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Summary of the 2™ Workshop on Ion Beam—applied Biology:
- November 21, 2003, JAERI, Takasaki -

(Eds.) Naoya SHIKAZONO, Yoshihiro HASE, Ayako SAKAMOTO, Yutaka OONO
and Atsushi TANAKA

Department of Ion-beam—applied Biology
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute
Watanuki-machi, Takasaki-shi, Gunma-—ken

(Received January 27, 2004)

Induction of novel plant resources by ion beam—irradiation has been
investigated in JAERI. To share the knowledge of the present status of the field,
and to find out future plans, 1°* Workshop on ion beam—applied biology was held
last year titled as “Development of breeding technique for ion beams”. To further
improve the research cooperation and to exchange useful information in the field,
researchers inside JAERI and also with researchers outside, such as those from
agricultural experiment stations, companies, and Universities met each other
at the 2™ workshop on ion beam-applied biology titled as “Future development
of breeding technique for ion beams”. People from RIKEN, Institute of Radiation
Breeding, Wakasa wan Energy Research Center, National Institute of Radiological
Science also participated in this workshop.

This workshop was held by JAERI Takasaki Radiation Chemistry Research
Establishment on November 21, 2003 under the joint auspices of Kanto - Kouetsu
branch of Atomic Energy Society of Japan, Breeding Science Society of Japan,
and Genetics Society of Japan, and 134 people participated.

Highly qualified presentations were given on studies with new irradiation
techniques, on novel varieties, and on future plans. Many more new plant

resources are now expected to be produced by ion beam irradiation.

Keywords: Ion-beam, Plant Breeding, Mutation
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7o R BEEE U7 BRI O AENa DS . BRETHIIA D S OB FERmEIZ LY. b b E
HRBRINE LI TH b=V ARLERERFR R EOBMFRISE 2R+ HRBER
SNTRY, N RAZUF—HREFFTIN TS, WO A2 SR EDZE DTk
TR ORI OMREBTT 27 DICHBEEERE L, TORIGERD L9 Fik
Tt 20X BRBREBOMINIIES TRV, w4 7 b —rx AV TREFO—E
OO H ZBIRENCBHF T D ENTENE, N RZ U F—HREZIILD LT
FAREER 2T T 2720 0BD THM R ERFIE L 25,

TIT, Bxld, EROEAA <A 7 n - LRHEEEZ AV T, WLBER
faz @B L, ZOXEBEL2ERTI-DOOERIZEHBE L, T LT, O, F
¥ A == ANARZ BB ROEZEMTH D CHO-K1 flia %2 AT, HIIARE (4r2iE
FHREDIER) # =Y FARA v e LT, Ml ERITHRE~0ES T DI T e
v MR EMENTT D EREBRA LT,

COEBRAOFEEOOE DL, BERICHETIERBICRE L4771 VBEHE
ZAWTRHANCSENMRBOBET —Z 2E%KL [@1E£E) | ToF—Zict &3
WTHBHEDA I 4 VEMEORB AT — 2 HIf U CTENME 28k, BERYICR
HT&aZ&Thd (1A . bIVOEOR/FMIT. REMHBA T 2F v 2 CR-39
TEUYEL7ZMIT 4 v Va2 HVWAZ LIk o T, MRS LTW5 CR-39 DE@A
BAEBERICT LDV -2& ) —)LEKRT 3SICTEFM Ty F 7 L, Hx OEAHIIR
EA T RO BEMBERELZE—HE CIRE TEI3Z2LTHIE1IET), Tihbb,
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BB ZE OB O R TOT X TOERMIE & EBEOA 4 by MIBOT — 42 3
WEEBEEL LTELND, SbiZ, BEEEELLT 20 bEE O R CEIMIEDE
BT —Z ISV TEMIRZ & I L TR & #5 &mﬂ%1%5 .
K AT A AWT, CR-39 FIZE W LWL iz \ZBEFE L= CHO-K1 78
MDA IR - T 11. 5 MeV/amu @ *Ar'® A > (LET=1260 keV/u m) ﬁ; AN 13, 0 MeV/amu
® “Ne™ (LET=380 keV/pum) ZFRH L. BEEZEEFORRBELZEET HIEREIT> T
5, EBOERIHIIZIRIT D4 4D v MIE, J:na@ji{?i Ko THREKET D
20 30 LN TAZ ERTE, ZOxyF o JWBERIZ X DM~ DA
BB, BEMND 60 Rk F TR %mmmﬁ%%ﬁﬁbxﬁﬁw
m%_ﬁLT%%§& IR E NI A AU & FOTEERRME. ThbbERDOA
Arbey FORBICESIOTHIlEZ 38 L. %n%h@tﬁéﬁl‘é&iﬂaﬁ%tt@bt& A, B
AFAUREIZIETHE Yy b LA TN E WWHH END Z ENghoT,
E%jyﬁﬁfwﬁ<wmgmwﬁtybbt%é?%\%w%%mﬁ%%ﬁﬁ%ﬂto
HIBE~D v 2SRV EEFEIIH 5 AV ITHIIEZEE & 7= O TS IZ DV C, filaE=e 2
KU T DNA 22 ECOMBRIBEN L SR SN 7L - T
M) H—ENDLDE, A3 VR EZPLETIRBE T 7RO 2KEFDOANY
(NPT T) X BHREA~DOEBEOMEOR A REZ biVD, iz, REHEE R
—F 4 v 2P H o T IEREHIC BV TN MH SN2 HE BRI, BEIR
ERNLIEASARAZ U —PJREEZ DN, EOIERT—FEERL, by MIED
ZERMELE 2R & U TR R A2 FEMIZRT T 5720, BEERODRIE AL—T
v rAEEEZBIEELAEGBEZRET WD, & BIZAEIIERERR OB R, B o
DIEELAIN RIS U CARBH AT AZ@EHA L, BEA A U BEHNZ L5 DNA BECEE
BEEL AR BV O EL 2 AR O MAEIZ 35 TREST L. MR O B RUS B D 53 FHEE 2 B © 7>
LT FETH B,

AVFHq oo

, i Ne, Ar #+ >
=B - 10~20 MeV/u

skas UAEl  ENERE anDE
CCEET— 1k

B
TRPRER

ﬁﬁ?gf&%ﬁ@?ﬁg&
ja BEIBFIZCR-39DE%
by FMIBOWES 37CTIvF Y.

C )
= CR-39TENEL /-
nAZ W 1 v

* A > R AR
_ CEBEF-SIREDSOTENMBICI A/ 0E-ALRE
| MR R ICHE ) BEIAEELVFL—STHEL, by MEESD |
AT 54 UEEHE (EREE) US4 VEWE (BHEE)

1 AR~ 7 A B EROFI, RO T 5 EBR0
AFvDE y MIBERBTE, BNEOSMEORIES Y IELBETE 5,
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213 WY bu A A= FEH & BT OB B A R AT

LIRS 7 v —
B IR T

[z ®iz]

BER, BREORESE L LTEEREYZATREIL, BN bliEke
EOBREEIZHEVSL L2255, HIERKKIZOWTRS & {LaREO
THEZ L0 BRI A PR BV S A AR BTN L C s v BIFE D 350ppm A%
2100 FFITIFHI 35D 1000ppm ([ZET 2 H/A L TR TWE Y, Fxidzo
5 REBHEAIZBWT, ROoNEHFHSOEREZE->TIVHROBWEERLE
FEERAT720 . MBS 2R L TREZHREL O RITIER B2
Vo ZORDITH2 T REOHIHE L THEMA LD L SITEET S
DEROPIZTEIBRENDD LB X T, EYORE~DISENRIMU L O#
LZTIEIHRHPRETH D Z Lo, YN TOELE BEERHT 2 FHEIZ
WTHREN LTz, £ LT, XY NI U 72 SR /5O BR 55 Yelh O FE W)
NTORESERL Y 7AZ A A CTHEBLFHRITA2FEL LT EHARY
oA A= 7% E (Positron emitting tracer imaging system,
PETIS) ZHUEL, A A E—LBHIC LV RE LAY o UitifEs b
L—H—& Lz, EMIIFRRARY hav A A —2 0 ZaHRE 2 R 5eBRIT

HIRA <k
AR
i \\; &7 N
Ny,
-
C RN
S

Bi4Ges012EF -

]
Gliag

| EfR1E]

B1 ROrAAA—D T 5RO
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THELEL B1Z2R) 2, 361, RV b A=V 7HATELN
T =2 &b & ATHERNEE RS R I _E T ONELR % K b BRI 2 iR
EEEAL, EEHEOLAMITEZRELZ, 22T, Z0oHLWEES
AWTINE TITED TE AR EDREIZEREN S 2 5 B0
WTHRITT B,

[MCO,ZNW=RY g A= 72

I REP LY REATAZRR L, BERICLVERESL Z L TRES
EHET 5. o T, REOW - RBMEDOBITEHAITIL, TARKOEY |
2 R LAY VCo, R EE L LTHWS, HW~0 10, DG T EITIER R
DR I LIIRARNZERARY | "o, ML ST TICH CIAD RO P THIE
fric a3 2 EEORIE
DLELRD, 2T,
HCo, HHGIEE A E L 7=,
K2l RrLi-EBY, =
KX GEEY DO FEIZ 1O,
RN EE, AR K
DELNTZ A RRED D
TR~ DFELT D AR IR A 72 TH]
eibicpkzh L2, Yco,
AR EIZ I B 22,
Heo, iR AL, £

| =] =8 Emmen  Emm = ® e
NS DOER S DI Eh M2 RoraVA A=V 5 TCRI=0

D PRI A A PR Z A L LFEDRBADNEREYDIET
X HIZMSE L 2 T

HCOo, DR FE A RIBRIEIZ I VITZ A L 512> T B,

[ BT ik D SEER B DS LA RREE M Ok 12 5 2 B 2]

HEHARLIED ZF LT~ LTRARTH DN, LEREMBITICY
DEOIBREERFOVEHLNITH-DIC, HBRENRLR L a2 AXFOREH
EO PRI 1Co, A L. BEET OFE~D YA RREEW % % PETIS 12X
DEHRI L7, B3 IZZENFNDONERED 2 A X ORIZEIE L= LA REY &
DEBENERLE, BB+ 05H5asx (R30¥%+4) T, amE
Wi V'Co, A1 55 A TRAUZEIE L. FEOREITEWFE T b e m~EIZ
HEREMPERBR L TOLSERFREBGETE 2, Zhizxt LEE Rk Iz R
ZHLTasx (30 Ll) T, XEREDMMPFEIZEIET 2 DI 100
DEREL, 2FHZRONEREDDOIERITINDB+DHDEILAXODLT I 7%
ThoTlt, TNHLDRRZT TV 7Ly —20 L b0ORBEEN LM
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SEBLTVWAEPDLLLRY, FILT, YU THABFITZEXLT

M%) iz,
V=R Th
5 HE RLIE
& BATREIS
ThoHERE
B izL
7o a A ¥
(3D
#EX) To
HB LY
BAT & 5T o
L7c, £D
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BH L= - . P Sf = e T A S 5 7B
A DF~ 3 ALFDBADHEREMEEICHBIENSZLH5E
DA RRPE

E-N
o
(o]
o
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2000
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1000
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Wy D EE I

HCO, AR TR 80 &RV 2 B OXAMEY OEBREIIEN+0H 2 2 A
XD 0% L7207, BT, TNTND A LFTOREREDDOBITIZON
THEMIZBT L2 2 A, BEEX L2 AX TOBITELIZ, BEEMto
TAALAFXF TOBITELILIZBD TEITWA Z ERHALNIR -2, T O
R, BBODLTIRMEBEOENBIE L 25 ~OXEREDOImER, A
LA SR DMBEOAFERIZRESKEL, ENLRBEEEDZDITIE,
B R DTS ZEET AHBOREL T el AEWEZIFE T 5/
BOBREIZOVWTHTORBRFNEMZZBENDH D Z ENRBRENTY

[RRERET ZARET CONXEREDEIT]

PRI T A PREE D ERITHEIG U O G RUHE 2 3D | aa FEY Ok % 2
ET A OREK-CERN TEIULE, LY RN BB EE-CHEDZ AW
REEHT ADBEENFIRRIZARD EEZLND, LrL, KRTDKRED R B
B ERPREREY OE@EIZE 2 5ZBIZOWTIRARZRANREZ Y, £ T,
REETABEEZEZ THERE SELENDLONREREMOREERY o
VARV T TR LT, £O/MR. MAITRLEFEBRO L 51, REY
ABREOLERIZEY, AEREToENDE~EYVHINDIAREDE
DEML, BERMEESNTWA Z ERALMNI - T,

EBI, BENTRERIZONWT, R ror A A=V 7RO EEN
RENTFRIE L UTHIIZBA L, (mEBRMERACTHIT L2 A, %
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HEBITT D NAMREYOEE L, KREET A 350ppm 5> 5 1000ppm (218
M3 5A&, 3.7 em/min 225 5.7 em/min & 1.5 fEZEEIMNT A Z LA G M
12z o7® L L, Bk STV A REREMOE TONEREL, REY
ZREOEMIZLDZEEITIZT T, FI—ETHHZ LWL MNER T,
ZOMHTRERIZ. BIRERETARET TR, X0R UHEBICEET A
FREEMEN BRI ABRERETLVZN I E2BRLTEY., BEER

