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Investigation on the Management of Uranium-Containing Wastes in View of Humanities and Social Sciences

Hiroshi YASUDA,**# Tatsuo SAITO,*? Hiromichi FUMOTO,* Shin-etsu SUGAWARA**

Shoji TSUCHIDA,** Atsushi KASAT*® and Sadaaki FURUTA*®

Uranium waste, which is one of the wastes containing radioactive substances of natural origin, is generated in association
with the use of nuclear power generation. While there have been long discussions about handling and disposal of the uranium
wastes for last 50 years in Japan, its clear vision including a specific disposal site has not yet been received. For improving
this situation, the authors perceived that it is necessary to refocus this issue from the view of humanities and social sciences,
rather than that of natural science and engineering and have had in-depth discussions in a specialized study group established
in the Japan Health Physics Society. This commentary provides an overview of the two-year discussions in that group.

KEY WORDS: uranium waste, NORM, radioactive, humanity, social science.
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(Type 1 disposal)

Depth
Near-surface
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(concrete pit type)
—50 m
Sub-surface
disposal
—100 m

Fig. 1 Methods of radioactive waste disposal; how to manage the uranium waste has been unclear for long time in Japan.
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Table 1 Predicted peak annual doses and those timings of appearance from 5% enriched uranium when the total concentration

of **U, *°U & *U was 1 Bg/g at the time of disposal.”

Predicted peak annual dose for different scenario
E fi i dit
xposyre' om 1‘1ran1um an. 1 s Exposure from progenies except Exposure from radio-nuclides
progenies in the instant radiative . .
e radon including radon
equilibrium
. . . 0.18 mSv/y 1.3 mSv/y
With tive disch;
TH COMSETVatve CISCRarge 0.010 mSv/y (at about 40,000 y*) (at about 40,000 y*)
. . . (at <1000 years) 0.82 mSv/y 5.9 mSvly
Without tive disch:
fHout conservative discharge (at about 200,000 y*) (at about 200,000 y*)

* The timing when the peak dose rate appears.
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Development of a Portable f-ray Dust Monitor for Highly-concentrated Airborne Contaminants

Naoki SAGAWA,*!# Makoto FUJISAWA,*! Kenji HOSOML*! Yuki MORISHITA*? and Chic TAKADA*!

Measurements of radioactivity concentrations of airborne dust are important because they are used to protect workers from
intakes and to assess internal exposure doses. Therefore, we developed a portable f-ray dust monitor by using an ultra-thin

plastic scintillator, which is designed for continuous monitoring of highly-concentrated airborne contaminants (> 102 Bg/cm’,

equivalent to 30 times larger than the derived air concentration of *°Sr) such as a decommissioning work in the Fukushima

Daiichi Nuclear Power Plant. From the performance test results, it is evaluated that the developed portable S-ray dust monitor

is functional in continuous monitoring with an airborne concentration of 1 Bq/cm’.

KEY WORDS: portable dust monitor, S-ray detector, plastic scintillator, high counting rates.
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Table 1 Pulse decay time of S-ray detectors.

Gas detector

Organic scintillation Counter

Semiconductor detector

Pulse decay time 50 ~ 100 ps

2 ~3ns 10 ~ 100 ns

For high-count-rate applications X

@) A

Aluminized Mylar (for cutting off incident a particles,
‘ for protecting the scintillator from light and contamination)

Plastic scintillator

Light guide (Glass plate 3 mm)
~ Position sensitive photomultiplier tube (PSPMT)

(with high voltage supplier)

Data acquisition unit TCP/IP

Computer

o ray _.‘ signal
=ty HV
Fig. 1

Schematic of f-ray detection components of the prototype dust monitor.
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Plastic scintillator

Fig. 2 The f-ray detector part (Ultra-thin plastic scintillator
and PSPMT).
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Table 2 Efficiency of the prototype f-ray dust monitor with
different plastic scintillator thicknesses.

Scintillator thickness (pm) Efficiency for § rays (%)

8 1.16
22 14.5
31 16.1
55 25.7
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B ray - Scintillator - Light - PSPMT

B source (D:EEZ';EPSPNAT

(a) for 1 MBq counting rate

LED-> Light >PSPMT

= i PSPMT

LED Light

(b) for 100 MBq equivalent counting rate

Fig.3 Methods for the counting rate characteristic test.
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Fig. 4 Results of the counting rate characteristic test.
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Fig. 5 Baseline shift of PSPMT’s analog output pulses.
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Table 3 f-ray energy dependence of the prototype f-ray dust monitor.

Nuclide Maximum f-ray energy (MeV)  Efficiency (%)
*Cl 0.71 1.2
“St/”Y 228 2.0
Natural Uranium (**"Pa) 2.27 1.9
80
°
70
60
850 o
© [
‘§ 40
< 30 o
S
20 L
o O
10 o)
0 o®
0 100 200 300 400 500 600

Ambient dose equivalent rate (uSv/h)

® y-ray(Am-241) O y-ray(Cs-137)

Fig. 6 Results of y-ray irradiation test.
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Activity Report of JHPS Working Group on Accidental X-ray Exposures
—Subcommittee 1: Regulations and Management for Safety Use of X-rays—

Yu IGARASHL*"2# Atsushi ENOMOTO,*!* Mitsuaki OJIMA,*-* Keiji ODA,*">
Masaomi TAKAHASHI *!¢ and Takeshi IMOTO*"7

Subcommittee 1 of the JHPS Working Group on Accidental X-ray Exposures has discussed issues based on field-specific
perspectives from cases of X-ray accidents and troubles and their backgrounds, mainly positioned as proposals and
recommendations to the Expert Group for solving the problems. As a result, it was agreed that it is extremely important to
improve education and training, including the development of a safety culture, whether in the field of industry, research or
medicine. Stakeholders closely related to X-ray generators are encouraged to refer this report to promote the safety level of
environments for the use of the equipment. Experts should continue to develop the mechanisms of academic societies and
strengthen their cooperation activities with other organizations and institutions to ensure that the stable, appropriate and
effective use of X-rays can continue on the basis of an enhanced safety environment.
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Activity Report of JHPS Working Group on Accidental X-ray Exposures
—Subcommittee 2: Dosimetric Issues on X-ray Exposure Accidents—

Masafumi AKTYOSHL*-2 Keiji ODA,*"3 Atsushi KASAL*"4 Munehiko KOWATARI,*">#
Minoru SAKAMA,*-¢ Nobuyuki HAMADA*!7 and Masahiro FUKUSHI*"#

The JHPS Working Group for Discussion on X-ray Exposure Accidents summarized the background of the X-ray exposure
accident happened in Himeji, Hyogo in May 2021. The working group paid attention to the viewpoint of fostering a further
awareness of the need to the radiation safety culture and discussed issues identified to contribute to the prevention of possible
future X-ray accidents as one of the goals. The article introduces an example to apply the dose estimation method using a
Monte Carlo simulation discussed in the working group. The authors summarized other methods of dose estimation, the
technical limitations and the challenges of each method. The authors believe that these summary for dose estimation method
will be informative and helpful to overcome the future issues in this area. The authors also considered that information on the
energy distribution of low-energy X-rays in the body of an exposed patient is important for radiation emergency medicine and
radiation protection purposes and that individual and environmental monitoring of low-energy X-rays is still challenging.
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Photon flux distribution per a source
emission (diagnostic X-ray continuous
spectrum of Tucker approximation) [cm]
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Absorbed dose distribution per a source
emission (diagnostic X-ray continuous
spectrum of Tucker approximation) [Gy]
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Sagittal plane (horizontal) in the tetrahedral mesh type of MRCPs (adult male) [cm]

Fig. 1 Examples of exposure dose due to X-rays by introducing the tetrahedral mesh-type MRCP with posture of bending.
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(A) Absorbed dose distribution in the human body per unit
fluence, when 662-keV mono-energetic gamma-rays are
irradiated (cross-sectional view).
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(B) Absorbed dose distribution in the human body per unit
fluence, when 20-keV mono-energetic X-rays are irradiated
(cross-sectional view).
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(c) Enlarged view of the absorbed dose distribution per unit
fluence in the vicinity of the surface of the body, when 20-keV
mono-energetic X-rays were irradiated.

