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Basic physics toward radiation measurement
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Necessity of radiation exposure management and dosimetry
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1241k, Bl b R EIREE RO T DEEIHERD—> & U THEE ST Hav-.
ERIHRR AR D e E R L LT L. [ERORR O E PR TH OBLE 2. BRI L
EEEOT- D OFEHORE 3. EEHGHR IR D REEEO - O OFRERHE DI 4.
PRI X BRI AR D L REBED T DITHEL & 72 D URITHT % 35 0 5k & L CEfl
X< OFFEETE G5 & 72 2 RS RIARE: CT — v 7 AR - MEERAEIC AV 5%
BT > 7 AREE - SRR T - B Tt 2 SR ME R T8)

HADERHIE< 1 3. 8TmGy L28H L TE<, MO 6 (5L ETHS. RIS I
ESRBAROMEARL, HEFATHEIMERCH 5. BARDEA, FEIMNEICEE~AN D Y720 Ok
SRS 2 <, BE 1 4720 OPIE BRERNENZ LD, BEEORR L) &
ENTND. EERICIIT B BEHFIRE, BERH2IRIC L 2 B OFREMBE s h, BEO%
AW ITZEDORIWEH E LTLOEZ BIVT IR T EN 5 5. EFRSHROIE < &
HANETH D LEZBNDITE S TAEAE R, EEOMEFRMEZFI] LIofEE s
AT I W CRREE BRAAT O BRIC LR RSB S B C DUV TR 5.
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DEF 206 44 3T LV OR) 8 (EOREA ST, R CHIRT~ORREN 0. 56y ThHH X
ETAN, INHOBFIL 34 Gy OREEZT, & DIEHCIIEBREI R O 72 OB BB
£ U7z, FDACKEEMERTR) D OEEFEENCT LT, AFyy « 7'u bV oEE, &
B & FHEHEOAHRR ENEET 2 £ 0 BIE#RFEH STz, AT JIRA (B AEg R
VAT ATHES) L0 TEESX R CT N7 22—V a UHEICE L TOEE] L LT, KEOE
Rl L < OFHFNZ DOV THEEMRE AT H S/, 2012 FITKE D U 7+ /I/:TJ\I\I’G T S
BT AR L0 U= 71 L, M CT AT LNARECTH HEA, T 2ishi
HOFTRTO CT REICIBOVCTHRAET DR OBEZFUERT 5 2 & A RBETT Evi(b’(b\“é
2017 FRZIT BTSRRI YR B U « BRRE RIS XY [CT Ml L 2 e
X< ORI BT 2485 & LT CT I K DEEHIE< OBMRA AT 5 & blg, EFE<
DRI BT TER E 9 BT _REDNCOWTIREN R SN TN D, ZOHRS O X R CT
PIX < REAFFRESEE LT 1) MREEEAS 2) g MREOREE 3) 7 e hav 4) g
E<HEEEE 5) CT EEOWEHEIZ OV TERHI TN D,

IVR BIFRCIE, TVR FHE DI & 2O K OFRIZI T, 1990 AEEE) B FBEI TG Z &
% R EOFIENRR SR S NDIE EOBMIEREE 525 Z EMEand K Hick-
7o, BRTHZ < OB EREFEO RIS S4, 2000 F-Z1% ICRP Pubrication8s [TVR

(2B D IEMEE DIEREE | 2338 S, 2004 AR TR RERS e D TTVRIZPED
R B IEIC BT B A R4 2], 2006 FHI3 H ARG 221X U & T 55 FSE
BHZ XY EBRERZIRICIT DL < ICBIT 274 KT A4 ) PRI ILTVA.

2015 I TEBEPUE S WHTEE SRR~ T —2 (JRIVE) 26, FBEWRIOZWTSE L~L L
LTARINT-.

2018 EOBFEHRNLE T, THGZWIEERING 3) ARk SN, Mistirel U CRPERKRER
BtCTh o Z & Er LWEETSH 2575, BURTFEOED DFEHIEDNT, #E2agiI< fie
BRI T CND Z &, MO TO CT M OMEFRAE ANk L, BEBEALD
AT v b VAL TR - EE, X MEOREL A T TV D Z L d, MEFEICO
WTHIREES LTV 4.

PEREHGHROBIE < FERIZI T ICRP (EBS B I#EZRES) 14 Publ35 T, F“*%E@%%%

FMEAEFI LT EE S 27 2% W TCIEFIE < SR EE A1 T O BRICIE, FRNcEE D
MEFRMEDEFERBELHEETHZ .1 L LTS, XAREHRRICRT DR ERIEE, FEL
B bALEIRE RN D BB L SUTWAN, XU T 41250 ZORIETFIE T TR EE
i S FA 0 [ URECTHEE T E ARWBMRA S © 2 B2 20T hfiizu.
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Handling of radiation dose report
— WA ENEN BABERER S AT A TR (JIRY) AT L
gak BEA

RSB L AR — MIARIORTIEY, HEHERETCTO X 7 & ORET 20 5 SEreTaiRIc i

5 BT A ER OWEETZACEE N HE O L, RS ZFIHICHET 27200 Th 2.
B RDSR & FREN TV D28, Z AU DICOM K3 E D Sk L AR — b (Structured
Report : SR) (D—FE T 25 IRGHRESRLE (Radiation Dose SR:RDSR) 2MIEXAITH 5.

