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Study for more accurate estimation of internal radiation doses based
on the contribution of short-lived radionuclides and more realistic
dose-coefficients

Tomoyuki Takahashi
Division of Radiation Control, Kyoto University Institute for Integrated Radiation and Nuclear Science

Keywords: internal radiation dose; short-lived radionuclides; dose coefficients; accurate dose estimation;

Fukushima nuclear power plant accident

Abstract

The present study has been planned and carried out from 2016-2018 FY, to estimate internal radiation doses,
following the Fukushima Daiichi nuclear plant accident, more accurately to alleviate public concern
regarding radiation health hazards and to help enhance the efficiency of state health control measures and
victim support. The study was designed to estimate more accurate and realistic radiation dose using the
following two approaches: (i) Considering the contribution of short-lived radionuclides not considered in
past estimations, and (ii) using more realistic dose coefficients. During the fiscal year 2016-2017, we
analysed existing data and reports in relevant documents and scientific meetings, and found that radio-
tellurium (Te) could pose a more significant radiation dose to people comparable to that of radio-caesium
(Cs). Animal and plant experiments were carried out to estimate transfer factor from soil to vegetable, and
determine gastro-intestinal absorption rates. In this year, the internal radiation doses were estimated using
the transfer factors of Te from soil to plants, under the assumption that these vegetables were continuously
consumed by people for a year after the accident. As a results, the radiation doses from the ingestion of radio-
tellurium in leaf vegetables were estimated 3.2% in adults of that of radio-caesium. This suggests that the
contribution of Te to internal radiation dose was not very significantly high. Animal experiments
demonstrated that the absorption ratio of Cs from soil particles to the animal body was approximately 20% ,
and much lower than that reported in publications by the International Committee of Radiation Protection
(ICRP). This suggests that dose coefficients recommended by the ICRP may lead to overestimation of internal
radiation doses. In addition, the release time of radio-tellurium and the relationship with accidental events of
the nuclear reactor were investigated using advection-diffusion model. The release of radio-tellurium to the

atmosphere was estimated to occur mainly on 14 March, and to related to accidental events of the No. 3 plant.
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Study of indoor contamination in residential houses and evaluation of

internal exposure dose due to indoor radiocaesium contamination

Hiroko Yoshida
Graduate School of Pharmaceutical Sciences, Tohoku University
Key word : radiocaesium, house dust, aerosol, cleaning, resuspension, internal exposure dose

Abstract

Indoor radiocaesium contamination was analyzed for house dust and aerosol samples collected
from 61 residential houses, including 17 houses in Tomioka Town, Namie Town, and Okuma Town
investigated in this year. A moderate inverse relationship between indoor surface contamination and distance
from the Fukushima Dai-ichi Nuclear Power Plant, FDNPP was observed. Resuspension factor, which is
defined as the ratio of the radiocaesium activity in aerosol collected above the resuspension to the median
value of surface contamination, were obtained during dusting and vacuuming with cyclone handy cleaner
and normal cleaner for each house. A moderate inverse relationship between resuspension factor during
dusting and indoor surface contamination was observed. The average of resuspension factor during dusting
was evaluated as 6.27E-03 + 5.16E-03 /m, with one standard deviation, which are higher by a factor of ten
than those dusting vacuuming with cyclone handy cleaner and normal cleaner. Based on the measured values
of house dust and aerosol samples in each house, committed effective doses of 1¥’Cs due to ingestion of house
dust and inhalation of aerosol were estimated using DCAL (ORNL/TM-2001/190, 2006) by assuming that
an adult intakes 20 mg/day (US EPA, 2017) of the house dust (< 180 um) and inhales aerosol during dusting
(1.5h), respectively. Each series of committed effective dose of '*’Cs calculated for ingestion of house dust
and inhalation of aerosol in each house was inversely proportional to distance from the FDNPP and
proportional to indoor surface contamination. Aside from an inverse relationship related to distance from the
FDNPP, no clear differences in indoor surface contamination were observed for houses in Namie Town within
evacuation areas and those in the arecas where the evacuation order was lifted. Nor for houses in Tomioka

Town within evacuation areas and those where residents already returned and live either.
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Sz,

F—U—F
N, B S Y A AT AL AR, =T RV L, R

WHoEl 11
L
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L WrJEHAY

BRI, HORENREHE R FSCREREB RN O 4 BTRNT Y U 7R R 2 | i R X sk 4
BRONTWR 2942 3 H 31 A& 4 A 1 BIC—FMR L7z, E61T, DR EEX ISR o Bl iz B4
5Fz2H) CEAL28 48 A 81 H) IZBWT, MEREXIEO 5> b, 544 HiRIZ, MEDCIK MK
Db E X OREHERZMER L, BELAREL T2 2 &2 BIET MEBELL ) %2, TR O%E
SIS U CHEAHE TREL, BT oL s LTW5, EROMEKVEEICHTZ-> TIL,
FEZEOBRNITIREDORIG L 7o TN, ERA S - &b RV ZiE 23 B ERNOH I
o5 BNHYOWRNZIRET D 2 LN - WEBIE<IC LD U A7 235 9 2 THETH
Do TNOORERERE X, AR TIL, KV LRI MELZHET 272012, BTG
L ~UREWEE SRR ELOERICBN T, NEHIE OFRRERDINT AL AN EZT
7 VD FEEFEZIT D,

AAEE X, AR £ CICHEMNR O D -~ B EE —REOM B OEE (EICERET) T
PEFREELT 2L & =T Y LOTRBE LEIZ O TORRE( LIRS 5 2 & bR
Btz T Yy VAIET — X 2T L 21TH) 2 A HE L THFZE R 30 L 7=,

1. WF5eJ5ik

1. A & R AT

i oy WA ORKREHT « JRJLET « BT OES 17 #F (& &5 — e b OFERE 3.7~17.1 km) (2B
T, 9D D 1T DS, REEFEROFMERAML L 7ZREREN T (T o I A 7 1 o bk
F TGRS L <IXZ20m G 26 H) . S 62 FB8T, MERBREITVRES,
NDAFZA N7 VERE LT, 20 DFEZEOHWTREIZOWNTHITo, £z, —H
DEFETIE, BNOTFIERL ORI 2T 272912, PM10 & PM25 DU TV HZ A AE=
2V T biToT,

2. N AL A NHOREE

O V7V T Lok

N AFL A ML, A 7 a KR (DC6IMH; Dyson) % VT, £ #%EIZ 70 mm PFTE 7
4 V5 — (4 um FLFR, Advantec PFO40 ; BRYEERR) ZH0 (1722 BS 5 W0 g iT EE (50 W
20, 63,180, 500, 1000, and 2000 um) %38 L CRAEHNZHHSE L7 (<20 pm, 20-63 pum, 63-180 pm, 180
500 pm, 500-1000 pm, 10002000 pm) , FFEEHEE 2 K -1 (TR”F, FER=EIZBWT, AELS LW
FEEE (VTX-3000L; LMS) (2 X VMO & 5 21T o 72tk RIERIZ 2.5 mLPP /31 7L (=L
I A) ICANTH&E L (AUWI20D; e,
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X II-1 25D W EEA & Ny A X A M EE ()

© IKIEMRVE - SEFRVEFRIER 5y D 53

BRIFED/NT ZAH A &) B50mg b L < 134 100 mg % i 0% (General Electric Company,
VIVASPIN 20-5K) (ZFFER L., #8fkiK 2.5 mL & L < 1% 5.0 mL /12T 200 rpm T 2 B4R &
L7z (SR AT v7), IRE Dk, EHIT 1R 150008 TiELTH I & TNT AL A MK
LRI 2 4B LT, BRI 1 mL 2002 T 1 KR 15000g TOELZ 2 FE#VIKL T, # &
AN LT DR bIEHIRANSEN CTHWH L, 20, 1 HREDOEEE 5 mL b
L< 125 mL ZM%T 200 rpm T 2 KEEEE 9 L, EHIZ 1 K] 18000g Timils L T ALK
A MR L VIR 2 3 BEL . 1 mL 2002 C 1 R[] 18000g T4 2 0k LT, ¥ H L
AT, 1 BUESEERA IRy 2 /0B UT-, SEERThINIT, BREEA I L 2R NgEL Hi & Lo LS
AEHNORAEEICHE ST D,

@ HRERE

W LT ZAX 2 MR ORBURRERIE OFEMIL, FTEHRAEOREFICTKT 2720, 22T
IR T 5,

BT 53T o A X A N ORI EE v D A (184Cs,137Cs) & @M 7 L~ = 7 L8k
B2 (EGPC50-195-R, EURISYS) (2L Y 1000 ~ 10000 BRHIE L7z, E&RMH#HTIL Gamma
Studio (DS-P600, &A1 22—« f —V—T > K¥—) [T TfTo7=,

AV OB R OME R HRUBHZ W T, 100 pL % L < 1% 200 pL 2 2 F 0B L Cilis s
vFL—H4mLENMAZ, RIS FL—var B H (Beckman Coulter, Inc., LS- 6500)
T 134Cs, 137Cs 2> 5 D_— X A 100 S0 WHAE Uiz, BEEOM I, MR 3206 L 7=k » -
VINEMNBIZLIZRE Y v TFL—va v LSV~ = MR A ORERS RO
BBk (HE 0.0568; R2=0.9974), FRIEH OKEVE Cs 1%, @S L~ =0 L8R
R R IZ X v 1,000 ~ 20,000 FORETHIE LE R LT,

3. =7 Y O EE
OV o7V T Lok
7NV o NE 1L REEN TR (A e AR E ) &L 2. N2 RN

22



R ONR SRR T To 72, — I OEETIE, RO THA 7 u U RERE, 0 cil
WP A 6 L CRERMEH T 22 h2no 0 TTV, TREROEEFTO=T vy L2 HE L
oo =7 RV NLVOEIX, RN—F 7R (Leland Legacy Pump, SKC) % T 9 L/min T#
Alr— RA 7327 % — (Sioutas Cascade Impactor, SKC) F® PTFE 7 1 /L% — (L2 0.5um) (T
kg = & (<0.25, 0.25-0.50, 0.50-1.0, 1.0-2.5, 2.5-6.6, and >6.6 um) (Zffi%E L7=, PTFE 7 ¢
NH— (L 05um) &L TIE, 7V —RE8BMM L7 4 VX —%Hni,

@ $72 DRBRIEEAT o T2 BEO R LS hE

8 BIOMETICBWN T, Y1 7 vl 13- i oBoR =7 a i 22 kis
IZHEE LTo, 8 EHFOMEETIL, T A 7 v U faBrbl & Bdmim bt & 2 R D000 32 ToHld TITV,
ELIEEERHTEIT-o T, ZND 3FEORBROBOK T T 1y v iaZNERERNHHE L
Teo Elo. 1 HOEETIE, ENZ Y —= 7 ¥F D 2 HRIOFIEETOR[RP =T v Y VA2
ALEIRIRHNTHIE LT,

@ HRERE

W L7 v Y VR OSRERIE OFEMIL, EEHFAEHEOREZEICTKEHT 5720, 22Tk
fERIZFEH T 5,

ITNENDT A NE—IZONWT, TTAF v 7 rFL—a s itgs UDC-5300, HILT ok
AT 4 F)V) TIHCs,3Cs I B DR—Z # % 60-100 /0 [BIIE Lz, HFEEOMIX, —&oT 7
JVCHIE LTe @i EE 7 v~ = U D8RR s & OB Gk 7o (= 0.208, R?=0.994)

4. HR[EHK

FEOHRIFHIL CO I EWEIEIZ L VR Tz, FMRIZFE CIREICR D X 912 CO2 2 EN
WZHE . TR0 &2 L7c D 2 THEADRIET CO2 fIE# (Lutron Electric, MCH-383SD) (2L ¥ 1
53 Z LT CO2 IR EE Z FURsFRIE L7, 72, HIEDRIE CTERAAO CORE B IIE LT, 5o
CO2 DEWIMRE D7/ DR E BB TT 4 v T 4 735 2 & THEEO]MKEIR ZRDT,

5. K HURLF-RFE OREIF AL

TERERE T ORI O _EF K OHR ORI Z(L 2R T 2 72012, 12 FFOEEIZBW T,
THRVEET RO O%ERH O PM2.5 - PM10 IREAZ A7 v b PM2.5 o ¥— (V7 FETFL
FERRASAE) ISR VRNE Lic, ERIEER, BAIRE TORN TORFIRE ORGE & fE BT
T4y T 47 L, BREBEARE T D Z LT R E ER AR DT,

(i i ~ D B )

AL T, EADEZNOREZIT I 720, TORPRIIFMBMAERDIEEND, BEICHT-
T, HALRFIEAHERNCIB T D T M &G E T 2T 2 MmEiEA ) ORRE T TIC
2T TR, MEDOHTEITKREZZT U TOFIEIC L S,
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i U< AIXEHOBANC LY TFREO B & HFIEOHHB LOFEE~O ZH O BREV ] %
AL, FEZEE TED, FERNEE L TV DEEIMER~O®A K OHEREON HEWIEH
BERZBEL T, BONTERRICONT, #HBRE K LSRR O 28T 5,

EHIC, HADAME~ORIHRE LT, HFEFEMICEE L Cid, AMOBgas8ET 5 & & HI,
TN D NAEDEBED B LI F TSRS ISR LT T 5 2 L 258K L L, A HORE
DEZ I 5,
D7D D BARK IR BLE 2 LU IR,
OWBREIARANOHHER CER~ORE, ERBEZRETDHZENTED,
OHRE TN O THARADHHERTEROPILZRETE D,
OEBREIT, HREDOAELEE L, ERE TR LEROFMEIZLNT, REDOTZ 1 v
—DOREEERT D,
OfE N BT TR EATE DS OB R OEWR 5 2 & & L, W98 H BILISMTIT AW 20y,

OfE ANTEHRFIH OB, BAOFFEIZES Z L1k 2 ICEET 5,

IIL. WF7Ehe R

1. "N A A N OETRE

OV S RNy TN

SARE ZIVE T & F2 ki L 72 18 #FO(EE T, RifEH3<20 pm, 20-63 pm, 63—180 pm, 180—
500 pm, 500-1000 pm, 1000-2000 pm D/~ 2 X Z | 10> 187Cs (F-#5+SD) i3, 9.2x 102+ 1.7x108,
6.3x102 £ 9.1x102, 4.2x102 £ 6.3x102, 1.9x102 = 2.5x102, 1.2x102+ 1.5x102, 1.2x102+ 1.7x102
Ba/g Th Y, KEINNSWIEEZ 2 FERYST- OREHERSE L RAEmICH -7~ (K 1I-1),
KB (4-2000 pm) 5 X OTFIC A LRV KB (4-180 pm) THE, 3.3x10%+ 4.7x102, 5.3x10?
+8.0x102Ba/g ThH -7z, WEFEEE TORRLFEMK, A NEEYSD OB Cs 13, R LI
KX B> TWW-,

MEAEJEE £ TICT L2 b D& 8 7= 5T BFOFEEOFERIT. A <20 um, 20-63 pm, 63180
ym, 180-500 pm, 500—1000 pm, 1000-2000 pm D/~ 2 F 2 | 510> 137Cs (E+8D) 1, 3.3x103
+4.2x103, 1.4x103+ 1.7x108, 9.3x102+ 1.2x102, 4.2x102+ 5.8x102, 2.6X102+ 4.9x102, 2.3x102+
3.9x102 Bg/g Th -7z (K III-1), HE (4-2000 pm) I8 LOFITfAE L WKIEE (4-180
um) Tht. 6.4x102+ 7.5x102, 1.2x103+ 1.4x10% Bg/g T - 7=,
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¥ 10
g ID61_TH mCs-137
" 08 | m Cs-134
2
iR
g 0.6 -
>
_‘u
i
B 04 -
]
A
X
X 0.2 -
D
z