"GOz

COzEE
350 ppm 1000 ppm

fOSmImHE

&
=

M4 REEHRREBMICEHHE BEDEEORE

el ABRBEF CABTIEAEY I AT, B1EHOMODEDR IDBEE DK
MAOABERETF CABTIREYITALIVEL R VI BERFREZEN
B EEZ LN,

KEF DREEHT A DREOVENIIXT HHEMOISEDN, B REDHRED
RO b A A=V N L VA GNI - TE R, 5%, EEED
HZ LAY, RERRICEIVAEEINTERERED ZE I EmESEY
ERESELEMEEHAONITEDEEZLND, TOEKEZ S LT, AN
FEM DEIERLERBRENICEN B ORBECIEHEZITH> Z 22X v, EHIC
L BREEAT A DETERREP K SNz RkEOERCIFTEEIZ /2D . HIEK
BREMBEOMRIIZESTEDLEZLNS,

1) RAEESFHCETHEAFR/ SR (IPCC) 53 KRHFEE (2001)
2) WMBIEE ., EOHEO-DORY b A A= 0 JIEDOBSE, MR,
70, 20-25 (2000)

3 ) T. Kume et. al., Analysisi of Carbon Translocation in Plants Using
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Positron—-Emitting Tracer. JAERI-Review 97-015, 51-53 (1997)

4 ) S. Matsuhahsi et. al., Application of Positron Emitting Tracers for the

Study of Living-plant Functions. JAERI-Review 98-016, 44-46 (1998)
5) S. Matsuhashi, et. al., Dynamical study on influence of CO, enrichment to

the transportation of photoassimilates using positron imaging. JAERI-Review

2001-039, 90-92 (2001)
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221 BEER “FyF N ORRERETE
BEAMBRHIER HAREEE RTERD

1. LI

INFETHRIIRBT 1 FAEAOEREY TH D, VNI HEEROEGEN D 518,
BHICEEENTWBOIXEE Y /N (Fagopyrum esculentum. Moench) & % v # 2 J N
(Fagopyrum tartaricum. Gaertn) D 2T Th D, F v X VN ERY N & B LU THREEIX
EITIEH DD, FEYANLERYBFEETHA-OREIRE ., I OIITEEY DO/ 100
BONF 2 G L PLBEEEREM L LTHLERSATHS Y, LALERLF v
YINRNDEREHIIBDTOR, BREEZRBTREENELIND Z L THEBOEROMRHE
B3,
INETEREREBIIA BB ELFIHINTE R, BEHFLVWERFRL LTE
BLizA A E—Ai, BoRX X —f5 (LET) REHENZIRL (RBE) BFV~<#ik
DbE< . BEFRDEBRLDEZ LALLM EN P BBETRA AV E—AIZE D
RENERENBETEE-TWVA >, KHNRERS Clke REPBC >N TH =
BEAT LV E—LDOPRIZOVTHBMELT->TEE Y, 2o TRE v 2 YDA F
VE—ABLIUOH BRI LA RRERERO N E TORBIZOWTHEMAT S,

2. BB LIUHE

B AR - EFTEBHZEEFO AVF A 7 o b o B X OCELEREFROY 74 A
s b CREAFT Y E—b %, REBEEEOY v — L —LTH U vBREF v &
Y3 (f6FE : Rotundatiem) FETICHRH Lz, $ARBCEBRNELRITE, BHEHE, B+
EEERDICEEURFR AR TER. BRBCBELCTEAZLIC M, BT 28E
Lz, TNODEBTFEZRE M, RfEE LTHEEL, ERFERBIUVEEEREOTHEY
ERIZOVWTHERBLURBE L, 2OROERIZBWIRAEE L OEREERRHEIZD
WOBKREED T, F72 2002 FEICBE SNV V< BEREE M) BIOAFrE—nA
ERZHK Mz) O—EBIZOWTHBILE, VFUrEBEBIGRRY 7= /) —LEEZHE
L7,

S.HEBLIUEZ
1) 1 F v E—bDEYEE

FoZ I NOPRBTCELTE, 1.7 mm S EOFEBEE O E— AT 100%EKIFEINR
DHENTH, BRI HSET A0 R<ED 1.7 mm OFBRERLETH
LRSI, EFZBRE 22 mm OKFEA A (320 MeV) OIFE. EERET LK
Briod+ 2882083, FREETFOFBI VMBS EREE2ZIT W, LEBST
FBIEED 22 mm BE TIRREOELBA A RFOEMNHAB~OBEICHETI L
EZzbh-, BBEEDN 62 mm O~V VAL F UV IBEFARRSCERTI-DEEDH
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B BERITBOONE T, REALVERLT VALV TREILA AV TEH
LET OEIMZ O TREBIEHRE LDso) IXMETFT LEEHRITKREL oo, I HIT LET
DENWTNI AT EGEA T DEEPRIIINOEDAZA LD HH 10 FHlRd o7,
INODAFTACBITDE v & I "OEFEBFHBRRIT, EOWPHROELRENT VA
A4 AT 30 Gy, BBEVIRO/PEIWREA A (22 keV/um) TidH 500 Gy TH
of (1) SOICEHBFHRE D) LHEEL L/ LET & RBEDBEREZRLE (®1),
RBE IZEEBBRTH DV v ROTHYEFEREEZTAENR L LTV B HEROTEHESE
HRETHSTETHD, —BRICEHO LET K55 RBE OE— 737 100 keV/pm & &
NTWBNR, T F L IROBET NI AF D 305 keV/pm iZ RBE DE—27 BB 5
hic, ALY RBOEEY NCBELTORETH -7, a4 XFXFTh 74~172 keV/
pm'® BBV 252 keV/pm HBE—2 LMESKTRY 2, MY TREVMELRTLE
ZAbhi,

Q) A A E—LDERFERDE

100 MeV D~Y 7 A4 A BLTR220 MeV DRFBA AV TIRBEOHME & HIcERR
BERLE, —FH, XA VA FVEIBRRESFR 20D EEX NN, RELER
RLOERIIAL N TR T, BEBLERRBIVCEFROBHBETEE—LEZHET D
e NV TAL TV ERBA AL 100 Gy T 1I5%ITENWERRTH 7B, REAAV
@ LDsp 238 30 Gy THADIZH L, ~V U AL F U TCIIAFRITIZ LA LET LRWTR
BAFVERBEDERRTHAELVIHIBRVARED NI, ERA A 40 TlRERE
BREFIE» o7 (F2) ULORRIVAEGFRLEREOBEEND, VU vBROERFE
FaATE L 7B 300~400 Gy THBEDIZH LT 2, BEA 4 T 20~40 Gy, ~V ¥
AAF T 100 Gy LEOBRBIZH B LIEESNTE,

(3) EREOBEREE L OEREKORE

Ho=eBHD0EA A E—20RFE. M, HHRIZBWTERKOBEZ{ToT2. €D
BEHIBERITBIT 5 BERBEZTR L (£3), BEN~BREHBHEIT Ms {8, 14
VB — AR My R T 5, BRI 51T M, R TR S N R EN o 12,
FEBONEEROBREL LTEARRAVWER, BEXPERVERLARZER, BX
UARENNSS RDIERBEZBD O, FIC—MOERRETIT, MERESETD
D, BERMELTHELELEDNS, —FREAEROKBIIEETH o724, —HICE
BERABEZTTRENSAY, BEAL LTOFALAGEINE, LA L2 bRERMIZIX
BESNEERACEHLTEI B LA F  E— A LB ERDECOVTIEHLNT
Rinot,

@) BREREDFEDOR
THETOH V2B AL E—ADOBHICL > TELNEETRRKO— IOV TH
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BibiE, VLFUEEBRBIURRY 7= ) —ALEEBPRAELE, FORRE, FiEbig. VF
VEBBIUVEBRY 72— NLEELLE 15 FOTRENED NN o~ AT
VE—ARZ LI BEREOERSCELBLOREREBEVEIR DO 27 (B2, K3),

6) BbyiZ

AF LV E—LDEGHRENT =B I REWT L3 EA REBICHOWTHERIATY
5, E—WOHEPBIIOVWTIEHERARS MRHT v ERRDZ LBBRESLTY
322, BB I RZELTEAA YV E—LRH <RI L A ERBRICE LEGREOW
mmﬂ%:&otm\%n%nw&%ﬁm;&%%wﬁﬁ%%BmmﬁéifKM§or
Bo¥, SBROT—FEFEBILETHD, —HFTEERM L LTHFERREBH <8,
AZFVE—LBEBERPLBEONEZ LD, A AV E—LFENEREREREOFIEL
LTCHRHILO T ERENT,

BAN

1) Kitabayashi H. et al., (1995) On the genotypic differences for rutin content in the
tartary buckwheat, Fagopyrum tartaricum Gaertn. Breeding Science 45: 189-194,

2) Nagatomi S. et al., (1996) Mutation induction on chrysanthemum plants regenerated from in vitro
cultured explants irradiated with °C*" ion beam. TIARA Ann. Rep. 1995: 50-51.

3) Tanaka A. et al., (1999) Mutation induction by ion beams in Arabidopsis. Gamma Field Symposia
38:19-28.

4) Hase Y. et al., (2000) FRL1 is required for petal and sepal development in Arabidopsis. Plant
Journal 24: 21-32.

5) Okamura M., et.al., (2003) Wide variety of flower-color and —shape mutants regenerated from
leaf cultures irradiated with ion beams. Nucl. Instr. and Meth. in Phys. Res. B 206: 574-578.

6) KERALD (2003) A AV E—Ail kDX 7 OIBER 6 FBOER BEAMEFK
FERT Rk 14 EEOEELRHTFHR: 86-87.

7) SARE— 5 (2003) EA A RIHC L SEFBEEED OB ML FEEHE 503 2): 60-
61.

8) & TEFn (2003) BRAERBREITRIT B4 4 U —LOFA B & EE 99:11-16.

9) Morishita T. et al., (2003) Dose response and mutation induction by ion beam irradiation in
buckwheat Nucl. Instr. and Meth. in Phys. Res. B 206: 565-569.

10) Hirono Y. et al., (1970) Relative biological effectiveness of heavy ions in producing mutations,
tumors, and growth inhibition in the crucifer plant, Arabidopsis. Radiat. Res. 44: 204-223.

11) Tanaka A. et al., (1997) Effect of heavy ions on the germination and survival of Arabidopsis
thaliana. Int. J. Radiat. Biol. 72: 121-127.

12) Morishita T. et. al., (2001) The dose response and mutation induction by gamma ray in
buckwheat. The Proc. 8th ISB: 334-338. »
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#1 FEERBOGEOHEBIVSY v & v Y AOREREFRE Dy

25

% jict TR K- LET  FEBUREE REUTIERE  (Gy)
M V) (eV/w) (keV/ um) () EMGET MEET wl o
A= S 0.2 577 25
~Y oL R 50 16 17 37 206 By %
~Y oA R 100 9 6.2 364 343 m e
B [ B w11 87 26 2ol
bR i 320 76 2.2 128 91
FAy R 350 316 0.6 —% —
Bk WEF 1620 136 2 40 501 5
Bk e 39 37
3 EF 99 49 ol=2 )
3 BEF 2700 135 64 23 267 0.1 1 10 100 1000
FAv R 107 150 LET (keV/ pm)
TALy mEF 3800 95 305 8 32
& R e S % 1 ¥y&o Y ofzii¥—f5  (1ED
CHBHR+RCRECE 22k L EHEOPDEL (RBE) L OBME
75 —
0 44 E—LRE (M3) o
g O Hrv@FE (M)
2 01 A &M Rotundation) A o
F2 FoFrIRAOALre—iRE 5 6 a L o
= L
Mz%xﬁwﬁﬁg‘g z—‘-"‘ o [} =
., é 80 - o ] cg,
ERE B TEB 3 @bﬁ?‘ % o
AF L RE TEL ERFE EEXR 2 % o oEUCDb SN
G (B (%) (%) Eul 8 5
YRS 20 1.8 4.8 6.1 45 L : L L 1 1 L . !
100MeV 40 2.1 8.3 9.7 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
60 7.4 7.4 12.3 ATy ER (oe/10020)
80 4.2 12,7 14.1 H2 FHy¥rI ERFEORBIEBEN T ESRLOBRK
100 5.1 9.1 14.1
BT o g e—nmi M3 0
b 3 VY 20 0.6 4.9 4.9 O Ao o BAHE (M1)
350MeV 40 0.6 4.9 4.9 £ 101 & Fas Roundtion a 5
60 0.5 9.2 9.8 3t ad L o
80 0.0 7.1 7.1 & a a
100 0.7 4.4 5.1 5 60 r 05
g o %c%@
o) ~ 55 - o
&S 20 1.6 6.6 6.6 £ o op OO
220MeV 40 4.5 9.1 13.6 g saf O &
100 0.0 14.3 14.3 ,
45 i i 1 |
1000 1100 1200 1300 1400 1500
~Y 7 LDLET : 9%keV/ pm, BRY Tz —AER (gt TETY B/ 100gDY)

BRSEOLET : 107keV/ 1 m,

B3 FyZr " BRREONBLELRAY Ve AR LEOBR
XA DLET : 316keV/ um

& AT RERBR N L OBEF —F

#3 ERABUELBEE (2003 £RE)

% H HeRk g3 BHRE BERL (B#) Brdicx-32 BER M, BB D
oA | (B RER e ® Ha®

i oeV) | B M, i, WM, My X i, M, M N, M, M i
=B 160 85 5 5 0 - 31 31 00 -1 59 59 0.0 -
Hooif * 960 281 |27 26 14 5 28 27 L5 05 {96 9.3 50 L8
~Yoh e 100 {1134 641 B8 47T 15 6.0 4.1 1.3 10.6 7.3 2.3

- 8 220 {1230 94 8 7 3 0.7 0.6 6.2 85 7.4 3.2

KA o= 350 {1124 745 u8 30 5 4.9 2.7 0.4 6.4 40 0.7

~YDAE 100 | 624 462 {40 26 4 6.4 4.2 0.6 8.7 56 0.9

kA + 350 | 635 376 2 17 1 3.8 2.7 0.2 59 45 0.3

* EEETICRM, e JEETCRY
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222 BERATEKRLWETIve—RKkZHBELT

