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D2RTBETHY.
ZHELYAREFONEBEER (R
LTWLWBH., HmEssH 5 R TERAC
ﬁﬁiﬁﬁ%ﬁ@&iﬁﬁaa%
IMDFEIZLYBCRATWS, B | N (= B HBERID 2 RITT
b k. RAF—THF I 4 K Etssm ;ﬁ A0 PIXE SFIEDEHEL VHAREFID 2 Rtk
LTRESELZRFTDLD Lo-X R @ 714E Ko-X B(L74keV) . b: RAT L Lo-X #8(5.23 keV))
(5.23 keV) D 2 R THDH. AAFE: 3.0 MeV H*, FEEERTE: 200 nC.
CHELITEHDRIOFZEFHERS  EEBEB5umX75um
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N, —RIZHHELTWEKSIZRZ S, 2HEY ) hRERIE. BRONZDENKSE
WEEDFRLEEEHEN., B XEN S keV LEDZTHNIE., +9I2ELEYE ER
MEELTHRATES I ELAERTSE =,

(&% k]
1) Y. Iwata et al., JAEA Takasaki annual report 2007(2008)173.
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REEE  P12-R&DO01
EBRE4 : PIXE DWTREICH T B EL IR
BREERERE R S

Proceedings

1. R F{— fth

WMEMEFEMEZRMEEL (PASTA&SPICE) DIRIK 2014

F271EA VT LAMRF/RVOZORDEMOARIIMESE, 94-97(2015.3)
HE #% it

2014 FEKRERZ o7 LIMNRIFZD A T+ 2 RKR

27 B2 T LNMRFR VT OREBEMOMEI|ELE, 126-129(2015.3)

n

FEER (OBEFEXR. RRI—FER., FES)
1. R F{— fth

WMEMEFEMELRMEEE (PASTA&SPICE) MOIRIK 2014

F27E4 VT LAIERF/RUVZDOREDEMDIARS, (2014.7.4-5)
2. HFE % b

2014 EEMERS T LIMRIFD A > TF O AKR

BE 27 B2 T LNMRFR VT OREBEMOHIEE, (2014.7.4-5)
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Y4V APIXEIZKS4EBPOS VORRERICEET 2R
~Bfig S3EMREEICH T2 VBRITFEORIT~
(P12-STO1)
oRAEML BFFW? FBNMEL RIE—3 EAEZH:
ISR ES R AR RS ERE 2 —
2FEREARFREFHER HIEBRL LA —

<<IFL®HIZ>

EERXEREREL. MHAMEMEOASRHIL ZEICSVLELLARIITLEATLN S, EIF
TOERADBETEDVS VLG ERBREAMEZECFLKOZRMGEERFIZKLEDAD
BENBEIND, KB EDDS UM TKELEMEB TEIBEAOEENREIATEY.
D5 UEHICATIHENNMREDERS LU ZOERBFOMBANRHLENTNS, Ch
FTOVIVANESEEETIVICL2HYERT., SBLBFEMNICE C-BEROTREAMAR
FIFRMAE (S3EMIRHME) BEOEENHAICEVTEISVRENBREESNE I END[L,
2], BE. REEVSIVRELVS VRHEZDOEAREZERARNTWLS, VI VIEERRELL
TOEZEEEL o fBEL L TCORFRSHEOTEZHEEHE OBRETHIN., CAETD
SUBBHIEREENEBETHIEEZONTEZ, LALDSULABRMICRIAICE
BT HGEIIMANREEILERET IVLELNHD, VI VRHEZEDERBFZHONICT
51=0I121E, KEETOV S VURECETOREELLVICEBELZEET LI LNEE
L1iE 5,

ZITCAMETIE. BFOS V2B E LSy FBRIZOWLWT, BEEEM L KEEE
BREZICNATTOISVREEZTA VA PIXEICLYEH LT,

<ZEE>

Wistar REEMHES v b (10 B#ER) (Zx L. 0.5 mgkg., FE1=1d 2 mgkg DEFEED S Z L& E
BMETIC®RELz, 5% 188, 3HE. LU B HBICIALDS v F&#ESILERE
B Lz, —HFOBEO LMD 10 um EQFEEETTIFZERH L., ¥4 0 PIXEIC
KDTELHAELRFAEENDTODRARY FAEZETHE o1z, BRAEEICIED S V&Y
DHBEZRAWN:z, BEUIFEAT LTS O—IA L UEEETL., BBHBE L ORI
Z1Totz, FLBEETRBOMEHZEMEHRB TERXRIEL., FEHESTSXTEEN
IT&YDSVREZTAE LT,

<HER-EBE>

500 um X 500 uym DR F v VEFETEED S3RME D LTI 5 THREZH T THH
1oLl A, BREHEHDSY FTIRYUY, AUDLOBE AKRE SNz, CORES
FRrEEZLYEHES 15 HEORMEEGEEEMNIHTHEETHY . ARy F3EITo 1=
ETAISUNEFNDEZEADI 22, CDESLEIS UVRERLDKRELEILEEGHE.
BREEDEWVCLEIREREDEHEICOWTSERIAITILENHDEEZ DN,

& Xk
[1] S. Homma-Takeda et al., J. Appl. Toxicol. 33: 685-694, 2013.
[2] S. Homma-Takeda et al., J. Appl. Toxicol. (in press).
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EEES  P12-STO1
BRREL XAV DOPIXEIZKAMBEOS VOBMEZEICEAT AHE
FEARE RKEE

F A RS

1. KBEE
V5 U DRRNES L SR EDOREN
% 25 A B AMERRFER, (2014.7.4)
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RKEI7OVILOIA IV APIXEIZEBA0H (RKEXT7OYVILDPIXE Sk

Lk DEHEZTRRAFSITEDEREICET SHR)

(P13-KS01)
OFEFEBX*°, RINE—", EFERE®E® BNRGLS, B &z
a BEL@OAITa - IR -BRELZ2—H)
b: MEHIREFZHRESARRT

RRI7AYVILHFOEFHOFLEREDRE - FEEEZRET S &(F, HHKTFTE
ZIZCHMBKEBIL OHBERRFLEMELR EDHMKIREMEICEVWTEELRERTH D,
I7AYVILAFORRKUZE T HEHOFLBEORE - TSNS EHEAT HICITIERHERD
EHMMNATART, FOEOHIZIET4IILEEIZT7AOYVIILREFEHEL, FOILLFHEKES
W E2LENHD, £z, TT7AVILHFIE, BERE - ZRMOICZOERKNAIKRECELSC
EMD, BREMICTIEEHEREZSOERNIROONTINDS, TORH, T7AVILHFD
BHMELZTRFABMTEOEELLEZHEIL, MEHI AR 3F)L PIXE M54 VI
BITOHEMBEAREED TS, Fi=, HTMICIA o0 PIXE ITKYRKI7OYVILHF
NMIFLE-EMDEDOTEZT Y THMETL, EMIZKEZNAFEZLY) T DOARERES
BmEtLTWLS,