0

e § & § § g g
R

IOI-1 () KEERID NT AF A NP OEEY T2 ) OFEE Cs (F:137Cs, 77: 134Cs) (5340)
RIBED/ NS WE ENT ZAZ A NEEY T ORUHE Cs 1IZZVMERIA R 615,

# -1 KR DT A Z X N OEEY T2 ORI YCs IRE [N=57] (53).

NG A ANE 8 Y720 D Cs'¥7 (Bg/g)
IRES

F4J +SD HLfi | 95 28—t v & A A e KA
<4-20 pm 3.3x10°£4.2x10° | 1.6x10° 1.2x10* 1.8x10*
20-63 pm 1.4x10°+ 1.7x10° | 6.6x102 5.5%x10° 6.9x103
63-180 um 9.3x10%+ 1.2x10% | 4.5x10? 3.3x10° 6.3x10>
180-500 um 42x10°+5.8x10% | 2.3x10? 1.2x10° 3.1x10°
500—1,000 pm 2.6x10%£4.9x10> | 1.4x10? 5.7x10? 3.0x10°
1,000-2,000 mm 2.3x10%+3.9x10% | 1.1x10? 6.0x10? 2.5x10°
2R F (<4-2,000 pm) | 6.4x10%+7.5x10° | 3.4x10? 2.2x10° 3.6x10°
NERT (<4-180 um) | 1.2x10°+ 1.4x10° | 5.2x10? 3.9x10° 6.2x10°

@ NI AL A SR OIERED KIRNE - HERR AR

LS ZNFETICONEER LT 11 $FFOEEDO AT ZAF 2 SR OB Cs (R 1 (<4—
2,000 nm)) DKIEME . HEWERERTE, FRIEORIT, 17% + 10%. 30% + 18%. 53% + 23% TH Y |
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KB Gr . EERTAR A DEIGIXFH T LI RELS B o Tne, o, REDN NI WIEERETOT
VMEAI S A B LT (B TIT-2)
MEAEE £ T LI b DA E DT 53 BHOEED AT AKX A MMEkiF (<4-2,000 pm))H1 D
T Cs D/KIENE, HERERANE, FRE DRI, 19% + 11%. 33% + 12%., 48% + 17T% ThH - 7=,
(£ II-2), 5K~ (<4-180 pm) TiE. 16% + 10%. 34% + 11%. 50% + 16% CTH-7=, (F
11-2),

100% 1 . I | ] 100% - . . ) T

80%
60%

80%
1 H 500, -
40% A H 40% 1
20%-] I '20%—]

0% -

BICsD K B BEARE - REDHFEL
WICsM KB BERE - REOHFEL

4-20 pm
20-63 pm
63—180 pm
180-500 pm
500 pm—1 mm
4-20 pm
20-63 um
63—-180 um
180-500 pm
500 pm—1 mm

N

ID45_SI LRz ID46 OT b TR 2

I-2 FAEEDNT AK A S ORESHE Cs DKM « HERENE - FRIEORIG (4r4H)
ThEh, K- e RETRD, £ RHERALLTOREBHZSW TR, BHRAR
B 172 DAz AL THEHKE - 3 - A Tl L7z,
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100%

100% '—. B . . t

80% H

i 60% -
 40% -
: 20% A
- 0% - . . : -

ID47 KB i 1D48_SS R

100% '—l . l I [ 100% . . I r

80% A 80% -

80%

60% A

40% A

20% A

WICsM K Bt IBEEE - RIEOFEL
WICsD KBt BB - REOFEL

0% T

4-20 pm
4-20 um

20-63 I

180-500 um [

500 pm-1 mm
20-63 pm
63—-180 pm
180-500 pm
500 pm—1 mm

60%
40%

60% - 1

40% . 1

20% ' 1
0% A ; - - - 0%

20%

WICsM KB ERERYE - RIEDFEL
WICs K B B BRI - RIEDFHELL

20-62 e |

4-20 pm
20-63 pm
63—-180 um
180-500 pm
500 pm—1 mm
4-20 pm

500 pm—1 mm

ID49_HY L ID50_ST #i g

NI-2 (FHix) FMEEBONT AL A NHOREHE Cs DKEME - HEREN: - FRIEOEIS (53H)
FNEI, K - B - BEATRL. Fo, RERFLLTOREHZOWTIE, MR
FUED 172 DEZ A THEIKE - A - HA G CRIE L7z,
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100% - 100%
3 2 ]
g g
S 80% - 4é‘ 80% -
b b,
® ®
H 609 | #H 60% -
§ o
&
# 40% o 40%
ﬂ () ﬁ 0 0
o o
% ¥
S 20% - S 20% A
1 o
O% T T T T 0%
g g g g E g g g g g
& 3 2 3 T & @3 2 e T
+ s I 4 § < 8 4 2 g
ID51 KB LRz ID52_SK Lk
100% 100% -
5 ; B
: :
S 80% 4é‘ 80% -
b P,
#® ®
H 0% A #H 60%
§ o
&
= 40% A o 40% -
ﬂ () ﬂ 0 0
e o
% ¥
€ 20% - S 20% A
o o
0% 0% : : : :

g

3.
j=3
55}
—

20-63 um .

4-20 pm
4-20 um

20-63 um
63—180 pm

o
o

g

=
o
S
@A
5
3
=

500 pum—1 mm F

180-500 pm
500 pm—1 mm

IDS6_OB AL ID60_OY i
-2 (fe&) BEEONTAZ A SPORIE Cs DKEENE « RN - FRIEOEIE (548)
L, K -G KA TR, o, RHRALLT ORBHZ DWW TR, BRHRR
B 172 DAz AL THKE - JEEE - EAG Tl L7z,
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2 100% T -

H

g 80% A

il

="

§ 60% -

£-a 400 -

H %

K

%

§ 20% A

1S

O% - T T T T
g g l g z
U T |
N} * §
ID61_TH e
BJ III-2 (feX) BAEEDONTZAX A MROKESE Cs ORENE « EEREYE - FRiEORIS (4rH)

TEN, K - H - RO TERL. o0 BHERALLFOREHZ W TIE, R
D 172 DA AN THEAKE « EEE - EAG CHEm L7,
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# 12 KRR DT AL A SO YE Cs DKENE « WRETAYE - FREOEIS [N=53] (4rf)

RIPE W) +SD

<4-20 pm 43%+18%

2063 um 52%+15%

63-180 pm 49%:+18%

%A 180-500 pm 44%+18%
500-1,000 pm 47%+24%

SR F (<4-2,000 um) | 48%+17%
FERLF (<4-180 um) | 50%+16%

<4-20 pm 41%+15%
20-63 pm 35%+11%
63—-180 um 32%+12%
HCl /af% 180-500 pm 33%+14%
500 pm—1 mm 29%+18%

2R F (<4-2,000 pm) | 33%+12%
FERLTF (<4-180 um) | 34%+11%

<4-20 pm 16%+11%
20-63 pm 13%=10%
63—180 pm 18%+11%
Kia 180-500 um 22%+13%
500 pm-1 mm 23%+15%

2R F (<4-2,000 um) | 19%+11%
TERLF (<4-180 um) | 16%+10%
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@ NTAF A NHORSTRE L BEH RS DI - BB B

WEAEE £ TICOMT L2 b D& G 0T 56 BFOEED AT AL A M HOREHET, &% 1
FIFEFT S OEED 2 Feowigk AR L Ce (X II1-3), KiRA/N S0 <4-20 um <° 20-63
um DAY AL A RT, KEWKIERONT AL A N LY HHBERERN T2, T AF A SO
RE L R — A I BT B O A ORI & 3R mIE R b e oz,

INGRE AR DIICSERE (<4-20 um)
(2011/3/15equivalent value) (Bg/m?)

25,000

20,000

15,000 -

10,000 A

5,000 A

<4-20 um

L]
L]
A
A

]
[T
icfeatic]
i
[iE (i}
el (i}
3t

y=3.55% 10* x2 + 999

A R=0.706

10

15

BEE—FEHEISDERE (km)
II-3 NT AKX A SO ¥1Cs YR E &A@ B —RFE D b OFEHE - A OBRR (54)

20

34

NGRS AR DICSTERE (20-63 pm)

(2011/3/15equivalent value) (Bg/m?)

10,000

8,000 -

6,000

4,000 1

2,000 A

20-63 pum

>

L]
L]
A
A

]
i)
il
[i]
[iEldic]
Bl el i
It

y=1.50%10% x? + 505

R=0.749

AA

5

10

15

REE—RHEILDIEEH (km)
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10,000

8,000

6,000

4,000

2,000

(2011/3/15¢equivalent value) (Bg/m?)

INDRE AR DCsRE (63-180 um)

5,000

4,000

3,000

2,000

>

(2011/3/15¢equivalent value) (Bg/m?)

INDRA AR DBCsRE (5001000 pm)

5,000

4,000

3,000

2,000

1,000

INGRE ZRRDIICsRE (RFITE [<4-2000 um])
(2011/3/15equivalent value) (Bg/m?)

I11-3 (fix)

5,000

1,000 -

63-180 um = _
LT EP
TR § %_ 4,000
A [ric) é a
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Estimation of indoor radiocaesium behavior and exposure assessment

to indoor radiocaesium

Naohide Shinohara

National Institute of Advanced Industrial Science and Technology

Key word: indoor environment, radiocaesium, house dust, indoor air, aerosol, cleaning

Abstract

House dust and aerosol was sampled based on particle size in 17 buildings mainly placed in the
southern direction from the FDNPP, in Ohkuma, Namie, and Tomioka, Fukushima Prefecture, Japan.
Following results include the data obtained in H28 and H29. Activities of radiocesium ('3’Cs) per gram of
house dust increased with decreasing particle size (N =57; mean + SD [median]: 3.3 x 10°+4.2x 10°
(1.6 x 10%), 1.4x103%£1.7x 103 (6.6 x 10%), 9.3 x 102£1.2x 103 (4.5 x 10%), 4.2 x 102+£5.8x 10 (2.3 x 10?),
2.6 x 10°£4.9x 10? (1.4 x 10%), and 2.3 x 10%£3.9x 102 (1.1 x 10%) Bg/g for <4-20, 20-63, 63—180, 180-500,
500-1000, and 1000-2000 um, respectively). Radiocesium activity concentrations per cubic meter of indoor
air during dusting (N =59; mean + SD (median)) was 6.8 + 7.9 (4.7) and 1.6 + 2.7 (0.78) Bg/m? for all
aerodynamic diameter of aerosol particle and PM2.5, respectively. Radiocesium activity concentrations in
indoor air decreased with decreasing the acrodynamic diameter of aerosol particles (mean: 0.099, 0.22, 0.41,
0.92, 2.2, and 2.9 Bg/m? for the aerodynamic diameter of <0.25, 0.25-0.5, 0.5-1.0, 1.0-2.5, 2.5-6.6, and
>6.6 um, respectively) and was inversely proportional to the square of the distance from the FDNPP. Indoor
137Cs radioactivity concentrations were significantly higher during dusting than during vacuuming with either
a cyclone handy cleaner or a normal vacuum cleaner. The mean deposited activities in tracheobronchial and
alveolar regions was estimated to be 1.9 and 2.8 Bq, respectively, during a 2-h dusting period in the studied

houses.
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Dosimetric assessment of radiation exposure using deciduous teeth
collected from children in Fukushima

Keiichi Sasaki
Tohoku University Graduate School of Dentistry
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Abstract

Radiation dose assessment using imaging plates

Screening examination for radioactive materials incorporated in 4,957 deciduous teeth, collected from
children in Fukushima and corresponding control prefectures, was carried out using imaging plates. The
data were epidemiologically assessed using multivariate regression analysis to examine the dose
differences in radiation, based on the Quantum Level (QL) values obtained from the teeth, in terms of
differences in the residential areas, type of the tooth, sex, and duration of its existence in the mouth after
the Fukushima Daiichi Nuclear Power Plant (FNPP) accident. The following results were obtained: (1)
Concerning the teeth formed before the FNPP accident, the QL values of the teeth collected from the
resident children of Fukushima were slightly lower than those collected from the children in control
prefectures. (2) There were significant regional differences in the level of radiation in the teeth collected
from 7 local governmental areas within Fukushima prefecture. (3) In the Fukushima prefecture, the QL
values exhibited a tendency for increase in QL values proportionate to the increasing duration of existence
of the teeth in the mouth, while the QL values from control prefectures did not exhibit any such tendencies.
(4) The QL values differed with the type of teeth; the highest value was observed in the maxillary deciduous
incisors, and the lowest in the mandible deciduous molars. (5) There was no significant correlation between
the QL values of teeth and radiation dose present in air dose in both the districts where the children resided
during the accident and after evacuation. (6) There was no significant difference in the QL values between
the sexes, in Fukushima and control prefectures.

Because the teeth examined in the present study were formed before the FNPP accident, the
aforementioned findings may serve as important control data for future studies on teeth formation after the

FNPP accident, to be conducted over the next several years.

Verification of electron spine resonance method for the measurement of carbonic radicals in teeth

Electron spin resonance (ESR) quantification of carbonic radicals in teeth has been used in cases of
radiation exposure above 100-200 mGy. However, the technique lacks sensitivity for detecting exposure
to radiation doses less than 100 mGy. The present study was conducted to improve the dosimetric detection
limit, and thus facilitate the measurement of low radiation exposures. We optimized the technique to
accurately quantify small amounts of radicals generated by doses less than 100 mGy (0, 20, 40, 60, 80, and
100 mGy) in Japanese macaque teeth. The estimated detection limit based on the 95% confidence limits
for macaque teeth was 7 mGy. This technical advancement was facilitated by a novel method aiding in the
separation of tooth enamel from dentin based on differences in tissue gravity, followed by the elimination
of organic materials and mechano-radicals from the enamel by NaOH and CH3COOH solutions. The
observed ESR spectra were deconvoluted using an ESR dosimetry program to determine the intensities of
the CO radicals, which were plotted against the irradiated gamma-ray doses to construct the calibration

curves. The above technique may, therefore, be useful for ESR dosimetry of human deciduous teeth.
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Investigation of internal and external doses for the residents

in Namie Town, Fukushima Prefecture
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Abstract

Namie Town, Fukushima Prefecture allowed the evacuees to return to their houses from March 2017.
We will estimate internal and external doses for the residents of Namie Town from both radiocesium and
natural radionuclides. Airborne radiocesium concentrations at five points are analyzed by HPGe detector to
estimate internal doses. To estimate an internal dose by radiocesium in domestic water, we are collecting
river water and sediment at five points (four points from 2018). Furthermore, indoor and outdoor radon
concentrations are measured using a radon-thoron discriminative monitor (RADUET) to estimate internal
doses by its inhalation. On the other hand, individual external doses for the residents are estimated using an
integral pocket dosimeter (D-shuttle). A car-borne survey along the main road was carried out using a 3-in
x 3-in Nal(T1) scintillation spectrometer to know the dose rate distribution in Namie Town. Ambient dose
rates are measured using a 3-in x 3-in Nal(T1) scintillation spectrometer at the fixed measurement points in
each 1 km to make a dose rate distribution map. The gamma-ray pulse height distributions are analyzed

using a response matrix method to evaluate the dose rates for natural and artificial components.
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Estimation of radioiodine deposition at the time of the Fukushima

Daiichi NPP accident based on residual radionuclide in cropland soil

Hideshi Fujiwara

Institute for Agro-Environmental Sciences, NARO

Key words : radioiodine, deposition, >

Abstract

Among the radionuclides emitted during a nuclear power plant (NPP) accident, radioiodine ('3']) is the
most harmful because of the causal relationship between '3'I exposure and thyroid cancer in children.
Therefore, the activity of '*'I in the environment and its impact on public health at the time of an accident
must be investigated. However, detailed evaluation of environmental '3'I is usually difficult because of its
short half-life, causing it to be barely detectable after several months. Therefore, the method of using
long-lived radioactive iodine ('*’I) to reconstruct '3'I deposition has been applied to understand the
dispersion and distribution of '3'I released by an NPP accident. In this study, the deposition of '3'I derived
from the Fukushima Daiichi NPP accident was estimated based on the '*’I concentration in cropland soil 6—
7 years after the accident. Although '3'T and '*°I were deposited on the ground and considered to be
distributed in the topmost soil (0—5 cm depth) at the time of the accident, some of the deposited '*°1
appeared to have moved to deep soil beneath 5 cm over the years since the accident. Therefore, the
accumulated amount of '?°T was calculated from the '*°I concentration at a soil depth of 0-20 cm. A good
correlation was found between the accumulation of '*’I determined from this study and that determined
from previous studies using topmost soil obtained in the months immediately following the accident. This
result suggests that it is possible to estimate the accumulation of '3'I based on '*°I in soil several years after
an accident. Furthermore, the accumulated background '*° originating mainly from nuclear fuel
reprocessing was estimated from '*°T concentration in the subsurface soil (15-20 cm depth). In the western
and southern regions of the Fukushima Prefecture, where the impact of the accident was small, the
accumulation of background '*I corresponded to 60-80% of the total accumulation of '*I in the soil. By

contrast, in the evacuation zone near the Fukushima Daiichi NPP, the percentage was low.