BMREERN Y4 BHIER

1. Uiz

BHMBIIERBRALLLVBECHLINLDREXOEMTHY MEHLY 1 BT
HLERWHKOHTER WA - T& L, 22T, ARMBGRESL LT, 1997F B EA
RiE & &0y 2B L, TLEU E. FhETOFTERBREAELGE [
AV XVRBAEIRS BERERS, 4AAFABETS 7 A25RICIIRE L TINED
FREZBETH D, LHL, TIa—AFFERLRB WD, BEDE S KK
MRRLED | RRKAEMOBR CIIREEEIIHET L LR oTEY ., LV REKS
BOBFENREENTWS,

T &V BREDL, BEARH T Su—28FRNEL ., MHEORW, B
BEMELBEL L TAETHREIT - TEAEN, T3V OFEHFELEZIIB
BEMEEREETRIN TR, ZOBHD 122 LT, BEKOEBELRHT I
O—REFERND, BRAYMOBRECEEL2Z T, THIENEL R LEHE22 80
Fohs, 2ok, HEHR 6 B R TE L2 ERYOEKERICERT S BEAER
HBECTEE7 I — 2T S hien,

AR, EFETaveh V] »oEEREFEMNULEBIZLY, 7I0—2AFH
BOLBEBLL LEELLEDOKBRE IAF—0 14— BDERINT,

FLC EREREFEOF R THIRGEOBEREUEE2Z 2 b T ICBEDOHED
HERBRTEAIREAEFATAZ LT, [E&U» OAH, S, MHEEELD
RRLETIO—AORAEKGENRBTR TEI B2, BREEFHICIRYHBATE,

2. MEIB LU HE

20004F(2 T& SV LKROPBEDICA AL E— LRI L, BEEZ, ~V D
LA A 50MeVTIE25~250Gy D 8 ¥, [F100MeV TlX25~300Gy D 9 B[, R3EA A
> 220MeVTIL10~50Gy D 5 Bk fE. [F1320MeV TiX5~80Gy D10k pE CHE 21T - /=, 1
RIBEZIT> M EFZHERE L, 2001013 E~19LHEK1, 600 E %, 20024121
FE~284LFEA2, TOOEE %2 BB IR L, B, LAXSEIC XD —KkBE LR, 2001
FCIT488E AR, 2002 TIT461EFIZ OWTT I R —AEHRERE L7z, 72,2001
FIZRFEEEBLIOKDERTRORLRSD [ SUD ) ZKXKITAY T 5A 4 2 50MeV
PR LEOREBEEBRI L,

3. BRLEBZE
1) BERKE
ANYTAALFS0MeVTOE L HRIT, BEREDOHEME & HIZET L, 350Gy
FHTO0%ERYD, ¥HBIEBREII200GYRIHR 2o, ETFRNT0% L2 HBRERE
ERFELTIE. ~U T AL F U 50MeVIZEB T D EIERKN 1L, 150GyRiE &% %
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B (B1) . RIC, REA A2 220MeVTIE. 60GyZBET 2 L AFRIT0% &
20 ZOBEDEHRBIBREIT2SGYRIK E o, o T, REA A 220 MeV
DEERFNEIT20GyRERBE L B 20N (X 2), FAERICA~Y 7 hA 42100 MeV,
REA A 320 MeVD L M IERH B I1T150Gy. 30~40GyRBELZ 2 6N,

2) RBOEHLBEOE

BFONREREA A E—2BAMBEF BT 2B LEOBERIC OV THE &
IAHBUER~NDEBITIRONR P27, —F, R LELZKKSOENTIZ, XK
KABPBEWIELEBILROETARELS, BRERE L OBFTIX, 150Gy EORHE
T.ZDOEABEIVELNo7z, £/, 200GyBHDOBE . KO EBENEVZK T,
FZEALEBEILL LD oTBD BARKOGOLEXATIHIONDOELLEREGELNEZ(EIZ),
3) AFCEEETIn—RAEFDOHE

2001 —RBIE LM, BHEOT In—28FFRI1T., ZES11.8%., ZEE18.9
% THoTe, ZTOROLEBIZANWE LI OT Ia—RAEFHRILI6.6%TH -
7o 20024E TIIAAED310.1% ., HEN18.1% Th o7, “ERMITEEK S NI-949FE &
DA, TIR—RAEFEENP 4% RBOERBEIL, ~V U AL A 50MeVD25Gy R
L1008 THE LN, 2 TIRBBEETH = (R1) . 14 VETIE, ~U T
AAF L EVRBAFT L TRT I —RAER2BEISZGELNEN BRABRER T,
ERACET I v -2 EREAROHBERNGTE 2ERAIZAOND OO BiE L R
BREBITHRE Lo (R2) ,

4) BONET I n— AR R

BIERHEOT I 2 —2EHFEIT, 10.1~13.9%DEBEIZH Y, 13.5%LL E14.0%FK
HOLOBRZELELGELNLE (H4) ., TXKOABREIZ. 1RZHT XU &
DENER . IEEALEIRTEEIR ¥ Thotz, RB., ZITIRBE LA -EN
TIn—RAEHFERQEDELHHEDOEED RH N,

LEDE I A A E—LABICL > TET I —2ARKERBONEZN, 730
—AEFRIBAHEMOR[RBIZE > TEEBTHED, FREHORMBMLETH 3,
AHBEDIC, WEM., TR, BEFE, WAL VRV EEFFELEORE
WWEa8%E Mz, EHBCHMEETRZERLEZVEZ TV,

80 80 r
70 70
60 £ 60
50 & 50—
Pl #
4’{:} 40 & it 40
30 . # 30 3
20 20
10 © 10 L 4
0 . N ©$ & s 0 41“_;4._%
0 100 200 soe 400 0 20 40 60 80 100
BAE e
K1 HebOMeVERHHCZIIT D L3V o ,
BEZB ¢ N
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—&— {Ek%y

——B— ks

o] 50 100 150 200
BHHE (Gy)

3 ZAKSOENZ L BT -ADE
) TARARGIEE : 11.2%, P :12.8%., £ :13.8%

F1l TV OET S o—2EHKE

A X5 BEE S Ti-24% REZR  FE70-2

Gy) fEEE RumfEdEk (B  SFHE®

Heb50MeV 25 54 1 1.9 13.1
He50MeV 200 26 3 11.5 13.8
He50MeV 250 3 1 33.3 10. 7
Hel00MeV 25 72 5 6.9 13.5
C220MeV 10 107 1 0.9 13.7
C220MeV 20 64 3 4.7 11.8
C220MeV 50 1 1 100.0 13.6
C320MeV 15 22 1 4.5 10.1
C320MeV 20 56 1 1.8 13.9
C320MeV 30 18 6 33.3 13.4

1) ALERIT20004E, 2001 ~20028EDEK, 7 I n—27314%
EBEOBEERELNLEBOL KR LT,

F2 AXAAABIURT I 0 — REFEGE

AFATE bt T0A14% RAEE Fxfhy oA
Bs REEGE %  BAE

He50MeV 252 5 1.98 10. 72
Hel00MeV 275 5 1.82 13.49
C220MeV 203 5 2.46 11. 83
C320MeV 198 8 4.04 10. 13

) A4 R NE &R, AEIT20004E,
2001~20024E 10581k,

B GRHt)

10.5 1

TIn—REHE (%)
K4 [EIV OEREREREEOTIo—X
EHBOSA
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2.2.3 Fibt - LR DT DERL

MR BZER B HTIERT
AMERE R OER

1 ZU®Iz

?¢ SINEIE, < OHEEEENRHEEZEL T, ATEBDI—F— a3 RAA— |k
LOYVIE, VI T AR ORIREMORENREATH S, TOHTH, N5

@Wﬁﬁ@%ﬁfbb\%mﬁﬁﬁfiﬁ%@%mm\Mﬁ 2080 5 A, EHEEF #1107

Lo TWA,

HENBETARTOBTEEBRDTEOIXINMEDZ & ThHY BREADBFRESHIZITTE 20,
HADTESERVER, MEHMICh - aEE2BERT A ENEETH -, THET
(T BB (60C02000% =—V—) BAICED V=7 ORRERGHE (77471 Y
=7) I, REZIZLY 6 mERMERZFINLTWS,

2 AFLE—LOFFLEBRGIE

NTDBERBIIA T E—LBHEBES Lm0, 1998F10A D2 ThHY ., LK 3IENS
ERHEITo TV 5, RBRIT. BLFEZE %%4ﬁnhn/ ITxAY (Ne), EBE (N),
RFB(C)AFZOWTERE Lz, 3N, N7 hfE " F7 I T 04— (Fr o f)
T IGAINT BT~ (BREBR) WEXYT 4 Ly RERA)T O3FET, %@
FMERHZTCT—7TEEL, E=— A RICES TRKE Lz, RERERR. BERIC
TRRBNEA A 0~506y T, %ﬁ%w%fo%ﬁbto%%SE% %%%%%mi
NONRZERIZEER (FES) 21TV, £0%, BITICMHE > TEE L, BFEOEERNR.
W%i@@ﬁbt&@ﬁé\%fﬁuf@%gﬁﬁ%ﬁoto

AF L
R

HEMH
IS

BEFIZRE-T

FEEFTL,
BEOZRER
B, BELE
. HOEX. B
XX oy
%ié\ TEBDEOH
/ B A EE

F=WN
K1 SNTEBITHAA 0 — LRBEORER T IE
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3 fFEeRARE
FEEOMEICRITTEEIC OV T, BIHREOHEINCHEY, BREER. ERER
B> LTz, Ned A2 Tix, 206y CEHEOMEIEN, BENEL 2oTz, NA XTI, 40
Gy CHEMEBE N V22D, 506y TIRHIZE A EFOMRIIR OGN - (F1), C
A F B EERIC, 406yPL E TR REFEBD LA T & 7220, 506y TIXIZ E A KRN A
bhiahot- (R2),

Fl AFE—h (Ne. NAFY) BHEBATOEFOME (T0RE) ICRITTEE

A4y BEGy) #HEE EEHK MEREAEK SERE(m

Ne 10 10 10 10 70.0
n 15 10 10 7 47.4
» 20 10 10 7 10.0
_____ N 20 10 10 10 .71
n 30 10 10 9 18.0
" 40 10 10 2 1.5
’ 50 10 9 0 0.0
kms o 0 9 9 6.0

HHAEE : TIA N T 7 FT—

K2 AFE—b (CAFY) BEBRATOFOME B0RR) TRIFTEE
AF BREGy) #HEH FEH BERAFEK BEHERE(m)

© 10 10 10 9 31.7

’ 20 10 10 9 21.6

’ % 10 10 6 19.6

’ 10 10 10 2 10. 4
'"'"”‘ ------- 59 ------------ 1.(_)__________9 ________ 1 13.0
sl 0 10 10 TrgTTTT wl T

AT WXy T ALy B

4 FRCRIETEELEZERE

TR RITTEEIZ DWW TIE, NeAf A2 THE15~206y T, NA & TIE30~406y, CA A
Y TCIH20~40Gy TERWERERE SN (CA4K3),

EREBEIZOWTX, WThoA 4 Thibt, Rk, BF., R, Ak, NF
e REERHELNTL, CAA DO WEX YT 4 Ly FEREA) ~ORFTIL,
BT, FATRETIIHAIN, BIR, BEY 7, BV I/Z0BOERBALNT, {6
FEIZOWTIE, EFBITAOKRIETH D03, 10~TORREREILERE L. FIZHEWERI
LR AL, BRIE, DhEL B ERBA LN, £, 1 XDOIERRIC 2 DDFER
FEELTHLS, RFEOREL L ONT., BELEFE L BEBREOBEFRIZOVTIE, 20
~30Gy TIEADE ENR 406y CTHEAEB LOMERICEWVHEE TERERRD N (FR4),
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£33 AT E—LBRPANTOEOHEIIRITTHE
A4 BEGy) B BRIEH EEE (%)

C 10 81 4 4.4

. 20 62 17 27.4

’ 30 111 12 10.8

: 40 73 19 26.0

" 50 17 2 11.8
kMB& 0 133 o 0.0

%4 AFUE—LBRHBATORICRITTEREE

A4y BEGy) EEWVE
A (i S (17 EE WFE
C 10 0 3 0 1 0
n 20 13 7 3 0 0
" 30 8 1 0 0 4
n 40 1 16 1 6 0
o 50 _______ 1 0 0 0 1
k®@s o0 0 o 0 o o

1IECHANKERZBILTCWDEAE, ThBhl vy b5,

5 HEOHEE
AFAVE—LERBFTHILCEVBEONEEERET. BIELERERAL LingEE
RICEIVHRFTEDFEETH D, LonL, ZEBERXFATRETHY | MAROIASEAL
WKEDVBEDOBERRESTLEIRDLOTEENLETHD, /2. FATRENLBH
T B, FEERZHERVRTZ L HOHLETH S,

6 BEEME

AF L E—LBHICLDNTORRERFEIEOMBYZ BIEL., 1998410812 ‘773
=T F—= IINAF U ORFETO, BONEELEEEICOVTES AR, BEEEY IR
LR, 3SEEOIZIZEE LEREREONE (H2), BONEEERKOILORM
E LT, BERMLINIOLIL, EENRKE L 7 THB CGRBRO ‘F7I—F 0 4=")
IZHANREBETH o7, BERERFLIN20LIE, TEF ORI R RRD36. 8K & thR21. 8# & A 72
<. BERMLIN2021L, S EBT2. L EFERE IS oTz, T, FFOKEDD 72
WEEZZBFHLIN2OLITHET VS, HETVORENR L | R OB DS VE R RFLIN2021L 1
TWOERER D)oz (£5), Zhid, A A E—LORMENERBERRE HIET 2
BFIZEBELTHNALDEEZLNS,
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EE xR (57374 —)
A _E : LIN202
=T : LIN201
#F : LIN101

