U0 R3-5-7

FHM3FE12A3H (%)

TH3FEERFAEXFH XA REXZHIE
(R 73 “‘E%? ERENEHERSER)
F1[E w5 ETRIBHE

R—ILART 47 rb/Sl (WBC) ’z—ﬁﬁ L}T%%d?ﬂll

%‘b o%z ..

-
=
"—-—

—

wmhn RR A (EFRPRINTERAEKE)



Eﬁ% Ij:_l ?éq' 0 0R3-5-7

® R—ILIRT14HIZ(WBC) &lF

® WBCOAIER, BIEAAN), RIELE

® REEEFE —REFWHETLWBCHIE DHEER

® :iE



Eﬁ% Ij:_l ?é-\: 0 0R3-5-7

® R—ILIRTAhVUZ(WBC)&lF

® WBCORIER, BIEDT AN, RIEGE

® REREF —RAFRICHEITLWBCHIE DEER

® i



4 55138l (whole-body counting) D & & 0 OR367
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4 EIREOHAL. FHEHE (ung counting), AFAEET:AI (liver counting),
FRAK AR ETBI (thyroid counting), B8& &1 (skull counting) 7% &

® £5FHAIICL - THONGLD. . REZEDAER R TORIRE(Z5=)
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TS Bixey @ £5

INAFT AL, [RELGERTIEAESN TR EBERZF DS et D@ A
# &9 (IAEA Safety Report Series No.37)
- Bioassay. Any procedure used to determine the nature, activity, location or retention of
radionuclides in the body by direct (in vivo) measurement or by in vitro analysis of material
excreted or otherwise removed from the body.
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Malatova et al. Radiat. Prot. Dosim. 79, 201-204 (1998) 5
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Cesium-134 and cesium-137 were detected in the urine samples of all 10 children aged between 6 and 16 who participated in the survey.
The largest amount of cesium-134, which has a half-life of two years, was 1.13 becquerels per liter, found in the urine of an 8-year-old
girl. July 1, 2011. the Japan times (https://www.japantimes.co.jp/news/2011/07/01/national/cesium-found-in-child-urine-tests/)
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MERABDO =D EZ—RIZA-T=E A, SHEAEM...)

Fig. 1. A whole-
body counter using
a liquid scintillator
{HUMCO Hl). (From
Anderson,18)

Andrews et aI Semlnars in Nuclear Medicine (1973)

https://www.sciencedirect.com/science/article/pii/S0001299873800285


https://www.osti.gov/includes/opennet/includes/Understanding%20the%20Atom/Whole%20Body%20Counters.pdf
https://www.sciencedirect.com/science/article/pii/S0001299873800285
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19504 .. .Nal(T)ZM&SH ELT-BEER O FL—iavigHBm DN ED,
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Uk —U— LR DAESNEHRIZEE DR FE,

19684 ...LaurerlCkYRRA sy FfRH 28 (Nal/Csl) DEF,
1960 FE K ZH.. . FEXRBRHIOEARNED,

[ 1950~1960F K [E T B—/\ILTF—ILT I DRARMNEAIZE S, ]

1961 1964 1970 1972 1984 9
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Symposium on Whole Body Counting held in Vienna from 12 to 16 June 1961
27THEM 51208 LI EDREZE NS
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Palmer and Roesch. Health Phys. (196 '
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Table 2.1. Decay and radiological characteristics for common fission and acti\fation product radionuclides.

R R T TR iy ]

Nuclide Half life' Gamma Type Inhalation dose | Intake equivalent to |

coefficient™ 1 1 mSv acute® -

Energy® Emission (mSv Bq~1) : whole-body exposure :

(keV) probability® | (Bo) |

%) : |

: i

Na 2.602 y 511.0 179.8 F 2.0 X 105 ! 5.0 X 108 '

1274.54 99.94 i :

51Cr 27.705 d 820.08 9.87 F 3.0 X 107 | 3.3 x 107 |

M 3.4 x 1078 ! 2.9 x 107 |

: S - 3.6 x 107 ! 2.8 x 107 :

54Mn 31215 d 834.85 99.98 F 11 x 107% 9.1 X 10° !