13



1-6  RIHUSHEHRR S FEI G T & DO EM FHI R & G bE 7=
EHETE S AT AOHET AR

TAEMITEE B (REEE R PE L R AP FEFT U M R R 2 . HEZUR)
SyAMTIEE - SR (ENZREEERRER TR RGN IR B SR E)

GIARARGEE © PRI (RCRZFELSAE HR)

RS

KRBV B E OFART L, AT L DMEHEE (A A R A R U)RARHA
RTHD, SHROBERIEZ RS FREHEER RADEEMEZ D 5720 EEROFIEEHS
BB MEBEHEY AT LRSI T HUEND D,

WFEREE LR HE T, B < B FHED ~ B ) DARIGE TR 58l
MOBIFIE L TE T, AFETIE, 2 DFEE A A R A MY FEICHESE, 6122
NOEMAEDOED Z LIk - T, EE L RENHER I, fEFENE - RaE M - RRE PRI E
oA A R A MY VAT AOEAMN R L BIET, BAEmMIx, Omikstizibis, I b
oy FYTHE, DNAHEE, 7o 2 THEICOWTHEHIZS BB Z — L A=A L%
AT 2 @I AW PRI 2 HIET 2 #E L ORER FIEOREEZITY @b
PR 2 AR DTN A R A N VAT AEERFEET L O OREEIT ),

AAEFE X, WL B OMEPIBILEED AL R Z — v &~ T ZAFEBRIC & - CTREMIZIR 7,
Fio, MRFERIZE VIS ZOI har RYTHESCT e A THEZTER LT, SHIT,
DNA HIEFHM(YH2AX Yeta) 2 b3 27 A A0 b2 N THEZEET S
VAT LOWEFEAT o1z,

¥—D—k
RS E, NAF R AR LRy Z A, 2 har KU 7, DNAHEE, Tux7

Wt 71
PRI (LR PR ENRR)
THE— LR FERFEERIERT)
WEFHEZ URBKRT: « REFBLE SR IE )
AR (REIS R R AT BE T AR A SR )



I. BFZE By

TR A S ER AR ICIT, B2 2 20EL X - 3B BN,

120, —BHI L T SADBIRBREZB L aEgIE< Th 5, 1999 0 JCO ki M FH DR
ZIE, BHEEIE<ITE D 24058 T Lz, 55, BROBIBR(Y —7 4 RN T vl sk
BRMEDREE > TR Y, THIR OB D3k G CTRAET SRR H D, 20X 57k
BA . B BREEHEE L CRAPNIE EROMEIEE MW U, 1RRELIEN 2o (M) 77—
T D)VEND D, Kkx 72 N T = URERRE STV DA, PR 2 IR AR, B AR
RO — A A= Z —DREMEN DHEE) DA, BT R EN D 2 L TV D RER S 572
D, %< O—RTTRPHEITL T2 & 5 KBRS F ITIT#EIS TE RV, 22T, #IE< &
2 EWEE D DR BEEHE T 5 A RU A N BRELE 2D, TORE, AR
ze, WERZZPERT 27212, BROFEELMAEGLEDLZEbRETHD, M4 v
ARV OV RRAZ U H— RE UT HMBGEE PN FIEY S BRO YRR 2 & 5 H1E)
DHIHNTNDN, ZOFEITAE L -THALE LS B, —EICUHETE Ty D
20, 2L OXREFIT, FRRHIT, WEORELZ 5 2 T2, 16y L EOKEREIE < OF B A iR
BT 25 IEE, RIZICHESL L T/ D,

H 9 1 DOPIEL A — %, EFRN T THIEL 72803 Th b, BB IR EE—
JFAE (LR R CT = v ) 7 A VRO R Tl BEFICREOBFIEDE PR L7 2
ECEBERIES OV 2B ER L, FNERDEEE KR SN, BIE, &5 TRyt
By REITIFRDPEL TN D, EWIZH, WEFREFL T 5% BHEEIE<IZE > TS
MOBFEIFDO Y A7 NEEDHZEBAHRENEE LU hEVWEEZ HND 1 DL OfEwmIN G >0H
D XN EROHEALIL S ~ORLII IS S 7z LIEE 278, T, Bl
DRAMETH DML REOHEEN, T2V 2 b— g ORI ERAE R EORERI 5K
HDHENTZHLDTHY | RHENIVRENT & BREREFRA EATR A LIS 02 < OHEE T
ANDOEBEOHIEMEEZHEE L TRV L, REVRBEIOLNDINDL THD, < OEEHFIEL
Flx, BRI OB DOEIRY A7 BEEDL 2 EE2BNTND, W2, Kl ADORRETM & [F
BEC, SRR IR B ORIEICDIRMDNA A A VT 4 —F —CHHER ZRET 5 2 LN E
ETHD I,

Pbo 2 RaRaT 258, I, BHEEIE O JTICHIS T 5 W0 et e 23
BVETHDLENI ZENEZD, TLTENLIE, ZHOMBRE KL TEBTE S, T72b
L MEEICER T, R CHBMERE ) LERDH D, DT, T IO RERO BT R IE
BORIEY A7 2R TENTRBRVWEEZ D,

Z ZCARWFE T, MEHTERLAE - X b= KU 7HRE - DNAHEE - T X THELZIEELE L
TeHHANA A R A N OFEBATREMEZ B ERIC I VM L, DI D OFEEZMAEGD
HHVAT LOMEREE B L TWo, AFEQN FH)T. OB FERE 2ITHRIEERIZ I D .
il % D/RT A —2 OMBEHEERE I L TRETZ21TR o7 @l % D/RF A —Z &l )00k
WZHIE - IS 2 72D DT AT 72 o 72 QBB OEIELZMAEDOE DV AT AEEFRHIC OV TEL
o Aoy



1. 58 51

ARWFTEIL 3 WIIEREBE DILFMFFETH 0 . ARSI THE B 4 DR IS W TERNIC KR &2
1T7eotzlz, T OFEMZ T ZEHER Z L IR#d 5.

1. EEERRFZAALAF R A VBT S L CoMmigiimbie oA O >
O~ v ADfEE

6 HlinD A A D C5TBLI6) v 7 A& HA SLCHEELVIEA LT, v~ T RAX 1 7 —IZ 4 L, 12
ﬁ%@%%ﬁ47w@ﬁ#m&mm)amﬁﬁ%mwﬁﬁvFé74yv~&m*fﬁﬁbto
=R AERA L, IS 1 ERRE TR — A LT, B D o HOVEERE T3 (RR) D
MF 74— k7 I/%ﬂ:wi& L7cbDZH Uiz, KbEERER, W@ LIcbDOZEH Lz, 7 A
VU—HZNTT7 HEEAE L7z, XHRBHE L7,

@ X R

~ A e/ NEY ) SE B 15 5 W A\ JRRIFEES [ (NARCOBIT-E 5 B HBUERT)ICAN, B R 7 LVT (&
L7 AV AFOAEE) A U CRRER L7z, T APREEIL, EA 5%, MEFF 3%, IRLET-~ 7 A%
A AN, X SIS (MBR-1520R-3 ; A XU —Y U 2 —v 3 V)2 T, HER
0.69Gy/min, f&8~7 —7 L FEEE 550mm, & 7L 150kV, &t 20mA, 7 ¢ /L ¥ — : 0.2mmCu 35
L TN05MMAI DZAET T, [EHRS 72085 B L7z,

® i-STrap E(ERLFrR ¢ i-STrap W.B.: [FM= 2 1 — B /L 4E8)12 X % i il b AE I &

a) PRI
X SRS 30 498 K101, 2,4,6,9,16,24,50 HO~ 7 A b L7z, (K11-1)
FRESIRE & [FIRRIC IR A2 L CIROE 1o~ U 24T, 7=~/ T kv FEMM ; goldenrod) %

Hﬁ“almm@74ﬁﬂ?1—7®mBM%ﬁﬂLt@Aﬁﬂﬂkbf%%U@“Nuyfk
U U AFEHISE) 20pL 2 L, SRl 3ok P IRfr L7,

Day -7 Day 0

YvYyyYy vvey A 4 A 4 Y
Blo L& [ (30min, day 1,2, 4, 6,9, 16, 24, 50)

THREA  2HEMES (0,0.1,0.2,0.5 1,2, 3,8, 16 Gy)

Al

X I-1 £ H 2

b) i-STrap A7 > 7 1 (i)

Reaction tube (3¢~ M RIAE)IZ, FIRIZE L 7= Solution A(tert-butyl hydroperoxide (tBuOOH) ; & »~ k
[AIfE) 2 4% 20uL Z3iE L, ARRE/AKE 100uL M CTHRLT v 7 ATERBELTZOL, 7@
)% 100uL MMz, S HIICHANVT v 7 ATHREPLE, £~ HIRIZKE L7z Solution B (2-
diphenylphosphinoyl-2-methyl-3,4-dihydro-2H-pyrrole N-oxide (DPhPMPO) ; & » | [Fl##) % 20uL 97>,
HFFa—7 10 BRERTMAZ, AT v 7 ATHRELE, 2TOFa—7IZiNE, S HITHRL



T ATEBHE L, 1ARKEDOF 2—T7~0 SolutionB FRANEFEH 5 30 45, HIERCTHE L2,

¢) i-STrap A7 v 7 2 {FhH)

Iy O E R, Reactiontube |27 1 Bk )L A A X ) —) (2 : D)IRIR % 1000uL 5o, & F = —
7 10 BRI CHMEREREE D72, v~ 7ty NNOZT —%Z+3IC@ER LTS, U
N=AERy T 4 BTN L, LREDOF 2 —T~O 7 aa iRV A A ) — VIR
RrB 10 43, AT v 7 ATIRE H Lz, 10 mHOIRE 5%, T 4"@:%%%%:%1&[153&\1%%
(KUBOTA)!Z Reaction tube 2t~ h L, F=—7HNOIREN 4°C 725 K 95 M THAILEZ,
Z D%, 4°C3000G T 10 S RIEL L, MK THE%. HEBOKE)E~ 1 7 0 e~y holka LT
BEFELTZ, #iWC, FE(Z eakibh/A S ) —V@)e~A 7 vt~y hT4HH L, Dehydration
tube( ~ hEINE, FEfRAIE LT, BT R Y 7 A 03 BAS TWVDNZ AN TESIEE 5 L, KH
T 15 I H L7 t%, —80°CTHRTE L7z,

d) i-STrap 27 > 7" 3 (ESR #I7E)

iR L CRIRICE Lo &Y 7L 160uL & A9~ 7 v b /L(RST-LCO9F ; Flashpoint)iZ 5] & A
AU, X732 K ESR 43 M61EQES-TE200 ; HAE P L - CHIE L7, ESR &EFITLLFO#EY, <A
7 v JERES - 9.423719000GHz, ~ - 7 vt /) : 2.00000mW, 7 ¢ —/L F& % — :332.000mT,
AA —7ig = 0.3000 mT, il RFfE @ 4.0 47, KiE$ 0.3, £7-. DPhPMPO A & AN iaEE
T FME BB 2 KA DV N~ —h—(Mn?)FRIE I L o THIIE S v,

e) i-STrap OHLEA RN E R ERIZ BE 3 2 3

tBUOOH & Mg+ D~F 7 1 & A& L, tBuOO - (tert-butylperoxyl radicals) 23 % S 1%,
tBuOO - [T = BT OWE & FHAAEH L. tBuO - (tert-butyloxyl radicals)<° tBu - (tert-butyl radicals)
WHEET D, THHDOTPHNE, Mg OHIRALAI £ 721X DPhPMPO & BARIIIET %, L
oo T, MR TIZE £ 5 B bFl o &3 D 7o (i R tig b Al GE ) 23K y) & . DPhPMPO (2
Lo THRESND T VAN A, BV ESR V7 FADRBIERSNLD,

A

DPhPMPO tBuOOH Zoomi .
o Ph j_\f;( 8 )— ESREIE

P\
> Ph Em'CSDﬁ*%% extractlon
N
| CH,
o 100pL £

+100pL £ &
2nlj Mn 3“j Mn 4Ih Mn

DPhPMPORE TS Y @ /’)")‘Jb

tBuOOH +

/Jﬂlqﬂ?ﬁ@{b?ﬁﬁ

tBUOO -

RO ) 8o - DPhPMPO-O0tBu

~EYDEY tBu - ¥~ DPhPMPO _,, DPhPMPO-OtBu — ESRVSFJL
DPhPMPO-tBu

I1-2i-STrap DEBR T L JFEL  (A) DPhPMPO Ofb2id X (B)EBR TR  (C)HIE HEE

@ RMERF D 72 F A o BEORE
~ U A&/ N SR 5 WNRIREEE A, BN TV T e IV TR L 7o, T AR

4



WA 5%, HiFF 3%, IROE I~ ZAOAHICT =~V 7 vy FEZERIL, 1.5mL O~A 71
Fa—7IZHIL LTz, BRI AT 50pL, HkEEAl & LT 20000 D~ XY ) U &4 20uL &
FER L. BMAZIOKFRAE LT, EIRLIZ2mZ, T8 4°CTRENL 7o m Az LEIC T, 4°C1000G
T 10 fpffiE 0 Lz, m& T, EEEomiiz~A4 7o e~y N THG| L CEIELZ, #
LW 15mL O~ A 7 aF 2 —71Z 5% D 5-Sulfosalicylic Acid Dihydrate(SSA ; B a{bak T.2£) 200uL
AT, FREETH DRIMERE SOUL M2 CEBIZALT v 7 ATEL L, Il TWDHZ L%
fERB L, mEh=ORIC T, 4°C3000G T 10 srffliE i Lz, @& TmEI%., BEE~A 7 ey
R C100uL WeBI L, Hriwvw1smL o~ A 7 vF 2 —7 120 LTz, & Z~milliQ % 100uL iz T
L. -80°CCiRfE, Zha¥ 7l L,

