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ARARFE D AFLBIRAE I BV TATF LICERZEDE LEDOFRICE-DE 49, 464 N DT RIS
FIZOWT, T—FX_XR=RZHTH LT, TDH>H, BERICKDEFOLEE UIRA DEENH >
7o 13 3,852 N, BRI K DEFAE N H o728 1E 2,746 N, FETC L72#1E 2,202 N, 4L
FIZL VB TERNSTZEIT6T NThoT, 0B, EREDE LEFOZF 22T bignoT
6 HHETICER D 613 NDFHERREICHOWVWTIE, T—FRXR—ZADEHFHEZHEE LT,

T, ZOT—FR—=2 K RERLIE S AT JTOW T, EFIICRSTFRREIT O Z Lk
D, ZOEFEHRERLEEHIZ, T—2ONy 7T v 72 BRI UTE T TV, 7 — X i
EIZRELTWD,

2. 3 EFEEHNZFEORRFHROMGFEARICETSIFHES
WatiE (CERE 19 4E1EAYE 53 5) &5 33 SoMlEICAE S &, Wk 28 4E 6 H 24 HICTHEZEF WD
R DHEELITV., Rk 28 4E 7 H 6 HIZERAZ T T,

3. NABEBEROFTRAAROKEE

YRR 27 AFRPEIAERR S T RS EREANEHENZ 35\ T BB IE < 1T K DR, Rrlod
A DI RNE T B2 T 28R, € OFHIHEIE & L THTIChARBEZ VWD Z & L Shie,
AL AETIE, TNETEIC, IESHREL NARET L OBREZMITT 5 2 & T, (KRS
KROBERER B A TN L C X 7203, EREMOEREIZVRAOBBEE (FHF) MIFLTH
HBREBRE L, BREEE L TOHCET T, PAREBLRET2ZLICEY, JBED
BB ORAL 21T 2 LEERE E > T D, —F, PARBERICE L QX —Eo4E
PV THIIR DS AVBRERIEE DS o o 7o b D D | AP FIRE DO RE T RENIFAEL TWDH DT, &8
ERIGE LTS AUTRBIER OB IINEE T - 7228, TRk 28 4F 1 H 2EN A BREEHIE NI L L
Too 2D OMRM A BER HT L WVIHEICBW TP AREEREZIEH T2 E LD TH S,

REDABERHIEICE S BARBERETER T 2700 FREMGFTT 2720, ¥k 27 454
IIERAEMF A ZE B2V T BRI, HFEFRE. SENARERT — & N— X fmHEE
T ATRERE . SRR CORIBIEZEICOWTESE L, B, AT 0N ARESE S
DOUEETFEICB UCiE, B B HE W IR AVRBIERORE K VEB O D DV AT LD
EHERE LT, REPABET —Z X—2A0 Dt 2521 2HE 2R L, GEMITERL 28
FEEFEREREES )
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SRR 28 AEFEICITES 4 BN R B S ICB W T, EEN AT — &Z X— 2K i O
R, AT~ = = 7VEOEGIRIL, AEFRE COFHAIRERFHEIC O THE R LT, £
7o DATRRY 27 OFMEIZ AW DB EIZOW TR 21T 72,

3. 1 2ENFABRT—EIR—XI[IDL\T

(1) 2016 £ 1 AICRS— F LE-2BENAZERHEDOEENA SR DB BIHEOEH KIS LUS
®BOFE
SRR 28 (2016) 4F 1 H LARE, bt G2HEATII T EiF A=) TR oLE. B4 (2017) 12 AR
ETICHFICRITHBER S D, DIEFTOH TIHREN TR T D & BRI D FTREMEILSH 5 23,
WIZBAEM 7 Y =y 7 THIUEHARHR LD EHIFFL TV D,
JRPEN D EIFEA~OBHICEA L, 44201714 A6, VPN (IR 7 A _X—hK - Ry hT—72
ZRRE L, BHREICHEHAmREZENT, HROZEEREN D,
THICEY . 4 AT =22 —2, $1120 HFEOTFT— 2N EE 5 L FHELTWS, BE
53w BROTEERIT D LK 90 TIFRREICe 5 & TRRL TV 5,
SEKTAITITOBIHEEL L TRLTEBY ., £7, #EMRERET 6 Hl (85 - 400 -
AEAB - MER] - RN ERWTEH 1 IR&FEEEEZITY, 4FHEFHEEMEL T DR, &K
BIZAHEOWS L H B,
52 WA THIXENL At 2 —TITV, 2R (2018)3 HEHIZSE T T2 WiAARTH %,
IHREIWATL T, A4 12 AE, DABEIEIZESW T, ADBEIREREOLTIHFRZINE L,
RENABEEDB LD~ v F L T BT,
RAF (2018)3~4 HEH, JFBERDB N A TH > T, BHDOLRWEDIZOWTIL, WL TINo
FEVREAITO, IR TWIUTBITHEZRELTH S 9,
SAEFKECHEE 7 7 A VB E D | 2019 4 1 AICHEERDOAE % TIE L TS, 2016 4533
FLFEDLIDON, M2HFKLERD,