WEYDEDT A - 0O PIXE PHDHER, YA VO PIXEAMHIE 7L EICHEL-TT
AYVIHFORHFEZELTEEREZALONI-DOT, NISTORKI 7BV ILAIFIZER
FEI7OVILAFRHABZRAVNWTONER A=, NIST ODEERAFIE, RUHL—FKRKRK—F+7
1 ILAIZPM2s (UM FIRME, ZREAFAIE 2.5um L EDRFZ 50% Ay k) H4
ZADOMFHENELUL TS EOMY—ITHESINA TS, RUA—RR—FT4ILEZD
RIS TULAELA, 0.03um Y4 XDOHFZ 8N LEET HABRYA DT 1)L
A EERAESND, T7OVILEREIE, % PTFE 2 4 LBIZPMas A /89 B —FENA R
J)a—L-ITT7—H2TS5—F2RAVTPMus ZHELIZEDTH S, T7 B VILERBIZIL,
NIST DEFEEFRM L IFEGY, HRAGHFHBOMFNIEEIA TS, COTaIILAIE
0.03um B4 XD HIF % 8% LIEET 5,

B 1IENSTORKRIT7AYVILHFIZEAHICETSS, Si, CaDRTRIVITHS,
ZHEABD S, Si, CaDTHRIY TEBREEENFLEALELL, RLTHRBEROTIT7OY
IWHFNT 4 ILE EIZH—ICTHESN TSI EMNMAIZ D,

—7, R2IZRIT7AVILHFRABDS, Si, CaDTREI Y TTIEH/ Ny FROBEAH
HoN, TRICEH>THADHNEENEL >TSS, ik, TRV I 7OV
FFDONENARETHDZEZEKRT S, S (FFHEIEH T, SilTTERNFEEZIOND,
CaDZEE, TERMFOM, ITHERAMFNEFNATVSAEENEZZ DN D,
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-

——500um 840035 P0 & Ka1l (NIRS) ——500um 840035 PO SiKa1l (NIRS) —500um 840035 PO

L »

1 NISTREI7AYVILHFZERBDS, Si, CaDxHETY T

—500um 840033 PO § Kafl (NIRS) —500um 840033 PO Si Ka1 (NIRS) —500um 840033 PO Ca Ka1l (NIRS)

2 REXI7OVILKFHE®DS, Si, CaDHETY T
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EEES  P13-KS01
BRREL  KKRI70OYVILDPIXE RHEICL PBMEZTRRESTEDEELICET 2%
EBEARE  RIE—

FRHFR (OBEFEXR. RRI—FK, FESF)

1. BEEE B fth
Analysis of elemental content and map of beech leaves by PIXE and micro-PIXE
8th International Symposium on BioPIXE, (2014.9.14-19)

CTE
S
LSS 5511 3 AR PRI T OB 2HZ
IR
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PIXE S #TIC &K 2 EEMNHRASHRATED-HDERIHE

(P13-SHO1)
CEBN i
TR E A A TR SR

ABAITH T DEF-LRFAREED—D & L TARAFREHRFERLE (R) ZRAVRI
NAKRSREER (UT. AAKZR AHAFEIhTHS, KERIZEDIVAMBREHRIE
BN TIEHSH . TOMRBBRED A DX LETRALGZRANE . & U SHRMAGARER
ZHEEITHLETEH. HEREGA D _IXLOBANFTARTHS, TOHIIRE LT, BERA
RIOHMBADTMEZTDEERNTMDEELEGDIN. ZDOFEREIRAED & AL TULVRLY,
AR TIX, PIXE AT ZRAWVT, MREAIKRESNEEGEA R OMREASTMEZDEE
IR D-ODEBARZEITS.

AEE, £ FBALAMEKTHS NCI-NS7 #ifa % F LT PIXE S 4TIS@EIGRIBER Y > TIL
FLREMICERT BHEEHIL L=, BARMIZIE. RAEEEROFERGHARMEE T N87
MR ZHEEMA SHAMBEEL., Tris BRICBRAE L&, <4 5—RELITEHM L HEFRE
BEIEdH, TORICEE. BikExS, REEEZTV. EZLEZTS5, COLH4EY
DTNERNSIEIZKY., E FENAMAEKKTH D NCI-NS7 HIlBZRAWVWTEELTHRD
B—HBLRIILTOIYEVTNERIZEY 2D2H 5,

SEOHEETIE. AEEOHRMR L BEERICAITTSRERT N EHIMAMZRERIZD
L\—CE%',EHH L/T:L\o
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<4 9 A PIXE 2T ABRES T S EiTBHH
~T 4 9 A PIXE 7 #ED KEIGRABE~
(P13-TS01)
o TR, {EBRERE L, RIF—°. BIIREIGAC, BFEEZC
aMBERXREHEXILES. b BREFHHREBES B, cHGREEL SRR

LIEXLHI
PIXE RHTICHITHEEBEDKRECOHEDHELLEDI-HIZ, 4 4 R BEBEERIZHHTE
MTREZEHESHIT HZEYE (SRM) ZBHAEL TS, ChET, YV AR—FRE
GA 74 ORI, HOWIEA A O RBEBBICERBEERTROTILE DL, ALY
L, TR 8% AL, ZuL, R, ER. A MAVFOL, 8B LUBEEET—
EEWE S SRM ZHRE Lz, 20 SRM ZHGHEEZRLEMER (NIRS) 8LUHXK
BEFHRAXEESIEF(TIARAD YA - 0O PIXE pMEETEIIL. E—LTOT 7/
PHBRELEOEEHMEEZTEEILL. EELABME LTERLZEOAMEEHEDH T
%,

2. ER
SRM QFAH #iKkPTRERASELTIOR—5ABEGA F > XS Macro Prep 255 (X
LR EE FIfE 25 um, BIORAD) # AR VA —HT—REKRE L. LESEHIEA
BERDI, COBFERIZ, AP, Ca®*. Mn?*, Co*, CU’H LUV PP ZELIELERRK. H
LT AP Ca*, Fe¥| Ni%*, Zn*| S*E LU PV EETRERKEMA. k&S LT,
*E#HEW*E&T: L @ﬁﬁ%[i\ AI3+s C3.2+ZBJ:U Pb2+‘is 270 ppmyv
D—FEE L. Mn?, Fed*, Co?. Ni**, Cu®, Zn’ B LU Sr**
NDEFEIL 54, 81 HEL U 135 ppmv & EXEERIIZZE L &, FMN
TEHELERDENEESH 6 FEFED SRM AL 1=, BB+ X
BEEEANPICIe B LU ZnCls #RFEBS E-SRMEAR L=,
YA AOPIXEXR#T NIRS HEMRIFHE YAV O PIXE DiTE
BIZH T, 3MeVp E—LZF Ix1um [TE-THEE L=z, X
YT TIE, 30 x30 um . FEEERE 200nC TEZEHIC
THRHZTo1f-, REIL. HRERETE 80 mm? D Si(Li)F B KR
HEBETITof-, BMHBIEICE, BREBFOAFEHB CF=H, | 0 2mee 0 3w
2mmo BRI PET (B 100 S5 0%) £7FY—/3— (F7 | = e w0
——J4I)L3F—) ELTHEELTWLS, Ei . .
ig. 1 Elemental Mapping of S in a
TIARA ¥4 - 0O PIXE SHTEEIZH L TIE. NIRS FE#D p  SRM by TIARA Microbeam PIXE
E— A%j]ulg%r E— _A-lj—,{x Z#_JV T IJ 7—CEE§-J- LT_O and extraction of image for SRM
AHBIERKRHPICHE., 40-100nC D m 76301 NIR 3
By &7 o7z, BRHERIZIE Table. 2
[CRI=FEOFERBRHBZAL
T=o