M 1.2 x 10=¢ | 8.3 x 10° |

59Fe 44.503 d 192.35 3.08 F 3.0 x 10~ ! 3.3 X 10° ;

1099.25 56.5 M 3.2 % 107¢ 3.1 x 10° :

1291.60 43.2 | |

57Co 271.83 d 122.06 85.60 M 39 x 107 ! 2.6 X 10° |

136.47 10.68 S 6.0 X 1077 ! 1.7 x 108 '

50Co 5.2712 y 1173.24 99.90 M 7.1 x 108 1.4 X 10° :

' 1332.50 99.98 S 17 x 107 | 5.9 X 104 i

65Zn 243.94 d 1115.55 50.60 S 2.8 x 107 ! 3.6 X 10° :

1291 1327 h 168.97 83.3 F 11 % 1077 1 9.1 X 10° :

126] 54.391 d 35.49 6.68 F 7.3 X 106 | 1.4 % 10° |

ta1] 8.0207 d 364.49 81.7 F 11x 107 ! 9.1 x 104 4

137Cs 30.13 y 661.66 85.00 F 6.7 x 107 | 1.5 x 10° :

@Wahl (2000). t

®For 5 wm activity median aerodynamic diameter (AMAD) (IAEA, 1996b, 1999a; ICRP, 1997a). Not considering the

@A gingle intake assumed to occcur instantaneously. loss of exhalation

* These rates, expressed as approximate half-times, and Type M: 10% absorbed with a half-time of 10 min and
the corresponding amounts of material deposited in each 90% absorbed with a half-time of 140 d. Type S: 0.1%
region that reach body fluids can be summarised as fol-. absorbed with a half-time of 10 min and 99.9% with a
lows. Type F: 100% absorbed with a half-time of 10 min. half-time of 7000 d (ICRP, 1994).

ICRU Report 69 (2003) 24
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Hlne et al. IAEA (1961) Brookhaven chair-type

whole body counter

Brookhaven 54-detector whole body counter

BRHERELREYN—MHOEBD NSV RAZERABEHOCIRXNEIZIGCTRE

IAEA Safety Report Series N0.RS-G-1.2 (1999), Toohey et al. Health Phys. 60 (1991) 25
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Mizushita. J. Nucl. Sci. Technol. 26 (1989). 27
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BOMAB (Bottle Manikin Absorption) 77> k., ICRU Report 69(2003)
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Type of the phantom Age and anthropometric characteristics of human body
(reference sample Age, Weight, Height Average thickness,
index of the set) years kg cm cm

F1 2 12 825 8.8

F, 6 24 1210 109

Fi 14 50 160,0 118

Fu >18 70 1705 143

Fs >18 90 1705 15,7

Fg >18 110 170.5 19.4

Kovtun et al. Radiat. Prot. Dosim. 89 (2000)

U0 R3-5-7

Kramer et al. Health Phys. 88 (2005)

Lars Hegenbart, Doctor thesis (2009)
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Gertific:ate File Editor — JNG Phantom 2006 Feb2D. =101 x|
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Title: JMC Phantom 1 Feb 2006 20
Lluartity: 1 unit[=] Azzay date: L006/02/20  at ID:DD:DD
— Line
Nuclide: Ba133 Hal Life: 0e7 *Y D
i H M
E nergy: 81 ke Uncertainty; +7- 1~ &
Emiszion Rate: A3230.00 gps or aps per unit guantiky
Fate Uncertainby: +/- ROD X W Use far Calit ANIT 7
ddd LChange Delete | Clear |
Muclide Energy [ke\] Hate 2 nicert H alf-Life

§1.000 §230.00
b - 1. DL
302. Gia20.00

350
356.0210 15000.00 Y —
Ba-133 383.850 2150.00 5.00 10.57 ¥
Cs-131 661.600 27200.00 5.00 oo} ¥y -

Canberra GENIE 2K, Certificate File Editor



HEHEREH—T DR oras

u_ Efficiency Calibration Gurves

TN EA—T DB

LowEnerqy 8@ Measured = High Energy

0.0006 ry
0.0005
0.0004 .Ff ]
0.0003 F e
0.0002 Bmam—t N S
(.00

I

I A0 1000 1600 2000 A0

Energy [keV) I 100 e (et :]1 000 il

VINIT7 ETH—DJZEHTHERL TSN UTZEE

HEEHRATERND, BERERDMBREER [ —tmimn o v —rwcmo
150~200ke ViR [ZHBKIE (knee) MFTET B & ooons [1Se] —
BIFLF—RITH—IAEFE EASLHNBROTIC | s — =
fd:é:& n:numu

RIERARY LI EIEAERES S S



RHRSHE

U0 R3-5-7

> RHERF(TR) EFLLTRELGARIES
> EETR:PMELLTEELRAREE (RIEDEREMEELETITIRE)

IEF7

NV SHUR(TSY)
DIEEHMITHLT,
R R X (FEH+30)
ELTES

-

HWREMBRID 5T
MNERESINGE N

|

® false positive (a): 0.14%
® false negative (B): 50% !!