M2 [EESNZERI3RE

&5 KRRMOLE, BE. EHRE. BTV IUMETVORE

No. PR R TR BTV TV

(cm) (#0) Wi PN

LTN101 By 7 (0102) 8.4 32.0 89.0 66. 5
LTN201 fifE v L 7 (9504) 8.1 21.8 115.6 81.1
LTN202 2R 7 (9504) 7.4 72. 4 34.6 58.7

SR (777 3-5747-) BEEEE L 7 (9504) 8.5 36. 8 82.7 58. 4
EOFREIL, AAESEWEEREICLS, () WIIIT—Fr— FOEE,

7T FE&®

ULDFERNS, BRERBEEL L TA A E— R8T 0 EORGFOREIL
I IE B BT, Ned A TIX10~15Gy. NA A+ TiX306yRi#%. CA A Tix20~
406y ThH D EHEINT, ¥, AV E—LRBHFICLY, HAPHERSSVEETLER
BREBADZENTERE, IhbOiE, FATRETHAZ ENZVD, BERELBRVRT
IR, BETHIENTE .,

SHIT. A E— L EFAVWTEEREORBEOZEL (V) —X{h) PCHEEOHUE
% HAREERICEEBOCRAL TS ZEERFT LTV, T2, 21BN x 2 T BA
DDA T DEEFRFZA~OBE L, MOEH TOA 4 E—LDOFA LKL T FE
ThHb,



IR

JP0450340
JAERI—Conf 2004—001

224 URA LV MEBIZE DERI X7 ODFRK

BEIR B A AR . EEPE—BR, KEEF

1. [FL®IZ

HE, BT RV —DA X E—b 2O LWERRE LTHAWCER VAL BEENRIK
BYERETRY, 202~ 3ETEAREEROEFANHBED TS, Zhid, 1A E—A
DRI KERZRINF — 2 B 2B b, BREZEZOEDMDRENEL, RREREZHD
RWERKOBENRARETHDLIZLEDELEL B EX L,

—7, BRIV IELEEDOF X7 IZD 1,/ 3% EHD, FTHAROEWX 71320 ARINZEE
AL TWB ZEhh, EBAL L TOREAFTENDD L L HIT, HLOEEENSA
B Z2RBEOEMBH DD LT, BRHX 7 OENEFBEIIRSBIZREENL TS, 20O
WChoTHKEF B 13, MBTIERSER, BEFTEICENDS Z L b, ZIHFTRE
RETEEESE O, 2EMNICbRROEEIZR o TE T,

LoL, BN S T - FSEERICE< 0F HE2ET S, KEHEBIZ X W IEFESL2E
FATONTHREBELZS SR ZTEORANRD Y AEBRG P LUERRDOLN TS, BIRE
BRTEEREALIEL, FRBRICIAEERE LT TV, ARIZZINOOBERRIEL
FAL, EEFRICE BB RWEE 3ERNICEE LT,

VR CTIIABNAREREFRTHFIEL LT, BARETHHFER & OERBRIZL Y A 4
YE—-LAREOFMAER > TRY, BRERLEMEMEICEDL 2 EREERDOREZTo T D, T
I, BRERERDOBKIC Do TA AL E— DB LED, ZTRETELNEARERE
35,

2. MHRUAE

KX W5 OEAFQCmm4mm)ZEHIZER L, SZROMBENBETE DERREHE
ML, EOREREAY, BX 1 BRgOERBERRTIMERRERERROYA 7 1
Fa ALY BAESEA A E—A00MeV + *He?”, 50MeV « “He2", 220MeV + 12C% 7,
320MeV -+ 12CP )b LITERX B E B, TEFICLIVEFEBELE, ZLDEEL 12
A~5ACRIESEEMDOERICHR L, BRABRORKOREEITo Y, £z, BE
EEOERERTO—BFE LT, 7R —H A h A—F—(PARTECPA)Z L Y DNA EXHIEL 27,

3. #BROHME
D) BIERICRIFTRE
TR DI A DD I R | B D BRI DV THRE LTz, FOREE, BEREKICRIT 51
& W, THECHARFOAEKICL AETRED bRV, UL, BEIC LD #E -
WEFER OB D EEDIER Y BHL (K1), BEXDLIHE - fFROD 2 BN &R
B ERTER, Tz, B ULEAEERKOERFEI TREE] OFE2HERFLTE
D, A4 E—AER 7 BRUEEOTRICENRFETHLD EEL DRI,

—30—
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2) BREORKICRIZTEE

(RIBRUGHE DBV MERD, (EIEESIC & REEELEZ LERIESES 22 DIC LT, BE
BT 2BENERICESE L THEFICEF 2oL, BEIERRY, 22T, EREE
BEITH Z LI VBEO RMMEDRKE{To 7, TORE, HT% 98 FE CICBET 2 B4R
EOEIGIE, 220MeV -+ 12C%" 1.5~4.0Gy RUMKX# 5Gy RIFR THM L/, F7z, 14 8L
WCREDR BN B EFREDOEISIZOVTS, A A E— L RUERXBOBFIZ L VML, CA
Fr 4~5Gy REK T 1/4 U LBBEDEREF TH o2 (K2), £LT, ZThbDdhnbi
EEEDREEIT 72,

3) BIEDOWKR

WRRIAFEE TIZ TIE] TIEA18,000EEEZ B L, EFRELENREN, ABOFENDI
UMEARCIRIE RSB ICEN T2 b O 2 90ERLL /IR LTV 5 (R, Zh b OBHREMHITHALER
FoRKREFER LTV D03, HICI3EEICEK L2 BRI ERBESR B TR Y, F04Mic
ERBMETEETFLE D00, ERKEEFTHEETRY 2—o035 0, REMICELERFE %
RTEELFE L, ZRHIIREBEHE, FRICBOTHLZOMEZRELCERY, fiEx2 145
H(fwPy)), BEE Fm (T7V0)] & UTCERIGFCR ICHEEBRERFE LT o7,
B3R LIz L oI, 68 OMERT, x&ED IME] LU TU~1/6RREI, T
) TIEHI2BERED LTWS, HICTEOORMEF - MEICIIMM & FHE2ETHZ 20D,
IO DORHEIIZRBRE NI bDEFE XD,

4) I HHBIZAITT

AF U E—LRFRFRIICRERIRINVF -5 EXERFEL DI 1D, MOBEHR~DOEE
Bhipd, REEREFEDRWVERKOEBVIEHGINS, T2 T, FEBEL TS 155
(i) 124 A E—LADOFRFZITY, SLICKETARAEHE L, Bihlchizn 7n—
P A FA—FZ—TDNAEZFELELR, 58] OBE, TAELILE L TDNA &% 1~2%5H
HLTWBZENRE-T (K4), ThiX, 1AV E—AIZEBERN, SBERERLKER
BEEEZ L LIKERLY, RELEBEELLEHEEICHRETLIZLE2RLTNS, £, 14
w1 OBRE, BAHEERITS & LV EBRFOBEBEETCH-Th, EFFRSCEOFELRHE H
L, EHIZDNAEXREALTEY, DNABEERIDIKTEREL T\, ZHucst LT I
] OEBRER»LELNEERTHY, DNA BOBDIIRD bRV, BIE, [#Hit OR
AL E B LT AU E—L0FRHEZITY, SLRZUBEIToTVBEIAT, ZRELL
TOA AL E—LOFRAESHF SN L Z5Th 5,

5. 8bHYiz
AF L E—LFAVEX T OBFBEENT, X 7R ROEEEETHAEMEMRAEDERY
ﬂ%KLtOéEK,:@ﬁﬁ&fﬁﬁjﬁﬁfﬁ<,Mﬁ%éwgmﬁwﬁﬁ%ﬁmﬁbf%

ERFMELEZDND, 5%, BRLEZINLOBEAIRMESRELZHIET S ZLI2dY, Ehkic
LDAEEa R POEER, REMRL - SEERKRERROND Z L 2HF LTV D,
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1) K. Ueno et al. (2002) TIARA Annual Report. 2001, 44-46.
2) KEHFFERFE (2003) HURHR & FEZE. No.98, 10-16.
3) LEFE—ER b (2003) %5 12 [@ TIARA FFE R ELEEE. pl130-131.
4) EEREEAL (2003) JAERI-Conf 2003-003. 9-12.
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®1 RER HARERRVRIREGY

miER HE - RE EEAEHEBE GERER) # &t
MeV Gy 125 135K 145 %K
®m B He 50 13 111 (2) 44 (1) 155 (3)
______________ 100 110 2,032 (2) 2032 (2)
c 220 15 35 3633 (24) 1,794 (12) 5462 (36)
.............. 320 0510 . .....2800 (7) 2628 (18) 5428 (25)
X-ray 5 891 (10) 1,086 (3) 445 2,422 (13)
/B 1,037 (12) 9,595 (47) 4,867 15,499 (79)
4R 1,060 (9) 1,420 (6) 2,480 (15)
&&t 2,097 (21) 9,595 (47) 6,287 (36) 17,979 (94)
30

AT IEFATE RS
[ [ | [ RE-EER o L0 RsemzTemTE
o [ Rl (e 8 o oausE
26 e RRRRIIRR o RSN O13~18 = o
v e NI SR R =
] mi17~20| &
& § 15
....... B21~24
ey | [ 388 ] |
‘ l ‘ Qn25~28| 10
w [N ] (e~
I ! [ | 33~
0% 20% 40% 60% 80% 100% o N N .
B R 4 X-5Gy
A4 E—L(C220) AR E (Gy)
1 A4 E—LRENFE-FFRIRIETEE H2 (A E—LEBESERREHIFERE

(C320 DEHEITHITHHEE - S BRI BEA S =)

102% -
: W
.......................... YRGS . S
ﬂ Y O R S B
® ¢
e = o @ |
HIT 3 <
Z 96
[l
2
£ Vo 94
B b
= v
= N7 .
gg = ¢ mmes ©.FnE | .Em
w A~G EEBERG E4H, GHM
o 90 :
#E 5 e A B E s@ G FR B02-1
(@: W8 o ROEMWEF, N REEERD
X3 T#E &IS58 - TEHHm I OAEEEIRR Ha THEIISEIIHE RUEERBODNAE
(H14.12 BATE) A THE I ZETREERFA

B: M85 | XEERERMB,

E: IS | ETREER,

G: [$fmu | ETAIEERM,
B02-1-1: H14 BB AR
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2.2.5 XA BEZBV-ERESEREYDEIK

SR, Sueli Kohama, ZRIBLE (JABAEE: KFETEEMIA )

1. [EC&HIZ

BRI EARREE 7 74 NV AT 4 =—Ya Uid, KBV —52RALTEET
DREMZE NS T8, R MST 3 — VRIEBNTTETH D V2D, Birld, KI5
WETHD BHLERE T e LTI 74 VAT 4 = a U ERBDBIFFEIT-
TET, TEEZERT ATIRKPOERMERIKE (V00 2L LIS L THY Vig &b
FXF L NART DERWE TSH Y . ERE CARRHIERERCER RITTZ L AH b
TW3, ZOTBLERT A%, TR L, MR TRERICLD T I 8- Z 0B
WETREUET 2 Z EBMONTVW D, TraxDEARA, R=EAR, BIRGET 217 & 7 HEZ
OWTCIHRELE Z A, W& 7 VRITEFOREDITERKR 657 {£8272 57 Morikawa et al.
1998), ZDFERIT. KDWY O BV ERFEULRRIZITR E 22 5 = & 2R OR
LTW5B, $iz, HBETRERO—OTHLHHEERETTESE (NiIR) cDNA ZE AL, NiR{E
HEBFAERR DR 2 4% EH LT B i FENEY O — B Z BRI S LR/ 5 Z & 2
HANZ LT (Takahashi et al. 2001a), “HHDFREREL YD, BREBFRICL » EEE 5|
EH L, #ORFORMORT X VERRRET 5 Z LITRWC AR H D & EZ T, £Z
T, AWETIL, BRERFRIETHDZ EPMONTNDA A LB LY “FbE
FRIN - FULEED B EI DB R Z AT,

YRR LT, SR, Bk T BER A BV DTS Z EAHEEE B AL Z B2V,
EAAZ L, 7 VROEREARAT, ELDRIBEH L TBEmE BV ERAEE 2> T
WB, 7. TOREEE L BRI ERUEm & L TEEL TV A,

2. HMHEFE ,

EERYIS LR M S ¥ 2558 R SR L 2B ER AL L, A4 B — 2R
(2 & BIRIEBRIR DR A T, ZTEB L UENBEI N L8R &Y 2 — MNEEEHT
2 BEEEEG. A2 E—ABR L, A2 =58 LTL, ¥ (220Me V). ‘He* (50Me
V) | ECT (320 Me V) AV, BRENI. BARFIMSTRTEIRITSSEOD AVE A s o ha T
{ToTre A AV E—LBE LG, LV =— NSO L, s kT. Bk
Ya— e, BEY a— MITIA LY H U TRIBEEZITV, BRLUTR2 0 cn
Wiz Uiz 2 — 2B LT, ZBMEEREEERICAVW ., T EERTIN - BHkse 1
TSI B L—Y—iEA VY (Morikawa et al. 1998),

3. AAUE—LBEHOEA( 2 EOBMEEOEE

F9. A AL B ABRFOES DB SWTRE LT, A4 2B 2 0 B %
WMy 2— MRS NAUIREEREL., A A B — LB L2t 3514
PESEEL Ui, FOFRR. He® 44250 Gy, “C* 43 25 Gy, L* A2 10 Gy BB
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THEAOERPFI B0 Uiz, S5I2, He® A A TIELT70 Gy TR 2ME T, ¢ /41
— ATIE 30 Gy TR AME T, 20 A A B — LTI 20 Gy TR 40%2 F TEAMEZEN T L
Too ZHUE, LET 25@WA F B — A58, (RWBRECTHSMESIH SN AR E o7z
(Takahashi et al. 2000),