KIZ, GSSG/GSH Quantification kit (R0 FT) &2 VT, o TR IV Z F4 0 &
GSSG(RALIL 7 N2 F A N &R L, DN GSHERILEL V2 FA L) EE RO, BARH
FIEIZROWE Y o fRHE LI RAFY > 7% milliQ T 10 4R L. 96well 7L — (FALCON)IZ
40pL o, £ 2well AL, — a7 VA F A UM, b9 — % GSSG Al & L7-, GSSG Fd well
(2D Masking solution( + h[EIHE) 1uL 2RI L7206, 42 To well (2 Buffer solution(F +~ KAl
fE) 60uL ZANx., 37°CC 1 Kffi] A > F=2— kK L7z, D%, &2 T? well & Substrate working
solution(s > K I[AIAE) 60uL %z, #elF C Enzyme/coenzyme working solution(= > k[FlfiE) 60uL %
Nz 7=, |IRICT10 MFFE L= b, ~A 7 v 7 L— kY —%—(Varioskan LUX ; Thermo Fisher)
TA412nm D7 4 )V Z— & ZNENORICE A IE Lz, HER., FHEMRIC K> TROLE
MOBREIZER L, GSH &AL FORIZE Wk,

GSH & = R/ L2 F 4 & — (GSSG Hx2)

® FRALERF D 7 VB FF o~ F % o 2 —F (GPX)IEMED M

0,1, 3Gy #&HMH Liz~v v AT, 2 Ak, /B IERHE S WA MPEEE I CTER T LT
ZHAVTIREE LTz, HAREE X, A 5%, #ERF 3%, 2000U O~/ > R U 7 A 20uL 23 A -
72 1mL >V > 2(26Gx1/2", TERUMO) TR L, 1.5mL O~ A 7 1 F =2 — 7R & = L
Too BRIMAAIL, KPR, BREIL722M%Z, T 4°CTHRETL 7= mHNE L T, 4°¢1000G T 10
Sz O Uic, mORTHE%, EEfonfis~A 7 ey M Tl5| L THIE, RiEkD A
ZEUL L7z, (AU L7=7RMER 10uL (& milliQ 40uL Z M X CTHRAT v 7 A TR LD 5, Assay
buffer(% > R [AIHE)T 100 AR L, —80°CCiRTFE., vzt 7L Liz,

A L OWIEY o 7L ORBLUIX I NV E F A LRV Z— B (GPX)HIE S~ b (BB A
RRASAE AARZHIEIFEN A EH L, MEiE~A a7 L— M) =X =%l L7, 3%
HIwomE Y, 96well 7L — R, BB L7-% > 7L 50uliwell £7-1% Assay buffer( ~ I [E#E)
50ul/well Z A7z, RIZ, NADPH #R3E(F > RMEIHE) 1 A% NADPH %A% (F ~ ~IEfE) 6mL T
AR L, 3XTo well 12 50uL/well Adv7z, #il T, Assay buffer T 10,403 {7 R L 72 Ho0, 53K
(3 v MIAEIHE)Z 50uL/well AL, EHIZ 340nm O 7 4 VA —TRHEEZREDA T 4 v 7 —
7" 20 Fx10 [B]) L7z, fRRFIOICEAS L7 EZ 7' e » b L CRREMREZER L, O X % GPx
EMEE Lz,



® FRMLERF D7 N2 FF L& 7 2 —P(GR)IEMEDHIE

0,1, 3Gy &L MH Lz~ v A2, 2 Ak, /NEVWFEBNE S WAMPEEEIC TER T LT
B FINCIRRER L7z, AT, A 5%, #EFF 3%, 2000U (O~ %Y > kU w74 20uL 23 A -
72AmL > U U TTODERIL L, 1.5mL O~ A 7 0 F o — 7\ Ziig & mI Uiz, $Rimkix, ks
ffo BEILT=2MM%, T8 4°CTHA L= mHE I T, 4°C1000G T 10 4y iz D L7z, e
ThA%., FEMomEL~ A 7 vy TG LTS, RLEKOAZENL L, B L7Z
FRIMLER 250l (27 EI L 72 milliQ ImL /%2 CTHR/LT v 7 AT L, 4°¢10000xg C 10 47 i iz 0
L7eDb, w47y 2N T REZEIRL, -80°CCRfE, ZEH 7 LE Lz,

A L OYHE Y 7 L o FH 51T Glutathione Reductase Assay Kit (CELL BIOLABS,INC.) % f{#
AL HEZIZ~A7a 7 b— ) —F—%H L7, GBIk OE Y, 77, 5xAssay Buffer (% »
NEIFE) % milli Q T5 %R L. 1xAssay Buffer 2 7% L 7=, 96well 7L — K~ {Z, 1xAssay Buffer
T 50 %4 L7= NADPH(SF v~ b IRIAE) 25ul/iwell 2 AN7=% GBI L 7= A % 2 — K (5 v bIEIHE)
100pL/well % 7-13% 1xAssay Buffer T 70 (275K L7=% > 7 /L 100uLiwell Z A 7=, #H\T, T
T well {2, 1xAssay Buffer T 15 {78 L 7= Chromogen(st > b I[FI4E) 50uL/well & . Glutathione
Disulfide(GSSG) (& » h[RI4E) 25uL/well 21z, EHIZ 405nm D 7 o« )b & — TSGR 21 E (7 A
2T 4w I N—T 15x10 [E) LTz, RRRHICHAS L2 E A 7 e » b L ClRYRES A R L.
&% GRIGM L LTz,

@ FRMERD A —r3—FF 2 BT ¢ A L X —F (SODYEEIENE DI E

0,1, 3Gy Z&H M Lz~ A2, 2 Ak, /N IR 2 WM RIEEEEIC TR AR 7 v T
ZRWCTRREE U7, T AR, A 5%, #EFF 3%, 2000U O~/XY > kU 7 A 20uL 23 A -
72 imL U VTR L, 15mL O~ A 7 v F o — 7 IZlmik A B Lz, BRI, KR
fFo BRI L722MM% . T 4°CTHHE L7z mHR OHIZ T, 4°C1000G T 10 SrffiE D Lz, m0iE
T, BEHMomEz~A 7 a~~y M TSI L THERE, RMEROAZEIL L7z, EUIXL7
ﬁmﬁswmemem%mzfﬁw?yﬁxfﬁﬁbsz T X ) —)L 250uL L/ mn
BV 150uL ZANAx, X HIZ 15 AL T v 7 A TR E 5 Lz, Z41% 4°C600xg T 10 5[z
bL\747D€NyF%%wfmmﬂ/—wE%SWL&%L\me®v47m?z—7h
EN L7z, 24U milliQ 350pL Nz TAMRM L, —80°CCirfr, ZaH 7 d L,

AEEB L OMIEY 7 L OFERIZIE, SOD Assay Kit-WST (R AL AR ZERT 2 H L7-, ST
WOy, 96well 71— Kz, Dillution buffer(¥ > K[FEIME) T 5 fFA R L7471 20uLiwell &
721% milliQ 20puL/well % A#L7-(sample-well D), 2)/milliQ-wellD),2)#%. +~T® well (2, Buffer
solution(=F - b [AIHE) T 20 %47 L 7= WST solution( > [Fl#E) 200puL/well 2 A7z, ¥iZ. sample-
well @ F & O milliQ-wellD) (21 Dillution buffer(3 > ~[FIAE)  20uLiwell %, sample-well@)# L}
milliQ-well2) (= 1% Enzyme working solution(Enzyme solution( % ~ b [@##) 24uL % Dillution
buffer(% ~ RMIEIHE) 4mL TH) 20uLiwell & A7z, 10 BEfER, ~f 77 L —h U —%—[C
T, 450nm D7 4 )V & — %Al > TR 2 HIE L7z,

® Bk OEER LARE OHIE

~ U A /NI ER S WAL E A, BRI T o A TRRRE LTz, T AR

BN 5%, HMEFF 3%, ROE T~V AOAHIZT =~ V7 0y F&2ZHIL, 1.5mL O~ A 7=
6



Fa—7HM L7, HERIM &L 20pL, HrEEE Al & LT 20000 O~ N 5 KU oA 20uL &
fEH L7=, RPMI-1640(Wako) 0.5mL # /N2 CT# v &> 7 L7=dD %, Liperfluo(F-AbZ=HFZEAT) 2ulL
ZMz., 37°CC 30 s3filA v =~X— K L, FACS fi##t L7=, FACS f&Hricix, AT+ 74 ¥—
(EC800; ¥ =—)%& H\ 7z, 488nm@25mW D=3 K L —H—{Z L U JihiE L T 535/30BP(FL3) 7 1 /L
X — i L7z a2 IE L, 10,000 {18 0 HHHE O SERE) LR L IS X0 AR B LR B A R o
77

OFaEL?]
T A S E U ER(IMAEEK) I KON N-7 2 F /L 25 1 (NAC ; LKT Laboratories) Z &K 124
fEL7-, bonoy 7 ZA(FEALR L)% Y A F /LA LR R(DMS ; FRitHlis) g L,

RS i

KT —HBIZHONWT, B LOEEFREGCD)ZHRE L, VT D tREEFEHAL, 71—
THOZEOHFHAENEZ 0N Lz, /2. 7 YV U OMBREMEEFE A L, MEREOFE
PEZS3HT Lz, P<0.05 OffiIE, WihORERIZHOWTHEAEM®RZ T~ T &B 2 b,

ROC Hh##+ X OY AUC(Area Under ROC Curve)iX. Graphpad Prism 7(= A7 —= 7 ; B AKENGE
REUE)Z W CRE LT,

2. [ENZREERFERR<AA A R A PUEEE LTO X bar N 7HEOF OB >
e (SR D #REEZ S,

3. KIMKFE<AAF R A M VIREL LTO yH2AX Yeft b 7 1 2 THREOH RO K >
WFFEo5 0 (PR O E 4 B,

(i B i~ O B )

AN 2B FEBRIL, FEEER R FZOB)ERMILE B S OFF Al & 15 T L 7 (KGR
75 AE-15009, BFZERREEA [ #RaREE % O I h HiiR b RE 2 b ds K OV AUTATRET 2 825 5
1) o

AWFFEICEB T H e MHRY U 8BRZFI A L2 FBIE, RIRKFAEMmEEEIC LSV o hEEE
EERLL, FEZBRICE DA EZIT TWD L O TH 5 (ERE S 150401, WFIEiRES [ LK
FHFHERE DNABEE=F2 U v 7 AT LOR%)).,



1. BFZERE R

PEEERRZ <AL A R A R YL L COMRHELREDA RO RG>

1. i-STrap O RPEfRMT

F7°, i-STrap OFFMEZFHM L=, i-Strap (1281725 ESR O ¥ 7 F VX, KInRICEIT 5
DPhPMPO D B3N~ 5 & 890 L (KI-1A), i/ &K AN % L L= (KI-1B), =

DOFEFIL, i-STrap 23, MR OHIEILHI £ 721% DPhPMPO & tert-7'F /L b Ko~ 4% K
(tBUOOH)ZEIE 5 2 77 L (1T tBUOO » )& DEEL ST SN TND Z L AR L TWD,

WIZ, 12D~ T 2 BEL L, i-Strap (2351 5 ESR D 7 /L8R & B i ERE IS L ORI ER
e OMBERAMRA TN L7z, ZOREE. RMEREDEMT D220 Ty 7 FENED 35 2
LR U7 (KI-1C), L2 LAend b, BLERE L ORI /L b 7e > 7 (KL-1C),

EHIC, 2IED~ T A HERE L2 ik 2 IRA L, & 0B K - Tl & RiER 2 23 B L 7= o
B MAEE R ZTE O CTHEAS L, B2 58ORMERE S Te 12 8O FRA K > 7 v
ZVERL L7Z(MII-1D), Z 6D > 7 icxt U i-STrap 23 L7z & 2 A, ARIMERE S HEINS %
[ZON TV 7 FRENEADT 5 Z & & R L7Z(KIT-1D), Z OfE%RE, RMmERE 21z oo
WERRRR Sy D3 o 7P VBRI iR < S8 5 2 & &R LT,

A B
6 7 25 _
5 1 2
ans s
&4 & y = 1.3126e 000
2 = 1.5 1 r=-0870"
+ 5 r
™ EN
n N1
%, 7
% y = 1.9228n(x) - 2.2855 ®
1 ] r=099%" 0.5 1
0 . . . 0 - : : . .
4] 20 40 &0 miEdmFEpL) 50 80 100 120 160 200
DPhPMPORME (kL) RHEKOEWL) 150 120 100 80 40 0
0.8 4 0.8
* *
. . .
KI-1  i-STrap OHFPEMEHT . .
, o o7 — Ho7 .
(A) DPhPMPO DN & ESR g o * b *_f;‘ R
RS + +
7V OFREE D B N ¢ D\
=] 0.6 - 0.8
(B) IfLig & /R DIRA L & - 00000 + 07128 oo 11
ESR < 2 F /L IR EE D B% 170059 r=-go1
(C) MmEk%k & ESR v 7LD 0.5 —, 0.5 , , , ,
50 60 70 80 90 100 820 870 920 970 1020
58 FE O BAfR BmERE (x10%/pL) FRIMERF (x10%pL)



} .|
0.9 - .
; | y = -0.0007x + 1.3381
3000xg mik 08 R2 = 0.952
10min 207
4°C %
£ 086 -
™
g J, A 05
Sample
© FRER L mEE 0.4
. G HEOBETRA
i L ————— L ——————————
S omsgE Z 0.3
i .
li ----- # l_ 02 T T T T T T T T 1
Fr Bk 600 700 800 900 1000 1100 1200 1300 1400 1500

FMEKE (<104uL)

KI-1 (->-3&) i-STrap OREHEMENT (D) (EEARIMERIEEEE TO ESR ¥ 7 /L DFREE

2. AR B omiEhiER bEE D24k

~ 7 A2 0.1~16 Gy % FRET L B £ 30 43 ~50 H O 21 O FilE{LEE % i-Strap (2 & > TH~<7,
Z OFER(XI-2), 0.1 3 X 000.2Gy O RREEECIIHLEEIE TIXER0 be o=, 05 8LV
Gy OIRHEECIIMHFE %L ~2 B H £ CTHMLEEME T L, £Ox % 6 B HE TIORWHiRRLEE
EHERF L7t the BB L, 24 BH CTa Y b e — L FERE) L~V E CRIE L, 2 8L 3Gy
OWFRETIE, 6 HHE THBLEDIK TZ2/7R L, TO®%MEIE LA, 50 B BIZBWTH =
v b — L GEREN L OUTIEE L e o T, 8Gy DIBEHRETIEIRE % 7~8 A H. 16 Gy O i
BECIEMURT: 4~5 HEICY UADSELC LA, JECHTE COMPTTIE, 3 Gy MEHFELF L LD
RELER LT,

INHOREFRIZE Y, 03Gy 2BV T, FIELAEDIKN T & & FRFHRE & (3IEE IR W Z R L
(FHBEFR %L, r>0.9; P<0.05), MIRHIEAILREDHTRLANA AL A A N Y —v—T—L L TOMHDH]
REVE 2 7RI L 7= (X TIL-3),