JFERLER '
SRMOY A OPIXER #HmLfz

TRLEUICA A ORBEICE TN
DRMAEDEE X BROBEMN S, — 1
@*E‘IHEI W 0)75? \*ﬁ ’&'T@'ﬁﬂ:’c % Fig. 2 Elemental Mapping of S in a SRM by NIRS Microbeam PIXE
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f=(Fig.1), #EEIXIZ(XERZTHY . FEIZ 94-124um THoT=., ¥4 - 0O PIXE DIFEE
FERELZE—LBS LA D ZAIILFEHBEMHABETH D, Fig2ZlX, KK, BkEE4 5
RE PIXE BH., f#DIZEWN =, HAHAWNIEABICKRESINHERT, COXSITHE
DARFRIGEE L. BRFED SRM BT 52 & TEEMATREE H o 1=,
PHBRENOEEIL SEIL. AIEREBRDOZNTIARA ¥4 4 0O PIXE S TEEZER L =4
59, BHE—E (Tablel) &, BETLI=- SRM O—HDABENDOTRE. MEEHNOE
FHERESLUHEXBEDAD Y L, TR 1pgHIzY 1nC D p BEIZK B45MHE X #R
DHOY FZERD., 3-14 D SRM DFEREZFEERE L & BITR LT (Table 2), MM D
EEH 20-30%FEE L POKRKZFVDIE, BETORTREEL X RAEZDLDTIEEL.,
Figl TRLE-BIEXZEDORBLYDORRY MLOBITIZKDBRENKENEHIEL TUL
b, ARETROBREFTE LTRFESEMICES X BREMEBREOBLELELIZET
LTL%,
—EORFEDOIMBRENAETE2 LT, H5IM4 70 PIXE pEETHE LN
F0HHEICEVT, BDEEORTHREEEL. 1) Y41V OE—LTIYYEYS LE=ESH
SRR ZME L. TOmEMEPixcel) L BFEREEZKRD D, 2) BOMEEHD X BBARY
FILASBHITERDEFEXBHDO U FERDD. 1) $LU2) & Table2 DEREMSTEE
FEHTES, F1-. FHOEIZOBRAOMIMIETREEERDZZENTES,
FNEFNOBRHBICOVWTOEMELERT I ENTES,

RS A XREREDBIESRT.

Table. 1 List of X-ray Detector on Microbeam System in TIARA

BELRICEENEL, |
Active | Crystal | FWHM

#Riids C 1% l:“—.L\E/f DO)T% [zt;tgtg?r Model Area |Thickness|@5.9keV| Position
[CRFEZHYFTTRRPIZE /mm? | /mm leV
BESNTWA . Mn &Y BRFESD A PGT 20 5 135 v
REGRFRITH LT, BRHEFA D[ SiLD)) LS30135 acuum
HIBEORELDH S, B CANBERRA

*ﬁt;%% B I+ 7|'3'J 72— R (PureGe) GULO110 100 10 118 Vacuum
YEED, Na L YBLTROBRE| ooT

PEFESN TS, MATHOT| (Puece) | Ix10013s | 100 | 10 | 138 1 Alr
RTLRHEB A LY LERELNE

FEINEDN, BEDEZS, KE
FREMEMNST=, ZDKSIZZ
D SRM DEHHZL Y. BHB/BOD
LY TV TEEDHIDEND

Table. 2 Analytical Sensitivity for Elements by Several X-ray Detectors
on Microbeam System in TIARA

Sensitivity/Count pg 'nC 1 (n)

Z i ks g A (Si(Li) ) **B (PureGe) * C (PureGe) **
%’“ftb 1375 of. BEH. F4H Al 100+16 (14) 101+19 (6) ND
HOBBRE. Ka & KIROH/ L,

— ) +13 (13) 7714 (6) ND
ELLRBICHEL. E—VDE c 71414 (14) 58412 (6 ND
BYOREOER{ELTREL oo (098820
';L\é & Mn 385 (3) 23+4 (3) 140+22 (3)

° . Fe 33+11 (7) 22+8 (3) 13023 7

A\ 7 N[ (= B B
,*7;§,|#NL|R§10{§*E\’E£E%§®'“‘E Co 24+10 (6) 1747 (3) 91+40 ©)
FOREEZHSTC, Ni 15+6 (8) 9.1+5 (38) 65%11 (8)

Cu 18+7 (6) 1245 (3) 65%22 (6)
é,% 0
S5 X _ Zn 10+2 (8) 69+16 (3) 62+11 (8)
1) Y. lwata et al., JAEA Takasaki annual
report 2007(2008)173. Sr 12406 (8) 12+09 (38) 47+13 (8)
Pb 1.0+03 (14 0.7+02 (6) 5.3%15 (14)

*This work **Measured at 2012
22
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EEES  P13-TS01
SRR - YAV 0OPIXE S ATAEERARICET 2T ~ < 1 2 0O PIXE H47E0 LG BHEiTE ~
BREERERE R -

[RZ R

1. Y. lwataetal.
Calibration of Several Detectors on Micro Beam PIXE System in TIARA by Standard Reference Material
JAEA Takasaki Annual Report 2013
JAEA Review 2014-050, 99(2015.3)

FEER (OBEFEXR. RRI—FER., FES)
1. EHH &HEh fth
ZHEMBEICLD TIARAYA VOE—LVRTAIZHEITHELZDBRHBOKRIE
FIEEBEFICAMEL VRP D L, (2014.10.9-10)
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FRABAICE T AEEROEREICEHT S EEME
~PIXE 2HKICK D KEEMDHERTELMOBRFIZET EHED~

(P13-TY01)
OFf+iMmZ , EERE . RIF— . AWM HEREZ RAZD
RRFZFEREZXRFZRBBTEARE
2 HREEXRE REXEMHEEVEZ—
3 MEHREZRAWRR HRESt 42—
4 WEHREZHREMRAT BRSREERRE L5 —

RAFEEEEICHSITSHKEFRIEIREZFINLGREMBEL L > TS, HRILPIENSDE
EEREOMIZ. BRALGLEDEAEETHEAZTADREER/OLOIVEL -2 LV -ERE
FREYPHLT7 CTHEIEIEh, BHOALKNFTEYLNIEEZIT S EI2E-T, D
ARICH L TREHEZRIEILTWVS, ChoDKREOFRTRBBZRAWNV EME=421) >
TOANELIERINTEY . REFLEOEEEMELTIEESATWS, FIXEFT7D
TE2EOHRAZMIZHMLTEY., BERELTHRAIATLSA, £YEREOBIEER
TELRENFLYELNBREICERINS ZENEREINA TS, AMEADOFETMO
ZEEROBEANLH T IADFLERREIBET LI LIEIEETHEIN. ThETTIT
[CHEBRT 2T IXIIOVTOHREFEFRE-5F. TOMEROWNEIZHETHD, BT
e X #R9#TiE (PIXE 2#1iE) [JEZNBEORILEZHE L LA VLIERIRM S HTH A
BETHY. YAV OPIXE & ppb A—F—FTOREZFREEELE LTS -HHMEIZESEN
SEERODBAMNLGHFELERCTEZLuENENH D, T TAMETIEYA 70 PIXE &
WEZBALT, TYXARANDEESREOERBERAZHONIT S LEHMICERETT
T=o