(2) DBRIAFHE LUVMAT =2 7IILEDOERKR
JEAEREEHBR VARG T — XA EZEE L TR, FATFRE, fIl~=27
VL, R 29 Q1T FEHFICEE L FETH D,
FIRTFEL, ENIRA® 2 =R~ v F U TRHET ) HIETIE R, AP A ey —
R, WFREIZ DB ~DT 7 £ AMELZRUET 5 M THRFT L TV D, FEENBSETET «
T7A LN D, AT TBIENTHL EEZTND,
FatEsm, TEEROADMM (CRAH) 12oWT, VE— 7782528, K
N TH = 28X 4 d 5,

(3) HIHETHAREE 42 HEFHA
T—ZFIHAPEE D O1E, B < TR 31 (2019) FFLIE & 72 B,
T —2 OffzlX, FIHRFEO B, FES (B2 0 JJRERTERHRS P ABRETS) O
MULETH D,
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REETE 27— OHA, #@Hb, FREOWEFHL D,

(4) RYFUJICETHERSE
L UC/EERR 1 4720 5,800 HZ TPEL TW5D, ZOE&FE L., Mkl S<7
— 2RO E R 2 2 E 2D T 5,

(5) £0ith
AE D AU DB DG HITIEAIC RS X AARE R BTICEDTBY . $7-. KA~DEHE
RBITHRR,
L7 o T 525 DB IC T A MBIk N D - - BA T . LEMN AT 25T
BIOEY N & 725,
ASE D JU 4R DB 7 B DHEET — & DIRIFHIIRIL 3 E L 72 o TV 5, ZN A B2 THIAT 54
AlE, NOBREFAELRIC XL 512) BHERFEEZITI,
VEAE |- 100 4E5EI7 1. AER AR DB O ER A HN T 5 = L1/ TV D, S5 DB T
b RO & 72 5,
AP FIAIL, A RE I LT, BZBIR L, REDNARE DB OFREFA+T5 2 &
ICOWTHEZ/TTNDHOT, TOROMEIZRWV, HROZEFHIZ OV TIIHRALE
PNUETH D,

3. 2 AAREBYRVFHEICALSBHFREBEDRE

(1) =

B LWEFHA T, FHMEFEEE S L TIERDIETITM A, 2016 fFEIThEE - 7o 2 E DS A B Skiil B
DRAEBIFEREFIT 22 L L LTS, MEIZOWTIE, Tk, LR ETH 5l AMREY
BaZOEE Y ATHEITH TR, BE#R Y 2 27 3l O EBE L rTREME 2 & o £ 72 1T,
Bl A ClIlEdsE 2 VW2 FETH D,
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SGHAE & D R & DRI
[ZhvE ]
B, B A, FrEEAL (B, IT5) ORASET
& HABREY & Hp(10) (Sv) & £ L 2o LT

A% O]
HIMpERA - £ © RBM (GREEHE) Olfzsiviie (Gy)

FREEpnar (i, IT58) O3 AMRE - BT
& BELOMEZRINHE (Gy)

BIERA A, A0 (BIUFEZERS) fE - LT
& EXMEDOH S Colon () Dlifigsit#tE (Gy)

(1) ICRP 116 Tix, &k?D 15 MFKIZHOWT, BT RLF— A A M UG D figs
IR (B YD) ~ DI FLRE D TR S TV D,

brain, breast, colon, bone surface, liver, lung, oesophagus(£i&), red (active) bone
marrow(FR 25 #4), remainder tissues, salivary glands(HEj%i#), skin, stomach wall,

testes(52 L), thyroid, urinary bladder wall(f)

(2) REHEMENBBRE~NOLMTEDRE

FLERAR D DR AR AR R~ DL GBI ONWT, SEEIXFICTMHE LT o7z, ERBRE
BHIkD LBV,
ICRP 74, 116

» ICRP Publication 74, Conversion Coefficients for use in Radiological Protection

against External Radiation, 1996

» ICRP Publication 116, Conversion Coefficients for Radiological Protection

Quantities for External Radiation Exposures, 2010

TIARC 15-Countries Study

» Thierry-Chef et al., The 15-Country Collaborative Study of Cancer Risk among
Radiation Workers in the Nuclear Industry: Study of Errors in Dosimetry, 2007,

Radiation Research
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0 RS (20161026 JAKE) IZBWT, IROOERBREIT- T,
TJE A 1138 B AT S R S O B 2 s B AT 2 2 h - > TOT i
AOREET]