Fig. 2 Examples of MC calculation results of absorbed dose distributions in the human body with different energies of gamma
rays and X-rays. Irradiation geometry was taken as anterior-posterior geometry (AP geometry). Photons were irradiated from
negative to positive Y-axis direction. The absorbed doses per fluence (photons cm °) are indicated.
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Fig. 3 Picture of MRCP wearing the cloth.
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Fig. 4 Example of energy responses of electronic personal dosimeters. This was created by the author based on reference [16].
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Fig. 5 Comparison of ratios of different occupational quantity to protection quantity.
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Activity Report of JHPS Working Group on Accidental X-ray Exposures
—Subcommittee 3: How to Roll Out Accident Prevention Initiatives to Stakeholders?—

Atsushi KASATL*"2 Tsunenori KAWASHIMA,*!3 Tadashi TSUJIIMOTO,*"* Miwa NAKAMURA,*">
Makoto HASHIMOTO *!¢ and Ichiro YAMAGUCHI *7#

The third subcommittee mainly discussed how to disseminate information on X-Ray accidents and how to roll out accident
prevention initiatives to stakeholders. There have been various discussions on the role of academic societies in accident
response, which is still in the trial-and-error stage. As a representative example of accident response, the medical accident
investigation system based on laws and regulations aimed at preventing recurrence was noted. In the study of issues related
to this accident, the Japan Society of Health Physics and the Japan Radiation Safety Management Society attempted to
collaborate, and it is hoped that such attempts will be expanded with the understanding and cooperation of more related
societies. As support for industry by academic societies, the WG collaborated with the nondestructive testing industry to
organize issues and propose countermeasures. Involvement of external organizations to support facilities is also effective, and
one suggestion is to consider providing external evaluation services for safety activities in the future. Based on these studies,
the WG has made interim reports on its activities at the Hobutsu Seminar 2021 and the Japan Society of Health Physics
2022 Symposium. It is important to actively exchange opinions among the parties concerned at these opportunities. It is also
necessary to consider what the society can do and contribute to the effective utilization and wide deployment of information
and findings on accidents collected from users by the Ministry of Health, Labor and Welfare and other organizations.
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2023 F4 19 HICREBR VWD EH T Y by FT
VT, [ AR B & R T R R (JE 7 Revitalization
of Fukushima and Radiation Measurement| &&EL, &5
B2 78 20 F W  (Fukushima Institute for Research,
Education and Innovation: F-RED) O (EWF) pESEHA
WADTIEIT R RS+ >~ ¥ — (National Metrology
Institute of Japan/ National Institute of Advanced Industrial
Science and Technology: NMIJ/AIST) & [EIBSHCS# HAAL
HEZE % (International Commission on Radiation Units
and Measurements: ICRU) O3 M, #RiFHEHEA, HET
D%IET, ICRU EREY YR Io 4 0 HShIfE s vz,

COYYRI T AFICRUDERIIH b THMS
M, 2011 4E 1T & - RRUE IR I 5 — I ) ST O
HH LR O TGREETH - B RE (2 B3 2 REE AT D
kiFehizo "7y FEAT, &% - 4074 VR
f& & BT FREFHIE DR TH - 720 BIHAYT
(& ICRU Z& B OB EI A O I #t et o0 B - ey i
SHOWEE, FHllEE A — 7 —, BRIEHEZOT 4 0%
CHOLNTz FEHRIFEICH I VRI T ABOY AR L
FH4H 20 HOMEE—E 7 EH OB IR -
FAT T AFICEEN/20, TNHITDOWTH AR
THIES %o

2. YURIYIL

VYRV LAELRNIRGERERE (BI1X, F2X)
T, WHHE OB ARG 2T o L O 72D
RSNz, WeHOREMSEFIE, WRFICE o TEHMH

Masahiro KATO; Impression on ICRU Symposium “Revitalization
of Fukushima and Radiation Measurement.”

(EWE) RESERAM G RT R G £~ 8 — 1 KR
O AR 1-1-1 s 2 (T 305-8568)

National Metrology Institute of Japan, National Institute of
Advanced Industrial Science and Technology; Central 2, 1-1-1
Umezono, Tsukuba-shi, Ibaraki 305-8568, Japan.

#  Corresponding author; E-mail: masahiro-katou@aist.go.jp
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HUH O ICRU ZH K ® Dr. Vincent GREGOIRE D%
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Y REEET 27— RHMAO%ER - #ED 525D
D RIEARE LT ME . SR8 ITBREIICH R
LTV PRET, FRMICIIEE ABELOWIFEH 252
FAHEME 2o TWh, 787 —~ & LT IHITHR
RODbDTH Y, SHRIGHREHI - BESHRES #0558 T
HEET LA AEEINDEH ) LKL,

(IEIRF) H A5 F0F 78 B JE B A S F 72 B JE R0 A
W78 B FE 0 0 PR YA A B A & 20 5 1, [JAEA R&D
Efforts for Decommissioning of the Fukushima Daiichi NPS J
E) F A PV THEEEOBEHEHIC B D 2 WF7EH
FERBIDAN S Nz RMEBWFZERIERMIE, FEA T —
VE Y 7Ty TIRERE N % RO 5 B Bl B gk v
% — (NARREC), FIZ X o THAE L 72 BB s
RERET T ) MR Z LIRS 2 720 D5 R e
179 i Td 2 KA&IHT - BiJEL > & — RO R H—
JEF- ) FE AT BEIF BT B WFFE B 5E & — R ICE D T
V% BENIBRBEE B IE M9t & >~ ¥ — (CLADS) @3
DX — DB SN TS, CLADS DKM W5
B E LT, BEFEIY O 3 ko~ v 7 e RO ZE IS
WL, EROME» L RETOBIRZTIEE T 5
BRIBHRA A —2 7 A7 & (Integrated Radiation
Imaging System: iRIS), BEXIZIIT 28K 7 1) HLY H
LYEEICBWTHRAET 5, a itz B3 2 BUH sk 1
DWRER T T TNE A DMIHET B72DDY AT
2 (In-situ Alpha Aerosol Monitor: IAAM), TS
TTAN=IZEY) L= m@iasl, L—%—iF
#T T XRFENBHECL Y T7) 20§ 28 TdH
% LIBS (Laser Induced Breakdown Spectroscopy) Z#Tik
DI EDORI DD 720

WS ERRFEO I TR —EI &2 513 [Lessons
Learned from Fukushima Nuclear Power Plant Accident:
Limitation of Public Health Emergency Response and
Recovery] &\W9 # 4 bV T, HIRIRDBADZX 7 1) —=
Y RIRICE T A EICOW T OMIHD D o 120 FRIEE
— T NFBEA ORI X 2 BB O AR EFE~DIE
B0 A7 3R 0L, EADZ T 723 O w2
KO LR TELRETH LD, FHAX—ZADR 7
V==Y 7 X o THIRRDB AN L R IR T WA,
COHRBASADEREIZOWTIE, A7) —=2 %)
RELTHYT LI ENEETH LD, DRNOHIIE
FHEITHLNEW) T LD, ERZYVRZ7II2=T—
YaraFERLTEIUENbBRRoN, Fo—RE L
TLINT E7 VD BAE B D 720 720012 9 R & Bl Gy
ThHHIEOBRPEATH RN ERBIFONz, 2
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32 —YarolEETIRBksZETIERN
B, CPERPOA LT ORERWN @ E LKL Tl
EHWRETHA I LKL

(—#) BARREMHERZIZRTHRILRETA 2
orkay-IYVFT7AY =T LY S —DFEH
W WFFE ¥ 2> 5 1%, [Evaluation of Dose Reduction
Factors for Wooden Houses in Affected Areas Based on in
situ Measurements] &\ ¥ £ MV OEEDI D - 72,
reduction factor 1375 H L T\ 285 - Mk o o
HREORBENOMEFIINTHIE LTEFRSIND, Fi
B OMBENICMEEZIT>TBY, ZOHRE reduction
factor (X4 #)1L 0.4  HWTH - 72725, EI O EFE)
THoTLAhE, KREOBTFIZ 08 FEIIR D Z LA
Wt I, BRREEOERORRIZT TIER L, B
DS TV BT - THIASTHRIN T ianEn) 2k
RN OMEFERICF G L Twb, ZOWFZEIEFHIE
B LBEICESL T TORMBOWEIZEMITSN/ZD
DTHYVHEELRHMATHDHEF R D,