4, AF2E—LBEIZ kDA YERERDFER

A A e BB LT B RS EROBEA D 345 > b OB STz, BEAY I358KE
BO—FETHY . VR THLD, BHIEREEFREMD I LN TED, £ZT,
b A A HF EDRKEBFRIGNEA A A B MRBERETT 572012, A A E—AIZ
DOUVNTHRE S BEA D BEOHMBHRE 20~ BEAVIERTERET, ok =— MBS
AP ABEA D AR O o — BRI NURBOEIE TR LT, FORBE.
He™ A A2 TiL40 Gy T, " A AL E—=ATIE 206y T, " A4 E—ALTI0Gy T,
BEA D AR OISR DN AL R bR -T2, T OREHREII W ThoA 4 v
— LB LT B EERAH T0-80% iR 3 D BB E & —E L 7o, 2 D DOBEA D ZE I T
NHIEDBRIE N AEIZ/2 DD THh o7~ (Takahasi et al. 2001b),

b AFVE—LEBE L=t A A 2 EDQ_ELERIINEE

ZAVETIZ3 0 0 OLLEDESEEBTIRD 2D 5 H %0 (220Me V) 3 9 fEIfAR, *He™ (50
Me V) 1 9 4fE{& | "C* (320 Me V) 4 1 E{FEET2 7 4ROV T ZE{ L ERRINEGE ) 27
LT, A TA A LB L TRV RS OB EE 9 6 BRIz VW T B RERZ
T LT, FOREER, A 72 B —ABRE N TURWEIA 5 DB RD b ZERRINAE S
iX. 114.6 +£54.1 pgN02 derived N/g d.w. Thotr, FIUTK LT, A4 B — LK L7
A7 D OFGHURO ZFERRIEE L. B 45, B 171000 Thote, FDETR
K 4000 fEThH-o7-, FAEMEMSERTAIMERDH DM, Zhud, A4 —2BFNC LY, M
WD AV ZRBIUI RS DRRERPFERINTOD I EEFRTHEDOTH D EE X D,
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2.2.6 71 kv —ABRENT X B Azolla pinnata BREEGEIEBEOIEL
() EPBTRAR—TEL LY — B B—, BT S BE G0, Ak % F8 B EE %

ThATXTVBKMESF D 1 F& Azolla pinnata var. pinnata % KEHEILZEIZFIAT A0,
200 MeV DB FREMBIFICRY L, BERELIC L5 ARELEE L L CHERBRER,
BEERZEEII L TR MV RISEERKOBREZ1To 72, BRH{ L 13 ZROKEREIZX
DEREEMARE LLLZA, 3 RRITBFEERRET CIFARLAZEDEREThHo
2, RRREBRERIIEE L,

1. #E

THUX TV BYH A pinnata (XZFEDKES FTHY ., £4ET # (Anabaena azollae)
WL 2EFEERLZHD, £, BULEREGT TR CERREHEETT L, KHO
BEERBEPERTIRAIBBOI L0, BIECKERLEY & L TOFRAMEREV, Ll
RN LY ERESLECFATAIBRICIIERRE~DEELEZETAILERD Y | Azolla
O IR U Ch KB B LSED BICERT 5 72 0i3i b 207 CF OBFE & BT eec L
TRBILERD S,

FZCAMIETIX, BRUREIC L DEIERIEORTEEM 2R D 72, A. pinnata D3/KIB. FESR
. KR ERER P LR K> CHEDEEFMESEDMHEEZFIA L. A pinnata OFEMEIZ 200
MeV DB TREBHF L, A MLAREICETIRRERZEZ L-FTRENEV 28 Rith R
WUlTz, £/, BKRLE 28 ZHEOHS B 13 ZHRIBL T, 3 BItb 3 RKBBREROERESE
ERELL,

2. BrEbE Fik

¥l . A pinnatavar. pinnata

BB . BEOBEEME LT, BE 225 °C, HEBE 80%, B 16 MR, B 8 KMo
BB A 7 L THEE LT,

BT HRIBE © A pinnata OFEHEME 7-10 HTHWF Lz b izt L, FEREZ R F 5 v
F—HNDO > rm hrrhbHE ES/2200 MeV O F#%E . FHEET, BX% 3 Gy/min O
REETRE LT,

EEEOBR - 200Gy BE O 50 Gy DB T#Z B UicEdE» D, REICXTT 2 B¥GE LT
L LT, A RLRIZEDL ENTHIME LARWEBREETRZERR), 38 LT JR1ED D DEIEANEY BEEE
BRERR) ZRE LT,

(RIRIREE : BRREL 15 CIC LT 3 BME L. BOERIBE %2225 CICRLUEEZ ML
foo ZTOMOBEEZBHHEAICIHAIL, BEEZEIEL LEEREEERAE L,

3. BREBE

E£9, A pinnata DFFHIIKT 2REZMEETHRD72DIZ, Azolla DEKIZGFRHRBIE 21TV
ZDHRDERFER, BIO, BRERELEZHFH -, BEE 1| B8 LcRa T, REE
WIS AR L ARBPE LA EEDLARY, UL, BHEE 2~3 B TIERHEREDHE
Mz & blp ol AREOBAN R ONI(EL), Tk, BEFOEENEL L THEDERRID
ENTEY ., BV LEENTOLERROEVEDERIZILEVEZEL THARWVTD
LBbNnd, BEZIToEKIT 30 Gy U EOEBERF TIXENBIFLL, FHzikL
RPN — PR R 2 £ U,

36—
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FRoBRPEIC, ERENETETHEMZT LKL 20Gy BL U, ARMT LA STHISN
72 50 Gy TABHZB IRV, BEZICHIZICER LTEEREZY Y HTRESELREDZR
FRIZHAWE, 7, ZOARRMET ARG T TEREZ#EL T, 2<MeLivd, KMz
LK ol EBONAREZY 7, KIZ, MMELIBEEHEZEANZRE~LRELIREIIBL
THEE L. MDD OEENRE LENDIEE T HiF 7z, BRI LRI ENEnoRERH
THEE A L. 1 BT LICHARER—OHEETRT 7-10 HOAEZERT I L2BVRLUTERE
LT B2 R THRER/, ZO X5 UTHEREK 17 RbE. HEREK 11 RO 55 28 &
MEB/Te, ThbDBEINEERRFIL, Azolla
DA M VAGERT v MU T = B RSE T
LENDOEREZEI L THDHREERD D,

IRLDOFRED I B 13 RFEIOWT 3 B
FDIKIR(S CMRBERZAT o7z, (KIRBEFEAT,
KIEIREHM D, BLO KB LEEFELE
EQ25 ONELTIrbDAERERLBEEL(L
ZIE L UTHHRRIICIE LTz & 25,
7004P50G01, 7004P50G04, 1 LT}, 7004P50R07
D 3 BHETIE, BERERET. BLO, KR o |
BRI AR G ZITAEOERELTTHO T
O, RRBESEFFEREICRET LB EKE B 1L B ORMBRRICBTD A pinnata DR,
RRA Y ARFREEET, BEOICEET  gpany T 0 7 HERET AROER
5 EEHERLEWME 2), Z0X DRI,

PERERERIZHNT 2EEBYHE VY RT ST, EHOKEELRORIEAI Azolla ZRIBT 572
DIZBELTWBEEbhS,

SHIT. TNHOFRME, BLO, RAEBEORFEIZOWTEDOEMEEZFE LKL, LVFIA
W LEREER L TWERY, 2, BONEEEKEHWTR M RIEER EICET A0
BEITOTVEIZWVEEZTNE,

EALL g

Growth Rafe

3.50

300

8 [ 4 §

Weeks
B 2. 7004P50G01, 7004P50G04,
7004PS0R07 @ 3 ERMIKIERZICL B4
BZEL
ERIBFEROERFELE, HRITE
BEHOERER(LERT, N—IHEERF
Fm=3)&iRT, T THRIIREN S
—OEIRIEERZEHME R LT 5,

Growth Rate
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2.3.1 A& E—2ZRWH LV EB
—RREHNAT 5~

SN A o
A A2 B — NI AR
MY ERFI R V—

P E

1. Il
2002 FEITIE, A AL E—AEAVEF IR NS P—F— 3 L OFRE

DEREBES, A A B — ABFEEMBABANFIFCTE D Z ENELES LD

SH DB, TEAET KUV—27 23 v FTOERED LI, EFIENY TR,
B E L TERAEM~OFRIRCREE L T & W o 72 MEREEORRE
~DORAFEMTONTEY, A4 E— AN B RLARICTEY . FTLWER
Be LCHIBRRECH S Z LR LR Y 20550, LEL—FTiE. oh

LOBE~DOFMZE > TEIBR T, ZOoNDOMESLEMA4E L TR, £2

TAFEETIE, INBIZOWWTiEm L, BREROFELE bW 25 TEROHIHE)

DAATRED & 5 DN DOV TRHRET L2V,

2. SETONRE B L TAENTRE

(1) B LET,RBE B —7 %52 54 4R

JFWF R D TIARA 2 361T ZHEMIRREF~DRREHT, A 4 B — ADORE & LET
ZhiR%EE 2 T, FEIT 220MeV [KHE. 320MeV RFESC 50MeV ~ VU 7 Ao 4%
WTEY ., 2 biX20-150keV/um BRED LET #5253, L 2A08v Al XFX
FRF N afEFOHEFEIZ- OV T LET OZREZFEMITND & BV DR B
A F v OFEEIIE U CEIEROE#E 7 LET 384500, BB X% LET
2 200-400keV/um CTEFEHENE—2ITETHY P, TE, Zh b0 XV EN
LET ® RBE ' — 27 %2525 L 5 RBHZITO LBONDIERERITIESRDD
ZAID, 220MeV REA Z ROV EA XF X FOERIZOWVTHF LR
JVTHRTFER, R E T AE R TITRERZERE RN o fH, K& &b
3 fH & BEARERERENE AL TWEDIZH LT, REA A TILEHFERER
2N 148, REREEEN 1ISHEEIRT 11 OBEAETALTEY ., REAF VI
BRI AR E ISR b2 A U TVWMERLR o7, E7o. SRERERT
3 REA T UVIREFRICERTENWRKEFTE LTV EW I FHERH Y, —
B, REREERIL TR, IKEA A TR E AL, R, RENLZ VT
WEE IR RHENT, 8T, HROBEDREEZD L) A A E—A
ZROIUE, FOEROHFLNIVOFIIEETERREDIEAS I, 125D
EZFHELTHROBH LY & S HITKE DNA BERLOBEENEE DL L
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B"hHiFons, £/2—FH T, RBE B~ TidA A B — AR5 25 TR /F—&i
FRDSERL Dy L TWA T2, REDOKE SNBT AR LE L OND,
IDEITA T E—ADEEETILETH LT, HF LIV TOEREBEZ
5 ENETREDN G LUV,

(2) BEREROFHEREE

b XOEERE~DOBEHTIL, YR TTAE S BRETSHY, F/o, B AL
FETHBETELERAVERPBEINDY, 205D 2 fFHEEMLIIMNZ L X7
R —F = a vl HOoPOEERTUNRTOESMLBEEICHERENE R
PNDELIBRERNLI > TNWB L THD, (FHRSREO L & ORI /2
T, BROBREADRZ o TWBOLHNRY, TOREEZRIEL, D A
B = RBEBESMCTIE, EERE AV EEELERFEROBERELTETH
A9,

(3) ZEREEOHIHE

HMOERFE * BHICHERTH Z LIIERERBEEOE TH D, HEHHRII,
Z U F AEREO D ZITRIA Brx DB TICERZHRE L. TORBER. H£<
OFERABENRBONTEE, o TINERIET S Z &id. FEFICE LY, L
DLKE BIX, ¥7 OERIE~DA F v — BRI L ATEAERFROE. I
FEREZAONDIZINEREEEZAVD LD AL NIERENRE L, A7 b
WHIEWZ EERHLEY, ZoBA & L TIERAG IIftoE I BhE L-8&
BEFREHLTEY, JVERRFREINCTNEBIZLRTNE, BLEST
HIVE, BEOHBSORESRMECA A VBHE2ITTAE. BEOBRGTFRHOLREY
BHEECERTAZENARETH D Z L EERT D, 72 & 2 EHRE U ET
EREFHRITL, SLEVBEEEFOERPFIRELLTV, E0THD, =
DL ITE VA~V TOEROHITIAIREN & D M ik, FBRERFTREOEKRIGR
HTH 5, :

3. B LWEY A

EREERRRIZ DWW TRET 2TV, TR 2 L 5 REROFIHAFRETH D L1
X, EYEEA~OEAREROFAIXETETENV EREDZ L s, 14
B — AXE OWRESIEME & BORMEN D, <4 7 a E—ADERBFRETH Y . FF
EALRCHIRE 2B LA Z LN TE B, TIARA TiXd TIZA A Ol &
Sum FREDOALEOHFEINFIREL 72> TE T, <A 7 v —A0NFFE O, i
PG AEKIZIRA R & RUT, FREOERREFAWE R EEREE L HAEDE
WL, EJNFEOEEGETOERRBEEIED HED M bAaNZN,

