BEHREBREEOLDOUEIFEBR
BEIRDANRICS R DFE

EIRERMERRDTEC DT
(REDHFRZEFZ T

BHERAZER | V5 —
SRRE



1. TEHFRDDNA
RRURRENADIER



SRV E IR Z BT D
D CHERER

t S5IHI
E' 2 1,F‘ SRR

BEIZETDh

2 w@
IEEiie =5 /.
#BR2AE

RECHHINIS RS ICHE

fBRaL X)L TOETHR

BEULCEE
fRRNER

ENic
D AFRBR1E

DS

HE  KDODODBEHE « PV E—TOLEEURN—IRIBNE | HEINETF ~— ABLR, 2018



2. DESHEDAMR
(@& \DOIERA



RIET 2EFEDEN RIERFHAODEWV ) 27 DFRREDE L
JNENE S

FHZE A Bk,
28 DA,

BLE iy
e L FEERRE
[ BiAHYE S ]— PEEE [ (4B RS) J

BAE

LE A 4
A
=Nk

*[ EESN A J

fir ] EizEE

BAHERREDORE ThThORSREER, TEZE51V /-
3DDEZFICEY, ThThOAFI)—-I9EEhD

-

B K<DODDBEHR « P 1Y =T DLZEERN—IRBE | HEIET T b— NEBBhR, 2018



EENSE (REaNELE) ERHFE (PA-BMKREE)

A | LEVME A
LEVRE

v

|
:
2 : 2
= ! &
) : D
3| ! 1 |
% ! % BRREEH
e : > (FEEHRLISH)
5 ; P e BT D
:
|
! X X
%‘—"%ﬁm 1R e

M R E CREERIR

B K<DODDBEHR « P 1Y =T DLZEERN—IRBE | HEIET T b— NEBBhR, 2018




MRS C R 9 2R 2

BUNHRE S i B RSAE
boLbFm\L | U NER SmiE (BEE), 4iEss boebmL
(53, HRE)
=1 e, WEROIRE, K8, £8, KER, =1
BERt, B, K&F RE
FIERE SRR, ®EFMEE S8 (BFaRE | PiEE
B & #EA)
& gEfie, BE8 (BEiR) , TR M, | &V
BhE, RhE, fERE, FARRR, 21T
Ho & HEY | R FHAER ARz &40

N)IVIZ—+ FURNY E—DER

HE  KDODODBEHE « PV E—TOLEEURN—IRIBNE | HEINETF ~— ABLR, 2018



science

Evidence Based






LSS

(Life Span Study)

120,000

94,000 27,000

>60years

From 1950

Excess Relative Risk (ERR)

Estimates per Gy



Reassessment of the Atomic Bomb
Radiation Dosimetry for
Hiroshima and Nagasaki

Dosimetry System 2002

DS02

Volume 1

Reassessment of the Atomic Bomb
Radiation Dosimetry for
Hiroshima and Nagasaki

Dosimetry System 2002

DS02

Volume 2

2002FREHENLT (DS02)



ARERIVAY

1.5 4

W17 L-BMRE (Gy)

LSSEMICRIFTDEEDNAREEDBREEXT XD (251 . 1958—1998F

http://www.rerf.or.jp/radefx/late/cancrisk.html



3. ERENHROBRTE



EHRE. BRERLCI

* ICRP2007F#)5

100mGy MUTF | | gm0 (S

(EHRE
- ICRP1990F &1

« UNSCEAR2000F k&
200mGy AN | ze (respo=s
RREREEEEELD)

: \ « UNSCEAR1980&Fikes
0.05MmGy/min 'R E=ES)

0.06MmGy/min MK’ | + UNSCEAR2000& R

(EHRE R

* UNSCEAR1993F k&S

O.1mGy/min R * BEIR VIFREZE ®ma~tEoBHm

1.7mGy/min IR | < ICRP1990F&1E (100mGy/hr)