RER 2 $R A, WM B Z7E 884 (CERN) @ Project
Safety Officer for High-Luminosity LHC T ICRU %& B
® Dr. Thomas OTTO &£ ) [ICRU Report 95 Operational
Quantities for Environmental Measurements | &9 # 4 |
VOB D o720 BFEROKAIWIZISTHELDOHD
ZwEBbNsH, ICRU L A=k 95Y THIERHIE )
EDEHRIZOWTH LWERMENE SN2 K7V
I YA 722N — < O EH R T 5 IR
DFEICHCDE 7 7 ¥ P AR, FlZREEHEIEICow
TI&, ICRU39” T S N7z ICRU B2 &, FER# it
DOFHEIZH WV 51T % ICRP Publication 1107 TEFH S
NIHEEENT 7 2 D DERIZ R Do HoFIIH§ 2 HIH
DEHFEIZOVTOMEREIIRT AV F—FiR L B
AV F — I & TEALAR & v, GHETIE, B E
i, BOVI ALY AMER R EDOV AR Y ATE R D5
BOREL M SNz HENE T, SESE 40
PHRLRFELNTWSZ L, FERBTH - A
BASNDITE IR W0ED LD HAATHLZ L
DR SN 7z,

(W) pEERMREMZEIar /R G v ¥ —5
Hr EHAR e A ZE 50 P O AR BT 5 27V — 77 o0 B I
5AK7* 5 1% [Establishment of Low Dose Rate Calibration
Methods for Environmental Monitoring] &\39 % 4 Lo
DD o 720 WHETIX, RMEARATCRISE L 72355 e
P—RARX=FORIEZBE LNy 7 759~ Figh
BRI S L 720 OMERH 2 o 72 Y AT LD
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WD D o 720 WV TIEIH T ORIE R R ETNY 7 7
7 Y FPMRCER TRIES ThI TV 568 & 5 25,
W ORIEMER OFIIEES TR BVOIT L, ik
o7V AT MR EALEIITHHHTESL L)
MEDD L. L2 U ERMTHESIN, £=5)
YRR N & O RE R 0 22 R O BUH AR
MY AT LOMID D o 720 BIVTHZ 2 BE O H e
WX LORIRYE D 5720, TOT AT LATHZ ZH
BROBHHIZR O N 2255, #HRERINGOHMEZ 4R %
CLIIWREZOT, MEMRERZZER TMET 52 &
T& %,

Institute of Radiation Physics at Lausanne University

Hospital @ Director T & ), ICRU % H ® Dr. Frangois
BOCHUD 7513 [Individual Dose Assessment: the Example
of Acute Exposure] &\19 ¥ 4 MIVOFEEDDH - 72,
2020 4£12 ICRU Report 68 OHEHR & L THATE N7z
ICRU Report 949 D L R — s ONEDHMN SNz LER—
b TR O 51E ST HAL T & 2 MW & £ 7213
HLE AT A (absorbed dose to the dosimeter) (275D
VT LT b B ADSERITHIE < LU o &
2Rl S % 720 O TR, AR ENE (Biodosimetry),
W R 2 (Physical dosimetry), #fi Bh 19 72 T
(Supplementary methods) (25338 L T AT b 72,
WETLIREFRICHEB L -HEIHRRLFETTH
&, WEFEOBRBHIIREH D2 O THAGIZRH
AL TBL I EPERELZERRLNT,

WEFMTIE, —AVE ) ORI EEZ L) o TH
RIEABNE V) BEHIZOWT, [EATEZTTO
HWOBHEFELETH Lo PIZITEREMZ FFa Xy b2
ZILTWVD, AHENTVLHETToTwbaE%
FEWTLILEVRLETHL] LOBAPDH o7, $72,
B OMAEC OV T, HEYEETELVE
VI BRDBD oD LT, il - MERHL L
BHIHGN TV D V) BRYH 5720 & H T 2 B
&, OMER - HEPEGTRE L COMm TR ok
TeOLEIC Lo THBPRZLZ bbb, $724
ROMBEEIZOWTHREMA KL AT [ICRUR ICRP D -
EWFEZATV, BMEHEETICOVWTIRD IV LER A5
rOBEIZ LB LCZESL S 2] L) BRI L
T, [HERZWE L CREEXIEZ R0 5 & v ) TR
B TH o7 L LRIBOBAL L2720, #EHE
OfH (GEKNEXER L) P37 Lw
IDIE, SHUBETELLIATHD, HWT LWER
E QBB X TIEEBIEM RIS F 72555 THUHR

=t

GRS o 7203, MHEXIROB BT L) Rn o7z, ]
EV)HERD Y, FEB RS TOBMN % 50 &
LM, 2011 AE QI TIXEHMOREED KE o 72
LWV T ENGh T,

3. YERREFEFHREEMDBEE

N ESTREB R L&Y T, ICRUEH, Y&
RV LGkHE & F-REL KON NMIL O BRE SHBBL
THfE SN/ NMUOFHE Yy —K XD, YU RY
7 MBS 80 BAREE, v T A4 B 100 £ LL
L DFF 200 AREOSMDH - 72 L FEEK S 72, ICRU
TEH»PLHIE, #EmdhAE-oTH L) YV nliios
BIZLHREIE 572 DI L ThHB. EH L Roger W.
HOWELL % H, Tzu-Chen YEN &H, F-REI OH KT
B o LR T AREEAEON, Hillaa ;o A VA
DFECTEBRHROBHBMIA LR 1257272080
FERLAAD, ZHEbRETLVYFY—T, HML5H
DT ERWIOBREE, HEH QMY R — Ml 6
FEASZ LI R DCIZIE Y Edvo 72,

B, ICRU BB R OZEBOFMEE L NMI 55 OF
YR 20 4 THREE—EH T HEERORENITTDNI,
TR YRTUDL FHBEENLI2NATELDS
E—NERBINZIXOBIFEREEICRE L, B ERAE
THRE R OB K OB X B3 2 2 721812, R
TIIREIHEH ONZIH ) 2 TREHE R TI1%
BN 72 BB TMAREZ285H 15
FTORE LA ZADONHP B HF L7z, BEFERHE
POIERFFEENE TIE, EE6 Tk & xi@b, 2022
46 A 30 HISKAERT?, 2023 4E 4 1 HICE T4
FE PR AE R X O #MEERRASRBR S N, ZOHED
0BT A BRI 2 2 D S Tw b,
L FEART O BER RO TR S N BIRIE Y 27
LD, 2019 FEIATb N 2B ERIISINL 2B, H
65D DOXIEAEETEST LD, ZORITHARIEH
HHEA TWBENR E 2T 72,

BETOFIAHIC L 2HBIE, ICRUZBENSME
TWwbZlddl, HEE~OMHERITbNI, BHITK
BTETHY, FHrEsie 5 2 0w L 9 ISl oiE
BELTWS I LD BN BERFRCHERKE T
V7 X (ALPS : Advanced Liquid Processing System) 72
ETUB L7260 M) F 7 A& & LARNORISIZR D W
BENTWDL L) THD,

FEFIIALEAS, BE TR IR O W 52 B AU
%olze B SINETFAMAMREFHIEN A — 5 — 3
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ONT- - BT HRMWEWEER Z 4 T o720 Foriha Bz
BRY TIE, o1 & 2t Y5 oMl 53 HE 13 10 pSvy,
EF1E 100 uSv TH o720 2 BH L LML THKE DI
BT B ITOE - O Y T 20 Sy B EE, BT
MHBRFUE LA T 72 5 720 N AN S HEF2SRE SR
THEY, FHTHEND SR TE 2B oM E YR % FOR
LTV ABEFOMERNL L2501 RRE»S 34
DIRETH o720 HEH, —ELRTFANZAPLEHEL
T1HH»S545HETEZ 100m 25 200m (I LD
HEA S BIET 2 LW TE L, O OBEFTOMEA
80 uSvh L FRENTWwWizZ &, Dhl b5
NZADIMIHAEL TVl b2 &2 b L, ZOHBTO
ANBHNE < B X BRI O BRIE (AR L7 U RS & %
DOV ELHEITH -7z LHEWTE 5,

4. B H W I

2023 44 H 19 HIZATH N 72 ICRU HEE Y v RV 4
ERBEL TER SN BEXEMEE L TFIIREBIRO
BEBIZOWTHEZ LT & & D ICEZOFEE R R72,
VUYRTYTADE A PVED, 2011 FFLSkRDO HARICE
VT % A AR & ORI & N AL o B4R T L % Ik
FWICRWIEETH 2K U2 BRI 572208 &K
YURTY LOEE R CBRER ORI IR I N
ICRU Z H T NMU EFEEHR E O BRI RICH#H L &
L. KEORKTET %,

FIZEBRDFHT
PR3 X & A BOIRRE IS 72 o
Z £ X #

1) National Metrology Institute of Japan; ICRU kokusai
sinpoziumu [ICRUsymposium] (in Japanese). Available
at: https://unit.aist.go.jp/nmij/public/events/seminar/2023/
ICRU_symposium/, Accessed 23 May 2023.