(3) EMAZERFADIL—LT—H

T —AU—7

BEEFIRILF— O AN OBRGFHEHTTD

wEHAT mEE ~
RIEAZE Air Kerma/Fluence T7RLETIL
REFTRIE F%&&lv—
BEHEIRR vay
EAREETRRIE BEAEEYS BIRBFRINR=E
Hp(10)_assessed Hp(10)_delivered DT

Pub 74, 116
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(4) EBETIL
R:TXBl XBZ XB3

RABANREFTDEERIRE (Svorrem)
T: EORE RBFHRE) (Gy)
B;: Bias factors HEEZE#

H
By = plkerme . pp LSR8 8D DIRBRH (sv/Gy)

— D
T/Kerma

B, = Hp assessed . ﬁ%%—i—ﬁﬁs;{,{?} (Sv/Sv)

Hp_deiivered

B; : iR BB OBEIRE (rem/Sv)

(5) RFHRER NPP) IZH T HREME

Until 1989 After 1989

#EHLE | Exposure (in mrem) Hp(10) (in mSv)

FE4EJHE | Photon derived from €Co and 16N

T )L — |100-300keV: 300-3000keV = 10% : 90%
Uncertainty =5% [IARC]

DA AR |AP:I1SO =50% :50% Uncertainty =10% [IARC]

(EPN Sy

/')'{4'7’ Multi-element FB >

TLD

GB
EPD

vrr

R THMBIE < L ARES
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(6) Hp(10) v o BIEIRIRE~NDIRE

Hp(10)7*5 Air Kerma %7213 Fluence ##%H L C, [fesfREICiE T 5,

IOV TORBELREIE, = F— DA 2 R UBNCICRP Ok ST g,
YIab—va E7VE ICRP 74 TIEMEIRET L (BAHIVE-)) A Fvy, ICRP 116
TIERRAB LRI E TV E2FIH LT,

ARE T, T REFILBEOARTHD DT, ICRP 116 DBEET VOB EFIHT 2 =
L&D,

(7) EANBREELFEL D Hp(10) ~DH]E

8 At E7Hon slab)iZ AP S O BEIZ, Hp(10)DEZFRT 2 & 9 ITIESH TV, [A
RRIZ, BIREDOBLENDRSFIEHMII E 725 Z ERBEINTWD BRSNS,

Hp(10)ZHH L7 Bl X, onslab T, #FHELAZBET 2 &, RE 10mm TR & KK
ElbZ l, Flo, BEHEMHOTA A N EEXTZSGED (BP ZkE), Hp(10O)OfEX, %
g B & AR AT AR RO - FE R &% ERloTnb 2 &, 37205, Hp(10)I1E%E%)
BREDORSFI I & 7o T 2 & BRI E LD,

RLERARE D O Hp(10)~DOEFEAREF IS 7o > Td, HFE A A U O F T, MEFHOFR
fifi Hp(10)_assessed & 1&fifk 7% & Hp(10)_delivered & OBHRZ EBALT DXL N H D,
BREFHG/ A T A2V TIE, TARC 15-Country Study iiZ=Fsticks i 5. 3% 1 FB.
TLD IZ oW T OFEBRFERRH S, L L, GB, EPD OERRIIITHOIL T2,

(8) MEHMDOME

1989 4 LLHi] D Feékip 1 IR 524 H:(dose equivalent) (A7 rem) T 5 23, BT LV Gedki
BIIMEFRFETH 2 RHEGEN. ROEZ WS Z L LT, GEERDOBRIL,
Lk Clx 1R=0.96rem)

HAIROETIZ LY, 100rem=1Sv & 72 o>7-,

Cs 2R IEHAIR & T 5856, MiHiRE & Hp(10) DR LREIX, TARCIZXL S &,

1.06 (10-2 SV/R) CTH %,

L7z o T, ddkfti(rem)”> 5 Hp(10) (Sv)~OFREHAL OB FELZENT 100/1.06 (rem/Sv)
L%,

(9) THERSDHUN

MREFHEG A 7 A Hp(10)7)» S E#s R s~ DR, S AL OB & E L.
ERDOAHEFR S 27 T 572010, K& DA T AR EAERIIAMITHE D LAET Do
FLERAR R & AR R & DZEHUREL ¢ (Sv/IGy)I & D28 ML, 2 — MNMEMDligi#s#i & A E D
MMEHEEEZ 52 %,
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® L(RKD/A T A B(=BixBsxBs)~LN(m, s2)

® CUERMRE LA E & OEHREL ¢ (Sv/IGy) B IR TRER
¢ = E(B) = exp(m + s2/2) E: mean of log-normal

= exp(m) x exp(s?/2)
o ZHHURE ¢ IIMEHD X A T, MERIITIEFT D,
® GUEMPE A AHUREL ¢ TR L7 HEGHIBERFR & Ric OEHEIX, (HD) st Eo

FEEE —BT D (KR
E(R/c) = ER)/c = E(T) x E(B) /c = E(T)