1)

2)

3)

4)

5)

RDSR 73 ED X D ITHIE ST D E Izl 5 &
R (1) S HUE AU T 5. RDSR BEHOE (Template) 235D HIL TN, EX U T o
B Template 238 V), CT @ TID10011 {FALHEDITNDERZEDMDEHK VT 4 1TFETE
I e LTUZR0,
FLAAHEZRHE (content) OFEME & EHUTFE LR ChH 2. BEERIA (51 21X TEC « IS0 -
TAEA « RSNA + ACR = AAPM « NEMA « COCIR = JIRA « JSRT fth) 23 EFs U 7= E O EFEANT LA
B - RSFSIV TV DEMET, BEOBIIR/2 < RKied 5 Z RS TV 5. [REMZMENE
DICOM HA&IZ B ECH SV TUND DS, BFEIR ST 2Bl % E#% L7-/RfH RDSR
Uo7 LIS C& IO g L 72> T D, Ea RDSR OWZETEH &35 7
TR BRI Lo TR DO TE O EHEEIEA £ v MMERESN DD TH 5.
PGS DME WA VT DT, ROSR O TEE O#IE < #&E (Exposure) Tld7e <,
ZRMH ) UT-BRE#R & (Radiation) T 2 MIIEESVETH 5.
RDSR 1Z DICOM NEDHDH ATV =7 hO—FETHY, ZNaEZ[ETE H72bFOHEET
BWEMEESE (Conformance  Statement : C/S) TX43% SCU, SCP OF®AE=4%5. RDSR X
FEHIET LW AT = 7 RO THi LTV VEEE S EIE T < BB L TV 5.
PERFIF ST MPPS @ Dose 30 = —/UZ & 2 FRETHESR 1T DICOM B HHIFR S
72D, BHFY AT LA COMEAMGHLER ClIZe WSS A7 A TOERITZED 2R,
MPPS |34 U 7 ¢ 55 RIS IZJ@V =23, RDSR 1% DICOMStorage & LT PACS IZ3% 515,

s,

DICOM % RDSR OREEZHIE LT-721) T, Z0HE (P OfEA VA &350 ITFIHENZD

BRRERUE L7 < T b7y, U0 FI (2 KRB « B oD AR R E -
(= kB AL - B2 &) 10U LT RDSR IO HIIZED% L, BIBMIA S50
RDSR OOHIGHARE (& DI F A S U5 e TR 130 SR A7 L — SAUTUVRL,



1)

2)

3)

4)

RDSR D—Rr—A & L CELFORRIZW S DB 2 Hib.
EEREICIE - CIREHR OB FHNIAT .
THE @ REM CTF z X2t AM (AcquisitionModality) 238 R 25 E IM (ImageManager)
IZRDSR Z 2557 5. 1ERDFEZ DIRGFHROWNE (+a) 3ROSR & L CPACS IZIRE Shb.
RDSR [ X[EA D SOP (ServiceObjectPair) 7 7 A& FF> CW\HDT, PACS ETINZiT
ERRERT AU SR A S 3 DR A D 5 Z LN TE 2.
B fiR% DRSS F & 0, WaH 2B AR T 5. 2 A A S 472 DRL & Hld 5.
IHE @ REM TF %L DIR (DoseInfoReporter) 2B TA#EE L, [Al—Hd (41 2. 1% DRL DX))
DI EFRHEET 5. DI, FEEOT 74V FNEEmE T 5 &Kz
AT a AR T D & HVINERERRE A FHET 5 L AR S A2 DRL ICEE 57
EOMEZR LT, e lBE #BIETFERE o5,
DRL 7 — & $-AEFEI %) L C B MIRR D ER DL EDO MR S 21235
THE @ REM TF %13 DIR 2ME AT HROER A LALE « FRafis! oo Ham ALE7e & & fi L C,
FETE S 7~ NDB (NationalDataBase) 72 & @ DR (DoseRegister) |ZHEEStE 2 #inie 95 Z & 1T
72%. KIE ACR(AmericanCollegeofRadiology) 75 Z D515 CTHEBED MRSt 2 2 850EE L
DRL ZAFRE L7z & &1, KRx 2280 (WA ROIEE « BB SSTFHAHOIL@( b £) 73
FRANCHOR SN, S OB > TS U= PREHE R AR L7
EEHACHRENREZ BT 0. IKHEZHEEL, BastiI< Rl 2ns 2.
IHE @ REM CTF ZIEhEa%PNIZ DIC (DoseInfoConsumer) Z#%E L, ZHDY 7 b7 =7 %
WCHEFRORE HUBCHEER R AT 5. ISHBIE LT, BEEARIORREHIE < Slftasik
1< (PatientDose) BHE « HEEHHIL < (OperatorDose) B2 E3E 2 HILH. ERGHERE
ECIIMiER% D RDSR HELVIATeZ L1272 %, 2 DIZBT DR OB o < HEE
TIEL OHEESN: (BT A—H) 72 EIXNOE IR 5.

FINEZOND.

2020 FEOEFRHEUIET, $8E SHIEHIREEELZTT 9 Z ENEBT bz, IRET

RT FESMOMPE G o7, BREEHITE L TIEROIIHRE B L K& < ZED 2 AR
D3, KIGHSEH SRR 20BN D 5. RT OGBS E TLEDD rIREMN B 5. FHllE
HEEIHED DS, F S TSR & 70 2 OO T 3270 5 & ik (e T BRORE ik A 7% 97
EVDPEL IR D,
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Dosimetry in CT examination
FOLEERERRAMRRGE R
R A

UTAE, G2 WrE EINE 3 0 B AR SBER D @%EZ i< @Wﬂz BT o ER L
OFEst, FIZIE 2020 4F 4 A OEFEERITHUIGEICL Y, B TERNEE-T
W5,

CT WA DR & (2B T CTDI S° DLP M STV 5. CTDLO1 ITEEE, BE
e, [BIERRER, Pitch, Collimation MBEA¥LT&H U, DLP (X CTDL, IZHREZE %2 3 U7 #R
BIEETHDLT-O, 2O OMERREL ANIEH LR EE LR ;Uﬁz@ﬂ: 22721 T
WS MERD S.

