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We have developed a new electricity generation technol-
ogy by radiolysis of water in the presence of iron oxide
particles and filed for a patent. Most of spent nuclear fuel
is stored without reusing due to the high cost required for
reprocessing. Especially, y-rays of the radioactive waste
are harmful and difficult to shield, but they have enormous
energy. Therefore, we focused to develop electricity gen-
eration technology from y-rays. In a previous study, Al,O3
particles were used to promote hydrogen production from
water with ®°Co y-rays. We expected that iron oxide par-
ticles (IOPs) also contributed to H, production; however,
IOPs preferred reduction of Fe'" to Fe'! under high con-
centration of IOPs in water. We considered that the IOPs
trapped some electrons produced from radiolysis of wa-
ter. The y-rays-irradiated IOPs were applied for electricity
generation. We could confirm electromotive force (1 V)
when the IOPs were attracted to an electrode side by mag-

net in the dispersion with two electrodes.

Keywords: vy-rays, iron oxide, radiolysis, electricity gen-

eration
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Development of simple electricity generation technology with
radiation

Kaname Tsursumruchr (Department of Biological Chemistry,
College of Bioscience and Biotechnology, Chubu University),
T487-8501 22 HI WA H I i A AHT 1200 TEL: 0568-51-
6295, FAX: 0568-52-6594

E-mail: tsutsu@isc.chubu.ac.jp

WA R FE FE 1175 (2024)

¥ “SLIM AR D KGRI HETETEHT, &
%%@%%b%iﬁbf&#o%ﬁ“@ﬁﬁé KRt
fliE Ny 7Y =28 L, RfTL—tD7—% %%
McH ECZELE, 2 EWwWIHRETH-T., FL A
1) 1) — AWK UEFEH 2 K 57 ricitb B s a<w v

WX D REMOBRZ A 7ICLtDZ ETHBY,
AIﬁ%@ B IE KPR CLENIEHG I NS b D
72 ERBGIAA T VDS, MEPICTFHZERMICDEIEH 5
L, HEAR TSk %l tbINHI %, 2
DEFEE A T, HoRICKEBISTEPAZ DD T

%ﬁ#6®% B) THoto., ZOWZEEIFHINE T I
,¢iT§#n@ﬁﬁ EIRDSHEMR T &, FEHANC
k%% I RT 2 TYH, BELLELZMHE

"C“?’_% %, /\iﬁ@??ﬁﬁﬂﬁ% ISR T B I E 2
. ARETE, BADRRTFHEEEL 72 Uit E w7z
5% EHEROFRES AT Ly 12T L7202,

2 AUNEBEDNSRETZIEDE

il 75 AR IRRHZ TR LR IS E Va2 2 R 3 B 7

O, FEAEDPTHMAINTHHINTVS, 2115
I HDFERIC 2 D, KELREAEAHTEYRE LT
BRI LIZS Wied, BRRELE LT “BiE A TH
B, MWDK v <R ERT B L6, BE
REMHBHE L 25 T03Y), HrefaREtL D
SHIZERWZI AL —Z2FK->TE DY, ZoHr=
ORI RIS BRI AN F—2MOHT &
DITEIUR, AR TR @R, »
LHEERIFNVY—FICAEINEDLZ T THS, L
ML, ZOLIBTNANALAZINEFTIIEAERE S
NTORoDIFTHL DN TH 5.

3 MEHRNSDIXRIF—HEEZBELLER

FHEOHEM LA TH D, ML/ KT (iron
oxide nanoparticles, IONPs ; Fe;0, & L CTH#E L T\
F9203, EBRIFMHKKX LD b 3fio#kr% <, 89 E
ZHOTWET) ORMEICHAMMZEHRST 2 itk %
EEIET, EIRESIC X D RN ZIEE T 2 FIC IS



R’AE

FHARIC R 2 M B2 BHYE L T 55, TONPs 135831
Wt o T 2V X —CTHREAT 5720, E
WKHEOWHEEZ OB 2RI LN TE B9,
zn% THARBWE vy, ’xoHIETHED
B CTENE, TNFETHREETH > 7K DTEEHL DA
IR T 2 2 LI TE S, Z AR AR %G
L2 EEoDI, KECKALTWED 294 F
5 OWFEHE Y. Chernysh £ DA WTH -7, L
KD S AEM 2RI LT VR % R B
Fex LTy, L HICRETHR T RENICE T
ZREGFRERBL, KERELAZESELTHE
ZTCWw5 V) IHEDFEEZ R > T, M2EBIT
ErZ LRV EERE L Qe ZS, BHEY
HDRZ1Z IONPs DR THEDFHTE 200 L
BWEEZLLIICRD, LIRS LEBBLY
B FEE T CRDOIBEHIR D R % § 2 L KRFEDFERNHR
DAL 5 & )BTRS E D DwY,

IKFEA A IR TERA T RV X — 1AW TE %
7o, NV eMOIRFNF—2BRUETEL L
27 %, BRI Z L1, 2007 SEOEHH S O TIE
WAt 7V 3 = MR 2 KT Z B EAREH 2 D4
ROMEHE Z 1, K FRRDVINE WIE EZ DRIRIFKE
%5 EdHot 3um FTHENE) 2. 2o, ILHS
WKLo TRLT VI =D LG R ElconTh
MRt S, SIS IR L 2R & AR D it
MRE DB LR, KR TD OH 7 2 )V DD
IREAEBRICHEEL Twd L anko,

—7, FEHEDOMEETIE, BARBREDO LT
& LCbgkbi v (10Ps) 2L <k D, 1 XNt
DR S mm BREF THNELLTETWEZ, T
=L EBDE DD B D3, KOBERRI RIS B
ZENIFKTH D Z ERMIFL, KRNI H-
7o LIk BRI AR L CEBRICKAZDTH 5.