2) International Commission on Radiation Units and
Measurements; “Operational Quantities for External
Radiation Exposure Radiation Quantities and Units”,
ICRU Report 95 (2020), International Commission on
Radiation Units and Measurements, Bethesda.

3) International Commission on Radiation Units and
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Measurements; “Determination of Dose Equivalents
Resulting from External Radiation Sources”, ICRU
Report 39 (1985), International Commission on Radiation
Units and Measurements, Bethesda.

4) International Commission on Radiological Protection;
“Adult Reference Computational Phantoms”. ICRP
Publication 110. Ann. ICRP, 39 (2) (2009), Elsevier
Science, Oxford.

5) International Commission on Radiation Units and
Measurements; “Retrospective Assessment of Exposure to
Tonising Radiation”, ICRU Report 68 (2003), International
Commission on Radiation Units and Measurements,
Bethesda.

6) International Commission on Radiation Units and
Measurements; “Methods for Initial-Phase Assessment of
Individual Doses Following Acute Exposure to lonizing
Radiation”, ICRU Report 94 (2019), International
Commission on Radiation Units and Measurements,
Bethesda.

7) Okuma Town; Evacuation order lifted for specified
reconstruction and revitalization base areas on June 30,
2022 (in Japanese). Available at: https://www.town.
okuma.fukushima.jp/soshiki/kankyoutaisaku/21070.html,
Accessed 23 May 2023.

8) Tomioka Town; Evacuation order lifted for specified
reconstruction and revitalization base areas on April 1,
2023 (in Japanese). Available at: https://www.tomioka-
town.jp/soshiki/kikaku/kikakuseisaku/oshirase/4891.html,
Accessed 23 May 2023.
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TERINhHBERBABICET 280

L I R

. & U & I
FEEHBRMNERE A = > 7 F 7 (Multidisciplinary
European LOw Dose Initiative: MELODI) &, KHt it
WY A7 OWFFRIHAL L 72BN OWFET T v -7 + —
LT, 2010 FFIZEE & 7z 2009 4F (55 1 0], 1E 2
RXALHNCBfE) 205 2015 4% (% 7 [|) % Tid MELODI
T—2Yay 7 LT £ LT, 2016 4 LIREIZRK
NGB 3B ] (European Radiation Protection Week:
ERPW) & L CI3IZM4E, BIfE L C &7 MELODI 3,
ERIHYUTZ2INSDT—27 2 a vy TITMZ, FED
T=<IETAEMNEANT =T T ay TE20I8END
WML CE 72 1 (201843 HIZx V4 TH
i) M AESZEE, B2 m (2019 4R 4 IZARA VT
BfiE) (ZIEATAE, 3 (20204 12 HiZY = 7
fit) IAH XL, Ham Q02144 Hicv = 7B
i) 1 3A EMEFEBIRER (adverse outcome pathway: AOP),
#5E (2022 46 IS Y — THIME) (kAL
BLRABIEC B, NEAINVT—T T ay TOT—
v & 3N T&E7/, MELODIE, 26D FEA LT —
7 v a vy T SNIHAFIZOWT, Pl f e
DB ERMERBIZIE, H2mEFE4HDOMEA LT —
7 v ay TCEEDPWEG LR RIS O W T Ok
OHNEIE3IMm VICELoTHE) §45LLBIT, 1TIT
PFRAESRAE LT\ B RGO WT ZEATEY ST (strategic research
agenda: SRA) (ZXML3 5 Z & THMA L T 5,
RO IEDS A5 (BIE S BARNITA U B 05A LAY
DOWFERE) 1E, BV, BfE (>1 Gy O#HT )L ¥ —
f$5- (linear energy transfer: LET) H4H#) TOAGRD S

Nobuyuki HAMADA; MELODI Workshop 2023 “Updates on
Radiation-Induced Circulatory Diseases.”

(—W) BITHIMRTEFT A T+ TN ¥ AT AFFEART A -
BEULFIIZEIBM TR ER Tl IR T 1646 (T 270-1194)
Biology and Environmental Chemistry Division, Sustainable System
Research Laboratory, Central Research Institute of Electric Power
Industry (CRIEPI); 1646 Abiko-shi, Chiba 270-1194, Japan.

#  Corresponding author; E-mail: hamada-n@criepi.denken.or.jp
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NpLEZOLNTED, PR (0.1-1Gy), 25
FEHE (<0.1Gy) THOLROOLNLZ LWL H 5
T& 7o MEREHIAE LB IENARBEIZOWT, EBBST
WP Z: 4% (International Commission on Radiological
Protection: ICRP) 13, 1984 4E® ICRP Publication 41% {2
T, TEREGOBIHRRZHIEL v HliTsL L
(2, TEBREZRA O BTG HIZHE S 40 Gy UL B4y
HIMREHR IR S D Lk R72, FBHIE S HEoFH iR
1t (Life Span Study: LSS) 4 — MIBW CTHEEREHER
DEHY) A7 D3>2Gy THWIMT A2 L 2mTmLh
&3 OH31990 AR SN2 2 L 22T, 2007 4E
Bs" T, SROHOMLICIOVWTERLDD, KifE
TD) A7 IR TH 572 OB EARRICHLD A
BWEHIMI L7z LA L, LSS I&— MIBW TR
FEOBGHY A 7 95>0.5 Gy THIINS % 2 & &R T im
Y D010 FEICHE SN2 EDR TR X o T ERD,
ICRP (&, BEIBIEHFA~NOBH L LT, AMMESSIZHET
% 2011 0 7 VY CORBR SIS T 5 L & v
WEEMERICILT05Gy L MO THE L, VY
VB LR, HHRIC X o THIE S N A IEBR 2 RIS
S 5550h%, WSkl Twb, 22T, 2021 4
2, TR O BB 5 R R H 2 (United
Nations Scientific Committee on the Effects of Atomic
Radiation: UNSCEAR) 3% M%7 )V —7 (CircuDis) %
A L ORI N L A BB L 22 3 T O /R & D T
HEEbIT, ICRPIZY A2 7 Vv—T7 119 [EB 235 R
NOGHHRREE & GTRRD AR~ D EE | A RRE L
TRHARYHI L D BB & R BB SRR DR I B
Lk DT WD, DX IR A, 2023 4E
(8 61a) ®MELODI NEAI VT —2 ¥ a3 v T (LT,
MELODI 7 — 72 ¥ 3 v 7 2023) &, [HSHRIC X > Tk
I NDIEBREEBICET 28] 27—~ & LCHfi
ENLZLIThoTze ARTIE, AU—=2Tay 7o
BNy bo

2. MELODI 7—7% 3y 72023 DHEIE

K =2 vay & F A G T
(Bundesamt fiir Strahlenschutz: BfS) O[T, [HdtHR
WX o TRER SN BRI BT 28] 27—
ELT,20234E5 H30HAH 6 H2 HIC = 7HIfiE s 1,
#1150 &AL 7= (1 HH# 5 3 HHIZ 60-80 #4HHE,
4 HEWE35 %R, 4 HEE D, HARRERH O 20 BELLR
B L, FoRPEE TITRT L