(10) SHERORERE

o DT L—LTU—7  ETILOIEA,

® ICRP 116 [FFHEKARABMEZET L E LTWDER, AANE OB ESEZ BT D 0B
OHEME, F=, A5 LTIZEDOTHIL

® WFZERT. MREMINLAE X, NPP &, #ili, = AF— - DA A MU MR ERL LTS
WD, ZOREEIEZDD,

® MEN—ORTRHERE, BIFIERICRIT AR, =X — - OF X NI SMHITNEk &38R
D ETHINAD, ZOREEIZZDHD,

® GB. EPD O &EF G DIFEWN /2N T & ~D XL,

BUTROER AR I, SN E (Hp(10) &2 F5hfE L A7 LT\ %) ENEE (FHREREE L CRE

fili) NILICEGHRETHD ZENOMEERDH D L LT, ARENEHRERE SN TS, B

FEoRFTIE, RREREII TR TMNERETH L LIREL WD, b L, NEMENRS > %A

DXFAL,

4. FLLHAERRERHRE DRE

AHLOHEIL, FEPELNILONREMRTH D, HEREDE OIS BREGIEF
FH R SN DA REM (2R — MEF LW D) & 2k — MEF O 5 6 Eff & (50mSv L 1)
B (FT7REEMS) L LT, BRUSNOER Z ~ v F S EIHOER O 2 SO EEH
ERETHIELELTWD, MOEFREICBOTIL, @R ERE 2 I LT R DRV
BEHORMEZHIA D T RRERBEOSWEREREZ LG I LICR DD THIMRY 27 OHEED
FENO W TH 5,

ZAR— MEFNZE, BEHBRD 270 b TSRS OBER & & Tl b 2 EIR & JfRITHEFE Y A
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JEABET AL, ZOPNOLTETREEERER T EFET S 2 &, EREE<Ic L5
fERE Y 2 7 LR UAN O ETGEE O ERIC L DEEFEY) 27 L Ok E{TH) Z &2 BE L, &
YR, HAHRUANOERICEBEIN D Z & e ARREKIHRO U 27 2 1HT 52 ENEI
Th D,

ARIEPET, HESRUSNOER 2~ » F SH T EHAEF O E D AR DN T ZHODBLEN D
Bt L7z, B VERREOIREICE SV THAEARED Y I 2 L—3 3 O FER L OB Ll
BAOBRE S TORIEHICE S BOEMREDAREMEICONTTH D, FIZ, BEHRUSNS O E
K&~ F o7 SETERINDHOERICKBIT DAY 27 % Y 27 BNEHATRE
BVHRET -2 2o Ty 32—y g &{1o7,

4. 1 EVHAEONZEICE SV EHIEADEREN I aL— 3y

FEBRITIE, AE~OBICRE SN ANFE» OE LN D EEOSMRIKIFT 50, EiRERE
DFFED AR 2 TIRBRERE DI T 2008 9 e, B VHIFAERNSE 0T — X IS0
Ty Ialb—iara2EELE,

5V HIFHA RIS 204, 103 AR B DR TE DU OER & LT, HAEF, HURHREE
BRARA IS, MO MREB BRI, AR (B ath, WHekERs. FBAa%ICXS) Bdbd, Zhb
DERDH B Dk~ yF U FZEHRKE L, 50mSv BLEDO a7 HERFFOZNLDOERDONAIT, X
DIRVREBHN D MRE L~ v F U 7 SETHHHHTE 20820 Th D,

BV HIFHA RIS 204, 103 AIZBWT, (IO " HOERITIHBNT b KX 2R 57 < SRR
MO TE 5 Z LR I N,

BlE LC, ¥GEMMERELEAKMEEZ~ v T 7HERE LR E FIrd, 6V HRETS
FDH B RAER R 50mSy LA | 13,700 ADH G| [FIES 50% & E L CHAEAHH L7z & & Dft

FEAIAEE L MR O 2 & D L TR LT,
50mSv B B BRI SRS T

FEFATERS

EERINFE EME  Ehett Raest a5t

<1970 39 54 33 126

1970- 112 1,165 1,300 2,577
1980+ 7 73 4,009 4,089
ast 158 1,292 5,342 6,792

IR TREOWEFBIMGEE ERAKBEO A THY . ZONMITE LT T, FIEBRER 20-
50mSv A e, 10-20mSv AYHHE, 5-10mSv AwifE, SmSv AHHE S MIEAME 35 &, TOKR

DEINCRERARRERIHHETE L Z Lotz
20-50mSyv KB O BMIAEE S ERME DD

FEFAMERS

BRI ERE EMEE  Ehett RaEst a5t
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<1970 37 58 36 131