4 FRNDOERNSHFABY AT LADRFEN

EFZZOMETTIZE DEATH- D, &
WY TN BN HTRA B E BT T3z L 7,
T2L, 2LOMEIZ L 25 b6 TR KIS
Do TR E, RIRYPEERAVIN SR ik
WEHZ % TR W R wik, idEo KB E» IS
THVvMORE IR ZT) Z LB TELILIF, K
WICHETH - 72, F9H 100 mg/mL @ IONP 73 HU#K &
W) D7 D RO EURHAIK %2 KBRS e SE R A b
JEER T — ARPEIE I EFE L, ©Co DR % H
WT 60 DS EEEZ 1T > 72, 6.64 kGy DS %

fTo# Bl o Ny FAR=2DOH A ZEIL, L
AEA 4 vt (PDD) #MHi#RZ M L 2 A 7 n<
T T 4 —TRKENAEERLILE LS, Bk
I ERMBRED oo, BEE E—FEIC
B2 25 THRIICEZTwS, Mipmawy
TED I o ITE N L g 29 B 5T IONPs D4y
W#E{Toktl 3, o-7 =) v bnY vikaEREET
2 DD Z, MDD LT B L2 REL
T2, TOZEPLTLIZ, By X o TKGT D
5 E H X7 13 IONPs ICHLD A £ 47z & HEHI
L7, HRICHEZ X ¥ 572D I3412 X % IONPs D
WX Dt TdH %, IONPs (X1 CTH EFE 2 2 &03C
X 50DT, HL%ZZITH - 72 IONPs % WA 12 JaE
kgL TE5. BT 2% ITH> 7% IONPs &
BT E Ko AKROMICEMZ A TIUIBEBLASHN S
DT Ry, BARETIIH 208, Z0BHK %A
L CHE#EELRZID HE L, KEZFHE S TRE
B THRET 2 L DIROIBEHROZ 2V X —%F
[REIFINX—ICETEB T TH B, 22 TH4lF
COBRREFHLIHEET S L LB, EILL 72 IONPs
D6 EEFE T MR b G L 7.

5 MEHREBHICE SR SEICHKDOETRE

AR OIS HEH TR E SISO & EEEH I
o TR T 6 E H I 72815 IONPs D #k%
3 S 2 fliICHERIC L 72 I H 5. S#H, KO B
ST O Y HLER 2 % T, Wb EETE R
QXS I3 ANERZISHADBERL, KEDTR
WK, 2o BEmE 22D, OF D,
WD FE TIRKEN A DT L LD X 5 7% 318
L 2 L PRI TW, L L, BLgkoEit
W oD Th 5, FalFAEEIC R, Biko
A LCHEBR2 L, T58, KENEKL,
IONPs O #ki% 2 fifinsJk b, 3 ffinsdiz 7. Mkl 7o
ThHd, 2%, KOBFKEDEICE T 2 YRLEET
RO U 728 237K & b JIC IONPs & & 2 131k
geainl, Ko EHaz kg rreiEmul, KE
HAZRERT 5 & LIRS EME KT 5 L& 2
2. DHICHIHL 2 Z EThH DD, IEEFRLDIR
PVIDOFEBTHOIBETERL Coiidiu, 2ol
RIZIFROh ot Bbs, 299 EIETIE
FHIIIERICEETH o 72,

ma R AL F



REHRD SEEICHEET 277 KZRFE

6 BRICHKNFZRWCRES AT LDKRE

T v < ft% WS L 72 IONP 20 #ii 7> & IONPs % fig
NTRERSY, EF%2%ZFI->7% IONPs L BT %
Jeo 7oK Z N F VU BIRZ A TIULEZDEALS 4.
Z 9 B o 7 EFH IS RO S & 13RI FE D HEER
Zikat, Lo L, T4 @ IONPs (3K F1£%%% 70 nm
FLEE Ttk Dstid T v o, BITRIELS ¥
5 DIZREEIDS 0 0, B % 2 LIAT LR 238 0
EoT L Ev, BRI s hrotz, 22 THhA
T A ATk EL, Sr7avy A Aok (R
0.5um-50 um) Zff95 Z&icL7z., F /R Tldkw
DTIOPs TH 5. Z DV A XDRTIID3A il B
MoK FHETCARE 2R FTHDD, TNLET
EBEREL T EyTH 5, b 2EEDHEZ MR
L, WRDHEDEAICTE DR T % FEBRICHWTAL
EZ A, Fig. 1 k) T AT AT LTIV
MEORE N 2R TE D LI Ik 7k,

y-rays

\/
Ao

Electrode
insertion

Irradiation of
10Ps dispersion

Figure 1.

—» H,0,

IoP
(nFe'"+mFe")

Red-IOP
(n+1 Fe" + m-1 Fe)

7 HMARBVATLICET BENRE

ZOHBICB T 2B TORZITEABLAREICL S
THOLNTWDEDD, ZOMEEZISICED D7D
WZIEZ DM ZEHAS I L BT s e, Bl
2 i DEALERTH D3, Patifl 2RI AKTED 7 2 A
NFEDHSHBH L CTWisdro i, #2T, 10Ps ki
0Co 2> & DI % AT L, WK% L2 oKl
FEOM LT, BRERAE Y Ry THNIC5,5-2 X
FoL-1-¥m V) V-N-Z ¥ F (DMPO) %\ TET A
vy IR (ESR) A7 bVZEPIE L 7253, IR
F#£ D I0P 3 B D KIEI D HIF EAE TS HND
FEZMRT 2 L IZTERD> o7, —T, WMEF¥
VIR X 2B LK FE O E & TIX IOPs DEET
TR AKEIEIESY 0.37 mmol/L FTEALTED,
IOPs DHETIED 20 f5H 2T 5 2 ERBI N
7o, W2IT, BaiRo 3 g IR L RETH B &
7, THELRBEEWE Fig 20k IcEZLL I

m@

Electricity
generation

Magnetic
separation

Schematic diagram of electricity generation with ionizing radiation.