F RO L IZE RN S D TRV, BRI L D ERER TR Y
BIEN2HE LTURRERTOREENR D D, EfnTOHEEHIIIARAIC L D4
ZER W ey B I NEE LTTTONLTWA DT THAN, < v V7 HRHR
BERECEY L £< . BREZBEE L TEEMCEBEGETFERIET D HENLEE
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N5, BT Tid mRNA DBRBAFTEZSRE LT/ v 7 7 U NEEERET S HED
RHENTETNWS, B TOIE2BEEENATREL iU, ZROFREI S )
B EEHIZETHAND, BROFIENZTZ 41— Ry 7T, ETETE
DEFIERBBETAZLIZENBZHLOTHY, BIFL LLELREHRTH D,

4. BbHYIiZ

EREFEHTZ VD T LiE, BREAFTEOREROBFETH D, TNZITIC
KERZ LT, LL, 44 B — AT L B EREROBHREI 50N 3
5B TA U SRR O3 D L L EROHIENZ 72285 O TIEZR2W D)
LEbNnS, SEEBITIBEIIA A E—AIIZBEA b0 TIT R L R EHRe
{CFEERFIZHEBO LD HEZ, EEFROLBOFREEL LT, BEXTWE
TiEEnTth 3,

BE R

1) HH ¥ (2003) HEHHR L ESE, 99: 4-10

2) Y. Hase et al. (2002) Int J. Radiat. Biol., 78: 799-806

3) N. Shikazono et al. (2002) Radiat. Environ Biophysics,41: 159-162

4) K. Ishii et al. (2003) Nucl. Instr. and Meth. in Phys. Res. B, 206: 570-573
5) M. Takahashi et al. (2003) JAERI-Review, 2003-033: 68-70

6) S. Nagatomi et al. (1997) JAERI-Review, 96-017: 50-52
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2.3.2 i%i/%ﬂ%v\m’é%%%ﬂr EEROAR
BT Y0 BRE Y, FHEZY, WAKKRD, EEERY, BEHH Y
BACERIRFT S RFRT Y EOEENRE -2 /o botry—

LI

BALFEHIZCRT () 13, 1966 FEA A A 70 bu 2 BATRINCER L TLk, 1980
E\Y=F v s, 1986 EIY v/ F A s hay, 1989 ECAF YA/ a b ke L&A
A UREORMAIER ZRBR L CE o, FORKE, BUIERMaY RARF) BB FrbER<
RLE B # I AV B — Lk EERAX— 0O RIEE TIRHET 5 R =— 7 RIS
ERWZR LY MBFIIRLTEA AV REBFEAET WAL LT REVDTFO2—Y
—BHEREFIA LTS, E70 1966 FLUOR, BEHHREMFTOMELRFET LN TR, BIFY
Y4 v haRRO)FEMSE. N AARFRIFFRIZE T 5 EERE 500 2 Ak PET £ DR,
TNF hL—Y—EORRE R EREROMELHE L TE T,

BATIES LET B THOA A v — LADOWMHEARERDRLAET 72012, 1989 L0
RARF (23T, BEULFIFRRT (W) - BAREF IR (RWH) - KEOEEGTF— LN A 3%
ETNVHEY & U T — X EREOERE A, 1994 FEH 5T L 0 KRN EDBETREE
BEASBR%E U7, [RHF TS 1993 48 7 B EIRHFZRATIC TIARA BRSBTS & 1994 F L 0| E 72 2001
FILVERB XN —FRE L —TCHRBNZHENBBE SN, TOMRRL LT, 2001
F LV EHFREED 2P OICHTREEENREN TS, B CIIAS T EKRERER L 2 — & D
HERBFFEIZ LY 2001 FRKICEIVIES Y 7 OKGRFHFELE " 2ARBRESL, y M) —T7 5D
=X (BR) & OHEFERFRIZE Y 2002 FEFRIITAN—TORRME? | 2003 FFIZIIE R H/5—
NI RRGEL AT 2 =7 FELE PRHELINT, T I TEHEROEAS A v— AR
L MR ERFREMRERNT 5,

HAA U E— M —REEECCK T R
ERB~DEA A B — ADRBEL RARF O BS ERE TITOh T\ 5, RRCIZE Y INES
g%&wmm NICEA A E—LDORESITEFEH m 225 1 cn i
ELM<, SHILEDREDPTIZRENH D, ¥
A7 T —EHA L BESE BV CEET 2 FIC
FOEZRI0 cn BOH—ARr—LnNELN5S, FiE
b e —LITEELZE L TRKPICERY HS
50T, EPREHIXKFICRET 2 Z L A HE
Y, KEHRDOGTF L OBEIZ LY b — LEBEE
FTHEEH DI, B —LOHNE L ki EZS

10 20 30 40 50 60 TIThha N, EHBHEICHANWS E—LT+50E
7kk}ﬁ§btl////75’—r7~/~ (mm )

600

400
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WERNF— %o TWDDOTRFFORIOEBIITNEN, FTBRETHBOMEBEICRE L
BRI E AV TRET 50, KEOHBIX ABNICHY AR5, BITERE—AORY HL
PICERE LB ORHSE 2B OMBICHRE LeRHBEZ AW TREL BEPEICHET S Z
LILEVRESND BEA A E— L DEYMDRIRNREDAR O T LETICLIRKTFTH T
ERMBN TS, LET iZ4 A Ol & EEIET L, MEBREL 2B ONTEILEE
PNELRBIZONTHEKRT S, EELZ/NS LLETZBREEH7HIZ, -2V EHLAD
FHRICHEER (L2 Uy 7 7—) BARESN TS, 2003 FEIC, EWEHOBELOE D,

BWEROEZD—FBHE M ER/NEM B3um) & LT, A I5HE THAT T, Mien £ TH
FEROELZHBEICEZ D ZENHRIEEZEELEL (K1) 9, LYV 7 H—DTFRICIX
ERIZEL 2 2077 VERBE L, EHAIOT—7 M e — AOBRERBT 72O DK
WERBBR 7 2 L BIBBOREBREBO LET # ERICRIET O REBRRF7 4 R E ik
By 5EEEN, THRINOT —7 MR AOBES 2 %E L, MEROE S OEE - 3tk
OBE - BHOBRMB/MT R Ea—2—ICLVERGEIND, KK - BF - x4 -

TNAY GO SEDA A NIRFAEBENEETH Y. KPREBOK SITKFE TIE 40mm, &b
FWETHAmBETHD (K1), E—LBPETRNF—THLLOMEIR, ZHICXY
M EGREFICENARABEZETICEA A -2 BHE TE 5, /- RRCIFHAE KD v —

% 1. RARFCAMBHICAV D EA 4L E— L O LR (RD 107
AFy ZHRAFX— HEER LET VAR SE: € . =

(ij /f) BRIE m:ff%)% o RIS mpb) assT
12c 135 6+ 40 225 277 B BELRE
14y 135 7+ 34 306 204 FERETE X
20N 135 10+ 23 61.5 101 5TLIBTED
40p + 95 17+ 8 280 22.3 A ER AT
56p ¢ a0 24+ 4 624 10.0

*106 y #ZNEHROLET TR Uiz & & (T10un 22T DRITHK BRTBD.

Y RABFROBLR

19948 L0, HEEF ANaZHERCEA AV 2RE L, TEAFRENG - HIFHERNEDL
NEREEA AL E—LDOFEMEEREELZS 7, —F, 1996 £ L REAESCRERRIG L
BREREBYENE LI-ERAWREZEGE L. EA AV BRICLIERAEERLHEE L,
1999 FFEIZ 23 N —TF o wEA & U HEHREHFRLERPIREIL, 2003 FEITITH 3 FI, B
SHEPITENE 53 AL, 100 RICHIN Lie, ZHUCHEST, E—Ah% 4 Lbilx. 2002 FEEILEMN
#9200 BERIICIE L, RARF R/ NV —F DR THEK LR o, RARF COEA 42— ABAIC
I VERFBRIIEH LSBT, A5 P, FUTV 70 h—F—Tal NP NF
2=7? Mlaxxay® wr/)y FrF-y=7 W e Va—bY EF A
BB YW FTRRGHR FoNa vaf XFAFE HEZ A A XD FF
LFW  apsx W YRR LRI, BA AV E—ARMIRERIBT 5B, fhoxzX

/41
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WX BRI ARIEF IR EREE LRG> o BMNERIC 5 X A2, A X P& am
TNAEERKROFTHEREHIRETHD LI BNL T 2B EFOREHEETHZ L
T&, BBERCL3 70— LEEYERREORREICHDITIIE. 23 FTH&ESR
BASRIEEE 72 B, BRVHE L, b6 - BRERBRHLE . BAY - TR - B - AT - &
Bt ENEE Sz, RRBEIT. HEVEANRS - HEVE - MEPED BB - BRERRRE - {FO
B2 ERRBS O, EREMIEL LT, RARF OMRERZ AN LT AU - BE - LETIC X
LDERFRIEREOENERERBTELD Vol 2T XF2EFMEHmE LT BHEHEZE X,
EFER L CERFERKHRZEZAEL ©, BonEEKOERBET 2B L TW5,
Eo REOBETHRELRATLFEL LT, Yol XFXFICv—I—%2 A, TO&EET
RBEE LB EERLRR L B R TFRAEOS FREEPE LK L. TOH &L LT,
BASEERTRINMNT 7 27— BB EFELVR—F— L UTHBRAE NI VAV 2=y
7 vad XFXFEFIREL—LBHS D VTS L L KR TORARZEE LY,
ETRHAR MV ARZMEERBEEOBRALIBREIIA J—= Lk 25, 0.1% EMS T—
WAL LT BRI B O T 12. 9%DSEREE (71/600) T, F£72 150 Gy DRFEA & 2 GEEFI
FRET LIRMED DL 4.0% (63/1,600) DFE TEAETRENRHBA LI, ThbDEEERED
BHIEEE in vivo VR—F =T v A ZERLTHIT L. TRENEREDRR > -EED
B BEERENRFEEENT,

BbviZ

RAEBMLFEHFRATTId 2006 FEEEBGE BfE L TRL B —A7 7 7 b U —5HE P BT
THD, RIE—LT77 27 MU —FHETIL, BEFDO RRC ZAHFEEL L. ZHIZHES 3 B0 7
VAo buZFRL, VIVIEEDERREMTFHIZY 350MeV ETINEL T, B8 6x10"
BOE—LMETHELEI LTHLDTHD, ZHICLY | EHFRRIRMETRREA 4
E—ADA & U AERT R F —RIBIITRIBNIC KT D T LIRS 5 MES ORI —
—Rpex L LT 2001 FIZAARBEESNIZIN—THRESE LD BT, 2003 FiCILHEAERE
FEEIMEERE TV VRV VLIEA A 32— F V2RV ADOKELER~DORERN) 25
LIz, SB&IT. 2~ —DFLICE D & RN RBEH AT L2 EET LD, BBk
BOEYRITEBON R, MEBMHERMN A & THAKRORLEZIT, A 4+ E—LBEEZI
RRREEEINE LTEFSETHE L,

=

) BAEETFEN,, () EEIFANERERY ¥ —Eak 11 FERRBE . 54-70 (2000)
2) BAART—I1FH, HEREBEZE, 99, 40-45 (2003)

) Kanai, T. et. al., RIKEN Accel. Prog. Rep. 25, 103 (1991)

) Akiyoshi, H. et. al., RIKEN Accel. Prog. Rep. 36, 291 (2003)

) Abe, T. et.al., Gamma Field Symp No.39, 45-56 (2000)

) Bae, C.H,, et.al,, Plant Science 151, 93-101 (2000)

) Bae, C.H., et.al., Ann.Bot. 88, 545-554 (2001)
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FESE D, &E)IRRBREIEN YA 11 FERBRIRAEE (L& - BEAED, 3-6 (2000)

k15, FREEPEE S HBM 2. 268(2003)

Miyasaka, M. et.al., RIKEN Accel. Prog.Rep. 36, 138 (2003)

Horita, M. et.al., RIKEN Accel.Prog.Rep. 35, 131 (2002)

Furukawa, K. et.al., RIKEN Accel.Prog.Rep. 34, 167 (2001)

Ta =8, FIEMET. S ADBE, 10 A8, 52-552003)

Ito, Y.et.al . RIKEN Accel. Prog.Rep. 37,in press

KEEZL, BHEFUEE 5 Z5IM 2. 267(2003)

Konomi. Y, et.al., RIKEN Accel. Prog.Rep., 35,128,(2002)

Abe, T. et.al., J.Radiat. Res. 43, S157-8161(2002)

Honda, L et.al., RIKEN Accel.Prog Rep. 34, 171 (2001)

AE, . BETRREESE, 99, 29-32 (2003)

Morishita, T.et.al, Nucl.Instr. and Meth. In Phys.Res.B206,565-569 (2003)
Yamamoto, Y. et.al., RIKEN Accel.Prog.Rep. 37,in press

Yano, Y. et. al., Cyclotrons and Their Applications 2001, 161-166 (2001)
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2.3.3 1 F 2 E—LIZE DMEHREMZEDHERH

BEHREFRE RN
HFRERENMHARTIN—T
HiEED

BEHREMZORHEZ T, B LET MEHEE FEERLYLEREROIIENE <
BY., LR TOEXAMNHhE0T) BEDIRCEEOICFENEL BFEFIOEBEAO
fER) J/hEL<EY, (RFRORMBICB>TERLISAI—EBIENEREINE-H)
BIEDEE (BEMBILIEEETE PLDR CEMLIESEMEIE SLDR) B EFMESLHRS
e EhTW3, Fl-. ThoDEE(PLD/SLD)DEIKIZE > TLVEL, S5IZH
LET RgtfRicxtd 2 MF a0 R L (RBE) (X B8 TIE 100-200 keV/pum 33 Y THEX
ERTN.CNTTHEOZFENDNA ZABEOE#REEL Ao THR L KRBT
EBRENDATHY . TORDORBEDETIIHELU LD I RIILF—HICEZ THEE
IZHE2TLES ELENS, BRETRILVEZAEY DNAIZRIL) TORMEEHREAL
BTULWEL, ChoDEMEIIHLTINGEZTETH2HLWEENFE > TET, Kt
BEVZOFLOVERANM A VE—LEZRBWNVERAREMNSTTETWNS, £, v/ 0
E—LZAVERERINEICEAZR =400, BATOHERNSETES,