FLDICTINZERT B FYXAZHBALEL T, KRICEFTI2THDOERBEEREEEL
=o TOHER. - FEICBTIEEROERERZIBET LI LN TE. €EOW
YAHDEEEMEA S LMERE - 338 & LT, M. BESZBFont,

R, LM EBHRNERRIZ, $7 (Cu) DRERER (96 BERE) #1TUL\. Cu OBH &
DEDHEMLEREZAAT-, TOHE, CUIXEBERUVHRIZCECEETIERNHZEN
LN, BHEBIZHITS Cu DHDA A= U TEELN L IF—REBFDEIHEOR
EICHEWNT, £z, BHAAMICET CuDARMEHERTE., CUARIBIZETMYRAENT
WS EMNHALMNEL ST,

FRATIHBIZHE TS Cu ODERYAANBEEIZRO oz, TIYXEEMERL LR
BEZAYITIZEVTIE, ARBEBOFTHREZABE LEZoWHAEDTH S HEMEN
REEINT-,
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PIXE #3*#ri%k % AL =3 2 ( Phragmites australis )& 1T %
ESRORIN - REICEAT HSERHR
~PIXE SMTEIC K HKEEYMDHERATR S MOBRFTICET 5RO~
(P13-TYO01)
OMB#FE!, AtEMz, FERK?, RIF—2, AJIMELS FFEERRX?
1 RRFERFZRFERBEZHARE
2 RRFE=AE REHEHEtLVE2—
3 MHEIREZHREMRR MMEEBLF—

ME, BEEREICKDFLEMENORE - BRANERINDI D, BAXEFDDICHEMER -
BEREBDFEE D74 FLATAI—2 3] OBRBENEDSNATLNS, BRIZEL
THHALGEPR I 7A FLATAI—2aVICHASATEY . BAORRMAHKE
¥ T & 5 3 2 ( Phragmites australis ) $LRENAEBE S TLVS, LA L., IVITHBITHE
ERDOEFEMGE N FIERAOILE & DFRLGBEBICOLVTOMREILG . ERERICELS
HARPIDBELEINTWVD, AARTIEH. ELRFRKEICETFSH. IPEFRAVVET7A b+
LATAI—2 3 VITDOWTOERMGHNREZ21F51-0. PIXESHEZEAL, IVITH
(TH5EEEDRIR - REDERIZHSNIT H5-HDEREEITo 1=,

F1ETIE, Y490 PIXE RTEZFZRAWNT, BRADEMICEART SIAVICEEFNDE
BERFRUHERREZTOAMICOVTIBEL, ALDEERFELELTIE P, K. Ca,
Mg, S A\, METHEE L TIXRERLLIC Fe. Mn, Cl. Zn, Si A5, ETIX Sr ARSI T=,
Ff-. RIZBVWTIE Fe DRVWE—IWERTE, SO EMD, AVIIEEEFRIL -
WiEST HHEZEL. HFICEINEELRECTHSZ LMHERINT,

E2E 1T, CURUPh ZFMLI=KIZED IS DHIEERERZITL., TOWMYAH
DEBIZDONTEFT LIz, HEBETIXCuRUPhDE—I AR SNEA 1A, CuRmNE
TIIR., #HTE, ZIZCuDE—UH., Po HRMETIZRIZ Pb DE—I HHEZE STz, Cu
RUPDERE. hFARICAMNS EEEMT ZERMNEBOH 5Nz, £z, IAVIER—D
BEEEHETHL TEH. PbLYHCuZL Y ERETRNEIFHAZ EMNBALMNZE ST,

FE2E2H T, A LETHEMBEHRICLY AL OROBBBEETIBEL &,
ROWMEEICHIESET Cu RU PO DBE EATHREZITL. E€LEORIR - IRFEFIZD
WTOFHGEBITET oz, CURMRTIFBELEICCuDSANR oI, ZELER. R
AIBTIEERRE. BB, PIOHEIC Cu ORHEAR L., ISR LEREISEVDERLLIZEHS L
T CuDREINEND Nz, PbHFMETIIEELAKIZPb DAL R SN, ZEER. 1R
ARTERERVEROHMEEEIZ Pb DBRENEMD DT,

AHEICEYIA Y 0PIXE AHEZAWVWTILDRIZEITS Cu BU Pb DRI - &
DIERICDWTEHLMNZFTEZIENTEz, IVITED Cu FERKEDFEIZERL TIE,
Cu DEURAEIE Cu bt EERICHEARIBICERLOT LN Eh b, LD EERDADNIER
Y TG CIRBIZEZERAENTHE I ENTRENT=, £, P FIRERRVEEDHMAE
BIZREL. LE~AORIN - ZENEBO oG EML, AVFRAWVZTI 74 RLAT
AI—2aVIEPhBRELIYVE CUBREICEWTEDNTHD ZENTEREINT,
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Research and Development of SPICE-NIRS microbeam
(S12-R&D01)
Teruaki KONISHI *, Alisa KOBAYASHI!, Masakazu OIKAWA!, Yoshiya FURUSAWA!
! Research, Development and Support Center, National Institute of Radiological Sciences, Japan

Microbeams made it possible to deliver a defined number of charged particles on a single cell
with a resolution of a few micrometers, and are most advantageous for the studies of biological
response on low dose radiation. Our microbeam irradiation system, the Single-Particle Irradiation
system to CEIl (SPICE) provides a 3.4 MeV proton microbeam focused with a quadrupole magnetic
lens on an upward vertical beam line. With this new camera, we have increased the capture area size
of a single frame up to 1.2 fold compared to previous CCD camera without decreasing any
sensitivities against practical area of wavelength used for fluorescent imaging and resolutions.

In this FY2014, we made several major advancements in the SPICE operation system. First,
the CCD camera was replaced with C-MOS camera (ORCA-Flash4.0 V2, HAMAMATSU) for both
SPICE ON-LINE and OFF-LINE microscope system. As a result, we can target cells in a irradiation
area with 20% less number of images. Second, we re-developed our operation system with 64bit OS
platform. In addition, we installed PCI-Express (PCle) SSD board (RevoDrive3x2 240GB
PCI-Express) which has potentials to read and write data with 1000 MB/secs and it is
approximately 100 folds faster compared to ordinary HDD. These developments made SPICE
capable of targeting cells with 1/5 of time for image capturing and image analysis.