VURT T LTI, HRT A—F LREEEORBR, SEEEE AW REOFE
72 EBUGINLOIEME RN D TETH .
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Dosimetry in angiography

ABPRFI R

(N

G E T AR OSEES BT T < BREOFRLER L E IR Hi B3 ED—>
\ZHUE SIVTWD. ZDTDBREFSEORE LT TA R4 B SBITHIE  BREOFHNFS
KO b 72 5.

DRLs2015 Tl & & 24 E DR T U BRI B 1T 2B IR CER STV 5.
KV RT T WTIEZE OREE B DWW TR 5.

£z, EEHEE 1003 25 5 SORHREICBET A RTA4 T, Hfrogigix iz
K DA FFHRERI ST DR OKEZ KD TN S,

FERARESIRIZ BV CREIIE < 12 LA HEFLRTREMED B\ ORI E e ik T 2.

Z I COREFEFETITHEUS GEERE) 2VELD LEVEZE A TOTZhDHIETHW
HL7p D, FIUTIEEREA T 20BN D70, FRHREHETE H AT DWW C b g
HTETHD.
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Dosimetry in nuclear medicine
BrBEREAERT:  EIRBAE
BIA &R

BEFRAEIC R 2 BEEIE BN, FITHRIICES: U RSN X DNk <
METHD. HRE OPIE < BREN IO TR R R A T D B B 5 73,
BEE AT Cla 53544 & 98 5 [MBq] OFBI SRS TV 5.

NREBFIZBWTE, argr B ATA BT A AZEDWEE ERGED R ST 5.
G ET, PUBHIIEREEIC X 2 551&H 5\ NIRE A RS SOV PRI eS8 OB -
B ROIFHEIZE > TRD 5.

FEEFRA I y 72 T XU K A< EBL L METH . ITH, SPECT TS
FOYPET 24 & CT 4B A L e o T BHEDE M IZ LY CTIC X 25T < &0
g 20 S H 5. FHC CT HEEIT MDCT & CBCT SFMENH Y, MEREI I EENSLE
Ths.

A T, BIEFRAEIZBT D30T < BREEFIZ IV CIRIDBERDARA o a2 HLTE AR
B.
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Measurement of External Exposure and Internal Exposure

HEHERE
N B

ARERBEIE K, PERBES L1, e, ADMEINCH 28R D O RO BIE L #5210 5
T &, RPICHUY AL TRRRE D ST 2T 5 2 & 3T

CHELDOEY, FERROEEL TALF —IC X > TREE, T4RbbBHOEAVIELR 57
O, ZNoEREELC, ST - NEIE K ZFHEIS- 2 088035 5. FEHEL LTD
AR BREY, AARRMEICEE L-EABIECBERNC X o CGGHllEh, A9 777 v b
LDV I al—ya it 1 vy T A— PUEYE S L GHEDM ThS.

PSR < IR L Tld, BORRofEEIC X - CGERlloH 5035872 3. 37bb, v HkE
I LTI =R T 4 Ay v 2 X 20050023, o, SRR LCid, WD oMM
PEH X N BRI TR OB Z FHEI L CHEIX S BRED IR I 5.

72720, TNk, EECTHD 205720, @, £ WABIL7-TH 5 2 fid
HEIC, HO0LORHEIN TV AREETEL 2 2 LiIck o Cilifig s,
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Dose index in CT
HNCEERERR ARG UERHED
JER] A

2020 4F 4 A o S THRISOEIC X 0 SRR IC R 2 B BYARNICBI 3 2 BUE 30
T30, EEBGHIR 2 REEHENFESHM T bz, 2ohcEREHIE IcB»wTid, B
DEPMRIZNDG Z B LTI iEms TE 2B VEL T4 2 La5d#I v 3,
ikt 21T ) BARRNFE L LT, ZSE L v offfiags S, CTickwTit
CTDI % DLP 2MFEHE T\ 3. X o TN OHRETEEIINFED R - B E L OER 2>
LRI EH B X OREEBAGI~ ORI TTO R UL b7\ A3, Uit CT 2
BEOE —LMEBIER L, FrEHIE S REE PRI - T B fERIE D7 < e,
HFEEIRECIE, 2018 4RICHGE 7z IS Z 4751-2-44: 2018 DfllEEz Huiie, EEOHIE
JTi L HEREOFE M R LHIE 3 F— 2l U TR L Z2NEZ OISR 2 FETH 5.
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[ ICRU Report 90 ~DMGIZKHZER/RHA—TIEBEDEE |

The reevaluation of air-kerma standards by adopting ICRU 90
BESEEITE AT
B gL

L. 1IL®IT

2016 52 ICRU (The International Commission on Radiation Units and Measurements:
E SRR AT EZRBS) 725 ICRU Report 90 “Key Data for Ionizing—Radiation
Dosimetry: Measurement Standards and Applications” 23F{TEiL7-. ZDLAR— ROHIT,
TR & VB L DR EAEFNCAR D D ER CH HZERD W ED RN SRR BT D BHLIERE
T—HOREL, £ XBROFHERRTH 5 B Z2KERERIC L 22250 —~ IEDERT, M3
EIR DI IERSD R Sz, T EST, 2017 45 6 AICBfES - EREELES
FHRREEBRS0O% 1 5% (CRI(1)) 1IZBWTC, ZO LR— DT —% OFRIC W Tl
ATV, BEE S INLOT—F MY AND Z L TRE S, (CRT TRV TS, 2018 4
LHEVEHTHZLE LTWD =T AETIEND L—3 ) 7 ¢ FOFFLEE 2,
%@Jf.,cﬁﬂ%ﬂ;ﬁ CEEEATSTE TN,

DEEEZT, FERIHIIRBOTH I v RO X R —~ S DT % 2019 47 4 A

DB CHAT S AIEREEIC DWW CEHT A 2 L & L.