THHIZ, JLoichamziHy L2BS 2/_EFLT
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Michaela KREUZER X (KA v BfS ##E - IETE MG
) A7 M HME), WICMELODI & LT
Andrzej WOICIK X (MELODI &, AV = —F YA L v
7 RNV ARFER) PORSOBEND - %I, Y
Ta vl [PEERAEIE & OB RE | GRS #F) 25 H
N7 2 HEIZ Y ¥ 3 v 2 [TEBREEH &R
yE ] GEE SR, 3 HHIZE Y ¥ a v 3 [lREEA
ERERRAEY ] GEE 6 ). 4 HHIZEYy T a ¥ 4 [0
A & i m A e B G 7 2F) DSBS 7eo &t
23 oKX VgD 25 45 [ R 20 90 & B BE S 47) T,
HyvarTiR s hoidE%IC, 1HE2S53HH
1R, 4 H BIX 30 0 oS ROVERR DS S 7z,
LTI, &ty yaroMEL2RY,

21 tv P31 [{EIRESBEE EHEHERE] OBE

B2 DN DBRNIEZ DB D05, E20m GFHDS
i) O JER X Simone MORTL X (K A 7 BfS) 23E5 72,

8 1% Tld, Sisko SALOMAA K (Gt74 5 v F K
T4 YTV RRE) D IENAFEIZET S MELODI
T—2vay TOEHERBROBE] LELT,
WAREZ T —< & LT2019EICHMEI N2 1
MELODI hEH VT —27 ¥ g v FITBIT HIER IR R
ZBES % i & RIFEROFE IOV TR L7z, itk
DRBEEROY 27 IABITHEML TW5205 fho
PEERBEHR D) A7 IZDOWTRAHTH 5, ST
DAY FIIBERE OV TUIAMAD D B RED 528, KR
BIBIZOWTIZHMADR SN TEY, & 5% 0%
WThbo FIEIRRIZ 2 EEHRIC S 23 5 & 5E
PERNC & 0 BYIRAEAL &2 3B 55 2 IO FUSDSHE L % —
T, RAEIRREIC B MRS <0.5 Gy Z WS % & HgcE
PTEHINC & 0 B IRAEAL 2 B89 2 T7 10 O BUG 234 U % 7] RE
PEAAEMRFFE D SRB STV D, RIS X - TSR
T DSETE S N D o R AR - R B DS AN T d
505, FORKROVEDE LT, BROWEATTILVEYH
W ENBETONDL, HEIXBERIHAREOLED
EETHD.F 7, HE2MMELODI NEA VT =2 T a vy
7T AOP B3t % 5 H O HEMFRED O L D128 7
Z LA, 2021 AFICEE 4 M MELODL FEA VT —2 gy
TDT =% AOP L LTHET A I LIZD%M o7,
42\ MELODI hEA VT —2 ¥ a v T TO#RER
R OFEDO IO W TIE, BGH " 2 2B S hi:
W

B2 TIE, FED BB X 5 & e
DR ] LU THE L7z, RIS, GO R R
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(cardiovascular disease) & i Ifil % ¢ H (cerebrovascular
disease) % F & O BRI R B OEFEHIZIE, ICRP
Publication 118, fE3REKEIZEIF % UNSCEAR H 5K
TNV —T D% (CircuDis), £ LTEAT—27 T av 7
D% (Updates on radiation-induced circulatory diseases)
TSN TWD “circulatory diseases”, TH S ERAEHE R
(World Health Organization: WHO) =°[RH# 5B T &
NTw5 “cardiovascular diseases”, WHO O [EBEHE G50
¥i (International Classification of Diseases: ICD) I — I
RICRP ¥ A2 7 V=7 119" OZHITHEH ST 5
“diseases of the circulatory system” @ 3 D2NRAEL TV 5
T E AR LZ. KIS, ICRP (R ZOHIH TdH 5 A
BEXH - 707 LBERRS) 271928 0 SN LT
E MBI 0% E (L & WilE 2 fE ) BEs s
BIfR 2 R T IENAREOXGE, 1977 42> & IERESRY
B MR N B ARG ICZE), ICRP AYEBRAFIR
B0 L EviE RERIZK ST 05Gy) % 2011 4F
DOV IV TR TEIE T I it L&
WE O REIR (BIX < & 10 LIRS, 1% O b 2%
BREFBICRE T 2 0E), ORI MIRIZHE AT
PEBR A USROG & L CodIwikde (f] 0 L &
R OMRISE R Z IR T, WEIBMNT 5 & HEAL
T2, ZEOMBOEBITENT 575) &z LT
B, VBRI B OREIAERL (B 0K, RIMAE, ),
VA7 EH (B SHLMABOBICX G ENDTHNI
VAT e R A WU e B BE D A, BRI IX
5rENDOTHIUTHEBRIMEARLLOEY), M &M
RIZEBB0EY GHliZty v a v 208 2 I3
otk 2 S M), & LET MU O REE, 1§52 OO
PSS, RN (MR, AR, RH, ARIREE,
PR, BIGIEKHE, BIETERR I X 2B
ZHOEN), AOP 7 7H—FOI5H (FElizty ¥ a
Y1OESHICHT ALk S 120w TR L7,
F 72, BN, EERTEAEIROBHRAN ORI D% S
NTws GEllizty ¥ a v 308 5T k%
ZH) —77, BUTBESES LB IGHR & 2 72 3h A
BECTAIROBESRY) A 7 psHmEShTnsr 2 &
M, BEHROFEDAREEL 23 A OFGHRGEHIED =
WHERADORFR LML T, MEEREITOWTH SR
A DO TH L FEICOVWTE R L. mBIZ, DI
ZLIVHMEZEDLRVIENAZE (B HREGEE,
LR, Mg E) 213 Lo & LT, ICRP 471977 412
PRE LML 2D 0RE GRS EE)
&) AR R B IX S DB R SRR IS R 5 T &
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TWb I ehs, BEPLETH DI &Rz, Kk
TR L2NEOFMCO WX, BEGHX™" 25
Bahizv,

85 3 TlE, Soile TAPIO KK (JC KA YA AKRIL Y
I a2 ANVEERENE Y % — (Helmholtz Zentrum
Miinchen Deutsches Forschungszentrum fiir Gesundheit
und Umwelt GmbH: HMGU)) 7% [fEER#AHEEIZEET %
UNSCEAR TOFHili] L L T, CircuDis DFBEIZDO W
THIr L 720 CircuDis 1&, 2021 4E I E X M7= BR a8
EIAZBI 9 5 UNSCEAR OHMZE 7V —T7T, 16 5D
MFIZ X DR ST 5 (AKASEA) o CircuDis T,
2006 4F-7> 5 2022 4 (UNSCEAR 2006 4E#ii53 " DLFE)
ZTAT S N RRAE 7, IRREAERL:, SR ETIC B
VAR B EOFEME L E 2 ODT —F RN— R
(PubMed & EMBASE) Tiift# LT, fEBR#AHEICH
WY BRENAMAOEHZEOTVWD & EHIT, ik
FRE IS G PR O FE ORI & ) A 7 FHlOFENE D F
ELTWD, 2024 4D 1 LD IZ UNSCEAR it D 55
1 HEOFILT, 2025 DB Y F TIZ UNSCEAR #i
HOATEZHIEL TV 2,

% 4§ T3, Dominique LAURIER KX (7 5 ¥ A4t
HABE - BT J1E A FERT (Institut de Radioprotection et
de Siireté Nucléaire: IRSN)) 7% [PEEREsHE) A 7 % X
0 AR TR 5 72 ® ICRP OIGHE) | LT,
ICRP # A7 7 )V —7 119 [IHBR 4395 B O b w28
&R AR RO ERE ] OB IOV THA L
Too # A7 7N —"7 119 1%, 2021 FIC%HE S NGB
PREBICHETAICRP DY A7 Z IV —TThb, AV
7 V—"7 119 |, Tamara V. AZIZOVA K (U T7HY T
VAW BRAEIFZERT (Southern Urals Biophysics Institute:
SUBI) 7%#1, LAURIER [K2LMEEER, 12 %H0%H,
420X YT 4 = 1 ZHOBMHEIZ L VRS TY
5 (Zo95b, FHE Ay 227 Vv—T0FHE, 2
BDAYTFAL—DAY I —%HEDTND) T AT T N—
7 119 T, L (FEAMY 1213 ICRP Publication 118 AR,
D F D 2011 FEUREID) FIAT S 7925 LB AR o
GBI B AR BB O AR S A A LT, 1
BREFE BB 2 R AR ORI A2 D T b L &
bz, SR, MEBREREOREHRY A 7 % b
HRTEIEZERTINIOVTHREZ FEL TV,
LEERO NS RIEES 2025 FEICHBT A2 %2 H
BLTWD, ¥ A7 ZV—"7 119 UALo ICRP 45 1 Hi[Y
ZREOWER) (BUHMEEX S CET 25 A7 7V —
7123 % L) OWTHMEERNL, AT T V—T