191 { —W-01Gy —©-02Gy —0—05Gy
== 1Gy == Gy —i=3Gy

+==8Gy e 16GY

T d
50 60

BIEHEOBH
-2 #1E < %o MRk Lag D 24k



\ -
1 30 min Day 1 Day 2
r — | |
12 y=-00057x+1017 137 ——7"— e
r=-0322 12 13 .
4.1 ' 12 -
]ll ; 1.1
— 1 l I x 14
= 1 1 :
91 09 y = 0.0424x + 0.9991 y = 0.0846x + 1.0282
3 oo r=0791 o r=0.0.948"
gl st or—— r—v+—+—+— B+———F———— 084
= 0 05 1 16 2 25 3 0 05 1 15 2 25 3 D 05 1 15 2 25 3
©
b Day 4 Day 6 Day 9
- >
= O ud .
o] 18 ' . L E 2
cE
Q @ 1.5 18 18
— -
x| 14 6] m—mmmm— -
53| 13 : . e 18
cEnl| 12 14 ' ' /& 14
28| M y=0.1394x + 1.0519 12 {/ 12
o 2| ! O ’ #* = 0.235x + 0.9923 1 y=0.2120x + 0.9648
= E 0.9 . r=0.0997* r=0.990"
= > +————————— 08+ —_— 0.8 4
<5 0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
o =
3
= Day 16 Day 24 Day 50
o T " .
gl 14 |_ | 139 T . @y : |
2 13 - _
4l 1.2 % 12 : :
S| ; 1.1 14
= 1 {
= 1 k 1 1
y = 0.0703x + 1.0042 y = 0.0583x + 1.0027 . -
0.9 r=0.0.950" 0.9 r=0091* 09 y=0. tizogxﬁ&oj .0096
08 + T T T 1 0.8 + T T T T T T T Y 08 + 1
0 05 1 1.5 2 2.5 3 0 05 1 156 2 25 3 D DS 1 15 2 25 3
Dose (Gy)

MII-3 #IE< %D MikHiig{baE D2t *: P<0.05 v.s. 0 Gy

3. WL BORMEK T IV ZF A L~ DAL

GSH 1. B F+EF A —IbLEW T, FRILERD Pz FIZEENDL Ry 7 ABESFC
%, AWFETIL, %%%@fm%¢®@ﬁw&%ﬁ/£J%H;“G&G;%i@@&ﬂ@&@
%®Wm&ﬂwﬂxmm GSH &= : X< % 2~6 H A ' — 7 ITHEKFMIZIET L7z, GSSG

3Gy BT BETIIMIT<H I AT RA. 6 AT, 16 B CH LA LT H> L S IZZ8b L7z,
BTN FA & #IE<H% 6 BZ B — 7 ITHERAFAITIR T L, 3Gy #iE < B TIIpkIE < # 16

HTHIML7=, GSH/GSSG (iDL Ky 7 ZNRNT5 o ZADFEHED 1 0) : #iE< %2 A& —7
ICRREARAFRITAR T L, 2 < 16 BT AT L-ULIZ R - TUe,

B, AP TITRLE LT —T 2R LV TF A REELFE L TEB Y, miEkE s
1< k77 7 (high performance liquid chromatography ; HPLC)X>E &3 4T %% & (mass spectrometry ; MS)
WK MEEMOEHEIE L TR0 Z LITHETRETH D,

10



ERET LA FA2(GSH; pM) BBIERS LA FA 2 (GSSG: uM)

1900 —-1Gy -®-3Gy 240
iz : *
1388 190
1500 140
700 * *
500 T T T T T T 1 90 T T T T T T 1
Py
B> e W 8 8 D> & % % % %
F P& E PO 2 2N Al
BT ILEFA(GSH+ GSSG X2; M) Erx-#t— (GSH/GSSG)
2400 14
1900
9
1400
%0 | ** 0 L4l TV
2 n@ r%a r@ |$— l@— 2 f ¥ ¥ ¥ ¥
X 2 & e i B B
ISR A A A P I X

H-4 X BOTNVE T A EOENL FHik: 1Gy B JR#R : 3Gy B *: P<0.05v.s. 0 Gy

4, PUEL B OSRIMER GPx 8 L OV GR iHMEDZAL

GSH IZ, {EMEHF I L 2 H T 5% 7V T4 v ~ULA % v & —F (glutathione peroxidase:
GPx)& & HiZ, BER(L/KE (H0) il R LI (LOOH) ZiEt L, B &1L GSSG ~Etban b,
—J5. GSSG 1%, Z/NZF A L& % —F(glutathione reductase: GR) &\ ) %35 &g el = = F
VTR RTTF=r VX7 VAT R U ER(NADPH)DFFAE R T, GSH ~ & BT &5, O£, GPx
& GR Oifi#31%, GSH & GSSG MAHAZHAIZ B\ CEHEE AR EIZRd, AFZETIE, IE<#
DORMERTNVEFAANETFDOA D= A LERH LT L2 EE2HME LT, 20 2 DORERIEME
DREETTIe -T2, TORER, GPxiEME, GRIHM & bz, #IX<#% 2 B BICH M L7z RifER T T
IEZB L L T o 2 (MI-5), ZOMHE<#% 2 HHIE WD | Hid CTHEFE 72 GSH B T 238!
BEINDAAI VT THDHCHLEADLT, ThHD,

12 - 1.4 9

1 - 1.2

# #oog
I 08 - Ho

= X 0.8 -
5 06 - o

= fé 0.6 -
m 04 - *

* 0.4 -

02 - 0.2

0 : T 0 -

0Gy 1Gy 3Gy 0Gy 1Gy 3Gy

KMI-5 #1E< 2 B OFRIMER GPx ikt & GR iEME  *: P<0.05v.s. 0 Gy

11



5. #IE < %O MER SOD BEEME DL 60
SOD I, {EMmFEO—FETh D 2 —/— 50
F X P A FO)ZRFRMITIHET HEEHR T 40
B0 IEMEDL L RTERRR D 3 EEOMF
ERF BTV D, AT, #IE< %
DFRMERD A — X —F %V 1 RIHEIENME
(SOD #EIEIE) & 7, ZOfEE, #iE< 10

30

soDE M

20

% 2 F ISR L RIER T, SRR 0
Ll LT, SOD BEEMEICZ LA e 2 0Gy 16y 36y
AR 570 & 72 o 7= (K T-6), KIM-6 #1E< 2 A% okiEk SOD i

*:P<0.05v.s. 0 Gy

6. #E < BOMERP OERALIFE D RO AL

MmERT OMEERLIEE O %% Liperfluo D8 TR E 2 FEFE I L7z, T OREHE, #E<#% 2B H
R U 7= MR Ol R b AR 0 Bk, FERRSTHE & bl U T, 2 b3 e N2 E R LMo T,

7. EMPECEERIE £ 72 13RMER T 7L 2 F 4 BERIEIC L AT < HEERS B o Rt

FRL1~6 OFERIC LY | Ti-STrap 12 K 2 &M ftEeLaEHIE | £ 721X GSSG/GSH Quantification Kit
LD NVETFHERFEINCELY, FRICHISHREEZHE TX DL ENRBINZ, £Z T,
ROC Hi#RIZ L 2 Z2WiRB DR 2 Jhi L, R OFER(FEI-1 6 L OKM-2) % 1572, i-STrap |2 L 24
ETIEL, 1Gy O#IE< % 2~6 HTAUC 2R 0.95 FREEH D | 27 D mUVEE CREZHEETE 5 2
Embhotz, Fiz, 2Gy TOHETIL, i-STrap IZFEFOMD A F R A N U L RIZEOZWHE
A LTV (EII-3),

KII-1 i-STrapDK T DEZETRE

AUC (vs 0GY) 0.5Gy 1Gy 2Gy 3Gy
day0.04 0.617 0.537 0.690 0.532
day1 0.736 0.747 0.890 0.761
day2 0.849 0.945 0.946 0.993
day4 0.968 0.950 0.999 0.998
day6 0.896 0.948 0.998 1.000
day9 0.736 0.796 1.000 0.997
day16 0.808 0.829 0.969 0.959
day24 0.718 0.728 0.914 0.977
day50 0.600 0.521 0.795 0.742

12



RIM-2 TIWEFAUETBRIELLDWIEDZMHRE

AUC (vs 0Gy) 1Gy 3Gy
day1 0.803 0.973
day2 0.905 1.000
day6 0.734 0.791

day16 0.565 0.517
day24 0.531 0.616

RIM-3 BRRD/NAF L AN) DEZWRED WIS DM RE

AUC (vs 0Gy) 2Gy
EDEPR 0.997
Dicentric 0.998

qPCR 0.991

Radiation Protection Dosimetry (2016), Vol. 172,
No. 1-3, pp. 145-151 &Y 5|

8. i-STrap |Z X 2 2P LAEIZBEE 5 2 2 ZSHE IR - D fst

FF01~6 OFERIC KV, i-STrap (2 X 2 2 HiERLAERIE 1%, mwﬁffnw®%i<®ﬁﬁ
BT ZEBH LN Lo, L, B b~ EE 2 56, xRS B FE
THRREMERDH D, = 2T, x%l%k&@%a@w<o#®l%%£ﬁbto

F9°. PUBBLWE OIFAEN i-STrap OFERIZEH 2 W B L RF LTz, 7 A2V E U, NAC, b
0y 7 AREEOWRE CRIMIZES L, i-Strap THEBORE 25 Lz, TO/HE., b 3/
HOHRWE L, XITEOEREETRWIRY , i-STrap DfE I e B E E 2 /a2 E NG
& o T (KI-7) (v 7 2 MUAEF O IEF#iPH: 7 2 2L B VB 40~60uM, & 25 A+ 20~30uM,
B4 IV E 6~8uM), 7RI, —EDOIRFETITON TV D, DA T HEREE X I CIRED
E% T, MHPOT A2V U EREEIL 16mM RE L 72 b LRGN H D Y,

AT, DNESC L DB A2 ME 5720, 8 Mlizn~ 7 2 L 80 D~ 7 2D i-STrap Dt F%
L7z & 2 A, AEEITR-TZ(HII-8),

13



-
[N
-
(¥
*
-
'S

x |
1
1 1 1.2
1.
% 0.8 % 0.8 - %
=2 =2 =2
= = = 0.8
+ + +
w 0.6 0.6 ™
N D N\ 0.6
@ 0.4 @ 0.4 B oy
0.2 0.2 - 0.2
0 - 0 - 0 -
0 0.5 1 10 30 0 0.5 1 10 30 DMSO 0.25 0.5
Ascorbic acid (mM) NAC (mM) Trolox (mM)

-7 FLAEE (T 2 2L E U, NAC, 1y 7 R)DIFE(ED i-STrap Ot B2 52 5 w2
*:P<0.05v.s. 0 Gy

0.9
0.8
0.7
0.6
0.5

LS LREE

0.4
0.3
0.2 A
0.1

TSR (80w) i (Tw)

M-8 #Ab & Mg biE Db, *: P<0.05v.s. 0 Gy

ENZARIEERBI A< A A R A FUEEERE L LTO X h oy R THREOAR YOG >

IhETIZ, I hay R T7HEIE OX BRAERE 24 <X 16y M ETiFEasns @18
PERRGF 04 B U CIT AR & BT X D RV R 5(0.4Gy) Tl % 41D GDNA OHEEIG
BICEHBE /B X 2O DNA BEO Y —ThH 5 ATM % K4 L7 Tk, R % parkin
T — A AR E NI, ZEEP LN LT,

o, BAFOHUANRUE T I L 2o 7272 BEOGUREZ A7 ) —=0 7 L, K0 REGREAIC
WL PUR 2R L. AR X D parkin 7 4 — 5 A D HEIENTICE T LT,

KIKRZ<ANAF R A M UFRE L LT yH2AX Yeft b T 1 X 7HREOH MO KE >

PR YH2AX i tH > 27 MG~ A 7 0 F » )2 B L, 2B L~ O MGESER & pi
Sz, BUE, v 7O CRETFHREERT TH D,

e B BRI R 2 B E%. 70 A 7 FISH 52 W T, 7 a 2 7 EOEIZS
WTIRNT L2 & 2 A, MEIKGFERRT 0 A 7T REOMEMEIAME SN, 202 b, BEHRE
FERICB D 9 FRICHIESBREEZND Z LN TX HMETHMIEE & 720 9 5 Z EnifE ST,

14



V. %2

<P L O MIRHIERLEE DK FIZBE T 2% £ R B 2 >

ERNOBALIRTC T v A%, HFEMEEMICE > CIEFICHEE TH S, @l L-ULOEMER
FE(ROS)IL, MIRLDAAECAE BRI REIC IV CTHEEREHI A4 L7925, ROS OEINCHR b X
TLADETIEBEA L AZGIEE I L, MRx RIRRORKICZ2 5 9, —J7, BST#RIZ. DNA
iy DEFEEREE 7213 DNA £1r D H.0 OFRiZ 5 2 L, ZORRIZEA SIS ROSIZLDY
DNA I %2 525, S5I2, BEBRERZIZI o RY 70O ROS EANEML, B{EA k
vxﬁ%%féo:@W%%%%ﬁ@ﬁﬁﬁ@mx%vxm\7ﬁb~vz AfRE L, Z29RZE
BT L, BN EHEET 559, Ll TEEE ERORETTRIBIC ED & 5 g e b
2D R, BTN Th S,

ML, MRy (TSR MER) & FERIBR A 2y (I, 1iH) 5725, LavL, 1§ A KOS
MIFHRDRL I DAERZ YT TR Y, RIMERIZE B LRI 220, Filt, WIH 5 OBFE
=TI, RIK7 v~ 7T 7 4 —EEOHT(LC-MS)IZ X » Tt hOIRIMER & DR % &
®= L, 14 FOFERBEERBY DO > b, BLRTCBEERBED TH LML I N E T F |
NAD+, NADP+% Zie 6 Fi23, RMEKICEEICHENTWAH I EEZRLZ9), ZOFL, HRilnEk
DOEEALEITTIRIED . EEEREERS L OMKROBEE R~ — I —Th 5T L &R LT 5D,
= ZCAMIZE T, i-STrap LW I H LW ESR A2 kT v FikZ V., BT < #% o ik
P bREO LA~ 7 AEBRIC LV fiFIT L7z, S 612, BIE< B ORMER Y V2 F4 &, FRifl
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Construction of a technological platform for a dosimetry system
combining biological indices applicable in the event of a large-scale

radiation disaster
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Abstract

Dosimetry based on biological indices (biodosimetry) is essential in the event of a large-scale disaster. To
maintain a robust response to a radiation disaster and to increase the reliability of dosimetry readings,
biodosimetric methods involving multiple techniques must be devised. The principal investigator and co-
investigators have previously studied body responses soon (several minutes to several days) after radiation
exposure from different perspectives. One aim of the current study is to translate those findings into
biodosimetric techniques. A second aim of this study is to combine those techniques to construct a
technological platform for a biodosimetric system with assured sensitivity and accuracy and exceptional
simplicity, rapidity, and economic viability.

In specific terms, this study will: 1) ascertain patterns of changes in and mechanisms of the anti-oxidative
capacity of blood, mitochondrial damage, deoxyribonucleic acid (DNA) damage, and telomeric damage after
radiation exposure; 2) develop simple, rapid techniques to measure these biological indices; and 3) propose
a biodosimetric system combining the identified biological indices for widespread implementation.

This year, the current authors used experiments with mice to examine patterns of changes in the anti-
oxidative capacity of blood after radiation exposure in detail. Mitochondrial and telomeric damage were
assayed after radiation exposure in experiments with cells. In addition, a device was developed to more
rapidly assess DNA damage (yH2AX staining) and a system was constructed to assay mitochondrial damage.