2. 7T 77 A MEEZHWEBEIZ LD y 2R —~ DR
757 7 A NEEZSRERES 2 T, Cs—137, Co—60, 1r—192 MZeR 1 —~ZREAEL T L
TW5. ZORNE I AEFMED D2 —~RA~DOEHL, LIFORXEHNTWS

I /W 1 S
Ky =—- ( alr) 2. Hair Kair * Kwail * Kstem
m 1- g) Sair Hgra 1)

AEDOLAR—NTCIE, LLFO 3HENER L o7z,

1) Co—60 D225 WA & BHIERELLOFEDAE : 34. 00 eV 75 33.72 eV ~

2) Co—60 LISNDZELD WEDRHENS DAL : 0. 15 %55 0.35 %~

3) IKBOHILEET — X DA L

IRFBORRIERES B SN2 Z 12k, EUTORL TV IRE & 22RO IERELE OfED
AZ Lotz
1 {Z ICRU Report 90 TR ZALTWHBHILREL DA R T
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spectrum

[X] 1 ICRU Report 90V TrREN T AN AT RNF—ITx59 HRHIERELL
B O RV —WNARE O UEHAE & D b

ZORBEUIZEY, 2550 —~ DIEROE DRSS FRLD X 9 IZEH S 7.

F£1  Ho~RREERN —~ROEE K OFDORMENE O FLE LF)

EI=EVN ICRU 90 £RFR%
ER[H—IE M3 R FED | ERH—TE F8 %t 415 SR A B
WROHh—<F| & WIROHh—<F | &
DEEDRENE | (h=2) DEEDHEME | (h=2)
Co—60 0 % 1.0 % 0.8 % 1.0 %
Cs—137 0 % 0.8 % 0.8 % 0.9 %
Ir-192 0 % 1.2 % 0.8 % 1.4 %

3. BHZEREREIC LD X R —~ DEH

B 2B 2 T, EEE 10 kKV~300 KV O X F7- 1-125 © v #RcBIT 5

2RI —~ TR E LTS, IEER) B TRt \a VT2l —~ Zafii L T 5.

[ Wair. 1—'Hiki (H2)

Mair e 1-g
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AEOLAR— N TiE, FrOEANEE, Bis otz
1) WEORHENSOREL @ 0.15 %55 0.35 %~
2) WAED =/ — AT BT D HHIELRER & OB
3) et & O ENER CARK ST E T OBHIIE ki OEH

ki, 250D WEIMET /L B~ TR LB~ EEN H D, VD) Z EITERR L THA.

ki X, WIEOEFHC L0 XA EAHAEAER U ARSI - —IRE T OB EZ B 72O O
BThHD. BRI —~ DOHEEHIECTHW WS A BEXERE T, ZO—KETOENLE
D TEMNEEIT>TEY, ZONEMIETL20LERGHD. K 2 ICEMEICKHT HHIIEREL,
F X 2\ THHIESRER D7 1 v MR ZRT

2. FIEFREL & Xk D] (ERRELEH OFE)

L e EohTx R R ST A Y A e
M e e QI ki X ke g
(CCRI) (mmAl) | (mmCu) (keV) (%)
10 kV 0.032 6.8 0.7 0.9953 0.14
30kV 0.169 12.0 0.4 0.9968 0.11
X 25kV 0.242 13.6 0.5 0.9969 0.11
50 kV(b) 1.017 22.3 0.4 0.9977 0.09
50 kV(a) 2.263 29.9 0.6 0.9980 0.08
100 kV 0.157 39.8 0.4 0.9980 0.07
] 135kV 0.489 60.2 0.4 0.9980 0.05
HREXHR 180 kV 1.013 80.0 0.4 0.9981 0.04
250 kV 2.482 121.2 0.5 0.9986 0.02
1.0010
1.0000
0.9990
[ ]
=z
x 0.9980 ° ° ° L4
N [
0.9970 3
0.9960
[ ]
0.9950

0 10 20 30 40 50 60 70 80 90 100 110 120 130
EIITRILF—(keV)

B4 2. TR IR D kX ki DfE

F2 XMOGE S, VIEDAFENSILR, FIHT- 2RI 2 M S 2 BET 5
VN DD. FBITHENS Z2 Bt L 7B 27~
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%3 ICRU Report 90 % it S 7= IEOARMEN S DOZEE  (—151)

BHR ICRU 90 $fit%
FHERAMED> & (k= 2) FDHERAMED> & (k= 2)
X
25 uGy/s ~5.0 uGy/s 1.2 14
5.0 uGy/s ~10 uGy/s 0.9 1.1
1.0 u Gy/s ~40 uGy/s 0.8 1.1
40 p Gy/s~10mGy/s 0.8 1.0
FHE X AR
0.3 uGy/s~0.5 uGy/s 1.8 1.9
0.5 uGy/s ~4.0 uGy/s 14 1.5
4.0 uGy/s~9.0 uGy/s 1.3 14
9.0 uGy/s ~2.0 mGy/s 1.2 14

4. FE&

ICRU Report 90 OiEMIZ LY, v FROLELRT —<ITONTUINEROEL V9 0.8 HFEEE/)N
<, FEXBRUTHONTIFK 0.2 %~0.4 WhE< 7eofe. ETABRHLRAHES (k= 2)122
WT, Co60 ZFREMEROMELVAI0.2 WRERE LD, TNHDOZEHL, 201944 H 1
H LB AT AR EICOWCEA LTV 5. ARBIRERETH D08, v e XS
AC ICRU90 (ZXFF 25xtIb e > TS 5.y BROMIFREOFHINE, 22X/ —~ 2L L
TWD. ZD7e, 2850 —EOEFIZ LV, BEHRE D REROETEIT5 2 LTk s.
— 77 X BROMEXFREORENE, B2 BRI L2 RHRES I L 225 T D, ATEIOHT
LU MAIERRE S, PRI E OO TN SR EOTH Y, IREHEOE B AII6EK
EEDT, BRI —~DHEDERINDZ L L.