Cathode
H,0, + 2 & —» 2%
° (E®=+1.76 V vs. SHE )
€ H,0,
S)
i 28 1 2%
Fe'
° + i Felll
e Anode °
Red-IOP — IoP + €
(n+1Fe'+m-1Fe') (nFe'+mFe'')
(E®=+0.771V vs. SHE )

Figure 2. Major mechanism of electricity generation by radiolysis of water in the presence of 10Ps.
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Recently, an environmental pollution caused by disposable
soft contact lenses has been worried. To reduce the envi-
ronmental burden, biodegradable soft contact lens materi-
als are required. In this study, cellulose derivative-based
gels were prepared through cross-linking and polymeriza-
tion reactions occurred by electron beam irradiation. We
obtained the gels that has the transparency, oxygen per-
meability, mechanical properties, protein adsorption, and
biodegradability required for soft contact lens materials by
optimizing the irradiation dose, the type of monomers and
so on. The developed gels are expected to be used as a soft
contact lens material that is friendly to people and the en-

vironment.
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Environmentally friendly soft contact lenses based on cellulose-
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(a) Gel fraction and (b) Swelling of hydroxypropyl cellulose (HPC) gels with methacrylate

monomers (HEMA, MEMA, MMA) as a function of the dose. Reprinted from Ref. 6, Copyright (2023),

with permission from Elsevier.
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Figure 4. Tensile strength of the HPC gels
with methacrylate monomers (HEMA, MEMA,
MMA). Reprinted from Ref. 6, Copyright
(2023), with permission from Elsevier.

10

52x102mgL ! min~! TH 7%, % HPC 7L, &
IKERZNFI2 %, 89 % TH Y, 1ZIFKTHNE
NTWE7d, KPDOMESFOBEREIES, A
A7 R IR G DI RE & 72 B,
RRDOPIZE S EENT VLYV RIEDY VT —
LD, V7 bavy s Ly ARERLHEBICKET 3
&, HETHAREZLIERITY, 2ok, ¥ux
7BEDOWE M, LEOFMEICINA T, SCL & LT
DFERICEL2 52 27 VOBRELEETH 2, £/
2 —1FE T CIERLL 72 HPC 7 Vi d 23 ) V' F— 4
DOWEEZ FARTER, “VIRKE LYV F—2D
Bix, 6 HHTH S5 ug/em?> TH -7 (Fig.5). A% 7
VLigz & A A v EPN-EorERY) Fredsdt
JEA A DAY HEMA R—ZDY 7 bavy ¥ 7k
Ly AMERTIE, WA RIZZNZ 125, 77 pg/em? &
WEINTLB210 Lo T, HPC 7 VX, FEA
F UMD EEK SCL MkEE REED Y ' F — Lo
BINT I EDbro T,
kla—RLZOFEMKIZ, LI —XITLD O
IND. wru— RAFEROFMERE, BT E
DI A X, LT — X OMBEDREER L DME
BZTDHIEPHISNTWS LD (R - SR D

70
5 60 g
S 50 N
Z o O
540 g
c
S 30 O HEMA
o (g
810 © ® HPC
O
ﬁ 0 - ] ] ] ] ] ]
O 1 2 3 45 6 7
Time (day)
Figure 5. Time dependence of the concen-

tration of protein adsorbed on the HPC gels
with methacrylate monomers (HEMA, MEMA,
MMA). Reprinted from Ref. 6, Copyright
(2023), with permission from Elsevier.
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Figure 6. Time dependence of the biodegrad-
ability of the HPC gels with MMA. Reprinted
from Ref. 6, Copyright (2023), with permission
from Elsevier.
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Table 1.

The characteristics of UTR-KINKI.
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Figure 3. The number of approved research

proposals to the program “Cooperative Re-
searches at Kindai University Reactor” over the
last 10 years.
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Figure 1. PL spectra with the excitation wavelength of (a) 320 and (b) 360 nm in BG.
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Figure 3. ESR spectra in (a) BG and (b) BG:Ag.
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Figure 4. Dose dependences of the PL intensity with the excitation wavelength of (a) 320 and (b) 360 nm.
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Figure 6. Variation of the PL spectra with the excitation wavelength of (a) 320 and (b) 360 nm with time elapsed.
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1 Introduction

Currently, in the field of cancer radiation therapy, a pri-
mary challenge lies in minimizing side effects. Efforts are
being directed towards refining irradiation methods to limit
exposure to normal cells and employing drugs to heighten
the contrast in radiation effects between cancerous and nor-
mal cells. In this context, the exploration of peptides as ra-
dioprotective agents offers a promising avenue. Positively
charged peptides (PCPs) have gained popularity as poten-
tial candidates for radiation protection and/or sensitization
due to their positive charge, which enables them to bind
to the target of radiation, namely DNAD. By incorporat-
ing alkaline amino acids into the sequence of peptides, a
positive charge can be imparted to the peptides because al-
kaline amino acids have excess amino group in their side
chains. Among the alkaline amino acids, histidine (His),
due to its highest reaction rate constant with hydroxyl radi-
cals (*OH), exhibits the most significant potential for scav-
enging free radicals. Hence, our study focuses on the radi-
ation protection abilities of PCPs containing His. Another
alkaline amino acid, lysine (Lys), was also used to inves-
tigate common featuresof alkaline amino acids and differ-

ence among them.

Effect of Histidine Consisting of Positively Charged Peptides
(PCPs) on the Free Radical Scavenging and Chemical Repair

Chaozhong Ti1an, Yui OBata and Shinichi Yamasurta* (The Uni-
versity of Tokyo), Atsushi Kimura, Hao Yu and Mitsumasa
TacucH1 (National Institutes for Quantum Science and Technol-

gy),
T319-1188 ZIKIARFIER TR (17 FIAR 2-22
TEL: 029-287-8432, E-mail: shinl @tokai.t.u-tokyo.ac.jp
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2 Experimental

Peptide synthesis was carried out at QST Takasaki with
three amino acids (Fig. 1): histidine (His), tyrosine (Tyr)
and lysine (Lys). Details of the synthesis steps can be
found in the literature?. The peptides with two sequences,
His-Tyr-His and Lys-Tyr-Lys, were synthesized and their
molecular weights were confirmed by LC-MS analysis.
Pulse radiolysis experiments were conducted as a collab-
orative research project at Nuclear Professional School,
School of Engineering, The University of Tokyo. The de-
tailed setup of the system can be found in the literature
(see for example, >¥ and references therein). The pulse
width of the electron beam was about 10 ns, and the dose
per pulse was in the range of 4 Gy—13 Gy. As a model sub-
stance of DNA, the most easily oxidizable nucleotide, 2’-
deoxyguanosine 5’-phosphate (dGMP), was used to dis-

cuss chemical repair activity.