T2 FRITRDOZP¥EE
(k> TEL

} -

CurrieD#& z 5 (EERMIIZK D B)

[EDKRHERBER 0=
¥ 15+3.290
(0=B=0.05M ¢&Z)

T ETIECurrieD RKIZKDHEFHLLVEAISOTEA SN TS,

EHREAR, REBRREEETRODEZS, SAEE(2010)




EHEFRIEDETEH 0 0R3-5-7

® HAWBCIZEHELVT, 1¥"Cs (662 keV) DEFILMEI (ROI) M/ Ny T 5O RETEA
4600 GRIFE B¥E120 53 F) THo71=E9 5D, 5T8zhE120.006 (cps/Bq)ThHho1=ET 5L,
363i% TOHMDA (Minimum Detectable Amount) [ERD EEYETEIN S,

2
MDA_k{uJ[k) (j}
2 |, t, t, t,

2
:é i+ 3 +4><46OO>< 1 + : /0.006:%:408q
2 (1200 1200 1200 \ 1200 1200 0.006

CCT, mplF 00T 50U REH R, KIEETRRE, tIXEM (BRE) ORIERRE, ((FEH
(1% E) DBIEREE, t,(E/ N\ T 50D RIERRE (LERLET D), KITFEKEZRD
DEH(Bc&THDTI) THB,

® #h A, Currie TOMDAIZRDEBYETE NS,

4.65-s, +3 _ 4.65-4/4600 +3 _ 44.2Bq
KT 0.006-20-60

MDA =

T E TIECurrieD KICKDLFLVLKNISOTEASINTIND,




ABNE

U0 R3-5-7
|

R—ILIRT14HhO2(WBC) &l

® WBCORIER, BIEDT AN, RIEGE

R

EREFE —RHES

Fiya:

= 81235+ BAWBC I D#2ER

37



EMNHRIZEITHE

SERIEE B DS HRBEE

U0 R3-5-7

o EEIcLYEABEROREATE
DS EAAGEHERRENEAT ILETHIE

o BhNDERBEERD ERICKY, Fm—ILKRTAHHIA
(WBC) fE HAA]

»/J\% AETOE

l}—ﬁBOM’E%%LOL\'cJE%jﬂ%E, 5

EH B

o AABIFKERERE
\ »ﬁ?&EH%ﬁ&UZOkmi“ﬁ(JtI/J/)’CO)HjJK

BWBCZ AWV -NE#HIEIREAIE

=W COE

8l 7E

IH

38



INEETOWBCHIE

> RENODHARGBICLY, RFARBETEHEWBCIZLD
RREREORBRIICE=RIVTE3A22B M oA
T

> IRHZFE: P, 13Cs, Cs (—ABDBR B A BIX ¥ Te/ 2B 1R H)
> RHSnT-3keE

® Nal(THRHIFJBTIEIRILF—ERES BEE—JDFETHE
® [RELENTGVBRKFTLDEE
® IV RICHT HRIENKREE
® HERNZIESMICLEIDZHDERSE (BT AN)

Q‘ . o~ - N -

Vs 5,

d\

ym

: % Iolou ] 15 A

?I
8/
E B8 % &
- —t “I-—-'—I-Hq—D—IUA]—AHI
I I IIIP VI
i

7////////5////.’//1’/

s
2

L

7/

o
m
2
=
=
=
2
-
=
=
w
O



Jlnl

A O SR R R L (FASTSCAN)

U0 R3-5-7
|

40



WBC (FASTSCAN) [Z k5 FRIRARE

Nalt& H 35

\

NV LERR

FASTSCAN™

{+E9 BTransfer Phantom
ADDAIEDA AR IZxT S
RIEFTZAS

I

Naltk H 25

R 131 R E

U0 R3-5-7

EHTF AN

LowErergy B8 Measured

High Energy |

- |

e

500 1000 1500 2000 2500

Energy [ke¥)

FARBR D A ARY)

LowEnergy B8 Measured

High Energy |

0.025
0.02
0.015
0.0
0.005

P

]

= O]

500 1000

1500 2000 2500

Energy [ke¥]

131 (365keV) TIE, BRIROA AR DA D
EH T AN LYLBNFIBE RSN,

41



RAEXRNSEEHORNSEIEIREAE

RF NEEZR T

|-

U0 R3-5-7

TOF

-l TE

® /NZEMWBCHRIEMN D, REMRIEHIRE (FAEFEEMIRE) H20mSva
HBLEEENDHLIENHR(EEFT SO ENIZHILITRIE)

® HKIENVERITERESNT-WBCOHPGet& 257 FI A > 107 FAIE

TR R FEL #1080

® 201148208 58 H5H £ TIZ5604 HIFE > N74 I ESH TH A
T (EPBEEDRZKMEIL590MSY XN EFHFILLDH)

Kurihara et al. J. Nucl. Sci. Technol. (2013)., Kurihara et al. NIRS-M-152 (2012). 42