ZETR

1) ICRU Report 90 “Key Data for Ionizing—Radiation Dosimetry: Measurement Standards
and Applications” , ICRU 2016
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e FHABRREk Hwms #pE >
7—= : ICRU Report 90 IZHE 9 #REFHIEAERHE DEDZEHIC DT
[ ICRU Report 90 $RFIZf 5B IEMBADM G |

Responses to the Adoption of ICRU Report 90 at Calibration Laboratories
PASHFENAART A Y b—T =
ZEA VL

ICRU (The International Commission on Radiation Units and Measurements : [EFS R HRHFARIE
ZE%) D5, ICRU Report 90 “Key Data for lonizing-Radiation Dosimetry : Measurement Standards
and Applications” (LLF, Report &V 9) 732016 FTHI TSN, ZAUCED 7T 774 R
FELIEREEL A2 BT 0N < DD DB T — 2 D FLE. L AMES S, BLCAEOFEREI TR e E
S>TW5h. ZD Report ZEATHZET, 777 7 A MNEBEEZ O TEHAIEIZ L D kD &
A% FRSTHREATYE N OIS — < IFERN R S . §780h, ZOLR— FOFEKT S
& ZAFEFBHEOEDEE ThHSH. AATS 201944 A 1 A XV [ESAEUERBICh 5 [E1r
WIEPHFIE NEESEBIN R EITIERT (LR, FERMIEE VN D) 75 Report Z48RH L, MIEFHEE TH
DUHEVENRART A Y =" CLF, 74 Y b=l )) b, EFEEOLER
# R HIETRIAD S Report (Zxfhis LTAFEOHEE 21T > T b, Report BN D UK
RN OFEEZER —~ OB E BT T OERINC K-> TRHl S TR Y, EROFEEE A
Report (ZxJ SB D 72O DRI VRSN TS Y, BlZE, 74 Y h—7WHE0fHd 5
R MR BT & 7 (A ) —~ RAFHE R LA DT D ORIESREITER | Oy T
H5.

F 1. FAEFRITKRIT D HIESRE

! FHIEAREK
“Co 0.9916
Y1Cs 0.9919
I 0.9917

105, Yo & VCs [ZONWTI—_Sf A—FIREEDHRE U CIREHRERIENEL
HIE LTS, ZNHDORIENSIL S%IRE (=2) TG L TR Y, 22— —RIORHEN S R
T2, BRIZE DB NIWEEZ D, —05 T I I3 R R MERORTEC
W DN HFTIERE ORAELER N —~ BIREER L LTIHG L TRY, ZORMNSIX
22% (k=2) /S ZBAEEITHRI-0.8%FE Th ) AN S OFIFHNOZEE Tlxdb 5 DD, —
P—DIRFELIR S SN2 728, Report OFLICER L IR ——~DME1TH Z L &
L7z, PERHIR T A Y h—T WD h— b— |2 L A ERPEMOM, BIRFS o ——
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LEETHIAAIT, HP BRI E Y — 2 D% —F—6f U TITRNCE %15 2
& T Report FEAIZ K AIEOE IOV TEYRA ROT-. P IR —~ RICEIT 5 1724
FAUFR 2 DY THD. TA Y M—T OB 2 RE _IAEAERRIT, Report FRAZIZIE
KD [ EZAEUERR 2 F N CHREIE 2 i L 7=, ZAUC & 0 B e ORIEE 0359 0.7%
INEL Fpotz, ZHUEER | ORIERREE VWA A SOFRIEN T LT\ 5. KT
TURAEHERS OFE E O S 1T 1.2%70 5 14% A~ L7228, — P — B ORIEEE
DA S ITIUHE A DOFFHNOZEEN UL E Y, Report BRI H 20 53 2.2%(k=2) & 72> 7-.
F7o, REEAEICE, MSZATEOE NS GBS O RN ST, BOERERD
Report (ZxH&s LTV FORLEZBMN LTz, ARIOEHIHL EFTHEFEEOEE THY,
Z DA IES-OREE D TR AT T2

7% 2. Report BRAAIC X D8 5 (I FEUEZE R —~3R)

HH PAL YA
T A Y M7 A ERR ORI EE SR -4.668x10° Gy/h/A -4.636x10° Gy/hW/A
BIEFEB DO MENS (=2) 1.2% 1.4%
2—P—EBEREORHENS (=2) 22% 22%
REFAERCHEIN A - Report XD 5 % BHRL

2 R MR O FHEZE R —~ Y, BB T < & BFRFAHLOHRRE
EFHEUEC b L—Y T llE R I 5 2 EMER SN TS 2. m—H—73 Report (25
L 7-RIEE S 2 IV CRIE 232 285A0%, 2—F—0OHIEE D Report [CRIGL TN Z
LT85, Report (Zxis LIARIEEEUTT A Y b—T %D Report (Zxhts LA IEREEE©
FIET D Z iz fr5ans. b LLIE, FERIFRCT A Y b—T7HE0R— L=V
HINTHEEHOCTHREICE WV ROD Z LN TE D, 72720, ZOHEITHAROEZIEAEC
LB TN THDERNCOIEAT S Z LN TE, Bl 2T OBIERERE CRIE S 7-HIE
PEOBIEEEIITEH T 5 Z LR TE R, ZIUIEZAEEEI DO 3 2 AERS OFE
HIZ X > T Report DFENRIL HT-DTH 5.