1970- 100 1,174 1,267 2,541
1980+ 6 62 3,995 4,063
as 143 1,294 5,298 6,735

10-20mSv RinEFDIEEMIAFE CRAKED DM

FEFAtERS

BRI EE AR E|hett FEaSH =1

<1970 53 56 36 145

1970- 120 1,187 1,305 2,612
1980+ 11 57 3,911 3,979
=r 184 1,300 5,252 6,736

5-10mSv B DR EFEFE CRAKED M

FEFAERE

EBFIAEE MR BHSH FARS =1

<1970 33 51 33 117
1970- 113 1,160 1,288 2,561
1980+ 12 87 3,991 4,090
= 158 1,298 5,312 6,768

5mSv KitiBF Dt BRIAFE L ERHEDD T

FEFAtLRES

EBFIAEE IR E|HSH FAs =T

<1970 36 50 42 128
1970- 113 1,138 1,297 2,548
1980+ 5 93 4,062 4,160
=5 154 1,281 5,401 6,836

4. 2 HFLLAEANDOREZBZEZXRICL THALEHKREDTEEE DOKRET

A FRETIE, AECHIOREZER2EKEZaFR—FE LT, ZOak— oz, giE<i
BLUNOBER OSIENFTRE/R R Y WE R pEMEZRETHZ L LTND,

FIZT, PAR2IFIH2H ETIZads— h & LTBERS N3 THADRIEZE O T, EHHLA
FEESHIT S HMEFEOFRICESWOTHSERDRETE 50 E ) D MRE LT,

2941 H 25 B £ TOREH OMESAIEL, <5mSviXl. 68057 A, 5-10mSvAw %4, 0T A, 10-
20mSvATRI IS, 1T A, 20-50mSvAT i 155, 8T A, 50mSvEA [135. 3T A TH D,

P24 2 % 2 7 1350mSv A ERETH 2 DT, 50mSvlA EREDS. 3T A X 0 [REE L VOEET.
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Bz~ v F U 7T DI N ORERN TE D0, RIEZREEZ 2350mSvEL EREL VD725
10mSVAT Tk, FERRIZ DALT . ARV 22y, FiZ GV WX, & OREEZ RS
WARTIFT 203, PEEBIAATERE L EHBRLAEIR & TR ZRIZ L 9 L2 & X1, AREATIL
ANERR Y IWRER b D oTo, LLAENRD, Fittd~ o T 7 S5 LENER R T
RNEW D Z T o T,

U EOBENS, FEREFOREE ZBICHNEE5Z L2k > T, 5mSvel EDaTRD
ORI 2 TIRARERED D A2 U THOEMANRE TE 2 RS 5 L b s, 1
ST, b, 50mSvEL B a T EED [FEE O NAK#R & T > T H5mSvEL ERED[F
BHEOEMERDDIMNEN DD EE 2D,

4. 3 BMHAKHICETIMHFHBTIRAIDYIaL—3ay

55 VIR 5 20, 4 5 NISHK L CL (ABANCER D 4E M 4 3% L2 OER 4 2 %812, 5
VHIFRA T — 2 IS MR U A7 2 HEE LTz,

20.4 FADH B, EfpEa 7EES0mSy LLEIX 1.66 HATH D, £Inb, MR 50%E L
T, 8,300 A&z fl L7z, 8,300 AD b DHSHRLSNDER OS5I~ v F v 7 S TR
BB DX SHE 2N L CHOER 4.2 TAE Lie, v~ v F U ZERIE, HAF, BRER
BRAATHD, HONMREB PRI, AR (Bhath, W, FFAZICKS) 059 bL 50
LR TH D, TNENOOEHTHEIY 227 GEFIFEXY X7 ERR) ZHEE L7,

20.4 H NEEMTHE SN D HBEHR Y A2 ERRIE 1Sv 240 . ERR/Sv=1. 21 (90%{ZHE X[ :
0.43-1.96) TH DN, BHMUSNOER Z~ v F o 7 ST H R THEA S5 B Y A
7 ERR/Sv I%, IO ZER~ »F > 71BN TH, ERR/Sv=1.21 IV T L/hEVMEE e o7z,

BEBRUANDOER D~ v F o 72 & 2BRAEX Y 2 7 OfER

<~ F U ITER ERR  (90%{5 486 X [H)
AR, ERBAGE -0.13 (-1.22, 0.97)
HAEAE, R BRAGT n 0.31 (-0.86, 1.48)
A, JEHBER -0.08 (-1.18, 1.02)
KB BMREE, 0BG 0.05 (-1.08, 1.18)
KB, JEIRE 0.29 (-0.84, 1.42)
KW BMh R, JEJHRE -0.10 (-1.22, 1.01)