R+ NHERY

TOREMIEHEERE (EAL-EEY

=

BEN(BFRE)E5GHOUA

> Ge#EH %5 (Canberralnc., GC5021) 2=k
EEY-1

FRIEANWE (EEZ20cm) AIZKRE
& ARNEEEFORERE
B 5E i - 1052 Fd (1[8])
SHERETAICEIE

YV V V V

[GRZESE =l
» FASTSCAN® (Canberralnc., US)
> v R—U—JLRBEGEALY (8%#110cm)

> Nal(TI) & 28
(12.7cm x 7.6cm X 40.6cm) 2K &

> BHIFGHADABHEDOLDER
> GHITE BEfE] - 298] or 59 ]

Nal(T) AR +AA—4

SAERETAI R UMt D
S{RETRIIZ5ER
[Z7E M

43



WBCHIE M SELNTH U TREEARIRL  oomesT

1F v RILEFEYD AN

131]: 2.5 kBq (BRIRAR)
137Cs: 42 kBq (£ 5)
MXEZBWBCHAIEIZES

KFIARILE—(keV)

JRF DB - BYFITAELERYDBRIEREDARIML (2011F4F208)
Kurihara et al. NIRS-M-252 (2012) https://www.nirs.qst.go.jp/publication/irregular/02.html

44



SR EIWBCEFEERIWBCED Lk

MR BWBCEILHAWBCIZELS
EHVCsERBEDLLE
384 (V' IL—T1) DAIE(E

1:1

FEZEIWBC (Det1) EIL A EWBCIZE S

BARAR PSR B E D ELER
24% (F )IL—F1) D BIEE

[ BWBC DB A STH D i 1,
BESA AN AL BN DT 45



£ HEEL Y LBEFIRIBTIYFRH FREDRR =

100 S
y=0.11961 x* R’= 0.9873
o | TNL—T20103%0R, P )
I 131I5|E7|’ﬁﬂ:'|%‘0)7_"‘—’5§l |
g | |
B 00 e Curriedx |  / i
: MDA:4.65-«/§+3
@ c-T
Z 40
]
=
20

Whole body content of Cs-137 (Bq)

5PV LENELDHIERKRERPINDRHRFEF S5,

46



REMEXE DO KHKFWBCHEIE R

EHTIAO—TyTLTINBREEL S DANIRS ™ LD
» 24 B LIS A DA TFORAERERELT-F BlEA D) TRt/ TEZ

AMAD: 5pm
Type S: 5%

Type SEL %

/

XERBIIBA1B ZH/RE

AR D RN EIEE N7 B D20 7 D EIZE R
(21 TSHEBEDEGIT R EED1BIRE)

Nakano et al. Radiat. Prot. Dosim. (2016). 47



EBEF—REZRAIERZARELIZWBCEHRE 0ores7

EEREROAMBHEIEIGAED=HIZELD
WBCHEA SR T THS0E)

XEFMIEREVMEFZEFMRESTES (2016)
Vb f-H R fEkR

BHHYEHNOAZLHHIKEE

EHEEMILE R
BERIERKE A=

48



BEF—RESHAIERZERNRELIZWBCIRE (QSFY

OEEHWY RV EH 1A QOUEREERDRE QWBCIZ&HEE
($915%) (#9553) (85y~5%5)

@R RBRE=FIZLHEE
(3573)

> 5

"W ECISVVED, B, BRY HLnHILREICHENAHDID. EARNICHYATAEREEMEDE - BREBCERLU RS E AT

BENOEROFRFOMERY  gR@ISERHPLEOIERE HEEEAE
REOHZSH SERDBNIE REOREOBEER
QEHRR IS5 @AER/ELSREHE ®EFEMFIUADOHTE
(#$915%) (39 (B+ahoA)

@

P

Q. DDLU TDEENNKE

B ROFRE (EEH2059)
*BGDEIE
;Fﬁﬁch R THETD2[E (£$960
)
SRR ROER(T—ADAN,
RE. HAH%) (#8E20~30
)

BRI OHEFERT A MHEEMEOER

- S5 R (<R 3 55 BA IFUFITEONT, HfEE
MONDALSISANL. BERE . gaicsotTis. BEMERYOBMLLE

*EEEIE

PEMBREERLAGREZT HRENIDE,

"WBCIF£2EITH+EHHLDD, RHBZOEHEPCEZDERE (L TRORYNERGE), BHEMELGE, ThENEFEAHS.
" ENENDOFERICONTIE, TEISHRALGWEREZELNRLL (BEROWBCHOAET—2ELBREND ERBENDAREEND D),
REBRMARSREZE LT 501213, ERIKEDHESFEETZ . RAMEDE DR CERERE  RAGREZTORENHD.