3 Results and discussion

The competition method using thyiocyanate, SCN™, was
employed to determine the reaction rate constants of His
and Tyr with *OH in comparison to the peptide His-Tyr-
His. The reaction rate constant of His-Tyr-His was found
to be approximately twice of that of His, and significantly
lower than the sum of the amino acids composing the PCP.
Considering that the primary reaction site of amino acids
with *OH is located in their side chains, which does not
change even if a peptide bond is forme. This fact suggests
that some parts of the PCPs are becoming less reactive,
in other words, some kind of shielding effect is implied
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Figure 1. Structures of histidine (His), tyro-

sine (Tyr), and lysine (Lys).
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Figure 2. A schematic of shielding effect of
His in His-Tyr-His.

(Fig. 2).

To further examine the shielding effects, we measured
the transient absorption spectra of His, Tyr, and His-
Tyr-His.

His-Tyr-His based on the ratio of amino acids and the

We first inferred the absorption spectrum of

reaction rate constant with *OH. The measured absorption
of His-Tyr-His at 340 nm (mainly contributed by Tyr)
was significantly lower than that inferred from the amino
acids. By increasing the proportion of *OH scavenged
by His, we found that the inferred absorption spectrum
at 330 nm more closely matched the actual measured

absorption spectrum. This confirmed that the ability of

24

Tyr to scavenge *OH was diminished in PCPs, due to the
shielding effect of His.

In studying chemical repair for dGMP we found that
neither Lys nor His demonstrated significant chemical re-
pair ability. In studying chemical repair for dGMP we
found that Tyr has some chemical repair ability, while nei-
ther Lys nor His demonstrated significant chemical repair
ability. Meanwhile, Lys-Tyr-Lys possesses better chemical
repair ability than His-Tyr-His. This fact proves that His
has a more pronounced shielding effect on Tyr compared
to Lys.

The principle that produces the shielding effect is still
under discussion, and we are considering the possibility
that the shielding effect may come from the effect of charge
and so on. We are currently attempting to modify PCPs
to control the extent of the shielding effect from alkaline
amino acids, thereby adjusting the level of shielding ac-
cording to the application context, which is crucial for the
development of radiation protection or sensitizing agents
based on PCPs.
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Scheme 1. Synthesis of carbonate apatite.
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Figure 1. XRD patterns of synthetic ap-

atites. (a) Calcium hydroxide as raw ma-
terial, (b) carbonated sample, (c) sam-
ple phosphorylated for 1 day, (d) sample
phosphorylated for 3 days and (e) sample
phosphorylated for 7 days.
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Figure 2. FT-IR spectrum of synthetic
apatites.(a) Calcium hydroxide as raw
material, (b) carbonated sample, (c) sam-
ple phosphorylated for 1 day, (d) sample
phosphorylated for 3 days and (e) sample
phosphorylated for 7 days.
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Figure 3. Raman spectrum of synthetic
apatites. (a) Calcium hydroxide as raw
material, (b) carbonated sample, (c) sam-
ple phosphorylated for 1 day, (d) sample
phosphorylated for 3 days and (e) sample

phosphorylated for 7 days.
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Figure 4. ESR spectrum of synthetic
apatites by irradiated at 100 Gy. (a) Sam-
ple phosphorylated for 1 day, (b) sample
phosphorylated for 3 days and (c) sample
phosphorylated for 7 days.

frEIE Z 1124 9.35 x 107° Gy/min (##& 10 Gy),
108 Gy/h (f#& 50 Gy, 100Gy) TH-7-.

HRATEURL D ESR MIIWE 1%, HAE FH#E AL v
HIGLEE JES-FA200 THIZE L 72, HITE ST X — % 13,
H 2 mW, f51iE 5 mT, Z3#iE 0.2 mT, Kk
0.03s, #mslRif]30s & L7,

A2k 100 Gy WS L 7&K 7 8% 4 Fadklo
ESR AX7 F)L% Fig. 4 122 F, (a) &1 HEY ~
FRLALEE L 7-308E,  (b) 13 3 HIMY v R{LALER L 7234
kEo(0) 1327 HEEY YR LB L 723kt ch 5. v
VRSN XD, EoV VLA L 72 EERD S b R
7 HIVEED AR MLl Sz, RIET Y
ANDYE =7, ) VBB HEIC X 59, 1F
F-E ekl THMY YEBLWIEL 72738 4 &
Bl 7y 2 BT R T 2 BEIGE M 2 Fig. 5 1SR
J., E=7&EI» oAb o747 YA VEEEL, I

Intensity (a.u.)

1 | 1 1 1

0 20 40 60 80 100 120
Absorbed dose /Gy

Figure 5. Dose response curve of syn-
thetic apatite by phosphorylated for 7
days. The irradiation doses were 10 Gy,

50 Gy and 100 Gy, respectively.

Table 1. Ca, P, C and COj; content of each sample.
Sample name Ca(%) P(%) C (%) CO;3(%)
Calcium hydroxide 48.8 =* 0.58 2.9
Carbonated sample 39.2 = 11.8 59
Phosphorylated sample (7 days) 33.1 14.8 1.52 7.6
Tooth enamel!? (hydroxyapatite) ~ 36.6 17.7 0.64 3.2

“This could not be detected with an ICP emission spectrometer.

F 117 5 (2024)

27



IR B, BB —, RF ML [ SR, bk &%

MEOHINE EHITKEL R, BEREORGREZRL
7z (R?=0.997).

5 JTROM

BERIE T 8% 4 FakHcowT, kil 3 HoME
et e X O 4 HOMEIGE T OREH 2 6, V) vk
AR H B2 L TH XRD A7 biL, FT-IR A%
7 b, 2RV ART PV o2k, T
5 NZ 100 Gy WS L 72 DR 7 2 )V D ¥ — 7 i
JE) VB LAVEHBIC X 5 FIRIE—~ETH o &
o, LHRGHRIZFALCTH D LKL .