920 R R B VERIR OB AR R S T B ZE R o —~ R R AR RO R B Y
(AT & TRV, BRIROSERERRS B sk ORI EMRERD 7= O Dbigsktge & L CHIFH
THIENTE D, ZOBRTLA MR DA 5T, B A — 77— Report ~OxfhiniRin b
LTBIRERSD D, Lo L b, BELAAEEITIE Report RGO HEDFUH S 4L TV Ve e
B, TA Y b=, ENICHEET 5 3 FEO I $E A — I —IZXf L TET AT
LAY HEAEM L=, £, W ORIEREBINC O T b R Sl 2 920 L 7-.

K 3NTRTHY, BEFEA—T—T Report DERAMRILZE O & THIERORIEER A ZER L
TV, 7, RUHAEE RO A HIEZS R — < AL L TR0, VS2000 ##
TRIZHOWTIE, A% ORERESBIDRINC & TIFEAMEZE R —~ ROEE I T 5 AR
& 57, mHDR-V2 R & 2. A85-2 FHIFIC O T, FBHEEA I —~ROEEZ4T > TUVRND
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25 Report (ZITRIEIA LWV DS TH S, mHDR-V2 R & I2.A85-2 BRIFIL, RA Y oFEHE
BEESC & 5 Physikalisch-Technische Bundesanstalt (PTB)Z k L—4 7 /L 72 IiE AN SN S AL TV 5.
PTB |3 2018 -2 Report (IR Td V), FEHEGROPIEERUTHK) 0.3%LE SN T\ D, —FF
THHEA —H—1%, PTB COMBIEDRERZ T L7-fER, HERORIEEREZZEE Lo
el D ETHoT=. V82000 BIEDOHIEMITT AV I OKIEFFEE TH S Accredited
Dosimetry Calibration Laboratory (ADCL) &% ONEIZAZEHERERES Td> % National Institute of Standards and
Technology (NIST)IZ F L—H%7/LTh 5. WiI#ETE 2019 4 4 H OFFATRE ATl Report [ZAKTE
THY, 2020 FLUEHFIZRRIGT 5 LD & ThoT-.

723 4 I BRI A — 71— Report SR

BT L mHDR-V2 I12.A85-2 VS2000
FRIRA —T1— Mallinckrodt Medical B.V. Alpha Omega services
S PRI HERSES PTB ADCL, NIST
ZHEYEREA D
. PR (-0.34% HREEH (2019 4F- 4 ARER)
Report xR ( :
BIRA —J1—D
i PG (BER L REEH (2019 4F 4 AR
Report xR * )

[EIFAEHERSES & BRI A — B —D Report ~OxHGHTEHOE NIAFEN S DF 2 H T2
HLOTHD. EZHFHEREII T S 22 R & CEEZ G T 2728, Report (ZxHST 23541
WM R EERE AR LTS, L LR D, Rl SITEFIEE DR EFHES, KRIESH
EXND—F—D X ) IIRIEA M IRT IR E 25720, FHRA— I —%FTra—H—
IZBWTIE, %< O5E, Report XIGATHE TRIEEEN AN S OFPFANT—HT 5. Dk
9 72856y, Report SR O EEHCOREEI LREEE & 7772 S41, Report REM&ICT | & fi
RO ZHHT 5 Z & b ARETH 5. mHDR-V2 #F L [12.A85-2 HREIZHUVNTILHL,
FREOHIEIE LI —~< RORFEN SN 5%E SNTEY, T4 Y b7 a0 o ERR
IZEDREDOARENS LV HREV. F72, Report FRHICEL D PTB ORENERS ) —~ AR
BTN 03%TH Y, BARDEAEFE) 08%) LV /S, ZLEN RN S I L THITh
Wb, BHRA — I — 35 BIOE LA 72 HEEICZE L0 e UTRIEERZ AT L
ol bD EHERISND.

E iR OREE & RS A Hle U 7B 2 72 AN/ S BRI L 0 =R AAE T S, R
ENSE, [ Xo DX L2 VITEEND. [T OXFMDIKURAIEICL Y, 2=k i3t
EIZL Y ZNEIURET 5 Z LN T 5. Bz, EFEEOENINZLVTHY, FL—
PV T 4 DIEWVNC LY ZREZECIES. AR Report (2825 EFEEEDER G =80
EEBEZDHZENTESD. BARDGAN, FERMIOHIEIREE AT 5 2 LT, RIEFEESC2
—P—DRHEN S ZAEIR L TN D, FHEA — B —13T0% DRHENS DR E S &HRE L TR
RN EHIET L QD T2, ZOXGITEOENDH T2 72T LY OFK E 7D, Atha—H—
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DOPNERER: EARFEA — 7 —ORIEREROBIRINER & 1T 22 DDA U5 AIREED & 5 723,

Z 2T EREDO LD RERNE ENTND Z EICEETDIHERD S, SO L ) 7 E L,

BRI D72 ODOA5 R L FEIES NS ATHEMEN B 5. AT DR IEFEE & LT, 4
% b RIRASHT L L CREHILE IS e B X TN,

ZE R

1) [ENTEFFEBHZE R N\ PEE BT AFFERT, ICRU Report 90 (25t L7-285 0 —~  (3R) fE#E~
DZEFE|Z-OU T, https:/unit.aist.go.jp/nmij/news/2018/

2) ISENEN BAKSREL 7o, BEDIERER 25 - YL QA ~==7/L, pp.210-
224, @R, R
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G AR REX FMan #HER ¢ >
77— : ICRU Report 90 |24 9 #rEF R IEREHEDEDZEEITHOUVNT