-COf=%, REFMIFIEEZCHUELETHEET, EEHLDHBAFEHHOE CEHERRERRTHDMNEFELLY,

BEHIE, WBCORRKIREZ L IBREFN SRR EDTHFOIHEEZIET H-HNDTOJ S5 LTMONDAL3 1ZAFL, 49

FETOMRE -RBFBICHLRELTLD,



EBEFE—REFHF>EFREZHNRELI-WBCERE (JAEA)

WREIIEEENETE
e s EMNFERLEIENRF-IIBEFRHAETIAEAIZEER

@ 9AM~11AM

RERAB DA

R p— 9AM~11AM
(2012/1/1~)

RE

—~
(Eﬁﬁj— /r) 2012 2R 1B iERF)ADEE
C 10AM~1PM HEEENSZ(THER GEMGZEOERR)

ok = ST

BOWEC: S [T L — L& BRI
150 /B L 10AM~2PM ZRE(BA12BDE—RAER ,
10 A1H LA, 8mKiED FH DK

BREFERDEREA < | %ijﬁﬂﬁli, R EDERZSSIC

1PM~3PM

3EDWBC%




WBCHIEHEER DR 0 OR3-57




HBENE

U0 R3-5-7
|

® R—I)LIRT4ho2%(WBC)&IF

® WBCORIER, BIEDT AN, RIEGE

® REREF —JRHS

® i

BB ITHWBCHEIE DFFER

52



T — = ER A ERRE TR 0OR357

BERE

e ih FAfERCHEE

o ith F5:%920m

® HuhmiE: £9640m?
® JELRMTE: $92,550m?

B 5l D E B RR

10 A5 ETRI, SR E
2B ATy EATYT (1)
3 NAF Ty EATUT (2)
AR  ZZER M=

EERBREROABTLLENL

> EBRDORFAXKEEBMETHIFI SO0, KIFHRETBFOEMmaRELTE
FEEERT LD, EFHFARMHZRRARELRE (EW) (X, ChETISHHIEDH
[(FCERICEVWTHRLERELNHY, BERIIKERIELV2—ELT, SEEMB
BRBERUOXELEVICESEEFARARICEIAMBEREEN DS EILFDEEZ
ToTLVEAN, EMIOMIIKERBEERR(FZMIEANEH, HFEHELHLL KR
FRIRELG DR LD DM, CDEFEEZMB T 510, F=ICRIFDHEZH
J 5T BET A EMNRELELOTLND,

\ Y,

“FHIOFERT AUEARERAMYE (AT NN TERRAMMERER) ZTRBEEN IR,




e R A RIEE 0RS5-7

AEERICKREDHEEEWBC
‘ EMEZADHLEEEHE

#t & B EsEHRIERE (BREHEER)

=

¥ ¥ ¥ Get& i 25 (AT 8h=0) 3=

= |mmmmmmmm e —————— >
Naltiz H 35 (2 XF¥v>)
Y A
L 7O
i 000 o/ ©
Na;-{ﬁ-.'l:l:'.%% U NaT#EQjEE
REVAAM) C— B AN AEx e BIE \
NyFTFIZERELT-
BE AR AT RLE—SEHE DA O EG R IHEEILERA ., RHEDR2 Nal(TI)#& H 88 A3 A
[ERE=ZSAELTOTLU DAV MDA, BRERANYEDTIZIZE2HRA XY ﬁﬂl:x#——‘v‘zb ﬁ-(

BB 2 - ATINAR L BB E, AL T+ R Bh, BRI L :
5o LATRE, . SRS N RIE




i t &) 00 R3-5-7

o R—ILIRTAHHZ(WBC) [T RZIBEDLH P DS EE

ZEETHIEE—EBNI-WBCIE, TOREBRENZEED
KARADTMICEEEZZTIZULD, B2 LGERSFRIZHTS
b EEFHAT A ENERE

cBEF—RESZHRLOHENELT,

> RN B RE D 75 548 BUXTE D FITE (1311, 132Te/132], 134Cs, 137Cs
HE)

> A DS FHEETIRLUVE G - (R D HERE DEIE

> RES#ME=21)>% (population monitoring) M 5%

95



é}j%}'{f,ﬁk 0 0R3-5-7

ICRU Report 69 (2003)

Introduction

. Application

Detectors and Electronics
Reduction of Background Radiation
Measurement Geometry
Calibration Technique

. Data Analysis

. Quality Assurance

Summary and Recommendations

©®NDUTAWN
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THE ASSESSMENT OF THE EFFECT OF THYROID SIZE AND
SHAPE ON THE ACTIVITY ESTIMATE USING MONTE CARLO
SIMULATION

Gary H. Kramer and Paul Crowley*
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Table 2.1.2 —2 Simplified Conversion coefficient of Nal survey meters
for the estimation of deposited amount of '*'I in thyroid.

