. photon correction method was Point
de\{elop?d .by using cylindrical phantoms _— source
which mimic the human body origitBRy133ko

p .
Voxel phantom Thyroid

GSF CHILD Bab
GSF BABY
Source : 3! source on a spherical shell of
40 cm radius ?tid
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1 source ‘
Thyroid
monitor,
131] sources
Baby (B.G.photon)
Ad Child
Calculation model Adult
of the monitor (Male)
Now preparing...
Evaluate the ratio of the count rate with cylindrical/voxel
1
source phantom and shields to that without the phantom and shields
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Attenuation effects of voxel and cylindrical phantoms became almost same
m==)  Successfully mimic the human body

B.G. photon correction can be appropriately made

Less dependent on the change in the zenith angle
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Objective

A portable thyroid dose monitoring system using photon spectrometers has
been developed for the rapid and accurate assessment of the thyroid dose for
workers and public at an early stage after a nuclear accident.

(1) Measurement unit (2) Calibration & quantitative method

Top shield|[Spectiometers]  Spectrometer----- Calculation using
+«——Optimize ! A voxel phantoms
1
1

! .
& % larrangement correction

o -
o “Sf& Shield============~

PMMA phantom [T |
i 133 i . .
with a =*Ba point - Accyrate determination of
source . ..
radio-iodine activity

7

2}
% )
[=%

L

«Q

=

Q.

o

(%]

(]

8

[¢)
| T

(3) Monitoring system

» Neck support development
*Accurate arrangement of spectrometers
and a subject

» To be manualized
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Time schedule

T T T 1
Theme Aug. 2017 Apr. 2018 Apr. 2019 Apr. 2020

(1) Selecting spectrometers Developing and characterizing Finalization
Development of i

. Optimizing material
measurement unit and size of the shield

Decide spy

Protatype
ectrometer morfitor

(2
Development of
calibration and

Development of
PMMA phantom

guantitative Developing the method using
method PMMA and voxel phantoms
Cal. &[quant.
method
3 Neck support Y Developing .
(ngelopment of design the supports, WEIENFE
. Monitdring
monitoring system systgm

» Conceptual design of the monitor was introduced in ARADOS-4
» This presentation talks about the prototype monitor

@

The 5% ARADOS annual meeting 6®"-8t" November 2019 (Beijing)

(1) Development of measurement unit

Detector shield

__________________________

{ W heavy alloy “: Lead
Atomic nun1'ber ~74 i 82 W heavy alloy
Density | 17.74 glcm? E 11.34 g/cm?3
TN Irradiator (37Cs)
Upper Shleld Shielding
inaterial
Spectrometer
Testing shielding effect
Spectrometers Detect : .
sh?;(;’r Design the detector shield by
optimizing material and size
Nearby the Select W heavy

spectrometers alloy




Spectrometers

LaBr, (for public)  CdznTe (for worker)

Prototype monitor

The 5t ARADOS annual meeting 6t"-8th November 2019 (Beijing)

(1) Development of measurement unit

Development of prototype monitor

Operating software

¢ Operate both spectrometers in

parallel

¢ NET peak count analysis
=) Quantitate radio-iodine

®

‘ Prototype monitor ‘

:
S

Rotating table

Characteristics using y-ray
calibration fields

The 5% ARADOS annual meeting 6®"-8t" November 2019 (Beijing)

(1) Development of measurement unit

Characteristics of prototype monitor

» Characterize in high dose rate ( 20
MSv/h) using 137Cs and ©Co
* Omnidirectional irradiation
mimic high dose rate
= environment

Detection limit of thyroid eq. dose [mSv]

Public(LaBr;)
Source - 8 Worker
Baby* | Child | Adult | (CdZnTe)
137Cs 9.3 7.4 2.2 3.7
80Co 6.7 53 1.6 2.7

*Meas. Time Baby:300s, Others:150s

10mSv can be achieved in
high dose rate of 20uSv/h
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(2) Development of calibration and quantitative methods

——
Simulation conditions

Simulation code : PHITS 3.0.2 (EGS mode)

Math. phantom :GSF voxel phantom (Baby, Child)
ICRP voxel phantom (Adult male & female)
JF-103, Onago phantom (Adult female)

JM-103, Otoko phantom (Adult male) Baby Child Adult
Thyroid

SN

=i - = =

f = = ]
(BTl ]
b e |
Calculation model of Baby

the thyroid monitor

Chid  Adult (male) 6)

The 5" ARADOS annual meeting 6t'-8t" November 2019 (Beijing)
(2) Development of calibration and quantitative methods

RETEEENIEVYEN ISR + Gives same fluence at the spectrometer

Baby Child Adult
) LaBrg(ICe) ) .
Voxel ; ﬁ-. m E/Thyroid\i
phantoms | g 5
g Thyroid g
$ @ ' T $
PMMA '
phantoms
High Low
Representativeness

Differences are less than 4 %

The thyroid monitor can be easily calibrated
using the PMMA phantom with a 133Ba point

source at the rep. point. PMMA phantoms @
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(2) Development of calibration and quantitative methods
—

Testing the rep. point method

PMMA phantom

(133Ba point source at the rep. ORINS phantom
point of ORINS phantom)

LaBr,(Ce)

(k=1)

PMMA phantom  ORINS phantom

Detection
efficiency 0.18+0.01 0.19%0.04
(cpm/photons/s)

Within the uncertainties == Confirm validity of the method

The 5% ARADOS annual meeting 6®"-8t" November 2019 (Beijing)

Summary
—

(1) Measurement unit

» Prototype of the thyroid monitor
= Characterized using y-ray calibration fields(*37Cs, ¢°Co)
10mSyv (thyroid eq. dose) can be evaluated in high dose rate of
20uSv/h

(2) Calibration & guantitative method

» Determine the representative points in the PMMA phantoms where
fluences of 133Ba 356 keV photons are same as those for voxel
phantoms
= Confirm the validity of the method applying to the ORINS phantom
Simple but accurate calibration method have been developed

» This development is funded by the Nuclear Regulation Authority
(NRA) of Japan.
( Radiation Safety Research Promotion Fund, Development of thyroid monitor
for nuclear emergency)
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Performance target of the system

Subject Target Remarks
B.G. dose rate
(Upper limit) A few tens of uSv/h
Measurement time Within 5 min./body
Assessable number More than 150 body/day Using one system
Lower limit of 10 mSv (Thyroid) Measurem_ent on_3 to5
assessment days after inhalation
Operation available for a few
Power supply hours using a Laptop PC
without AC power
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» 19t International Conference on Solid State Dosimetry (SSD19)IZELVT

BRAROAI158~208, LB, KRRA—FE & MRS 34)

¢ S. Nishino et al.: Prototype Test of Potable Thyroid Dose Monitoring System using Gamma—
ray Spectrometers

¢ H. Yoshitomi et al.: Uncertainties due to the body size for the radioiodine measurements
using a newly developed thyroid monitor

¢ Y. Tanimura et al.: Background Correction Method for Portable Thyroid Dose Monitor Using
Gamma-—ray Spectrometer Developed at JAEA in High Dose Rate Environment

» 5% Asia Radiation Dosimetry Group annual meeting (ARADOS-5)[Z$ LT
BREATR(1A6E~8A, FE X, OEHK )

e Y. Tanimura et al.: Development of thyroid dose monitoring system using gamma-ray
spectrometers
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Development of thyroid dose monitoring system using gamma-ray spectrometers
Fabrication of the monitor and development of the measurement procedure
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