5. BESENmAEOREL

Yok 28 SEFERE A H D T REIE Okin CERR 28 R EHA D U TTtalmEE 22 M)
ZEEE R WE~ORIEEO 2R — MEHB L O aR— MEHIOTICHRE S W HE 0 ER. £h
TNOEROBEE, FA 2 7HEE TIER LR mE B L, [8. ZEAIE
)] CTRE LA sERt iR B2 NS MELEFA - G RIRER B2 ORRERT,
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[=R— MEH X, REOAEEEEEREZALTND I END BEBRO 722 63 R
UADOER G ED T DLW HERZMRITHEY 27 2tz T 52 L, BRI 27 2HET 5
LT REEERLKEFERETH 2 &, I, AR EEEOREL RV Y X7
& IREHRLASA D V) A 7 O HEREE IOV THRAZ1T 9,

(27— NEF O P OEERMTH 2 SR Y A 7 BatER ) 12k LT, RIEH 2B
ZEIL . M ERE & 2o BT 2R EE AN T 2, A FOBEFHIZOWTIE, &
TG L2 0 G5B 2 MR B OREC~ v F o 7 S TS IS L7280 SEH 2 5%E LT,
SRR Y 2 7 O %E1T S,

LLED &5 1ZBRE U 7= R R T A 3 1T Bk o 1 5 IS MBREEE - A SRR A AICE
WK STz,

6. REZXDERRETE
E WA OB CRmEIC S S DA L L TEMFRISGRM SN D Z L2 BRI, LT O%ER
FEFR, m LEARE 1T o1,

6. 1 R—LR—JC&SBEHREZHEEEFROEL
SAEEIILL T OEH 21T - 7,

A FHTNAE

4/14 WEOFREEET., L r B

4/26 EFREOME (JS5ER) % B#

6/3 % 89 [0 HAAFEEMAEFESORKET 2B#H

7120 HARRAEFL 220 49 [RINF IR R ER DO RFEE o

7120 H AR A6 E LI 2 E TOM L & fa#;

10/6 Radiation Protection Week 2016 OFEEE (2 8H) ZiB#

11/8 JEA-JIRBIT 0> & O JEHRE FARA~D T O BFEN~D YV > 7 &80

" H AR B0 59 MRS, M OVE 75 [0l H A AAREFESRESOREE T
% Pl

2/13 527 [0l H AE L2 AT DR EES 2 HB#H
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6. 2 EEZFKRIIOVTOAMERVEERE - BEERLRKOKE
H28 AFEE DAFIEIT I VT, H2T 4R KUY H28 41 oD i e R A 3 D [B BRI & oo Ly [B1&
) B3R & L TIROFIIZT OV T HEHE L7z,

TGRS A E T A > O RE L &5 2t O 1Rk

REVEE ~OFEER (I3 E) =

FEERO TR (TR

(1) FAEEHEHAHET YA CORELEFZHRFEEHDIER
1) W21 £EERHEZATZOEER RO
H27 P2 320 L 7= B SRR 2 O H28 - 6 A 2 HIEI Ay £ TOIRMIT. R D@y ThH o,
%E%ﬁﬁ5o%%ﬁszto
< H28 4 6 H 2 HI[alL5r £ TOIRDL

YR 27 AREE BRIk Sy
AR R H 30,097
FEH (FER) 11,726 (38.96%)
AIREE (RIFEE=R) 2,335 (7.76%)
(BN R RL R A 647 (2.15%)
E NP 15,389 (51.13%)

2) HETHAIUORELLFZHHAEROIER
H27 AP R B AR R A5 D [ Z R L CAREIEEA 50% - T -7 Z Lo b EIEHEm LR E L
T, HEERREMHEET VA ORBE L &G 23 EROEREZITH) 2 L, fREE—
JRF BB TERICHEE L TV AR 8 o 25 THEEB oS ESICHOVWTE A5
£ 1T,
FERERITRO®
A D HM, @Kiﬁ% I S WEETHEIERIIRT,
HEEEOLFIITELZITES L, EFRIVEEZIRD,
%Eﬁ%%m@%éﬁ%E@wf %@-%ﬁ%?ﬁ’”ﬁ?é
2 A L7 N A= )VOERICR AL — &6 U Z R 0 ADIZZ D AEEP BRSNS,
(SER)
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3. ERSN~DIEHRFEE (OR3C 27 HBHR)
(1) %X

Renewal of epidemiological study design for
Japanese nuclear workers cohort

W Shin‘ichi Kudo®, Jun'ichi Ishida', Keiko Yoshimoto!,
yosh

' instihie of Radiation Epidemiciogy, Radiation Effects Associstion. Japan

BACKGROUMND

The pubbc's conoern abowd low-cdose radiabon sk has groan since the March 2011
Fukushima nuclear accident. The Fadation Effiects Association {REA) has shedied a cohort
of Japanate radiation workers sinoe 1000 with & view 1o dorifpng iow-doss radhation msl,
compiling » study report every five years, However, evan in the lates] analysss publshed in
2055, we could not offer a cear concliusion about low-dose radiation nsk, becaguse it s 100
smal io ispiste from other nsk faciors or & = distoried by confounders such as smoking.