[ RIEAEDEDEEICHSHRIETORER |

— XRBEEROBE —
Consideration at the field of exploitation by change of the value of a calibration certificate
IRIIRSTIERRRF:
ek 7

1. [ZC®HIT

[EIFS SRR BN EZE B 23(The international Commission on Radiation Units and Measurements:
ICRU)%>5 2016 -1 ICRU Report 90 “Key Data for Ionization Radiation Dosimetry : Measurement
Standards and Applications” 34772 Y. ELRNANL, KT/ L —FER ClEE I k522

DEBET LT —DORIENNEE, MURHERED DR —~ ~ORT HFRE I L v sk
L,t 2 /keﬁ DEM & T —~ DFEIE DR, KBEIOT T 7 7 A O FRHIERED fiE
LIZ & 0 EEfEED D BRI — v ~ DR A EE, 2250 W BEOAENS ORE LR LT
%6.ENH@MWO;i;ﬂ%;ibﬁaﬁéht%%ﬁmﬁ,%ﬁﬁ%ﬁ,%@%%ﬁ&
BAHENS DRI TN D.

AU, PEEEEINR SR OGRS R A o & — TIRIE L7ZREHZEOEDS 2019 4
4 HInDERE ZpoTc, XFUIOWTIE, 2EXRIIRER, 225—~ (), HENE ()
OBIEEED 02~0A%FE/NS <, FHIERAHED S DD 02%FREHINT 5 Z L AVRE I
THEY, EFMIERCBOTUIINOOEROKRE RFAIMAE I T05 2.

2 2T, X MRIrEIROF RN B 2 26 O OW T OB L BIS COME AT
WD,

2. EHEOME

T T IIVAIEIZ XD B & B O BAER ORI EH 0B STl Y, e
% Z & DR 72 TR TREZRIEIZ DV CO= R VX —FfE B/ E OFFICH X 5. fidH
FRE W & OF AR BT 2 BN 7 B BEE S 5 7 — & ANAIE & GO 7 I BT
b5 LN, ICRUReport 90 TIIETOWmaifE, ®EF-FHIERE, A A ka4 27200
Bz NF—I EDT =2 (F—7—%) PERF SN RSN F—T —% D—fi% Table
1ITRLT=.

BN DIRFEA A F OO OFHLIERBIZ BT 5 FH 2T — 2 DIRES 1, 224,
77774 N, IKOVEEZ ANV —DEE RS AR L, 1keV~1 GeV Ll EDOTZ /¥
—HAPA % 71 3—F BRIEREO R VR ST

IBIT, 2R, K, 77774 FoNTRmEE ARGt L, BET HEE S s L, £
B ORHES DHEEREF AR LT\ 5. £77, Fricke SEFTORIEIC AW B EHM AN E, 7
774 N, KROBEFHNFIHT 27 =2 DER I TND
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X AR RO F AN B0 5 T2, 225 CA A Ukt A AR D BRI S5 )
TAHNF—DEMEIES N Z LIC R, RT3V F—HCIE W ABEZHIE S D 6R5K kw 234
PR AR S MUz (Fig.D).

F7o, BERED DR —~ ~OWROBNZ, YT L 0 RAE L IRE T-OBRRIEI
—~OFFISED N & UTRIESRE b SR S (Fig2). Wi &3 LG OHEXE TS
R DRIIELREL kikw % Fig3 (TR L7z,

Table 1 Key data in ICRU Report 90

relative standard relative
tit 1 ICRU90
quantity Previous uncertainty(%) change (%)
electron 33.97 33.97 0.35 0
Wi proton 34.23 34.44 0.4 0.6
carbon ions 34.5 34.71 1.5 0.6
hy(4°C) 0 0 0.15 0
L 85.5 85.7 14 0
A 78 81 2.2 3.8
I 75 78 2.6 4
1.06-|| T T ||||||| T T T |||||I T T |- 1-01:’| L] L] L} |lll|l L] L] L] |ll||l L] L} |:
1.05 :_ _: 1.00 z_ ______________________ i
] 0.99 F- -
104 3 s s
1.03f . 0.97F =
& C ] & 3 3
1.02 ] 0.96 - r
: ] 0.95F =
1.01 -] = ]
C ] 0.94F =
100 ======m=mmme e === F 3
5 ] 0.93 3 -
ol Ll L0l 1] G 1111 [ N R 11 1
0.99 o7 s 0.920L 1'0 1(')0
Photon energy, keV Photon energy, keV
Fig.1 Correction factor, Aw. Fig.2 The mitial-ion correction factor, ;i
(ICRU Rep.90 Figure 5.6.) (ICRU Rep.90 Figure 5.7.)
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0.990
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Photon energy, keV

—

Fig.3 Combined values of the correction factors 4; and kw for low-energy monoenergetic photon beams.
(ICRU Rep.90 Figure 5.8.)

7o, KETT 774 FOBEFBHIEREDMED R IR SRR, 22ERER 1 & D E

BT R 2R —~ | DARBAMEIE STz
ST DN AT 8 L - 2SR = & RS % Figd (2R LT-.

wall

(S/p)wall

Dwall - Dgas mgas 1>

Dyau = Kwall(1 - g_wall) 2)

dne (W as/e)
Kair = m wall, alr(ﬂen/p)alr wall l_[l 3)

Fig4 Idealized cavity chamber, consisting of the wall and a gas-filled cavity of volume V.
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1.000p----------"--m oo

_-water

0.995

0.990

Ratio of S,/p values, new / ICRU Report 37

0‘985 1 1 1 1
10 1072 10" 10° 10' 102
Electron kinetic energy, MeV

Fig.5 Ratios of the mass electronic stopping power for electrons
(ICRU Rep.90 Figure 7.1.)