Type of survey meters

Conversion coefficient for measurement

in touch with neck

(kBq./( 1 8v/h)]

(TCS-121C, TCS-151)

Mean and sigma usable approximation
Descriminator bias modula- 92 F= 2 30
tion type (TCS-161)
Count-rate meter types I i 81 20

Photo. 2.1.2— 1 Measurement to estimate conversion coefficient.

AR D7 R LR DIRIEEBD 4L
BElZ7O0—J DRiliEEZELTIE

TCS-161(TCS-171/172%&E/KETFIL)
ZEAIEIZT, 1 uSv/h > 30 kBq(3'1) % B A F

5| :JAERI-M 93-172(1993)
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Section Il.1. Monitoring equipment

Recommendations

Spectrometric instruments are preferred over non-spectrometric instruments, because
they can discriminate radionuclide gamma peaks from the diffuse gamma background,
and because they can identify and differentiate between gamma-emitting radionuclides.

Available spectrometric detectors generally fall into one of three main types: Ge
semiconductor detectors, Nal(Tl) scintillation detectors and LaBr; scintillation detectors.

An Nal(Tl) detector with a diameter between 25 and 51 mm and a thickness in the same
range is adequate. Ge detectors with a diameter between 50 and 70 mm and a thickness
in the same range or smaller is recommended. These dimensions determine the
sensitivity of the detector.

Other types of detectors with smaller crystal sizes such as cadmium zinc telluride (CZT) (a
semiconductor), and caesium iodide (Csl) (a scintillator) are appropriate for monitoring
the thyroid of very young children. CZT detectors have better energy resolution than
scintillators.

Shielding and collimation of the detector help to reduce measured background radiation
levels and so reduce detection limits and improve the reliability of the measurement.
They are not essential, but their use should be considered.

Gamma cameras are available in medical imaging and nuclear medicine departments.
They may be useful for large scale screening of the population, although collimators
would need to be removed and pre-planning is required.

Portable non-spectrometric instruments may be either gas-filled detectors (e.g. GM
tubes) or scintillation detectors. Examples are described in the text. Instruments should
comply with the requirements of the international standard IEC 60846-1:2014.

Required sensitivity of non-spectrometric instruments for dose rate meters is such that
the lower limit of the dose rate range is 0.03 pSv-h™, although instruments with a lower
limit of 0.1 pSv-h™ are also adequate to detect levels below IAEA’s operational
intervention level for thyroid monitoring.
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FRARIR F iR & (mSv)

K2V LR 1R S5mR 10/% R 15 R B A
TERKIAVER | 314 28.1 15.3 6.9 4.5 2.8
IYEAFIL | 317 28.1 15.5 6.9 4.4 2.8

AT 31.0 28.1 15.3 6.9 4.4 2.9
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Matsuda et al Radiation Res. (2013).
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NOTE
It is recommended to use special equipment calibrated for measuring activity of radioiodine
(***L ' and D) in the thyroid. If this is not possible, use available equipment noting and
recording the parameters which characterize the performed measurements. These parameters
will be used for ex post facto estimation of the calibration coefficients. Examples are: type of
equipment, position of equipment while measuring, distance from the neck, use of collimator,
etc.

IAEA, EPR-Medical 2005

NOTE
If Worksheets C1 and/or D1 represent the only data on thyroid survey (gamma radiation count
rates), it 15 necessary to estimate the measured activity of radioiodine in thyroid. In a reactor
emergency, when a mixture of radionuclides has been released to the environment, it 1s
necessary to measure count rate above neck and thigh (to eliminate mput from other
radionuclides in the body, e.g.. **Cs or *’Cs in count rate). The following formula is to be
used to estimate the measured activity of radioiodine in thyroid:
Mg, (O =0n—n)=xK,

Where

Mgy, (1) = the activity retained in thyroid [Bq] at time #,, after intake

1, = pamma-radiation count rate from the neck [unit of count rate]
i = gamma-radiation count rate from the thigh [umt of count rate]
K = calibration coetficient | Bq/umt of count rate].

In an emergency with involvement of radioiodine, use only the following formula to estimate
the measured activity of radioiodine m thyroid:
My (D) =(mm—ne) <K,

KERERT/Nv DT SOV RERIE
JTERIEEHR

Where

My, (t)= the activity retained in thyroid [Bq] at time 1, after mtake

Fin = gamma-radiation count rate from the neck [unit of count rate]

ny = background gamma-radiation count rate in place of measurement [unit of count rate]
K = calibration coetnicient [Bq/umt of count rate].

110

http://www-pub.iaea.org/MTCD/publications/PDF/EPR-Medical-2005_web.pdf
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Thyroid monitoring with hand-held instruments
(PEOPLE MONITORING TEAM)

1.

[

10.

11.

12.
13.
14.
. Advise the person on suitable follow up actions.

Choose a suitable area for the monitoring with as low a level of
background radiation as possible. If this is not possible
outdoors. try a building with high shielding factor. a basement
or cellar. The facility should be large enough to make it possible
to arrange separate waiting and monitoring rooms.