RBE O E—7 LiBEEE
EEE. DNA OZREUIMEEIZEL
T. EHEBEREES (NHEJ) & HE

ZEEHRRMR K CHh>TE, £f=

FUMBTIEERETF/ v T AR 1 e

BHBRICHEDIZENEY  FaIE L

DD ku7O(NHEJ). rad54(HRR). @ [—e—wid

ku70/rad54 DEEFE/ v 2T kL | s aRad
TH-MEEZAV. RBE O LET {&EFH .| - AKu(top)

%t Aku7Ofrad54 BTIETAD & ARudtal)
BEMHESEOO RBE D ERIFe¢ O UL 1000
Bohd. EHEOIEAkKu>wild> A LET (keV/um)

rad> Aku/rad= 1)IZ > TEHULEX RBE AR a2, HRR IEHIBAEERKEEN
HY. MG DMHEREBIMMEEF LD G BICIHBEAHRLZ D, Aku(top=G4/S)
[ Aku/rad £ 2 < BILREZHETHY .. Aku(tail=S/G,)lE Ku70 BB =4 -8 Rad54
ERLBENBISTEEDENBOV-H. HEKLY LEBRETHY RAD RBE R
Lfze EHALEXSIE NHE) OEEETH S Wortomannin ZHEMT 5T &IZKVIE
LET (23 2 REZHIEILERTAEDD RBE OLRIFNEL BB EERHELTNS D
L. BRE— 5 NHEJ OHEAL Ligase RIED b M FMA(180BR)ZALNTS
LET TRBEAZC ERLAWVIEEZRLTWLS Y, ChIZBERALCBNTNRRIF
EBWVWRBE ZRIZELTHY. BEOHERL L THENEENELEH>TWS I ENSL,
H4lt RBE MO.LRE(X DNA EBEDBRBETHIEEZ TS, -, BEMEITES
(PLD; poteentially lythal damage). #E3EIE{E(SLD; sub-lethal damage)DAREIZEI L T.



JAERI—Conf 2004—001

BEE DNA LRILOBEUIERTIEARC ZBAUBR THDI LEZ. BIRIEE(LD; lethal
damage) # B £ B S AU E - (MR B LA LR A VEBHOLELAYIE. PLD
E—ADLEBEAESKYVIE(E ; DNA BETIMRIZHESY). SLD (%0 S bifitkReanikEis
DD EM LS AU (I8 ; DNA ZAHEYIMICHEY) £ TS, —A. #FH
EASIE e MRIIREMAZ(DU145)(Z rad51 7o FE A EFRAL. X TRERZEOED
PELNADICEHRFRICH L TEbIMEELLLARORENT D, EHFRO
BIE1X HRR [ZRDEENLBZVTREEZRLTWDS Y, . EILES 212 D
radiodurans TV Y #RE BRI FHR T EHUMICEMNEOHLIEBWVES LET NEFLT
4 RBE DEXIFHVERE "L TERZFL. BR.RBEDLRFBEShAMN ST,
LML ERFROBENYVSAI—BETHIERET DL OMAIEY S R4 —EE
TALBELTWAZEETRELTWS, '

HEHHIEEERNE: SLDR
SLDRIZBE L TH R 1L, W DK
RICELETRIHREERVEELE
ZIZIE LET OXBRZEEHF LT, 20
XRIZH T HEFEHRBFEOBEOXRE
SE BERBRMEEA-BEDEEE
DB ZAR Y, BYOSE LET
HEHRIZ & B SLD AMEE®ICHE - | 1| 3 e, [
TWBLELIERD XERIZK HEEL 0005 jm—————5 —% o 2%
BEERILBNT. BO/MNSWNEFER Repair Time (min)
AN ST THY JEEDRE ' =
BIZE>TBEOREEIHLELRT ST
HAHSENDEZTHD,
BERBICHT IEFEDOHERE
FEHIE. ZTORSFBOAXBETE
440 keV/ipm k4 A > THIFLHD 3
ONEETRAEICLERELI3-4E/T
FIFFEBELE Tz, COEMS. BL
E TR O% T L EEMTE CARACI O I R |
EHNEDL ZENTREN T-HBOHO ~—@—Reference
TsHiRERST#E SRMBOXKRIZL B 0.01 i e
EEEHE (BETH) &, XEEOHD Dose (Gy)
SRS LEAKOBEORENE
FEHBERL. ETER - LHBERUVOBHFOEZENERICENON-LSIZRZ S,
BROOELETHHHEDENEER L TSNS A—SOEHEEZRO D EXBEHROLED &
2<BCE(TR)AEonl . COEITRAN-EDLETDE—LTHERKIZEREI L.
B LET 512 T4 SLDR AR RIZE Z > TWBENR ST,

0.04

0.03

0.02

Surviving Fraction

0.01 ¥

© X (7.0Gy)+ X (4.5 Gy)

&
=

Y

BN
E‘} AN
c13 A
%)

Sib5

Arg5 X
100 g
Fe200

S

Fed42

Surviving Fraction

0.1

ovVdbpHOMA

X#EM: ¢=0.183 +0.034 Gy", =0.0180 0.0026 Gy Ds7 = 3.94 +0.37 Gy, D10 = 7.34 £0.49 Gy)
“EHB :@=0177 +£0.044Gy"'. £=0.0182 +£0.0048 Gy Ds; =3.99 £0.37 Gy, Dio = 7.39 =0.42 Gy)
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BEMEIEEREEE : PLDR

N 5 (3 NIH3T3 #1fa £ FILVEREED LET & PLDR 25X 9, PLDR (Z ¥ 1 TIEK
ELEBERI0BICH T2 HBEEMEEE L TDMF=1.38)TH>1=H DA, LET L #(z
INEL B ELEAD 90 keV/ium T3 PLDR(DMFo=1.13)Z 8L Tl 5, F/= 200
keV/ium D E—LTH> THEBIKEFNA PLDR IZX2EBFEDLREFHEL TS,
FAEE MEFEHRE GM05389 # & & MERIREME HSGe-C5 %% LY PLDR @ LET
RTEHZEARHER O XBISHLTEZFAETLOMIET 124, 1.19 TH o1z DMFyo
A 100 keV/um Tl 1.14, 1.09 L/NE LB EDD. 400 keV/pmm TH>TH 1.12,
1.06 EEFEIZTHWLETIZHBWTH PLDRAB>TWA I %2 RLE-, SHIZERES
% Scid #Ba & % D Hybrid % F3 ()T DNA Z X518 DNA-PK (2 & % PLDR £ 8~ 1=,
DNA YIER IR —#R 2 (40Gy)IZxt LT, X#R Tl 12 BRIRIZ Hybrid TlE 94%B#ES
NI=H Scid TIE88%THY .. BRI FRTIRT7%E 61% LT >T. ERFRIZK S DNA
ZABEYIMICIE DNA-PK S L TBEESAh TS EEZ 50 P E - PLD £ NHEJ
RTEEShTWSEEENMIDNS,

TAOOE—LA

YA E—LEZRVHRICEL TIEEMBRESO/IMMEERDERICELIN, BA
TIITHEOEERZ®RAL-O, E4E TIARADI AV O E—LZRAL T, i
AR EBR L TEA A VE—AICEBANARA VA —HREZRLAMIZL P,
HIMAC THEMERBHE L TEHLBIEED—OHNNOZERTH B LEMOTRT e
DHEREHETTE -, LHL. RDLETIREMRLZEEHE > TUVEL, R - E
FHIRTIZBERRRT - BENGHEF LMTIAGWMERE—LEEL YT/ V0 E—LXEEN
[CHEfEZRHTELS Ao, FHEL LTHRESATW ATV E—LDOHRNFHERE
EE L TRETEHEORSHEEEICEALTHLOLT— 20 BETE 5,
RAVOE—LTHEDEN>TWIENDHERIZT LA R (p. o, HEXER).
ORVETFTKRE (p. oo EVWE—LFEHES) OATHY . HBMIZELELTWS,
ERTIXERERICEA 4 E—LEBUL=TIARA DT A % 0O E— L (Ar; ~1300keV/um.
Ne; 400 keV/um. C(EIEEZ:5); 100-300keV/um) H34 Y . MIHEHF - PF IERTHI X 8D
E—L (~5 keV, KEE—LTIX 1-20keV OE[EEMEH Y) NILHEMNY | BREHEERELR
BMEMTELEBA A E—LEZALV- SPICE(Single Particle Irradiation to Cells. p;
15-20 keV/ium. «; 50-80keV/um)MiLs EMYDDH D, ChEDBREDRE =7 A
SOE—LZMREIZCHAWNWSZET, BAIEVVHE E2DE. H2FHE. LET R
mE) DERILEFEINS,

SE X
1) SEBEEHRS  BARSFRFZEPESE 43 ERKK(2000). [ 44 [BX%,(2001).
2) HiBERS - HIMAC #|RE#E 2001, 101-102 (2002).
3) AKX S - HIMAC #5558 2001; 109-111 (2002).
4) B&RE—S : HIMAC &8 2002; 178-179 (2003).
5)  BFIMS : HIMAC $R%&# 2002; 210-212 (2003).
6) EIRS - HIMAC #4458 HT7, 92-93 (1996)
7) Kikuchi, et al.: TIARA Annual Report 2; 34-37 (1992).
8) HEENS : BAMSRTZEFRE 46 BIK%,(2003)



9)

10)
11)
12)
13)
14)

JAERI—Conf 2004—001

NSHT S  HIMAC 48 1998; 102-103 (1999), [E 1997; 186-191(1998)
MR . EREBEHAE. (2003).

BNEL . HIMAC 4% 1097; 228-229 (1998). .

Shimasaki, et al.: Radiat Protec Dosim 99; 155-157 (2002).

Shao C, et al.; FASEB J 17; 1422-1427 (2003).

Shao C, et al.: Radiat Res 160; 318-323 (2003).



JAERI—Conf 2004001

3.ELED

AKU—7vav7id, MEISIERERELEZARELERRFRObL & ITRHEIZKT
L7, BMFZ O E LTHICERIT TITo T B A 4> B — ABREENT, FIRAEHROAE
VISR T ABANREN, A F L E—LABFRICEDS H 212 > TS HRORERE
EZDLETHFICABERThoTmLBbND, IblZ, ZhnbAF e —s0F ALK
FENTHDH I LTI, ENENORS R TOMIERE. SEEY - B OFdh
BOBN R EEFICHOBENREEN RSN LT, A F - AFRITVE £ TIC/EH
SNTVWRWHLWERK - fE22< 0 9 2FEEE b DT MR b= EE XD,

— . RT =7 a v T T, AV AEREREROSBORMICEX 2B X,
BRI T 58, BUAREMFORARBIBEL FHRTH LT, /1 E—2A
DFRE - ATRRESERINDHZ L eoTz, SEBITAF U E— 2 0EMREIZET 5 5l
ez SOICEDTRESE D & L bic, LENRICAEN OB LED, FINRUEED
FEIC BV CRAZR S = LAEETHS S,
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WA=/

10:40-10:50 FELHRES | ek
(F#F Sisar-Fr)

. HRICLEERT - A A — A BRI LA A s e
JEE  H BT
(REHFR)
10:50-11:10 AA B — ARSI XA L B DORFE
RAME
(R miRrhr)
11:10-11:30 <A 7t —LRBEZ AV - A W HEREfRAT
‘ INRFRE
(JFF =iRTHIF)
11:30-11:50 R by A A= 7 Biftra iV A O BRI S AT
NI ER
(R miRra)

11:50-13:00 B&

II. A4 —AFREENE A28y Rl R
R K B R

(34 &R
13:00-13:25 EFEREM Y vV /N ORRNERERE
yo AN e
(BB
13:25-13:50 FRFEATEWLWMETIn—2 K& BIELT
EHIER

(BB R 7—)

JEE - PR 1
(BEHF)
13:50-14:15 FriEf -FERDONTDOEEK
JR H
(FhZ) I B3R AT
14:15-14:40 TV RAL MR BICL DT 7 DERL
B —RR
(BB R BB A1)
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e | =
(R i)
14:40-15:05 bASFEZ AW - BBREEEMDDEIRKL

g
UN=pN)
15:05-15:30 bt —LBRENT LD Azolla pinnata BRIEIGEZE REROIEH
B —

(BB = 2 X Fe 7—)
15:30-15:50 fKEA

M. A3 v —AEREEROPRERR
JER ) 7R
(FHF SRR
15:50-16:10 A — 2% V-5 VFZE R
Hf =
(AT m=lidar)
16:10-16:30 A AL %2 V- HEY SR R B EORR R

FATER &0
(BRHF)
16:30-16:50 (A B — A LA RA Y Z O R
HEEH
(HEHT)
16:50-17:10 A
17:10-17:15 FASEE INAKEFN

(FHF BIHE- A A2 — DAY e R)

18:15-19:30 FH = (EESAS T
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EA #iZz (EUD
A A — ABENZ L B AFES B ORHH

QAN T ATOREEYOBERIRNTIERRIIRVEEOLICAZITOND, T
REN?

ABEDOBRARIINTIERRBIIA A VFE - A AV OREIEFT D, T2 THWEZ~
U LDIZRLF—L 50MeV TH Y, LET [FZFUEEEL 2V, LET 2E X -RH 7 —
ZEEDDHE@mAL,

QX7 TCOERITER~DORF LD L THIN, BERLEABOELOREG, T7hbb,
EZOEMN L EDLIREEPHAEL TS DLWV S Z LIFAMLNTHEDN?