BEIREZIPT  (BIRENSIRCRRTEELRD



ERBRARRIE<NFEEIBEEZENTIND
EARD S

D DNABEDEE

@ MERCIEMBEEN
@ X FURANEE U COREHEDBMEL

BEIREZIPT  (BIRENSIRCRRTEELRD



BRI DFERIA

EiRERKRAIRIE < DTE
1 > REEABSHRRERORD A

1.9
.’
FURRIRE
hHe (BHERIE <)
A C
D
1H
xt 1.0
)
A
7
DN, T2
= , (BRI <)
55 (12 F)
POV EIHREAmSVIEL 0.5 - : : - .
= IS T (E~70mS VIS 0 200 400 600 800 1000
wE (TU>—AILE)

mSv : =U—ARJL b~
Nair et al., Health Phys 96, 55, 2009;Preston et al., Radiat.Res.168,1, 2007 &~ D ERK

REHRIC X DRRTEFICRET DM —SEREN 24 FERR ver. 2012001



MBI DR A

S ARED) X DRE

LS - RIGRIBEIRE (CHITDERHADIRERIE
1.4
1.2 } o “
1.0 } gttt ©
Pos =
E
w0
) 04 e
A 72" 1958-1998F DIBHRAET —5([CED <.
7y 02 o7 *  REEEER0R. TEFHT0RCORES
0.0

0 1 2 3
BT UEERE (D)

Preston et al., Radiat Res, 168,1, 2007 & D1ERY,



MBI DR A

B AICKDIET

(REWEI<ET—H)

CHEF2DEEIR

I o 2

1.6
®
1.4 |
1.2 F ,"
e ot .
a 10} .
# os | y
y P
9 ®e ;' ,‘
0.0 !: 2
0 _5,0,0, ............ 1000 0 " 000 -~ il
Preston et al., Radiat Res, 162, 377, 2004 & D{ERK Ozasa et al., Radiat Res, 177, 229, 20124~ D{FA%

REHRIC R SRRTZESFICRET DM —SEREN ER24FERR ver. 2012001



e « MERYPRFHIY (DDREF) CIX

Dose and Dose-Rate Effectiveness Factor : DDREF

B \ HMEHEDEZHMRL. F—
- EBLETHRICDOHER DIRINISE T > TERGHED
BV ERCI > TELD,
. P SieE R CRRIERICIRE LIZE
15_%%21;; (<100mSv) =[CIBBNDEMIRICLAT,
CiE/A WERE NI TIHEENTI TR
59 BEEMNRILRES T B,
ity = 7 NEFREERYERENND, D
a, D+ 8 D* CE. BALRNEEBTDDICET
// DISEDTLL EIHE - 82X
2@ (DDREF) &VS

DDREFH'2 THIDHEIS.
BiRE « (BIRERD ) A DR
(BHEEHZODIRD) B
SRS CHOED2DD1 THD
CEEMI . ICRPOEBALD

T ey L ',-:J_'_r =,
fEG i e ey



1.6

Dala from (Dess, 2013)
Fer doses belcw 0.3 Gy,
12 - AVEraQed dala *

Errcre Bars are +S D |

ERR

0.4 / .
¥
N
J

0.4

0 0.5 1 1.5 2 2.5 3
Colon Dose, Gy

Figure 1 — ERR for all solid-cancer mortality in atomic bomb survivors (data from Ozasa et al) corrected for -20% bias in baseline
cancer mortality rate, plotted as a function of colon dose. For doses , 0.3 Gy, the black circles show the average of data, 0.3 Gy,
and gray circles show the individual data points. Error bars are = SD. ERR 5 excess relative risk.
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ABSTRACT

STUDY QUESTION

|5 protracted exposure to low doses of lenising
radiatien associated with an increased risk of solid
cancer?

METHODS

In this cohort study, 308 297 workers In the noclear
Industry from France, the United Eingdom, and the
United States with detalled monitoring data for
externzl exposure ta lonising radiation were linked to
death registries. Excass relative rate per Gy of radiation
dose for mortality from cancerwas estimated.
Follow-up encompassed E.2 milllon person years. OF
&6 632 known deaths by the end of follow-up, 7 957
were due to solid cancers.