Advantages of combining multiple techniques have also been considered.
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b, EDNAHEGEI Fay RUTHEZ, 1 SORE TR Z1T S 2 EBHEK L7290,
Qufa | Z LB IR C 2 D OFRIEDFHI A FRETH U . L 0 Ul 22 FEMiE O MELA I S 5,
FREFHAMVE DML IT R AU DN N ERRE TH D | RBFE TR O IR X T 2 s ~DE
BRIZRZ W,
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II. WFgE5ik

1. MifaksE & R 7k

b A VR SR TE B RS ABRMESE AL MRC-5, TIG-3 1X, MHEANE 2 —~< P A = A REHL
I Z v AL, MfaksE A T25 77 A aNT, 10% 7 VIR & FLAeEWE Z RN L Iza-
minimum essential medium (MEM) E5#Eik% AW C, 37C. 5%C02s O TEE L=, Hiljia
IZ X B IRGTEERE (H A2, MBR-1505R2) MW T, #&E%R 0.6Gy/4r T, HBfi&E 0.1~10Gy DA
PERST & (1 [E4 720 0.01 £721% 0.05Gy OEIRKNAZ 1 H 2B A5 HT1I2AMDOAT ¥ a—
VTR EIRA (BHRE 0.46 £721%, 2,6Gy) Z1T-o7-,

2. I b R TORELEI Far R THEOKRH

TN—=TT T A L CifuztiZ L, L FORGEITole, EMNIEFERI har NI T4, 2
h=y KU 7 OREENNIHEAFET D HEIEM 33 MitoTraker Deep Red (—F7 4 v ¥ —
ERNT, ¥y ho7m ha—ZEWIE#R Lz GRE), I A= T A EOMilaz 4%/37 K
VAT VT B RT=ER 10 2EE L%, 0.6% b7 A b CREEEOUIEZ1T 572, 5% 7 VRN
THATITER 15 D7 v v 7 EiTo %, 1 REUE, SOk s i 2 kiR z v
T, HUREEZ T 72, 2 b RU T X )78 Tom20 OFAL parkin © " HEREA T, I b
a2 R Y 7 ~0 parkin OEFMEIC LY 2 b av B THEEZRE L, filEIE~% 2 b TE
L7z, @It yutt L1254 K75 2%, F—= v 2%k 8% Keyence BZ-X700 T 100
fELL Eolaz @4 L, parkin TSN DGIEMOSE Z RO 72 (AHICX2FH), =6
IZ. CCD AT T 1 DDATA NZxt L TEMEZICHCEERE 5 G L%, Mty 7 k
Hybrid Cell Count software % VT, BT 21T -7, I b2 KU T X /37 ’E Tom20 C
et S5 I by RU ZHEBOBRIR & ~F 2 % A7 ks o Yeta TR 2 Sk 5 fiftr 4
HEBRE Lk, HEIT hay KU TIZRFET % parkin OB O EZ FHHI L7,

3. A—N—FFXL RF 4 ZAL¥—F (SOD) iEMH:OHEIE

HATBRIZ KDL A R L AT DN T, IEWERBEDORET DHIEL b OMRERA— =4 F R
T4 ALZ—E (SOD) 2 H LT & T o7, mlk® SOD JWEx > b (FAHE) O7a K
T LICHEV, MR A R A P —TE L 2%, BRZRERE S LT, Mo SOD &
ZRE LTz,

4. FEFHLER

T T =N IEERAE LR T, ETOERT, 27< eb 3 BILLEDOMST U72alk 2 Fv Tk
VIR UFEBRZAT 1o, =7 ®HEE 2012 fiftr Y 7 R &2 W T, —JohidiE ANOVA #12, Dunnett
BT, ZEEEREZTT> 7,

(fi BRMD ~DACLRE)
AHFENIETIEHRO b MEEMRZ O TOTTH Y | MRS OFERITLE L LRV,
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III. WFZERsE S

1. b MEFRMIRAE AW EERIC L 2 b RY THEORH BEIC X2 parkin Btk
DFHA

b B YL SR IE F A RERMEIE AL MRC-5, TIG-3 12 0.1~10Gy @ X #& R4 L, R4t 24
FERE#£1C parkin JiUAZHWTI o KU T oHEEERH L, III-1 (2R T X Hic, X fp
1Gy % B& L7 MRC #lio Tid MitoTracker deepRed (FRf) TYA XN AMEEBNNIER 722 B
oy R T LR DEANC Ky MIRO parkin D7 4+ —H AR EIND Z 2L LT,
100 fELA LM 2 BIZ2 L, parkin 7 4+ — 0 A & FF O OBEE %KD 7=, MRC-5, TIG-3 D ¥
L5 OMIICIBN TS, FEREHI L LT, 1Gy LA DO RRE THEFANTHENLIC parkin BPEHT
a4 % Z L #BH5MZ Uiz, —J5. 0.1,0.5Gy DRRETIX, dHRIC L5 parkin D7 #—
T ATRITFHE S e o T2, R T parkin O 7 4 — 0 ARROFEIIHER TEX 5 HOD, &
JEBAMEEZ W2 B T parkin OFME, BEMEOHIBNI BRI L3 M Th 5720, HIEEH T
parkin BRI O BE O 6> X NEEE S vz,

ZAVE TOMNTH B RREESE parkin 7 4 — D ARICBE LT, LLTFD 3 DO Z & 250
L7212, 1. X Batk gt 24 FEFICIX, 1Gy L ETHE S5, 2. [BPERUO0 BB I,
SRR & AT R IRV BRAERR 0.4Gy) THFRE S 11D, 3. DNA OGS E IS EE /ol X 2 Ff
S DNAHEDOE L —Th D ATM % KH L7oMla T, M#RFE%E parkin 7 + — 7 A 3R
IRV,

R (ZRavRY7)
%% (parkin)
=1¢:3)

parkin T B SN BHMAR%)

01 2 3 4 5 6 7 8 9 10
==(Cy)
=O=TIG-3 =+ MRC-5

II-1 fEE#RC K % parkin OFE (BEHEE T To BHEIZ X 5FH)

2. parkin OBEE DM LD I b2 N U THEEOFHL
I by R THEEORBMICEHMIEIC OWTRE Lz, B L7zl &Y 7 b Hybrid

27



Cell Count software Z M\ CHEMFENT 217V, 1 iR 720 O b= R U TIZ/RTET % parkin
DOMEE DR EZFH L7z (K II1-2), JERF = Fo—L & e 5Gy DL ED SRR 24 B[
%Iz, AEIC parkin 13 by RY TICERET L L2 LML,

=N EHE Keyence BZ- ‘
EE 8 Y 7~ Hybfid Cell Count software

250000

XiRESI 24058

200000

150000

100000

50000 -

1 #ER M 1= U dParkingd i

#RE(Cy)

II1-2 i #R5%8 parkin O B4 fEHT

3. parkin FUADFRET

I IVE THESEARE IV T SantaCruz 0 7YX/ 7 v —J )L parkin HUiRITITE
ik CEAART L e o Telzd, TIRO parkin FriAZMEA L, S mE @2 R RE E 9 20
et &1T > 72, RNORTEFEOHURD 5 5| proteintech fL® parkin HifAny, MRC-5, TIG-3 #fi
fld % AV 7z parkin O EREREIZIBWT, BHREREZHG NS Z LA LN LT,
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SantaCruz Abcam Proteintech
(SC-30130 BF7=ch k) (ab77924) (14060-1-AP)

I11-3 parkin HUiKOFRET

# III-1  AWFFEIC#EH L7z parkin H UKD U 2 b

ya—2 % HhEnT &S AARERE
O} 13
SantaCruz (BR5E# 1) H-300 SC-30130 B
RKEZ M
SantaCruz PRKS8 SC-32282 B
Abcam PRK8 ab77924 R
proteintech 66671-1-g B
proteintech 14060-1-AP B

4. SOD {EMEDHIE

TEESHRIT & DA < SETTHIE A~ D B Z BT 5 72 | 1EMERR SR O kI 5 SOD O
ZRE L7z, b MIEWRHEFE TR, R IRET 24 BeE#RIC, SOD OIEMENEL T2 L&
o LTz,

200
’g *x p<0.01
= 150
=
.S '|'
5 100
3 l gk ook
]
o]
3 s | o
0 iH B
0Gy 1Gy

oTIG-3 mMRC-5

II1-4  SOD & PEDfEAT
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IV. &%

BEBEMN O T LIZRFE 2RI bary KU TEI bary RV TO4A— 77 V—Thd~A b7 7
U—TEIRMICOE S, X har RUTOENMRIZ 5, PINKL (& parkin 2V UEL L T,
parkin OEEMOKT LIZRE I bary R 7 ~OfEE 2 eEd 5, A2 CTid, parkin O 2
Fay U7 ~OEBEZEIEE LT, BEZFFOBRERI Far R T72BH L, B MR
Jifi R R I A AR 2RI MRC-5, TIG-3 # W2 MEATIZ X 0 | 1Gy UL EOKEHRIRE T K
Ay R THEZHFETL2ZEE2WAOMNT Lz, BRHBICL DI by R 7 o bEEIx, &
HEBENFRETHD 3, EEBFEI, BRI EIC LB x X — 2 a3 5720, I hav
RU TG L, BIFEWEZ L CRET S, M T4 1R X 5 IR RS 24 %12 SOD
DIEWME T T 5, 202 enn, EEBESRETCETICERE L, BAEROI har R TI
BEZFET DL ENBEZLND, BRGSO FIRST CIX, SRS & TR0 RV R
#(04Gy) TIEMERBENERE L, I bar RUTHENERIND EE 25, BHHRIZL S parkin
PEPERIRL OFHM Tl parkin FEPEMMALOFIBIEAEDS A & 72 D, 7 4 — B AR £ D parkin
DYt/ — o 2B U CIRrRMEOY A & XL, MW EEZEELT 5 2 L BRETH D,
— 05 BEIRMTY 7 N A TR TR B RREE S parkin 13X, SRR ED 5Gy LA TR
(NS BIZE ST, I 2y R Y TICRIET % parkin OHEEOTREE O H 2 74 L T2
729, 1Gy, 2Gy DF CTHEEZRH TE 2N ERnEZ NS, SR L HIC, 74—B R
DERY R Y — 72 EEEMICT T2 2 & T, BMHRAE TT 22 LNARETH L EEZ D,
SHIE, BERFER I bar N THEEORBIMEZ R L. (KR EO BB 2 B L O R
DWW TR 5,

V. AL LU O F ]

Hfa 2 AW Cid, < b=y R THREICI A bR b L RIEE %L Nrf2 OBNIZE T 5
HEL TR L, BRI OBIELE LTENE I D ERFT 5, 510, BOHEZMEE
=2y R U T ORBERREEIZ- OV T, DNAEEOMISEIZBI 1 2 53 F DO FLEA & B #r 2 O L
THREG LT 5, &6, ARNTO hay RY THREOFNT 5720, ~ 7 ADMik% H
W R HHSR OMSLIZEL Y M TETH 5.

VI. ZO#FZEIZBT 2 HUEE TONIEIRDL, Mk

A G DY
1) Tsutomu Shimura, Mao Koyama, Daiki Aono, Naoki Kunugita Epicatechin as a
Promising Agent to Countermeasure Radiation Exposure by Mitigating

Mitochondrial Damage in Human Fibroblasts and Mouse Hematopoietic Cells The
FASEB J in press
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VII. 2% 3k

1) Shimura, T, Sasatani, M, Kawai, H, et al. ATM-mediated mitochondrial damage
response triggered by nuclear DNA damage in normal human lung fibroblasts. Cell Cycle.
2017; 16(24): 2345-54.

2) Shimura, T, Kobayashi, J, Komatsu, K, et al. Severe mitochondrial damage associated
with low-dose radiation sensitivity in ATM- and NBS1-deficient cells. Cell Cycle. 2016;
15(8): 1099-107.

3) Shimura, T, Sasatani, M, Kawai, H, et al. A comparison of radiation-induced
mitochondrial damage between neural progenitor stem cells and differentiated cells. Cell
Cycle. 2017; 16(6): 565-73.
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Title Analysis of mitochondrial damage as a potential biological

marker of radiation exposure

Author Tsutomu Shimura

Affiliation1 Department of Environmental Health; National Institute of Public Health

Key word : Biological marker, mitochondria, ROS

Abstract

lonizing radiation (IR) induces DNA double strand breaks (DSBs) trigger chromosomal aberrations and
induction of apoptosis in irradiated cells, and its deleterious effect is the main biological concern.
Monitoring DSBs using the marker y-H2AX is considered to be a powerful tool for radiation dosimetry.
However, y-H2AX is disappeared after the completion of DNA repair. In order to extend timing for dose
assessment, it is required to identify the other biological markers. Mitochondria are ubiquitous intracellular
organelles that generate adenosine triphosphate via oxidative phosphorylation (OXPHOS). Mitochondria
harbor their own mitochondrial DNA (mtDNA), which can be directly damaged by IR along with nuclear
DNA (nDNA). Because mtDNA lacks histone protection and the efficient DNA repair system of nDNA, IR-
induced mtDNA damage is thought to be more extensive and persistent over time than nDNA damage.
Furthermore, mtDNA is located at the inner mitochondrial membrane close to the sites of ROS production
and has a high mutation rate due to its chronic exposure to mitochondrial ROS. IR stimulates mitochondrial
OXPHOS and generates ROS. Excess mitochondrial ROS resulted in mitochondrial damage that was in turn
recognized by Parkin, leading to mitochondrial autophagy (mitophagy) to protect the quality of mitochondria
Here we investigated IR-induced mitochondrial damage in normal human fibroblasts. We immunostained
irradiated cells with an antibody specific for the E3 ubiquitin ligase, parkin, which recognizes damaged
mitochondria with low membrane potential. The goal of this study is to establish biological dosimetry
systems in combination with several biological markers such as DSBs (Dr, Nakamura), mitochondrial

damage (this study) and antioxidants capacity (Dr. Moritake).
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1-6-b  KIRBRESI I E IS T & 2 RO A FEEE 2 #i

I OB T RREHEE > AT L OFT AR5

(312) DNAHBE L ~VBLOT v A7 RAEIZ X 2B #siE <
PREEHE IR ORI Bl 5 —

SIRMTTERE PR R (RIRORTE B HdR)

RS

BARHESICBOTERAE SN TV A BUHRIIE S OB 2 EMICH D 2O, #IEL %D
T OfREERY 72 DNA 5 L~V OFHMIIAEE Th D 2 & I13EE O RHIA RV, @EE DD
flifEIC DNA B LSV EE=4) 735 5iEE LTU VBt H2AX (v -H2AX) Ofgth
FENEFT N, y-HAX =4 U 7 % [H] TIT 5 7= O {E /N e LR
DEWT AT LRI ZINETIZREINTE LT, ZNETU RIZEfERF 7Y 7 E
HHI DL ER 2 TN DORAFE, £ LTy -H2AX LV Ol fifT 2 rlRE & 3257 vk
AT HRA ADPFENRRDHNTND, T T, AFFETITy -H2AX 12X % DNA #HEOE=
ZY T WS R E . T A 7 a T AN AFENER DT HZ ET, ZTRET
272 WS BB O 720 Ol DNA tEE=4 Y L /v AT 2% B%T 5, £1-%
?O—J57C, DNA BEDOFETH 5 v -H2AX 1T DNA MEE SN D LiHk L, #IE B ok
MRk & & ISP T 5, FEFHIA ATRE 2 MM 2 X< B L0 B B O/ RN %
WENLT B T2011E, WL O OEYFEIREEZ AR DLE L ENEETHDL EEX D, K
WRMTARPICIEA P LA EFETHZ N0, 2 har R 7ToOBEEE L~
7T = UGN EE Y AR RIS TH DT 0 A T OBLIRE (BEIC & B o R
) b EF OO OEMTFHHERE L L CORREZ A L TV 5,