=t

119 %, 2030 S£ROFIATZ B L T\ 5 ICRP KU )
BT 2720 DEEERER DV LD TH L LiE
S 72,

% 5% Cld, Vinita CHAUHAN IX (7 F & fR4E) 28
[BUHHFRIC & - THEFE SN L OB R EIZD VTR S
NTW5H AOP 7 7u—7F ] L Tl L7z, AOP &
& A ML (B TR LR (B DNA) &
OWMIMER (FRIRER) 2 SRR (B iR
B IV —Ho EEFER % KRBRICE W
THiEALT 523D TH B, AOP 1L, KEBRE T 2L
FUEBM D7D ICRE L7z 7 7a—FT, 2012 45
IR I BASERERE (Organisation for Economic Co-
operation and Development: OECD) D HZK 7 —7
THAENTFAZ)—= 7 - bdvar /) I7 AR
#&M 7 v—7 (Extended Advisory Group on Molecular
Screening and Toxicogenomics: EAGMST) %% AOP D%
ZFEL T (CHAUHAN [KiE EAGMST ZH % %9
T %), 2010 4FAUHTEITIE, B w2 B 78 53 B C,
AOP % S #EB IS 3 % 729 D RkaR A AR S 7z,
KE ST PG R 4c  (National Council on Radiation
Protection and Measurements: NCRP) (& 2015 4£0 NCRP
Commentary No. 24'? & 2020 4 NCRP Report No. 184
T, MEBRBIKBEDNAILCOWT, EEEEYWFEOMR
EMET AT Tu—FOO0LDE LT, HWEAEEHE
12D CHRIDZ B4R (biologically-based dose response:
BBDR) EFNVD/NF A =¥ % AOP 77U —F 2o
THRET S L EHRFE L 7o 2021 4212, OECD/ i
JIHERY (Nuclear Energy Agency: NEA)/ itSF#RBh# - 2
HHEZRHS (Committee on Radiological Protection and
Public Health: CRPPH)/ EHEE UM ZEIZ B § % i L
~)VZ )v—"7 (High Level Group on Low Dose Research:
HLG-LDR) DA T2, {L¥WEGEIZBIT % AOP OF
FHREER % T W R B IR S 8 Z L 2 AT 5729
{2 Rad-Chem AOP bk ¥ )V 7" )L — 7 (Radiation-Chemical
AOP Topical Group) %%#ki# (CHAUHAN IRIZZHE,
FHIFER) Sh, AW WG RIE S 7z 2021
421, AOP &7 —< & L7245 4 il MELODI b+ E %L
J—7vavy 7oRMEE N, KPICTys EFsh
T—=F YT T N—=T7T, BHEHROTANF {505
TEBRERH AT W72 B TR AOP 23HEE S/ (FE
AT =TT N=TWZEM* Ve 2D B, AT TR
AEDTE, - FFET, KEHZETHE R (National
Aeronautics and Space Administration: NASA) & D 3L[F~7
0¥ x 2 b (CHAUHAN IKIZ E45, FH IR E



B&ZEH) © ZAVF—HE525ME) €T V7
W72 5 PR AOP & S L7200 VER AOP I, feHE
RV TRFLROPE, MEIARL Tw L%
FIMOREIHHTH D0, ERMAOP XY A7
EDORERL L BBDR EF N DI8T X — ¥ g ICH T
Do RIHEBIZOWTIZ, MEY EFY ¥ 7SO
TR BT 2 BT AOP DRSS &, HAAAL L
TV BRSO EMIC & > THR 2T T L &
TR AOP DRFEDS, SRS 5, AOP 7 71—
F OB EF A~ OIS BT % i O FENIC D W
TIE, 2022 FEDNGHHR AOP H54 75" # Bl S Lz v,
AT 4 ANy ¥a T, FICLUT O
SNz,

« ICRP %%, 1966 4EIZASA ) A 7 % AR B A% ©
WD TER L7z, HIEICRIT 255 L
MET R VIR TH o 720 TEEREFIRABIIOVTD,
TR AR ) AN SR E TR LIS FE
FRIEDDPoTVBELEII LD TRV,

- PEBR B RIS HLRR BOUS I X 4 S T 75, ICRP
KM FRY S OVER I T, SR ED LI ICKGT
D% (HEREULA, MR ED, thedbzh
DA DIX557)

- BB OGRS T A ICRP DY A7 7 )b —
7 119 £ UNSCEAR D # MK 7 )V — 7 (CircuDis) I3,
EAMIRL, FEnFENED L) A a— T THEE
DIEREE 2 HED TV D D

- EFMRICBUT L EMEFICH LT, CofE M
WAHY, fEINTYSD,

- BREIDE BIERIC BT B RS AR T I BT A AL
EDORED B ho

- R OGRS AN, BUE < B, Helen
WAL 2.0 3 — A THRIESNSIERD X9 4
L, ROBRMMZRCEMICEZRRD L) %
WEDH D, BEHRPIETIE, 0 X)) R
BEERTRED,

< EGEMR (EERO—HRoBIE Ik oT, B L
TWRWEMISEEAIE L 2H5) 1, BEHROWE
REFHBIIBWT, L0y htEHER7-L T3
P

- R OIEBR B EEICOWT, ) BT Y 7S
B3 %8 AOP D FFE S NL72As, 4%, 4D
PEBRZH BT % AOP Z 5T 5 F 21X H % D

- i & OB RIS T 2 A ERCR (REET IV
B, FEMEETVRE) 3d S0
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- EAR L AV T OB RO NGB 25 HE O AW 2 1 B
RS BORE L L2, BHEOMERGREM
2 S MG L 7-Mifa %> 2 i1k (induced pluripotent
stem: iPS) Mild 7 & % v - B35l S B C AT 3
% Z XA RED

22 by izl [BERHBEBEHGHEZ] OBE

% 3PS OFER L Lawrence T. DAUER & CRE A
O— 75 v i@ty y—) B0, 83
Ji5 (DAUER JK75#i#) ORI Simone MORTL X (K
4 BfS) DHD7.

85 1% Tl¥, Tamara V. AZIZOVA X (B2 ¥ 7 SUBI)
WI=X v ZEEZ I — MBI MEREREY 27 ]
CHELUCHE L7z, Yy 21EEHERE, vy o~
X v 7 Bt Fk T 1948 4E 7 5 1982 AR IHES L 72 22,377
ANOVEER % B L T2 KBl 28— MIFZETH %
(FEHL 2015 FE SHENCEG) o WK, 2018 4K
THEERL, MEAMELIE 2013 FE~Y v 7 EEEREARR
(MWDS-2013) (23D BB DORKEREHA LT 2D
B, WEHARICAEE TH - 72 BT 2 I
WP R D 72 ) O FAIxF 1) A 7 (excess relative risk
per unit absorbed dose in gray: ERR/Gy) & & ® 95% 1E4H
X[ (confidence intervals: CIs) (&, &I oA P
T 0.17 (95% Cls: 0.10, 0.26), ZZ1%T 0.23 (95% Cls: 0.09,
0.38), FRLEDSHYET0.18 (95% Cls: 0.09, 0.29), &
T 0.26 (95% Cls: 0.08, 0.49) , LAZEDSHYET 0.27 (95%
Cls: 0.16, 0.40), ZMET 027 (95% Cls: 0.10, 0.49), A
R - AR B AYEMET 032 (95% Cls: 0.19, 0.46) (&
MIIEA ), MIEREL» BT 037 (95% Cls: 0.27,
0.47), T 047 (95% Cls: 0.31, 0.66) THo7zo T
D EIHITHEICOVTIZ S T & F RIGBR R R TREHR
VA BEREIHIM L 72—7F5, JECOREHRY A 7135
P B (0.43 (95% Cls: 0.08, 0.99)) T72)
BREICHIM L 720 fi B IEBIELD S R I L5 B o Fi i
) A7 (ERR/Gy) EHMERPEL 25 LT Lz, 2
NoORKROFMIL, FERL 2RI NV,