STUDY ANSWER AND LIMITATIONS

Results suggest a linear increase in the rate of cancer
with increasing radiation exposure. The average
cumulative colon dose estimated among exposed
workers was 20.% mGy (median 4.1 mGy). The
estimated rate of mortality from zll cancers excluding
leukaemia Increased with cumulative dose by 45% per
Gy (0% confidence Interval 20% to 7 9%, lagged by
10vyears. Similar asseciations were seen for mortality
from all solid cancers (4795 (13% to 795C)), and within
each country. The estimated association over the dose
range of 0-100 mGy was similar in magnitude to that
obtained over the entire dose range but less precise.
Smaoking and sccupational asbestos exposure are
potential confaunders; however, exclusion of deaths
from lung cancer and pleurz| cancer did not afect the

WHAT IS ALREADY KNOWN ON THIS TOPIC

lonising radiation Is an established cause of cancer

The primary quantitative basis for radiation protection standards comes from
studies of people exposed bo acute, high doses of lonising radiation

WHAT THIS STUDY ADDS
In a study ofworkers exposed to radiztion at low dose rates typically encountered in
nuclear industries in France, the United Kingdom, and the United States, the results

suggest a linear increase In the relative rate of cancerwith Increasing exposure to
radiation

Contrary to the belief that high dose rate exposures are substantially mare
dangerous than low dosa rate exposures, the nsk par unit of radiation dose for
cancer among radiation workers was similar to estimates dertved from studes of
Japanese atomic bomb survivons

Cancer risks that are associated with protracted radiation exposures can help

strengthen the foundation for radiation protection standards

thezloenf | BRAT 2015351 HE3ES | doi: 100136/ benj RS0

estimated assoclation. Despite substantial efforts to
charactenze the performance of the radiation
dozimeters used, the possibiliny of measurement error
ramains.

WHAT THIS STUDY ADDS

The study provides a direct estimate of the association
between protracted low dose exposure to lonising
radiztion and sodid cancer mortality. Although high
doze rate expasures are thought to be mone dangenous
than low dose rate exposures, the risk per unit of
radiztion dose for cancer among radiation warkers was
similar to estimates denved from studies of |apanese
atomic bamb sureivars. Quantifying the cancer risks
assoclated with protracted radiation exposures can
help strengthen the foundation for radiation protection
standards.

FUNDING, COMPETING INTERESTS, DATA SHARING
Support from the US Centers for Disease Control and
Prevention; Ministry of Health, Labour and Welfare of
Japan; Instiut de Radioprotection et de S0retd
Muclkéaire; AREVA; Electricité de France; S National
Institute for Dccupational Safety and Health; US
Department of Energy; and Public Health England.
Diata are maintained and kept at tha Intemational
Agency for Research on Cancer.

Introduction

In 1943, @ large scale programme to develop nuclear
weapons, and later nuclaar powes, began in the United
States.” Soon afterwards, nuclear programmes also
began in the United Kingdom and France. These pro-
grammes have employed hundreds of thousands of
workers over the past Toyears In the 19%0s, an iIntema-
nomnal study of cancer nsk among radiation workers in
thres countries was camied out using 2 COMMON CoTe
protocol, and this stdy subsaguently was expanded to
include 15 countries.2® Cohoris of workers from France,
the UE, and the USA provided the vast majority of the
information available on early nuclear workers
included in that study,” and each of these cohorts has
been updated recenthy.s«

The updated cohorts of nuclear workers from France,
the UK, and the US4 have been pooled, and an epidemi-
ological analysis of cancer mortality conducied, as part
of the mtematonal Nuclear Workers Study (INWORES).
These cohorts are among the largest, oldest, and most
informatiee groups of nuclear workers in the world.
They include men and women who have been momi-
tored for external exposure to radiztion using personal
dosimetars and have besn followed up over decadas to

1



Table 2 | Estimates of excess relative rate per Gy for death
due to specific cancer categories in INWORKS*

Excess relative rate

Causes of death No of deaths per Gy (90% Cl)
All cancer 19748 0.51 (0.23 t0 0.82)
All cancer other than 19 064 0.48 (0.20 t0 0.79)
leukaemia

Solid cancer 17 957 <0.47 (0.18t0 0.79)
Solid cancer other than 12 155 0.46 (01 :

lung cancer

*10year lag assumption.

Risk of cancer from occupational exposure to ionising radiation: retrospective cohort study of workers in France, the United Kingdom, and the United States (INWORKS)
BMJ 2015; 351 doi: http://dx.doi.org/10.1136/bmj.h5359 (Published 20 October 2015)
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ALARA

(As Low As Reasonably Achievable)