B L 72RO TLE T 24T 9 e DIz, DUT OMlE
1ol CaB XUP DOHTITDWTIX, PerkinElmer
L ICP FEYE 7 EHE 2 AvioS00 %2 V72, Ca B
XOP OMEREIX, Z2N0F 4317933 nm B L O
213.617nm & L7z, C DFHTICOWTIE, BRBEEILE
SIHTIEEEE A S 7 7 NCH 22F Bl % v 72 ({4
Wit v & — ) . ME SR, SOGIREE 850 °C,
FEITIREE 600 °C, BRBEIRFR 150s & L7z, HFEWET
H KA N T &, REBAGER, VB LaUE
(7 HEE Y Y BRLABE L 22 BRI 7 85 4 ) BL O
WO F AVE (ERTENA Faxs 7884 1)
HIZBIFB ALY DL, VY, REBLIVRBOEE
W% Table | I8, RBEARIZ, KEOEHED
SEFEHRERD, MZFEZATLTHEE L 2. KIE
LBt o R G A & IX, IMABWETH 2KBLAH L~
TLADAKMELD SEIML T3 2 s, REL
PR DSEIT L T3 2 Ebh s, —F, VUi
(LALBRECRHE, BRIBILAB O ORI X ) b IREEGH
B L, V) VBREHREBEINL 2 L5, K-
U UBERBGEIT L Cw B EE LoD, ik,
) VIBAVHEEARI O RIBEHRIZ 7.6 % THho7 2 &
D6, WOZFANVELD bKRBEHEVL T Y
A F Bt D GRS L 72,

6 F&oH

XRD A7 b )b, FI-FIR A7 b b, 9V AR
LD, U VEBLIBEL 723 T T 8 A RSO
E—78 LU COs %, PO, DY —7 % Z N T NHER
TELI D6, MRICRIET 265 5 ik TR T

28

NEAL P ZERTHEEDIC, HOZFANVEELD D
RBEHED S VT 88 4 Falbt O EEUZ I L 72,
BRRIET 785 4 b OWIEREICRTT 2 RIEZ 2 AL
DY — 7 i S I3FREOR I L ClEfEz2 R/ L2

L6, FHREETOFRFMEIE LTHEHTE 27
%2157z,

Sk, MEBECHIGHREDERL 7 ¥ AL DEZSE
B G2 5B D WTHNR, 72 )V D2EE) L f
BIOK TG L OBREZHOLICT S E L b, it
BitETMEELTH Db LT Y A Bl OARK
kDR Z1T ) .

(& F X 80

1) T. Kojima, S. Kashiwazaki, H. Tachibana, R. Tanaka,
M. F. Desrosiers, W. L. McLaughlin, Appl. Radiat.
Isot., 46 (1995) 1407.

2) H. Seito, T. Ichikawa, H. Kaneko, Y. Sato, H. Watan-
abe, T. Kojima, Radiat. Phys. Chem., 78 (2009) 356.

3) L.J. Schreiner, J. Phys.: Conf. Ser., 3 (2004) 9.

4) L. Xie, J. Dai, P. Wang, Y. Zhang, J. Gao, Radiat.
Phys. Chem., 63 (2002) 817.

5) T. Oka, A. Takahashi, K. Koarai, Y. Mitsuyasu, Y.
Kino, T. Sekine, Y. Shimizu, M. Chiba, T. Suzuki, K.
Osaka, K. Sasaki, Y. Urushihara, S. Endo, M. Suzuki,
H. Shinoda, M. Fukumoto, Radiat. Meas., 134 (2020)
106315.

6) B. Pass, J. E. Aldrich, Med. Phys., 12 (1985) 305.

7) H. Lanjania, F. Ziaie, M. Modarresi, M. Nikzad, A.
Shahvar, S. A. Durrani, Radiat. Meas., 43 (2008)
S648.

8) S. Devic, Phys. Med., 27 (2011) 122.

9) H. Seito, E. Yokozuka, T. Oka, Y. Kitatsuji, N. Naga-
sawa, Radiat. Prot. Dosim., (submitted).

10) TAEA, Use of electron paramagnetic resonance
dosimetry with tooth enamel for retrospective dose as-
sessment, IAEA-TECDOC-1331, Austria, 2002.

11) K. Ishikawa, S. Matsuya, X. Lin, Z. Lei, T. Yuasa, Y.
Miyamoto, J. Ceram. Soc. Jpn., 118 (2010) 341.

12) Al K, #E TR, ho =, RBALV T LT
vy 7 OFERE, W02018/173915, 2018.9.27.

ma R AL F



a — A Il

% 67 MR ZTREIOBASE

HE SM6E9H6H (&) Fri-7H (1) T

B NSRS (RAR X v >3 R)
JRES SRR B S 1 T H 2-2
http://www.hiroshima-u.ac.jp/access/
higashihiroshima/index.html

FfE HABSHRL AR

FEEZE

H AL 222 (3 e 2 1 B T 2 0 -
b & £ N2 DAt 7385 D RIFFEHAH B 0 ik %
E 0, RGO SEER 72 © NS RHIIIE
HOHRBICHGT 22 L2 HWISIEHL TwE
T, BRI IRV EDOFERIED T o
26 DT, MERRLE DI, & OBy
Wiz 1 e LTiivwE T, g
&, AR, L=y —{lE, 77 AR,
SRy 2, ISR, BRE R R LD
MESERICmA T, /Ty uY—, EOT
BRE, I TRI2E, TN AWEL, R Y, i
B E OB E A Db E L T,

RRAH
LIgEFEZR (154)) - BR ¥ —%#£ (604y) (ViE)

F 117 5 (2024)

FRIAHRME
ZNHAZ
a6 6 H3H (H) -8 H30H (%)
(LA HAZ A )
AHE A - FR LR A

SRed6 H3H (H) -7H20H (%)

SNERE GHEEEERZ2ET)
—fit 5,000 M
242 3,000 14
(KRB L UOBRAm A2 B IR

BHEE
Hi : af6EIOH6H (&) #K
28 - BEISE  RE (BH, 23X HP I2#g#k)

BEWEDLE
T432-8011 Eetnti s XL 3-5-1
Wi R T AR BRI =N
HA B L2 B R
Tel: 053-478-1329
E-mail: office.jsrc @gmail.com