Arrange facility for measurement and for handling the people
to be measured. Establish waiting room and monitoring area
that should be kept free of contamination. Cover chairs with
plastic or other material that can easily be changed.

Prepare the monitoring equipment. Preferably use Nal or CsI
detector. Provide instrument manuals.

Switch on the monitor.

Set measuring time (100 seconds or the standard for the
instrument used).

Do an environmental background measurement.

Do a reference measurement on a non-contaminated person, if
possible.

Register the name of the person to be monitored and other
information indicated in the registry form [Annex 3].

Shield the detector with a plastic bag which should be replaced
after each measurement.

Keep the detector close to the persons neck when performing
the thyroid measurement [Figure Fl4a. Information F.80].

Perform a background measurement, asking the person to keep
the detector resting on the thigh as shown in Figure F14b in
Information F.80.

Record the results and fill in the registry form.
Check that the form is completed correctly.
Inform the person monitored about the result.
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«  HREDOHE l SRIEF LS DAL
. o MHFESHENKSIZT B,
Practical Guidance on Thyroid Monitoring for

Radioiodine Using Hand-held Instruments %BEO)/ {“jab\‘%rﬁ ) éE‘I’%&O) 21%
M J Youngman ui%n‘i*ﬁﬁﬁﬁ\ﬁo

ABSTRACT

Following an incident involving release of radioactive iodine, it may well be necessary to
monitor large numbers of people for internal contamination. In the case of iodine-125
('*)), iodine-131 (*'1) and radiciodine releases from nuclear reactors (mixtures of ™|
and shorter lived iodine radionuclides) screening measurements can be done with

imple scintillation probe based inst held over the thyroid < N=lhvd §.|.5§5(¢C—: "L'-d'
simple scintillation probe based instruments held over the thyrois kﬁ& nBT@ n lE\IIE é o

This guidance gives a procedure for monitoring of the thyroid using Mini Instruments
fype 44 and type 42 probes. Factors are given to converf measured count rates to
activity in thyroid, dose to the thyroid and committed effective dose for intakes by
inhalation. Measurements with these instruments are capable of detecting about 2 kBq
of ¥ and 1 kBq of "®I in the thyroid of an adult. For measurements made 24 hours
after intake, these activifies correspond to values of committed effective dose of 0.2 and
0.05 mSv for ™| and "I respectively, assuming stable iodine has not been
administered.

JO0—J [FE\EMITEESED TEERTE Bkt s =
GHHEIESMEE(F10cmBET) TG ERO) 8 — KERER T D&k
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Table 4 Calibration factors for determining activity of *'l, Type 44 Probe

Activity Conversion Factor, Bq per cps

Age Monitoring Distance - close Monitoring Distance — 10 cm
< 18 years 110 710
Adult 190 1000

MNote: This table should also be used for reactor incidents where the time from reactor shutdown to release is
greater than 12 hours.

Table 8 Conversion factors for determining committed effective dose for measurements of "', type 44
probe, no stable iodine taken

Time between

Dose Conversion Factor

{mSv per cps)

Monitoring Distance — close

Monitoring Distance — 10 cm

intake and Less than 5 5to 10 years 10 years and Lessthan5 5to 10 years 10 years and
monitoring years over years over
1 hour 0.86 0.49 0.25 55 32 16
2 hours 0.40 0.22 0.11 26 14 0.71
3 hours 0.27 0.15 0.076 1.7 0.96 049
4 hours 0.21 0.11 0.058 1.4 0.71 0.37
& hours 0.15 0.083 0.042 0.96 0.53 0.27
8 hours 0.12 0.068 0.035 0.77 0.44 023
12 hours 0.10 0.055 0.028 0.64 0.35 0.18
1 day 0.09 0.046 0.023 0.58 0.30 0.15
4 days 0.12 0.060 0.029 0.77 0.39 019
6 days 0.16 0.075 0.035 1.0 0.48 023
8 days 0.20 0.094 0.043 13 0.60 0.28
10 days 0.27 0.12 0.052 1.7 0.75 033
12 days 0.35 0.15 0.063 23 0.93 0.41
14 days 045 0.18 0.076 29 1.2 049
16 days 0.59 022 0.092 3.8 1.4 0.59
18 days 0.76 0.28 0.12 49 18 077
20 days 0.99 0.35 0.14 6.4 23 0.90

Motes: To obtain thyroid doses these values should be multiplied by a factor of 20.