(S/P)wan | (S/P) gas\ THEF 7 NV ATHTHE LIEYE ELIERELLTH Y, ZhHIZX S5
FRESRIINER L 13 2 B L 72 5. ICRU Report 37 O & D% Figs (TR LT-.

3. BWES
ICRU Report 90 | ZR SNz X—T —H A Z LIZ L DO ERENILITO LB T
. 1) BHZESHOZEL D —< DS ORI, 2) ¥Co Ho~#ro2e& i —~ e
M’J 0.7%08, 3) 77774 K, KOFIEREIIRK 1%5705, 4) AKWIGHREREFHI LY
IIE S - FBHERE D < BREE DY A, TIE ST KR E D2 T 0.5% A8 2 720 .
X BRI —~ () ITOWTOERIE, 1) 2250 W EOFRHEAERFHE S8 0.15%0>5
0.35%~ZH, 2) MEFREUCAR M S DN, 3) HHZERFBEHERIIE SIS DA ERREL kw.ki
S
FEFRE M TP FIZ K 0o &Ei 2,
Ni—icruoo = Nk X kc—jcruoo 4
Ny _icruso : ICRU 90 (Z#}& L7225 —~ BB EEL
ke_1cruoo : TERDZEL I —~AZIEEEL N > 5 ICRU 90 (250t L 7=~ FLREL

FXHEEARHENS 1L, LR ORSNS 2.

uICRUQO == Vuz + 042 5)
Urcrugo . ICRU 90 (256 L7228 —~ A IE BB O UE A ) &
u : WERDZER T —~ R IETEEL DR R AR e ) X

23



Table 2 X #ROZER A —~HIEIZ DOV TDOLEH

HVE k (c—ICRU 90)

R X R 10~40keV  QI=0.7 0.9956~0.9982
N U—X  09955~0.9981

< E 24~35kV Mo/0.03Mo  0.9968~0.9971
25~35kV  RWO0.025Rh  0.9970~0.9972

P X R 40~250kV QI=0.9 0.9982~0.9993
QI=0.5 0.9976~0.9984

X PEERAITRARIRT EROIEEE OVR S %
ICRU Report 90 (Z5f1E L7BEEEEL O S~
T AHTEIZHONTLY

2019 4E 4 A 1 B D EEERAMISEETORIERGFIAEN S ST D X RO ZE58 0 —~<lIE
[ZOWTOEF A Table 2 (R L7z Y. BRERE (3R) (2 OV CIRIEERI 3 52 H 1L
<, FHEHERHE S OAX S STV 5.

4. BT

ICRU Report 90 |29 9 M Em M IEREAZE OEDZERIZ DWW T — L~V I T
N2 5. ICRU Report 90 I[ZRIIGORIEES, NS DA TS, WM X i
IV —HTH DS BT e RS W 3 2 BN T

7o, BUT IRV R 2 b— 3 VETLER N —~ O 1% T AR - N RIHR
BEHENT ORIV EET L —RINGRENS, BR8ESSD, FHEF A X gl kD=L
X =AY MV DENZ X DHVE QITRIFEL T L, R 3%IEDMIENHER STV D

(Fig6). 7=, FHELREIZOWCTHIEEET, YR/, TR, JEX72 SITIF LTk
R SURREOFEDSRSIVTVS. LvL, WL HHIED T Y TR0 E OFG R ESE5
B9 5 & WHEI X ARSI IER EORBENFE A SN ER3EZ DD,
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1.12 ————r1 . ———rr
SSD=50 cm, f(9), >=80 kV
o 1cm
110F o 2em » &ﬂ! i
°o 3cm
e o S5cm
°a o 10em
()] 1.08 I o 15cm 2 .
'tEJ °o 20cm
S o 30cm
~ L
s 106 RQR10 9
5 8
= RQRY ‘é
\:'é 104 ¢ RQRB? i? 8 Jj
10288 Bﬂﬁg .
1.00 POl e b i i i i PR T P
0.1 10.0

1.0
HVL /mm Cu
Emax
S, " EQE [1en(Q, $,SSD) / p)iy air dE
Eme EpfdE

[en(Q, ,SSD)/p1%y iy =

Fig. 6 Water-to-air ratios of mass energy-absorption coefficients at Z cm depth

1) Intemational Commission on Radiation Units and Measurements (ICRU). Key data for ionizing-
radiation dosimetry: measurement standards and applications. J ICRU Vo14 No 1 (2014) Report 90,
Oxford University Press, 2016

2) PEERANEAIZERT FHHEEYER A #—. ICRU Report 90 (Zx& L2288 —~ ()
FEHEA DI IZOUNT. 2018,

3) PEERAHROAIITHT  FHEATER A 2 # —. ICRU Report 90 (Zx1is L7222 —~ (3)
FEHEADIEFIZHOWT JIFK 2 TEROIEERL UMD & % ICRU Report 90 (Zxfhis L7
BOIEEHS O S~ 5 FHEIC O T 2018,
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7—= : ICRU Report 90 IZHE 9 #REFHIEAERHE DEDZEHIC DT
[ REL2—DIGEM,S |
From the standpoint of the standard center

AR
AL ]

1. 2WiEEEREFHEREE & —(ZDW\ T

ZWTEEER R HEEE o & —TlE, KEOMEROITA T HMEFHIOWT, EZFEHEE ML
— VT 4 DENTAREZLT> TS, BIFE, REFHINC 12 08— EE SN TEY,
FIVENDFTAT 5 X #E & P B 5 ORYERERT BB, ~>E27 77 ) ZHNT
EEHERL IES 2 E> TN .

FEMERREGHE, BEAT o v 7RISR E 0 T S - FEALEE (RAMTEC1500) & FEHERS
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