AFBENTWARY, BHRELTE, 43T _RTERE2BEETARETIToTWV S,

QLB THhWMEREZ S DZNEEZEZ TS, A4V E—AThOWMERFEIT2 BNDD
e

AZERERLLTELND LOIbUWME, BREICET A LORKEBOTHEEELZDLN
5DT, MTHELFEOND LR, :

QA AV E—ADERAARY UL THM LIV, A F VL ERART PABIEL
RBEDIEEN, ZNEFEA A OBREIZE » THEHEOBREFR—EIZE S LV oTz
RI AT 4 v 7 2BARICERT 5 D02 -

AZS THEHZ2VAMREHEEZEZEZ TS, TR ETRESDBEBEFNE T ¥ AIZEDL
N, BROBZINRLTWVWEZALRBIVIZKWEIARDHD, TR L TA A T
ALBEOELRRY, ZROBZIVSCTIOEVESHEVRVDOTERRNN, £0O7
DAY MVGEWRTEDO TR0 EEZTND,

QA E—AIZED DNA EERDETIZOVWTa AL FLEY, ZOHRBIIREED—ER
BB E VT, WhiITREERL ~LVOBIELEZ DRI, AT EET VRS
Y INOYHBRREINDHELIDLIICAEFENICEFARLOD 2N HD X 51
Rx5, BRABREREBIDIEIAZ ) ==V FRKEIZR-TLDHERS,

AFDBYELEEZD,

2N NE SN
<A 7\ A E T AR RT

Q¥4 7 o E—AMIHMETIL SPICE BB INTWD, BMEMOEELEAEIZTA L P
Tl & 2w,

AHFRIIHLE~vA 7o — b ERIZ, REMOv A 7ab—AF37a b ~) T LE
D LET O/NESWBEAF 2 THY, ZRIUCH U TEPFCIE LET OKREWEA T 2BHT
EHEVOEFHEEDY, By b LTHIRICEZIZMEENEDEZE2OND, 15
TARNAX =T TIE X |O~A 7 u—2BEERRH Y . TS & BKREVIF
ERTEAROTIEHZWNERS,

Q ZNETORBSRBRAEDTF TIL DNA BB S22 LIV M REs s ZT &
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EZLNTEEN, SHOEL LS > TRV THEIERE WD ZLRDT, N
HINETOFRREBTRREE, 20U 7o TWARWHIIANIERIZIE, Bz TV A
JAPBFET 2 Z EDBRELRON? HI2E, BB EZ S TT, IR LNTZD
7?2

A ZZBELUTIEERLED, SleomfiladsnE Th o7,

Q EWVWH Z EiX, MY ofilaroMiatzs| =BT 7FARTEEND
ZEIRDDN?

A ZTHIZIHBEORERH D EBZ NN, HizoTcHila CHIRELFET 2MEMNE
I, ENRETZ - TRV G 5 EE 2 TV5,

Q. FRHICE L T, Milafiigeg 2002

A Ve — VR THIRMDAEEE L2 VWRFCEREZITOLERH D120, HllRxd, vv
—VERELTHE, BEFHOY 7 FClllaz Y —F 3 oMM -0 . MlRglEo
7o ® focusing \ZHNHIRBBERAE LU TL 2729, BROV A XD v —L & ffio T
5o

g E¥% U6
WY ha A A= T 2 RO T O BREE IS & AT

Q/NETHEEZEXT S EEHBPEEIND EOFBRED, ETIEXERNDH Y. BRIE
BT DLV RERDFER LTI L T DD TR ?

AL ZHUTEEICL S~V SN2 CO, 2 52 TED ., BETONARED L DITR TV,

QENT A LICLDVERHEREDEZ VoL TL B EMIRL TRV DN ?

ABWERES,

C. £ 5 ThiuL, &<H LVAR CIHEFIZRKE,

QAR ZRBALEMETH LA, ZFBEI< AW, Flxidid BB d, |
272 b OIEISATRED> ?

ATRTN=RORARY JREFEIZLEZ D, BIEOEMLIFREIL 2-4m BETHD, B<
bOBKHETHD L XL, TOBE LB TEX LR 0ITHEIIFRETHA 5, TOBEIE
R R 2 BB T ARLERH D0 E LR,

AT BN (BEAEMERITERD
fERRRSL T[54y 2 Y] OERERER

QATFUEREFEEREIZI 7 LTNEON?

AVERSREBREL TV B, VFUERITAY U ERERNT EEHERL TN D,
QATFUVEBIIOVWTEDISICARZ V== T LD ?
AFBEERZRAI ) —=v T Ui, VFUEBIFFORMNTHETN ENEREIZ DV TH
B LT, THUITEZ S DRBITDOWTRHT TE TRV,
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BH ER (SaBRREEHiTEF—)
BREATBWLWETY S o—XKXA2BELT

Q HARDED FIZEA L TREE LZW, A TE2TNEDON?

A —FETRICHREEL TV D

QENTTATETCCWD ETHIE, #7528k, RUERBROBEEREENT
WBZ LD, INEEERRPRD LT, HARDOEDHT B LD TIERNN?
Eo, Ml OFETEERNHE TE 50 TITRW N2

AMl OFEOBFTEIBELRV TR TE 2137720, AERTOBKERGFETHET I
—RERB 12-13%7E L. HEVIF-EFVERTER,

LI TEHAA VY E—LEESTWVDER, BRIOERKILTF I INEFE->THFEHRIND
DTN A Z L DEBBENDH?

A TIANTER> TV RVWDT, SEOBRTRETHD, HLxEXV RS M RZ A
MLTERLEFELIILD., ZORICBWTA AV E—AFERATHD Z L 2HFL
TEREIT- T,

C.—BETEREFET DL, VB F -0 r I IBERLEO TR

O ()R EER AR
Bt - TR DNT OEFK

QIEFATEIFPETHEL LTV EDZ LER, BEITENDDD VLD TRV ?

AFDBVTY, EFFERT TRV, BEDIFIVPEAELLTVWESIICEIDT, o
TWEZ,

QIR LA D LET 28X T LW ?

A T—R s 22.5KeV/ pm, BFEA 30. 6keV/ um, 74278 61. bkeV/ um Th B,

QI NTHEBZEERKITTNDEDN?

A BXPRITTND

QK3 R4 TEHFENEDRVOIZ, — 2O THERZEKREZ THD 055 ?

AZDBY THD,

Q RV EIZ mmfmw@%%fﬁﬁ+ﬂﬁw®iﬁ&@@mo

AERERAET HOOMBRB AL 2T ERBRLTWA LB S, 506y Tiigé A
EHEEERGEON D27,

QERREFROEZDICHNEA T, BEEHZTHRLY,

A FMROARNCHBEHFTELTH D, BIZIENIZFER, 10 EHNIE. 106y BE LZZ
EERT,
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B 8—BR (BRBBEANAZT 7 7 aP—i5eRT)
T URA v MBI K B EAE 7 OF R

Q A RITIHESTHEES L ENBHR, ZZTOFEEFZ TOZTNICHETILIIIE
2B, ZOAFOESTSEEITIHAREED VR LR ETEORENHEND Z &
NhD, ¥7DOZORBITEEN?

A X7 IIKBEETHD O THEHEOLBIIH LS, 56, s bIOBEEIEZETH B,
F IR TIEN &S SMDIE ) KR T L R,

QENEST EEHREBICEAEINDEVI T EMN?

A ZDBY I,

Q. (AL &S 23, BEFEICIZAEE S L E 2 O Tl 7 ?

AZOBYEE, ST AEPEE LV LNLRVWDT, SH%BUBETARMMS D,

Q SBBEMIHT TFEIH DN ?

A EFERBETHD, 2-3FERBICH LEWHFEITH D,

=i E=E (EBKRE)
bt AL X EERRAW-EREEEEY ORI

QERENSTEE, AL FERAFTERESBVEN) ZETRIALIZC L, B ER
BRI EDPLBEIRILSBRVEVIRANRD D, SEIENOLNFEHAY OEERETEY
PHEZTHREREN, TAHDI BbEFORNLOIZE LN TNDEDN?

A LoTWiRY, EASMFZEEZHAVWERBO—DIITHBREES LS ThoTze s 2 L
N5,

QN0 ZFIVTW A, ZAIBREER, B2 U — Rk S A L TSNS E DET
HBHDHN?

A BEFBLL I Y =27 38T 20ppb, #IPNT 120ppb 1ZETH B LB S, EBRIT ppn F—F
—RDTHRVEVNL,BETH B,

QEEERREICE AL FEREZTZE LTENIEEDORRNH DD ?

AEAAFZETHFELTOWARVRE, XFa=7 TCRLEIERDHD, 20ORETIE. &
BB EORBE—MmIZU o LY X 72 & U RO NO, EHBE D 3%IZ ERINTE 2 5 72,

Q. NO, JBEEIZHRTE L CTHR - ZETNO,RINAE NI > TN D ?

A.NO, JREE 7S 100 525> THRINEE I DEIL 2 ERM TH » 7,

m E— (BRE— X &)
7a b —ABENZ LB Azolla pinnata BREBISEEERKROEH

QA A VBRI E D ERIBRZEDPRE T2 LD TEER, ZHUTIE R b L RIRE &R

BRGS0 E WO RN E X b b, B L T ERREMR ST 5
Z LRV ONn?
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A GRSTWR W,

Q. Azolla D7 ) 5D Z EIZOWTHEIY 72\, ZfEEZ D)2

A EDTZ,

Q. HHRAL L IRIRRSEME L BARIZH 5 DD 2

A < bho Ty, EREICELTE, 7Y M T2 UVERRDAL v FBA 727

WS WRESRON TS EEXTWS,
Q ZDAEFIIKERLERANZ L OFEMOAFTRNEFmO TRERLIIOSIETLES &35
HDIRDH?
A D THEHRY, FILVEDEDOENIIAERBREZET LB HDLDT, HORHFNRD L
LIEK LK D L2 MERD ANE S EEBE 2 TW5, Thbb, AF%=a b
~wT ER b DTRESLEZ LW EE TS,

B & (R
AF b EROTH LR R

QIEDERZBAHIIIIERBKHNLENE OFE T, EEFHOFRENFRENS L
DEETEH, REEFER EOER L FERIICHER TE 502 £ EBHHETT > T 2K
EZOSDELTBITIEIWDEA S D ?

A BHROBGFHORERE VIR TE S WA ENRATENZ ZANORIEL TV E T
WEEBoTWS, BIGEREND L5 bDHHD0E LILRV,

Q. {X LET BURR CTIZERE D hotspot BBEEND EWVH Z & H AN, & LET TIHFEED
BIDEFILT v F L2, TNLBELETRELBERT EOMN?

AEROTFAMECBE LT, REEBELEENPBRLTVWD EES, K LET TER
® hotspot 238 D DITEE LT WEFTIZR Y 23H 257035 TIXRWIZA J 7,

CIDERZBIIIIEARBEPAEDN L W) OIFBREEEHEMICL EE-o TV D, BB
FREAPEROFMEICEET L EVWIRBDA I = A LERESHOMEL —5 > b
LTV TRV,

PR &+ (ERMF)
BAFVERWTEHERRERTEORE

QEFFTOT LT L LET HEE TRELRV, ZEZFLEVMLL LARY, TAIT
BEARI PABREDLLNEI D, b LEDLDHE LT bT v 7 iEEE OBRRERIER
ANTHLY,

A T OREIT 8mm <HWTHD, A7 MU LTIL, TAIY T T TV
WA, RAF Y, AR TAXERANTO LTS, I—FR U ExFd 2 b~T LET
13559 173 < BWER, I—RrDIE I BART MVRIRWE LW EE - T3, #
FEAZLT100 < BV LTHARTHWRVWDOT, 5% b 50 LRI VELRH D,

Q. — DORIDFHER COMBFRENZERICEE L T E Lz, #3a CIEORTERIZ
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B EZIToT DI LN, FOBROEREDHTI #ﬁm&ﬁﬁi%ot P2

A ZDOFEEZRAWTEGAEREREL, FENLE W) ZLICEALTEZRIE., TArEe /%%
R EHRNRLOBIZLEALEThH T, ZOFETHRE LD, $ATHEREN
CHEBR L= o leinbTh D, TOBREMICIRE LcmoRENBZEERBELZONE
I oML, MORGETRFT 25 EERFHARBEDoT/D, (o0& D EBEXTER,

g (RED
A A2 DI & D RS O FTRB

QA F v E—ADHIA L~V TORFNRIZONTEHDORELZ B E Lizuy,

ABFRICEHLTEBELLELI S CBEREER Y 774 —Thd, FOBEZRMNE
DL B L M L > TEWFI IR E DL - TL B, BABRSGREOBRNLT B L,
NARZ U E—IRPEETH D, L, FRENLIEAT A= —B3HD LN
HERINT, BEINATORVERICOEENRTDHEVWIZ & THD, BEICEHLT
He N RF U HRICIVEBROMIENEE LW Z LIl o TL B, iEDA A
YE—LAERWEHENRD, BXZHBREEIRLSTEROBRNVWIENTTEL,

QAF Y E—LDMERGRILIREVI ATIEILEDL S REMPHFTE 5032

A=A 70— bHb0T, MlE~DOEHDE v ML W& HHIE S o@D
by FTEEDTRBIRAB LR TETND

Q. ® LET, {& LET MU CRARZD2EERPE S RS H5 LB O 25, Mla/Ed &
OBEIZ DWW T N TWA DM ?

A B FRERBEOMBEY SEEICE L TIXZ v HHF3E éhé&%ﬁﬁThéoM@@%
WL CTEEFREY FTHDE2., By N TRWHT, @<EE L@ RVEENR D
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