The cohor of the Bith study songsted of 204, 103 partcipants during the study pecod 1001
2018 Teta! person-years were 288 millon, the mean follow-up was 142 years. At the 2nd
of follow-up, the mean age was 5582 years od, the mean cunulative doss was 128 mSw,
and e number of deaths was 20,519 [ 10.19%).

We mvestigated the irsgnificant nagative excess relabive risk (ERR) (-1L.ITM%/10 mSv) for
=ukasmiz. The ERRF of 1_20 for all cancers before remavang king cancer decrsased o 284
after remowng king cancer, wiech suggests tha! smokmg might be a strong confounder n
the association with radistion and all cancer morality, Using a subset of the cohor
corEissing of 75447 respondents from Bfestde surveys we dirscty gusmified the smoking
effecs, finding that the ERF decreased about B, frorm 082 10 030

NEW STUDY DESIGN

We mevamped e study design m 2095 and siarned a new study. an oculine of whach follows.
The ong-ieem goal of our cohort studly s o oweshgate scermifically the low-dose radation
risk on health. To schiewe the goal, we set 3 shorl-lerm target 10 establish & cohort of aboul
33000 parsoipants by 2018 The cohor shooid consist of several subgroxips that are ideally
homogeneous according o the characiersios of e parficipanis but heterogeneous
sccording b0 dose level, in order 1o enable a more explicE sriemal companson. This will be
aftained by the malching method based on the participants’ characternsscs of the highes-
dose [Sli>mSy} subgroup.

Cancer moroidity will be taksn as an end pomi along with cancer morially, making use of the
Matonal Cancer Aepsty lavnched in 20180 At the same btime, organ doss will be
r=consiructed from reoorded dose.

To ==l up the mew cohort, we are cur=nily cheating a process o oblsin mformed consent
through an opt-m method, as well a5 conducting a workers™ Ifestyie survey That inchudes
possisis oonfounding factors for all participards,
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NEW COHORT DESIGN

24

jical study design

for Japanese nuclear workers cohort
Hirashige Furuta, Shinfichi Kudo, Jurfichi Tshids, Keiko Yoshimoto, Fumiyoshi Kasag!

— 4

Background

The publics concern about low-dose radiation
rigk has grown singe the Marpch 2011 Fukishima
nuclear  accident.  The  Fadistion  Effecis
Bssocistion (REA} has studied a oohort of
Japanese radiatan warkers since 1990 with a
vimw o darifpng  lowdpse rodetion  risk,
comgiing n shidy report every fiee years
Hiwereer, enien in the istest analysis pubkshed in
2015, we could not offer 3 clear conclusion about
nw-dose radisbion rish, becuse It & too small to
solate from abher risk faciors or it is dstortad by
confounders stach s smoking-

Profile of tha previous study coboet
(Folkorw-up period; 1991-2000
Jhiea; #0403 maie panicipants
jmnaqu:ummﬂ-‘. 556 years od
{Totad foliow-ug: 2.9 milion persorryesrs
follow-p! 14,1 yearsfperson

it ol alive dose st the snd: 13,8 m5

Dose dislribution; G5 participals <SmSy

Resulis of Risk Analysis

« Insignificent negative ERR for leukaemia.

=« ERA af 1,300°%/ 10mSy for ol fancers axchcking
kniigerda befors pamoving bung cancer decrassed (o
0.6 after emoving ung @nce:

+ Sugoesting that smoking might ba a strong confounder
in the associabon with radintion &nd &¥ cancer mortaliy,

# Lsing & sulmit of the aoha camisting of 75,443
resipondents from ilestyle subteeys, we directly quantifed
thwe smaking Effacts, Mnding that the EAR for &l mncas
anchidng kesemla decroased about B0%%, from 0.32 to

136 by the acirstment of smoking.

Problems Faced

i, Unaghls to adjuek-smoking For all participants.

B In spste of the represenintvenss, sxtremey
heterogensous populatien depanding on the doss,

W Lowy statksticl power for detrcting martabty rsk,

New Study Design

Wa revamped the sudy desgn m 2015 and started 2

Tolows.

new wtutly, an outiine of

T Compars Tecstion: risk wil othes rska.

Short-term urglﬂ To st up a risk-detection orlented
__of sbout 33,000 participants by 2018

L W

i1 B

3 ConaLcting & workers’ Mestie survy that inchites poszbln
m— ‘m"”““wm”'[ |nrmnng foazcr's, aapacialy amaking, cnking, hapatic,
: DML M IR R CES: I S T

profiem |

Thow sy vty Winiderd Ly e Mhadawr Hogolsiion Ay of the Doesyenom of lagan
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Comparison between radiation risk and smoking
risk among nuclear industry workers in Japan,
1999-2010

Shin'ichi Kudo'. Jun'ichi Ishida', Keiko Yoshimoto', Sumio Ohshima',
Hiroshige Furuta®, Fumiyoshi Kasagi®