Z DA DR IE T RO 67 I L7~
ZON/NHP % T S0,

https://radiation-chemistry.org/amrc/67amrc/index.html

29



s~

=8 0 N — Y

FEE FEREDR W

2023 4D 10 A 11 HIC P BBL4 8 H 27 H
8O IR THBEL BNICh o L DM A-T, H#
DA TDFERE, 49 HERTHE S AICHIEE VI ET
L7z fEmT L7,

FEl%, 20234FE 1 H 3 HIZFEERDOREFE L W) 2 LT
P X D A — L2 nkEnTE ) £ L7, 20224
AH®D XY BRI EEZICE T 6oL 25,
IR AT > 3o, OB ICiRE3H b, K
fifi D A v AN T AR IR, MR i F =y 2
FA v MEERAORETEEZMAZ TR LD L
T, RIS, VORI T ESAEHE W LT
BOETLE, KL LERLTESNTDHBHIRITL 7=,

Afaciapd ol vz e L Liw,
B O, 74 F 3 b o v EBEIEEE & ESR
EilAaGbE R, HEFOESRHMEEZIT-o>TEL
7o, BRHNCHEEEMEIE L 2RI, AV I v EY
7 G % st S D BB IS #T L < A > 72 BESR &
Z D THEM L 72 DRI E L ORI DR TT.
I BT OB T T d o -S4 IC ESR ¥ v E
T4 =Wzt v b L 72 aleko S84 IS o i FEE il ) &
tia THREWERLEF L, ZoMLFEROTE 2 —
fEE D L7

A1 1976 4 & 0 HUfE O 51 SIS HaEE O B T 12 B
M, 574 -y 7o@Richbs 2 Licky,
RS AE R, R BICEET 2 2 &2 S5 FZERITO
BRI TEF L, Az E TR, ot
¥VF v IRNTREM AR ED TEB O E LD T,
Ps TR DB TR 2 LC TA = IGE T LD
BT RS & LTMATW AL E LA, Y
74 Fy 7 oEMHOBIEEEZ T 5578505, &
TR X 2 ERFERICDSMLE L, 2o
WZBINT 22 &£ THEBIAD > X I ICBWE T,

PSR (2 v > 7REICHERE T, 1985 A2 A. K. Pikaev
(YEZ MREAT A T 2 —YBYLAAISERT) & 0% L
72 TSV RET I F /) A RAKIEHED BRI 7
ZEIERL CBHREMICEfASINE L, 727F /A4 F
KB D 2SN A5 P A ) & ZAEBITHERN 2 BH D 5
ETCHOHARTIRENEINWEA) e BnwE L,
Lo L, BEFICE T 2 B E 2 e o I iE
WTWAZ E > TR 88 Hic ) £ L7,

A1 1984 FRICAH DG 11 TrFHcBh#EIz & L

30

THMELE L, 1989 FEIC~)L Y v DEERREE, i<
VHOHENR I ), W T L E L, Villds
HRIFIZIZVERR E I3 B 2 2= — 7 iz fr> T8

D, VHEOEMMEEEDEFIRAHITIN TV B IZET
L7z, & 2ADSYVEREIZ E D 2 LIFFEE ORI I
D, FRHCES 245 F I RmNRK, > =7 om%hE 7
N—THEFED - O ICHEIC B ICHE L7, 2ok
IR D b & THBEZEO B E L THATH %
FHoBMZ I ANDITONE L, EAREHRIE -
R GHE RO TTA, R4S M. V. Byakov
Seds (U RMaA 238 55 113 5 p. 83 (2022) ) D37
FANHEEZRET 2 L) EFEE2Z T DTL -,
HHES I Z B &, Byakov Ja4:% 1993 4 12 A 20 H2»
SFIEIAREFTRITIANE L, HlZ6 /ED
¥ TOEBEDBMEEIZ YR OB T H o 72 52HT HE K
OoEHH) LT NE L, 2D, Byakov it
DEFD S. V. Stepanov b HARICHTET 2 Z LI
T FE L7

2001 4F 5 HRICHH A, MIGHUR O T=%
25 JFIR O TR~ D R BFHWES Lk
R 2K 10 RpIC %8, MR 2 2R L 2286 Bilic+
NS B, PHERSEE o [FIFAE C Y IR I )55 S
T 7R fPER & A, BGEZ BOE L KEE 2
BTEWEZMMIL Lz, L2 LuHERICHMNS 2
ENTE, LDEbNE L. D, BPTRABICH
AT, MTHrLVEVE L EDORENIER S THE
. ZPALUGEBNC W T x L, B Z R
%, IBKICE ST L2, KA E TR R0 ElT
HTOHMTLZZ2Y, BLWEHOWHE L THIRIZE S
TV,

2004 4 O PHEESE A O E AR RTRE (X, JEPRDOIN A fh
B, JuEFo B4 K, Il TR e s L ¢
FRALRFENE 2> & DK EFEDL R R R o N E L 7.
FAHBUENISIMLTED LD, @hChigE L TL
FWFE L7z ALEDOREIZ Nucl Technol. 58Il D>
FRINTED, ZOMEHET-> LI nTED £
L7,

PRI B A C KR CBEIN, XABHFVEZ
b Ty, BELOBHBZIATVICEALS
FHEETTELVWYDTLEL, WOoTT7vyavra
NIV T LS 7D b Pgd . HEOM%E

ma R AL F



s~

=8 0 N — Y

HEDGMEZ T EZICLBENIILEED, %1
DMEFHEZAS LIt L7, BoErsoiR
1% H. Fisher #% (Zurich Univ.), # D. C. Walker %%
(Univ. of British Columbia), E.Roduner (% (Stuttgart
Univ.), P. W. Percival Z(#% (Simon Fraser Univ.) 7% &
T,

PR EDOMTAEELTCT AT I 7 CIEEI LTV

275 & U IR Wor oS, =% il KEK £
BRIz, 7 B EEEE 2 B DEeXRET,
BRJEA: D DNA 1332 k23, s iAot Twnd
EWVWZET,

PHEEE, KOO BEAWICKREEH#HL TED
7.