This table should also be used where the time from reactor shutdown to intake is greater than 12 hours.
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U0 R3-5-7

THB3FERF I E KA RSB FEMEE
(RFDXEFEFEEIIEHERSEZE)
sB1ME RS ETAIRHME

sl [RFHRERFOPRIRE=SV>) |

2021F12H3HI[E]

= RIS
saem.ER A




E S ES

U0 R3-5-7

1. BRBFOFIRIMRETA (LRI 1850 F— A

~amREE (HHl3E

=9

. SROMRETZRE

3/

) ODARBICDONT



1. BR2RFORIRIRRET=S)> Y (LT 2183

) mosg

IF-—LEEHREE (BH3FEIA7H) ORFICOWT
00R3-5-7

[RRF ORI CREET=FU VI CEATFIREIF— A IDEE

SHI3EFE2A3HES3MREFHMRFIZEERIC

——

HWT T &

FL1EREFTF—ASD | TLEE: TRBOBHIOVT
SH3FE2H18H X OILE BIR AR MR SHREDRIZROHBE LR
F2MRFTF— LSS | THEE: PR ESGEEDRIE S ECDONT

SH38E3H825H XEHAAEZSDFBIT. 55 - AT D%z
BIMNRAIF—ARS | TREHE: BIRIFE AU OEFEASIICDONT
SHI3ESH27H A== L ANIVCDNT
X EFHIAIE 250056 3E T4
FBAMRFF—LARE | THEE RTREROEDEEDHICONT
SHI3E7H29H XARETF — ©AEREEZ DR

DH3FIH 22H55340lRF AR

——

TOE%, IR F K EEFESHEER

EERICIREEZIER

HRZ A

[ SZRFORIRIRLEREETAU T (CBIT AR F — L IDBOIRE

https://www.nsr.go.jp/data/000365637

.pdf



1. RBGOFIRIRE TV I (CET MR F-LREREE (HHI3EIR7H) ORFIIOWVT

| PRBREEGREBECSUSJoRE

1. WHRETHUHICONT

o RFHKEXRIEEITRENTVWSER LONTALARILTHSOIL1KRZUOIL2
(CEDCPHEREDX REBOIMIBZERET S,

® 5. SO BSEME DILEUR N FCLDNENSHHDIZD. IR
(CFHU O Sithlise RIE 9 REZERISTIHT DEN'DD.

) OIL1: 500pSv/h[1K5fE{E]. OIL2: 20uSv/h[E#E{EZEEL TH5HEIR 1B O 1K E1E]

2. XWRETHFMHBICONT

o FRIRNADUZINHEXTIICE L EIRE THS 19mFHEEARET 3.

o [BIZ- ALIEADHENEZIN IR - WIAIFOMREL. S50, BEITBUT
A4hREATEN ZHUCUTARE B S EHRET S,




1. RRORRIMRET-Y T TR TF-LAREHREE (HHI3FIRA7H) OARAECOVT
AT iy 0 0R3-5-7
D REDETERL — s

S FTIADS 21— 3V LRI DZERHREZR L 1R IR O IRIRHELHRE OB %

« 1uSV/hDIZPATHI1IMSY
(LA RSN LEREACUEE)

OIL 2 [20uSv/h]IBITTHNIE . EEIVFEHIIRADE L XD E RN EAE
[(E#107BRIT50mSv] Z1+2(CTFES. 5



1. RBGOFIRIRE TV I (CET MR F-LREREE (HHI3EIR7H) ORFIIOWVT

) B OEERM - Fi

EZEINEER

O NATHIRRIICCLBERTE (MEENNUERNRZE) KU SR,
EROEARN B (LGREDMOIEEDOM S DBRN S, X REFURD
RETHWE,

® F 1)L )J 1S DITA— NABR TIX 1 9k Rim a5 b (CAFAT

>/) l'/%\\(ﬁﬁ?}\q&)‘?)hf:EF'%H:?D“/\JODEJJI]D“)E&ETI‘EI'7?%(:&5 ISR ELCEBEDTHD
o 5 B N UEL RIS I TR E = E R
» ICRP Publ.88. Publ.95(C(IFHRDMIENELCLBRIBERIE FRAENLE)
HLIBADIRE 72 %185,

® S ADRETHIRUAD (EFARICEENTRLVA, FRIBIBE R I SiRE
HIEEOE NS ADEZAI ) 2 —TEZITO LB A

> B VRE NS ES Nz FAR OB IR E WS U BIEZENN

o 5 5B RIEZFRABTDHINREEL. EXARFHCEAICFELTLZLY
A DAF B XI5k

[ BZRBFORIRIRLERETASDT CETIRFF LI FEIBRREENLD (—EPiiR) 6




1. RBGOFIRIRE TV I (CET MR F-LREREE (HHI3EIR7H) ORFIIOWVT

I %%—IARCI/H-{— I\ 0 0 R3-5-7

Considerations specific to release of radioactive substances, and radioiodine in particular
Dosimetric monitoring in case of a radiologicalor nuclear accident involving release of radioiodine
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