Currently, SPICE can target mammalian cells from single ion with stability and high
throughput using an upward vertical beam of below 2-micrometer in diameter [1]. A variety of
irradiation modes have been established for radiation-induced bystander effects, cytoplasm
irradiation etc. Within these several years, we have focused on the radio-induced bystander effects,
especially on the aspect on the damaging and protective bystander response and signaling between
two different kinds of cells, such as 1) human lung cancer and normal cells [2], and 2) cancer
stem-like cells, CSCs and non stem-like cancer cells, NSCCs in human fibro-sarcoma HT1080
cells[3]. We also expanded our studies to bystander effect in vivo using Zebrafish embryos for
bystander effect induced adaptive response [4].

Keywords: SPICE; proton; microbeam; DNA damage; cytoplasm irradiation
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Abstract

The linear no-threshold (LNT) hypothesis is commonly adopted for radiation protection purposes.
This model assumes no threshold dose value below which no radiation risk is expected, and predicts
a linear increase in the risk from an ionizing radiation dose normalized by the radiation weighting
factor. In fact, more and more evidence shows that organisms may respond differently under
low-dose and high-dose exposures. In fact, the demonstration of the radioadaptive response for low
radiation doses has posed problems for the LNT model. As such, the present project focused on
studying the non-targeted radiation effects which included the radiation induced radioadaptive
response (RAR) through the use of microbeam protons. The dose response at low-dose exposure
was studied previously.

Developments and achievements during FY 2012 — to present:

1. Design the experimental setup for the in vivo irradiation by using SPICE microbeam

The microbeam irradiation system (Single-Particle Irradiation System to Cell, acronym as SPICE)
at the National Institute of Radiological Sciences (NIRS), Japan, was originally designed for
radiobiological studies, such as in vitro experimental strategies for investigating the cellular basis of
hazards associated with occupational and environmental exposure to low dose radiation. In our
studies, we made use of the SPICE to irradiate zebrafish embryos
with a control of the irradiation spots. Protons with an initial energy
of 3.4 MeV would first travel through a SisN4 exit window with a
thickness of 100 nm, and then through a 2.5 um Mylar film with
less than 50 um air gap between the exit window and Mylar film
before the protons finally reached the target [1].

Fig.1. Specially designed irradiation dish for embryo irradiation.

2. Study the radioadaptive response in zebrafish embryos
In this part of the study, SPICE was employed to irradiate dechorionated zebrafish embryos at 5 h
post fertilization (hpf). A total of 30 protons each with an energy of 3.4 MeV were delivered to 10
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separate positions within each embryo to develop radioadaptive response (RAR) against a
subsequence challenging dose of 2 Gy of X-ray, which was delivered at 10 hpf. The RAR induction
was revealed through counting the amount of apoptotic signals at 25 hpf embryos using the terminal
dUTP transferase-mediated nick end-labeling assay.

2.1 Effect of exogenous carbon monoxide on the induction of adaptive response in zebrafish
embryos

The effects of the CO liberator tricarbonylchloro (glycinato) ruthenium (I1) (CORM-3) on the
induction of RAR were examined by transferring the embryos to the medium with the chemical at 0,
1, 2, 3, 4 and 5 h after delivering the priming dose but before the challenging doses. It was found
that introducing CORM-3 to irradiated embryos at 0, 1, 2 and 3 h after the priming irradiation could
successfully suppress RAR. However, addition of CORM-3 failed to suppress the induction of RAR
when irradiated embryos were transferred to CORM-3 5 h after the priming dose. Our results
suggested that this was attributed to the protection of bystander cells from the released CO. With the
protection of cells by CO, less de novo synthesis of factors would be initiated by the DNA damages,
and subsequently induction of RAR was less efficient. Once the factors were synthesized, for
instance at around 4 to 5 h after the priming dose in the current study, RAR was induced and would
not be suppressed by further introduction of CORM-3 [2].

2.2 Roles of nitric oxide in adaptive response induced in zebrafish embryos

The effects of NO on the induction of RAR were examined through the application of a nitric oxide
scavenger 2-(4-Carboxyphenyl)-4,4,55-tetramethylimidazoline-1-oxyl-3-oxide (cPTIO) to the
medium for the embryos at 0, 1, 2, 3 or 5 h after exposing to the priming proton dose. After that,
embryos were irradiated with 2 Gy of X-ray at 10 hpf as the challenging dose. It was found that
RAR was significantly suppressed in all the above experimental conditions. The suppression of
RAR with the application of cPTIO to the medium at 0, 1, 2 and 3 h could be related to the
scavenging of bystander NO signals in the medium which deterred the de novo synthesis of factors
and lead to inefficient induction of RAR. In the previous part, it was found that at 5 h after the
priming dose of irradiation, the de novo synthesis of factors should have been completed. Thus, the
present results demonstrated that NO scavenger impaired the repair machineries in the bystander
cells [3].
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Tumors are heterogeneous in nature and consist of multiple cell types. Among them, cancer
stem-like cells (CSCs) are suggested to be the principal cause of tumor metastasis, resistance and
recurrence. Therefore, understanding the behavior of CSCs in direct and indirect irradiations is
crucial for clinical radiotherapy. Here, the CSCs and their counterpart non stem-like cancer cells
(NSCCs) in HT1080 fibrosarcoma cell line were sorted and labelled, then the two subtypes were
mixed together and chosen separately to be irradiated via proton microbeam. The results showed
there was a radiation-induced bystander effect (RIBE) between the CSCs and NSCCs measured as
an increase of 53BP1 foci, a widely used indicator for DNA double strand break (DSB). In addition,
CSCs were found to be less susceptible than NSCCs in both the generation and the response of
bystander signals. Interestingly, the NO scavenger c-PTIO can effectively alleviate the bystander
effect in bystander NSCCs but not in bystander CSCs, indicating a difference of the two subtypes in
NO signal responding. To our knowledge, this is the first report shedding light on the RIBE
between CSCs and NSCCs, which might contribute a further understanding of the out-of-field effect
in cancer radiotherapy.
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Abstract: With the progress of international aeronautics and space undertakings, the increasing risk
of the cosmic rays exposed to spacecraft and astronauts became a hot topic in the world. The space
environment beyond low Earth orbit (LEO) contains several types of ionizing radiation, in which
proton is the most abundant species and hence is an important irradiation source in space. It is well
known that mitochondria and endoplasmic reticulum (ER) playing an important role in
radiation-induced cellular response, the interaction of mitochondria and ER after cell nuclear or
cytoplasmic stimuli is still largely unknown. Our previous study found that mitochondria had a
clearly role in radiation induced bystander effect (RIBE). Here, we compared the functions of
mitochondria and ER in RIBE between cell nuclear irradiation and cytoplasmic irradiation in
normal human fetal lung fibroblast cells (MRC-5).

Results: Based on our previous results, 10 cells with 50 protons was chosen to investigate the
mechanism of microbeam irradiation induced bystander effects. Since the number of targeted cells
(10 cells) was far less than the total number of cells (10* cells) in the dish, almost all cell responses
were from the bystander population.