! insfitute of Radiation Epidemiology, Radiafion Effects Association

Since the March 2011 Fukushima nuclear power plan! accident, the public has been deeply
concerned about the riskas of exposure 1o low-dose radiation. Are there any radiation risks? i
&0, o whal sxtent does radiston affect human health? in &n efiorn o address these
COnCEMS, compansons in the health nsks betwesen radiation and other Hestyle-reiaied risk
factors, sich as smoking, are supplied. However, these compansons so far reporied consist
of combinations of heelth risks cbaenved in different cohort studies. The Instifute of Radiation
Epidemiclogy of the Radiation Effects Associafion (IRE/REA) commenced an
epidemiciogical study of Japanese radiation workers in 1980, To sxaming non-radiafion
factors among radiation workers, the IRE conducied lif=atyle questionnaine surveys among a
sample of worksrs tadce n 1937 and 2003, The purpose of the present study s o assess
and compars the morality ks of radation and smoking based on & follow-up study on one
cohort of the respondents o the questionnaire surveys. The relative rsks (RAs) of radiation
a1 100mSy and smoking at 20 cigarettes per day were calculated using the Poisson
regression method. These RiRs were adjusted under sirafification of atisined age, calendar
year, residen! area, and the survey mdicator (Brel and second), Cumulalive doses ware
lagged by 10 years.

Moriafity follow-up was camied ocut on 72037 make respondanis, excluding those whose
smoking sfatus was unknown (mean age: 553 years) for an everage of §.2 years during the
pbservation penod of 19593 fo 20710. The mean cumulative does was 25.5 mSv &t the end of
follow-up. For moriality from af cancers excluding leukasmin, the RR of radiation wes 1.03
(80%C1 - 0.92. 1.16) and the RR of smoking was 1.78 (163, 1.93). This means that a
radmtion doss aguivalent o smoking risk was 1850 mSv. For all cancers neiated 1o smoking,
the AR of radiaion was 1.05 [0.92, 1.20) and the RA of smoking was 1.98 (1.80, 2 19); the
radialion doze comparable 1o amoking risks was 1360 mSy.

These results suggest that smokng nsk (20 cigamattes per day) 8 comparable to more than
1000 mSv of radiation risk. Thus, IRE/REA has camed out a unique cohor study in terms of
estimating radiation and amoking riska simultansously in one cohorl
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Which is risky, radiation or smoking?

; oy o g
‘among nuclear industry workers in Japan, 1999-2010
Shinvichi Kudn, Junichl Tshida, Kelka Yoshirmot, Surilo Ohshima, Hirostige Funa, Fumiyoshi Kasagl
Radiation Effects Association, JAPAN

I . Petative Risk of Death of Radiation and Smaking " “lmm “""*"'?l
: g L. * . Boccal & pharyms | 100-M8 (DA}
| | ! ERER! 3 | |Cesophegus
| E T . = 4 e i Lispiy wiuania
| ﬁ - Pricram Praumania
| Masal cevity oen
e l i ol | {lmg et
a’}? & #“}"‘“ .:'"'J"Q' W i
e f u: | !
- Eadatin BR i {08 mlie {ws d rede) i — |
| B Gremig WK 6 32 cigeeiieasey (ve § cgmeneidey)
1. rnu and Purpose _
Since the Fu nucinar power plank aocidont, tha pubdc has been deeply concermed about the ks af
lervi-ciage reelition, ™ Are fhere sy sadiabiovr meks? IV so (0wt extand ches raotmiov et fuama fealt”
In an effort to addess these oonce mpamunnhulhmhbmﬁmmmﬂmum

rﬂthdrﬁfn:tn:.mﬂlaimhkqu.ﬂmmred However, these compatisons so far
cofibinatians of heakh fsks abserved in different cohort studies, The purpose of e mrmm'htn
examing DIRECT cnmparissn Bebwean radatian tak bid sinaking fdk derhved simalbanesisly in one tohart

I.Ehﬂl pulation
Hor wiss 72,007 males wha respondsd to lifestyle questionnaire surveys (1897 and 2003)
stabs was unknown, and administerad o rediation workes b Radiation
ﬂ'm-tlﬁf-hthli'.ii. # the end of folow-up was: 55, mean felow-op- penkod
Bmd fsin ciirlative dote wes 35,5 mS

%g%f

MIMWWMMWMMWW

mm:m’ﬁwﬁm e Bovtetion Caer

Model : Poisson mgression
.I,._ . gwa#m +MM \#M

] m "I'- m A9036C1 ;.
mﬂﬂﬂ'& mmlﬂﬂumitﬂ ﬂnmm

lmﬂﬁ'ng
mmwmmwmm arefies h comparabln to mone than
1Wﬂ'rl15hﬂmﬂ-nﬂmmk e i

This study was funded: try the Madnar Risquistion Susnonty of Hhe Gowsrrmant of Jagan. P v e e engiah
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