BTN AT WS - WRAERI BN )

Bl Rt REFLE

B 9 ek CREUR AR e éat v ¥ — ot
HKFZ) O TEIMRICEEL 72D 1%, 2023 410 HERD Z &
TL7%., HABEFRESD 6 DX =)L T I#iE %2 M
DFELE REBHIZPDPIEASIEIH) FXATLE
B, ZFo LB EFARKICBILA TS > L $ 5D
A EBFRNOEZLTEY, TIMRICE LTI
WCEZF LA, DIV IEEZBIOHL LT XY,

PRI, AT 4D 9 HD L i T
BHIZDD £ L7, FEECHEREDOIIEEIC
flE S 4, BBE T — o % Mo - ARSI o S b
Zr—<& LU CHIRICIY fltsicdh b, BETE—
LA VOBEBOBTFLHEVWRZIE T EEEE L.
TR AYOHEENF ¥ VY SZOHITI2WH - Lo o7
A ERAeA BUIERYEBIZ) O T, a4 Lvzs
WEDIEDTIA4A X b2 LD v, HEEIX
B D AR SR D ISk o7 2 BT
ZTWET, Pl Lo BETIE, BEHET Y - &
MEIFFICHEICHEL W AEZLTWT, ERUgE
HENLBEZ 00 EW) I LR2ESELRNSICHE
BLUET., 72, BEPEDRVEBIEATSE, T
MEBENRbo-0Rkw) EB-oL®2-T, TCITE
BT Tl nhkI bbb ELEL 7509
Dffid % —o6EHI X%, BREII-R2E00D D
PEETIEH D F L7208, M) e DI b AR R I
HT&2F7T, RALSTRHEWAZEE L,

FediHh3 1999 4 6 Hico L IFTEMZ N7z, 6th In-

F 117 5 (2024)

ternational Workshop on Positron and Positronium Chem-
istry (PPC-6) & IEHICEWLIHFELTT, FAldEL 148
76, (FLLTHHY B Azb»6T) HIHT
FRTLIME2 VI EE L, SEDHICHES
o, BFEVLTEEEATLED, N7y b
RLIAN— avrEDTIVICE LI LN TEE
L7%.

7, RELEBHOETI I T2
EH% K, BHOEHTHAILALHZTOREL L
bHDFELA, HENTI T2 0% o7 T
T, WX v v SZATHHREDEIRICH L2210 T
Bilid®TwkZwkh LE LA EBEFX v 28
C ORFRETH & RA TV, HARWZ AR
2, THLEDT—=7AH 6T L) BTHKT %
ZEbHDFEL,

ROEIC > THMEE 2 BT 23758 50, BT
WIRFOEEDH ) 3T AZEC 2 2B EH D FL
o, GEDPOBEATE 2E#MOEELZ, BlZKA
BRSRRZERBRbINI T LIEFRYIKRETT.
BAEDORI, FIOTEEWV L7 L EOPEEGAEOE
IS ZELTE) AL, hdd BDilld) &
FETTo LB THEBZBEIN T L) Fi5E
KREDTEPSINET, ZOEHEHTLLFEAKIL
ZHic, SRES—ERET 22 L2 BRHRL, KH
DIROEEZ LV EROET,

(R

|

L) (T Niii)

31



=]
5P

S

L =

5 119 [0 BABHREF S BERFESFR

AM5%9H27H (K) 17:00-
LR RYEINF v v SR ES BAMIAEHE+
v 54 (Zoom)

HEE BB (f—->—- A ), kg (B

4.

32

wh), S Efh (EIER), Pk BE (PR,
TEH 28 CIEECRER), B 3553 (s J0hms),
SR A (R A7 LARERGER), R
i (4K), NE iR (E—bF VL= av),
BT CRURBEL), HUIRS— (BOKEERTE), H
FOEIE (BOP, i 1kd Ouk), HiliET (8
PEECHIE), FEI R, ME—EE ORBEER),
S (R e, R ERE (R, J
R CRBRASER), Hi)ll BER (REBE), S
it (50K), ZUIG #71 (BORPEDD), SR ik
(BREEDD), 1T B (BK), i ke (BERS
RBET), #5 &l (BORPEDD), & F— (K
FERE), R 77— (FORBELLAMBE), Bk Rt
(FRFE T

CHE (5 118 g sy) GRdHR () (FBR)

o 5 118 M FLORFHRIMER I N (F
).

AR S FERBESEAE (PIEE, #5R)

o Al 4 FEEDFRBELHIKFE I NI
(H&E, F8RF). FrakicEiE hK
(BIRKT) DEEL, BRI RER
(FEHTK) 2T 2 (FBH).

M S FEERYSBAE (FHER)

o Ol SR BHEIRN I N (FH
).

A4 SRR (FHR)

o Ol 4 fFEEHIEICOWT, 5 64 AL
AR L 1Al v RO AR
FREHHNC | 72 UL 2o 7 7 —F 0
BfE, B X O&dE (1145, 1155) FfrHs
W& I (FHR). M4 EEREHD
W, RERGER LI ($HBR).

5. M5 R dEE I & PR (FBR)

o 15 FIEDHHERM & PHEIRE I N
7o (FBR). 8 66 ML a3,
2023 49 H 28 H-29 HIc %= K Th
fExn s, WHEFEEL LT, HlEBY, 7
AV =7 IEERREEZL T F T
IMREE%E 2 YEL TS (FEE). ¥
7o, SRR v R Y Y A (R
SURY T L) OREE FELTW»S (h
NIESS=IN

6. NR&E T (H5R)

o NEEFH TSN (FER)

7. BN (FBR)

e XHIZOWVWT, BN SN (F
). 3EM ESEEZRNL T3 AaHIC
DWW, EBESCRRD & DEBHED AT <,
MElomRzHmc LTI LT
% (FHB).

8. FHI 4 FEARATY 2 —V (HBER)

o Bl SEEEERAT Y 2 — LG I N
(FBER). TEOBEBLE 2D 6 Pais
DMERBOH L ANDH - 7= 2 &G
I (PNaR), BHICERLzbo%
BT 22013 =TV 77 RICT S
W H B T L, TEOBESHBLY 6
EDONER EDINT v ZITOWT B
HoT-.

9. % 66 [IBUNHML AR & D HERRIRDL (FB7R )

o 55 66 MU AL 22 5T i 2 D HEMDIR T & 3
BIZOWTHER SN (BAK).