1) Expression level of mitochondria and ER in proton induced bystander effect

To detect the expression of mitochondria and ER in MRC-5 cells which had partly been
irradiated with protons, we stained the cells with Mito-tracker green and ER-tracker red in situ and
then obtained fluorescence image in Figure 1. It was found that the mitochondria was activated in
most of cells at 2 h after only 10 cells were irradiated and the high level was prolonged till 6 h after
irradiation. On the other hand the ER was gradually activated from 2 h to 4 h after irradiation and
obviously fall back at 6 h post-irradiation. Moreover, the mitochondria expression level was higher
in nuclear traversal than cytoplasmic traversal, but there was no difference in ER expression.

2) The cross talk between mitochondrial an ER.

The cells were pre-treated with Rotenone to detect the expression level of ER and transferred
with Bip siRNA to test the mitochondrial level. Figure 2 illustrates that there’s a reciprocal
relationship between the mitochondrial and ER level in the bystander cells, the ER expression was
increased when the mitochondrial function was inhibited by retenone and vice versa.

3) The function of mitochondria and ER in proton induced bystander effect.

The cells were pre-treated with Rotenone and (or) Bip siRNA to inhibit the function of
mitochondria and (or) ER. It was found that that the MN formation was decreased after retenone
treatment, especially in nuclear traversal. Meanwhile the MN was obviously increased in the cells
that had been transfected with Bip siRNA, and this situation was more effective in cytoplasmic
traversal. In addition, when the mitochondria and ER functions were inhibited at the same time, the
MN formation was lower than the irradiation group without any treatment but still higher than the
cells pretreated with rotenone alone (Fig. 3).
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Brief Conclusion:  The present results showed that both nuclear and cytoplasmic traversal lead
to increase of MN, associated with an increase of mitochondrial and ER mass in bystander MRC-5
cells. The drug rotenone and Bip-siRNA was used to suppress the function of mitochondria and ER,
respectively, to further confirm their function in RIBE. Mito-track and ER-track assay showed that
there’s a reciprocal relationship between mitochondrial and ER levels in the bystander cells.
Meanwhile, reactive oxygen species (ROS) contribute to RIBE as well. Taken together, our studies
provides a useful information of the role of mitochondria and ER in non-targeted effects of
irradiation.
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Fig. 1 Time course of changes of mitochondrial (A) and ER (B) in the bystander MRC-5 cells. The
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Analysis of bystander signaling between targeted cancer cells
and neighboring normal cells.
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Radiation induced bystander effect (RIBE) is known to be a phenomenon that is mediated from
irradiated cells to non-irradiated cells. This RIBE is a major concern not only in the field of
radiation protection, but also in radiation cancer therapy. In addition to RIBE, recent studies
reported inversed direction in the RIBE pathway and showed non-irradiated cells affected DNA
repair and survivals in the irradiated cells[1]. Therefore, mechanistic study of radiation induced
bi-directional signaling between normal cells and cancer cells should provide important information
for radiation risk assessment.

In this study, A549, human lung cancer cells, A549-GFP cells that stably express H2B-GFP, and
WI138, human lung normal cells were used. A549-GFP cells were co-cultured with either A549 cells
or WI38 cells and only the A549-GFP cells in the cell population were targeted with 500 protons to
nucleus by SPICE-NIRS microbeam[2]. After irradiation, cells were fluorescently immunostained
against y-H2AX, which is a well known maeker for DNA double strand breaks (DSBs) and total
fluorescence per nucleus was quantified from the microscopic images.

As a result, we observed that un-irradiated neighboring W138 cells inhibited radiation induced
DSBs repair of irradiated A549-GFP, and DSBs in the WI38 cells increased due to RIBE.
Consequently, both the gap-junction intercellular communication (GJIC) pathway and the cell to
cell non-contact Media-Transfer (MT) pathway may be strongly involved in the bi-directional
cellular responses. Experimental results using GJIC and MT inhibitors will be described in this
presentation.

Keywords: proton microbeam; inversed bystander effects; DNA double strand breaks,
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Neutron induced biological effects in zebrafish embryos in vivo
(13CV0014)
oC.Y. P. Ng?, E. Y. Kong?, T. Konishi®¢, A. Kobayashi®¢, N. Suya®, and K. N. Yu?d

a: Department of Physics and Materials Science, City University of Hong Kong, Hong Kong
b: Research Development and Support Center, NIRS, Japan
c: Space Radiation Research Unit, International Open Laboratory, NIRS, Japan
d: State Key Laboratory in Marine Pollution, City University of Hong Kong, Hong Kong

Abstract

Most environmental exposure to neutrons on Earth is from cosmic radiation. In high-altitude places,
neutrons can constitute as much as 25 % of background radiation and the potential radiation risks
associated with high altitude flight have been examined by NCRP [1]. Higher doses of neutrons can
also occur in nuclear accidents or as a secondary exposure for patients undergoing radiotherapy.
Besides, the major component of radiation hazards in space is “secondary neutrons”. All these call
for the need for further research in the biological effects of neutrons. The purpose of the current
proposal is to carry out in vivo study on the low-dose biological effect caused by neutrons in
zebrafish embryos (Danio rerio). Basic protocols and techniques for irradiation of zebrafish
embryos by neutrons at the Neutron exposure Accelartor System for Biological Effect Experiments
(NASBEE) will first be established. The dose response of different neutron doses on zebrafish
embryos was studied.

Developments and achievements during FY 2013 — to present:

1. Design the experimental setup for the in vivo irradiation by using NASBEE

NASBEE in NIRS, Japan, was employed to provide the neutron exposure in the present project. The
embryos were first accommodated in a 6-well tissue culture dish each with a layer of agarose gel at
the bottom and 3 ml E3 medium (5 mM NacCl, 0.17 mM KCI, 0.33 mM CaCl», 0.33 mM MgSOs.,
0.1 % methylene blue). The embryos were placed within the uniform dose irradiation field (with a
diameter of 26 cm £2 %) for irradiation. Neutrons with an average energy of 2 MeV and a dose rate
220 mGy/h were employed where the gamma-ray contamination was kept as low as 14 %. Due to
the activation of the irradiation room, no one could enter the room until it had cooled down to
below the regulated level (140 mSv/h). Before moving out any irradiated sample from the control
area, a GM survey meter was used to confirm that both the medium and samples were not activated,
i.e., with count rate below 130 counts per min.

2. Study the dose response of different neutron dose in zebrafish embryos

We examined the biological effect of different neutron doses on zebrafish embryos through
quantification of apoptosis on the entire embryo at 25 h post fertilization (hpf) using the terminal
dUTP transferase-mediated nick end-labeling (TUNEL) assay. The zebrafish embryos have been
used to study the biological effects of ionizing radiation in our previous collaborations [e.g., 2-4]
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due to the fact that zebrafish and human genomes share considerable homology. A total of 10
neutron doses ranging from 0.6 to 100 mGy (namely, 0.6, 1, 2.5, 5, 10, 20, 25, 50, 70 and 100 mGy)
were employed in the present work. One of the main objectives was to identify, if any, the
gamma-ray hormesis from the dose-response relationship. For each neutron dose, at least two
independent experiments each with at least 47 dechorionated embryos employed were carried out.
The chorion of the embryos were all removed at 4 hpf and then separated into two groups referred
to as (1) Sham irradiated group (S), in which embryos were placed in the neutron irradiation room at
5 hpf without switching on the neutron irradiator; and (2) Neutron irradiated group (1), in which
embryos were exposed to the desired neutron dose at 5 hpf.

| Fig. 1. The net normalized apoptotic signals (N,*) for 25
hpf zebrafish embryos which have been irradiated to
different neutron doses at 5 hpf. Solid circles: data used in
T the linear fitting (for neutron doses of 10, 20, 25, and 50

2| L - _ mGy); open circles and open triangle: data not used in the

linear fitting. The error bar for the data point for 200 mGy

represents the standard deviation while the error bars for

Met narmalized apoptetic signals

all other data points represent the standard errors;
Dot-dashed line: Ni* = 0; Solid line: best fitted line;

Neutron dose (m Gy} Dotted lines: 95 % confidence bands.