&5 2 J§ T, Mark P. LITTLE X CKEEN. 25 AFSET)
A TR E BRI Y AF~YTF 4 v L Ea—¢
AZENT] LU T, EBREREEORERY A 7 1B L
T, MREFZETEMLIZVATFYTA v 27 L E2—
MHAZ ) ==V 7 E8N72 93 D JEFH i LI T % A
5 BT DGR W L 7zo IRBREREE O X 5 f#HT ERR/
Gy iE, 0.11 (95% CIs: 0.08, 0.14) THo7z, T,
ICRP Publication 118 TL X Wi 0.5 Gy D& 4%
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A L7ZERR/Gy=/ 0.1 LRABETH o722 &b, L
EVHEIIRFTOMILICEATDH 0.5Gy BEZUTH S
DR E NIz, —J7, LSS Tk — & X ¥ RN Tk
AR GREAEKL 22 LY ED 72D D) X 7 4%
BAKREL 2B L), A FEITCHBERSE (B
AL 2B L MRS 72D D) A7 REBEIKREL &
52L) BROLNTWD, F72, FELY AT (X5
#T ERR/Gy =020 (95% Cls: 0.13, 0.26)) (ZFEHEY 22
(0.09 (95% CIs: 0.05, 0.13) X )RR E o7z, fiBH
PRI oM ) A 713 1Gy 720 % T, ZOWNR
IR AR S C, RIS I OB AYE o 72 (6
ZITHARTIE, TERGEHREESART 252 (95% Cls: 1.82,
3.22) %/Gy, €D 9 5, IMIMELEAH 1.26 (95% Cls: 0.62,
1.90) %/Gy T, Mg ML PR LR B 2A% 0.30 (95% Cls: 0.19, 0.40)
%/Gy)o TS DOREROFRMIT, FFRL? 2B
N7z,

% 3 B ClX, Lawrence T. DAUER [k CKEIZT— >/
Y TN AY Yy —) B AR 3k —
2B M TOEBREEE ) A 7 EER LREE
NOREE T NBRFE O &8 LTl L7z, K
EIE 7 ABIZEIE, NCRP A3 HE L T 2 EEMIETH %o
ZOH T Ak — b+ ThH D ETINERER, TIEBEHRERE,
e S, BEEAN, v v FME¥EHR, ) vruay
MEXEHR, B AT 7 AENVAFZRIEEZ OVTIRTD,
BRI CIE B O 27 B ICHINLTB5F (2
NOEOTOOF7Takr—=rD5 5, LEBIGEREDD
@ ERR O JAEEMAT0 % LRl >0~y 7y b
VEZEH721F), 100 mGy T® A 7 f#H ERR b —0.02 (95%
Cls: —0.05, 0.00) TH o7, BAE, Bk B LA
DOIEREHEBOTE ) A7 RN CTH D, T2, 58
&, ATATT AT 454 R —E A+ ¥ — (Centers
for Medicare & Medicaid Services: CMS, X 7 1 7 713
EHL 6S R LOEEE ERSR, AT 174 NI
FHEZ R & T 5 REHRRR) ©F— % 2 WGH LT
BV 2T HTFETH Lo

55 4% Tl&, Janice L. HUFF X CK[E NASA) #% [1§
BREFIE A & PHIBHRBOE C  RA SR, U A 2 M
Ak, BA A b LA & L TRl L 7o P RAT R,
FHERAT, MEJ), PHSHZER T CRUNHM (%5 LET,
KLET) I2#IE< 5 (BIiE, KEIv a3 rTid,
W B C 0.3-0.45 Gy, FERN#iE T 0.87-1.2 Sv & #iE
%) MR E BRI TORT OG5
P A 713 E oL R OEFIGED SFHER A
AAEMLOOH LD, BTANVF BRI TD) A7

=it

WAHTH S, 72, MA) AZIL, F#s, MR, iz
TR, NME, BEARE, REEEZR SBIESATREZR ) A
7B, ARIEEE (B B fRIN), I, MRRUIREER
(ZLATFE=LR M) T Y EFL R EDf) % ek
EAWRELRY A7 BEHRAR Y, SESFLRENORELYZ
J270, HEFPREECH L, LrL, TNHOENE
ZELT, KEONy 2759 v FREETF—%, WET
DL < I DRI IED BTG D ) 2 2
tR¥ (ERR/Gy), FHIHIMOEEIIBT 246058 (53R
WOT = F D7z, TS 5 AW EN )R
W) 2T, FHIRATICHED 8 L~V o)
VA7 &R A7 FMET LV TRl EZRA TN S,
IS OFMNE, BRI 2RI N v,

85 5 i Tl¥, Helmut SCHOLLNBERGER KX (KA
HMGU) #° [+ FER IR — b+ EFEBBIEHEICBY
BIEBREIREIE ) A 7 ICBI LT, BRI B)
B on-eT L) LU TRl L7z, WKL, ik
BHRAE 77— 7 12EO S EEFVHEZE (multimodel
inference) % AT, LSS 48 13 ML 1L-TF— % (1997 4
FTOBYT— )BT 5 L & Wil 23 & 5
12 0.62 Gy, OEEABIX219Gy &HEET S (LAL, 2
DI TIE, EFNIST X —F —DORHEEMEOWE 5+
FTHVERHINTWSY) LI, 20034 FT
D LSS BIETE T — 7 1281 5 RIS A AR E, K
B <0.75 Gy, O EIZ <2.6 Gy THLME (sublinear)
ThdeHw Lz, MUFEEZHCT, #FFiEt%Edl
IR — MIBUT BRI LEREIL T ) R 7 ORI B
FRiZ, AR - PREIRCIEIBE, SHEER >15Gy) T
WAL (supralinear) TH 5 LIHEEL7Ze TNH DR
MOFENZ, FFw Y 2B E N2,

IRANVTF A AH Y ¥arTlE, BT O
Iz,

il A DR — MFETIIRHTEY) A7 ERB) A7 D
WIRL M RO SN TEY, BH DA 5 EH
ERR/Gy IZFETCY) A 7 D3 ) A 7 Oy 2 f5 8 v,
L»L, MLak— b HNTIEY A7 LR A2
R TEEIR—MIRLNTBY, TOHH0
DEDTHEYY v Z7IEEFIR— P TIEREY A
7133 F SF REREEETHEML TW 50125 L
THLEY A7 13T L A EOIEBRIRBTHEML T
T\, JEEY) A7 LBV AT 2 EIEZ LD,

© Yy ZHEER D SRIL 72 DRI O W T T T
T A — LN (5 R B O - KR - BREOMERE
W2 fENT) DEIES NIV BH DA, ZDkH
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%% 3k — MERE D SR 72 A AL &9 EY
WFFEIE 3% 2%

- ORI B, BN b o TH L A58 BRI,
AR (B N=F TV U, TN, v —
W0, RRANEY) % EOIEBAFEIZ, KRERH
WO & o 72 3B O AP AR G- L Tw
BN

o B & BEIR IR TR BR SR B O U Y) A 7 & IZE A
EBEIi LWL D THEHY, DX REEIIC
B AZMHATICELT, CORE, MREEH Y
SN TV DS D

23ty a3 [ERSHRECHHEREYF] OBE

% 3 LSO R L Teni G. EBRAHIMIAN IX (7 5
¥ A IRSN) 7%B s 727%, 45 3 1 (EBRAHIMIAN JX7*
) OMERIE Omid AZIMZADEH X (KA v BfS) 7%
Bl