10. # ofl

o ML SRS DRI O WT, 9 H
ASTEIZ IZEER DR L T 2 - 0kl %
okl TEYALOEMEEARELIRD B
3 &) BB o (K.

IV

ma R AL F



S
sl S FEREFAE (96 F4 A5 HEE)
= =fs &8 (#RATI)
Blak SH B— (RKXEH) ERxEMEERY
Wl HE BHIKX) WFTiEEEE =
HI)I| FRRL (EHT - SiE) TG PR S HEE B
FINET (EBILERA) YA IV RAEGEY
EH EN FRIEKRETI) EBREY
BEES BN Rz (NHV J—RL—>3Y) T Ba (hK)
AN S (RTARET) XA B (RTOHEE - RiE)
HH 2% (EEXE) B ERE (lRKEH)
Pk BE& (R YEE "R (KRRIZK)
EE e (RKE) HOXIE (B - SiE)
BE 77— (RREIZPMER)
H=x g (BX) FHEd (RFOHEE - =)
R —E RIXEZIv 7 7R Bz (AE#K)
BARE= (REKE) B0 e (LKRI)
B ¥ (RKREET) BABZ (A== 4-)
HE—E (ASEFRX) REH (@HX)
Hf BEA (ERH) LB 52 (BB KRET)
SR (RTAOHE - =ie) ek = (HEAX)
5 Fah (RKERH) HE Ez (WWRALD)
MoK B8 (BRRETH) EAXEE (8 - BIF)
B &g (RAEM) T &E— (RXEEI)
BIS Bt (RKRBEI) W KeE (AT
Wik B (KIREX)
& B BN (RFAY AT LMARES) | FHE= (LEKXT)
G B #E— (BRKEHR) Y B2
Il B (eRkET) FAIK F5tet
NIE B (E—LAXRL—23Y) )l A8 (BRKEERT)
LERE
mEZEER ZER CHOXE (2 - 2H) W &E— (RXEEI)
EE M E—E (KEEFRK) FEEES (ERHT)
B (BX) SR (RTAOHE - =E)
IR A (ERHT) HP BEA (EifH)
HF B (BRAEM) BEH AR (2 - BF (ILE))
(A BH— (B - Sik) FHET (FRET7 /)
@)l &F (RTOHE - =E) MR ZRF (FUvIX)
ek &35 (ERH) BA AR (@HIX)
TPEMEAEZERR | ZER Bk EHR GRETH) B BR (B - B
B0 @a (LKRI) BRFE GZRRR (28 - BAFE (ILB))
SRE R (FRKERT) EE itk (RKE)
Il #E (BRKERT)
ERXREERER | ZEBR  EE Wk (RKEH) REMH (@HX)
HH XIE (86 - SiE) 5 (FEREK)
B eIg (BRAEM)
EBR EH EN FRIEKREI) MK IEE (BRAETHD

F 117 5 (2024)




34

AN
I

ZN

it F

S5 FERFTEHRS ($/6F 3 A 31 HERHE)

INA DEB (B4 M)
HE RS FEFER | RSEERRK | ABSE
BB (1424 0) 240,000 230,000 | R5 FEZH# 24 O (14 1)
13 £t 23 OABHER
BARE (154 &) R6.3.31 IR
=28 (143 4) 715,000 571,500 S8 144 & (5R#M 43 & © REF 457,000 [)
2428 (11 4) 16,500 3,000 | ZE=B6%4 (KN4 4 @ RE 25,500 M)
MHIUNA FIEEH) 5,000 109,518 | ZEH#ERL 109,150 4
SHAE (ERX#En 6 M, EHES 2M)
N - 199,016 | EERZAELD (5 66 BIETHASTREE)
AIFERHE 2,177,123
&3t | 3,153,623 [ 1,113,034 | |
FHOER
HE RS FEFER | RS EERR | ABSE
BEERE 20,000
RIAFER - 2,740 | BER 2,740 M
EBERTE R5.6-8 B4 71,475 H
FEEEE 700,000 534,491 | R5.9-11 B4 392,660 [
R5.12-R6.2 B4 70,356 4
SBE 22,110
MEHR L 2 e B 200,000 200,000 | £ 66 [O] MEHR{EZET3mS © 200,000 4
25 66 [0 MEHRLZ M= KRBT
SeimBEHR L F 100,000
HEF 0= EOFEREE 70,000 -
FRE 100,000 -
TEREAZESRE 75,000 -
ERERIREESRE 75,000 -
REZERRE 200,000 59,400 | Dropbox FIF#lE (59,400 F)
HARSRAFESEEE 50,000 50,000 | 2032 F£ESE : 50,000 M
HAREFES 10,000 R6 FERE | KT
tEREHR EESE
R—LR—VBEZEE 60,000 7,265 | RXA VF|ARE 2,249 H
L># )L —/\—FIEKE 5,016 M
FlaE 200,000 -
REERHE 1,271,513
= 3,153,623 853.896 |

ma R AL F



X = & =
S5 FE ANBESHEE &8
A=
28E7 | 28&5 | 284 | FEREA | BnE |
E8 767 R | ERAFIZRAER ESCRI-PN
na 768 TFH TR | —MRHEEABGRABRERGS EH KR
s 769 IR | ERAZFIFRAERRL. RFHEFEK T BE—
?E%E 770 et BN | BARRF AR RERE FE=ES
BE
2883 | 28ES | 284 | FEHRE S | B2A |
E=8 218 T Rz | ALBEBREKRE HEFIHEER 2023/10/30
=8 483 NFH BE | RERRFEERZMFRAT EIBIAR 2023/12/4
ERBE 549 Wi EEA | EERMTREZRAT 2 < 1439&% 5 EBEPT SUAREEERRZTERPT | 2023/10/10

F 117 5 (2024)

35



T 6 FE BABFRICZREDR

fERERTHE ()

http://sumitomoelectric.com/jp

E—2aF XL —vav ()
http://www.beamope.co.jp

() A== >— - 4=

http://www.ece.ebara.com

2247 LA (KR)
http://www.yoshizawa-la.co.jp

B REEBANT T2 B S A
http://www.qst.go.jp

() £ v 7
http://www.ing-co.jp

() FRETZ 7V
http://www.c-technol.co.jp

(#) NHV a—FKL —> a v
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