By using the data for neutron doses of 10, 20, 25 and 50 mGy, a best fit line was obtained as Net
normalized apoptotic signal for I group (N*, normalized with the corresponding background signal)
= 0.5073(+ 2.7165) + [0.006150(+ 0.06608) x Neutron dose (mGy)] using Origin 8 SRO v8.0725,
with adjusted R? = 0.7891, where the values in the brackets represent the standard errors of the
fitted parameters. The present result showed that the responses for neutron doses of 10, 20, 25, and
50 mGy approximately fitted on a straight line, while those for neutron doses of 0.6, 1, and 2.5 mGy
exhibited neutron hormetic effects. Thus, our finding suggested that hormetic responses were
generically developed by different kinds of ionizing radiations with different linear energy transfer
values. On the other hand, the responses for neutron doses of 70 and 100 mGy were significantly
below the lower 95 % confidence band of the best-fit line, which strongly suggested the presence of
gamma-ray hormesis.
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RORPHFHEREZE (BNCT) &, POEBMRIZ B ZEAERETMYAFETEH
E, FIICHEFRBHTIEBEETHDS. 'Bh,o)'Li RISTERIND afF0 L &,
RIZH 10pm LT TH S 1=, 1°B(n,0)'Li RIGZE#E Z L -IEBHIEO & I RIRAIEREH T
E3hBLE0S5FELRH S,

ChET. GEXKETIEIESE BNCTIZH T3 EFHRERAYI—5 v FE LT,
Li(p,n)'Be RIGICERZH T, VFVOLERNYFUJICEEBFE L=y FOBE1T
2 TEt=, ’Li(p,n)'Be RIGZFIALTBNCT [CHELFEFRBEEFSDIZIE. B+ mA
DAREFEFRBHN/DETHZY, ZTOH. 2—4 v FOSEERER UV REE LR
MICHERTHENROOND, T, BENYFUTITHERL TOWAERICIEHEFENERE
THZEICE > THRRPPLRRBCKFZTARAN-EEZTVRZ ) VT DHERENEBEIZHD
CENBALMNITESOTE, ED=H. KARTRYFVLDRIERLETIYREZ)VITD
HEFMA-, BE - REGOTHFREBALA—7 Y 2T I EEBMET
%,

2. ERAE

EER(X., M EEEZREARFEFEFRERAMESR AT LNASBEE)DA 54 >~
AT LBEBEMRBEFERALTIT o>z £ CuZ—4 v FZ 4AMeV [GFRBH Z1T
L. BHEGDZ2—4y FhILDEOBREZREXNICLVATE L TCREEARN S REREF K
H. AHRATFLDFEEFEIT o=, T, CuB—45 v FIZ2MeV B &V 4MeV [5FREE
HL, BEEZELICRKEODITIRZY VIDRA#MS LURAEEETBI LIz, CrN/LI/Cu
A=y FNOFEETSOHLIOKHY ELTAIZFRALEZZ2—45 Y MZ 4AMeV I5F#&
DEFEBH ZTL. MARREIT >, £, EVTHIAGFEI—FPHITS ZAWL
TCHLICU A =45y DOV DREFHEFIRILF—IARY MLEEH Lz, EHL-FH
FIRLF—RRY LB EFREZEHL., BFFRFHEFEDOLLES KLU BNCT
~OE RO FHE % 1T > f=,

3. #R

EEODABEULOBEZEEICEVNWTHA—Fy FREIX) FULOFA 180°CLLTIZHNZ
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b, =7y bRV AT LTS GRBMEZHE DI EAERTE, Cud—7 Y
FOBEFRESICEVTIETIVRE) VT EE—LIRILEF—ICHELNHEZLERL
f=o Ef=i UFVLDRDYELTAIZAVWT, CINI—T1 T &ELI=2—5 v
[CREMEBHZTOLERIVRZ YV TEHERIAT IIVRZ ) D TMHIZENTHS
c&ExERLE

CrILICu#—47 v b2 aL—2 a3 VEtEDHER., ETL—4 50mm IZH 1T 58 - 8
NP FRIE KUR LB L TENZTAK 110, VARBE L >TH Y HEADORELIC
& U BNCT IZRELGHFHRFRAGEONSEEZOND
4. BEXH
[1]JC.K.C. Wang, T.E. Blue and R. Gahbauer, “Neutronic study of an accelerator-based neutron

irradiation facility for boron neutron capture therapy “,Nuclear Technology 84(1989)93-107
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HARICHEITS SRTBRHFOEOREEA., ABRFEFTE~ADEANHFIATLS[L.
AMRTEHTIVBREHAZAVTHEFREAEZTL. PHEHEFRISZOIRTIE % 1T
SCTEFBMELTLS,

AEETOBFEHEILICE DT ILBREFIGEICT OV TOREIT EQBES IIVIREST L
HEDFXY FMEBTIBREFLEDBRERBTLEEIZOWNVTRET L=,

ORSEHEIZDOVNTEERIE, 5T2GyRE T HRIZ. 1EIC2GYRHT 515G L 16y
DHifREZE T TR T HEE TORELBETLLEHRA Lz, IGYBRHFENLRDIGYETD
fElfE = T % 4110,20,30,45,75,1209> L % E L. RENLEDFEME & L TL5Tesla MRITS
IVIREFTORBIERE R2(Us)ZBIE LTz, BRIZESMER 309 F THDIHE TIE—[E2GyHE
51 & DEFIRE RROEFIRSNGEMNoT=AY, 45751205 & thE MR ER < L1zIEE T
(X —[E12GyHB 5 & LR TR2AMEM L 1=, R2IEME & (£45,75,1203 DIFETENENLL 3.7,
40%THoT-. BEMEREZEITHIZETEERONETLEILITMA T, Z7IILERESRS
FUZDRABEEHRTCLSICRBELIETIAFYII7 Y AN LD Y R EL-LE
Zbnd, f=ZL RAUESMIFTBIEEDIZERE 4.8,6.06.1%KY/NSIMEZRLI-C &M
LHIHNLREMTHDEERD,