AHFTECIX, HAHRPIE < 2 B TRl 2 720 OF v -H2AX Bl v A7 A OB % &
O b MEERMAE, ~ 7 AEE, B NY oSEREAWT, BIE < BREFHIO 72D O Fii- 72 iE
EELCTaATHRIEOMIBPETHLINE I e LT L, GO R T
<HBERES AT DAL T D,

F—T—
H2AX, DNA 5. Sitatili, MEMS, 7w A7

W 717
mAFEN (HEERT: 2R)
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L WFJEHHY

SRR ZE RS TR D SEESRIES CFk 29 42 3 A 22 H &t E)IC -3 BRapiE<
PR OB A HESD B D T, RS & U Tl 228 &3l FIE ORI AR BT 5,
BHROMBEZET D HERISESEHY . —RORTELLTHAT— 22a—F— - AV
YE—= (GM A=) RHTANY TR 5, LirL, FHNTE S OB 2 #5177 -
FEELTBLLZENVATHY, Fl EIC L2 THIER0IE < RRCIE AR T 7 i i & %
ST 2 Z LM TERY, £, ZNOBHEET 2 DIIMENZHETHY . BEHEIE L
NDEYFIEEZMD Z LT LV, BERARIE < I K D EF A IE L < FHliT 572010 4E
WO EEE 2 O T2 A B S EE B e T L IERE VR, ZCARME TR A R B O
FERE & U TRk 28 © DNA — R (double-strand break: DSB) (2% H L, DNADSB @
NA F~—J—L LTy -H2AX ZHWiz, DNA #HEO AL F~——Th 5 v -H2AX (1.
1.2mGy 8% OEKR B IR OB EFAMNR ATRE TH D I EICEEE TH D & & biT, YR RE
FENT 70 & OFREFHME & el U CREICRM N ATRE Th D, L LR 6, v -H2AX O HIL%E
FREN— A TITONTWHONRBURTH Y | BEHIE < RpCRGE e MERHG 21T 2 72911, v -
H2AX OB 2B TIT O Te O OFR L AT LOBRENLE L 72D, € T TARIFETIE y -H2AX
O ERENOFEIC (Bl TITH 2L ZFREE T ~A 7 0T A RO EIT I,

ZD—J7 T, v -H2AX O3 DNA HEEEICHEVEFRE & & BIZTHA L T 2 &b,
PRI < IR 23 L 72 T HEEMED H D MEFHEZ LTV A7 FH 21T 5 722l Mo
RN L > THERT D Z D2, TGHRE IEBR & 72 2 W FfeiE R gL 70 b, 2
T, ARFFETITHSA AL < ORI R EFHMERE S LTT v A THEIZOWTEOFEMMEL
BEtd 5, ABFERRFEIZE Y, DNAHEEZIT T, I har RYTHE (OH09E ERH)
ety (BAEAEE ) . £ L TT v A 7GR E OB O/ FIERE /A& O T8
LW, EHEMEOEWSREF FEDNHNL TE 5 EHfF S D,

II. #F9E751k

HIHEE T 5 R 3 0 4EFE 1T v -H2AX MO 72 O T A ABA%E I L OWE < BREFTMm
fE L LCoT u A7 HEOFNEMF OO T OFEREIT o712,
1. PDMS F v 7T y -H2AX S #ot Y 36 L OBl %2
WFEHHE GRZEW - BEER) 2MERK L7 PDMS F v F13dHh 6/ U EETF o — 2 —N T
SR Z{T o 72, PDMS F v ZICHKMEDO R Y ~ —IRIE & Ui, RN OBUKAE %17 -
Too BUKEESE, BERZET V7 —2—NTHSIIHA %17V, PBS % PDMS F > 7'® inlet &
DT L, WMiEN%E PBS THRE L, £0Ot%k, PBS THR L7-b FEMM (b5 U X iz
0, 1, 5Gy ex vivo g L7z > 7)) & 7T~A 71U v MVERENE LiAd, FEEAEEIC Y X
ERZfE LTz, 20%/XT RV AT VT REWEICH T4 2 2 & CHREEZITV., L+
AT 2721210, BB FIERR Sz v - H2AX Hilk % b H UL o 8o ta 217 - 72, Yottt +
PTG L, IR IEAIE ST DAPT A Z it L 2 AELA Lz, Yefa L7 PDMS 5 v 7138 6
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PR T TR 21TV, SOtmig 2 G, T 21T - 7,

2. FHHRIBEHIE O T v 2 7 EORIE

b U RIEERHIEE TK6 2k L. X#t%E 0, 1, 5Gy FREF L. 1 BRERZRICHIEZ B L=, i
X 2%/ 3T RNV LT VT e RCEE L, +2IcedziTo7, BELMas A ATk -
TATA RATZRZEY T2, 2Dk, DAKO #h07v A7 FISH ¥ v o ~7'm ha— ok
SNWTTRAT Fa—TDONA TNV EA VP =g &fTol-, Ta AT 7 F VT E BT
THZEL, BoNEGN S 7T NAMELZFHIIL, 717 A 7R LV ZFHI L7z,

(fi B~ DB RE)

AT THND b MERMIIITIR SN TV A EEMIIC L 2T Th 0 . MEEEESDOHRE
T EE L L2y, ABFRICERT 5 e MY 7 v &2 AV EBR IR, KWK FHAmmER el i
DWZHHEELER L, FEZESICLHAREZZT LD THD KiRE S 150401, A5
R4 TSRS DNA BT =4 ) 7V AT AOR%E)), Eiiichiz-> Tk, s
SHZAIY | FAEBAMRIC Y720 | AFEOHIY - B3 - HIE - BIEE - TRl D aBbER Slzon
T L+ e B g 2155 . ZINE RNCAFR AP O D Z ERRWE I ITEET 5, £z,
WO THHHELSETEMOREOREINATE, BH T2 FIE LT, KNS AR EY
TNEZ T RN LB RET D, ZOBRREICOWTESICHPAZITV, #HELEMm L. KR
DIRBIRNE DT DD, T — X IIEREDFE TE VL 51T, HAE SR B O #
DT T, PBrEE & T CHAE ATREE AL L otr T 5,
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III. WFZERsE S

1. v -H2AX Bt 7 A ZDBH3E I L OB ERHE T /31 A & L TOA MR

DNA 15 % Ul 2> S EIC B TIT 5 7212, Fill~A 7 ok F > 7 &% Lz, & Mg
Yo TNERNTEo7 ) KRBT > 7 RIS B S D 0 Et Lok, RSP RRE
L7z 1000 fEOfiEHIEIC, 60%REDHIERRTY ke T v 752 &I Lic (K
III-1), 60% > V. 600 HFRED U L ERITMEHTIZ 372 T ABTH Y | RIEIMNS Y o3
ERALZEMICHBET D Z N TEHZEE2RLTWVD, £i2, MBAICHELZY v oSERISH L
Ty -H2AX (T D8Ot mE et 24T o 1o iR, —EOMI TR 7 + — I A& T 5 2 &
MTEI, ZOZ L1, PDMS F v 7 TOHOGREGENRATRETH H Z LI A, v -H2AX O%F
MTHDy-H2AX 7 4 — 7 AT L2 DNA G L~V OERIENATRETH 5 Z & R HER
HATH D,

ZDOXIBMEORMID Y L ERE BRI BEEE L, v -H2AX 7 > & A & L TIT 9
ZEMTEDLHMT NA AL LTOPDMS v 73R YITH Y | BE, v 7O bizms
CHREETFHGE R Th 2,

[ III-1 PDMS F v FI281F 5 U v SER4) Bl i
b MR AT~ 712 F L, DAPL Yefall ko> TV RO B R 2 it LTz, BN
WZHELE SV TV D U U ERIHERGE A 12U VBRI FTEL TV D Z B3 b, FElE
FL < B0%FREE DO EREE I U L SERAHIETX 5 2 L 2R LT,
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2. HESBARIE < BRERHIEFERE & LT T v 2 THREO A MR

B e MU RIS B A IR, T e AT ROEKIZOWTT v 27 FISH 4 H
W LTz, £ ORER. MEIKFZRT 0 AT ROBEMPRH SN Z &0 b, RE®REE
FHCRE D O FPITSMEZ I D Z L3 TE DMEFHBIEIR £ 700 5 5 Z L ifF Sz,

=
- N
| ]

Telomere-FISH intensity
O O O O
N B O 00
|

o N
|

CTL 1Gy 5Gy

B II1-2 FCRRRIREIC X 2 7 v A 7 Ak
XS 1 % ORI 27 v AT ROMK AT o1, TR AT OENGET 7 FAOMETT v A
TEZHML TS, MERFNICT O AT V7 FANED L TWDEZ LoD, SIS X
STT R ATEMPFEINTZZ L 2R LT,

IV. &%

BARMRIZB O TR STV D BT < OB E2 EREIZE S 1201213, #0E < % oduE
IORERER 7 DNA B L~V OFHENEE CH D, ®IRENSf#EIC DNA #fL L zE=
2V T 50 LTV gk H2AX (v -H2AX) O FERSH S, T2, vy -H2AX 1T &
% DNA G B F s O FER RO Y R CEBEE N TE Y . BAVEDD
TR B A T 2 720 ORI L L CHIff S Cnd 0, —J, vy H2AX £=%V v 7% [3l
Bl TITH = OB @S/ NI ILAEDE N 2T AREIZZNETICRINTEBLT, Zh
FCLLRIZHE@ER Y 7Y 7 R DOZERN R Y TV ORfFE, £ LTy -H2AX L1 D
AT A FIRE & T2 7 v A T3 ADOBAFENRD LIV TN D, £ 2T AW Tld y -H2AX
I2E2 DNAHBEDOE=X I 7 LW 75k, T/~ A 7 a7 A 2 [2] 26O
DFHZ LT, TNETIZRWHEHBHIEZ S EEROT-DOHH DNA HIEE=4 ) 7 AT A
DBIFEEIT -T2, BRI TIX, 56RO vy -H2AX 7 v A LRV -ULOREEICIZEL TH RV E O
O, BUGTHHFEE/RT NA AL LTORBENEZ IR T D 2 en Tz, 5%, F#kic
e emit 217> TV, £2F DT, DNA #HEOEECTH % y -H2AX 1% DNA MHMEE &
o LR L, I BORRRE & T T 5, MEFHMEA FTREARBIM A HIE< B LV E
<. BREOMREFHEZ /N T 572012, WL O OEWENRIEL A GDE D 2 ENEE
ThoHrLEZD, 2T, V7=V ENREE R ARREEECH LT v AT ORRLRE (B
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fBIZ X DS R bREFHMIO- O OEMRNEEL LTHESTh D EE 2, Bfte R
Tieolz, ORISR, BERFRRT v A TR S, $UF RRIRRE L CBRofE
FEAGHEAE & L CORREME A MR L 7=,

V. i

R —FRERO L) R BMRERICB O TR TR Z &, IE<REZ VDR G-
L. TOEWFENI A7 TR - 5T 252 THD, TOREDITE, IE TLLRICfERY
YTV 7 BN OREN IR TV ORAFE, & LTy -H2AX # H - DNA 5L~ L0
MR Z AR L T 57 v A T ZAORFEITINETH H, AL TITHSE TO vy -H2AX 7
YA ZATREE T DHHLT A ADBRFEZITV, EO & MY > 7 0 bRl O EIZ Y
VONER%E SrBERE S % PDMS v T EERT S Z BB LT, 72, FILF v 7 E Ty -H2AX
T A —HADRERFRETH D Z & bR Lz, 0O X 5 I EaHili T /A 2 THBER BRI KT 5
fEREY A7 Z IEfEICERET 572 OIZIER A ThO D B2 b b, Tz, Tn—, Bl
MR ARARETH ST BHATHWNREZA LT L —ATho>ThH47280E < B &2 7TRE
IEMFOHRENLETHH 2 LD, Tu AT REMCER L, BEHREE ICHT 57 2 »
TRl AT o7z, ZOME, MEBEGFENRT e A TEESREBE SN2 LD, #HE < BRERT
FEIE & L CORMMED R STz,

VI R AR D 1]

WAEFELIREITE | & i E v -H2AX 7 v B A T3 ZAOBR ATV, (2= bich 7= X v Bk
IR MEEZ1T 9, £72 PDMS F v 712k 5 vy -H2AX % 7 fR A AME AR B iR g 1 <
XL THADTH D20 EHRETT 5, BEBREE < REFHIRE S LCoT v A 7 FEfEOMRGE &
LTI, KVIEERWZ A LT L—LbDWIBRETOY T 7 E21TS, o, TrAT
FEHIE & & HI2 DNA ZAR$EIW~— 7 —Th 5 v -H2AX L~V OHIE & RIFFZATV, #RERH
(2 U 7 AR B0 i R R kL D W TR R 1T 9,

VII. Z OB 2 BUE F TOMIEIRN., HE4E
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Abstract

The risk of radiation exposure by space radiation, radiation therapy and unexpected radiation accident are
concerned in modern society. To understand the biological effect of ionizing radiation on organisms, it is
essential to assess the absorbed dose by exposure. Although the most common methods for biological dose
evaluation is dicentric chromosome assay (DCA), it may not be appropriate for the situation needing the
result immediately to determine medical care since it takes several days to complete the whole analysis and
yield the result. In contrast, DNA damage detection using the phosphorylated histone H2AX (y-H2AX) is
more suitable due to its high sensitivity that detects the DNA damage equivalent to 1.2 mGy radiation dose
and, rapidity of obtaining results (less than 24 hour). However, y-H2AX assay is performed in the laboratory
and a few challenges for being performed “on-site” still remain.

Therefore, in this study we developed Polydimethylsiloxane (PDMS) micro fluidic chip (PDMS chip) that
isolate lymphocytes from peripheral blood to perform y-H2AX assay on it. PDMS is one of the silicon gums
allowing manufacture of complex high order structure. PDMS chip has a flow path with trap structures, which
enable to separate lymphocyte. Furthermore, y-H2AX assay can be performed directly on the PDMS chip
with following drops of fluorescence staining agents. Here, we performed y-H2AX assay of TK6 cells that
were exposed to different dose of X-ray on PDMS chip and showed the dose dependent increase of DNA
damage.