5518 T3, Kai BORMIG(F A 7 3 2 A Y TRFRE)
A TR BB AE S Do #E < ) LB L Tl L
720 UL Dl D725 ARHTHE G, OB, O, E
Bk &S I ROBOMEDI KT TS, ADBAD
BETREERR DY &, TEBRZFREEIC X B8 T 2 7 O8N
AR S 72 DARBY 5 0 2013 4530 DRt & 5
D, wilE, EMKUEIED ST (deep inspiration breath
hold: DIBH), HREEZFAMGHIAHE (intensity modulated
radiation therapy: IMRT), ¥z & 72 A%5 IMRT % 17
9 R EE A R Bl IR S (volumetric modulated arc therapy:
VMAT), B f#tia#, NEREEEZN5 L3 23058
R EX T IERMPREIC L o T, DEASOBEE
WAHA LN T VD, DX L@ RIEOI Y HAIZ
ED, BEoWE T TIIERGREIC I 2T Ry
BHEIMLTWav, 20—J, MidALRTYE2) 28
JHE D H A DOV TR, MR EEAN O A3 D
52500, HRGENOHEFRIFIHEINTHY,
&5 74 B EIEARE STV 2,

45 2 J#Tl, Raghda RAMADAN X (W)U F—JE1
Wf9e+ > % — (Studiecentrum voor Kernenergie — Centre
d’étude de ’Energie Nucléaire: SCK + CEN) 7% [ 455 B4
L7727 v b EBESHERZ 2T 2P AREZICB TS
DNA X FuAbDZAb] & L TRk L 72c MEDIRAD
7Yy ME, BINE - £/ X=varTur g A
(Horizon 2020) 12X > T2022 FEF T4 FERZLEIN
R C OR R Z RIL S 272007 u e s b
T, 62D =273y — (work package: WP) 253 -
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2o ZO WPA[ DB A A=V v T N4 F~v—T1—
M| <id, WAL F ==z T, ¥4
T RNA & DNA X FIVILD IS A < — 7 —DWRat S i,
ZDHH, DNA A F VALD#ERHHEA S L7z, Wistar
7 v MHEO.LEKIC 110 0.04 Gy, 0.3 Gy, 1.2Gy % 23 Al
WA (B 092Gy, 69Gy, 27.6Gy) LT, =0
1.5-12 A%, EZEOH O Rl -~ (global
longitudinal strain: GLS) % &L & L COBERE % 5HIi 9 %
& & BT, DNA X F AL %Z FFA 9 % 72 O I HR I L 72,
DNA X FIALDOZALIZIRGT % 7 2 H LB TRRD b7z,
AFWMALDEAL L 728 fn 709 b, GLS Bil#Efn 113,
SMLAP, ITRP2, E2F6, LDLR, PTPN2 ® 52 T & -
720 TNHSODOBEETDHH,3 DOHEIET (SMLAP,
ITRP2, E2F6) (2D Tik, MEDIRAD /Lol U 52 2
JEaAR— b DO ISHOADBABETH 2 FMLOEAL
WRDHNTz, TS OMBEOFME, HERLY =
S E N7z,

8 3% TIX, Teni G. EBRAHIMIAN X (7 5 ¥ &
IRSN) 7% [EAR R O HR & I 45 28« S2Bamfge | & &
LU Caliii L7z BPAERD (EE 28R 1FRD) o~y A1)
BRAIEAL %2 FHE L e\ ds, TRYARSY V37 HE % /K48
(apolipoprotein E-deficient: ApoE) 3%~ AIIRED
R IEC X o THIRIAL 2 FhE 3 2 B ET VAW T
Hbo VCs BELHAKOEIIZLY, 39 HNIFT
20-240 mGy & PIEEIE S §5 &, ApoE” =7 AIZBIF
% KENR O BIRFELASIHA L7z PCs y M & ARG L
72ApoE” W AT, M2 B~z a7 77— GHRBW
FEVEHERICHK T A~ 7 7 —Y) & SEMHFITEA >~
% —u A % (interleukin 10: IL-10) OH§fN, ¥ Ly6c Hi
kL CcD6s Btk (Mrki~=2ru77—) ORI
R 5N, CD69 Btk T MINBIZZAL S o7zl &0 5,
R - RIS X 2 BIIRAETL O 3412 1d M2 7
X707 7 —UNREGEEERZLT0DE I ENDbho
720 NS OREROFENNZ, BRI 2SR E N0,

¥ 4 FEClE, Marjan BOERMA Ik CRE 77— > v —
BERFRSE) A% THSHRIC X o THR SN BB EB~DE
BEOEYSF IR LU CallE L7zo ORI
I WITL B RFICB V2~ ZLMIE U 5 R
WZOWTHIAN L7z B Gy YL Lo %, LIETIi,
PEIRIE - DGR O /e =4k 6E, AL OMoME, #EmicE
EDSEEL B0 A MLV AT A M X 0 FHIi§ 5 2 S F
fiined, HMFEHENICOAD, FICHETIRT T 2. Bt
FREEZ LB ABRKICELT I —7 (BREifbz 2
T % MAERED PRI S 5 BIREEEE) o iz E bl
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JaOBWmM»RRD LN L LB, KREEYRY V37
Bal Aru— ViK% K8 (low-density lipoprotein
cholesterol receptor-deficient: LDLR ) 9%~ ™ A1 7 Gy
Dy REBE L TD, ApoE” ¥ 7 A2 6Gy Dy i %
BELTH, 79—27NICELHMBOREMEED b h
7200 EETIEI MY RN TEHMSEROEARL
BEERLL SHEERVIEINLTBEY), 2oXH%RI b
VR TREE, R RIS TR IS
DR EE BREMED D B o BREIER, DO BUINMAE
WP T 5, b7 ar 4 v C 2 BB S
72 ANCIREY 2 LD EOBUNIAE B, TR
BT BN, METRZEL 2V &5, HECIRIGHR 7
054 ¥ CHBGHEED O E# % £72 LT
Wb ZENbroiz,

85 5% Tl, Carmen BERGOM [ CKE7 ¥ ¥ b vk
)W [T7rTv40 <A DB A o F)
M CELCHEH L, Ty 7T LA 7 - <A
(CREDOREGBHKFTHSH b=—"+TF 7 X %51996
FITRE L2 1CB 2002 EeT oL L, O
TR & 208 (BERTEARENR & OA4) Dih# %
#IF725 4 P VTH L, BB, EH, AT—T VT
TV —vary (BREMNOHBENR Lw) 32077
O—F 2L DEELTHEDS VO EHI (ventricular
tachycardia: VT) &\ BEGEOBIRMEA IR %2, 25 Gy
ORI HGHC & ) BURFBHEHRT 2 A0 H ), [FIKOTT
BATHBT Y b REITEL TN, BRI
LB EFEREORMEE, F Py AF YR ves (RIS
ML 2EAETTHLT NI DAL T O@EYE) &
IAF T 43 (OHMIBATER D F v v THE 2R
T55 V2H) O¥NTH LY 72, 5Gy O H
S X 2 DA EDORHER S KA TBY, T
CoA 7153 Lo M F 24109 76 B R SE B KRB IR 75
Mz 72 W X D HHMDOAEET VT AT, HEHC
Lo TUREDRRAIHDSNTEY, TOMIIAR
R R0, RED 72 ) OLZIRRMER- OB,
AL DM TH %o MW 22 DI IR 2 & LS
RAEEN LD, LALEETF IV A DL TIERHE LA
WAT 5 e, BETEEO.LIEOIRIEIC X 0 o
YEH O 5 1k 235 7 % W REME DS7RIE S 7z,

%5 6 J#Tl, Evagelia C. LAIAKIS )X CKEY a—v
v R B THEHRIC & > THE SN L LMERER

BT E/NGF] LELTHERLZ, MrFLid, &
W AR & S ET S A W REYEAS D % 45T O B i 900 Da
R OBESFRAEWDOZ L THDH, T v b OFIHIC

«N— |

«N— |k

=it

10Gy O X #a 435 &, (DIRICY 7)) ¥ 70555
ENLBLORNEEL LT, KEMET A A A N1
P AMATHECHEIR T A2 LWL B3 7 F ) ¥ 7 TH
5 EERLAY, LMAEREICHEE L CEBINTY
LHEFEERFIZCA (B UNIEOTOTEF ISR,
%E@UEF=72&E®%ﬁm%ﬁ)®ﬁﬁuomf
A L7z GEIEBERER SC 2 2 ), JFe PRRFIC
Mh%%%%%bf,%@%3$%,ﬁﬂ%ﬁﬂbt
FEERORERIZOWTHREA L7

INANVT 4 AA Y v ar T, RICUT O MI
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