@ BT IREFERRDFT Y MK HB=RELLEEERIL. MGSresearch.inc® BR5E
*v b THS BANGY ILIREET & BE7 ILEREET T &% HPAGAT(Poly-Acrylamide, Gelatin
And THPCHY )47 LR E5T. MAGAT (Methacylic acid, Gelatin And THPC M ST 3)4
IVREFTZRALT, 0-7GyFE TOHRE-RUCEHREZEH L. BABOEEH o RERRELR
T2z, BoNf-FHFRE=-RACEZHIEIE. BANGYT ILEEEET. PAGAT. MAGATT
TNETNEE 1.2, 003, 1.2TH 1z, MELEEOE CTIIIEZHKELBANG EMAGAT
MHMEN., PAGATHE > TWWAEHERZETR LTz, FIIBANGY ILIREFHIRERLEENEL.
MOFERAETEHEENLTVFIRZELTLSD., HEATHTHIREREET 5. —A.
MAGATPAGAT TIZM PR EDESEIENHMET. EVTHILOHEIZL S ETIVE
HIZCKHBEFTFMMAATEET., Y ILREFTOAERERDOZ B MEDORETOFFM R LLBHRET I FI
HTZ%, BETIBES TIEIMAGATDO A M PAGATL YBREREMEIIBLAY, BAMN
ECEELEREELEBITHREIELTLEIRELH SO, BFIREICK > TIEIRTFE
WE/oNLGEWGEELH D, LIzA>TSE. PAGATIREFFZRALT, REREZML
SESBITE/IET TR VLRIGEEZREL, MIREEDDICLEEATLS,

SE X

[1]BALDOCK C,ETAL.2010 PHYS.MED.BIOL.55R1-63.

[2JHAYASHIS-1,ETAL.2011RADIAT.PHYS.CHEM.81884-888.
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ZTORBEBEBZHANEBITLE (1. @), IHITFFE 37.24 5D CI-38 (1643KeV,
2167KeV) & HFHA 14.9 BERIMD Na-24 (1369KeV. 2754KeV) I2XBEDEEZ OND,
CsSTHY o FL—23 Ao 03 —FRAVTHEELZARY LTI mENEL Sz (K
1. @-a), BEETIZ, ICOBEHRBE DL EL 2BMICEITHARY FILERTT
5 (F1. @-h),

PiEF 330Gy RIF<KELITVRERRGIKEEZHETFL TV, SHRURIZETT S
BEAENEERE L (B1. @) KEIZDOWVWTIHEKIE K BRI o BERMGEDHNED 5. 4Gy
UTFIZEWTRon-E#EOEFHEEO oG-z (B1. @),

FHEFROBESHZ 23 LTERHITLTHEA, SEOHKEE 1Gy TIE200B&E
TOREZHIZ, FRHFBFLEBRLTHEELGELREIROoN G- (1. ®),

FE EHRERNTRH1EHYDOERKICHRBAH S0, HREOTL V2414 LEFIA
TEOLELADHS, SENEHREEFRH T —FFEHZELLTHEREZHEILTLF
ETHD. AEZRFMEOBEICOVTEH, BELRENSEFZRIL TS, BATES
[ZDWTIE. OEBMDEH. QY IRERTE L THENTONSERE. @1BHYD
RETAIRER R DKM S, SEIL 1Gy 21T 5 &I o1, EHMH TH 356Gy LIE
RS LGTNERAMHEEETILE LTRIATER S, SRSLLELHIIXRICLYE
HMELEZREIVENH D,

S5 MR

[1] Fujimoto, K. ed, “Final report on dose estimation for three victims of JCO accident.” NIRS-R-47, 2002
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“RPEFROBEZE S HNFRABLCEELAMSRAELEITL D ANAD EERE
DRAY RV IEECHIM>TLEL, ShoDARIINEEERVUBRASESICERASA
52D, URYDHMIE L BFEHEKFEEICEAT 2HERNIBETH D,

FLARITMSHRFENA Y R I EL. BMEARBELOEERSFNO—DOTHS, AL, E
FDENAITGEWNVFEREZRTEREBMTHS T Y FEAVT., BMEHRICKSEINADY R
DEHELTE, CNET. TERY 290 MeViu REALT 2V (mono E—LDH 14
keVium @ 75 b—5Eig) #HRBEERDS Y MBI IERETL. RFA T UROE
MERERL (RBE) NEEFEHRIICIKEN EHF2 RV LE[1]. £1-. NASBEE %
LTHERRVBRAEIDS v MBS L1 2 MeV REFEOEDFHEL (RBE) %
WL, PHEFROBEELBEYFIZ RBE MEWZ EZR VL GRXCERD), it
RZE MIETEDBITH->T. RBEVFEMICEIYVELLT S AHDXLAE MMZHHE
L322 E2HRITIDENDHDIN., TOANZXLEIFTHATH S, £l-. PEHOFHE
FRBIEITKBEDPAN) R TIZTDODNTIERENEG L, 512, FIRERIIIANAURY
EEMTIEELERTHS=0,. PEXUTIIFRZBOAEIZLDYRIDEHLE
BT 2HENH D,

AERBETIE, AAAFRICEAT 5 M F4R RBE DFEHKGFEE L YBELMNZT S1=
. BEHRIDOZAR T RBE NMELK BB A DX LDFERE, HERD RBE RUZDIEIR
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MFREEEH T HE V5 NASBEE DERFTEIICEH L. FHRENFEEIZEL,

K26 FEDT V24 LTI, BEHE QBEE) RUEBEHE (78K OS> v
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IRAEEEICH (T OMARIEE R DNV EORREMEITT 5, F1-. KR LK (15 BiEs)
BRUHELE (35880 OBRERVKREEMS Y &2, BREFTCTHEML GLUROLET S8
BlZ# E—LAGEICEITS,) IZEE L. FHEFH 0.05Gy. 02Gy £ L £ 0.5Gy =251
ST ORBORELZHB LI, SELBHBEORTEZHEL. REAFT LT > TALAD
REYRYEBRT B,

SE 3k
[1] T. Imaoka, M. Nishimura, K. Daino, et al., Influence of age on the relative biological effectiveness of

carbon ion radiation for induction of rat mammary carcinoma. Int. J. Radiat. Oncol. Biol. Phys. 85 (2013)
1134-1140.
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Real-time measurement of thermal neutron flux is necessary for boron neutron capture therapy
(BNCT) to realize safety and precise treatment. However, the flux is estimated by the radio-
activation of Au currently. This method is in batch mode and needs a certain period of time and
some procedures to obtain the value of the flux. To solve the problem, real-time neutron monitor
system is being developed.

The detector consists of a small grain scintillator, an optical quartz fiber and a photo-multiplier
tube. The scintillator called LICAF that is the crystal of LiCaAlFs (Eu doped) is used in the detector,
because it has a good discrimination ability of neutrons from gamma-rays and radiation hardness.

In order to check the abilities of neutron detection and discrimination, proto-type was assembled
and tested. Although these abilities have been confirmed as the results successfully, the detection
efficiency was fluctuated about 15% in an hour. To solve this problem, the real-time correction
software was developed and tested with accelerator neutron source. The fluctuation decreased to
3.1% by using the software and it is acceptable to the treatment.

The proto-type was also examined in accelerator neutron source with readout electronics and
software by changing the beam intensity. There was a good correlation between the detection rate
and the beam intensity. The potential of the system has been confirmed. The detail of the tests and
the progress of the development are reported in this presentation.
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