Thus, our results strongly suggest that PDMS chip is usable in DNA damage evaluating device and make it

possible to assess the biological effects of radiation rapidly on-site.
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1. BFoesE R

1. ERBIZE > AL BEOFMEFEDORF - REEL > —1tk

1-1 MABE BREOBEBEDIEL &

FREERTNIZ B W TRIE LB AIE < MEOEZ K 2 12, ERENOMAER HE OWET — ¥
DOFEHME A2 F 11577, N1 225 N38 (% Naito et al. (2017) QDN HNZTTT — & TH D, N39
~N45 DT —H 13 2016 4FFEIZAREERS CHMi S Iz RAEM O SR B W W& DT — 5% Th D (RA
), FHEEMAPNICEOTHNE LIE@ARIESBET —2 0 5 b, HEMERH & BINEB)RH
MZENZI N0 B EH DT ERNIEOT —F X3 - K2 L4 £3 17T, WEBOIES
DXOREDIIEEL LT, T2 TIHET — X OMSIFiH L 95 R—k o XA M fa L 53—k
BANEE DM (95:5 ) [ZEH Lz, 2D OREIIEAIZ REOHETEIZE VT, Foft
FEOIELE2BETNEL VD ERFTEBOBE L5, 95: 5 OFEIRHIET — & 2 20
UL Ed DA 1E OBkt L U, JA W #2307 28 AT < B & o REfE o I 53 A &
PRI, 9B - 0.12 GR/h-IRK ¢ 0.04-0.43) . S : 0.13 Tho7-. 95:5 HlE. FHIE : 5.69
(Be/-He K 1 2.20-17.40) . E¥IfE - 5.94 ThHoTz, BREEFNORBIMNEEIRCH D & AW HE
23T DAL < BREOREE O WA ALEFRIL, FRAE 2 0.08 (Fe/-Fe K @ 0.04-0.48) . S
0.11 T o7z, 95:5HIE, TRAE : 496 (R/h-FoK : 2.28-14.60) . “FEJfE : 5.81 Th o7z, HA
D HEMERETHD &, A IE T 28 AL < B EORIEM O WU ArFEFH L, Il
0.14 (/- K 1 0.05-0.66) . I - 0.19 T o7z, 95: 5 bbid, TRfi : 2.82 (/- Kk 1 2.07-
10.67). ‘F-¥%)ME : 3.88 Th oo, BINGEIG & HEMERZ KT 2 & AW ERFD 95 :5 ko
B F D BIMNEBRE & L~ CTHEIZ/NS VY (Mann-Whitney U #7E) B RI23 2 H 7z,
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BRERAT PN THUS L7 AR E T — & OFEEHE
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20
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24



b oy T PRE RETH RME B WHURE s
uSv/h %

N1 29 0.22 0.22 0.20 0.06 0.41 0.12 44 5.79
N2 17 0.22 0.17 0.18 0.05 0.87 0.12 82 -
N3 88 0.23 0.20 0.20 0.05 0.60 0.12 49 5.39
N4 51 0.50 0.49 0.44 0.12 1.14 033 53 7.28
N5 39 0.13 0.14 0.12 0.03 0.27 0.05 36 420
N6 70 0.18 0.17 0.16 0.02 0.40 0.13 50 6.39
N7 107 0.24 0.24 0.23 0.06 0.48 0.10 32 3.07
N8 60 0.19 0.18 0.17 0.02 0.42 0.09 39 3.75
N9 163 0.23 0.23 0.22 0.08 0.50 0.07 28 2.36
NIO 150 0.22 0.22 0.19 0.03 043 0.11 41 521
Nil 115 0.25 0.24 0.22 0.01 0.64 0.09 39 5.74
N2 41 0.33 0.22 0.26 0.07 1.01 0.13 82 7.84
NI3 196 045 0.45 0.40 0.05 243 0.17 53 7.05
N4 155 0.25 0.25 0.23 0.03 0.49 0.08 33 424
N15 38 0.31 0.30 0.28 0.09 0.66 0.22 48 6.54
Ni6 168 043 0.34 0.35 0.06 1.44 0.21 66 11.17
N7 73 0.26 0.26 0.25 0.07 0.54 0.11 34 3.27
NIg 129 0.20 0.20 0.18 0.05 0.56 0.14 50 5.69
N19 29 0.17 0.17 0.16 0.08 0.40 0.09 47 4.81
N20 73 0.26 0.25 0.23 0.05 1.26 0.12 59 5.79
N21 35 0.25 0.23 0.24 0.12 0.53 0.12 39 3.40
N22 58 0.27 0.19 0.19 0.04 0.93 0.31 87 17.02
N23 41 0.19 0.15 0.16 0.03 0.49 0.15 58 13.50
N24 60 0.26 0.25 0.23 0.03 1.05 0.14 57 6.16
N25 44 045 0.46 0.40 0.07 0.86 0.27 42 5.81
N26 44 0.58 0.60 0.50 0.10 1.19 0.43 48 10.54
N27 97 0.17 0.17 0.17 0.08 0.36 0.07 28 2.20
N28 50 0.30 0.25 0.27 0.11 0.79 0.15 49 5.69
N29 56 0.26 0.26 0.25 0.11 0.44 0.12 32 2.93
N30 54 0.10 0.10 0.09 0.03 0.20 0.05 38 431
N31 564 0.09 0.09 0.08 0.03 0.27 0.04 37 3.75
N32 116 0.14 0.13 0.13 0.05 0.32 0.06 31 2.63
N33 124 0.25 0.20 0.21 0.07 0.98 0.10 65 6.25
N34 133 0.22 0.19 0.20 0.08 1.01 0.08 55 3.85
N35 162 0.15 0.14 0.14 0.05 0.47 0.07 34 2.86
N36 110 0.23 0.24 0.22 0.04 0.44 0.07 30 2.30
N37 115 0.24 0.23 0.23 0.03 0.53 0.09 31 2.98
N3 392 0.14 0.14 0.13 0.03 0.54 0.05 35 3.14
N39 29 0.53 0.54 0.48 0.18 1.27 0.22 46 6.83
N4O 179 0.21 0.17 0.18 0.06 0.92 0.10 63 5.86
N41 24 0.21 0.20 0.19 0.06 0.46 0.11 45 6.73
N42 27 0.35 0.37 0.34 0.18 0.57 0.16 30 3.06
N43 58 0.22 0.22 0.19 0.05 0.41 0.18 48 6.73
N44 22 0.28 0.31 0.26 0.05 0.40 0.14 35 6.90
N45 36 0.16 0.14 0.13 0.03 0.34 0.16 57 8.39
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2 BEEMANTERS LEARET — 2 OFEHE (B A 10 R 2L E)
b N 13 RRfE  #aFy BIME  BXE EOUEHE ez 055 Lt
uSv/h %

NI 14 0.23 0.23 0.22 0.10 0.38 0.12 32 -

N3 57 0.20 0.19 0.19 0.09 0.39 0.09 31 261
N4 14 0.83 0.80 0.80 0.55 1.14 0.48 27 -

N6 31 0.17 0.17 0.16 0.08 0.26 0.07 29 2.88
N7 90 0.24 0.24 0.23 0.13 0.48 0.08 26 2.32
N9 163 0.23 0.23 0.22 0.08 0.50 0.07 28 2.36
N10 103 0.25 0.24 0.23 0.06 0.43 0.09 31 431
NIl 67 0.24 0.23 0.24 0.15 0.39 0.05 21 2.23
NI2 25 0.19 0.19 0.19 0.12 0.29 0.06 20 2.26
NI3 147 0.51 0.47 0.48 0.08 2.43 0.14 45 2.74
N4 76 0.26 0.26 0.25 0.07 0.39 0.07 23 2.63
NI5 10 043 0.43 0.42 0.30 0.66 0.16 25 -

N16 139 0.46 0.35 0.40 0.20 1.4 0.20 61 573
NI 89 0.24 0.24 0.22 0.08 0.56 0.13 38 4.45
N19 27 0.18 0.17 0.16 0.08 0.40 0.09 45 4.85
N20 55 0.28 0.28 0.26 0.05 1.26 0.11 56 4.11
N24 22 0.29 0.24 0.25 0.11 1.05 0.14 73 8.89
N3l 431 0.09 0.08 0.08 0.03 0.18 0.04 33 3.50
N32 99 0.14 0.13 0.13 0.05 0.32 0.06 31 2.63
N33 95 0.18 0.17 0.17 0.07 0.61 0.06 38 2.68
N34 122 0.20 0.19 0.19 0.08 0.54 0.09 34 2.58
N35 158 0.14 0.14 0.14 0.05 0.47 0.06 34 2.75
N36 101 0.23 0.24 0.22 0.09 0.42 0.07 27 2.62
N37 110 0.23 0.23 0.23 0.10 0.41 0.08 25 2.60
N38 389 0.14 0.14 0.13 0.03 0.38 0.05 32 3.07
N39 10 0.49 0.39 0.41 0.18 1.27 0.38 67 -

N40 152 0.18 0.16 0.16 0.06 0.75 0.08 59 548
N4l 17 0.17 0.17 0.16 0.06 0.31 0.08 36 -

N43 27 0.13 0.12 0.12 0.05 0.26 0.06 41 5.04
N45 16 0.14 0.10 0.11 0.03 0.32 0.18 69 -
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3 EREEF N TEUS L 728 AR =T — & OftatHE (BAMESE) 10 FBfd] L L)

T oUE By BIME BAME MUSAEERE g

ID N 955tk
uSv/h %0

N1 10 0.28 0.28 0.27 0.18 0.41 0.14 28 -
N2 12 0.18 0.17 0.17 0.05 0.32 0.10 41 -
N3 20 0.36 0.34 0.34 0.15 0.60 0.19 34 3.92
N4 24 0.43 0.39 0.41 0.25 0.67 0.21 30 2.62
N5 23 0.14 0.14 0.14 0.09 0.21 0.05 26 233
N6 29 0.24 0.26 0.21 0.09 0.40 0.19 43 422
N7 11 0.31 0.33 0.29 0.14 0.43 0.07 27 -
N8 36 0.20 0.17 0.18 0.11 0.42 0.07 39 3.47
Nio 32 0.17 0.17 0.15 0.03 0.32 0.09 40 5.37
N1l 33 0.33 0.31 0.32 0.17 0.64 0.12 29 323
N12 12 0.58 0.55 0.45 0.07 1.01 0.66 61 -
N13 35 0.35 0.35 0.31 0.07 0.73 0.23 46 8.13
N4 56 0.27 0.27 0.26 0.10 0.49 0.09 30 3.39
Nis 22 0.31 0.29 0.29 0.09 0.65 0.14 43 6.72
Ni6 23 0.30 0.16 0.21 0.06 0.87 0.43 85 13.65
N20 12 0.20 0.18 0.16 0.06 0.40 0.20 58 -
N21 35 0.25 0.23 0.24 0.12 0.53 0.12 39 3.40
N2 24 0.45 0.38 0.37 0.06 0.93 0.38 55 13.56
N23 27 0.20 0.16 0.17 0.03 0.49 0.17 54 14.60
N24 29 0.29 0.28 0.28 0.17 0.44 0.09 23 244
N25 44 0.45 0.46 0.40 0.07 0.86 0.27 42 5.81
N26 44 0.58 0.60 0.50 0.10 1.19 0.43 48 10.54
N28 50 0.30 0.25 0.27 0.11 0.79 0.15 49 5.69
N29 56 0.26 0.26 0.25 0.11 0.44 0.12 32 2.93
N32 16 0.16 0.15 0.15 0.06 0.25 0.07 30 -
N33 29 0.46 0.39 0.43 0.22 0.98 0.26 41 4.20
N34 10 0.46 0.42 0.39 0.16 1.01 0.37 61 -
N39 19 0.55 0.55 0.53 0.24 1.19 0.10 35 -
N40 27 0.34 0.30 0.31 0.14 0.92 0.11 50 5.68
N42 22 0.38 0.37 0.37 0.22 0.57 0.16 26 2.56
N43 31 0.30 0.29 0.29 0.13 0.41 0.09 25 2.56
N44 22 0.28 0.31 0.26 0.05 0.40 0.14 35 6.90
N45 20 0.17 0.14 0.15 0.06 0.34 0.13 49 5.56

HEAE & BANEENC 31T 2 M AR EDORERA > M 10 YU LD HFHERRE (N=21)

15



[ZOWT, EABREOREMA K Lz (X 5), BEAREOHEMEZ B THTER & BINEERE
(25317 T Mann-Whitney U SR EZ1 T o7& 2 A (Ml p>0.05 DA EKRETHIE), 15 AT
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1-3 ZEE=DZEHKRER L H EICB
FH O OERFERIC
AHE CITRRDAETFERZ—Tholelo®,
bole, T, MPEED K 5 2B AN D
& D-v % MLORESE,
TSz 41

22 = D22 [ &
U BIERNMEmM AR B D D8,

. TORHZESG Lo fp
N%%—&Kié%ﬁﬁ%%@ﬁé&\¢%@fﬁék\
BEOH /Y=~ A= 2L DHEMBEY bEWETH -2, D-v % MORIEE
KOMEY Ko7z, D-v ¥ MOREMIL, h—_A A =2 L DHEM
FIRETHD & D-T % F/ba)?ﬁﬂﬁ1ﬁ0)j§7§§%~/\’4’ A=A LD

HEELY bRE D r—2Ab AN, #ETOI = A =2

Y= A=

72 = D22
T S Asf R LLA

T BHEMEE D-T v MLVORIEME & DREIR
BT A0 A% L < FREOFHE (Naito etal. 2017) Trk, 7S50 BOFBI15 1A S

FKIEEOHI LI T VR T A —Z ORFHIIZRA 2
WATE T 25TV T,
%%*@%ﬁﬁ%k@%%%ﬂﬁbko$&30$Em%§%£mb
— X &EFR4 L 10ITRT,

Ze iR R O EE

(X, BB O RS E HA I lf%of%\1%0%#k%<&5_k#méhko

F 4 [F—HANCRBIT 528 =22 E. i B TR EY &REME & E KR ER E
A R [uSv/h]

ID TR AT AIE | zex=" | Ho BE N7
Ie4l | JIMRET LA i X Ml 18.6.21 | 0.47 0.25[0.15-0.557 | 0.28 [ 0.25—0.35 ]
Ie42 | BREEFT LB T RE 18.621 | 1.22 0.28 [0.16—0.57] | 0.37[0.35—0.40]
Ic43 | FriEmii RmtE 18.6.22 | 0.50 0.56[0.37-0.59] | 0.34—0.50
Ic44 | JIMRAT LRI ERE | 18.10.31 | 0.78 0.37[0.18-0.67] | 0.32[0.28 —0.38]
Ic45 | SREEAHEERE 18.11.1 | 1.43 0.76 [ 0.38 — 1.11] | 0.45[0.42 — 0.59]
Icd46 | fREEAHEEIE 18.11.1 | 0.68 0.31[0.14-0.75] | 0.14[0.12-0.28]
Ic47 | BREEMETRE 19.2.5 1.18 0.76 [0.37—1.281 | 0.63[ 0.57 — 0.64]
ZEEs (WMZEHE =2 ) ) OZERBRESRITIRA B IZEEEMIE U 72 HEEE,

PR AR N -ROR] . M ERE
F 1m O & ST THERERIZHIE,
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U EAMEIE D— Y MVIC K BMIEM, 72E [ed5 & 1edT IFR - DB TH B,
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Practical Research on Measuring and Assessing Radiation Doses

for Effective Individual External Dose Management

Wataru Naito

National Institute of Advanced Industrial Science and Technology,

Research Institute of Science for Safety and Sustainability

Key word : Personal exposure dose, D-shuttle, radiation measurement, dose estimation, soil radioactivity

measurement device, compact dosimeter with improved wireless communication

Abstract

To solve radiation risk problems in Fukushima, it is important to provide scientific evidence and appropriate
measurement and assessment techniques that are applicable and communicable to the users. In the areas
where the evacuation order was lifted and decontamination has been completed, accurate information on
individual external doses is needed to help predicting future individual external doses of people with different
time-activity patterns and examine effective radiation protection countermeasures. The goals of this project
are to establish and verify radiation measurement and assessment methods that support the examination of
effective individual external dose mitigation according to local or individual dose conditions. This project
consists of two researches. One is the development and verification of a tool for assessing realistic individual
external doses. The other is the establishment of radiological measurement and analysis techniques to help
radiation dose mitigation for individuals. In fiscal year 2018, detailed analyses on the relationships between
various dose measurements which include actual measurement of the individual external doses (D-shuttle
measurement) and ambient dose rate that obtained in the former evacuation order area, life activity patterns
of individuals, reported air dose rate data (airborne monitoring, monitoring post), and land use were
conducted. In addition, for the small personal dosimeter equipped with the improved wireless communication
function display function, we have developed the sensor board part of the dosimeter and the electrical
performance of the dosimeter prototype were confirmed. Furthermore, verification of the radioactivity
measurement in the soil was carried out using a collimated measuring device with a combination of Csl

scintillator and MPPC, and a plastic scintillator capable of measuring a wider range.
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